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duration of field distribution systems, innovation in technology to reduce capital costs, and 
developing crop specific management practices, etc. 
 
Objectives 

 
The objectives of the Congress are as follows: 

 
• To share experiences in the use of new technologies and best management 

practices in drip, micro-sprinkler, and other localized irrigation systems; 
• To review the status of use of micro irrigation for smallholders; 
• To understand socio-economic and technological factors impeding expansion of drip 

and micro-sprinkler irrigation area. 
 

Sub-themes 
 

Papers were invited from experts, irrigation managers, researchers, government and private 
agencies, farmers, technicians and students to contribute with their knowledge and 
experiences, by submitting papers on the following topics: 
 
Group A 
 

• Best management practices/ success stories of micro irrigation adoption;  
• Lessons learnt from failures in up scaling micro irrigation  
• Low cost and low energy consuming irrigation systems; 

 
Group B 
 

• Advances in operation and cost effective maintenance of micro-irrigation systems;  
• Management and cost of micro-irrigation for large farms;  
• Efficiency and productivity in micro irrigation systems  
• Developments in Subsurface micro-irrigation;  
• Use of low quality waters in micro-irrigation; 

 
Group C 
 

• Automation in micro irrigation;  
• Micro irrigation in greenhouses;  
• Micro-irrigation for small scale farms;  
• Modeling, design and decision support system in micro-irrigation; 
• Fertigation in microirrigation; 

 
Group D 
 

• Socio-economic consequences of the conversion of traditional systems to micro irrigation 
systems  

• Analysis of long term sustainability of micro irrigation systems  
• Technical performance and quality assessment of micro-irrigation systems.  
• LCA (Life Cycle Analysis) applied to micro irrigation. 
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MICRO IRRIGATION IN NEPAL: AN EFFECTIVE TOOL TO 
FIGHT AGAINST POVERTY 

MICRO IRRIGATION IN NEPAL: AN EFFECTIVE TOOL TO 
FIGHT AGAINST POVERTY 

 
 

Kishor Kumar Bhattarai1

 
 

 
 
 

INTRODUCTION 
 
 

Non Conventional Irrigation Technology Project (NITP) was established on 2003 A.D. 
to develop and promote other than conventional irrigation technology/ies and 
techniques. Its aim is to develop irrigation systems incorporating efficient technologies 
for both to the under irrigated areas as well as to areas where conventional irrigation 
systems is not possible due to reasons like high development cost, insufficient 
quantity of water, unsuitable geology, land and soil, etc hence designated as non 
irrigable. Rescuing poor from vicious cycle of poverty and uplifting women, 
disadvantaged and marginalized groups of people economically are the ultimate 
goals of this project. Apart from basic objective of providing irrigation to otherwise dry 
lands it has been successful in lessening social discrimination emanating from social 
and economic inequality such as poverty, illiteracy, gender, and cast system.  
At present NITP is promoting micro irrigation technologies and developing efficient 
irrigation system for such technologies. Micro irrigation in Nepalese context is "micro 
both in terms of command area size as well as in application" rather not only in 
application at micro level as in other developed countries. Hence, very small irrigation 
systems using simple drip and micro sprinkler for water application are among the 
non conventional irrigation systems. But present understanding of micro irrigation 
system only as synonym to small irrigation will eventually hamper the progress of non 
conventional irrigation development in Nepal. 

 
 

1. NEPAL 
 
 

Nepal with total area 147181 sq km. and population about 28 millions is a South 
Asian country sandwiched between emerging world economic powers India and 
China. Nepal can be broadly divided into three geographical regions i.e. High 
Mountains, Mid Mountains and Low land plain area. Chure range is small hilly area 
between mid mountain (Mahabharat) and plain area (Terai).  Elevation ranges from 
65m to 8840 m above MSL from south to north within a short span of about 200 km. 
Nepal is very rich in water resources which, is yet to be harnessed. Terai, covering 
18% of total area, is comparatively fertile plain area in northern tip of indo-gangetic 
plain. Remaining 82% is covered by mountain. Per capita income is less than 460 
US$ with above 60% of its population engaged in agriculture. Contribution of 
agriculture sector in GDP is more than 30%. Main agriculture products are rice, 
wheat, pulses, tea and sugar cane. Main staple food is rice. Agriculture productivity is 
well below world standard.   

 

                                                 
1- Coordinator, Non conventional Irrigation Technology Project ,Kishor_bh@hotmail.com 



Nepalese society is cast based discriminatory and patriarchal where women are 
subjugated both economically and physically. Poverty is rampant among lower cast 
but not limited to them.     

 
 

1.1 Overall Irrigation Status 
 
 

Total cultivatable land in Nepal is about 2640 thousand hectares, out of which only 
1766 thousand hectares is categorized as irrigable. Remaining 874 thousands 
hectare are non irrigable as conventional irrigation schemes are unfeasible for these 
areas.   
Inclusive of irrigation systems for 636 thousand hectares developed by farmers 
themselves irrigation infrastructures are already built for total 1252 thousand hectares 
which is 47% of total agriculture land and 71% of total irrigable land. Almost 50% of 
theses irrigation systems built by farmers have received government assistance for 
upgrading and maintenance. Only 46% of irrigated land or 22% of total agricultural 
land has year round irrigation facility.  

 
 

2.1    Non Conventional Irrigation System: Nepalese Context 
2.1.1 Objective of the NITP 
 

 
Objective of the NITP is to implement the micro-irrigation program for disadvantaged 
group, marginal land and farmers, severely water deficit areas and provide an 
effective micro-irrigation service delivery mechanism with high value crop production 
support for poverty alleviation. 

 
 

2.1.2 Non conventional irrigation system 
 
 

Water acquisition and its application, if both of them or any one of them, is not 
conventional in nature than it is non conventional irrigation system. Hence, irrigation 
system which includes one or more than one of the following components is non 
conventional irrigation system.  
1. Drip 
2. Sprinkler 
3. Treadle Pump (Manually (by feet) operated ground water extracting machine) 
4. Low cost water storage (Thai jars, soil-cement or plastic lined) tanks 
5. Rain water harvesting  

 
 

2.2  Project Area, Priority, Budget and Present Status 
 
 

The sub projects are scattered throughout Nepal. Based on experiences gained so far 
it has been observed that non conventional irrigation schemes are most useful and 
necessary for mid hill and inner terai (area between mid mountains and Chure). But 
developments of non conventional irrigation sub projects are not restricted to these 
areas only. While treadle pumps are used in terai, schemes with drip and sprinkler 
technologies are being promoted mainly in mid mountain and hills.  
Positive discrimination is accepted in selection criteria of NITP. Priority is given to the 
areas inhabited by marginalized poor community with no potential for future 



development of conventional irrigation. Similarly access to market or potential for 
future market development in nearby areas is assessed.  
Total budget allocated to NITP has gradually increased from US$ 0.54 million for the 
FY 2007/08 to US$ 1.46 million for the FY 2010/011. While total estimated cost of 223 
ongoing projects is US$ 6.2 million only US$ 1.46 million is allocated in this fiscal 
year. Nearly 94% of the allocated budget is used for civil works of project.  
At present 223 sub projects in 74 districts2

A. Simple Drip  

 with total command area 3300 ha are 
under construction. It is expected that 40 of these projects will complete by the end of 
fiscal year 2010/11 providing irrigation to additional 501 hectare of land. About 90% of 
the sub projects have command area less than 20 ha.  
Already completed 135 projects, with total expenditure of US$4.2 million, in 44 
districts can irrigate about 2558 ha. if utilized properly as most of the projects are 
intended for drip irrigation schemes and designed accordingly.  

 
 

 
Simple drip system is very simplified form of modern drip technology. Holes are 
punched in 8mm lateral pipes to act as emitters. Pressure is generated by placing 
tank (capacity 60 ltrs) about 1 meter above the ground.  

 
 
B. Micro Sprinkler 

 
Micro sprinkler have very small coverage of about 4 meters in diameter. They can be 
operated under 7 to 10 meter head. Small area of coverage is specially suited for 
small terraces in mountains.   

 
 

Table 1: Cost of Simple Drip and Micro Sprinkler System 
System  Size Irrigation 

Capacity 
Retail Price 
(Without/With tank3

Remarks 
) 

US$ 
Simple Drip System Very small 90 sqm  10.76-14.13 4 Drip lines 
Simple Drip System Small 125 sqm  15.45-18.98 6 Drip lines 
Simple Drip System Medium 250 sqm  27.74-31.34 8 Drip lines 
Micro Sprinkler 
System 

Small 250 sqm  11 4 risers 

Mini Sprinkler 
System 

Small 250 sqm  9.63 2 risers 

 
 

Apart from NITP different I/NGOs are also involved in micro irrigation development 
(Table 2). Some of these organizations which were active even before government 
started its initiative are still active in micro irrigation development in Nepal. 
  

                                                 
2-  There are 75 districts in Nepal. 
3-  HDP tank of size 50 ltrs 



Table 2: Different Organizations Involved in Micro Irrigation Development and their 
contribution 
S. No. Organization Hectare House Holds Hectare per HH 
1 ADB/N4 28987  29035 0.998 
2 IDE5 9815  119406 0.082 
3 SISP6 2280  7800 0.292 
4 NITP7 2558  6800 0.376 
5 DEPROSC3 1211 4139 0.293 
6 SAPROS3 335 3852 0.087 
7 MDI3 168 1001 0.168 
8 CEAPRED3 129 741 0.174 
9 VDRC3 21 229 0.092 
10 HELVETAS2 5 27 0.185 
  45509 173030 0.262 

 
 

Comparatively larger average landholding per household in ADB/N invested areas is 
clear indication of undue influence by comparatively wealthy farmers to government 
agency. Contrary to this in the projects developed by I/NGOs majority are small 
farmers as indicated by average land holding size. This is one of the reasons behind 
the success of their initiative.  
 
 

3.   Beliefs and Achievements of NITP 
 
 

NITP firmly believes that development is a right not a generosity. For NITP 
Development is not only a matter exclusively of economic growth and increase in 
gross domestic product. Projects of this size do not have substantial impact in GDP. 
NITP firmly believes that genuine change is most often rooted in small communities of 
poor people and NITP can play very important role in this change. Hence, all 
neglected areas and communities are primary target of NITP development.  
NITP believes in positive discrimination and attention to vulnerable group. Affirmative 
action is needed to correct, offer remorse and compensate for neglect and seclusion 
of disadvantaged group since historical times. Obviously positive discrimination is 
their right, not plead for sympathy. For NITP all those who cannot claim their rights or 
are voiceless are potential beneficiaries as it is not a matter of cast but it is state of 
being powerlessness resulting from poverty and lack of education which are proving 
to be more detrimental for the cause of social justice.   
Social inclusion and women empowerment are other two areas of major 
achievements of NITP’s micro irrigation schemes. Objective of social inclusion is 
being achieved through overall participatory process. Through this process decisive 
participation of all irrespective of their cast, race, religion, gender and economical 
status is ensured in each stages of development. Mandatory provision of 35 percent 
women in WUA's (Water User's Association) executive committee is helping in 
women's empowerment by installing confidence in them and providing opportunity for 
leadership. At the same time this process is successfully creating awareness among 
the disadvantaged group (poor, women, lower cast and ethnic group) in the 
community, helping them to organize, empowering them for decision-making so that 

                                                 
4-  ADB/N: Agriculture Development Bank  Nepal (semi government organization) 
5-  International Non Governmental Organizations 
6-  Local Non Governmental Organizations 
7-  Non Conventional Irrigation Technology Project 



they can identify and prioritize their needs. It is also building up user's capacity for 
preparation, implementation, operation and management of subprojects in other 
areas as well to enhance their livelihoods. 
User's committee is providing platform to disadvantaged group to mingle with others, 
which is invaluably instrumental in raising their level of self confidence. In addition to 
this the democratic process adopted in electing executive members of WUA is 
another important feature helping in social inclusion.  
Leadership ability and sense of economic independence are very important in 
women's empowerment as these two factors have direct impact on individual identity, 
dignity, self respect and social standing. Leadership ability comes from knowledge 
and capability to demonstrate and implement such knowledge. NITP is instrumental in 
increasing women's confidence level by giving them leadership opportunity through 
WUA, improving their leadership quality by involving them in various micro irrigation 
and agriculture related trainings, participation in user’s committee activities, 
interaction programs and introducing sense of freedom in them by including them in 
"away from home" farmers tour program. Economic independence is achieved 
through control over resources i.e. by selling agro products and controlling the 
returns. In small micro enterprises such as small micro irrigation supported 
agricultural activities women benefit in particular, because their say over the output of 
homestead based activities tends to be stronger than for other sites of agricultural 
production.  

 
 
4.   Scope for non conventional irrigation schemes 

 
 
The potential agricultural land area for non conventional irrigation development in 
Nepal is around 1000 thousand hectare which is summation of non irrigable and 
under irrigated land. Further, it is possible to increase irrigation capacity of present 
irrigation infrastructures drastically with adoption of efficient drips and sprinklers for 
water application.  
Nepal being a mountainous country with fragile geology poses tremendous challenge 
from stability point of view. Landslides, slope failure, rock fall or any other form of soil 
mass movement is common along the canal alignment both due to natural cause and 
due to human intervention. As pipe is used for water conveyance in Non conventional 
systems it requires very little excavation works hence induces less disturbance to 
natural geomorphology. This makes such schemes more appropriate in Nepalese 
context. 
Areas under cultivation in hill and mountain region are either terraced or sloppy land. 
Soil erosion rate is high from such areas which is further aggravated by conventional 
surface irrigation. Irrigation technologies which use small quantity of water such as 
drip and sprinkler are helpful to mitigate soil erosion from such land.  
Seepage and deep percolation loss is high because of high porosity and shallow 
depth of soil in mountainous region. Drip and sprinkler are most appropriate 
application technologies to minimize the loss of water as well as nutrients. 
  The economical status of majority of people and average land holding per family has 
further made micro irrigation more relevant.  
 
 

5. Problems in Micro Irrigation Development in Nepal 
 
 
The problems associated with micro irrigation development are of varied nature as 
technologies are new for Nepalese farmers. Capacity of the drip and sprinkler sets, its 
coverage, prior knowledge about these technologies, farmer's capacity to invest in 
these technologies etc are major hurdles in micro irrigation development. Farmers are 
unaware of effectiveness of these technologies. Moreover farmers who are 



accustomed with flooding methods of irrigation have doubts about these systems 
meeting crop water requirement. 
Drip sets developed in Nepal are of very small capacity as largest set can cover 1000 
sq.m. Only Hence big farmers who have capacity to lead small farmers in vegetable 
farming and marketing are not attracted towards it. These poor small farmers would 
have followed big farmers had they used these technologies.  
Changing present cropping pattern which is being practiced since centuries is another 
major problem. Paddy cultivation has attained status of religion or culture. Hence 
switching over to high value crops like vegetables is not taking place at desired pace?  
NITP is also facing serious problem of lack of budget. Budget allocated is minimal 
compared to the coverage of NITP and large number of projects under construction. 
Due to unavailability of sufficient budget; even for such small projects; it is taking 
more than anticipated time (1 to 2 years) to complete. This is totally against most 
strong argument in its favor that is "being small it can be completed in very short 
period and benefit can be ripped immediately".  
Unwanted interventions by political leaders in project selection and compelling 
executing agencies to implement unfeasible projects is also harming the progress of 
NITP.  

 
 

6. Conclusion 
 
Topography of the country, poverty level, land fragmentation etc makes it imperative 
to promote micro irrigation in Nepal.  
The achievements of NITP in Socio-Economic sectors are indeed remarkable. 
Economic independence, leadership quality, self-identity and confidence, which are 
key ingredients in achieving women's empowerment, are major moral boosting 
achievements. Similarly, NITP is playing very important and effective role in lessening 
social discrimination, exclusion and seclusion of deprived and destitute populace. 
Development induced by NITP kind of projects are in real sense "development with 
human face" where most deprived, marginalized and excluded sect of people are 
benefited and experience positive changes brought by it. These achievements in 
Socio-Economic sectors are indeed remarkable. 
More training and motivational programs are needed to convince more farmers to 
adopt these technologies and switch over to high value crop farming. Either by 
government or through I/NGOs with government support this initiative must continue.  
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ABSTRACT 
 
 

Negative pressure difference irrigation (NPDI) is considered to be a highly efficient 
water saving method, which consists of a porous pipe and a water reservoir. The 
water use efficiency of the NPDI is higher than that of other irrigation methods such 
as surface irrigation, sprinkler irrigation and drip irrigation. In order to investigate the 
effect of negative pressure difference on the soil wetting pattern and water balance of 
the NPDI, laboratory experiments were carried out using a soil column in a 
temperature and humidity controlled room. The supplied water (Msup), soil water 
storage (Msoil), evaporation (Meva), wetted soil surface area and configuration of 
wetted soil around the porous pipe were measured for three different negative 
pressures. Empirical equations were proposed for the calculation of wetted soil 
volume, Msoil , Meva and Msup. 
The proposed simple methodology could well reproduce the temporal variations in the 
wetted soil volume, water use efficiency, Msoil, Meva and Msup.  

 
 

RÉSUMÉ ET CONCLUSIONS 
 

 
Le manque d’eau est une contrainte majeure dans le domaine de l’agriculture en 
milieux arides et semi-arides. Le système d’irrigation sous différence de pression 
négative (NPDI) pourrait être un des meilleurs moyens pour économiser cette eau 
étant donner qu’il dirige l’eau directement vers la racine de la zone visée. Le système 
NPDI est composé d'un tuyau poreux enterré verticalement dans un sol, un conduit 
d'alimentation en eau et un réservoir d'eau. Le réservoir est placé à une hauteur 
inférieure à celle du tuyau poreux de manière à obtenir une différence de pression 
négative, notée Pn, dans le tuyau poreux. Lorsque le potentiel matriciel, noté ψ, du 
sol environnant est inférieur à la pression Pn, l’eau va alors se déplacer du réservoir 
vers le tuyau poreux et s’écouler dans le sol environnant. Au contraire, lorsque ψ est 
supérieur à Pn, l’écoulement s’arrête automatiquement sans aucune opération 
manuelle. La différence de pression entre ψ  et Pn est le moteur de l’eau conduite par 



le système NPDI. La présence d’un sol humide autour du tuyau poreux affecte 
l’efficacité de l’eau utilisée dans le domaine agricole. C'est pourquoi, il est important 
de comprendre la relation entre la configuration du sol mouillé et Pn au fil du temps 
l'approvisionnement en eau. 
Ce document vise, dans un premier temps, à décrire l’influence d’une différence de 
pression négative sur un sol humide autour d’un tuyau poreux, et, dans un second 
temps, à prédire une méthode simple d’équilibre de l’eau au sein du système NPDI. 
En vue d'atteindre l'objectif ci-dessus, un test d'équilibre de l'eau du système NPDI a 
été réalisée à une température et humidité ambiante contrôlée (25°C et 30%, 
respectivement) pour trois différents Pn (-0,02 m, -0,07 m et - 0,10 m H2O).Une 
colonne de terre (diamètre = 0,20 m et hauteur = 0,21 m) a été remplie avec du sable 
Kawanishi, celui-ci ayant une densité à sec de 1410 kg/m3. Un tuyau poreux 
(longueur = 0,1 m, rayon extérieur = 12,5 mm et épaisseur = 6 mm) a été enterré 
verticalement au centre de la colonne de terre. Pn représente la différence de hauteur 
entre la surface de l’eau dans le réservoir et le milieu du tuyau poreux, comme le 
montre la Figure 2. Deux balances électriques (pesée minimum = 100 mg) ont été 
utilisées pour mesurer simultanément la masse d’eau cumulée dans le réservoir, 
notée Msup et la masse d’eau cumulée dans le sol, notée Msoil. Par différence (Msup – 
Msoil), l’évaporation cumulée peut alors être déterminée, celle-ci étant noté Meva. 
Enfin, la terre sèche a été séparée de la colonne de terre dans le but d’évaluer la 
configuration de la terre humide à t = 24 h, t = 48 h et t = 72 h. 
Les principales conclusions tirées de cette étude sont les suivantes : 

(1) Précision de mesure des Msup et Msoil a été assurée par le résultat, Msup = 
Msoil, obtenu à partir d'un test d'équilibre de l'eau. Dans cet essai, l'équilibre 
de l'eau, l'évaporation n'a pas été autorisée à partir de la surface du sol. 

(2) L’équation empirique pourrait concorder avec les résultats expérimentaux 
concernant la variation du temps au sein de Msup, Msoil et Meva, ainsi qu’avec 
l’expansion du temps d’humidité du sol. 

(3) L’efficacité de l’utilisation de l’eau (=Msoil / Msup) est comprise entre 1 et 0,92. 
De plus, l’efficacité accroit lorsque Pn diminue. 

(4) Cette méthode est efficace pour l’évaluation de l’équilibre de l’eau du 
système NPDI. 

 
 

1. INTRODUCTION 
 
 

Water loss due to evaporation, deep percolation below the root zone and conveyance 
of water from the source to the agricultural field cannot be avoided in irrigation 
systems. In a sprinkler irrigation system, spray losses can become as high as 45% 
under extreme weather conditions such as bright sunlight, high temperature and low 
humidity (Frost and Schwalen, 1955). Irrigation techniques that help save water are 
indispensable to regions and countries with limited water resources and severe 
external evaporation conditions. The water wasted in the NPDI is less than that of the 
drip irrigation (Yabe et al., 1986). NPDI system is a kind of subsurface irrigation and is 
composed of a water reservoir and a porous pipe installed in soil. The water reservoir 
is placed at a lower elevation than the porous pipe to generate negative pressure, Pn. 
NPDI system may be divided into two categories according to the installation direction 
of the porous pipe, i.e. horizontal and vertical installation.  
Most of the past studies on NPDI (For example, Kato et al., 1982, Tanigawa et al., 
1988, Ashrafi et al., 2002 and Siyal et al., 2009) were dealt with soil wetting pattern 
around a porous pipe installed horizontally in soil. On the other hand, the soil wetting 
pattern around a vertically installed porous pipe has been hardly investigated except 
two groups of researchers (Peifu et al., 2004 and Akhoond et al., 2008). It can be 
easily expected that the soil wetting pattern will be different for vertically installed 
porous pipe from that of horizontally installed porous pipe. Since the configuration of 
the wetting front affects evaporation from the soil surface, it is important to examine 
the effects of the negative pressure on the temporal expansion of the wetting front. 
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Finally, Msoil is calculated by the following equation: 
 
 

wetmwsoil VM                                                (14)    

     
  
 

where w is the density of water. 
 

Figure 9 shows the observed Msoil obtained from the electric balance reading and Msoil 
calculated by substistuting Eqs. (4) and (11) into Eq. (14). Initially, Msoil increased 
remarkably with t and then the time increment of Msoil gradually became small. Both 
the observed and calculated Msoil are in good agreement with each other. 
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Figure 12. Decision procedure of critical soil water storage (Procédure de décision de 
stockage en eau du sol critiques) 

 
 

Figure 13 shows the comparision of the observed Meva and calculated one. After 
substituting Eqs. (15) and (17) into Eq. (18), Meva was calculated by the following 
equation:  

 
 


t

t
hevaeva
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dtMM                                     (19) 

 
 

It is seen that there is little discrepancy between the calculated Meva and the observed 
one for every Pn even though the maximum difference between ti and tic was about 5 
hours (see Figure 12). 

 
Figure 13. Comparison of observed and calculated temporal variations in evaporation 

(Comparaison des valeurs observées et calculées les variations temporelles de 
l'évaporation) 
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5. CONCLUSIONS 
 
 
For investigating the soil wetting pattern and water balance in the negative pressure 
difference irrigation (NPDI) system, a laboratory experiment was performed using a 
soil column, a porous pipe vertically installed in soil and a water reservoir under 
conditions of constant air temperature and humidity. The supplied water, soil water 
storage, evaporation, wetted soil surface area and configuration of wetted soil around 
the porous pipe were measured for three different negative pressures, -0.02, -0.07 
and -0.1 m. 

The main conclusions drawn from the present study are as follows: 
1) The wetted soil can be considered as a truncated ellipsoid as long as Kawanishi 

sand is used. 
 2) The proposed empirical model can well reproduce the temporal variations in the 

wetted soil volume, soil water storage, evaporation and supplied water. 
3) The commencement time of evaporation is delayed as the negative water 

pressure decreases. 
4) With a decrease in the negative pressure, the water use efficiency increases and 

is above 92% in all the cases. 
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AUTOMATION IN MICRO IRRIGATION 
 
 

Nasser Valizadeh1

 
 

 
 
 
 
 
 
 
 
 

Figure 1.  Automated intelligent meteo operation in field, Karaj- Iran 

 

 
 
 
 

INTRODUCTION 
 
 

Seventy years ago, the world population was 2.5 billions, while the water resources were 
sufficient to feed all. Nobody was worried about drought and famine, as they believed 
someday it will rain and there is enough ground water too. Now in 2011 population is 7 
billions and irrigated area is also doubled. With limited water resources the world has to 
find a solution to produce more crops with the same available water while more than one 
billion people suffer hunger. One of the most efficient ways to apply least water and 
produce more crops is micro irrigation. In micro irrigation water is distributed using a 
hydraulic pipe network that conveys water to the plant so that crop water requirement is 
met with a minimum of water loss. 
Thanks to technology development, micro irrigation area in 2000 developed to 3 million 
Ha, then extended to 6 million Ha. In year 2006, Micro irrigation is capable from minimum 
up to full automation so that a farmer can closely monitor irrigation operation including 
fertigation and chemigation.  
In Iran 1 million Ha, out of 8.5 million Ha, irrigated lands are equipped with pressurized 
irrigation systems from, which 50% is micro irrigation systems. Bureae of New Irrigation 
Systems Development in the Ministry of Agriculture established an intelligent agro 
meteorological station in Karaj city experiment station in 2009, which saves 35% water 
and energy (Fig. 1). This successful experience helped experts to develop intelligent 
meteo stations and automation provinces of Iran. In Golestan province, it is planned to 
erect 6 other automatic micro irrigation equipments for precise irrigation management by 
the technical support of a private Iranian company.   
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Automatic micro irrigations are classified as open loop systems or closed. 
a) Open loop System: Farmer decides when to irrigate and how much water to use. So 
he sets the time in controller (device which combine an electronic calendar and clock), 
which provides 24 volts to the valves for specific zones. As long as the voltage is applied, 
electric valves stay open and irrigation goes on. Most remote control valves are normally 
closed until the solenoid on the valve is actuated by controller. Control valve remains 
open until such time as the solenoid is actuated. Controllers are either electromechanical 
(Fig 2) or electronic (Fig3). 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2. Electro Mechanic Controller 
 
 
 
 
 
 
 
 
 
 
 
                          

 
 

Figure 3. Electronic Controller 
 
 

Valves are control devices for specific zones.(Fig4) is a common electric solenoid valve 
usually installed on manifold pipe in micro irrigation.(Fig5) shows a wireless valve with 3 
key to set hour, AM, PM, Day in a week powered with a season-life battery. 



 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 4. Electric solenoid valve 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 5. Wireless adjustable valve 
 
 
Controllers are usually placed in pump station but some remote wireless valve controllers 
are used to monitor irrigation operation (Fig6). Portable programmers transmit irrigation 
command to electric valves by Radio wave or Bluetooth. 
 
 



 
 
 
 
 
 
 

 
Figure 6. Remote Valve Controller 

 
 

Another innovation is a soil humidity measuring and registrating device based on domain 
reflectometery technology (TDR). By combination of moisture sensors and TDR. 
Measurements can be read out and stored in Bluetooth module. These measurements 
are used to manage irrigation schedule precisely according to actual soil moisture 
condition in root zone. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 7. The trime-pico soil humidity measuring system 
 
 

b) Closed loop system: The most standard irrigation controllers have time-based irrigation 
or water volume used controllers. Only a few newer irrigation controllers have the 
possibility to connect sensors like rain, soil moisture, wind, temperature, so can 
automatically run sensors based controls. Intelligent Central Automation (ICA) takes it a 
step forward using the internet as central command. Central part of ICA consists input 
port for sensors and output port for controllers and electric solenoid valves. 
The state of art continues monitoring weather station and soil moisture logger line, allows 
merging these technologies with remote access and intelligent control operations via the 
internet with no PC software and just the internet browser you program directly irrigation 
or fertilizer injection based on crop, specific evapotranspiration, or soil moisture deficit. 
Conversely it will stop the irrigation cycle automatically when the soil water content has 
reached saturation value or a simply set value. A manual option allows running the 
system on manual mode or on time based as well. The website utilizes wireless 



communication by regular internet connection from each field station to navigate and 
automate all functions from anywhere in the world. 
ICA is available in various models, for instance 2 channel or 5 channel system which are 
designed to interface with standard irrigation controllers. These models are controlled via 
sms from our website, and need permanent power supply using charger. One 
sophisticated controller is designed to work with DC valves and solar panel only. These 
controllers can control 1 to 8 DC solenoids or a pump, fertilizer injection, back-flash 
filtration control. One model of ICA can control up to 6 relays or one pump, one fertilizer 
injection and one back-flash filtration control. 
ICA determines the optimal irrigation schedule based on seasonal and site parameters 
like soil type, slope, precipitation, ET, growth stage, etc. Alerts are sent through website 
when a fault occurs. Text message are sent to mobile phone and email address. The 
system automatically modifies irrigation schedule based upon daily ET, changing crop 
stages, soil moisture as well as plant watering requirements. Reports are available to 
show web and field activity to allow detailed analysis of the system’s efficiency as well as 
manual operation from the web page or by password through mobile phone (by sms 
command) or PDA’s. 
ICA consist of internet based controllers and web services, on the field climate. Webpage 
are converting sensor data into intelligent control operations. Secured wireless two-way 
communication via GPRS and automated system alerts via email or sms. Automatic or 
manual rain shut off alert is possible. A solar power supply voltage, 6 volt is required. A 
24 hour, 1 week, 365 days ET synchronization is possible. Flow report, daily ET 
information by built in tools is accessible too. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Internet Meteo for measuring climate factors,  
ET and continuous monitoring soil moisture 

 
 
 
 
 
 
 
 
 
 

Figure 9. a) soil moisture sensor which measures soil moisture potential in centi-bar,  
b) all information are saved and could be seen in its screen, c) by infra Red Ray all saved 

data are transmitted to central PC 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Components of a wireless crop monitoring system 
 
 

In crop management technology, the system is designed to collect, consolidate and 
transmit information in real time from advanced soil moisture sensors, tensiometers and 
weather stations. Hence agronomists move from estimation to exact data they need for 
precise decisions. The result is better irrigation management decisions along with 
satisfactory improved crop quality and yield. 
In fully automated system, the human factor is eliminated and replaced by a computer 
specially programmed to react to any changes in the parameters monitored by sensors. 
The automatic functions are activated by feedback from field units and corrections in the 
flow parameters by control of devices in the irrigation system until the desired 
performance level is attained. Automatic systems can also perform auxiliary functions 
such as stopping irrigation in case of rain, injecting acid to control PH, and fertigation. 
In micro irrigation Automation is performed in all or part of system sections such as: 
a) Pumping station and water filtration 
b) Water conveyance and distribution system 
c) Monitoring real-time precise crop water requirement  
d) Irrigation system (in field, garden) 
Pumping station and water filtration 
Water quality is very important in micro irrigation. So water quality from physical and 
chemical point of new is to be investigated. When water resource is deep well, a new 
diver is used to measure ground water level, PH, and conductivity from 0 to 120 ms per 
cm, which its memory capacity is about 148000 measuring value with a 10 years life 
battery. 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Compact data logger diver for measurement groundwater level, temperature, 
PH, and conductivity 

 
 
For variable water demand, pumping system is used, the pump may have variable RPM 
(Fig12) or in the case of multiple pumps, pressure switch is used on discharge manifold 
to convert water pressure to electrical pulse to stop or start pumps according to pipe 
network water demand. 
 
 
 
 
 
 

 
 
 
 
 

Figure 12. A booster pump with variable RPM 
 
 

Automatic pump control valve protects electro pump against water hammer when electro 
pump is stopped, though starting is easy with low electric energy (Fig13) 
 



 
 
 
 

 
 
 
 
 

Figure 13. Automatic pump control valve 
 
 

In micro irrigation filtration unit is in pump station or may be portable in field. When 
filtration unit is beside pump units, controller is used to start and stop pumps too. In fig 14 
an automated filtration set is shown. A filtration system can be controlled in different way 
depending on the crop requirements and installation procedure   installation and its needs 
(Fig 14a, Fig 14b) 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14a. Components of an intelligent control unit in micro irrigation 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14b. An automated filtration set consist of controller, hydraulic valves, self 
cleaning and automatic backwash helix disc filters, manometer, air relieve valve 

 
 

The Programmer (controller) operates the system manually or automatic. In manual 
mode, the operator sets performance mode to manual by preset time of backwash (e.g. 
every 10 hours) and backwash duration (e.g. 20 seconds), In automatic mode the 
operator selects ∆H mode, then programmer orders backwash action by the help of 
differential pressure gauge (e.g. 0.4 bar). Automatic filtration order from programmer to 
hydraulic valves are transmitted by hydraulic or electrical circuit, by closing or opening 
hydraulic valves, filtration or backwash action is monitored. In low quality water case, due 
to clogging filters in short time, difference between inlet and outlet pressure in each filter 
is remarkable so cleaning times are more in a certain time (day or week). 
Water conveyance and distribution system  
In micro irrigation, distribution system from water resource to field is pipe network. To 
control and monitor pressure, flow and pipe, different control devices are used. 
Manometer are widely used to control flow pressure, the pressure reducing and flow 
control valve is used in main or sub main pipes to control discharge with a preset 
constant pressure. (Fig 15) 
 
 
 
 
 
 
 

 
 

Figure 15. Pressure reducing and flow control valve 
 
 

Hydraulic remote controlled valve is used to open or close flow by the help of a tri-pass 
remote hydraulic relay on top of the valve (Fig 16). The standard type is available in open 
(NC) or closed (NO) and connected to controller by hydraulic micro tubes. 
 
 



 
 
 
 

 
 
 
 
 
 
 

Figure 16. Hydraulic remote controlled valve 
 
 

Metering valve is a combination of flow meter and hydraulic valve. The desired volume of 
water to be applied is preset. The valve opens and closes automatically when the 
assigned water volume has been delivered. Metering valves are used extensively in 
micro irrigation and are highly compatible to automation (Fig 17) 
 
 
 
 
 
 

 
 
 
 
 

Figure 17. Metering valve in two types, vertical (left), angled (right) 
 
 
PLC controlled valve acts by water pressure, pneumatic, by command transmitted from 
controller to two solenoid on top of it. (Fig 18) 
 
 
 
 
 
 

 
 
 
 

Figure 18. PLC controlled valve to control flow, pressure,  
open and close operations in pipe 

 



To open or close valve automatically on pipes, different actuators are used, actuators 
function as hydraulic, pneumatic or electrical (Fig 19). Electric actuators need 250 volts 
5Amp. AC or 30 volts 2Amp DC electricity source, battery, or solar energy. Automatic 
control is local (in different part of project) or central. 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 19. Two kind of electric actuator on pipe,  
normal or automatic to open or close valve 

 
Monitoring real-time precise crop water requirements 
One of the most important factors for optimum management of an irrigation system is to 
determine actual crop water requirement. This amount of water for a certain crop varies in 
different growth stages and are different in soils and climate changes. In closed loop 
automatic system, soil moisture variation are measured and stored in sensors next to the 
root, and then climatological measurement are stored, analyzed and transmitted to 
central room. In case of rain in field data correction is done too. This actual water 
requirement is the basis for a logical, well managed irrigation with high efficiency and 
minimum water loss. 
Irrigation Control Center (ICC) 
In this system, farmer can manage irrigation schedule, water consumption, fertigation, 
data processing precisely by the help of a remote control. This control center consists of: 
- Irrigation management system (IMS) 
- Controllers in farms or control room 
- Remote communication terminals in farm or orchard 
- A reliable two side communication system 
ICC receives reliable information and data from different sites in field, sub units, 
cumulative water consumption, maintains water pressure constant in pipes while water 
discharge varies during irrigation period. 
ICC also starts pumps according to preadjustment based on irrigation schedule. ICC 
investigates leakage in pipe network, and filters blockage in head control. ICC sends 
online alarms by cell phone, PDA or PC. ICC is compatible to developed IMS software to 
respond for urgent water demand variations, and provide report of energy used for each 
pump. 
 
Automation in micro irrigation system (in field, garden) 
For various crops and trees, different type of micro irrigation is recommended. Every kind 
of micro irrigation needs special devices on pipe network to manage irrigation 
automatically. The most common devices are controllers, electric solenoid valve, dripper 
or bubblers, which are compensated or self cleaning or antisuction. Micro irrigation may 
perform on ground surface or subsurface. In automatic subsurface drip irrigation (SDI), 
minimum water loss, maximum water application efficiency are achieved. 



In addition to standard solenoid valves (Fig 4) to control different sub units, a new kind of 
valve called smart valve are available. Farmer stores irrigation schedule in a smart 
controller then controller is set on valve so all data are transmitted to any individual valve 
in field (Fig 20) 
 
 
 
 
 
 

 
 
 
 
 

Figure 20. Irrigation data are transmitted to automatic valve by a digital smart controller 
 
 

In field or orchard the simplest method for closed loop automatic irrigation is switched 
moisture-sensitive hydraulic controller consist of tensiometer, hydraulically connected to 
an activated valve (Fig 21). This simple device makes the basic irrigation decision of 
when to water and how much to apply. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 21. Moisture-sensitive hydraulic controller offers automatic irrigation control 
without the need for electricity or batteries 

 
Distributors like bubbler or dripper are widely used. One kind of compensated bubbler 
with discharge from 20 to 40 Lit per Hour is good substitute for loop pattern. Regulated 
discharge is constant in pressure and topography variation (Fig 22). 
 
 
 
 



 
 
 

 
 
 
 
 
 
 

Figure 22. Regulated discharge bubbler in orchard.  
 
 

A kind of dripper is self cleaning, antisuction mechanism, compensating in 0.7 to 4 bar 
range. At 0.12 bars opening is closed toward reverse flow into dripper (Fig 23).  
 
 
 
 

 
 
 
 
 

Figure 23. A kind of dripper is self cleaning, antisuction mechanism, compensating in 0.7 
to 4 bar range. At 0.12 bars opening is closed toward reverse flow into dripper. 

 
 

A kind of dripper is available for subsurface drip irrigation with a special mechanism to 
prevent root penetration to outlet and orifice blockage due to soil moisture tension. SDi 
system is proper for orchards compatible to full automation with minimum seepage loss, 
soil surface moisture evaporation (Fig. 24)  
 
 
 

 
 
 
 
 
 
 
 
 

Figure 24. Subsurface drip line lay out along pistachio trees in Iran (Left) and uniform 
moisture pattern beside pistachio trees 

Different kinds of tapes are used in micro irrigation for row crops, vegetables, orchards. In 
Iran tapes are applied in potato, sugar beet, corn, tomato, melons, cabbage, egg plant, 



cucumber, strawberry… Each kind of dripper, bubbler, tape and micro sprayers need its 
concern for filtration and pressure regulation. 
Micro irrigation is the most compatible system to part or fully automation. Automatic micro 
irrigation helps farmer to have least person, high energy and water saving, minimum 
water loss in distribution network, prepare irrigation schedule based on actual soil 
moisture condition in root zone. Irrigation program is analyzed and modified due to 
variation of daily and seasonal factors (field, climate, crop, water, energy…) Experiments 
in Iran show magnificent yield increase, water saving and higher annual income for 
farmers after diverting from surface to micro irrigation. 
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ABSTRACT 
 
 

Sustainable development of pressurized irrigation systems is a key to mitigate the 
crises of water scarcity, mainly because of more demand for food, in Iran. However, 
despite the importance of the issue, little areas of lands are equipped with the 
pressurized irrigation systems. Moreover to the different technical, technological, and 
infrastructural problems and challenges associated with the sustainable development 
of pressurized irrigation systems in Iran, socio-economic and policy-institution issues 
and problems are among the important cases. Therefore, the objective of this 
research project was to systematically identify the socio-economic and policy-
institution problems, issues, and challenges associated with the sustainable 
development of pressurized irrigation systems in Iran. The methodology of the 
program was fully participatory, with the participation of representatives of different 
stakeholders in the water and the agriculture in general, and the experts, and 
resource persons in pressurized irrigation enterprise of the country in specific. Based 
on the results, the main socio-economic and policy-institution problems hindering 
sustainable development of pressurized irrigation systems in Iran could be 
categorized in the following categories: Economic and finance problems (including 
national economy, costs to the beneficiaries, banking and finance and credit issues), 
socio-cultural problems (including socio-cultural basis and capacity building, 
inefficiencies in adaptation of the systems, and weaknesses in agricultural production 
systems), policy and institutions issues (including organizational and human resource 
structures weaknesses, and problems associated with the policy and planning, 
inefficiencies in motivation of beneficiaries willingness toward acceptance and 
adaptation of the systems). Quantity basis, the identified problems were totally 88 
cases, of which the economic-finance, socio-cultural, and policy-institution problems, 
included 39.8, 29.5, and 30.7 percent of total problems respectively. 

 
Keywords: Pressurized irrigation, Socio-economic, Policy-Institution, Sustainable 
development, Problem, Challenge 
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RESUME ET CONCLUSIONS 
 
 

I.R. d'Iran est situé dans l'une des régions les plus arides du monde. Le secteur 
agricole est l'un des secteurs économiques les plus importants en Iran. Compte tenu 
de la production agricole totale irriguée en Iran (70 millions de tonnes) et les 
ressources en eau totale consommée dans l'agriculture (84 BCM), la productivité de 
l'eau agricole (WP) en Iran est à peu près 0.8 à 1.0 Kg/m3. C'est en vertu de situation 
que pour combler les besoins alimentaires du pays avec une population de plus en 
plus, la valeur WP au moins devrait atteindre 1.6 kg /m3 jusqu'à l'année 2025. 
Dans ces circonstances, le développement durable des systèmes d'irrigation sous 
pression est un élément clé pour atténuer ou du moins à atténuer les crises de 
pénurie d'eau et l'amélioration de WP en Iran. Cependant, malgré l'importance de la 
question, les zones peu de terres (10.2% du total des superficies irriguées) sont 
équipées avec les systèmes d'irrigation sous pression et il ya encore loin d'atteindre 
le niveau souhaité. 
Les raisons apparentes pour le développement déséquilibre des systèmes d'irrigation 
sous pression et le grand écart disponible ici en ce qui concerne les superficies 
totales irriguées du pays (8.2 millions ha), peut être évaluée à partir de la mauvaise 
conception et la mise en œuvre, la faible qualité des dispositifs et des équipements, 
mauvais fonctionnement et la gestion des systèmes, la quantité et la qualité de l'eau 
d'irrigation, et d'autres questions, par exemple le vol et vendre des équipements. 
Cependant, il semble que les raisons sont plus fondamentales. En d'autres termes 
différents problèmes techniques, technologiques, et de l'infrastructure et les défis 
sont liés au développement durable des systèmes d'irrigation sous pression en Iran, 
parmi eux culturel et socio-économiques et les questions de politique-institution et les 
problèmes sont les cas les plus importants. Par conséquent, l'objectif de ce projet de 
recherche était d'identifier systématiquement les problèmes socio-économiques et les 
problèmes politiques institution, et les défis associés au développement durable des 
systèmes d'irrigation sous pression en Iran. 
La méthodologie du programme a été pleinement participative, avec la participation 
de représentants des différentes parties prenantes dans l'eau et l'agriculture en 
général, et les experts et personnes ressources dans l'entreprise d'irrigation sous 
pression du pays en particulier. L'approche ISNAR a été utilisé ici. Les experts ont 
été réunis et ont participé dans le cerveau différentes réunions méninges pour 
identifier les problèmes pertinents, les enjeux et les défis. 
Les résultats de la recherche ont été principalement sous la forme d'arbres problème. 
Toutefois, les problèmes identifiés ont été également accordé la priorité, en fonction 
de leur importance, et enfin quelques pivots stratégiques connexes ont également été 
développés. 
Basé sur les résultats, les principaux socio-économique et des problèmes politiques 
qui entravent le développement durable institution de systèmes d'irrigation sous 
pression en Iran pourraient être classées dans les catégories suivantes: les 
problèmes économiques et des finances (y compris l'économie nationale, les coûts 
pour les bénéficiaires, la banque et la finance et des problèmes de crédit), les 
problèmes socio-culturels (y compris la base socio-culturelle et le renforcement des 
capacités, les inefficacités dans l'adoption des systèmes, et les faiblesses dans les 
systèmes de production agricole), les questions politiques et institutions (y compris 
les faiblesses organisationnelles et humaines des structures des ressources, et les 
problèmes associés à la politique et de planification, de l'inefficacité de la motivation 
de la volonté des bénéficiaires vers l'acceptation et l'adoption des systèmes). 
Selon la quantité, l'économie-finance, socio-culturelles, et les problèmes politiques 
institution, inclus 39.8, 29.5 et 30.7 pour cent du total respectivement problèmes. 
De les aspects stratégiques, les résultats de cette recherche indiquent que les 
stratégies suivantes devraient être mises en œuvre dans le pays pour le 



développement durable de l'irrigation sous pression à partir des aspects les 
institutions socio-économiques et politiques: 1) Une plus grande implication du 
secteur privé dans les systèmes d'irrigation sous pression et le développement donc 
le désengagement du gouvernement 2) Une plus grande attention aux économies 
d'énergie dans les systèmes, compte tenu de la demande croissante des prix de 
l'énergie et augmenter l'énergie de se produire dans un proche avenir 3) Sélection 
des critères économiques dans la priorité au développement des systèmes 
d'irrigation sous pression dans les différentes régions, et 4) Plus d'objet d'études de 
recherche et les plans sur les mesures pour la justification économique de l'utilisation 
de systèmes d'irrigation sous pression dans les petits systèmes agricoles échelle. 

 
 

1. INTRODUCTION 
 

 
Efficient use of water resources and improving water productivity (WP) is one of the 
important issues and priorities of the I.R. of Iran, especially in the last two decades. 
This is highlighted in the national policies and in the different five years national 
development plans of the country. 
 
Development of water saving irrigation systems and technologies, especially 
pressurized irrigation systems in the irrigated area, has been one of the important 
options of the policy makers and planners in the agricultural sector. However, despite 
considerable attention to the sustainable development of pressurized irrigation 
systems in Iran, still the irrigated lands equipped with these systems, only cover 10.2 
percent (0.89 millions ha) of the total irrigated areas (8.7 millions ha) of the country 
(Anonymous, 2004, 2005, 2008, 2010). In table 1 the extent of development of 
pressurized irrigation systems in the different national development plans of the 
country is provided.  
 
 
Table 1: Trend of development of pressurized irrigation systems in Iran (Evolution du 

développement des systèmes d'irrigation sous pression en Iran) 
 

National development 
plans 

Planned  
(Thousands of 

Ha) 

 

Achieved 
(Thousands of 

Ha) 

Percent of 
Achievement 

(%) 

1st Plan and before 
(1990-94) 

277 67 24.2 

2nd Plan (1995-99) 807 204 25.3 

3rd Plan (2000-04) 609 216 35.5 

4th Plan (2005-09) 500 381 76.2 

5th Plan (2010-14) 1000 74.8* 7.5 
*: This plan is not officially started yet and the data are just for the start of the year 2010 

 
 
Based on the values in the table 1, it is evident that still there is a big gap, and lots of 
works are required to considerably develop these systems in the country.  
There are different reasons for slow progress of the sustainable development of 
pressurized irrigation systems in Iran. Different studies (Anonymous, 2004, 2005, 
2008) have shown enormous challenges, including improper use of available 
resources, socio-economical issues, policy making, quality of equipments, production 



technology, design, and operation and management (O&M) of the established 
systems, in this regards. 
These problems and issues could be categorized in four main categories including, 
technical, adaptation and technology transfer, infrastructures, resources, and socio-
economic and policy-institution issues (Dehghanisanij et al., 2010). However, 
moreover to the different technical, technological, and infrastructure problems and 
challenges associated with the sustainable development of pressurized irrigation 
systems, socio-economic and policy-institution issues and problems are among the 
important cases. 
Various researches and studies have been also conducted to overcome these issues 
and challenges. However, most of them were case specific and do not faced with the 
issue, holistically. Therefore, for the purpose of efficient use of water and sustainable 
development of pressurized irrigation systems, a comprehensive research was 
conducted to systematically study the socio-economic and policy-institution problems, 
issues, and challenges of the sustainable development of pressurized irrigation 
systems in Iran. Moreover, some strategies require to handle the issues, were also 
developed. 

 
 

2. MATERIALS AND METHODS 
 
 

The methodology of the study was fully participatory, with the participation of 
representatives of different stakeholders in the water and the agriculture in general, 
and the experts, and resource persons in pressurized irrigation enterprise of the 
country in specific. The ISNAR1 approach was used here.  
 
Through facilitated brain storming meetings and harvest of the ideas of the experts 
and resource persons participated, the socio-economic and policy–institution 
problems, issues, and challenges associated with the sustainable development of 
pressurized irrigation systems were systematically identified. The experts were 
gathered and participated in the different brain storming meetings to identify the 
relevant problems, issues, and the challenges. The research outputs were mainly in 
the form of problem trees. However some related strategic executive and research 
pivots and objectives were also developed.  
 
The involved stakeholders consisted from the ministries of agriculture and energy, 
water board organizations and departments, universities, planning and economics 
departments, consultant engineering, national research institutes and centers, 
agricultural banks,  extension services, and finally farmers NGO’s. 

 
 
 

3. RESULTS 
 
 
In figures 1.a. to 1.c results of brain storming meetings and discussions, which are 
synthesized in the form of problem trees of sustainable development of pressurized 
irrigation systems, are provided. 
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Figure. 1.a. The problem tree of sustainable development of pressurized irrigation 
systems in Iran (Branch of Economic-Finance issues) (L'arbre des problèmes de 

développement durable de l'irrigation sous pression (Direction des questions 
économiques Finances)) 



 
Figure. 1.b. The problem tree of sustainable development of pressurized irrigation 

systems in Iran (Branch of Socio-Cultural issues) (L'arbre des problèmes de 
développement durable de l'irrigation sous pression (Direction des questions socio-

culturelles)) 



 
 

Figure. 1.c. The problem tree of sustainable development of pressurized irrigation 
systems in Iran (Branch of Policy-Institution issues) (L'arbre des problèmes de 
développement durable de l'irrigation sous pression (Direction des questions 

politiques de l'établissement)) 



Quantity basis, the identified problems were totally 88 cases, of which the economic-
finance, socio-cultural, and policy-institution problems, included 39.8, 29.5, and 30.7 
percent of total problems respectively. In table 2 the number of the identified 
problems for every branch of the problem tree is provided in detail. 
 
 

Table 2. Number of the identified socio-economic and policy-institution problems 
hindering sustainable development of pressurized irrigation systems in Iran (Le 

nombre des problèmes identifiés politiques institution socio-économique et dans le 
développement durable des systèmes d'irrigation sous pression en Iran) 

 
 

Branch/sub 
branch 

Number of identified problems 
 

 
Sum of 

problems 

 
Percent 
of total 

(%) Economic 
and 

financial 
branch 

Socio-
Cultural 
branch 

Policy-
Institution 
Branch 

 

1st  3 3 3 9 10.2 

2nd  18 12 23 53 60.3 

3rd  14 11 1 26 29.5 

Sum 35 26 27 88 100 

Percent of 
total (%) 

39.8 29.5 30.7 100  

 
 
It is evident that all the above listed problems have no similar importance and impacts 
on the progress of objectives. Therefore, the prioritized problems were also identified 
by participatory method. Two methods were used for this purpose. First, the rankings 
were made on each branches of the problem tree and the numbers 1, 2, … were 
assigned for the higher priorities in each branch respectively. In the trees provided in 
figures 1.a to 1.c, the boxes are arranged in these orders from top to bottom. In the 
second method, irrespective of the location of the problem on the tree, the problems 
were prioritized based on the four categories of importance, i.e. Very high (V), High 
(H), Moderate (M), and Low (L). In the followings results of prioritization of problems 
with the second method and just for the V category are provided in brief1: 
 

- Economical high inflation rate and its impacts on the final costs and prices of 
the systems to the beneficiaries 

- Production system problems in lands with the shared irrigation systems 
- Poor inter/out coordination and cooperation in the Ministry of Agriculture 
- Deficiencies in planning of O&M of the large-scale pressurized irrigation 

projects 
- Insufficient attention to the integrated plans and foresight in the development of 

the systems considering inflation rate and increment price of energy and 
equipments 

- Inefficiencies in creating incentives in farmers and setting supportive policies for 
saving water and other agricultural inputs for them when using pressurized 
systems 

- Lack of participation of the farmers and other stakeholders in the phases of 
design, implementation, and O&M of large-scale pressurized irrigation 
projects 

                                                 
1 - Details of results are provided in the reference: (Heydari, 2010)  



- Improper procedure (just relying on Government) for introducing and 
developing of the systems 

- The problem of tendency to somehow monopoly in pressurized irrigation 
development 

- Weaknesses in planning of use of pressurized irrigation systems in small and 
unconsolidated farms 

- Insufficient participatory research projects in the field of pressurized irrigation 
 
 

4. CONCLUSIONS 
 
 

Results of this research indicated that the progress rate of sustainable development 
of pressurized irrigation systems in Iran is not considerable in regard to the total 
irrigated areas of the country. The reasons and main hindering factors could be 
categorized into different technical, technological, infrastructure, technology 
adaptation, and socio-economic and policy–institution kinds of problems and issues. 
However, the main socio-economic and policy-institution problems hindering 
sustainable development of pressurized irrigation systems in Iran could be 
categorized into the main categories of economic and finance, socio-cultural, and 
policy-institution problems.  
Based on the identified prioritized problems and from the strategic aspects, results of 
this research also indicated that the following strategies should be implemented in the 
country for the sustainable development of pressurized irrigation systems from socio-
economic and policy institutions aspects: 1) More involvement of the private sector in 
pressurized irrigation systems development and hence disengagement from the 
government 2) More attention to energy savings in the systems, considering growing 
demand of energy and energy prices increase to happen in near future 3) Selection of 
economic criteria in prioritizing development of pressurized irrigation systems in 
different regions, and 4) More focus of research studies and plans on measures for 
economic justification of using pressurized irrigation systems in small scale farming 
systems. 
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ABSTRACT 
 
 

The necessity of exploiting unconventional waters (salty and b  rackish) as part of 
water resource use in drought periods in Sistan area of scientific need and use of new 
methods of irrigation in the exploitation of these waters is the unavoidable . This 
statistical test design splitplot based on a randomized complete block with four main 
treatments include various levels of saline water (2-4-8-12) ds / m and two 
subtreatments include a capsicum cultivars Capsicum Yellow (ez-iniaez-1) and green 
Capsicum (colifornia wonder) in four replications using clay underground irrigation 
system in place Zahak Research Station in 1382 was carried out for one year. 
Analysis of variance obtained from this study indicates that the fruit yield, plant height 
and root length were significantly affected by salinity treatments. Traits such as plant 
height, fruit yield, as a significant number were affected. In this study, with increasing 
salinity from EC = 2ds / m to EC = 12ds / m yield fruit, root length, has declined. 
Highest performance 46/74 ton/ha with conventional water EC = 2ds / m respectively, 
the statistical performance of the treated fruit in salt water EC = 4ds / m in a group 
were statistically not significant.  
 
Keywords: Capsico, Pitcher, Brackish, Water 
 

 
INTRODUCTION 

 
 
Since the Sistan plain is dry and semi-arid region located and periodic drought losses 
to many agricultural imports to the region, the use of saline waters and as 
unconventional sources of water available to farmers enjoyed considerable 
importance and Farmers sink area with drilling depth of 7-8 meters of water species 
exploited sectors. Including strategies for effective use of these waters, according to 
new methods of irrigation including methods such as subsurface irrigation system is 
underground clay.  
Earthen irrigation methods in the past to cultivate vegetables such as watermelon, 
melon or cucumber was common as trees and farmers in land desired by drilling 
holes and placing the jars and jars of water slowly leak killed attempting to plant 
seeds and have the desired have.  
Results Farmer et al (1379) in preliminary studies on clay underground irrigation 
system indicating the product is that depending on the amount of water under 
cultivation to a third of a second has been saving (for example, tomatoes grown over 
3150 cubic meters per hectare Water consumption has) to yield products other than 
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cotton, has increased five times (for the kitchen garden cucumber yield approximately 
110 tons per hectare is achieved.) Improved product quality indices and fertilizer 
consumption over saving is 50 percent. 73-1972 years in India as well as measuring 
water consumption in two pumpkin using 10-liter jars of clay was determined from 
planting to harvesting stage, approximately 170 cubic meters per hectare water 
consumption and amount of product was also compared with surface irrigation 
noticeable. Also in a similar study in India on watermelon and cucumber juice 
consumption, respectively 139 and 186 cubic meters and other research Ydr 1978 on 
watermelon juice consumption during the 88 days is estimated at about 200 cubic 
meters.  
Kykha et al (1381) in their review to evaluate irrigation systems and the horizontal and 
vertical clay densities of different varieties of cucumbers and Dvmynvs Sinai, showed 
the highest fruit yield varieties belonging to the Sinai in the density of 40 cm on the 
row with irrigation system is the vertical clay.  
Research Center Research Institute, Karnal, India saline soils (CSSRI) shows that the 
amount of water leaking from each depends on the pitcher jug (pitcher) and number 
of plants had been irrigated by each pitcher depends on soil type, sea-wall pores is 
the pitcher. This research also shows that soil moisture and salt distribution in the root 
zone of plants in developing a pitcher irrigation methods than other systems were 
more appropriate.  

 
 

Methods 
 

 
The statistical design of split plot (spilet plot) based on a randomized complete block 
with four main treatments, including levels of salinity (ds / m 2, ds / m 4, ds / m 8, ds / 
m 12) and Treatment consists of two sub-figures a green capsicum yellow capsicum 
(ez-iniaez-1) and green capsicums colifornia wonder in four replications using clay 
underground irrigation system, one year at the Agricultural Research Station affiliated 
Zahak Agriculture and Natural Resources Research Center Sistan was implemented 
in 1382.  
Analysis of major physical and chemical treatments in Table (1) has.  
To perform this study after construction of the desired area of the greenhouse 270 m2 
(9 * 30) meters, first considering the necessity of preparing the bed in greenhouse 
cultivation and appropriate requirements for earthen irrigation system, digging 
trenches in action routes during cultivation 
depth and width, respectively, 0/6 and 0/5 m, and then according to the required 
planting bed soil texture according to the formula 20% (soil) + 35% (35 percent sand 
and gravel ) and 45% (mixture of rotten animal manure) to achieve tissue 
SandyLoam, Loam has combined, of course, before transferring the soil prepared 
according to the above first formula in the bottom of trenches to produce heat and 
warmth, some straw plus fertilizer N (100 grams per meter trench) placed 10 cm 
height and eventually was transferred to the above soil mix. In order to control 
soil salinity and salt to remove large soil initial leaching was done before running the 
system. Soil chemical and physical profile as desired tables (2) and (3) is.  
The jars of clay that has length, external and internal diameters respectively 45, 6 and 
4 cm apart 0/5 m from each other has been installed. Seedling establishment of two 
stages in order to irrigate with ordinary water, then took the design and installation of 
four water storage tanks containing water of different quality according to plan 
treatments and after watering a seedling stage was carried out according to plan 
treatments. Water levels were measured as a volume.  
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Results and discussion 
 
 

 Analysis of variance in the desired traits (Table 4) and compare the results table 
means (5) is shown.  

 
 

Yeild 
 

Analysis of variance indicates that the desired effect of salinity treatments and 
varieties of Capsicum performance statistics in a significant percentage of, so most of 
the performance results obtained on average compared to a number of treatment 
related to irrigation (saline water with EC = 2ds / m) with the functional equivalent of 
46/74 tons per acre that statistically the number two treatments (saline water with EC 
= 4ds / m) placed in a group and no significant difference. Accordingly, the lowest 
yield with increasing salinity in irrigation water, number four irrigation treatments 
(saline water with EC = 12ds / m) with an average functional equivalent of 27/33 tons 
per hectare have been achieved with this treatment the number three treatments 
(water saline with EC = 8ds / m) is not significantly different. Yellow capsicum 
cultivars also devoted to 50/38 tons per hectare green capsicum varieties with 
average yield of 23/17 tons per hectare are statistically significant superiority.  

 
 

Plant height 
  
Effect of different treatments of salinity and effects on plant height, respectively, 
figures in statistical level of 5 percent and one percent have been significant. Highest 
plant height under the effect of different treatments of salinity with a height equivalent 
to 98/5 cm belonging to treatment EC = 2ds / m, which was treated statistically with 
the number two EC = 4ds / m and no significant difference in a statistical group is 
located. Lowest plant height with 85/5 cm belonging to the treatment number three in 
terms of statistical treatments in a group of four numbers located, is. Yellow capsicum 
varieties 100/44 cm height and two digit numbers, 84/13 cm are also allocated.  
 

Root length 
 

Effect of different salinity treatments on root length in statistics has been a significant 
percentage, so the results of the study compared with the average increase in salinity 
of irrigation water, EC = 2ds / m to EC = 12ds / m root length has reduced the Subject 
expresses sensitivity to salt is capsicum. Lowest root length Tymarh Number Four 
(19/75 cm) and salinity of the figures also did not make a significant difference.  
Volume of water  
Average water consumption per (m3/ha) in different irrigation treatments showed that 
the highest volume of 8900 cubic meters of water levels on four acres in treatment 
and lowest numbers in treatment number one (4926 cubic meters) occurred.  
Because of increased volume of water in saline conditions, prevent water stress and 
osmotic pressure of plant growth is better.  
 

Resources 
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79-87 
3. Keshavrz, et al. 1382. Review the possibility of underground watering tomatoes 
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Table (1) Analysis of major physical and chemical treatments 
ِDiscription 

ds/m PH Miliquivalents per Liter S.S.P S.A.R CO3 HCO3 CL- Mg + Ca Na 
EC=2 8.7 0 5.2 5.6 9.6 6.9 42 3.1 
EC=4 8.2 0 3.4 13.4 15.2 27.5 64 10 
EC=6 8.3 0 6.1 33.5 25 60 71 17 
EC=8 8.2 0 6.1 73.5 23 102.5 82 30 

 
Table (2) physical and chemical soil profile 

Dept
h 

(cm) 

P
H 

EC 
(ds/m

) 

T.N.
V 
% 

CaCo
3 

O.C 
% 

P(av
) 

ppm 

K 
(av) 

pp
m 

Fe 
pp
m 

Cu 
pp
m 

Zn 
pp
m 

Mn 
Pp
m 

0-60 7.
8 4.6 19.96 0 1.6

8 84.2 685 11.
7 

1.0
4 

3.7
3 7.61 

 
Table (3) analysis of variance effect of salinity 

 
Table (4) analysis of variance effect of salinity levels and cultivars 

 
Table (5) Comparison of different treatments on the characteristics of measured salinity 

Root depth (cm) Height (cm) Yield (ton/ha) treatments 
27.25 A 98.5 A 46.76 A EC=2 ds/m 
24.63 A 97.375 AB 40.50 AB EC=4 ds/m 
21.75 B 97.75 BC 32.50 BC EC=6 ds/m 
19.75 B 85.5 C 27.33 C EC=8 ds/m 

 

Table (6) compared to average figures of the traits measured 
Root depth (cm) Height (cm) Yield (ton/ha) varieties 

24.25 100.44 A 50.380 A Yellow capsicum 
22.43 84.13 B 23.17 B Green capsicum 

 

CV (%) F MS D.F Traits 
27.93 7.8016** 589.248 3 Yield (ton/ha) 
15.44 14.8530** 86.281 3 Root depth (cm) 
12.09 4.34.9* 349.698 3 Height (cm) 

CV (%) F MS D.F Traits 
27.93 0.7174 75.692 3 Yield (ton/ha) 
15.44 0.0601 0.781 3 Root depth (cm) 
12.09 1.3908 16.781 3 Height (cm) 

http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235159%232009%23998809997%23730308%23FLA%23&_cdi=5159&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=c9bc50577c0d4b89b19cdeef6a1f49fa�
http://www.sciencedirect.com/science/article/pii/S0304423808005025#aff1�
http://www.sciencedirect.com/science/article/pii/S0304423808005025#aff2�
http://www.sciencedirect.com/science/article/pii/S0304423808005025#aff3�
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%234958%232009%23999039988%231420074%23FLA%23&_cdi=4958&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=20eead67b002cd2887e3c35c299d1bad�


  

DEVELOPMENT AND EVALUATION OF 
 MOBILE DRIP IRRIGATION 

 
 

A. Hezarjaribi1, Heinz Sourell2

The use of drip tubes with a moving irrigation system appears to have been introduced 
first by Rawlins et al. (1979). One advantage they mentioned was that saline water will 
not damage the foliage if such a system is used. Newer efforts at commercializing the 
technology are being made by T-L Irrigation of Hastings, Nebraska, (

  
 
 

ABSTRACT 
 
 
Replacing the sprinklers on a centre pivot or linear move irrigation machine by using 
polyethylene “PE” tubes with emitters to convey irrigation water directly to the soil surface 
converts a normal sprinkler system to a mobile drip irrigation (MDI) system. The idea of 
the MDI consists of the advantages of stationary drip irrigation (low pressure 
requirements up to 50 kPa and low evaporation losses) and the advantages of centre 
pivot or linear irrigation machines (cheaper than drip irrigation) and its success in the 
irrigation of many crops.  The length of drip tubes will depend on water requirements and 
the distance from pivot point. For the same area, the MDI system needs less than 2 % of 
the polyethylene tubes that would be needed in a stationary drip irrigation system. 
Replacing sprinkler with dripper will reduce the energy and water consumption of 70 % 
and 20 %, respectively, as compared with the centre pivot. 
 
 

INTRODUCTION 
 
 
Trickle irrigation is gaining importance in the world, especially in areas with limited and 
expensive water supplies, since it allows limited resources to be more fully utilized. 
Replacing the sprinklers on a CP or linear move machine by using polyethylene “PE” 
tubes with emitters to convey irrigation water directly to the soil surface converts a 
traditional CP or linear move to a mobile drip irrigation (MDI). In stationary drip irrigation, 
closed plastic tubes with emitters are used to deliver irrigation water to the plants using 
low pressure. No water losses due to wind drift and spray evaporation occurs in sprinkler 
systems specially in CP machines. The idea of MDI is a combination of the advantages of 
stationary drip irrigation with CP or linear move or the boom trailer irrigation machines. 
The advantages of the stationary drip irrigation are its low operating pressure, low water 
losses and high irrigation efficiency. The advantages of the CP machine are its low 
capital requirements, flexibility and low labour requirements. In addition, soil cultivation 
under CP machines is easy. The operating pressure of the drip tubes can be much lower 
than that of sprinkler systems. The operating pressure at the inlet of a traditional CP with 
sprinklers ranges from 400 to 500 kPa as compared with 175 to 225 kPa at the inlet of 
the pivot machine with MDI. Thus, pressure reduction in MDI enables energy to be 
conserved. 

www.tlirr.com) under 
the trade name of Precision Mobile Drip Irrigation (PMDI), which utilizes in-line drip hoses 
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to distribute water directly to the ground. Many authors have described the MDI, but the 
classic dripping irrigation materials were never used. In some cases, holes in pipes, 
similar length of hoses with different types of emitters, similar length of hoses with one 
type of emitters were used with linear and CP machines. In these cases, the irrigation 
intensity was very high. At the same time, the classic drip irrigation materials with a CP 
were never used. Therefore, the application of MDI with CP machines will be important.  

 
 

MATERIALS AND METHODS 
 

 
The MDI was developed by replacing the sprinklers on a CP by using irrigation segments 
containing three polyethylene tubes with emitters to convey irrigation water directly to the 
soil surface (Fig. 1).  A pressure regulator was used to adapt the operating pressure at 
the inlet of the drop tubes (50 kPa and 100 kPa). The horizontal PE tube is an additional 
part and was used for the installation of the drop tubes. In this research Hydrogol emitters 
(7,25 L / h at 50 kpa) were used. The spacing between emitters on the lateral was 15 cm 
and spacing between drop tubes was about 85 cm. Normal irrigation depth (In) 
considered in this research was 20 mm.  
 

 
Figure 1. Pressure regulator and manometer used to adapt  

the operating pressure at the inlet of the MDI drop 
 

 Number of emitters installed on drop tubes was   calculated based on emitter discharge 
(qe=7,25 L/hr at 50 kpa), irrigated area covered by drop tubes (distance from the pivot 
point, r and narrow spacing covered by  drop tube, dr), irrigation time (T= 48 hr) and In. 
Ne was calculated as follows:  
              Ne= 2*3,14*r*dr*(In / T) /qe     (1)   
Where r =distance between drop tube and pivot point and dr = narrow spacing covered 
by drop tube                                  
The length of drop tubes at any point of the pivot lateral is dependent upon the number of 
emitters installed on drop tube, the spacing between emitters on the drop  
tube and spacing between first emitters installed on drop tube and polyethylene segment 
(in this research 3 m). With due attention to increasing the water application rate and 
appearing runoff with decreasing the spacing between emitters, also increasing the 
length of drop tube with increasing the spacing between emitters, an appropriate spacing 
between emitters should be considered (in this research 15 cm). Thus the length of the 
drop tubes at any point of the pivot lateral could be calculated as follows:     
                     L = 3 + Ne*(0,15)                        (2) 
Where Ne is number of emitters installed on drop tube. 



  

RESULTS 
 
 

 Number of Hydrogol emitters installed on drip tubes and length of drip tubes were 
calculated using Eq. 1and 2 respectively. Number of emitters calculated for the shortest 
drip tube located at a distance 2 m from pivot point and longest drip tube located at a 
distance 300 m from pivot point were 1 and 101 respectively. Meanwhile the shortest and 
longest drip tube had 3,15 and 18,15 m length respectively (Fig. 2). The operating 
pressure of the drip tubes can be much lower than that of sprinkler systems. Thus our 
MDI enable to conserve energy through pressure reduction. In this study of MDI with a 
CP irrigation system, non-filtrated groundwater was used without any problems for both 
the emitters and water distribution but normally the filtration of water in stationary drip 
irrigation is necessary to prevent emitter clogging. Also, the process of injecting fertiliser 
(fertigation) and chemical (chemigation) into irrigation water and applying through this 
modified CP irrigation system to the crop/field is possible.  
 

 
Figure 2. Mobile drip irrigation 
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ABSTRACT 
 
 

Subsurface drip method of micro irrigation is different from surface method only in the 
way that the lateral pipes are buried below the ground surface unlike the same laid on the 
surface. It is a highly efficient method of water application, with minimum of water losses 
through evaporation and deep percolation, thus assisting water and nutrient conservation. 
According to 1991 survey, subsurface drip was reported to be practiced only 3% of the 
total area covered by micro irrigation. It was practiced in the USA, Israel, China, Canada, 
and Poland. In the USA, it had an area of 54000, in China an area of 2500 ha, Israel 150 
ha and others 2184 ha. 
According to Phene (1987) in the areas of water scarcity for salinity management in salt 
affected area and in permeable soils, subsurface drip irrigation reduces deep percolation 
losses and long term sustaining ground water contamination. It has all advantages of 
surface drip irrigation. It increases Water Use Efficiency, and eliminates deep percolation. 
This system of micro irrigation has been applied to many crops and fruits, nuts, and vine 
crops have been increasingly irritated by SDI. Considering the range of applicability, it 
has been applied to a large range of fruits, vegetables and other field crops. 
The objective of the present paper is to review the experience of its application to a few 
fruits, such as peaches and grapes, vegetables such as tomatoes, brinjals and lettuces as 
well as other crops, like groundnuts, cotton, and pasture crops. The applicability and 
performance of SDI has been reviewed and conclusion drawn for the above crops. 
 
 

INTRODUCTION 
 
 
Sub surface drip method is infect an old method, which according to House (1920) used it 
to apply to apples alfalfa and serials with perforated subsurface pipes. THz method was 
however quite expensive and not economical for field crops. With introduction of plastics 
appropriate lateral pipes have now been developed and its feasibility of application has 
been experimented for several crops. 
In the earlier stage of its experimental stage there were problems of root intrusion, 
plugging of emitter, installation problems and especially very complex management of 
fertility management; however it has been solved to a good extent by USDA ARS 
Phoenix Arizona and Fresno California. 



 

According to 1991 survey of extent of micro irrigation, out of the total area in surface 
micro irrigation of 1,710,153 ha or 97 percent, subsurface micro irrigation was only 
58,834 ha or about 3 percent only. This was reported to be practised only in the USA, 
Israel, China Canada and Poland. In the USA it had an area of 54000, in China an area 
of 2500 ha, Israel 150 ha and others 2184 ha. 
According to Phone (1987) in the areas of water scarcity and Nitrogen conservation in 
salinity management in salt affected area and in permeable soils subsurface drip 
irrigation reduces deep percolation losses .Long term sustaining ground water 
contamination. It has all advantages of surface drip irrigation. It Increase Water Use 
Efficiency, and eliminates deep percolation. 
This system of micro irrigation has been applied to many crops and Fruits, nuts, and vine 
crops have been increasingly being irrigated by SDI. Considering the range of 
applicability, it has been applied to potato, tomato, cantaloupe, strawberry, lettuce cotton, 
grapes, apples, almond, peach walnut, turf and various ornamental. 
The objective of the present papers to review the experience of its application to a few 
fruits, such as 1)peaches and2) grapes, few vegetables such as1) tomatoes, 2)urinals and 
3)lettuces  and other crops, like 1)groundnuts ,2)cotton and 3)pasture crops After the 
review of experience  conclusions have been derived 
 
 

1. EXPERIENCE ON FRUITS 
 
 
1.0. Peaches 
The studies 0n 3 fruits are as given below 
1.1. Surface, subsurface drip, micro jet, Furrow, water economy and yield 
 
Bylaw et al 2003 studied in California USA the effects of furrow, micro jet, surface drip, 
and subsurface drip irrigation on vegetative growth and early production of newly planted 
'Crimson Lady' peach (Prunus persica) trees. Furrow treatments were irrigated every 7, 
14, or 21 days; micro jet treatments were irrigated every 2-3, 7, or 14 days; and surface 
and subsurface drip (with one, two, or three buried laterals per row) treatments were 
irrigated when accumulated crop evapotranspiration reached 2.5 mm. The overall 
performance showed that trees irrigated by surface and subsurface drip were significantly 
larger, produced higher yields, and had higher water use efficiency than trees irrigated by 
micro jets. In fact, more than twice as much water had to be applied to trees with micro 
jets than to trees with drip systems in order to achieve the same amount of vegetative 
growth and yield. Yield and water use efficiency were also higher under surface and 
subsurface drip irrigation than under furrow irrigation, although tree size was similar 
among the treatments. Little difference was found between trees irrigated by surface and 
subsurface drip, except that trees irrigated with only one subsurface drip lateral were less 
vigorous, but not less productive, than trees irrigated by one surface drip lateral, or by two 
or three subsurface drip laterals. Within furrow and microjet treatments, irrigation 
frequency had little effect on tree development and performance with the exception that 
furrows irrigation every 3 weeks produced smaller trees than furrow irrigation every 1 or 2 
weeks. 
 
1.2. Grapes 
1.2.1. Surface and surface drip yield and fruit quality 
 
Mattock 2000 investigated in Gharabia Governorate the response of King Ruby seedless 
grapes to subsurface drip irrigation system in old valley of Egypt characterized with silt 
loam soil. Soil water, salinity distribution, weed growth, crop yield (quantity and quality) 



 

and water use efficiency by grapes were measured.  Better response of King Ruby 
seedless grapes to subsurface drip irrigation system in silt loam soil in old valley of Egypt. 
Comparison of the results between subsurface drip irrigation and surface drip irrigation 
systems showed that the highest yield and the best quality of grapes were obtained under 
subsurface drip irrigation system. 

Wonderland Schmuckenschlager (1990) studied Trollinger, a drought sensitive cultivar on 
Kober 5BB grown at 1x3 meter on a dry slope and given minimum irrigation to sustain the 
vines during periods of drought (control), in addition to the experimental irrigation. The 
mean fruit yields from 1984 to 1998 were : 0.120 kg/sqm. In the control, 0.206 kg/sqm, 
when supplied with 80liters/plant annually by trickle irrigation and 0.274 kg/sqm, when 
supplied with 40 liters/ plant annually by subsoil irrigation... All yields were unsatisfactory. 
Must sugar and a acidity were unaffected but cane weight was increased by 22 percent 
by trickle irrigation and 37 percent by subsoil irrigation. 

1.2.2Yeld and quality with surface and subsurface drip 

 
 

2.0. EXPERIENCE ON VEGETABLES 
Experience On 3 studies on Tomatoes and one study on Brinjals are given below 
2.1. Tomatoes 
2.1.1. Trickle, subsurface irrigation, yield and fruit size 
 
 
Pitts et al (1988) in a 2- year field trials to compare the micro and subsurface methods of 
irrigation on tomatoes, only slight differences were found in yield per plant and fruit size... 

Davis et al (1986) Studied trickle frequency and installation depth on processing 
tomatoes (cvUC-82B)   grown in a clay loam soil in California. Three treatments were 
given viz. high frequency subsurface drip, high frequency surface drip and low frequency 
surface drip irrigation. It was found that yield, quality and evapotranspiration of tomatoes 
were not affected by the depth placement (surface versus deep subsurface) of trickle 
laterals when irrigation volumes and frequency were the same.  Yield evapotranspiration   
of surface trickle irrigated tomatoes given the same volume of water indicated that high 
frequency application improved yields, reduced ET, and increased water use efficiency. 
Irrigation cutoff prior to harvest by more than 15 days decreased yield quality and water 
use efficiency of trickle irrigated tomatoes 

2.1.2 Sub surface drip, and surface drip 

Narda and Lubana (1999) Studies of growth parameters and yield of tomatoes grown 
under a subsurface drip irrigation system were conducted at Ludhiana, India, and 
compared with those in the conventional furrow irrigation and surface drip irrigation 
systems under three different irrigation scheduling criteria. Results revealed that 
tomatoes under subsurface drip irrigation system performed best in terms of growth 
dynamics and yield. However, there were problems with emitters clogging up in sub-
surface drip systems late in the season. 

2.1.3Subsurface Drip and furrow irrigation ,Yield and growth 

Santa Maria et al (2003) Drip-irrigation was compared with the trough bench technique 
of growing a cherry tomato crop, in terms of (i) pH and EC of the substrate, (ii) production 
and quality of the fruits and (iii) WUE in the use of the water. In the latter system, pots of 
opaque plastic with different characteristics were also used: (I) with six bottom holes for 
sub irrigation and without risers on the bottom; (ii) with four bottom holes and with 3 mm 
risers on the bottom; (iii) with a furrow cross on the bottom and with eight holes and 3 mm 
risers. This last pot was also used for the drip-irrigation. With both the fertigation methods 
the EC of the substrate showed a similar pattern over time in the lower and middle layers 
(always below 3 dS m-1), whereas in the upper layer of the substrate it increased during 

2.1.4Drip, free drainage and Trough bench sub irrigation technique for Cherry tomato 
yield and quality 



 

the growing cycle with higher values with sub irrigation compared with drip-irrigation, 
reaching 7.7 and 3.4 dS m-1, respectively. The pots without risers used for the sub 
irrigation showed the highest variations and values of EC of the recirculation nutrient 
solution, and the pots with risers and four holes the lowest.  
Tomato yield was lower with sub irrigation than with the traditional free drainage drip-
irrigation technique, but the quality was higher (dry matter, total soluble solids, and 
titratable acidity). Furthermore, with sub irrigation the most frequent size class of the fruits 
was that with a diameter between 25 and 35 mm (considered optimal for cherry tomato), 
while with the open cycle it was that greater than 35 mm. No significant differences 
emerged between the three pot types. The water efficiency of the system was greater 
with sub irrigation than with drip-irrigation. To produce 1 kg of fruits, 41 l of nutrient 
solution were necessary with the sub irrigation (closed system) and 59 l with the drip-
irrigation (open system). 
 
 
2.2. Eggplant/Brinjal 
2.2.1. Surface subsurface drip and yield 
 
 
Gibbon (1973) compared drip and trickle subsurface irrigation and surface 
Irrigation and reported that the area irrigated by drip produced bigger, healthier plants, 
More fruit and higher fresh and dry weight Urinal, than what surface irrigation in 
Similar area did.  Yields without fertiliser were greater with drip system than with 
Surface irrigation 
 
 
3.0. EXPERIENCE OF OTHER CROPS 
Experience on Cotton, Tomatoes Groundnut, Lettuce, Pasture and Field crops are 
given below 
3.1. Cotton, Tomatoes and Grapes 
 
 

Phone et al 1993 gave 3 examples of successful and advantageous application of SDI as 
below 

Surface, Sprinkler; Less water and more yields 

They carried out experimental implementation of SDI at Sundane farm at Coolige . They 
compared the performance of precise land leveling, surface irrigation, sprinkler irrigation 
and central pivot system on cotton crop 
with buried drip tubes   they could  reduce  water application by 50% increase cotton yield  
from 1400kg/ha  for furrow irrigation to 2240 kg with SDI. They concluded if SDI is 
properly installed and managed it could work satisfactorily from 10 -20 years. 
At Simpson vineyard in Fresno California in all 500 acres, having seedless grapes 
irrigated and fertilized by SDI system. 
It was found that the crop productivity doubled and water consumption cut by 50% 
At Vaquero farm they installed SDI in1000 ha for growing processing tomatoes. 
Productivity and after conservation increased directly with increased at Brentwood 
California 
3.2. Groundnuts 
 
 

Sorensen et al(2001) studied feasibility of installing SDI on ground nut in Georgia.. 
Vegetable and row crop has been successful with SDI, but pod yield and kernel size 
distribution data on groundnut (Arachis hypogaea cv. Georgia Green) are limited during 

Irrigation, SDI:High pod yield and kernel size 



 

the installation year. Site 1 was established in 1997 on a Frackville sandy loam soil 
(clayey, kaolinitic, thermic, Typic Paleudults) converted from grass pasture. Site 2 was 
established in 1998 on a Tifton sandy loam soil (fine-loamy, kaolinitic, thermic Plinthic 
Kandiudults) following two years of cotton.  These SDI systems included two lateral 
spacing (0.91 and 1.83 m) buried at 0.3 m soil depth. Site 1 had two emitter spacing (46 
and 61 cm) and two irrigation levels. Site 2 had one emitter spacing (46 cm) and three 
irrigation levels. A non-irrigated (NI) control was included at each site. Irrigation water 
was applied daily based on estimated ETo where irrigation level one (IL1) was ETo*Kc, 
and IL2 and IL3 were 75 and 50% of IL1, respectively. Pod yield increased 38% with SDI 
(5433 kg ha-1) compared to NI groundnut (3937 kg ha-1). The percentage of jumbo 
kernels increased 39% at Site 1 and 81% at Site 2 compared with NI. SDI groundnut had 
lower quantity (75% less) of number one sized groundnut kernels than NI. Overall, during 
the installation year, SDI had higher pod yields and larger kernel size than NI treatments. 
These yield data can be useful for projecting economic feasibility of installing SDI and 
making the first year payment. 
 
 
3.3. Lettuce 
 
 

Senath and Pierzgalski (19930) studied the performance of drip and subsurface drip on 
lettuce. 

Drip, SDI, bigger heads and larger heads with SDI 

Drip had lateral of 16 mmdiameter and spacing and emitter spaced at 0.5 m with outflow 
2.1 l/m 
Perforated tube s was buried at 2.45 m depth and spacing of tubes was 1m. Spicing was 
.5 m with output 0.4l/h 
Studies on Lettuce concluded that 27.7% of lettuce with dip irrigation did not attain 
minimum head mass. In subsurface irrigation only 5.6% were out of selection. Lettuce 
under drip had poor quality and was small .Subsurface irrigated lettuce yielded bigger 
lettuce heads and were of higher weight and thus better commercial quality. Lettuce 
irrigated with drip irrigation accumulated smallest amount of Nitrate. With Subsurface  
 
 
3.4. Pasture Irrigation 
 
 

Lucy Finger and wood (1906) presented a field experiment at Tatura, Australia, to 
evaluate the performance of four irrigation methods for the dairy industry, including 
subsurface drip. The dairy industry is a major user of irrigation water in Australia and 
under increasing pressure to improve water use efficiency. Currently 90% of irrigated 
pasture uses border-check (surface) irrigation. Some farmers are looking to alternative 
irrigation methods such as subsurface drip irrigation to improve their water use efficiency. 
Few studies have investigated subsurface drip irrigation of pasture. 

Border and Sidles water with SDI 

Measurements included the volume of water applied, volume of runoff, pasture 
production, pasture composition and soil moisture status. Subsurface drip used 200 
mm/yr less irrigation water than border check and produced 0.9 to 1.0 t DM/ha/yr more 
pasture. Visual striping of the pasture was apparent during summer. This indicates the 
subsurface drip system design was not optimal, yet it still produced more pasture than 
border-check using less irrigation water. Subsurface drip irrigation has great potential for 
use on Australian dairy farms, but further investigation is required before the industry will 
be confident it is an economically viable alternative to border-check irrigation. 
 



 

 
3.5. Field and vegetable crops 
 
 

Burt (1906) presented an overview of the general shift from SDI to retrievable tape.  It 
also discusses broadly on the experience of users, the tape materials, installation 
methods, lying and retrieval methods, practices, equipment and performance.  The paper 
also provides some results of coefficient of variation (cv) tests in relation to number of 
uses of the tape. 

Retrievable tape replaces and SDI for field and vegetable crops 

 
Tape retrieval practices have now reached well beyond the theoretical realm.  Over the 
last 10 years, growers of cauliflower, lettuce, celery, and broccoli on the Central Coast of 
California have generally shifted from SDI to surface retrievable tape.  It is expected that 
drip design and practices will continue to change as new technology and materials are 
introduced. 
In recent years, new equipment and techniques developed by farmers and private 
industry have improved the suitability of surface drip tape as an alternative to subsurface 
drip irrigation (SDI) for field crops and vegetable crops in highly mechanized farming.  
Retrievable drip tape systems now lack many of the disadvantages of SDI, yet provide 
the advantages typically expected from drip irrigation. 

 
This paper provides an overview of the general shift from SDI to retrievable tape.  It also 
discusses broadly on the experience of users, the tape materials, installation methods, 
lying and retrieval methods, practices, equipment and performance.  The paper also 
provides some results of coefficient of variation (cv) tests in relation to number of uses of 
the tape. 
 
 
4.0. CONCLUSIONS FROM REVIEW OF ABOVE EXPERIENCES 
 
The following conclusions can be drawn from the review 
4.1. For Fruits 
 
 
In case of fruits such as peaches Little difference was found between trees irrigated by 
surface and subsurface drip, except that trees irrigated with only one subsurface drip 
lateral were less vigorous, but not less productive, than trees irrigated by one surface drip 
lateral, or by two or three subsurface drip laterals. 
Grapes 
Incase of King Ruby grapes Comparison of the results between subsurface drip irrigation 
and surface drip irrigation systems showed that the highest yield and the best quality of 
grapes were obtained under subsurface drip irrigation system.For Trollinger grapes a 
drought saving variety Comparison by different methods all yields  were found to be 
unsatisfactory. Must sugar and an acidity were unaffected but cane weight was increased 
by 22 percent by trickle irrigation and 37 percent by subsoil irrigation. 
 
4.2. For Vegetables 
Tomatoes 
 
 
In a 2- year field trials to compare the micro and subsurface methods of irrigation on 
tomatoes, only slight differences were found in yield per plant and fruit size. (13) 



 

In another study the Yield and evapotranspiration   of surface trickle irrigated tomatoes 
given the same volume of water indicated that high frequency application improved 
yields, reduced ET, and increased water use efficiency. Irrigation cutoff prior to harvest by 
more than 15 days decreased yield quality and water use efficiency of trickle irrigated 
tomatoes Yield evapotranspiration   of surface trickle irrigated tomatoes given the same 
volume of water indicated that high frequency application improved yields, reduced ET, 
and increased water use efficiency. Irrigation cutoff prior to harvest by more than 15 days 
decreased yield quality and water use efficiency of trickle irrigated tomatoes. 
In another study in India Results revealed that tomatoes under subsurface drip irrigation 
system performed best in terms of growth dynamics and yield. However, there were 
problems with emitters clogging up in sub-surface drip systems late in the season. (.51) in 
a study of Cherry tomatoes with trough bench technique it was found No significant 
differences emerged between the three pot types. The water efficiency of the system was 
greater with sub irrigation than with drip-irrigation. To produce 1 kg of fruits, 41 l of 
nutrient solution were necessary with the sub irrigation (closed system) and 59 l with the 
drip-irrigation (open system). 
 
 
4.3. Brinjal 
 
 
In another study on Brinjals in Tanzania it was found that that the area irrigated by drip 
produced bigger, healthier plants, more fruit and higher fresh and dry weight Urinal, than 
what surface irrigation in similar area did.  Yields without fertiliser were greater with drip 
system than with surface irrigation 
Other crops 
In a study of cotton grapes and tomatoes in California it was found At Simpson vineyard 
in Fresno California in all 500 acres, having seedless grapes irrigated and fertilized by 
SDI system. It was found that the crop productivity doubled and water consumption cut by 
50% 
At Vaqilro farm they installed SDI in1000 ha for growing processing tomatoes. 
Productivity and after conversion increased directly with increased at Brentwood 
California 
 
 
4.4. For Groundnuts 
 
 
The study indicated that Pod yield increased 38% with SDI (5433 kg ha-1) compared to 
NI groundnut (3937 kg ha-1). The percentage of jumbo kernels increased 39% at Site 1 
and 81% at Site 2 compared with NI. SDI groundnut had lower quantity (75% less) of 
number one sized groundnut kernels than NI. Overall, during the installation year, SDI 
had higher pod yields and larger kernel size than NI treatments. Pod yield increased 38% 
with SDI (5433 kg ha-1) compared to NI groundnut (3937 kg ha-1). 
 
 
4.5. For Lettuce the study showed that .Subsurface irrigated lettuce yielded bigger 
lettuce heads and were of higher weight and thus better commercial quality. Lettuce 
irrigated with drip irrigation accumulated smallest amount of Nitrate. With Subsurface  
4.6. Study of pasture irrigation showed that subsurface drip irrigation has great 
potential for use on Australian dairy farms, but further investigation is required before the 
industry will be confident it is an economically viable alternative to border-check irrigation. 
Subsurface drip irrigation has great potential for use on Australian dairy farms, but further 



 

investigation is required before the industry will be confident it is an economically viable 
alternative to border-check irrigation. 
 
 
5.0. OTHER IMPORTANT ASPECTS 
5.1. Advantages 
 
 
It has the following advantages:1)Decrease in labor requirement No yearly installation or 
removal of mains or and combine and 2)No interference with cultivation or harvesting 
3)Larger economic life of the system 4)Reduced evapotranspiration5)Less soil 
compaction because of less tillage  due to fewer weeds5)substantial increaser in water 
use efficiency WUE 6)Near total elimination of deep percolation and  Nitrate higher levy 
7)Long terms comparatively. 
 
 
5.2. Physical characteristics of flow 
According to physical characteristics as per Phone 1993, the spherical volume  of a 
wetted clay loam soil is 45 percent larger than hemispherical wetted area of di system . 
Thus the wetted area available for root uptake is 62 percent larger for side than did. The 
shorter wetted diameter will permit closer spacing than did and thus an improved wetted 
uniformity 
 
 
5.3. Economics 
According to Phone et al (1993a) through the study of commercial cotton grown in 
several farms SDI  returned an average net income 0f $660.0/ha/year, $72.0 and $156 
more than the furrow and improved furrow irrigation. Its installation costs ranged between 
$2000 -$4000 per ha. It was expected to last for about 10 years 
In Kansas there was a trend of change over from surface irrigation to Central pivot 
system. SDI was another possibility. An economic analysis f comparison of central pivot 
system with SDI application for corn in western Kansas by Dhuyvetter et al (1995) 
showed that   central pivot system was more profitable than SDI . This was because of 
large difference in initial investment. The study showed that that the relative returns of 
two systems were highly sensitive to useful life of system initial investment and crop yield 
 
 
5.4. Future scope 
SDI is a highly efficient system of irrigation, which appears to be useful for water, and 
nutrient conservation and improved productivity, long time sustainability of crops, almost 
eliminating deep percolation and minimizing non point source nitrogen pollution.  It 
however requires precision installation equipment and better technological know-how and 
skill for installation, fertility management and monitoring. Its earlier rate of adoption 
compared to surface micro irrigation appears to have better scope for developed 
countries for applicability to important cash crops 
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RESEARCHABLE AND PROMOTIONAL ISSUES IN 
MICROIRRIGATION 

 
 

H.S.Chauhan1

Controlled would slowly turn into social, economical and political crisis. Present irrigation 
system is operating at 35 –50 % efficiency against 60-65 % expected causing enormous 
wastage of precious resource besides ushering ecological degradation. Considering the 

 
 
 
 
 

ABSTRACT 
 
 
Micro irrigation is an efficient method of water application, applicable mostly for fruits 
vegetables and field crops. It was introduced in India about 3 decades back which has 
expanded at a very fast rate. Its coverage has been  higher than most of the countries. 
Although its application has progressed in most of the states in India, it has extended 
maximum in Maharashtra, Gujarat, Karnataka, Taminadu and Andhra. A number of 
system manufacturers have come up which not only to manufacture but also to design 
install and maintain the systems. The Government of India is also providing subsidy to 
encourage its application. However with fast expansion a number of concepts and issues 
have also evolved relating to Crops, Micro irrigation components, Standardization, and 
Implementation.  The objective of this paper is to describe the concepts and analyze the 
problems.  

 
 

INTRODUCTION 
 
Micro irrigation was introduced in early 1980 on an experimental scale in many locations 
in India. Initially this irrigation method was adopted in the Maharastra State because of 
acute water scarcity conditions.  Gradually the practice extended in the states of 
Karnataka and Tamil Nadu also.   Major coverage of drip irrigation area lies in these 
states.  Other states like Gujarat, Rajasthan, Andhra Pradesh and Madhya Pradesh are 
also slowly adopting this irrigation technology.  Drip irrigation has been mostly adopted 
for commercial/horticultural crops such as grapes, banana, coconut etc.  It has also been 
adopted for sugarcane, tea, coffee, cardamom and other plantation crops in different 
states. 
There is an acute realization of importance of improving water management for 
sustainable development of agriculture which contributes about 20% to India’s GDP.  
It is realized that water is no longer unlimited and bountiful which can be used 
thoughtlessly, that would have adverse consequences to the posterity. The situation 
becomes more appalling with the increasing number of ground water overexploited areas. 
Presently ground water is over exploited in more than 440 blocks in the country and water 
tables are fast declining making further development of agriculture more difficult. In many 
parts of the country the situation is reaching alarmingly critical or permanently irreversible 
which if not  
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cost of creating new sources, country can ill afford such a luxury of present irrigation 
practices that irrigate more of soil and les of crop. 
Theoretical potential for micro irrigation according to Tankhiwale is estimated at 176.19 
million hectare including 16.89 million hectare of fruits and vegetables and 159.5 million 
hectare of oilseeds and field crops. On a conservative assessment the area most suitable 
for MIS as estimated by the Horticulture Commissioner, MOA, is 27million hectare.  
However, despite its established benefits the progress of the system has not been 
substantial. With government support and aggressive pioneering dedicated and 
concerted efforts by the manufacturers; MIS has spread well in a short span of time. But 
this speedy coverage has slowed down during past few years and unless hard decisions 
are taken the prospects of growth of MIS may become gloomy. In that event meeting food 
security could pose a challenge. 
Micro irrigation has fairly extensively covered in a large area in India in the last two 
decades. A number of new concepts have developed internationally. Also during its 
extension several problems have been encountered. It is worth testing these concepts 
Proper solution of these problems would further expeditious promotion of this efficient 
method of water application. Some of the issues may be broadly divided as, criteria of 
Adoption, Crop related issues, components related problems, Special Applications, Issues 
of standardization and: Implementation problems These  have been identified and 
discussed in the paper. 

 
 

Researchable Issues 
 

1. High density orchards 
 
Such orchards need an intensive system of inputs and care and also in some case 
require growth regulators or dwarfing vireos. Normally micro sprinklers have proved 
better for citrus because of their spread roots.However in a Valencia orchard inoculated 
with dwarfing viroid yield per tree was found to be greater for drip and water used was 16 
percent of that of micro sprinklers. Inoculation had no effect on growth.   Thus response 
of viriod was better for drip than for micro sprinklers. It is therefore worth examining 
whether drip is better both for viriod and water economy. 
 
 

2. Drip irrigation in Sloping Lands 
 

Feasibility of drip for irrigation in a sloping land not only eliminates the need of 
constructing costly Bench terraces in sloping lands with shallow soils, has become a 
boon for irrigation of orchards. As experienced in Spain and may prove useful here also. 
 
 

3. Shallow water tables 
 
Drip irrigation in Shallow water tables partially contributes to meet the plant water 
requirement, more so in fruit trees, as they are relatively deep rooted than most other 
crops. Citrus and tomatoes grown under high water tables permitted a substantial cut 
back of water in Southern Florida without affecting yield thus providing water economy. 
This offers a possibility of cutting back irrigation through micro sprinklers, thereby saving 
water and operational energy cost. 



 
4. Partial Wetting 

 
The trees seem to adapt within one year to partial wetting.  It seems that less water 
stress and yield damage occur in partially wetted trees where the amount of irrigation 
water is lowered.  On the other hand, partially wetted trees seem to react more favourably 
to higher water application or fertilization.  Most of the differences in fruit yield are caused 
by the number of fruits and not by the fruit weight. In studies of citrus trees it has been 
found that the yield increase ranged from 39 percent for the drip irrigation treatments 
which irrigated 5 to 10 percent of the area beneath the tree canopies to 64 percent for 
two spray jets per tree which irrigated 50.7 percent of the areas beneath the tree 
canopies. 
 
 

5. Sprinkler versus Micro sprinkler 
 

In citrus grown in areas affected by frosts, sprinkler irrigation seems to be better than drip 
surface or micro jets. Sprinkler irrigated treatment was found  to be the best with less 
frost damage and higher juice acid content than the  responses of other methods though 
rate of irrigation were less marked.  This is a regional finding requiring further 
investigation as otherwise in many areas micro sprinklers have been replacing sprinklers 
because of their edge on water and energy economy as well as other advantages like 
feasibility of use of less cleaner water.  
 
 

6. Minute Micro irrigation (MMI) 
 
Such a system has showed to be a promising method for water economy as found for 
Citrus in Israel. Minute Micro irrigation applied intermittently in high frequency pulse 
Application (HFPA) eliminates runoff like surge method in surface irrigation and provides 
a scope of water economy. Experimented in Israel along with conventional drip to 
Avocado groves and citrus orchards and to carnation plants in greenhouse showed that 
no Runoff was created using HFPA saving 40% water in orchards. Yields for both the 
treatments were similar. The instrumentation need, operational convenience, cost and 
performance of HEPA need to be studied and adopted if found feasible.  
 
 

7. Cropping in High Salinity 
 
It is believed that because of maintenance of continuous moist regime drip irrigation can 
permit higher salinity in growing crops than surface method. A study of salinity under drip 
irrigation in clay soils for orange in India showed that it was low below the emitter and 
increased towards the periphery 30 cm away from emitters.  Surface soil EC was higher 
but decreased with depth and was three times higher at the 30 cm periphery than below 
the emitter. There is a necessity as to what extent drip irrigation can facilitate fruit growing 
in salt affected clay and other soils. 

 
 

8. Reclaimed Water Use in Scarcity areas. 
 
In water scarcity regions, reclaimed water use has demonstrated to be a good source of 
irrigation water at lower cost. In experiments visual ratings of trees vigor and measured 



tree height and trunk diameter were significantly lower for trees watered with the 
reclaimed water without fertilizer than for others in both the years. Thus its optimum use 
would need compensating fertilizers. Its feasibility of use needs to be explored in different 
areas along with the supplementary nutrient requirement based on soil analysis and 
knowledge of the plant response to nutrients.   
 
 

9. Deficit Irrigation 
 

 Some experimental results suggest that fruit trees established with adequate irrigation 
can thrive well with deficit irrigation at a later stage. If this is corroborated by further field 
trials, then the area under remunerative orchard crops may be increased gradually with 
the same amount of available water. This requires conceiving a long term plan where 
surface irrigation development is a remote possibility. This possibility has to be weighed 
against another experimentally established fact that partially wetted trees react more 
favorably to higher water application or fertilization. 
 
 

10. Crop water stress 
 
This has a great role in reducing water use in water scarcity areas, but it also affects fruit 
dropping, out of season blossoming and fruit quality. In crop water stress management of 
Sirocco oranges it was found that a delay in the beginning of the irrigation season to the 
indicated limits will bring about a fruit drop which in each  turn will reduce total yield by 
11%but will increase fruit size by seven percent.  Also an average increase of 20% in water 
use efficiency can be achieved. There is a need to study degree of stress which should be 
carefully checked to avoid the risk of out of season blossoming and fruit quality. 
 
 

11. Daily night time spray irrigation 
 
Was found in Italy to increase relative humidity and reduce maximum temperature of 
plots. Night time irrigation resulted in effective control of vapour pressure deficit during 
the day and significantly lowers evaporation than those during the day time application. 
Thus high frequency night time irrigation tends to provide more water saving than the 
weekly day time application. This needs regional study and confirmation. 

 
 

Main criteria of Adoption Issues 
 
They consist of ,cost of installation, water Saving:, Yield Increase, Quality of Produce,  
Study of Growth Components and  Irrigation Scheduling and some current new concepts. 
Each of the issues have been discussed below   
 
 

1. Cost of Installation 
 
The cost of installation continues to be high even after a long time this technology has co 
existence it is worth checking whether industries can bring about some cost reduction 
from the available material alternatives and equipment combinations and needs of 
different farm sizes. 
 
      



2. Water saving of crops not yet experimented 
There is a need to determine water saving through micro irrigation   in a given region for 
different fruits vegetables and field crops not yet experimented with keeping in view the 
impending serious shortage of water in the coming future. 
 
 

3. Yield Increase and Quality of Produce 
 
There is a necessity of studying yield increase and improvement in the quality of fruits and 
vegetables with micro irrigation as against conventional methods. Quality aspect is 
becoming more and more important from the point of marketability and export 
 
 

4. Irrigation Scheduling 
 
There is necessity of establishing and testing of more rational and sophisticated methods of 
scheduling of irrigation of different crops by micro irrigation and comparing them with 
conventional methods. 
 
 

Important Crop related issues 
 
They consist of Variation of Geometry of Cropping, Adoption Feasibility by old trees, Root 
restriction with computer controlled automated system, Root volume irrigated and yield 
increase, water application and yield  

 
 

1) Variation of Geometry of Cropping 
 

The drip system being costly for close growing crops like vegetables or other cash crops 
like sugarcane or bananas quite an economy can be ensured by adopting various 
geometries of installation of laterals and emitters, such as paired row laterals and other 
arrangements.  It will be useful to work on feasible geometries according to a given crop 
and soil to economise installation. 
 
 
2) Intercropping During Orchard Establishment  

 
 
Irrigation of inter-crops by an economic system needs to be established.  During the period 
the trees have been planted and are in growing stage, if drip system at a heavy cost is 
installed only for trees, how to irrigate field inter-crops during this period needs to be 
established.  If during this period flood irrigation is provided to inter-crops, the investment on 
drip system becomes questionable. 
 
 
3) Study of Growth Components 
 
 
The study of various aspects also includes besides yield increase and water saving, the 
effect of micro irrigation on various growth components such as height of the tree, area of 
the leaves, diameter of stems etc.  As a routine, there is no harm in studying all these 



factors.  However, unless these components can be related with either water economy or 
increase in yield, they generally seem to be of little use.  It is quite possible that the plant 
height may increase substantially along with other growth components but the yield may 
not increase.  Therefore, such studies may be more useful for crops like cabbage, 
asparagus or others where the vegetative growth itself constitutes the produce.  
However, it should be looked for in studies to correlate yield components with useful 
parameters like yield and water requirement. 
 
 
4) Lysimetric Studies 
 
 
It may be worthwhile studying water requirement of important tree crops by lysimetric studies 
unto certain growth stage for more precise determination,  
 
 

Micro irrigation components related problems 
 
 
They consist of Various Type Micro sprinklers and their Varied Applications, Study of Line 
Sources and Applicability to High Water Requiring Crops  
 
 
1) Study of Various Type Micro sprinklers and Their Varied 

Applications 
 
A variety of minisprinklers, and mini sprayers have come in the market which are useful for 
under tree irrigation orchard nurseries greenhouse. Criteria for their performance and 
efficiency needs to be established for standardizing their performance and quality control. 
This is needed for sprinklers also 
Micro sprinklers have originally been used for under tree irrigation.  But later-on it has 
found to be useful along with its number of variations useful for close growing crops, row 
crops, nurseries, green houses etc. also.  In orchards in the form of micro sprayers it has 
been used for single trees.  But for closely spaced crops like vegetables if used, it would 
reduce number of laterals as well as emission devices.  The size of laterals may have to 
be slightly increased costing a little more per unit its length.  Similarly, a single micro 
sprinkler would cost more than an emitter but the overall installation should be requiring 
lesser cost with micro sprinklers than with drip systems.  Additionally, micro sprinklers 
can use less clean water than emitters without clogging.  They may therefore, not require 
costly media filters as required by normal drip system.  They may, however, require 
slightly more discharges than drip systems. The micro sprinklers may however would 
have one disadvantage that it may not be feasible to apply fertilizers with it for some 
crops with sensitive foliage.  Also, it may have to be used with caution for some crops 
during the time of its flowering.  On an overall basis, however, this system seems to be 
more promising for future applications. In this very reference it may be pointed out that 
there has been an increasing trend of use of microsprinklers in U. S. A., Spain, Mexico, 
Japan France, Thailand Columbia, Cyprus and Italy. 
 



2) Study of Line Sources and Applicability to High Water Requiring 
Crops 
 
Irrigation of sugarcane and similar crops requiring line source poses a problem. Products like 
biwall cane wall drip tape and others have come up in the market and some have failed.  
Appropriate line source for different crops and soils with economic installation needs to be 
established. 
All these have different lives some based on the principle of disposability, after one to two 
seasons others based on at least some life of say five years.  The economics of growing 
vegetables with drip systems will have to take into account not only the feasibility of 
adoption but also the life assigned to the components.  
 
 

Special Applications 
 
 
They consist of. Feasibility of Micro irrigation in Canal Commands, Off-season Crops, Use 
of Green Houses and Low Tunnels, Possibility of Intercropping during Orchard 
Establishment 
 
 
1) Feasibility of Micro irrigation in Canal Commands 

 
 
An appropriate system to utilize drip irrigation in canal commands with rotational system of 
supply needs to be established. 

 
 

2) Off-season Crops 
 

  
The installation of drip system would be profitable on vegetables only if they can be 
grown off-season, such that a little earlier than normal season crops is available, and the 
produce can be marketed at higher costs.  It is possible to grow such off-season crops 
either in hills or using different varieties of seeds for the crops.  
 
 
3) Use of Green houses and low tunnels 
 
     
Green Houses offer an attractive opportunity of growing vegetables in adverse 
environmental mental conditions though high technology. But it involves high investment. 
Therefore only for crops that can be exported or otherwise fetch high returns this 
proposition may be economical. This technology can also be used to produce costly 
seeds for important crops.  Green houses have been constructed in large areas in 
Bangalore for producing Capsicum seeds. For high altitudes as required for defence this 
may be an essential and important alternative. It may be pointed out that presently the 
maximum area under greenhouses lies in Japan followed by U.S.A.Portugal and Jordan. 
Besides going for very high technology in developing countries low tunnels can also be 
used quite profitably with smaller investment. 
 
 



4) Use of Mulches 
 
 
Along with drip irrigation and green houses if mulches are also provided for growing crops 
it is found that not only the yield is increased due to moisture conservation but the quality 
of the produce, flower or vegetables is also improved. Mulches have been found to be 
useful not only for growing vegetable crops in green houses but also for growing 
vegetable crops in the field. To encourage use of mulches Government of India has been 
providing appropriate subsidy. 
 

 
5) Computer controlled automated system 
 
 
A computer controlled automated Irrigation and fertilization system which consists of soils 
metric potential sensors located in the main root zone, has been developed in other 
countries and has a scope in India also. This system provides a means of controlling the 
size of the root system as well as the root environment. 

 
 

6) Adoption of micro irrigation by old trees 
 
 
Changes in root distribution of old surface irrigated orange trees converted to pressurized 
systems show that the trees irrigated by trickle basin and spray appear to have higher dry 
roots concentration at depths greater than 120 cm compared to trees irrigated by the 
sprinkler and border-flood method.  The results show that the trees roots adapted and 
proliferated in areas where water was applied. 
 
 
7) Waste water use for drip irrigation 
 
 
Trials were done in an experimental plant regarding suitability of municipal wastewater 
use. Irrigation plant operation as regards water quality was not difficult. Bacteriological 
studies of fruits from the vine yards and olives and pistachio groves concerned confirmed 
that application of the waste water by drip irrigation after a simple primary treatment was 
possible without risk to consumers. 
 
 
8) Fertigation 

 
 
Fertigation has several important aspects to study. Studies on suru sugarcane for  the 
effect of fertilization through drip in vertisols. The application of water-soluble fertilizers 
NPK is applied in 20 equal splits or more N, P K uptake. The straight fertilizers may be 
applied with N through urea in 20 equal weekly splits and P and K as basal. The quality 
parameters viz. RS NRS N and P contents in cane were more in water soluble fertilizers 
compared to straight fertilizers.  Application of fertilizers through drip resulted in increase 
in cane yield (28%) 



 
 

Issues of Standardization 
 
 
Since the introduction of technology has been comparatively recent in India there are 
various specific problems of standardization peculiar to Indian conditions that have been 
addressed. Some technical issues of possible general interests, which are discussed 
here, include; emitter classification criteria, materials and other issues of laterals such as 
life, working hours, OD/ID basis.  
 
 
1) Coefficient of Variation (CV) of Emitters 
 
 
In India, BIS has laid down specifications similar Indian Standards Organisation (ISO).  
For non-pressure regulated emitters it is possible to maintain CV within the BIS norms. 
However, Indian manufacturers have had difficulty in maintaining CV less than 5 percent 
for A-class regulated emitters.  
According to Soloman (1979), the control variables for mol ding machine are injection 
pressure, temperature, injection speed, mould temperature, cycle time, mould operation, 
quality of elastomeric material and its being able to maintain a resilience over a period of 
time. It appears that getting a level of precision and standard is a function of combination 
of materials; precision of die and various factors involved which for a high level can be 
manufactured at high cost.  The industries can optimise for a cost efficient overall process 
with appropriate margin for desired level of standards. 
 
 
2) Issues Related to Laterals 
 
 
Salient aspects associated with laterals were material, outer diameter (OD) or inner 
diameter (ID) basis, life, temperature working hours and marking of pipes. 
Therefore a consensus was evolved to select the standard material as PE 25. When 
improved grades of PE are openly and conveniently available, the standards could be 
revised. In specifying diameter of tubes, there were differing views.   
 
 
3) ID versus OD system 

 
 
Both systems ID control and OD control have their own merit and are used in different 
parts of the world.  In the USA, ID control is used, as the flow capacities are better 
expressed based on ID control and the tolerances are much less than OD control.  
However, in India most plastic pipes were designated by OD.  So to avoid confusion for 
consumers, an OD basis was selected. Otherwise specifying tolerances, probably both 
systems could be used.  
 
 
4) Equipment Life 
 
 



This is important both from the point of durability as well as calculation of economics as 
well as subsidies given by the Govt. Specification of equipment life is a complex issue, 
because in addition to the quality of material and fabrication, it is also a function of level 
of handling in field conditions by a farmer. It is difficult to design an experiment for such 
an issue in other countries it may not be that important, but in Indian conditions this 
becomes important for computing economics of system and giving subsidies.  The 
standards were based on BIS 8779 pipes conveying irrigation water at  45o C.  The life of 
10 years was provided at 35o C.  Under note to clause 2.1 and Appendix 8.1 of this 
document the possibility of use at 45o C was also covered.  Regarding working hours it 
was selected as 800 hours/year.  
 
 
5) Study of Different Type of Filters 
 
 
i) In filters mostly mechanical details strength and dimensions of different components are 
specified.  In the hydraulic aspect only clear pressure drop is generally provided.  No 
standard of even clean pressure drop is yet established by ISO or BIS, which needs being 
established. 
ii) It is important to identify the objective of the filters in terms of job it is required to do.  This 
means to what range of turbidity it is required to clean with what time (rate of flow/total 
volume of flow).  In some sense filter efficiency should be defined and values determined 
and specified for filters made available. 
iii) In case of media filters whether vertical filter is better or the horizontal one should be 
established. Also whether homogeneous media in horizontal or stratified media is better 
needs to be established. 
There are various issues related to screen, media and hydro cyclone filters which need 
be considered for proper identification and setting procedures for standard specification 
and testing.  Some issues may be specifying procedures for determining clean pressure 
drop, efficiency criteria of filters as related to different degree of turbidity of irrigation 
water, comparative performance of homogeneous and layered media filters etc.  
 

 
FUTURE STRATEGIES AND ACTION PLAN 

 
With a view of minor differences in strategy of growth and action plan for future the two 
themes have been combined and dealt collectively.  Also, except that sprinklers use 
Aluminum and other materials also besides PVC and HDPE, most of the other strategies of 
promotion tend to be more or less similar for sprinklers as for drip systems.  Both methods 
are therefore taken up simultaneously.  
1. The policy regarding subsidy size of holding categories of farmers, crops, gender 
emphasis, schedule caste, scheduled tribes facilities specially for drip irrigation, have been 
changing from time to time  They need be streamlined and rationalized. 
2. To reduce excessive cost the possibility of reducing excise and import duty may be 
explored.  Steps may be taken of making appropriate raw material available to 
manufacturers on reasonable cost.  
3. In water scarcity areas and in undulating lands and porous soils micro irrigation should be 
encouraged. 
4. In arid and semi-arid regions or areas which is either waterlogged or threatened with 
water logging micro irrigation should be encouraged. 
5. In many areas in India with intensive use of ground water the water table has been 
gradually going down, so much so that they have been declared as dark area for minor 



irrigation. In such areas DIS needs being encouraged.  This implies permitting minor 
irrigation works along with and DIS. 
6. The feasibility of encouraging DIS through pilot schemes in the canal command areas and 
tank command areas needs being explored.  This will economize water use and reduce 
percolation losses through surface irrigation and reduce water table rise and salinity in some 
areas. 
7. Sugarcane cultivation in Maharashtra and Gujarat states of India, requires very high water 
requirement.  Government should impose restrictions on surface irrigation of these crops 
and encouraged SIS and DIS in such areas. 
8. The nodal departments if belong to one discipline should have support of other related 
disciplines. If the nodal consists only of Horticulture Department sufficient backing staff of 
Agricultural Engineering should be supplemented with the department to work for design 
installation and monitoring.  In case nodal department is Agricultural Engineering or Minor 
Irrigation, supplemental staff for horticultural should be provided for necessary backing. 
9. State level committee for promoting DIS and MIS need to be properly structured for being 
effective in field implementation. 
10. Training of field officers implementing the schemes and farmers using the system are 
essential so as to provide requisite awareness and background.  In this connection, it is 
sometimes necessary to provide them educational tour in areas where drip irrigation has 
been installed extensively. 
11.. Demonstrations units should also be established in all Agricultural Universities, ICAR 
Institutions and other important institutions such as various commodity boards of Tea Coffee 
Rubber etc 
12. Very few firms have an R & D section just on skeletal basis.  Most of them work only for 
selling or marketing their products either manufactured by themselves or imported.  The 
government should insist that they have a reasonable level of R & D in their set up relating to 
product manufacture and testing or system installation.  The industry should also carry out R 
& D to explore the possibility of use of better and more economic plastic material so as to 
reduce the cost. 
13. The state governments, Agricultural Universities, the Plastic Development Centers and 
PDC and Industry should work for establishing a data base relating to various 
soil-crop-climate parameters relating to BIS and DIS and come out with more scientific 
estimates of water requirement of horticultural crops in different regions. 
15 Feasibility of new concepts like.High density orchards, Partial Wetting, Minute Micro 
irrigation (MMI).Cropping in High Salinity.Deficit Irrigation should be explored  
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In several studies at different locations it was found that drip irrigation increased total and 
marketable yields of tomatoes compared to unirrigated plots by 16 and 28 percent 

 
 
 
 
 

ABSTRACT 
 
 
Drip irrigation has been used extensively for vegetable and fruit crops for saving water 
and fertilizer and improving quality of products. Similarly, mulching has been used quite a 
bit for moisture conservation. A combination of drip irrigation was found to improve 
moisture conservation and crop production quality. There are several types of mulches 
made of plastic sheets of various materials, thickness and color, with varying costs and 
overall performances. Similarly, agricultural crop residue such as paddy husk and coir 
pith have been often used as mulches.  
in several studies at different locations it was found that drip irrigation increased total and 
marketable yields of tomatoes compared with unirrigated plots by 16 and 28 percent 
whereas mulching increased the total and marketable yields by about 24 and 20 percent 
respectively. Similarly, drip irrigation generally gave higher yields ranging from 40 to 53 
percent and water saving of 28-54 percent. The mulching generally increased the total 
and marketable yields in all the years including the early yield in one year. Generally 
black polyethylene mulch gave better yields than the other materials.   
Similarly, in various studies it was found that frequent surface irrigation of potatoes gave 
higher yields.  Mulching along with surface irrigation gave still better yields say about 30 
percent. Comparative studies showed that yields increased from 31percent to 90 percent 
with drip irrigation . 
In a study of drip and irrigation of muskmelon with black plastic mulch indicated that the 
highest water use efficiency was with drip tape irrigation and plastic mulch, averaging 
9.10kg-fruit per cu m of water used, and the lowest water use efficiency was found for the 
control treatment with 3.6 kg/m3 of water used. 
 
 

INTRODUCTION 
 

 
Drip irrigation has been used extensively for vegetable and fruit crops for saving of water 
and fertilizer and improvement in quality of produce. Similarly mulching has been used 
quite a bit for moisture conservation. A combination of drip irrigation has found to improve 
moisture conservation and crop produce quality. There are several types of mulches 
made o plastic sheets of various materials, thickness and color, with varying costs and 
their overall performance .Similarly agricultural crop residue sometimes as byproduct 
such as paddy husk and coir pith have been often used as mulches  

                                                 
1 - Former  Professor Irrigation and Drainage Engineering, Dean College of Technology, Dean Post Graduate 
studies, G.B.Pant University of Agriculture and Technology,Pantnagar263145,Distt 
UdhamsinghNagar,Uttarakhand India 



whereas mulching increased the total and marketable yields by about 24 and 20 percent 
respectively.  
In some locations yields even doubled with drip irrigation.It was found that the mulching 
generally increased the total and marketable yields in all the years including the early 
yield in one year. Generally black polyethylene mulch gave better yields than the other 
materials. The combined treatments of irrigation + mulching with black polyethylene 
showed higher increase in total and the marketable yield. An important aspect of black 
mulch was its being able to reduce weed infestation by about 95 percent. 
In studies conducted at various locations, it was found that frequent surface irrigation of 
potatoes gave higher yields.  Mulching along with surface irrigation gave still better yields 
say about 30 percent. Comparative studies of with drip irrigation showed that yields 
increased from 31percent to 90 percent with drip irrigation . 
In this paper the performance of various mulches available from several earlier works for 
tomatoes, potatoes melons, muskmelon and pumpkins have been reviewed and 
conclusions drawn. 

 
 

1.1. REVIEW OF STUDIES ON TOMATOES 
 
 

1.1.1. Trickle, white and black polyethylene, non- woven polypropylene and yield. 
 
 
Kaniszewski (1994) studied the response of tomatoes to trickle irrigation in a three year 
field trial with mulching of polyethylene and non-woven polypropylene.  The irrigation was 
carried out with two or four laterals per plant, and two types of black and white 
polyethylene mulches and black non-woven polypropylene mulch were used.  He 
reported that the mulching generally increased the total and marketable yields in all the 
years and for the early yield in one year. Only black polyethylene mulch gave better 
yields than the other two materials.  The combined treatments of irrigation + mulching 
with black polyethylene showed highest increase in total yield and also in the marketable 
yield.  
  
 
1.1.2. Drip, polyethylene mulch, different moisture regimes, water saving, and yield 
 
 
Shrivastava et al. (1994) studied in India the effect of drip irrigation and mulching on 
tomato by using three moisture regimes at 0.4, 0.6 and 0.8 of pan evaporation combined 
with no mulch, black plastic and sugarcane trash mulch.  Highest yield of 51 tones/ha and 
44 percent saving in irrigation water were obtained by using the combination of trickle 
irrigation at 0.4 level of pan evaporation and polyethylene mulch.  This treatment also 
gave the maximum yield of 163 kg/ha-mm of water applied.  The treatment combining 
drip irrigation at 0.4 pan evaporation and polyethylene with black plastic mulch reduced 
weed infestation by 95 percent increased the yield by 53 percent, resulting in 44 percent 
saving in irrigation water as compared to surface flooding without mulch. 
 
 
1.1.3. Trickle irrigation and mulching 
 
 
Elkaner et al (1995) carried out studies on effect of trickle irrigation and mulching on 
quality of tomato fruits. They found that the irrigation increased the total and marketable 



yields by about 16 and 28 percent as compared to unrelated plots, whereas mulching 
increased the total and marketable yields by about 24 and 20 percent respectively. 
 
 
1.1.4. Trickle irrigation and cracking of Cherry tomatoes 
 
 
Maroto et al. (1995) studied the influence of irrigation doses on cracking response in 
'Cherry' tomato fruits with three kinds of different trickle irrigation treatments at the rate of 
0.5, 1.0, and 1.50.  They found an increase in fruit yield and fruit weight with increase in 
amount of water. 
 
 
1.1.5.   Drip irrigation, mulching and yield 
 
 
Occasion and Smajstrla (1996) studied the effect of amount of water application and 
mulches for 3 years on irrigated tomatoes by applying water at 0.00, 0.25, 0.50, 0.75, and 
1.00 times pan evaporation in one application per day. They found that fruit yield gets 
doubled with drip irrigation. The total yield was found highest with irrigation quantities of 
0.75 and 1.00 times pan evaporation and significantly lower with 0.25 and0.50 times pan 
evaporation values. 
 
 
1.1.6. Drip irrigation mulch yield and water saving 
 
  
Riana et al(1998) studied at Solan, Himanchal Pradesh, India, on a loamy sand soil the  
effect of surface and drip irrigation and plastic mulch on fruit yield and water saving. Drip 
irrigation at .8V (volume of  water applied to 80 percent ET crop) gave significantly higher 
fruit yields, 166.3 q/ha than what the surface irrigation gave. Plastic mulch plus drip 
irrigation further raised the yield to232.5q/ha. Water use efficiency under drip irrigation 
alone, drip irrigation plus plastic mulch, and surface irrigation was 3 .41, 4.80 and 1.67 
q/hacm. A saving of 54% of irrigation water resulted in drip irrigation giving 40 percent 
higher Unit yield as compared to surface irrigation. 
 
 
1.1.7 Drip, surface irrigation, polyethylene, and coir mulch, and yield 
 
 
Asokaraja (1998) studied the response of tomato to drip irrigation levels and mulches.  
The results showed that drip irrigation had twin benefits of yield increase and water 
saving in ****tomato.   Drip irrigation at 75 percent of surface irrigation 

 

had registered 46 
% and 50% increase in yield and 35 % and 28% water saving as compared to surface 
irrigation at .8 IW/CPE ratios with 5 cm depth. Polythene film of 100 micron and raw coir 
pith at 12.5 t/ha as mulches were  

 
1.2. NFERENCES FROM REVIEW ON TOMATOES 

 
 

1.2.1. Studies  at Sloan, India, on a loamy sand soil and  for the effect of drip surface  
irrigation and plastic mulch showed that Drip irrigation at .8V (volume of  water applied to 



80 percent ET crop) gave significantly higher fruit yields, 166.3 q/ha than what the  
surface irrigation gave. Plastic mulch plus drip irrigation further raised the yield 
to232.5q/ha. Water use efficiency under drip irrigation alone, drip irrigation plus plastic 
mulch and surface irrigation was 3 .41, 4.80 and 1.67 q/ham.  A saving of 54% of 
irrigation water resulted in drip irrigation giving 40 percent higher fruit yield as compared 
to surface irrigation. (48) 
 
 
1.2.2. Studies on effect of trickle irrigation and mulching on quality of tomato fruits 
showed   that the irrigation increased the total and marketable yields by about 16 and 28 
percent as compared to unirrigated plots, whereas mulching increased the total and 
marketable yields by about 24 and 20 percent respectively. (41) 
 
 
1.2.3. The influence of irrigation doses on cracking response in 'Cherry' tomato fruits was 
studied with three kinds of different trickle irrigation treatments at the rates of 0.5, 1.0, 
and 1.50. It was found that there was an increase in fruit yield and fruit weight with 
increase in amount of water. (42) 
 
 
 1.2.4. The effect of amount of water application and mulches were studied for three 
years on irrigated tomatoes by applying water at 0.00, 0.25, 0.50, 0.75, and 1.00 times 
pan evaporation in one application per day. They found that fruit yield gets doubled with 
drip irrigation. The total yield was found highest with irrigation quantities of 0.75 and 1.00 
times pan evaporation and significantly lower with 0.25 and0.50 times pan evaporation 
values. (44) 
 
 
1.2.5. The response of tomatoes to trickle irrigation was studied in a three- year field trial 
with mulching of polyethylene and non-woven polypropylene.  The irrigation was carried 
out at two or four laterals per plant and two types of black and white polyethylene 
mulches and black non-woven polypropylene mulch were used.  It was found that the 
mulching generally increased the total and marketable yields in all the years and for the 
early yield in one year. Only black polyethylene mulch gave better yields than the other 
two materials.  The combined treatments of irrigation + mulching with black polyethylene 
showed highest increase in total yield and also in the marketable yield.  (33) 
 
 
1.2.6. The effect of black polyethylene mulch and trickle irrigation was studied as applied 
to tomato at 0.0, 0.25, 0.50, 0.75 and 1.0 times pan evaporation.  The fruit yields 
increased substantially by trickle irrigation.  The total marketable yields were found 
highest at 0.75 pan and 1.0 pan as compared with control treatment. (34) 
 
 
1.2.7. In India the effect of drip irrigation and mulching on tomato was studied by using 
three moisture regimes at 0.4, 0.6 and 0.8 of pan evaporation combined with, no mulch, 
black plastic mulch, and sugarcane trash mulch.  Highest yield of 51 tones/ha and 44 
percent saving in irrigation water were obtained by using the combination of trickle 
irrigation at 0.4 level of pan evaporation and polyethylene   mulch. This treatment also 
gave the maximum yield of 163 kg/ha-mm of water applied.  The treatment combining 
drip irrigation at 0.4 pan evaporation and polyethylene with black plastic mulch reduced 
weed infestation by 95 percent increased the yield by 53 percent, resulting in 44 percent 
saving in irrigation water as compared to surface flooding without mulch. (35) 



1.2.8 In a study of effect of drip irrigation and mulches on tomato in India it was found that 
drip irrigation at 75 percent of surface irrigation had registered 46 % and 50% increase in 
yield and 35 % and 28% water saving as compared to surface irrigation at .8 IW/CPE 
ratio with 5 cm depth. Polythene film100 micron and raw coir pith at 12.5 t/ha as mulches 
were found to be superior to sugar cane trash and control in giving higher yields. (49) 
 
 
1.2.9 In a study of sub irrigation of tomato with polyethylene mulch, it was found that yield 
and fruit quality were not significantly different, but there was a reduction of irrigation 
water by about 50 percent of pan evaporation for trickle irrigation method as compared to 
sub irrigation. (30)  
 

 
Summary Tomato 

 
 
In several studies at different locations it was found that drip irrigation increased total and 
marketable yields of tomatoes compared to unirrigated plots by 16 and 28 percent 
Whereas mulching increased the total and marketable yields by about 24 and 20 percent 
respectively. 
Similarly drip irrigation generally gave higher yields ranging from 40 to 53 percent and 
water saving of 28-54 percent the yields were found higher with larger quantities of water 
of irrigation at .75-1.0 pan evaporation. In some locations yields even doubled with drip 
irrigation 
It was found that the mulching generally increased the total and marketable yields in all 
the years including the early yield in one year. Generally black polyethylene mulch gave 
better yields than the other materials.  The combined treatments of irrigation + mulching 
with black polyethylene showed higher increase in total and the marketable yield. An 
important aspect of black mulch was its being able to reduce weed infestation by about 
95 percent. 
However applying   sub irrigation to tomato with polyethylene mulch, it was found that 
yield and fruit quality were not significantly different, but there was a reduction of irrigation 
water by about 50 percent of pan evaporation for trickle irrigation method as compared to 
sub irrigation.  
 
 

2.1. REVIEW OF STUDIES OF MULCHING ON POTATOS 
 
 
2.1.1. Drip irrigated with nutrient solution, planted on 100 cm spacing yielded more 
under plastic mulch grown on twin row spacing 
 
 
1.4. Phene and Saunders (1976) carried out experiments in the U.S.A. to study the 
effect of drip irrigation on potatoes under controlled soil matric potential, and the effect of 
two row spacing, on the yield quality and nutrient contents of potato. The potatoes, drip 
irrigated with nutrient solution, and planted on 100 cm row spacing on sandy loam soil 
yielded more marketable potatoes than potatoes which were drip irrigated under plastic 
mulch and grown on twin row spacing, and 206 percent more than 100cm spaced non 
irrigated potatoes. With drip irrigation the N and Mg contents of the tuber were also 
increased. 
 
 



2.1.2. Surface irrigation straw mulch and yield 
 
 
Burgers and Nel (1984) investigated the effect of straw mulching and irrigation 
frequency on potato tuber yield. They found that mulched plots produced 30 per cent 
more tubers than bare plots. Tuber yields also responded well to irrigation frequency. It 
was concluded that cooling effect of frequent irrigation could be obtained much cheaper 
by mulching. It was recommended that from commencement of stolonization, potatoes 
should be irrigated with   50 mm of water at IW/CPE of 1.00 and 0.77, respectively 
without and with mulch. 
 
2.1.3. Sprinkler and drip irrigation mulching and yield 
 
Zaag et al. (1985) irrigated potatoes through sprinklers under mulched and non-mulched 
conditions at four, eight and twelve day interval with a total water of 468, 268 and 208 
mm, respectively. Un-irrigated control plots received 78 mm rainfall.  The highest tuber 
yield (28 t/ha) was obtained from potatoes irrigated at four days interval, followed by 19.5 
t/ha. in both eight and twelve day intervals, respectively with mulching and 13 t/ha. and 
12 t/ha. Without mulching. In the control plot 10.2 and 7.2 t/ha. of potatoes were 
harvested with and without mulching.  In another experiment with drip system they 
harvested 21 t/ha. Of potato, which is equal to that of sprinkler but drip system used only 
400 mm water against 620 mm of sprinkler system. 
 

Saga et al. (1997) tested four different irrigation schedules, such as unirrigated control 
and irrigation at 20, 40 and 60 per cent depletion of available soil moisture on potato cv. 
cardinal with or without a 15 cm thick rice straw mulch in Bangladesh. The permissible 
limit of available soil moisture depletion was within 20 to 40 per cent to achieve a high 
yield target from potatoes under the edaphic and climatic settings of the experimental 
area. This required 6 to 7 irrigations without mulch and 4 to 5 irrigations with mulch. 
Mulching increased tuber yield by 4 t/ha. Averaged across irrigation  

2.1.4. Six to Seven irrigations without mulch and 4 to 5 irrigations with mulch. Increased 
yield compared to 6 or7 irrigation without mulch Mulching increased tuber yield by 4 t/ha. 

2.1.5Drip system at 80 % moisture   with plastic mulch yielded maximum   

Jain et al (2001) studied drip and surface irrigation with and without mulch on potato 
cultivar Kufri Badshah using three levels of moisture regimes in a sandy loam soil at 
Pantnagar in north India. The experiment consisted of eight treatments replicated three 
times. In drip irrigated plot one lateral was provided to each row. Emitters of a capacity 4 
l/h were provided at a spacing of 50 cm as online drippers. The  potato yield for 
treatments irrigated  with drip system at 80 % irrigation moisture regime in combination 
with plastic mulch was found to be maximum  as 30 .45 t/ha and minimum it being  18.44 
t/ha for the control i.e. surface irrigation at100 % moisture level without  mulch. The yield 
for other treatments varied from 19.58 to20.41 t/ha... The highest water use efficiency 
was found to be 3.24t/ha-cm  for the treatment irrigated with drip system at 80 percent 
level with  mulch as compared to 2 .17 t/ha- cm for the control treatment. 

And minimum for surface irrigation at100 % moisture l without mulch. 

 
 

2.2. INFERENCES FROM REVIEW ON POTATOES 
 
 

2.2.1. Experiments were done in the U.S.A. of the effect of drip irrigation on potatoes 
under controlled soil matric potential, and the effect of two row spacing, on the yield  
quality and nutrient contents of potato. The potatoes, drip irrigated with nutrient solution, 



and planted on 100 cm row spacing on sandy loam soil yielded more marketable 
potatoes than potatoes which were drip irrigated under plastic mulch and grown on twin 
row spacing, and 206 percent more than 100cm spaced non irrigated potatoes.  
 
2.2.2. The effect of straw mulching and irrigation frequency on potato tuber yield was 
studied. They found that mulched plots produced 30 per cent more tubers than bare 
plots. Tuber yields also responded well to irrigation frequency. It was concluded that 
cooling effect of frequent irrigation could be obtained much cheaper by mulching. It was 
recommended that from commencement of colonization, potatoes should be irrigated with   
50 mm of water at IW/CPE of 1.00 and 0.77, respectively without and with mulch crop. 
(14). 
 
2.2.3.  In a study of sprinkler irrigated potatoes with mulch and non mulched condition it 
was found that the highest tuber yield (28 t/ha) was obtained from potatoes irrigated at 
four days interval, followed by 19.5 t/ha. In both eight and twelve day intervals, 
respectively with mulching and 13 t/ha. and 12 t/ha. without mulching.  In the control plot 
10.2 and 7.2 t/ha. Of potatoes were harvested with and without mulching. 
 
2.2.4. In a study at Bangladesh four different irrigation schedules, were tested such as 
UN irrigated control and irrigation at 20, 40 and 60 per cent depletion of available soil 
moisture on potato co. cardinal with or without a 15 cm thick rice straw mulch.  The 
permissible limit of available soil moisture depletion was within 20 to 40 per cent to 
achieve a high yield target from potatoes under the edaphic and climatic settings of the 
experimental area. This required 6 to 7 irrigations without mulch and 4 to 5 irrigations with 
mulch. Mulching increased tuber yield by 4 t/ha. Averaged across irrigation. 
 
2.2.5. Studies of drip and surface irrigation with and without mulch on potato cultivar Kufri 
Badshah using three levels of moisture regimes in a sandy loam soil at Pantnagar  in  
north India. Showed that the yield for treatments irrigated with drip system at 80 % 
irrigation moisture regime in combination with plastic mulch was maximum as 30 .45 t/ha 
and minimum it being 18.44 t/ha for the control i.e. surface irrigation at100 % moisture 
level without mulch.  

 
 

3.1. REVIEW OF STUDES F MULCHING ON CHILIS 
 
 
 3.1 1. Drip, mulch, fumigation, control and yield. Of pepper. 
 
 
Kays et al. (1976) grew pepper (Capsicum frutescent) using drip irrigation with 
Different treatments.  Highest combined yield was obtained with film mulch + soil 
fumigation (117.6t/ha) followed by film mulch (112.3 t/ha), soil fumigation (93.4 t/ha) 
And control (69.1 t/ha) respectively. 
 
 
3.1.2 Drip systems, mulch, growth and yield 
 
 
Shinde et al (1999) studied the effects of six micro-irrigation systems (MIS) and three 
mulches on microclimate growth and yield of summer chili. Soil temperature was highest 
in the control and lowest under sugarcane trash mulch. The average humidity was 
greatest with micro tubing at 08.30 h and with the rotary micro sprinkler at 14.30 h. Plant 



height and number of branches was greatest with sugarcane trash mulch. The yield of 
green chili was highest (12.2 t/ha) with sugarcane trash mulch. The weekly crop 
coefficient (kick) values were in the ranges 0.47-0.95, 0.42-0.86, 0.40-0.84 and 0.38-0.83 
for summer chili treated with no mulch, transparent plastic, black plastic and sugarcane 
trash, respectively.  
 
 
3.1.3. Microjet, Drip, Mulching yield,WUE, BC Ratio 
 
 
Shinde et al;2002 studied the effects of micro-irrigation, in combination with mulching, on 
the production of chili [Capsicum annuum] cv. Pusa Jwala in Dapoli, Maharashtra, India 
The treatments comprised 50 or 70% microjet irrigation with or without mulching, and 40, 
50 and 60% drip irrigation with or without mulching. Micro jet irrigation (50%) with 
mulching resulted in the highest plant spread (39.93), average number of fruits per hill 
(248.60), average weight of fruits per hill (538.93 g) average weight of fruits (2.19 g) and 
yield (20.34 q/ha), as well as the highest gross income (Rs. 244080/ha), net returns (Rs. 
100956.24/ha), benefit cost ratio (1.70) and net extra income over the control (Rs. 
51628.05/ha). Water use efficiency was highest in 25% drip irrigation with mulching 
(447.18 kg ha-1 cm-1) followed by 50% micro jet irrigation with mulching (312.92 kg ha-1 
cm-1). 
 
 

INFERENCES FROM REVEW ON CHILIS 
 
 
3.2.1. Pepper (Capsicum frutescens) was subjected to drip irrigation combined with 
Different treatments. In a study of effect of different mulches it was found that highest, 
Combined yield was obtained with film mulch + soil fumigation (117.6 t/ha), followed by 
film Mulch (112.3 t/ha), soil fumigation (93.4 t/ha), and control (69.1 t/ha) respectively. 
 
 
 3.2.2. The effects of six micro-irrigation systems (MIS) and three mulches on 
microclimate growth and yield of summer chilli were studied. Soil temperature was 
highest in the control and lowest under sugarcane trash mulch. The average humidity 
was greatest with micro tubing at 08.30 h and with the rotary micro sprinkler at 14.30 h. 
Plant height and number of branches was greatest with sugarcane trash mulch. The yield 
of green chili was highest (12.2 t/ha) with sugarcane trash mulch. The weekly crop 
coefficient (kc) values were in the ranges 0.47-0.95, 0.42-0.86, 0.40-0.84 and 0.38-0.83 
for summer chilli treated with no mulch, transparent plastic, black plastic and sugarcane 
trash, respectively. (23) 
 
 
3.2.3. Study of micro irrigation systems, micro jet and drip, with or without mulching, of 
chili in Maharashtra, India, with different amounts of irrigation application through these 
systems showed that Micro jet irrigation (50%) with mulching resulted in the highest yield 
components and yield (20.34 q/ha), as well as the highest net returns (Rs. 
100956.24/ha), benefit cost ratio (1.70) and net extra income over the control (Rs. 
51628.05/ha). Water use efficiency was highest in 25% drip irrigation with mulching 
(447.18 kg ha-1 cm-1) followed by 50% micro jet irrigation with mulching (312.92 kg ha-1 
cm-1).28 
 
 



4.1. REVIEW OF STUDIES OF MULCHING ON Melons/Watermelons 
 
 

4.1.1. Drip, plastic mulch, growth and yield 
 
  
Bella and Kwolek (1984) studied the response of cucurbits to drip irrigation and black 
plastic mulch.  They found that drip irrigation and plastic mulch each increased plant 
growth, early bloom and yield.     
4.1.1.
Bhella (1988) studied the response of Curcumas melon L. Cv. Charleston grey with two 
factorial combinations of drip irrigation or no irrigation and black polyethylene mulch or no 
mulch for two successive years.  Both drip irrigation  and polyethylene mulch along and in 
various combinations increased stem growth and early and total yields compared with 
untreated controls.  Greatest stem growth and early and total yields were obtained from 
plants grown under polyethylene mulch in combination with drip irrigation.  It was 
observed that drip irrigated plants induced shallow rooting near the drip emitters whereas 
non irrigated plants produced relatively extended deep and diffuse roots.     

Drip, black plastic mulch and yield.     

Fipps and Perez (1995) studied  micro irrigation of melons in the Lower Rio Grande 
valley of Texas. Components of this system consisted of inexpensive drip strip tubing 
(commonly termed as ‘tape’), plastic mulch, lay flat tubing and portable pumping and 
filtration trailers. Two cases were considered in the study, the drip under plastic mulch 
and furrow irrigation. For both cases under study precipitation was 66 mm. Irrigation 
water provided in drip was 112 mm and in furrow 333 mm. eight irrigations were given 
through drip, whereas in furrows, seven irrigations were given. Nitrogen was provided in 
drip at the rate of 68 kg per hectare, whereas in furrow it was given at the rate of 177 kg 
/ha. The yield in terms of boxes was 1233 boxes/ha in the drip, whereas in furrow it was 
741 boxes/ha. (One box =0.14 cu m). Water use efficiency in case of drip  was 6.9/ mm 
(boxes/total water), and in case of furrow it was 1.8 mm. Nitrogen use efficiency in terms 
of  boxes per application rate for drip it was 18.1/kg/ha whereas for furrow it was 
4.2/kg/ha.  

4.1.2Drip, furrow, mulch and yield. 

From the above studies, inferences have been drawn on the performance of drip 
irrigation on Water Melon and Melon, as compared with other methods of irrigation as 
below 
 
 

INFERENCES FROM REVIEW, Melons 
 
 

From the above studies, inferences have been drawn on the performance of drip 
irrigation on Muskmelon, as compared with other methods of irrigation as below 
4.2.1. Study was conducted on the response of cucurbits to drip irrigation and black 
plastic mulch.  It was found that drip irrigation and plastic mulch each increased plant 
growth, early bloom and yield. (3)     



4.2.2. It was found in studies in India that    both drip irrigation and polyethylene mulch 
along and in various combinations increased stem growth and early and total yields 
compared with untreated controls. Greatest stem growth and early and total yields of 
Curcumas Melo were obtained from plants grown with polyethylene mulch in combination 
with drip irrigation.  It was observed that drip irrigated plants reduced shallow rooting near 
the drip emitters whereas non irrigated plants produced relatively extended deep and 
diffuse roots.(3) 
4.2.3. Studies of micro irrigation of melons was conducted in Texas, USA. The system 
consisted of drip ‘tape,’ plastic mulch; lay flat tubing and portable pumping and filtration 
trailers. Treatments consisted of the drip under plastic mulch and furrow irrigation. For 
both precipitations were 66 mm. Water provided in drip was 112 mm and in furrow 333 
mm; in drip 8 irrigations whereas in furrow 7 irrigations were given. Nitrogen was provided 
in drip at the rate of 68 kg/ha, whereas in furrow it was given at the rate of 177 kg/ha. The 
yield in terms of boxes was 1233 boxes/ha in drip whereas in furrow it was 741 boxes/ha. 
(One box =0.14 cu m). Water use efficiency in case of drip it was 6.9/ mm (boxes/total 
water), and in case of furrow it was 1.8mm.Nitrogen use efficiency in terms of  boxes per 
application rate for drip  was 18.1/kg/ha, whereas for furrow  was 4.2/kg/ha.(5)  
 
 

5.0. REVIEW OF STUDIES ON MUSKMELON 
 
 

5.1.1. Drip tape, furrow, mulch and yield 
 
 
Briones et al(1995) carried out  a study through field trials to evaluate water use 
efficiency, yield, quality for muskmelon plants with drip tape and soil mulching on a fine 
textured soil.  The treatments for the main blocks were, A1) drip tape irrigation A2) furrow 
irrigation, and for subplots,B1) black plastic mulch 37.5 micron thickness, B2) black 
plastic mulch 22 micron thickness, or B3) control, without mulch. When the crop 
developed on bare soil irrigated by furrow its water consumption was higher than for 
plants with drip tape under plastic mulch (interactionsA1B1 orA1B2). The combination 
A1B1 increased the muskmelon average yield unto 49.6 tons/ hectare while surface 
irrigation without mulching (A2B3) averaged about 33.5 tons per hectare. The marketable 
muskmelon yields size was bettered as much as 54 and 31 percent.  The highest water 
use efficiency was got with drip tape irrigation and plastic mulch, averaging 9.10kg-fruit 
per cu m of water used, and lowest water use efficiency was found for the control 
treatment which gave 3.6 kg per cu m of water used. 

 
 

INFERENCE FROM REVIEW 
 
 

From the above studies, inferences have been drawn on the performance of drip 
irrigation on Muskmelon, as compared with other methods of irrigation as below 
.5.2.1The treatments for the main blocks were A1) drip tape irrigation, A2) furrow 
irrigation; and for subplots,B1) black plastic mulch 37.5 micron thick, B2) black plastic 
mulch 22 micron thick, or B3) control, without mulch. Drip tape with black plastic mulch 
increased the musk melon average yield upto 49.6 t/ha, while surface irrigation without 
mulching  averaged  33.5 tons/ha. The marketable musk melon yield size was bettered 
by 54 and 31%.  The highest water use efficiency was got with drip tape irrigation and 



plastic mulch averaging 9.10kg-fruit   per cu m of water, and lowest water use efficiency 
was found for the control treatment which gave 3.6 kg per cu m of water (9). 

 
 

6.0. REVIEW OF STUDIES ON PUMPKIN 
 
 

 6.1.1. Drip, raised beds planting, mulches different spacings and yield 
 
 
White 2001 carried out studies on hybrid SS13, a semi-bush tropical pumpkin (calabash), 
Cucurbita moschata, in Florida, USA, on polyethylene-mulched raised beds with drip 
irrigation to evaluate the effects on yield and fruit size of 3- and 4-foot spacing. There 
were seven black mulches at two thicknesses, two black on white, two white, three silver, 
two blue, and one each of black, olive, red, green, and brown for a total of 28 types of 
mulch. Plots were 50 feet long with four replications in a randomized complete block 
design. Transplanting  occurred on 6 September. An early freeze occurred on 22 
November, terminating vine growth and fruit development. Fruit diameter ranged between 
3.6 and 8.3 inches and was not affected by mulch type. The 4-foot spacing was higher 
than the 3-foot spacing in fruit diameter, number of fruit, and fruit weight per plant. But, 
the 3-foot spacing had a higher yield per acre than the 4-foot spacing (367 versus 317 
cwt.).  
 
 
6.2.2Studies was conducted in Florida, USA, on the response of polyethylene-mulched 
raised beds with drip irrigation on yield and fruit size with different spacings and different 
mulches. There were a total of 28 types of mulches in the treatments  
Transplanting occurred on 6 September. An early freeze occurred on 22 November, 
terminating vine growth and fruit development. Fruit diameter ranged between 3.6 and 
8.3 inches and was not affected by mulch type. The 4-foot spacing was higher than the 3-
foot spacing in fruit diameter, number of fruit, and fruit weight per plant. But, the  
3-foot spacing had a higher yield per acre than the 4-foot spacing (367 versus 317 cwt.).  
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ABSTRACT 
 
 
  Application of Micro irrigation for different crops has increased globally in the last few 
decades. Being an expensive system and requiring periodic replacement, there is a need 
to determine the life of its components. This is also necessary to calculate the 
comparative economic advantages with other prevailing systems. Although it has several 
components, the lateral pipes are required in large quantities. Not much literature is 
available on this subject. However, an attempt has been made to discuss various aspects 
on laterals and the feasibility of a novel method known as Artificial weathering to estimate 
the life of LLDPE plastic pipes. 
 
 

INTRODUCTION 
 
 

For any Irrigation Equipment or system it is necessary to know about its economic life 
beyond which its repair and maintenance becomes prohibitive. After its estimated life, the 
equipment would require replacement and a new investment 
Micro irrigation is also an expensive system and needs periodic replacement and 
reinstallation due to its limited life. This is needed both by the farmer user and also by 
financing agency. Where the government assists the farmer through subsidy there also it 
becomes essential to know the economic life of equipment. 
Micro irrigation is not single equipment. It consists of different parts, such as laterals, 
drippers, filters pumps etc... Regarding pumps their standard life is well established. The 
filters however require some time limit, depending on the types used. The emitters have 
several variations and on average need replacement every 3-5 years. 
 
The main component are the laterals, which have large quantity of use and need periodic 
replacement depending on the type. This thus requires fixation of its economic life. 
Laterals are important component of micro irrigation used as branch supply lines for 
conveying water which is made of polyethylene with diameter varying from 12-32 mm. 
Carrying out open field experiments does not make tube feasible, because of different 
varieties, prevailing regional climate and differences in handling 
Hardly any literature exists on scientific or field determination of Micro irrigation 
equipments, especially laterals. Which are used in large quantities and require periodic 
replacement? 



The objective of the present paper is generating discussion to arrive at some consensus 
of getting at meaningful life based on accelerated experiments practiced in some 
institutions 
 
 

GENERAL ASPECTS 
 
 

Plastics used in Drip System 
 
 
The following plastics are commonly used 
 
Poly Vinyl Chloride (PVC) They are used for Mains sub mains and fittings etc and have 
low friction losses, no deposits and less corrosion. They are made from Vinyl chloride 
monomer and have low material and installation cost. They have easy jointing to PVC 
and other materials they are affected by Ultra violet radiations and so laid underground 
 
Low Density Polyethylene (LDPE) 
They are used for making laterals, canal, and pond lining, mulching green houses and 
low tunnels This is a thermoplastic material, very light in weight and affected by 
Ultraviolet radiations 
 
High Density Polyethylene (HDPE) 
They are used in mans sub mains and sprinkler systems as well as pipes for 
tubewellsThe are more rigid than LDPE and more brittle at high temperatures They are 
less affected  by Ultra-violet radiations and therefore laid over ground 
 
Linear Low Density Polyethylene (LLDPE) 
They are most commonly used for laterals 
They are more protected from Ultraviolet radiations and so have longer life. 
 
Poly Propylene  
They are used for making emitters (besides acetals and polyethylene)   
They are greater heat resistant to environmental stress and cracking than polyethylene; 
they are also good for moulding 
 
 
Type of Pipes Used in Micro irrigation 
 
 
Lateral pipes 
These are water delivery pipe lines that supply water to the emitters from manifold 
pipelines. These are pipes with diameters 12-33mm and wall thickness sufficient to stand 
pressures 4-6 atmospheres, to which the emitters are connected.  
These pipes should be flexible, non corrosive, resistant to solar radiation and able to 
stand temperature fluctuation   normally pipes are made of 10, 12, 16 and 20 mm, of 1-3 
mm thickness, and generally laid above the ground. They are commonly manufactured 
from low density polyethylene (LDPE) or linear low density polyethylene (LLDPE) The 
LLDPE provides better protection from ultraviolet rays of the sun. 



 
Main and Sub-main pipes 
These are water delivery pipes that convey the water from the control stations to the 
manifold. They are placed below the ground and supply water to the laterals. They are 
made from rigid PVC, or High Density polyethylene. The pipes may be 65 mm or more in 
diameter, which can withstand pressures of 6kg /sqcm. These pipes are laid underground 
for a long life. For sub mains, rigid PVC, HDPE or LDPE pipes are generally used, with 
diameters 32-75 mm, which are able to stand pressures 2.5kg/sq cm 
They are commonly laid over ground 
 
 
Salient Aspects Related to Laterals 
 
  
Salient aspects associated with laterals were classification material, outer diameter (OD) 
or inner diameter (ID) basis, life, temperature working hours and marking of pipes. No 
uniform materials were available for fabrication of laterals for all manufacturers.  Some 
firms were importing plastics of different grades.  Others were fabricating on the basis of 
material made available by other government sources. Therefore a consensus was 
evolved to select the standard material as PE 25. When improved grades of PE are 
openly and conveniently available, the standards could be revised. In specifying diameter 
of tubes, there were differing views.   
 
Classification 
The pipes may be categorized in 3-4 classes according to pressure ratings. The normal 
working pressures may range from 0.25 –0.60MPa or more 
 
Materials 
Different grades of Polyethylene are used in different countries. In India BIS used to 
recommend raw material Polyethylene of grade PE25, which according to local 
requirements catered for10 years life at a maximum of 800 working hours per year at 

C0350 and having a minimum design creep rupture stress of 2.5MPa.The life of the 
product is important for determining replacement time, working out cost economics, and 
assisting financing agencies in giving loans for installation. But it is difficult to obtain life 
by direct straight calculation. Also it is difficult to get much experience of real life 
experience of different grades and varying conditions of field handling. It was therefore   
arrived at by extrapolation the material is made of an appropriate mixture 
 
ID versus ODsystem  
Both systems ID control and OD control have their own merit and are used in different 
parts of the world.  In the USA, ID control is used, as the flow capacities are better 
expressed based on ID control and the tolerances are much less than OD control.  
However, in India most plastic pipes were designated by OD.  So to avoid a confusion for 
consumers, an OD basis was selected. Otherwise specifying tolerances, probably both 
systems could be used.  
 
Life of laterals  
This is important both from the point of durability as well as calculation of economics as 
well as subsidies given by the Govt. Specification of equipment life is a complex issue, 
because in addition to the quality of material and fabrication, it is also a function of level 
of handling in field conditions by a farmer. It is difficult to design an experiment for such 
an issue in other countries it may not be that important, but in Indian conditions this 
becomes important for computing economics of system and giving subsidies.  The 



standards were based on BIS 8779 pipes conveying irrigation water at  45o C.  The life of 
10 years was provided at 35o C.  Under note to clause 2.1 and Appendix 8.1 of this 
document the possibility of use at 45o C was also covered.  Regarding working hours it 
was selected as 800 hours/year.  
 
Marking on pipes 
Some manufacturers using sophisticated grades of plastic and better extrusion 
technology, experienced difficulty regarding marking of pipe.  With better materials and 
technology, higher rates of extrusion say 80-100 meters/minute could be achieved. 
 With different grade material and technology and lesser extrusion speed this difficulty is 
not faced.  It is useful to discuss the marking technology at higher speeds of extrusion 
without reducing the strength of laterals. There are a number of other issues related to 
the material composition and strength, which could also be covered.  
 
 
Review of Artificial Weathering to Determine Life of LLDPE 
 
  
According to Strong andTurley(           )the usage of Linear low Density Polyethylene 
LLDPE  started in late 70s and grew to38% in1986 wit the likelihood  of further expansion 
in future. 
 
Difference from HDPE 
HDPE has very few side branches and hues packs well resulting in high crystallinity and 
strong intermolecular forces which makes it the stiffest of PE resins. It also has a higher 
melt point than non crystalline PE. Both these thermal characteristics the high melting 
point and narrow melting range cause problem in extrusion processing  
HP- LDPE has many short and long branches and therefore does not pack well. Due to 
low molecular packing it is softer and more flexible plastic. De to broad melting range it is 
easier to process. . Because of its easier to processing it also reduces its other 
properties. It has to be made thicker to have the same strength and thus requires more 
material  
The LLDPE combines the linear molecular structure of HDPE with short chain branching 
iof HP-LDPE. The abundance of short chain branching. Which are just enough to prevent 
crystalline? Parts made of LLDPE can be made 10%- 40% thinner than those made of 
HP-LDPE and therefore more economical 
 
UV stabilisation.  
Because of outdoor applications UV stabilisers have been developed to protect these 
plastics from degradatin. The ideal UV stabiliser should absorb the UV radiation and 
dissipate it in a harmless manner. Carbon black has been found to be one such stabiliser 
There are many bodes which suggest concentrating of 2-3 CB for best results 
The second variable introduced is cross linking of the polymer which is achieved by 
irradiating the finished product 
 
Development f Artificial weathering methods for testing Life of Plastics  
Artificial weathering methods have been developed. Such methods accelerate the 
weathering process and give predictability to the weathering process. Many a nt B t K= +  
manufacturers experiment with additives and coatings to prolong the service life of items 
intended for outdoor use like micro irrigation laterals. Without existence weathering 
accelerators of such experiments would tae life time it would take life time. 



In 1950 researchers established that 100 hours of accelerated weathering was equivalent 
to one year of natural outdoor exposure. Some such experiments in New Jersey showed 
that samples with 16 yeas of outdoor exposure were equivalent to merely 400 hours of 
accelerated exposure. Relating the same Howard and Gilroy in 1968 developed a 
relationship between natural and artificial weathering as 

a nt B t K= +  
Where 
at=time in hours of accelerated exposure 
tn= time in years of natural exposure 
B and K = constants specific to weather apparatus outdoor location and material being 
tested 
The methods fail because of failure of the environment to simulate consistent leathering 
conditions 
Variables to consider natural outdoor exposure are  
 
Location 
. Shorter wave length UV light is very susceptible to absorption by air. If sun is low in the 
sky it passes through more air than if sun is directly overhead. S plastics exposed near 
equator degrade faster. Altitude has also some effect. Sunlight found at high altitude 
passes through less atmosphere than at lower altitude, thus exposed to more intensive 
radiation 
 
Season variation 
Samples at same location exposed at different times f the year will yield different results 
Temperature variation is the othe major factor contributing degreaser photo degradation. 
A 10 degree increase in exposure temperature nearly doubles the rate of photo 
degradation. Moisture also affects different plastics in different ways. It could be absorbed 
by polymer molecules and server as modifier of UV energy 
Yearly variation. Random year to year weather in the same location can cause 
degradation vary as much as 2 to 1 in successive years 
Machine variation. One withering machine although capable of consistent exposure will 
vary in exposure results from another machine... given an infinite combination  of UV 
intensity , exposure temperature and humidity capable with most modern weathering 
machines, there are almost as many variables involved in accelerated weathering as 
natural exposure. Thus it is not fair to speak of conversion of hours of artificial weathering 
to natural exposure. His only means that al data obtained from any exposure method 
(artificial or natural0 can be used only for comparison 

The relative nature of all withering tests shows the real advantage of artificial weathering, 
consistency, which is .also much more consistent than natural weathering. If one sets 
weather accelerating machine for a specific temperature, humidity and UV intensity one 
can be reasonably constant that specified environment will be reasonably constant. Thus 
artificial weathering is far superior to natural weathering in scientific studies. 

Conclusion 

Based on there studies they concluded that 2.55 CB can bemused LLDPE tubing  
 
 

SUMMARY AND CONCLUSIONS 
 
 

In the above paper, Plastics used in Drip System, Type of Pipes Used in Micro irrigation, 
Salient Aspects Related to Laterals Review of Artificial Weathering to Determine Life of 



LLDPE have been done. Based on the above discussion the following summary and 
conclusion have been arrived at 
1) It is useful to know about the life of Drip Irrigation components in view of its being an 
expensive proposition and prior information regarding its replacement.    
3)  As per available knowledge other seems to be no standardisation on life of drip 
irrigation laterals 
2)Although there are several components like ,various type of filters drippers, control 
valves and conveyanse pipes main as well as branch pipes and laterals, the largest 
quantity of a single components are laterals. 
3) Late pipes have many variations like online systems, inline systems, bewails and drip 
tapes required for over ground lay as well as subsurface drip systems.Therfore besides  
variation of their hydraulic configuration they are required of different and different 
thinness. This will cause change in their lives, and therefore require individual 
determination. 
4) Because of micro irrigation being practised for more than two decades it should be 
possible to get information of their useful life for various crops in different regions at 
appropriate locations for open field exposure through systematic surveys. This should be 
explored 
5).Artificial weathering systems are a new innovation which give good comparable results 
of weathering of LLDPE pipes it will be useful to investigate life of standard usage laterals 
for identified regions specifying temperature, humidity and Eradiation exposure to get 
values comparing naturally exposed systems 
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ABSTRACT 
 
 

Green house is a complex microclimate system control structure. The important functions 
are controlling, humidity, temp, light, air velocity and the other variables including 
moisture supply to plants. The substratum may be natural or artificially constructed. Then 
different crops have different physiological and growth requirement. Then the subject 
requires dealing with the aspect f micro irrigation, which may be drip, drip-tape, with 
different variations, micro-sprinklers and overhead micro sprayers. 
Micro irrigation has to be done for crops grown in green house. There does not seem to 
be ample literature narrowing the study variables to arrive at some simple conclusions.  
 
To investigate interaction the variables of these two complex systems and to arrive at 
some meaningful conclusion of utility is not an easy job.  The attempt generally is to study 
the water requirement and yield increase of some important crops grown in greenhouse 
as compared to their performance in open field.   Commonly irrigation is provided by 
furrows overhead sprinklers, micro sprinklers or drip irrigation.  Micro-irrigation thus has 
to be done for crops grown in green house depending on the crops, climatological 
conditions imposed  and method of application the water requirement, would differ. 
The present paper is a review paper giving an insight of the use of micro irrigation in 
greenhouses, with special reference of works in Japan. 
 
 

INTRODUCTION 
 
 
Crops that can not be grown in open field conditions, have to be grown in green 
houses.to construct a green house is expensive. Therefore only important crops which 
require climatologically control are mostly grown in green houses. Once grown in 
greenhouses besides climatological control, irrigation has also to provide to the crops. 
Irrigation has to be provided by standard methods with proper modification. Commonly 
irrigation is provided by furrows overhead sprinklers, micro sprinklers or drip irrigation.  
In the recent past there has been a large scale application of greenhouse. In Japan under 
high conditions of rainfall. Keeping moisture conditions suitable for crop growing is a big 
problem. From the view of controlling soil moisture is easier than drainage. In normal 
cultivated soils salt accumulation does not occur. However it is a major problem in green 
houses in Japan. In the present discussion a review has been made of Japanese green 
houses and other Conventional Green houses.     
 



REVIEW OF GREEN HOUSES IN JAPAN 
 
 
There has been a growing area of green house culture in Japan. About 40% of 
vegetables used to be produced in green house culture. Japanese green houses have 
been developed to take care of special features not common in field conditions  They are 
designed for climatic conditions of high humidity and rainfall in summer  and low 
temperatures and and frost in winter. Conditions because of rainfall salts do not occur 
with crops in field conditions. However salts appear in field s growing. There are two 
methods of controlling Salinization . The first method is ponded leaching and the second 
is replacing old soil with new soil. 
 Generally three types of green houses are prevalent... In one only air temperature is 
controlled. A good portion about 405 green houses has heating facilities. In The second   
type   besides air planting beds temperature is also controlled. The third type has none of 
these facilities 
The soil surfaces are mulched for proper irrigating reducing evaporation to control 
temperature and to reduce weeds. Other than green hoses tunnel type vinyl houses are 
also used along with mulching to control climate near the crops. They are economical as 
to construct and they utilize rain water efficiently. Equipments used are micro irrigation 
consisting of drip tubes biwalls, drip tapes, Emission devices used are nozzle type, orifice 
types, multihole tubings and micro sprinklers. Lying is done underground, over crop or as 
suspended system. These are commonly used along with some type of mulches. 
Crops grown are vegetables sweet potato, ginger celery, eggplant, cawliflowers, tomato 
red pepper etc. 
Among fruits, they are melons, grapes, mangoes, strawberry 
Salt occurrence in green house and their remedy 
It does not occur in natural field conditions. But it is a major problem in green houses of 
Japan. The increase in salt concentration is due to high application of fertilizers and lack 
of salt leaching which is taken care under field cultivation with high rainfall. the EC is 
found to vary as 0.15 to ds/m 0.94 for different crops with a mean of .73 whereas it is 
0.20 ds/m. 
Application of green manure, and green straw  reduces the EC. Deep plowing to 60cm 
depth is also helpful. Organic manures application like peat moss, vermiculate is also 
helpful. 

 
 

Water use in green house 
 
 

The dfferent variables in artificial environment create complexity in estimation 
Evapotranspiration may be given by 
ET = Kc ETo  
Where  
ETo= Reference evaporation 
Kc = Crop coefficient constant 
Kc = Kcrop Ksoil  
Where Kcrop and Ksoil are coefficient for crop and soil factors. Kcrop depends on crop 
height crop density and climate etc. energy used for transpiration is mainly solar 
radiation. The ground coverage rate by crop canopy was used to estimate periodical 
changes in crop factor coefficient 
A soil plan atmospheric model was developed and evaporation were calculated of each 
growing stage. The relationship between crop factor coefficient and the ground coverage 
rate was formed as 



0.5
1( )cropK a GC=  

Where 1a a constant depending on vegetation condition and GC is is ground coverage 
rate 
Soil factor coefficient(Ksoil) can be expressed as 

2 3exp( )soilK a a GC= −  

Where 2 3, ,a and a  are constants depending on vegetative condition? 
By putting Kcrop and Ksoil in equation 2 and by putting Kc into equation 1 the 
evapotranspiration rate from crop field was estimated as partly irrigated 
 
 

REVIEW OF OTHER CONVENTIONAL GREEN HOUSES 
 
 
Ahluwalia et al  Studied of drip irrigation of tomatoes in greenhouse at Punjab Agricultural 
University Ludhiana. The study has shown early maturity and higher yields to the extent 
of 53.4 percent in green house compared to open field irrigation. The average increase in 
irrigation water use efficiency was 33.3 percent with better quality production 
 
Rezuwan Kamaruddin,(1906)Developed a Micro Drip-Fertigation System under a 
naturally ventilated tropical greenhouse. The system supplies precise amount of water 
and fertilizer solution direct to the root zone that increases field efficiency, crop 
productivity and quality. In addition, it reduces soil diseases and labor requirements which 
are very crucial in the vegetable production. 
The system consists of irrigation controller, nutrient solution tank, electrical pump, filter, 
valve, pressure gauge, connector, distribution pipes, adapter and drippers. A fertilizer 
recipe by using cooper formulation was also developed and tested for capsicum 
production under the greenhouse in the lowlands. The capsicum was planted in the coco 
peat growth media. Water with fertilizer solution was automatically supplied to the root for 
20 minutes at 6 times per day.  The performances of capsicum growth in terms of stem 
diameter, plant height and leaf width against time were measured. The relationship 
between the leaf and stem growth against time were found to be linear, while the height 
versus time was exponential.  
found of H=5.79e0.24T, D=0.32T + 0.65 and W=0.37T + 1.93 respectively. In addition, their 
coefficients of determinations were found strong relationship of R2=0.995, R2=0.998 and 
R2=0.983. Stem and leaf growth were increased as electrical conductivity (EC) increased 
from 1.7 mS/cm to 2.5 mS/cm increased. At all time the pH value was maintained 
between 5.5 and 7.0. The temperature, wind speed, relative humidity, light intensity and 
carbon dioxide were found to be in the range of 30-40 0C, 0.5-3.0 m s-1, 53-83 %, 1.0-6.0 
x103 W m-2 and 300–400 ppm throughout the days respectively.  
Stem and leaf growth were increased as electrical conductivity (EC) increased from 1.7 
mS/cm to 2.5 mS/cm increased. At all time the pH value was maintained between 5.5 and 
7.0. The temperature, wind speed, relative humidity, light intensity and carbon dioxide 
were found to be in the range of 30-40 0C, 0.5-3.0 m s-1, 53-83 %, 1.0-6.0 x103 W m-2 and 
300–400 ppm throughout the days respectively.  
  
Gulshan Mahajan and Singh K.G. (2005) studied effect of drip irrigation and fertigation at 
Punjab Agri University Ludhiana on tomatoes in green house. Drip Irrigation at 0.5X Epan 
along with fertigation of 100% Nitrogen resulted in increase of fruit yield by 59% over 
control (recommended practice inside the green house and by 116.8% over control 
(recommended practice) outside the green house respectively. The drip irrigation of 
0.5xEpan irrespective of fertigation treatment could save 48.1% of irrigation water and 



resulted in 51.7 % higher fruit yield than recommended practice inside the green house. 
The net profit and yield per mm of water used were estimated to be highest for the 
treatment of drip irrigation at 0.5 xs Epan in conjunction with fertigation at 125% of 
recommended Nitrogen among different treatments 
 
Sangama and Singh (2005) studuiedVase life of 9 gerbera cultivars of double from cut 
flowers grown under poly house at Punjab Agricultural University Ludhiana. The results 
showed that seasonal effect on vase life of all gerbera cut flowers wee found highly 
significant. Maximum vase life of 5.74 days was obtained during December. . Minimum. 
Minimum vase life was found vase life of 5.74 days was obtained during April. Minimum 
vase life of 7.27 days was found with cut flower Diablo. Temperature and humidity inside 
the playhouse and room temperature varied and their effects on vase life of gerbera cut 
flowers were found significant   
 
 

CONCLUSIONS FROM REVIEW 
 
 
1) Japanese green houses are designed for climatic conditions of high humidity and 
rainfall in summer and low temperatures and frost in winter to take care of   problems of 
salts occurring in green houses which do not occur in field conditions because of high 
rainfall. A method to estimate transpiration and soil surface evaporation was developed  
2) The studies in Punjab India, has shown early maturity and higher yields to the extent of 
53.4 percent in green house compared to open field irrigation. The average increase in 
irrigation water use efficiency was 33.3 percent with better quality production 
 
3) A study of Micro Drip-Fertigation System in Malaysia in a tropical greenhouse 
equipped wit supply of precise amount of water and fertilizer solution direct to the root 
zone demonstrated that for the capsicum growth, the relationship between the leaf and 
stem growth against time were found to be linear, while the height versus time was 
exponential.  
 
 4)In a study at Punjab Ludhiana, it was found that the drip irrigation of 0.5xEpan  
irrespective of fertigation treatment of tomatoes could save  48.1% of irrigation water  and 
resulted in 51.7 % higher fruit yield  than recommended practice inside the green house. 
The net profit and yield per mm of water used were estimated to be highest for the 
treatment of drip irrigation at 0.5 xs Epan in conjunction with fertigation at 125% of 
recommended Nitrogen among different treatments 
 
 5)A study of Vase life  of 9  gerbera cultivars of double from  cut flowers grown under 
poly house   showed  that seasonal effect  on vase life of all gerbera cut flowers were 
highly significant . Maximum vase life of 5.74 days was obtained  during December. . 
Minimum . Minimum vase life of 5.74 days was obtained during April. Minimum vase life  
of 7.27 days was found  with cut flower Diablo.  
 
 

REFERENCES 
Ahluwalia ,MS. Baldev s and Singh b. effect of raising nursery  in plastic  green house on 
yield  water use efficiency and quality of tomato crop. Indian Journal of economics  23(2) 
93-98.  
 
Gulshan Mahajan and singh K.G.(2005) Response of Green house tomatoes to drip 
irrigation and fertigation International Congress on Plasticulture and precision farming 



organised by Ministry of Agriculture Govt of India and NCPANov 17-21 New Delhi Abs 
189 
Nakano,Y. and KarodaM.1993 Practical irrigation of micrioirrigation system in green 
house culture 15th Vcongress of Irrigation and Drainage 
The HagueNeterlands ICID-CIID 71-79 
Rezuwan Kamaruddin, (1906) Design and development f  microdrip-fertigation system  
for crop productionroduction under tropical  green house 7th Micro 
IrrigationCongressICIDSept 13-15 Quala Lumpur,Malaysia 
 
Sangama  and Singh K.G. 2005 Seasonal effect  in vase life of Gerbara cut flowers  
grown under Polyhouse International Congress on Plasticulture and precision farming 
Nov 17-21 New Delhi Abs 277 



 
THE EFFECT OF SALINE WATER UNDER SUBSURFACE 

DRIP IRRIGATION ON COTTON 
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ABSTRACT 
 
 

Water is the most vital input in agriculture and has made a significant contribution in 
providing stability of food grain production. With increasing demand for water in non-
agriculture sectors and continuously increasing pressure on water resources, good 
quality water and its availability for irrigation are becoming a serious concern. One of the 
most common water quality concerns for irrigated agriculture is its salinity. Efficient 
management of saline water depends on soil properties, climate, water quality, choice of 
crop and crop rotation and farm water management capabilities. Surface and subsurface 
drip irrigation (SDI) can be very effective in achieving higher irrigation application 
efficiency and water distribution uniformity. Besides keeping the foliage dry during 
irrigation, light and frequent water application can result in a small wetted zone with a 
possibility of dilution for leaching of salt.  In order to study the effect of saline water under 
subsurface drip irrigation on yield and yield components of cotton, an experiment was 
conducted at Precision Farming Development Center, Water Technology Center, Indian 
Agricultural Research Institute (IARI), New Delhi with loamy soil. Experimental design 
was strip split plot with 3 replications with 4 levels of saline water (EC1= ground water (2-
2.5 dS/m), EC2= 5 dS/m, EC3=8 dS/m and EC4=11 dS/m) as main plot and 3 types of drip 
irrigation system (surface, subsurface at 15 cm depth and subsurface at 30 cm depth) as 
sub plot. The results showed that there was no significant difference on cotton yield 
among EC1, EC2 and EC3, while EC4 affected the cotton yield significantly. The yield 
decreased 37.3% with irrigation water having EC4 as compared to the one with EC1. The 
highest yield was recorded in EC2 treatment which was 12.7%, 15.07% and 79.8% more 
than EC1, EC3 and EC4 treatments, respectively. Treatment of EC4 had lowest mean boll 
weight, earliness percentage and boll number per plant than in EC1 and EC2 treatments. 
Salinity of different levels had no significant difference on mean boll weight and earliness 
percentage but had significant difference on boll number per plant. Subsurface drip 
irrigation decreased yield, mean boll weight and boll number per plant than surface drip 
irrigation but increased earliness percentage.  
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1- INTRODUCTION 
 
 

The food security coupled with the water security of the many developing nations is a 
cause of serious concern. The land irrigation is playing the world over a major role in 
increasing the food production. 8 Mha irrigated land in the year 1800 has increased to 
more than 230 Mha by the year 2000 and this irrigated area compared to 1500 Mha of 
dry land agriculture has produced nearly 40% of the world’s food supplies. The 
contribution by irrigated agriculture to the world’s total agricultural output is around 50% 
(Wolf and Hubener 1999). Under the present scenario, about 75 % of the irrigated land 
lies presently in the developing countries, but the natural resources base of the land and 
fresh water has been decreasing per capita with the fast rate of rise in population. The 
irrigation water availability could be enhanced through the scientific use of saline water, 
the recycling of drainage water and the reuse of wastewater (World Bank 1986, FAO 
1992,). The concept for the use of saline water for irrigation to increase food production 
has been advocated by many research scientists, organizations, institutions and 
authorities for the last more than five decades. The considerable amounts of poor quality 
waters are available in many countries of the Asia and African continents, Australia, North 
and South America and the dry land areas of Europe. 
    
Efficient management of saline water depends on soil properties, climate, water quality, 
choice of crop and crop rotation, irrigation and farm management capabilities. In India 
32−84% of the ground water in different states are either saline or alkali due to the 
continental monsoonal climate. The basic principles of saline water management need 
some adaptation, e.g. providing for a leaching requirement in appropriate manner. 
(Minhas, 1996). 
Where foliar damage by salt in irrigation water is concern, irrigation methods that do not 
wet plant leaves can be beneficial. Subsurface drip irrigation (SDI) can be very effective 
in achieving higher irrigation application efficiency and water distribution uniformity. Light 
and frequent irrigation application can result in a small wetted zone with a possibility of 
dilution for leaching of salt. 
In subsurface drip irrigation, small amount of water is applied to the soil through the 
drippers placed below the soil surface with discharge rates same as surface drip 
irrigation. Subsurface drip irrigation helps reduce the evaporation loss, causes very little 
interference with cultivation or cultural practices and possibly increases longevity of 
laterals and drippers, increases water use efficiency, saves labor, water saving up to 30-
70%. It can be used in hilly regions and on saline or alkali soils (Mane et al, 2008). 
Volkan-levy et al. (1998) studied the effect of the amount of water and its salinity level on 
the yield of Pima cotton. The water salinity ranged from 2 to 7.5 dS/ m and the seasonal 
water application ranged from 30.0 to 68.0 cm by sprinkler system. With water amounts 
of up to 50.0 cm (42% of Class A evaporation), an increase in water salinity caused a 
reduction in the seed cotton yield and the salinity threshold increased with an increasing 
amount of water. The maximum yield of seed cotton (about 5000 kg/ ha) was obtained 
with a water application of 50 cm and water salinity between 4 to 5 dS/ m. Whitaker et al. 
(2008) compared soil water, water use, crop maturity and lint yield of cotton grown with 
subsurface drip (SSD) to cotton grown with overhead irrigation. Three experiments were 
conducted at two Georgia locations and treatments consisted of overhead irrigated, no 
irrigated, SSD matched to overhead irrigation rates (SSD Matched), and SSD based on 
soil water (SSD Fed). Cotton maturity was affected by irrigation treatment as non irrigated 
cotton matured earliest, whereas overhead irrigated cotton matured latest. Subsurface 
drip irrigated cotton produced similar or higher lint yields than overhead irrigated cotton. 
Water use efficiency (WUE) of cotton SSD irrigated was 23 and 15% higher than 
overhead-irrigated cotton in two experiments.  



Ayars et al. (1995) compared conventional surface drip systems, concentration of salts on 
or near the surface causing germination and other problems that reduced under properly 
designed and managed SDI systems. However, salinity may still be a problem with SDI in 
arid and semi-arid areas since any leaching above the tubing occurs only as the result of 
rain. Thus, salts tend to accumulate in this area during the season as the plants extract 
water and leave the salts behind. High salt concentrations exceeding 10 dS/m have been 
found in the top 6-10 cm of the soil profile. Salinity distribution measurements have 
shown that salts moved to below the plant row when the laterals were placed under the 
furrows rather than under the beds. Mantell et al. (1985) in the Negev determined the 
effect of four levels of water quality (Ec=1.0, 3.2, 5.4 and 7.3 dS/m) using the drip method 
in combination with three soil amendment treatments (gypsum spread on the soil surface 
along the drip laterals after planting, injection of H2SO4 into the water during each 
irrigation, and a control) on plant response, salt distribution in the soil profile, and soil 
sodification processes. Salinity did not reduce yields even at the highest level, in spite of 
sodium and chloride accumulation. The highest seed cotton yield (6.4 t/ha) was obtained 
with the local well water (Ec =3.2 dS/m), indicating an optimal response to salinity.  
 
 

2- MATERIALS  AND METHODS 
 
 

The experiment was conducted at Precision Farming Development Center, Water 
Technology Center, Indian Agricultural Research Institute (IARI), New Delhi. 
Experimental design was strip split plot with 3 replications at 4 levels of saline water 
(EC1= 2 dS/m, ground water, EC2= 5 dS/m, EC3=8 dS/m and EC4=11 dS/m) as main plot 
and 3 types of drip irrigation system (surface, subsurface at 15 cm depth and subsurface 
at 30 cm depth) as sub plot. Distances between drippers and laterals were 60 cm and 90 
cm, respectively. Average rainfall was 595,mm that 86% of rain (515mm) was during boll 
formation and boll developing in July, August and September months (Figure 1).  
 
 

 
Figure 1.  Rainfall and water reqirement during crop season in 2009 year 

 
The mean annual temperature was 24°C with June being the hottest month (mean 
maximum temperature is about 45°C) and January as the coldest (mean minimum 
temperature is 7°C). The mean annual rainfall based on 100 years record (1901-2000) 
was 710 mm. About 80 per cent of the annual rainfall is received during monsoon (June–
September) and the rest in winter, with occasional summer rain accompanied by hail 
storms. 



Before sowing, soil samples were collected for measuring the soil physical and chemical 
properties and for estimating the fertilizer requirements. Soil texture was loam, EC= 0.5 
dS/m, pH=8.1, volumetric moisture at field capacity 25% and at wilting point 9%.   
Fertilizers of NPK were applied by drip system (fertigation) in 8 split doses at the rate of 
120 kg/ha nitrogen, 70 kg/ha potassium and 70 kg/ha phosphorus. Other cultural 
practices were kept same in all treatments. Cotton variety of RCH134 was planted at 
plant to plant distance of 60 cm and row to row distance of 90 cm.    
Every sub plot had 8.4 m long four rows of crop. Irrigation scheduling was conducted 
based on meteorological data. ETo (Figure 1) was calculated using meteorological data 
and multiplying it by Kc (crop coefficient) at different growth stages (ETc=ETo*Kc). 
Irrigation frequency was kept every alternate day for all treatments. NaCl and CaCl2 were 
mixed with fresh water in 1:1 ratio to prepare different salinity waters for different 
treatments. Salinity of irrigation water was measured by portable EC meter.  
Cotton harvesting was done during two times for determining earliness percentage. Mean 
boll weight and number of bolls per plant were measured before the first harvesting from 
randomly selected 5 plants in every plot. The results were analyzed using Mstatc 
computer software. 
 
 

3- RESULTS AND DISCUSSION 
 
 

The results of effect of different saline water treatments and dripper depth on cotton yield, 
mean boll weight, earliness percentage and numbers of boll per plant are shown in 
Figures 2 to 5. There was no significant difference on cotton yield among EC1, EC2 and 
EC3, while EC4 affected the cotton yield significantly (Figure 2). The highest yield with 
2397 kg/ha was obtained in EC2 treatment which was 12.7%, 15.07% and 79.8% more 
than EC1, EC3 and EC4 treatments, respectively. The lowest yield was recorded in EC4 
treatment with 37.3%, 43.9% and 36% lesser than in EC1, EC2 and EC3 treatments, 
respectively. The similar results were reported by Volkan-levy et al. (1998) and Mantell et 
al. (1985) on cotton. This is due to increased osmotic pressure of soil solution leading to 
physiological dryness and accumulation of one or more elements that may hinder uptake 
of one or more nutrient elements. This may also occur because of poor air and water 
movement and low microbial activity in treatment with high saline water. There was no 
significant difference among dripper installation depths on cotton yield while subsurface 
drip irrigation with laterals placed at a depth of 30cm decreased cotton yield at the rate of 
6.4% and 10.2% than subsurface drip irrigation with drip laterals at 15cm depth and 
surface drip irrigation treatments, respectively.  
Different levels of salinity had no significant effect on mean boll weight and earliness 
percentage (Figures 3 and 4). Mean boll weight in EC2  treatment  was highest and in 
treatment EC4 was lowest while mean boll weight in treatment EC2 was 10.4% more than 
EC4 treatment. Subsurface drip irrigation decreased mean boll weight but had no 
significant difference as compared with surface drip irrigation. Subsurface drip irrigation 
decreased yield, mean boll weight and boll number per plant than surface drip irrigation 
but increased earliness percentage. Dripper installation depth had not significant effect on 
earliness percentage but increased earliness percentage (Figure 3). 



          
Figure 2 . The effect of different saline water and lateral depth on cotton yield 

 
 

                     
Figure 3 . The effect of different saline water and lateral depth on earliness percentage 

 
The highest and lowest number of boll per plant was related to EC1and EC4 treatments. 
There was significant difference between EC1and EC4 treatments in view of numbers of 
boll per plant while EC2 and EC3 treatments had no significant difference. Subsurface drip 
irrigation with laterals placed at 15 cm depth increased numbers of boll per plant than 
surface drip irrigation however this difference was not statistically significant (Figure 5).  
This is because of leaching of salt due to monsoon rainfall in New Delhi condition. 
Amount of rainfall during 2009 year was 595mm with 515mm (86%) received during boll 
formation and boll developing stages of cotton. Before monsoon, crop height in treatment 
EC4  was noted less due to high salinity which ultimately resulted in reduction of yield and 
yield components. Cotton is considered tolerant to salinity but the crop had started 
showing salinity stress at salinity of 7.7 dS/m.    



                       
Figure 4 . The effect of different levels of saline water and lateral depth on mean boll 

weight 
 

                  
Figure 5 . The effect of different levels of saline water and lateral depth on boll number 

per plant 
 
 
Amount of irrigation water in all treatment was 275.5 mm. Cotton was irrigated every 
other day and number of irrigations was 48. Irrigation water use efficiency was obtained 
by dividing yield by the water use. Highest and lowest water use efficiency was obtained 
in EC2 and EC4 treatments 0.83 and 0.52 kg/m3/ha, respectively. Water use efficiency in 
EC4 treatment was 37, 44 and 36% lesser than in EC1, EC2 and EC3 treatments, 
respectively. Different depths of placement of drip laterals had no significant effect on the 
water use efficiency. The results are shown in Figure 6. 



                
Figure 6 . The effect of different levels of saline water and lateral depth on irrigation 

water use efficiency 
 

 
4- CONCLUSION 

 
 

Cotton is considered as a crop tolerant to salinity. Saline water up to 7.7 dS/m did not 
have any significant effect on cotton yield while irrigation of cotton by saline water at the 
level of 11 dS/m decreased cotton yield significantly. Salinity at the levels of 5 and 11 
dS/m resulted in highest and lowest cotton yields, respectively. The yield decreased 
37.3% with irrigation water having EC4 as compared to the one with EC1.  
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AND SUBSURFACE DRIP IRRIGATION  
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ABSTRACT 
 
 

A two-year field experiment was conducted in 2007 and 2008 to investigate different  
bell pepper responses to subsurface drip irrigation (SDI) and surface drip irrigation 
(DI) under four nitrogen levels: 0, 75, 150, and 300 kg/ha N (N0, N75, N150, and N300, 
respectively). Irrigation interval was set at 4 d. Bell pepper yield under SDI was 
significantly higher than that under DI by 4% in 2007 (13% in 2008). Water 
consumption under SDI was lower than that under DI by 6.7% in 2007 (7.3% in 2008). 
Meanwhile, root length density under SDI was obviously higher than that under DI by 
11.8% in 2007 (12.5% in 2008). The percentage of root length below 10 cm soil depth 
under SDI were higher than that under DI by 7%, proving that SDI promotes crop root 
growth and enhances downward root development. Soil N residue under SDI was 
lesser than that under DI. Lastly, SDI with N application of 150 kg/ha is recommended 
as an optimal fertigation practice in improving bell pepper yield and water use 
efficiency, as well as, in NO3

--N leaching.  
 
 

1. Introduction 
 
 

Agricultural production is the largest water consumer, accounting for more than 60% 
of total water consumption in China (Ministry of Water Resources of the People’s 
Republic of China, 2009). Hence, in resolving water shortage, more and more 
countries are paying greater attention to agricultural practices. The efficient utilization 
of available water resources is crucial because although China hosts 22% of the 
global population, it only has 7% and 6% of the world’s farmlands and water 
resources, respectively (National Economic and Social Development, 2008). 
Therefore，techniques to save irrigation water and increase crop water use efficiency 
(WUE) are necessary. 
Levels of nitrogen fertilizer application have increased sharply in north China in recent 
years (Zhu et al., 2005), resulting in nitrate leaching and groundwater contamination 
(Rossi et al., 1991; Cameron et al., 1997; Zhu et al., 2004). It was reported that over 
fertilization in North China is leading to high concentrations of nitrate in groundwater 
and drinking water (average of 68 mg/L) (Li et al., 2001; Zhu et al., 2004), whereas 
the percentage of applied N intake by crops is below 40% (Zhang et al., 1996).  
Therefore, there is an urgent need to maximize the use of water and fertilizer to 
minimize nitrate leaching and groundwater contamination, and to achieve optimal 
agronomic, economic, and environmental benefits. 
Surface drip irrigation (DI) introduces water and nutrients to soil surface near roots 
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through emitters. Subsurface drip irrigation (SDI) laterals are buried underground, 
supplying water and nutrients directly to root zones (Phene and Beale, 1979; Lamm, 
1995; Camp et al., 1997). DI and SDI are modern and enhanced water and fertilizer 
saving methods (Phene et al., 1991; Solomon and Jorgensen, 1992; Lamm, 1995, 
2002; Camp, 1998; Ayars et al., 1999). 
There are limited comparative studies on SDI and DI under different fertigation 
conditions. Several studies have compared the effects of SDI and DI on crop yield, 
proving that SDI generally results in higher crop yield (Hanson et al., 1997; Hanson 
and May, 2004; Gencoglan et al., 2006; Patel, 2009). 
Under SDI or DI, irrigation volume and irrigation intervals have significant impacts on 
crop growth, development, and yield. Shorter irrigation intervals from 3–6 d could 
result in higher crop yield and water use (Sezen et al., 2005, 2006; Sensoy et al., 
2007). However, different SDI frequencies (1 and 7 d) only have a slight effect on 
corn yields (Howell et al., 1997). 
Irrigation methods affect root distribution and nitrogen utilization. Under DI, roots grow 
preferentially around the wetted emitter area and are concentrated within the top 40 
cm of the soil profile (Oliveira et al., 1996; Machado et al., 2003). Larger 
concentrations of crop roots around the drip tube are found under SDI (Coelho and 
Dani, 1999; Machado et al., 2003). The center of gravity of the root system in SDI and 
DI fertigation is near the emitter below the soil surface (Hernandez et al., 1991). 
Moreover, SDI treatment results in a wider distribution of roots across the bed 
compared to DI (Zotarelli et al., 2009). Hence, SDI can reduce percolation below the 
root zone (Hanson and May, 2004) and decrease groundwater NO3

--N pollution 
(Phene, 1999). Meanwhile, too much N fertilizer application does not increase crop 
production (Camp et al., 1997; Thompson et al., 2002a-b; Sorensen et al., 2004; 
Mahajan and Singh, 2006; Cabello et al., 2009). SDI has higher soil fertility after 
potato harvesting compared to DI, although this effect is not significant (Selim et al., 
2009). 
This study aims to investigate the root development, root distribution, nitrogen 
distribution, and crop yield of bell pepper under SDI and DI, considering different 
nitrogen fertilization levels, and to determine best management practices for bell 
pepper production. 

 
 

2. Materials and methods 
 

2.1. Site description 
 

Table 1. Historical monthly and growing season climatic data of the experimental area 
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Field experiment was conducted at Yuhe Irrigation Experiment Station, Datong, 
Shanxi Province (40°06′ N, 113°20′ E, and elevation of 1052 m above sea level). The 
soil is gravelly loam with 22.5% field capacity. Groundwater level was kept at about 
19 m deep. The climate in Datong is semiarid, with an average annual precipitation of 
approximately 379 mm and an annual evaporation of about 1152 mm. More than 60% 



of the annual precipitation occurs during the growing season, which extends from late 
May to mid September. The frost-free period is about 110–130 d. Table 1 summarizes 
the monthly mean climatic data of 2007 and 2008 compared with the mean long term 
data for the experimental district. The growing season temperatures in both years 
were typical of the long term means at the site, Precipitations in 2007 growing season 
were all smaller than the long term means. Total precipitation in 2008 was coincident 
with the long term means. However, precipitations of June and September in 2008 
were greater than the long term means. Precipitation in July 2008 was 68mm lower 
than the long term means. The daily rainfall and temperature at the experimental site 
in 2007 and 2008 are shown in Figure.1. The monthly average temperatures in 2008 
were lower than those in 2007 except July, and a very low temperature (2.4 °C) in 
May 30, 2008 inhibited seedling establishment. 
 

 

 
Figure 1.  Meteorological data during the crop growth season.(a) Cumulative and 
daily average rainfall during the crop season, and (b) daily average temperature 

 
 

2.2. Experimental treatments and field preparation 
The field experiment was conducted using a randomized complete block design with 
eight treatments, including two irrigation techniques (SDI, DI) and four fertilization 
levels of 0, 75, 150, and 300 kg/ha N (N0, N75, N150, and N300, respectively) (Table.2 ). 
Each treatment was replicated thrice. There were 24 plot measuring 7 m × 3 m (6 
rows per plot) (Fig.2).  
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Table 2. Experimental treatments 

Irrigation method Treatment Nitrogen application rate (kg N·ha-1) 
Blossom and Full bearing Late stages of 

SDI 

SDI N0 0 0 0 
SDI N75 30 30 (2007)  0 15(2007)  
SDI N150 60 60(2007)  0 30(2007)  
SDI N300 120 120(2007)  60(2007)  

DI 

DI N0 0 0 0 
DI N75 30 30 (2007)  0 15(2007)   
DI N150 60 60(2007)  0 30(2007)  
DI N300 120 120(2007)  60(2007)  

 
 

 
Figure 2. Experimental plot arrangement 

 IS stands for isolation strip; N1, N2, N3, and N4 stand for nitrogen levels of 0, 75, 150, 
and 300 kg/ha, respectively 

 
The test crop was Tongfeng 16，a local variety of bell paper. Two-month-old pepper 
plants were transplanted in the field 40 cm in rows and 50 cm between plants on May 
20, 2007 and May 21, 2008. The plants were irrigated with either SDI or DI systems 
installed prior to planting. The laterals were installed between every other crop row at 
a space of 1 m, whereas the SDI laterals were buried at a depth of 20 cm between 
crop rows. Water was supplied every 4 d using laterals (Netafim super Taphoon 125) 
with 1.1 L/h of drippers discharge at a spacing of 40 cm.  
Soil water content was measured by a portable time domain reflectometry (TDR). 
Three access tubes were placed at a distance of 0, 25 and 50 cm from lateral pipes 
for each plot at a depth of 1 m. A total of 24 PVC access tubes were installed (Fig.3). 
Volumetric water content for all treatments at 0–20, 20–40, 40–60, 60–80 and 80–100 
cm layers were measured before and after each irrigation and after each rainfall. 
 



 
Figure 3. Layout of trime PVC tubes 

 
To measure leaching, a lysimeter (Fig.4) was installed for each treatment. The 
lysimeter is a rectangular plastic box measuring 70×50×90 cm. The top of the 
lysimeters were buried at 10 cm below the soil surface. The soil was back-filled in 
layers to maintain its original structure. Drainage water was collected from the outlet 
at the bottom of lysimeters using a bottle placed in a separate tube next to the 
lysimeters, and measured once every 2 d. Two crops were transplanted in each 
lysimeter. 
 

 
Figure 4. Structure of a simple lysimeter 

 
 

Table 3.  Average soil physical parameters at the experimental site 
Soil layers 

(cm) 
Texture 

Bulk density 
(g·cm-3) 

Field capacity 
(V/V, %) 

Wilting point 
(V/V, %) 

0–20 Silt loam 1.29 27.7 11.3 
20–60 Silt loam 1.46 33.3 12.7 

 
Before the plants were transplanted, three sampling points were randomly selected 
from the entire experimental field to determine basic soil parameters, including soil 
texture, bulk density, field capacity, and permanent wilting point (Table 3). 



 
2.3. Irrigation application 
Irrigation volume was determined every 4 d based on the difference between 
estimated ETp and measured effective rainfall. Penman-Monteith’s formula, 
multiplying crop coefficients from FAO-56 (Allen et al., 1998), was used to estimate 
ETp. Weather data were collected from an automatic weather station, 20 m away from 
the field site. 
 
2.4. Evapotranspiration estimation 
Actual crop evapotranspiration was estimated using the following water balance 
equation:  

cET W I P R D     
                            (1) 

where ∆W is the change of soil water storage (mm), I is irrigation amount (mm), P is 
precipitation (mm), R is surface runoff (mm), and D is the deep percolation (mm). The 
calculation soil layer was set at 0–100 cm. 
The ∆W was estimated using the change in soil water content in the soil profile. 
Surface runoff was ignored, and D was considered as the volume of water drained 
from the lysimeters. 
  
2.5. Nutrient management 
Organic fertilizer (chicken manure: 11.1 m3/ha) was uniformly applied in all plots as 
basal fertilizer before land leveling. During the growth season, urea dissolved in 
irrigation water in a fertilizer tank was applied according to nitrogen fertilization 
application levels of the different treatments. In 2007, nitrogen application was applied 
at 23 Jul, 16 Aug, 9 Sep for three different growth stages. But in 2008, nitrogen was 
applied only two times at 31 Jul, 3 Sep. 
Before and after fertilization, soil samples were collected from 0–20, 20–40, 40–60, 
60–80 and 80–100 cm soil layers and at 0, 25 and 50 cm distance from the lateral 
pipes. Soil samples were then pulverized and sifted out using a 2 mm sieve, soil (10 
g) was weighed with an electronic balance, and 50 ml KCl solution (1 mol/L) was 
added to the soil through a pipette. The samples were then shook for 1 h on a shaker, 
and filtrated through a 0.45 μm membrane after clarification. NO3

--N content in the 
soil leach liquor was calculated assuming that all NO3

--N was dissolved in water. After 
leaching, dissolved NH4

+-N and NO3
--N were determined directly by flow injection 

analysis (SAN++5000). 
 
2.6. Yield 
Bell pepper was manually picked eight times in two years (Aug 4, Aug 23, Sep 12, 
and Sep 14, 2007; and Jul 29, Aug 24, Sep 8, and Sep 12, 2008). Bell pepper yield 
was determined by harvesting bell pepper from two adjacent center rows in each plot. 
ANOVA was performed using the SPSS software package (SPSS V17.0). Significant 
differences between means for different treatments were compared using Duncan’s 
test at P <0.05. 
 
2.7. Root sampling and analysis 
Soil samples containing crop roots were taken from center rows 1 d after harvest. The 
soil surface sampling area was 40 cm × 50 cm, with a plant at the middle. Samples 
were taken at three different depths (0–10, 10–20 and 20–30 cm) in 2007, and four 
different depths (0–10, 10–20, 20–30 and 30–40 cm) in 2008. After washing away 
soils using a 0.5 mm sieve, crop roots and organic debris were stored in plastic bags 
at 4 °C until further cleaning and then placed in a glass bowl. Crop roots were 
handpicked and placed in glass dishes. Root length and other root characteristic 
parameters were determined with using the Winrhizo (Re´gent Instrument Inc., 
Quebec City, Canada) software and hardware. ANOVA was performed using the 
SPSS software package. 
  



3. Results and discussion 
 
 

3.1. Water application 
Rainfall during the crop growing season and the volume of irrigation water are shown 
in Table 4. The crops were irrigated 14 times and the total irrigation volume was 257 
mm in 2007. However, irrigation frequency was reduced to 10 times in 2008 
(164 mm). 

 
 

Table 4. Irrigation application and rainfall (mm) 
2007 Rainfall Irrigation 2008 Rainfall Irrigation

22 May 15 26 May 2  
30 May 11 1 Jun 2  
5 Jun  30 3 Jun 11  
13 Jun 22 10 Jun 10  
18 Jun 7 15 Jun 12  
26 Jun  10 17 Jun 3  
28 Jun 5 27 Jun 2  
29 Jun 6 29 Jun 26  
30 Jun 6 4 Jul 3 10 
3 Jul 5 8 Jul 10 
4 Jul 21 14 Jul 21  
9 Jul 4 16 Jul 19 

14 Jul 5 20 Jul 18 
15 Jul  31 24 Jul 21 
19 Jul  20 28 Jul 23 
22 Jul 8 31 Jul 7  
23 Jul  10 1 Aug 6 
27 Jul  16 5 Aug 22 
29 Jul 5 8 Aug 24  
30 Jul 12 9 Aug 18  
31 Jul 3 10 Aug 5  
2 Aug 7 13 Aug 16  
4 Aug  13 18 Aug 2  
7 Aug 24 21 Aug 13  

12 Aug  23 25 Aug 16 
16 Aug  25 29 Aug 8 17 
20 Aug  21 3 Sep 10  
24 Aug  24 7 Sep 14  
26 Aug 40 9 Sep 18  
28 Aug 4 16 Sep 3  
1 Sep  8 Total 230 162 
2 Sep 8  
5 Sep  8  
9 Sep  18  
13 Sep 17  
Total 234 257  

 
Average soil moisture of different points (0, 25, and 50 cm from the lateral pipes) in 
different profiles (0–20, 20–40, 40–60 cm) for two years (2007 and 2008) under the 
150 kg/ha nitrogen treatment is presented in Fig. 5a as an example for the same 
nitrogen application. Soil water content in the 0-20 cm layer fluctuating violently, and 
the moisture there under DI N150 was slightly higher than under SDI N150. Soil water 
content under SDI N150 was higher than under DI N150 in the 20–40 cm layer, and 
there were also significant fluctuations of the moisture. However, soil moisture 
remained almost the same level and fluctuations were not obvious in 40-60 cm layer 
under SDI and DI. 



Figure.5b showed the average soil moisture of three points (0, 25, and 50 cm from 
the lateral pipes) and two profiles (0–20, 20–40 cm) for two years (2007 and 2008) 
under different nitrogen application amount. All average soil moisture from 0 to 40 cm 
depth in whole growth period were maintained at above 50% available soil moisture 
except SDI N75 under SDI and DI irrigation method.  

 
3.2. Seasonal patterns of soil moisture 
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Figure 5.  Soil moisture at different layers  

a. Soil moisture in 0-20, 20-40, 40-60 cm depth under N150. 
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b. Average soil moisture of 0-40 cm depth under different nitrogen treatment. 

 
 
3.3. Root distribution 

 
 

Table 5. Root length density (RLD) of bell pepper as influenced by irrigation method 
and N application levels 

Treatment RLD(cm/cm3)
 2007  2008 

Nitrogen*  
N0 0.42c 0.18d 
N75 0.51b 0.30b 
N150 0.61a 0.33a 
N300 0.39c 0.22c 

Irrigation**  
SDI 0.51a 0.27a 
DI 0.45b 0.24b 

*Average of two irrigation methods.   **Average of four different nitrogen levels. 
 
Table 5 shows a significant difference in RLD between SDI and DI and among the 
different nitrogen levels. RLD obviously increased with increasing nitrogen levels until 
the nitrogen level reached 150 kg/ha in both years, and then it sharply decreased. 
The effect of irrigation methods on RLD was apparent; the RLD of SDI was obviously 
higher than that of DI. 
At the same fertilization level, the root length and percentage of root length in each 
layer to total root length decreased with soil depths (Table 6). The percentages of root 
length at 30-40 cm soil depth to total root length under DI and SDI were 1.25% (DI 
N150) and 2.81% (SDI N150), respectively, indicating that there were almost no bell 
pepper roots below 40 cm soil depth. Root lengths under SDI N0, SDI N75, SDI N150, 
and SDI N300 were 1.06, 1.06, 1.46, and 1.07 times longer than those under DI N0, DI 
N75, DI N150, and DI N300, respectively. The percentage of root length below 10 cm soil 
depth under SDI N150 was higher than that under DI N150 by 7%. Hence, SDI does not 
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only promote root growth but also results in deeper root development. 
 

Table 6. Bell pepper root length at different soil depths 
Depth (cm) 0–10 10–20 20–30 30–40 0–40 

DI N0 
Root length(cm) 7431 3772 719 431 12354 
Proportion (%) 53.47 27.14 5.18 3.10 100 

SDI N0 
Root length(cm) 6038 4976 1370 750 13135 
Proportion (%) 45.97 37.88 10.43 5.71 100 

DI N75 
Root length(cm) 8263 6917 1922 937 18038 
Proportion (%) 45.81 38.34 10.65 5.19 100 

SDI N75 
Root length(cm) 6923 8017 3035 1255 19231 
Proportion (%) 36.00 41.69 15.78 6.53 100 

DI N150 
Root length(cm) 11582 4588 1089 219 17479 
Proportion (%) 66.26 26.25 6.23 1.25 100 

SDI N150 
Root length(cm) 15235 7353 2319 719 25625 
Proportion (%) 59.45 28.69 9.05 2.81 100 

DI N300 
Root length(cm) 8555 4076 919 827 14377 
Proportion (%) 59.51 28.35 6.39 5.75 100 

SDI N300 
Root length(cm) 7199 6419 951 820 15390 
Proportion (%) 46.78 41.71 6.18 5.33 100 

 
Under the same irrigation methods, the impact of different nitrogen levels on RLD at 
harvest is shown in Fig.6. At 0–10 cm soil depth, RLD gradually increased with 
increasing nitrogen levels. However, at 10–20 cm soil depth, RLD declined sharply 
when the nitrogen level exceeded 150 kg/ha. These findings imply that too much 
nitrogen application inhibits root growth in deeper soil layers. 

 
Figure.6 RLD distribution during the 2007 growing season in all treatments 

3.4. NO3
--N distribution in soils 

 
Figure.7 shows NO3

--N concentrations in soil 2 d before fertilization (Aug 14), 2 d 
after fertilization (Aug 18), and 22 d after fertilization (Sep 7). 
Before fertilization, there was no significant difference in NO3

--N distribution between 
SDI and DI. However, 2 d after fertilization, NO3

--N concentrations under SDI 
treatment were distributed with a parabolic curve; the maximum value (14.2 mg/kg) 
was found at 20–40 cm soil depth. In contrast, NO3

--N concentrations under DI 
treatment declined with increasing soil depth, and a maximum concentration (15.7 
mg/kg) was obtained at the top soil (0–20 cm). Furthermore, 22 d after the 
fertilization, NO3

--N gradually moved downward due to water movement, crop growth, 
and root activities. The maximum NO3

--N concentration 22 d after fertilization under 
SDI and DI occurred at 40–60 cm and 60–80 cm, respectively. 
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Figure 7. Vertical distribution of NO3

--N concentration in soil profiles 
 
As mentioned above, bell pepper roots were concentrated at 0–40 cm soil depth. 
Nitrogen leaching below 40 cm, which was hardly useful to the plants, was of residual 
value. The maximum residual NO3

--N concentration at 40-60 cm under SDI  
(8.4 mg/kg) was far lower than that under DI treatment (13.8 mg/kg at 60–80 cm).  
Residual NO3

--N concentrations in soil profiles increased with increasing levels of 
nitrogen fertilizers (Fig. 8), but the residual of N150 was only slightly higher than N75. 
The NO3

--N residual concentration for N300 treatment was sharply higher than that for 
N150 treatment 22 d after fertilization. This tend was found in all nitrogen treatments. 
The data above show that SDI promoted the development of bell pepper roots and 
favored the establishment of intensive root layers, which can prevent nitrate leaching. 
At nitrogen level lower than 150 kg/ha, fertigation produced lesser residues. 
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Figure 8. Vertical distribution of NO3

--N as influenced by  
different nitrogen levels 3.5. ETc 

 
 
Bell pepper plants were transplanted at May 20 in 2007 and May 21 in 2008. The 
growth seasons last 118 d and 115 d separately in 2007 and 2008. 
Bell pepper ETc was calculated by formula (1). D in formula (1), the amounts of 
drainage water collected from the lysimeter are shown in Table.7.  
Table.8 shows the cumulative water consumption of bell pepper and ET0 calculated 
by Penman-Monteith’s formula during the two growing seasons. The ETc and ET0 of 
all treatments in 2008 were lower than those in 2007 due to the lower monthly 
average temperature in 2008. as compared with 2007. A very low temperature (2.4 
°C) in May 30, 2008 inhibited seedling establishment.  

 
 

Table 7. Drainage water amounts (mm) 
a. 2007 
 SDI N0 SDI N75 SDI N150 SDI N300 DI N0 DI N75 DI N150 DI N300 

16-Jul 5.2 2.4   
20-Jul 5.6  4.9   
24-Jul 6.0 2.9   
27-Jul 8.5 6.9   
5-Aug 5.7    
7-Aug   3.9   

13-Aug 4.9 5.3   
16-Aug 5.0    
17-Aug 13.9 5.9   
21-Aug 11.4 5.7 5.5   
25-Aug 11.8 5.6 3.5   
26-Aug 8.2 6.5 14.7 7.8 22.7 10.7  10.8 
2-Sep 2.1    
5-Sep 3.4    
9-Sep 1.8    

10-Sep 11.5 6.3 8.3   
Total 105 47.5 19.6 11.7 22.7 28 0 10.8 
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b. 2008 
 SDI N0 SDI N75 SDI N150 SDI N300 DI N0 DI N75 DI N150 DI N300 

9-Jul   3.6   
16-Jul 9.8 5.3 5.4 7.5   
20-Jul 16.7 15.3 12.2 18.2 3.1   
24-Jul 19.2 12.3 10.6 16.6 2.2 2.4   
25-Jul   2.3 2.1 2.6 1.2 
29-Jul 2.9 5.3 2.7 5.4 4.6 5.4  5.4 
5-Aug 10 8.4 3.5 7.2 9 7.0   

10-Aug 3.5  7.5 3.8 8.5  2.7 
Total 62.1 33.2 31.8 42.7 25 25.4 2.6 9.3 

 
 

Table 8. Cumulative water consumption under different irrigation  
and fertilization practices 

 ET0 (mm) ETc (mm)
 N0 N75 N150 N300 

2007 508 DI 407 426 451 404 
SDI 301 405 438 432 

2008 406 DI 362 387 382 382 
SDI 334 357 377 359 

 
 
The maximum and minimum water consumption were recorded for DI N150 treatment 
(451 mm) and SDI N0 treatment (301 mm), respectively, in 2007. In 2008, the 
maximum water consumption was recorded for DI N75 (387 mm), followed by DI N150 

and DI N300(382 mm). The minimum value was at 334 mm for SDI N0. Except for N300 

treatment in 2007, all cumulative water consumptions under SDI were lower than 
under DI. 
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Figure 9. Daily averaged water consumption at different growth stages 

 
 
Daily average water consumptions at different growth stage under different irrigation 
techniques (N150 treatment) are shown in Fig.9. During the seedling establishment 
period, the DI method resulted in higher daily averaged water consumption compared 
with SDI because of higher evaporation under DI. After entering the blossom and fruit-
set period, the daily average water consumption under SDI became higher than that 
under DI. This result may be attributed to faster root growth under SDI than under DI. 
At full bearing period, the plants grew vigorously, leading water consumption to reach 
its maximum. Water consumption under SDI was lower than that under DI, 
contributing to low plant height and leaf area (Fig. 10). However, daily average water 
consumption under DI was slightly lower than that under SDI at the late crop growth 
stages. 
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Figue 10. Plant height and LAI for different treatments (2007) 

 
 
There was a polynomial correlation between crop water consumption and nitrogen 
levels (Fig.11). ETc increased with increasing nitrogen levels, reaching a maximum 
value at 150 kg/ha nitrogen level. Thereafter, ETc again declined. Nitrogen became 
excessive after 150 kg/ha and too much nitrogen restricts bell pepper growth leading 
to lower ETc.   
 

 

 
Figure 11. Relationship between ETc and nitrogen levels 

 

0

2

4

6

8

10

12

19/Jun 1/Jul 13/Jul 25/Jul 6/Aug 18/Aug 30/Aug 11/Sep

LA
I

SDI N0 SDI N75 SDI N150 SDI N300

DI N0 DI N75 DI N150 DI N300

2007

ySDI = -0.0035x2 + 1.4546x + 305.09 R2 = 0.9838

yDI = -0.0018x2 + 0.5418x + 403.82  R2 = 0.9204

250

300

350

400

450

500

0 50 100 150 200 250 300
Nitrogen applied amount /kg N·ha-1

ET
c /

m
m

DI
SDI

2008

ySDI = -0.0013x2 + 0.4679x + 332.57 R2 = 0.9743

yDI = -0.0007x2 + 0.251x + 364.92 R2 = 0.7637

300

325

350

375

400

0 50 100 150 200 250 300
Nitrogen applied amount /kg N·ha-1

ET
c/m

m

DI
SDI



Table 9.  Calculated kc at each growth stage 
a. SDI N150, 2007 

 ET0 ETc Calculated kc kc recommended by FAO-
Seedling establishment 167 115 0.69 0.6 

Blossom and fruit-set period 120 101 0.84 1.05 

Full bearing period 160 191 1.19 1.05 

Late crop growth stages 60 44 0.74 0.9 

Whole growing season 508 451 0.89  

b. SDI N150, 2008 
 ET0 ETc Calculated kc kc recommended by FAO-

Seedling establishment 115 76 0.66 0.6 

Blossom and fruit-set period 107 87 0.82 1.05 

Full bearing period 115 149 1.30 1.05 

Late crop growth stages 69 65 0.93 0.9 

Whole growing season 406 377 0.93  
 
 
Crop coefficient kc for bell pepper at different growth stages for the experimental site 
under SDI N150 is shown in Table 9. At the seedling establishment and full bearing 
periods, kc values were higher than the values recommended by FAO-56. On the 
contrary, kc at the blossom and fruit-set period was higher than that recommended by 
FAO-56. Meanwhile, kc at the late crop growth stages was not stable. 
 
 
3.5. Yield and water use efficiency 
 
Bell pepper yields were measured for each treatment in 2007 and 2008. Results are 
shown in Table10 . 
 

Table 10. Bell pepper yield and WUE for different treatments 

Year Treatment  SDI DI
 Yield

1
WUE

3
Yield

1
WUE 

32007 N0  39.46 c 13.11* 36.07 b 8.87 
 N75  43.43 b 10.71 42.70 a 10.01 
 N150  46.54*a 10.64 44.72*a 9.92 
 N300  46.29 a 10.72 43.29 a 10.71* 
    

2008 N0  29.72 c 8.90 28.11 b 7.76 
 N75  35.89 b 10.06 30.44 ab 7.86 
 N150  42.83*a 11.35* 34.50*a 9.02* 
 N300  35.44 b 9.87 30.17 ab 7.90 

a, b, and c are significantly different between values at p < 0.05 using Duncan’s test. 
*Highest yield and highest WUE. 
 
Yield under SDI was significantly higher than that under DI in both years. It was 
higher by 4% and 13% in 2007 and 2008, respectively. The maximum yield was 
obtained under SDI at 150 kg/ha (SDI N150). SDI had a higher WUE than DI by 13% 
and 21% in 2007 and 2008, respectively. Maximum WUEs were obtained under SDI 
without nitrogen supply (SDI N0) in 2007 and under SDI with 150 kg/ha (SDI N150) in 
2008. 
Standard ANOVA was carried out with Duncan’s test at the 0.05 level of significance. 
The level of fertilizer application showed a significant effect on bell pepper yield. The 
relationship between yield and the level of fertilization nitrogen was conical, the yield 
increased with urea fertilization up to a point (150–200 kg/ha N) when fertilization 
became excessive.  



The variance analysis indicated that experimental years (Y), irrigation methods (I) and 
nitrogen application amounts (N), significantly influenced pepper yields (Table 11). 
There was no significant interaction effect among Y, I and N, except between Y×I. 

 
Figure 12. Relationship between yield and ETc 

 
There was a significantly polynomial correlation between bell pepper yield and 
cumulative water consumption (Fig.12). Bell pepper yield was improved when water 
consumption increased at a certain range. 

 
 

4. Conclusions 
 
 
Bell pepper yield under SDI was significantly higher than that under DI in both years. 
The highest yield (46.54 t/ha) was recorded in the case of SDI at 150 kg/ha (SDI 
N150). The lowest yield (28.11 t/ha) was recorded in the case of DI with no after-
manuring (SDI N0).  
Compared with DI, all treatments of SDI had lower water consumption. The total root 
length densities from 0–40 cm soil depth and the percentage of root length below 10 
cm under SDI are higher than under DI. SDI does not only promote crop root growth; 
it also enhances the downward development of roots. There are lesser soil N 
residues under SDI than under DI. Consequently, the experiment obtained a 
preliminary conclusion that SDI was more beneficial to the growth of bell pepper than 
DI. 
From the perspective of increasing bell pepper yield and WUE, as well as reducing 
NO3

--N leaching, SDI with N application of 150 kg/ha is the optimal fertigation 
practice. 

 
 

References 
 
 

1. Allen Richard G., Pereira Luis S., Raes Dirk, Smith Martin. (1998). Crop 
evapotranspiration – Guidelines for computing crop water requirements. FAO 
Irrigation and drainage paper 56.  

2. Ayars J. E., Phene C. J., Hutmacher R. B., et al. (1999). Subsurface drip irrigation 
of row crops ： a review of 15 years of research at the Water Management 
Research Laboratory. Agricultural Water Management 42: 1-27. 

3. Camp, C. R.. (1998). Subsurface drip irrigation: a review. Transactions of the 
ASAE 41(5):1353-1367. 

4. Coelho Eugenio F., Or Dani. (1999) . Root distribution and water uptake patterns 
of corn under surface and subsurface drip irrigation. Plant and Soil 206: 123–136. 

yDI = -0.0017x2 + 1.6077x - 337.24

R2 = 0.7286

ySDI = -0.0013x2 + 1.1859x - 217.71

R2 = 0.9131

20

25

30

35

40

45

50

300 350 400 450 500
ETc /mm

Y
ie

ld
 /t

·h
a-1

SDI
DI



5. Gencoglan Cafer, Altunbey Hasibe, Gencoglan Serpil. (2006) . Response of green 
bean (P. vulgaris L.) to subsurface drip irrigation and partial rootzone-drying 
irrigation. Agricultural Water Management 84:274-280. 

6. Hanson B.R., Schwa&l L.J., Schulbach K.F.. (1997). A comparison of furrow, 
surface drip, and subsurface drip irrigation on lettuce yield and applied water. 
Agricultural Water Management 33:139-157. 

7. Hanson B.R., May D.. (2004). Effect of subsurface drip irrigation on processing 
tomato yield, water table depth, soil salinity, and profitability. Agricultural Water 
Management 68:1-17. 

8. Hernandez J. J. Martinez , Yosef B. Bar, Kaikafi U.. (1991). Effect of surface and 
subsurface drip fertigation sweet corn rooting, uptake, dry matter production and 
yield. Irrigation Science 12:153-159 

9. Howell T. A., Schneider A. D., Evett S. R. (1997). Subsurface and surface 
microirrigation of corn - Southern High Plain. Transactions of ASABE 40(3): 
635～641. 

10. Lamm, F.R., Manges, H. L., Stone, L. R., Khan, A. H., Rogers, D. H.. (1995). 
Water requirement of subsurface drip-irrigated corn in northwest Kansas. 
Transactions of the ASABE 38(2):441-448. 

11. Lamm F.R. (ed.). (1995). Microirrigation for a changing world: Conserving 
resources/ preserving the environment. In Proceeding of the Fifth International 
Microirrigation Congress. St. Joseph, Mich.: ASAE. 

12. Lamm F.R. (2002). Advantages and disadvantages of subsurface drip irrigation. 
International Meeting on Advances in Drip/Micro Irrigation. 

13. Lamm, F. R., Trooien, ToddP.. (2003). Subsurface drip irrigation for corn 
production: a review of 10 years of research in Kansas. Irrigation Science 22(3-
4):195-200. 

14. Machado Rui M.A., Ros´ario Maria do, Oliveira G., Portas Carlos A. M.. (2003).  
Tomato root distribution, yield and fruit quality under subsurface drip irrigation. 
Plant and Soil 255: 333–341. 

15. Mahajan Gulshan, Singh K.G.. (2006). Response of Greenhouse tomato to 
irrigation and fertigation. Agricultural Water Management 84: 202-206. 

16. National Economic and Social Development. (2008). Statistical Communique of 
the People’s Republic of China. 

17. http://www.stats.gov.cn/tjgb/ndtjgb/qgndtjgb/t20090226_402540710.htm 
18. Oliveira M.R.G., Calado A.M., Portas C.A.M.. (1996). Tomato root distribution 

under drip irrigation. J. Am. Soc. Hort. Sci. 121(4):644–648. 
19. Patel Neelam, T.B.S. (2009). Effect of subsurface drip irrigation on onion yield. 

Irrigation Science 27:97–108. 
20. Phene C. J., and Beale O. W.. (1979). Influence of twin-row spacing and nitrogen 

rates on high-frequency trickle-irrigated sweet corn. Soil Sci. Soc. Am. J. 43(5): 
1216-1221. 

21. Phene, C. J., Davis, K. R., Hutmacher, R. B., Bar-Yosef, B., Meek, D. W., Misaki, 
J.. (1991). Effect of high frequency surface and subsurface drip irrigation on root 
distribution of sweet corn. Irrigation Science 12(3):135-140. 

22. Sezen S. Metin, Yazar Attila, Canbolat Muzaffer, Eker Salim, Celikel Gulendam. 
(2005). Effect of drip irrigation management on yield and quality of field grown 
green beans. Agricultural Water Management 71: 243-255. 

23. Sezen S. Metin, Yazar Attila, Eker Salim. (2006). Effect of drip irrigation regimes 
on yield and quality of field grown bell pepper. Agricultural Water Management 81: 
115–131. 

24. Solomon, K. H., Jorgensen, G.. (1992). Subsurface drip irrigation. Grounds 
Maintenance 27(10):24-26. 

25. The Ministry of Water Resources of the People’s Republic of China. 2008. China 
Water Resources Bulletin. China Water Power Press.  

26. Zotarelli Lincoln, Scholberg Johannes M., Dukes Michael D.. (2009). Tomato yield, 
biomass accumulation, root distribution and irrigation water use efficiency on a 
sandy soil, as affected by nitrogen rate and irrigation scheduling. Agricultural 
Water Management 96: 23–34. 



RESTRICTIVE IRRIGATION UNDER SUBSURFACE DRIP 
IRRIGATION IN A MEDITERRANEAN CLIMATE: 

MODELLING APPLICATIONS TO A LOAMY SOIL WITH 
CORN 

 
 

Mailhol, J.C., Ruelle, P., Dejean, C.1 
 
 
 
 

ABSTRACT 
 
 

This work deals with the analysis of conditions under which subsurface drip irrigation 
(SDI) can play a major role in water savings while insuring an acceptable crop yield 
level. Technical solutions for water savings have been implemented during 2 irrigation 
seasons (2008-2009 at Cemagref institute (Montpellier, SE, France) for a corn crop. 
They refer to buried drip irrigation. The later, even under the severe 2009 drought 
appears as very promising in terms of water productivity. This work focuses on the 
soil water and transfer under drip irrigation in relation with crop production. At this 
end, PILOTE, a crop model have been adapted to the specificity of the irrigation 
system and associated with the 2D numerical code Hydrus-2D. For the latter a 
special attention was paid to the root system behaviour under restrictive water 
conditions in view of proposing an adapted modelling approach for these conditions. 
Indeed, the presence of heterogeneous soil water content zones, exacerbated by the 
restrictive water application conditions, forces the plant adopting compensating 
processes to match the climatic demand. In other words, plant removes its water 
uptake capabilities to soil zones where water is more available. In the last Hydrus-2d 
version the compensated root water uptake process has not been implemented yet. 
Such a model version is not able to mimic this physiological behaviour, and 
consequently underestimate actual evapotranspiration, an essential condition for a 
correct yield prediction. When pedo-climatic conditions contribute to a good 
installation of the root system, PILOTE, an adapted lumped crop model regarding the 
root water uptake process, allows a satisfactory prediction of AET and corn yields. 
Considering the narrow relationship existing between Yield and actual 
evapotranpiration, such a relationship established by PILOTE in the application 
context, associated with the generic numerical code Hydrus-2D could be used to 
expand the domain of validation of PILOTE. 

 
key words: Subsurface Drip Irrigation, crop model, Hydrus-2D, water productivity, 
actual evapotranspiration.  
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RESUME 
 
 

L’irrigation  goutte à goutte enterrée (SDI) présente des potentialités certaines pour 
économiser l’eau tout en garantissant un bon niveau de production. Cette technique 
est relativement peu étudiée en conditions d’irrigation restrictive et plus 
particulièrement en  grandes cultures. L’objet de ce travail et d’analyser la possibilité 
d’irriguer une culture  comme le maïs selon ce système en contexte méditerranéen et 
sous irrigation restrictive. En effet des efforts supplémentaires seront demandés aux 
agriculteurs en  termes d’économies d’eau dans une perspective de changement 
climatique. Il faudra alors être à même non seulement de proposer un écartement 
des gaines adapté au contexte d’une part et, d’autre part, une stratégie d’irrigation 
visant à maximiser le rendement sous contrainte hydrique. Un tel objectif peut être 
atteint grâce à la modélisation. Celle-ci doit résulter du  couplage un modèle de 
transfert de l’eau dans le sol de type 2D à un modèle de culture pour prédire les 
rendements. A notre connaissance ce type de modèle n’existe pas encore. 
Cependant, on montre ici, à la faveur de deux années d’essais climatiquement 
contrastées, que le modèle de culture PILOTE,  adapté à l’irrigation enterrée,  permet 
de simuler de façon satisfaisante l’évapotranspiration réelle et les rendements du 
maïs en sol limoneux et ce, pour deux écartement de gaines : 120 et 160 cm. Dans  
ce type de sol généralement bien alimenté par les pluies de printemps favorisant la 
mise en place du système racinaire, PILOTE, un modèle  opérationnel, peut être 
utilisé en vue d’améliorer la productivité de l’eau sous SDI. Cependant pour des 
objectifs plus ambitieux comme le choix d’écartements de gaine dans d’autre 
contexte et l’identification de stratégies associées à de nouveaux contextes de sol 
tels que des sol plus grossiers par exemple PILOTE affiche ses limites. Afin d’étendre 
ces limites on a étudié dans le cadre de ce travail, la possibilité d’associer PILOTE au 
code numérique Hydrus-2D, un modèle à bases physiques pour simuler les transferts 
2D eau-solutés dans le sol.  Cette association est conçue sur la base d’une relation 
liant le rendement à l’évapotranspiration réelle (ETR). Il est alors possible de simuler 
le transfert d’eau selon un processus 2D quel que soit le type de sol ainsi que ETR 
sur l’ensemble du cycle pour en déduire le rendement. Cependant en raison d’une 
distribution hétérogène de l’humidité du sol inhérente au système d’irrigation d’une 
part et, d’autre part en raison d’une pratique d’irrigation restrictive générant du stress 
hydrique, la plante met œuvre un processus de compensation du prélèvement de 
l’eau. Cela signifie qu’elle reporte ses potentialités d’extraction vers les zones où 
l’eau est plus disponible. Ce phénomène n’est pas encore intégré dans les dernières 
versions d’Hydrus. Cela met en lumière les avantages d’un modèle d’extraction de 
type global comme PILOTE sur un modèle où le processus d’extraction de l’eau est 
distribué comme dans Hydrus qui en conditions de stress trop prononcé sous estime 
ETR 
 
MOTS CLES: goutte à goutte enterré, modèle de culture, Hydrus-2D, productivité de 
l’eau, évapotranspiration réelle.  
 
 

INTRODUCTION 
 
 

Mediterranean countries face more and more drastic water scarcity. Consequently, 
farmers are encouraged to adopt efficient irrigation systems. Sub-surface drip 
irrigation (SDI), considered as an innovative irrigation system, has capabilities to 
improve the irrigation water productivity. That is due to a reduction of evaporation 
losses and to its good efficiency compared with sprinkler irrigation  affected in 



Maghreb countries by maintenance problems. But, as the water resource is more and 
more subject to conflicts between different users, supplementary efforts from farmers 
are required to save water by optimizing their irrigation strategies. This can promote 
the application of restrictive irrigation strategies (RIS) which can be very far from the 
classical drip irrigation consisting to apply little doses at high frequency. The latter 
being generally touted as a major advantage of micro irrigation, although studies have 
shown that it is not generalizable depending on soil, crop type and its environmental 
context as for corn for instance (Lam and Trooien, 2003). On the favour of field 
experiments carried out on a loamy soil plot with corn during two contrasted climatic 
seasons in SE of France one can chow that RIS with SDI systems can give high 
irrigation water productivity. To analyse the pertinence of this results under less 
favourable pedo-climatic contexts, modelling appears as an interesting tool. Since the 
role of irrigation being to grow the plant, a modelling approach coupling a 2D water 
transfer model with a crop model is the required tool. In addition, such a modelling 
could be useful for identifying the optimal solution, from an economic point of view, 
regarding the choice of lateral spacings under a pedo-climatic context and for a given 
crop. Nevertheless, such a model according to our knowledge does not exist yet. The 
reference numerical code Hydrus-2D (Simunek et al., 1999), is widely used for 
simulating the 2D soil water transfer under bare or cropped soils (Skaggs et al., 2004; 
Assouline et al., 2006; Arbat et al., 2008; Patel and Rajput, 2008, Mubarak et al., 
2010; Mailhol et al., 2011), only. One can also note that root progression is not 
simulated by the model. As a consequence, the simulation over a cropping cycle is 
not very convenient (Mubarak et al., 2010; Mailhol et al., 2011). More over, a solution 
proposed by Simunek and Hopmans 2009) to the compensated root water uptake 
phenomenon, is not integrated yet in the last Hydrus versions. As widely evoked in 
Mailhol et al., (2011), this is an important characteristic of the plant. This physiological 
phenomenon initiated by the plant to survive consists to transfer its uptake 
capabilities to soil regions where water is more available. It seems evident, that such 
a phenomenon has to be taken into consideration under an irrigation system having 
the specificity to generate a variable wetting pattern and more especially under 
restrictive irrigation. 
 Before considering a complex modelling approach based on a 2D soil water transfer 
process with a distributed rooting pattern, it appears necessary to see if a more 
operative one cannot be used. PILOTE (Mailhol et al., 1997; Khaledian et al., 2009), a 
crop model where the soil water obeys to a 1D water transfer process and the root 
water uptake is based on a lumped model, after a simple adaptation to the SDI 
system has shown noticeable capacities to predict actual evapotranspiration (AET) 
and corn yield under a loamy soil conditions in SE of France (Mailhol et al., 2011).But, 
even if good results were obtained in such soil conditions for lateral spacing of 1.2 m 
and  acceptable  for lateral spacing of 1.6 m, the application to other soil types is still 
questionable. The objective of this work is to present the basic concepts of a more 
generic modelling approach allowing the yield prediction of a SDI irrigated crop. 

 
 

MATERIALS AND METHODS 
 
 
Field experiments were carried out on a deep loamy soil (20% clay, 47% silt, 33% 
sand) with corn at the Cemagref institute of Montpellier (SE of France) during two 
contrasted climatic years. This soil type has a holding capacity of 180 mm/m. A 
complete meteorological station exists on the site for evaluating the reference 
evapotranspiration (Allen et al., 1994). Cumulative ETref was of 600 mm in 2008 and 
680 mm in 2009 on the cropping cycle duration. Significant rainfall ceased at mid 
June in 2008 while at mid May in 2009 which was hotter than 2008.The SDI system 
was tested on two treatment namely SDI120 and SDI160 in reference to the spacing 
(1.2 and 1.6 m respectively) of the laterals buried at a 35 cm depth, using Chapin drip 
tapes (Jain Irrigation System Ltd, Jalgaon, India).Each treatment had an area of 1200 



m2 (60 m length, 20 m width).  Maïze (cv. Pioneer  PR35Y65) was sown on April 24 
for the two seasons except for SDI120 in 2009 which was sown on May 7th, at a 
density of 9 Plt/m2 , the plant density being of 8 Plt/m2 for SDI160. For evaluating 
irrigation water productivity under SDI, the experiment was completed by two rainfed 
treatments in 2009: R160 and R120, each one having the same planting 
characteristics of their homologous SDI treatments. Due to problems during seeding 
in 2009, the buried pipes are not located between two corn rows. That resulted in an 
asymmetric SDI system more especially for SDI160 where some corn row are far 
from the pipe while others are close. Irrigation was done at a discharge rate of 2.8 Lh-

1m-1, and at a pressure of 0.7 bar. The irrigation strategy was applied in order to reach 
approximately 70% of the maximum water requirements. But, it was different for the 
two years. That of 2008 consisted to irrigate at low dose and high frequency while 
that of 2009 consisted to irrigate at high dose and low frequency, the objective being 
also to apply a same water amount for the two SDI treatments. Accounting for climate 
and plant growth irrigation doses were around 5 to 12 mm every two days and 10 to 
30 mm once a week, for the two years respectively. The water application depths 
(WAD) do not differ a lot between the two years: 235, and 250 mm in 2008 for SDI120 
and SDI160 respectively and 240 mm for the two SDI treatments in 2009.  
For each treatment an access tube (T1) for the neutron probe was installed to a depth 
of 150 cm at the vertical of the crop row in 2008 and a second (T2) near the pipe and 
at the inter-row (T3) in 2009. The periodicity of measurements was approximately one 
week. A series of mercury tensiometers were installed at 10, 20, 30, 45, 60, 75, 90, 
110, 130 and 150 cm depth on a crop line of each treatment. The latter were useful to 
eventually update the irrigation dose in order to mitigate drainage risks. For analyzing 
the evolution of the wetting pattern under irrigation, two capacitance sensors placed 
in access tube (EnviroSMART) were vertically installed, a first under row and, a 
second at 15 cm from the buried dripper line. 
Leaf area index (LAI) was monitored each week using the LAI2000 (LI-COR Plant 
Canopy Analyser). Plant samples were collected after maturity for evaluating total dry 
matter and grain yield according to the protocol described in Mailhol et al., (1997) and 
Khaledian et al., (2009).At harvest a soil profile was dug by a backhoe to analyse the 
root distribution perpendicularly to the drip lines. Root repartition was described on a 
grid of 5 cm x 5 cm (Fig. 1) using a qualitative root index varying between 0 and 5 as 
explained in Mubarak et al., (2009). For more details the reader can refer to Mailhol et 
al., (2011). 
 

 
Figure 1. Position of the grid in the soil profile for analyzing root repartition 

 
 

RESULTS 
 

The root system under SDI 
 
The root system pattern plays a major role in the water uptake process under SDI. A 
mean value of the index was calculated for each depth and on the North side and 

5x5 cm  

40 or 30 cm 

35 cm 

Soil 

drip tape 

40 or 30  cm 

North South 



South side of the profile to examine possible effect of drip tape and its wet bulb on 
root repartition.  We can see that maximum rooting depth is around 1.2 m and most of 
the roots are observed in the first 40 to 50 cm whatever the case. In the asymmetric 
case, root density is much higher under pipe (35 cm at the vertical of the row) than in 
2008 where the pipe is more or less exactly between the rows. 
The map of the root index (RI) indicates that the roots are present in the whole of the 
domain even far from the buried pipe.  High RI values often coincide with the local 
presence organic matter (crop residues). That still underlines the existing difficulty to 
model the root system distribution for simulating the plant water uptake process. For 
instance, the presence of roots more especially in the vicinity of the soil surface does not 
mean that they remained active along the cropping cycle as further seen. The high RI 
values close to soil surface is probably due to the fact that rainy events at the end of April 
(33 mm) and at mid May (17 mm) have contributed to a good installation of the root 
system of  the SDI160 treatment. A same configuration of RI can be noticed for SDI120, 
but with lower RI values, maximal RI not exciding 3.5, due to a later sowing date than 
SDI160. After observations done on other sites, when the drip line is under a corn row, a 
high increase of root density can be seen under the drip line for a depth of 40 cm or more. 
A same effect existed for SD120 with a drip line 15 cm apart the corn row. It can be 
concluded that drip line has a noticeable effect on root development when the distance 
drip line-crop is short. Such root density configuration was not observed in 2008 with 
laterals placed at mid distance from crop rows.   
 
Analysis of soil water content profile from neutron probe measurements and 
tensiometer readings. 
 
In 2008, soil contribution to plant water supply is particularly well highlighted on 
SDI160 confirming that soil participation to the plant water supply legitimates 
strategies at low irrigation frequencies such as those applied in 2009. For both 
treatments corn uptakes water until 1.20 m at least while tensiometer monitoring for 
both SDI treatment in 2008 do not reveal drainage losses. At the opposite, SDI 
treatments in 2009 revealed drainage losses under pipe (case where the pipe is 
under crop) during short periods corresponding to a WAD > 20 mm delivered at the 
beginning of the irrigation season when the plant water uptake rate is low yet. 
In 2009, water storages calculated on a thickness of 30 cm, from the soil surface to 
150 cm, were continuously decreasing on T1 and T2  for both treatments and are 
similar under 120 cm at the end of the cropping cycle. The fact that a comparable 
trend is not observable for T3 of SDI160 results from the lateral spacing, a spacing of 
1.2 m only, would allow the maintain of a root activity much greater in the vicinity of 
SDI120 T2 than in the vicinity of SDI160 T3. On SDI120, under deficit irrigation, crop 
is also more able to use a high amount of the soil water than on SDI160. 
Analysis of the Soil moisture evolution from Envirosmart sensors 
 
SDI160 case in 2008 
 
The analysis of the sensor responses to irrigation events shows that irrigation water 
reached only a depth of 45 cm: and there is no increase of the signal of the deeper 
layers. The highest sensor response was obtained at 33 cm depth. For the deeper 
layers, there was a small decrease of the signal meaning that crop took up water from 
soil storage. The analysis of sensor responses installed under the corn row shows 
that lateral diffusion did not reach the corn row, meaning that lateral diffusion is lower 
than 30 cm.  
 
SDI120 in 2009: an asymmetric case (row at 45 cm from pipe instead of 30 cm 
for a symmetric case)  
 
Under SDI120 the irrigation impact is not perceptible at the vertical of the crop 
between 0.1 to 0.6 m depth. That seems logical with such high distances from the 
dripper line: 45 cm for this asymmetric configuration. In the inter-row (13 cm from 



pipe) the water front reaches 1 m depth but does not seem to go deeper. The first 
irrigation (11,6 mm) does not inverse the decreasing trend of the soil water content 
under  row at the opposite of  the inter-row where the water variations can be seen 
down to 0,5 m deep. The second irrigation stops the decreasing trend under row and 
even generated a sensitive increase of the soil water content at a depth of 0.7 m at 
the opposite of 2008 due to high WADs delivered at a low frequency. That is 
interesting in term of horizontal water diffusion even at a depth greater than 0.65 m, 
when assuming this water amount will be profitable to plant and will not contribute to 
eventual drainage losses. Indeed, the water diffusion process, enhanced by the soil 
water deficit before irrigation (Philip, 1984), would reach parts of the root system at 
deeper layers. These effects resulted in a wetting zone display at around 0.7 m depth 
as schematized by Fig.2, the lateral extension of the wetted zone being maximum 
around 45 cm from the drip line at 70 cm depth 
 
 

 
 

Figure 2. Approximate shape of the wetted area after an irrigation of 
34mm on the 30th of June on SDI 120 

 
Yield results in 2009 
 
Due to the asymmetry problems the yields present a high variability the latter being a 
little higher for SDI160 than for SDI120. The averaged deviation between yield row N 
and yield row S is the lowest (3.6 vs 5 Mg/ha) for this treatment. For SDI120, 
averaged yields are 19 Mg/ha and 11.8 Mg/ha for total dry mater (TDM) and grain 
yield (GY at15% humidity) with a coefficient of variation Cv =21%. These values are 
of 20 and 11.8 Mg/ha respectively for TDM and GY for a same water amount of 250 
mm. Note that averaged yield for SDI120 would have probably been higher than 
which of SDI160 if both were sown at the same date. As confirmed by the two no 
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irrigated treatments the yields are higher for the maize sown earlier: 8.4 vs 7.5 T/ha 
for TDM and 3.3 Vs 2.5 T/ha for GY. For the full irrigated treatment (the surface drip 
system) TDM and GY are 16 and 25 Mg/ha respectively for a water amount of 350 
mm. For these three treatments, the Cv value is lower than 10%. 
 
Modelling  
For a linear source, with a distance between two emitters is of 30 cm water transfer 
can be assumed to be ruled by a 2D process (Skaggs et al., 2004; Patel and Rajput, 
2008; Mubarak et al., 2009b). This multidirectional water transfer rise questions about 
the interest of a 1D model such as PILOTE for SDI even adapted to this irrigation 
system (Maihol et al., 2011). This adaptation consists in delivering the dose directly to 
the second reservoir avoiding thus evaporation. However, when PILOTE applications 
to SDI are limited to AET and yield simulations this model is an interesting alternative 
to other models much more complex for identifying irrigation strategies under a water 
scarcity context. LAI and the soil water reserve (SWR) evolution are amongst the 

main PILOTE outputs. SWR on the maximal root depth Px ( 
Px

dzzSWR
0

)( ), 

where � is soil water content. 
Hydrus-2D is particularly well adapted to this 2D water transfer. It is used here for 
dealing with the problem of the plant water uptake process under severe water stress 
conditions in comparison with PILOTE on the basis of AET and SWR simulations. In 
Hydrus-2D, SWR is simulated both under crop and under pipe at the opposite of 
PILOTE which can only give a lumped formulation of the soil water balance illustrated 
by the evolution of SWR. 
 Note that a narrow relationship exits between AET and yield (Howell and Musick, 
1985; Jones, 1992). The latter is confirmed by the following relationship: 
 
TDM(Mg/ha) = 0.056AET – 6.75       (1) 
 
With a coefficient of determination   R2 = 0.983. It is derived from PILOTE simulations 
for the two corn varieties studied at Lavalette (Khaledian et al., 2009) between 1998 
and 2007 irrigated with different irrigation systems. The Hydrus-2D implementation 
under our experimental context is described in Mubarak et al., (2009) and Mailhol et 
al., (2011). A correct LAI simulation is a required condition to simulate well SWR. One 
can say that PILOTE gives acceptable LAI simulations for the two SDI treatments 
Fig.3. Note that when LAI is greater than 3.5 maximal evapotranspiration is not 
affected by a LAI fluctuation, due to the exponential function linking the crop 
coefficient to LAI used in PILOTE. 
 

 
Figure 3. Simulated LAI by PILOTE under SDI120 (a) and SDI160 (b) with Ce, the 

efficiency criterion of Nash-Sutcliffe (ASCE, 1993) 
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An example of SWR simulations on the SDI120 case can be seen on Fig.4. PILOTE, 
a lumped root water uptake model does not gives substantial gaps with measured 
SWR compared with Hydrus-2D under the asymmetric context of 2009. SWR 
simulations for SDI160 present similar results. One can see that at the beginning of 
the cropping cycle SWR under pipe and under crop differ very significantly from 
DOY165 to DOY180 due to frequent and substantial water application depths and a 
water demand still low for this period. But they converge at the end of the cropping 
cycle because pipe is close to the plant rows and irrigation is less frequent. Note that, 
slight adjustments of the Hydrus-2D rooting pattern have been performed in order to 
fit as well as possible observed SWR’s. The yields are well enough simulated by 
PILOTE (Table 1) with regard to measured yield variability in 2009. Since Hydrus is 
not a crop model and consequently does not simulate the crop yields. However, it is 
possible to use Eq(1) for estimating TDM yields then GY when assuming a  harvest 
index of 0.5 for corn, (Mailhol et al., 2004; Khaledian et al., 2009). Table 2 presents 
the TDM estimations obtained by E(1). Under severe water stress conditions this 
Hydrus-2D version which does not simulated the root compensated water uptake 
process (CRWUP) yet, underestimated AET and consequently TDM, at the opposite 
of PILOTE. In a lumped root water uptake model such as PILOTE, CRWUP is 
conceptually integrated to the capacitive approach since the water uptake process is 
completely confined in the soil reservoir, the water of which governs the stress 
function. 
 
Water productivity (WP) of irrigation: the ratio of the gain yield resulting from irrigation 
by the water amount applied is higher for SDI120 (3.76 kg/m3) than for SDI160 (3.41 
kg/m3). Such a result could have been obtained using PILOTE for the loamy soil 
context. Far from these environmental conditions, PILOTE would not be so accurate. 
For instance it could not be recommended to test different lateral spacing associated 
to irrigation strategies on a coarser soil type. Associating Hydrus-2D to a relationship 
such as which proposed by Eq(1) could be a solution to compensate the lack of a 
predictive crop model adapted to SDI. 
 

Figure 4. Soil Water Reserve (SWR) simulation by PILOTE and Hydrus on SDI120 
under pipe (a) and under crop row (b) in 2009. 

 
  



 
Table 1. Yields (TDM and GY) measured and simulated by PILOTE in 2008-2009 

with water application depth (WAD) 
 

Year Treatments Measured Mg/ha) Simulated (Mg/ha) WAD (mm) 

 
 

2008 

 
SDI160 

24 24 
238 

15 14.7 
 

SDI120 
26 25.6 

250 
15 15.2 

    

 
 
 
 

2009 

RF60 
7.5 
2.5 

7.0 0 
2.5  

RF75 
8.4 
3.3 

8.0 0 
3.1  

SDI160 
19.7 
11.8 

20.5 249 
12.5  

SDI120 
19 

11.8 
19.7 247 
11.7  

 
 
Table 2. Cumulative seasonal AET (mm) and TDM (Mg/ha) evaluated by Hydrus-2D 
and PILOTE from Eq (1). 
Year Treatment AET(Hyd) TDM(Hyd) AET(Pil) TDM(Pil) TDM(Measured) 
2008  SDI120 545 23.8 585 26.1 26 
2008  SDI160 526 22.8 561 24.7 24 
2009  SDI120 395 15.5 449 18.5 19 
2009  SDI160 435 17.5 480 20.2 19.7 

 
 
 

CONCLUSION 
 
 
SDI can be a solution to save water under limited resource conditions, with relative 
high WP values. On the loamy soil case even with moderate rainfalls during Spring, 
SDI160 is a solution to the problem of water scarcity that would merit to be 
economically analysed on the corn case. The different apparatus used in our loamy 
soil plot revealed the wetted zone is far to concern the whole of the rooting pattern 
more especially under an asymmetric context with some rows far from the drip line. 
Undoubtedly, under restrictive irrigation plant removes its capabilities of water uptake 
from stressed regions to unstressed region of the soil domain. This compensated root 
water uptake phenomenon (CRWUP) has to be taken into account when modelling 
the 2D soil water transfer for improving the crop yield predictions. At the opposite of 
distributed root water uptake model, a lumped water uptake model which integrates 
this CRWUP can accurately predict AET and yield under peculiar soil conditions.  But, 
the domain of validity regarding a simple model such as PILOTE must be well 
identified. Indeed, due to its operative character this model can be easily used for 
identifying irrigation strategies that optimize yield under limited water conditions. 
Assuming that it is possible to establish a relationship such as Eq(1) whatever the 
considered crop, associating  PILOTE  to a generic 2D soil water transfer model such 
as Hydrus-2D would allow an expansion of  the restrictive domain of application of 
PILOTE.  
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RESPONSE OF FRAGRANT PEAR GROWTH TO 
DIFFERENT MICRO-IRRIGATION CONDITIONS 

 
 

Zhao Zhi1, Huang Xingfa2, Wu Yang3, Wang Wei4  
 
 
 
 

ABSTRACT 
 
 
The situation that water is becoming increasingly scarce and micro-irrigation can 
enhance water use efficiency is recognized worldwide. Until now, the Korla fragrant pear 
trees were irrigated by traditional flood irrigation in the west of China, so there is great 
potential to cut down agricultural water use. The response of fragrant pear trees to 
micro-irrigation management under field conditions in Xinjiang Uygur Autonomous 
Region was conducted in 2009. There were four irrigation approaches: (1) surface drip 
irrigation; (2) subsurface drip irrigation; (3) micro–sprinkling irrigation; (4) traditional flood 
irrigation. Three micro-irrigation treatments were fully irrigated to the 80% ET every 
week during the whole growing season. Soil water potential, vegetative growth, 
production and fruit quality were measured in this experiment.  
Micro-irrigation treatments could save 700mm of total irrigation water, 50% of that with 
flood irrigation. Results indicated that pear fruit yield and fruit quality were slightly 
influenced. In particular, the VC content of pears at micro-sprinkler treatment exceeded 
60% of that with flood irrigation, at the level of 0.24mg/100g. Wherefore, changing the 
inefficient irrigation method to micro-irrigation is necessary for Korla fragrant pear in 
Xinjiang region. 
 
 

1. INTRODUCTION 
 
 

Located in the middle of Eurasia, Xinjiang Uygur Autonomous Region has an arid 
climate and low precipitation. The mean annual precipitation is less than 150mm 
(Zhang Wangfeng, 2002). However, as the main commercial crop, Korla fragrant pear 
is still irrigated by traditional flood irrigation, which causes great waste of water. 
Micro-irrigation technology has excellent superiority in water saving and increasing 
production. In recent years, micro-irrigation has a rapid expansion in developing 
countries. Especially, a number of scientists concentrate on studying subsurface drip 
irrigation (Li Guangyong, 2001). Micro-irrigation has found an increasingly wide 
utilization in corn, vegetable and fruit, etc., but the related research on Korla fragrant 
pear is scarce and rare (Thind H S, 2007; Metin S Sezen, 2001). Up to 2010, the 
orchard area of fragrant pear had been enlarged to a large scale as a part of the 
special types of fruits. The area of special fruit industry will reach to one million 
hectares in Xinjiang Uygur Autonomous Region, while 800,000 ha around Xinjiang's 
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Tarim Basin. Therefore, if the inefficient irrigation regime can be changed into drip 
irrigation, there will be huge potential for water saving and multiply advantages. On the 
one hand, with intelligent control, the user can adjust the time and quantity of irrigation 
conveniently; on the other hand, based on micro-irrigation technology, advanced 
irrigation management, such as regulated deficit irrigation( Mitchell P D, 1984; 
Perez-Perez J G, 2009) and alternate partial root-zone irrigation (Claudia R de Souza, 
2003), could put into real practice. Wherefore, this is the basic work of the whole study. 
Fragrant pear is famous for its distinctive taste and rich nutrients, but it could grow only 
under particular climatic conditions. The most typical one is the main origin-Korla. 
Existing research results about fragrant pear were focused on its physiological and 
biological characters. Whereas, the research on the growth and water consumption 
about Korla fragrant pear trees under micro-sprinkler conditions is extremely little. The 
main purpose of this paper is to grasp the response of fragrant pear under the 
conditions changed from flooding irrigation to micro-irrigation under special climate, to 
analyze the water consumption and optimize irrigation scheduling, to quantify the fruit 
growth, yield and quality under micro-irrigation condition. In this paper, a field test was 
carried on in the orchard of Xinjiang Korla fragrant pear fruit trees. 
 
 

2. Material And Method 
 
 

Field experiment was carried out at orchard of the Bazhou Agricultural Science 
Institute, Korla City, Xinjiang Uygur Autonomous Region. It was located at N41°43′, 
E86°6 ′. The fragrant pear tree orchard was managed and fertilized similar to the local 
average level. The climate of Korla belongs to a temperate continental arid one. The 
soil in the study area was silt loam (international system, sand 44.09 % , silt 
50.36% ,clay 5.55%), and the average soil bulk density was 1.5g/cm2. Experimental 
trees were 24-year-old Korla fragrant pear trees, with spacing of 5m×6m. Weather 
information was recorded by automatic weather station near the orchard. 
 
 
2.1 Experiment design 
Four difference irrigation methods were designed in the experiment, i.e., (1) surface 
drip irrigation (DI). In this treatment, two drip lines, with emitter spacing 50cm (Lei 
Tingwu, 1994), were laid along tree row, with 1 meter apart from the tree row for each 
drip line; (2) subsurface drip irrigation (SDI), which was 30cm depth underground, with 
the same format as DI; (3) micro - sprinkling irrigation treatment (MS). In this treatment, 
the lateral was laid 1 meter apart from the tree row, with one sprinkler for each tree. 
The throw distance of the micro-sprinkler was 0.5m; (4) conventional flooding irrigation 
(CK). In this treatment, water was applied once a month as accustomed approach. During 
the growing season, water was applied once a week to 80% ET for micro-irrigation 
treatments. The same level of agronomy management and fertilizing was taken for each 
treatment. The layout of the experimental plots is shown in Figure 1. 
 
 



 
 
 
 
 
 
 
 
 
 
 

 
 

 
MS: micro - sprinkling irrigation, DI: Surface drip irrigation, SDI: subsurface drip 

irrigation (The same as below) 
Figure 1. Experiment design layout 

 
 

2.2. Measurements and instruments 
Evaporation: The evaporation was estimated by a US Class A pan (with diameter of 
120.7cm, depth of 25cm).The US class A pan was established on an open area with 
favorable conditions of irradiation and venting (Huang Xingfa, 2002).The decline of 
water depth was daily recorded, as the diurnal evaporation. Irrigation water was 
applied based on the data collected from the US class A pan. 
Soil water potential: The soil water potential was monitored by gypsum blocks. 
Gypsum blocks were buried at 30cm underground, with the distance of 1 meter to the 
center line of tree row. It was measured before and after irrigations through the whole 
growing season. 
Vegetative growth: Vegetative growth included the growth of new shoots and summer 
pruned shoot quantity. Six typical trees were selected for measuring shoot quantity of 
summer pruning by recording the weight of pruned shoots (mainly contained strong 
shoots).The new shoot growth curve was recorded since it was 10cm long. Ten shoots 
on each of the six trees for each treatment were tagged to measure changes in shoot 
length. Shoots were checked according to the growth of branches, which the main 
purpose was to replace the strong shoots (Zeng Dechao, 2001). The shoot growth 
curve can be drawn based on the data during the whole growing season. 
Fruit size: Ten fruits in each of the five trees for each treatment were tagged and 
numbered to measure the changes of length and diameter during the whole growing 
season, which its volume could be calculated based on these length and diameter 
data. 
Yield: Six typical trees were selected to estimate fruit yield for each treatment. Statistic 
analysis was done by using SPSS software. 
Fruit quality: Fruit quality indexes included soluble solids(measured according to 
GB12295 - 90), titrable acidity (measured according to GB12293 - 90), soluble sugar 
(measured according to GB6194 - 86) and VC (measured according to GB6195 - 86). 

 
 

3. Results and discussion 
 
 

3.1. Soil water potential changes during the growing season 
The distinction of water potential of different treatments at 30cm depth during growth 
period was shown in Figure 2. Through the whole growth stage, micro-irrigation 
treatments revealed a uniform trend. The first valley appeared after full flowering 
period, for trees consumed larger quantity of water. Since early May, soil water 
potential slowly decreased: With few exceptions, at the middle of June soil water 



potential reached to the level of – 40 kPa; then, it glided down to – 50 kPa from June to 
early September. The soil water potential showed that no water pressure was taken 
place in micro-sprinkler conditions; In the most of growing season, the soil water 
potential in the micro - sprinkling irrigation was the lowest, and the subsurface drip 
irrigation remained the highest level. Micro - sprinkling irrigation water jet into air 
directly resulted in more evaporation, while it could improve and regulate the orchard 
micro-climate conditions. 
 

 
 

Figure 2.  Soil water potential under different drip irrigation treatments 
 
  

3.2. Irrigation quantity and water consumption 
1)  Total irrigation water 
The effective precipitation at the experiment site was 21.4mm in 2009 growing season. 
Irrigation started on April 21, and ended on September 2, with its interval of one week. 
Flooding irrigation was applied once a month according to the traditional irrigation 
regime. The total amount of water applied to the treatment was 652mm for DI, 632mm 
for SDI, 625mm for MS and 1500mm for CK. Compared with flooding irrigation, water 
consumption was reduced by 56.2%, 57.3% and 57.3% for DI, SDI and MS, 
respectively. 
 
2)  Daily water consumption 
Water consumption was calculated by the water balance method. Equation was as 
follow:  

ETC = ΔW+I+P-S+WT 
 
where, ETC is crop water use, mm; ΔW is soil water content changes in the wetting soil, 
mm; I stands for irrigation water, mm; P is precipitation, mm; S is deep seepage, mm; 
and WT represents groundwater recharge, mm. The total precipitation was 21.4mm 
during the growing season. Groundwater recharge and deep seepage were 0 in the 
study case. 
The daily water consumption was shown in Figure 3.The data revealed that water 
consumption of each treatment was time declining, and it accorded with the trend of 
daily evaporation. Analogous bottom of daily water consumption appeared at the end 
of April, nearly 5mm, since this was the specific time when it stepped into the stage of 
full bloom of pear tree. The next period was vegetative growth from early May to the 
end of June, when the daily water consumption remained between 4mm and 
7mm.There was significant reduction since July, for water consumption was kept at 3 - 
5mm/day. From July to mature of fruit, it was the period of fruit rapid growth and 
expanded, and also pear trees stepped into maximum physical water use stage. Local 
climate did not promote evaporation after July. Irrigation water applied went down with 
daily water evaporation, and the crop water demand should be higher than that shown 
in Figure 3. During the whole stage, daily water consumption of CK was much higher 
than those of all micro-irrigation treatments. 



 
CK: flood irrigation (the same as follows) 

Figure 3.  Daily water use 
 
 

3)  Pan coefficients 
The ratio of crop water use to pan evaporation is called pan coefficient. Because of its 
simplicity, relatively low cost of its measuring equipment, it is widely used in the United 
States, Australia and other countries for real time determination of irrigation scheduling 
(Huang Xingfa, 2001). The pan coefficient in this article is referred to US Class A pan. 
As shown in Figure 4, values of pan coefficients in all irrigation treatments were similar 
to the trend of daily water consumption. It is observed that except for a few points, the 
pan coefficients were between 0.6 - 1.2. The pan coefficients of all treatments kept 
above 0.8 from the end of May to the end of irrigation, which reflected that water 
consumption was mainly determined by irrigation quantity. 

 

 
 

Figure 4.  Crop water of fragrant pear tree 
 
 

4)  Cumulative water consumption and evaporation 
Cumulative evaporation and water consumption were shown in Figure 5. The total 
evaporation was 836.8mm.Cumulative water consumption of DI was 717.1mm and 
average pan coefficient was 0.86. Cumulative water consumption of MS was 698.5mm 
and average pan coefficient was 0.83. The cumulative water consumption of SDI was 
the minimum in the all treatments, i.e., 701.9 and average pan coefficient was 0.84. 



 
Figure 5.  Acumulated pan evaporation and water use 

 
 

3.3 Vegetative growth 
1) Shoot growth 
Effects of new shoot growth was observed and shown in Figure 6. The data showed 
that the shoot growth was inhibited by micro- irrigation, and accordingly it can be 
divided into two periods: the first period was rapid growth stage from early April to 
middle May, and the length of new shoots can reached to above 25cm; the second 
period was the following four months, which the new shoot stepped into slow growth 
stage and developed about 10cm. As can be seen from Table 1, shoot growth was 
obviously controlled by micro- irrigation, with the highest value was observed in 
treatment of DI, which is decreased by11.9%. Flood irrigation had the highest mean 
weight of pruned strong shoots. Among micro-irrigation treatments, MS had the 
highest mean weight of pruned strong shoots, as MS was good for vegetative growth. 
Analysis of variance showed that subsurface drip irrigation didn’t decrease the length 
of new shoots significantly, while drip irrigation and micro - sprinkling irrigation had the 
difference significantly. Mean pruned weight percentage was reduced by 30.6%, 
43.5% and 29.4%, respectively, in drip irrigation, subsurface drip irrigation and micro - 
sprinkling irrigation. Micro-irrigation treatments resulted in difference of strong shoots 
growth compared with flood irrigation. In addition, subsurface drip irrigation affected 
strong shoots growth to maximum extent. 
 

 
Figure 6.  Shoot growth curves of fragrant pear trees 

 
2) Yield response 
As shown in Figure 7, the fruit growth of three micro-irrigation treatments were similar 
to that of flooding irrigation and the fruit development can divided into two periods: the 
slow growth stage of fruit before the early July, and fast growth stage of fruit for the 
rest of growing season. 
As Table 1 revealed, the fruit sizes of all treatments were not significantly restrain by 



irrigation methods. Fruit volume from treatment of subsurface drip irrigation was 
100.65cm3, which was the maximum volume in the all treatments. 
 
 

 
Figure 7.  Fruit growth curves of fragrant pear trees 

 
Table 1.  Growth indexes of fragrant pear tree 

Treatments Final length of 
shoot 
(cm) 

Weight of 
pruned shoots 

(kg/tree) 

Average 
fruit size 

(cm3) 

Yield 
(ton/ha) 

DI 32.43a 5.9a 98.20a 18.62a 

SDI 36.35bc 4.8b 100.65a 18.40a 

MS 32.97ab 6.0a 98.78a 19.72a 

CK 36.82c 8.5c 99.55a 18.46a 

        Note:   (p<0.05) 
 
The effects of micro-irrigation treatments on the fragrant pear yield were slight, and 
there was no significant difference. The total fruit yield with surface drip irrigation and 
micro-sprinkling irrigation were higher than that with the control, and case with 
subsurface irrigation was similar to that with the control. The fruit volume in the 
treatment of micro-sprinkling irrigation was not the highest but the yield was the 
highest. The reason may be that the micro-sprinkling irrigation changed the 
surrounding microclimate and enhanced fruit set percentage. 
  
3.4  Effects at the fruit maturation stage 
Fruit quality indexes, namely soluble solid, soluble sugar, titratable acidity and VC 
were presented in Table 2. Results indicated that there were no obvious differences 
among all treatments. The VC content of pears at micro-sprinkler treatment was 
0.24mg/100g, which was 60% more than the other treatments and control. 

 
 

Table 2.  Indexes of fragrant pear fruit quality 
Treatments Soluble solid 

(g/100g) 
Soluble sugar

(g/100g) 
Titratable acidity 

(mmol/100g) 
VC 

(mg/100g) 
DI 11.50  6.93  0.83  0.15  

SDI 11.70  7.58  0.83  0.12  
MS 10.90  7.86  0.89  0.24  
CK 11.80  7.86  0.84  0.15  

note: soluble sugar content calculated by glucose content. 
 



4. CONCLUSION 
 
 
The results of the field experiment revealed that the changing of irrigation method 
would not affect the volume of single fruit, fruit quality and the final production. On the 
contrary, the shoot growth was restrained by micro-irrigation obviously. Micro-irrigation 
caused reduction in short shoot and strong shoot growth. The strong shoot weight with 
treatment of subsurface drip irrigation was reduced by 43.5% compared with the 
control, while with no significantly influence on short shoot growth. 
Changing irrigation approach from flooding irrigation to micro-irrigation can save more 
than fifty percent of irrigation water, with no harm to yield and quality. Therefore, 
micro-irrigation method is acceptable to Korla fragrant pear in arid region. Users could 
choose suitable micro-irrigation method, for there are advantages and disadvantages 
for each micro-irrigation method. In addition, if irrigation scheduling is determined by 
pan coefficient, it will be much more convenient and can meet the water requirement 
for crop growth. 
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ABSTRACT 
 
 

India is emerging as a leading country in the World adopted Micro-irrigation system to 
improve the productivity of the land, water and crop yields. The Central Government 
supported by providing subsidy to an extent of 50 percent to the farmers for adopting 
Micro-irrigation system in Agriculture and Horticulture crops. This project was 
implemented in the state of Karnataka for perennial Fruit and Plantation crops.  

 
Of the total sample 59 percent and 32 percent were working well and satisfactorily 
respectively, while 9 percent were poor performance due to bad maintenance. Thus, 91 
percent of the farmers were getting good services resulting in good crop growth. The 
other feedback from the beneficiaries were the micro-irrigation system work very well 
during water scarcity period and also insufficient areas. The additional area ranging from 
30 to 40 percent may be brought to irrigation when they adopt micro-irrigation. The 
additional benefits are saving investment on weeding and the other field operations to 
some extent. 

 
 

INTRODUCTION 
 
 
India is emerging as a leading nation in the use of micro irrigation system by extending 
30,000 hactares under Micro Irrigation System (MIS) annually as against the potential of 
about 27 m.ha. The major constraints in adoption of micro-irrigation system are the high 
investment cost and availability of technology know-how to farmers, though the research 
extension and industrial support is in favour of the adoption .The MIS is commonly 
adopted in perennial horticultural crops rather than annual food crops. 
 
The major water source for irrigation are dams, tanks, open wells, tube wells etc. It is 
estimated that around 8 % with fresh water resources are currently being used in 
agriculture and allied production systems and the remaining water is used for industrial, 
domestic including the unavoidable losses as a result of tremendous pressure lies for the 
judicious usage of fresh water which could be achieved by enhancing productivity with 
increased water use efficiency. 
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Considering the above facts the only option left to India is going for micro-irrigation 
system for either individual or collective farming irrespective of whether catchment or 
command area. The MIS has the benefit of higher water use efficiency there by providing 
water to larger area under scarce water availability. The union government has realized 
the importance of MIS through centrally sponsored schemes by providing financial 
support. Besides there are several companies have come forward for providing the MIS 
in support of policy and programme. 

 
 

MATERIAL AND METHODS 
 

 
The centrally sponsored scheme for MIS by the Ministry of Agriculture, New Delhi during 
the IXth FIVE YEAR PLAN (1991 to 2001) has been evaluated for the implementation and 
impact assessment during Xth FIVE YEAR PLAN. The study comprises of collecting the 
information of selected farmers and visiting the MIS adopted field. The major objectives of 
the evaluation were: 
 

 Whether the scheme has any impact in area expansion of horticultural crops, 
yield, revenue and quality of the produce. 

 
 Evaluation should cover the aspects on achievements of the assigned targets 

during each year. 
 
 Whether the physical work tallies with the financial expenditure incurred. 

 
 
 Quality of the work carried out. 
 
 Reasons for short fall in areas of Gulbarga, Raichur(Hyderabad Karnataka 

region) 
 
The sampling procedure in selecting the farmers of Karnataka state covering all the 27 
districts of Karnataka by adopting force choice technique. Further the farmers were 
sampled based on the proportion (2%) of overall beneficiary strength of each district. The 
total accomplishment of Micro-irrigation system covering 69,481 beneficiaries, 15,486lakh 
hacters and with an investment of Rs.1,52,863.88 lakhs. The crops covered includes 
plantation crops like Coconut and Arecanut and fruit crops like Mango, Grapes, Banana, 
Pomegranate, Sapota, Guava,  Ber, Citrus, Papaya and vegetables spread  across the 
state. Thus the total sample size was 1080 and 1128 corresponding to the IXth and Xth 
plan period. Totally the 2208 drip farmers were interviewed and collected the data in the 
Proforma developed for the purpose. During the field visit the observations on functioning 
of micro-irrigation system, crop growth and farmers opinion was documented the data 
collected were analysed for various parameters / indicators and used for impact 
assessment on MIS.  



RESULTS AND DISCUSSION 
 
Of the total sample 59 percent and 32 percent were working well and satisfactorily 
respectively, while 9 percent were poor performance due to bad maintenance. Thus, 91 
percent of the farmers were getting good services resulting in good crop growth. The 
other feed back from the beneficiaries were the micro-irrigation system work very well 
during water scarcity period and also insufficient areas. Further the additional area 
ranging from 30 to 40 percent may be brought to irrigation when they adopt micro-
irrigation. The additional benefits in terms of saving investment on weeding and other 
field operations to the extent of 48 percent.  In Arid and high temperature agro climatic 
conditions micro-irrigation system reduced the Saline encrustation at the surface. Thus 
favored good soil health with better nutrient availability in the root zone. There was higher 
crop yield and better quality due to micro-irrigation in all  the crop tested. The perennial 
plantation and fruit crops never suffered water shortage due to water availability in the 
root zone.  The general problems in the micro-irrigation system were excess discharge of 
water (10%) and uneven soil wetting near the dripper and clogging of the emitters and 
rodent damage. These problems diminished in the Xth five year plans. The investment 
made on micro-irrigation system may be recovered with interest in 7 to 8 years of 
installation. The above one decade experience clearly suggests that this micro irrigation 
system needs to be extended other broad spaced agriculture and horticulture crop to 
improve quality and quantity of the produce beside ensuring the best soil health and 
reducing the cost of cultivation. 
 

 
CONCLUSION 

 
 
Based on the impact assessment and feed back the acceptance of the MIS has been 
spreading to other crops such as plantation crops, food crops, flower crops etc through 
out India. The R&D from the manufacturers of micro irrigation system also have improved 
and by incorporating the difficulties encountered. In addition the technology support 
extended by the service provider, financial institutions, Krishi Vignana Kendra’s, State 
Agricultural Universities and Line departments have become pro MIS. 
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The partial soil wetting pattern by micro irrigation requires assessment of the 
percentage of soil volume that is wetted (Sne. Moshe. 2006). Designing and planning 
trickle irrigation without enough information from moisture distribution information 
from moisture distribution in the soil do not result in the correct result. Distance 
between emitter on lateral pipe and distance of lateral pipes from each other should 
be determined based on adequacy degree of wetted soil diameter by emitters. 
Duration of irrigation also is depends on the fact that at what time after 

 
 
 
 
 

ABSTRACT 
 
 
A little number of studies has been done concerning slope effect in wetted onion- 
shaped. And no relation has been presented to estimate it. In the present research, a 
series of farm experiments in treatment and necessary and enough repetitions 
conducted and collecting experimental data, and analyzing them and using 
dimensional analysis technique, an equation presented to estimate distribution of 
water in the soil diameter which is function of dropper discharge, infiltration rate of 
water in soil, volume of irrigation water and slope of lands. The performance 
Evaluation of the model was carried out with statistical parameters, by maximum error 
(MXE) mean error (ME) and root mean square error (RMSE). Optimal quantity of 
error mean square error is zero and it is when all of predicted quantities and 
measurement are equal to each other. Quantity of this index is 0.043.And this is 
representative of well adaptation between measured quantities and simulated 
quantities. Also, maximum error which its optimal quantity is zero and its high quantity 
is representative of the worst state of model performance and quantity of this index is 
0.027 therefore; it is a good representative of model work. The minimum quantities of 
error is 0.063 and its quantity is in relatively good area. Statistical comparison 
indicated that the model can express the wetted soil shape well. Thus, in brief, we 
can say that presented equation is able to satisfy for soil with a specific texture, 
emitter with specific discharge and required water volume for irrigation and land with 
different slopes, wetted soil diameter and consequently its wetted area with high 
accuracy.  
 

Introduction 
 
 

World irrigate lands area is about 17 percent of all agriculture lands. About 34 percent 
of world’s food provide in this section. Most of lands irrigate in surface method. 
Surface irrigation efficiency average and its traditional type does not exceed 35 
percent. Lowering surface efficiency is the most effective factor of farmer’s dismiss 
from surface irrigation method and their turning to under pressure irrigation method. 
Trickle irrigation has received high welcome in the recent years. 
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commencement of irrigation, the wetting front reaches depth of plant's root or a 
multiple of it. Distance of outlets, discharge rate, and time of irrigation in drip irrigation 
have to determine so that volume of wetted soil is close to volume of plant's root as 
much as possible. There is not one practical and suitable method for calculating 
wetted area. And it will be satisfied by presented table by Jack Keller (1984) and it 
happens concerning sloped lands of water movement in soil profile in the direction of 
slope and roots above section of dropper receive a little water and roots of the below 
section of soil profile receive more than water which considers as  
wasted water. Volume and wetted soil surface and moisture onion shape  
depends on different factors including soil texture and layering, soil homogeneity, 
dripper flow rate, primary moisture of soil, consumption water, and land slope. Keller 
and et al  have presented a table for estimate areas wetted in level lands for dripper 
by 4 – L/hr but concerning sloped lands,  table or and practical relation has not been 
presented to satisfy areas wetted, but several studies have been conducted.  
Ali khan and et al (2006) studied water distribution in soil profile under point source 
and concluded that in low dripper flow rate with increase dripper flow rate and volume 
of irrigation water, areas wetted and vertical depth increases but in more dripper flow 
rate horizontal forwarding increased more than  vertical depth.   
In starting irrigation, wetted front move in horizontal forwarding has been more than 
vertical forwarding for all discharge, But gradually, movement of forwarding along with 
time has decreased and in the meantime of stopping water giving, wet front 
movement do not stop and vertical forwarding speed is more than horizontal 
forwarding.  
Hachum A.Y (1973) evaluated effect of irrigation water volume on wetting front in one 
point source, and observed that moisture pattern can be in one half ellipsoid shape. 
According to researches that Hoover.j (1985) one about way of distributing moisture 
in the sloped lands understood that in sloped ranges in the meantime of irrigation, 
current horizontal component exists either in surface or under surface. It is effective 
and vertical component decrease with increase in slope and with decrease in vertical 
component. Philip, J.R.,J.R., Knight (1977) studied Steady infiltration flow with sloping 
boundaries, they presented analytic relations for pointed feed source in the soil 
surface, and assumed that moisture development take place in the gravity direction or 
vertical direction. Sharifbian hagh and et al (1999), in research on 4 soil texture with 
zero, 5 and 10 percent slopes and 3 treatment 4, 8 and 12 liter per hour dropper 
,measured wet section due to slope and also wet soil diameter in the above and 
bottom of laying dropper and they were compared.  
Mirzaei and et al (2006) presented relations to estimate diameter and wet soil depth 
for two pointed, linear feed source state and three different texture of soil. In the 
presented relations, diameter and wet soil depth are function of dropper discharge, 
irrigation time, hydraulic conductivity of soil. Keller and karmeli (1974) presented and 
experimental relation to satisfy or estimate wet soil diameter. Healy and Warrick 
(1988) Presented an experimental relation to estimate wet soil diameter which is 
function of factor time dimensionless. B. Zur (1995) assumed that the volume and 
geometry of the wetted soil under a point source is best represented by a truncated 
ellipsoid. Shu Qiaosheng and et al (2007) presented a relation for surface trickle 
irrigation in wetting front simulation around porous pipe in sub-surface irrigation by 
using dimensional analysis. Considering previous studies, it is observed that there is 
not an appropriate and practical relation for calculating dropper wet area in the sloped 
lands and the objective of this study is simulation of wet front pattern in trickle 
irrigation in sloped lands and it development one simple analytic model from soil 
moisture front shape. 
 

Material and Methods 
 

To study dropper discharge on moisture front three treatment of 2, 4 an 8 liter/ hour 
were choose and In this research, automatically variable orifice emitter were used. 
These emitters have constant discharge in range of pressure 0.4 to 5 atmosphere. 
Discharge in each one of emitter measured in volumetric analysis method and to 



ensure from nonclogging of emitters, potable water also used. 
To determine effect of consumption water volume on wetted soil area, 5 volume of 
water 2, 4, 8, 16 and32 liters were studied. To determine irrigation time on wetted soil 
area 3 duration time, 1, 2 and 4 hour were studied. All of the above treatment were 
experimented in 4 lands, level and slope, 0, 5, 15 and 20 percent.  
Soil infiltration rate   were measured by multiple cylinder method and also gulf 
permeability meter were measured, Basic infiltration rate or final infiltration rate to 
double ring infiltrometer method was 1.2 cm/hr and in gulf permeability meter method 
was 1.04cm/hr. Experiments 4 discharge of emitters, 3 irrigation duration time and 4 
slope of lands were measured. Names of treatment tests were determined 
respectively slope, discharge and irrigation time in table number 1. 

 
 

Table 1. Treatments tests in slope field (S=15%). 
 

Discharge Q (L/hr) 

Irrigation Times / durations(hr) 

1 2 4 

2 S15Q2T1 S15Q2T2 S15Q2T4 

4 S15Q4T1 S15Q4T2 S15Q4T4 

8 S15Q8T1 S15Q8T2 S15Q8T4 

 
 

For example S15Q8T2 is representative of experiment in land slope of 15 percent by 
emitter discharge 8 L/ hr and time of irrigation is 2 hours.  
After started experiment, in different times, wetting front in soil surface were 
measured in different points and total shape of  wetted surface were determined then 
24 hours after conducting experiment when wetting front forwarded totally in the soil 
by digging pit to the end of moisture onion, wetting front state measured and studied 
in different points. 

 
 

 
Figure 1. Vertical section of soil profile after irrigation in S25Q4T2 treatment 

(right) Site of farm experiments (left). 
 
Quantities of wetted soil diameter per different discharges, different practical water 
volume, soil infiltration rate, irrigation different times in different slopes, were 
measured and one sample of them is presented in Fig 2. 

 



 

 
Figure 2. Measured wetting front by emitter 4 L/hr in different slopes. 

 
Theory: 
Based on rules governing on water movement in the soil. Inference is that 
geometrical shape of wetted soil volume from the one pointed feed source at the end 
of irrigation depends on soil infiltration rate (Ib), dripper flow rate (q), total water 
entering the soil (V), depth (Z) and diameter of wetted soil (d). Diameter and depth of 
wetted soil are two important characteristics for describing wetted soil volume. Wetted 
soil diameter around emitter is function of emitter discharge, soil infiltration rate, 
application water volume and wetted soil depth. Thus, it can be write: 

                                                          (1) 
 

Dimensions of variables in equation (1) could be expressed as follows: 
0),,,( == zvIqfd b                                                                              (2) 
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Here, there is 5 dimensional variable (Ib, q, v, z, d) and two main variable (L,T). n=5 
and m=2. thus, n-m=3,therefore  there are 3 dimensionless numbers and basic 
dimensions of q and z chooses and equation 2 changes: 
F (II1 , II2,  II3)= 0                                                 (4)        
                            

Here, II1, II2, II3 are dimensionless numbers, they can be substituted by L,T. Now 
for II1 we can write: 
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By solving the above equations, a= 0 and b=-3 are obtained and II1 will be as follows: 
II1=V/Z3                                                 (6)           
                     
Similarly, II2 and II3 are as follows: 
    II2=d/z              (7) 

II3=z (Ib/q)1/2                         
Volume dimensionless V*and diameter dimensionless d*can be obtained from 
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combination of dimensionless terms, II1, II2 and II3 which are as follows: 
 

2/122/13
31

* )/.(/)/(./. qIZVqIZZVIIIIV bb ===       (8)                  
             
 

 
 

 
 

Results and Discussion 
 

B.Zur and et al (1996) showed that between d* and V*, there is a relation which is as 
follows: 

)( ** vFd =                                         (9)                  
Relationship between d* and v* has been shown in Fig 3.  

 
 

 
Figue 3. Relationship between V* 

and d* quantities 
 

 
By drawing quantities of V* against d* it was observed that index relationships can be 
established among them as follows: 

 d* =m.(V*)n 

M=2.2, n=0.3                                                                                      (10) 
Substituting quantities V* and d* from equations 8 and 9 in equation 10, it can be 
written as follows: 
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Wetted soil diameter on slope land 
On the other hand, Relationship between wetted soil diameters with under study 
different slopes after designing will be as follows.  

2scsbdds .. ++=                               (12)                    
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In this equation, s is slope land. ds is wetted soil diameter on slope land,  
d is wetted soil diameter in level land  and a, b and c are fixed coefficients of 

equation. In case level land , slope is zero, above equation changes as follows: 
ds=d                                                                                                   (13)                                                 
 
 
 

 
 

Figure 4. Relationship between S(%) and ds 
 
 

 Equation (11) in the sloped land can be written as follows: 
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quantities of measured wetted soil diameter and simulated quantities in Fig. 5 are 
shown.  

 
 
 
 
 
 



 
Figure  5. Relationship between d measured and d estimated 

 
As it is observable, there is a good agreement between measured and simulated 
quantities from model. 
Estimating wetted soil diameter, the possibility of calculating wetted soil surface 
provides. Wetted soil surface minimum in trickle irrigation take place in a depth 
between 15 to 30 cm under soil surface. In this research, wetted soil area   has been 
measured in soil surface and in different depths of soil. Quantities of maximum wetted 
area have been showing in different depths. And relation between them is presented 
in table number .3 and Fig .6 

 
 

 
 

Figure 6. Relation between maximum wetted areas in different depth of soil to 
wetted area in soil surface 

 
Evaluation of simulation model 

Evaluation model performance by error maximum parameters (MXE), error average 
(RMSE) conducts which calculate as follows: (willmott, 1982). 
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               where, N is umber of measured value, oi is the ith simulated data ,pi is 

the ith observed data .These three statistical index applies to measure model 
performance power. MXE may be considered as a local indicator  of goodness of the 
estimates. But ME is the prescience and existence of one bias and deviation of 
evaluated quantities from valued quantities will be specified. And RMSE presents one 
idea from dispersion between model data and observational data. 

 
 

Conclusion 
 

A set of farm experiments conducted in treatment and they were repeated necessarily 
and in enough way and collecting experimental data and their analysis and using 
dimensional analysis technique, equation presented for estimating wetted soil 
diameter which is function of soil infiltration rate, discharge of emitter , volume of 
irrigation water and land slope. Evaluation of model performance conducts by error 
maximum parameters (MXC) and error average (ME) and error square average root. 
Optimal quantity of average error square root is zero and it is when all of predicted 
quantities an measurement are equal to each other. Quantity of this index is 0.043 
and it presents good adaptation between measured and stimulated quantities. Also, 
absolute error average which is its optimal quantity is zero.  
And its high quantity is representative of the worst model performance state. Quantity 
of this index is 0.027.  and thus, it is a good representative of model work and 
maximum quantity of error is 0.063 and its quantity is in the limitation of relatively 
good way. But some errors especially are existed in wet soil diameter maximum. Due 
to complexity of water movement in soil and slope factor in trickle irrigation, there is 
some unsurely in simulation, and necessity of comprehensive study includes some 
other effective factors which should be done in the future. Thus, briefly it can be said 
that presented equation is able to specific texture of soil ,emitter with certain 
discharge, required water volume for irrigation and land with different slopes, wetted 
soil diameter and following it wetted area should be determined accurately. 
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ABSTRACT 
 
 
Iran is an aired and semiarid country with great need to utilize and control all its water 
resources. Rapid population growth mainly in the urban areas during the past few 
decades in turn raised the need for cultivating extra lands, as well as, directing 
production patterns towards high water consuming products. Water scarcity is one of 
the most prominent issues of discussion worldwide concerned with sustainable 
development, especially in the arid and semi-arid areas. According to weather 
conditions and arid and semi-arid climate in the most parts of Iran, water has a major 
role in agricultural economy. 
Soil and water resources of dry lands can be managed to sustain the productive 
capacity of the land and to better cope with water scarcity.Therefore, optimal use of 
water and applying modern irrigation techniques is inevitable. 
   On the other hand, in pressurized irrigation methods, water is supplied for plant in 
trickle and sprinkler irrigation systems. Energy supply is essential be provided by the 
pumping stations and in certain circumstances by the height difference between the 
source and location of water supply intake. 

In this paper, energy usage methods for providing requirement head for Leylanchay 
pressurized irrigation network are studied in two cases  

1) by pumping stations  

2) by Gravity Pressurized Irrigation Delivery System and using the height 
difference between Leylanchay reservoir dam to the beginning of pressurized 
irrigation network 

In the first case, water is released from dam to downstream in the river. After that, by 
constructing a diversion dam, water is conveys to a pump station and pump station 
delivers water with required pressure to main pipeline and to the beginning of farm 
unit in Leylanchay pressurized irrigation network. 
In the second case, GRP pipe - line with 1400mm diameter and 8 kilometer length 
delivers water from reservoir dam to main and sub - main pipe - lines. 
The main pipeline and sub - main pipelines supply water to the beginning of farm unit 
with suitable pressure. 
An understanding of the costs of and potential returns to irrigation provide growers 
with better information to use in determining whether to make the large investment 
decision. Two cases were evaluated on 4000 ha fields in Leylanchay irrigation and 
drainage network. This study focused on an economic analysis of irrigation costs, 
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both ownership and operation, using partial cost budgets of each cases. The study 
highlights key differences in system design, cost and input requirements to provide 
stockholders with the background to choose a system that gives the best returns for 
their operation. 
A system’s operating pressure affects the cost of pumping water. Higher pressure 
makes irrigation more expensive. 
In this study, annual operation expenses i.e fixed and variable costs were estimated 
for each case.  
This paper presents and compares total energy and water use of irrigation systems 
with or without pumping station with the gravity delivery system using a case study in 
the Leylanchay pressurized irrigation network in East Azerbaijan province in Iran. It is 
concluded that using the height difference between Leylanchay reservoir dam to the 
beginning of pressurized irrigation network consumes less energy with more water 
savings than using centralized pumping station. It has better irrigation scheduling, 
seepage and evaporation reductions, less operation and maintenance costs, energy 
price bargains, and less labor. 
 

 
1. INTRODUCTION 

 
In pressurized irrigation methods energy supply is essential, this energy can be 
provided by the pumping station and in certain circumstances can be provided by the 
height difference between the source and location of water supply intake. 

In Lelanchay pressurized irrigation network, minimum and maximum heights of 
watershed basin from Sea level are 1307 and 1460 m respectively. In this paper, 
providing require head for pressurized irrigation network are studied in two cases in 
order to replacing an open ditch irrigation delivery system and pumping stations with 
buried GRP and Polyethylene pipelines to distribute gravity pressurized irrigation 
water. 

1) by pumping stations  

2) by gravity pressurized Irrigation delivery system and using the height difference 
between leylanchay reservoir dam to beginning of pressurized irrigation network 

For this purpose, two alternatives are defined for leylanchay irrigation and drainage 
network. 

 

2. BASIC INFORMATION 
 
The Leylanchay catchment area is located between 46°, 08' - 46°, 18' (E.long) and 
37°, 07° - 36°, 55° (N.lat).  

 
 

2.1. CLIMATOLOGY 

Average annual precipitation of Leylanchay watershed basin is about 370 mm. 
The different climatologically parameters are presented in the table.1 

 
 

Table  1. climatologically parameters 
Average annual precipitation 307 mm 
Average annual temperature 12°C 
Average annual relative humidity 61% 

Average annual evaporation 1485.3mm 
Average annual potential transpiration 1188.0mm 
Average annual wind speed 2.5 m/sec 



2.2. DAM PROPERTIES 
 

The reservoir dam of Leylanchay is located at west northern part of Iran and at the 
west southern part of Eastern Azarbaejan Province. 
 

 
Table 2. leylanchay dam properties 

Dam Type Earth fill with impervious core 
Crest and river bed EL. 1495,1432 
Crest Length & width  364,12 m 
Volume of material in dam body 2.5 million m3 
Height of Dam from foundation & river bed 70, 63 m 
 

 
2.3. IRRIGATION SYSTEM 

 
Irrigation and drainage network of Leylan area, has a gross area of 7000 ha, from 
which 4000 ha are for new development and the remaining area (3000 ha) is 
regarded as water right provision.  
The only resource of water for provision and development area of water is Leylan 
dam which is located 23 km away from Leylan town.  
Because of rough topographic condition of Leylan area, Irrigation will be utilized by 
using pressurize irrigation systems such as sprinkler and trickle Irrigation systems.  
The suggested cropping pattern for Leylan project is consisted of 80% annual crops 
(sprinkler Irrigation) and 20% orchard (Trickle Irrigation).  

 
 

2.4. PROJECT DEVELOPMENT ZONES 
 

The Leylan region with regarding the limitation of soil surveying, natural side effects 
and the boundary of villages possessing is divided into 9 developmental zones. The 
general data of the above-mentioned zones are presented in Table.3 

 
               Table 3. The general data of developmental zones 

No Name of village Gross Area (ha) 

1 Tazeh Kand 341 
2 Jogalou 786 
3 Lotfabad 236 
4 Hassan abad 350 
5 Leylan 856 
6 Abdol abad 115 
7 Gandehar 612 
8 Gareh Khezr 659 
9 Hossein abad 195 

Total 4611 
 
 

3. IRRIGATION AND DRAINAGE ALTERNATIVES 
 
 

Two alternatives for leylanchay irrigation and drainage network are identified for this 
evaluation. 
 
 
 



3.1. Alternative A 
Joghaloo diversion dam was designed on leylanchay river near joghaloo village, 
downstream of leylanchay reservoir dam. 
This diversion dam diverts all or a portion of the flow of a leylanchay river into a main 
canal (FC) and pumping station no1. (figure.1) 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Pumping stations no2 and no3 deliver irrigation water from main canal into 
pressurized irrigation system. 
In this alternative, pumping stations supply pressure head and irrigation water for 
1550 Ha of sprinkler and trickle irrigation system farms. The water is then applied to 
crops through sprinkler systems, typically moving sprinkler irrigation. 
Surface irrigation used for 2450 Ha of project area. 
 

3.1.1. ALTERNATIVE A COMPONENTS 

3.1.1.1. Pumping stations 
 
Table.4 shows characteristics of main pumping stations in alternative A 
 

Table. 4 characteristics of main pumping stations 
 Pumping station 

No1 
Pumping station 

No2 
Pumping station 

No3 
Discharge(cms) 0.458 0.333 0.417 

Conveyance pipe 
length(m) 850 1000 1300 

Pumping 
height(m) 53 53 87 

Required Pump 
No. 3+1 2+1 3+1 

Required 
Energy(kw) 450 300 610 

 

http://en.wikipedia.org/wiki/River�


 
3.1.1.2. Diversion dam 
Joghaloo diversion dam was designed on leylanchay river near Joghaloo village, 
downstream of leylanchay reservoir dam. 
Diversion dam specifications are: 
Spillway type: concrete ogee crest 
Spillway length: 40 m  
Design flood discharge: 203 CMS 
Height: 8.5 m 
3.1.1.3. Others 
Total concrete canal length: 35 km 
Total earth drain length: 20 km 
 
3.2. Alternative B 

In this alternative, conveyance pipe (CPL), delivers water directly from Leylanchay 
reservoir dam to pressurized irrigation network and pressure head for sprinkler and 
trickle irrigation farm systems is supplied by height difference between leylanchay 
reservoir dam to beginning of pressurized irrigation network. (figure.1) 
 
 
3.2.1. ALTERNATIVE B COMPONENTS 
3.2.1.1. Gravity conveyance pipe 
 
Gravity conveyance pipe specifications are: 
Length: 9 km 
Diameter: 1400 mm 
Type: GRP 
Nominal pressure: 6 bar 
 
3.2.1.2. Total main pipes 
Main pipes specifications are: 
Length: about 62 km 
Diameter: from 125 mm to 1400 mm 
Type: GRP and HDPE 
Nominal pressure: From 6 bars to 10 bar 
 

 



4. SUMMARY AND CONCLUSIONS 
 
 

Irrigation and drainage network in alternative B includes the construction, operation 
and maintenance of GRP and Polyethylene pipelines that provide for the delivery of 
gravity pressurized irrigation water to approximately 4000 Ha surrounding Leylan 
plain, eliminating most of the need for pumping powered by electric motors. Water 
would only be drawn from the pipe when irrigation is required, eliminating overflow to 
the Leylanchay River. This network would eliminate about 90% of the water seepage 
loss from the canals and would eliminate the need for approximately 1,400 KW from 
electric pump motors. 
Pipelines are slowly gaining acceptance as a viable alternative to open canal as a 
means of distributing irrigation water. 
Land tenure problems can be lessened to the point of elimination with pipe line, 
especially when a distribution system has to be routed through existing farmland 
having small, irregular and fragmented holdings. A pipe underground occupies no 
land that can be used for crops, nor does it interfere with land boundaries. 
Management losses, the biggest single contributor to canal water loss and low 
efficiencies, are potentially close to zero with closed or semi-closed pipeline.  
Flexible delivery systems, in which the farmer is encouraged to take water as and 
when he requires it, are achievable with a pipeline but far more difficult with open 
canals. 
Irrigation and drainage network costs in two alternatives are presented in table.5 and 
table.6 

 
 

Table 5. Irrigation and drainage network Costs-with diverted dam alternative A 

Cost (M.RLS) Note No. 

50506 Main network and related structures 1 
18458 Joghaloo Diversion Dam costs 2 
67702 sub main network with farm pumping stations 3 
24350 Leveling costs 4 
22605 Main pumping stations Costs 5 

183622 Row 1 to Row 4 6 
290985 Total with coefficients 7 

Year: 2006                                                                                              Million Rials 
 
Table 6. Irrigation and drainage network Costs-without diverted dam alternative B 

Cost (M.RLS) Note No. 

85500 Main network and related structures 1 
94500 sub main network 2 

180000 Row 1 to Row 2 3 
285246 Total with coefficients 4 

Year: 2006                                                                                              Million Rials 
 
Table.5 and 6 show that, total cost of pressurized irrigation system in alternative B is 
less than alternative A and gravity pressurized Irrigation delivery system eliminates 
the need for approximately 1,400 KW from electric pump motors and save electrical 
energy about 3.1 MWH.  
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ABSTRACT 
 

 
A new dimension in drip irrigation was achieved during a field study in 2007-08 at GKVK, 
University of Agricultural Sciences, Bangalore by successful insertion of micro tube 
emanating from lateral pipes in to the xylem tissues of monocot stems to supply them the 
water directly. This new method was termed as tissue irrigation, because water was 
directly supplied to xylem tissues, instead of supply through the soil. Such a system of 
irrigation is expected to meet the water demand of the crop without any sort of loss 
including minimal evaporation and percolation expected under conventional drip 
irrigation. To test this novel idea, a perennial crop of coconut with a well grown trunk was 
chosen. Besides distinctly  demonstrating the technical feasibility of such an irrigation 
technique, the study indicated that water requirement of the crop could be reduced by 85 
per cent as compared to surface irrigation and 47.5 per cent compared to conventional 
drip method. In this new method of irrigation, efforts were to essentially connect the 
suction in the plant tissues to the water supply in micro tube and new method was found 
to be independent of power requirement. Because the water movement in tissues was 
directly governed by the extent of suction in the tissues, which in turn is dependent on 
varying levels of vapor pressure deficits experienced by the leaves. This obviated 
necessity of operating head. 
The tissue irrigation is a cost effective, power independent, climate controlled and highly 
economical method of drip irrigation easily adoptable in perennial monocot plants with 
large trunks 
____________________ 
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RÉSUMÉ ET CONCLUSIONS 
 
 

d'approvisionnement contrôlé et en temps opportun en quantité mesurée de l'eau à 
travers les tuyaux en plastique fait une révolution comme l'irrigation goutte-à-goutte en 
termes d'économies d'eau limitée. En plus d'économies, il également conduit à plusieurs 
avantages comme l'efficacité de l'utilisation de l'eau plus élevée, moindre croissance des 
mauvaises herbes, amélioration de l'efficacité des éléments nutritifs et rendement accru. 
Spot mouillage par dirigée approvisionnement d'eau réalisés dans l'irrigation goutte-à-
goutte, cependant, n'est pas en mesure d'éviter l'évaporation de la surface du sol 
humide. Les pertes dues à la percolation aussi pleinement inévitable lors de la décharge 
est meme légèrement supérieur au taux d'infiltration de sol. En outre, l'irrigation au goutte 
à goutte peut être adoptée, seulement lorsque l'eau est transmise par le biais de tuyau 
dans le cadre de la prise de pression il pouvoir dépendants pour atteindre la tête 
nécessaire. La dépendance sur la disponibilité de l'énergie est l'une des principales 
limites dans l'adoption de l'irrigation au goutte à goutte à grande échelle. Un plus 
novatrices et l'eau sauver approche serait de fournir de l'eau dans le tube micro 
directement dans les tissus, sans contact avec le sol. Pour ce faire, le tube micro doit être 
inséré directement dans les tissus de la plante. L'approvisionnement en eau directement 
dans les tissus a été qualifiée de façon appropriée que l'irrigation des tissus. Cette 
nouvelle dimension de micro irrigation a été étudiée dans une étude pilote à Bangalore 
GKVK., University of Agricultural Sciences, principalement pour démontrer la possibilité 
pratique d'irrigation des tissus. Pour tester cette idée originale, les tubes microentreprises 
de 0,5 mm de diamètre interne liée aux latérales de 12 mm ont été insérés dans les 
tissus de xylème de cocotiers bien cultivé (20 ans). En plus distinctement la 
démonstration de la faisabilité technique de telle une irrigation, l'étude a révélé que l'eau 
exigence de la récolte a été réduite de 85 % par rapport à la surface d'irrigation et de 
47.5 % par rapport à la méthode conventionnelle au goutte à goutte. Telle l'irrigation, 
étant essentiellement reliant la succion dans les tissus de la plante à l'approvisionnement 
en eau dans le tube micro, s'est avérée avec succès indépendante du pouvoir. Parce que 
le mouvement de l'eau dans les tissus était directement régi par l'étendue de la succion 
dans les tissus, qui à son tour dépend de divers niveaux de pression de vapeur déficits 
éprouvées par les feuilles. L'irrigation des tissus pouvait être jugée chez d'autres espèces 
d'arbres avec plus gros troncs à réduire considérablement leur besoin en eau et leur 
croissance avec conditions pratiquement sans stress. L'irrigation des tissus est rentable, 
indépendante du pouvoir, climat contrôlé et méthode très économique de goutte à goutte 
d'irrigation facilement adaptable à des plantes pérennes avec gros troncs 

 
 

1. INTRODUCTION 
 
 
Drip irrigation is generally evaluated as one of the most efficient methods of irrigation in 
terms of savings of water and improved water use efficiency. Essentially, the water is 
supplied through network of pipes in a fully controlled drip system, wherein the discharge 
and wetting area are under control. The irrigation water is never allowed to spread on the 
entire surface of soil and is allowed to wet such part of the soil, where roots proliferate.  
As a result of this, it achieves high conveyance efficiency and application efficiency 
(INCID,1994). Such a controlled and directed supply of water in drip method of irrigation 
has also resulted into number of other practical advantages like limited weed growth, 
better nutrient use efficiency with higher crop productivity besides possibilities of adopting 
fertigation. But, the supply of water to the crop roots through partial wetting of surface 



leads to unavoidable evaporation losses though minimal from wet areas. The soil texture 
and water holding capacity of soil would decide the availability of water to the crop roots. 
In addition, the soil texture also decides the depth and width of wetting, which may or 
may not be restricted to efficient root zone of the crop being irrigated. In case the 
discharge is slightly higher than rate of infiltration, losses due to percolation are also 
possible. All these features of drip method have resulted in to poorer distribution 
efficiency in the root zone. Above all, the adoption of drip irrigation requires power 
availability to create necessary head. Such dependence on power has limited its large 
scale adoption. 
The disadvantages of drip method could be overcome, if the pathway of water is short cut 
and water is directly supplied to the water carrying tissues. This ingenious idea can save 
substantial quantity of water, besides overcoming the soil controlled limitations of 
irrigation. This modified system of irrigation can be called appropriately as tissue 
irrigation, as the tissues have direct access to the water. But, there are number of 
constraints in achieving the success of such irrigation. Synchronizing the discharge in the 
tube with ascent of sap and possible injury to the plant during the insertion of tube in the 
trunk are few of them. An attempt was made in a pilot study and to adopt tissue irrigation 
in a grown up garden of coconut trees of 20 years old. As the practical possibility of such 
a proposal is often doubted by many, the experience of field study to adopt this innovative 
method of irrigation is shared and discussed in this article.  

 
 

2. METHODOLOGY 
 

To test this innovative idea, a coconut garden of 20 years old trees was selected in the 
campus of GKVK of University of Agricultural Sciences, Bangalore. Out of 72 plants, 30 
plants were selected for the study. The pilot study was conducted during 2007-08 under 
the grants allotted by the Directorate of Research of the University. A HDPE anodized 
tank of 500 Lt capacity was mounted on a stand of 10 ft height to provide static head to 
the system. A rigid PVC pipe of 63 mm was laid underground and connected to the tank 
to ensure that water supply was made in all six rows, each having five plants. HDPE 
anodized lateral pipes of 12 mm were connected to the PVC pipes above the ground and 
spread to reach all five plants of each row. Two 0.5 mm dia. micro tubes, each of 1.5 M 
length were connected from lateral pipes to trunk each plant at a height of one meter 
(Fig1) 



 
Figure 1. Lateral pipe connected to micro tube (Pipe latéral connecté à tube micro) 
To facilitate the insertion of micro tube, two diagonally opposite holes of 2 mm dia. were 
drilled up to a depth of 50 mm at one meter height using carpenter’s hand operated 
drilling machine (Fig 2). A small cotton plug was inserted deep into the hole. After placing 
the micro tube inside the hole to a depth of 50 mm, a paste of Dithane- M 45 (fungicide) 
was smeared in the cavity to overcome the fungal infection due to injury caused to tissue 
while drilling. Adhesive gum was used to hold the micro tube intact and maintain 
continuity of suction between xylem vessels and micro tube (Fig3). 
 

 
Figure 2. A 2mm hole drilled in the trunk (Un trou de 2 mm forés dans le coffer). 



 
Figure 3. Micro tube inserted in trunk (Micro tube inséré dans le tronc) 
A diagrammatic representation of diagonally opposite hole with micro tube inserted is 
shown in Figure 4. 
 

 
Figure 4. Diagrammatic representation of xylem vessels in coconut and position of micro 
tube in tissues (Représentation schématique des vaisseaux de xylème de noix de coco et 
la position du tube micro dans les tissus) 
  
Initially, the water was allowed daily for a period of 4 hours through micro tube at a rate of 
0.5 Lt/hr. After leakages in some plants were plugged and after confirming that water was 
flown from the tank through micro tubes into the xylem vessels, the irrigation period was 
increased to   8 hours per day with a total supply of 8 Lt/day/plant( by two micro tubes 
connected to each plant, each delivering 4 Lt/ day). A control was also maintained to 
irrigate the plants by surface method and conventional drip method to account the water 



supplied in these methods. The parameters like height at which the tubes were inserted 
and number of micro tubes/ plant were earlier standardized by trying out different 
combinations on trial and error basis. 
 
 

3. RESULTS AND DISCUSSION 
 
 

The results of the pilot study have amply demonstrated that system of tissue irrigation 
achieved a substantial water saving of 68 cm over a period of one year experimentation 
when compared to surface method of irrigation, normally ring basin method is adopted in 
coconut, in which 40 irrigations were given at the rate of 200 liters of water per palm per 
irrigation (Table-1). The conventional drip method could save only 38 cm of water 
supplied at the rate of 70 liters per palm per irrigation amounting to total supply of 42 cm 
given in 80 irrigations. When conventional drip and new method of irrigation were 
compared, it is clear that the tissue irrigation further saved an additional 30 cm over 
conventional drip method. 
Besides these calculations, the growth observations made on number of fronds, number 
of bunches and the greenness of the palm indicated that there was not much differences 
among the methods of irrigations tried in a span of 6 months to one year. Since coconut 
is a perennial monocot tree, the actual data on yield of nuts could not be made. However, 
one of the interesting observations made on dropping premature nuts showed that it was 
substantially low under tissue irrigation compared to other two methods. Hardly 3 to 4 
premature nuts were dropped from each plant under tissue irrigation when compared to 6 
to 8 under conventional drip and 10 to 16 under surface method of irrigation. 
The working feasibility of this method could be evidenced from emptying up of 500 lit 
capacity tank which was filled daily in the morning. Good correlation was also noticed 
between water consumption through tissue irrigation and bright sunshine hours of the 
day. Thus, the water uptake in tissue irrigation method could be directly corroborated to 
climatically controlled water loss from the fronds and consumption depended on 
transpiration pull by the palms which in turn depended on the evaporative demand of the 
atmosphere or otherwise vapor pressure deficit of the atmosphere. 
Further, this system of irrigation eliminates the power required to create operating head 
and cumbersome process of scheduling based E-pan rate, as it essentially operated on 
static head created by placing the water tank at height. This technique needs further 
refinement by conducting the experiment in a long term replicated trials and by making all 
possible observations on plant-soil- atmospheric parameters. There is also a good scope 
to extrapolate the technique many perennial tree species and its benefits would be 
realized for saving of water across several agro-climatic situations.   

 
Table 1.  Water consumption by coconut palms under different methods of irrigation 

Method 
of 

Irrigation 

Water 
supplied 

(Liters/Palm 
/irrigation) 

Number 
of 

irrigation 
/year 

Total 
water 

supplied 
(L/ha/year) 

Depth 
of water 
supplied 

(cm) 

Saving of 
water over 

control 
(cm) 

% saving 
of water 

over 
control 

Tissue 
Irrigation 

8.00 200 1,20,000 12 68 85.0 

Conventi
onal drip 
irrigation 

70.00 80 4,20,000 42 38 47.5 

Surface 
Irrigation 
(Control) 

200.00 40 8,00,000 80 -  



 
 
 

4. REFERENCES 
 
 

INCID,1994, Drip irrigation in India 62-65 
 
 
 
 
 



REGULATOR RESERVOIR IN PRESSURIZED IRRIGATION 
NETWORKS 

(CASE STUDY MOSALLASE GIVI IRRIGATION NETWORK) 
 

Le rôle de réservoir REGULATEUR en gestion des opérations 
AMÉLIORATION DANS DES RESEAUX d'irrigation sous pression 

 
 

Nosratollah Assadi1 and Hamed Hadidian2 
  
  
 
 

ABSTRACT 
 
 
Efficient use of both water and energy resources are vital for productivity increase in 
agriculture, simultaneously maintaining environmental sustainability. Soil and water 
resources of arid and semi-arid regions can be managed to sustain the productive 
capacity of the land and to better cope with water scarcity. In this context, optimal use 
of water and applying modern irrigation techniques such a pressurized irrigation are 
needed. In pressurized irrigation system running energy expenditure is high. Energy 
can be supplied by pumping and in some cases by gravity when there is a good head 
difference between, say a reservoir and the intake of the pressurized irrigation 
network.    
    
Mosallase Givi irrigation and drainage network is located in northwest of Iran in 
Ardebil province. Givi reservoir dam was constructed on Givi river is the source of 
water for the network. Project area is about 4500 ha and according to the limitation of 
water and soil resources, just about 2200 ha can be covered by trickle irrigation 
system. Since Givi project area is in a steep mountainous region. The head difference 
between the point of water diversion from the Givi reservoir and the irrigation network 
is about 180 m. 
 
In this paper, two approaches were studied in designing of Givi irrigation network. In 
the first approach the design was based on sub-main and main pipe lay out from the 
reservoir to the farm. In second approach at the beginning of each sub main pipe a 
regulator reservoir was planned to store and supply water to the farms located at the 
downstream of the sub main pipe. 
After comparing these approaches, the second approach was found better due to less 
operation and maintenance costs, better irrigation scheduling and less total capital 
costs. 
 
Key words: Pressurized irrigation, Energy need, Regulating reservoir, Mountainous 
region.  
 
 

1. INTRODUCTION 
 
 

Water scarcity is one of the most prominent issues of discussion worldwide 
concerned with sustainable development, especially in the arid and semi-arid areas. 
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Due to arid and semi-arid climate in most parts of Iran, fresh water is always scarce 
though it has a major role in agricultural economy. Soil and water resources of dry 
lands can be managed to sustain the productive capacity of the land and to better 
cope with water scarcity. For this, optimal use of the available limited fresh water and 
adopting modern and water-saving irrigation techniques are needed. The piped 
irrigation water supply system such as pressurized irrigation (trickle or sprinkler) is an 
effective solution for achieving water saving in irrigation. In this method, evaporation 
and seepage losses of water are avoided. The cost and energy required to install 
piped system can ultimately be repaid by the water savings and yield improvement.  
Numerous pressurized irrigation systems have been developed during the last 
decades resulting in improved irrigation quality and water distribution efficiency. 
However, operation, maintenance and management of pressurized irrigation systems 
require technical expertise and knowledge which makes it difficult for local farmers in 
developing country such as Iran. 
 
 

2. MATERIALS AND METHODS 
 

 
2.1. Project Location 
The project area is located between 48º, 19´ to 48º, 14´ E longitude and 37º, 41´ to 
37º, 35´ N latitude in the north west of Iran and south of Ardebil province. The project 
area is bounded by Soorebaragh rood in the north, Givi River in the east, Sangvar 
River in the west and Firozabad village in the south. 
 
 2.2. Meteorological Data 
Climate. Project area is classified as cold semi-arid. High altitude causes that the 
winter precipitations coming in the form of snow. 
 
Annual precipitation. The major resources of precipitations in project area are 
moisturized systems that enter the area from October to May. Average annual 
Precipitation in project area is 325mm. 
 
Temperature. The average annual temperature is about 9.8ºC. The minimum 
temperature is - 38.5ºC and the maximum is 43ºC. The coldest month in the year is 
January and the warmest month is July. 
 
Frost days. In project area there is 129 days in a year when the temperature is sub-
zero.   
 
Relative humidity, Minimum RH occurs in summer and the maximum occurs in 
winter. The average relative humidity in the project area is about 57%. 
 
Sun shine hours. Most of the sunny hours have been observed in July and the least 
have been recorded in January. Average sunny hours are 2654 hours per year. 
 
Wind speed and direction. The average wind speed is 1.66 m/s. The wind direction 
in October February and March is from east to west and in the other months is west 
to east.  
 
2.3. Development Plan 
Among the different types of irrigation delivery schemes, the on-demand scheme 
offers the greatest potential. This scheme provides farmers with great flexibility, 
allowing them to adjust water application to crop water requirements. On-demand 
design of collective irrigation networks must meet the discharge requirements during 
the peak period. A minimum hydrant pressure must also be guaranteed to ensure 
appropriate on-farm performance. 



 
Pressurized (Trickle and sprinkler) irrigation system is selected for this project so all 
of the conveyance systems comprise pressure pipe network. 
 
As mentioned before, there is a large height difference between the first point (point 
of diversion) and last point of irrigation network. This height difference is about 180 m. 
Pressure release valves are use for decreasing dynamic pressure, but these valves 
cannot decrease static pressure head.  
 
In this paper, two approaches were studied in designing of Givi irrigation network for 
managing the high and extra pressure in the system. 
 

3. ALTERNATIVES 
 
 

The purpose of this paper is to identify the effects of regulating reservoir in 
pressurized irrigation networks, replacing high pressure pipes with regulator reservoir 
and low pressure pipes. 
 
3.1. Description of Alternative Plans 
Two project alternatives are identified for this evaluation. These are: 
 
Alternative A: Using high pressure pipes and instruments and 
Alternative B: Reservoir for regulating the pressure and store water. 
 
Alternative A. In this alternative (Fig. 1), along the pipes path, considering the 
changes in static pressure, pipes nominal pressure changed too. Based on this 
approach, pipe lines are chosen among 6 bar to 25 bar classes. Also valves and 
other facilities are compatible with high pressure. According to this approach, the 
operational pressure is higher than required and suitable for the sub mains in the 
irrigation network. So, pressure break valves and safety facilities were designed to 
regulate the pressure in the network. In this approach it is noticeable that: 
 
- When the pressure is going to be higher than the required pressure in the system, 
higher pressure pipes and regulation valves and safety facilities must be selected, 
which increase networks costs and makes operation, maintenance and monitoring of 
irrigation system more complicated than usual.  
 
- Based on this principal that the irrigation must occur 24 hours a day, if for some 
reason one or more of the farms could not use its time for taking water from its 
turnout, it may make many problems for covering the demand of that farm in the 
future. 
 
Alternative B 
In this alternative, regulator reservoir is used for decreasing static pressure head 
along the pipes network. When the pressure gets higher than operating pressure; a 
reservoir was designed to prevent the increasing of the pressure. These reservoirs 
would store water when system demand is low and release it when the pipeline needs 
more water (Figure 2). 
 



 
Figure 1. Project layout 

 
 

In this case water from a pressurized pipe comes to the open reservoir (regulator 
structure). Another pipe conveys water from reservoir to the system with pressurized 
situation. 
- Open reservoirs was mentioned for regulating the pressure in the system, According 
to that, the pipes in the irrigation network were chosen among usual classes such as 
6bar and 10bar and rarely 16 bar. The costs of irrigation network are more 
reasonable than the first approach. 
- Since there are some reservoir already designed in the network, so the minimum 
number of regulation valve and safety instrument (for preventing the surge problems) 
are required. 
Irrigation regulating reservoirs shall have a usable capacity sufficient to permit the 
existing irrigation stream to be regulated so that irrigation water can be applied with a 
high efficiency. 
 
Due to the differing requirements between agriculture and subdivision watering 
demands, no flow fluctuations beyond the point of the diversion will be acceptable to 
the district unless special district consent is given. If storage is required, underground 
storage or a pond may accomplish it. The storage facility shall be sized to 
accommodate water flow during the demand period without exceeding the daily water 
right of the property. The purpose of the storage facility is to store water during the 
low periods of demand in order to provide the increased flow during the anticipated 
watering window of the subdivision. The storage facility will also allow a constant flow 
of water onto the property from the point of diversion. 
 



Elevation changes within the system shall be carefully considered so that the 
pressure in the system does not exceed 90 psi. If there is more than a 20% pressure 
variance in the system, pressure regulators shall be used at the individual lot 
services. Mainline pressure regulators shall be used as necessary to equalize system 
pressures within the pipelines. 
 

 
Figure 2. Regulator Structure (energy dissipater) before reservoirs 

 
 

4. SUMMARY AND CONCLUSIONS 
 
 

Comparison of the approaches 
In the first alternative the network was designed in classic form while the pressure 
wasn't normal and it made the designers to use high pressure pipes and a large 
number of regulation valves and safety facilities. It made the costs of the network too 
high and the operation and maintenance could also be complicated. The comparison 
of the prices for the two alternatives is shown in Table 1 & Fig 3). 
Table1. Comparison of costs (in Rials) between Alternative A and Alternative B 

 

Cost (RLS) Pipes  Reservoirs  
Regulating and 
safety facilities 

Total(RLS) 

1st 
alternative 33,487,462,973 0 1,500,000,000 34,987,462,973 

2nd 
alternative 29,010,576,965 1,202,500,000 0 30,213,076,965 



 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 3. Cost comparison between the Alternatives A (1st approach) and Alternative 
B (2nd approach) 
 
 
From the point of operation and maintenance when reservoir is considered in a 
network, the network gets more flexibility when it faces hydraulic changes. Also 
having too many facilities for regulating and safety in an irrigation network makes the 
operational process too hard or maybe impossible. According to that, it seems the 
Alternative B is simpler to operate.  
However because of the many calculations and complicated process in designing 
network and too many trial and errors during the calculations, usage of hydraulic 
modeling software will be needed for increasing the precision of the calculations. In 
this project the designers preferred to use Water Gems 8 for modeling the network. 
The main problem in pressurized irrigation systems is operational matters and also 
management of these systems is a big problem. It seems by correctly diagnosing the 
probable operational constraints during designing, most of the problems in the future 
can be solved. Based on that, simplifying the operational and maintenance phase, as 
an important and necessary matter, can cover the additional costs for a pressurized 
irrigation network. 
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ABSTRACT 
 
 
As the competition for the finite water resources on earth increases due to growth in 
population and affluence, agriculture is faced with intensifying pressure to improve the 
efficiency of water used for food production. The study was carried out to improve 
water use efficiency (WUE) and water productivity (WP) on sunflower, using split–plot 
design on base of randomized complete blocks with two different cultivation 
management (Sw:sunflower after wheat, Ss:only sunflower), 3 irrigation treatments 
(Is-60: furrow irrigation and rows 60cm, It-50: drip irrigation and rows 50cm, It-60:drip 
irrigation and rows 60cm ) in 3 replications in Meandoab Agricultural Research 
Station in production season 2007-2008. Irrigation treatment significantly affected 
seed yield. Although the highest seed yield (5.10 t ha-1) was obtained from It-50 
treatment, increasing 23.3% in compared with Is-60 treatment, the effect of main 
factor on oil content was significant at P≤5% but irrigation treatment didn’t  have any 
significant effect on it.  Sw treatment significantly (P≤1%) increased WP and WUE. 
Water use efficiency and water productivity were increased by 18.9% and 18.1% in 
treatment of Sw.  Maximum water productivity was 0.761 Kg m-3 in treatment of It-50. 
The research results revealed that the drip irrigation system could be used 
successfully for irrigation of sunflower crops under the arid climatic condition of west 
Azerbaijan for improving WP and WUE.  
Key words: sunflower, drip irrigation, furrow irrigation, water use efficiency, 
water productivity 

 
   

1. INTRODUCTION 
 
 
The sustainable use of scarce water resources in Iran is a priority for agricultural 
development. The pressure of using water in agriculture sector is increasing to create 
ways to improve water-use efficiency and taking a full advantage of available water. 
Therefore, adoption of modern irrigation techniques is needed to be emphasized to 
increase water use efficiency. Drip irrigation is the most effective way to convey 
directly water and nutrients to plants and not only save water but also increases 
yields of vegetable crops.  
Surface irrigation methods are utilized for more than 80% of the world’s irrigated 
lands yet its field-level application efficiency is often only 40–50%. In contrast, drip 
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irrigation may have field-level application efficiencies of 70–90% as surface runoff and 
deep percolation losses are minimized (Heermann et al., 1990; Postel, 2000). Hence 
tendency in recent years has been towards conversion of surface to drip irrigation, 
which is considered to be more efficient delivery system. Scheduling water application 
is very critical to make the most efficient use of drip irrigation system, as over 
irrigation reduces yield, while inadequate irrigation causes water stress and reduces 
yield. On the other hand, the intensity of operation requires that the soil water supply 
be kept at the optimal level to maximize returns to the farmer. High-frequency water 
management by drip irrigation minimizes soil as a storage reservoir for water, 
provides at least daily requirements of water to a portion of the root zone of each 
plant, and maintains a high soil matric potential in the rhizosphere to reduce plant 
water stress (Phene and Sander, 1976; Nakayama and Bucks, 1986). Micro irrigation 
has become widespread in agriculture in recent years in Iran because of advantages 
of this system and attention to shortage of water resources meanwhile by using tape 
irrigation we can irrigate the crops easily, that helps the plants grow, increasing yield 
and improving of water productivity. According to Sivanappan (1994) research studies 
in India water saving is about 40–80% and the yield increase is up to 100% for 
different crops by using micro-irrigation. The incremental benefit-drip cost ratio 
(BI/CD) worked out for various crops ranges from 1.35 to 13.35 excluding water 
saving and 2.78 to 32.32 including water saving. It has also been proved that drip 
irrigation, which is a type of micro-irrigation, is technically feasible and socially 
acceptable not only for large farms but also in small and marginal farms. A study by 
Purser (1993) show that using tape irrigation and polyethylene mulch cause the 
temperature of soil goes up and the yield increases 2 to 5 times.  Sepaskhah et al. 
(1976) reported that micro irrigation system decrease water consumption by 55% in 
comparison with furrow irrigation system in planting beans.  The effect of irrigation 
systems (micro irrigation by tape and furrow) and plant density on yield and water use 
efficiency studied by Ghadami et al., (2007). they reported that  irrigation systems  
don’t have significant effects on yield of garlic but  water consumption has decreased 
44% and water use efficiency has increased 41% in tape irrigation system in 
comparison with furrow irrigation.  
The aim of this research was to study the effects of micro-irrigation (tape) and plant 
density at two different growth periods of sunflower, on yield, certain yield-
components and quality traits of sunflower for water usage under Meandoan region 
conditions.  
 
 

2. MATERIAN AND METHODS 
 
 
Field trials were conducted for 2 years (2007–2008) at Agricultural Research Station, 
Meandoab(MARS), West Azarbaijan, which is situated in the north–western semi arid  
zone of Iran (36o, 58` N latitude; 46o, 60` E longitude and altitude of 1314m above 
mean sea level). The soil of the site was silty loam in texture having an infiltration rate 
of 14mmh-1 and a bulk density of 1.3 g cm-3 with field capacity of 0.25 m3.m-3 and 
permanent wilting point of 0.12 m3 m-3. The plant available water is observed as 150 
mm in the upper 90 cm of the soil profile. The soil pH was 7.9. cold climate is 
dominant in the area. Average temperature and annual precipitation is 10.5 0C and 
280 mm, respectively, based on the many years of observation data collected by the 
station located in the experimental farm. Annual average humidity and wind rate are 
61% and 1.2 m s-1, respectively. 
Treatments including 2 different cultivation management (Sw:sunflower after wheat, 
Ss:only sunflower), 3 irrigation and plant density treatments (Is-60: furrow irrigation 
and rows 60cm, It-50: drip irrigation and rows 50cm, It-60:drip irrigation and rows 



 

 
 

60cm ) as main and sub plots respectively, were studied using split plots on the base 
of Randomized Complete Blocks Design (RCBD) in 3 replications during 2007-2008. 
Every plot had 30 m long and 3.0-3.6 m wide and with 6 rows of plants spaced 50 and 
60 cm on row and 30 cm in row. Every plot was separated and irrigated 
independently. For SW treatment at main factor we plant wheat on fall and we plant 
sunflower immediately after harvesting wheat on spring. All of plots were uniformly 
irrigated after sowing at first irrigation on the base of soil moisture deficit 
compensation to the field capacity point in depth of 30 cm. Thereafter, irrigation was 
changed in each plot according to the related treatments. sunflower water 
requirement was estimated in each growth stage on the base of potent 
evapotranspiration(ETo) and crop coefficients(kc). ETo was determined by using 
relationship between pan evaporation (Ep) and potent evapotranspiration (ETo) 
obtained from lysimeter data presented in MARS. Water efficiency considered 90% 
for tape irrigation system and was calculated on farm for furrow irrigation in every 
irrigation time. In this context inlet flow and runoff at end furrow was measured by 
WSC flume that installer at first and end of furrows.  

 
 

3. RESULS AND DISCUSSION  
 
 

The results of analysis of Variance in two years trial have been showed in table 1. 
The effect of main factor (different cultivation management or planting time) on the 
grain yield was not significant. The effect of main factor on oil content was significant 
at P≤5% but irrigation treatment didn’t significant effect on it. The difference between 
WUE and WP of different cultivation management treatment was significant. Sw 
treatment significantly (P≤5%) increased WP and WUE. Water use efficiency and 
water productivity were increased by 18.9% and 18.1% in treatment of S in 
comparison with Ss (table 2).  The effect of irrigation treatment on grain yield, WUE 
and WP was significant at P≤1%. The highest grain yield was obtained from tape drip 
irrigation with 50 cm row space (5103.7 kg ha-1). It was 23.3 % more than Ss.Is-60 
treatment (common treatment). The grain yield of It-60 treatment (tape drip irrigation 
and 60 cm row space) with 6.3% increase in related to Is-60 treatment expanded to 
4400.6 kg ha-1.  The sub main factors were effected on the height of plant at  1% level 
of probability (table 1).  

 
 

Table 1.    Combined analysis of Variance of treatments on sunflower characteristics 
in two years of experiment 

S.O.V d.f 
MEAN of  SQUARS 

Grain yield  
1000 grain 

weight  
Oil 

content    
Plant 
height   

WUE WP 

year 1 3297056.37** 6424.02 ** 441.70 ** 4268.23** 0.080 * 0.048 * 
S 1 292302.18 ns 3.55 ns 3.39 * 14.78  ns 0.188 ** 0.101 ** 

Y*S 1 7196.12 ns 1.73 ns 6.09 ** 38.71 ns 0.008 ns 0.004 ns 
Error(S) 4 98416.07 1.97 0.25 25.00 0.005  0.010 

I 2 2993104.74 ** 5.10 ns 0.21 ns 62.07 ** 0.031 ** 1.403 ** 
Y*I 2 35628.22 ns 32.49 ns 0.94 ns 27.65 ns 0.002 ns 0.009 ns 
S*I 2 116397.62 ns 5.07 ns 0.59 ns 27.97 ns 0.004 ns 0.021 * 

Y*S*I 2 9653.47 ns 2.64 ns 0.36 ns 37.78 * 0.001 ns 0.001 ns 
Error 16 108981.48 9.74 1.16 10.01 0.004 0.038 

C.V 7.26 % 5.02 % 2.49 % 1.83 % 7.28 % 7.57 % 
ns: not significantly different ;  *and ** : significant at the 5% and 1% levels of probability respectively.  



 

 
 

WUE and WP were influenced highly significant by  different cultivation management 
and irrigation treatment. Sunflower as second planting case (Ss) caused 3.95 % 
reduction of grain yield but in the other hand the water usage decrease 18 % and 
WUE and WP 18.9 % and 18.1 % increased respectively(table 2).  
Water productivity of furrow irrigation and 60 cm row space treatment (Is-60) was 367 
gr m-3. Replacing tape drip irrigation in same plant density caused saving in water 
consumption about 5500 m3 ha-1 and improvement of WP up 107.6 %. WP in It-60 
was 761 gr m-3. Increasing plant density with reduction row space from 60cm to 50 
cm under tape drip irrigation bring about increasing  of WP from 846 gr m-3   to 897 gr 
m-3  that was not significant. In spit of 6.8% of increasing WUE by replacing surface 
irrigation by micro irrigation, the difference  was not significant but  with changing 
irrigation system  together the reduction of row space( It-50 treatment) WUE 
increased to 897  gr m-3 significantly (P≤1%).    
 
Table 2.    Mean Comparison for yield and water consumption index of sunflower 

Treatment 
Yield  

kg.ha-1 
ETc            

mm 
Water 

consumption
WP kg.m-3 WUE kg.m-3 

Sw 4457.3 485 7077.0 0.918 a 0.699 a 
Ss 4650.2 562 8324.0 0.773 b 0.592 b 

 

IS-60 4137.8 527 11356.0 0.794 b 0.367 b 

It-50 5103.7 572 6365.0 0.897 a 0.807 a 
It-60 4400.6 526 5847.0 0.846 ab 0.761 a 

 

SwIS-60 4020.7 467 10260.0 0.86 a 0.39 a 
SwIt-50 4931.4 517 5743.0 0.95 a 0.86 a 
SwIt-60 4419.7 471 5230.0 0.94 a 0.85 a 
SsIS-60 4254.8 588 12453.0 0.72 a 0.34 a 
SsIt-50 5276.1 629 6989.0 0.84 a 0.75 a 
SsIt-60 4381.6 582 6465.0 0.75 a 0.68 a 

 
 

4.  Conclusions 
 
 

The research results revealed that the tape drip irrigation system could be used 
successfully for irrigation sunflower crops under the arid climatic condition of west 
Azerbaijan for improving WP and WUE. Under tape drip irrigation system we 
recommend increasing plant density by reduction row space from 60 cm to 50 cm 
also sunflower be cultivated after wheat or lately in Meandoab region. Finale the SwIt-
50 treatment is recommended.   
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ABSTRACT 
 
 
Field experiment was carried out at AICRP- Water Management block, Agricultural 
College and Research Institute, Madurai during Kharif 2009 to study the effect of drip 
fertigation on growth, yield, quality and economics of hybrid bhendi (M-10). There 
were eight treatments replicated four times in Randomized Block Design. All the 
growth and yield parameters were substantially enhanced by drip fertigation 
treatments compared to surface irrigation with soil application of recommended dose 
of fertilizers. Drip fertigation of 100 per cent RDF as water soluble fertilizers (WSF) 
exhibited better plant height, number of branches, days taken for first flowering, root 
characteristics and dry matter production. As a consequence of better growth, yield 
attributing characters like number of pods per plant, pod length, pod girth and pod 
weight were increased under drip fertigation of 100 per cent RDF as WSF. Further, 
every increment in the level of nutrients by fertigation from 50 to 100 per cent 
recommended dose of fertilizers brought out corresponding increase in the above 
parameters. Drip fertigation of 100 per cent RDF as WSF registered significantly 
higher pod yield which amounted to 65 per cent yield increase over surface irrigation 
with soil application of recommended dose of fertilizers 
The hybrid bhendi quality parameters viz., crude protein, mucilage and ascorbic acid 
contents were significantly increased with increasing fertigation levels. Significantly 
lower crude fibre was noticed in the treatment with drip fertigation of 100 per cent 
RDF as WSF. The fertilizer dose with drip fertigation of 100 per cent RDF as WSF 
resulted in higher plant nutrient uptake and availability of soil nutrients at various 
growth stages of crop growth owing to easily available form of applied nutrients. 
Further, drip fertigation integrated with liquid biofertilizers and humic acid created 
favourable condition for multiplication of beneficial microorganisms in the rhizosphere 
region.  
The nutrient mobility study revealed that fertigation treatments maintained higher 
concentration of available N and K around root zone of bhendi compared to surface 
irrigation with soil application of recommended dose of fertilizers where most of the 
nutrients moved to deeper layer due to leaching fraction of applied fertilizers. 
Fertigation of P at various levels also resulted in more available P at all soil layers 
compared to soil application of fertilizers. The resource use efficiency parameter viz., 
partial factor productivity declined with increasing levels of fertigation. The water use 
efficiency was higher under drip fertigation of 100 per cent RDF as WSF. Though the 
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initial investment cost on drip fertigation system was more, drip fertigation of  
100 per cent RDF as WSF resulted in higher net returns.  
From the foregoing, it is concluded that drip fertigation of 100 per cent RDF as WSF 
at six days interval would be an ideal practice to achieve higher income as compared 
to traditional method of applying fertilizers with surface irrigation.  
 
 

INTRODUCTION 
 
 

 Bhendi responds well to additional fertilizer applied and it is reported to be a heavy 
feeder of NPK (Patel et al., 2009). Drip irrigation is an effective way to supply water to 
bhendi plants and usually fertigation improves fertilizer use efficiency by the plants. It 
is well known that organic manures, inorganic fertilizers and biofertilizers are essential 
to increase the yield of vegetable crops. Day by day the cost of fertilizers has gone up 
and ultimately farmers receive only a marginal profit. Therefore, it is imperative that 
chemical fertilizers, organic manures as well as biofertilizers are utilized properly and 
effectively not only as source of the nutrients but also for increasing nutrient use 
efficiency without adversely disturbing the soil health. 

 
 

MATERIALS AND METHODS 
 

 
Field investigation was conducted at AICRP-Water Management Block, Agricultural 
College and Research Institute, Madurai, Tamil Nadu, India during Kharif 2009 to 
elicit information on effect of drip fertigation on growth, yield, quality and economics of 
hybrid bhendi. 
The experiment was laid out in Randomized Block Design (RBD) with four 
replications. Treatments consisted of  T1 – Surface irrigation with soil application of 
recommended dose of fertilizers (200:100:100 kg NPK ha-1), T2   -Drip fertigation of 
100% RDF (N, P and K through drip system as water soluble fertilizers (WSF),  T3   - 
Drip fertigation of 50% RDF (50% NPK as basal +balance through drip as WSF),  T4 - 
Drip fertigation of 75% RDF (50% NPK as basal +balance through drip as WSF), T5 – 
Drip fertigation of 100% RDF (50% NPK as basal +balance through drip as WSF), T6 
– Drip fertigation of 50% RDF (50% NPK as basal +balance through drip as 
WSF+LBF (Liquid Bio Fertilizers)+HA (Humic Acid)),T7 – Drip fertigation of 75% RDF 
(50% NPK as basal +balance through drip as WSF+LBF+HA), T8 – Drip fertigation of 
100 % RDF (50% NPK as basal +balance through drip as WSF+LBF+HA).  Hybrid 
bhendi (M-10) was used as the test crop. The recommended dose of fertilizer for 
hybrid bhendi is 200:100: 100 Kg NPK ha-1. The drip irrigation was scheduled once in 
three days and fertigation was given once in six days as per the treatment schedule 
stating from 15 DAS upto 100 DAS. The observations on growth parameters at 
periodical intervals, yield attributes, yield and quality parameters were recorded. 
Further, resource use efficiency and economics were also calculated. 
 
 

Results and Discussion 
 
 

Growth attributes (Table 1) 
Drip fertigation of 100 per cent RDF as WSF recorded the highest plant height 
followed drip fertigation of 100 per cent RDF (50% NPK as basal + balance through 
drip as WSF+LBF+HA). The lowest plant height was recorded in drip fertigation of 50 
per cent RDF (50%NPK as basal + balance through drip as WSF) which was on par 
with surface irrigation with soil application of recommended dose of fertilizers. Similar 



trend was also observed in number of branches per plant. The favourable moisture 
throughout the crop growth as well as adequate level of nutrients might have 
stimulated the physiological proves of cell elongation and cell division, which would 
have contributed to elongation of the stem and more number of branches. Similar 
results of better branching at recommended level of nutrients under drip irrigation 
system were reported by Tumbare et al. (1999) and Gulshan Mahajan et al. (2006) in 
Chilli an brinjal respectively.  

 
 

Table 1.Effect of drip fertigation on growth attributes of hybrid bhendi 

Treatments 
Plant Height 

(cm) 
No of branches 

at harvest 
stage 

Days taken for first 
flowering 

T1 167.46 4.30 39 
T2 198.42 7.20 34 
T3 165.34 4.20 40 
T4 167.21 4.30 37 
T5 172.55 5.00 36 
T6 176.84 4.00 38 
T7 179.44 5.20 34 
T8 182.25 6.60 34 

SEd 3.80 0.11 0.83 
CD (P = 0.05) 7.92 0.24 1.73 

 
Drip irrigation as well as fertigation levels significantly reduced the days taken for first 
flowering. The plants treated with drip fertigation of 100 per cent RDF as WSF came 
to flowering earlier. This was comparable with drip fertigation of  
100 per cent RDF (50% NPK as basal + balance through drip as WSF+LBF+HA). The 
late flowering was observed under surface irrigation with soil application of 
recommended dose of fertilizers.  
 
 
Yield parameters (Table 2) 
Yield attributing characters like number of pods per plant, pod length, pod girth and 
pod weight were significantly higher under drip fertigation treatments. The maximum 
yield attributing characters were recorded under drip fertigation of 100 per cent RDF 
as WSF which was 26 per cent higher than surface irrigation with soil application of 
recommended dose of fertilizers. The increased number of pods under drip fertigation 
of 100 per cent RDF as WSF was mainly due to early vigour shown by the crop with 
its growth characters. This was also due to the availability of optimum plant nutrients 
along with sufficient moisture for early development of plant parts and rooting system, 
which might have enhanced more uptake of plant nutrients.  

 
 

Table 2. Effect of drip fertigation on yield parameters of hybrid bhendi 

Treatments No of pods/plant Pod length
(cm) 

Pod girth 
(cm) 

Pod weight  
(g) 

T1 13.10 14.50 5.32 14.70 
T2 16.40 18.20 7.20 21.05 
T3 12.70 14.40 5.30 14.04 
T4 13.20 15.40 6.08 17.08 
T5 13.50 16.02 6.84 18.20 
T6 13.00 14.60 5.36 14.50 
T7 14.10 16.90 6.30 17.90 
T8 15.00 17.10 6.80 19.15 

SEd 0.32 0.46 0.18 0.43 
CD (P = 0.05) 0.68 0.97 0.37 0.91 



Yield of bhendi (Table 3) 
The highest yield with drip fertigation of 100 per cent RDF as WSF may be attributed 
mainly owing to good vegetative growth in terms of higher plant height, more 
branches, more pods and higher pod weight than with surface irrigation with soil 
application of recommended dose of fertilizers. In the present study, it was also 
observed that there was no significant difference in crop yields between drip 
fertigation of 50% RDF (50% NPK as basal +balance through drip as WSF) and 
surface irrigation with soil application of recommended dose of fertilizers and these 
treatments recorded the lowest yield. This indicated that fertigation saved fertilizers to 
the tune of 50 per cent as compared to 100% RDF to maintain the same yield. 
Savings in the consumption of fertilizers upto 50 per cent by fertigation compared to 
soil application have been reported by Satyendra kumar et al. (2008) in onion and 
Soumya et al. (2008) in tomato.  
 
 

Table 3. Effect of drip fertigation on yield of hybrid bhendi 
Treatments Pod Yield  (t ha-1) 

T1 10.87 
T2 17.96 
T3 9.89 
T4 12.37 
T5 13.84 
 T6                                 10.57 
T7 13.97 
T8 15.54 

SEd 0.48 
CD (P = 0.05) 1.00 

 
 
Quality parameters (Table 4) 
The quality parameters of hybrid bhendi like crude protein, crude fibre, ascorbic acid 
and mucilage contents were higher in drip fertigation of 100 per cent RDF as WSF. 
This was comparable with drip fertigation of 100 per cent RDF (50% NPK as basal + 
balance through drip as WSF+LBF+HA. Surface irrigation with soil application of 
recommended dose of fertilizers was found to record lower quality parameters. The 
increasing quality parameters in the recommended level of nutrients applied in 
combination with liquid biofertilizers and humic acid favoured by intense protein 
synthesis and its efficient storage in the presence of sufficient amount of available 
nitrogen from drip fertigation and supplementation from Azospirillum. These findings 
are in conformity with Prabhu et al. (2002) and Patel et al. (2009). 
 

Table 4.  Effect of drip fertigation on quality parameters of hybrid bhendi 

Treatment Crude protein 
(%) 

Crude fibre 
(%) 

Ascorbic acid 
(mg/100g) 

Mucilage content 
(%) 

T1 15.18 13.66 13.33 1.27 
T2 18.37 10.38 19.65 1.85 
T3 15.37 12.30 14.13 1.32 
T4 15.75 12.87 15.24 1.48 
T5 18.00 11.01 16.01 1.78 
 T6            16.00 11.83 16.82 1.61 
T7 16.93 12.18 17.45 1.72 
T8 18.25 10.74 18.52 1.82 

SEd 0.40 0.33 0.65 0.06 
CD (P = 0.05) 0.84 0.70 1.36 0.14 
 



Nutrient mobility (Fig.)   
The mobility of nutrients was well pronounced under drip fertigation system. The 
maximum concentration of nitrogen was noticed under drip fertigation of  
100 per cent RDF as WSF. As the dose of fertilizer reduced, the availability of nutrient 
also decreased in the root zone. In general, fertigation treatments maintained higher 
concentration of available N (Figure 1) around root  zone of bhendi upto a depth of 0-
30 cm soil layer compared to surface irrigation with soil application of 100 per cent 
recommended dose of fertilizers, where most of the N moved to deeper soil layer (30-
45cm).  

 

 
Figure 1. Concentration of N in Soil (0-15 cm along lateral)  

as influenced by method of fertilizer application and fertigation levels 
 

Drip fertigation caused both horizontal and vertical moment of applied P and 
maximum concentration was observed at all layers of soil (Figure 2) compared to soil 
application of recommended dose of fertilizers. Available P distribution in soil at all 
layers was at higher level in drip fertigated treatments when compared to surface 
irrigation with soil application of recommended dose of fertilizers. The accumulation of 
available P at 0-15 and 15-30 cm was tended to be higher in drip fertigation of 100 
per cent RDF as WSF (29.3 Kg ha1) because of complete solubility of phosphorus 
source (Poly feed – 13:40:13) and frequent and small application rates through drip 
system. Phosphate transport in soil applied treatment was too slow for the average 
rate of root growth into the soil, since P fertilizers are prone to fixation at the point of 
application. Most of the applied P may be turned to non-soluble form in a short time 
after its application and the observed concentrations build up in the upper soil layer 
could affect root growth and create unfavourable conditions for P uptake. This 
suggested higher response to P fertigation compared to soil application in traditional 
method. Research has shown that the mobility of P can be increased when they are 
applied via fertigation  

 
Distribution of K varied both vertically and horizontally from the emitting point after 
fertigation. The accumulation of K in soil application of recommended dose of 
fertilizers was lower at 0-15 and 15-30cm depth and the reverse was true at 30-45cm 
depth where entire K fertilizer was three times soil applied, indicating potential 
leaching risk. In this sandy clay loam with low CEC and K fixation, potassium ions 
move along with water and thus, it will be prudent to apply K fertilizers through drip 
irrigation in more splits to achieve maximum nutrient use efficiency (Figure 3). This 
suggested that split application of K fertilizers through drip would be a better option 
for bhendi than soil application with surface irrigation. It was also observed that the 
drip fertigation has the potential to minimize leaching loss and to improve the 
available K status in root zone for efficient use by the crop. Hence frequent 
supplementation of nutrients through drip irrigation increased availability of NPK in the 
root zone and which in turn increased the yield and quality of bhendi.   
 



 
Figure 2. Concentration of P in Soil (0-15 cm along lateral)  

as influenced by method of fertilizer application and fertigation levels 
 

 
Figure 3. Concentration of K in Soil (0-15 cm along lateral)  

as influenced by method of fertilizer application and fertigation levels 
 
 
Water use studies (Table 5)  
Drip irrigation is an efficient method to deliver water and nutrients to the plants 
because water is directly applied to the effective root zone of crop plants. The loss of 
water was minimum and that resulted in the lower water requirement in drip irrigation 
system compared to surface irrigation. In the present study, the total water used by 
the crop was 22 percent higher in surface irrigation compared to drip irrigation. 
Increased efficiency of water due to drip irrigation was earlier reported by Sankar et 
al. (2008). 
 
Water use efficiency can be increased either by increasing the yield or by reducing 
the quantity of water applied. Among the treatments, drip fertigation of 100 per cent 
RDF as WSF resulted in higher water use efficiency and water productivity followed 
by drip fertigation of 100 % RDF (50% NPK as basal + balance through drip as 
WSF+LBF+HA). Surface irrigation with soil application of recommended dose of 
fertilizers recorded lower water use efficiency and productivity. The increased 
efficiency of water usage under drip irrigation was due to increased pod yield and less 
water consumption compared to surface method of irrigation. This is in confirmation 
with the findings of Soumya et al. (2008).  
 



Table 5. Effect of drip fertigation on water use efficiency  
and water productivity in hybrid bhendi 

 

Treatment Total water use 
 (mm) 

WUE 
(kg ha-1 mm-1) 

Water productivity 
(Rs. ha-1 mm-1) 

T1 655 16.60 132.76 
T2 512 35.08 280.63 
T3 512 19.32 154.53 
T4 512 24.16 193.28 
T5 512 27.03  216.25 
 T6                512 20.64 165.16 
T7 512 27.29 218.28 
T8 512 30.35 242.81 

 
 

Conclusions 
 
 
Generally, drip irrigation cum drip fertigation improved the performance of hybrid 
bhendi with higher yield attributes. Drip fertigation of 100 per cent RDF as WSF was 
the best in improving many of the growth attributes and yield. Based on the growth, 
yield and quality parameters drip fertigation of 100 per cent RDF as WSF was 
superior followed by drip fertigation of 100 per cent RDF (50% NPK as basal + 
balance through drip as WSF+LBF+HA). Drip fertigation of 100 per cent RDF as WSF 
recorded the highest net return. Hence, it is concluded that drip fertigation of 100 per 
cent RDF as WSF at six days interval is an ideal practice to achieve higher income as 
compared to traditional method of applying fertilizers with surface irrigation. 
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ABSTRACT 
 
 

Field investigations were carried out at the central farm, Agricultural College and 
Research Institute, Madurai, Tamil Nadu during 2008-09 and 2009-2010, to elicit 
information on the influence of irrigation regimes and fertigation levels on sugarcane 
under subsurface drip fertigation system. The experiments were laid out in Split Plot 
Design with three replications. The main plots treatment consisted of three 
subsurface drip irrigation regimes viz., 75 per cent Etc (I1), 100 per cent Etc (I2) and 
125 per cent Etc (I3). The subplot treatment consisted of six fertigation levels viz., 75 
per cent RDF as commercial fertilizers (F1), 100 per cent RDF as commercial 
fertilizers (F2), 75 per cent RDF – 50 per cent commercial and 50 per cent water 
soluble fertilizers (WSF) (F3),.  
100 per cent RDF – 50 per cent commercial and 50 per cent WSF (F4), 75 per cent 
RDF as WSF (F5) and 100 per cent RDF as WSF (F6).The sugarcane variety CO 
86032 was used for this study. Subsurface drip irrigation was given once in 3 days 
and fertigation was given once in 6 days. 
Tiller production and number of millable canes were higher in drip irrigation at 125 per 
cent Etc along with fertigation of 100 per cent RDF as WSF (I3F6) which was 
comparable with 125 per cent Etc along with 75 per cent RDF as WSF (I3F5) in both 
plant and ratoon crop. The combination of drip irrigation at 125 per cent Etc with 100 
per cent RDF as WSF registered higher cane and sugar yield but it was comparable 
with 125 per cent Etc along with 75 per cent RDF as WSF in both crops. Surface 
irrigation with soil application of fertilizers recorded lower cane and sugar yield when 
compared to subsurface treatments. The subsurface drip irrigation regime of 125 per 
cent Etc registered higher total water use followed by 100 per cent Etc and 75 per 
cent Etc in plant and ratoon crops. The treatment combination of 75 per cent Etc 
along with 100 per cent RDF as WSF (I1F6) recorded higher WUE and water 
productivity. Higher net return was recorded in 125 per cent Etc with 75 per cent RDF 
as water soluble fertilizers in plant crop however in ratoon crop, higher net return was 
observed in 125 per cent Etc with 100 per cent RDF as WSF.  Higher BC ratio was 
associated with drip irrigation at 125 per cent Etc in combination with 100 per cent 
RDF as commercial fertilizers followed by drip fertigation of 75 per cent RDF as 
commercial fertilizers at 125 per cent Etc in both crops. 
 
 
Key Words: Subsurface drip irrigation regimes, Dip fertigation, cane yield,  water use 
efficiency, water productivity 
 
 

Introduction 
 
 

 Indian sugarcane farmers are adopting surface irrigation practices. This leads to 
excess usage and wastage of water. Application of water at the time of actual need 



through subsurface drip with right quantity of water to wet the effective root zone soil 
is the proper irrigation management system to save the precious water. As 
competition for water resources and the need for water conservation increases, 
adoption of subsurface drip fertigation system (SSDF) is a must in future. This 
technology very precisely place water, nutrients and other chemicals in the plant root 
zone at right time and right frequency.   
Sugarcane is a heavy feeder of nutrients. Its root system is shallow and fibrous, 
therefore, fertigation is recommended for higher nutrient availability and use 
efficiency. The aim of the fertigation program is to bridge the gap between crop 
nutrient demand and supply. The nutrient requirements of drip irrigated sugarcane are 
relatively high: 250 to 300 kg ha-1 N, 80 to 100 kg ha-1 P2O5 and 125 to 250 kg K2O 
ha-1. 
Increased application of water soluble fertilizers and fertilization methods have 
become the only solution for the demand of global sugarcane production. Modern 
agriculture must supply crops with optimal rates of nutrients throughout the growth 
cycle in the most efficient manner and without degrading soil and water resources. 
This can be achieved through adoption of subsurface drip fertigation system with 
water soluble fertilizers.  
 
 

MATERIAL AND METHODS 
 
 
Field experiments were carried out to study the influence of irrigation regimes and 
fertigation levels on sugarcane under subsurface drip fertigation system at Agricultural 
College and Research Institute, Madurai, Tamil Nadu during the year 2008-09 and 2009-
10.  
The experimental field was ploughed with tractor drawn disc plough followed by two 
ploughing with cultivator and the clods were broken with rotovator to bring the soil to 
fine tilth. After uniform leveling, trenches were dug out at a width of 40 cm at 140 cm 
apart. The furrow depth was maintained at 30 cm. The sugarcane variety CO 86032 
was used for this study. Two budded setts were planted on both sides of trenches 
with centre gap of 30 cm and the loose soil was filled to a depth of 5 cm. Eight setts 
per running meter were planted on trench as continuous planting. Gap filling was 
done on 20 DAP. 
The water source is an open well. Water was pumped through motor and it was 
conveyed to field using PVC pipes of 90 mm after filtering through disk filter. From the 
main line water was taken to the field through sub mains of 63 mm diameter pipes. 
From the sub main, 16 mm size laterals were fixed at a spacing of 1.80 m and depth 
of lateral placement was 25 cm from the surface soil.  Inline drippers with a flow rate 
of 4.9 lph at 60 cm apart along the laterals were used. Each lateral placed at 1.80 m 
interval was used to irrigate each row of plants. The operating pressure was 
maintained at 1.5 kg cm-2. The subsurface drip irrigation system was well maintained 
by flushing and cleaning the filters.  
Polyfeed (13-40-13) and potassium nitrate (13-0-46) of imported grade water soluble 
fertilizers and urea were used for fertigation. Single Super Phosphate and MOP 
(White potash) as a source of P and K were used for soil application. The 
recommended fertilizer dose of 344:94:169 kg NPK ha-1 was followed in the 
experiment. Fertigation was given once in six days as per the treatment schedule 
starting from 15 to 210 DAP. 
 
Treatments 
Main plot treatment: Irrigation regimes 
Treatments  

I1  Subsurface Drip Irrigation at 75 % Etc 
I2  Subsurface Drip Irrigation at 100 % Etc 
I3  Subsurface Drip Irrigation at 125 % Etc 



 
 Subplot treatment: Fertigation levels 
Treatments  

F1  75 % RDF as commercial fertilizers 

F2  100 % RDF as commercial fertilizers 

F3  75 % RDF as 50 % commercial fertilizers + 50 % WSF  

F4  100 % RDF as 50 % commercial fertilizers + 50 % WSF 

F5  75 % RDF as WSF  
F6  100 % RDF as WSF  

 
 
A control plot with surface irrigation and soil application of RDF (275:62.5:112.5 kg 
NPK ha-1) was maintained separately and all recommended practices were done 
based on the Tamil Nadu Crop Production Guide, 2005). 
 
 

Results and Discussion 
 

Tiller production 
  
The subsurface drip irrigation regimes and fertigation levels had significant influence 
on tiller production of planted as well as ratoon crop. The higher tiller production of 
190.5 and 228.6 thousands ha-1 were observed with 125 per cent ETc with 100 per 
cent RDF as WSF at 90 DAP in plant and ratoon crop. The combination of 125 per 
cent Etc with 100 per cent RDF as WSF recorded 30.7 and 26.1 per cent higher tillers 
when compared to 75 per cent ETc with 75 per cent RDF as commercial fertilizer and 
15.2 and 35.8 per cent higher over control in both the crops.  
The increase in number of tillers under subsurface drip fertigation was mainly due to 
early vigorous growth of the plant with the availability of required quantity of water and 
water soluble nutrients compared to lower irrigation regime and commercial fertilizer 
application wherein the fluctuation in nutrient availability was very wide.  Continuous 
supply of water with plant nutrients might result in higher growth. Nitrogen was the 
prime promoter of tillering in sugarcane and protein synthesis was higher in tillering 
stage. 
 
 

Table 1. Effect of irrigation regimes and fertigation levels on number of tillers   
(thousands ha-1) in plant crop 

Treatments Number of tillers (thousands ha-1)  at 90 DAP 
 I1 I2 I3 Mean 

F1 145.8 158.6 166.9 157.1 
F2 149.1 165.2 170.4 161.6 
F3 150.1 168.9 178.5 165.8 
F4 152.8 172.6 182.5 169.3 
F5 163.0 175.6 186.3 175.0 
F6 167.1 178.2 190.5 178.6 

Mean 154.7 169.9 179.2  
 I F I x F F x I 

SEd 2.5 1.0 3.0 1.7 
CD (0.05) 7.0 2.0 7.6 3.5 
Control 165.3 

 



Table 2. Effect of irrigation regimes and fertigation levels on number of tillers  
                 (thousands ha-1) in ratoon crop  

Treatments Number of tillers (thousands ha-1) at 90 DAR 
 I1 I2 I3 Mean 

F1 181.3 195.2 200.7 192.4 
F2 186.7 199.3 203.2 196.4 
F3 188.2 202.0 211.3 200.5 
F4 191.5 204.3 217.0 204.3 
F5 194.3 210.6 225.9 210.3 
F6 196.1 214.6 228.6 213.1 

Mean 189.7 204.3 214.4  
 I F I x F F x I 

SEd 3.6 1.4 4.2 2.4 
CD (0.05) 9.9 2.9 10.8 5.0 

Control 168.4 
 
Gouthaman (1997) reported that irrigation scheduled at IW/CPE of one during tillering 
phase significantly increased the tiller production as compared to 0.6 IW/CPE. The 
results indicated that higher irrigation frequency produced significantly higher tiller 
population because of enhanced nutrient uptake. Mahesh (2009) reported that higher 
tiller production obtained under subsurface drip fertigation in double side planting of 
sugarcane. 
  
Number of millable canes (NMC) 
 
Subsurface drip irrigation regimes and fertigation levels influenced the NMC in plant 
and ratoon crops. Drip irrigation at 125 per cent Etc along with fertigation of 100 per 
cent RDF as WSF recorded 40.1 and 41.6 per cent higher NMC than 75 per cent Etc 
with 75 per cent RDF as commercial fertilizers. This was comparable with drip 
irrigation at 125 per cent Etc and fertigation of 75 per cent RDF as WSF. 
  

Table.3. Effect of irrigation regimes and fertigation levels on number of millable  
    canes in plant and ratoon crop 

Treatments 
Number of millable canes (Thousands ha-1) 
Plant crop Ratoon crop 

I1 I2 I3 Mean I1 I2 I3 Mean 
F1 107.9 118.6 124.2 116.9 121.8 138.0 142.1 134.0 
F2 110.2 125.7 133.4 123.1 126.3 142.4 147.5 138.7 
F3 113.5 130.8 138.6 127.6 128.7 144.1 156.3 143.0 
F4 115.6 135.7 142.6 131.3 132.1 145.6 160.3 146.0 
F5 120.4 137.1 147.0 134.8 137.6 150.6 164.6 150.9 
F6 126.9 139.5 151.2 139.2 142.4 155.2 172.5 156.7 

Mean 115.8 131.2 139.5  131.5 146.0 157.2  
 I F I x F F x I I F I x F F x I 

SEd 2.5 1.0 2.9 1.7 3.2 1.6 4.0 2.7 

CD (0.05) 6.8 2.0 7.5 3.5 8.9 3.2 10.1 5.5 

Control 86.9 88.2 
 

The synchronized tiller production with higher survival capacity under sub surface drip 
fertigation system might have helped to get uniform millable canes. The results 
indicated higher NMC production under increased levels of irrigation and also under 



increased nutrient availability. This might be due to better and early conversion of 
tillers to millable canes otherwise this might have resulted in excess production of 
tillers in the early stages and would have diverted the plant nutrients unnecessarily for 
unproductive purpose. The same result of increased NMC under higher irrigation 
levels with fertigation was observed by Mahendran et al. (2005). He found that the 
number of millable cane had direct correlation with irrigation regime and fertigation 
level. 
 
Cane Yield 
Subsurface drip irrigation and fertigation positively influenced the yield of sugarcane 
in both plant and ratoon crop.  The cane yield was significantly improved by combined 
application of irrigation regimes, different dose and sources fertilizers through 
subsurface drip fertigation which could be due to boosted tiller production, grand 
growth and biological efficiency of the cane.  The combination of 125 per cent Etc 
along with 100 per cent RDF as WSF recorded higher cane yield of 240.7 and 280.5 t 
ha-1. This was 64.5 and 59.7 percent increase over drip irrigation at 75 per cent Etc 
along with fertigation of 75 per cent RDF as commercial fertilizers in plant and ratoon 
crops, respectively. When compared to control, 153.4 and 189.2 per cent increased 
yield was noticed in 125 per cent Etc along with 100 per cent RDF as WSF in both 
crops. 
 
 

Table 4.  Effect of irrigation regimes and fertigation levels on cane yield (t ha-1) in 
plant and ratoon crop 

Treatments 
Plant crop  Ratoon crop 

I1 I2 I3 Mean I1 I2 I3 Mean 

F1 146.3 167.0 180.2 164.5 175.6 198.3 210.6 194.8 

F2 148.7 173.6 190.8 171.0 182.6 213.5 223.5 206.5 
F3 156.1 185.7 210.8 184.2 188.5 220.5 235.7 214.9 
F4 163.7 192.7 218.8 191.7 196.4 228.6 245.6 223.5 
F5 185.6 206.1 233.2 208.3 205.6 238.5 265.2 236.4 
F6 189.1 217.4 240.7 215.8 214.6 250.6 280.5 248.6 

Mean 164.9 190.4 212.4  193.9 225.0 243.5  
 I F I x F F x I I F I x F F x I 

SEd 4.9 2.4 6.2 4.2 6.1 2.9 7.6 5.0 
CD (0.05) 13.5 4.9 15.4 8.6 17.1 5.9 19.2 10.1 

Control 95.0 97.0 
 
 
The optimized parameters such as moisture movement, nutrient mobility, availability 
and uptake of applied nutrients due to higher soil moisture content, prevention of 
losses such as leaching, volatilization and denitrification resulted in increased total 
cane yield. Due to the improved plant-water-nutrient status under subsurface drip 
fertigation system, all the plant growth and yield characters viz., dry matter 
production, number of millable cane and cane weight were increased significantly 
which ultimately resulted in increased production of cane yield. These results are in 
agreement with the findings of Mahendran et al. (2005) who reported that fertigation 
up to 150 per cent of recommended dose of N and K in 14 equal splits up to 210 DAP 
to sugarcane crop resulted in higher cane yield of 173.5 t ha-1. The irrigation schedule 
of 0.6, 0.8, 1.0 and 0.8 Etc coupled with 80 per cent RDF gave significantly higher 
cane yield of 200 t ha-1 (Vaishnava et al., 2002). Mahesh (2009) reported that 



application of water soluble N, P and K fertilizers significantly increased the cane yield 
when compared to straight fertilizers under subsurface drip fertigation in sugarcane  
 
Sugar yield 
 
Subsurface drip irrigation and fertigation had significantly influenced the sugar yield in 
both plant and ratoon crop. Drip irrigation of 125 per cent Etc along with fertigation of 
100 per cent RDF as WSF recorded higher sugar yield of 29.1 and 32.1t ha-1 which is 
129.1 and 143.2 per cent higher than the sugar yield obtained under control and 98.0 
and 86.6 per cent higher compared to drip irrigation at 75 per cent Etc along with 
fertigation of 75 per cent RDF as commercial fertilizers in plant and ratoon crop 
respectively. 
 

 
Table 5.  Effect of irrigation regimes and fertigation levels on sugar yield (t ha-1) in 

plant and ratoon crop 

Treatments 
Plant crop Ratoon crop 

I1 I2 I3 Mean I1 I2 I3 Mean 

F1 14.7 17.0 19.2 17.0 17.4 20.2 22.1 19.9 

F2 15.0 17.9 20.7 17.9 18.2 21.9 23.6 21.2 
F3 15.9 19.7 23.3 19.6 18.8 22.8 25.0 22.2 
F4 16.9 20.8 25.0 20.9 19.6 23.5 26.6 23.3 
F5 19.7 23.3 27.7 23.5 20.8 25.5 29.8 25.4 
F6 20.4 24.9 29.1 24.8 21.8 27.1 32.1 27.0 

Mean 17.1 20.6 24.2  19.4 23.5 26.5  
 I F I x F F x I I F I x F F x I 

SEd 0.8 0.4 1.0 0.7 0.9 0.4 1.1 0.7 
CD (0.05) 2.2 0.8 2.5 1.4 2.4 0.8 2.7 1.4 

Control 12.7 13.2 
  

The higher sugar yield under sub surface drip fertigation was mainly due to the 
availability of higher moisture with better aeration coupled with water soluble nutrients 
in all the stages of cane growth and water given based on the crop demand. These 
favorable environments resulted in better and earlier conversion of tillers to millable 
cane and the early vigor was maintained during the crop growth period due to 
continuous availability of nutrients and resulted in increased cane and sugar yield. 
The increased sugar yield was mainly due to improved juice quality parameters with 
the result of uniform millable cane production under this treatment. 
  

Water use efficiency and water productivity 
 
Subsurface drip irrigation is an efficient method to deliver water and nutrients to root 
zone of plants because water is directly applied in subsoil layer to effective root zone 
 



Table.6. Effect of irrigation regimes and fertigation levels on WUE (kg ha-1 mm-1)  and 
Water productivity (Rs mm-1) in plant crop 

Treatments 
WUE (kg ha-1 mm-1) Water productivity (Rs mm-1) 

I1 I2 I3 Mean I1 I2 I3 Mean 

F1 132.9 129.1 121.3 127.8 166.1 161.4 151.7 159.7 
F2 135.1 134.2 128.5 132.6 168.9 167.8 160.6 165.7 
F3 141.8 143.6 141.9 142.4 177.3 179.4 177.4 178.0 
F4 148.8 149.0 147.3 148.3 185.9 186.2 184.1 185.4 
F5 168.7 159.3 157.0 161.7 210.8 199.2 196.3 202.1 
F6 171.8 168.1 162.1 167.3 214.8 210.1 202.6 209.2 

Mean 149.9 147.2 143.0  187.3 184.0 178.8  
 I F I x F F x I I F I x F F x I 

SEd 1.3 1.5 2.7 2.5 1.7 1.8 3.4 3.2 

CD (0.05) 3.9 3.0 6.0 5.2 4.8 3.7 7.6 6.5 
Control  51.8 64.7 

of crop. The loss of water was minimum and that resulted in the lower water 
requirement in the subsurface drip irrigation system. 
 
 

Table 7.   Effect of irrigation regimes and fertigation levels on WUE (kg ha-1 mm-1) 
and Water productivity (Rs mm-1) in ratoon crop 

Treatments 
WUE (kg ha-1 mm-1) Water productivity (Rs mm-1) 

I1 I2 I3 Mean I1 I2 I3 Mean 

F1 147.3 134.7 121.2 134.4 235.6 215.6 194.0 215.1 

F2 153.1 145.1 128.7 142.3 245.0 232.1 205.9 227.7 
F3 158.1 149.8 135.7 147.9 252.9 239.7 217.1 236.6 

F4 164.7 155.3 141.4 153.8 263.5 248.5 226.2 246.1 
F5 172.4 162.1 152.7 162.4 275.9 259.3 244.3 259.8 
F6 180.0 170.3 161.5 170.6 288.0 272.4 258.4 272.9 

Mean 162.6 152.9 140.2  260.2 244.6 224.3  
 I F I x F F x I I F I x F F x I 

SEd 1.5 1.5 2.8 2.6 2.3 2.4 4.1 4.2 

CD (0.05) 4.0 3.1 6.3 5.3 6.4 4.9 9.2 8.5 

Control 51.6 82.6 
 
Drip irrigation at 75 per cent Etc along with fertigation of 100 per cent RDF as WSF 
recorded higher WUE and water productivity in both crops. The increase in WUE 
recorded under subsurface drip irrigation system was mainly due to better 
performance of the crop and increased yield by effective utilization of available water 
and nutrients that were supplied at regular intervals throughout the crop period to 
meet the crop demand. 
  
Economics 
Subsurface drip fertigation is an innovative technology for maximizing the yield of 
cane crop. Though the cost of subsurface drip fertigation unit was very high, 
considering the longer life period of subsurface drip irrigation system, the benefit 
accrued out of drip irrigation will be for longer period. Fertigation involved an 
additional cost of using new speciality WSF viz., plolyfeed-13:40:13, Multi K. 



However, the additional cost towards WSF was largely equalized by higher return 
obtained by higher cane and sugar yield with quality parameters. The economic 
parameters were higher in ratoon crop when compared to plant crop.  
The higher cost of cultivation and gross return was noticed with interaction of drip 
irrigation at 125 per cent Etc along with fertigation of 100 per cent RDF as WSF but 
125 per cent Etc with 75 per cent RDF as WSF registered higher net return of 
Rs.147039 with 70.6 per cent increase compared to drip irrigation of 75 per cent Etc 
with fertigation of 75 per cent RDF as 50 per cent P and K in basal balance NPK 
through WSF in plant crop however in ratoon crop, net return of Rs 2,95,890 was 
recordede by 125 per cent Etc with 100 per cent RDF as WSF. This was 48.3 per 
cent higher over 75 per cent Etc with 75 per cent RDF as commercial fertilizers. 
 
  
Table 8.  Effect of irrigation regimes and fertigation levels on net return and BC ratio 

in plant crop 
Treatments Net return (Rs ha-1) BC Ratio 

 I1 I2 I3 I1 I2 I3 
F1 92686 111665 126634 2.03 2.15 2.28 
F2 93370 118295 135485 2.01 2.20 2.32 
F3 86196 115810 140886 1.79 2.00 2.15 
F4 86619 115625 141741 1.73 1.92 2.08 
F5 99431 129063 147039 1.75 2.00 2.02 
F6 90291 118655 141942 1.62 1.77 1.89 

Control 45380.8 1.62 
 
 
Drip fertigation of 100 per cent RDF as WSF at 125 per cent Etc recorded 224.0 and 
243.7 per cent higher net return over surface irrigation with soil application of RDF. 
The higher BC ratio of 2.32 and 3.76 was registered under drip fertigation of 100 per 
cent RDF as commercial fertilizers in plant and ratoon crops respectively. The lower 
BC ratio was registered by drip irrigation at 75 per cent Etc with fertigation of 100 per 
cent RDF as WSF in both crops. This might be due to low cost of commercial 
fertilizers (Urea, SSP and MOP) whereas in water soluble fertilizer treatments the 
cost is very high 
 
 

Table 9. Effect of irrigation regimes and fertigation levels on net return  
and BC ratio in ratoon crop 

Treatments Net return (Rs ha-1) BC Ratio 
 I1 I2 I3 I1 I2 I3 

F1 199501 228395 246751 3.45 3.57 3.74 
F2 207200 248915 262415 3.44 3.69 3.76 
F3 200616 243816 264336 2.99 3.24 3.34 
F4 204096 247566 270516 2.85 3.09 3.21 
F5 207396 260931 287856 2.71 3.16 3.11 
F6 206925 255525 295890 2.52 2.76 2.94 

Control 86100.8 2.25 
 
The cost of cultivation was less in ratoon crop when compared to plant crop and 
increased gross and net returns in ratoon crop under higher irrigation levels were 
mainly due to the increased cane, sugar yield and their price. This was in conformity 
with the findings of Selvakumar (2006) who observed that drip irrigation at 100 per cent 
WRc with 100 per cent RDF registered the highest additional net return, BC ratio over 
surface irrigation in chillis. Higher net return, BC ratio and lower payback period were 
associated with drip fertigation of WSF based on crop growth stage in green chilli 
(Subramani, 2008).  



From the foregoing, it is concluded that adoption of subsurface drip irrigation at 125 
per cent Etc along with fertigation of 100 per cent RDF as water soluble fertilizer was 
found to record higher cane and sugar yield. The next best treatment in increasing 
cane and sugar yield was 125 per cent Etc with 75 per cent RDF as water soluble 
fertilizers. However based on BC ratio and partial budgeting adoption of 125 per cent 
Etc along with 100 per cent RDF- P as basal (SSP) and N and K applied as urea and 
KCl through drip was found to be good. 
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ABSTRACT 
 
 

Field experiments were undertaken to study the effect of micro-sprinkler irrigation with 
fertigation under different land configurations on groundnut pod yield and water use 
efficiency at Agricultural College and Research Institute, Madurai, Tamil Nadu during 
June-September, 2002 and January-April, 2003.  Soil application of fertilizers in 
surface irrigation was scheduled at 0.80 IW/CPE ratio with 6 cm depth under two 
types of land configuration.   Micro-sprinkler irrigation was scheduled once in three 
days with two levels of irrigation (100 % ETc and 75 % ETc) and two methods of 
fertilizer application (soil application and fertigation) under two types of land 
configuration (check basin and broad bed and furrow).  It was found that micro-
sprinkler irrigation scheduled at 100 % ETc recorded total water saving of 28 - 31per 
cent while micro-sprinkler irrigation scheduled at 75 % ETc registered total water 
saving of 32 - 38 per cent over surface irrigation.  Micro-sprinkler irrigation at 100 % 
ETc with fertigation under broad bed and furrow registered the highest pod yield (3776 
- 3844 kg/ha) and water use efficiency (8.57 - 9.47 kg/ha-mm) in both the crops.   
  
Key words:  Micro-sprinkler, Fertigation, Land Configuration, Groundnut, Water Use 
Efficiency     

 
 

INTRODUCTION 
 
 
Water management is an important element of irrigated crop production.  Efficient 
irrigation management helps not only maintain farm profitability in a scenario of 
limited, higher cost water supplies but also result in water saving to meet future water 
requirements.  Micro-sprinkler irrigation, which is the pressurized and low volume 
irrigation system, is recognized as an efficient irrigation technology to get more crop 
yield per drop (Krishnamurthi et al. 2003).  It has an added advantage of applying 
fertilizers through irrigation water.  Fertigation is an appropriate method of fertilizer 
application from the fertilizer use efficiency angle (Shinde et al. 2002).  Similarly, 
broad bed furrow is the best land configuration to improve soil physical conditions 
suited for pod development (Nikam and Firake 2002).  The purpose of the study is to 
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consolidate the existing knowledge on input management potential in groundnut and 
examine the cumulative effects of efficient irrigation technology (micro-sprinkler 
irrigation), apt method of fertilizer application (fertigation) and appropriate land 
configuration (broad bed and furrow) on yield and water use efficiency in groundnut.                                                                                                                                                                                                                 
 
 

MATERIALS AND METHODS 
 
 
Field experiments were conducted at Agricultural College and Research Institute, 
Madurai, Tamil Nadu during June-September, 2002 and January-April, 2003.  The 
soils of the experimental fields were sandy clay loam in texture with field capacity of 
21.89 per cent, permanent wilting point of 14.20 per cent, bulk density of 1.45 g cm-3, 
pH of 7.5, and EC of 0.5 dSm-1.  The soil was low in available nitrogen and medium in 
both available phosphorus and available potassium. The gross size of treatment plots 
was 6 x 6m.  Check basins and broad beds and furrows (beds of 120 cm top width 
with furrow of 30 cm top width and 15 cm depth) were formed as per the treatment.  
The seeds of VRI 2 groundnut were treated with Trichoderma viridi @ 4g kg-1 and the 
appropriate Rhizobium culture @ 600 g ha-1 and then dried in shade before sowing.  
Seed rate of 125 kg kernel ha-1 was adopted.  A uniform spacing of 30 cm between 
rows and 10 cm between plants were adopted for check basin system and in the case 
of broad bed and furrow the seeds were sown with a spacing of 24 cm between rows 
and 10 cm between plants to maintain the uniform plant population of 33 plants m-2

 
area in both the land configurations.   
To carry out micro-sprinkler irrigation treatments, 63 mm PVC main pipes and 50 mm 
PVC sub main pipes were used to convey the water from the source to the field.  The 
laterals with 12 mm LDPE pipes were placed at a distance of 3 m to a length of 6 m 
on either side of the sub main.  The micro-sprinklers were placed along the laterals at 
an interval of 2 m in order to have 100 per cent wetting area.  The 2 kg cm-2 operating 
pressure of micro-sprinklers was maintained at the time of each irrigation operation.  
The discharge rate of micro-sprinklers was 60 lph.  The experiments were conducted 
with ten treatments and laid out in a randomized block design with three replications.  
The treatments consisted of soil application of 100 % recommended dose of fertilizer 
(17 : 34 : 54   kg NPK ha-1) in surface irrigation at 0.80 IW/CPE ratio with 6 cm depth 
under two types of land configurations and micro-sprinkler irrigation scheduled once 
in three days with two levels of irrigation (100 % ETc and 75 % ETc) and two methods 
of fertilizer application with 100 % recommended dose of fertilizer namely 17 : 34 : 54 
kg NPK ha-1  (soil application and fertigation) under two types of land configurations 
(check basin and broad bed and furrow). 
Phosphorous in the form of single super phosphate was applied before sowing as 
basal dose through soil application for all the treatments under study.   Nitrogen in the 
form of urea and potash in the form of muriate of potash were given at sowing as 
basal dose through soil application for treatments.  For the remaining treatments, they 
were given through fertigation in 9 splits at 7 days interval starting from 14 days after 
sowing to 70 days after sowing.  During each fertigation, the required quantity of N 
and K fertilizers were dissolved separately in ten litres of water and supplied through 
ventury unit.  The dates of sowing and harvest are given below. 

  Details Date of 
sowing 

Date of harvest Field duration 
(days) 

MSI SI MSI SI 

First crop 26.06.2002 30.09.2002 14.10.2002 97 111 

Second crop 08.01.2003 17.04.2003 30.04.2003 100 113 

MSI – Micro-Sprinkler Irrigation   SI – Surface Irrigation 
 



 

The sowing and life irrigation were given uniformly to all the plots irrespective of the 
treatment schedule and subsequent irrigations were given as per the treatments 
based on the evaporation values.  Irrigation was given through field channels for the 
surface plots by using a parshall flume.  The micro-sprinkler irrigation was scheduled 
based on Evapo-transpiration of crop (ETc). 
 
                   ET c = E p x K p x K c 
Where, 
ET c = Evapo-transpiration of crop (mm)  E p     = Pan evaporation (mm) 
K p   = Pan factor (0.80)    K c     = Crop Coefficient 

 
 
 
Crop Coefficient (K c) Values for Different Stages of Growth in Groundnut Source: 
FAO (1998) 
 

Crop 
Characteristics 

Stages of Development 

Initial Crop Development Mid-
Season 

Late Total 

Stage Length 
(days) 

25 25 30 25 105 

Crop Coefficient 0.4 0.4 – 1.15 1.15 0.6 - 
 

 
RESULTS AND DISCUSSION 

 
 
Consumptive Use 
 
 
Consumptive use of water was assessed to find out the quantum of water used by the 
crop.  It was computed using quantity of irrigation water applied and effective rainfall. 
The results are presented in Table 1. 
It was observed that crop II during the year 2003 consumed more irrigation water than 
crop I during the year 2002 irrespective of the irrigation treatments.  Regarding 
irrigation methods, in both the crops, surface irrigation required higher quantity of 
irrigation water as compared to micro-sprinkler irrigation.  Among the micro-sprinkler 
irrigation treatments, irrigation scheduled at 100 % ETc registered higher irrigation 
water use than irrigation scheduling at 75 % ETc.  Consequently, it was found that the 
micro-sprinkler irrigation at 100 % ETc saved irrigation water up to 31 per cent in Crop 
I and 28 per cent in Crop II as compared to surface irrigation at 0.80 IW/CPE ratio 
with 6 cm depth.  Micro-sprinkler irrigation at 75 % ETc saved more irrigation water up 
to 42 per cent and 39 percent in Crop I and Crop II respectively.  It was obvious that 
micro-sprinkler irrigation at 75 % ETc saved 11 per cent more irrigation water than 
micro-sprinkler irrigation at 100 % ETc. 
 



 

Table 1. Effects of Irrigation Method and Irrigation Scheduling on Consumptive Use 

 
Treatments 

Irrigation Water 
(mm) 

Water 
Saving 

(per cent) 

Effective 
Rainfall (mm) 

Consumptive 
Use (mm) 

Total Water 
Saving 

(per cent) 

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 
Surface 
Irrigation at 
0.8 IW/CPE 

480.00 600.00   112.00 8.50 592.20 608.50   

Microsprinkler 
Irrigation at 
100 % ETc 

332.65 433.13 31 28 73.17 7.60 405.82 440.73 31 28 

Microsprinkler 
Irrigation at 
75 % ETc 

279.49 368.46 42 39 121.62 7.60 401.11 376.06 32 38 

* Statistically not analyzed 
 

The data on effective rainfall revealed that Crop I recorded higher effective rainfall as 
compared to Crop II.  Surface irrigation plots received higher effective rainfall than 
micro-sprinkler irrigation.  However, micro-sprinkler irrigation at 75 % ETc experienced 
higher effective rainfall than micro-sprinkler irrigation at 100 % ETc during Crop I.  In 
Crop II, the difference between micro-sprinkler irrigation at 75 % ETc and micro-
sprinkler irrigation at 100 % ETc was almost negligible. 
 

Consumptive use was observed to be higher for surface irrigation (592.20 mm – 
608.50 mm) than micro-sprinkler irrigation.  Within the micro-sprinkler irrigation 
treatments, it was observed that micro-sprinkler irrigation at 100 % ETc registered 
higher consumptive use (405.82 mm – 440.73 mm) than 75 % ETc (376.06 mm – 
401.11 mm) in both crops.  Micro-sprinkler irrigation at 100 ETc recorded total water 
saving of 31 per cent in Crop I and 28 per cent in Crop II while micro-sprinkler 
irrigation at 75 ETc registered total water saving of 32 per cent in Crop I and 38 per 
cent in Crop II as compared to surface irrigation at 0.8 IW/CPE ratio with 6 cm depth.  
These results corroborate the findings of Rama Praba Nalini (1999). 
 

Pod Yield 
 
 
The pod yield data (Table 2) reveled that in both the crops, micro-sprinkler irrigation 
recorded higher pod yield as compared to surface irrigation.  The increase in pod 
yield in micro-sprinkler irrigation was mainly due to high frequency irrigation which in 
turn maintained the soil moisture content in the active root zone at adequate level 
throughout the crop period.  The results confirm the findings of Krishnamurthi et al. 
(2003).  Within the micro-sprinkler irrigation treatments, there was an increase in pod 
yield with micro-sprinkler irrigation scheduling at 100 % ETc (52 – 400 kg/ha) over 
micro-sprinkler irrigation scheduling at 75 % ETc, depending on the method of 
fertilizer application and land configuration.  Fertigation through micro-sprinkler 
irrigation registered significantly higher pod yield than soil application under micro-
sprinkler irrigation or surface irrigation irrespective of the effects of land configuration. 
Further, fertigation through micro-sprinkler irrigation indicated that high frequency of 
fertigation leads to efficient utilization of applied fertilizer by the crop.  This resulted in 
higher growth and yield attributes leading to a considerable yield increase in 
groundnut.  The result confirms the findings of Prabhakaran (2000).  It was further 
noted that broad bed and furrow recorded higher pod yield than check basin 
regardless of the irrigation and fertilizer application methods.  The analysis of the 
combined effects of irrigation method with scheduling, fertilizer application method 



 

and land configuration revealed that micro-sprinkler irrigation at 100 % ETc with 
fertigation under broad bed and furrow (T8) resulted in significantly higher pod yield of 
3844 kg/ha in Crop I and 3776 kg/ha in Crop II.    
 

Table 2. Effects of Land Configuration, Micro-sprinkler Irrigation and Fertigation on 
Pod Yield and Water Use Efficiency of Groundnut 

 
Treatments 

Pod Yield 
(kg ha-1) 

Water Use Efficiency 
(kg ha-mm-1) 

2002 2003 2002 2003 

T1 – CB + SI + SA 1563 1511 2.64 2.48 

T2 – BBF + SI + SA 1909 1867 3.22 3.07 

T3 – CB + MSI at 100 % ETc 
+ SA 2171 2051 5.35 4.65 

T4 – CB +MSI at 100 % ETc  
+ F 3430 3387 8.45 7.69 

T5 – CB + MSI at 75 % ETc + 
SA 2067 2009 5.15 5.34 

T6 – CB +MSI at 75 % ETc  + 
F 3053 2899 7.61 7.71 

T7 – BBF + MSI at 100 % ETc 
+ SA 2367 2255 5.83 5.12 

T8 – BBF +MSI at 100 % ETc  
+ F 3844 3776 9.47 8.57 

T9 – BBF + MSI at 75 % ETc 
+ SA 2113 2047 5.27 5.44 

T10 – BBF +MSI at 75 % ETc  
+ F 3202 3128 7.98 8.32 

SEd 107 111 0.25 0.26 

CD (P = 0.05) 225 234 0.53 0.55 
Note: CB – Check Basin, BBF – Broad Bed and Furrow, SI – Surface Irrigation 
          SA – Soil Application of Fertilizer, MSI – Micro-sprinkler Irrigation, 
          F - Fertigation 
 



 

Water Use Efficiency 
Water use efficiency explains effective utilization of water by crop in terms of water 
saving as well as yield augmentation.  Data on water use efficiency are given in Table 
2.   While comparing the irrigation methods, it was found that in both the crops, micro-
sprinkler irrigation recorded higher water use efficiency as compared to surface 
irrigation.   It was mainly due to higher pod yield and maximum saving in irrigation 
water.  The low water use efficiency in surface irrigation might be the result of higher 
irrigation water use with comparatively less yield.  Within the micro-sprinkler irrigation 
treatments, micro-sprinkler irrigation at 100 % ETc registered higher water use 
efficiency than 75 % ETc in Crop I and vice versa in Crop II, regardless of the effects 
of fertilizer application method and land configuration. 
Fertigation through micro-sprinkler irrigation recorded higher water use efficiency than 
soil application under micro-sprinkler irrigation or surface irrigation irrespective of the 
effects of land configuration.  The beneficial effects of combining fertigation with 
micro-sprinkler irrigation on pod yield, and hence on water use efficiency, might 
perhaps largely stem from the constant soil moisture content at field capacity leading 
to proper proportion of water and air in the active root zone and also reduction of 
nutrient leaching losses due to the restriction of wetting area to active root zone.  
Deolankar and Firake (1999) and Tumbare and Bhoite (2002) reported similar 
findings in chilli while Shinde et al. (2002) inferred the same observation in brinjal.  
With regard to land configuration, it was observed that broad bed and furrow 
registered higher water use efficiency than check basin irrespective of the irrigation 
and fertilizer application methods due to improve soil physical conditions suited for 
pod development ( Nikam and Firake 2002).   
The analysis of the combined effects of irrigation method with scheduling, fertilizer 
application method and land configuration revealed that micro-sprinkler irrigation at 
100 % ETc with fertigation under broad bed and furrow (T8) registered significantly 
higher water use efficiency of 9.47 kg/ha-mm in Crop I and 8.57 kg/ha-mm in Crop II.  
Surface irrigation with soil application of fertilizers under check basin (T1) recorded 
the least water use efficiency of 2.64 kg/ha-mm in Crop I and 2.48 kg/ha-mm in Crop 
II.  
It could be concluded that NK fertigation with 100 % recommended dose of fertilizer in 
9 splits at 7 days interval through micro-sprinkler irrigation at 100 % ETc under broad 
bed furrow recorded higher water use efficiency than soil application of 100 % 
recommended dose of fertilizers with either broad bed furrow or check basin under 
surface irrigation at 0.8 IW/CPE ratio (6 cm depth).  The study therefore infers that 
micro-sprinkler irrigation system is suited for improving water use efficiency in field 
crops through water saving and yield augmentation.    
 



 

BEST MANAGEMENT TECHNOLOGY PACKAGE FOR 
GROUNDNUT 

 
The experiment aimed at identifying the best micro-sprinkler irrigation regime, 
optimum fertigation level, appropriate fertigation frequency and suitable land 
configuration for groundnut.  Results obtained on all these dimensions enabled the 
formulation of a package of the best management practices for realising maximum 
yield and income from groundnut.  Individually, each of the following treatments 
proved to be the most effective practice 

• Micro-sprinkler irrigation at 100 % ETc 
• Fertigation of 100 % RDF 
• Fertigation in 9 equal splits at 7days interval from 14 DAS to 70 DAS 
• Land configuration of broad bed and furrow formation 

 
The combination of the above four technologies proved to be the best management 
technology package for groundnut.  This is evident from the comparison of the best 
management technology package (BMTP) with the traditional practice of surface 
irrigation with soil application of fertilisers on many counts as described below: 

 
The payback period for micro-sprinkler irrigation system can be considerably reduced 
by adoption of the best management technology package which includes fertigation 
scheduling and land shaping.  The evidence from this study indicates that payback 
period for a micro-sprinkler irrigation system in groundnut cultivation can be reduced 
to 2 seasons of cropping by adoption of the best management technology package 
comprising micro-sprinkler irrigation at 100 % ETc, fertigation with 100 % RDF 
(17:34:54 kg NPK ha-1) in 9 equal splits at 7 days interval from 14 DAS to 70 DAS and 
land shaping into broad bed and furrow. 
    
 

 

Particulars Unit Traditional 
Technology 

Best 
Management 
Technology 

Package 
Pod Yield kg ha-1 1537 3810 

Increase in Pod Yield Percent  148 

Costs of Cultivation Rs. ha-1 15722 19634 

Gross Income Rs. ha-1 23061 57151 

Net Income Rs. ha-1 7339 37517 

B:C Ratio  1.47 2.91 

Water Use mm 600 423 

Water Saving Per cent  30 

Water Use Efficiency kg ha-mm-1 2.56 9.02 

Oil Content Per cent 37.27 49.59 

Protein Content Per cent 23.79 29.77 
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ABSTRACT 
 
 

Evaporation reduction is one of the advantages of drip irrigation. A research was 
conducted in summer 2009 at experimental station of AERI, Karaj-Iran on maize field to 
measure soil surface evaporation by BREB method in two irrigation systems of surface 
and subsurface drip irrigation systems. In surface drip irrigation, the drip tapes placed in 
nearest place to the crops and along the crop rows and in subsurface drip system, drip-
tapes placed 0.15 m below soil surface under the crop rows. Four components of soil 
surface energy balance including net radiation reaching soil surface (Rns), soil surface 
heat flux (G), sensible heat flux (Hs) and soil latent heat flux (λEs) were calculated and 
discussed in two systems. Daytime average of energy balance components in terms of 
(w/m2) and also soil surface evaporation in terms of (mm/day) were calculated in both 
irrigation systems. During measurement period, net radiation values ranged between 304 
to 333 w/m2 which caused net radiation reaching the soil surface ranged between 67 to 
107 w/m2 in both systems. As it was expected Rns values decreased with crop growth and 
leaf area index (LAI) increased later in crop development period. Soil heat flux accounted 
for about 36 to 53% of Rns in surface drip irrigation and about 17 to 25% in subsurface 
drip irrigation. As it was shown, daytime soil heat flux values were greater in surface drip 
irrigation. As it was shown, λEs accounted for about 41 to 63% of Rns in surface drip 
irrigation while it was about 56 to 71% in subsurface drip irrigation. It was observed that 
the ground in both surface and subsurface drip irrigation became wet but reverses 
direction of moving water in subsurface system, may contribute to more evaporation in 
subsurface drip irrigation. Accordingly, subsurface drip irrigation systems on depth of 
emitter lateral line should be taken into more consideration. 
  



1. INTRODUCTION 
 
 
Development of applied and reliable methods of measuring evapotranspiration 
components plays an important role in crop growth modeling and farm irrigation 
management. Except initial crop growth stage soil evaporation include smaller proportion 
of evapotranspiration and since it is not directly related to crop yield it is discarded. While 
it is an important loss in initial crop growth stage. Soil evaporation can be measured with 
different methods. In some methods soil evaporation is measured by water balance using 
microlysimeters (conaway and Van Bavel, 1967; Boast and Robertson,1982). But there is 
limitations using of microlysimeters since the soil inside the microysimeter is hydraulically 
isolated and it may dry differently from the undisturbed around soil (Ashktorab et al., 
1989) and also when evaporation is small, microlysimeters don’t result correctly (Ham et 
al.,1990). In some other methods soil evaporation is measured indirectly by measuring 
both evapotranspiration and crop transpiration by a reliable method and calculated from 
subtracting these two values. With these methods evaporation precision is dependent on 
the precision of the two other parameters. Furthermore by different measuring place of 
these two parameters correlation may not exist between the calculated and actual soil 
evaporation.   
Bowen ratio energy balance is one of the simplest and most applicable methods of latent 
heat flux measurement. This method has been widely used on different conditions and 
the results showed it is one of the reliable methods evapotranspiration measurement. In a 
research by Ashktorab et al, (1989), in California University, soil evaporation was 
measured by Bowen ratio energy balance from a bare soil. Results showed good 
correlation between soil evaporation measured by Bowen ratio energy balance and 
microlysimeter measurements. Therefore it was suggested a method for measuring soil 
evaporation under crop canopy (Ashktorab et al, 1989). Then this method was used in 
other researches for measuring soil evaporation under maize canopy (zeggaf et al., 2008) 
and tomato (Ashktorab et al., 1994) and showed good results. Therefore the idea for 
using this method for soil evaporation measurement under conditions that other methods 
have limitations was made.  
Micro irrigation systems especially drip irrigation can reduce soil evaporation. But correct 
design and perfect management should be applied to reach this advantage. This issue 
when initial investments increase becomes important. In this regard detailed research can 
improve information. The aim of this research is to measure soil evaporation in surface 
and subsurface drip irrigation by Bowen ratio energy balance method.  
 
 

2. MATERIAL AND METHODS 
 

2.1. Experimental site 
 
The research was conducted in summer 2009 at experimental station of agricultural 
engineering research institute (AERI), Karaj-Iran (35̊  21′ N, 51˚ 38′ E, 1312.5 m above 
sea level). The field soil was prepared for planting in spring. Results from soil 
experiments up to 80 cm below surface showed the soil type was loam texture (47 % 
sand, 44 % silt, 9 % clay) with ECe=1.7.Maize crop (Double Cross 370) was planted on 
15 June 2009. The crop was planted with 0.75 m row width and north-south orientation. 
Therefore the experiment site was a 40×60 m2 field (Fig 1). The field was bordered by 
irrigated maize field except in western side which was unplanted. Irrigation water was 
supplied from the well and chemical quality analysis showed water in this region has 
good quality. A drip-tape irrigation system with 0.30 m dripper distance was used to apply 
irrigation water. Drip tapes were positioned 15 cm below the soil surface for making sub-



surface drip irrigation in 14 rows of eastern part of the field. Depth of positioning was 
selected based on previous researches in this area and also financial resources in the 
project. For the rest of the field drip tapes were placed on soil surface in nearest place to 
the plant rows. Crop water requirement was estimated based on longtime meteorological 
data (averaging from 1988 to 2008) and calculation of crop evapotranspiration by method 
recommended in FAO 56 (Allen et al., 1998). From the early crop growth period 20% over 
irrigation based on 3 day intervals was applied to prevent water stress. At the period of 
this experiment 41-44 and 59-62 day after emergence (DAE), leaf area index (LAI) was 
measured in 41, 44, 59, 62 DAE. Each time 3-5 plants were selected randomly and the 
whole leaf area of a plant was measured with leaf area meter (Area Measurement 
system, DELA-T Devices, ENGLAND) in the laboratory. Then LAI was calculated from 
multiplying the average plant leaf area by plant density. LAI values for the days between 
the days of measurement obtained by linear interpolation (Gardiol et al., 2003). Automatic 
weather station was established in the field simultaneously with start of experiment period 
and hourly average values of solar radiation (Rs), air temperature, relative humidity and 
wind speed were measured and logged continuously. 

 
Figure1. Schematic diagram showing field position and location of energy balance 

measurement systems (Schéma montrant la position sur le terrain et l'emplacement des 
systèmes de mesure de l'équilibre énergétique) 

 
 

2.2. Energy balance theory at soil surface 
 

Energy balance at soil surface can be expressed as: 
 
                                                                                         (1) 

 
Where Rns is the net radiation reaching the soil surface, λEs is the soil surface latent heat 
flux, Hs is sensible heat flux and G is soil heat flux (all units of wm-2). In equation (1) the 
convention used for the signs of the energy fluxes is Rn positive downward and G is 
positive when it is conducted downward from the surface, λE and H are positive upward.  
Rns was determined by the empirical equation (2) with Rn and LAI which has been used 
previously by some other authors (Zeggaf et al., 2008, Kato et al., 2004, Gardiol et al., 
2003, Stockle and Jara., 1998).   
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                                                                                                     (2)  
 
Partitioning of energy between λEs and Hs is determined by the BREB (Bowen., 1926, 
Zeggaf et al., 2008, Ashktorab et al., 1989) by the following equation: 
 
 

                                                                                                                           (3) 
 
 
Assuming equality of eddy transfer coefficients for sensible heat and water vapor in the 
averaging period and measuring air temperature and vapor pressure gradients between 
the two levels, the Bowen ratio (βs) is calculated by: 
 

 
                                                                                                          (4) 

 
Where ∆T and ∆e are air temperature and vapor pressure differences between the two 
measurement levels and γ is psychrometric constant which is calculated by the following 
equation: 

 
 (5) 
 

Where Cp is the specific heat of air at constant pressure (1.01 kj kg-1 c˚-1), P is 
atmospheric pressure (kpa), ε is the ratio between the molecular weights of water vapor 
and air (0.622), and Lv is latent heat of vaporization (kj kg-1). Psychrometric constant for 
the experiment site was determined 0.058 (kpa c˚-1). 
using equations (4) and (5) and measurement of air temperature and vapor pressure 
gradients near the soil surface, Bowen ratio at soil surface was determined. By solving 
equation (1) and (3) simultaneously, latent heat flux from the soil surface was determined 
by equation (6). 
 
 

                                                                                      (6) 
 
 
 
2.3. Energy balance measurements 

 
From 41-44 and 59-62 DAE, soil evaporation (Es) were determined by measuring all 
energy fluxes at soil surface simultaneously in two irrigation systems by two repititions 
which seprated by 5 m distance. Energy balance equipments in each measuring 
repetition consisted of a net radiometer (CNR1, Kipp&Zonen), two soil heat flux plates 
(MF-180M, EKO Japan) and two handmade thermocouple ventilated psychrometers for 
Bowen ratio measurement at soil surface. The details of constructed psychrometers have 
been described in Kossari (2009). Measuring systems in sub-surface drip irrigation were 
placed 8.5 m from the east edge of the field as the system number 2 was positioned 5 m 
from the south edge to maximize fetch to height ratio when prevailing wind (northwestern 
to south eastern) were present (Fig 1). That was greater than minimum adequate ratio 
reported by (Heilman et al., 1989) for measuring Bowen ratio during our experiment 
period. Measurement equipments in each measurement system were installed on a tall 
rod. Two ventilated psychrometers used for measuring temperature and water vapor 
gradients at soil surface were fixed 0.1 m apart on the rod as the lowest one was 

)LAI055.0LAI622.0exp(RR 2
nns +−=

S

S
S E

H
λ

β =

β+
−

=λ
1

GRE ns
s

vp LPC ε=γ

e
T

S ∆
∆

= γβ



positioned 0.05 m above the soil surface (Ashktorab et al., 1989, Zeggaf et al., 2008). Net 
radiometer also installed 1 m above crop canopy to measure the total net radiation 
available at field level. Soil heat flux was measured with two soil heat flux plates 
positioned 0.02 m below the soil surface, one in plant row and the other in plant row aisle. 
All data were measured every minute by a CR23X datalogger connected to an AM16/32 
multiplexer (Campbell Scientific, Inc., UT) and averaged 30 min intervals.  
 
 

3. RESULTS AND DISSCUTION 
 
 

3.1. Meteorological parameters 
Daytime average values of meteorological parameters measured by the automatic 
weather station in experiment period are shown in table (1). Plant in days 41- 44 DAE 
was in developing stage and in days 59-62 DAE was in mid-season stage. Irrigation has 
been done on 41, 44, 59 and 63 DAE, which exceptionally because of some problems the 
last one irrigated with 4 days interval. In the experiment period the 42 and 60 DAE 
received maximum and minimum solar radiation respectively. 
 
Table 1. Daytime average values of meteorological values in experiment period (Jour des 
valeurs moyennes des valeurs météorologiques période d'expérimentation) 

 
 
3.2. Energy balance measurements 
Daytime average of energy balance measurements in terms of (w/m2) at soil surface in 
two irrigation systems are shown in table (2). Net radiation values which was measured in 
only one irrigation system due to lack of instrument ranged between 304 to 333 (w/m2). It 
was considered correctly because all effective parameters on net radiation such as 
climate and meteorological conditions, soil texture, crop, soil surface color, etc. were the 
same in two irrigation systems. Then since leaf area index (LAI) measurement resulted 
the same values in two irrigation systems, net radiation reaching the soil surface (Rns) 
was the same. Since there was short irrigation interval in drip irrigation the crop root zone 
area and also soil surface was wet. Therefore there were no significant changes in net 
radiation before and after irrigation. Net radiation measurements also showed Rns values 
decreased with crop growth and LAI increase as would be expected later in measurement 
period.  
Latent heat flux at soil surface accounted for about 32 to 60 (w/m2) in surface drip 
irrigation and and 40 to 73 (w/m2) in subsurface drip irrigation. As it was shown in table 

Min Max Ave Min Max Ave

41 16.67 34.44 24.10 18.92 78.16 53.02 2.90 45.17

42 16.51 34.07 24.12 15.64 83.07 52.64 3.38 46.82

43 16.10 33.30 23.39 26.80 77.82 54.09 2.95 46.21

44 16.56 32.89 23.79 28.66 74.72 52.16 2.92 44.31

59 19.91 37.38 28.30 12.42 65.51 36.40 1.48 40.97

60 19.96 35.64 27.42 17.78 65.98 41.67 2.33 40.14

61 19.09 35.57 27.00 13.29 72.40 41.68 2.05 45.18

62 16.00 34.45 24.24 13.06 59.69 38.43 1.90 45.07
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(2) soil latent heat flux accounted a large portion of the net radiation as would be 
expected under nonstressed conditions (Ham et al., 1991) and it was about 41 to 63 % in 
drip irrigation and 57 to 71 5 in subsurface drip irrigation system.  
Soil heat flux accounted for about 25 to 47 (w/m2) in surface drip irrigation and 17 to 25 
(w/m2) in subsurface drip irrigation which is equal to 36 to 53 % and 18 to 31% of net 
radiation reached soil surface in surface and subsurface drip irrigation respectively.  
Soil surface energy balance measurements showed Rns partitioned primarily between soil 
heat flux and latent heat flux and there was very little sensible heat flux. 
 
Table 2. Daytime average energy fluxes at soil surface in surface and sub-surface drip 
irrigation (Jour les flux d'énergie moyenne à la surface du sol dans l'irrigation goutte à 
goutte de surface et du sous-sol). 
 

 

 
 
 
3.3. Diurnal energy balance pattern for a sample day 
Despite of discussion on daytime averages of energy balance components, evaluation of 
its diurnal pattern contains of more useful information too. Diurnal trends of the energy 
balance components at soil surface for both irrigation systems in 60th DAE are shown in 
figure (2). This day was selected because it is representative of a cloudy day. Average air 
temperature and relative humidity was 27.4 C˚ and 41.6 % respectively. Daytime average 
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of net radiation available at maize field was 304 wm2 which was the smallest value in the 
measurement period. Maximum Rn and G were 674 and 140 wm2 which occurred some 
minutes before and after 13:00 h respectively. As it is shown in figure (2), variation of Rn 
values is not symmetrically as a bell shape curve signifies that there were some cloud 
cover at sky during the day. 
During the daytime of 60th DAE only 22% of net radiation reached the soil surface. Most 
of the energy was split between λEs and G and Hs was small. λEs was less than available 
energy except in the afternoon suggesting that the soil surface was absorbing energy 
from within-canopy air stream which provided energy for λEs. Similar signification was 
reported in Ham et al., (1991) for soil surface energy balance relationships. Daytime 
average of λEs was about 0.94% of (Rns-G) and only about 6% of (Rns-G) was used as 
sensible heat While Zeggef et al, 2008 reported Rns-G was split between λEs (0.52%) and 
Hs (48%) at maize field (LAI=1). βs ranged from -0.2 to 1.2 but typically ranged between -
0.2 to 0.5 at this day.  

 
Figure 2. Diurnal trend of energy balance components    at soil surface in surface and 
sub-surface drip irrigation (tendance diurne des composantes du bilan énergétique à la 
surface du sol dans l'irrigation goutte à goutte de surface et du sous-sol) 

 
 
 
 
 
 



4. Conclusion and recommendations 
 
 
As it was shown daytime soil heat flux values were greater in surface drip irrigation. It 
may caused by heat convection in surface drip irrigation while moving down the water 
from the surface and higher temperature of water when drip tapes were positioned on the 
ground. Therefore available energy for soil evaporation, Rns-G, was lower in surface drip 
irrigation.  As it was shown λEs accounted for about 41 to 63% of Rns in surface drip 
irrigation while it was about 56 to 71% in subsurface drip irrigation. It was observed the 
ground in both surface and subsurface drip irrigation became wet but reverse direction of 
moving water in subsurface system, as may contributed to more evaporation in 
subsurface drip irrigation. According to the results, more consideration should be applied 
using subsurface drip irrigation systems on depth of lateral line which carrying the 
emitters. 
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ABSTRACT 
 
 
For efficiency and consumption of energy measurement in irrigation pumping plant, a project 
was performed from 2007 to 2009 in some fields in Hamedan, Kerman and Khorasan Razavi 
provinces. Nebraska Pumping Plant Performance Criteria (NPPPC) was used for comparison 
of pressurized irrigation pumping plant energy efficiency. Overall energy efficiency and waste 
energy were measured in electrical and diesel pumping plant. Electromotor and pumping 
efficiency were measured in electrical pumping plant. Technical measurements were done in 
44 fields in Hamedan, Kerman, and Khorasan Razavi, with 22-drip and 22-sprinklers for 
irrigation in these fields. Results showed average of overall energy efficiency in electrical 
pumping plants to be 48.5 percent (73.5 present NPPPC) and in diesel pumping plants 12.3 
percent (51.3 percent NPPPC). Average of waste fuel consumption in diesel and electrical 
pumping plants was 3.9 liters diesel per hour and 9.8 kW-h, respectively. Energy consumption 
in electromotor and diesel pump was 60.5 percent and 115.4 percent as compared to actual 
energy, respectively. Average electromotor and pump efficiency were 91.3 and 50.6 percent in 
pressurized irrigation, pumping plant did not connect directly to the well and the average of 
electromotor efficiency was only higher than NPPPC. Average of overall energy efficiency in 
motor-powered pumping plants was 48.0 and 49.2% in trickle and sprinkler irrigation, system 
respectively. Comparison of means with t-test showed overall energy efficiency did not reveal 
significant difference in sprinkler and drip irrigation systems with electric-powered pumping 
plants. For each percentage increased in overall energy efficiency, the average of excessive 
energy consumption decreased 0.6 and 0.4 kWh in sprinkler and drip irrigation systems, 
respectively. Average of excessive energy consumption in sprinkler and drip irrigation systems 
was 60.6 and 60.5% more than NPPPC, respectively. Average of electric-motors efficiency 
was 92.7% and 89.5% in sprinkler and drip irrigation systems, respectively. Pump efficiency 
could  be estimated from overall energy efficiency and electric-motors efficiency. Mean of 
pumps efficiency was 51.2% and 50.0% in drip, and sprinkler irrigation systems, respectively.  
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1.INTRODUCTION 
 
 
Water consumption is about 88.5 BCM in Iran that 82.5 BCM (93.2%) is allocated to 
agricultural section. Urban and industrial sections consumed less than 7% of total water 
consumption. Ground waters provide about 50.7% of water consumption for agricultural 
section. The final statistic showed 364381 wells operated in Iran that 317830 wells (87%) were 
in agricultural section (Ardkanian, 2005). Because surface water recourses are limitation and 
ground waters are critical in many plains of Iran, proper methods based on demand 
management are not possible. Consequently (As a result) for optimal water used, demand 
management was noticed (jafari and rezvani, 2002). At the field scale, pressurized irrigation 
development for optimal water recourses performed, as the most important of product factor, is 
one of the proper methods. In Hamedan, Kerman and Khorasan razavi were performed 70000, 
36500 and 81000 hectares pressurized irrigation respectively. Energy consumption in 
agricultural section was 2.8 million barrels in 1966 that it reached to 33.1 million barrels in 
1991. After that, energy consumption is ranged from 29 to 33 million barrels (Figure 1). Due to 
agricultural wells electric-powered development, the proportion of fossil fuel consumption to 
total energy consumption from 100% in 1966 reduce to 71.7% in 2005 and electrical energy 
consumption increase from 0 to 28.3% during that time(Figure 1). Domestic, industrial and 
agricultural sectors electrical consumption from 31.8, 68.2 and 0 percent respectively in 1966 
change to 33.2, 32.33 and 12.4 percent respectively in 2005(Anon, 2006b) that showed 
sharply increased intensity electrical consumption in agricultural sector compared with 
domestic and industrial sectors. Although statically investigation showed that agricultural 
sector is third electrical consumption after domestic and industrial sectors in Iran, electrical 
consumption in some of provinces equal industrial. In provinces such as Hamedan and 
Kerman electrical consumption in agricultural sector is more than industrial sector (Anon, 
2006b). Agricultural sector is second diesel consumption after transportation (Anon, 2006b). 
Agricultural energy consumption equaled 29.22 million barrels of oil (3.7 percent of total 
energy consumption) and 1185.45 million dollars value in 2002 (Hashemi, 2005).  Agricultural 
energy consumption equaled 32.2 million barrels of oil in 2004. If we suppose world oil price 
about 85 dollars, the energy consumption value will be about 2737 million dollars. 
Amin and sepaskha (1996) reported irrigation pumping plant waste energy in fields around 
Shiraz was 225 percent and electro-motor energy efficiency was more than engine energy 
efficiency in totally. Amin and sepaskha (1996) declared the more effective factors on waste 
energy were: 1. motors, engine, pump and equipment were worn out 2. Connection was not 
sealing 3. maximum capacity of power unit was not used. Schneider and New (1986) reported 
average thermal efficiency 31.2% and range from 26.0 to 34.8% for 26 diesel engines. Six of 
the 26 engines equaled or exceeded the Nebraska performance criteria. 

New (1986) mentioned achievable irrigation pumping equipment efficiency for pumping 
unit components in good condition and carefully selected to match requirements of a specific 
pumping situation (Table 1). Rogers and Black (1993) reported irrigation pumping plants in 
Kansas used about 40 percent more fuel than necessary and causes of excessive fuel used 
were:  1. Poor pump selection. 2. Pumps out of adjustment. 3. Worn-out pumps. 4. Improperly 
sized engines or motors. 5. Engines in need of maintenance and/or repair. 6. Improperly 
matched gear heads. Fippes and Neal (1995) tested irrigation pumping plant in 25 counties in 
Texas and reported minimum, maximum and average of over all energy efficiency 5.0, 34.5 
and 18.1% for 65 diesel pumping plants and 17.5, 68.5 and 42.6 for 86 electric pumping 
plants. Rogers and Alam (1999) explained comparison method of energy sources in irrigation 
pumping plants and Nebraska Pumping Plant Performance Criteria (NPPPC) was considered 
such a basis for comparison of potential fuel or energy. NPPPC is a compromise between the 
most efficient pumping plant possible and the average pumping plant. Tests in Nebraska 
showed about 15% of the systems were exceed the NPPPC. Results showed even with low 
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operating cost of diesel, two other factors preferring electricity were convenience of operation 
and oil and tune-up costs of the diesel engine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Energy consumption in agricultural sector and population growth 
 
 

Table 1. Irrigation pumping plant equipment efficiency New (1986) 
 

Equipment Attainable efficiency percent 
Pumps (centrifugal, turbine) 75-82 
Right angle pump drive (gear head) 95 

Automotive-type engines 20-26 

Industrial engines  

           Diesel 25-37 

           Natural gas 24-27 

Electric*  

          Small 75-85 

           Large 85-92 

                 
Hill (1999) suggested the general ways for reduced energy consumption in irrigation pumping 
plant including: 1. No pumping – revert to rain fed cropping 2. Pump perform based on water 
crop water requirements. 3. Evaluate irrigation system 4. Test pump operation 5. Practice flow 
load management 6. Use low cost energy.  
Overall pumping plant efficiencies for electrically driven pumps average were 45 to 55 percent 
based on field testing program in some states of USA, as compared to a attainable efficiency 



of 72 to 77 percent. This research showed about 25 percent of electrical energy used for 
pumping was wasted due to poor pumping plant efficiencies alone. some of the more common 
causes of unsatisfactory performance and their remedies are as follows: 1. Impellers that are 
out of adjustment. 2. Pump bowls designed for a higher pumping rate 3. Damaged impellers 4. 
Incorrect power unit selection 5. Failure to perform required maintenance (Chavez et al., 
2010).  
In recently years pressurized irrigation systems expand in Iran. For provide pressure these 
systems consume more energy than gravity systems therefore investigation of efficiency and 
waste energy at agricultural pumping plant in present situation and promotion ways of energy 
efficiency is necessary.  

 
 

2. MATERIAL AND METHODS 
 
 

Energy efficiency and consumption in pressurized irrigation pumping plants were measured 
from 2007 to 2009 in 44 fields in Hamedan, Kerman, and Khorasan Razavi provinces, which 
were preformed 22-drip and 22-sprinkler irrigation in these fields. Numbers of irrigation 
systems were as follow: 17 sprinklers irrigation in Hamedan, 2 sprinklers and 12 trickles 
systems in Kerman and 3 sprinklers and 10 trickles systems in Khorasan Razavi. All of the 
irrigation pumping plants in Kerman, and Khorasan Razavi provinces were electro-motor but in 
Hamedan 6 of irrigation pumping plants operated with diesel engine. All of electro-motors had 
4 poles, 50 Hz frequency and 1500-rpm synchronous speed. 
Instruments were used to measure including: 1. Multimeter model HIOKI 3280-10 Japan made 
2. Chronometer 3. Tachometer model Pantec DTM-30 England made. 4. Scaled container 5. 
Pito pipe with pressure gauge. 6. WSC flume.  
Wells discharge base on situations measured with WSC flume, jet method, cross-section 
speed and multiply sprinkler discharge by number of sprinklers. Electro-motor or diesel engine 
rotated speed was measured with tachometer to compare with nominal rotated speed of motor 
or engine. Current and voltage were measured in three entrance wires from board with 
multimeter. 
Pumping plants performance compared with Nebraska Pumping Plant Performance Criteria 
(NPPPC). The performance criteria developed by Schlencener and Sulek (1959) for evaluating 
the operating efficiency of irrigation pumping plants has become widely used. The criteria is 
relationship of output horsepower-hours and water horsepower-hours per unit of fuel 
consumption (Schneider and New, 1986). Power output (kWh) from diesel engines and electric 
motors and amount of useful power output from pumping plant (kWh) per unit of energy-
consumed base on NPPPC are shown in table 2 (Anon,1997; Harrison & Skinner, 2009; Anon, 
2009). The Nebraska Pumping Plant Performance Criteria for power unit (motor or engine) and 
overall efficiencies (motor+drive+pump) are shown in Table 3(New & Schneider, 1988; Fippes 
& Neal, 1995).  The Nebraska overall efficiencies are based on considering 75% efficiency for 
a pump, 95% efficiency for drive, 88% efficiency for electrical motor and 33% efficiency for 
diesel engine (New & Schneider, 1988).  

 

 
Table 2. The Nebraska pumping plant performance criteria(NPPPC)* 

Energy 
source 

NPPPC for 
power unit 

NPPPC for 
pumping station 

Energy 
units 

Diesel 3.3 2.5 kWh.L-1 

Gasoline 2.3 1.7 kWh.L-1 
Propane 1.8 1.4 kWh.L-1 
Natural gas 1.7 1.3 kWh.m-3 
Electricity 0.88 0.67 kWh. kWh -1 

           * English Unit convert to SI unit 



Table 3. The Nebraska pumping plant efficiency criteria 
 
 

Power unit Power unit 
efficiency(%) 

Overall 
efficiency(%) 

Electrical 88 66 
Diesel 33 24 
Natural gas 24 17 

 
Overall efficiency calculated from the equation: 

 
 
 
 

Pout= Output power from pump (kW) 
Pin= Input power to motor (kW) 
Researcher gave different quantities for one litter of diesel energy content among them 

37.6 MJ/L (New & Schneider, 1988), 37.9 MJ/L (Fippes & Neal, 1995) and 36.1 MJ/L 
(Weddington & Canessa, 2006). In this research used standard diesel energy content that is 
36.2 MJ/L (Weddington & Canessa, 2006). Therefore, a litter of diesel per hour produce 10.07 
kW power, then diesel engine power consumption per hour estimate from volume of diesel 
consumption per hour multiply 10.07 kW. Electric motors power consumption calculated by 
voltage and current measurement at the beginning and the end of test duration from the 
equation: 

ϕcos3 ×××= IVPi  
Pi= Three-phase power (W) 
V= RMS voltage, mean line-to-line of 3 phases 
I = RMS current, mean of 3 phases 
cos φ = Power factor as a decimal (according to the motor data sheet) 
Pump output power calculated from the equation: 

102
QHP =  

P = Output power from pump (kW) 
Q = Discharge (LS-1) 
H = Head (m) 
Two methods can use for calculation fuel amount consumption. In the first method, energy 

consumption that need base on NPPPC minus actual energy consumption and result give 
extra fuel consumption per hour. In the second  method, at first determine pumping plant 
performance from equation 4, then calculate pumping plant  performance rating (Eq. 5) and 
finally estimate fuel wasted per hour from equation 6 (Dron, 2004; Smajstrla et al.,2005). 

 

DurationTesttheforConsumedFuel
DurationTestoutP

e Performanc
×

=  

Criteriae PerformancPlantPumpingNebraska
ePerformancRating  e Performanc =  

Fuel Wasted Hour = Energy Current Fuel Consumption Rating × (1-Performance Rating) 
 
The shaft output power calculated by several ways, such as nameplate method, in put power 
measurements method, slip method, current method, statistical method, segregated loss 
method and shaft torque method (Anon, 2007; Hsu et al., 1998). Base on this study data, shaft 

100×=
in

out

P
P

OPE



output power calculated with nameplate, slip and current methods. Since torque meter was not 
available, these methods used to calculate shaft output power. Estimated error is about 1, 6.5, 
8 and 10 percent in shaft torque, current, slip and nameplate methods respectively (Hsu et al., 
1998). 
Motor load by current method calculate with the following equation(Anon, 2007): 

100%
rV

V
rI
ILoad ××=  

Load = Output power as a % of rated power 
I        = RMS current, mean of 3 phases 
Ir       = Nameplate rated current 
V       = RMS voltage, mean line-to-line of 3 phases  
Vr      = Nameplate rated voltage 
Motor efficiency determine from the equation: 
 

iP
LoadirPη ×=  

 
η = Efficiency as operated in % 
Pir = Input power at full-rated load in kW 
Pi= Measured three-phase power in kW  
Load= Output power as a % of rated power  

 
 

3. RESULTS  
 

3.1.  Hamedan 
 
 

Results showed only one filed with electrical irrigation pumping plant had overall efficiency 
more than NPPPC. In other fields overall efficiencies were between 16.1 to 59.1 percentages 
(30 to 83.9% NPPPC) for electrical irrigation pumping plants and 6.0 to 17.8 percentages for 
diesel irrigation pumping plants (25.0 to 74.1% NPPPC). Average of overall efficiency was 
46.6% (71% NPPPC) and 12.7% (53% NPPPC) in electrical and diesel irrigation pumping 
plants respectively( Table 4 and 5).  
 
 

Table 4. Statistical data from overall energy efficiency test in Hamedan (motor-powered) 

 

 Pressure 
head(m) 

Discharge 
(L.s-1) 

Power 
(kW) 

Voltage 
(V) 

Current 
(Amp) 

cosΦ Input 
power 
(kW) 

Overall 
efficiency(%) 

Excessive 
fuel(kWh) 

Minimum 42.0 14.0 7.3 348.3 33.9 0.83 19.6 16.1 2.1 
Maximum 124.0 37.4 42.7 392.9 132.0 0.88 72.3 68.4 39.6 
Mean 79.4 23.6 18.9 372.3 72.6 0.86 40.2 46.6 13.2 
Standard 
deviation 

29.8 7.8 10.7 12.3 28.2 0.02 15.0 16.6 10.7 

CV(%) 37.6 33.2 56.5 3.3 38.9 1.96 37.4 35.6 81.2 



 y = 0.7696x - 11.278     P<= 87.5
 y=56                                 P>87.5
R2 = 0.687***
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Table 5. Statistical data from overall energy efficiency test in Hamedan (engine-powered) 

 
 
Results that showed overall efficiency in electrical irrigation pumping plants were 3.7 times 
diesel irrigation pumping plants. Liner equation with sill (Figure 2) show up to 87.5 m pressure, 
overall efficiency increase rapidly with pressure increase. After that, overall efficiency is almost 
contestant with higher pressure.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Relationships between pressure head and overall efficiency in Hamedan     
province 

 
Liner equation between overall energy efficiency and pressure head (Figure 2 and Table 5) 
show up to 87.5 m for each 1m pressure head increase, overall energy efficiency increase 
0.77%. Liner relation between discharge and overall energy efficiency (Table 6) show within 
the investigation boundary a liter discharge increase overall energy efficiency about 0.5 and 
1.2% in diesel and electrical irrigation pumping plants respectively. Average of fuel 
consumption was 3.9 liters per hours and 12.1 Kwh in diesel and electrical irrigation pumping 
plants respectively. Excessive energy consumption relative to actual need was 71.2% and 
115.4% in electrical and diesel irrigation pumping plants respectively in Hamedan province. 
Energy west in diesel irrigation pumping plants was 1.5 times electrical irrigation pumping 
plants. Relation between overall energy efficiency and excessive electrical and diesel 
consumption showed for a percent decreases of overall energy efficiency, Energy west 
increase respectively 0.58 kWh and 0.37 liter per hour in electrical and diesel irrigation 
pumping plants(Table 6).  
Average of electrical motors efficiencies that pumping plants did not directly connect to the 
wells was 92.5% that was higher than NPPPC (88%). All of electrical motors efficiency was 
more than 90%. Average of pump efficiency was 46.9%. These results showed main cause of 
low overall energy efficiency was low pump efficiency.  

 

 Pressure 
head(m) 

Discharge 
(L.s-1) 

Power 
(kW) 

Fuel 
consumption 

(L) 

Input 
power 
(kW) 

Overall 
efficiency(%) 

Excessive 
fuel(L.h-1) 

Minimum 25.0 18.5 10.0 3.9 39.3 5.9 2.0 
Maximum 52.0 33.0 16.3 11.4 114.8 17.5 6.6 
Mean 37.9 26.7 13.2 8.0 80.7 12.6 3.9 
Standard 
deviation 

9.3 5.8 4.5 2.4 24.2 3.7 1.8 

CV(%) 24.6 21.7 33.9 30.0 30.0 29.6 46.3 



Table 6. Relationships between overall efficiency  and pressure head, discharge and 
waste fuel in Hamedan province 

Pumping plant 
station 

Equation r2 F 

Diesel and  Electrical OPE = 0.7696 × H + 0.5853      P≤87.5 0.6870 88.253*** 

OPE = 56.0                             P= 87.5 
Diesel OPE = 0.4933 × Q - 0.4252 0.5680 6.574* 

Electrical OPE = 1.2028 × Q + 18.209 0.3635 5.714* 

Diesel WF = -0.3662 × OPE + 8.563 0.5885 7.149* 

Electrical WF = -0.5845 × OPE + 39.241 0.7562 27.800** 

OPE = Overall energy efficiency(%); Q = Discharge (L.s-1); H= Pressure Head (m); WF= waste 
fuel (kWh or L) 
*** Significant difference at 0.1% ; ** Significant difference at 1%; * Significant difference at 5% 

 
 

3.2. Kerman 
 
 

In Kerman studied 14 fields that all of them had electrical irrigation pumping plants. Overall 
energy efficiencies ranged from 25.3 to 92.2 that were 38% to 139% of NPPPC. Average of 
overall energy efficiency in trickle and sprinkler was 55.4 (84% NPPPC) and 49.5 (75% 
NPPPC) respectively and average of both systems was 54.5 (83% NPPPC). 
 
 
Table 7. Statistical data from overall energy efficiency test in Kerman (motor-powered) 

 
Amount of energy consumption relative to actual need was excess in 12 fields and total of 
excessive energy consumption was 313.7 Mw. Excessive energy consumption was 26.1 Mw 
per year averagely in every irrigation pumping plants. Overall energy efficiency was directly 
correlated with excessive energy consumption (Figure 3). For each percentage decreased in 
overall energy efficiency, the average excessive energy consumption increased 0.39 kWh. 

 Pressure 
head(m) 

Discharge 
(L.s-1) 

Power 
(kW) 

Voltage 
(V) 

Current 
(Amp) 

cosΦ Input 
power 
(kW) 

Overall 
efficiency(%) 

Excessive 
fuel(kWh) 

Minimum 30.0 16.0 4.7 370.0 25.0 0.82 13.9 25.3 0.1 
Maximum 47.0 53.0 21.8 370.0 88.0 0.89 50.2 92.2 17.6 
Mean 36.7 32.0 11.8 370.0 41.8 0.85 22.9 54.5 7.0 
Standard 
deviation 

5.4 10.8 5.0 0.0 16.7 0.02 9.6 19.7 5.8 

CV(%) 14.7 33.8 42.4 0.0 39.9 2.34 41.8 36.5 83.5 



y = -0.3921x + 25.956
R2 = 0.6963***
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Figure 3. Relationships between excessive fuel consumption and overall  

energy efficiency in Kerman 
 

Average of electrical motors efficiencies in 7 fields that pumping plant did not connect directly 
to the well was 86.9% that was higher than NPPPC (88%). Average energy efficiency of 5 
electrical motors was more than 90%, and two electrical motors were 83.1% that were less 
than NPPPC. These results showed main cause of low overall energy efficiency was low pump 
efficiency. Pump efficiency of 7 pumps averaged 50.8% that was less than attainable pumping 
efficiency.  

 
 

3.3. Khorasan Razavi 
 
 

In Khorasan Razavi studied 13 fields that all of them had electrical irrigation pumping plants 
(Table 8). Overall energy efficiency averaged 45.1% ( 68% NPPPC) and ranged from 36.4% to 
63.1%. Overall energy efficiency was less than NPPPC in all of investigated pumping plants. 
Excessive energy consumption was 9.5 kWh averagely in each irrigation pumping plants 
(Table 8). 

 
 

Table 8. Statistical data from overall energy efficiency test in Khorasan razavi (motor-powered) 

 
Overall energy efficiency was directly correlated with excessive energy consumption  (Figure 
4). For each percentage decreased in overall energy efficiency, the average excessive energy 
consumption increased 0.38 kWh. 

 Pressure 
head(m) 

Discharge 
(L.s-1) 

Power 
(kW) 

Voltage 
(V) 

Current 
(Amp) 

cosΦ Input 
power 
(kW) 

Overall 
efficiency(%) 

Excessive 
fuel(kWh) 

Minimum 22.0 8.0 3.4 340.0 13.0 0.82 7.3 36.4 1.6 
Maximum 165.0 40.0 25.5 380.0 114.0 0.89 62.8 63.1 24.8 
Mean 69.5 23.2 13.3 370.0 54.0 0.85 29.4 45.1 9.5 
Standard 
deviation 

51.2 9.6 7.0 13.5 26.1 0.02 14.2 8.8 6.5 

CV(%) 73.7 41.6 52.8 3.7 48.4 1.98 48.3 19.6 68.3 



y = -0.378x + 25.901
R2 = 0.6142***
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Figure 4. Relationships between excessive fuel consumption and overall energy efficiency in 

Khorasan Razavi 
 
 
Electrical motors efficiency in 3 fields that pumping plant did not directly connect to the well for 2 
sprinkler irrigation and 1 trickle systems averaged 93.2 and 93.1% respectively that were higher 
than NPPPC (88%). These results showed main cause of low overall energy efficiency was low 
pump efficiency. The pumping efficiency of 2 sprinkler irrigation systems averaged 66.1 and for the 
1 trickle irrigation system 41.4% that were less than attainable pumping efficiency. 
 
 
3.4. Provinces technical results combined 
 
 
Composing of electric-powered pumping plants in 3 provinces showed overall energy 
efficiency averaged 48.5% and ranged from 16.1 to 92.2% (Table 9). Overall energy efficiency 
averaged 46.6, 53.3 and 45.1 in Hamedan, Kerman and Khorasan Razani provinces, 
respectively. One of the overall energy efficiencies in Kreman province was 92.2% that if 
ignore it, overall energy efficiency decreased 46.6%. Results showed from 44 diesel and 
electrical-powered pumping plants only 3 pumping plants had overall energy efficiency more 
than NPPPC. It means 93.2% investigated pumping plants had overall energy efficiency less 
than NPPPC. 
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Table 9. Statistical data from overall energy efficiency test in Hamedan, Kerman and Khorasan 
razavi (motor-powered) 

 
 Overall energy efficiency distribution for diesel and electrical-powered pumping plants 

illustrate in figure 5. Figure 5 show that the most numbers of samples are ranged from 35 to 
60%. In figure 5 Diesel-powered pumping plants illustrate with scatter pattern that have the 
least efficiency.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Overall energy efficiency histogram in three provinces 
 
 

Average of excessive energy consumption was 9.8 kWh in 3 provinces and separated 
excessive energy consumption averaged 13.2, 7.0 and 9.5 kWh in Hamedan, Kerman and 
Khorasan Razavi provinces, respectively. 

Comparison of means with t-test showed overall energy efficiency did not significant 
difference in 3 provinces (Table 10). 

 
Table 10. Comparison overall energy efficiency in Hamedan, Kerman and Khorasan 

razavi provinces by t-student test 
 

Relation between overall energy efficiency and excessive energy consumption showed for 
each percentage decreased in overall energy efficiency, the average excessive energy 
consumption increased 0.5 kWh (Figure 6 ). 

 Pressure 
head(m) 

Discharge 
(L.s-1) 

Power 
(kW) 

Voltage 
(V) 

Current 
(Amp) 

cosΦ Input 
power 
(kW) 

Overall 
efficiency(%) 

Excessive 
fuel(kWh) 

Minimum 22.0 8.0 3.4 340.0 13.0 0.82 7.3 16.1 0.1 
Maximum 165.0 53.0 42.7 392.9 132.0 0.89 72.3 92.2 39.6 
Mean 60.8 26.5 14.5 370.7 55.3 0.86 30.4 48.5 9.8 
Standard 
deviation 

38.0 10.3 8.2 10.5 26.9 0.02 14.8 15.1 7.8 

CV(%) 62.5 38.8 56.6 2.8 48.7 2.14 48.6 31.2 80.1 

 Kerman Khorasan razavi 
 Degree of freedom t Degree of freedom t 
Hamedan 24 -0.987(P=0.333) 23 0.293(P=0.772) 
Kerman - - 25 1.468(P=0.155) 



y = -0.4943x + 32.483
R2 = 0.5994***
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Figure 6. Relationships between excessive fuel consumption and overall energy efficiency in 
Hamedan, Kerman and Khorasan Razavi provinces 

 
 
Figure 7 shows for each liter increased in irrigation system discharge, the average of overall 
energy efficiency increased 0.7% in Hamedan, Kerman and Khorasan Razavi provinces. In the 
other words irrigation system pumps often worked under nominal capacity and by increasing 
pumping rate, overall energy efficiency increased. Average of overall energy efficiency was 
48.0 and 49.2% in trickle and sprinkler irrigation, respectively (Tables 11 and 12 ). If diesel-
powered pumping plants considered, average of overall energy efficiency decreased to 38.5% 
in sprinkler irrigation systems. Comparison of means with t-test showed overall energy 
efficiency did not significant difference in sprinkler and drip irrigation systems with electric-
powered pumping plants (t=0.238, P=0.813). 
Figures 8 and 9 show for each percentage increased in overall energy efficiency, the average 
of excessive energy consumption decreased 0.6 and 0.4 kWh in sprinkler and drip irrigation 
systems, respectively. Average of excessive energy consumption was 11.3 and 8.6 kWh in 
sprinkler and drip irrigation systems, respectively that was related with different pressure head 
in 2 irrigation systems (Tables 11 and 12).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Relationships between discharge and overall energy efficiency in Hamedan, Kerman 
and Khorasan Razavi provinces 
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Table 11. Statistical data from overall energy efficiency test in sprinkler irrigation systems 

(motor-powered) 

 
 
Table 12. Statistical data from overall energy efficiency test in drip irrigation systems  

(motor-powered) 

 
Average of excessive energy consumption in diesel and electric-powered pumping plants was 
115.4 and 60.5% more than NPPPC, respectively and for both was 70.1% more than NPPPC. 
Average of excessive energy consumption in sprinkler and drip irrigation systems was 60.6 
and 60.5% more than NPPPC, respectively. If diesel-powered pumping plants considered, 
average of excessive energy consumption increased to 77.3% more than NPPPC in sprinkler 
irrigation systems. 
Minimum and maximum of electric-motors efficiency were 83.1 and 93.1% by current methods, 
respectively. Average of electric-motors efficiencies was 91.3% in 3 provinces. Minimum, 
maximum and mean of electric-motors efficiency were 91.0, 95.3 and 92.7% in sprinkler 
irrigation system, respectively. Minimum, maximum and mean of electric-motors efficiency 
were 81.3, 93.1 and 89.5% in drip irrigation system, respectively.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Relationships between excessive fuel consumption and overall energy efficiency in 
sprinkler irrigation 

 Pressure 
head(m) 

Discharge 
(L.s-1) 

Power 
(kW) 

Voltage 
(V) 

Current 
(Amp) 

cosΦ Input 
power 
(kW) 

Overall 
efficiency(%) 

Excessive 
fuel(kWh) 

Minimum 42.0 14.0 7.3 340.0 33.9 0.82 19.6 16.1 1.6 
Maximum 165.0 53.0 42.7 392.5 132.0 0.89 72.3 68.4 39.6 
Mean 79.5 26.4 19.4 371.0 71.5 0.86 39.5 49.2 11.3 
Standard 
deviation 

35.5 11.2 9.1 13.9 25.6 0.02 13.8 14.4 9.4 

CV(%) 44.6 42.4 47.1 3.8 35.9 2.35 34.8 29.4 83.0 

 Pressure 
head(m) 

Discharge 
(L.s-1) 

Power 
(kW) 

Voltage 
(V) 

Current 
(Amp) 

cosΦ Input 
power 
(kW) 

Overall 
efficiency(%) 

Excessive 
fuel(kWh) 

Minimum 22.0 8.0 3.4 350.0 13.0 0.82 7.3 25.3 0.1 
Maximum 165.0 48.0 25.5 380.0 114.0 0.87 62.8 92.2 24.8 
Mean 46.3 26.5 10.7 370.5 42.9 0.85 23.3 48.0 8.6 
Standard 
deviation 

33.9 9.8 4.9 7.2 20.9 0.01 11.4 15.9 6.3 

CV(%) 73.1 36.9 45.8 1.9 48.9 1.66 48.8 33.2 73.9 
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Figure 9. Relationships between excessive fuel consumption 
and overall energy efficiency in trickle irrigation 

 
 
Pump efficiency could estimate from overall energy efficiency and electric-motors efficiency. 
Minimum, maximum and mean of pumps efficiency were 17.5, 74.2 and 50.6% in 3 provinces. 
Minimum, maximum and mean of pumps efficiency were 17.5, 74.2 and 51.2% in sprinkler 
irrigation system, respectively. Minimum, maximum and mean of pumps efficiency were 32.2, 
70.4 and 50.0% in drip irrigation system, respectively.  
Minimum, maximum and mean of pumps efficiency were 17.5, 74.2 and 51.2% in sprinkler 
irrigation system and 32.2, 70.4 and 50.0% in drip irrigation system, respectively.  

 
 

5. DISCUSSION 
 
 
In this study average of overall energy efficiency was 48.5% in 3 provinces. From 38 electric-
powered pumping plants only 3 (7.9%) of them had overall energy efficiency more than 
NPPPC. Average of overall energy efficiency was 12.3% in Diesel-powered pumping plants. 
Combination of electric-powered and Diesel-powered pumping plants showed 3 (6.8%) from 
44 pumping plants performed more than NPPPC although Rogress et al. reported 15% 
pumping plants stations performed more than NPPPC in Nebraska. Averages of electric-
motors and pumps efficiencies were 91.3 and 50.6% in 3 provinces. Low overall energy 
efficiency lead pump efficiency to became low. Then Low overall energy efficiency result in 
pump or power unit wrong selection. Rogres et al. (1993) and Loftis and Miles (2004) reported 
pump or power unit wrong selection and pump out of adjustment decrease overall energy 
efficiency of pumping plant. As results each liter increased in irrigation system discharge, the 
average of overall energy efficiency increased about 0.7% that showed capacity of selected 
pump was more than need or pump performed with less than design capacity. Hill et al. (2002) 
recommended the pump operate at 80% or more of design pumping rate. Because pump 
station installed on flimsy foundation, pump and motor or engine were unstable and energy 
consumption efficiency decreased. Engine worn out caused overall energy efficiency 
decreased. Pumps out of adjustment or worn out were negative effect on overall energy 
efficiency. Amin and sepaskha (1996) declared the more effective factors on waste energy 
were motors, engines, pumps and equipments were worn out and power unit did not used with 
maximum power. Average of pumps efficiencies in electric-powered pumping plants were 



50.6% that was compared with Loftis and Miles (2004) results, which reported 50% in United 
State of America.  
Overall efficiency in electrical irrigation pumping plants was 3.9 times diesel irrigation pumping 
plants. Amin and sepaskha (1996) reported in all motor efficiency more than engine efficiency 
in Fars province. 
Average of excessive energy consumption in diesel and electric-powered pumping plants was 
115.4 and 60.5% more than NPPPC, respectively and for both was 70.1% more than NPPPC. 
Rogres et al. (1993) reported excessive energy consumption in Kansas irrigation pumping 
plants was 40%. Average of excessive energy consumption in Iran is 75.3% more than Kansas 
irrigation pumping plants. 

 
 

SUMMARY AND CONCLUSIONS 
 
 

For efficiency and consumption energy measurement in sprinkler and drip irrigation pumping 
plant a project was performed from 2007 to 2009 in some fields in Hamedan, Kerman and 
Khorasan razavi provinces. Measurements were done in 44 fields, which were preformed 22-
drip and 22-sprinkler irrigation in these fields. Average of overall energy efficiency in motor-
powered pumping plants was 48.0 and 49.2% in trickle and sprinkler irrigation, respectively did 
not significant difference in sprinkler and drip irrigation. Overall energy efficiency did not 
significant difference in sprinkler and drip irrigation systems with electric-powered pumping 
plants by t-test. Irrigation system pumping plant often worked under nominal capacity and by 
increasing pumping rate could be increase overall energy efficiency. For each percentage 
increased in overall energy efficiency, the average of excessive energy consumption 
decreased 0.6 and 0.4 kWh in sprinkler and drip irrigation systems, respectively. Average of 
excessive energy consumption was 11.3 and 8.6 kWh in sprinkler and drip irrigation systems, 
respectively that were related to different pressure head in two irrigation systems. However, in 
both of them average of excessive energy consumption was 60.6 and 60.5% more than 
NPPPC, respectively that the average of excessive energy consumption was same in two 
systems. Average of electric-motors efficiencies in sprinkler and drip irrigation systems was 
92.7% and 89.5%, respectively. Average of Pumps efficiencies was 51.2% and 50.0% in drip 
and sprinkler irrigation systems, respectively.  
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EFFECT OF DRIP IRRIGATION AND PLASTIC MULCH ON 
YIELD AND EARLY HARVEST OF MUSKMELON UNDER 

SEMI-ARID CLIMATE CONDITIONS 
 
 

Akbari,1 M., Zaraei1 G., Sadre Ghaen2  and Farhadi3

The experiments were conducted on the clay loam soil of Esfahan in central of Iran 
during middle of March-July for 2 years to evaluate the yield of muskmelon (Cucumis 
Melo Var Reticulatus) under mulched, irrigation level and irrigation system treatments. 
Rainfall is erratic and meager during the crop season in the Esfahan region; therefore, 
muskmelon crop only can be grown with irrigation. Actual evapotranspiration for 
muskmelon crop was estimated by using a standard class A pan located close the 
experimental site and net daily irrigation requirement was estimated after subtracting 
effective rainfall. The trials involved three treatments: two kind of irrigation systems 
(surface and drip irrigation), two level of irrigation amount (75 and 100 percent of 
irrigation water requirement) and three level of mulches (black and transparent plastic 
mulches and without mulch as a control). The experiment was arranged in a split-Split-
plot design and consisted irrigation systems in the main plots, irrigation level as subplots 
and mulches level as sub-subplots. In 2000, average yield from surface and drip irrigation 
systems are 66 and 62.5tha–1, respectively. While in 2001, fruit yields for the same 
systems was 46.1 and 46.3tha–1. The results shows that water use efficiency for surface 
and drip irrigation were 4.8 and 11.2 kg m-3, respectively. Statistical analysis of the yield 
data indicated no significant (P > 0.05) difference between years and irrigation systems. 
But, water use efficiency in drip irrigation system was 2.5 times higher than that of for 
surface irrigation. The highest muskmelon yields from surface and drip irrigation systems 
were obtained at full irrigation treatments (received 100% of irrigation water requirement). 
Bigger fruits were obtained with optimum irrigation amounts for both of the irrigation 
systems. Therefore, the best irrigation system was drip irrigation system due to yield 
precocity, decreasing the water consumption and increasing the water productivity. 
Higher yield and better crop growth was observed in the mulched plots, which might be 
due to conservation of soil moisture. Application of black and transparent plastic mulched 
significantly (p < 0.05) increased the muskmelon fruit yield precocity, available soil 
moisture and decreased irrigation times particularly in early growth season and greatly 
controlled the weeds. Significantly, (p < 0.05) higher water use efficiency was recorded in 
the mulched plots compared to the non-mulched plots under the same irrigation 
treatment.  

, A. 
 
 
 
 

ABSTRACT 
 

 

This result shows that, applying the drip irrigation system, irrigation management and 
plastic mulches can optimize the water consumption. Therefore, drip irrigation system 

                                                 
1 - Assistant professor, Agricultural Engineering Research Institute (AERI), P.O.Box 31585-845. Karaj, Iran, 
Email: Corresponding author, Akbari_m43@yahoo.com; ghzarei45@yahoo.com 
2 - Scientific Member, Agricultural Engineering Research Institute (AERI), P.O.Box 31585-845. Karaj, Iran, 
Email:  Sadr_ghaen@yahoo.com 
3 - Scientific Member, Esfahan Agricultural Research Center, PO Box 81785-19, Esfahan, Iran, 
Email:farhadi_siv@yahoo.com. 



and mulching were recommended for growing muskmelon in the region under limited 
water availability. 
Keywords: Muskmelon, Plastic mulch, Drip irrigation, Esfahan, Iran 

 
 

INTRODUCTION 
 
 

The pressure on agriculture is increasing due to population growth thereby creating a 
need to improve agricultural production. Water has been identified as one of the most 
scarce inputs, which can severely restrict agricultural growth unless it is carefully 
conserved and managed. The Baraun Plain (52o lon., 32.5o lat) is one of the main plain of 
agricultural land in the Zayandeh Rud basin, Esfahan, Iran. The main river for this area is 
the Zayandeh Rud, runs for 350 km roughly in west-east from the Zagros Mountains to 
the Gavkhuni Swamp. The majority of the basin is a typical arid and semi-arid desert. The 
gross command area of the Baraun plain is about 80,000 ha. Cropped area is between 
70 and 80%. Main crops are wheat, barley, rice, alfalfa, corn, sugar beet, vegetables and 
orchards. Muskmelon is one of the major vegetable crops in this region. Rainfall in this 
area, which is situated at an elevation of 1500 m, is very limited, around 120 mm 
annually, most occurring in the winter months from December to April. Most of the plain is 
irrigated using surface irrigation, mostly furrows and borders. However, due to present 
methods for utilization of water resources, the utilizable water for irrigation is limited. 
There exists a large gap between the irrigation potential created and utilized due to 
losses through conveyance system and application while adopting surface irrigation 
system. Therefore, adoption of modern irrigation techniques is needed to be emphasized 
to increase water use efficiency and covering more area under cultivation. (Akbari et al., 
2009). Drip irrigation is the most effective way to supply water and nutrients to the plant 
and not only saves water but also increases yield of fruits and vegetable crops. Previous 
research shows that the yields and quality of the vegetable crops are improved through 
application of water by drip irrigation alone or along with different types of plastics and 
organic mulches (Tiwari et al., 1998; Tiwari et al., 2003). Sivanappan el al.,(1987) 
compared drip and furrow irrigation systems and found that about one-third to one-fifth of 
the normal quantity of water was sufficient for drip irrigated vegetable crops compared to 
those under surface irrigation. Sivanappan et al. (1987) also recommended drip irrigation 
in place of furrow irrigation due to the reduction in water use with as little as 15.3% water 
used without any loss of yield. Therefore, farmers in this region need more efficient 
irrigation systems such as drip irrigation systems for their high-income crops. Since there 
is a shortage of freshwater, crops are deficit irrigated. Deficit irrigation practices were well 
studied on agronomic crops such as soybean, and wheat (Dogan et al. 2006).  
It is unanimously accepted that production and its components are highly influenced by 
the total irrigation volume (Fabiero et al., 2002) and that irrigation requirements are 
related to the cropping technique like the planting time, to the relatively deep preparatory 
tillage in autumn, to organic matter supply, to the possible use of mulches and to the 
cultivation environment (Rivelli et al., 2003). Hartz (1997) claimed that the use of drip 
irrigation system to irrigate melon production was increasing in semi-arid regions of the 
USA. In general, it was reported that drip irrigation system increases melon yield 
compared to furrow irrigations (Shmueli and Goldberg 1971; Bogle and Hartz 1986). 
Lester et al. (1994) also indicated that a 4-day irrigation interval produced the highest 
melon yield. Fabeiro (2002) claimed that similar to other agronomic and horticultural 
crops, the effect of irrigation water on melon production was found to be positive (Pier 
and Doerge 1995; Meiri et al. 1995).  
Plastic mulches in the world are widely applied to vegetable crops and to muskmelon in 
particular. Plastic mulches have numerous advantages, one of them being a reduction in 



losses by evaporation from bare soil. Associated with the reduction in evaporation losses, 
transpiration increases because both sensible and radiative heat are transferred from the 
surface of the plastic cover to adjacent vegetation. Even though the transpiration rates in 
a muskmelon cantaloupe crop under plastic mulch may increase by 35% is reported in 
the literature because of reduced soil evaporation estimated to be about 80% (Battikhi 
and Hill, 1986). 
Tiwari et al. (1998) evaluated the economic feasibility of drip irrigation in combination with 
different types of mulches for an okra crop. The study indicated that 100% irrigation 
requirement met through drip irrigation along with black plastic mulch resulted 72% 
increase in yield as compared to furrow irrigation. Tiwari et al. (1998) studied the 
economic viability of drip irrigation either alone or in combination with organic and black 
plastic mulches over conventional furrow irrigation system for tomato production. The 
study revealed that drip coupled with black plastic mulch displayed yields 65% more than 
obtained under conventional furrow irrigation. The beneficial effect of mulches on plants 
includes earlier production (Call and Courter,1989; Decoteau et al.,1989), greater total 
yield  and reduced insect and disease problems(Jensen,1990). Use of different types of 
mulches such as black plastic film, paddy straw and crop residues have been found to 
conserve the moisture, control weeds, moderate soil temperature and increase in yield of 
different vegetables.  
Lester et al. ( 1994), reported that drip irrigation increased yield but reduced soluble solid 
content. So, They indicated that over irrigation resulted in reduced yield and fruit-soluble 
solids content of melon. Srinivas et al. (1989) studied the effect of surface drip irrigations 
and deficit irrigation practices on watermelon yield and drip irrigation system produced 
more watermelon yield than surface irrigation systems. Additionally, fully irrigated plots 
had more yield compared to deficit irrigated ones. Orta et al. (2003) and Wang et al. 
(2004) applied water stress on watermelon plants and found that fully irrigated treatments 
produced the highest yield. It is reported that irrigation increased yield of melon and 
quality compared to deficit -irrigated crops (Meiri et al. 1995; Detar et al. 1983; Bhella 
1985). In general, studies conducted in the Harran Plain indicated that 125% of class A 
pan evaporation values applied to watermelon produced the highest yield with about 80 t 
ha–1 (Simsek et al. 2004; Gu¨ndu¨z and Kara 1995). Irrigation studies with horticultural 
crops such as melon are limited. In addition, use of surface and surface drip irrigation 
systems with horticultural crops are relatively new and the effects of those highly efficient 
irrigation systems on crop yield and yield components are not well documented. 
However, very little work seems to have been undertaken on the muskmelon crop under 
surface and drip irrigation with mulch and non-mulch conditions for semi-arid climate of 
Esfahan in center of Iran. The present experiment is undertaken to study the influence of 
surface and drip irrigation system, irrigation levels, under mulch and non-mulch 
conditions on yield and to evaluate the water productivity of the cultivated muskmelon 
crop under semi-arid climatic conditions.  

 
 

MATERIALS AND METHODS 
 
 

Site description  
 
The experiment was conducted at the experimental farm in Kaboutarabad research 
station of Esfahan, Iran, (52o lon., 32.5o lat, 1500 m above sea level) during the months of 
March- July for two years (2000-2001). The texture of the soil was clay loam soil with 
gravimetric-based field capacity and wilting point values of 31 and 15%, respectively 
(Table 1). Average soil bulk density, pH, and electrical conductivity values of top 60 cm 
were 1.4 g cm–3, 7.5, 5.5 dS m–1, respectively. Climatic conditions in 2000 and 2001 



years were typical of long-term weather conditions of the study area, which has a semi-
arid climate. In 2000, seasonal average temperatures, relative humidity, solar radiation, 
and wind speed during melon-growing season were 23.0C, 20.7%, 2717 cal cm–2, and 2.3 
ms–1, while in 2001, those values were 23.1C, 23.1%, 2674 cal cm–2, and 2.3 ms–1, 
respectively (Table 2). 

 
 

Table 1. soil properties of experimental site in the study area. 
Soil 
depth  

FC  PWP  Bulk 
density  

OM  Soil particle distribution 
(%) 

Texture  

 % %  % Clay  Silt  Sand   

0-30 32.5 14.5 1.31 1 41 49 10 Clay loam 

30-60 30.4 15.8 1.44 0.5 37 43 20 Silty clay 
loam 

FC field capacity, PWP permanent wilting point, AWC available water capacity, OM organic mater  
 
 

Table 2. Climatic condition during the experiments 
Total 
solar 
radiation  
(cal cm –2)  

Wind 
speed  
(ms–1)  

Averag
e air  
temper
ature 
(C)  

Averag
e 
relative  
humidit
y (%)  

Maximu
m air  
temper
ature 
(C)  

Minimu
m air  
temper
ature 
(C)  

Months  

      2000 
2322.0 2.6 12.4 25.6 19.6 4.1 March 
2439.4 2.6 19.9 22.9 27.2 11.2 April 
2911.6 2.7 24.9 18.2 32.6 15.3 May 
2877.0 1.8 27.3 18.0 35.6 18.1 June 
3026.0 1.7 29.9 20.5 37.7 20.9 July 

      2001 
2358.1 2.0 12.7 39.1 19.5 5.5 March 
2576.5 2.5 19.6 21.0 27.1 10.8 April 
2697.0 2.5 23.3 24.5 30.8 14.1 May 
2915.8 1.9 27.9 16.5 35.7 18.5 June 
2761.6 2.2 32.0 16.2 39.6 23.0 July 

 
 
Experimental design 
  
The experiment was arranged in a split-Split-plot design and consisted of two kind of 
irrigation systems include, surface and drip irrigation systems in the main plots, 75 and 
100 percent of irrigation water requirement as subplots and three levels of mulches (black 
and transparent plastic mulches and without mulch as control) as sub-subplots with three 
replications. In the spring of 2000, a drip irrigation system with 16-mm lateral diameter 
was installed for drip irrigation treatments. Emitters were 0.5 m apart (one for each plant) 
and had a constant discharge rate of 4lh-1. Each row had ten plants were 0.5 m apart. 
Treatment plots had 30 plants in total. Each plot had a valve and Flow-meter at the 
entrance of the drip lateral in order to control irrigation water amounts. Each plot had 
three 6 m long and 4.5 m width and an area of 27m2 in 2000 and 2001. Additionally, there 
was a 2 m empty gap between plots in order to eliminate any water movement from 
adjacent plots.  



 
 
Sowing technique  
 
First, the soil surface was leveled, manure and chemical fertilizer were applied, and black 
and transparent plastic film was mulched by hand every year. Then holes were drilled by 
hand in 0.2m in diameter with rows of 0.5m apart and 5cm deep in the center of rows, 
right next to the emitters in drip irrigation. Holes were separated 0.5m apart within rows. 
Muskmelon was seeded 3-4 grains in each hole on the end of March in 2000 and 2001 in 
treatment plots. Then the holes filled with soil. All above operations were done by hand.  
 
 
Estimation of water requirement and irrigation application 
  
Climate data were obtained from Kaboutarabad meteorological station in the vicinity of 
the experimental site. A standard class A pan located close by the research area was 
used to determine evaporation from open water surface and then irrigation amounts 
depending on treatment rates were determined. Irrigation was started in equal amounts of 
water were applied to all plots until muskmelon plants reached 20% field coverage. The 
irrigation treatments were applied to experimental plots using a 3-day irrigation interval in 
drip irrigation and 7-day in surface irrigation system. Irrigation water amounts were 
determined using the following equation (Allen et al., 1998)  
 

I=EpanAKcpP 
 

where I irrigation water amounts (mm), Epan evaporation from a standard class A pan 
(mm), A plot area (m2), Kcp crop pan coefficient (0.75), and P crop coverage (%). 
 
 
Agronomy management and crop measurements 
 
At the usual time, some of the cultivation practices such as hand-hoeing, pesticide and 
herbicide applications and fertilizations were completed. In both of the years, all plots 
received nitrogen at 100 kg ha–1 rate as ammonium nitrate in three equal amounts 
injected through surface and drip irrigation systems.  
The time of melon fruit harvest was determined based on visual observations, and all 
mature muskmelon fruits were hand harvested. Results from middle row of each plot 
were used in this study and the other two rows were border rows. There were a total of 
three harvest events in both 2000 and 2001. During harvest, fruit weight with a balance, 
fruit number, fruit flesh thickness with a digital compass, and soluble solid content of 
muskmelon with a digital pocket reflectometer (china) were measured. Additionally, as an 
indicator of fruit size, mean fruit weight for all treatments and replications were 
determined by dividing total weight to total number of fruits from treatment plots. Any fruit 
bigger than 0.5 kg was assumed to be of an acceptable size and any fruit smaller and/or 
had any blemishes was assumed not to be marketable and therefore was not considered 
in this study. Differences in measured values among main plot (irrigation systems), sub-
main effects (irrigation levels) and sub-subplot effects (black and transparent plastic 
mulches and without mulch as control) were analyzed using ANOVA test procedure. 

 
 
 



 
RESULTS 

 
 

Effect of irrigation levels on muskmelon yield. 
 
During 2000-2001, the yield was recorded in each treatment for both irrigation systems 
Fig. 1. In 2000, average muskmelon fruit yield from surface and drip irrigation systems 
are 66 and 65.5tha–1, respectively. While in 2001, fruit yields for the same systems was 
46.1 and 46.3tha–1. Observed yield data in this study were similar to previous study 
results conducted by Farhadi et al., (2002). Fruit yield analysis of 2000 data using 
ANOVA test procedure indicated that no significant (P < 0.05) difference between 
irrigation systems, but the highest muskmelon yields was obtained from drip irrigation 
systems at full irrigation treatments (received 100% of irrigation water requirement). The 
results show that water applied for full irrigation in surface and drip irrigation were 12556 
and 5092 m3ha-1, respectively. However, water applied in surface irrigation was 2.5 times 
of drip irrigation system, but statistical analysis of the yield data indicated no significant (P 
> 0.05) difference between irrigation systems. Hence, it show that even by 60% reduced 
water application through drip resulted higher yield than that of conventional surface 
irrigation as was found by Sivanappan et al. (1987). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Yields and water applied for different treatment in surface  
and drip irrigation systems. 

 
 
Comparison of water use efficiency in different treatment 
  
Figure 2 present the water use efficiency for different treatment in surface and drip 
irrigation systems. There is a least variation in water use efficiency obtained in 2 years in 
case of different yields and water applied. The water use efficiency of muskmelon at all 
irrigation levels under drip irrigation was significantly greater (5% level) than that of 
surface irrigation for the 2 years. The results show that water use efficiency for surface 
and drip irrigation was 5.4 and 13.2 kg m-3, respectively. Statistical analysis of the water 
use efficiency data indicated the significant (P > 0.01) difference between years and 
irrigation systems. Water use efficiency in drip irrigation system was 2.5 times higher than 
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that of for surface irrigation. The highest muskmelon water use efficiency was obtained 
from drip irrigation system that received 75% of irrigation water requirement (Fig 2). 
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Figure 2. Water use efficiency for different treatment in surface  

and drip irrigation systems. 
 
 
Effect of mulches on yield and yield precocity 
 
Figure 3 presents the yield and yield precocity of muskmelon under different plastic 
mulches in surface and drip irrigation systems. Higher yield and better crop growth was 
observed in the mulched plots, which might be due to conservation of soil moisture. 
Application of black and transparent plastic mulched significantly (p < 0.05) increased the 
muskmelon fruit yield and precocity, available soil moisture and decreased irrigation 
times particularly in early growth season and greatly controlled the weeds. Significantly, 
(p < 0.05) higher water use efficiency was recorded in the mulched plots compared to the 
non-mulched plots under the same irrigation treatment. This result shows that, applying 
the drip irrigation system, irrigation management and plastic mulches can optimize the 
water consumption. Therefore, drip irrigation system and mulching were recommended 
for growing muskmelon in the region when limited water was available. 
The initial economic analysis of plastic mulch in muskmelon field show that, the net 
seasonal income, benefit–cost ratio and net profit per mm of water used were found to be 
highest for the treatments with plastic mulched. So it was of more benefit in economic 
that plastic mulch be applied under lower water availability conditions in muskmelon field. 
However, plastic mulch increased muskmelon fruit yield and yield precocity, but soil was 
polluted by small-plastic debris left in field. Li et al. (1999) found that the use of 
transparent plastic film over a period longer than 40 days was detrimental to grain yields 
and might produce soil pollution. Therefore, plastic film should be removed from field 
carefully after muskmelon fruit harvest. Bigger fruits were obtained with full irrigation 
amounts for both of the irrigation systems. Hence, the best irrigation system was drip 
irrigation system due to yield precocity, decreasing the water consumption and increasing 
the water use efficiency.  



 
 
 
 
 
 
 
 
 

Figure 3. Yield and yield precocity of muskmelon under different plastic mulches in 
surface and drip irrigation systems. 

 
 

CONCLUSINS AND RECOMMENDATION 
 
 
In 2000 and 2001, until 30% field coverage, full irrigation water requirement was applied 
to all treatment plots in order to ensure a good plant stand. Fully irrigated treatment plots 
in 2000 and 2001 received a total of 509 and 455 mm irrigation water, respectively. 
Based on two years experimental results and analysis of surface and drip irrigation 
systems for cultivating muskmelon, the following conclusions can be drown: 
Irrigation water amounts in this study from 2000 were a little higher than 2001 because of 
late germination and about a 15-day longer growing season along with more severe 
climatic conditions. On average, monthly relative humidity in 2000 was 2.5% lower, 
compared to 2001. Approximately 5000 m3ha-1 irrigation water requirement would be 
need for muskmelon in Esfahan semi-arid climatic condition. 
The use of drip irrigation either alone or in combination with mulched can not increased 
the total muskmelon yield significantly rather than surface irrigation. But, application of 
black and transparent plastic mulched significantly (p < 0.05) increased the muskmelon 
fruit yield precocity, available soil moisture and decreased irrigation times particularly in 
early growth season and greatly controlled the weeds. In addition, water use efficiency in 
drip irrigation system with mulched was 2.5 times higher than that of surface irrigation.  
Fruit yield analysis of 2000 data using ANOVA test procedure indicated that there was 
significant (P < 0.05) difference among irrigation levels and the highest yield (P < 0.05) 
was from full irrigation treatments from surface and drip irrigation systems, even though 
the highest mean yield was from full irrigation treatment in both of the surface and drip 
irrigation systems.  
Overall, muskmelon fruit yield results indicated no significant difference between surface 
and drip irrigation system. Fruits size from both of the irrigation systems was bigger at 
optimum irrigation water amounts. Overall, study results clearly shows that under 
semiarid climatic conditions any reduction in irrigation amount from optimum irrigation 
water requirement for surface and drip irrigation systems would result in reduced  
(P < 0.05) muskmelon yield along with fruit size. Hence, drip irrigation system used 60% 
less water and produced the same amount of muskmelon fruit yield. Therefore, under 
limited water sources it could be recommended that farmer might use drip irrigation 
system under semi-arid climatic conditions. 
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ABSTRACT 
 
 
Agricultural water use in Iran is now faced with two major problems: lack of fresh 
water and low efficiency. In the agricultural sector, development of pressurized 
irrigation systems can be an appropriate policy in coping with these problems. With 
growing water scarcity, a large portion of Engineering - Technical development in the 
coming years will be assigned to the designing of pressurized irrigation systems. 
Development of under pressurized irrigation requires the development of various 
engineering tools. However, what is remarkable is role models and software 
engineering in speed of data analysis, design capability and minimizing human errors 
in calculation. 
 
This paper reflects the technical characteristics and capabilities of a developed model 
(FARMWAT) by irrigation students of Guilan University. The model automatically 
design pressurized irrigation systems with high efficiency. The programming language 
of model is written under windows Visual Basic 6.0. The model has capability of 
drawing the layout of irrigation system, receiving the required data in the design, 
receiving the land topography, data analyzing and reporting of designed parameters 
for the user. FARMWAT, using its graphics and editing tools, allows user to enter or 
edit the required input data of irrigation system.  After drawing the desired system, by 
clicking on each tube, users are allowed to view and edit the user information of each 
tube. The design requirements are limited to the water, soil and plant characteristics 
(such as soil depth, soil salinity, final infiltration rate, total available moisture stored in 
the root zone, water use efficiency, during the growing season. ..), and profile system 
installations (such as available water and nominal pressure of sprinkling, base height 
of sprinkles, as well as, number and diameter of each pipe ..). 
Data analysis in the model is including: Determination of land's topography changes 
during each pipe, hydraulic calculations of system and computing of system 
parameters. Currently, this software is capable of designing a sprinkler irrigation 
system type wheelchair (wheel move). It is clear just by adding the subroutines 
related to data analysis, FARMWAT can be used to model all kinds of possibilities in 
irrigation systems. Model's outputs can be summarized as irrigation depth, irrigation 
interval, daily settlement period lateral, lateral number and number on them by 
sprinkling, discharge of each lateral, dynamic pressure and total incoming discharge 
for the whole system. 
Capabilities in precision applications such as AutoCAD and Excel show all of their 
facilities to serve for processing, editing and recording data received from the user. 
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Communicating with the user requires a mechanism that can be a first step in the 
success of any software. FARMWAT is claimed to be complete user friendly software. 
This model and its features improve the quality of irrigation designs and level of 
education in irrigation systems, as well as, enable students and experts to get benefit 
of its facilities. 

 
RÉSUMÉ ET CONCLUSIONS 

 
 

Utilisation de l'eau dans l'agriculture de l'Iran aujourd'hui confrontés à deux 
problèmes majeurs: le manque d'eau douce et une autre en prenant sa faible 
efficacité. Dans le développement du secteur agricole de la sous systèmes d'irrigation 
sous pression peut être une politique appropriée pour faire face à ces problèmes. 
Avec la raréfaction de l'eau, peuvent s'attendre à une grande partie de l'ingénierie - 
développement technique dans les prochaines années sera affecté à la conception 
de systèmes d'irrigation sous pression. Développement de l'irrigation sous pression 
nécessite le développement de divers outils d'ingénierie. Cependant, ce qui est 
remarquable, c'est des modèles d'ingénierie logiciel et de la vitesse d'analyse des 
données, la capacité de conception et de minimisation des erreurs humaines dans le 
calcul. 
 
Ce document reflète les caractéristiques techniques et les capacités d'un modèle 
élaboré (FARMWAT) par les étudiants de l'Université d'irrigation de Guilan. Le 
modèle est capable de concevoir automatiquement dans les systèmes d'irrigation 
sous pression avec une grande efficacité. Le langage de programmation du modèle 
est écrit sous les fenêtres de VisualBasic 6.0. Le modèle a une capacité de dessiner 
le schéma du système d'irrigation, de recevoir les données nécessaires à la 
conception, la réception de la topographie, l'analyse des données et la déclaration 
des paramètres conçus pour l'utilisateur. FARMWAT utilisant son graphisme et des 
outils d'édition permet à l'utilisateur d'entrer ou de modifier les données d'entrée 
nécessaire du système d'irrigation. Après avoir dessiné le système souhaité, en 
cliquant sur chaque tube, les utilisateurs sont autorisés à visualiser et modifier les 
informations utilisateur de chaque tube. Les exigences de conception sont limitées à 
l'eau, le sol et les caractéristiques des plantes (comme la profondeur du sol, la 
salinité du sol, le taux d'infiltration finale, l'humidité disponible total stocké dans la 
zone des racines, l'efficience d'utilisation de l'eau, et pendant la saison de croissance. 
..), et des installations du système de profil (comme l'eau disponible et de la pression 
nominale de l'aspersion, hauteur de la base de vermicelles et le nombre et le 
diamètre de chaque tuyau ..).  
 
L'analyse des données dans le modèle est notamment: la détermination des 
changements de la topographie des terres au cours de chaque tuyau, les calculs 
hydrauliques et du système de calcul des paramètres du système. Actuellement, ce 
logiciel est capable de concevoir un type de système d'irrigation par aspersion en 
fauteuil roulant (déplacer la roue). Il est clair, en ajoutant simplement les sous-
routines liées à l'analyse des données, FARMWAT peut être utilisé pour modéliser 
toutes sortes de possibilités des systèmes d'irrigation. Les résultats du modèle 
peuvent être résumées comme profondeur d'irrigation, l'intervalle d'irrigation, la 
période de règlement quotidien latérales, le nombre latérales et le numéro de leur par 
aspersion, la décharge de chaque partie latérale, et la pression dynamique et la 
décharge totale entrant ensemble du système.  
 
Réseau dans les applications de précision telles que AutoCAD et Excel montre 
l'ensemble de leurs installations servent à la transformation, l'édition et 
l'enregistrement des données reçues de l'utilisateur. Communiquer avec l'utilisateur a 
besoin d'un mécanisme qui peut être une première étape dans la réussite de 
n'importe quel logiciel. FARMWAT sont revendiquées un logiciel convivial d'utilisation 
complet. Ce modèle et ses caractéristiques peuvent améliorer la qualité des dessins 



et modèles d'irrigation et le niveau de l'éducation dans les systèmes d'irrigation, et de 
permettre aux étudiants et experts pour obtenir des avantages de ses facilitis. 
 
 

1. INTRODUCTION 
 
 

FARMWAT is a software under windows which would develop with the goal of 
modeling irrigation systems under pressure. In the production of this software in one 
hand, in this system’s design, we try to add expertise calculations and in the other 
hand to allow the user to compare different designs by spending time and less cost 
and then choose the considered design. FARMWAT 1.0 (Figure 1) is written in more 
than 2400 hand writings in Visual Basic 6.0 language in 6 months. The needed raw 
information include: 
 

▪ Plant, soil and consumed water properties data 
▪ Farm image 
▪ Farm topography 
▪ Pipes network layout 
▪ Hazen-Williams coefficient in pipes, number of diameter in multi-diameter pipes 
and  
  friction reduction from the surface of the water to the pump centre. 
 

Outcomes of data analysis will be saved in an Access information bank. 
In a research from the active firms in the area of studying and designing irrigation 
systems under pressure in Iran, we have concluded that there isn’t so much tendency 
for making use of them in Iran because of different causes such as the possibility of 
incompatibility of external software’s with standards, internal facilities and execution 
situations and their high provision cost. Hydraulic calculations of the pipe network 
would be mostly done with EPAnet and WaterGEMS which didn’t develop in spite of 
their extensive facilities for expertise study of irrigation systems under pressure. 
Perhaps we should say that Iranian masters and experts have tried greatly in this 
area in recent years and the outcomes include the production of “Ghatre Pardaz” 
software in drip irrigation area. 
 

Figue 1. Software icon and its name,  located on the "Help" menu  
(Icône du logiciel et de son nom, situé sur le menu "Help") 

 
 

2. HOW TO INTRODUCE THE PLANT, SOIL AND CONSUMED 
WATER PROPERTIES DATA WITH SOFTWARE 

For this, go to the “Input> plant, Soil,…” directory (Figure 2). The window naming 
“Input” will be opened (Figure 3, Table 1). The value of each parameter can be 



entered into the front textbox. Moreover, the user can introduce data as a text file 
(Figure 4), to the software with pressing “insert from file…” button. 
 

Figure 2. How to access the "Input" menu and its sub-menus (Comment accéder au 
menu "Input"  et ses sous-menus) 

 

Figure 3. Inserting plant, soil and consumed water properties data by "Inputs" menu 
(L'insertion des plantes, le sol et propriétés de l'eau consommée par les données  

 "Inputs" menu) 
  
 

Table 1. Full name of the input data and them units 
 (Nom complet des données d'entrée et les unités)  

Parameter Unit Description 

Dr m root Depth 
Tgs day growth season Term 

ETcp mm/day Pick crop Evapo-Transpiration 
ECw ds/m water Electric Conductivity 
ECe ds/m earth Electric Conductivity 
Ds m soil Depth 

TAM mm/m Total Available Moisture 
MAD % Maximum Allowable Deficiency 

fc mm/hr final infiltration velocity 
Ea % application Efficiency 
Hsl m sprinkler leg Height 
Ls % squall(wind) Loss 
q0 lit/s nominal discharge of sprinkler 
p0 m nominal pressure of sprinkler 
Hfi m pump inlet frictional Head 

 



Figure 4. Sample text file containing some of input data  
(Exemple de fichier texte contenant des données d'entrée) 

 
 

3. INTERING FARM PICTURE INTO THE DRAWING SCREEN 
 
 

One of the useful methods for user to study farm geometrical dimensions and 
consider its existent structures while designing, is to use ground picture in the 
drawing screen background. To do this we will go to “Input> Pictures” directory 
(Figure 2). After opening of “Open” window and selecting picture, we can see the farm 
image in the drawing screen with pressing “open” button. 
 
 

4. HOW TO INTRODUCE FARM TOPOGRAPHY TO THE 
SOFTWARE 

 
 
We know that the ground topography has a basic role determining the type of farm 
irrigation and hydraulic operation. Introducing farm topography to FARMWAT would 
be done with calling a txt file. This file is like a matrix in witch the value in “i” row and 
“j” column, would show the height value of (i,j) pixel in the image file. Different 
softwares would produce such outputs in txt or ASCII formats. Going to “Tools> 
topography> ASCII> import…” and choosing the regarded file, we can see the file 
content in ASCII table window. If this window got closed, it can be opened from 
“Tools> topography> ASCII> review” directory (Figure 5). 
 

Figure 5. How to access topographical tools  
(Comment accéder aux outils topographiques)  

 



Geo-referencing operation should be done on the farm picture to complete steps 2, 3 
and adjusting the picture with the its topography. To do this we would go to “Tools> 
georeference> run process…” (Figure 6). Now 4 textboxes will be opened on the 
screen. Mouse cursor coordinate would be shown in X(mm) and Y(mm) textboxes. 
Content of this tow textboxes would change realtime with the movement of the 
mouse. Now with a left click on a point on the farm picture, the UTM coprdinate of 
which is apparent for the user, the software will focus on X(UTM). The geo-references 
process would be executed with entering X(UTM), Y(UTM) and doing operations 
similar to the second and third points (Figure 7). The result of the geo-reference 
operation can bee seen and edited in “geo-ref table” from “Tools> geo-reference> 
edit… directory” (Figure 8). 
 

 
Figure 6. Geo-reference tools directory (Geo-reference répertoire tools) 

 

 
Figure 7. FARMWAT in geo-reference operations (FARMWAT dans les opérations 

de geo-reference) 
 



 
Figure 8. Geo-reference editing table and its calculated Coefficients  

(Table "géo-référence" d'édition et de ses coefficients calculés) 
 
 
 

5. DRAWING NETWORK LAYOUT 
 
 
Going to “Draw> mainline\sub-main\manifold\lateral” directory (Figure 9). Mouse 

cursor shape will become like . In this mode we can draw a pipe by clicking on tow 
points of the drawing screen (Figure 10). 
 
 

 
Figure 9. "Draw" menu, as "FARMWAT" superiority with other similar models ("Draw" 

menu, comme «FARMWAT" supériorité avec d'autres modèles similaires) 
  
  
 



 
Figure 10. Drawing pipe and viewing its coordinate, lenth and angle in realtime mode 

(Dessin pipe et l'affichage de ses coordonnées, et l'angle dans lenth  
"temps réel" mode) 

 
Used pipes of irrigation network in FARMWAT woud be divided into 4 categories: 
mainline, sub-main, manifold and lateral. The distinctive thing between this pipes 
in the drawing screen is their color and thicknes (Figure 11). However the benefit of 
this classification is that if the modeled irrigation network by FARMWAT was big, then 
analysis process would be faster. 

Figure 11. A drawn irrigation network, thickness and color of pipes make them 
different from another  (A établi un réseau d'irrigation, l'épaisseur et la  

couleur des tuyaux rendre différent d'un autre) 
 
Pipes’ drawing method is controllable too. With going to “Draw> setting” directory 
(Figure 12), a window naming “setting” will be opened up. We can arrange pipes’ 
drawing angle in the “pipe angle” tab. three modes are considered for each pipe 
including “adrft, fix-angle” and “relative fix-angle”. In adrift mode, the pipe can have 
any angle toward x-axis and the pipe end coordinate is exactly congruous on a point 
from drawing plane on which the user will click. Fix-angle mode is for drawing those 
pipes which have one of 0, 90, 180, 270 or 360 angles toward x-axis (Figure 13). 
 



Figure 12. How to access the "setting" menu (Comment accéder au menu "setting") 
 
 

Figure 13. The "setting" menu facilities (Le "setting" installations menu) 
 
 
Before explaining about “relative fix-angle” mode, we need to first examine the way of 
justifying software relative to the pipes joint. Going to “Tools> select object” (Figure 

14), cursor mouse shape will become like . Now click on each of the pipes will 
cause “changeable records” window to open (Figure 15). There are 5 records in this 
window, which would be explained below. 
 
 

Figure 14. How to run the "select object" tool 
 (Comment faire pour exécuter l "select object" outil)  



 

Figure 15. Using "select object" tool for editing pipe properties in "Changeable 
records" table (Utilisation de "select object" outil de propriétés des tuyaux d'édition 

dans  "Changeable records"  table) 
 
 
5.1 pipe name 
It shows the name of selected pipe in the project information bank. 
 
 
5.2 junction 
It is the branchs distance in the selected pipe relative to each other or its outset. For 
example, attributing number 5 to “junction” parameter from a 27 meters pipe means 
that in spite of the two end of this pipe, we can join other pipes in every 5 meters from 
its length. Drawing connected pipes is possible just when in the “Draw> setting” 
directory and its “pipe joint” tab choose the “jointed” mode for the considered pipe. In 
this mode software will coincide the outset of drawing pipe to the nearest junction with 
clicking on every point of the drawing plane. But before clicking on the second point 
(end of the pipe) we can coincide the joint point of the two pipes on the junctions 
nearer to the pipe’s input or output, respectively, with pressing “i” and “o” on the 
keyboard. In another word, if the current junction number is 4, with pressing “i” in 
keyboard we will coincide the drawing pipe input coordinates on junctions with 
numbers 1, 2, 3, respectively. We can also coincide this coordinate on junctions 
number 5, 6, 7 respectively, with pressing “o” on the keyboard. Finally, with clicking 
on the pipe output point on the drawing board, its input and output coordinates will 
enter the information bank. 
 
 
5.3 Chv 
Pipe’s Hazen-Williams coefficient 
 
 
5.4 Chris-Prov 
Christianson provision determines the installation of irrigators on lateral pipes. 
Meaning that whether the distance of the first sprinkler on each lateral to its outset 
equals laterals distances from each other or half of it. 
 
 
5.5 Dp 
Determines whether designer tends to design the pipe multi-diameter or not. For 
example with choosing number 3 for Dp, we can design the considered pipe in a way 
that 3 pipes with different diameter used in its length. 
 



Moreover, in “Draw> setting” directory, with clicking on “erase pipe” button, we can 
delete the selected pipe from drawing screen. 
 
 

6. OTHER FACILITIES 
 
 
6.1 pipe database, an interim information bank 
In addition to “changeable records” window, by opening “pipe database” window we 
can see all the pipe data and edit them (Figure 16). This window is a temporary 
database in which there are six tabs. 4 The first tab contains pipes information. Tab 
“Z(m)” show height analysis results the pipes. This means that after drawing pipes 
and introduce the software ASCII file, by going to “Analysis> Z analysis” directory, 
FARMWAT calculate inlet, outlet, minimum and maximum Z-value of farm during the 
pipe and will report them in this table. Tab “L(m)” also contains results of diameter 
calculations in each pipe. For example, Figure 17 shows a project in which the 
diameter calculations for a lateral length 250 meters is done as Table 2. 
 

Table 2.   
Pipe length distribution table 

Diameter(mm) Length(m) 
75 175.5833 
90 54.1212 
110 20.2955 

  
 
If “pipe database” table be edited Access database containing project information can 
be updated by pressing “db comparison” button. Also, “layout comparison” button is 
used for comparing layout with interim bank (Figure 17). 
 
 

Figure 16. Showing sample results of pipe diameter calculation in pipe interim 
database (Résultats de l'échantillon Liste de calcul diamètre du tuyau dans le tuyau 

de base de données provisoires) 
 



Figure 17. Showing pipe properties in pipe interim database (Propriétés des tuyaux 
affichage dans le tuyau de base de données provisoires) 

 
 
6.2 output data 
Designing of FARMWAT model can be divided into two main steps: 1. Designing 
facilities to communicate with users such as "Inputs" and "Draw" menus 2. Designing  
analysis process of raw data in "Analysis" menu.  Currently this software is capable of 
designing a sprinkler irrigation system type wheelchair (wheel move). It is clear just by 
adding the subroutines related to data analysis, FARMWAT can be used to model all 
kinds of possibilities irrigation systems.  
After inserting plant, soil and water properties data, introducing farm topography, 
doing geo-reference operation, drawing pipe network(system layout) and finally 
inserting pipe properties data to software, FARMWAT Will be prepared for calculating 
hydraulic and irrigation system parameters. Results of analysis process  are shown in 
"outputs" window (Figure 18). 
 

 

Figure 18. "FARMWAT" Outputs for "weelmove" irrigation system mode 
("FARMWAT" Sorties pour "weelmove" mode système d'irrigation) 

  
 
6.3 "File" menu 
In the “File” menu, has been considered some facilities for save, create new project 
and open the previous stored projects. 
 



7. CONCLUSION AND RECOMMENDATIONS 
 
 

As we have seen in the last parts, the product of this effort is software which can do 
the designing of a wheelchair (wheel move) irrigation system perfectly. Moreover, by 
adding necessary sub-routines to FARMWAT 1.0, we can convert it into a secure tool 
for designing different irrigation systems under pressure. While one of the goals of 
developing these irrigation systems is to increase water consume efficiency, such 
softwares can play their role of achieving to this goal effectively, by helping the 
designing of efficient irrigation systems. Other consequences of developing 
FARMWAT are allowing increasing the designing training of irrigation systems under 
pressure.  
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OPTIMIZATION OF WATER AND NUTRIENT 
REQUIREMENT FOR YIELD MAXIMIZATION IN HYBRID 

RICE UNDER DRIP FERTIGATION SYSTEM 
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From the above study, it can be concluded that the rice hybrid Co(R)  
H3 responded well to the combination of drip irrigation at 150 % PE with drip 
fertigation of 100 per cent of P and K (50 % P and K as basal remaining, N, P and K 
as WSF + LBF) maximizing the yield and gross income.  However, drip irrigation at 
150 % PE with drip fertigation of 75 per cent of P and K (50 % P and K as basal 
remaining, N, P and K as WSF + LBF) recorded higher net income compared to other 
treatments.  Hence, drip irrigation at 150 % PE with drip fertigation of 75 per cent of P 

 
 
 
 
 

ABSTRACT 
 
 

Field experiments were conducted at central farm, Agricultural College and Research 
Institute, Madurai, during Kharif and Rabi 2008 - 2009 to study the effect of drip 
fertigation on growth and yield of hybrid rice. The experiments were laid out in 
factorial randomized block design with four replications. The treatments consisted of 
two irrigation regimes (drip irrigation at 100 % and 150 % PE) and five nutrient levels 
viz., soil application of 100 % RDF, drip fertigation of 100 % RDF (P as basal, N and 
K as urea and Kcl), drip fertigation of 50, 75  and 100 % RD of P and K (50 % P and 
K as basal remaining N, P and K as WSF + LBF).  Drip irrigation was scheduled once 
in two days and fertigation was given once in six days as per the treatment schedule.  
Drip irrigation at 150 % PE exhibited better plant height, number of tillers, leaf area 
index, root characters and dry matter production in hybrid rice.  Similarly, it accounted 
for higher number of productive tillers per hill, panicle length, number of filled grains 
per panicle, grain and straw yields. The sterility percentage was also lesser in this 
treatment. 
Among the nutrient levels, drip fertigation of 100 per cent RD of P and K (50 % P and 
K as basal remaining, N, P and K as WSF + LBF) registered better plant height, 
number of tillers, leaf area index, root characteristics and dry matter production.  Yield 
attributes viz., higher values of number of  productive tillers per hill, panicle length, 
number of filled grains per panicle, grain and straw yields of hybrid rice found to be 
comparable with drip fertigation of  75 per cent of P and K (50 % P and K as basal 
remaining, N, P and K as WSF + LBF)  
The above treatment also recorded higher N,P and K uptake and lower post harvest 
soil available N, where as the post harvest soil available P and K were lesser under 
drip fertigation of 50 per cent of P and K (50 % P and K as basal remaining, N, P and 
K as WSF + LBF) 
Drip irrigation at 100 % PE was found to be better than other irrigation regime (150 % 
PE) as for as water use is concerned.  It has registered an optimum consumptive 
water use and higher water use efficiency. 
Net return and benefit cost ratio were higher with drip irrigation at 150 % PE with drip 
fertigation of 75 per cent of P and K (50 % P and K as basal remaining, N, P and K as 
WSF + LBF).  It was followed by drip irrigation at 150 % PE with drip fertigation of 100 
per cent of P and K (50 % P and K as basal remaining, N, P and K as WSF + LBF) 
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and K (50 % P and K as basal, remaining N, P and K as WSF + LBF) was found to be 
the best treatment combination for hybrid rice.   
 
 

Objectives 
 

  
1. To study the performance of raised bed system of rice cultivation under drip 

fertigation system 
2. To find out the effect of drip fertigation on the growth and yield of rice grown under 

raised bed system of cultivation.  
3. To work out the economics of drip fertigation on rice grown under raised bed system 

of cultivation. 
 
 

Technical Programme 
 
 
Treatments  
 
 
a.  Irrigation regimes 

I1 - Irrigation at 100 % PE 
I2 - Irrigation at 150 % PE 

 
b. Nutrient management 

N1 – Soil application of Recommended dose of fertilizer  
N2 – DF of recommended N & K (P as basal) 
N3 – DF of 50 % of Recommended dose of P & K – 50 % as basal + 

balance NPK as WSF + LBF + Humic acid  
N4 – DF of 75 % of Recommended dose of P & K – 50 % as basal + 

balance NPK as WSF + LBF + Humic acid 
N5 – DF of 100 % of Recommended dose of P & K – 50 % as basal + 

balance NPK as WSF + LBF + Humic acid 
 
Design:  FRBD    Rep : Four 

 
Absolute Control:  Drum seeding with recommended practices 

 
Note 
 PE – Pan Evaporation 
 DF – Drip fertigation 
 LBF – Liquid bio fertilizer 
 WSF – Water soluble fertilizer (13:40:13, and KNO3) 
 The liquid bio fertilizers (Azospi, Phosphofix and Potash activa) were applied 

in two splits on 15 and 30 DAS @ 500 ml/ha and humic acid was applied @ 
2.5 l/ha through the system.    

 For the treatment one and two the commercial fertilizers urea, MOP and SSP 
were used 

 Irrigation was given once in two days based on PE 
 Fertigation was given once in 6 days as per the treatments 
 Seeds were sown in raised beds having a top bed width of 90 cm with a 

spacing of 20 x 15 cm 
 



Fertigation 
 
 

The fertilizer used for fertigation were as follows.   
Water soluble 

fertilizer Nitrogen(%) Phosphorus(%) Potassium(%) 

Urea 46 - - 
KNO3 13 - 45 

Poly feed 13 40 13 
Liquid bio 
fertilizer Azospi Phosphofix Potash activa 

Humic acid - - - 
 
 

Results 
 

Total water use (Table 1) 
Higher consumptive use of water to the extent of 1027 mm and 822 mm were 

registered in drip irrigation at 150% PE during 2008 and 2009 respectively.  The 
lowest consumptive use of water was757 mm and 591 mm observed under drip 
irrigation at 100 % PE during both the years respectively. 
 
 

Table 1.  Total water (mm) used for hybrid rice under drip fertigation system 
 

Planting 
systems 

Irrigation 
water(mm) 

Effective 
rainfall(mm) Total water(mm) 

Kharif 
2008 

Rabi 
2009 

Kharif 
2008 

Rabi 
2009 

Kharif 
2008 

Rabi 
2009 

DI at 100% PE 565 479 192 112 757 591 
DI at 150% PE 847 718 180 104 1027 822 

Statistically not analyzed 
 
Drip irrigation is an efficient method to deliver water and nutrients to the plants 
because water is directly applied to the effective root zone of crop plants 
(Balakrishnan, 2006). The loss of water is minimum and that results in the lower water 
requirement in the drip irrigation system. Drip irrigation at 100 % has resulted in 
considerable saving in water compared to drip irrigation at 150 % PE. 
Plant height and productive tillers (Table 2) 
 
The plant height was significantly influenced by irrigation regimes. Drip irrigation at 
150 % PE registered maximum plant height at all the stages of crop growth during 
both the years, which was followed by drip irrigation at 100 % PE.  At maturity it was 
104.8 and 101.2 cm respectively. 
Nutrient levels also significantly influenced the plant height at all the stages of crop 
growth.  Drip fertigation of 100 per cent RD of P and K (50 per cent P and K as basal, 
remaining N, P and K as WSF+ LBF) (N5) recorded higher plant height. At maturity 
stage the plant height recorded for the above treatment was 114.4 cm and 110.5cm 
respectively.  This was comparable with drip fertigation of 75 per cent RD of P and K 
(50 % P and K as basal, remaining N, P and K as WSF + LBF) (N4).   
The interaction effect of irrigation regimes and nutrient levels was significant at all the 
stages of crop growth.  Maximum plant height was recorded under drip irrigation at 
150 % PE with DF of 100 per cent RD of P and K (50 per cent P and K as basal, 
remaining N, P and K as WSF+ LBF) (I2N5) which was 119.0 cm and 114.9 cm during 
both the years respectively.  It was comparable with drip irrigation at 150 % PE with 



DF of 75 per cent RD of P and K (50 per cent P and K as basal, remaining N, P and K 
as WSF+ LBF) (I2N4).   

 
 

Table 2. Effect of irrigation regimes and nutrient levels on plant height 
and productive tillers hybrid rice under drip fertigation system 

 
Plant height at 
maturity stage  

(cm) 
Kharif 
2008 

Plant height at 
maturity stage  

(cm) 
 

No. productive tillers 
per m2  
Kharif 
2008 

No. productive tillers 
per m2  

Rabi 2009 

I1 I2 Mean I1 I2 Mean I1 I2 Mean I1 I2 Mean 
81.4 84.3 82.9 78.6 81.4 80.0 460 477 468 441 457 449 
93.9 96.4 95.2 90.7 93.1 91.9 531 545 538 509 522 516 
98.1 106.5 102.3 94.7 102.8 98.8 555 602 578 531 577 554 

101.0 117.8 109.4 97.5 113.7 105.6 571 666 619 547 638 593 
109.8 119.0 114.4 106.0 114.9 110.5 621 673 647 595 645 620 
96.9 104.8  93.5 101.2  548 593  525 568  

I N I x N I N I x N I N I x N I N I x N 
0.93 1.47 2.08 0.90 1.42 2.01 7.713 12.19 17.24 7.39 23.98 33.91 
1.91 3.03 4.28 1.85 2.92 4.14 15.82 25.02 35.39 15.16 23.98 33.91 

 
 
Productive tiller production (Table 2) 
 
 
Drip irrigation at 150 % PE recorded higher productive tillers of 593 m-2 and 568 m-2 
during 2008 and 2009 respectively. Among different nutrient levels, DF of 100 % RD 
of P and K (50 % P and K as basal, remaining N, P and K as WSF + LBF) (N5) 
recorded higher productive tillers of 647 m-2 and 620 m-2 during 2008 and 2009 
respectively.    

 
Regarding interaction, drip irrigation at 150 % PE with  DF of 100 % RD of P and K 
(50 % P and K as basal, remaining N, P and K as WSF + LBF) (I2N5) registered 
significantly higher number of productive tillers viz., 673 m-2 and 645 m-2 respectively 
in hybrid rice during  both the years and this was on par with (I2N4).    
 
 
Grain yield (Table 3) 
 
 
Irrigation regimes and nutrient levels had a profound influence on the grain yield of 
hybrid rice.  Drip irrigation at 150 % PE (I2) recorded significantly higher grain yield 
(6206 and 5601 kg ha -1) during both the years.  Drip irrigation at 100 % PE (I1) 
resulted in producing lesser grain yield (5735 and 5176 kg ha -1) during both the years 
of study. 
Among the nutrient levels, drip fertigation of 100 % RD of P and K (50 % P and K as 
basal, remaining N, P and K as WSF + LBF) (N5) recorded significantly higher grain 
yield (6776 and 6115 kg ha-1) during both the years of experimentation followed by 
drip fertigation of 75 % RD of P and K (50 % P and K as basal, remaining N, P and K 
as WSF + LBF) (N4).  Soil application of 100 % RDF (N1) recorded lesser grain yield 
of 4906 and 4428 kg ha-1 during both seasons of experimentation. 



Table 3. Effect of irrigation regimes and nutrient levels on hybrid rice grain 
yield under drip fertigation system 

Treatments 

Kharif 
Grain Yield  

Kg ha -1 

Rabi 
Grain Yield 

Kg ha -1 

I1 I2 Mean I1 I2 Mean 
N1 4350 4506 4428 4120 4206 4163 
N2 4420 4624 4522 4253 4423 4338 
N3 4756 5790 5273 4653 5690 5172 
N4 5688 6588 6138 5830 6524 6177 
N5 6183 6892 6538 5916 6729 6323 

Mean 5079 5680  4954 5514  
 I N I x N I N I x N 

SEd 74.55 117.8 166.7 72.51 114.6 162.1 
CD (0.05) 152.9 241.8 342.0 148.7 235.6 332.7 

Interaction between the treatments was significant and followed the similar 
trend as that of number of productive tillers per hill. Among the treatment 
combinations, drip irrigation at 150 % PE with  DF of 100 % RD of P and K (50 % P 
and K as basal, remaining N, P and K as WSF + LBF) (I2N5) registered significantly 
higher grain yield of 7049 and 6361 kg ha-1 during 2008 and 2009 respectively and 
this was on par with (I2N4) and (I1N5). Significantly lesser grain yield of 4820 and 4350 
kg ha-1 was registered under drip irrigation at 100 % PE with soil application of 100 % 
RDF (I1N1)) during both the years respectively.   
Water use efficiency and water productivity  (Table 4) 

 
Drip irrigation had favourable and marked influence on WUE of hybrid rice. Drip 
irrigation at 100 % PE (I1) recorded significantly higher WUE efficiency (6.71 and 8.38 
kg ha-1mm-1). Lower WUE of 5.53 and 6.71 kgha-1 mm-1were observed when drip 
irrigation was given at 150 % PE (I2).  
 
 
Table 4. Water Use Efficiency and Water Productivity of hybrid rice under drip 
fertigation system  
 

Treatments 
WUE (kg ha-1 mm-1) Water productivity  

(Rs ha-1 mm-1) 
Kharif 
2008 

Rabi 
2009 

Kharif 
2008 

Rabi 
2009 

Irrigation regime    
I1 6.71 8.38 64.17 80.02 
I2 5.53 6.71 52.61 63.75 

SEd 0.117 0.127 1.096 1.213 
CD (0.05) 0.240 0.262 2.250 2.489 

Nutrient levels    
N1 5.07 6.04 48.31 57.85 
N2 5.17 6.29 50.30 61.23 
N3 5.96 7.40 57.25 70.87 
N4 6.96 8.90 65.89 83.63 
N5 7.44 9.10 70.22 85.86 

SEd 0.185 0.202 1.733 1.918 
CD (0.05) 0.376 0.414 3.557 3.936 

 
Regarding the nutrient levels, drip fertigation of 100 % RD of P and K (50 % P and K 
as basal, remaining N, P and K as WSF + LBF) (N5) registered higher WUE of 7.44 
and 9.10 kg ha-1mm-1 followed by drip fertigation of 75 % RD of P and K (50 % P and 
K as basal, remaining N, P and K as WSF + LBF) (N4).  The lowest WUE values were 
observed when soil application of 100 % RDF (N1) was done during both the years. 



 
Regarding water productivity, drip irrigation at 100 % (I1) significantly recorded higher 
water productivity of (64.17 and 80.02 Rs ha-1). Lowest water productivity of 52.61 
and 63.75 Rs ha-1 was observed with irrigation at 150 % PE (I2). Regarding the 
nutrient levels, drip fertigation of 100 % RD of P and K (50 % P and K as basal, 
remaining N, P and K as WSF + LBF) (N5) registered higher water productivity of 
70.22 and 85.86 Rs ha-1 mm-1 followed by drip fertigation of 75 % RD of P and K (50 
% P and K as basal, remaining N, P and K as WSF + LBF) (N4).  The lowest water 
productivity values were observed with soil application of 100 % RDF (N1) during both 
the years.  
Harvest index (Table 5) 
Harvest index was numerically high under drip irrigation at 150 % PE (I1) during both 
seasons. 

 
 

Table 5.  Effect of irrigation regimes and nutrient levels on harvest index 
of hybrid rice under drip fertigation system 
 

Season Kharif Rabi 
Treatments I1 I2 Mean I1 I2 Mean 
N1 0.45 0.45 0.45 0.44 0.46 0.45 
N2 0.42 0.42 0.42 0.42 0.44 0.43 
N3 0.42 0.45 0.44 0.43 0.46 0.45 
N4 0.46 0.46 0.46 0.46 0.47 0.47 
N5 0.46 0.47 0.47 0.46 0.47 0.47 
Mean 0.44 0.45  0.44 0.46  

Statistically not analysed 
 
With regards to nutrient levels, Drip fertigation of 100 % RD of P and K  
(50 % P and K as basal, remaining N, P and K as WSF + LBF) (N5) recorded higher 
harvest index during both the seasons. 
Economics (Table 6) 
 
Among the different combinations, drip irrigation at 150 % PE with drip fertigation of 
75 % RD of P and K (50 % P and K as basal, remaining N, P and K as WSF + LBF) 
(I2N4) resulted in higher net return of Rs.30860 and Rs.29978 ha-1 during 2008 and 
2009 respectively  and it was followed by drip irrigation at 150 % PE with drip 
fertigation of 100 % RD of P and K (50 % P and K as basal, remaining N, P and K as 
WSF + LBF) (I2N5) which registered Rs.30834 and Rs.29209 during 2008 and 2009 
respectively.  Drip irrigation at 100 % PE with soil application 100 % RDF (I1N1) 
resulted in lesser net returns (Rs.17076 and Rs.14999). 
The benefit cost ratio also followed the same trend as that of net returns. Higher B: C 
ratio of 1.99 and 1.95 was observed in the treatment of drip irrigation at 150 % PE 
with drip fertigation of 75 % RD of P and K (50 % P and K as basal, remaining N, P 
and K as WSF + LBF) (I2N4) during both the years. 
 
 



Table 6. Economics of hybrid rice under drip fertigation system 
 

Statistically not analyzed 
 
Though the cost of installing drip fertigation unit was high (Rs 83,099 ha-1) 
considering longer life period of drip fertigation system (10 years), the benefit out of 
drip fertigation will be for longer period. 
Kavitha et al. (2007) also reported that though the yield was higher with water soluble 
fertilizer, the benefit cost ratio was less mainly due to high cost of special fertilizer in 
drip fertigated tomato. However, the yield and gross income was high in the fertigated 
plots, due to higher uptake and nutrient use efficiencies from the costly fertilizers, 
which obtained a very meager difference of B: C ratio when compared to drip 
irrigation with soil application of 100 % RDF. Thus, the additional expenditure towards 
the water soluble fertilizers was well compensated through greater additional income. 
Economic feasibility of adopting drip irrigation has been reported in sugarbeet 
(Sharmasarkar et al., 2001), chilli (Selvakumar, 2006) and sugarcane 
(Dhanalakshmi,1999). 
Thus, from the forgoing discussion, in addition to higher yield and income, higher 
quantity of irrigation water saving coupled with higher water and nutrient use 
efficiencies indicate the practical feasibility of adopting drip fertigation for sustainable 
rice production. Drip fertigation may also provide opportunity to bring additional area 
under rice cultivation to meet the domestic and export demands of rice. 
 

Treatments 
 

Kharif 2008 Rabi 2009 

Cost of 
cultivation 
(Rs ha-1) 

Gross 
return 

(Rs 
ha-1) 

Net 
return 

(Rs 
ha-1) 

B:C 
ratio 

Cost of 
cultivation 
( Rs ha-1) 

Gross 
return 

(Rs 
ha-1) 

Net 
return 

(Rs 
ha-1) 

B:C 
ratio 

I1N1 24399 41475 17076 1.70 24399 39398 14999 1.61 
I1N2 23999 43061 19062 1.79 23999 41452 17453 1.73 
I1N3 28429 46092 17663 1.62 28429 44982 16553 1.58 
I1N4 31529 53788 22259 1.71 31529 54629 23100 1.73 
I1N5 34037 58472 24435 1.72 34037 56013 21976 1.65 
I2N1 24399 42960 18561 1.76 24399 40316 15917 1.65 
I2N2 23999 44898 20899 1.87 23999 43009 19010 1.79 
I2N3 28429 55050 26621 1.94 28429 53940 25511 1.90 
I2N4 31529 62363 30834 1.99 31529 61507 29978 1.95 
I2N5 34037 64897 30860 1.91 34037 63246 29209 1.86 



Summary and Conclusion 
 
 
The following conclusion could be drawn in cultivation of hybrid rice CO(R)H3 under 
drip fertigation system 

 
 Drip irrigation to hybrid rice at 150 % PE was found to be optimum irrigation 

regime it recorded higher growth parameters, yield attributes and yield. 
 

 Drip fertigation of 100 % RD of P and K (50 % P and K as basal, remaining 
NPK as WSF + LBF) enhanced the growth parameters, yield attributes and 
yield of hybrid rice. 

 
 In combination, fertigation of 100 % RD of P and K (50 % P and K as basal, 

remaining NPK as WSF + LBF with drip irrigation at 150 % PE) excelled the 
other treatments by recording higher growth and yield. 

 
 Though the growth, yield attributes and yield of hybrid rice was higher under 

fertigation of 100 % RD of P and K (50 % P and K as basal, remaining N, P 
and K as WSF + LBF) with drip irrigation at 150 % P, the cost benefit ratio 
was comparatively lower than fertigation of 75 % RD of P and K (50 % P and 
K as basal, remaining N, P and K as WSF + LBF) with drip irrigation at 150  
PE due to higher cost of water soluble fertilizer. 

 
 

Recommendation 
 
 

Fertigation of 75 % RD of P and K (50 % P and K as basal, remaining N, P and K as 
WSF + LBF) at six days interval with drip irrigation at 150 % PE once in two days 
would be an ideal level to achieve higher net income in hybrid rice cultivation under 
drip fertigation system.  
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ABSTRACT 
 
 

In Iran, efforts were made to introduce microirrigation system (MIS) country wide around 
1990. To promote, research effort have been made by research organization (AERI and 
SWRI), universities, ministry of Jahad-Agriculture, and state governments. The farmers 
level subsidy programme were undertaken by Ministry of Jahad-Agriculture. To tap its full 
potential, appropriate policies may be adopted through ensuring availability of standards 
materials, field-based research activities, evaluation of projects, solving the operational 
and maintenance problems. More attention is needed towards irrigation scheduling, 
system management, precise irrigation, potential advantages of MIS such as fertigation 
and automation, new technology such as subsurface drip irrigation. Research priorities 
are including crop water requirement, prevention of emitter clogging, fertigation and 
chemigation, precise irrigation, automation, soil-water-crop-climate relationship, 
subsurface drip irrigation, water and energy consumption, low pressure irrigation system, 
swage and saline water use and field evaluation of MIS. 
Keywords: Iran, water resources, irrigation technology, microirrigation,  

 
 

Summery And Conclusion 
 

  
Water is rapidly becoming scarcer especially in arid and semiarid areas such as Iran. 
Available water resources remaining the same and growing population have resulted in 
competition for them form agriculture, domestic and industrial sectors, while irrigated 
agriculture is critical for national and world food security in these regions. The 
microirrigation system (MIS) is a versatile management tool which can increase 
productivity per unit volume of water and also save up to 50% water in addition to other 
savings in farm input costs. If MIS technology accepted worldwide scale can address the 
problem of water scarcity and equitable distribution squarely because it is neither location 
nor crop-specific. This paper attempts to review the experience in adoption of 
microirrigation technologies in Iran and outlines the major policy issues, which need to be 
addressed for their widespread adoption in developing countries.  
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In Iran annual precipitation is about 252 mm; west, and southwest regions cover only 
30% of the country’s total area while receive around 56% of the total precipitation. It is 
while potential evaporation in Iran is 1500-2000 mm annually.  
In Iran, efforts were made to introduce microirrigation system at farmer's level since 1990. 
It caused increase in yield up to 50% while saving water in a significant level. To promote 
research efforts have been made AERI, SWRI, INSRC, Ministry of Jahad-Agriculture and 
Universities. In Iran, the area under MIS is about 400,000 ha and estimating to be raised 
by 100% (800,000 ha) during next 5 years. The percentage of irrigated agricultural area 
in different provinces equipped to pressurized irrigation system (PIS) is varying between 
2 to 38%. Due to the high initial cost, the farmers level subsidy programmer by Ministry of 
Jahad-Agriculture having a main role in this development. To tap its full potential, 
appropriate policies may be adopted through motivating the farmers, ensuring availability 
of standard materials, field-based research activities and solving the operational and 
maintenance problems. It is while, more attention is required towards integration of 
ferigation/chemigation, automation in irrigation and filtration, subsurface drip irrigation, 
precise irrigation management along with microirrigation system to harness full 
advantage of the system. We will discuss about MIS development in Iran during last two 
decades and available potential for development in different provinces, main 
consideration about water and land quality and practical experiences, the quality control 
for MIS especially on emitters, companies classifications, research priorities and valuable 
outcomes from research institutes, future development about subsurface drip irrigation 
and challenges in that regards.   

 
 

Introduction 
 
 

Increasing global population is projected to reach to 7.8 billion in 2025 (Cai and 
Rosegrant, 2003). The growing population will result in considerable additional demand of 
food especially in developing countries where more than 80% of the population increase 
is expected to occur (Sekler et al., 1998). Simultaneously, water is rapidly becoming 
scared especially in arid and semiarid regions of CWANA (Central West Asia and North 
Africa Region), Arabian Peninsula, India and China. Moreover, the water demand from 
non-agricultural sectors in industry and households, as well as for environmental 
purposes will keep growing in both developed and developing countries. Irrigated 
agriculture has been an important contributor to the expansion of national and world food 
supplies since the 1960s and is expected to play a major role in future in feeding the 
growing world population. On the global scale, irrigated agricultural uses about 70% of 
the available fresh water resources (Cornish et al., 2004), which accounts for about 80% 
in arid and semiarid regions. With growing irrigated water demand and increasing 
competition across water-using sectors, the world now faces a challenge to produce more 
food with less water. This means that, even with the highest feasible efficiency and 
productivity of water use, these countries do not have sufficient water resources to meet 
their agricultural, domestic, industrial and environmental needs in 2025. Indeed, many of 
these countries cannot even meet their present needs.  
In Iran annual precipitation is about 252 mm; west, and southwest regions cover only 
30% of the country’s total area while receive around 56% of the total precipitation. The 
central and eastern parts of the country which cover 70% of the country area only receive 
44% of total country’s precipitation (Dehghanisanij et al., 2006b). In Iran, where ground 
water is then the main water resources for agriculture, the number of wells has increased 
from 230,000 to 470,000 over last 10 years (Tamaab, 2004), while water table monitoring 
data showed water table declines of 0.12–1.79 meters per year depended on location in 
province.  



Irrigation Efficiency 
 
 

Based on the available data, the area that receives full irrigation in Iran is 2.5 Mha. Half of 
this area is equipped with modern systems of irrigation and networks is operated by 
government organizations. Irrigation efficiency in such systems is very low and is 
measured to be 20-30 percent. The reason for such low efficiency may be due to the free 
availability of water released from dams, giving no incentive to farmers to save water. The 
other half is operated by the private sector, and the water is supplied from groundwater 
resources. Here, also, the irrigation efficiency is rather low and has been measured to be 
about 35 percent. The rest of the irrigated farms in Iran belong to small farm holders who 
do not intentionally save water, but their irrigation efficiency is quite high. Irrigation 
efficiency in these farms is estimated to be 55-65 percent. The reason may be due to 
deficit irrigation, which they usually practice. These farmers have enough land, and the 
area under their cultivation is much greater than the water available to them. They usually 
get more benefit from extensive farming with deficit irrigation compared to intensive 
farming and full irrigation. Accordingly, any irrigation system could use water more 
efficiently, could improve productivity of water use and improve the food security Alizadeh 
and Keshavarz, 2005). 

 
 

Irrigation Technology In Iran 
 
 

Operationally, the technology that has been adopted for most of the new irrigation 
projects is not appropriate. It is true that the irrigation industry is not supposed to do 
original research and produce original technology. Rather, we look to the experience in 
other parts of the world and attempt to use good judgment and management, guided by 
the public interest, to transfer and apply the best available and most appropriate 
technologies (Alizadeh and Keshavarz, 2005). 
If technology transfer does not take place with a view to provisions for future 
developments and to the characteristics of our societies, it is doomed to cause 
irreparable damage. Such problems are now seen in the modern irrigation projects that 
have been constructed in Iran during the past 20 to 30 years. Developing countries are 
suffering from the consequences of improper use of technology more than developed 
countries despite the fact that developing countries are expected to have learned from 
the experience in industrial countries.  
Pressurized irrigation system (PIS) as a part of irrigation technology developed in Iran 
during last two decade rapidly, because of its advantages compared to traditional and 
surface irrigation system. Different type of PIS technology transferred to Iran by time and 
the level of related internal industry developed significantly during last two decade.  
 
Microirrigation Development In Iran  
Microirrigation because of its advantages on uniformity distribution, possibility of use in 
different topography, precise irrigation, improve in yield quantity and quality (Nakhjavani 
et al., 2008.), improve in water productivity, less labor, etc has developed in not only in 
the regions where water is scared but also in the regions where water in not limited yet. 
PIS development in Iran during last two decade is presented in Figure 1. Accordingly, 
total area under PIS is more than 990,000 ha from which 40% is under microirrigation 
mostly including drip irrigation, subsurface drip irrigation and bubblers and the left 
sprinkle irrigation mostly including hand move system, gun system, center pivot and 



linear move. Before national development plan in Iran, the total area under MIS was 
about 50,000 ha. 
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Figure 1. Pressurized irrigation (microirrigation and sprinkle) development in Iran. 

 
Due to the high initial cost, the farmers level subsidy programmer by Ministry of Jahad-
Agriculture having a main role in this development. The subsidy program changing by 
time and it caused different rate of development during 1990-2011. Besides, 
governmental support concentrated in some special years such as 1996 and 2009. 
Pressurized irrigation systems (PIS) development in Iran in early 1990’s was mostly 
concentrated on sprinkle irrigation system (Figure 1). Late 90’s, due to the drought and 
water scarcity in different part of the country, most of the orchard started to equipped to 
microirrigation systems. From year 2002, development of microirrigation and sprinkle 
irrigation are almost same along the country (Figure 1). 
The percentage of total irrigated agricultural area equipped to PIS is not same in all 
agricultural regions of country. Its varying between states between 2% in South Khorasan 
located in east of country to 38% in Hormozgan located in south.  
Recently, farmers use MIS for row crops widely in Iran. Accordingly, in some regions like 
Fars province in central part of Iran, farmers use MIS for row crop by their own cost just 
because of its beneficial; on lower labor cost, less water use, and better yield quality and 
quantity.  
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Figure 2. Percentage of irrigated area covered by pressurized irrigation  

system (PIS) in provinces of Iran. 



About 2.5 million ha of fruits crops are grown in Iran, which are citrus, palm, apple, 
pistachio, etc. in different part of Iran, from which about 400,000 ha area under MIS. 
Microirrigation system provides a better water distribution especially in sandy soil, less 
water evaporation in warm regions, and less deep percolation compared to conventional 
irrigation methods. In arid and semiarid region like Iran the water quality usually is a 
limitation for MIS. I some part of Iran, MIS apply for pistachio tree using underground 
water with an EC of more than 10dS/m. Microirrigation system need careful maintenance 
to achieve the advantages of the system and prevent of emitter clogging (Dehghanisanij 
et al., 2006a).  
Microirrigation system has become the system of choice in most part of Iran not only for 
fruit tress but also row crops such as maize, potato, sugar beet, and summer crops. 
Governmental subsidy could is very helpful in that regards. The potential benefits of 
applying MIS for are relatively small in term of water energy, but its adaptable because of 
economic, due to the labor, and quality and quantity of yield. One of the main advantages 
of DIS is minimizing nutrients; however fertigation has not applied in Iran. 
 
Subsurface Drip Irrigation 
After almost three decade of research and development on subsurface drip irrigation 
(SDI) internationally, most of its original problems such as root intrusion, plugging, fertility 
and lateral installation have been solved. SDI showed large increase in water and 
nitrogen use with concurrent increase in crop yield and quality. Prevention of ground 
water contamination with nitrates and salt and long-term economic sustainability have 
also been demonstrated. Since SDI is installed below the soil surface, a properly-
managed system can increase the advantages of surface drip irrigation, especially in the 
area of water and nutrient conservation, salinity management, deep percolation, 
agricultural sustainability. 
In Iran Subsurface irrigation using drippers started during last decade. A private company 
setup subsurface drip irrigation (SDI) in some small farm of citrus, olive, pistachio and 
landscape area since 2004. Agricultural Engineering Research Institute (AERI) in Iran 
started to work on using SDI for pistachio tress during 2005-10 using saline water, EC=8 
dS/m (Eslami, 2011). According to the results of this study, the AERI recommended SDI 
for pistachio along the country. Because of water quality and lake of enough knowledge 
on design and management and operation of SDI in Iran, the governmental subsidy has 
not supported it for all the crops or fruit trees yet. The study on SDI application for maize, 
olive, citrus and palm are on-going in AERI.  
 
Level Of Technology For Mis Industry   
In Iran most part of a MIS including pipes (polymers and metals) in different sizes, 
connectors, valves, pumps and filtration systems produced. The quality of the products is 
controlling by Iranian universities, research institutes, and governmental organization. 
The quality control is based on Iranian standards as well as international standards such 
as ASABE, ISO and DIN. Currently more than 180 companies are producing equipment 
of pressurized irrigation system in Iran. The main limitation in producing irrigation 
equipment in Iran is emitters. Many kind of emitters had produced by Iranian companies 
but the quality of most of them have not approved yet.  
 
Farmers and MIS technology 
Since MIS technology is transferred to developing countries from outside, these countries 
can face more problems in providing the appropriate social changes to accompany 
technological developments than the industrial countries in which social development 
takes place simultaneously with technological development. A careful examination of the 
relationships between farmers and imported technology in modern irrigation projects of 
Iran reveals that when farmers have kept a safe distance from technology, they have 



maintained for themselves the right to choose an appropriate technology that enhances 
their goals. However, where this distance has disappeared, they have failed to exercise 
any control over their decisions, leaving them ultimately only the choice to either give up 
technology altogether or to follow not a progressive, but rather regressive path as 
dictated by technology.  
There have been some cases in the past in which an irrigation project has been 
constructed with a modern system of water distribution. But when the project was given to 
local farmers, some feature of the project was changed by them, because the new 
system was not appropriate to them, negating some of the intended benefits of the 
project. To avoid such catastrophic choices, technology and its relevance to each 
particular situation must be studied and then an appropriate form of technology must be 
introduced.  
 
On-Going Research On Mis 
Research on MIS is being carried out in various states by research organization and 
universities. Pressurized Irrigation Research Department of AERI is the main responsible 
organization for any questions on PIS in Iran. Their activities are totally about the issues 
of PIS. The scope of research in AERI covers all the issues related to PIS depended to 
each province/state; comparative performance evaluation of surface and subsurface drip 
irrigation (Dehghanisanij and Akbari, 2006), sprinkle and conventional methods under soil 
profiles and agro climate, saline water use, crop response, MIS layout, soil moisture 
distribution pattern, irrigation scheduling, emitter clogging, filtration, automation, precise 
irrigation (Dehghanisanij and Akbari, 2008).      
 
Drip Irrigation System Evaluation 
Evaluation are performed in different irrigation projects to determine the emission 
uniformity (EU) of each system, irrigation management, system maintenance. In most of 
the project evaluation; type of emitters, emitter clogging, filtration system design, and 
irrigation scheduling, were the main issues.  
The coefficient of manufacturing variation (Vm) of Emitters usually was not in acceptable 
range and caused low EU at on-farm level. Most of the farmers applied irrigation water 
based than their experience rather than irrigation scheduling recommended by designer 
of MIS. It is while, irrigation scheduling recommended by designer of MIS mostly were 
based on long term wheatear climate information, not actual condition at farm level. 
Sometimes long distance of weather station from the farm decreased the reality of 
irrigation scheduling as well.    
Dehghanisanij et al. (2002) investigated the impact of selected water quality attributes 
(chemical), the duration of the irrigation system in use (long and short period), and the 
pressure head distribution in the irrigation system on  uniformity of water distribution in 
irrigation systems. Field experiments were conducted in eleven farms, equipped with 
microirrigation system, in Southeast Iran. The field performance indices, mean discharge 
ratio of emitters (Dra) and coefficient of variation of emitter discharge (Vpf) seems to be 
more sensitive and reliable, for assessing the severity of clogging, than uniformity 
coefficient (Uc) or emission uniformity coefficient (Eu).  Emission uniformity coefficient in 
the irrigation systems in operation for short period was higher, Eu>80%, than those in 
operation for long period, Eu<66%. 
Dehghanisanij et al. (2002) showed that in irrigation systems which were in use for long 
period, the values of water distribution uniformity were in the unacceptable category 
(<66%). The Uc and Eu were low and Vpf high, exclusive of the irrigation system No. 6, for 
which the indices were moderate. The Vpf values were sensitive to degree of clogging in 
the irrigation systems. Theoretically, if the working pressure of the irrigation systems were 
different from designed pressure, then Vpf would reduce the effects of pressure variation 
on emitter discharge (Figure 3.).  
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Figure 3. Irrigation systems performance indices for long operation period. 

 
Based on the evaluation study of PIS under operation, some of items are needed to be 
considered for sustainable development PIS in Iran, some of them are; 
 

1. Consideration of soil, water and climatologically condition in PIS selection 
2. Improvement of designer and installer of PIS 
3. Economical beneficial of PIS for farmers  
4. Cost of PIS and supporting system by the government 
5. Evaluation of PIS under operations and using the results for future projects 

development 
6. Cooperation of users in design and installation of PIS 
7. Short time support of user in operation of PIS  
8. Quality of equipment, installation and operation in PIS 

 
Clogging Of Emitters 
Different study has been conducted on potential of emitter clogging in different part of 
country. Dehghanisanij et al. (2007) evaluated the potential of emitter clogging on six 
types of emitters (table 1). Firstly, a laboratory tests were performed on new emitters to 
quantify the manufacturing associated variations in emitter performance by determining 
the manufacturing coefficient of variation (Vm). Six types of emitters differing in nominal 
discharge (qn), orifice area (OA), pressure compensating and non-pressure 
compensating system were used in this study (Table 1).  
Table 1. Some characteristics of the emitters used for the study; nominal discharge (qn), 
orifice area (OA), emitter discharge coefficient (k), the emitter discharge exponent (x) and 
manufacturing coefficient of variation (Vm). 



 

Lateral
No. 

Type of 
emitter 

Nominal 
discharge 
(qn)* L h-1 

Orifice  
area 
(OA)* 
mm2 

k x 
Vm 
% 

Other characteristics* 

EM1 In-line  4.0 1.60 1.265 0.51 10 Turbulent labyrinth, 
large labyrinth 

EM2 On-line 8.0 2.25 2.240 0.45 5 Turbulent labyrinth  

EM3 On-line 3.0 1.45 1.911 0.02 4 Pressure 
compensating, anti-

EM4 On-line 5.0 1.85 1.205 0.03 7 Turbulence, pressure 
compensating, self-

EM5 On-line 4.0 1.80 0.617 0.44 11 Turbulence, self-
flushing, 

EM6 On-line 2.0 1.10 0.393 0.45 11 Turbulent labyrinth 

* According to the manufacture’s manual. 
 
Flow rate reduction in the laterals which irrigated at night (S2) was less than that irrigated 
at day time (S1). For example: accumulated lateral flow rate after one month on July 4 for 
EM1 was 14.42 and 22.65 for S1 and S2, respectively. Moreover, the differences in flow 
rate reduction in laterals between S1 and S2 treatments were affected by emitter 
characteristics such as nominal discharge rate and orifice size area (Figs. 4). The 
differences were higher in emitters with lower nominal discharge and orifice size, and vise 
versa. For example, 15 days after irrigation, the difference between the accumulated 
lateral flow rate in EM2 with nominal discharge rate and orifice size of 8 L h-1 and 2.25 
mm2, respectively, was 6.86 m3, while it was 9.01 m3 in EM6 with the lowest nominal 
discharge rate (2 L h-1) and orifice area (1.10 mm2). Accordingly, they concluded that 
under saline water use, irrigation at night time can control chemical clogging in emitters, 
especially, when emitters with low nominal discharge (< 3 Lh-1) is used. 
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Figure 4. Variations in the accumulated laterals flow rate for the different emitter 

types (EM) under day and night irrigation schemes. 
 
 
FUTURE PERSPECTIVE OF MIS IN IRAN 

 
 

To tap the full potential of MIS with a sustainable manner, appropriate policies for 
governmental support may be adopted (Dehghanisanij 2008). The major steps that may 
be taken to popularize the MIS are: 

- Motivation to all potential farmers for adoption of MIS to save irrigation water and 
increase productivity of their farm. 

- Promote knowledge of designers and installer of MIS.  
- Supply of standard material that may confirmed to the Iranian standard. 
- Promote customer services for maintenance and supply of adequate spares by 

manufactures, their agent and local entrepreneurs. 
- Development of skills and confidence among the farmers to properly use MIS. 



- Continues research studies on different MIS applied to different crops, soils, soil 
and water conditions, etc to find out their satisfactory solution. 

 
 

RESEARCH NEEDS 
 
 

After almost two decade of development of MIS, still many areas of design, adoption, 
operation and management of MIS need further study and research for different crops, 
soils, soil and water conditions, etc (Dehghanisanij, 2008). some of main topics listed as 
follows; 

- Crop water requirement; it is essential to prepare technology to measure daily 
water requirement at farm level considering crop. Age of crop, season and soil. 

- Prevention of emitter clogging; appropriate filters, maintenance, emitter selection, 
water treatment, etc. 

- Fertigation and chemigation; methods and scheduling 
- Precise irrigation; automation, uniformity distribution, soil-water-crop-climate 

relationship. 
- Subsurface drip irrigation; root system development and prevention of root 

intrusion.  
- Water and energy consumption; low pressure irrigation system 
- Swage and saline water use in MIS 
- Field evaluation of MIS under operation 

 
 

CONCLUSIONS 
 
 

The microirrigation system (MIS) is becoming more and more popular in India, due to its 
advantages compared to other irrigation system which may have positive impact on crop 
yield and quality. To enhance the area under MIS, support of governmental agencies, 
research institution and private companies and factory were very important. The efforts 
are being made in all the levels. The country likes Iran where MIS has transferred, should 
concentrate more toward developing the adaptive research approach at on-farm level as 
pilot. Future research is need considering sustainable development of MIS. Soil and 
water quality and quantity and climatologically condition must be studied precisely for MIS 
and different crops. Subsurface drip irrigation is new in Iran and all the question about 
surface drip irrigation must be studied for SDI as well. The technology of microirrigation 
has to play a vital role in irrigation of orchard and row crops in near future, hence greater 
attention maybe provided to develop the skill and know-how about the system, chemicals, 
automation, precise irrigation and other equipments required by the users time to time. 
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APPLICATION OF BRACKISH WATER IN SUBSURFACE 
DRIP IRRIGATION SYSTEM ON PISTACHIO ORCHARDS 

 
 

Amir Eslami1 and Hossein Dehghanisanij2 
 
 
 

 

ABSTRACT 
 
 

Irrigation systems with higher efficiencies such as microirrigation systems are developing 
since last decade to achieve higher water use efficiency. At the same time, quality of 
water is decreasing in those areas due to overwithdrawal from the water resources. In 
Kerman province, the salinity of water increased to more than 10 dS/m in some area 
mainly due to water overwithdrawal. Therefore, application of saline water for irrigation of 
pistachio orchards is now inevitable, which contributed to increase in salt accumulation in 
soil surface and soil degradation. The main purpose of this study was the use of saline 
water in subsurface dripirrigation system (SDI) of pistachio orchards. The research was 
conducted during 2005-2008 on 12 year old pistachio trees. The drip-lines with self-
cleaning and pressure compensating drippers were placed in two depths of 50 and 70 cm 
based on the fertilizer channel depth for pistachio trees. Emitters flow rate was 3.6 l/hr 
and 75 cm apart.  Treatments consisted of two drip-line depths, and three irrigation levels 
of 100% (I1), 75% (I2) and 50% (I3) of pistachio water requirements, with three 
replications, based on a completely randomized block experimental design. Salinity of 
irrigation water was 8.1 dS/m and irrigation water was applied in a 10 day - interval. 
According to the results, there was no significant impact of irrigation water treatment on 
pistachio yields. Annual applied irrigation water for I1, I2 and I3 was 2050, 3065 and 4010 
m3/ha and water use efficiency of pistachio was 1.1, 1.2 and 2.0 kg/m3 respectively. 
Pistachio quality characteristics improved compared with pistachio trees irrigation by a 
surface irrigation system. Salinity increased near the soil surface by decreasing in depth 
of drip-line setup.  
 
 

1. Introduction 
 
 

Pistachio is one of the agricultural crops in Iran which cultivate in arid and semiarid 
regions. Total area under pistachio in Iran is about 370,000 ha, from which 80% is 
located in Kerman province. Kerman province is located in south east of Iran with a dry 
climate. The main limitation for development of pistachio in this region is water resource. 
The irrigation interval of 120 days is reported for some farms. Accordingly, not only the 
water quantity but also the water quality in some part of province caused that pistachio 
orchard getting dry and disappeared. The salinity of irrigation water in some part of the 
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Resources Research Center, Kerman, Iran. E-mail: parsa1378@yahoo.com, Mobile:+98-9133431123 
2-  Ph.D, Research assistant, Head of Department of Irrigation Technology, Agricultural Engineering Research 
Institute, Karaj, Alborz, Iran. P.O.Box: 31585-845, dehghanisanij@yahoo.com, Tel:+98-261-2705320; Fax: +98-
261-2706277; Mobil:+98-9122675238 
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region reached to more than 10 dS/m and even reached to 25 dS/m. The majority of 
irrigation system in the region is surface irrigation. It is while, most of the farmers 
changed the irrigation system to surface drip irrigation during the last decade.  
Applying saline water continuously for irrigation through surface drip irrigation (DI) 
systems might result in salt accumulation close to the soil surface (Bresler et al., 1982; 
Ayers and Westcot, 1985; Pasternak and DeMalach, 1987; DeMalach and Pasternak, 
1993; Oron et al., 1995). During irrigation or precipitation, the salts that are accumulated 
close to the soil surface can migrate downwards and reach the main root zone.  
Salt accumulation may inhibit water and nutrient uptake, consequently affecting the crop 
growth and yield (Hanson, 1995). In order to offset the osmotic shock imposed on the 
crop by the leached salts, a practical solution was proposed. It was suggested to further 
leach the accumulated salts in the main root zone to deeper layers by continuing to drip 
irrigate simultaneously with the periods of precipitation. The chemical clogging is another 
issue in surface drip irrigation system when we are using saline water. In Kerman region, 
most of the farmers who cannot save his water during the winter, applying one or two 
surface irrigation to leach out the salt from top soil layer and save some water in surface 
profile for spring as well.  
Alternatively, Oron et al. (1990) and Phene et al. (1990) have proposed that this problem 
can be overcome by applying saline water through a subsurface drip-irrigation (SDI) 
system, if it manages properly. It is anticipated that under SDI, the salt front is partially 
driven down into the deeper soil bulk media and to the periphery of the root zone, thus 
minimizing the risk of damaging the main roots of the plants. Moreover, the improved 
moisture conditions in the vicinity of the emitter offsets the inhibiting effects of the 
presence of the salts in the saline water (Michelakis et al., 1993). Additionally, Phene et 
al. (1987) reported that since the SDI is installed below the soil surface, a properly 
managed system can increase the advantages of the system compare to surface drip 
irrigation, especially in the areas of efficient water and nutrient utilization, salinity 
management and deep percolation. Subsurface drip irrigation system could also benefit 
to decrease the emitter clogging.  
   The purpose of this study is to verify the effect of SDI with emitters located at two 
depths in the soil and of applying different water qualities, on the soil moisture, salinity 
distribution in the soil profile, and eventually the crop yield.  
 
 
 

2. MATERIAL AND METHODS 
 
 

2.1. The experimental site 
 
Kerman province located in south of Iran is the main agricultural region of the country for 
pistachio production. The annual potential evapotranspiration in this region is more than 
3000 mm, where more than 95 percent of pistachio orchards are irrigating traditionally 
with an efficiency of less than 40%. It is while, evaporation and deeper collation in 
traditional irrigation system (surface irrigation) is significantly high.  
The on-going experiment is being conducted in a private farm in Akbarbad Zandi village, 
located about 135 km southwest of the city of Kerman, Iran. The mean annual rainfall in 
the region is 102 mm. Mean maximal ambient temperature reaches about 34.98C during 
July and August, and mean minimal temperature is close to 5.48C during January. The 
relative humidity during the summer months varies from 20 to 30%. Annual, class `A' pan 
evaporation is more than 3000 mm. The experimental soil is considered as a sandy loam, 
a uniform profile, consisting of 51.4% silt, 8.8% clay and 39.8% sand.  
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2.2. The experimental layout 
 
The possibility of using SDI for saline-water application was examined in a pistachio 
orchard (Fig. 1). The pistachio trees, arranged in 18 rows, each six as one replication. Six 
trees were selected in each row for data collection. Two drip laterals served every 
pistachio row, with emitters spaced 0.75 meter apart and having a discharge of 3.6 l/h. 
prior to commencement of the experiment, the trees were irrigated by surface irrigation. 
The research began in March 2004 for 4 years. The experiment consists of the following 
treatments in each replication: 
1. Three irrigation depth based on 100% (I1), 75% (I2) and 50% (I3) of pistachio trees 
water requirement  
2. Two depth of drip line located at 50 and 70 centimetre 
Same saline water having a EC of 8.1 dS/m applied in all treatments with an irrigation 
interval of 10 days.   
 
2.3. Moisture and salinity monitoring in the soil 
 
Soil-moisture and salinity distributions in the soil at different depths and locations, as 
related to the emitters and the tree trunk in every treatment, were monitored periodically, 
following standard procedures 2 or 3 times each year. Soil-moisture content was 
measured by a standard soil sampling method. The soil salinity in the root zone was 
expressed by the electrical conductivity of the saturated soil extract, ECe. Soil samples 
for moisture and salinity assessment were taken at 1m from lateral and between two 
trees along the row. The corresponding depths were 0-40, 40-80, and 80-120 cm. The 
pistachios were hand harvested during September of each year.  
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Figure 1. Schematic description of saline-water use experiment under drip 
                irrigation in the pistachio orchard. 

 
2.4. Water Productivity 
 
In agricultural production systems, crop water productivity (WP) accounts for crop 
production per unit amount of water used (Molden, 1997). The numerator maybe 
expressed in terms of crop yield (Kg ha-1). When considering this relation from a physical 
point of view, one should consider transpiration only as denominator. However, the 
partitioning of evapotranspiration into evaporation and transpiration in field experiments is 
difficult and therefore not a practical solution. Based on Molden (1997), a number of 
options are available to define the volume of water per units of area (m3 ha-1) in the 
denominator, i.e. transpiration, evapotranspiration (ETc), applied water (I), water diverted, 
water beneficially consumed, and water beneficially and non-beneficially consumed. We 
used following definitions of crop WP;   

WPI (kg m-3) 
)m(I
)kg(Ya

3      (1) 

Actual yield (Ya) is defined as the marketable part of the harvested pistachio.  
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3. RESULTS AND DISCUSSION 
 

 
3.1. Water application 
 
   During the four experimentation years, all treatments received annual equal volumes of 
irrigation water amounting to approximately 736 mm (Table. 1). Water application 
commenced towards the early April and continued up to November. Irrigation interval was 
fixed for 10 days due to the water allocation system and just irrigation time increased by 
crop development stage. During the peak period of consumption (July to August), the 
irrigation time increased to about 26 hrs for I1 in order to maintain adequate soil moisture 
in the effective crop root zone. Irrigation scheduling was based on Class `A' Pan 
Evaporation measurements, multiplied by the locally developed crop coefficients for 
pistachio plantations.  
 

Table 1. Daily crop water requirement and irrigation time for irrigation treatments 
during irrigation season 

Month Days ETC 
(mm/day) 

Daily irrigation 
requirement  

(L/day) 

Irrigation time (hr) for 10 days 
interval 

I1 I2 I3 

April 1-10 1.76 16.5 10.3 7.7 5.2 
11-20 2 18.4 11.5 8.6 5.8 

May 
21-29 2.19 20.2 12.6 9.45 6.3 
1-11 2.38 21.9 13.7 10.27 6.85 

12-21 2.69 24.8 15.5 11.6 7.75 

June 
22-31 3.11 28.6 17.88 13.41 8.94 
1-10 3.59 33.1 20.68 15.51 10.34 

11-20 4.08 37.6 23.5 17.6 11.75 

July 
21-30 4.3 39.6 24.75 18.6 11.45 
1-10 4.48 41.3 25.8 19.35 12.9 

11-20 4.56 42 26.25 19.7 13.1 

August 
20-31 4.42 40.7 25.43 19.1 12.7 
1-10 4.28 39.4 24.63 18.5 12.3 

11-20 4.14 38.1 23.8 17.85 11.9 

September 
21-31 3.88 35.8 22.38 16.8 11.2 
1-10 3.62 33.4 20.88 15.66 10.44 

11-20 3.33 30.7 19.18 14.4 9.6 

October 
21-30 2.93 27 16.9 12.7 8.45 
1-10 2.5 23 14.38 10.8 7.2 

11-20 2.11 19.4 12.13 9.1 6.1 

November 
21-31 1.77 16.3 10.2 7.65 5.1 
1-10 1.46 13.5 8.43 6.3 3.2 

11-20 1.17 10.8 6.75 5.1 3.4 
 21-30 1.17 10.8 6.75 5.1 3.4 

    414.3 310.85 206.32 

 
3.2. Moisture distribution in the soil 
 
Spatial soil-moisture distribution in the soil was monitored by sampling, approximately 
10 h after terminating the irrigation shift. The amount of water applied prior to monitoring 
varied, according to season, between 11.7 to 45.6 mm/10days.  
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3.3. Salinity distribution in the soil 
 
Salinity distribution in the soil as expressed by the ECe also exhibits trends similar to that 
of the soil moisture. For the emitters located 50 cm deep the salinity trend is presented in 
Fig. 2. Accordingly, high soil salinity (8.1±11-19 dS/m) was recorded for different irrigation 
management. Less applied caused increase in ECe which attributed to less salinity 
leaching out. On the other hand, soil water absorption by crop and soil surface 
evaporation increased salinity concentration in root zone area. 
According to the Fig. 2, moisture profile for each case examined, it can be concluded that 
SDI maintains continuous soil leaching not only downwards, but also upwards and 
radially. Primarily for emitters located at a depth of 50 cm, the soil salinity ECe in the 
main active root zone was in correlation with the salinity of the applied water. Extra 
leaching is thus required to shift the salt front into deeper soil layers.  
 

 
Figure 2. Salinity distributions, ECe, in the soil in a pistachio orchard under  

                     saline-water subsurface drip irrigation as a function of emitter depth 
                     (50 cm below the soil surface) 

3.4. Yield 
 
According to the field results, highest pistachio yields obtained when 100% of crop water 
requirement were applied but differences between the treatments was not significant (Fig 
3). Accordingly, the yield of treatments when the emitters located at a depth of 50 and 70 
cm below the soil surface was almost similar (1.6 ton/ha). This indicated that may trees 
received the required water from deeper soil layer where winter water was stored. An 
extended experimental and monitoring period is required in order to define trees 
transpiration water compared to the irrigation water and leaching amount. The yield was 
not much higher than average yield in the region but the irrigation water was much less. 
However, the yield has increased by year when the tree may adapted by SDI. The yield 
increased in last year for experiment to 7978 ton/ha which was almost 5 time of average 
yield in the site.  
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Figure. 3. Pistachio yield under different irrigaiton treatment (I1, I2, and I3) and 

location of emitter under the soil surface (D1 and D2) 
 
3.5. Pistachio water productivity 
 Appling three levels of irrigation water; I1, I2 and I3, pistachio water productivity was 
calculated (Table 2). Accordingly, the highest level of water productivity (3.3 kilogram 
pistachio per a cubic meter of applied irrigation water) was measured when 50% of crop 
water requirement was applied for irrigation.  

 
Table 2. Pistachio water productivity (kg/m3) for different irrigation treatments 

  Year  
Treatment 1383 1384 1385 1386 

I1 0.6 1.7 0.5 1.7 
I2 0.7 1.7 0.6 2.1 
I3 1.0 2.4 1.1 3.3 
     

 
 

4. CONCLUSION 
 
 

 The possibility of using saline water through SDI for fruit trees irrigation is being 
examined in the field in a pistachio orchard in an on-going field experiment. Accordingly, 
impact of three irrigation treatments and emitter location under the soil surface on yield 
and salinity of soil were studied. As a result, by increasing emitter location depth in the 
soil, salt accumulation increased between the emitter and soil surface. There was not 
emitter clogging due to the root even though non kind of root-guard chemical material 
was used. The pistachio yield has increased by time (years) maybe because of trees 
adaptation to subsurface drip irrigation. The emitter’s location under soil surface between 
50 and 70 was not effective to trees yield. Annual applied irrigation water for I1, I2 and I3 
was 2050, 3065 and 4010 m3/ha and average water productivity of pistachio was 1.1, 1.2 
and 2.0 kg/m3 respectively. Based on the above conclusions, subsurface drip irrigation 
was recommended to pistachio orchards where salinity of irrigation water is not higher 
than 8 dS/m and study on higher salinity is recommended.  
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PRESSURE VARIATION IMPACT ON DISCHARGE 
CHARACTERISTICS OF POROUS PIPES 
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ABSTRACT 
 
 

Porous pipe is a lateral pipe introduced for subsurface micro irrigation. A laboratory 
study was conducted to investigate the effect of operating pressure on the discharge 
characteristics of porous pipe. Three-meter of porous permeable.   
Porous pipe is a lateral pipe introduced for subsurface micro irrigation. A laboratory 
study was conducted to investigate the effect of operating pressure on discharge 
characteristics of porous pipe micro irrigation. The equation of emission rates and the 
pressure, emission variation along the pipe, emission variation of pipe by time, 
coefficient of variation, and emission variation were tested in different pressures of 
3.5, 7, 10.5, 14, 17.5, and 21 meter. Experimental results showed that emission rate 
decreased by time and after 5 hours, the emission rate at different pressures is 
approximately declined 10 to 20 percent. The relationship between pressure and 
discharge rate was linear with high correlation coefficient.  
 
Keywords: porous pipe, micro irrigation, discharge characteristics 

 
 

1. INTRODUCTION 
 
 

A porous pipe, extruded from recycled automobile tire rubber and polyethylene 
granules, has been used in microirrigation which is regarded as one of the most 
efficient irrigation methods for relief of water supply shortage in dry regions. But 
potential clogging and non-uniform emission has impeded the widespread 
applications of the porous pipe. (Alam, 1991) 
Experimental studies of porous pipe discharge characteristics have been reported 
recently (Haijun et al.,2009). Both laboratory and field test results indicated that the 
emission rates of porous pipes declined initially and gradually arrived at a stable 
emission rate. It is now clear that the manufacturing technology determines the 
porosity of the pipes. However, the discharge characteristics depend on not only the 
porosity but the operating conditions as well. Among all the affecting factors, 
operating pressure is the most important. Some reports (Kang, 2000 and Povoa and Hills 
1994) on microirrigation showed that the water application uniformity and emitter 
plugging varied with operating pressures. As the rubber-based porous pipes are 
flexible and elastic, the porosity and permeability vary in response to operating 
pressure resulting in the changes of emission pattern. Moreover, in field application 
practice regulating hydraulic pressure is an essential means for microirrigation to 
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achieve the desired irrigation purpose. Hence, it is necessary to investigate the effect 
of hydraulic pressure on the emission performance of porous pipes before any 
microirrigation application design. However, there are few published reports on this 
aspect, and little is known about it. This research aims at, under laboratory conditions, 
the effects of operating pressure on emission rate and emission uniformity. The 
objective of the research work is to provide some suggestions for the application 
design of the microirrigation lateral. 
Similar products have been used in the US as subsurface micro irrigation laterals in 
orchards (Alam, 1991) and in turf grasses (Rauschkolb et al., 1990). It is also 
believed that the porous pipe can also be useful for simple microirrigation systems 
such as those described by Batchelor et al. (1996). In Australia, the porous pipe is 
currently being marketed as `Leaky Pipe' and `Aquapore,' for subsurface irrigation of 
turf and landscape. Unlike conventional micro irrigation (drip) laterals which have 
discrete emitters at specified distances, the porous pipe emits water throughout its 
entire length as water is passed through it under pressure. Since the porous pipe is 
both conveying and emitting water, the relationship between flow and discharge is 
critical. Various field and laboratory studies, such as those of Lomax et al. (1986), 
Melano and Kamaladasa (1993) and Smajstrla (1992, 1994) have dealt with this 
aspect. The major finding was that emission rates of the products declined 
continuously with time, most probably due to a reduction in the permeability of the 
lateral with time. Melano and Kamaladasa (1993) described the flow rate decline and 
establishment of stable discharge as a curing process and reported from bench 
testing that curing was best achieved with an operating pressure of 25 kPa. In long-
term field studies, Smajstrla (1992) demonstrated that flow rate decline of buried 
porous pipe was better controlled with the use of flow control valves rather than by 
regulating pressure. Later, Smajstrla (1994) confirmed that stable flow rates could be 
achieved only with flow control valves operated at pressures of 380±415 kPa. Another 
aspect of the porous pipe that has not been adequately reported is the uniformity of 
water application of the product with respect to its length. Since the porous pipe emits 
water continuously along its length when used as a micro irrigation lateral, its porosity 
with respect to its length must be uniform to ensure uniformity in the water 
application. Yoder and Mote (1995) reported on some of the quality control problems 
facing manufacturers of porous pipe. Although the temperature at the extruder and 
the rate of extrusion are adjusted to provide the desired product, the size and 
distribution of the pores in the pipe are not directly controlled and a finished product 
with considerable discharge variation, both within and between manufacturing lots, is 
produced. 
Therefore when a particular type of porous pipe is used as a micro irrigation lateral, 
several questions become important. How much discharge variation exists within a 
given lateral length? Where does the variation occur? How stable is the discharge 
with time? This paper aims at providing some answers to the above questions, 
together with other operating characteristics of a commercial rubber-based porous 
pipe (`Leaky Pipe'). The objectives of the research were to study in the laboratory the 
effects of applied pressures and filtration on the emission rate of the product and to 
assess the uniformity of water application under different operating conditions. 
 
 

2. MATERIALS AND METHODS 
 
 

The experiments were carried out in the hydraulic laboratory of Irrigation Technology 
Department in Agricultural Engineering Research Institute. All the tests were carried 
out at room temperature (20-25 ) on a set of special apparatus. For all tests, 3 
pieces of Porous pipe with 3 m long and 16 mm internal diameter were cut as 
replication from a 100 meters roll. Their surfaces were black and coarse. Porous pipe 
was set horizontally on a specific water collector. 



Unlike conventional microirrigation laterals such as drip tapes that have discrete 
emitters at specific distance, porous pipes emit water throughout their entire length as 
water penetrates under certain pressure. For the purpose of examining the emission 
uniformity, in this study, a PVC pipe 3 meters long and 200 mm in diameter to collect 
water leaking from porous pipe was used as shown in Fig. 1. The PVC pipe was 
divided equally into 30 portions, and each of them gathered the flow from the porous 
pipe, so that the flow rates of 30 segments of a porous pipe were measured 
simultaneously in each test. Two manometers were connected with the pipe at the 
head and end to gauge the internal hydraulic pressure. Uniformity of water application 
of drip systems is normally assessed by determining the coefficient of variation (CV) 
of the system from flow measurements from individual emitters (Solomon, 1976). For 
the porous pipe, however, because of continuous emission of water along the length, 
the test bench was modified to measure flow from 0.1 m portions of the pipe and to 
calculate the CVs from the data obtained. For this purpose, a PVC trough, 3 m long 
and 200 mm diameter was partitioned into 30 hermetically sealed portions (see Fig. 
1). In order to find out the emission variation along the pipe, each 0.1 m segment of 
the porous pipe, corresponding to a compartment of the trough, was considered as an 
emitter (Fig.1), from which the volume of water emitted for every 20 minutes was 
measured one by one in all tests. It reviews the pressures (3.5, 7, 10.5, 14, 17.5 and 
21 m) for 5 hours for each pressure was done. From experimental results two 
important discharge evaluation parameters, pipe emission rate (ER) and coefficient of 
variation (CV), were obtained according to the following functions. 

        (1) 
Where: ER: emission rate of pipe, L/ (m·h); 
 
 
2.1. Coefficient of Variation 
Small differences in manufacturing dropper cause many changes in the amount of 
output rate dropper is the issue of uniform distribution of irrigation water will have a 
negative impact. How to design technical and hydraulic dropper, quality formats used, 
the type of raw materials, parts casting technique and accuracy dropper applied on 
the most important factors in manufacturing stages build quality are a dropper. 
 

% 100              (2) 

∑ ∑
            (3) 

Where: 
 CV: variation coefficient of emission rate of pipe, %; V:  volume of water emitted, L; 
L: length of porous pipe, m; T: time, h;  : average flow rate of emitters, L/h; S: 
standard deviation of the emitter’s flow rate; : the i th emitter’s flow rate, L/h, ( i =1, 
2,…, n ); n: number of emitters. 

 



 
Figure1. Schematic diagram of the experimental set-up to assess the uniformity of 

water application of the porous pipe 
 

 
3. RESULTS AND ANALYSIS 

 
 

During initial discharge, emission rate of a porous pipe dropped drastically. In order to 
avoid an influence of the change on test results, in this study, a preliminary discharge 
for each pipe was tested repeatedly (three times in all, all time lasted 5 hours;) After 
that the porous pipe was tested under different pressures. Finally, repetitive tests for 
each pipe were carried out. 
Flow patterns of the pipe segments under different pressures are presented in Figs 2, 
3 and 4. The three replications showed different variation to the pressure, so they are 
presented individually.  With the operating pressure increasing, emission rate of each 
pipe showed an increasing trend, however different part of the pipe showed different 
reaction to the increase in pressure. The values are the average value of emission 
rate measured at the time zero and after 20 minutes operation under the different 
pressures. The pipes were tested at 3.5, 7, 10.5, 14, 17.5 and 21 m pressure to 
evaluate the influence of pressure on variations of their discharge characteristics with 
time. 



 
Figure 2. Flow patterns of pipe #1 at different pressures 

 

 
Figure 3. Flow patterns of pipe #2 at different pressures 
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Figure 4. Flow patterns of pipe #3 at different pressures 

 
 

Each test lasted after 8 hours. Fig.5, 6 and7 compares the initial and final flow rate of 
the pipes. During initial discharge, emission rate of a porous pipe dropped drastically. 
In each test, the discharge rate of each segment decreased gradually with time, 
which could also be seen by comparing the change of emission rate of a porous pipe 
(average of all the segments’ flow rates for a pipe). Since distilled water was applied, 
the decrease could be attributed to structural changes in pipe matrix. 
 
 
 

 
Figure 5.  Changes of Initial and final emission rates (ER) with pressure (H) for pipe 

#1 at different pressures 
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Figure 6. Changes of Initial and final emission rates (ER) with pressure (H) for pipe 

#2 at different pressures 

 
Figure 7.  Changes of Initial and final emission rates (ER) with pressure (H)  

for pipe #3 at different pressures 
 
 

3.1. Variation of Discharge Uniformity with Pressure 
The effect of pressure on Coefficient of Variation (CV) is shown in Fig.8, 9,10 and11. 
With the operating pressure increasing, the CVs of each pipe first showed a 
decreasing trend. The test results indicated that the emission rate and discharge 
uniformity of each pipe varied with pressure significantly. Hence, any evaluation on 
discharge characteristics of this kind of porous pipe must consider operating 
pressure. According to the ASAE Standard EP405.1 for drip equipment (ASAE, 
1989), a CV less than 10% is good, and between 10% and 20% is acceptable while 
above 20% is unacceptable for line-source emitters. The CV values obtained in this 
study suggested that only pipe #1 operating at pressure within 10.5 ～ 21m was in the 
acceptable range. 
The results confirmed the fact that both emission rate and discharge uniformity of the 
porous pipes varied with operating pressure. But the differences of the parameters 
among the replicas are remarkable, indicating that the discharge characteristics of the 
porous pipes are unsteady. 
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Figure 8.  Changes in coefficients of variation of flow rate 

 
 

 
Figure 9. Changes in variation coefficient of flow rate during the tests at pipe#1 

 

 
Figure 10. Changes in variation coefficient of flow rate during the tests at pipe#2 

١٠

١۵

٢٠

٢۵

٣٠

٣۵

۴٠

٠ ٣.۵ ٧ ١٠.۵ ١۴ ١٧.۵ ٢١

Pipe#١ Pipe#٢ Pipe#٣

C
V

(%
)

Pressure(m)

١٠

١٢

١۴

١۶

١٨

٢٠

٢٢

٢۴

٠ ٣.۵ ٧ ١٠.۵ ١۴ ١٧.۵ ٢١

Initial Final

C
V

(%
)

Pressure(m)

١٨

١٩

٢٠

٢١

٢٢

٢٣

٠ ٣.۵ ٧ ١٠.۵ ١۴ ١٧.۵

Initial Final

C
V

(%
)

Pressure(m)



 
 
 
 
 

 
Figure 11. Changes in variation coefficient of flow rate during the tests at pipe#3 

 
 

3.2. Pressure-Discharge Relationship 
The emission rate is the average value of each pipe tested in the initial and final 20 
minutes under the different pressures. Regression analysis between the emission 
rate (ER) and the pressure (H) showed that the two were related by a power and 
linear functions, i.e. q=Kd.H

x and q=Kd.H
x+k1. K and x were constants for a particular 

porous pipe and dependent on units. 
The test results indicated that the emission rate of each pipe varied with pressure. 
Compared with other emitters, the influence of pressure on the emission rate of the 
porous pipes was enormous, which could be found from the difference in discharge-
pressure exponents between them. For many other emitters, such as various types of 
dripper and microjet made of non-elastic material polyethylene (PE), polyvinyl 
chloride (PVC), their discharge-pressure exponents range between 0.5 and 0.8(Capra 
and Scicolone 1998) But in this study, the exponents of the porous pipes are more than 1, 
which means that with the increase of operating pressure, after the value of H higher 
than 1, the emission rate of the porous pipes will increase drastically. Due to the 
flexibility of the pipe, the reasons mainly were that the increase of pressure 
accelerated the flow in each emission pore, enlarged pore dimensions, and also 
produced more effective emission pores (figures 12 to 17). 
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Figure 12. Linear regression analysis between the emission rate (ER) and the 

pressure (H) for pipe#1 
 

 
Figure 13. Power regression analysis between the emission rate (ER) and the 

pressure (H) for pipe#1 
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Figure 14. Linear regression analysis between the emission rate (ER) and the 

pressure (H) for pipe#2 

  
Figure 15. Power regression analysis between the emission rate (ER) and the 

pressure (H) for pipe#2 
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Figure 16. Linear regression analysis between the emission rate (ER) and the 

pressure (H) for pipe#3 
 

 
Figure 17. Power regression analysis between the emission rate (ER) and the 

pressure (H) for pipe#3 
 
 

4. CONCLUSIONS 
 
 

The study was conducted to investigate the effect of operating pressure on the 
discharge characteristics of porous pipe. The results could summarize as follows: 
1) Operating pressure shows a significant influence on the discharge characteristics 
of porous pipe. Discharge-pressure exponent of porous pipe is more than 1, and 
discharge uniformity varies with pressure. 
2) Under a certain pressure, the emission rate of a porous pipe decreases with time, 
initially drastically, then gradually to a stable state. But its Coefficient of Variation only 
fluctuates within a range. These variations are mainly due to the change in 
microstructure of the porous pipe. 
3) More tests for porous pipes is suggested on porous pipe with longer than 3 m to 
provide some more practical information for direct field application of the pipe. 
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ABSTRACT 
 
 

A short term stochastic optimization-simulation model of deficit micro-irrigation, which 
distributes crops water stress over whole growing season, has been developed and 
tested in this study. The model, which is a nonlinear program with an economic 
objective function, considers interaction of stochastic rainfall and irrigation. It includes 
an eco-hydrologic-based simulation model that integrates an explicit stochastic 
analytical soil moisture model with the FAO crop yield model. Under some simplistic 
assumptions, analytical expressions have been derived for estimating expected value 
of crop yield and irrigation requirement volume along with assessing credibility of the 
assumptions made. While the developed explicit stochastic optimization model is of 
NLP form and showing convexity properties, it is computationally efficient comparing 
a similar implicit model which is time-consuming due to necessity of simulating the 
system for many realizations of rainfall events. Therefore, the model was effectively 
used in multi-crop situations and is extendable to be utilized in long-term irrigation 
planning models. The model was used in Dasht-e Abbas irrigation district of Karkheh 
basin in southwest of Iran, multi-crop realistic case. Results show that the proposed 
modeling approach with fast converging property is computationally efficient. It was 
also observed that for a multi-crop case with the same soil and climate conditions for 
all crops, three key factors, including potential crop yield, crop price and irrigation 
demand; chiefly participate in denoting the best deficit irrigation strategy under water 
shortage condition. 

 
  

Résumé et conclusions 
 
 
l'incertitude des précipitations, en tant que partie intégrante de la planification et 
l'ordonnancement irrigation déficitaire, doit être pris en compte dans l'irrigation 
déficitaire de modélisation. Des expressions analytiques pour les valeurs attendues 
du rendement et de volume exigence d'irrigation ont été obtenues et utilisées comme 
le modèle de simulation d'un modèle à court terme d'optimisation stochastique non 
linéaire pour la planification de l'irrigation déficitaire. Le modèle avec une fonction 
économique objective, qui considère l'interaction de la stochastique de pluie et 
d'irrigation, intègre les expressions dérivées d'analyse avec le modèle de la FAO le 
rendement des cultures. Le modèle a été résolu par SQP qui s'est avéré être 
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efficiente de calcul par rapport à SDP et Monte Carlo en fonction des formulations 
utilisées dans la littérature qui deviennent inefficaces pour des problèmes de calcul 
multi-cultures. 
Pour le cas multi-cultures de Dasht-e district d'irrigation de Abbas Karkheh bassin en 
Iran, il a été constaté dans la stratégie d'irrigation déficit qui baisse de 50% dans l'eau 
appliquée pour l'irrigation a conduit à seulement 20% de réduction de l'avantage net 
total (). Aussi dans un état extrême avec réduction de 80% dans l'eau d'irrigation, le 
bénéfice net total diminue de 50% par rapport à sa valeur maximale. 
Le modèle proposé, dans lequel un modèle à base physique stochastique de 
l'irrigation déficitaire a été intégré dans un algorithme d'optimisation convergence 
rapide appropriés pour résoudre des problèmes multi-cultures, est avantageux par 
rapport à d'autres modèles présentés pour optimiser les calendriers d'irrigation dans 
l'incertitude. Toutefois, l'étude est la première étape dans l'application d'un célèbre 
modèle stochastique humidité du sol dans l'optimisation de l'irrigation déficitaire. À cet 
égard, l'élaboration d'un modèle analytique qui fournit de l'information probabiliste 
complète sur le rendement serait d'une grande importance. Explorer la possibilité 
d'utiliser plus détaillée des modèles de simulation stochastique de l'irrigation 
déficitaire fournissant pdf-s des variables aléatoires d'intérêt et aussi d'autres types 
de modélisation des stratégies de l'irrigation déficitaire (RDI et PRD) dans le cadre 
proposé de simulation-optimisation devraient être considérés pour de futures études . 

 
 

INTRODUCTION 
 

Deficit irrigation (DI) is known as a management measure toward solving water 
scarcity problem and improving water productivity. In other hands, rainfall and 
irrigation water (surface water resources) which play the most important role in 
supplying agricultural water requirement, are under uncertainty that needs to be taken 
into account. In this regard, stochastic dynamic programming (SDP) models have 
been developed to precisely survey irrigation planning under uncertainty for a single-
crop farm [Dudley et al., 1971a; Dudley and Burt., 1973] and multiple crop farm by 
means of hybrid modeling techniques including: SDP - LP (Linear Programming) 
[Dudley et al., 1976], SDP – DP (dynamic Programming) [Vedula and Kumar, 1996], 
SDP - NLP (Nonlinear Programming) [Ghahreman and Sepaskha, 2002], two-phase 
SDP [Umamahesh and Sreenivasulu, 1997]. These models constitute from three 
essential components: Monte Carlo technique for generating time series of stochastic 
processes, simulation of the main system and dynamic programming (DP). 
Consequently, in addition to the problem of curse of dimensionality of DP approach 
(limited to consideration of two or three state variables), utilizing Monte Carlo 
simulation, which is also a time consuming numerical method and needs 
approximation due to discretization of variables, leads to computational inefficiencies.  

The above mentioned weaknesses were a starting point for an idea of 
developing explicit stochastic models in which an analytical simulation component 
was coupled with optimization techniques such as SDP [Bras and Cordova, 1981] or 
NLP [Ganji et al., 2006]. While employing helpful idea of combining optimization 
techniques with analytical-based simulation models, these models have been limited 
to single-crop problems and either still using dynamic programming approach or 
including too simplifying assumptions to deal with stochastic nature of uncertainties.  

More recently, significant analytical and realistic stochastic soil moisture model 
have been intensively under consideration [Rodriguez-Iturbe and Porporato, 2004]; 
however, it may not be easy to put it in use in an optimization modeling framework. 
Building upon the analytical model, this paper is going to presents a new stochastic 
optimization model for scheduling short-term deficit irrigation that while is efficient in 
dealing with medium and large scale problems, like multiple crop planning, considers 
realistic stochastic nature of rainfall in a precise daily time scale. 

 



 

Model Formulation 
 
 
Irrigation scheduling is generally defined as the problem of determining timing and 
amount of irrigation water to be supplied to a given crop area, in a given geographical 
region, during the growing season [Rhenals and Bras, 1981]. With recent advances in 
soil moisture monitoring systems and also modern irrigation technologies, DI can be 
implemented more precisely and effectively. A specific method of DI is called deficit 
micro-irrigation [DeTar, 2004]. By deficit micro-irrigation (DMI) we mean keeping 
relative soil moisture between rainfall events in a pre-specified level called soil 
moisture lower bound, which is below the point of incipient stomatal closure and 
above the wilting point. This form of DI distributes water stress throughout the whole 
growing season. A short term model of DMI scheduling for a multi-crop field is to be 
presented in this section. 
 
 

Objective function 
 
 
The model is a mathematical program with an economic objective function of net 
benefit obtained from agriculture over growing season as follows: 
 

     
c

cccLcacL TCPesYAsf ,,    max
     (1) 

where f  is objective function that depends on vector of decision variables ( Ls
 ), soil 

moisture lower bounds of crops, where c  is crop index and cLs ,  represents each 

component of the vector. caY ,  is expected value (e.v.) of actual yield of crop c  that as 
shown in following of paper is a function of soil moisture lower bound. cA  is cultivation 
area of crop c  and cPe  and cTC  respectively represent crop price per unit mass and 
crop total production cost per unit area. Note that the term within parentheses on right 
hand side of equation (1) represents net benefit per unit area resulting from production 
benefit (crop yield multiplied by its price) minus production cost.  
Crop yield, whose mean appeared in Eq. (1), is a stochastic variable. In this study, 
founding on soil moisture dynamics, an analytical expression is presented to estimate 
expected value of crop yield. Other terms in the objective function, except Ls

 , are 
supposed to be given. 

 
 

Constraints 
 
 
There are two main groups of constraints. The first group of constraints limits total 
irrigation volume as it must be less than total available water in the season:  

 
c

cLc TWsV )( ,        (2) 

Where  .cV  is e.v. of irrigation volume for crop c , which is a function of soil moisture 

lower bound, and TW  is total volume of available water. The function relating cV  and 
cLs ,  has been introduced in the following. The second group of constraints limit actual 

yield of each crop to a minimum threshold ( cYmin, ),  

.,min, cac YY          (3) 
 

 



 

Stochastic soil moisture model of deficit micro irrigation 
 
 
A physically-based stochastic soil moisture model [Rodriguez-Iturbe and Porporato, 
2004] has been used to derive analytical expressions for expected values of actual 
crop yield and probability density function of irrigation volume. Soil moisture 
dynamics, at daily time scale, is modeled by treating the active soil as a reservoir with 
an effective storage capacity that is intermittently filled by effective rainfall pulses of 
random depth. Soil water losses occur via evapotranspiration, deep infiltration, and 
surface runoff. Assuming vertically-averaged conditions the soil water balance 
dynamics can be expressed as: 

))(())(())(()()(
tsLQtsETtsItR

dt

tds
nZr      (4) 

where n  is the soil porosity, rZ  is the active soil depth, wherein most of the root is 
located, and s  is the relative soil moisture in excess of its amount at wilting point with 

0s . The inputs to the soil moisture balance equation are effective rainfall, )(tR , and 
irrigation, ))(( tsI , where effective rainfall is an instantaneous event occurring 
according to a marked Poisson process with parameters   (mean frequency of 
events) and   (mean intensity of each event value) and irrigation is modeled by 
means of keeping relative soil moisture between rainfall events in a pre-specified 
level called soil moisture lower bound, which is below the point of incipient stomatal 
closure and above wilting point [Vico and Porporato, 2010].  

The main soil water losses include deep infiltration and runoff losses, ))(( tsLQ , 
that in a simplified manner is assumed to take place instantaneously whenever soil 
moisture reaches the upper threshold Us , and evapotranspiration, ))(( tsET  which is 
modeled through a piece-wise linear loss function as follows, 










.*,

*0,
*)(

Usss

ss
s

s
s



       (5) 

where )( rp nZET  and pET  is maximum rate of daily ET. Therefore the soil water 
loss function could be expressed only based on ET. Figure 1 shows a realization of 
such a stochastic soil moisture process. 
  
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 1.  Relative soil water process under deficit micro-irrigation for loam soil with 
normalized upper bound of 0.41, close to normalized field capacity, and lower bound 
of 0.17 (Relative processus de l'eau du sol en conditions de déficit de micro-irrigation 

pour les sols limoneux avec normalisée limite supérieure de 0.41, proche de la 
capacité au champ normalize, et une limite inférieure de 0.17) 

 
Rainfall randomness causes stochasticity in soil moisture process and its 
constituents. Consequently, Chapman-Kolomogorov equation for soil moisture 
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process could be written by separation to two parts [Vico and Porporato, 2010]. The 
first part is for continuous distribution that is: 
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And the second part for mass (atom) of probability at Ls  as follows: 

).,()()()( ,0,0 tspstptp
dt

d
LdmLdmdm        (7) 

Under stochastic steady-state condition ( 0),(  ttspdm ), pdf of soil moisture 
for DMI is resulted as:  
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while atom of probability is: 
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Where dmC  is the normalization constant such that 
U

L

s
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Crop yield 
Crop yield model of FAO [1979] states that decrease in cumulative actual 
evapotranspiration causes decrease in crop yield, as follows: 
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where aY  and pY  are respectively actual and potential crop yields, yk  represents 

crop sensitivity to water stress, and aCET  and pCET  are cumulative actual and 
potential (maximum) ET over growing season, respectively. By means of piece-wise 
form of )(s  and based on probability density function of soil moisture represented 
before, someone can derive an analytical equation relating e.v. of actual crop yield 
and other variables of interest, particularly the decision variable ( Ls ) as follows: 
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Where (.)  and (.)P  are respectively gamma and regularized incomplete gamma 
functions and dmC  is a normalizing factor. 

 
 

Irrigation requirement volume 
 
 
Taking Vico and Porporato’s approach [2010] and assuming steady-state condition, 



 

e.v. of irrigation requirement volume with respect to Ls  can be derived for DMI as:  
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Where seasT  is duration of growing season and other parameters are already defined. 
 
 
One of the most popular and robust algorithms for solving NLPs is Sequential 
Quadratic Programming (SQP). SQP is based on solving a series of sub-problems 
that are Quadratic Programming (QP) approximation of original problem in each step. 
It was found while solving the above formulation via SQP that the model is fast 
converging. In most cases, the optimization procedure consumed less than 26 
iterations to complete the task at most in 2 seconds for the case of 7 crops.  
 
 

Results and Discussion 
 

Dasht-e Abbas Irrigation District (DAID) with an area of 16500 hectares is located 
downstream of Karkheh Dam [Mahab Ghodss Consulting Engineers, 2001]. Among 
all irrigation districts in the region, DAID has rather proper water and soil resources. 
The climate is semi-arid with average annual rainfall of 280 mm and annual potential 
ET of 1625 mm. Based on analysis of daily rainfalls at Dasht-e Abbas climatology 
station, reduced rainfall frequency (  ) and its depth ( ) are estimated as 0.088  
day-1  and 1.12 cm, respectively. About 75% of cultivation is taken place during winter. 
Agronomic and economic properties of winter crops in DAID are presented in  
Table 1. 

 
 

Table 1.  Agronomic and economic properties of winter crops in Dasht-e Abbas 
Irrigation District (Agronomiques et des propriétés économiques des cultures d'hiver à 

Dasht-e Abbas Irrigation District) [Mahab Ghodss Consulting Engineers, 2001] 

Crop Type 
Plant. 
Date 

Area 
(ha) 

ETmax 
(cm/day) Tseas 

Zr 
(cm) Ky 

Max 
Yield 
(Kg/ha)

Price 
(Rials/Kg) 

Total 
Cost 

(Rials/ha) 
Wheat winter Nov 4125 0.26 200 100 1 6000 1700 1.39E+06 
Barley winter Nov 2475 0.23 200 100 1 5000 1250 1.23E+06 

Fava bean winter Nov 1320 0.20 175 50 0.85 2500 3200 1.66E+06 
Eggplant winter Oct 990 0.18 130 70 1.05 25000 650 5.96E+06 

Cucumber winter Nov 825 0.16 130 70 1.1 20000 700 5.89E+06 
Tomato winter Jan 825 0.38 155 70 1.05 25000 550 6.59E+06 

Sugar beet winter Nov 1650 0.28 205 70 0.8 50000 390 4.37E+06 
 
 

As the region suffers from water shortage, deficit irrigation should be taken into 
consideration. The proposed DI optimization model has been tested and analyzed in 
DAID as a multi-crop case. Sensitivity analysis of total available water for irrigation 
(TW ) which is available at beginning of growing season, as presented in Table 2, 
could appropriately demonstrate interaction between rainfall and irrigation in a multi-
crop system. TW  can take values ranging from zero to a maximum value, maxTW , 
which is equal to sum of maximum irrigation requirement volumes of different crops, 
i.e.    c cLcdm ssVTW *)( ,,max .  

 



 

Table 2.  Multi-crop model results and sensitivity analysis with respect to total 
available water (Résultats du modèle multi - cultures et l'analyse de sensibilité à 

l'égard de l'eau totale disponible) 
Total Water (mcm) 7 11 14 18 22 25 29 32 36 
TW / TWmax (%) 20 30 40 50 60 70 80 90 100 
Net Benefit (109 Rials) 49 60 69 76 83 90 96 101 105 
NB / NBmax (%) 47 58 66 73 79 86 91 96 100 

s L
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Wheat 0.13 0.13 0.13 0.19 0.25 0.29 0.33 0.33 0.33 
Barley 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.24 0.33 
Fava bean 0.07 0.07 0.07 0.07 0.07 0.16 0.27 0.29 0.33 
Eggplant 0.27 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 
Cucumber 0.27 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 
Tomato 0.14 0.14 0.29 0.32 0.32 0.33 0.33 0.33 0.33 
Sugar beet 0.13 0.25 0.30 0.32 0.32 0.33 0.33 0.33 0.33 

 
 
Table 2 presents the optimum solution of the soil moisture lower bound ( Ls ) for 
different crops and for different total irrigation water, wherein *s , the normalized 
relative soil moisture at stomatal closure point, equals 0.33 that is the maximum 
possible value for Ls . It is seen that 50% decrease of applied water for irrigation has 
resulted in only 20% reduction in total net benefit ( NB ). Also in an extreme condition 
with 80% reduction in irrigated water, total net benefit reduces by 50% compared to 
its maximum value.  
It could be verified that optimum values of the soil moisture lower bound are 
increasing while the irrigation water increases. With max/TWTW  varying from 20% to 
30%, Ls  approaches its maximum value for eggplant and cucumber, while there is no 
water stress throughout the growing period. With increase of max/TWTW , other crops 
have also reached to this stress-less situation; first sugar beet, then tomato, next 
wheat, after that fava bean, and finally barley. This ranking of crops in reaching 
stress-less situation is affected by two important factors presented in Table 3. The 
first factor is an economic one that is product of the maximum yield and the price for 
each crop and the second one is the irrigation volume. While final ranking has been 
reported in column 6, the ranking with respect to each of the above factors has been 
respectively presented in columns 3 and 5. For the first three places, i.e. eggplant, 
cucumber and sugar beet, both criteria are important to the ranking; while in the next 
four ones, only economic factor is influential.  

 
Table 3. Assessment of crop domination in total water sensitivity analysis  

(Évaluation de la domination des cultures dans l'analyse de l'eau sensibilité totale) 

Crop 
Max Yield × Price Irrigation Req. 

Order in Irrigation Policy Value 
(106 Rials / ha) Order Value (cm) Order 

Wheat 1.02 5 33.1 5 5 
Barley 0.63 7 27.3 4 7 
Faba bean 0.80 6 22.7 3 6 
Eggplant 1.63 2 12.6 2 1 
Cucumber 1.40 3 10.2 1 1 
Tomato 1.38 4 45.7 7 4 
Sugar beet 1.95 1 40.4 6 3 
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EFFECT OF DRIP IRRIGATION AND FERTIGATION LEVELS 
ON THE YIELD AND QUALITY OF  

MUSCAT GRAPES (VITIS VINIFERA) 
 

EFFET D'IRRIGATION PAR ÉGOUTTEMENT ET DE 
NIVEAUX DE FERTIGATION SUR LE RENDEMENT ET 
QUALITÉ DES RAISINS DE MUSCAT (VITIS VINIFERA) 

 
 

N.Asokaraja1

The present investigation was taken up with an aim to optimize the dripirrigation 
requirement  and to to determine correct fertigation schedule so as to maximize water 
and fertilizer use efficiencies along with fruit quality improvement in Muscat grapes. Three 
levels of dripirrigation were scheduled at 100%, 75% and 50% of computed Irrigation 
Requirement (IRc) and 3 levels of fertigation were carried out at 125%, 100% and 75% of 
recommended NPK with imported grades of Water Soluble Fertilizers (WSF) as well as 
Normal fertilizers (NF) like Urea, Phosphoric acid and Potash. Results from this project 
showed that optimum dripirrigation scheduling is once in 3 days and at 100% IRc (about 
20-25 liters/vine/day) with a total water requirement of 370 to 450 mm in the growing 
season including effective rainfall. Fertigation with NF was found to be equally superior 
and cost effective to that of fertigation with WSF. Drip fertigation at 125% of 
recommended NPK dose was superior to 100% dose both in WSF and NF revealing that 
there is greater response for enhanced fertilizer dose with Muscat grapes for maximum 
production. Dripirrigation at 100% IRc was superior to lower levels of 75 and 50%. No. of 
bunches per vine, number of berries per bunch, berry weight and yield per vine were 
favourably improved by dripfertigation with WSF. Maximum fruit yield (27.5 tonnes/ha) in 
Muscat grapes was possible with WSF at 125% dose under higher dripirrigation level of 
100% IRc followed by NF (25.86 tonnes/ha).  

 
 
 
 
 

ABSTRACT 
 
    

 
Fertigation at 75% dose with NF was economical as compared to WSF. Fruit quality of 
Muscat grapes was greatly improved with higher TSS and total sugar with less acidity by 
drip fertigation with WSF followed by NF. Maximum gross income was obtained with 
dripfertigation with WSF at 125% dose, INR 4, 12,500 (US $ 8417) per ha and INR 3, 
87,900 (US $ 7914) in case of NF. However, NF has registered higher benefit cost ratio 
ranging from 1.92 to 2.36 per rupee invested as compared to WSF. Thus drip fertigation 
with NF was economically superior to WSF in Muscat grapes chiefly grown in Tamil Nadu 
State in India. 
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RÉSUMÉ MASCULIN 
 
 

La recherche actuelle est prise dans un but pour optimiser la condition d'irrigation par 
égouttement et pour déterminer le programme correct de fertigation afin de maximiser 
des efficacités d'utilisation de l'eau et d'engrais avec l'amélioration de qualité du fruit en 
raisins de muscat. Trois niveaux d'irrigation par égouttement ont été programmés à 
100%, 75% et 50% de la condition calculée d'irrigation (IRC) et 3 niveaux de fertigation 
ont été effectués à 125%, 100% et 75% de NPK recommandé avec les catégories 
importées des engrais hydrosolubles (WSF) aussi bien que les engrais normaux (N-F) 
comme l'urée, acide phosphorique et potasse. Les résultats de ce projet ont prouvé que 
l'établissement du programme optimum d'irrigation par égouttement est une fois en 3 
jours et à IRC 100% (environ 20-25 litres/vigne/jour) avec une condition totale de l'eau de 
370 à 450 millimètres dans la saison de croissance comprenant des précipitations 
efficaces. Fertigation avec N-F s'est avéré également supérieur et rentable à celui du 
fertigation avec WSF. Le fertigation d'égouttement à 125% de la dose recommandée de 
NPK était supérieur à la dose de 100% dans WSF et N-F indiquant qu'il y a une plus 
grande réponse pour la dose augmentée d'engrais avec des raisins de muscat pour la 
production maximum. L'irrigation par égouttement à IRC 100% était supérieure aux 
niveaux plus bas de 75 et de 50%. Non. des groupes par vigne, le nombre de baies par 
groupe, le poids de baie et le rendement par vigne ont été favorablement améliorés par 
fertigation d'égouttement avec WSF. Le rendement maximum de fruit (27.5 tonnes/ha) en 
raisins de muscat était possible avec WSF à la dose de 125% sous un niveau plus élevé 
d'irrigation par égouttement d'IRC 100% suivi de N-F (25.86 tonnes/ha).    
Fertigation à la dose de 75% avec N-F était économique par rapport à WSF. La qualité 
du fruit des raisins de muscat a été considérablement améliorée avec de plus hauts 
SOLIDES SOLUBLES TOTAUX et le sucre total avec moins d'acidité par fertigation 
d'égouttement avec WSF suivi de N-F. Le revenu brut maximum a été obtenu avec le 
fertigation d'égouttement avec WSF à la dose de 125%, à l'INR 4.12.500 (USA $ 8417) 
par ha et à l'INR 3.87.900 (USA $ 7914) en cas de N-F. Cependant N-F a enregistré un 
rapport plus élevé de coût d'avantage s'étendant de 1.92 à 2.36 par roupie investie par 
rapport à WSF. Ainsi le fertigation d'égouttement avec N-F était économiquement 
supérieur en raisins de muscat principalement cultivés dans l'état de Tamil Nadu en Inde.  

 
 

1. INTRODUCTION 
 
 
Production potential of grapes is chiefly governed by the irrigation and fertilization. In 
India grapes is grown in area of 1.06 lakh ha with a production of 8.8 lakh tonnes, 
whereas in Tamil Nadu (South India), it is grown in 2630 hectares with a production of 
44140 tonnes which is 5% of the total production. However the productivity in Tamil Nadu 
is 16.78 tonnes per hectare (which is almost double) compared to the national average of 
8.28 tonnes per hectare (NHB, 2009-10). Tamil Nadu farmers are following only surface 
irrigation (check basin) to grapes, which account for more deep percolation losses. 
However, a grape is highly suited to drip irrigation. In Tamil Nadu only 14% of the grape 
cultivated area (370 ha) is under drip irrigation as compared to 75% in Maharashtra State 
(Naresh Modi and Kamal Kishore, 1999).  The average daily water requirement per plant 
(vine) was 24 litres through drip for a spacing of 3.0 x1.5m, which has resulted in an 
annual water saving of 3700 m3 corresponding to 19 per cent saving over conventional 
irrigation (Rao et al., 1999). Replenishment of evaporation losses to 75% under drip 
irrigation to grapes was sufficient wherein the total water requirement was 712 mm under 
drip as compared to 942 mm in surface irrigation (Srinivas et al, 1999). Fertigation with 



water soluble fertilizers at 80% recommended dose (RDF) through drip in blue grapes at 
Bangalore improved the TSS, berry size and economized 20% fertilizer, 30% irrigation 
water besides 119% yield increase (Shivashankar, 1995). Application of water soluble 
fertilizers at 80% RDF has resulted maximum number of canes (120.31), bunch weight 
(174.38 g) and fruit yield (21.79 t/ha) as compared to normal fertilizers at 100% dose with 
basin irrigation (82.13, 127.42 g and 11.59 t/ha respectively). 
 
Water soluble fertilizers were superior to normal straight fertilizers considering fruit quality 
and yield but the normal fertilizers accounted for higher cost-benefit ratio of 1:2.62 at 
100% recommended level (Khan et al., 1999). However in grapes variety Sonaka, the 
cost benefit ratio with water soluble fertilizers was 1 : 5.4 as against 1 : 3.83 with normal 
fertilizers (Swapnil Bachchhav, 1995).  
 
It is clear that the water requirements for grapes vary with irrigation methods and 
evaporative demand of agro-climatic regions in India. Fertigation with water soluble 
fertilizers and normal fertilizers to grapes offers potential alternate to conventional 
irrigation and fertilization.  

 
 

2.  MATERIALS AND METHODS 
 
 

The experimental location is situated at 110 N latitude and 770 E longitudes at an altitude 
of 427 m above MSL. Four year old Muscat grapes vines planted at 3.0 x 1.5 m was 
taken for the investigation. The average rainfall of Coimbatore is 640 mm, received in 47 
rainy days.  A total of 413.9 mm, 227.8mm and 140.4 mm of rainfall during 1st, 2nd and 3rd 
cropping periods respectively was received. The mean   maximum and minimum 
temperatures were ranging from 33.70C to 23.10C. The mean cumulative pan evaporation 
was 560.4 mm.  
 
The soil of the experimental field was a clay loam with slightly higher pH of 8.15, low in 
available N (29.2 kg/ha), P (2.56 kg/ha) and medium in available K (200 kg/ha). The soil 
is saline-alkaline.  The irrigation water from bore well had a pH of 7.3 and an EC of 1.50 
dSm-1.  The study consisted of 3 levels of drip irrigation at 100, 75 and 50% of IRc once 
in 3 days and 3 levels of fertigation at 125%, 100% and 75% of RDF and 2 forms of 
fertilizers viz., imported Water Soluble Fertilizers (WSF) and conventional Normal 
Fertilizers (NF).  
 
 
2.1. Design and layout of drip fertigation system 
 
 
From the main pipe (PVC 75 mm OD), a take off with 2” PVC line was made and fitted 
with a 2” Super Clean mesh filter (25 m3/hr). The control head consisted Quick Pressure 
Relief Valve (1.5”), Ventury Assembly, By pass assembly and Plastic Y filter (1”) after 
Ventury. One set of sub main pipes (40mm OD) were laid out along 80 m length in the 
centre of the field to deliver water on either side (one side for fertigation with WSF and 
another side for fertigation with NF).  
 
The laterals (16mm OD) were fixed for 25m length covering 3 replications on either side. 
On line PC drippers of 8 lph were fixed at 0.75 m apart along lateral (33 nos per line). For 
the purpose of imposing fertigation treatments, the laterals were laid on the surface only. 
 



2.2. Drip irrigation scheduling 
 
 

Drip irrigation was scheduled once in 3 days at 100, 75 and 50% of the computed water 
requirement (IRc). Based on the cumulative pan evaporation data once in 3 days, the 
irrigation water requirement through drip (volume in liters/per vine/once in 3 days) was 
computed as detailed here under. 
IRC = Computed Irrigation Requirement (mm) 
   IRC = Epan x Kp x Kc x A x Wp 
 Where    
  Epan      = Pan Evaporation rate (mm) (U.S.Open Pan Evaporimeter) 
  Kp          = Pan Co-efficient (0.75) 

Kc      = Crop Co-efficient ( Initial Stage- 0.30; Mid stage - 0.85;  
      Late stage - 0.45, Adopted from FAO Paper, 1998, Vol.56) 

 A        = Area of the plant (3 x 1.5 m = 4.5m2) 
Wp    = Wetted percentage (40 per cent, from FAO Paper, 1980, Vol.36) 
The experiments were laid out in Split plot design with three replications. The 

individual plot size was 74.7 m2 (8.3 m x 9.0 m) 
 

 
2.3. Fertigation scheduling 
 
 

 

Fertigation at 125, 100 and 75% of RDF at 330:266:990 NPK kg/ha through ventury was 
carried out once in 3 days with water soluble fertilizers (WSF).  Mono Ammonium 
Phosphate (12:61:0) was applied 7 times once in 3 days during 1-20 Days After Pruning 
(DAP) to supply high P requirement. Polyfeed (19:19:19) was applied 7 times once in 3 
days during 21-40 DAP to supply NPK during growth phase for normal requirement. 
Multi-K (13-0-45) was applied 13 times once in 3 days during 41-80 DAP and  3 times 
once in 3 days during 81-90 DAP to supply high K requirement during berry growth and 
ripening stage. Urea and Sulphate of Potash (0:0:50) were supplied to meet the balance 
requirement of N & K respectively at corresponding stages. Similarly fertigation was done 
with Normal Fertilizers (NF) once in 3 days at 125, 100 and 75% of RDF at 330:266:990 
NPK kg/ha. Ortho Phosphoric acid (86% P2O5) was supplied once in 3 days during first 
two stages 1-40 days after pruning). Urea (46% N) was applied once in 3 days 
throughout from 1-90 DAP. Sulphate of Potash (52% K) was applied once in 3 days 
throughout from 1-90 DAP. Nutrient doses were kept at same level for both WSF & NF 
fertigation for corresponding stages.  The details of the fertigation schedule adopted in 
this investigation are illustrated in Table 1 & Table 2. 
 

Table 1.  Fertigation Schedule for Muscat grapes (WSF) at 100% dose (Programme de 
Fertigation pour les raisins de muscat (WSF) à 100%) 

Stage Fertilizer 
Form 

Fertilizer grade Dose/ ha/ 
3 days 

Total Qty 
Kg/ha 

Nutrients (Kg/ha) 
N P K N P K 

1 to 20 MAP 12 61 0 48.57 340 40.80 207.40 0.00 
 SOP 0 0 50 42.86 300 0.00 0.00 156.00 
 Urea 46 0 0 51.43 360 165.60 0.00 0.00 

21-40 PF 19 19 19 44.29 310 58.90 58.90 58.90 
 SOP 0 0 50 42.86 300 0.00 0.00 156.00 

41-80 Multi-K 13 0 46 28.85 375 48.75 0.00 172.50 
 SOP 0 0 50 57.69 750 0.00 0.00 390.00 

81-90 Multi-K 13 0 46 41.67 125 16.25 0.00 57.50 
Total 330.30 266.30 990.90 

Note:   MAP - Mono Ammonium Phosphate;     SOP (WSF) - Soluble Sulphate of Potash;   
 PF - Poly feed;  Multi-K- Potassium Nitrate 



Table 2. Fertigation schedule for Muscat grapes (NF) at 100% dose (Programme de 
Fertigation pour les raisins de Muscat (N-F) à la dose de 100%) 

Stage Fertilizer 
Form 

Fertilizer grade Dose/ha/ 
3 days 

Total Qty 
Kg/ha 

Nutrients (Kg/ha) 
N P K N P K 

1 to 20 Ortho H3PO4 0 86 0 31.86 223.0 0.00 191.78 0.00 
 Urea 46 0 0 61.43 430.0 197.80 0.00 0.00 
 SOP 0 0 50 44.29 310.0 0.00 0.00 161.20 

21-40 Ortho H3PO4 0 86 0 11.43 80.0 0.00 68.80 0.00 
 Urea 46 0 0 18.57 130.0 59.80 0.00 0.00 
 SOP 0 0 50 60.00 420.0 0.00 0.00 218.40 

41-80 Urea 46 0 0 8.46 110.0 50.60 0.00 0.00 
 SOP 0 0 50 81.92 1065.0 0.00 0.00 553.80 

81-90 SOP 0 0 50 36.67 110.0 0.00 0.00 57.20 
 Urea 46 0 0 16.00 48.0 22.08 0.00 0.00 

Total 330.28 260.58 990.60 

Note: SOP (NF) - Sulphate of Potash  
 

 
3. RESULTS AND DISCUSSION 

 
 
Observations were made in Muscat Grapes on yield characters, fruit yield and fruit 
quality, water use, fertilizer use and economics as influenced by drip irrigation and 
fertigation treatments in 3 crops. The field experimental view with  Muscat grapes 
plantation is depicted in Fig.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Muscat grapes plantation at the experimental site (Plantation 
de  raisins de muscat à l'emplacement experimental) 

 
 
3.1. Yield characters 
 
3.1.1. Number of bunches per vine 

 
 

Significant differences were observed between WSF and NF and drip irrigation and 
fertigation levels on the number of bunches per vine in Muscat grapes. Drip irrigation at 
100% IRc was significantly superior to 75 and 50% levels. Similarly fertigation at 125% 



RDF was significantly superior to 100 and 75% doses. WSF was superior to NF in 
registering significantly higher number of bunches per vine under drip irrigation at 100% 
IRc + fertigation at 125% RDF treatment (S1I1F1, 33.40) followed by the same treatment 
with NF at 125% RDF (S2I1F1, 33.20) (Table 3). Highest number of bunches per vine 
(30.06) was recorded with WSF when drip irrigation was scheduled at 100% IRc. This 
implies that Muscat grapes having higher transpiration demand responds to well for 
higher drip irrigation regime as compared to 75 and 50% levels. While comparing farmers 
practice, the wetted soil volume is nearly 50% less under drip irrigation at 100 % IRc, due 
to non-wetted area between Vine rows.  Further reduction in wetting regime (lesser than 
100% IRc) under under drip irrigation (i.e 75 and 50% IRc) would result only partial 
wetting thus limiting potential root development (Ben Ami Bravdo, 1995). 
 
 
3.1.2. Number of berries per bunch 

 
 

Among sources of fertilizers, WSF exhibited profound influences as compared to NF. Drip 
irrigation at 100% IRc + fertigation with WSF at 125% (S1I1F1) was significantly superior in 
registering higher number of berries per bunch (90.24), whereas In case of NF,  
maximum number of berries was only 80.89 berries for the corresponding treatment 
which is 10.36% lesser compared to WSF (Table 3). The differential performance in 
bunch setting with water soluble fertilizer and normal fertilizers are illustrated in Fig 2. The 
increase in number of berries with WSF is chiefly attributed to high solubility, mobility in 
soil and plant resulting in better uptake of major nutrients compared to NF having high 
salt index (Swapnil Bachchhav, 1995). 

 
 

3.1.3. Berry weight 
  
 

The weight of individual berry is an important quality factor. In the present investigation, 
WSF has registered significantly higher average weight of berries under drip irrigation at 
100% IRc + fertigation at 125% (S1I1F1, 3.63 g) which was on par with drip irrigation at 
100% IRc + fertigation with WSF at 100% (S1I1F2, 3.59 g).  While comparing NF, the 
average berry weight was only 3.51 g under higher drip irrigation and fertigation level 
(S2I1F1) (Table 4 ). 
  

 
                           
 
 
 
 
 
 
 
 
 
 
 
 
Fertigation with WSF at 125% dose                Fertigation with NF 125% dose 

 
Figure 2.  Bunch view with water soluble fertilizer and normal fertilizer  

  (Liez la vue avec de l'engrais hydrosoluble et l'engrais normal) 



This implies that Water Soluble Fertilizers are proving their superiority over Normal 
Fertilizers by registering 0.12 g more berry weight due to their easy availability within the 
reach of active roots of grapes. 
 
 
3.1.4. Bunch weight 

 
 

Bunch weight in Muscat grapes was significantly altered due to forms of fertilizers, drip 
irrigation and fertigation levels. In first crop, both WSF and NF were found to be equally 
superior in registering higher average bunch weight especially at higher levels. In case of 
WSF, drip irrigation at 100% IRc + fertigation with WSF at 125% (S1I1F1) has registered 
higher average bunch weight of 359.42 g which was on par with WSF at 100% dose 
(S1I1F2, 357.21 g) followed by fertigation with NF at 125% (S2I1F1, 356.80 g).  From this it 
is clear that fertigation with WSF at 100% dose is superior to NF even at 125% dose. 
Owing to 100% solubility, greater availability of plant nutrients from WSF at point source 
of application through drip system might have contributed for more bunch weight in 
Muscat grapes as compared to NF (Table 4). In the second crop also, similar trend could 
be noticed. Drip irrigation at 100% IRc (mean, 327.849 g) was on par with 75% IRc 
(317.284 g)  in case of WSF, whereas it was not   on par with 75% IRc in case of NF. 
Fertigation with both forms of fertilizers (WSF and NF) at 75% dose was significantly 
inferior (nearly 8% less) to higher doses  (303.615 g). 
 
 

Table 3. Number of bunches per vine and number of berries per bumch in Muscat 
Grapes (Nombre de groupes par vigne et nombre de baies par bumch en 

muscat raisins) 
 

Treatments Number of bunches per vine Number of berries per bunch 
S1- WSF I crop II crop III crop I  crop II  crop III  crop 
I1F1-Drip 100% + Fertgn 125% 33.40 34.07 30.06 90.24 97.67 85.73 
I1F2-Drip 100% + Fertgn 100% 33.10 31.13 29.79 87.23 94.33 82.87 
I1F3-Drip 100% + Fertgn 75% 33.00 27.30 29.70 85.61 79.33 81.33 
I2F1-Drip 75% + Fertgn 125% 32.80 30.07 29.52 82.24 84.33 78.13 
I2F2-Drip 75% + Fertgn 100% 32.60 25.40 29.34 77.90 83.67 74.01 
I2F3-Drip 75% + Fertgn 75% 32.30 23.40 29.07 74.54 77.33 70.81 
I3F1-Drip 50% + Fertgn 125% 32.20 25.33 28.98 72.36 74.33 68.74 
I3F2-Drip 50% + Fertgn 100% 32.10 24.00 28.89 70.12 73.00 66.61 
I3F3-Drip 50% + Fertgn 75% 32.00 22.27 28.80 68.59 74.00 65.16 
S2- NF         
I1F1-Drip 100% + Fertgn 125% 33.20 31.47 29.88 80.89 85.33 77.65 
I1F2-Drip 100% + Fertgn 100% 33.00 29.33 29.70 78.24 83.00 75.11 
I1F3-Drip 100% + Fertgn 75% 32.90 25.13 29.61 75.21 61.00 72.20 
I2F1-Drip 75% + Fertgn 125% 32.60 27.40 29.34 73.65 66.00 70.70 
I2F2-Drip 75% + Fertgn 100% 32.50 26.93 29.25 73.68 55.67 70.73 
I2F3-Drip 75% + Fertgn 75% 32.30 22.27 29.07 72.14 53.33 69.25 
I3F1-Drip 50% + Fertgn 125% 32.10 23.53 28.89 70.10 59.00 67.30 
I3F2-Drip 50% + Fertgn 100% 32.00 23.87 28.80 67.98 53.00 65.26 
I3F3-Drip 50% + Fertgn 75% 31.90 20.20 28.71 65.21 50.00 62.60 
       

 
CD 

(0.05) 
CD 

(0.05) 
CD  

(0.05) 
CD 

(0.05) 
CD 

(0.05) 
CD 

(0.05) 
S 0.001 NS 0.007 0.800 6.350 1.800 
I 0.031 1.369 0.028 2.760 3.32 2.20 
SI 0.002 NS 0.0001 1.390 NS 1.023 
F 0.007 1.447 0.003 2.260 3.649 1.402 
SF 0.002 NS 0.004 NS NS NS 
IF 0.005 NS 0.005 NS 6.320 NS 
SIF 0.004 NS 0.007 2.400 NS NS 



3.1.5. Fruit yield per vine 
 
 

The yield per vine in Muscat grapes is an important attribute which ultimately decides the 
yield of the crop. In first crop, significant and favourable influences were recorded among 
forms of fertilizers, drip irrigation and fertigation levels.  

 
Water Soluble Fertilizers have shown their superiority over NF in producing higher fruit 
yield per vine. Drip irrigation at 100% IRc + fertigation with WSF at 125% dose (S1I1F1) 
produced highest fruit yield of 12.253 kg per vine among all treatment combinations. Next 
to this, NF has registered 11.50 kg per vine under drip irrigation at 100% IRc + fertigation 
at 125% level (S2I1F1) (Table 3). This difference of 0.75 kg per vine with WSF has 
contributed for the yield increase of 6.5% compared to NF. Drip irrigation at 100% IRc 
was significantly superior to other levels in recording higher fruit yield of 10.076 kg per 
vine as compared to 9.099 kg and 8.489 kg per vine under 75 and 50% IRc respectively. 
Fertigation at 125% dose was significantly superior to 100 and 75% doses (9.718, 9.233 
and 8.713 kg under 125, 100 and 75% fertigation levels respectively). 
 

Table 4.  Average Berry weight and Bunch weight in Muscat grapes 
(Poids moyen de   baie et poids de groupe en raisins de Muscat) 

 
Treatments Average Berry weight (g) Bunch weight (g) 

S1- WSF I crop II crop III crop I crop II crop III crop 
I1F1-Drip 100% + Fertgn 125% 3.630 3.557 3.449 359.416 337.840 305.504 
I1F2-Drip 100% + Fertgn 100% 3.590 3.510 3.587 357.213 335.790 303.629 
I1F3-Drip 100% + Fertgn 75% 3.480 3.410 3.306 338.623 318.362 287.830 
I2F1-Drip 75% + Fertgn 125% 3.330 3.263 3.164 351.496 330.455 298.773 
I2F2-Drip 75% + Fertgn 100% 3.310 3.244 3.145 344.906 324.201 293.171 
I2F3-Drip 75% + Fertgn 75% 3.290 3.224 3.126 328.790 308.953 279.472 
I3F1-Drip 50% + Fertgn 125% 3.200 3.136 3.040 343.416 322.798 291.903 
I3F2-Drip 50% + Fertgn 100% 3.000 2.940 2.850 334.123 314.120 284.005 
I3F3-Drip 50% + Fertgn 75% 2.900 2.842 2.755 317.603 298.589 269.963 
S2- NF       
I1F1-Drip 100% + Fertgn 125% 3.510 3.405 3.335 356.796 335.378 303.278 
I1F2-Drip 100% + Fertgn 100% 3.490 3.385 3.155 352.143 331.028 299.323 
I1F3-Drip 100% + Fertgn 75% 3.390 3.288 3.221 328.446 308.696 279.180 
I2F1-Drip 75% + Fertgn 125% 3.190 3.094 3.031 342.636 322.032 291.241 
I2F2-Drip 75% + Fertgn 100% 3.000 2.910 2.850 338.710 318.378 287.905 
I2F3-Drip 75% + Fertgn 75% 2.940 2.852 2.793 318.870 299.686 271.040 
I3F1-Drip 50% + Fertgn 125% 2.870 2.784 2.727 339.113 318.757 288.248 
I3F2-Drip 50% + Fertgn 100% 2.740 2.658 2.606 332.456 312.553 282.588 
I3F3-Drip 50% + Fertgn 75% 2.550 2.474 2.423 305.706 287.404 259.850 
       
 CD (0.05) CD (0.05) CD (0.05) CD (0.05) CD (0.05) CD (0.05) 
S 0.027 0.002 0.040 3.580 6.315 5.549 
I 0.099 0.019 0.129 12.730 11.887 10.822 
SI 0.047 0.004 NS NS NS NS 
F 0.109 0.002 0.087 14.740 7.175 6.486 
SF NS 0.003 NS NS NS NS 
IF NS 0.004 NS NS NS NS 
SIF 0.082 0.005 NS NS NS NS 
 
 
3.1.6. Fruit yield  

 
 

Fruit yield in grapes is the function of number of bunches per vine, number of berries per 
bunch, berry weight, bunch weight, yield per vine and the population. With the present 



investigation optimum fertigation, drip irrigation levels and forms of fertilizers have been 
standardized. The correct choice of fertilizer forms with scheduling through optimum drip 
irrigation volume and dosing of fertilizers would definitely improve the yield in Muscat 
grapes over conventional practices by the farmers. The view of the experimental field with 
bunches nearing harvest is shown in Fig 3. 

 

Figure 3. Grape fruit at maturity with water soluble fertilizer (Fruit de raisin à la 
maturité avec  de l'engrais hydrosoluble) 

 
The results showed that the highest fruit yield of 25.03 tons ha-1 was registered with WSF 
as compared to 21.66 tons ha-1 only under NF. In case of drip irrigation levels, drip 
irrigation at 100% IRc was significantly superior to 75 and 50% IRc levels. A mean of 
24.76 tons ha-1 was recorded under 100% IRc as compared to 22.98 tons ha-1 and 22.29 
tons ha-1 respectively under 75 and 50% IRc. With regard to fertigation levels, drip 
fertigation at 125% dose was on par with 100% dose but significantly superior to 75% 
dose. 
 
The interaction among the forms of fertilizers, drip irrigation and fertigation levels showed 
that drip irrigation at 100% IRc + drip fertigation with WSF at 125% dose and (S1I1F1) has 
recorded significantly an outstanding yield of 27.50 tons ha-1. Under NF, drip irrigation at 
100% IRc + drip fertigation at 125% dose has recorded a yield of 25.86 tons ha-1. On 
equivalent input basis (water + fertilizer) to grapes, ( i.e WSF & NF with drip at 100 IRc + 
fertigation at 125% RDF S1 / S2I1F2 ), an increase in fruit yield of 10.99% was achieved 
with WSF over NF (Table.5). This increase with WSF is primarily attributed to increased 
water and nutrient availability, aeration, number of root tips and transport from roots to 
shoots similar to the earlier findings (Ben Ami Bravdo, 1995). 
 
 

4.  Water consumption under drip system in Muscat grapes 
 
 
Total cumulative pan evaporation (CPE) during the 1st cropping period was 583.3 mm. 
The total water requirement including effective rainfall was 369.8, 344.7 and 319.5 mm 
under drip irrigation levels at 100, 75 and 50% levels respectively in first crop (Table 6).   
In second cropping period, the total CPE was 591.7 mm with an effective rainfall of 124.1 
mm. The computed irrigation requirement (IRc) through drip was 330.3, 247.7 and 165.1 
mm under 100, 75 and 50% IRc respectively. Hence the total water used (Drip irrigation + 
effective rainfall) was 454.4, 371.8 and 289.2 mm at 100, 75 and 50% IRc respectively, 
Fig. 4.  



Table 5.  Yield per vine and Fruit yield in Muscat grapes (Le rendement par vigne et le 
fruit rapportent en raisins de Muscat) 

 
Treatments Fruit yield (kg per vine) Fruit yield (tonnes ha-1) 

S1- WSF I crop II crop III crop I crop II crop III crop 
I1F1-Drip 100% + Fertgn 125% 12.250 9.922 10.964 27.500 22.065 24.361 
I1F2-Drip 100% + Fertgn 100% 11.754 8.879 10.317 26.870 19.729 22.924 
I1F3-Drip 100% + Fertgn 75% 10.930 7.678 9.637 25.040 17.059 21.414 
I2F1-Drip 75% + Fertgn 125% 11.290 8.290 9.791 26.010 18.421 21.755 
I2F2-Drip 75% + Fertgn 100% 11.100 7.239 9.170 23.670 16.086 20.376 
I2F3-Drip 75% + Fertgn 75% 10.500 6.710 8.821 23.790 14.909 19.600 
I3F1-Drip 50% + Fertgn 125% 10.654 7.265 8.982 22.350 16.143 19.957 
I3F2-Drip 50% + Fertgn 100% 10.478 6.709 8.648 22.470 14.907 19.216 
I3F3-Drip 50% + Fertgn 75% 10.200 6.020 8.222 20.890 13.377 18.269 
S2- NF        
I1F1-Drip 100% + Fertgn 125% 11.500 9.332 10.500 25.860 20.738 23.332 
I1F2-Drip 100% + Fertgn 100% 11.150 8.223 9.864 24.213 18.272 21.918 
I1F3-Drip 100% + Fertgn 75% 10.780 7.078 9.175 21.940 15.727 20.387 
I2F1-Drip 75% + Fertgn 125% 11.012 7.780 9.375 24.170 17.286 20.832 
I2F2-Drip 75% + Fertgn 100% 10.751 7.274 9.031 23.520 16.163 20.067 
I2F3-Drip 75% + Fertgn 75% 9.245 6.203 8.407 21.040 13.782 18.680 
I3F1-Drip 50% + Fertgn 125% 10.050 6.941 8.698 21.890 15.422 19.328 
I3F2-Drip 50% + Fertgn 100% 9.113 6.532 8.369 20.450 14.473 18.597 
I3F3-Drip 50% + Fertgn 75% 9.002 5.938 8.013 18.540 13.193 17.804 
       
 CD (0.05) CD (0.05) CD (0.05) CD (0.05) CD (0.05) CD (0.05) 
S 0.110 NS 0.224 0.538 NS 0.497 
I 0.310 0.304 0.286 0.924 0.675 0.635 
SI 0.200 NS NS 0.655 NS NS 
F 0.280 0.457 0.178 0.399 1.015 0396 
SF 0.200 NS NS NS NS NS 
IF NS NS NS NS NS NS 
SIF NS NS NS 0.979 NS NS 
 
In the third crop also, the total CPE was 556.3 mm with an effective rainfall of 88.7 mm. 
The total water used (drip irrigation + effective rainfall) under 100, 75 and 50% IRc (drip 
irrigation treatments I1, I2 and I3) was 403.9, 325.1 and 246.3 mm respectively. In third 
crop the peak drip irrigation requirement was 65.98, 49.49 and 32.99 litres/ vine once in 3 
days at 100, 75 and 50% IRc respectively during 15th of Aug 2005. From this clear that for 
Muscat grapes, drip irrigation requirement is 21.99 litres per vine per day at 100% ET 
replenishment level. For maximum fruit yield in grapes, drip irrigation at 100% IRc was 
essential as could be seen growth and yield characters in Muscat grapes as discussed 
above. However compared to conventional irrigation (40 litres / vine), there is water 
saving of 19% under drip irrigation (Rao et al, 1999).  

 



Table 6.  Drip irrigation requirement of Muscat grapes (Condition d'irrigation par 
égouttement des raisins de Muscat) 

 
 I crop II crop III crop 

Treatments 

Drip 
irrigation 

Requirement 
(mm) 

Total Water 
Requirement 

(mm) * 

Drip 
irrigation 

Requirement 
(mm) 

Total Water 
Requirement 

(mm) 

Drip 
irrigation 

Requirement 
(mm) 

Total 
Water 

Require- 
ment 
(mm) 

S1- WSF       
I1F1 100.6 369.8 330.3 454.4 315.2 403.9 
I1F2 100.6 369.8 330.3 454.4 315.2 403.9 
I1F3 100.6 369.8 330.3 454.4 315.2 403.9 
I2F1 75.5 344.7 247.7 371.8 236.4 325.1 
I2F2 75.5 344.7 247.7 371.8 236.4 325.1 
I2F3 75.5 344.7 247.7 371.8 236.4 325.1 
I3F1 50.3 319.5 165.1 289.2 157.6 246.3 
I3F2 50.3 319.5 165.1 289.2 157.6 246.3 
I3F3 50.3 319.5 165.1 289.2 157.6 246.3 

S2- NF       
I1F1 100.6 369.8 330.3 454.4 315.2 403.9 
I1F2 100.6 369.8 330.3 454.4 315.2 403.9 
I1F3 100.6 369.8 330.3 454.4 315.2 403.9 
I2F1 75.5 344.7 247.7 371.8 236.4 325.1 
I2F2 75.5 344.7 247.7 371.8 236.4 325.1 
I2F3 75.5 344.7 247.7 371.8 236.4 325.1 
I3F1 50.3 319.5 165.1 289.2 157.6 246.3 
I3F2 50.3 319.5 165.1 289.2 157.6 246.3 
I3F3 50.3 319.5 165.1 289.2 157.6 246.3 

*  Total water requirement includes effective rainfall of 269.2 mm, 124.1 mm, 88.7 mm in 
I, II and III crop respectively. 
 

 
 

Figure 4. Fruit yield, water requirement and water use efficiency in muscat  
grapes (I crop) (Le rendement de fruit, la condition de l'eau et l'eau 
emploient l'efficacité dans des graphiques de muscat (la récolte d'I) 

 



5. Fertilizer use efficiency (FUE) 
 
 
Fertilizer use efficiency was computed considering the fruit yield and total NPK applied 
per hectare by drip fertigation. Of course the doses in each levels under WSF and NF 
were similar (125%, 100% and 75% levels) but the forms of fertilizers applied were 
different.  

 
The total NPK nutrients supplied by fertigation both in WSF and NF was 330:266:990 
(1586 NPK Kg/ha) at 100% dose (F2) and 1982.5 kg at 125% dose and 1189.5 kg at 75% 
dose. Under this evaluation, in Ist crop, among the forms of fertilizers, WSF was 
significantly superior to NF with a mean higher FUE of 15.862 kg fruit / kg nutrient (8.98% 
increase) as compared to NF with 14.554 kg fruit / kg nutrient. In both forms of fertilizers 
viz., WSF and NF, higher FUE was associated with lower fertigation dose of 75% as 
compared to 100 and 125% fertigation doses. This is exactly opposite trend of fruit yield 
obtained. Among fertigation levels, WSF at 75% dose has registered significantly higher 
FUE of 21.886 kg fruit/kg nutrient applied as compared to NF at the same 75% dose 
(18.445 kg fruit / kg nutrient). In both forms of fertilizers, fertigation at 125% dose has 
registered significantly lower mean FUE of 12.463 kg fruit / kg nutrient as compared 
14.837 and 18.323 kg fruit / kg nutrient applied at 100 and 125% doses respectively. 
Similar to this finding, it is reported that the average NPK use efficiency was highest 
under schedule-I ( 40% NPK dose) compared to higher fertigation doses in Thompson 
seedless grapes (Jagdev Sharma et al. 2008). 

 
Among the drip irrigation levels, I1-drip at 100% IRc has registered significantly higher 
FUE of 16.572 kg fruit/kg nutrient to other levels (15.175 and 13.875 kg fruit / kg nutrient 
at 75 and 50% IRc respectively). Similar trend was recorded in 2nd and 3rd crops.  The 
relationship between fruit yield, fertilizer use efficiency and fertigation levels with WSF 
and NF is illustrated in Fig.5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Fertilizer use efficiency, fertigation does and fruit yield in   Muscat 
grapes (I crop) (L'efficacité d'utilisation d'engrais, fertigation fait et 
rendement de fruit en raisins de muscat (la récolte d'I) 

 



6. Fruit quality in Muscat grapes 
 
 
6.1 Total Soluble solids, Total sugar and Acidity 

 
 

Results from the present investigation showed that the fruit quality in Muscat grapes was 
favourably improved due to forms of fertilizers, drip fertigation and drip irrigation levels. In 
first crop, the TSS content in fruits was significantly varying due to fertigation with WSF 
and NF. The highest TSS (16.91%) was registered with WSF under drip irrigation at 
100% IRc + fertigation at 125% dose as compared to16.57% similar treatment with NF.  

 
With regard to Total sugar content in Muscat grapes, WSF were significantly superior to 
NF in registering higher Total sugar per cent (14.96%) with drip irrigation at 100% IRc + 
fertigation at 125% dose. The Total sugar content under NF was 14.80% only.  In case of 
fruit acidity, fertigation with WSF and NF at higher dose of 125% were equally found to be 
superior in registering least acidity of 0.45% and 0.44% respectively as shown in Fig.6. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.2. Shot berries (per cent) 
 
 
The average number of shot berries was lower in WSF as compared to NF (7.11 and 
8.05% respectively).  

 
In first crop, Water soluble fertilizers at 125% dose + drip irrigation at 100% IRc (S1I1F1 ) 
has registered significantly lowest per cent of shot berries (5.27%). While under NF 
(fertigation at 125% dose + drip irrigation at 100% IRc (S2I1F1) the per cent shot berries 
was 6.12%. 

Figure 6. Fruit quality as influenced by fertigation with WSF and NF in  
Muscat grapes (III crop) (Qualité du fruit comme influencée par 
fertigation avec WSF et N-F en raisins de muscat (III récolte) 

 



 
 
 
6.3. Unripe berries 
 
 
Fertigation with WSF has improved the quality of grapes with minimum per cent of unripe 
berries which is an essential character in marketing point of view. In first crop, the lowest 
per cent of unripe berries were recorded under fertigation with WSF at 125% RDF + drip 
irrigation at 100% IRc (S1I1F1 1.75%) followed by same treatment with NF (S2I1F1, 1.75%). 
Both forms of fertilizers viz., WSF and NF by means of fertigation in Muscat grapes has 
improved the fruit quality which is essential for better market price. 
 
 

7. Economics of drip fertigation in Muscat grapes 
 
 
7.1. Cost of drip fertigation system 

 
 

The drip irrigation system along with fertigation unit for Muscat grapes (at a spacing of 3 x 
1.5 m) was Rs.39706 per hectare. While considering the life of the system for 10 years 
(well maintained in case of perennial crops like grapes), the annualized cost (which 
includes depreciation, annual interest @14.5%, repairs and maintenance@5%) was only 
Rs.9728 per hectare. Hence the annualized cost of drip system with fertigation assembly 
for grapes was Rs.9728 per hectare both for WSF (S1) and NF (S2). 
 
 
7.2. Cost of Water Soluble and Normal Fertilizers 

 
  

Among the two forms of fertilizers, WSF is costlier than NF where in the total fertilizer 
cost alone was Rs. 114695, Rs. 91756 and Rs. 68817 ha-1 at 125%, 100% and 75% NPK 
doses respectively. Normal fertilizers (with a combination of Urea for N, Ortho Phosphoric 
acid for P and Muriate of Potash for K) are nearly 1.5 times less costlier than WSF 
wherein  the per ha investment towards fertilizer was Rs. 82394, Rs. 65208 and Rs. 
49417 ha-1 at 125%, 100% and 75% NPK doses respectively. 
 
 
7.3. Seasonal total cost of cultivation 
 
7.3.1. Water soluble fertilizers (WSF) 
 

 
The seasonal total cost of cultivation which includes cost of drip fertigation system + cost 
of WSF + cost of cultivation for grapes was Rs.1,84,876, 1,61,937 and 1,38,998 per 
hectare under 125%, 100% and 75% RDF (330:266:990 kg/ha) respectively. 
 
 

7.3.2. Normal fertilizers (NF) 
 
In case of NF, the seasonal total cost of cultivation which includes cost of drip fertigation 
system + cost of WSF + cost of cultivation for grapes was Rs.1,62,303, 1,45,117 and 
1,29,326 per hectare under 125%, 100% and 75% RDF (330:266:990 kg/ha) respectively. 



7.4. Gross Income from the Fruit yield: 
 
 
Gross income was arrived out taking into consideration the price of fruit at prevailing 
market rates and the fruit yield in respective treatments. In first crop, among the two 
forms of fertilizers, highest gross income of Rs.4,12,500 was achieved with WSF under 
drip irrigation at 100% + fertigation at 125% dose (S1I1F1) as compared to Rs.3,87,900 
per hectare with NF in the same treatment. The gross income from other levels of 
fertigation both under WSF and NF are relatively lower. This was mainly due to the high 
order of fruit yields under higher levels of fertigation (Swapnil Bachchhav. 1995). In 
second crop also the highest gross income was associated with  fertigation at 125% dose 
with WSF (S1I1F1 ,Rs 330750 per hectare), followed by NF at 125% dose (S2I1F1 ,Rs 
3,11,100 per hectare). In third crop also, the highest gross income was associated with  
fertigation at 125% dose with WSF (S1I1F1 ,Rs 365415 per hectare), followed by NF at 
125% dose (S2I1F1 ,Rs 3,49,979 per hectare). 

 
 

7.5. Benefit cost ratio 
 
 
Contrary to the gross income obtained, the gross benefit cost ratio (considering the gross 
income and seasonal total cost of cultivation) showed reverse trend in respect of 
fertigation doses. The benefit cost ratio was higher under 75% fertigation level as 
compared to 100 and 125% RDF. This was particularly attributed to higher cost of 
fertilizers at higher doses especially with WSF.  
In first crop both NF and WSF were found to be equally superior at 75% fertigation dose 
registering the highest benefit cost ratio of 2.54 and 2.53 respectively. In second and third 
crops, NF has outweighed the WSF in registering highest B: C ratio of 1.92 and 2.36 at 
125% dose (II crop) and 75% dose (III crop) as shown in Table 7.  
The overall assessment showed that NF was superior to WSF. Fertigation at 75% dose 
has resulted equivalent income per rupee invested with that of 100 and 125% doses. This 
trend of results is mainly attributed to the fact that the WSF are costlier than NF at higher 
doses, hence lower B: C ratio in spite of highest gross income obtained. In the present 
investigation the drip fertigation with NF at 75% fertigation dose + drip irrigation at 100% 
IRc is outstanding to achieve higher benefit cost ratio of 1.92, 1.82 and 2.36 in Ist, IInd 
and III crops respectively.  
Hence considering the above situations, a Muscat grape grower can get higher income 
per rupee invested by adopting drip fertigation system with proper choice of fertilizer 
forms and schedule (Urea + Phosphoric acid + White Muriate of Potash) at 75% dose of 
recommended level while drip irrigation is scheduled at 100% IRc. 

 
Table 7.   Cost benefit analysis under drip fertigation in Muscat grapes  

(Analyse coûts-avantages sous le fertigation d'égouttement en raisins de Muscat) 
 Benefit cost ratio 
 Fertigation with Water Soluble 

Fertilizers 
Fertigation with Normal Fertilizers 

 125% 100% 75% 125% 100% 75% 
I Crop 2.12 2.32 2.53 2.39 2.50 2.54 
II Crop 1.70 1.72 1.72 1.92 1.89 1.82 
III Crop 1.88 2.00 2.16 2.16 2.27 2.36 
Mean 1.90 2.02 2.14 2.15 2.22 2.24 

Overall mean 2.02 2.21 



 
An analysis was made to assess the possible impact due to adoption of recommended 
technology from this study, drip irrigation at 100% computed irrigation requirement (IRc) 
and fertigation with NF (Urea + Phosphoric acid + Muriate of potash for N, P and K 
sources) at 75 % RDF in Tamil Nadu State in terms of overall monetary returns and 
illustrated in Table 8. by adoption of drip irrigation in the entire cultivated area of 2630 
hectares under grapes in Tamil Nadu, there is a possibility of saving irrigation water upto 
42080 ha cm (43 % water savings over conventional irrigation) corresponding to 0.421 
million cubic meters.  With this saving of irrigation water, an additional area of 1137.3 ha 
could be brought under drip irrigation.  Due to the yield increase by adoption of the above 
technology 12827 tonnes of Muscat grapes could be additionally produced in the State 
with monetary value of  513 million rupees (11.40 million US$). Further the yield from the 
additional area could be 24634 tonnes of grapes corresponding to a return of 985.35 
million rupees (21.90 million US$).   

 
Table 8.   Impact of adoption of recommended technology (from the project results) in 
Muscat grapes in Tamil Nadu State (Impact off adoption off recommended technology 

(from the project results) in Muscatel bunches in Tamil Nadu State) 
Sl. 
No Particulars Conven 

tonal * 
Drip  

Fertigation 
Total 

Savings 

In value 
Rs. In 
Million 

Million US $ 
(Rs.45/$) 

1 Water requirement 530 mm 370 mm 160 mm - - 

2 Total Water saving (43% 
compared to conventional) - 42080  

ha cm 

0.421 
million 
cubic 

metres 
- - 

3 Additional area coverage  due 
to water saving under drip - 1137.3 

ha - - - 

4 Yield increase from the 
existing area (2630 ha.) - 12827 tonnes - 513.06 11.40 

5 Yield from additional area - 24634 tonnes - 985.35 21.90 

6 
Gross Additional income due 

to drip irrigation and 
fertigation 

- - - 1498.41 33.30 

7 
Saving in fertilizer cost @ 

Rs15000 /ha due to 
fertigation at 75% dose with 

NF 

Rs.65000
/ ha Rs.50000/ ha - 39.45 0.88 

8 Increased price due to better 
quality @Rs./ kg Rs.40/kg Rs.45/kg - 187.20 4.16 

9 
Saving in energy (Electricity 

KWH/ha.) @Rs.5/per 
KWH/ha=Rs.7386/ha. 

   19.41 0.43 

10 Overall  Monetary returns in   
Tamil Nadu State - - - 1744.07 38.77 

* Data taken for comparison as reported in the literature and the current farmers practice 
 



Hence, the gross additional revenue in Tamil Nadu State due to adoption of drip irrigation 
and fertigation in 2630 ha + 1137.3 ha under drip would be 1498.41 million rupees (33.30 
million US $).  There is also a reduction in the cost of fertilizers (up to 25%) with NF at 
75% RDF at the rate of Rs.15000 per ha which would result a saving of 39.45 million 
rupees (0.88 million US $). Due to adoption of above technology, the increased market 
price at the rate of Rs.5/kg due to better fruit quality amounts to 187.2 million rupees 
(4.16 million US$). The energy saving  under drip irrigation compared with flood irrigation 
was 1476 KWH per hectare in grapes as reported by Narayanamoorthy (1996). Taking 
into account the total cultivated area of grapes in TN, a sum of 19.41 million rupees (0.43 
million US $) could be saved in Tamil Nadu State due to less pumping hours under drip 
irrigation in grapes. Considering this vital issue of saving electricity, subsidy for drip 
system is distributed by Electricity Board in Gujarat State (India) to the growers using drip 
irrigation.  The saving in electricity (free for irrigation in some states in India) is being 
diverted to other demands like industry and domestic sectors in Gujarat State. Apart from 
the possible direct beneftits due to adoption of drip fertigation in Muscat grapes, indirect 
benefits also could be accrued like less ground water pollution (lesser NO3 content) due 
to lesser inorganic fertilizers usage at 75% fertilizer dose by fertigation. 
Thus the overall monetary returns that could be realized due to the adoption of the best 
practice from this study in Tamil Nadu State (where Muscat grapes is primarily grown in 
India) would be 1744 million rupees (38.77 million US$).    

 
 

SUMMARY AND RECOMMENDATIONS 
 
 
In the present investigation optimum fertigation, drip irrigation levels and forms of 
fertilizers have been standardized. Drip fertigation is a superior technology for maximizing 
the fruit yield and quality in Muscat grapes. Highest gross income could be realized with 
WSF (of course with greater initial investment) followed by NF. However investment is 
also major criteria for a grape grower considering the escalating labour and input costs, 
hence the optimum drip fertigation dose and schedule would maximize the income per 
rupee invested. In this context, compared to Water Soluble Fertilizers for fertigation, 
Normal Fertilizers (Urea +Phosphoric acid + Muriate of Potash)  at 75% recommended 
dose has produced outstanding benefit cost ratio ranging from 1.92 to 2.36 per rupee 
invested.  
Thus in the present investigation drip fertigation with Normal fertilizers at 75% NPK 
recommended dose with drip irrigation at 100% computed irrigation requirement is the 
most promising and economically viable technology for maximizing the fruit yield, quality 
and benefit cost ratio for the Muscat grape grower in Tamil Nadu State. 
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ABSTRACT 
 
 

Polyhouse cultivation gives higher yield, higher productivity, better quality produce and 
production throughout the year. Capsicum (Capsicum annum L.) is a valuable vegetable 
crop with excellent prospect both for the domestic and export market. To ensure its 
regular and off-season supply, technology for growing of capsicum under protected 
conditions needs to be standardized. Irrigation is one of the most important inputs, which 
affects the yield and quality of agricultural produce from polyhouse. Efficient irrigation in 
polyhouse can be achieved by accurate estimates of evapotranspiration. The important 
factors to control the polyhouse evapotranspiration are solar radiation, air temperature, 
relative humidity and wind speed. Control and monitoring of environmental parameters 
inside a Polyhouse, so as to ensure continuous maintenance of favorable crop 
atmosphere is the objective of the work presented in this paper. The objective is achieved 
through the use of internet based technology. The polyhouse has a direct effect on air 
temperature, and relative humidity and an indirect effect on soil temperature and soil 
moisture inside the polyhouse. Climatic parameter inside a polyhouse need to be 
controlled to ensure timely and abundant yields. The present study has been undertaken 
to study the effects of climatic variability on the evapotranspiration and to determine the 
schedule of irrigation of drip irrigated capsicum in a naturally ventilated polyhouse. Web 
enabled automatic weather station having sensors for real time online measurement of 
soil temperature, soil moisture, ambient temperature, humidity, leaf wetness, solar 
insolation, was installed inside the polyhouse. Capsicum (Capsicum annum L.) was 
transplanted inside the polyhouse and crop evapotranspiration was estimated. The 
system also allows transmission of process parameters, including sending a SMS on a 
mobile phone. The concept encompasses data acquisition through a sensor network, 
data storage, post processing and online transmission of data to multiple users logged on 
to web-browsers. Further, control of process parameters of a Polyhouse control of pumps 
and accessories and ventilators in real time was also possible. From, this study it is 
concluded that the total crop water requirement of capsicum under inside polyhouse was 
about 20-40 % less than outside the polyhouse. Farmers do require expert guidance to 
use this new technology of Polyhouse farming. This methodology of farming reduces 
dependency on rainfall and makes the optimum use of land and water resources; typical 
gains may be three times as much as those of traditional farming. 
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INTRODUCTION 
 

Modern technology, mobile phone and internet can play a vital role in modern agriculture. 
No other technology has made such an impact on modern society. Internet and web 
based services form one of the core foundations of a successful information technology 
based society. The web is not only used to gain visibility, share information, sell products 
and conduct business, but it can also be used to improve the way we design engineering 
systems, manufacture them and test the final products. A balanced and Justified usage of 
internet facilities can lead to reduction in design the system and subsequent improvement 
of overall quality. Computer based weather data acquisition, web based experiments and 
virtual instrumentation and control applications have been an active area of interest in 
recent years particularly in agriculture.  
Simultaneously, we have seen the exponential growth in mobile telephony in the last 
decade. It is natural that internet and mobile technology are going through a phase of 
fusion. India is the second largest mobile market in the world after China, with over 490 
million subscribers of mobile telephones. In the context of large developing countries like 
India, it is increasingly becoming clear that mobile telephony coupled with internet 
services will prove to be one of the most efficient systems for penetration of services, 
products and knowledge to large number of farmers, depends on agriculture. 
Mechanization and modernization of agriculture must infuse these two technologies so as 
to make considerable impact in the agriculture. Indian farmers face several challenges 
such as small land holding, intermittent power supply, poor yields due to reliance on 
inefficient methods of farming, too much reliance on natural phenomena such as rainfall 
and lack of knowledge of modern methods of agriculture. In conventional agronomical 
practices, the crops are being grown in the open field under natural conditions where the 
crops are more susceptible to sudden changes in climate i.e. temperature, humidity, light 
intensity, photo period and other conditions due to which the quality, yield of a particular 
crop can get affected and may be decreased.  
Polyhouse farming is an alternative new technique in agriculture gaining foothold in rural 
India and can be successfully employed for niche areas of agriculture. Polyhouse 
cultivation as well as other modes of controlled environment cultivation has been evolved 
to create favorable micro-climates, which favours the crop production, could be possible 
all through the year or part of the year as required. The primary environmental parameter 
traditionally controlled is temperature, usually providing heat to overcome extreme cold 
conditions. However, environmental control can also include cooling to mitigate excessive 
temperatures, light control either shading or adding supplemental light, carbon dioxide 
levels, relative humidity, water, plant nutrients and pest control. 
A typical Polyhouse is varies from 400 - 10,000 m2 suited for farmers with small and 
marginal land holding. A low- to medium - cost Polyhouse could cost between Rs. 375 to 
Rs. 1475 m2, whereas a high-cost, fully-automated Polyhouse costs Rs. 2,000 m2. Most 
Indian farmers cannot afford such high costs therefore Government of India through 
National Horticulture Mission (NHM) under Ministry of Agriculture is providing assistance 
to farmers up to 50 % to promote use of such systems. Farmers do require expert 
guidance to use this new technology of Polyhouse farming. This methodology of farming 
reduces dependency on rainfall and makes the optimum use of land and water resources; 
typical gains may be three times those of traditional farming. Parameters such as soil 
moisture, nutrients, sunlight, humidity, air temperature, dry bulb and wet bulb temperature 
etc., inside a polyhouse needs to be controlled to ensure timely and abundant yields. 
Information on the installation of the polyhouse, its economic viability, availability of 
subsidies for erecting them, and other technical information is available to some extent.  
 
Cha´vez et al. (2009) made effort to monitor irrigation and other control systems for areas 
having scarcity of water. At present there are very few companies/service providers who 
are involved in such control, monitoring and automation of Polyhouses in India. However; 



few examples can be seen in states of Maharashtra, Gujarat and Tamil Nadu. Popularity 
of Polyhouses because of support in NHM will naturally lead to increase in demand for 
better control and automation. 
 
Web enabled automatic weather station having sensors for real time online measurement 
of soil temperature, soil moisture, ambient temperature, humidity, leaf wetness, solar 
insolation was installed inside the polyhouse. Capsicum (Capsicum annum L.) was 
transplanted inside the polyhouse and crop evapotranspiration was estimated. System 
also allows transmission of process parameters, including sending a SMS on a mobile 
phone. The concept encompasses data acquisition of through a sensor network, data 
storage, post processing and online transmission of data to multiple users logged on to 
web-browsers. Efforts were also made to study the effects of climatic variability on the 
evapotranspiration and to determine the schedule of irrigation of drip irrigated capsicum 
in a naturally ventilated polyhouse through automation and monitoring of climatic 
parameters. 

 
 

Material And Methods 
 
 
Field experimentation 
The present study was conducted at Precision Farming Development Centre, Water 
Technology Centre, Indian, India Agricultural Research Institute (IARI), New Delhi during 
2009-10 and 2010-11. IARI is situated in between the latitudes of 28037’22”N and 
38039’05”N and longitudes of 7708’45” and 77010’24”E at an average elevation of 230 m 
above the mean sea level.  
 
The mean annual temperature is 25 0C. An absolute maximum temperature of 450C in the 
month of May  
/ June and minimum of 20C during the month of January. The mean annual rainfall is 714 
mm.  The average relative humidity varies from 34.1 to 97.9 per cent and average wind 
speed from 0.45 to 3.96 m/s. The Electrical Conductivity (EC) and pH of irrigation water 
was 2.5 dS/m and 7.5, respectively. Irrigation was given by inline drip irrigation system. 
Irrigations were applied as per the measured evapotranspiration rate during the 
experimental period.  
 
Sweet Pepper (capsicum) was chosen as a polyhouse test crop.  Nursery of capsicum 
was raised in the polyhouse, in soil less media in plastic trays to produce disease free 
seedlings. For nursery raising coco peat, vermiculite and perlite mixer was used in the 
ratio of 3:1:1. The 4-5 week seedlings were transplanted in the polyhouse in the second 
week of September in polyhouse.  A PVC sub main line (45 mm diameter) was laid for 
the experimental area. The lateral pipes of 16 mm diameter were taken out from the sub 
main line for the irrigation of capsicum crop inside the polyhouse. The lateral lines were 
placed at 120 cm interval. The inline drip system having dripper’s discharging capacity of 
1.6 lph at a spacing of 30 cm were used. The fertigation system consists of irrigation 
controller, solution tank, electrical pump, filter, valve, connector, distribution pipes and 
drippers. A fertilizer solution of 10 kg N, 7.5 kg P2O5 and 5 kg K2O was prepared using 
Urea, Single super phosphate and Muriate of potash, respectively for application in 250 
m2 polyhouse. 
 



Polyhouse automation 
 
 
The present study was conducted in 10m x 25m naturally ventilated Quonset-type 
polyhouse. The polyhouse was made of galvanized steel tube structural frames, with 200 
micron inch ultraviolet stabilized sheet as a cladding material. It was oriented 
approximately east-west. Polyhouse protects the agricultural crops from sudden change 
in weather and regulates the environment inside the Polyhouse. This helps to grow the 
crops without any external obstruction. Therefore, monitoring and control are the core 
element of a polyhouse technology. Polyhouse automation control system will refer to a 
network of sensors and controllers/actuators, which in turn will detect the environmental 
changes of the polyhouse and take necessary action against predefined set of normal 
values.  
 
Sensor networking can be achieved through a wired network or wireless sensor 
networks. With deep penetration of internet services to remote area, it is possible to 
convert a field server into a web server. In such cases, a field server will have its own 
Internet Protocol address. Such a system greatly increases the versatility of the 
monitoring and control strategy. The need for continuous in-situ monitoring by personnel 
is eliminated to a large extent, as farmers can be remotely connected to the polyhouse 
environment through a simple internet connection. Such a system can also be easily 
extended so that the control and monitoring of specified parameters can not only be done 
through the internet, but farmers can also use their mobile telephones to accomplish the 
same task. Benefit of using the mobile phone is that there is no limit to the distance as 
well as connection. Mobile telephones for e-mail communication for sending alarm 
signals, if required to many clients who may be temporarily unconnected to the web 
server. These signals are generated by the process server in conjunction with primary 
databases, containing alarm parameters, and forwarded to the web server for further 
transmission. 
 
In PFDC farm, Water Technology Centre, IARI, Web enabled automatic weather station 
(WAWS) having sensors for real time online measurement of soil temperature, soil 
moisture, ambient temperature, humidity, leaf wetness, solar insolation was installed 
inside the polyhouse (Figure 1). WAWS consist of a weather proof enclosure containing 
the data logger, meteorological sensors with an attached solar panel mounted upon a 
mast. This station is connected with GPRS based internet connection. SMS alert 
messages can be received in cell phones. It sends data periodically to a web based 
database. Station settings and data handling needs only web browser with identity and 
password. The system allows the remote user, connected through the internet to the 
WAWS, to fully access the GUI appearing on his/her web browser to online monitor the 
processes taking place in the Polyhouse. While the data acquisition occurs on the on-site 
Field server, the remote user has complete data monitoring and their values. Individual 
web browsers, with permission to control, can initiate the measurement or automation 
application, as desired. Other logged-in users also can view the real time data.   
 
 



 
 

      
 

Figure 1. Polyhouse having Web enabled automatic weather station with capsicum crop 
 
 

Results And Discussions 
 
 
Microclimate inside and outside the polyhouse 
The daily data recorded by weather sensors under the polyhouse are presented in the 
Figure 2. Similar data table can be get for hourly interval to monitor the climatic condition 
inside the polyhouse (Table 1 and 2). On an average, the air temperature difference 
between inside and outside the polyhouse was about 2–8o C. The air temperature inside 
the polyhouse was higher than outside the polyhouse.  On the contrary, the relative 
humidity inside the polyhouse humidity was almost same during the summer but it was 
about 7.5 % lower than the outside environment during winter season.  Morgan and 
Leonard (2000) listed that 33 oC as the inhibition temperature for fruit set in pepper. In the 
winter when ambient temperature was very low and it was not possible to grow capsicum 
in that situation, polyhouse a technology which improves the yield tremendously.  
Wind speed in the polyhouse as expected, was nil in the polyhouse. The advantages of 
low wind speed include low evapotranspiration rate that means lesser water requirements 
(Abou-Hadid et. al., 1994). On an average, the daily measured solar radiation inside the 
polyhouse was 10.9 MJ m-2day-1 compared to 13 MJ m-2 day-1 for the open environment. 
It means that the plants inside the polyhouse received about 18-20 % less energy in the 
form of net solar radiation than outside the polyhouse. The type of roof material used 
caused the reduction of the total solar radiation in the polyhouse. The reduction of solar 
energy received by the plants also results in the reduced evapotranspiration. 
 



The total water requirement inside and outside the polyhouse at different stages are 
presented in Table 3. The total crop water requirement of capsicum under drip irrigation 
inside and outside the polyhouse was estimated to be 546.6 mm and 407 mm, 
respectively. Four growth stages were considered for capsicum. They were the initial 
stage, developmental stage, middle and maturity stage. The crop duration was extended 
significantly in the polyhouse from 117 days to 218 days. Users can have maximum 
picking and regular yield in polyhouse. The initial stage excluding seedlings at the nursery 
lasted for 25 days. The developmental growth stage lasted for 30 days. The mid-season 
growth stage (flowering and fruiting) stage lasted for 39 days and the maturity stage 
lasted for 24 days. But in the polyhouse initial, developmental, middle and maturity stages 
were of 30, 34, 84 and 70 days, respectively. Maturity stage was later characterized by 
senescence and drying of leaves after the harvesting was over. Grimes and Williams 
(1990) also asserted that water requirement for hot pepper per growing season ranges 
between 400 mm and 500 mm depending on the season of planting and the climatic 
conditions prevailing in the area.  
The results obtained from this study shows that regular monitoring of polyhouse can save 
water at least 40, 24.3, 30.4 and 47.6 % in initial, developmental, middle and maturity 
stages, respectively (Table 3).  
 

 
 

  

 
Figure 2. Weather data monitored during May 1 to May 30, 2010 

 



Table 1. Daily weather data monitored in the polyhouse (taken from website) 
 

Date 

Solar 
radiation 

Dgt 
Precipitation Wind speed Battery 

voltage
Leaf 

Wetness HC Air temperature HC Relative 
humidity Dew Point Soil temperature Dgt 

[W/m²] [mm] [m/sec] [mV] [min] [°C] [%] [°C] [°C] 

 average sum Avg. Max. last time Avg. Min. Max. Avg. Avg. Min. Avg. Min. Max.

1/1/2011 29 0 0 0 6532 0 15.1 8.1 30.1 87.0 12.1 8.1 15.7 14.0 18.7 

1/2/2011 19 0 0 0 6522 13.6 9.5 26.3 85.0 10.5 8.6 15.0 13.7 17.1 

1/3/2011 25 0 0 0 6522 13.6 6.1 28.8 85.0 10.6 6.0 14.8 13.1 17.7 

1/4/2011 21 0 0 0 6522 10.5 3.3 25.9 88.0 8.0 3.2 13.0 10.8 15.6 

1/5/2011 21 0 0 0 6522 11.3 5.2 25.2 87.0 8.6 4.6 12.9 11.4 15.4 

1/6/2011 25 0 0 0 6512 12.4 6.0 29.4 87.0 9.6 5.6 13.3 11.6 16.4 

1/7/2011 23 0 0 0 6522 12.4 5.3 30.1 88.0 9.8 5.2 13.3 11.3 16.5 

1/8/2011 18 0 0 0 6522 0 10.2 4.6 22.0 92.0 8.5 4.5 12.5 11.3 14.8 

1/9/2011 8 0 0 0 6494 0 9.7 5.4 18.3 94.0 8.6 5.4 11.8 11.2 13.2 

1/10/2011 27 0 0 0 6532 12.4 6.2 29.2 85.0 9.0 6.2 12.4 10.5 15.5 

1/11/2011 31 0 0 0 6522 13.4 4.7 33.6 81.0 8.7 4.7 13.0 10.2 16.8 

1/12/2011 28 0.2 0 0 6512 14.2 3.6 36.1 83.0 10.1 3.5 13.6 10.2 17.6 

1/13/2011 23 0 0 0 6512 0 15.1 5.3 33.2 85.0 11.6 5.2 14.2 11.2 17.8 

1/14/2011 25 0 0 0 6512 0 16.9 9.5 32.3 85.0 13.7 9.4 15.7 13.3 18.9 

1/15/2011 32 0 0 0 6512 20 15.9 7.6 32.8 85.0 12.2 6.4 16.0 14.1 19.0 

1/16/2011 37 0 0 0 6532 0 16.7 8.3 31.5 74.0 10.3 5.7 15.1 13.7 17.5 

1/17/2011 51 0 0 0 6512 0 19.4 8.6 33.6 64.0 10.3 7.6 15.2 11.8 17.6 

1/18/2011 31 0 0 0 6512 0 15.5 3.7 38.7 78.0 9.7 3.6 14.5 10.9 18.7 

1/19/2011 31 0 0 0 6512 0 14.2 4.7 32.1 78.0 8.5 4.6 14.3 11.4 17.7 

1/20/2011 28 0 0 0 6522 0 14.5 4.3 34.5 77.0 8.8 4.2 14.3 11.0 18.3 

1/21/2011 27 0 0 0 6512 0 16.1 5.1 38.6 78.0 10.6 5.1 14.8 11.4 18.9 

1/22/2011 26 0 0 0 6522 0 17.8 7.4 37.3 76.0 12.0 7.4 15.8 12.9 19.6 

1/23/2011 26 0 0 0 6522 0 17.4 7.6 36.4 80.0 12.3 7.6 16.6 13.7 20.0 

1/24/2011 30 0 0 0 6522 16.1 6.8 34.7 77.0 10.3 6.7 15.8 12.8 19.6 

1/25/2011 21 0 0 0 6512 14.7 5.0 31.4 80.0 10.1 4.9 15.0 11.8 18.8 

1/26/2011 25 0 0 0 6522 16.6 7.2 36.0 75.0 10.5 7.1 15.8 13.0 19.2 

1/27/2011 21 0 0 0 6522 13.8 5.6 27.5 81.0 9.5 5.5 14.7 12.1 17.4 

1/28/2011 27 0 0 0 6512 15.4 4.5 36.9 78.0 9.9 4.5 14.6 11.1 18.9 

1/29/2011 22 0 0 0 6522 15.1 5.4 33.7 81.0 10.7 5.3 14.9 11.7 18.2 

1/30/2011 25 0 0 0 6522 17.3 8.6 35.6 83.0 13.2 8.3 16.2 13.8 19.8 

1/31/2011 35 0 0 0 6522 17.2 7.0 37.5 79.0 11.8 7.0 16.2 13.0 20.2 



Table 2. Sample sheet showing weather data recorded every hour inside  
poly house on Dec. 1, 2010 

 

All sensors(Green House, Sernum. 00000CD8) 

Date 

Solar 
radiation 

Dgt 
Precipitation Wind speed HC Air temperature 

HC 
Relative 
humidity 

Dew Point 
Soil temperature 

Dgt 

[W/m²] [mm] [m/sec] [°C] [%] [°C] [°C] 
AvG. sum Avg. Max. Avg. Min. Max. Avg. Avg. Min Avg. Min Max 

12/1/2010 
1:00 0 0 0 0 9.35 9.25 9.55 100 9.3 9.2 15.4 15.3 15.6 

12/1/2010 
2:00 0 0 0 0 9.07 8.93 9.25 100 9 8.9 15.1 15 15.3 

12/1/2010 
3:00 0 0 0 0 8.7 8.57 8.89 100 8.6 8.5 14.7 14.6 14.9 

12/1/2010 
4:00 0 0 0 0 8.51 8.41 8.58 100 8.4 8.4 14.5 14.4 14.6 

12/1/2010 
5:00 0 0 0 0 8.25 8.11 8.38 100 8.2 8.1 14.2 14.1 14.3 

12/1/2010 
6:00 0 0 0 0 7.89 7.76 8.05 100 7.8 7.7 13.9 13.8 14.1 

12/1/2010 
7:00 0 0 0 0 7.61 7.5 7.73 100 7.5 7.5 13.6 13.6 13.8 

12/1/2010 
8:00 9 0 0 0 7.89 7.48 8.8 100 7.8 7.4 13.5 13.5 13.6 

12/1/2010 
9:00 50 0 0 0 12.09 9.12 14.73 99 11.9 9.1 14 13.5 14.7 

12/1/2010 
10:00 81 0 0 0 18.66 15.29 22.16 74 13.7 12.9 15.4 14.8 16.1 

12/1/2010 
11:00 107 0 0 0 25.11 22.72 26.85 47 12.7 10.7 16.6 16.2 17.2 

12/1/2010 
12:00 131 0 0 0 27.3 24.99 31.1 39 11.7 10.6 17.9 17.3 18.6 

12/1/2010 
13:00 161 0 0 0 32.61 31.75 33.57 28 11.5 10.6 18.5 18.2 18.8 

12/1/2010 
14:00 147 0 0 0 34.51 33.87 34.91 25 11.4 8.9 19.4 18.9 19.9 

12/1/2010 
15:00 109 0 0 0 33.44 32.52 34.51 27 11.2 9.8 20.1 19.9 20.4 

12/1/2010 
16:00 59 0 0 0 30.56 28.1 32.38 32 11.8 10.2 20.5 20.4 20.6 

12/1/2010 
17:00 17 0 0 0 24.51 21.14 27.63 54 14 11.2 20.4 20.3 20.6 

12/1/2010 
18:00 0 0 0 0 17.67 15.32 20.5 74 12.8 11.7 19.9 19.6 20.3 

12/1/2010 
19:00 0 0 0 0 13.52 12.42 14.98 89 11.5 11.2 19.2 18.9 19.6 

12/1/2010 
20:00 0 0 0 0 11.69 11.21 12.28 96 10.8 10.7 18.5 18.2 18.8 

12/1/2010 
21:00 0 0 0 0 10.82 10.51 11.14 98 10.3 10.2 17.9 17.6 18.2 

12/1/2010 
22:00 0 0 0 0 10.28 10.06 10.47 99 10 9.9 17.3 17.2 17.6 

12/1/2010 
23:00 0 0 0 0 9.83 9.6 10.03 100 9.6 9.5 16.9 16.7 17.1 

12/2/2010 
0:00 0 0 0 0 9.38 9.38 9.38 100 9.3 9.3 16.3 16.3 16.3 



Table 3. Total water requirement of capsicum at varying crop growth stages 
S. 
No 

Stages Days after Transplanting ETc, mm/day Saving in ETc in the 
polyhouse , % Outside Inside Outside Inside 

1 Initial 0-25 0-30 1.20 0.72 40.0 
2 Development 26-55 31-65 2.45 1.85 24.3 
3 Middle 56-95 66-150 5.03 3.50 30.4 
4 Maturity 96-120 150-220 

4.58 2.40 47.6 
 
 

SUMMARY AND CONCLUSIONS 
 
 
Web is changing the way we take measurements and distribute results. Few options exist 
for remotely controlling applications of water requirement in polyhouse. We try to 
incorporate the web into control of polyhouse micro climate. Internet based application for 
control and monitoring of a Polyhouse farm has been successfully demonstrated. At 
present, initial cost is major concern. However, on one side, cost of such systems is 
decreasing at a rapid pace. Capsicum (Capsicum annum L.) is a valuable vegetable crop 
with excellent prospect both for the domestic and export market can be grown in 
polyhouse. To ensure its regular and off-season supply, technology for growing of 
capsicum under protected conditions was standardized. Irrigation is one of the most 
important inputs, which affects the yield and quality of agricultural produce from 
polyhouse. Efficient irrigation in polyhouse can be achieved by accurate estimates of 
evapotranspiration. The system is also typically suited for India as well as other 
developing nations where farming is a major source of income and needs continues 
attention.  
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ABSTRACT 
 
 

Water efficiency with respect to yield, is a very crucial factor, in agriculture now. In the 
case of remote fields, due to lack of electricity, it may not be possible to cultivate the 
fields, even when sufficient water is available. It is very difficult to have the electricity 
at that location. Solar Powered Central Pivot Irrigator is an ideal for such applications, 
not requiring any electricity to drive the machine, which can be programmed to irrigate 
the fields, for predefined time at predefined time even during nights, reducing water 
requirements still further. The machine will start at pre-programmed set time. Real 
Time Clock (RTC) takes care of timing issues. One has to only supply water at Pivot 
point. Water can be pumped from remote area, where water and electricity are 
available. The machine will stop, automatically, during low water pressure, not 
counting time, and will resume, moving when water pressure develops again.  
Constant or Continuous move concept, distributes water more evenly, increasing the 
yield still further. Since all the towers move all the time, multiple start / stops are 
avoided, improving the life of the machine substantially, reducing maintenance. The 
probability of churning of wheels in muddy field is greatly reduced as well. A Slip timer 
incorporated in the machine takes care of this problem, avoiding excessive water and 
crop loss.   
All other advantages like even distribution of Liquid Fertilizers, Insecticides, and Anti 
Weeds, associated with central pivot irrigator, increasing the yield are also provided. 
Lacking calcinations of soil, is one of the major advantages with this system.  
Remote uncultivated undulated areas without tedious & expensive preparation with 
predefined slopes are brought under cultivation, delivering extra yield to the tune of 
150-180% with additional extra 30-40% coverage area, with the same volume of 
water uses and pumping costs, due to reduced water requirements. The machine is 
tested with 27 Degree slope. Since no trenches required, we get additional coverage 
area of 15-20%, adding the yield still further.  
Sometimes due to uncertainty in rains, and climate change, we may be required to 
make double sowing, which can be avoided by this machine. It was seen in the year 
2008, it rained in the first week of June, as usual, but it skipped for next 4-5 weeks. 
Since the machine was installed, the field was watered, avoiding any loss. The yield 
was normal. 
As regards to farming community is concerned, one is not required to toil, watering 
the fields, in hot scorching heat, thus improving the standard of living of both farmer 
and farm labour.  
 
Key Words: Solar power, Central Pivot, Constant Move, Slip Timer, Even distribution 
of water, yield. 



The machine has a Centre Pivot with 2,3,4,5,6 & up to 7 Spans or Towers each of  
27 -33 meter long depending upon the size and shape of farm revolving around it. 
Area Covered, with tentative water discharge is illustrated in Table1. The water 
discharge can be modified by using different Sprinkler Combination. Water is applied 
at this stationery Pivot point. Coupler with Rubber Boot avoids leakage, while whole 
water carrying structure is rotating.  All towers have stable ‘A’ frame, 48 Volts 100 
Watt, Geared DC Motor, coupled to a Heavy Duty Gear Box, driving the wheels with 
Tractor Tyres.  The last Tower designated as End Tower, moves at maximum speed 
of about 2meters / Minute, and can be reduced to 10% with the help of setting, in 
order to increases the water discharge.  
An extra 6 meter cantilever portion at the End Tower covers, extra area without 
adding any drive, frame and other components making it very cost effective. The end 
gun is optional, and is really useful to cover the corners in the case of non circular 
fields.   
101mm, Hot Dipped Galvanized pipe carries water for irrigation, and rotates with 
supporting iron pipe stable structure, Hot Dip Galvanized or Epoxy / Powder Coated. 
The machine is installed at site with Nuts & Bolts. All the towers are coupled to each 
other with Flexible leak proof coupler, and can move in all X, Y & Z planes by about 
7.5 to 9 Degrees, without any structural instability. The controller stops the machine 
immediately the Misalignment goes beyond this point.  Goose Necks at calculated 
predefined points, with heavy adjustable pendants to suit the crop and cropping 
pattern, holds Sprinklers. The distances between two sprinklers and discharges 
through the same are designed for even distribution of water throughout the covered 
area. Thus discharge from the sprinkler near the Pivot point is quite low small as 
compared to next one, as it has cover water to smaller area.  The Sprinkler at the end 
point spreads maximum water. The sprinklers require quite low water pressure, 
reducing the overhead on the Pump. 
A logic Controller installed at the Pivot Point controls all the Irrigator operations.  Five 
(5) Numbers of Forty (40) Watts Solar Panels are installed near the first ‘A’ frame, 
while Five (5) Numbers of Sixty Five (65) VA, Deep discharge; Tubular Batteries and 
a Solar Battery Charger are stationed on the 1st Tower.  All the safety features like 
Reverse Battery, Reverse PV, Over/Under Voltage cut-offs, Overload, are 
incorporated and are indicated by various LEDs. Generally the machine works on 60 
Volts DC, nominal supply, but can operate safely between 52 to 70 Volts. Three 
Tower 120 meter machine installed at National Research Centre for Onion & Garlic, 
Rajgurunagar, was tested for more than 20 Hours, without any solar charging. The 
typical operational modes are indicated in Table 1, whereas Area coverage in 
indicated in Table 2. 
 
 
Machine operates in modes like 

Auto Restart 
ON Stops the machine and pump under Low voltage condition. Once 

power is restored, machine resumes operation. 

OFF Once machine has stopped, it must be restarted manually. 

Auto 
Reverse 

ON System oscillates between two end limits. 

OFF System travels to one end and stops. 

Wet / Dry 
WET 

Machine starts pump, checks water pressure and continues to 
work. This feature is most useful when pump stops due to power 

failures, loss of water or Pump Failure. 

DRY Mainly used during alignment, parking and diagnostics. 

Misalignment  If any tower alignment is off by 7.5 degrees; machine & pump are 
shut off. System must be manually aligned before restarting. 

All above conditions are indicated by bright LEDs on the Main Panel at the pivot point. 



 
 

SOME COMPONENTS OF MACHINE 
 
 
Logic Controller 

1. A Microcontroller based unit with Real Time Clock (RTC) 
2. Non Volatile (NV) RAM for 24X7X365 Real Time Operation 
3. Generates 4-20 mA source proportional SPEED settings 
4. 20X4 Alphanumeric backlit LCD Display indicates the status of the machine 

and used for programming and diagnostic purposes. 
5. Operational parameters can be programmed with 16 Key keyboard 
6. Sensors provides boundary locations to stop the machine during non circular 

fields 
7. Senses points to START / STOP, End Gun under command. 
8. Receives Misalignment / Slip timer signal and stops the machine 

immediately. 
9. Operates on 52 – 70 Volts DC 

 
 
End Tower Controller 

1. Microcontroller Base Unit 
2. The Motor Speed is Governed by Current Loop Signal of 4-20mA. 
3. Constant Speed (Regulation) is maintained with voltage variation of 50-72 V, 

uphill and downhill slopes of 25 Degrees (Tested) through Feedback 
arrangement.  

4. CW and CCW End Limit Switches are being routed through the same 
5. Moves the Machine in Clockwise or Counter Clockwise as per the signal 

received. 
6. Operates on 52 to 72 Volts DC 

 
 
Standard Tower Controller 

1. Common controller to all Towers except the end tower. 
2. Synchronous Speed of the tower is adjusted by the DIP switches and 

depends on the total number of towers and their respective position from the 
Pivot Point 

3. This avoids Zigzag or Snaky action 
4. A specially integrated Sensor detects its position with respect to the next 

Tower 
5. The sensing angle is generally of 3 to 3.5 degrees for control purposes. 
6. The sensing angle is 7.5 degrees for Misalignment purposes. 
7. If a particular Tower is lagging behind, the controller brings it back to the pre-

set synchronous speed, by moving it at full speed, and stops if leading ahead. 
8. The continuous Feed Back Loop makes the system stable 
9. Works on 52-70 Volts DC 

 
 

AGRICULATURE BENEFITS 
 
 

1. WATER
1.1)  Saves More than 40- 50% water. Great improvement 

  

1.2)  Pumping cost is reduced greatly 
1.3)  Watering during night reduces water requirements, still further. 



1.4) Water can be applied either in large quantity with bigger gaps or in small 
quantities, with small gaps, suitable for particular crop, depending on soil and 
atmospheric conditions. 

1.4)  Appropriate sprinkler package for appropriate crop. 
1.5)  Water Application is adjusted with variable speed. More water, lower the 

speed and vice-versa. 
1.6)  Water can be applied any time of the year, even during extended time to 
rain, after first shower. (We had to do this during June 08 at Rajgurunagar) 

 
 
2. THE YIELD

2.1) 160-220% yield, due to EVEN DISTRIBUTION OF WATER, FERTILIZER, 
INSECTISIDES (80-100% above normal)  

  

2.2) 10 -15% extra yield, with extra coverage area, otherwise lost in trenches, 
channels, furrows, brought under cultivation. 

2.3) Yield is faster by 1-2 weeks. 
2.4) Hilly, Uneven Portions of field brought under Cultivation, increasing the yield 

still further.    Our machine can cover uphill and downhill portion slopes up to 
20-25 degrees. 

2.5)  END GUN covers the Corners in case of Square / Rectangle fields. 
 
 
3. POWER

3.1)  Machine works on SOLAR energy, thus no Electrical Power needed, 
operation is free from Power Cuts, Failures, Maintenances & Shortages. 

  

3.2) Solar Powered charged Storage Batteries allows the machine to be 
operated any time, even during nights. 

3.3)  No need to carry dangerous Underground / Overhead high tension 
expensive wires, cables at remote fields. Thus really remote fields become 
cultivable.  

3.4)  Problem creating Collector Rings, are avoided. We need Collector Rings if 
we use Electrical Power entry, and the machine moves all 360 Degrees. 

 
 
4. SUITABLE FOR CROPS

Wheat, Corn, Maize, Potato, Onions, Tomato, Garlic, Peanuts Soybean, Cotton, 
Chana, Sunflower, Fodder, Tobacco, All VEGETABLES AND PULSES, and  

  

MANY MORE 
 
 

5. BENEFITS TO FIELDS
5.1) No Calcinations, avoids degradation of Soil 

  

5.2) No Erosion of Soil, at all 
5.3) FERTILISERS in Liquid form can be applied with water.             
5.4) INSECTISIDES in Liquid form can be applied with water. 
5.5) ANTI WEED in Liquid form can be applied with water. 

 
 
6. OTHER BENEFITS

6.1) Expensive and tedious Preparation of field, maintaining proper slopes etc. 
essential in the case of flood irrigation, is not required. Sometimes this may 
not be possible all. 

  

6.2) Laborious, troublesome and tedious, watering process in HOT & 
SCORCHING sun is avoided, improving the operating standards of Farmers 
and Farm Labour. 

6.3)  Skilled Farm Labour is not needed. 



         6.4) Crops are less susceptible to Viral Attacks 
6.5) Farmer can cultivate third cash crop, with saved water 
 

7.  THE MACHINE
 7.1) Suitable for 5 TO 30 Hectors, farms with variable number of spans, and 

adjustable length of any span 

  

7.2) Long Life – More than 25-30 years 
7.3) Low Cost on Long Term basis 
7.4) Very low, almost not required to maintain. No hidden operational costs 
7.5) Machine can be operated any time once installed.   
7.6) Machine can climb up or down, safely up to 3-5 feet height difference in   

two fields, (20-25 Degree slope) thus very useful in any Indian conditions, 
bringing every inch of farm under Cultivation. 

7.7) Machine can to Towed to next neighbouring field, after one rotation, 
increasing the total coverage area by 2-4 times. 

7.8) Variable Speed Drive (10-100%) makes it adaptable for convenient water 
management. Reduction in speed increases water distribution, and vice 
versa  

7.9)  Feedback control for Every Tower makes the linear speed constant  even 
during   heavy slopes, and low / high Battery Conditions. 

7.10) Microcontroller based operation for Highest Reliability 
7.11) Special Sensor installed at each Intermediate Tower, controls the machine 

with in 3.5 degrees of misalignment. 
7.12) Constant/Continuous movement is achieved with help of self calculated 

pre-programmed synchronous speed, improving the distribution of water 
more evenly, reducing stress on the structure, increasing overall life of the 
machine 

7.13) Controls the End Gun operation for watering corners 
7.14) Real Time Clock (RTC) for precise timing control 
 7.15) Suitable Alphanumeric, backlit LCD Display and LEDs indicates proper 

working of the   Pivot. 
7.16) Programmability offers great flexibility in operation. 
7.17) Total completed running Hours in one Rotation are displayed.       
7.18) End Limit Switches makes it suitable for Non Circular Fields. 
7.19) Slip Timer incorporated in Standard Controller STOPS the machine, in 

case one  pair of wheels starts churning in mud, due to excess water. This 
avoids excessive water at one location of farm, probability of misalignment 
and wearing of Tyres. 

 
 

CENTRAL PIVOT & DRIP IRRIGATION 
 
 

1. Preparation: It is essential to install and remove the system every time, for each 
crop. Central Pivot, once installed, can be used any time for 25-30 
years. 

2. Maintenance: Central Pivot does not need any replacement of any parts. It is 
required to replace about 10-15% of the material every time, in the 
case of Drip Irrigation. 

3. Life: Generally the life of the Drip Irrigation is about 6-8 years, as against 
25-30 years in case of Central Pivot. 

4. Durability:  Since the Live Stock (Bulls, Dogs, Cows, and Goats) moves in our 
(Indian) fields, they damage Drip Irrigation System. This is not the 
case with Pivot, as it is a rigid steel structure.   

5. Price:         Price of the Drip Irrigation is about slightly less. 



6. Coverage:  The Drip Irrigation can be put to use for particular size of the field. This 
is, not the case with Pivot. The coverage area can be increased by 
towing the same.  

7. Epidemics: As water is spread from top, like rain, it is less susceptible to 
epidemics, due to washing out of germs. 



DRIP AND FILTRATION EQUIPMENT’S PERFORMANCE 
EQUIPEMENT DE FILTRATION ET GOUTTE DE LA 

PERFORMANCE 
 
 

Felix B Reinders1  
 
 

ABSTRACT 
 
 

Drip irrigation together with the heart of the system, its filtration, is considered as one 
of the most efficient irrigation systems. However it is of utmost importance to correctly 
select, plan, design, install and to properly maintain it for the successful long-term 
operation. 
Since the first congress was held in Tel Aviv, Israel from the 6-13 September 1971, 
40 years of progress and development took place in the drip irrigation industry and 
many types of drippers and filters are available today. 
Research was carried out by the Agricultural Research Council’s-Institute for 
Agricultural Engineering (ARC-IAE) on two drip irrigation companies’ drip irrigation 
equipment and eight different irrigation filters (sand, disc and screen) to determine the 
performance of the drippers and the filters. Evaluations were also carried out in the 
laboratoryand in the field under farming conditions.   
The results of the project showed that the good performance of the different drippers 
and filters can be maintained when a proven maintenance schedule is followed.   
 
 

RÉSUMÉ ET CONCLUSIONS 
 
 

Irrigation goutte à goutte avec le cœur du système, sa filtration, estconsidérécommel'un 
des systèmesd'irrigation plus efficaces. Cependant, ilest primordial de bienplanifier, 
installer, sélectionner, concevoir et de bienl'entretenir pour le succès à long 
termel'opération. 
Depuis le premier congrès a eu lieu à Tel Aviv, Israël, depuis le Septembre 6-13 1971, de 
40 ans de progrès et de développement a eu lieu dansl'industrie irrigation goutte à goutte 
et de nombreux types de goutteurs et les filtressontdisponiblesaujourd'hui. 
Des recherchesontétéeffectuéesparl'Agricultural Research Council's Institute for 
génieagricole (ARC-IAE) surtroissociétésd'équipementd'irrigation au goutte 'irrigation 
goutte à goutte et l'irrigationhuitfiltresdifférents (sable, le disque et l'écran) pour 
déterminer la performance de l'goutteurs et les filtres . 
Les évaluationsontégalementétéeffectuéesdans le laboratoireet le terrain sous les 
conditions d'élevage. 
Nouveau émetteursréguliers "coefficient de variation moyen (CVQ) a été un excellent 
2,2% et la pressioncompenséeémetteurs« moyenne CVQest un bon 3,2%. Avec le 
site de la ferme des évaluations du coefficient (CV) a varié d'un marginal de 9,1% à 
un pauvre 42,8%. L'uniformitéd'émission (EUA) ontvarié d'un bon 89,1% à 61,6% un 
niveau inacceptable. 
 
Les systèmes de filtration sontconsidéréscomme le cœurd'une exploitation du 
systèmed'irrigationgoutte-à-succès, car une filtration efficaceassiste pour éviter de 
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boucher les goutteurs. Lorsque le colmatage se produitdans les 
systèmesd'irrigationgoutte-à-, il en résultedansl'utilisationinefficace de l'eau et la perte 
de rendementsoptimaux. Le choix optimum économique d'un filtre, ainsique le type 
de filtre qui convient le mieuxdans les zones de ressources en eau a souligné avec 
différentesqualitésd'eauestd'une importance capitale et ilestdonc important de 
connaître les performances du système de filtration. 
 
Évaluationssur le terrain ontétéréalisées en quatresaisonssurdeuxanssur les 29 
exploitations danscinqrégionssur six modèles de filtre.L'indicesaleté (DI) des sources 
d'eaudans les gammes de cinqrégions du propre (DI <1%) à très sale (DI = 43%) et 
les filtresontréussi à nettoyerl'eau à un niveau de DI entre 0,15% et 10,0%. 
L'efficacité de filtration des filtresvarie entre 31,0% à 96,6%. En moyenne, les 
efficacités de filtration des filtresdifférentsontétécomme suit: filtres à sable de 89%, 
52% des filtres à disqueset les filtresd'écranautomatique de 20%. Avec le test de 
gestion de lavage, les filtres à sable utiliséunemoyenne de 1,63 m³, les filtres à 
disques 0,37 m³ et l'écran des filtres 0,15 m³ d'eau par lavage. Cependant, les 
filtresd'écranet le disque lavage plus régulièrementque les filtres à sable. Troisfiltres à 
disques, deuxfiltres à sable ettroisfiltresautomatiquesontétéintensivementtestédans le 
laboratoire ARC-IAE dans des conditions contrôlées. L'efficacité de filtration des 
filtres de sable étaient 98,5%, le disquefiltres 50,5% et l'écranautomatique de filtres 
55,4%. Avec l'efficacité lavage, il a étéconfirméque le débitd'aumoins 60 (m³ / h) / m² 
devraitêtreutilisé pour obteniruneefficacité de 90 à 100% avec lavage des filtres à 
sable. L'efficacité lavage des filtres à disqueétait un peu 33,1% et avec les 
filtresautomatique de l'écran, un pourcentaged'eau de lavage a étédéterminée et 
seulement 3,5% de l'eaufiltrée a étéutilisé pour nettoyer les filtres. Les résultats du 
projetontmontréque la performance de l'goutteurs different filters peuventêtre 
maintenueslorsque le calendrier de maintenance éprouvéeestsuivie. 

 
 

INTRODUCTION 
 
 

South Africa is a dry country with a rainfall below world average, which is distributed 
unequally over the country.  On average South Africa receive only 470mm per 
annum.  This rainfall is also highly irregular in occurrence and the demand for water 
has created pressure for the optimal use of all water.  Therefore, many farmers invest 
in drip irrigation as an improved or most efficient irrigation method for water 
conservation.  From this research it was pointed out that this system can also be 
inefficient as a result of water quality, mismanagement and maintenance problems. 
 
The South African National Water Act (Act 36 of 1998) makes provision for water to 
be protected, used, developed, conserved, managed and controlled in a sustainable 
and equitable manner to the benefit of all people in South Africa. Currently, sub-
surface drip systems account for 7 500 hectares of the total of 150 000 hectares of 
drip irrigation in South Africa out of a total of 1 600 000 hectares. To assist the users 
to utilise their systems effectively, research was carried out to determine the 
performance of various types of drippers and filters in a laboratory.  Together with 
that, the performance and blockage potential of drippers and filters under field 
conditions were also evaluated. 
 
  



METHODOLOGY 
 
 

An extensive literature study on all facets that can influence the different types of 
drippers and filters under field conditions was undertaken.  Aspects that were 
addressed in this study include water quality, water treatment methods, inherent 
factors that affect emitter performance, filtering, system maintenance and design. 
Emitters and filters for the investigation were selected on the basis of the various 
emitter types generally used in South Africa, and on the number of years the various 
emitters and filters were in use to determine the effects of age on their performance. 
 
Drippers selected 
The Drip-In Regular and Agridrip Pressure Compensated (see Table 1) and Ram 
Pressure Compensated (see Table 2) drippers were selected, as they were the most 
commonly used drippers for surface drip in South Africa.  The performance of these 
new drippers, ten models in total, was evaluated under controlled conditions in a 
hydraulic laboratory. 
 
 

Table 1. Particulars of the Drip-In Regular and Agridrip Pressure Compensating emitters 
Tableau 1. Renseignements Drip-in régulière et Agridrip émetteurs de compensation de pression 

Code Emitter description 

Nominal 
discharge 

(/h) @ 100 
kPa 

Flow-path (labyrinth) particulars 

Depth 
(mm) 

Width 
(mm) 

Length 
(mm) Type 

GA 12 mm 2 /h Regular 2 0,9 1,0 155 Non 
compensating 
long flow-path 

turbulent flow in 
line emitter. 

GB 12 mm 4 /h Regular 4 0,9 1,0 49 
GC 16 mm 2 /h Regular 2 0,95 1,0 183 
GD 16 mm 4 /h Regular 4 1,28 1,4 158 

KE 16 mm 2,2 /h Pressure 
Compensating (PC) 2,2 1,0 0,95 40–250 

Pressure 
compensating 

varying flow-path 
length, turbulent 

flow in line 
emitter. 

KF 16 mm 3,6 /h Pressure 
Compensating (PC) 3,6 1,35 0,95 40–250 

 
 
Table 2. Particulars of the Ram Pressure Compensating (PC) emitters 
Tableau 2. Détails de compensation de pression Ram (PC) émetteurs 

Code Emitter description 

Nominal 
discharge 

(/h) @ 100 
kPa 

Flow-path (labyrinth) particulars 

Depth 
(mm) 

Width 
(mm) 

Length 
(mm) Type 

KG 17 mm 2,3 /h PC 2,3 1,15 1,15 22 Pressure 
compensated 
integral lateral, 

turbonet flow-path, 
self-flushing with 

pressure 
difference. 

KH 17 mm 3,5 /h PC 3,5 1,20 1,75 22 
KJ 20 mm 2,3 /h PC 2,3 1,15 1,15 22 

KK 20 mm 3,5 /h PC 3,5 1,20 1,75 22 

 
In the empirical study, professionals in various disciplines, e.g. design, scheduling, 
maintenance and supply of equipment were contacted in order to obtain information 
regarding clogging problems experienced in the various drainage regions in South 



Africa.  Drippers prone to physical, chemical and biological clogging problems 
occurring in South Africa and used on a large scale in different regions right across 
the country, were included in the investigation. 
With regard to the field evaluation, six catchment areas in South Africa were identified 
(see Figure 1), namely the Berg, Breede, Orange, Kouga and Crocodile rivers, 
together with the Vivo region where farmers experience problems with drippers that 
clog.  In these areas, a total of 42 systems were identified and selected on a basis of 
dripper type and dripper age.  Dripper systems younger than five years and those 
older than five years were identified.  These systems’ performance was evaluated in 
the field twice a year for two consecutive years, according to ASAE EP 458 (1997).  
Apart from the performance evaluations, data was also collected of the maintenance 
schedules and water samples were taken for water quality analysis. 
 

 
Figure 1. Drainage regions where investigations irrigation took place 

Figure 1. Régions de drainage oùl'enquête à goutte aeu lieu 
 
 
After the field evaluation, one dripper line was sampled out of the relevant block and 
replaced with the same dripper type.  Evaluations were then carried out in the ARC-
IAE Hydrolab to determine possible causes of clogging.  This was repeated the 
following year. 
 
 
Filters selected 
The Filters from four Companies  that were selected are shown in Table 3. They were 
selected as they were the most commonly used (80% of the time) filters for micro-
irrigation in South Africa. 
    

Table 3. Filters that were selected
Tableau 3. Les filtres qui ontétésélectionnés

Code Type Name of Filter 

AS Sand Silicon II 41 sand filter (80mm)
BC Screen Amiad self-cleaning screen filter (Taf 3)(80mm) 
CC Screen Amiad self-cleaning screen filter (Saf 3000)(150mm) 
DS Sand Sandfil 40 / Conn 40 sand(80mm)
ED Disc Arkal Spin Klin disc filter (Three-Filter unit)(100mm) 
FD Disc Arkal 3 disc filter (Arkal 3 Twin)(80mm) 
GD Disc Amiad 3 disc filter(80mm)
HD Disc Terbus cyclonic disc filter(80mm)



Laboratory tests on drippers 
The new drip lines with emitters were tested under controlled conditions in the hydro 
laboratory of ARC-IAE for average discharge ( q ) and for the manufacturing 
coefficient of discharge variation (CVq).  These values were used as a reference base 
in the evaluation of the experimental site and infield performance of the particular 
emitter types. Both q  and CVq were determined for a total sample of 100 emitters, as 
well as for four groups of 25 emitters in accordance with the International Standards 
Organisation (ISO/TC 23/SC 18 N 89, 1983) and expressed as in equation 1 to 3: 
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Where:  qi = emitter discharge rate (/h); 
  n = number of emitters of the sample; 
 q  = mean of all the measured discharge rates (/h); 
 Sq = standard deviation of the discharge rate of the emitter; and 
 CVq = coefficient of variation of discharge rate of the emitters (%). 
 
The coefficient of manufacturing variation (CVq) is used as a measure of the 
anticipated variation in discharge for a sample of new emitters.  The CVq is a very 
useful parameter with rather consistent physical significance, because the discharge 
rate for emitters at a given pressure is essentially normally distributed.Criteria for CVq 
is tabled in Table 4. 
 
 

Table 4. Criteria for CVq (%) of “point-source” drippers 
Tableau 4. Critères pour CVq(%) des “point-source" goutteurs 

Classification ASAE EP 405.1 
(1997) Classification ARC-IAE ISO 

Excellent <5 Excellent 0,1 – 2,5  
Average 5 – 7 Good 2,6 – 5,0 0,1 – 5,0 
Marginal 7 – 11 Fair 5,1 – 7,5  
Poor 11 – 15 Marginal 7,6 – 10 5,1 – 10 
Unacceptable >15 Poor >10 >10 

 
 
Field evaluation of drip systems 
A complete system evaluation was done according to the procedure described in 
ASAE EP 458 (1997) where five dripper lines were evaluated at five positions.  Apart 
from the q  andCVq, the statistical discharge uniformity (Us) were also calculated as 
shown as equation 4:  
 Us = 100 – CVq  (4) 
 
Where: Us = Statistical uniformity of emitter discharge rate (%). 
 



A Us value of 80% or higher is normally considered as an acceptable criteria (ASAE 
EP 458, 1997). 
 
The field emission uniformity (EU) was also used to judge the uniformity of emitter 
discharges within an irrigation block and is shown as equation 5: 

 
q

q
100UE min  (5) 

Where: UE   = field emission uniformity (%); 
 minq  = Measured mean of lowest ¼ of emitter discharge (/h); and 
 q  = Measured mean emitter discharge (/h). 
 
Table 5 reveals a comparison between Us and EU as suggested for design purposes: 

 
 

Table 5. Comparison between Us and EU for design purposes 
(ASAE EP 458, 1997) 

Tableau 5. Comparaison entre nous et EU à des fins de conception 
(ASAE EP 458, 1997) 

Classification Us 
(%) 

EU 
(%) 

Excellent 95 – 100 94 – 100 
Good 85 – 90 81 – 87 
Acceptable 75 – 80 68 – 75 
Poor 65 – 70 56 – 62 
Unacceptable <60 <50 

 
 
Laboratory tests on filters 
The performance of the filters, eight models in total, was evaluated under controlled 
conditions in the hydraulic laboratory of ARC-IAE.It is a re-circulating system, 
consisting mainly of two reservoirs, a pump, pipes, valves, two Dirtiness Index 
meters, electric pressure- and flow sensors and instrumentation that display all the 
signals and that have two-way communication with the controlling computer. 
 
With this test bench, the dirtiness of the water was changed and the following were 
closely monitored and recorded: 

 total volume that was filtered; 
 the flow-rate through the filter; 
 the pressure differential;  and 
 the dirtiness index before and after the test. 
 

The Dirtiness Index Meter, developed by (ARC-IAE) was used to determine the 
dirtiness index. The instrument works on the principle that a quick blocking test is 
done under controlled conditions on a screen similar to that of the filter for which the 
dirtiness of the water is measured. This is determined by measuring how many litres 
of water can be forced through the small screen by a pressure rise of 50 kPa against 
the screen. 
 
The dirtiness index (DI) was calculated twice before the filter and twice after the filter. 
The DI is calculated according to the following equation: 
 

 
Where: F  = 6,32  10-3N2.1 
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   N = fineness of the screen in microns. 
The results were averaged and used in the following equation to calculate the 
efficiency of the filter: 
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To determine the backwash efficiency, five tests were done at different dirtiness 
indexes, ranging from 2% up to 50% dirtiness of the water, and a graph was drawn 
(Figure 2) of volume water filtered against dirtiness index at a head loss increase of 
50 kPa over the filter. For these tests the filter elements were thoroughly hand-
cleaned before each clogging test. After these tests, the same tests were repeated, 
but this time the filters were backwashed and not hand-cleaned. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. A typical filtration capacity curve of a filter 
Figure 2. Unecourbe de filtration typiquescapacité d'un filtre 

 
 
The volumes that were filtered at the same DI during the two tests (hand-cleaning and 
backwashing) were read from the graph. With these volumes the backwash 
efficiencies were calculated according to the following equation: 
 
 

100
filtercleanbyDIatfilteredVolume

gbackwashinwithDIatfilteredVolume
efficiencyBackwash

n
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Where: DIn = Dirtiness Index of a specific value. 
 
Simultaneously, field evaluations were carried out in five regions, as shown in Figure 
1, around the country where sand, silt, or organic contamination in the water were 
problems. The areas were: 
 Orange River Valley, Kakamas – sand/silt problems 
 Berg River Valley, Paarl – organic problems 
 Breede River Valley, Robertson – organic problems 
 Sundays River Valley, Kirkwood and Addo – sand/silt problems 
 Kouga River Valley, Patensie – organic problems 
 
In each of these areas, three filter stations of the different filter types were selected 
for testing. At each site, a questionnaire was completed to record the details of the 

1

10

100

1000

1 10 100

Dirtiness Index (%)

V
o

lu
m

e
 (

m
3
)

Backwashed Hand-Cleaned



filter station and the filtration management practices.  The backwash management 
test entails the measurement of the different pressures and the flow-rate of backwash 
water.  For the filtration efficiency a portable Dirtiness Index meter was used in the 
test procedure. 
 
 

RESULTS 
 
 

Laboratory tests on new drippers 
The results of the discharge/pressure relationship and the coefficient of discharge 
variation (CVq) tests performed in the laboratory on emitters are summarised in 
Tables 6 to 8. 
 
 
 
 

Table 6. Laboratory results of Drip-In Regular emitters 
Tableau 6. Les résultats de laboratoire du Drip-In émetteurs réguliers 

Emitter description 
Discharge test CVq Test  

(P =100 kPa nominal) 
Discharge (/h) Discharge 

Exponent 

Discharge (/h) CVq 
(%) Code mm (/h) 100 

kPa 
200 
kPa 

300 
kPa Max Min Av Var 

(%) 
GA 12 2 2,23 3,19 3,93 0,5163 2,5 2,1 2,2 18,2 2,1 

GB 12 4 4,07 5,77 7,07 0,5016 4,5 3,8 4,1 17,1 3,8 

GC 16 2 2,26 3,25 4,01 0,5207 2,6 2,2 2,3 17,4 2,4 

GD 16 4 4,25 6,07 7,46 0,5115 4,7 4,1 4,3 14,0 2,2 

Average CVq 2,6 

Classification Good 
 
 
 
 

Table 7. Laboratoryresults of Agridrip Pressure Compensating (PC) emitters 
Tableau 7. Résultats du laboratoire de compensation de pression Agridrip (PC) émetteurs 

Emitter description 
Discharge test 
(Average P) 

CVq Test 
(P = 200 kPa nominal) 

Discharge (/h) Discharge (/h) CVq 
(%) Code mm (/h) 100 

kPa 
200 
kPa 

300 
kPa 

400 
kPa Max Min Av Var 

(%) 
KE 16 2,2 2,56 2,44 2,38 2,38 2,7 1,6 2,4 45,8 4,2 

KF 16 3,6 3,84 3,58 3,57 3,66 3,8 3,3 3,6 13,9 3,4 

Average CVq 3,8 

Classification Good 
 

  



 
Table 8. Laboratory results of Ram Pressure Compensating (PC) emitters 

Tableau 8. Résultats du laboratoire de compensation de pression Ram (PC) émetteurs 

Emitter description 
Discharge test 
(Average P) 

CVq Test 
(P = 200 kPa nominal) 

Discharge (/h) Discharge (/h) CVq 
(%) Code mm (/h) 100 

kPa 
200 
kPa 

300 
kPa 

400 
kPa Max Min Av Var 

(%) 
KG 17 2,3 2,47 2,41 2,45 2,51 2,4 2,1 2,3 13,0 2,6 

KH 17 3,5 3,72 3,65 3,78 3,74 4,2 2,5 3,6 47,2 4,0 

KJ 20 2,3 2,53 2,40 2,46 2,45 2,5 2,0 2,3 21,7 3,9 

KK 20 3,5 3,68 3,50 3,60 3,47 3,6 3,2 3,4 11,8 2,6 

Average CVq 3,3 

Classification Good 
 
Abbreviations used in the tables: 
P: Operating pressure (kPa) 
Max: The discharge of the emitter with the highest discharge in the sample (/h) 
Min: The discharge of the emitter with the lowest discharge in the sample (/h) 
Av: The average discharge of the sample of 100 emitters (/h) 
Var: The variation in discharge between the emitters with the highest and lowest 

discharge (%) 
CVq: Coefficient of discharge variation of the sample (%) 
 
 
Laboratory results on used drippers 
Both q  and CVq tests were conducted on lines recovered from the field and results 
are presented in Table 9 and 10.  The percentage of drip lines recovered from the 
field of which the average discharge of the emitters showed: (a) a reduction relative to 
the average discharge of new emitters, (b) no significant deviation from the average 
discharge, and (c) an increase relative to the average discharge of new emitters, is 
shown in Table 9 for two consecutive years of sampling. 
 
 

 
Dripper lines with regular emitters showed a general tendency towards reduced 
average discharge due to partial or total clogging of drippers.  Drip lines with pressure 
compensated emitters on the other hand showed a general tendency towards 
increased discharge. 
A summary for CVq for two consecutive years is shown in Table 10. 

Table 9. Percentages of drip lines with emitter discharges deviating from the average  
discharge of new emitters 

Tableau 9. Pourcentages des lignes d'égouttement avec des décharges émetteur s'écartant de la 
décharge moyenne de nouveaux émetteurs 

Emitter type Reduced discharge 
(%) 

Average discharge 
(%) 

Increased discharge 
(%) 

Year of sampling Year 1 Year 2 Year 1 Year 2 Year 1 Year 2 
Agriplas Drip-In Regular 
(Non-compensated) 50 54 8 25 42 21 

AgriplasAgridrip 
(Pressure compensating) 0 0 0 0 100 100 

Netafim Ram 
(Pressure compensating) 16 6 21 12 63 82 



 
 
 
 

 
 
The average CVq of new pipes worsened from a good value of 3,0% to a fair value of 
6,5% in year 1.  For the year 2, it worsened even further to a marginal value of 8,2%.  
Factors contributing to these worsening results are clogging and/or increased 
discharges due to ineffective pressure compensation. 
 
Drip lines recovered from the field were generally in good condition, although some 
were in bad to very bad shape.  A common observation was that, especially where 
drip lines were heavily soiled and emitters badly clogged, many of the emitters were 
pierced, apparently in an effort to open clogged emitters.  One or two cases also 
occurred where the drip line itself was badly damaged and with leaking holes in it.  In 
other cases, button emitters were added to a drip line where the original emitters 
were heavily clogged, or drip lines consisted partly of one make of emitter and partly 
of a different make and/or model of emitter. 
 
 
Field evaluation results of drippers 
The statistical discharge uniformity (Us) was determined for all the types of drippers in 
the different regions.  As a Us value of higher than 80% is considered acceptable 
(ASAE EP 458, 1997), Table 11 was developed to classify the systems according to 
this value. 
 

 
With regard to the statistical uniformity discharge coefficient (Us), the Ram PC met the 
requirements in 84% of the cases, the Drip-In Regular in 58% of the cases and the 
Agridrip PC in only 50% of the cases.  For all three dripper types, no significant 
conclusion could be reached that the age of the pipe played a role in the degree of 

Table 10. Summary of the average Coefficient of Variation (CVq) of the new and used drip line 
Tableau 10.Résumé de la coefficient de variation moyen (CVq) de la ligne de goutte  

à goutte neufs et d'occasion 
Emitter type New CVq (%) Used Year 1CVq(%) Used Year 2CVq(%) 
Drip-In 4 /h, 16 mm 2,2 5,6 6,6 
Agri PC 3,6 /h, 16 mm 3,4 9,1 7,8 
Ram 3,5 /h, 17 mm  4,0 6,6 8,0 

Average CVq 3,0 6,5 8,2 
Classification Good Fair Marginal 

 
Table 11..Drippers classified according to the statistical discharge uniformity (Us)  

for all the regions 
Tableau 11. Les goutteurs classés en fonction de l'uniformité de décharge statistique  

(Us) pour toutes les régions 

Age (years) Us value (%) 
Number of systems 

Dripper type 
Ram PC Agridrip PC Drip-In Regular 

<5 >80 8 2 6 
<80 2 2 4 

>5 >80 8  5 
<80 1  4 



clogging.  However, it was evident that incorrect or no maintenance of the drip 
systems contributed in most cases to the decreased performance. 
In the field, the pressure compensated drippers performed percentage wise better 
than the regular drippers, regardless of years installed. 
The field emission uniformity values (EU) were also determined for the drip irrigation 
systems and are shown in Table 12. 
 

Table 12. The average EU values per dripper type per age group under field conditions in 
percentage 
Tableau 12. La moyenne deEU les valeurs par type de goutteurs par groupe d'âge dans 
des conditions de terrain en pourcentage 

Dripper type Age Date 
Okt Year 0 May Year 1 Okt Year 1 Apr Year 2 

Ram PC 
<5 year 88,5 87,6 86,3 84,8 
>5 year 89,8 88,7 88,6 88,2 

Agridrip PC <5 year 89,5 86,3 86,9 75,2 

Drip-In Regular 
<5 year 86,4 82,9 76,6 80,9 
>5 year 81,2 80,9 79,8 82,7 

Average EU´ 87,1 85,3 83,6 82,4 
 
There was a tendency that the Emission Uniformity (EU) as measured in the field of 
all the dripper types deteriorated over time from an EU of 87,1% in the first 
evaluation to 82,4% in the fourth and last evaluation two years later.  This is an 
indication that the performance is affected by clogging due to the water quality and 
lack of proper maintenance schedules. 
 
 
Filter performance 
Laboratory evaluations 
The three disc filters, two sand filters and three automatic filters were intensively 
tested in the ARC-IAE laboratory under controlled conditions. Friction loss tests, 
filtration capacity tests and other performance tests like filtration efficiency, backwash 
efficiency; the efficiency of different cleaning operations on sand filters and the 
difference between the different types of discs, were the focus points of the tests.  
 
In the lab evaluations, the filtration efficiency of the sand filters were 98%, the disc 
filters 57% and the screen filters 45%. 
 
The backwashing management results in both the field and laboratory proof that the 
amount of water used during backwashing for the screen and disc filters are less than 
the volume usage for sand filters. 
 
 
Field evaluations 
Field evaluations were carried out in four seasons over two years on 29 farms in the 
five regions on six filter models.  
 
In the field evaluations the Dirtiness Index (DI) of the water sources ranges from 
clean (DI < 1%) to very dirty (DI = 43%) and the filters managed to clean the water to 
a DI level of between 0,15% and 10,0%.  
 
With the evaluation of the filters, it was proofed that the sand filters have higher 
filtration efficiencies than disc and screen filters. The filtration efficiency varied 
between 31,0% to 96,6%. On average, the filtration efficiencies of the different filters 
were as follows: sand filters 89%, disc filters 52% and automatic screen filters 20%. 



With the backwash management testing, the sand filters used an average 1,63 m3, 
the disc filters 0,37 m3 and the screen filters 0,15 m3 of water per backwash. 
However, the screen and disc filters backwash more regularly than the sand filters (to 
filter 1000 m3 of water with a DI of 10%, both the screen and sand filter used 28 m3  of 
backwash water and the disc filters only 4,4 m3 ). 
In Table 13, a comparative summary is given of the field measurements and the 
laboratory measurements on the different filters. 
 

Table 13. Comparing the field test results and the laboratory test results 
Tableau 13. Comparaison des résultats des tests de terrain et les résultats  

des tests de laboratoire 

Filter 
Dirtiness 

Index 

Filtration efficiency 
(%) Comments on reasons why field 

values differ from lab values 
Field Lab 

AS 

0 – 5 87 99 
Too high pressures over field 

filters. 
5 – 10 83 99 

10 – 15 90 99 
15 – 20 87 99 

BC 

0 – 5 33 5 Filter operated at a lower pressure 
than prescribed. Backwash do not 

clean element completely. 
Element largely clogged 

5 – 10 – 18 
10 – 15 – 28 
15 – 20 – 35 

CC 

0 – 5 75 55 
Manufacturer’s fineness rating 
 might differ from the rating it 

was tested against.  

5 – 10 88 72 
10 – 15 85 76 
15 – 20 – 76 

DS 

0 – 5 >90 98 Good correlation because the field 
tests were stopped out of practical 
considerations before the actual 

readings could be taken.  

5 – 10 >90 98 
10 – 15 >90 98 
15 – 20 94 98 

ED 

0 – 5 73 63 
Good correlation seeing that 

 this is a disc filter 
5 – 10 66 77 

10 – 15 – 80 
15 – 20 86 80 

FD 

0 – 5 26 41 
Good correlation seeing that 

this is a disc filter.  
5 – 10 38 37 

10 – 15 25 39 
15 – 20 – 41 

 
 

CONCLUSION 
 
 

Drip irrigation is considered as the most efficient irrigation system, but through this 
research and proof from literature, it was found that this system can also be inefficient 
as a result of water quality, mismanagement and maintenance problems. 
 
The new drippers coefficient of variation (CVq) varied from an excellent 2,1% to a 
good 4,2% with an average of 3,12%.  The pressure compensated drippers' average 
CVq was 3,45% and that of the regular drippers a better 2,63%. 
 
There was a tendency that the Emission Uniformity (EU) as measured in the field of 
all the dripper types deteriorated over time from an EU of 87,1% in the first 
evaluation to 82,4% in the fourth and last evaluation two years later.  This is an 



indication that the performance is affected by clogging due to the water quality and 
lack of proper maintenance schedules. 
Dripper lines with regular type emitters showed a general tendency of reduced 
average discharge due to partial or total clogging of emitters while drip lines with 
pressure compensated emitters showed a general tendency of increased discharge, 
due to foreign objects that got stuck between the compensating membrane and the 
labyrinth, or the compensating membrane losing its elasticity over time due to 
chemicals and the water quality.  If the outlier values of CVq are disregarded due to 
severely damaged drippers and heavily soiled dripper lines, the average discharge 
variation CVqin the first year was a fair 6,5% for all the drip lines with a variation of 
3,0% up to 21,3% for the individual drip lines.  In the second year, the average 
discharge variation CVq was a poor 8,2% with a variation of 2,7% up to 22,2% for the 
individual drip lines.  This confirms the deterioration of the drippers over time and the 
importance of proper preventative maintenance. 
 
With regard to the statistical uniformity discharge coefficient (Us), the Ram PC met the 
requirements in 84% of the cases, the Drip-In Regular in 58% of the cases and the 
Agridrip PC in only 50% of the cases.  For all three dripper types, no significant 
conclusion could be reached that the age of the pipe played a role in the degree of 
clogging.  However, it was evident that incorrect or no maintenance of the drip 
systems contributed in most cases to the decreased performance. 
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ABSTRACT 
 
 

This study was conducted to determine the impacts of irrigation frequency and drip 
irrigation method and their interactions on yield, water use efficiency and quality 
characteristic of cotton in Kashmar Agricultural Research Station in Razavi Khorasan 
Province. The study was done during 2006-2008 years. Experimental design was two 
factor completely randomized design with four replications. Design treatments 
included irrigation frequency (2, 4, and 6 day) and drip irrigation method (surface and 
subsurface drip irrigation). The combined analyze showed that irrigation method had 
significant effect on Yield and Water Use efficiency (P≤ 0.01). There was significant 
difference between yield in surface drip and subsurface drip irrigation (3074 and 3988 
kg/ha, respectively). Water use efficiency in subsurface drip irrigation was 0.349 
kg/m3 that was greater than surface drip irrigation. Yields in different irrigation 
frequency had no significant difference and for 2, 4, and 6 days irrigation frequency 
were 3491, 3725 and 3364 kg/ha, respectively. The highest water use efficiency and 
yield were obtained in subsurface irrigation method with 4 days irrigation frequency 
(4315 kg/ha and 0.375 kg/m3, respectively). However, the least water use efficiency 
and yield was obtained in surface irrigation method with 2 days frequency (3107 
kg/ha and 0.265 kg/m3, respectively). In general, subsurface dripirrigation whit 4 days 
irrigation frequency was selected and recommended as the best treatment. 
 
Keywords: Cotton, Irrigation frequency, Drip irrigation, Subsurface irrigation, Water 
use efficiency 
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1. Introduction 
 
 
Water is the main limited resource for the Khorasan cotton production. Water aquifers 
are being depleted in many areas of the this province and farmers have adapted new 
agronomic practices to increase water use efficiency such as using narrower row 
spacing, reduce tillage practices, irrigate more frequently, use deficit irrigation, and 
use drip irrigation system. From the perspective of water stress view, the purpose of 
irrigation is to keep water status at a level that maximizes yield within the constraints 
of irrigation supply and growing season weather conditions.  
Surface drip irrigation (DI) is an efficient system for delivering water to crops. 
However, a saturated or nearly saturated soil surface generally exists beneath each 
emitter. In arid and semi arid climates, evaporation from the soil surface beneath an 
emitter can be considerable, primarily due to the hot, dry air blowing across the 
wetted surface. In arid dry land farming, reduction in evaporation losses can 
significantly increase water use efficiency. So, subsurface drip irrigation (SDI) has 
been used to eliminate surface ponding by burying the irrigation lateral underground. 
The operational characteristics and advantages of SDI beyond those of surface drip 
irrigation are: (1) a substantial increase in water use efficiency (WUE), (2) a near total 
elimination of deep percolation and nitrate-nitrogen leaching and (3) long-term 
sustainability of the system. The major and unique characteristics of SDI which 
contribute to these advantages include (1) reduced soil evaporation, (2) larger wetted 
soil volume and surface area than with DI systems, and (3) deeper rooting pattern. 
Because of its unique characteristics, SDI offers the most promising and sustainable 
option to gravity irrigation. Use of surface and subsurface drip irrigation has 
progressed from being a novelty employed by researchers to an accepted method of 
irrigation of both perennial and annual crops. One of the annual crops is cotton which 
is one of the most row crops in Iran. 
Recently, lot of emphasis is being given on improvement in irrigation practices to 
increase crop production and to sustain the productivity levels. Many researchers 
have reported higher yields and water use efficiency (WUE) of drip irrigation system 
over the conventional irrigation methods throughout the world. In drip irrigation the 
volume of wetted soil at a particular water application is controlled by the volume of 
water added, the discharge rate of dripper and the soil water content (Bresler, 1977). 
This method is most suited to semi-arid and arid areas where water is scarce and 
where low water consuming and high value crops can be grown. Cotton is one of the 
most important fiber-producing plants throughout the world. Drip irrigation method is 
being practiced for cultivation of cotton in many countries such as USA (Wanjura et 
al., 2002), Israel (Plaut et al., 1988), Spain (Mateos et al., 1991), and Turkey (Cetin 
and Bilgel, 2002). In India, drip irrigation in cotton is being practiced by some farmers 
in heavy textured soils (Bharambe et al., 1997; Kumar and Singh, 2002). But in Indo-
Gangetic plains, where soils are light in texture and underground water is brackish, 
cotton drip irrigation is at experimental stage.  
The major drawback of the drip irrigation system is its high initial investment; 
however, cost can be recovered in a short span if proper nutrient, water management 
and design principals are followed. Among the various components of drip irrigation 
system, the cost of lateral is the major factor, which influence the total system cost. 
Any effort made to reduce the length of lateral required per unit area of the field will 
result in reduction of the system cost. Studies in the southeastern U.S. and elsewhere 
have shown that drip and sprinkler irrigation increased seed cotton yield compared to 
dry land cotton yield (Camp et al., 1994; Camp et al., 1997; Bronson et al., 2001; 
Pringle and Martin 2003; Sorensen et al., 2004; Kalfountzos et al., 2007). However, a 
four-year study conducted on loamy sand in the southeastern coastal plain found that 
cotton did not respond to drip irrigation in two seasons likely due to the small amounts 
of irrigation applied (Camp et al., 1997; Bauer et al., 1997). Similarly, Camp et al. 
(1999) reported that subsurface drip irrigation (SDI) in North Carolina did not increase 
cotton yield and attributed the absence of response to soil compaction that restricted 
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root growth above the SDI lines. The profitability of drip irrigation is impacted by the 
design life of the system, the spacing and placement of laterals, and the method by 
which irrigation and fertilization is scheduled and applied.  
The objective of this paper are to evaluate the impacts of drip irrigation methods, 
irrigation frequency and their interactions on yield, water use efficiency and quality 
characteristic in cotton cultivation. 
 
 

2. Material and methods 
 
 

This study was conducted to determine the impacts of irrigation frequency and drip 
irrigation method and their interactions on yield, water use efficiency and quality 
characteristic of cotton in Kashmar Agricultural Research Station in Razavi Khorasan 
Province. The study was done during 2006-2008 years. Experimental design was two 
factor completely randomized design with four replications. Design treatments were 
includes irrigation frequency (2, 4, and 6 day) and drip irrigation methods (surface and 
subsurface drip irrigation). Varamin cultivar was studied in this research. Water 
quality was tested and its results are shown in Table 1. Soil physical characteristics 
of the experimental site were determined by creating a profile in the soil up to 60 cm 
depth. The soil conditions in tow layers from 0-30 to 30-60 cm were determined. Soil 
texture, moisture at field capacity and wilting point, pH, Electrical conductivity (EC) 
and soil chemical elements, including nitrogen, phosphorus, potassium, calcium and 
magnesium were mentioned physical characteristics.  
These results are given in Table 2. 

 
 

Table 1. Test results of irrigation water quality  
Les résultats des tests de qualité de l'eau d'irrigation 

EC 
(dS/m) 

PH 
Soluble captions (meq/lit) Soluble anions (meq/lit) 

SAR 
Na+ Mg++ Ca++ K+ CL- So4

-- Co3
-- 

1.0  7.9 7.5 1.2 1.3 - 5.0 3.4 2.0 6.7 

 
 

Table 2. Soil physical properties of the test site  
Propriétés physiques du sol du site d'essai 

Soil depth 
(cm) 

Particle size 
Distribution (%) 

Texture  
Bulk density 

(g/cm3) 
 

Soil Moisture (%) 

Sand Silt Clay FC PWP AW 

0-30 23 22 55 SL 1.41 31.5 18.0 13.5 

30-60 23 23 54 SL 1.48 35.7 19.1 16.6 

 
Four cultivated lines were considered for each treatment. Lines had 15 meters long. 
Distance between treatments and replications were 1.5 m. Also, distances between 
rows were 0.75 m and between plants on rows were 20 cm. The planting was done 
manually and varieties of Varamin were used. Potassium, phosphorus and one-third 
of nitrogen fertilizers requirements was given based on soil test results before 
planting. Residual nitrogen fertilizer was used as fertigation during the growing 
season. All practices during the growing season included pest, diseases and weeds 
control were alike for all treatments. 
Drip tape irrigation method was used for irrigation of cotton. In this method, the 
distance between emitters was 30 cm and the discharge of tapes was 4 liters per 
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hour per meter and the thickness of tape tubes were 300 microns. In the surface drip 
irrigation, one pipeline (tape) was considered for each row which was to widen the 
distance of rows was 10 cm. However, In subsurface drip irrigation for each row in 
each plot a lateral line was considered and pipes were installed at depth of 15 cm 
from soil surface. 
In each treatment which were consisted of 4 lines with 15 meters long, one meter 
from beginning and edge of the planting cotton was removed and the remain planted 
cotton (length 13 m) were harvested. The yield of cotton, water consumption and 
water use efficiency of each treatment were determined. Data were analyzed 
statistically using the MSTAT-C software. However, Mean Comparison was 
performed using Duncan's Multiple Range tests.  
 
 

3. Results and discussion 
 

3.1 Combined analysis 
Results of combined variances analysis of tow year's experiment are shown in table 
3. According to this table, the effect of year on all the traits is significant the 1% level 
(P≤ 0.01). The effect of irrigation frequency has not significant more of the attribute 
investigated. The effect of irrigation methods had not significant effect on the height of 
cotton, while on the early ripeness; yield and water use efficiency was significant at 
the 1% level (P≤ 0.01). The reaction effect of irrigation frequency and irrigation 
method had not significant over any of the attributes. 
 
3.2 Cotton yield  
Results of Mean comparison of cotton yield in different treatments showed that 
irrigation frequency had not significant effect on yield, while the method of irrigation 
has significant difference in the level of 5% (P≤ 0.01) for cotton yield (Table 4). The 
amount of yield in subsurface drip irrigation has been equal to 3987 kg/ha and 
compare to the surface drip irrigation (3074 kg/ha) was in a higher rank. The most 
yields was obtained from subsurface drip irrigation method with four days irrigation 
frequency (4315 kg/ha). However, the least yield was belonged to surface drip 
irrigation method with tow days irrigation frequency (3107 kg/ha). 

 
 

Table 3. Combined variance analysis of yield and water use efficiency of cotton   
Analyse de la variance combinée de rendement et l'efficacité d'utilisation de l'eau de coton 

Variation source 
Degrees of 

freedom 
Mean square (MS) 

Yield (kg/ha) WUE (kg/m3) 
Year (A) 1 3452976** 0.615** 

Irrigation frequency (I) 2 536458 ns 0.003 ns 
AI 2 86163 ns 0.001 ns 

Irrigation method (R) 1 9812799** 0.079** 
AR 1 602675 ns 0.006 ns 
IR 2 227671 ns 0.002 ns 

AIR 2 112668 ns 0.001 ns 
Error 30 267523 0.002 

Coefficient of variation (%) - 14.44 14.96 
Explanation: **, * and ns are Significant difference at 1% and 5% level and no significant, respectively.  
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Table 4. Mean comparison of yield of cotton in different treatments 
Comparaison de la moyenne des rendements du coton dans les différents traitements 

Treatment Yield of cotton (kg/ha)  

Irrigation frequency (I) 
2 day 3491 a 
4 day 3725 a 
6 day 33634 a 

Irrigation method (R) 
Surface drip irrigation 3074 b 

Subsurface drip irrigation 3988 a 

Reaction effects 

I1R1 3108 
I1R2 3874 
I2R1 3135 
I2R2 4315 
I3R1 2981 
I3R2 3747 

 
 
3.3. Water use efficiency 
Results of Mean comparison of cotton water use efficiency in different treatments 
(Table 5), showed that the irrigation frequency had not significant effect on water use 
efficiency (WUE), while the effect of the irrigation method treatment on WUE was 
significant at the 1% level (P≤ 0.01). Similar to yield indices, the amount of water use 
efficiency in subsurface drip irrigation was been more than surface drip irrigation. 
Water use efficiency in subsurface drip irrigation from 0.349 kg/m3 decrease to 0.268 
kg/m3 in surface drip irrigation. The maximum water use efficiency was 0.375 kg/m3 in 
subsurface drip irrigation with four days irrigation frequency treatment. However, the 
least WUE was 0.265 kg/m3 in the surface drip irrigation with tow days irrigation 
frequency.  
         

 
Table 5. Mean comparison of water use efficiency of cotton in different treatments 
Comparaison de la moyenne d'efficacité de l'utilisation de l'eau de coton dans les différents 

traitements 
Treatment WUE of cotton (kg/m3) 

Irrigation frequency (I) 
2 day 0.298 a 
4 day 0.323 a 
6 day 0.304 a 

Irrigation method (R) 
Surface drip irrigation 0.268 b 

Subsurface drip irrigation 0.349 a 

Reaction effects 

I1R1 0.256 
I1R2 0.331 
I2R1 0.272 
I2R2 0.375 
I3R1 0.267 

I3R2 0.341 

 
 

4. Conclusion and Recommendations 
 
 
According to the results of combined variances analysis of this project, in both years, 
the most yield was obtained from subsurface drip irrigation with four days irrigation 
frequency (4315 kg/ha). Also, the least yield was obtained from surface drip irrigation 
with tow days irrigation frequency (3107 kg/ha). Because of the cotton plant is a plant 
with unlimited growth and during parts of its growth, the process of breeding and 
growing are correlated, therefore the management of growth sources such as water 
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and fertilizer are very much important. The highest water use efficiency (0.375 kg/m3) 
was obtained from subsurface drip irrigation and four days irrigation frequency. 
However, the lowest water use efficiency (0.265 kg/m3) was obtained from surface 
drip irrigation methods with tow days irrigation frequency. Irrigation turns each day, 
most of the production increasing may lead to further loss of water to evaporation, 
especially in the shallow water. The overall result of this project is that in cotton 
plantations, subsurface drip irrigation methods and irrigation every four days is the 
best treatment.  
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ABSTRACT 
 
 

Tomato is the most important vegetable crops which generally grows under surface 
irrigation method. In this method, the major proportion of irrigation water is lost by 
surface evaporation and deep percolation, resulting in lower irrigation efficiencies. 
Recentlydue to worldwide aridity and water shortage, there is tendency of farmers to 
apply drip irrigation for water saving in agriculture. The objective of this paper is 
determining the impacts of plastic mulching, drip irrigation methods and different 
amount of applied water and their interactions on yield, water use efficiency and 
quality characteristic of tomato. This study was conducted during 2006-2008 in 
Torogh Agricultural Research Station in Razavi Khorasan Province. The soil texture 
was silty loam and loam in 0-40 and 40-80 cm, respectively. Experimental design was 
randomized complete blocks design in split split plot with three replications. 
Treatments included different amount of applied water (60, 80 & 100% water 
requirement) in main plot, drip irrigation methods (surface and subsurface) in sub plot 
and mulching (without mulching & plastic mulch) in sub-sub-plot. Results showed that 
irrigation moisture regime, irrigation method and mulch treatments had significant 
effectson yield and WUE (P≤ 0.01). Yield in 60, 80 and 100% of water consumption 
was 31.14, 54.58 and 62.27 ton/ha, respectively. This difference was significant. The 
highest WUE (7.88 kg/m3) was obtained at 80% moisture regimes and followed by 60 
and 100% of moisture regimes with 5.93 and 7.23 kg/m3, respectively. However, 
there was a significant difference between yield in surface and subsurface 
dripirrigation methods (43.38 and 55.27 ton/ha, respectively). WUE in subsurface 
dripirrigation was 7.93 kg/m3 and greater than surface drip irrigation (6.12 kg/m3). 
Yield in plastic mulching and without mulching treatments were 55.64 and 42.71 
ton/ha, respectively. Application of mulch increased WUE about 30%. Also, when 
water saving vegetable growth, yield and economics return were taken into account, 
then an irrigation level of 80% through subsurface dripirrigation along with plastic 
mulch will be considered optimal.  
 
Keywords: Tomato, Plastic mulching, Dripirrigation, Subsurface irrigation, Water use 
efficiency. 
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1. Introduction 

 
 

Tomato is the most important vegetable crops which generally grown under surface 
irrigation. In this irrigation method, the major proportion of irrigation water is lost by 
surface evaporation and deep percolation, resulting in lower irrigation efficiencies. 
Recently due to worldwide aridity and water shortage, there is tendency to apply drip 
irrigation for water saving in agriculture. Under limited water supply conditions the 
farmer tends to increase the irrigation interval, which creates moisture stress resulting 
in low yields and poor quality. Drip irrigation, with its ability to provide small and 
frequent water application directly in the vicinity of the plant root zone has created 
interest because of decreased water requirement and possible increase in production. 
Small and frequent applications of water enable the plant to grow well without any ill 
effect of water stress between consecutive irrigations. High irrigation water application 
efficiencies can also be achieved by this method, enabling coverage of higher 
irrigated area per unit of available irrigation water. With the same irrigation water 
application amount, about 20-60% higher tomato yields were obtained with drip 
irrigation compare to surface irrigation system. However in drip irrigation, tomato yield 
was slightly lower or equal to that of conventional method or irrigation along with 
reduction in irrigation requirement of 30-60%. In arid dry land agriculture, reduction in 
evaporation losses from the wetted soil surface beneath an emitter can significantly 
increase water use efficiency. So, subsurface drip irrigation has been introduced to 
eliminate evaporation from soil surface. However, plastic mulching as an agricultural 
practice has been used to reduce evaporation from soil surface. But further research 
is required to determine optimal water requirement and irrigation scheduling under a 
variety of drip irrigation treatments in combination with plastic mulching for specific 
agro-climatic condition to establish their feasibility. Very little work has been done to 
establish the feasibility of different types of drip irrigation, plastic mulching and 
irrigation moisture regimes on tomato in arid and semi arid lands of Iran.  
Different strategies have been initiated for saving in water use, increasing irrigation 
efficiency and water use efficiency. Micro irrigation is one of these methods. Although 
micro irrigation reduce water use and increase water use efficiency, since that is still 
considerable amounts of irrigation water is lost through direct soil surface evaporation 
and transpiration by weeds. The use of a plastic sheet placed between irrigation rows 
can preserve soil moisture by reducing evaporation, prevent weed growth and water 
use is thus reduced. Besides the weed control, thereby also reducing the cost of 
labor, increase yield by reducing competition with the crops. Tomato with 22000 
hectares under cultivation is one of the major crops in Khorasan Province. Due to 
tomato high water requirements, any research about reducing the this crop water use 
is essential.  
Yrisarry et al. (1993) conducted a study that consisted of three irrigation water levels 
(0.5, 0.9 and 1.3 ETc) for tomato. Results showed the total yield increased when the 
amount of water was also increased. Candido et al. (2000) carried out the experiment 
with the aim of evaluating the influence of different irrigation regimes on yield of 
tomatoes. In this research, five irrigation levels (un-irrigated control and 100%, 66%, 
50%, and 33% of ETc) were applied. The highest marketable yields were obtained 
under conditions of 100% of ETc application. Cetin et al. (2002) conducted an 
experiment to investigate the irrigation scheduling for drip-irrigated tomatoes using 
Class A Pan evaporation. Irrigation water was determined as a certain ratio of Class 
A Pan evaporation (kpc = 0.50, 0.75, 1.00, and 1.25). The results of the experiment 
indicated that the maximum marketable fruit yield was obtainable when conditions of 
kpc=1.00 were applied. Phene et al. (1985) in their research concluded that if a 
subsurface irrigation system to be used principally and properly, yield of tomato 
compare to furrow irrigation system can be increased to double. Valenzuela (1994) 
reported that the use of mulch increased water use efficiency between 75 to 95 
percent. Mata et al. (2002) are introduced the advantages of using mulch cases such 



as reduce water consumption, increase temperature and soil moisture and increase 
water use efficiency and nitrogen. Ngoujio (2003) studied the effects of mulch with 
different colors (black, colorless, brown, gray and green) in tomato cultivation. Radics 
and Szne Bognar (2004) studied the effect of eight types of mulch on tomato yield in 
Poland. Their results showed that mulch of plastic, paper and straw have significant 
effect on yield of tomato. 
The objective of this paper is determine the impacts of plastic mulching, drip irrigation 
methods and different amount of applied water and their interactions on yield, water 
use efficiency (WUE) and quality characteristic of tomato. 
   
 

2. Material and methods 
 
 
This study was conducted in Torogh Agricultural Research Station, Razavi Khorasan 
Province in Iran. The study was done during 2007-2008 years. The soil texture was 
silty loam and loam in 0-40 and 40-80 cm depth, respectively. Water quality was 
tested and its results are shown in Table 1. Soil physical characteristics of the 
experimental site were determined by creating a profile in the soil up to 80 cm depth. 
The soil conditions in four layers from 0-20, 20-40, 40-60, and 60-80 cm were 
determined. These results are given in Table 2. 
 Experimental design was randomized complete blocks design (RCBD) in split-split 
plot with three replications. Design treatments included different amount of water (60, 
80, and 100% water requirement) in main plot, drip irrigation methods (surface and 
subsurface) in sub plot and mulch (without mulch and with plastic mulch) in sub-sub 
plot. Mobile cultivar was studied in this research. After transplantation, plastic sheets 
were installed on each row and their sides were covered with soil. Then with a hole to 
place the transplant, the transplants were passed of holes in plastic sheets. About 75 
cm wide sheets of plastic used and the thickness were about 30 microns. In the 
surface drip irrigation, one pipeline (tape) was considered for each row which was to 
widen the distance of rows was 10 cm. In the subsurface irrigation for each row in 
each plot a lateral line was considered and pipes were installed at a depth of 15 cm of 
soil in each row. Yield of tomato, water consumption and water use efficiency of each 
treatment were determined. Data were analyzed statistically using the MSTAT-C 
software. However, Mean Comparison was performed using Duncan's Multiple Range 
tests. 
 

Table 1. Test results of irrigation water quality  
Les résultats des tests de qualité de l'eau d'irrigation  

EC 
(dS/m) 

PH 
Soluble captions (meq/lit) Soluble anions (meq/lit) 

SAR 
Na+ Mg++ Ca++ K+ CL- So4

-- Co3
-- 

0.8  7.89 3  2.4 2.4 - - 1.8 2.35 1.93 

  

Table 2. Soil physical properties of the test site  
Propriétés physiques du sol du site d'essai 

Soil depth 
(cm) 

Particle size 
Distribution (%) Texture  

Bulk density 
(g/cm3) 

 

Soil Moisture (%) 

Sand Silt Clay FC PWP AW 

0-20 28 58 14 SL 1.41 27.99 12.20 15.79 

20-40 24 54 22 SL 1.51 29.9 12.70 17.20 

40-60 26 50 24 L 1.45 26.92 13.30 13.62 

60-40 36 46 18 L 1.42 23.71 9.80 13.91 

 



3. Results and discussion 
 
 

The combined statistical analysis showed that irrigation water amount, irrigation 
method and mulch treatments had significant effect on yield and water use efficiency 
(P≤ 0.01). Yield in 60, 80 and 100% water requirement treatments was 31.141, 
54.575, and 62.265 ton/ha, respectively, which showed significant difference between 
them (Figure1). Also, the highest WUE (7.881 kg/m3) was in 80% irrigation treatment, 
followed by 60 and 100% (with 5.925 and 7.232 kg/m3), respectively (Figure2).  

 

 
Figure 1. Effect of water amounts on yield of tomato. 
Effet de quantités d'eau sur le rendement de la tomate. 

 

 
Figure 2. Effect of water amounts on water use efficiency in tomato plantation. 

Effet de quantités d'eau sur l'efficacité d'utilisation de l'eau dans une plantation de tomates.  
According to Figure 3, There was significant difference between yield in surface and 
subsurface drip irrigation methods which was 43.380 and 55.274 ton/ha, respectively. 
However, water use efficiency in subsurface drip irrigation was 7.927 kg/m3 that were 
greater than WUE in surface drip irrigation (Figure 4).  
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Figure 3. Effect of irrigation method on yield of tomato. 

Effet de la méthode d'irrigation sur le rendement de la tomate. 
 

 
Figure 4. Effect of irrigation method on water use efficiency in tomato plantation. 

Effet de la méthode d'irrigation sur l'efficacité d'utilisation de l'eau dans une plantation de 
tomates. 

Yield in plastic mulch and without mulch treatment was 55.641 and 42.714 ton/ha, 
respectively (Figure 5). However, according to Figure 6, application of mulch 
increased water use efficiency from 6.63 kg/m3 to 7.85 kg/m3 (about 30 percent). 
In general, it seems to be subsurface drip irrigation with 80% water requirement and 
using of plastic mulch was the best treatment and so it is recommended.    
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Figure 5. Effect of mulch on yield of tomato.  
Effet du paillis sur le rendement de la tomate. 

 

 
Figure 6. Effect of mulch on water use efficiency in tomato plantation.  

Effet du paillis sur l'efficacité d'utilisation de l'eau dans une plantation de tomates.  
 
       

4. Conclusion and Recommendations 
 
 

The impact of irrigation water amount, irrigation methods and mulch on yield of 
tomato was significant. The yield of tomato in the three treatments, 60, 80 and 100 
percent of water requirement was obtained 31.141, 54.575 and 62.265 ton/ ha, 
respectively. Yield of tomato in both surface and subsurface drip irrigation methods 
were 43.380 and 55.274 ton/ha, respectively which also had significant difference. 
Yield of tomato in subsurface drip irrigation method was more about 12 ton/ha 
compare to surface drip irrigation method and in the two treatments with and without 
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mulch (42.714 and 55.941 ton/ha, respectively) was significant difference. The effect 
of treatments on WUE was significant. Lowest WUE (5.96 kg/m3) was obtained from 
treatment with water use of 60% water requirement and the most WUE (7.88 kg/m3) 
was obtained from treatment with water use of 80% water requirement. WUE in 
surface and subsurface drip irrigation were 6.12 and 7.93 kg/m3, respectively. The 
effect of mulch on WUE was significant. WUE in treatment with mulch increased 
about 30 percent. The main advantage of plastic mulch is increase the air and 
temperature of soil under the mulch that case more and faster plant growth. Plastic 
mulch reduces evaporation from the soil surface and soil moisture maintain with 
greater uniformity. Due to the lack of light under the black plastic mulch, 
photosynthesis could not be done and weeds can not grow. Therefore, the plant will 
have greater access to water and nutrients. In other words, if the mulch be used, less 
water is consumed and the yield can be expected higher. 
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ABSTRACT 
 
 

Increasing demands for water and heightened awareness of the role of irrigated 
agriculture in water quantity and quality protection mandate improved irrigation water 
and nutrient management. This is particularly true for a high-value, water-sensitive 
crop like potato that requires large nitrogen fertilizer inputs. The objective of this 
paper are to evaluate the impacts of irrigation frequency and irrigation cutoff on yield 
and water use efficiency (WUE) of potato cultivars, using drip-tape irrigation system. 
This study was conducted during 2006-2008 years in Razavi Khorasan Agricultural 
and Natural Resources Research Center (Iran). Experimental design was randomized 
complete blocks design (RCBD) in split split plot with three replications. Design 
treatments were include irrigation frequency (2, 4, and 6 day) in main plot, irrigation 
cutoff (full irrigation, irrigation cut-off only in initial growth stage) in sub plot and potato 
cultivars (Almera, Agria, Sante and Sinora) in sub-sub plot. Results showed that 
irrigation frequency and irrigation cut-off had no significant effect on yield and WUE. 
The effect of cultivar on yield and WUE was significant. Among cultivars, the most 
yield and WUE was belonged to Agria. Three other cultivars (Almera, Sante and 
Sinora) were in second level, thouth the yield of Almera was a little more that Sante 
and Sinora. In general regarding to treatments and its interaction effects on yield and 
WUE, it was concluded that the highest and the least yield and WUE were belonged 
to drip irrigation with 2 day irrigation frequency and without cut-off in Agria cultivar and 
drip irrigation with 6 day irrigation frequency and with water cut-off in Sinora cultivar, 
respectively. 
 
Keywords: Potato, Irrigation frequency, irrigation cutoff, Drip tape irrigation, Water use 
efficiency. 

                                                            

1 - Scientist,  Khorasan Agriculture and natural resources Research Center.      
Email: mjolaini@yahoo.com        Tel: 0915-5008834 . 
2 - Scientist. Khorasan Razavi Agriculture & Natural Resources Research Center. 
3 - Scientist,  Agricultural Engineering Research Institute, Karaj, Iran. 
 



 2 

1. Introduction 
 
 

Increasing demands for water and heightened awareness of the role of irrigated 
agriculture in water quantity and quality protection mandate improved irrigation water 
and nutrient management. This is particularly true for a high-value, water-sensitive 
crop like potato that erquires large nitrogen fertilizer inputs. Because of a shallow root 
zone, potato is irrigated frequently, increasing the potential for over irrigation and 
nitrate leaching to groundwater. 
Potato is the fourth most important food crop in the world after wheat, maize and rice 
with 311 million tons which produced from 19 million hectares. Proper irrigation 
method and correct water management on potatoes is important for both yield and 
quality. Because both over and under-irrigation can cause problems for a potato, 
irrigation water application should be matched to crop water use. Water use for 
potatoes starts low, at about 0.05 to 0.1 inch per day from planting until crop 
emergence. This water use accure due to bare-surface soil evaporation. After the 
crop emerges, water use increases over about a one-month period to the peak use of 
0.3 to 0.35 inches per day.  
Drip irrigation has the potentail to reduce both nitrogen and water inputs and greatly 
reduce nitrogen losses to groundwater since water and fretilizer can be plaeced 
directly in the crop root zone. Because water and nutrients can be supplied as 
needed, crop stress can be reduce, water saving obtained, crop quantity and quality 
improved and water use efficiency increased. Recently, drip irrigation system has 
been successfully used in Iran for many row crops such as corn, cotton, sorghum, 
tomato, potato and etc. However, potato production through drip irrigation can also 
improved nitrogen and phosphorus utilization by the plants due to placement in near 
the plant active root zone. 
Irrigation frequency is one of the most important factors in drip irrigation scheduling. 
Due to the differences in soil texture, soil moisture holding capacity and wetting 
pattern, crop yields may be different when the same quantity of water is applied under 
different irrigation frequencies. Typically, the higher irrigation frequency the smaller 
the wetted soil volume and the higher mean soil water content can be maintained in 
the wetted soil volume during a period when the total irrigation water is equal. High 
irrigation frequency might provide desirable conditions for water movement in soil and 
for uptake by roots (Segal et al., 2000). Several experiments have shown positive 
responses in some crops to high frequency drip irrigation (Segal et al., 2000; 
Sharmasarkar et al., 2001). However, seeming inconsistencies as to what frequency 
might be optimum can also be found in the literature. Dalvi et al. (1999), found that 
the maximum yield was obtained at every second day frequency. Pitts et al. (1991), 
found that two drip irrigation frequencies (three times per day, one time per day) had 
no effect on tomato yield. Meshkat et al. (2000), went one-step farther by pointing out 
that an irrigation regime with excessively high moisture frequency could cause the soil 
surface to remain wet with first stage evaporation persisting most of the time resulting 
in a maximum rate of water loss. Evidences indicate that root systems under partial 
soil wetting are dominated by wetting patterns under the drippers (Clothier and 
Green, 1994; Coelho and Or, 1996). These limited root systems might not affect crop 
growth, however, when the main nutrients are applied through irrigation system. 
Generally in Iran there are tow cultivation such as winter wheat and spring potato 
during spring season at the same time. Due to water shortage at this time, farmers 
have difficulty for irrigation practices (intervals) of two mentioned crops in the same 
time. Therefore in spring, if farmers can eliminate one irrigation turn interval from the 
first stage of potato grow period without significant reduction on the yield; they can 
irrigate the last turn interval of wheat. So, the main purposes of this study were to 
determine the effects of irrigation frequency and water cut off on yield and water use 
efficiency in potato cultivars in Iran soil and weather condition. 
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2. Material and methods 
 
 
This research was conducted in Razavi Khorasan Agricultural and Natural Resources 
Research Centre in Iran. The study was done during 2006-2007 years. Experimental 
design was randomized complete blocks design (RCBD) in split-split plot with three 
replications. Design treatments were three irrigation frequency (2, 4, and 6 day) as 
main plot, tow irrigation cut-off (full irrigation, irrigation cut-off in initial growth stage) in 
sub plot and four potato cultivars (Almera, Agria, Sante, and Sinora) in sub-sub plot.  
The soil texture was silty loam and loam in 0-40 and 40-80 cm depth, respectively. 
Water quality was tested and its results are shown in Table 1. Soil physical 
characteristics of the experimental site were determined by creating a profile in the 
soil up to 80 cm depth. The soil conditions in four layers from 0-20, 20-40, 40-60, and 
60-80 cm were determined. These results are given also in Table 2. 
Three planting lines with 10 meters long were considered for each treatment. The 
distance between rows were 1.5 m and between plants on rows were 25 cm. 
Potassium and phosphorus fertilizer requirements and one-third of required nitrogen 
was given based on soil test before planting. Residual nitrogen fertilizer was used as 
fertigation with irrigation system during the growing season. All practices during the 
season including pest, diseases and weeds control were alike for all treatments. Drip-
tape irrigation method was used for irrigation of potato. In this method, the drippers' 
distances were 40 cm and the discharge of drippers was 4 liters per hour per meter. 
However, the thickness of tape tube was 300 microns. Yield of potato, water 
consumption and water use efficiency of each treatment were determined. Data were 
analyzed statistically using the MSTAT-C software. However, treatments mean 
comparison was performed using Duncan's Multiple Range tests. 
 

Table 1. Test results of irrigation water quality 
Les résultats des tests de qualité de l'eau d'irrigation 

EC 
(dS/m) PH 

Soluble captions (meq/lit) Soluble anions (meq/lit) 
SAR Na+ Mg++ Ca++ K+ CL- So4

-- Co3
-- 

0.8 7.8 3 2.4 2.4 - - 1.8 2.35 1.93 

 
Table 2. Soil physical properties of the test site 

Propriétés physiques du sol du site d'essai 

Soil depth 
(cm) 

Particle size 
Distribution (%) Texture  

Bulk density 
(g/cm3) 

 

Soil Moisture (%) 

Sand Silt Clay FC PWP AW 
0-20 28 58 14 SL 1.41 27.99 12.20 15.79 
20-40 24 54 22 SL 1.51 29.9 12.70 17.20 

40-60 26 50 24 L 1.45 26.92 13.30 13.62 

60-40 36 46 18 L 1.42 23.71 9.80 13.91 

 
 

3. Results and discussion 
 
 

Analysis of variance showed that irrigation frequency and irrigation cut-off had no 
significant effect on yield and water use efficiency (WUE) in potato cultivation. The 
effect of cultivar on yield and WUE was significant. Among cultivars, the most yield 
and WUE was belonged to Agria and three other cultivars (Almera, Sante and Sinora) 
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were in second level, though the yield of Almera was a little more that Sante and 
Sinora. Totally it was concluded that regarding the comply effects of treatment on 
yield and water use efficiency, the most and the least yield and WUE were treatment 
two day irrigation frequency without cut-off in Agria cultivar and treatment six day 
irrigation frequency with cut-off  in Sinora cultivar, respectively.  
Yield in two, four and six days irrigation frequency was 35.197, 33.504 and 33.264 
ton/ha, respectively (Table 3). However, the highest WUE (4.278 kg/m3) was in tow 
day irrigation frequency, followed by four and six days (with 3.997 and 3.430 kg/m3), 
respectively (Table 4). According to Table 3, there was not significant difference 
between yield in full irrigation and irrigation cut-off that was 33.495 and 33.032 ton/ha, 
respectively. Water use efficiency in full irrigation and irrigation cut-off was 3.926 and 
3.877 kg/m3, respectively (Table 4). Also, the effect of cultivar on yield and WUE was 
significant. Yield in Almera, Agria, Sante, and Sinora cultivars were 33.184, 37.318, 
32.650, and 32.796 ton/ha, respectively (Table 3). However, water use efficiency also 
in Almera, Agria, Sante, and Sinora cultivars were 3.700, 5.693, 3.211 and 3.003 
kg/m3, respectively (Table 4).  
 
 

Table 3. Mean yield comparison of potato in different treatments. 
Comparaison de la moyenne de rendement de la pomme de terre dans différents 

traitements.  
Yield (ton/ha) Treatment 

35.197 a 
33.504 a 
33.264 a 

Irrigation frequency (day): 
2 
4 
6 

 Irrigation cutoff: 
33.495a Full irrigation 
33.032 a Irrigation cutoff 

 Cultivars: 
33.184 b 
37.318 a 
32.650 b 
32.796 b 

Almera 
Agria 
Sante 
Sinora 

 
 

Table 4.  Mean water use efficiency comparison of potato in different treatments. 
Comparaison de la moyenne d'efficacité de l'utilisation de l'eau de pomme de terre 

dans les différents traitements.  
WUE (kg/m3) Treatment 

4.278 a 
3.997 a 
3.430 a 

Irrigation frequency (day): 
2 
4 
6 

 Irrigation cutoff: 
3.926 a Full irrigation 
3.877 a Irrigation cutoff 

 Cultivars: 
3.700 b 
5.693 a 
3.211 b 
3.003 b 

Almera 
Agria 
Sante 
Sinora 

 



 5 

 
4. Conclusion and Recommendations 

 
 

Efficient use of irrigation practice depends on supplementing soil water and rainfall 
with the minimum amount of water to ensure that crop growth rates are not limited by 
soil water availability. In arid and semi-arid environments such as Iran where potatoes 
are grown on light soils, the frequency of irrigation is high, and stored soil water 
makes only a limited contribution to crop growth. In this experiment we found that 
irrigation Frequency and irrigation cut-off had no significant effect on yield and water 
use efficiency, but when frequency of irrigation was low, the yield was high. This was 
due to availability of water, low water stress, and low energy consumption for 
cultivated crops. 
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• Prospecting showed that Clementine root system was located by 65% in the top 
soil surface layer and the remaining part is located in the subsequent layer with a 
particular root concentration (25%) within the layer’s transition zone. No roots 
have been observed growing deeper than 1.00 m. 

  
 
 
 
 

ABSTRACT 
 
 
Drip irrigation scheduling of Clementine mandarin grove (planted since 1978) was 
carried out at citrus orchard located at Cap Bon on the Mediterranean coast of 
Tunisia, with layered soil (sandy on sandy clay loam). The irrigation scheduling 
program was monitored using a simple method based on soil water status among the 
prospected rooting zone (soil water balance and potential) coupled with crop water 
requirements determination, during three years, from 2005 to 2007. 
 
From the obtained results, the following conclusions would be drawn: 

• Soil moisture characterization is useful to identify the water retention and to 
establish the frequency of soil watering,  

• Soil water potential associated to soil moisture measurement represents a 
suitable way to estimate water deficit and irrigation scheduling,  

• Irrigation triggering should be conducted in two phases. During the “flowering-
June physiological fruit drop” period (February - June) the irrigation should be 
triggered when the 0.25 m deep tensiometer reading reaches 10 x 10-3 MPa (0.1 
bar) while during the period of “fruit growth-ripening” (July-October) the tension 
would be 15 x 10-3 MPa (0.15 bar). These critical levels of soil water tensions 
could be recommended in order to establish an irrigation scheduling of citrus 
cultivated on low water retention sandy soils 

• The following three dimensional regression model could describe the seasonal 
soil moisture distribution, within the root zone under drip irrigation: 

 
Z = 0.054 + 0.873 10-3 x - 0.23 10-5 x2 - 0.00163 y + 0.258 10-4 y2 - 0.83 10-6 x y 

(r2=0.82**) 
θ: Soil moisture content (m3m-3), x: Root zone thickness (cm)  and . y: time (day of the year). 

 
The obtained results, has given in hand materials for the dissemination of the tested 
methodological approach. When used properly, it can enhance the irrigator’s chances 
of success. 
 

Keywords: Drip Irrigation scheduling; citrus; soil water status; crop water 
requirements. 
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RESUMÉ ET CONCLUSIONS 
 

La région agrumicole du Cap Bon de Tunisie est caractérisée par un drainage 
climatique mensuel (P-ETP) pratiquement négatif sur toute l’année, il n’est positif 
qu’exceptionnellement et  le déficit hydrique s’accentue d’avantage durant la saison 
estivale, par conséquent la mise en valeur agrumicole intensive n’est possible qu’à 
travers la pratique de l’irrigation. Ainsi, une expérimentation portant sur le pilotage 
des irrigations a été réalisée durant 3 ans (2005-2007) dans un verger agrumicole au 
Nord de la Tunisie (Région El Gobba-Cap Bon). Le verger est composé d’arbres 
matures de Clémentiniers greffés sur bigaradier, plantés en 1978 à des écartements 
de 6 m× 4 m soit une densité de 417 arbres par hectare. Il est équipé d'un réseau 
d'irrigation localisée constitué de conduites principales, secondaires et tertiaires en 
polyéthylène et les lignes de plantation sont dotées d'une double rampe placée sous 
frondaison de part et d'autre des arbres. Les goutteurs sont du type intégré 
autorégulant, équidistants de 33 cm et débitant 2 l h-1 chacun, ainsi, chaque arbre 
dispose d'un débit horaire de 48 litres. 

 
Le profil des sols de la parcelle expérimentale est caractérisé par l'individualisation de 
deux matériaux lithologiques bien distincts et d’épaisseurs inégales, qui se 
superposent dans le paysage : des horizons sub-superficiels à texture grossière 
évoluant sur des horizons de texture moyenne à fine. 

 
Pour accomplir une gestion efficace de l’alimentation hydrique des arbres ce travail 
s’est articulé sur la combinaison à la fois de quelques outils de suivi et d’évaluation : 

1) Une étude in situ du système radiculaire des arbres de Clémentinier 
permettant de caractériser la morphologie et la structure de la charpente 
radiculaire ainsi la densité de répartition dans le profil du sol. Les racines des 
arbres, à structure hiérarchisée, sont concentrées à plus de 65% dans les 
horizons sub-superficiels (0-0.60m), le reste qui représente 35% a envahis 
les horizons de profondeur avec une concentration préférentielle dans une  
zone dite de transition (25%). 

2) Une évaluation quantitative de la rétention en eau du sol du site expérimental 
moyennant l’établissement des courbes caractéristiques d'humidité, appelées 
courbes de pF, et cela a été établis à partir des valeurs expérimentales de la 
rétention d'eau, selon le modèle θ(h) de van Genuchten (1978, 1980). 

3) Des déterminations préliminaires des besoins en eau des arbres moyennant 
les données climatiques du site expérimental montrant que la demande 
annuelle en eau des arbres de Clémentinier, estimée dans le contexte 
environnemental de l’expérimentation, oscille entre 752.4 et 770.3 mm  

4) La lecture journalière des données tensiométriques sous frondaison des 
arbres au niveau de quatre profondeurs dans la zone radiculaire (0.25, 0.5, 
0.75 et 1.0 m), a permis le suivi du bulbe d’humectation et donc l’évaluation 
des processus l’humidification et d’épuisement des réserves hydriques du 
sol. Les tensions de l’eau à 0.25 m de profondeur du sol ont servi comme 
indicateur permettant le déclenchement des irrigations. 

5) Enfin, le suivi de l’évolution des teneurs en eau volumiques (décadaires à 
bimensuelles) ont permis d’abord l’ajustement et la validation du programme 
de pilotage d’irrigation et également de visualiser la distribution saisonnière et 
spatiale de l’humidité le long du profil du sol et donc de schématiser le 
processus d’humectation-épuisement de la zone radiculaire des arbres de 
Clémentinier. 
 

Cette approche méthodologique, bien qu’elle reste en grande partie spécifique au 
contexte pédoclimatique du site, a le mérite d’évaluer l’efficacité des apports d’eau 
d’irrigation sur la base d’une meilleure compréhension de la dynamique de l’eau dans 
le sol de la zone radiculaire des arbres dans son envergure tridimensionnel : teneur 
en eau rapportée à la capacité potentielle du réservoir sol, sa variabilité spatiale et 
temporelle en rapport avec la demande hydrique, spécifique à chaque étape du cycle 



phénologique des arbres. Ainsi, les résultats ont fait ressortir les conclusions 
suivantes: 
 

a) La caractérisation de la morphologie et la structure du système radiculaire 
ainsi que sa densité de répartition dans le profil du sol est d’une grande 
importance pour accomplir une gestion efficiente de l’eau et des fertilisants. 

b) L’établissement des courbes caractéristiques d’humidité des différents 
horizons du sol sous frondaison des arbres permet d’évaluer in situ la 
capacité de rétention en eau du sol et donc d’édifier des ajustements du front 
d’humectation. 

c) La matrice des potentiels de l’eau du sol obtenue moyennant les lectures 
tensiomètriques, couplée au bilan hydrique issu des teneurs en eau du sol 
ont permis d’évaluer le déficit hydrique, paramètre primordial pour la 
programmation des irrigations. 

d) Pour le déclenchement des irrigations, deux niveaux critiques de tension de 
l’eau du sol ont été fixés. Une tension équivalente à 10 × 10-3 MPa (0,1bar), a 
été appliquée durant la période de "démarrage de la vague de croissance 
printanière jusqu’à la chute physiologique de juin" (mars - juin). Par contre, 
durant la phase "post chute physiologique de juin et jusqu’au début de 
maturité des fruits", la tension critique de l’eau du sol peut grimper pour 
atteindre 15 × 10-3 MPa (0,15 bar). Ces niveaux jugés optimums pourraient 
être recommandés pour la programmation de l’irrigation des vergers de 
Citrus évoluant sur des sols d’apports sableux à faible capacité de rétention 
en eau. 

e) La distribution saisonnière et spatiale de l’humidité du sol à travers les 
différents horizons de la zone radiculaire des arbres, se traduisant par les 
processus d’humectation et d’épuisement du sol, a été décrite par une 
relation tridimensionnelle ayant pour équation : 

 
 

Z = 0.054 + 0.873 10-3 x - 0.23 10-5 x2 - 0.00163 y + 0.258 10-4 y2 - 0.83 10-6 x y 
 

(r2=0.82**) 
 

Avec θ : teneur volumique en eau du sol (m3m-3), x: épaisseurs des horizons du sol 
de la zone radiculaire des arbres (cm) et y: le temps (jours de l’année). 
 
Les résultas obtenus contribuent à la compréhension de la dynamique de l’eau du sol 
de la zone radiculaire des arbres, qui traduit l’interaction entre les apports d’eau et les 
prélèvements par les arbres durant le cycle de croissance et de développement du 
Clémentinier dans le contexte pédoclimatique régionale semi aride Méditerranéen. 
Ainsi, l’approche présentée, pourrait être vulgarisée puisqu’elle aurait comme impact 
d’augmenter les chances de succès des producteurs agrumicole. 

 
 

1. INTRODUCTION 
 
 

Irrigation scheduling is a useful tool to provide crop water requirements, to avoid plant 
moisture stress and to improve irrigation water management. When used properly 
and wisely, it indicates the right amount of water to supply to cropland at the right time 
and in the right place. Consequently, it saves water, energy, labor, and fertilizer, and 
in many cases improves crop yields and product quality. 
 
Irrigation scheduling methods are based namely on crop water requirement 
estimation using meteorological data treatments (Allen et al, 1998), soil water 
measurements, monitoring plant stress by leaf water potential and canopy 
temperature measurements providing information about plant water status reliably to 



the water need, trunk tree diameter and sap flow determinations (Brouwer et al., 
1989; Harisson, 2005; Velez et al., 2007). Computer models that are being developed 
and continuously updated, allowed a precise irrigation scheduling and automation 
Never less, because of the cost and the required computer and agriculture scientific 
background, their use are already restricted to Research and Academic Institutions. 
In comparison to investment in irrigation equipment, the irrigation scheduling tools 
would be relatively inexpensive. 

 
The commonly used and the less costing methods are based on calculating or 
measurement of crop water requirements, soil water monitoring by mean tensiometer 
measurement and/or soil water balance (Tam, 2006; Fares et al., 2007). Several 
devices are available for measuring soil moisture in order to monitor water stock 
variation according to a referred soil water holding capacity. Tensiometers are soil 
water measuring devices which monitor soil water tension and are sensitive to soil 
moisture change. 

 
Tensiometer acts like a mechanical root. It is equipped with a gauge or reading unit 
that continuously registers how hard the root must work to extract water from soil. 
Tensiometer measurement (reading) can be related to the soil moisture content and 
irrigation decision is made according to specific crop critical soil water depletion. Two 
kinds of tensiometers are already available. One is sealed, water-filled tube equipped 
with vacuum gauge and the second is doted by electrical functioning system and 
measurements are obtained by using a reading unit. This tensiometer generation act 
as sensor and allowed their connection to agro meteorological plant or to be used 
solely by mean wire-less technology. Then, it allows automation of irrigation 
scheduling. 

 
Citrus are among the crops, which require optimal soil moisture content and are 
vulnerable to water deficit as well as saturated root zone (Castell et al., 1987; 
Hammami, 2010). In addition, optimal soil moisture is an important component to 
monitor citrus trees fertilization (Hammami et al., 2009; Hammami, 2010; Hammami & 
Mellouli, 2011). Drip irrigation is the most used system on the citrus orchard in 
Tunisia, and although that it is confirmed to be a water conservative technique and as 
mean to increase in farm water and nutrients use efficiency, a gaps remain in the 
monitoring such system on citrus orchard (Cheneni et al., 2000) that would require 
wise and scientific irrigation scheduling, in order to establish optimal available 
moisture soil content and to enhance crop, soil and water productivities. 

 
The most used methods in Tunisia to monitor irrigation of citrus orchards are based 
on the estimation of the evapotranspiration (Nasr et al., 2001; Nasr, 2002), which it 
consists on water removal by plant (transpiration) and water loss due to evaporation 
(Allen et al., 1998) and also by mean soil tension and water content devices. Thus, 
this paper presents results of irrigation scheduling program that was monitored, by 
using a simple method based on soil water status coupled with crop water 
requirements determination, during three years (2005-2007), in Clementine mandarin 
citrus orchard in Tunisia.  

 
 

2. PHYSICAL EXPERIMENTAL SITE CHARACTERIZATION 
 
 
The experiment was carried out at citrus orchard located at Cap Bon around 60 km 
NE of Tunis, on the Mediterranean coast of Tunisia (long.:10° 35' 23" E and lat.: 36° 
36' 50" N). The soil is layered sandy (0-60 cm) on sandy clay loam (60-120 cm), 
according to USDA textural soil classification (Table 1). 
The difference between moisture contents of Field Capacity and Wilting Point 
indicates the Total Available Soil Water (TAW) and Field Capacity gives information 



on water holding capacity of the soil. Such information’s were used in order to avoid 
deep percolation and water stress as well. The soil water at Field Capacity is low on 
the top sandy layer (0-0.60 m) because its structural configuration and its high 
content on sand while on the subsequent horizon (0.60-1.20 m), water retention is 
relatively high due to its fine fraction content (“clay + silt”). Consequently, care should 
be allocated to irrigation scheduling according to the layers juxtaposition (Table 1). 

 
Table 1.Physical soil proprieties of the experimental site 

(Propriétés Physiques du sol du site expérimental) 
 

 
Depth 

Soil components  (*)θfc  (**)θwp TAW 
 
Bulk  
Density Clay Silt Sand 

(cm) (%) (m-3 m-3) (mm) (Mg m-3) 

0-30 5 8 87 0.156 0.063 27.9 1.54 
30-60 4 9 87 0.138 0.042 28.8 1.53 
60-90 35 20 45 0.225 0.145 24.0 1.43 

90-120 27 13 60 0.266 0.145 36.3 1.32 
 

 (*)θfc: soil water content at field capacity, (**)θwp:soil water content at wilting point 
TAW: Total Available soil Water 

 
Soil water retention curve, called pF curves, describes the relationship between soil 
water content (θ) and the related soil water tension or soil matrix water potential (h). 
Soil water retention characterization was established by using three replicates of soil 
samples for each layer and for different tensions, ranging from saturation until the 
wilting point. The curves were fitted (figure 1) according to θ(h) model (van 
Genuchten, 1978) by mean iteration of Marquardt (1963) . 

θ = θr + (θs - θr) [1/1+ (αh)n] m 
Were θr et θs are respectively the residual and saturated moisture contents α, m et n 
are adjustment parameters with m=1-1/n (van Genuchten, 1980). The obtained value 
of the adjustment parameters are indicated on table 2 
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Figure 1. Measured (m) and calculated (c) θ(h) curves, according to van Genuchten 
(1978 & 1980) model. Symbols (*) indicate moisture contents successively at Field 

Capacity, at the two critical depletion for irrigation scheduling. (Courbes θ(h) 
mesurées (m) et calculées (c), selon le modèle de le modèle de van Genuchten 

(1978 & 1980). Les symboles (*) indiquent les teneurs en eau successivement à la 
capacité au champ et aux deux seuils de déclenchement de l’irrigation) 



 
Table 2. Adjustment parameters of the relation θ(h) according to van Genuchten 

(1978 & 1980) model (Valeurs des paramètres d’ajustement de la relation θ(h) selon 
le modèle de van Genuchten (1978 & 1980)). 

 
Depth 

(m) 
θr  

(m3/m3) 
θs  

(m3/m3) 
α  

(cm-1) (n)  (m) R2 

0.0 – 0.30 0.080 0.390 0.03072 2.3252 0.5699 0.949 
0.30 – 0.60 0.040 0.370 0.03425 2.1657 0.5382 0.967 
0.60 – 0.90 0.058 0.580 0.0963 1.6979 0.4110 0.925 
0.90 – 1.20 0.110 0.700 0.0339 1.3804 0.2756 0.813 

 
 

3. TREE ROOT SYSTEM 
 
 

It’s evident that knowing where roots are located and their concentrations on the soil 
layers increases the production system efficiency when cultural practices are wisely 
applied under-tree area such as irrigation and fertilization (Bauer et al., 2003). Studies 
of root system distribution among tree growing area have not included Clementine 
Mandarin Cultivar rootstock at the citrus production zone of Tunisia. Then, the root 
distribution at the experimental site was studied on soil profiles by mean 8 
prospecting locations spaced by 0.25 m, on 2 m radium from the tree. Soil and roots 
samples have been taken every 0.30 m layer until 1.20 m depth.  

 
Prospecting showed that Clementine root system was located by 65% in the top soil 
surface layer (0-0.60 m) and the remaining part is located in the subsequent layer 
(0.60-1.20 m) with a particular root concentration (25%) within the layer’s transition 
zone. No roots have been observed growing deeper than 1.00 m. In most prospected 
sites, the essential roots system was located on the first 0.90 m. The upper layer 
seems to be favorable to citrus root growth development due to the coarse textural 
characteristics of the soil material associated to the historical continuous watering. 
The root concentration observed in the transition layer could be attributed to soil 
stratification effect and to the fact of textural coarse layer on fine did hamper water 
capillary rise (Mellouli et al., 2000). However, roots observed on boundary zone, can 
be attributed perhaps to that the subsurface layer would be quickly water depleted 
during the historical irrigation scheduling, and roots tended to reach stored water in 
the down layer characterized by good water holding capacity (Table 1). Bauer et al. 
(2003) observed also shallow root distribution of citrus trees at Florida and rooting 
depth is limited of the A horizon. 

 
 

1. EXPERIMENTAL DESIGN 
 
 

The experiment was carried out on orchard of “Clementine mandarin” mature trees 
grafted on “Sour orange rootstocks” (70% canopy cover) planted in 1978 spaced 6.0 
m × 4.0 m apart, giving 416 trees per ha. Because optimal soil moisture is an 
important component to monitor citrus fertilization, this work was conducted 
conjointly, in the same plots, with the fertilization and nutrition program experiment of 
Hammami et al. (2009); Hammami (2010) and Hammami & Mellouli (2011). The plots 
were drip irrigated by two lines of emitters using 24 auto compensating emitters set 
0.33 m from each other. Each emitter had 2 l h-1 flow rate. It resulted that every tree 
received during irrigation 0.048 m3 h-1. 

 
Irrigation scheduling was based on tensiometers readings, soil moisture content 
measurements and crop water requirement estimation. Four tensiometers were 



planted in each of four representative locations of the experimental site at 0.25; 0.50; 
0.75 and 1.0 m depths inside humidification bulb, with the deeper immediately under 
the emitter. Four Neutron probe access tubes were also installed in two radial 
directions under the tree canopy, with 1 m distance and exploring the soil profile 
along 1.20 m depth (Figures 2). 
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Figure 2. Experimental design water status monitoring. “WM” : Water Mark 
Tensiometer & “NAT” : Moisture Neutron Probe Access Tube (Protocole expérimental 
pour les mesures humidimétriques. “WM” : Tensimètre Water Mark & “NAT” : Tubes 
d’accès de la sonde à neutron) 
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2. IRRIGATION SCHEDULING 
 

 
5.1. Crop water requirements calculation 
 
Given the agro meteorological data of the experiment area, crop evapotranspiration 
rates (ETc) was calculated, in real time, by mean FAO method using the crop 
coefficient and reference evapotraspiration (Allen et al., 1998). The obtained ETc 
values, were used in order to decide precisely the amounts of irrigation supplies. 

 
5.2. Tensiometer readings 
 
Tensiometer readings were carried out daily. All tensiometers were used to evaluate 
daily water status among the soil profile before and after irrigation (Figure 2). The 
deeper tensiometer, located at 1 m depth, gave information to avoid water percolation 
and was useful to adjust irrigation water supplies. The 0.25 m depth tensiometer was 
basically used to identify soil water depletion level and as warming tool to start the 
irrigation. 

 
The soil water status was maintained at field capacity by mean irrigation when total 
available water (TAW) depletion reaches a critical level resulting on water stress of 
the Clementine tree. The depletion critical level corresponds to the readily available 
soil water (RAW) in the root zone that can be depleted before moisture stress, with 
“RAW = p × TAW”, p is a depletion fraction depending on the crop species (Allen et 
al., 1998). 

 
Tow critical soil available depletion levels were adopted in order to decide the 
irrigation moment and its duration according to the soil water balance and the crop 
water requirements. The first one, equivalent to 25 to 33% depletion of TAW, should 
be used during flowering fruit set phase (Koo, 1969) and the second one is related to 
depletion reaching 50 to 67% which has to be applied during the remaining period of 
the growing season (Smajstrala et al 1985; Pearsons, 1989; Fares and Alva, 2000), 
but the commonly advised for citrus is already 50% (Allen et al., 1998). According to 
these ranges of allowed TAW depletion, the critical fractions adopted in our 
experiment site, were respectively 33% and 50%. Consequently, according to the 
moisture characterisation “pF curves” (Figure 1) and the tensiometer calibration 
measurements, the watering of trees was conducted in two phases. During the 
“flowering-June physiological fruit drop” period (February - June) the irrigation was 
triggered when the 0.25 m tensiometer reading reaches 10 x 10-3 MPa (0.1 bar) while 
during the period of “fruit growth-ripening” (July-October) the tension adopted was 
equal to 15 x 10-3 MPa (0.15 bar). 
 
5.3. Soil water content monitoring 
 
Soil water content was measured every 10 days to two weeks using neutron probe, 
during the three years of experimentation. The moisture content was monitored at 10 
cm intervals down to 1.15 m starting at 15 cm depth. Neutron probe was calibrated by 
soil moisture content gravimetrically determination and instantaneous neutron probe 
readings. Obtained water content profiles were used to calibrate tensiometers 
readings and to validate the amounts of irrigation supplies. 
 

 
6. RESULTS AND DISCUSSIONS 

 

 
Crop water requirements calculation generated daily irrigation during the high water 
demand. Frequency was extended to 2 and 3 days depending on agro meteorological 
conditions, water tree demand and physical soil characteristic described above. 



 
Regarding the Clementine trees canopy cover (70%) and the applied chemical weed 
control, the ETc was calculated using FAO Penman-Monteih methods with crop 
coefficients of 0.7 from November to March and equal to 0.65 during the remaining 
physiological cycle (Allen et al., 1998). Results (Table 3) show that annual water 
requirements are estimated by around 760 mm, which have to be satisfied by 
irrigation taking in count the efficient rainfall. The table 3 indicates also the period of 
high water demand where irrigation was daily conducted. 

 
Table 3. Cumulated monthly and annually Crop Evapotranspiration ETc (mm) calculated 
according to FAO Penman- Monteith equation (Allen et al., 1998) for Clementine orchard 
with controlled weeds during 2005-2007. (Evapotranspiration mensuelle et annuelle ETc 

(mm) des clémentiniers calculées par l’équation FAO Penman- Monteith (Allen et al., 
1998) pour un verger d’agrumes sans couverture du sol, durant 2005-2007). 

 
During the three consecutives experimentation years (2005, 2006 and 2007), the 
cumulated in field received water (Rainfall + Irrigation) was respectively 11543, 11170 
and 10020 m3 ha-1 (1154, 1170, 1002 mm per year) where around 50% supplied by 
irrigation, regarding that water needs did not coinciding with the significant rainfall 
events periods (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Evapotranspiration, rainfall, and irrigation data 2005-2007. Number in boxes 
indicates the annual cumulated amounts; (*) : Exceptional rainfall event (88 mm) occurred 
on 24/01/2006. (Evapotranspiration, précipitation et apport d’eau d’irrigation (2005-2007). 

Chiffre encadré indique les quantités cumulées ; (*) : Pluie exceptionnelle de 88 mm le 
24/01/2006.) 

Month 
Year 

J F M A M J J A S O N D Total 

2005 21.7 29.4 52.1 62.4 94.7 105.3 118.9 102.8 66.3 50.4 31.5 23.9 759.3 
2006 21.7 29.4 54.3 74.1 94.7 107.3 114.9 104.8 72.2 50.4 29.4 17.4 770.3 
2007 23.9 33.3 52.1 64.4 94.7 103.4 116.9 102.8 74.1 44.3 23.1 19.5 752.4 
Mean  22,4 30,7 52,8 67,0 94,7 105,3 116,9 103,5 70,9 48,4 28,0 20,3 760,7 

Standad 
Deviation  1,3 2,3 1,3 6,3 0,0 2,0 2,0 1,2 4,1 3,5 4,4 3,3 9,0 



Referring to the mean rainfall of the experiment region, exceeding rainfall was 
registered, equivalent to 9.4%, 21.2% and 5.0% respectively for 2005, 2006 and 
2007. Never less, excess occurred during low water requirements of the trees. Wintry 
and autumnal rainfall favored a high soil water contents on the deeper clayed layer, 
resulting from intense percolation from the upper coarse layer. During summer period, 
the low precipitation amounts coincided with the high irrigation demand. 
Irrigation scheduling was monitored by the 25 cm tensiometer readings, namely at 10 
x10-3 MPa (0.1 bar) during February through June and 15x10-3 MPa (0.15 bar) for the 
period of July to October. The amount of water supply was decided according to the 
estimated water requirements and soil water status indicated by the tensiometers 
sets. A validation of the quantified irrigation amounts was done using soil water stock 
among 1 m depth measured by neutron probe. Correction was made, when required, 
in order to deal with soil-moisture deficit which is the difference between the available 
water that soil can hold (Field Capacity) and the actual available water in the tree-root 
zone. Thus, root zone soil profile was maintained at field capacity and percolation and 
nutrients leaching were minimized. The tension evolution (Figure 4) confirms the 
maintaining of soil field capacity and demonstrates the best way achieved in the 
irrigation scheduling. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Daily soil water tension in the root zone at 0.25 and 0.75m depth during the 

phonological Clementine Mandarin cycle of 2005-2007. (I) Flowering - June 
physiology fruit drop phase, (II) Fruit growth - fruit maturity (Tensions journalières de 
l’eau du sol de la zone radiculaire à 0.25 m et 0.75 m de profondeur durant le cycle 
phénologique du Clémentinier pour 2005-2007. (I) : Floraison - chute physiologique 

de juin ; (II) : Grossissement du fruit - maturité et récolte) 



On the basis of the data of the soil water content at different depths (0-1 m), during 
2007 cropping season, regression model was used to correlate the soil water content 
(Z) to the soil depth (x) and time of cropping season (y).This tri dimensional 
representation (Figure 5) allowed identifying the humidification and uptakes dynamics 
in tree root zone and described the spatial and temporal soil moisture distribution, 
under drip irrigated Clementine mandarin tree canopy. 

 
 

Z = 0.054 + 0.873 10-3 x - 0.23 10-5 x2 - 0.00163 y + 0.258 10-4 y2 - 0.83 10-6 x y 
 

(r2=0.82**) 
 

θ: Soil moisture content (m3m-3), x: Root zone thickness (cm) and . y: time (day of the year). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 5. Tri dimensional and orthogonal projection of the mean soil water content 
variation at Clementine rooting zone during 2007. (Représentation graphique 

tridimensionnelle et projection orthogonale de la variation de la teneur volumique 
moyenne en eau du sol de la zone radiculaire du clémentinier durant 2007) 

 
 



Figure 5 showed namely: 
• Irrigation infiltration allowed firstly the field capacity on the top coarse soil layers 

having low water holding capacity, and then the infiltration process continues to 
supply the subsequent fine textured layers, characterized by good water 
retention. The rooting zone was maintained at field capacity and during the 
irrigation event, watering of the second layer was monitored by the control of the 
percolation from the boundary depth (0,60 m) in order to avoid perched water 
table, which is no tolerated by citrus roots. Thus, the results show that the 
management was target on establishment of humidification process suitable to 
deal with the water requirements and to avoid nutrients leaching from the rooting 
zone. 

• The moisture content on the second fine textured layer was higher than observed 
on the coarse textured top soil layer. This is evident regarding the specific 
holding capacity of each material. According to the most active shallow rooting 
system, the water uptake from (0.60-1,00 m) horizon was low in comparison with 
the water consumption registered on the top soil (0-0.60 m). Never less, most 
water uptakes were limited effectively on the first 90 cm of the soil profile  

• Although that the soil was maintained at field capacity among the root zone, the 
water uptake was quicker on the sandy top soil layer than in the depth. This is 
attributed particularly to the stratification of the soil and to the shallow high 
rooted system as described above. 

 
 

7. CONCLUSIONS AND RECOMMENDATIONS 
 
 
No doubt that Citrus are among the crops, which require optimal soil moisture content 
and are vulnerable to water deficit as well as saturated root zone. Although that drip 
irrigation system is confirmed to be a water conservative technique and as mean to 
increase in farm water and nutrients use efficiency, a gaps remain in the monitoring 
such system on citrus orchard that would require wise and scientific irrigation 
scheduling, in order to establish optimal available moisture soil content and to 
enhance water and fertilisers use efficiencies as well as crop and soil productivities. 
The conducted experiment program of irrigation scheduling was monitored, by using 
simple method based on soil water status coupled with crop water requirements 
determination, during three years in citrus orchard in Tunisia. From the obtained 
results, following conclusions could be drawn: 
• Prospecting showed that Clementine root system was located by 65% on the 

first sub surface layer (0-0.60 m) and the remaining part is located in the 
subsequent layer (0.60-1.20 m) with a particular root concentration (25%) within 
the layers transition zone. No roots have been observed growing deeper than 1 
m. In most prospecting sites, the essential roots system was located on the first 
0.90 m. 

• Soil moisture characterization is useful to identify the water retention and to 
establish the frequency of soil watering,  

• Soil water potential associated to soil moisture measurement and eventually to 
crop water requirements estimation represent a suitable way to estimate water 
deficit and conducting properly irrigation scheduling,  

• In the case of the sandy soil, irrigation triggering should be when the 0.25 m 
deep tensiometer reading reaches 10 × 10-3 MPa (0.1 bar) during the “flowering-
June physiological fruit drop” stage (Marsh to June), while during the period of 
“fruit growth-ripening” (June-October) the tension would be 15 × 10-3 MPa (0.15 
bar). These water pressure levels, which maintained soil water content in the 
active root zone at field capacity during especially the critical physiological citrus 
tree stages, could be recommended in order to establish an irrigation scheduling 
of citrus cultivated on low water retention coarse textured soils under 
Mediterranean climatic conditions. 



The obtained results, has given in hand materials for the dissemination of the tested 
methodological approach. When used properly, it can enhance the irrigator’s chances 
of success. 
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ABSTRACT 
 
 

Discharge of emitters changes by various factors such as pressure, manufacturing 
coefficient of variation, obstruction and temperature of irrigation water. In order to review 
the effects of temperature on discharge of emitters, 10 types of emitters were tested in 
irrigation laboratory in Water Sciences Engineering Faculty of Ahwaz, "Shahid Chamran 
University", In this research, the effects of 4 different temperatures i.e. 10, 20, 30, 40 c 
under 4 pressures i.e. 5. 10, 15, 20 m were reviewed. For experiments in temperature of 
10 , the ice was used and in temperatures of 30 and 40 , a tank equipped with an 
element and controlling unit for temperatures respectively was used. Then by calculation 
of manufacturing coefficient in temperature of laboratory (20c) and based on American 
Society of Agricultural Engineers Standard of variation in qualitative classification of 
emitters was done which, in result , four types were excellent, two ones, unusable and 
the rest were between both conditions. With regard to obtained results by raising 
temperature of irrigation water, the discharge of non-compensating emitters was 
increased. In compensating emitters, the temperature didn't have meaningful effect on 
discharge of emitters in 3 cases of temperature, but in two types caused up to 
7decreased discharge. In final, result showed that Temperature doesn't have a 
meaningfull effect on manufacturing coefficient of variation. 

 
Keywords: emitter, manufacturing coefficient of variation, water temperature, pressure  

 
 

1. INTRODUCTION 
 
 

According to the optimal use of water and soil resources, it is necessary to use new 
irrigation methods such as drip irrigation because of its high efficiency. In this method of 
irrigation, the selection of emitter is the most important factor of designing because the 
efficiency of a drip irrigation regime depends on the emitter selection and disregarding the 
problems of emitters causes the emission uniformity of water to be decreased, regime`s 
working time to be increased, and a constant replacement of emitters to be occurred. 
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(Bralt racts and Kesner, 1983; Ehsani and Khaledi, 2009). Drip irrigation, slowly and 
regularly, applies water and fertilizers directly to the root zone of plants through a network 
of economically designed plastic pipes and low discharge emitters. The advantage of 
using a drip-irrigation regime is that it can significantly reduce the soil evaporation and 
increases the water usage efficiency by creating a low and wet area in the root zone. Due 
to water shortages in many parts of the world today, drip irrigation is becoming quite 
popular (Powell and Wright, 1998; Sahin et al., 2005). In 2000, more than 73% of all 
agricultural fields in Israel were irrigated using drip-irrigation regimes, and 3.8 million 
hectares worldwide were irrigated using drip-irrigation regimes (ICID, 2000).Many factors 
such as physical, chemical and biological obstruction, pressure, water temperature and 
manufacturing variations, affect the discharge of emitters and, finally,  the distribution 
uniformity of water. The temperature of irrigation water influences the emitters `s 
discharge in various ways in which the  constituents , geometric form ,and the flow duct in 
emitter can be changed under  the temperature variations and influence  the output 
discharge (Alizadeh, 2003) . The other effect is due to its influence on the water viscosity 
so that the Kinematic viscosity decreased as the temperature goes up and, as a result, 
the emitters` discharge would be increased. The discharge changes to viscosity of water 
depend on the in-emitter discharge controlling condition. The emitters with a regime of 
laminar flow have a higher sensitivity to viscosity of water so the changes of irrigation 
water`s temperature influence their discharge changes. Studies show that the discharge 
of emitters with turbulent flow was decreased linearly by irrigation water`s temperature 
rising but emitters with laminar flow was increased. Sinobas et al. reviewed the effect of 
temperature change on the discharge of emitters. In this research, the output discharge 
of compensating emitters did not change significantly in a 20 to 40   range and the 
conducted experiments showed that the by- temperature discharge changes depend on  
the emitter type so that, by the temperature raising, the discharge value in emitters with x 
>0.5 and emitters with x <0.5 increases and decreases, respectively(Sinobas and et 
al).Olivira et al. showed that the flow regime in the tested emitters was turbulent and, 
also, the discharge of emitter has just a 1.75  percent  reduction caused by the water`s 
temperature which raised from 30 to 60  (Powell and Wright, 1998). 
 
 

2.Material and methods 
 

 
2.1  Identifying the emitters and collecting the required samples: 
 
Provided in previous courses, samples were selected from the irrigation laboratory`s 
available emitters in the faculty of water sciences engineering in order to carry out the 
experimentation. Most of the selected samples were out of the country compensating 
emitters which supplied by sale agencies inside the country. For experiments, 10 types of 
emitters were selected and evaluated after coding. Their specifications are provided in 
table 1. ISO261 standard`s criteria were used during the research of in. 
 
 
2.2 The method of the laboratory operations: 
The types 25 emitters, after the identification of available emitters, were selected 
randomly from the available 100. Finally, 10 types of emitters were selected for the 
experiment. Each emitter, then, was particularly coded (A, B, C, D, E, F, G, H, I, M). For 
each experiment, initially, emitters were installed on a 16 mm diameter Polyethylene pipe 
line with a 20cm distance from each other in required length. Then, the pipe was 
connected to a tank equipped with a pump through a water supply conduct. For testing, 



the effects of the four 10, 20, 30, and 40   temperature treatments under 4 pressures of 
5, 10, 15,  and 20 m  were applied as: 
The first experiment temperature was the 20  laboratory temperature (temperature 
changes were recorded and observed as a ± 1 level at different times of experiment). 
Using ice, at the second phase, the water temperature was lowered to 10  so that 
experiments were conducted at this temperature. Third and fourth phases (30 and 40 ) 
were carried out by using a separate tank equipped with an element for heating and a 
thermostat for controlling the temperature. Each experiment was repeated for 3 times and 
the average of these 3 repetitions was considered as the discharge applied supplied 
temperature. Finally, the quantity of the output water was measured by using calibrated 
cylinders and the discharge was calculated by dividing the time of experiment. 

 
 

Table 1. Used emitters` properties 
  

Emitter Type of emitter Pressure(m) 
 

Discharge 
(L h-1) 

A  7-40 8 
B  10 4 
C  5-40 4 
D  5-40 3.75 
E  10-40 25 
F  10 4 
G  10 4 
H  7-40 8 
I  5-40 4 
M  5-40 4 

 
 

3. Results and Discussion 
 
 

3.1  emitters` qualitative evaluation: 
  
According to table 2 and based on the association of American agriculture engineers’ 
standard, emitters were categorized based on the manufacturing coefficient of variation. 
This coefficient has obtained at 20  for all of cases. Considering the manufacturing 
coefficient of variation, as illustrated in table 2, A, B, D, and H samples are exceptional, F 
and M are unusable, and the rest are between these two conditions. After this phase, 
except emitters of the unusable group (F and M), the rest were tasted in order to evaluate 
the temperature effect on their hydraulic characteristics at other temperatures. 
 
3.2 pressure–discharge relation in different emitters: 

 
In table (3),  and  values in pressure- discharge equation has provided for each 8 types 
of emitters. According to the ISO 9261 standard, the compensating emitters have a x 
value lower than 0.2 (ISO,2004). As shown in table 3, B and G emitters are non-
compensating but others are not. These emitters, according to compensating of pressure, 
are different and they have a better adjusting power if the x value become lesser, which 
the D type with a x value of 0.011 is the best pressure adjusting type. 
 

 



Table 2. Manufacturing coefficient of variation for 10 emitters tested at 20  

manufacturing coefficient of variation in variation pressure(m)  
Emitter  

20 15 10  5  

0.04  0.047 0.028 0.034 A 

0.023 0.035  0.011 0.023 B 

0.1  0.07 0.09 0.07 C 

0.048  0.035 0.038 0.038 D 

0.06  0.056 0.09 0.13 E 

0.32  0.28 0.25 0.18 F 

0.052  0.051  0.05 0.1 G 

0.042  0.042 0.027 0.049 H 

0.054 0.05 0.056 0.055 I 

0.17 0.21 0.24 0.28 M 

 
 

Table3. discharge-pressure equation`s coefficients in various emitters at 20  
R2 x k Emitter 

0.55  0.091  6. 747  A  

0.982  0.41  1.6  B  

0.202  0.095  3.604  C  

0.019  0.011  3.681  D  

0.43  0.159  14.56  E  

0.954  0.526  1.174  G  

0.335  0.055  6.683  H 

0.198  0.052  3.762  I  

 
 
3.3  Temperature effects on discharge of emitters: 

 
For evaluating the temperature effects on the emitters` discharge, first of all, the 
temperature effect was evaluated on different emitters` discharge in a random full block 
project. In this project the effects of 4 temperatures (10, 20, 30, and 40 ) and 4 
pressures (5, 10, 15, and 20 m) were considered as treatment and block, respectively. 
For B, D, G, H, I emitters, the temperature effect on discharge was significant with a 
confidence level of 95% , but in the other ones it wasn't so. Emitters not affected 
significantly by the temperature changes are of compensating type. The process of 
average discharge changes in 4 temperature treatments is illustrated in figures 1 to 5. As 



the temperature increases, the discharge of I, G, and B increases but the other two types` 
discharge decreases. 

 
 

  
 

Figure 1 . discharge mean changes in various treatments for the B emitter 
 

 
 

Figure 2. discharge mean changes in various treatments for the G emitter 
 

 
 

Figure 3. discharge mean changes in various treatments for the D emitter 
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Figure 4. discharge mean changes in various treatments for the H emitter 
        

 
 

Figure 5. discharge mean changes in various treatments for the I emitter 
 
 
3.4 Discharge–temperature relation of different emitters: 

 
In the case of 5 types of the given emitters, the best temperature- discharge relation was 
obtained, which in all cases, it was linear. This model is as  ,which the 
variables of  and  indicates the temperature and discharge, respectively; values of A 
and B are constant coefficients illustrated for each emitter in table 4. According to the 
equation's coefficients, the process of discharge changes with pressure is demonstrated 
in each emitter and different pressures.  

 
 

3.5 Discharge–pressure relation in different temperatures: 
In order to observe the effects of temperature in different pressures on pressure – 
discharge relation, this relation was obtained for each emitter in different temperatures. 
According to the table and the values of  in various emitters, it is apparent that in two 
types of non-compensating emitters (B and G), especially in type G, the value of  
increases when the temperature goes up. In this emitter, the  value has raised from 
0.519 at 10  to 0.567 at 40 . In other words, irrigation water `s temperature rising in 
non-compensating emitters increases the  value and, consequently, causes the 
pressure adjusting power to be decreased; an irregularity of the emitter`s output 
discharge is resulted, finally. In the case of compensating emitters, as illustrated in table 
5, the  value is firstly increased and finally decreased by the temperature raising in H 
and I emitters. So, in this type of emitters, the change of temperature alters the 
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pressure`s compensating power. For the D emitter, also, the  value has decreased from 
0.061 at 10  to 0.014 at 40 ; although there wasn't a distinct procedure between those 
temperatures,  value was decreased. 

 
 

Table 4. discharge-temperature equation`s coefficients in various emitters 
 

 
 

3.6  Evaluating the temperature effects on emitter `s manufacturing coefficient of 
variation: 
For each emitter, the effect of 4 temperature treatments on manufacturing coefficient of 
variation was evaluated by using the ANOVA test. Consistent with the previous 
investigation test results showed that there isn't a significant effect of temperature on the 
manufacturing coefficient of variation except one case. Only, in the case of I emitter, 
which is a compensating one, the effect of temperature affected the manufacturing 
coefficient of variation.  

 
 
   

Pressure(m) Emitter  

20  15  10  5    

0.0064  0.0031  0.0028  0.0027 A 
B 

5.377  4.72  4.1152  3.62 B 

0.0148  0.0098  0.0065  0.0012 A 

G 

5.3  4.7  3.9  2.6  B 

-0.0031  -0.0027  -0.004  -0.0024 A 
  
D 

3.9  3.85  3.8  3.8  B  

-0.0041  -0.003  -0.0087  -0.0206  A 
H  
  7.85  7.67  7.72  7.94  B 

0.0012  0.0014  0.0025  0. 0024  A 
  
I 4.3  4.14  4.1  3.95  B 



 
 
 
 

Table 5. discharge-temperature equation`s coefficients in various emitters at the tested 
temperatures  

Temperature  Emitter 
  

40  30  20  10   
1.67  1.627  1.601  1.649  k  

  
  
B  
  0.399  0.41  0.413  0. 394  x  

0.98  0.98  ٩٨/٠  0.96  R2 

1.096  1.115  ١١٨/١  1.17  k    
G  
  0.567 0.552  0.545  0.519  x  

0.96  0.96  0.94  0.94  R2 

3.564  3.65  3.68  3.64  k    
  
D  0.014  0.0115  0.011  0.061  x  

0.05  0.0212  0.019  0.07  R2 

6.78  6.74  6.79  8.103  k    
H  

0.039  0.043  0.051  -0.019 x  

0.22  0.3  0.31  0.061  R2 

4.104  3.84  3.762  3.78  k    
I  

  0.032  0.044  0.052  0.043  x  

0.13  0.145  0.198  0.19 R2 

 
 

4. Conclusion 
 
According to the compensating emitters mentioned above, the discharge has decreased 
by temperature rising in two cases, but in 3 cases, the effect of temperature on discharge 
was not significant and ,in one case, the discharge has increased by the temperature 
rising. In the case of non - compensating emitters, the discharge increased by the 
temperature rising. Based on the type of emitter, in general, the effect of temperature on 
discharge is dissimilar. Causing a vortex mode, the reason of discharge reduction by the 
temperature rising in compensating emitters can be the regime of an unstable flow in 
them so that emitters’ pressure loss would be occurred. Based on this, the irritation water 
`s raised temperature decreases the discharge of these emitters. It can be concluded that 
the raised temperature of irrigation water increases the output discharge of emitters by 
increasing the value of  in pressure-discharge equation. In the other hand, of, the 
viscosity of irrigation water would be lessened by its temperature rising and the sensitivity 



of discharge to viscosity and temperature of water is more in a regime of a laminar flow 
than a regime of turbulent flow. The important point is that the temperature changes 
dependant on   the type of emitter alters the pressure adjusting power and, finally, the 
uniformity of water distribution. Also, it can be said that in emitters with  >0.5, the 
discharge would be increased and the pressure adjusting power would be decreased by 
raising the temperature of irrigation water. 
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ABSTRACT 

 
The agriculture sector is the predominant consumer of water. Almost 70% of all 
available freshwater is used for agriculture across the world.  In India, more than 80 
% of the renewable water resources are used for agriculture alone. Many of the 
world's most important grain lands are consuming groundwater at unsustainable 
rates. As we have stepped into the twenty first century, the new frontier is boosting 
water productivity, getting more from every liter of water devoted to crop production.  
Government of Andhra Pradesh has launched the Andhra Pradesh Micro Irrigation 
Project (APMIP) in 2003 to promote micro irrigation in large scale for sustainable 
development of agriculture. The major thrust was on putting the 3 million electrified 
pump sets in the state of Andhra Pradesh into micro irrigation. The project has so far 
covered more than 0.783 m ha area under micro irrigation systems in 7 years period 
with capital investment of Rs 24,000 million (US $ 533 million), benefiting 0.5 million 
farmers.   
The project has helped in improving the crop productivity, saving in water and energy 
and creating employment opportunities. The project is contributing to an additional 
productivity of worth Rs 11,745 million (US $ 261 million) per annum.  On annual 
basis, the project is helping in saving of 144 TMC of water (1 TMC = 2700 ha m), 388 
million kwh of energy. On annual basis every rupee invested in micro irrigation pays 
Rs 2.4 through additional productivity. The attractive payback period of less than 2 
years has influenced the bankers to provide loans to farmers to procure micro 
irrigation systems. The success of APMIP has lead to the extension of micro irrigation 
into canal commands under major lift irrigation projects in Andhra Pradesh. 
A study has been conducted to develop a micro irrigation system suitable to small 
land holdings in sandy tracts of coastal Andhra Pradesh powered by SPV pumping 
unit.  SPV array having 24 panels with 900W rated capacity, a monoblock centrifugal 
pump of 1.1 hp, laterals with inline emitters, online emitters and micro sprinklers. The 
hydraulic performance of 4 models of micro sprinklers was studied with the operating 
pressure varying from 0.51 to 0.61 kg/cm2. The diameter of spread was found in the 
range of 3.7 to 5.0 m and the uniformity coefficient in the range of 40 % to 64%. At an 
operating pressure of 0.42 kg/cm2 the droplet size of micro sprinkler was in the range 
of 0.56 to 0.78 mm.  Trickle irrigation design layout is made to suit to SPV pumping 
system to irrigate banana crop in an area of 7200 sq m.  
 
Key words: Water Scarcity, Virtual Water, Sustainable Development, Micro Irrigation, 
SPV Pumping System  
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INTRODUCTION 

 
 
Although water is the most widely occurring substance on Earth, only 2.53% (35 
million km

3 
) of it is fresh water. The remaining 97.47% (1,365 million km3) is 

saltwater. Of the small amount of freshwater, only one third is easily available for 
human consumption, the large majority being locked up in glaciers and snow cover. 
Imbalances between availability and demand, the degradation of groundwater and 
surface water quality, intersectoral competition, interregional and international 
conflicts, all bring water issues to the fore. Most countries in the Near East and North 
Africa suffer from acute water scarcity, as do countries such as Mexico, Pakistan, 
South Africa, and large parts of China and India. Irrigated agriculture, which 
represents the bulk of the demand for water in these countries, is also usually the first 
sector affected by water shortage and increased scarcity, resulting in a decreased 
capacity to maintain per capita food production while meeting water needs for 
domestic, industrial and environmental purposes. In order to sustain their needs, 
these countries need to focus on the efficient use of all water sources (groundwater, 
surface water and rainfall) and on water allocation strategies that maximize the 
economic and social returns to limited water resources, and at the same time 
enhance the water productivity of all sectors. Importing of virtual water (via food or 
industrial products) can be a valuable solution to water scarcity, especially for arid 
countries that depend on irrigation to grow low-value food with high water needs.  
 
 

WATER FOR AGRICULTURE 
 
 
Almost 70% of all available freshwater is used for agriculture (Table 1). Over pumping 
of groundwater by the world's farmers exceeds natural replenishment by at least 160 
billion cubic meters a year. It takes an enormous amount of water to produce crops: 
three cubic meters to yield just one kilo of rice, and 1,000 tons of water to produce 
just one ton of grain. Land in agricultural use has increased by 12% since the 1960s 
to about 1.5 billion hectares. Current global water withdrawals for irrigation are 
estimated at about 2,000 to 2,555 km³ per year. 
 
 

Table 1.  Comparison of water usage in different sectors 

 
 
 
Agriculture is responsible for most of the depletion of groundwater, along with up to 
70% of the pollution. For the last half-century, agriculture’s principal challenge has 
been raising land productivity- getting more crops out of each hectare of land. As we 
have stepped into the twenty first century, the new frontier is boosting water 
productivity getting more from every liter of water devoted to crop production. 
There is long and growing list of measures that can increase agricultural water 
productivity. 
 
 

Usage in (%) World Europe Africa India 
Agriculture 69 33 88 82 
Industry 23 54 5 12 
Domestic use 8 13 7 6 



  

MICRO IRRIGATION 
 
 
Micro irrigation ranks near the top of measures with substantial untapped potential. In 
contrast to a flooded field, which allows a large share of water to evaporate without 
benefiting a crop, drip irrigation results in negligible evaporation losses. When 
combined with soil moisture monitoring or other ways of assessing crop’s water 
needs accurately, drip irrigation can achieve efficiencies as high as 95 percent, 
compared with 50-70 percent for more conventional flood or furrow irrigation. In Micro 
irrigation water is carried through small tubing and delivered to the plant near its stem 
to meet its water requirement. .  
A National Task Force Committee, appointed by the Govt of Inida in 2003, has 
recommended that 69 million ha area is suitable for micro irrigation in India. A target 
of 14 M ha has been suggested for the 11th five-year plan.   In view of the various 
advantages the technology offers, today the Govt of India and number of state 
governments are keenly focused in promoting micro irrigation in large scale.  

 
 

AP Micro irrigation Project 
 
 
Realizing the importance for economic use of precious ground water for irrigation, 
Government of Andhra Pradesh has launched the Andhra Pradesh Micro irrigation 
Project  (APMIP), first of its kind in the world on 3rd November 2003. The project was 
aimed at bringing 2.50 lakh ha area under micro irrigation systems in 22 districts of 
AP, with financial outlay of Rs. 11763 million.  
 
 

Initiatives of the Government 
 
 
 Govt of AP has taken up number of measures for promoting micro irrigation, like       
i) 70% subsidy of the system cost, ii) Creation of separate project cells in the districts 
iii) Positioning of qualified technical persons, iv) organizing exposure visits and 
capacity building training programs, v) guarantee of the MI equipment against 
manufacturing defects, vi) Quality check of equipment through CIPET, vii) Monitoring 
and Evaluation through third party agencies and viii) Providing agronomic and 
extension services. These measures have helped in confidence building  and lead to 
greater demand for microiriirgation in the state.  

 
 

Progress of APMIP 
 

 
The project has created national record during last four successive years by bringing 
highest area under micro irrigation in the country as shown in the table 2. 
 
  



  

Table 2.  Coverage of MI systems since inception of APMIP 

Year Area covered under micro irrigation, ha 
Sprinkler Drip Total 

2003-04 20,770 3,780 24,550 
2004-05 40,020 24,905 64,925 
2005-06 25,000 51,811 76,811 
2006-07 23,750 66,258 90,008 
2007-08 30,000 90,000 1,20,000 
2008-09 37,000 94,000 1,31,000 
2009-10 37,500 1,09,341 1,46,841 
2010-11 38,340 91,345 1,29,685 

Total 2,52,380 5,31,440 7,83,820 
 
 

MICRO IRRIGATION PAYS 
 
 
Implementation of APMIP has created great awareness among the farmers in the 
state about micro irrigation. Large number of farmers have realized the benefits of 
micro irrigation in terms of improvement in yields, water saving and reduction of labor 
requirement. In order to assess the impact of the project more than 500 case studies 
of various crops have been collected from the districts across the state.  
 
 

Effect of MI in sugarcane 
 
 

A sample analysis carried out on 12 cases of sugarcane has revealed that additional 
income of about Rs 47,000 per ha was obtained due to higher cane yield. By 
considering average cost of MI system as Rs 65,000 per ha the bay back period 
comes to 1.4.  APMIP has covered 15,545 ha of sugarcane crop under drip systems 
till March 2009. Based on the inputs received from the field studies, the projected 
benefits are worked out and presented in Table 4.  With certain assumptions the 
energy requirement for pumping is estimated that 2,525 kwh and 1,160 kwh of 
electricity is required for irrigating one ha area under surface and drip methods 
respectively.  This indicates that for every hectare of sugarcane crop with drip system 
there would be a saving of 1.2 ha m of precious ground water and 1,365 kwh energy 
in comparison to surface method of irrigation.   
 
Table 3.  Additional monetary benefits due to drip irrigation for sugarcane in 15,545 
ha 

Item Surface 
method 

Drip 
method 

Saving 
/Increase 

Unit 
value 

Amount, 
Rs. million

Water 34,200 ha-m 15,545 ha-m 18,655 ha-m Rs. 2000 
/-per ha-m 37.31 

Energy 39.25 million kwh 18.03 million kwh 21.22 million kwh Rs.  
2/-per kwh 42.44 

Yield 1.2747 million ton 2.0364 million ton 0.7617 million  ton Rs. 1,000 
/-per ton 761.70 

Total 841.45 

 
The projected benefits due to micro irrigation in sugarcane crop in15,545 ha indicates 
that there would be a saving of 18,655 ha m of precious ground water, and 21.22 



  

million units of electricity every year apart from 0.762 million tons of additional cane. 
These additional benefits converted into monetary terms are equivalent to Rs. 841.45 
million.  
Additional income generated through drip for sugarcane divided by the annual cost 
gives the net benefit derived per every rupee investment in sugarcane. It shows, that 
every rupee spent on drip system for sugarcane results in additional benefit of Rs. 
4.05 
 
 

Overall impact of APMIP 
 
 
The overall impact of APMIP has been summarized to present impact of 
implementation as detailed below.  
I. Total Area Covered   : 0.783 M ha 
 a) Drip    : 0.531 M ha 
 b) Sprinkler   : 0.252 M ha 
II. MI system cost 
 a) Total   : Rs 24,000 Million  
 b) Farmers contribution : Rs   8,400 Million 
III. Annual  cost (CRF 0.2055) based on 
 a) Total cost   : Rs 4,930 Million 
 b) Farmers contribution  : Rs 1,725 Million 
IV. Additional yield  
 @Rs 15,000/ha minimum : Rs 11,745  million 
V. Payback period based (II/IV)  
 a) Total cost   : 2.0 years 
 b) Farmers contribution  : 0.7 years   
VI. Every rupee on MI yields (IV/III) 
 a) Total annual cost  : Rs 2.4 
 b) Farmers annual cost  : Rs 6.9 

In addition to the direct benefit of yield increase, the project also helped in  a) 
water saving of  120.12 TMC (1 TMC = 2700 ha m), b) Energy saving of 324 million 
kwh, c) large labour saving and d) employment generation.  

 
 

Design of Trickle Layout 
 
 
A suitable micro irrigation layout is designed to suit SPV pumping system based on 
the preliminary studies conducted.   
Design of microirrigation layout for wide spaced crop with the following assumptions 
1. Name of the crop    :  Banana 
2. Spacing  

a) Row to row spacing (r)   : 2.0 m 
b) Plant to plant spacing(p)  : 2.0 m 

3. Peak irrigation requirement  : 16 l/day/plant 
4. SPV pump discharge (Q) (dependable flow): 3,600 l/h 
5. SPV pump working period   : 8 h/day 
6. Emitter discharge rate   : 4 lph 
7. Type of emitter    : Online emitter  
  
 Based on the above assumptions the proposed design made is as follows 

1. SPV pump discharge per day: 3,600 x 8 =28,800 l 
2. Number of plants that can be irrigated per day, N 



  

    
dayperplantpertrequiremenwater

dayperpumpedwaterofvolume
N   

  800,1
16
800,28

N  

3. Area covered by each plant, a  

mpra 2422   
4. Total area that can be irrigated per day, A 

mNaA 27200800,14     

5. Number of plants in a subunit, np 

450
4
800,1


subunitsofnumber

N
np  

6. Number of laterals in a subunit, nl  

20
2
40


m

m

lateralofspacing

subunitofwidth
nl    

7. Discharge of each lateral, ql  

180
20
600,3


n

Q
q

l
l  l/h 

8. Size of the lateral pipe 
 

 
The size of the lateral pipe should be such that the head variation in the pipe should 
be within 20 percent, the inlet operating pressure is about 1 kg /cm2. In the present 
study the average operating pressure was assumed to be about 0.6 kg/cm2. Keeping 
these as the basis the hydraulic calculator of T System International was used for 
designing the diameter of the lateral pipe. 

i) Flow   : 180 lph 
ii) Length   : 40 m 
iii) Inlet pressure  : 0.6 kg/cm2 

iii) Pressure drop   0.12 kg/cm2 
 
 
The design diameter of the lateral pipe:  12.045 mm, say 12.00 mm 
 
9.  Design of the submain and main pipe 

Total discharge in to the submain, and length of the submain, inlet 
pressure head, and allowable pressure drop were considered in designing 
the size of the submain 
a. Flow   : 3600 lph 
b. Length of submain : 40 m 

Same amount of inlet pressure and allowable pressure drops are considered for 
submain also.  
The design diameter of the submain pipe: 36. 32 mm, say 40.00 mm 
Same size of the main pipe is required as to supply water to the submain, since only 
one subunit is irrigated at one time. 
 
 
 
 
 
 
 
 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Based on the above calculations and layout of the field shown in Fig.1. The estimates 
of the pipelines for each subunit are made as follows.  
 
 

Table 3. Estimates of the equipment required for the banana crop layout 

S.No Item 
Diameter, 

mm 
Length, 

m 
Number in 
a subunit 

Number 
of 

subunits 
Total 

1 Lateral 12 45 20 4 3600 m 
2 Submain 40 40 1 4 160 m 
3 Main 40 47   47 m 

4 Flow control 
valves   1 4 4 

 
 

Application potential 
 
 

Development of Solar Powered Trickle Irrigation System will lead to optimum 
utilization of limited fresh water available in the shallow layers by using non-
conventional energy source. The outcome of the research has got very good 
application potential based on the fact that there is an immediate need for 
development of an efficient irrigation system suitable for sandy tracts of coastal AP. 

 
 

Future needs 
 
 

Based on the experiences in APMIP, the following are the areas to be considered 
seriously to attain sustainability in micro irrigation. 
a) Creation of Micro irrigation Department at sate level 
b) Bankers participation to fund the farmers share of cost of MI systems 
c) Qualified and trained manpower is required for both the industry and the 

projects. 
d) Standardization of imported MI equipment is needed 

1 2

34

80
 m

  

     90

submain

main 

later

Figure 1. Trickle irrigation layout for Banana crop 



  

e) Promotion and adoption of fertigation to reap true benefits of micro irrigation. 
f) Introduction of automation in micro irrigation 
g) Processing, value addition and marketing of fruits and vegetables to get better 

price 
h) Promotion of micro irrigation in canal commands  

 
 

SUMMARY AND CONCLUSIONS 
 
 
The world and more importantly the developing countries are heading towards water 
stress and scarcity. They are left with no alternative but to adopt modern irrigation 
technologies, which save water, double the area under irrigation, improve yields and 
quality as well as save on labour, energy and crop production costs. In India more 
than 82% of the total water is used for agriculture with very low irrigation efficiencies. 
It is expected that in the next 7-8 years, there will be cut of about 10% irrigation water 
for meeting ever-increasing demand from domestic, industrial and other sectors. 
Hence, there is necessity to undertake large-scale micro irrigation projects like 
Andhra Pradesh Micro Irrigation Project (APMIP) to bring more areas under drip 
irrigation systems improving water use efficiencies to as high as 95%. The following 
conclusions can be drawn 

1. The beneficiaries have realized the benefits of micro irrigation in terms of 
water saving, higher yields and reduction in labor requirement.  

2. Many state governments are showing interest to implement such projects in 
their states. Gujarat government is one, which has got benefited from the 
experience of APMIP and has already implementing a project on micro 
irrigation on similar lines of APMIP.  

3. Large-scale implementation of such projects will lead to saving of precious 
water resources, saving energy and improving the productivity.  

4. The average pay back period comes to 2.0 years with overall system cost as 
the basis and by considering only the  farmers  contribution it comes to 0.7 
years.  

5. Every rupee invested in micro irrigation on annual basis yields additional 
income of Rs 2.4 due to additional crop yield. 
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 ABSTRACT 
 
 

This study was conducted to compare economically, two irrigation methods, surface 
and subsurface drip irrigation systems with different irrigation intervals, on cotton 
yield. Necessary data obtained from a research project conducted in Kashmar 
Agricultural Research Station in Khorasan Razavi province. During 2006-2008, 
design treatments were included irrigation interval (2, 4 & 6 day) and drip irrigation 
methods (surface and subsurface drip irrigation). Partial budgeting method was used 
for economic comparison. 
Results indicated that all treatments have gross marginal benefit bigger than one, and 
net marginal benefit is positive too. So, in order to select economic irrigation method, 
rate of return index was used. Finally, after comparing both treatments, subsurface 
irrigation method with 4 days interval with %122 rate of return, obtained as the better 
irrigation method.  
 
 

1. Introduction 
 
 
According to the International Institute index for water management , Iran’s water 
situation is Critical, and  to preserve current situation ,our country should be able to 
increase up to 112 %  to water resource until the end of  2025. with regard to the 
existing facilities, this seems impossible.  
With regard to this fact that in the last five years  ,almost, 90 percent of agricultural 
production has been irrigated crops, so it is neccessare to revision in water resources 
management for increase or keep current  production. In this regard, One of the 
existing strategies is, using modern methods of irrigation.  
Research indicate that using of micro irrigation systems not only decrease water 
consumption between  30 to 60 percent but also increeas crop yield between 20 to 70 
percent. 
At the present , situation of underground water resources in  Khorasan province is 
critical, and  in the majority of the plain of  province ,underground water level falls 
every year, its result are, a decrease in wells and aqueducts out put and , an increase 
in energy costs of water extraction. So water extraction from 70 plain of 78 of 
province plain is forbidden and using of modern irrigation methods is in priority. 
Dougherty and et al (2009) established  , a seven-year study from 1998  on a Decatur 
silt loam to evaluate cotton  yield and performance of drip irrigation tape products 
under conventional fertilizer application and  fertigation compared to dryland cotton. 
Irrigated systems consistently yielded more than the dryland system over the course 
of the study;the latter had a strong positive return only when early-season rainfall was 
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above the 30-yr norm. Fertigation offered no clear advantage over surface fertilization 
because the 7-yr average return of $ 207 ha-1 was close to the return of $ 212 ha-1 
for comparable surface fertilized SDI. Irrigation increased 7-yr net returns, exceeding 
dryland systems by $ 400 ha-1. 
Brodsky and et al (2000)  conducted a study  to optimize irrigation management 
techniques for low energy precision application (LEPA) irrigation and subsurface drip 
irrigation (SDI), and compare resulting cotton lint yields and profitability of these 
irrigation approaches. Economic analysis of Texas High Plains cotton production 
showed that LEPA resulted in higher net returns to management and risk than SDI as 
irrigation capacity increased above the 0.1 in/d level. However, SDI treatments 
resulted in net returns of over $80/ac and may be an acceptable alternative where 
LEPA installation costs are greater than $333/ac, physical constraints prevent the use 
of LEPA, or SOl installation costs are lower than $800/ac. 
Styles and et al (1997) investigated effect of  three methods of irrigation include  
subsurface drip irrigation (SDI), correct furrow  and standard furrow on cotton yield in 
salinity soil. Cotton yield in SDI method was reported 16%  more than the other 
methds, and Net income in three methods  obtained respectively, 1623,1249 and 
1457  $ in hectares  
Romero and et al (2005) A cost–benefit analysis  performed for a mature, commercial 
almond plantation in Southeastern  Spain to determine the profitability of several 
regulated deficit irrigation (RDI) strategies under subsurface drip irrigation conditions 
(SDI), compared to an irrigation regime covering 100% crop evapotranspiration (ETc). 
The plantation was subjected to three drip irrigation treatments for 4 years. T1 
(control, surface drip irrigation)- irrigated at 100% ETc throughout the growth cycle, 
T2 (RDI treatment under SDI)- an irrigation strategy that provided 100% ETc except 
during the kernel-filling period, when only 20% ETc was provided and T3 (RDI 
treatment under SDI)—an irrigation strategy that provided 100% ETc except during 
the kernel-filling period (20% ETc) and post-harvest (50% ETc). A 45% water saving 
was achieved with strategy SDI T3, while almond production was reduced by only 
17%, increasing water use efficiency compared to the control irrigation regime. SDI 
T3 had fixed overhead costs 9% higher than T1, however, the operating costs were 
21% lower for SDI T3 compared to T1. This reduction in costs was basically due to 
the 45% saving in the cost of water and the corresponding saving in electricity.The 
break-even point was lower in SDI T3; each kilogram of almonds cost 0.03€ less to 
produce than in the control conditions. Related to this, the maximum price of water for 
obtaining profit 0 was 0.21€ m_3 for SDI T3 compared to 0.18€ m_3 for T1, indicating 
that higher water costs can be borne in SDI T3 (up to 0.03€ m_3 more expensive). 
Finally the  profit/total costs ratio (used as an expression of the overall profitability of 
the orchard) indicated a greater profitability for the treatment SDI T3 compared to T1 
(10.46 and 9.27%, respectively). The RDI strategy SDI T2 did not show economic 
indices or water use efficiency as much as those of SDI T3. From these results we 
conclude that RDI applied during kernel-filling and post-harvest under SDI conditions, 
and specifically the irrigation strategy SDI T3, may be considered economically 
appropriate in semiarid conditions in order to save water and improve water use 
efficiency. 
 
 

2. Material and methods 
 
 

In order to compare treatments economically ,Partial budgeting method was used .In 
this method, changes in benefits obtained from treathments compared to changes in 
its costs.So, first ,costs and income of each treatment are computed .then, net 
benefits of each treatment is computed by total production value minus costs that isn’t 
common  between treatments (so net benefit isn’t equal to net income). In third step, 
total treatments are sorted by cost item ascending as a table, and finally,for compare 
trearments two by two, below relations are computed. 

  



 

 

 
A and B are treatments that must be compared. 
 

Marginal net benefits of B treatment relative to A treatment =  
Marginal net benefits of B treatment- Marginal net benefits of A treatment 

 
Marginal cost of B treatment relative to A treatment=  cost of B treatment- cost of 

A treatment 
 

 
In this study, Pipe installation and harvest cost are not common. so, these are only 
costs that have been computed. costs and benefit are computed as current price of 
2008 
After treatments were sorted  and above relation were computed, treatment that its 
Marginal gross benefits are less than 1 are omitted and again treatment comparing is 
repetted. 
Remained treatment have  Marginal gross benefits bigger than 1. In the last step, 
treatment which is end of table and  have an acceptable marginal rate of return is 
selected as economic treatment. 
 

 
3. Results and discussion 

 
 

The results were shown in table 1 to 3.  
Unit of  prices of  input and output is 10 rials and base on current price of 2008 year. 
Cost difference of Pipe installation, is include laboure for furrow and fill it. Cost of 
cotton Harvesting,  computed base on average cost of cotton harvesting by cotton 
planters per KG in Khorasan province. 
For computing "Cost difference of harvesting",  harvest cost of treatment  that have 
the lowest harvest cost, was reduced from harvest cost. 
Gross benefit per ha was computed base on average price of cotton that cotton 
planters sold their products. 
Net benefit of each treatment was computed from gross benefit mius total cost 
difference. 
Result indicated  that all treatments have  marginal gross benefit bigger than one , 
and   marginal net benefit is positive too. so , all treatment remain in comparsion and 
aren’t delet. In this situation ,In order to select economic irrigatin method ,rate of 
return index is used. finally , after compare treatments two by  two, Subsurface 
irrigation method with 4 days interval with %122 rate of return(table 3) , obtained as  
the best irrigation method (consider that maximum of rate of return is not base of 
dicision. because treatments are compared two by two) . 
 

Marginal gross benefits of B 
treatment relative to A treatment = 

Marginal gross benefits of B treatment-Marginal 
gross benefits of  A treatment 

osts of A treatmentِِC –Costs of B treatment 

  Marginal rate of return of B treatment 
relative to A treatment 

= 

Marginal net benefits 

100× 

Marginal cost 



 

 



 

 

 



 

 

 
 



 

 

Conclusion 
 
 

1-Using of subsurface drip irrigation (SDI) method versus surface method have 
additional costs but is economical. 
2-Subsurface irrigation method with 4 days interval with %122 rate of return , 
obtained  economically as  the best irrigation method . 
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ABSTRACT 
 
 

In order to investigate the effects of changing surface irrigations to micro irrigation 
methods concerning water consumption, yield, water use efficiency (WUE) and its 
economic results, a study on 30 fields was conducted in Mashhad Plain, Iran for 2 
consecutive years (2009-2010). The results of the study showed that, after changing 
the irrigation methods, the average amount of water used in summer’s  farming ,  and 
orchards decreased 27.5 percent has decreased. The mean of total yields of total 
products, about 36% and the average of water use efficiency 95.1% has increased. 
Partial budgeting  and project evaluation methods were used to evaluate farms 
economically. Economic calculations were performed based on three main scenarios 
(benefit and cost  calculated base on 1- increase in yield and  surface cultivation, 2- 
increase in yield and 3- increase in yield and sales of water). The average  rate of 
return in  three scenarios, was obtained , 678, 219 and 292 percent, respectively. 
Although, based on the rate of return index,  the products’ arrangement  in all 
scenarios has approximate similarities, but the rate of return in all scenarios, was 
high and  economically acceptable and the changes in  irrigation methods, has had a 
very positive impact on the livelihood and income of farmers.  
 
Keywords: Drip irrigation, Surface irrigation. Yield, Water used, Economic evaluation, 
partial budgeting. 

 
 
 

1. Introduction 
 
 

In many countries of the world, limitation of fresh water resources is a serious 
problem, and overshadowed development of these countries. Middle East region is 
seriously  faced  with limitation of  freshwater resources ;and many experts predict 
that, in future many confilicts take place over ownership of water resources of region 
, like oil (Ehsani & khaledi. 2003). 
High extraction of ground water in the Mashhad and Fariman plains, since 1991 to 
2001, Caused ground water level drop of about 13.9 meters and, is expected, to 
have the same trend from 2001 to 2011 and underground reservoirs of water level 
will drop 14.5 meters (Hosseini. 2008). . 
Total cultivated fields of Khorasan Razavi province are about 1112000 hectares, that 
about 865,000 is irrigated and about 247,000 hectares are dry farmed and until 1389, 
for irrigation of 75,954 hectares of them, have been used pressurized irrigation 
systems (Jahad Agriculture  Khorasan Razavi Organization). 
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Baghani and Khazaii (1999) and Baghani and Bayat (1999), compared two methods 
of drip and furrow irrigation with three levels of water supply plant needs (50, 75 and 
100 percent) on watermelon and melon farming in the Torogh Agricultural Research 
Station was compared and concluded that, the yield and water use efficiency in drip 
irrigation better than furrow irrigation and In addition, fruits shape were better and the 
weeds were less. Darwish et al. 2002, were investigated the effect of drip and 
sprinkler irrigation methods on yield of potato in Lebanon. Results showed that, there 
was not significant difference in yield of irrigation methods, while the amount of water 
used in sprinkler and drip irrigation methods, was 859 and 496 mm/ha, respectively. 
Weather head et al. 2002,  doing research on drip irrigation methods in potato 
farming, announced: experiments conducted in the UK and other parts of the world, 
confirming, there are positive effects of drip irrigation on potato. Semert et al. 2004, 
had a research during the spring of 2000 to 2002 in the Hataya province in West 
Mediterranean region of Turkey. In this study, Surface drip and subsurface drip 
irrigation methods, yield and yield components were investigated. Irrigation 
treetments were 100, 66 and 33 percent of the plant water requirements and no 
irrigation. Total amount of water applied in 2000 and 2002 were 102 to 302 and 88 to 
268 mm respectively. The yield of two methods of surface irrigation and subsurface 
were similar and had not been significant different. The effect of irrigation at year, 
yield and yield components was significant. The  33% water supply treatment, was 
not advisable. The water use efficiency of surface irrigation method was higher than 
subsurface irrigation and had the highest water use efficiency. Boujelben and 
M'barek. 2004, conducted an experiment on potatoes with surface irrigation (closed 
end furrow) and drip irrigation in the form of a randomized complete block (with three 
replications and irrigation water volume of 4000 cubic meters per hectare) test 
conducted. Statistical analysis results showed that, irrigation method, had not 
significant effect on the number of stems per plant, but difference of yield per plant 
unit in drip irrigation (1.16 kg) and furrow  irrigation (0.836 kg) were significant. 
Baghani. 2006, had a study on 15 farms in Khorasan Razavi province, which they 
had changed surface irrigation system to drip irrigation. In fields studied, potato 
(21%) and sugar beet (9%) had the highest and lowest percentage increase in 
product yield, respectively. The farm of maize (49%) and potato (34%), had the 
highest and lowest percentage of water consumption decreased respectively. 
Irrigation water use efficiency in forage maize was increased 116%.  
In the year 2009, a study was conducted  on the cultivation, yield, water 
consumption, water use efficiency of 30 farms (that they had changed their surface 
irrigation method to drip irrigation) in Mashhad and Fariman plains. The results of 
analysis data taken from fields has been discussed in this article. 

 
  

2. Material and methods 
 
  

In this study, first, prepared a list of  farmers specification that (since 2003) used 
pressurize irrigation systems for their farms. Then based on the ownership level, the 
amount of water and facilities, farms were selected. Fields visited and the desired 
parameters such as geographical coordinates, the amount of discharge wells and 
cultivation were measured and questionnaires that had already been developed was 
completed. Finally, the data obtained from 30 farms were analyzed. For economic 
evaluation , partial budgeting  and project evaluation methods were used to evaluate 
farms economically. 
 
 

3. Results and discussion  
 
  

Average results of data, collected from relevant authorities, visiting farms, interviews 
and discussion with farmers, and wells flow measurements were compared. 



Results indicated, before using pressurized irrigation systems, the amount of water 
extracted from underground resources by 30 wells, was 15,945,000 cubic meters, 
and after using pressurize irrigation systems (with a 10.9% reduction), was 14200000 
cubic meters. However, the hours worked in the wells, was low 0.9% 
 

3. 1  Yield, water consumption and water use efficiency 
The weighted average yield of sugar beet crops, forage corn, potato, onion, tomato 
and cereals before and after the change of irrigation methods, are shown in Figure 1. 
The yield of onion, forage maize and sugar beet has increased respectively 79.4, 
52.4 and 35.2 percent and Total weighted average yield of total farm products, 
before and after the change of irrigation methods, has increased from 260 ha to 354 
ha (36 percent).  
 

 
Figure 1. Comparison of yields in surface and drip irrigation (Comparer 
les fonctions dans l'irrigation et l'irrigation de surface) 

 
 

 In furrow irrigation, the average of water consumption of onion, sugar beet, potato 
and tomato farms, was 15,359, 14,955, 14,955, 13,563 and 7649, m3/ha  
respectively.  
Before and after changing method of irrigation, cereals water consumption did not 
change and amount of water of other agricultural was decreased, 27.5 percent/(unit 
area). 
In the surface irrigation methods, the irrigation water use efficiency of products was 
between 0.72 to 5.75 kg/m3, but in drip irrigation methods, that was between 4.3 to 
7.5 kg/m3. By changing irrigation methods, the water usage efficiency of summer 
products had increased 95% and the creals water use efficiency (0.9 kg/m3) was 
lower than all products (Figure 2). 



 
Figure 2. Comparison of Water use efficiency in Surface and drip 
irrigation (Comparaison de l'efficacité de l'irrigation de l'eau l'irrigation 
et l'irrigation de surface)   

 
 

3. 2 Change area 
 

Summary, the total acreage farms studied was 1532 ha and with Changing the 
irrigation method, the amount of acreage has increased to 1759 ha. Although, 
removal of water from underground sources has dropped 10.9%, but the total area 
under cultivation farms, is more 14.8%. 
 
 

3. 3 Economic Analysis 
 

In order to evaluate systems economically, partial budgeting  and project evaluation 
methods were used (Hajjarn. 1989). In this method , changes in  benefit and cost due 
to irrigation methods were compared . 
According to six drip irrigation projects with  a discount rate equal to 10% and the 
following specifications, the annual cost of installations calculated. 

 Mean field area, 45 hectares and the area to install irrigation 
equipment, 27 hectares. 
 One hectare cost drip irrigation equipment equals 28079190 
Rials/hectare. 
 Depreciation period of   an irrigation system, 20 years. 
 Price of type pipe, 5182770 Rials/hectare. 
 Depreciation period of type pipes equal, two years. 

In order to facilitate calculation, the cost of surface irrigation system workers was 
considered  ,the same as, workers collecting and spreading tube and increase of 
electricity consumption in the drip irrigation system (Baghani and Zarea. 2002). 
Production cost per hectare (except water and land) was obtained from publicated 
statistics  in the 2008-2007 by Ministry of Jehad-e-Agriculture.  
Considering the difference in yield per hectare in both irrigation systems, the 
necessary adjustments in relation to the cost of harvesting were done. However, 
these costs, were considered in the increased cultivation revenue increases of drip 
irrigation. To calculate the investment return rate, was used the following equation. 
 
 



*100 

)(Total net incom surface irr. Sys.- )Total net incom 
drip irr. Sys.(  =Rate of 

Return   Net increase in cost drip irrigation than surface 
irrigation  

 
Due to the benefits from irrigation systems with different crops is different, and 
surplus of water is useable in two way include, for additional cultivation or can be 
sold, so calculations are done based on the following scenarios. 

 Calculation of benefits and costs based on increasment in yield and 
cultivated areas 
 Calculate the benefits and costs, just based on increasment in yield  
 Calculate the benefits and costs, based on increasment in yield  and  
selling water 
 Calculate the arithmetical  average of all products in every three first 
scenario 
 Calculate the weighted average of all three products in each first 
scenario, considering the area under crops. 

The results of calculations are in Tables 1, 2 and 3. 
As can be seen, the average rate of return in three scenarios, is 678, 219 and 292 
percent respectively. Although the price per cubic meter of water has been 
considered equal to 1000 rials, but the difference between the rate of return between 
the sales option and increased under cultivation, (first and third scenarioes) is 
enormous, Which shows, the shadow price of water is very high for studied products 
and irrigation systems. In all scenarios, the order of rate of return of products, is 
similar but certainly, changing  the method of irrigation from surface irrigation to drip 
irrigation, have  a very high rate of return, and  is quite economical. 
 
 





 

 



 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

4. CONCLUSION AND RECOMMENDATIONS  
 
 

In studied farms that was changed the surface irrigation to drip irrigation methods 
irrigation: 
The amount of water consumed cereals did not change. Overall, the average amount 
of water  studied farms, were less  27.5% .  
The average value of water use efficiency in studied farms, had more  95.1% . The 
total area cultivation has increasd from 1532 to 1759 hectar  (14.8%). 
The weighted average of water consumption of studied farms, was redused  27.5%  
(per unit area). 
Removal of underground water resources has decreased 10.9% per year that has 
not Related to changed irrigation method. Economically, in the three scenarios 
examined, the average of rate of return has been 678, 219 and 292 percent 
respectively. But surely, the change of surface irrigation to drip irrigation method, is 
quite  economically with very high rate of return. Generally, changing irrigation 
method has very positive effect on livelihood  of farmers. 
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ABSTRACT 
 
 
Optimum irrigation water management is essential to sustain high winter wheat 
(Triticum aestivum L.) yields and to increase its water-use efficiency (WUE) in view of 
the serious constraints in the water-resource situation in the North China Plain (NCP). 
A field experiment was conducted for 3 consecutive years (2007-2009) to study the 
effects of different irrigation methods and schedules on crop growth, yield and WUE of 
winter wheat (Triticum aestivum L.) in the NCP. In this research work, water-saving 
irrigation methods, including the level-basin irrigation (BI) and drip irrigation (DI), were 
selected, and four irrigation schedules were designed for BI and DI methods, 
respectively. These initiated irrigation at 25%, 40%, 50% and 60% of water depletion 
of the field capacity (FC) across the reviving to booting growth stages, was designated 
as B1, B2, B3 and B4 for the BI method and D1, D2, D3 and D4 for the DI method, 
respectively.  
The results indicate that irrigation methods and schedules had globally significant 
effects on crop growth and yield of winter wheat. The total irrigation amount or 
irrigation schedules significantly influenced plant heights and LAI (P0.05 level), and 
irrigation amount or irrigation schedules also had significant effects on winter wheat 
grain yields (P0.05 level) for both irrigation methods, and there were no statistically 
significant differences in terms of average yields and mean WUE for the adequate 
irrigation treatments under both irrigation methods (P0.05 level). Further, the DI method 
had a significant advantage of improving yield and WUE compared with the BI method 
(P0.05 level) under the condition of deficit irrigation and no significantly different 
seasonal ET. In addition, without irrigation system investment consideration, the D3 
treatment or 326 mm seasonal ET was recommended for winter wheat irrigation in the 
NCP, which saved 35% irrigation water meanly during 2007-2009 with only 13% 
decrease in winter wheat yield compared with B1, and the optimum controlled soil 
water content at effective rooting depth range in this study for winter wheat irrigation in 
the NCP was: 50% FC-75% FC at the reviving to booting growth period, 75% FC-FC 
at booting to heading stage and 55% FC-70% FC at the milking to maturity stage.  

 
Key words: Winter wheat (Triticum aestivum L.); drip irrigation; level basin irrigation; 
irrigation schedule; water use efficiency   
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1. Introduction 
 
 
The North China Plain (NCP) forms part of the most important food production area in 
China. In this region, winter wheat (Triticum aestivum L.) is a major crop and its food 
production accounts for approximately 71% of wheat production in China (Liu and Lin, 
2004). 
In the NCP, annual precipitation is extremely variable and ranges from 300 to 1000 
mm, with an average of approximately 500 mm (Zhang and You, 1996). However, the 
temporal distribution of annual rainfall in the NCP is extremely variable, with more than 
70% concentrated in the maize growing season (July to September). In the winter 
wheat-growing season (from October to the following June), the precipitation is 
approximately 60-150 mm (Zhang et al., 2003), and evapotranspiration (ET) is 
approximately 450 mm (Liu et al., 2002). As a consequence, irrigation is essential to 
maintain high winter wheat yields and to increase its water-use efficiency (WUE) 
significantly (Ehdaie, 1995; Li et al., 1999; Deng et al., 2002).  
According to certain data, water used for field irrigation accounts for 80% of the total 
water use in the NCP; the water used for winter wheat irrigation accounts for 70% of 
water used for field irrigation (Li et al., 2005). Therefore, development of optimum 
water managements (Zhang and You, 1996; Manoliadis, 2001) is an urgent necessity 
to avoid further over-exploitation of groundwater and for a sustainable crop production 
(Li, 1993; Manoliadis, 2001；Zhang et al., 2003). 
In recent years, limited or deficit irrigation methods have been well studied and widely 
practiced for improving crop yield and WUE; however, most of these studies have only 
focused on the effect of irrigation scheduling in a type of irrigation method on winter 
wheat yield and WUE (Schneider and Howell,1997; Zhang et al., 1998; Zhang et al., 
1999; Zhang and Oweis,1999; Li et al., 2000; Kang et al., 2002; Li et al., 2005 ). In 
addition, studies conducted on irrigation demand management often focus only on 
irrigation scheduling ( Endale and Fipps, 2001), and pay minimal attention to irrigation 
methods. Similarly, research on crop responses to irrigation and water productivity that 
was conducted in China, often, did not consider constraints relative to the irrigation 
method (Huang, 2000; Liu et al., 2002; Wang et al., 2001). A combined approach is 
required (Pereira, 1999; Pereira et al., 2002) for more accurate information on 
irrigation requirements. 
Water-conserving irrigation methods, including level-basin irrigation (Li and Calejo, 
1998), drip irrigation and sprinkler irrigation and so on, have gradually gained 
worldwide popularity with the increasing shortage of water resources. These 
water-conserving irrigation methods are primarily being applied for cash crops or 
sparse row crops, such as corn, tomato and cotton. However, applications on fields of 
dense crops, such as wheat have been few or absent due to the high installation and 
management costs involved. Therefore, recent studies have also focused attention on 
the effects of different water-conserving irrigation methods on cash crop yield and 
WUE（Hanson et al., 1997; Yohannes and Tadesse,1998; Al-Jamal et al., 2001; Cetin 
and Bilgel, 2002; Singandhupe et al., 2003; Antony and Singandhupe,2004）.    
As noted above, a combined approach, considering both irrigation schedule and 
method, is required for an optimal irrigation model. The water-resource situation has 
been becoming increasingly serious in the NCP; therefore, there is a need for adopting 
water-conserving irrigation methods and optimum irrigation schedule for food crop 
irrigation（Shan et al., 2002; Kang, 2003）. A deficit irrigation schedule provides a 
means of reducing water consumption while minimizing adverse effects on the yield 
(English and Nakamura, 1989; English and Raja, 1996; Mugabe and Nyakatawa, 2000; 
Ghinassi and Trucchi, 2001; Zhang et al.,2004, Deng et al., 2006); further, appropriate 
water deficit during certain growth stages can be helpful to increase yield and WUE 
(Asseng et al., 1998; Plant et al., 1998). Nonetheless, the deficit irrigation schedule 
has been adopted for field food crops for a few years now, and the optimum deficit 
stage and amount for food crops has not been standardized as yet (Cai et al., 2000).   
This study investigated the effects of irrigation schedules and different 
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water-conserving irrigation methods, including level-basin irrigation and drip irrigation 
on the yield and WUE of winter wheat in the NCP. Therefore, this study aimed to 
identify the best irrigation-management technique (in terms of irrigation methods and 
schedule) for food crops and to provide useful guidelines to farmers or irrigation 
managers in the NCP on optimizing limited irrigation schedules for high-yield wheat 
production. 
 

 
2. Materials and methods 

 
 

2.1 Experimental site  
Field experiments with winter wheat (Triticum aestivum L.) were carried out at the 
Irrigation Experiment Station of the China Institute of Water Resources and 
Hydropower Research (IWHR) at Daxing, south of Beijing (39°39′ N latitude, 116°26′ E 
longitude). The climate in the experimental site varies between semiarid and 
sub-humid weather conditions, with a cold and dry winter and a hot and humid 
summer, during which the monsoon rains arrive. The soil in this region of the North 
China Plain is a silty soil formed by deposits of the loess formations (Cai et al., 2009). 
The primary soil hydraulic properties are presented in Table 1. The soil in the 
experimental area was a silt loam, with average field capacity ( FC ) and bulk density 
of 0.306 m3 m−3 and 1.58g cm-3 in the crop root zone (1 m depth). The FC was 
measured in the laboratory as the soil water content at a specific suction pressure of 
33 kPa. 
  

Table 1. Physical properties of the soil at the experimental site 

 Soil depth(cm) 0-20 20-40 40-60 60-80 80-100 

Particle 

size(%) 

<0.002mm 10.83  11.67  16.17  16.17  16.17  

0.05-0.002mm 45.57 43.17 40.97  43.17  37.83  

1-0.05mm 43.67  45.17  42.86 40.67  46.00  

Bulk density (g/cm3) 1.36 1.65 1.63 1.67 1.61 

Field capacity (vol%) 28.73 30.17 31.49 30.55 31.98 

 
 
2.2. Irrigation and treatment design 
 
Field experiments with winter wheat (Triticum aestivum L.) were conducted for three 
growing seasons (2006/2007, 2007/2008 and 2008/2009). Water-conserving irrigation 
methods, including level-basin irrigation (BI) and drip irrigation (DI) were selected for 
field experiments, and each irrigation method was arranged according to four irrigation 
schedules; specifically, eight irrigation treatments consisting of two factors: irrigation 
methods and irrigation schedules were employed (details in Table 2) for field 
experiments with winter wheat for three consecutive growing seasons. The 
experimental design was applied by using split plots in randomized blocks with three 
replications for each treatment. Every plot measured 4.5 × 5 m, and was separated by 
0.6-m wide non-irrigated alleys; these plots were bordered with earth dikes to ensure 
there was no run off.   
Irrigation water was pumped from a deep well near the experimental field, and 
conveyed by plastic pipes, which could be connected or dismantled. A soft plastic pipe 
was used directly for level-basin irrigation. For the drip-irrigation treatments, a drip 
irrigation system was set up and usually comprised a filter system, a fertilizer system, 
pressure gauges, PE manifold pipelines, PE laterals and so on. Each drip irrigation 
treatment was operated by a control valve. Drip irrigation laterals measured 16 mm in 
diameter. The drippers were the inline type, placed 0.3-m apart, with a 1.1 liter/h flow 
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rate at 10 m of operating pressure; this was selected from the “Typhoon” series of the 
Netafim Company. The space between drip lines was 0.5 m, conforming with the row 
spacing of winter wheat.  
A flow meter was used to control the amount of water applied for each treatment. Prior 
to preparation of the experimental land, 67 mm of irrigation was applied for all 
treatments. Pre-sowing irrigation, which is widely employed in the NCP, is necessary 
for promoting seed emergence and ensuring normal growth of seedlings; it also helps 
to facilitate the arrangement of experimental treatments. The growing season of winter 
wheat was divided into four phases that were considered most relevant from the 
viewpoint of their response to irrigation, i.e. phase 1: reviving to jointing; phase 2: 
jointing to booting; phase 3: booting to heading; and phase 4: milking to maturity.  
Eight irrigation treatments, consisting of two factors—irrigation methods and irrigation 
schedules—were employed (details in Table 2) for three consecutive years 
(2007-2009) during the growing season of winter wheat. For avoiding winter injury, 67 
mm of irrigation was applied during mid-December for all treatments. In this study, the 
irrigation scheduling arrangements from growing phase 3 to phase 4 of winter wheat 
were the same for all treatments, established with reference to the experience 
reported for relevant research (Chen et al., 1995; Cai et al., 2000; Zhang et al., 2001; 
Zhang et al., 2002; Shi, 2006; Zhang et al., 2006); and these research works were 
carried out with an aim to determine the optimal irrigation schedule for winter wheat in 
the NCP. The different irrigation scheduling arrangements were mainly appeared from 
growing phase 1 to phase 2 of winter wheat, which still had no recognized regular 
pattern. Irrigation scheduling was based on the soil-moisture deficit in the effective root 
zone at each irrigation event (difference between effective root zone soil water at the 
upper limit and at irrigation time) in each treatment. When the soil moisture in the 
effective root zone reached the designated lower limit, water was applied up to the 
designated upper limit range. The amount of irrigation water applied in the BI and DI 
methods in each irrigation event to replace the soil water deficit was calculated as 
(Chen et al., 1995):  

                  /)( 0 wup pHI －                             (1) 

where I is the application amount (mm); H is the effective rooting depth (mm); up  

is the volumetric water content at the upper limit of a treatment during certain growth 

stages (%); 0  is the average volumetric water content in the effective rooting depth 

at the time of irrigation (%)； wp is the percentage of wetted area (for drip irrigation and 

level-basin irrigation, this was assumed to be 60% and 100%, respectively); and   is 

the application efficiency (for drip irrigation and level-basin irrigation, this was 
assumed to be 90% and 80%, respectively).  

As shown in table 2, for the same irrigation method, the difference of irrigation 
schedules for different treatments appeared mainly at the reviving to jointing and 
jointing to booting phases of winter wheat. Water application was initiated when the 
average volumetric water content at effective rooting depth range (0-60cm) coincided 
with 40%, 50%, 60% and 75% of field capacity (FC) for four different treatments, 
respectively; this was also designated as the lower limit indicator for initiation of 
irrigation. During other growth phases, including the booting-to-heading and 
milking-to-maturity stages, the effective rooting depth was considered to be 80 cm 
(Chen et al., 1995). For the same irrigation method, irrigation schedules were the 
same for four different treatments, and minimum water stress was maintained during 
the critical phases of crop growth, such as the booting-to-heading stage, to ensure that 
the winter wheat yield was not affected adversely. In addition, during the 
milking-to-maturity phase, the soil water content could be maintained at a medium 
deficit condition, which was adopted following a review of relevant research results.  
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Table 2.  Irrigation methods and schedules in the various treatments during 
2007-2009 growing seasons of winter wheat in the NCP 

treatments 
Irrigation scheduling (soil water content lower to upper limit )  

Reviving to 
jointing  

Jointing to 
booting 

Booting to 
heading 

Milking to 
maturity 

B1/D1 75% FC－FC 75% FC－FC 75% FC－FC 
55% FC－70% 

FC 

B2/D2 60% FC－FC 60% FC－FC 75% FC－FC 
55% FC－70% 

FC 

B3/D3 
50% FC－75% 

FC 
50% FC－75% 

FC 
75% FC－FC 

55% FC－70% 
FC 

B4/D4 
40% FC－60% 

FC 
40% FC－60% 

FC 
75% FC－FC 

55% FC－70% 
FC 

Note: B1, B2, B3 and B4 refer to the four treatments of level-basin irrigation, 
respectively; D1, D2, D3 and D4 refer to the four treatments of drip irrigation, 
respectively; for B1 and D1 treatments, there are no differences for irrigation lower 
and upper limits during the same growth phase; and B2 and D2, B3 and D3, B4 
and D4 is so.   

 
 
2.3 Crop management 
 
Winter wheat (Triticum aestivum L. cv. Zhongmai 9) was sown on 13 October 2006, 12 
October 2007 and 15 October 2008, at a row spacing of 25 cm. Seedling density after 
germination was approximately 500–600 plants/m2. For all treatments, winter wheat 
was sown at mid-October and harvested in mid-June of the following year. To help 
germination and establishment, the winter wheat in each plot was also irrigated with 
approximately 67 mm of water once prior to sowing (October 10, 2006; October 9, 
2007; October 12, 2008) and once prior to the winter freeze (December 12, 2006; 
December 10, 2007; December 11, 2008).  
For each level-basin irrigation plot, 330 kg/ha of urea was scattered manually prior to 
the first irrigation during the reviving to jointing phase of winter wheat; for each drip 
irrigation plot, 330 kg/ha urea was applied by injecting into a fertilizer tank connected 
to the drip irrigation systems. In addition, weed, diseases and insect control were 
uniformly managed during the winter wheat-growing seasons.  
 
 
2.4 Measurement of soil water and water use 
 
The soil moisture content was measured on every alternate day as well as 
immediately prior to each irrigation application during the crop experiment. For each BI 
treatment plot, a time domain reflectometry (TDR) tube probe (IMKO, Germany, 
TRIME-FM/T3C) was used for monitoring volumetric soil-water content. 
Measurements were recorded by inserting the TDR tube probe into the TRIME access 
tubes that were installed at the center of the plots to a depth of 1 m prior to winter 
wheat sowing, and measurements were performed at 20-cm intervals down to 100 cm. 
The TDR tube probe was calibrated onsite by determining volumetric water content 
(cm3/cm3) from direct soil sampling prior to winter wheat sowing, as recommend in the 
user manual (Imko, 2001). For each DI treatment plot, soil samples were taken at 
positions directly under the drippers at soil depth ranges of 0-20, 20-40, 40-60, 60-80, 
and 80-100 cm; soil water content was determined by the gravimetric method and was 
converted to a percentage volumetric basis by multiplying the values by the bulk 
density of the soil of the respective layer.   
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2.5 Measurement of plant heights, leaf area index, grain yield and estimation of WUE 
 
The growth of the crop was measured by means of plant height and leaf area index, 
which were recorded in periodic sampling throughout the growth period. The plant 
height of wheat was measured by a ruler; for measurement of the leaf area index (LAI), 
we strictly followed the procedure designed by Duchemin (2006), i.e. on each of the 24 
fields, at regular intervals of 2-3 weeks, two to five small square “plots” (i.e. elementary 
area of 0.25 m2 = 0.5m × 0.5 m) were sampled. On each plot, the leaf density was 
derived from the plant density and the average number of green leaves per plant. In a 
second step, five plants were selected at random to measure the size of each leaf, i.e. 
the length (L) and width (W) of a rectangle that encompasses the leaf. The average 
leaf area was estimated as the product of the mean leaf size (L × W) and a reduction 
coefficient based on the leaf shape (0.87 for wheat after Ledent (1976)). The average 
leaf area was multiplied by the leaf density to calculate the LAI on each plot.  
The GY (grain yields) of winter wheat was sampled from the 2 × 2 m portion in the 
central area of each plot, and grains were sun-dried until they had a water content of 
approximately 10%. Finally, water-use efficiency (WUE) was calculated as follows: 

                     WUE = 1.0
ET

Y
                           (2) 

where WUE is measured in kg/m3, Y is grain yield (kg/ha), ET is evapotranspiration 

(mm) across the wheat-growing season. The ET was calculated by using the soil 
water balance equation for the entire growing season as follows:  

                     ET = DRSPI                    (3) 

where I is irrigation amount (mm); P  is precipitation (mm); S is the change of soil 
water storage—the difference between soil water content values at the planting and 
end of the harvesting time; R  is the surface runoff (mm), assumed to be zero as 
irrigation water was protected by earth dikes; and D  is the downward flux below the 
crop root zone (mm), assumed to be negligible, since water was applied only to 
replace soil moisture in the root zone.   
   
2.6 Statistical analysis 
The experimental results were subjected to an analysis of variance (ANOVA) for each 
experimental year, and statistically significant differences among treatments were 
determined by the F-test. Differences among means for treatments were compared by 
the Duncan’s multiple test，which was applied by using the SPSS statistical software 
(SPSS 10.0). A probability level of 0.05 (5%) was selected for determining. Winter 
wheat yield responses to the evapotranspiration were evaluated by regression. 

 
 

3. Results and discussion 
 
 
3.1. Total number of irrigation and water received 
The total number of irrigation events, comprising water received and consumed during 
the three growing seasons, (2007-2009) is shown in Table 3 for each treatment. The 
irrigation amount in 2007 was greater than that in 2008 and 2009; the irrigation amount 
in 2008 was the least of the entire study period of 2007-2009 due to the higher 
precipitation in 2008, amounting to 165 mm; this was higher than the average 60-150 
mm (Zhang et al., 2003) range. However, the ET of winter wheat during 2007-2009 
appeared to vary slightly for the same treatment. For B1 and B2 or D1and D2 
treatments, due to the designated sufficient irrigation schedules (no deficit status 
occurred for soil water-content conditions), the irrigation amount exceeded B3 and B4 
or D3 and D4 treatments markedly. In the three growing seasons, treatment B1 
received the highest amount of irrigation water and had the highest evapotranspiration 
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(ET); treatments D3 and D4 received the least irrigation water and had the least ET. 
Drip irrigation treatments had more number of irrigation due to their small irrigation 
norm and high irrigation frequency as compared with level-basin irrigation treatments.    

 
 
Table 3. Total number of irrigation, water received and consumed during 
2006-2009 growing seasons 

Treatment I (mm) 
Number 

of  
irrigation 

P (mm) S (mm) R (mm) D (mm) ET(mm) 

2007        

B1 369 5 110 12 0 0 467 

B2 362 4 110 16 0 0 456 

B3 249 3 110 18 0 0 341 

B4 249 3 110 19 0 0 340 

D1 308 7 110 11 0 0 407 

D2 305 6 110 19 0 0 396 

D3 229 5 110 21 0 0 318 

D4 231 5 110 22 0 0 319 

2008        

B1 281 4 165 24 0 0 422 

B2 282 3 165 22 0 0 425 

B3 215 3 165 17 0 0 363 

B4 212 3 165 19 0 0 358 

D1 249 5 165 13 0 0 401 

D2 231 5 165 18 0 0 378 

D3 181 4 165 22 0 0 324 

D4 189 4 165 21 0 0 333 

2009        

B1 333 5 125 24 0 0 434 

B2 321 4 125 21 0 0 425 

B3 245 3 125 19 0 0 351 

B4 226 3 125 21 0 0 330 

D1 291 7 125 16 0 0 400 

D2 265 5 125 17 0 0 373 

D3 234 6 125 23 0 0 336 

D4 224 5 125 25 0 0 324 
Note: Total number of irrigation and irrigation amounts for all treatments consisted of 
pre-sowing irrigation and experiment-designed supplemental irrigation during the 
growth stage of winter wheat. 
 
 
3.2 Soil water-content variation trend 
 
The soil water-content variation trend under different irrigation treatments were 
revealed by monitoring soil water content at 0-80 cm of soil depth range through the 
reviving to maturity phase of winter wheat for each treatment in 2007; this was 
because the soil water-content variation trend was similar in 2008 and 2009 under the 
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same experimental design. From Fig.1a-b, for the same irrigation method, level-basin 
irrigation or the drip irrigation method, during most of the growth period, the average 
soil water content for B1 and B2, or D1 and D2 treatments was higher than that for B3 
and B4, or D3 and D4 treatments. Because of the difference of irrigation schedules for 
different treatments that appeared mainly in the reviving to booting phase, the 
fluctuation of 0-80 cm average soil water content during the growth period for B3 and 
B4, or D3 and D4 treatments was more acute than in the B1 and B2, or D1 and D2 
treatments. The higher irrigation lower and upper limits, i.e. minimum soil water stress 
was designed for B1, B2, and, therefore, the irrigation numbers or irrigation frequency 
was higher than in B3 and B4 treatments (details showed in table 3); the findings were 
similar for drip irrigation treatments; thus, we can conclude that the higher frequency 
irrigation treatments contributes to stable soil water condition during the growth stage 
of winter wheat.   
 

 

 

 

 

 

 

 

 

 

 
 
Figure 1.  Measured average volumetric soil water content variation (0-80 cm) trend 
during the 2007 growing season of winter wheat for different treatments: (a)level basin 

irrigation(BI) treatments;(b)drip irrigation (DI) treatments. 
 
To further analyze soil water-content variation trend under different irrigation 
treatments, 0-80 cm of average soil water content for treatments, which had the same 
irrigation initiating and terminating arrangements but different irrigation methods, were 
compared in 2007. From Fig.2a-d, it is apparent that, under the same irrigation 
initiating and terminating arrangements, during most  of the growth period, the 0-80 
cm average soil water content for level-basin irrigation treatments, including B1, B2, 
B3 and B4, were higher than that for D1, D2, D3 and D4 treatments; however, higher 
soil water content was not consistently favorable for crop growth, as certain research 
results revealed that appropriate water deficit during certain growth stages are helpful 
to increase yield and WUE (Asseng et al., 1998; Plant et al., 1998).  
From Fig.2a-d, fluctuation of 0-80 cm average of soil water content during the growth 
period for B1, B2, B3 and B4 treatments was more acute than for D1, D2, D3 and D4 
treatments. The main reason for this phenomenon was that drip irrigation treatments 
had more number of irrigation or higher frequency of irrigation compared with 
level-basin irrigation treatments on the basis of the same irrigation initiating and 
terminating arrangements. Thus, we concluded that drip irrigation could contribute to 
stable soil water condition during the growth stage of winter wheat as compared with 
level-basin irrigation under the same irrigation initiating and terminating arrangements.  
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Figure 2. Comparison of average volumetric soil water content variation (0-80 cm) 

trend during the 2007 growing season of winter wheat for different treatments:(a) B1 
and D1; (b) B2 and D2;(c) B3 and D3;(d) B4 and D4. 

 
3.3 Plant growth     
3.3.1 Plant height 
 
Data on plant height were recorded on days after sowing (DAS) 172, 182 DAS, 194 
DAS, 214 DAS, and 228 DAS, and the date when plant height was observed was 
scheduled on the same date during 2007-2009. The average plant height data for 
three years under different treatments were computed and are presented in table 4. As 
shown in table 4, we note that for any treatment, plant heights were increased with 
crop growth and reached a maximum value at the heading to milking  phase (214 
DAS to 228 DAS); plant heights changed minimally at the final stage because 
irrigation did not affect stem elongation any longer. For level-basin irrigation 
treatments, the average plant heights for sufficient irrigation treatments, including B1 
and B2 treatments, were significantly greater than deficit irrigation treatments, 
including B3 and B4, at all points of observation (P0.05 level). However, from the 
booting to maturity phase, there were no differences in irrigation schedule for all BI 
treatments, and water deficits or least supply of irrigation water during the reviving to 
booting phase affected stem elongation badly for B3 and B4 treatments. The same 
phenomenon occurred for drip irrigation treatments at other time points of observation, 
although, at the first observing date (172 DAS) for plant heights, there were no 
statistically significant differences among drip irrigation treatments. In other words, 
plant height increased significantly with increase in irrigation levels under the same 
irrigation method (P0.05 level). Thus, we can conclud that the total irrigation amount or 
irrigation schedules had significant effects on plant heights (P 0.05 level).   
The average plant heights for treatments that had the same irrigation initiating and 
terminating arrangements were compared, i.e. B1 and D1, B2 and D2, B3 and D3, B4 
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and D4. From table 4, for the sufficient irrigation treatments, including B1, B2, D1 and 
D2, there were statistically significant differences (P0.05 level) between the two 
irrigation methods in terms of plant heights; overall, plant heights in B1 and B2 were 
significantly greater than for D1 and D2 treatments (P0.05 level). However, for the deficit 
irrigation treatments including B3, B4, D3 and D4, plant heights for D3 and D4 were 
greater than B3 and B4, especially at the heading to milking phase; the plant height 
difference was statistically significant (P0.05 level), and, overall, the drip irrigation 
method had the advantage of improving plant height as compared with level-basin 
irrigation method under deficit irrigation with the same irrigation initiating and 
terminating arrangements. 
 

Table 4.  The average plant height of three years(2007-2009) for winter wheat at 
different observing date 

treatment 
average plant height of winter wheat(cm)  

172 DAS  182 DAS 194 DAS 214 DAS 228 DAS 

B1 26.82a  46.92a  76.71a  90.11a  89.91a  

B2 26.22a  47.09a  76.22a  88.12a  88.17a  

B3 23.55b  36.46d  57.97d  75.29c  76.23d  

B4  23.35bc  36.82d 55.43d  71.05d  72.02e  

D1 23.83b  44.83b  71.17b  88.03a  88.26a  

D2 23.76b 41.57c  67.40c  83.72b  84.35b  

D3  23.26bc  37.52d  56.48d  75.93c 79.21c  

D4 23.60b  36.98d  57.05d 75.97c 77.80cd  

      NS: The date for observing plant height of winter wheat was scheduled the 
same during 2007-2009, and letters indicate statistical significance at P0.05 level 
within the same column according to Duncan’s multiple range test, and column 
means followed by the same letter are not significantly different at the P0.05 level.  

 
 
3.3.2 Plant leaf area index (LAI) 
   
Data on the leaf area index (LAI) of winter wheat were recorded by following the 
procedure designed by Duchemin (2006) along with the process of measuring the 
plant heights, and the average LAI for three years (2007-2009) under different 
treatments were computed and are presented in table 5. It is obvious that, for any 
treatment, the LAI increased with crop growth and reached a maximum value in the 
jointing to booting phase (194 DAS); thereafter LAI decreased with crop growth 
approaching the heading to maturity phase. For level-basin irrigation treatments, the 
average LAI for sufficient irrigation treatments, including B1 and B2 treatments, were 
significantly greater than deficit irrigation treatments, including B3 and B4, at all 
observation dates (P0.05 level); however, in the booting to maturity phase, there were 
no differences in the irrigation schedule for all BI treatments, and water deficit or least 
irrigation water during reviving to booting phases had affected the leaf area expansion 
adversely for B3 and B4 treatments. This could affect the final crop yield, as leaf area 
is of great importance for light interception and photosynthesis (Ple´net and Pellerin, 
2000). Therefore, greater LAI implies higher crop yields to a certain extent. The same 
phenomenon also occurred for drip irrigation treatments at all observation dates. For a 
certain irrigation method, the total irrigation amount or irrigation schedule had 
significant effects on the LAI (P 0.05 level). 
The average LAI for treatments, which had the same irrigation initiating and 
terminating arrangements but different irrigation methods, were compared, i.e. B1 and 
D1, B2 and D2, B3 and D3, B4 and D4. From table 5, we note that, for sufficient 
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irrigation treatments including B1, B2, D1 and D2, there were no statistically significant 
differences (P0.05 level) between the two irrigation methods in terms of LAI on most of 
the observation dates for B1 and D1, or B2 and D2. The maximum value of LAI 
between the compared sufficient irrigation treatments, i.e. B1 and D1, B2 and D2, 
were 8.25 for D1 and 7.70 for D2 and occurred in the jointing to booting phase (194 
DAS). For deficit irrigation treatments including B3, B4, D3 and D4, we observe that 
the LAI of D3 was significantly greater than B3 (P0.05 level), and the LAI of the plants of 
D4 was greater than B4 throughout the growing period; however, there were no 
statistically significant differences (P0.05 level) between B4 and D4 on any of the 
observation dates. The maximum value of LAI between the compared deficit irrigation 
treatments, i.e. B3 and D3, and B4 and D4, were 5.27 for D3 and 4.69 for D4 and 
occurred in the jointing to booting phase (194 DAS). Overall, the drip irrigation method 
had an advantage of improving LAI as compared with the level-basin irrigation method 
under deficit irrigation with the same irrigation initiating and terminating arrangements. 

 
Table 5. The average plant LAI of three years(2007-2009) for winter  

wheat at different observing date  

treatment 
average plant LAI of winter wheat(cm)  

172 DAS  182 DAS 194 DAS 214 DAS 228 DAS 

B1 3.02a  5.20a  8.17a  5.09a  4.84a  

B2 2.99a   4.87ab  7.39b  5.11a 4.18b  

B3 2.15c  3.03c  4.34d  4.07c 3.01c  

B4 2.17c  2.85d   4.57cd  3.58d  2.47d  

D1  2.36bc  5.16a  8.25a  5.19a   4.48ab  

D2 2.92a  4.79b   7.70ab  4.56b  4.06b  

D3 2.46b  3.56c  5.27c  4.87b   3.44c  

D4 2.22c  2.95d   4.69cd  3.68d  2.48d  

     NS: The date for observing plant leaf area index of winter wheat was scheduled 
the same during 2007-2009, and letters indicate statistical significance at P0.05 
level within the same column according to Duncan’s multiple range test, and 
column means followed by the same letter are not significantly different at the 
P0.05 level.  

 
 
3.4. Grain yield and water-use efficiency (WUE) 
  
The seasonal evapotranspiration (ET), grain yield and water-use efficiency (WUE) for 
2007-2009 three growing seasons of winter wheat under different irrigation methods 
and irrigation schedules are listed in tables 6-9. For level-basin irrigation (BI), as 
shown in Table 6, yields varied for each year and with treatment, and the average 
yields (kg/ha) of three growing seasons were 7290, 7200, 5677 and 5240 for B1, B2, 
B3 and B4, respectively. The maximum yield was achieved in B2 for 2007, and the 
minimum yield was from B4 for 2009. There were statistically significant differences 
(P0.05 level) among BI treatments in terms of yield at any experimental year or the 
average yields of three growing seasons. Thus, it could be concluded that total 
irrigation amount or irrigation schedules had significant influences on winter wheat 
yields (P0.05 level).  
Water-use efficiency (WUE) also varied among years and treatments. The mean WUE 
(kg/m3) were 1.65, 1.66, 1.61 and 1.53 for B1, B2, B3 and B4, respectively. The 
maximum WUE was achieved in B2 for 2007, and the minimum WUE was from B4 for 
2009. There were statistically significant differences (P0.05 level) among BI treatments 
in terms of WUE at any experimental year or the mean WUE for three growing 
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seasons. The mean WUE for B3 had no significant differences (P0.05 level) with the B1 
and B2 treatments, although the mean seasonal ET and yield of B3 were smaller than 
B1 and B2 treatments (P0.05 level) during 2007-2009.  

 
 

Table 6.  Grain yield and water-use efficiency (WUE) for level-basin irrigation 
treatments in 2007-2009 

Treatment 
ET (mm)  

mean 
Yield (kg/ha)  

mean 
WUE(kg/m3)  

mean 
2007 2008 2009 2007 2008 2009 2007 2008 2009 

B1 467a 422a 434a 441a  7850a 7030a 7000a 7290a 1.68a  1.66a  1.61b 1.65a 

B2 456a 425a 425a 435a 7900a 6980a 6720a 7200a 1.73a  1.64a  1.58b 1.66a 

B3 341b 363b 351b 352b  5780b 5690b 5560b 5677b 1.69a  1.57b  1.58b 1.61ab 

B4 340b 358b 330b 343b  5350c 5390b 4980b 5240b 1.57b  1.51c  1.51c 1.53b 

NS: Letters indicate statistical significance at P0.05 level within the same column in the 
same growing season according to Duncan’s multiple range test; column means 
followed by the same letter are not significantly different at the P0.05 level. 

 
Similar trends occurred for drip irrigation (DI) treatments, as shown in table 7, and 
yields and WUE also varied by year and treatments; the average yields (kg/ha) of 
three growing seasons were 6940, 6740, 6310 and 5670 for D1, D2, D3 and D4, 
respectively. The maximum yield was achieved in D1 for 2007, and the minimum yield 
was from D4 for 2007; the maximum WUE was achieved in D3 for 2008, and the 
minimum WUE was from D1 for 2008. For the DI method, total irrigation amount or 
irrigation schedules had significant effects on winter wheat yields and WUE (P0.05 
level), and the average yields of three years for sufficient drip irrigation treatments, 
including D1 and D2, were significantly greater than the deficit drip irrigation 
treatments, including D3 and D4. However, in terms of mean WUE for three years, the 
WUE for D3 was statistically significant (P0.05 level) greater than B1 and B2 treatments, 
and the seasonal evapotranspiration (ET) of D3 during 2007-2009 were statistically 
significant (P0.05 level) less than D1 and D2.  

 
 

Table 7. Grain yield and water-use efficiency (WUE) for drip irrigation treatments in 
2007-2009 

Treatment 
ET (mm)  

mean 
Yield (kg/ha)  

mean 
WUE(kg/m3)  

mean
2007 2008 2009 2007 2008 2009 2007 2008 2009 

D1 407a 401a 400a 403a  7320a 6730a 6780a 6940a 1.80b  1.68c  1.70c 1.72b 

D2 396a 378a 373a 382a  7080a 6590a 6550a 6740a 1.79b  1.74b  1.76b 1.76b 

D3 318b 324b 336b 326b  6150b 6350a 6420a 6310b 1.93a  1.96a  1.91a 1.94a 

D4 319b 333b 324b 325b  5540c 5641b 5830b 5670c 1.74b  1.69c  1.80b 1.74b 

NS: Letters indicate statistical significance at P0.05 level within the same column in the 
same growing season according to Duncan’s  

multiple range test; column means followed by the same letter are not significantly 
different at the P0.05 level.  
 

To further analyze yield and WUE under different irrigation methods, yields and WUE 
for sufficient irrigation treatments, including B1, B2, D1 and D2, and for deficit irrigation 
treatments, including B3, B4, D3 and D4, were compared and the results are present 
in tables 8 and 9, respectively. From table 8, we note that there were no statistically 
significant differences in terms of average yields for B1, B2, D1 and D2 (P0.05 level) 
during 2007-2009, but there were significant differences in terms of mean WUE and 
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ET for B1, B2, D1 and D2 (P0.05 level), and the mean ET for D1 and D2 were significant 
lower than B1and B2, as showed in table 3, D1 saved about 45mm or 16% irrigation 
water meanly during 2007-2009 compared with B1, and D2 saved about 55mm or 
21% irrigation water meanly during 2007-2009 compared with B2. The mean WUE of 
D1 and D2 were significant greater than B1and B2 (P0.05 level), and maximum mean 
WUE were achieved in D2 during 2007-2009.  
With regard to deficit irrigation treatments under two irrigation methods, including B3, 
B4, D3 and D4, as shown in table 9, average yields and mean WUE for the DI method 
were significantly greater than for the BI method (P0.05 level) during 2007-2009, 
however, there were no statistically significant differences in terms of average ET 
among B3, B4, D3 and D4 (P0.05 level). The maximum yield and WUE were all 
achieved in D3 treatment, and the minimum yield and WUE were from B4 treatment 
during 2007-2009. Thus, under the condition of deficit irrigation and no significantly 
different seasonal ET, due to the higher uniform distribution of irrigation water and 
lower evaporation from the soil surface for DI, which result in higher water use 
efficiency, compared with BI, the DI method had significant advantage of improving 
yield and WUE under deficit irrigation condition in comparison with the BI method (P0.05 
level).  
 
 

Table 8.  Grain yield and water-use efficiency (WUE) for sufficient irrigation 
treatments in 2007-2009 

Treatment 
ET (mm)  

mean 
Yield (kg/ha)  

mean 
WUE(kg/m3)  

mean
2007 2008 2009 2007 2008 2009 2007 2008 2009 

B1 467a 422a 434a 441a  7850a 7030a 7000a 7290a 1.68b  1.66b  1.61c 1.65b 

B2 456a 425a 425a 435a 7900a 6980a 6720a 7200a 1.73ab  1.64bc 1.58c 1.66b 

D1 407b 401b 400b 403b  7320b 6730b 6780ab 6940a 1.80a  1.68b  1.70b 1.72a 

D2 396b 378b 373b 382b  7080b 6590b 6550b 6740a 1.79a  1.74a  1.76a 1.76a 

NS: Letters indicate statistical significance at P0.05 level within the same column in the 
same growing season according to Duncan’s multiple range test; column means 
followed by the same letter are not significantly different at the P0.05 level. 

 
 
Table 9. Grain yield and water-use efficiency (WUE) for deficit irrigation 

treatments in 2007-2009 

Treatment 
ET (mm)  

mean 
Yield (kg/ha)  

mean 
WUE(kg/m3)  

mean
2007 2008 2009 2007 2008 2009 2007 2008 2009 

B3 341a 363a 351a 352a  5780b 5690b 5560b 5677b 1.69b  1.57c  1.58c 1.61c 

B4 340a 358a 330a 343a  5350c 5390b 4980b 5240b 1.57c  1.51c  1.51c 1.53c 

D3 318b 324b 336a 326a  6150a 6350a 6420a 6310a 1.93a  1.96a  1.91a 1.94a 

D4 319b 333a 324a 325a  5540b 5641b 5830b 5670b 1.74b  1.69b  1.80b 1.74b 

NS: Letters indicate statistical significance at P0.05 level within the same column in the 
same growing season according to Duncan’s multiple range test; column means 
followed by the same letter are not significantly different at the P0.05 level. 
 

In addition, as showed in table 10, compared with B1, which achieved the maximum 
yields and consumed the most irrigation water among all the treatments, the D3 saved 
35% irrigation water meanly during 2007-2009 with only 13% decrease in yield of 
winter wheat, and the D3 also attained the maximum WUE among all the treatments.  
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Table 10. Average irrigation water saved and grain yield decrease percentage for 
treatments compared with B1 

Treatment B2 B3 B4 D1 D2 D3 D4 

Irrigation 
water saved 

(%) 
2 28 30 14 19 35 35 

grain yield 
decrease 

(%) 
1 22 28 5 8 13 22 

NS: B1 achieved the maximum average yields 7290kg/ha at consuming the most 
irrigation water 328mm among all the treatments during 2007-2009 

 
 
In conclusion, for the two water-saving irrigation methods, irrigation schedules had 
significant effects on winter wheat yield and WUE. The yields and WUE under 
sufficient irrigation were significantly greater than in the deficit irrigation treatments 
(P0.05 level). The water deficit or least irrigation water during the reviving to booting 
phase affected crop growth to some extent, with a resultant marked decrease in final 
winter wheat yields (P0.05 level). For the same irrigation method, all treatments had the 
same optimal irrigation schedules during the booting to maturity phase. For the BI 
method, B2 and B3 were recommended for optimal sufficient and deficit irrigation 
schedule arrangement, respectively, due to their relative small irrigation amount or 
seasonal ET, high yield and optimal WUE. For DI method, D2 and D3 were 
recommended for optimal sufficient and deficit irrigation schedule arrangements, 
respectively.  
 
The BI and DI methods had respective traits and shortcoming, and, thus, had their 
respective advantages and different application ranges. The water-resource situation 
has been becoming increasingly serious in the NCP, and it has becomes necessary to 
adopt water-saving irrigation methods and optimum irrigation schedules for food crop 
irrigation (Shan et al., 2002; Kang, 2003). Without consideration for the irrigation 
methods investment, and with a view to attain relative high yield and optimal WUE by 
consuming water to the least extent possible, the D3 treatment was recommended for 
winter wheat irrigation in the NCP of the two water-saving irrigation methods and all 
irrigation schedules. In other words, drip irrigation method and average volumetric soil 
water content for effective rooting depth range was maintained between 50% FC-75% 
FC in the reviving to booting phase, 75% FC-FC in the booting to heading phase and 
55% FC-70% FC in the milking to maturity phase and, therefore, was regarded as an 
optimal irrigation model for winter wheat irrigation in the NCP.  

    
3.5 The relationship between yield and evapotranspiration (ET)  
Data on evapotranspiration and yields for each treatment during 2007-2009 were 
collected and processed to establish the functional relationship between yields and 
evapotranspiration for BI and DI methods, respectively (Fig. 3). In general, from figure 
3, we note that, in BI and DI irrigated plants, the yield increased proportionately with 
the level of seasonal ET in a certain ET variation range, and the relationship between 
yields and ET could be represented as quadratic functions:  

680.23012.0217.1)/( 2  xxhakgY ( 51.02 R )  and 

144.4004.0426.0)/( 2  xxhakgY ( 85.02 R ). 
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Figure 3. The relationships between evapotranspiration and winter wheat yield in NCP: 
(a) under level basin irrigation; (b) under drip irrigation. 

 
For the BI and DI methods, respectively. Therefore, the regression analyses indicated 
that quadratic functions could be used to describe relationships between seasonal ET 
and grain yield. For the BI method, based on regression functions, grain yield reached 
a maximum value of 7176 kg/ha at ET of 507 mm; for the DI method, based on the 
regression functions, grain yield reached a maximum value of 7198kg/ha at ET of 532 
mm.  
From the above discussion of the BI method, B3 is recommended for optimal deficit 
irrigation schedule arrangement; for the DI method, D3 is recommended for optimal 
deficit irrigation schedule arrangement. This is recommended to facilitate attaining of 
relative high yields and optimal WUE while consuming less water. The irrigation 
schedules can be designed between 352 mm (average ET for B3) to 507 mm for BI, 
and between 326 mm (average ET for D3) to 532 mm for DI, to simultaneously 
achieve relatively high grain yields and WUE. However, an optimal schedule is a 
relative idea in view of different local irrigation water resources.  
From the above results and the realities of irrigation water resources in the NCP, for 
winter wheat, 352-507 mm of seasonal ET for BI, and 326-532 mm seasonal ET for DI 
were recommended for choosing the optimal irrigation schedules. Without 
consideration of irrigation system investment, the D3 treatment or 326 mm of seasonal 
ET was recommended for optimal deficit irrigation schedule arrangement for a 
water-conserving effect while also achieving relatively high grain yield and WUE 
simultaneously.   

       
4. Conclusions 

 
 

Irrigation is essential to maintain high winter wheat yields and increase its WUE. The 
water-resource situation has become increasingly serious in the NCP and there is an 
urgent necessity to develop optimum water managements. Based on field 
experimental results during 2007-2009 for winter wheat, we concluded that irrigation 
methods and schedules had significant influences on the variation in trends of soil 
water content, crop growth and yield of winter wheat, in general.  
For any irrigation method, sufficient irrigation treatment or higher irrigation frequency 
treatments could contribute to stable soil water condition during the growth stage of 
winter wheat. During the growth period, the fluctuation of soil water content for BI 
treatments were more acute than in corresponding DI treatments with the same 
irrigation initiating and terminating arrangements; specifically, the DI method could 
contributed to stable soil water condition during the growth stage of winter wheat as 
compared with level-basin irrigation. 

(a) (b) 
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For any irrigation method, plant height and LAI increased significantly with increase in 
irrigation levels (P0.05 level), and the total irrigation amount or irrigation schedules had 
a significant effect on plant height and LAI (P 0.05 level). For sufficient irrigation 
treatments as a whole, plant height in B1 and B2 was significantly greater than in the 
D1 and D2 treatments (P0.05 level) at any point of observation; however, there were no 
statistically significant differences (P0.05 level) between the two irrigation methods in 
terms of LAI during most observations, and the maximum value of LAI was achieved 
for the DI method in the jointing to booting phase. For deficit irrigation treatments, the 
DI method had advantage of improving plant height and LAI as compared with the BI 
method with the same irrigation initiating and terminating arrangements; the maximum 
value of LAI was also achieved for the DI method in the jointing to booting phase. 
Irrigation amount or irrigation schedules had significant effect on winter wheat grain 
yields (P0.05 level) for both irrigation methods, and there were no statistically significant 
differences in terms of average yields but significant differences in terms of mean 
WUE for sufficient irrigation treatments under BI and DI methods (P0.05 level) during 
2007-2009. For deficit irrigation treatments under both irrigation methods, average 
yields and mean WUE for the DI method were significantly greater than for the BI 
method (P0.05 level) during 2007-2009, although there were no statistically significant 
differences in terms of average seasonal ET. The DI method had significant 
advantages of improved yield and WUE under deficit irrigation condition in comparison 
with the BI method (P0.05 level). 
From the point of view of attaining relative high yield and optimal WUE by consuming 
water to the least extent possible, the D3 treatment or326 mm seasonal ET was 
recommended for winter wheat irrigation in the NCP. Specifically, we ensured that the 
optimum controlled soil water content at effective rooting depth range in this study for 
winter wheat irrigation in the NCP would be: 50% FC-75% FC in the reviving to booting 
growth period, and 75% FC-FC in the booting to heading stage and 55% FC-70% FC in 
the milking to maturity stage.  
Thus, it is possible to maintain relatively high yield and optimal WUE for food crop in the 
NCP under relatively low water consumption through refining of irrigation schedules and 
adoption of the appropriate irrigation method. Winter wheat producers and irrigation 
managers can select a suitable schedule for water management based on the local 
irrigation water resources, and with special reference to the groundwater resource. 
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ABSTRACT 
 
 
Drip irrigation under plastic mulch can be the most efficient in-season water 
application method for cotton production in the arid area of Xinjiang Uygur 
Autonomous Region, China. One of the biggest obstacles to the widespread adoption 
of this method is the high cost of initial installations. The costs of drip irrigation 
installations may be reduced if the systems are designed using a uniformity that is 
lower than the costs recommended by the current standards. However, it is left 
unclear that whether lower fustigation uniformity results in a decreased lint yield and 
quality in the arid regions or not. Field experiments were conducted in the arid 
environments to evaluate the effects of fertigation uniformities on growth, nitrogen 
uptake, lint yield, and quality of cotton. In the experiments, three fertigation 
uniformities of 0.60, 0.80, and 0.99 (referred to as C1, C2, and C3, respectively) and 
three irrigation levels of 50%, 75%, 100% of irrigation requirements (referred to as I1, 
I2, and I3) were used. The results demonstrated that plant height and leaf area index 
(LAI) were sensitive to nonuniformity of water and fertilizer applied. During the 
growing season of cotton, a great decrease of CU for plant height and LAI was 
observed for the low and medium uniformity treatments of C1 and C2, while a slight 
increase in the CU was observed for the high uniformity treatment of C3. Only at the 
full irrigation level of I3 did fertigation uniformity have a positive effect on lint yield, 
although the lint yields among different CU treatments were not significantly different. 
Fertigation uniformity imposed an insignificant influence on the mean values of plant 
height, LAI, nitrogen uptake, lint yield, and quality parameters; but significantly 
reduced the uniformity for plant height, LAI, and nitrogen uptake. In the arid regions, 
the possibility of using a drip irrigation uniformity that is lower than the values 
recommended by the current standards should balance the installation and operation 
costs, crop production, and products quality. 

 
 

 
 
Agricultural producers are facing decreasing water supplies and are becoming 
increasingly aware of the need for conservation of limited water resources. An 
alternative way to address these concerns is to utilize new irrigation technologies 
such as drip irrigation. Drip irrigation under plastic mulch can be the most efficient in-
season water application method for cotton production in Xinjiang Uygur Autonomous 
Region, China (Cai et al., 2002; Li et al., 2001; Cai et al., 2002; Zhang et al., 2004). 
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The area irrigated with this method in 2009 was estimated to exceed 429,000 ha, 
accounting for 30% of the total irrigated area for cotton production based on 
interviews with Xinjiang Department of Agriculture personnel. One of the biggest 
obstacles to the widespread adoption of this method is the high cost of initial 
installations. The design of a drip irrigation system can have a major impact on the 
initial cost with a direct relationship between level of uniformity and initial cost of the 
system (Wilde et al., 2009). The costs of drip irrigation installations may be reduced if 
the systems are designed using a uniformity that is lower than the values 
recommended by the current standards. However, it is not clear that if a lower 
fertigation uniformity may result in a decreased yield and quality. Therefore, the 
effects of irrigation uniformities on plant growth, yield and quality have been a topic 
for several decades (Varlev, 1976; Seginer, 1978; Seginer, 1983; Warrick and 
Gardner, 1983; Solomon, 1984; Letey et al., 1984). Using the CERES-Maize model, 
Pang et al. (1997) simulated the effects of sprinkler uniformity, irrigation amount, and 
nitrogen applied on crop yield and concluded that decreasing Christiansen uniformity 
coefficient (CU) from 1.00 to 0.75 caused a reduction of yield. Chen and Zheng 
(1995) presented an optimizing method for irrigation uniformity by minimizing the 
input-output ratio by assuming a linear crop water production function and equality 
between volume of deficit irrigation and volume of over-irrigation. Using an economic 
analysis of optimal irrigation scheduling and the expected relative return, Wu and 
Barragan (2000) estimated optimal emitter flow uniformity and provided a design 
criteria for microirrigation systems based on the availability of water resources, 
considering environmental pollution and groundwater contamination. They also 
assumed a linear water application function and a linear crop respond model. The 
studies mentioned above provided useful ideas for selecting the design standard of 
drip irrigation uniformity, but few experimental data are available for evaluating these 
models. Few researchers studied the effect of drip fertigation uniformity on crop yield 
through field experiments. Field experiments conducted by Or and Hanks (1992) 
indicated that the variability of crop height and crop yield exhibited spatial structures 
similar to the water applied by nonuniform drip irrigation systems. In a study in the 
Texas High Plains, Bordovsky and Porter (2008) found no significant differences in 
cotton yield and value among SDI treatments having three flow variations (Qvar) = 5%, 
15%, and 27%. Li et al. (2011) studied the effects of fertigation uniformity (CU = 0.62, 
0.80, and 0.96) on yield and quality of Chinese cabbage in a solar heated greenhouse 
of semi-humid region and concluded that increasing fertigation uniformity might not 
necessarily result in an increased yield and an improved quality of Chinese cabbage. 

While comparing the simulated to the observed effects of irrigation uniformity on 
crop yield, one could notice a large difference between them. One reason is that the 
redistributions of water and nutrients applied through drip fertigation systems in the 
soil and the inherent variation of soil properties have not been incorporated in the 
simulation models (Chen and Zheng, 1995; Wu and Barragan, 2000). Further field 
experiments are necessary to verify and modify the existing simulation models. 

The objectives of this study were to evaluate the effects of drip fertigation 
uniformity on growth, nitrogen uptake, lint yield, and quality of cotton in the arid 
environments and to give recommendations for selecting the design standard of drip 
irrigation uniformity in arid regions. 

 
 

2. MATERIALS AND METHODS 
 
 

2.1 Experimental field 
 
Field experiment was conducted in the Experimental Station of Irrigation Center at 
Urumqi (44°06’N，87°30’E), Xinjiang Uygur Autonomous Region, China which has a 
arid climate. Mean annual rainfall and evaporation of this area was 200 mm and 1600 
mm, respectively. The table of groundwater was around 5 m beneath the land 



surface. The soil of the experimental field was classified as a loam with a bulk density 
of 1.60 g cm-3 and a field capacity (FC) of 20.7% (gravimetric water content). 
During the growing season, Cotton (Gossypium hirsutum L.) was watered by mulched 
drip irrigation technique. Using a mulch seeder, four rows of cotton with spacing of 20 
cm + 45 cm + 20 cm was seeded under one 115-cm wide plastic film on 5 May 2010 
(Figure 1). The plant spacing was 10 cm. A germination water of 37.3 mm was 
applied immediately after seeding. Pests and weeds control followed the conventional 
practices in this area. 

 
Figure 1. Schematic diagram of cropping pattern and lateral layout of driplines under 

plastic mulch for cotton. 
 
 
2.2 Experimental treatments 
 
Christiansen uniformity coefficient (CU) defined in Eq. (1) was used to calculate the 
fertigation uniformity. 
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where CU is Christiansen uniformity coefficient; qi is the ith emitter discharge; q  is 
the mean of all n observations.  
In the experiments, three fertigation uniformity of 0.60, 0.80, and 0.99 (referred to as 
low uniformity C1, medium uniformity C2, and high uniformity C3, respectively) and 
three irrigation levels of 50%, 75%, 100% of irrigation requirements (referred to as low 
irrigation level I1, medium irrigation level I2, and high irrigation level I3) were used. 
The experiment was arranged as randomized complete block with three replications. 
Resultantly, there were 27 experimental plots in total, each having an equal size of 50 
m long and 4.35 m wide. Each plot consisted of twelve 50-m long rows of cotton. One 
dripline was placed in the center of the two inner rows under mulch. Such an 
installation resulted in a lateral spacing of 145 cm (Figure 1).  
The lower CU values of 0.60 and 0.80 were obtained by assembling the segments of 
drip tubes with six different nominal discharges (1.1, 1.4, 1.75, 2.1, 2.7, and 3.0 L/h at 
0.1 MPa, respectively) randomly along the entire lateral, but a mean emitter discharge 
of 2.1 L/h at 0.1 MPa, which was similar to the mean emitter discharge for the CU of 
0.99, was maintained for the assembled laterals. For all driplines, an emitter spacing 
was 30 cm. Emitter flow rates for the three CU treatments were measured by cans 
spaced at 90 cm intervals (56 emitters for each lateral tested) prior to lateral 
installation to confirm if the CUs for the assembled laterals were comparable to the 
designed values. The actual CUs were 0.65, 0.78, and 0.94 for the designed values 
of 0.60, 0.80, and 0.99, respectively. 
 
 
2.3 Irrigation and fertigation 
 
An individual manifold including a valve, a pressure gauge, and a flow meter, was 
installed for each plot to control the inlet pressure and record the volume applied 
during an irrigation event. For all irrigation events, the inlet pressure was maintained 
at an approximately similar value of 0.1 MPa. 
For the full treatment I3, irrigation was conducted when the averaged soil moisture 
within the root zone (40 cm for squaring period and 60 cm for bloom period) depleted 

Cotton rowsDriplinePlastic film

0.20 0.45 0.20 0.60 0.20 0.45 0.20

Unit: m



to 60% and 70% of field capacity (FC) for squaring and bloom period, respectively. 
Accordingly, the upper limit of irrigation was used as 85%FC for the squaring and 
95%FC for the bloom. For the deficit treatments of I1 and I2, irrigation was applied on 
the date similar to the I3 but the water applied was 50% and 75% of the I3. Such an 
irrigation schedule resulted in a total irrigation of 279.2 mm for the full irrigation of I3 
(Table 1). 
During the irrigation season, urea was fertigated through drip irrigation systems using 
a pressure differential tank. The split N applications were scheduled to occur at 
approximate one week intervals and a total of 110.4 kg ha-1 nitrogen was applied for 
all treatments. Irrigation dates, irrigation depths, and nitrogen applied are summarized 
in Table 1. 
 
Only three precipitation events with rainfall of larger than 5 mm were observed: 25 
June (9.2 mm), 12 July (6.2 mm), 11 August (7.2 mm) during the growing season, 
resulting in a total of 22.6 mm of effective rainfall. 
 

Table 1. Irrigation and fertigation schedules for the full irrigation treatment of I3. 

 
Date  

17 
Jun   

29 
Jun  

6 
Jul  

13 
Jul  

19 
Jul  

27 
Jul  

3 
Aug 

10 
Aug  

17 
Aug  Total 

Water applied 
(mm) 19.4 19.4 25.9 34.5 40 35 35 35 35 279.2 

N applied (kg 
ha-1) - - 18.4 18.4 18.4 18.4 18.4 18.4 - 110.4 

 
 
2.4 Measurements of initial soil water and nitrogen contents 
 
 
Soil samples were collected from three locations in each plot at 15 m intervals from 
the water supply manifold starting 10 m from the manifold prior to seeding (28 April 
2010) to establish the initial conditions of soil water and nitrogen contents. Soil cores 
at each location were sampled from 0 to 0.8 m depth at 0.2 m increments. Twenty 
grams of each soil sample collected were air-dried, passed through a 2-mm sieve, 
and extracted by 50 ml of 1 mol L-1 KCI and used to measure NH4

+-N and NO3
--N 

content using Auto Analyzer 3 (BRAN+LUEBBE, Germany). The remained soil 
samples were used to determine soil water content gravimetrically. Initial contents, 
Christiansen uniformity coefficients (CU), and coefficients of variation (CV) for soil 
moisture, NH4

+-N, and NO3
--N of the entire field are summarized in Table 2. Both soil 

water content and NH4
+-N demonstrated a low to medium spatial variability with CV 

values of 0.07-0.18 and 0.16-0.17, respectively, while NO3
--N had a high spatial 

variability with CV value of 0.59-0.99 (Yang and Lei, 1993). 
 

Table 2. Summary of initial contents, Christiansen uniformity coefficients (CU), and 
coefficients of variation (CV) for soil water, NH4

+-N, and NO3
--N in the entire 

experimental field. 

Depth 
(cm) 

Soil moisture NO3
--N NH4

+-N 
Mean 

(cm3/cm3) CU CV  Mean 
(mg/kg) CU CV Mean 

(mg/kg) CU CV 

0-20 0.20 0.94 0.08 9.74 0.48 0.71 3.25 0.88 0.16 
20-40 0.24 0.94 0.07 8.54 0.34 0.99 3.04 0.89 0.16 
40-60 0.27 0.91 0.11 10.96 0.54 0.59 2.97 0.87 0.17 
60-80 0.25 0.86 0.18 8.30 0.28 0.94 3.10 0.87 0.17 
0-80 0.24 0.94 0.08 9.39 0.59 0.49 3.09 0.92 0.10 

 
 
2.5 Plant measurements 
 
Leaf area index (LAI), aboveground cotton plant biomass, single boll weight, boll 



number per plant, plant nitrogen uptake, and fiber quality parameters of lint samples 
were determined from seven locations along the four central rows of each plot at 7.5 
m intervals from the water supply manifold starting 2 m from the manifold. Plant 
height, unopened boll number, and lint cotton yield were determined from thirteen 
locations along the four central rows of each plot at 3.75 m intervals from the water 
supply manifold (Figure 2). Plant height and LAI were measured at peak squaring, 
early bloom, and boll-forming. Two plants of cotton at each location, one in the outer 
row and the other in the inner row, were marked and used to LAI determination. 
Similarly, four marked plants, two in the outer rows and other two in the inner rows, 
were used to plant height determination. 
Two plant samples at each location, which also came from the outer and the inner 
row, respectively, were collected by clipping aboveground plant material at the soil 
surface at squaring, bloom, and boll-forming stages. The samples were air-dried and 
weighed to determine aboveground crop biomass. Then the total nitrogen content of 
the plant samples was measured using Kjeltec Analyzer (FOSS, Denmark). Plant 
nitrogen uptake was determined by the product of the aboveground crop biomass and 
the total nitrogen content. Boll number per plant and single boll weight were recorded 
when biomass collection was conducted at boll-forming stage. 
Following crop maturation at the end of growing season, seed cotton for each 
designed location (Figure 1) was harvested by hand along four central 1.4-m-long 
planted rows. Seed cotton samples from each plot were weighed, and 50-g sub-
samples were ginned to determine lint percentage. Lint yield from each sample 
location was determined by multiplying lint percentage by the respective seed cotton 
weight. Fiber quality parameters of lint samples such as micronaire, fiber strength, 
fiber length, fiber uniformity, and elongation were determined by the High Volume 
Instrument (HVI) system at the Cotton Institute, Chinese Academy of Agricultural 
Sciences. After harvested, unopened boll number in each harvested area was 
measured. 
In this article, Christiansen uniformity coefficients (CU) were also used to quantify the 
uniformity of plant height, LAI, single boll weight, aboveground cotton biomass, 
nitrogen uptake, bolls per plant, lint yield, and fiber quality parameters along the 
driplines. 
Standard analysis of variance test were used with F-test considered significant at the 
0.05 level of probability. Least significant differences (LSD) were calculated at the 
0.05 level of probability for significantly different main effects and interaction means. 
 

 
Figure 2. Schematic diagram of measuring locations for growth, lint yield, and quality 

of cotton in an experimental plot (50 m long × four rows). 
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3. RESULTS AND ANALYSIS 

 
 

3.1 Effects of fertigation uniformity on cotton growth 
 
Variations of the mean and the uniformity for plant height during the growing season 
of cotton are shown in Figure 3 for the different fertigation uniformity and irrigation 
levels. For all of the treatments, a fast increase of plant height was observed for days 
after planting (DAP) from 57-77, but the plant height increased slightly after DAP 77 
(21 July). For a given fertigation uniformity, the different treatments of irrigation levels 
produced an approximately similar plant height at DAP 57 (1 July), but a high 
irrigation level produced a greater plant height after DAP 77. For the treatments of CU 
= 0.94, for example, the plant heights for the irrigation levels of I1, I2, and I3 at DAP 
57 were 36, 38, and 41 cm, respectively; while the final height (DAP = 125, 7 
September)) for the I3 (54 cm) was 38% greater than that for the I1 (39 cm) and 8% 
higher than that for the I2 (50 cm). An analysis of variance also indicated that the 
influence of irrigation level on plant height was significant at a significance level of 
0.01 after DAP 57. For the final sample at DAP 125, the influence of the interaction 
between fertigation uniformity and irrigation level on plant height also become 
significant.  
It can also be seen in Figure 3 that, for the irrigation level of I1, the final plant height 
for the high CU treatment of C3 (39 cm) was lower than that for the medium and low 
CU treatments of C2 (44 cm) and C1 (44 cm). However, for the irrigation levels of I2 
and I3, the high CU treatment of C3 produced a 6 to 10% greater plant height than 
the C1 and C2 treatments, although the influence of fertigation uniformity on plant 
height was not statistically significant. 
A great decrease of CU for plant height can be seen in Figure 3 for the treatments of 
C1 and C2 as DAP increased from 57 to 77, but a slight increase of the CU was 
observed for the C3 treatment. After DAP of 77, an approximately similar CU was 
maintained for all of the treatments. During the growing season of cotton, plant height 
CU ranged from 0.88 to 0.96, being greater than the fertigation uniformity, especially 
for the C1 and C2 treatments. A greater fertigation uniformity usually produced a more 
uniform distribution of plant height after DAP 77. For the irrigation level of I2, for 
example, the CU values for the final plant height (DAP = 125) increased from 0.88 to 
0.94 when the fertigation uniformity increased from 0.65 (C1) to 0.94 (C3). The 
analysis of variance indicated that the influence of fertigation uniformity on plant 
height CU had become significant since DAP of 77.  
Variations of the mean and the uniformity for LAI during the growing season of cotton 
are presented in Figure 4. For a given fertigation uniformity, a higher irrigation level 
resulted in a significantly larger LAI after DAP 77, while the influence of fertigation 
uniformity on LAI was only statistically significant at DAP 102 (25 August). 
Comparing Figures 3 and 4 led one to find that CU for LAI, ranging from 0.56 to 0.89, 
was lower than the CU for plant height. Generally, LAI CU showed a decreasing trend 
as the plants grew, especially for the low and medium fertigation uniformity treatments 
of C1 and C2. For a given irrigation level, a greater fertigation uniformity produced a 
significanty greater LAI CU after DAP 102. This suggests that the influence of 
nonuniformly applied water and fertilizers on plant growth was progressively 
strengthened as water and fertilizers were applied through sequential fertigation 
events. Ayars et al. (1991) also reported that the LAI of cotton was uniform across 
rows at day 175, while by day 209 the row-by-row LAI was affected by the 
nonuniformity of water application in the low-uniformity treatment at the medium 
irrigation level. In addition, the analysis of variance indicated that influence of the 
interaction between fertigation uniformity and irrigation level on the mean and the 
uniformity for LAI was insignificant. 



   
Figure 3. Variations of the mean and uniformity for plant height during the growing 

season of cotton. 
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Figure 4. Variations of the mean and uniformity for LAI during the 

 growing season of cotton. 
 

 
3.2 Effects of fertigation uniformity on aboveground plant biomass and plant 

nitrogen uptake 
 
The mean and the uniformity for aboveground plant biomass during the growing 
season of cotton are shown in Table 3. For a given fertigation uniformity, the different 
treatments of irrigation levels produced an approximately similar aboveground plant 
biomass on 12 July, but a higher irrigation level produced a significantly greater 
aboveground plant biomass after 7 August. For the treatments of CU = 0.94, for 
example, the aboveground plant biomass for the irrigation levels of I1, I2, and I3 on 
12 July were 8.8, 10.0, and 8.9 t ha-1, respectively; but the aboveground plant 
biomass on 4 September for the I3 (36.2 t ha-1) was 45% greater than that for the I1 
(24.9 t ha-1) and 21% higher than that for I2 (29.8 t ha-1).  
It can also be seen in Table 3 that, for the irrigation level of I3, the final aboveground 
plant biomass for the high CU treatment of C3 (36.2 t ha-1) was greater than that for 
the low CU treatment of C1 (32.7 t ha-1). However, for the irrigation levels of I1 and I2, 
the high CU treatment of C3 produced a 2 to 16% lower aboveground plant biomass 
than the C1 treatment, although the influence of fertigation uniformity on aboveground 
plant biomass was not statistically significant. 
A decrease of CU for aboveground plant biomass can be seen in Table 3 for the 
treatments of C1 and C2 from 12 July to 4 September, but a slight variation of the CU 
was observed for the C3 treatment. During the growing season of cotton, 
aboveground plant biomass CU ranged from 0.76 to 0.91, being greater than the 
fertigation uniformity, especially for the C1 and C2 treatments. A greater fertigation 
uniformity usually produced a more uniform distribution of aboveground plant biomass 
on 4 September. For the irrigation level of I3, for example, the CU values for the final 
aboveground plant biomass increased from 0.76 to 0.83 when the fertigation 
uniformity increased from 0.65 (C1) to 0.94 (C3). An analysis of variance also 
indicated that the influence of fertigation uniformity on aboveground plant biomass CU 
was significant on 4 September. This also suggests that the influence of nonuniformly 
applied water and fertilizers on aboveground plant biomass was progressively 
strengthened as water and fertilizers were applied through sequential fertigation 
events. 
The mean and the uniformity for plant nitrogen uptake during the growing season of 
cotton are presented in Table 4. Similarly, for a given fertigation uniformity, the 
different treatments of irrigation levels produced an approximately similar plant 
nitrogen uptake on 12 July, but a higher irrigation level produced a greater plant 
nitrogen uptake after 7 August. An analysis of variance indicated that the influences of 
irrigation level on plant nitrogen uptake were significant after 7 August. 
It can also be seen in Table 4 that, for the irrigation level of I3, the final plant nitrogen 
uptake for the high CU treatment of C3 (898.1 kg ha-1) was greater than that for the 
low CU treatment of C1 (740.0 kg ha-1). However, for the irrigation levels of I1 and I2, 
the high CU treatment of C3 produced a 2 to 17% lower plant nitrogen uptake than 
the C1 treatment, although the influence of fertigation uniformity on plant nitrogen 
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uptake was not statistically significant. 
 
 
Table 3. Mean and uniformity coefficient for the aboveground plant biomass of cotton. 

Treatment 
Mean 
(t ha-1) CU 

12 Jul 7 Aug 4 Sept 12 Jul 7 Aug 4 Sept 
C1I1 9.1 a[a] 16.0 b 29.8 abc 0.87 ab 0.91 a 0.77 a 
C2I1 8.4 a 15.6 b 23.0 c 0.90 a 0.84 a 0.87 a 
C3I1 8.8 a 15.2 b 24.9 bc 0.86 ab 0.83 a 0.86 a 
C1I2 9.7 a 18.1 ab 30.4 abc 0.87 ab 0.84 a 0.83 a 
C2I2 8.8 a 17.0 b 26.2 abc 0.87 ab 0.83 a 0.83 a 
C3I2 10.0 a  17.0 b 29.8 abc 0.91 a 0.90 a 0.82 a 
C1I3 8.7 a 16.8 b 32.7 ab 0.84 ab 0.85 a  0.76 a 
C2I3 9.3 a 17.6 ab 30.5 abc 0.86 ab 0.85 a  0.77 a 
C3I3 8.9 a 20.4 a 36.2 a 0.84 b 0.87 a  0.83 a 

 [a] Column means within a parameter followed by the same letter are not significantly different 
(P < 0.05, LSD) 
 
 

Table 4. Mean and uniformity coefficient for the nitrogen uptake of cotton plant. 

Treatment 
Mean 

(kg ha-1) CU 

12 Jul 7 Aug 4 Sept 12 Jul 7 Aug 4 Sept 
C1I1 330.8 a[a] 499.0 bcd 674.6 abc 0.86 ab 0.85 ab 0.66 c 
C2I1 294.3 a 472.6 cd 502.0 c 0.90 a 0.84 ab 0.83 a 
C3I1 305.4 a 456.3 d 559.8 bc 0.84 ab 0.81 ab 0.83 a 
C1I2 359.0 a 585.0 ab 693.2 abc 0.85 ab 0.83 ab 0.77 abc 
C2I2 321.2 a 520.6 bcd 597.8 bc 0.85 ab 0.77 b 0.78 ab 
C3I2 366.0 a 534.2 bcd 681.7 abc 0.91 a 0.90 a 0.80 a 
C1I3 303.5 a 529.4 bcd 740.0 ab 0.84 ab 0.80 ab 0.67 bc 
C2I3 323.7 a 579.9 bc 752.4 ab 0.86 ab 0.83 ab 0.74 abc 
C3I3 348.7 a 680.3 a 898.1 a 0.81 b 0.85 ab 0.81 a 

[a] Column means within a parameter followed by the same letter are not significantly different 
(P < 0.05, LSD) 
 
 
3.3 Effects of fertigation uniformity on yield and quality of cotton 

 
The mean and the uniformity for lint yield are summarized in Table 5. For the CU 
treatments of C1 and C3, irrigation level had a negative effect on lint yield. For the 
treatments of CU = 0.94, for example, lint yield for the I3 was 5% lower than that for 
the I1 and I2. The negative yield response to the increased irrigation amounts might 
be attributed to the increased vegetative plant growth and boll-opening delays as 
water application increased. This had been documented in other studies (Mateos et 
al., 1997; Bordvosky and Porter, 2008). An analysis of variance indicated that the 
influence of irrigation level on lint yield was not significant (Table 6). 
There were no significant differences in lint yield resulting from fertigation uniformity 
at each irrigation level; but fertigation uniformity had a positive effect on lint yield at 
the irrigation level of I3. For the irrigation level of I3, lint yields for the fertigation 
uniformities of C1, C2, and C3 were 1131, 1244, and 1266 kg ha-1, respectively. 
Physically, for the low irrigation level, the low uniformity treatment provided more 
water at the locations having larger emitter rates, which compensated for a decreased 
yield caused by less water at the locations having lower emitter rates to some extent. 
However, for the high irrigation level, the low uniformity treatment provided excessive 
water at the locations having larger emitter rates. This could result in boll-opening 
delays and a decreased yield, causing a decreased yield. In addition, the analysis of 
variance also indicated that the influence of fertigation uniformity on lint yield was not 
significant (Table 6). 
A greater fertigation uniformity usually produced a more uniform distribution of lint 



yield. For the irrigation level of I3, for example, the CU values for lint yield increased 
from 0.78 to 0.86 when the fertigation uniformity increased from 0.65 (C1) to 0.94 
(C3). There were no significant differences in yield CU resulting from fertigation 
uniformity at the irrigation levels of I1 and I2, but fertigation uniformity significantly 
influenced yield CU at the irrigation level of I3. Yield CUs for the C1 and C2 
treatments were greater than the drip fertigation uniformity, which indicated that yield 
variability may be related to the variability of soil texture and the redistribution of water 
and nutrients in soil. Since the C3 treatment supplied uniform fertigation, the 
variations for lint yield in the treatment plot may be due to the variability in soil 
properties and initial nitrogen content (Table 2).  
It can also be seen in Table 5 that, for a given fertigation uniformity, the lint yield CU 
for the high irrigation level of I3 was lower than that for the low irrigation level of I1. 
For the fertigation uniformity of C3, for example, lint yield CUs for the I1, I2, and I3 
treatments were 0.93, 0.92, and 0.86, respectively. An analysis of variance indicated 
that the influence of irrigation level on lint yield CU was significant (Table 6). The 
mean for the number of unopened bolls is summarized in Table 5. For a given 
fertigation uniformity, a higher irrigation level resulted in a significantly larger number 
of unopened bolls. A lower fertigation uniformity usually produced a greater number of 
unopened bolls. For the irrigation level of I2, for example, the unopened bolls 
decreased from 25.3 to 14.5 when the fertigation uniformity increased from 0.65 (C1) to 
0.94 (C3). An analysis of variance indicated that the influence of fertigation uniformity and 
irrigation level on the number of unopened bolls were significant (Table 6). 
 
Table 5. Yield, yield CU, and unopened bolls for different fertigation uniformity and 

irrigation level treatments. 

Treatment Lint yield 
(kg ha-1) Yield CU Unopened bolls 

(no. m-2) 
C1I1 1336 ab[a] 0.88 ab 15.54 bc 
C2I1 1176 b 0.90 ab 5.31 c 
C3I1 1338 ab 0.93 a 4.05 c 
C1I2 1316 ab 0.89 ab 25.33 b 
C2I2 1403 a 0.88 ab 16.36 bc 
C3I2 1331 ab 0.92 a 14.54 bc 
C1I3 1131 b 0.78 d 48.15 a 
C2I3 1244 ab 0.83 c 25.51 b 
C3I3 1266 ab 0.86 bc 47.18 a 

[a] Column means within a parameter followed by the same letter are not significantly different 
(P < 0.05, LSD) 
 
 
Table 6. Summary of analysis of variance for the mean and the uniformity coefficient 

for lint yield and number of unopened bolls of cotton as affected by 
fertigation uniformity (CU) and irrigation level (IL). 
 Source df Lint yield Unopened bolls 

Mean 

CU 2 ns * 
IL 2 ns ** 

CU × IL 4 ns ns 
Error 18   

Uniformity 

CU 2 ** ** 
IL 2 ** ** 

CU× IL 4 ns ns 
Error 18   

* Significant at p = 0.05 level; ** Significant at P = 0.01 level; ns = nonsignificant.  
 
 
In order to analyze the effect of fertigation uniformity on the distribution of lint yield 
visually, lint yield along the drip laterals of the different fertigation uniformities are 
compared in Figure 5. For the medium and low irrigation level, lint yield demonstrated 
a variation trend approximately similar to the emitter discharge rates along the 
laterals. However, lint yield in the high irrigation level treatment did not follow the 



variability of emitter discharge rates, especially at the locations having higher emitter 
rates where excessive irrigation had a negative effect on lint yield. For the C1I3 
treatment, for example, lint yield of the last five locations were greatly lower than that 
for the other locations. The variation range of lint yield for the C1 and C2 treatments 
were greater than that for the C3 treatment.  
It can also be seen in Figure 5 that, for the CU treatments of C1 and C2, the ratios of 
maximum to minimum for lint yield were significantly lower than that for emitter 
discharge, especially at the irrigation levels of I1 and I2; while there was no distinct 
difference in the C3 treatment. The ratios of maximum to minimum lint yield for the 
C1I3 and C2I3 treatments were greater than that for the other treatments, which was 
attributed to the increased vegetative plant growth and boll-opening delays at the 
locations having larger emitter rates. 
 

 
Figure 5. Lint yield at thirteen distances from supply manifold for the different 

fertigation uniformity and irrigation levels. 
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The mean for fiber quality is compared in Table 7 for the different fertigation uniformity 
and irrigation levels. For a given fertigation uniformity, a higher irrigation level 
produced a significantly lower micronaire. Bajwa and Vories (2007) also reported that 
the micronaire for well-watered treatment was significantly lower than severely 
stressed treatment. The ideal level of micronaire is considered to be between 3.7 and 
4.2 (Cotton-Upland cotton, GB 1103-2007), and penalties are generally charged when 
micronaire is more than 4.9 or less than 3.5. Except for the C2I1 treatment, 
macronaire for all of the treatments was in the normal range. Higher irrigation levels 
tended to increase fiber length and fiber strength. Similar results have been reported 
(Dagdelen et al. 2009). There were no significant differences in lint quality parameters 
resulting from fertigation uniformity for a given irrigation level. An analysis of variance 
also indicated that the five lint quality parameters tested were not significantly 
affected by fertigation uniformity, while the fiber length and the micronaire were 
significantly affected by irrigation levels (Table 8). 
 
 

Table 7. Mean for quality indexes of cotton for different treatments. 

Treatment Micronaire  Fiber length 
(mm) 

 Fiber uniformity 
(%) 

Elongation 
(%) 

Fiber strength 
(g.tex-1) 

C1I1 4.72 ab[a] 29.84 cd 84.60 a 6.79 ab 30.35 ab 
C2I1 4.97 a 29.48 d 84.34 a 6.76 ab 29.96 b 
C3I1 4.75 ab 30.02 bcd 84.75 a 6.74 b 30.52 ab 
C1I2 4.60 bc 30.16 abc 84.81 a 6.75 b 31.00 a 
C2I2 4.60 bc 30.26 abc 84.87 a 6.78 ab 30.56 ab 
C3I2 4.63 bc 30.28 abc 84.69 a 6.77 ab 30.40 ab 
C1I3 4.44 bcd 30.62 ab 85.18 a 6.80 ab 30.77 ab 
C2I3 4.22 d 30.47 ab 84.84 a 6.77 ab 30.99 a 
C3I3 4.32 cd 30.70 a 84.68 a 6.82 a 31.01 a 

[a] Column means within a parameter followed by the same letter are not significantly different 
(P < 0.05, LSD) 
 
 
Table 8. Summary of analysis of variance for the mean and uniformity coefficient for 

quality indexes of cotton as affected by fertigation uniformity (CU) and 
irrigation level (IL). 

 Source df Micronaire Fiber 
length 

Fiber 
uniformity Elongation Fiber 

strength 

Mean 

CU 2 ns ns ns ns ns 
IL 2 ** ** ns ns ns 

CU × IL 4 ns ns ns ns ns 
Error 18      

Uniformity 

CU 2 ns * ** ns ns 
IL 2 ns ns ns ns ns 

CU × IL 4 ns ns ns ns ns 
Error 18      

* Significant at p = 0.05 level; ** Significant at P = 0.01 level; ns = nonsignificant.  
 
 

4. CONCLUSIONS 
 
 

Field experiments were conducted in the arid environments to evaluate the effects of 
fertigation uniformity and irrigation level on growth, nitrogen uptake, lint yield, and 
quality of cotton. The following conclusions were supported by this study: 
(1) During the growing reason of cotton, the uniformity for plant height, LAI, 
aboveground plant biomass, and nitrogen uptake showed a decreasing trend for the 
low and medium uniformity treatments (C1 and C2), while a slight variation in the high 
uniformity treatment (C3) was observed. The influence of nonuniformly applied water 
and fertilizers on the uniformity for plant growing parameters, aboveground plant 



biomass, and plant nitrogen uptake was progressively strengthened as water and 
fertilizers were applied through sequential fertigation events.  
(2) For the low and medium irrigation level, lint yield demonstrated a variation trend 
approximately similar to the emitter discharge rates along laterals. However, lint yield 
in the high irrigation level treatment did not follow the variability of emitter discharge 
rates, especially at the locations having high emitter rates where excessive irrigation 
had a negative effect on lint yield. Only at the irrigation level of I3 did fertigation 
uniformity have a positive effect on lint yield.  
(3) For a given fertigation uniformity, a higher irrigation level resulted in a significantly 
larger number of unopened bolls. For a given irrigation level, a lower fertigation 
uniformity usually produced a greater number of unopened bolls. 
(4) Higher irrigation levels tended to increase fiber length and fiber strength, while 
resulted in a decreased macronaire. Five lint quality parameters tested were not 
significantly affected by the fertigation uniformity, while the fiber length and the 
micronaire were significantly affected by irrigation levels. 
(5) Fertigation uniformity imposed an insignificant influence on the mean values for 
plant growing parameters, plant nitrogen uptake, lint yield, and quality parameters; 
but significantly reduced the uniformity for plant growing parameters and plant 
nitrogen uptake. In the arid regions, the possibility of using a fertigation uniformity that 
is lower than the values recommended by the current standards should balance the 
installation and operation costs, crop production, and products quality. 
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CORN GROWTH AND YIELD AS AFFECTED BY DRIP 
IRRIGATION UNIFORMITY AND APPLICATION AMOUNT 

IN NORTH CHINA PLAIN 
 

 
Hang Zhang1, Jiusheng Li2

The uniformity coefficient is an important parameter for designing the drip irrigation 
systems, but the influence of irrigation uniformity on crop growth is still unclear. Field 
experiments were conducted in two growing seasons of spring corn (Zea mays L.) in 
the north China plain to evaluate the influence of drip irrigation uniformity and 
application amount on corn growth and yield. Three Christiansen uniformity 
coefficients (CU) of 0.66, 0.81, and 0.99 and three levels of water application at 50%, 
75%, and 100% of the irrigation requirement were used. During both growing seasons, 
crop parameters including plant height, leaf area index (LAI), chlorophyll meter reading 
(SPAD reading) and dry biomass above ground were regularly measured, and the 
yield was recorded on harvest. The results showed that drip irrigation uniformity and 
application amount had insignificant influence on the mean of plant height, LAI, SPAD 
reading and dry biomass in both years (α =0.05). The uniformity coefficients of the 
crop parameters increased with spring corn growing, and their final value were larger 
than 0.90. The uniformity coefficients for yield along a dripline were larger than 0.93 for 
the three CU treatments tested. The drip irrigation uniformity, application amount and 
the interaction between the two factors had insignificant influence on the mean and the 
uniformity of yield (α =0.05). These results demonstrated that the drip uniformity 
coefficient had less important effect on the spring corn growth and yield. It suggested 
that the current design standard of drip irrigation uniformity coefficient (CU≥0.80) could 
be fairly lowered in the semi-humid regions, such as in the north China plain, to reduce 
the initial and operation costs of drip irrigation systems. 
 
 

  
 
 
 
 

ABSTRACT 
 

 

1. INTRODUCTION 
 
 

Drip irrigation is one of the microirrigation methods. It can supply water and nutrients 
precisely to root zone according to crop requirement, and greatly improves the water 
and nitrogen use efficiency compared with surface irrigation. The uniformity coefficient 
is one of the important parameters for designing the drip irrigation systems. The 
design of drip irrigation systems generally requires high irrigation uniformity in order to 
ensure irrigation quality, but this may increase the costs of investment and operation 
especially for the crops with less sensitivity to water (Chen, 1993). On the other hand, 
the low uniformity of irrigation systems may reduce crop yield and quality. A low 
uniformity may also result in water percolation and nitrogen leaching, causing 
environment pollution.  
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Irrigation uniformity of microirrigation system is affected by many factors, such as 
system pressure, emitter manufacturing variation, emitter spacing, and emitter 
clogging. Many studies have been conducted on these factors (Wu and Gitlin, 1973; 
Warrick and Yitayew, 1988; Zhang et al., 2005; Li et al., 2008). But the influence of 
irrigation uniformity on crop growth and yield is still unclear under different conditions. 
For example, Or and Hanks（1992）reported that the water in soil, crop height, and 
crop yield exhibited spatial variability similar to the variability of water applied, but crop 
yield variability (mean CV of 0.23) was less than the irrigation variability (mean CV of 
0.57). Li (1996) found that the crop yield increased with the increasing of irrigation 
uniformity for a given irrigation amount. Mateos et al (1997) showed that irrigation 
uniformity had no influence on cotton yield for uniformity of 0.52 and 0.80. Bordovsky 
and Porter（2008）found that the response of cotton yields tended to follow the 
changes of emitter discharge rates along the drip laterals, but not to the expected 
extent. Li et al. (2010; 2011) obtained that the influences of fertigation uniformity 
(CU=0.62, 0.80, and 0.96) on the uniformity of soil bulk electrical conductivity and 
nitrate content in soil were insignificant, and the increasing of fertigation of uniformity 
might not necessarily result in an increased yield and an improved quality of Chinese 
cabbage in a solar heated greenhouse of semi-humid region. Crop in different regions 
seems to show different responses to irrigation uniformity. It is therefore necessary to 
study the influence of irrigation uniformity on crop growth and yield in different regions. 

The objectives of the present study were to investigate the influence of drip 
irrigation uniformity and application amount on corn growth and yield by field 
experiments in the semi-arid region and to give recommendations for the design and 
evaluation of drip irrigation systems. 

 
 

2. MATERIALS AND METHODS 
 
 

2.1 Experimental field 
 

Field experiments were conducted at the Experimental Station of the National Center 
for Efficient Irrigation Engineering and Technology Research in Beijing (39°39' N and 
116°15' E), the north China plain. The region belongs to warm and semi-humid 
continental monsoon climate with an annual mean temperature of 11.6 ℃ and an 
annual mean precipitation of 556 mm. The experimental field size was 70 m × 50 m. 
According to the international classification of soil texture (Qin, 2003), the 
experimental soil was sandy loam in depth of 0-100 cm, and the average bulk density 
was 1.47 g/cm3 (Du, 2007). 
Field experiments were conducted in two growing seasons of spring corn (Zea mays L.) 
in 2009 and 2010. The experiment field was divided into 27 plots, and each plot size 
was 32 m × 3 m. A 50 cm buffer zone was used between the adjacent plots to prevent 
the lateral water exchange and allow to access to each experimental plot. Three 
driplines having 32 m long and with 1 m spacing were installed in each plot using an 
individual manifold. A valve, a pressure gauge and a water flow meter were installed at 
the head of each manifold to control the working pressure and to record the water 
applied during irrigation event. Corn with the row spacing of 50 cm and plant spacing 
of 40 cm was grown and driplines were located in alternative row furrows for all 
experimental plots. Seeding date, plant and row spacing, total and effective rainfall 
and harvest date for the experiments in both growing seasons are summarized in 
Table 1. 
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Table 1.  Summery of the related information for field experiment conducted in 2009 
and 2010 
Year 2009 2010 

Variety Ear No. 1 Ear No. 1 
Seeding date 26 April, 2009 3 May, 2010 

Plant spacing /cm 40 40 
Row spacing /cm 50 50 
Total rainfall /mm 402 296 

Effective rainfall* /mm 384 260 
Harvest date 24 August, 2009 28 August, 2010 

* means sum of rainfalls being larger than or equal to 5mm. 

 
2.2 Experimental design 

 
Two factors, irrigation uniformity and application amount, were considered for field 
experiments. There are several parameters that are used for designing or evaluating 
of the microirrigation system (Lamm et al., 2007)，and all the uniformity parameters are 
interrelated to each other when the emitter flow rates considered as a normal 
distribution or a smooth curve distribution (Barragan et al., 2006). Therefore any single 
uniformity parameter can be used to describe the microirrigation system uniformity. 
The Christiansen uniformity coefficient (CU) was used to evaluate the uniformity of 
emitter discharge rates along the dripline, given by Eq. (1). 
 

1

1

1

n

i
i

q q
nCU

q
=

−
= −

∑
                         (1) 

where CU is Christiansen uniformity coefficient; iq  is the ith emitter discharge rate, 
L/h; q is the mean of all emitter discharge rates，L/h, and n is the total number of 
emitter discharge rates measured. 
Three CUs of 0.70 (referred to as low uniformity, C1), 0.80 (medium uniformity, C2), 
and 0.99 (high uniformity, C3) and three levels of water applied at 50% (low irrigation 
level, I1), 75% (medium irrigation level, I2), and 100% (high irrigation level, I3) of the 
irrigation requirement were used. Such an experimental design resulted in nine 
treatments total (C1I1, C1I2, C1I3, C2I1, C2I2, C2I3, C3I1, C3I2, and C3I3). There 
were three replications for each treatment.  
The driplines with CU values of 0.70 and 0.80 were obtained from random combination 
of five different emitter discharge rates: 1.05 L/h (Super Typhoon, Netafim, Israel), 1.4 
L/h (RY125, Ruisheng-Yamit, China), 1.65 L/h (Super Typhoon, Netafim, Israel), 2.3 
L/h (Pressure compensation，Luckrain, China), and 2.6 L/h (Super Typhoon, Netafim, 
Israel) at 0.1 MPa pressure. The driplines with CU value of 0.99 were obtained using 
the emitter discharge rate of 1.65 L/h at 0.1 MPa pressure (Super Typhoon, Netafim, 
Israel). The emitter spacing for all CU treatments was 40 cm and the mean of emitter 
discharge rates were 1.65 L/h at 0.1 MPa pressure. The random combination of 
different emitter discharge rates was determined by Monte-Carlo method (Jin, 2005), 
provided that the normal distribution of emitter discharge rates along the dripline could 
be represented by a normal distribution function (Nakayama, 1979). The emitter 
discharge rates along the dripline were measured prior to installing to test the actual 
uniformity of dripline. For a 32-m long dripline, the emitter discharge rates of forty 
emitters spaced at 80 cm intervals along the dripline were measured. The measured 
uniformities for low, medium, and high uniformity treatments were 0.66, 0.81, and 0.99, 
respectively (Table 2). After harvest in 2009 and 2010, the emitter discharge rates for 
one selected dripline of each plot were measured again to check if the uniformity 
agreed with the designed value. The mean and the uniformity coefficient for emitter 
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discharge rates along the dripline at different measurements are summarized in Table 
2. No significant difference of CU was found after one and two seasons application, 
while the mean emitter discharge after 2010 harvest had a reduction of less than 5% 
from the initial measurement. 
 
Table 2. The mean and the uniformity coefficient for emitter discharge rates along the 

dripline at different stages. 

Level 

CU Mean discharge rate /L·h-1 
Initial 

design 

value 

Initial 

measured 

value 

After 

2009 

After 

2010 

Initial 

design 

value 

Initial 

measured 

value 

After 

2009 

After 

2010 

C1 0.70 0.66 0.66 0.65 1.65 1.67 1.68 1.66 
C2 0.80 0.81 0.80 0.80 1.65 1.62 1.63 1.58 
C3 0.99 0.99 0.98 0.97 1.65 1.61 1.60 1.53 

C1, C2, and C3 mean the low, medium, and high irrigation uniformity, respectively. 
 
The irrigation amount and intervals varied according to the growing stages and climate 
conditions. An automatic weather station was installed 50 m apart from the 
experimental field to monitor the meteorological data, such as temperature, wind 
speed and direction, humidity, radiation, and precipitation, every 30 min during the 
experiment. Irrigation was applied when the application amount (m) value calculated 
by Eq. (2) was about 20-30 mm (about 60% - 70% of field capacity) (Liu et al., 2009). 
  

om ET P= −                            （2） 
       0 s cET ET K K= × ×                       （3） 

 
where m is application amount, mm; ET is crop water requirement (evapotranspiration) 
calculated by Eq. (3), mm (Fig. 1); P0 is the effective rainfall, mm (Fig. 1); ET0 is 
reference crop evapotranspiration, calculated using modified Penman－Monteith 
formula by FAO recommended (Allen et al., 1998), mm; Ks is water stress coefficient 
recommended by Hu et al. (2006); Kc is crop coefficient recommended by FAO (Allen 
et al., 1998). 
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Figure 1. Effective rainfall and crop water requirement (ET) during the both growing 
seasons of spring corn. 

 
A similar nitrogen application rate was applied to all of the experimental treatments. In 
2009, 25% of the total nitrogen (45 kg N/ha) was applied before planting, and the 
remained 75% of the total nitrogen (135 kg N/ha) were fertigated in season. In 2010, 
all the nitrogen (162 kg N/ha) were fertigated in season. An empirical rule of 
quarter-half-quarter was used for each fertigation event, using a water-driven 
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adjustable proportional pump (Model 2504, Tefen, Israel) (Li et al., 2003). Schedules 
of irrigation and fertilization for different application amount treatments in 2009 and 
2010 are summarized in Table 3. 
 

Table 3.  Schedules of irrigation and fertilization for different treatments. 

Year Sequence Date 
Application amount /mm Nitrogen applied 

/kg N·ha-1 
I1 I2 I3 

2009 

Fertilizer applied 

before planting 
    45 

Irrigation for emergence 

 

27 April 10 10 10  
1 20 May 10 15 20 36 
2 14 June 10 15 20 45 
3 29 June 12.5 18.8 25 18 
4 14 July 10 15 20 36 

Total  52.5 73.8 95 180 

2010 

1 22 June 10 15 20 45 
2 1 July 10 15 20 36 
3 23 July 15 22.5 30 81 
4 8 August 15 22.5 30  

Total  50 75 100 162 
I1, I2, and I3 mean the low, medium, and high application amount, respectively. 
 
 
2.3 Plant measurement 

 
Two corn plants were randomly marked at five observation points that were spaced at 
7 m intervals and started 2 m from the inlet of the lateral in each plot to measure plant 
height, leaf area index (LAI), and chlorophyll meter reading (SPAD reading) during the 
two growing seasons. Plant height and length and width of leaves were measured at 
10 d intervals, and weekly SPAD readings (SPAD-502, KONICA MINOLTA，Japan）
were taken on the mid-point of the youngest fully expanded leaf (before silking) and on 
the ear leaf (after silking) (Rostami et al., 2008). Two corn plants near each 
observation point were selected to measure dry biomass above ground at elongation, 
filling, and maturity stages. At the maturity stage, the stem and seed were sampled 
separately to determine the stem mass to seed mass ratio.  
A total of six plants were harvested at maturity stage to determine the spring corn yield 
and yield components (ear length, barren ear tip, grain number, and 100-seed weight) 
from two 1.2-m long middle-rows at each observation point. For each plot, five 
observation points mentioned above were used in 2009, while in 2010 eight 
observation points spaced at 4 m intervals and started 2 m from the ahead of plot were 
used.  
The uniformity of plant height, leaf area index, chlorophyll meter reading, dry biomass 
above ground and yield along the row for all of the experimental treatments were also 
evaluated by using Christiansen uniformity coefficient (Eq. (1)). 
 
2.4 Statistical tests 

 
The two-way analysis of variance was conducted to quantify whether the influence of 
Christiansen uniformity coefficient and application amount on plant growth and yield 
was significant at a probability level of 0.05. Similarly, the least significance difference 
(LSD) tests were also performed on Christiansen uniformity coefficient, application 
amount and the interaction between the two factors. These statistical tests were 

http://dict.cnki.net/dict_result.aspx?searchword=%e6%ac%a1%e5%ba%8f&tjType=sentence&style=&t=sequence�
http://dict.cnki.net/dict_result.aspx?searchword=%e6%8b%94%e8%8a%82%e6%9c%9f&tjType=sentence&style=&t=elongation+stage�
http://dict.cnki.net/dict_result.aspx?searchword=%e6%8b%94%e8%8a%82%e6%9c%9f&tjType=sentence&style=&t=elongation+stage�
http://dict.cnki.net/dict_result.aspx?searchword=%e6%8b%94%e8%8a%82%e6%9c%9f&tjType=sentence&style=&t=elongation+stage�
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performed using the SPSS software package (version 15.0, SPSS, Inc., America) 
 
 

3. RESULTS AND ANALYSIS 
 
 

3.1 Plant height and leaf area index 
 
Variations of the mean and the uniformity coefficient for plant height during the growing 
seasons of 2009 and 2010 are shown in Fig. 2a and 2b for all treatments, respectively. 
In both seasons, the mean plant height increased rapidly during 40-70 days after 
planting (DAP), and then maintained constant. The plant heights for all of the 
treatments were similar at a given growing stage. The variance analysis also indicated 
that irrigation uniformity and application amount had insignificant influence on plant 
height. 
The uniformity of plant height showed the trend similar to the mean of plant height. 
Though the uniformity coefficient of plant height for different treatments at about 40 
DAP ranged from 0.91 to 0.97 in 2009 and from 0.88 to 0.93 in 2010, respectively, the 
final values for all treatments were larger than 0.95 in both years. For the C1 and C2 
treatments, the final uniformity of plant height were larger than the irrigation uniformity 
(CU=0.66 and 0.81). The irrigation uniformity and application amount had insignificant 
influence on uniformity of plant height, except that the application amount had 
significant influence on the uniformity of plant height at DAP 87 (28 July) in 2010.  
Variations of the mean leaf area index (LAI) for all treatments in 2009 and 2010 are 
shown in Fig. 3a. The mean LAI increased rapidly during DAP 40-70, then reached the 
maximum, and declined slowly at later stage for all treatments in both growing 
seasons. The variance analysis indicated that irrigation uniformity and application 
amount had insignificant influence on the mean LAI. 
The trend of LAI CU (Fig. 3b) was similar to that of plant height CU (Fig. 2b). The 
uniformity coefficient of LAI ranged from 0.77 to 0.87 in 2009 and from 0.76 to 0.83 in 
2010 at about DAP 40, respectively, but the final values were larger than 0.93 in both 
years for all treatments. Irrigation uniformity had significant influence on the uniformity 
of LAI at DAP 73 and 90 (7 and 24 July) in 2009. The higher irrigation uniformity 
produced more uniform distribution of LAI. For example, LAI CUs for the C3 
treatments (0.96) were larger than that for the C2 and C1 treatments (0.94 and 0.94, 
respectively) both at DAP 73 and 90 (7 and 24 July) in 2009. At other stages in 2009 
and at all stages in 2010, irrigation uniformity coefficient and application amount had 
insignificant influence on the LAI uniformity.  
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  (a) Plant height                    (b) CU for plant height 

Figure 2. Variations of the mean and the uniformity coefficient for plant height during 
the both growing seasons of spring corn. 

 
09-C1, 09-C2, and 09-C3 represent the mean or the uniformity coefficient of plant heigh for 
the treatments of irrigation uniformity of 0.66, 0.81, and 0.99 in growing season of 2009, 
respectively; 10-C1, 10-C2, and 10-C3 represent the mean or the uniformity coefficient of 
plant height for the treatments of irrigation uniformity of 0.66, 0.81, and 0.99 in growing 
season of 2010, respectively. 
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 (a) LAI                          (b) CU for LAI 
Figure 3. Variations of the mean and the uniformity coefficient for LAI during the both 

growing seasons of spring corn.] 
 
3.2 Chlorophyll meter readings 

 
The mean and the uniformity coefficient of SPAD readings for all treatments in 2009 
and 2010 are shown in Fig. 4. The mean SPAD readings for all treatments increased 
at early stage, then changed slightly, and declined to some extent at later stages, 
consistent with the LAI changing during the growing seasons. The uniformities of 
SPAD readings for all treatments were more than 0.95 in both growing seasons and 
the variance analysis indicated that the irrigation uniformity coefficient and application 
amount had insignificant influence on the mean and the uniformity for SPAD readings, 
except that the irrigation uniformity had significant influence on the uniformity of SPAD 
readings at DAP 68 (11 July) in 2010.  
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(a) SPAD readings               (b) CU for SPAD readings 

Figure 4. Variations of the mean and the uniformity coefficient for SPAD readings 
during the both growing seasons of spring corn. 

 
3.3 Dry biomass 
 
The dry biomass for all treatments had quite small difference for a given growing stage 
(Fig. 5). The average CUs of dry biomass for all treatments reached 0.93 and 0.92 at 
harvest in 2009 and 2010, respectively. The variance analysis indicated that the 
application amount had significant influence on the uniformity of dry biomass at DAP 
41 in 2009, while the irrigation uniformity coefficient and application amount had 
insignificant influence on the mean of dry biomass and its uniformity at other stages in 
2009 and at all stages in 2010. The mainly reason was that the precipitation was less 
(only 7.4 mm, Fig.1) before 5 June (DAP=41 d), and the crop water requirement 
mainly came from the irrigation amount. 

2009

0

5

10

15

20

25

41 79 121   
stem

121    
seed

121   
st+se

D
ry

 w
ei

gh
t /

t·h
m

-2

c

2010

0

5

10

15

20

25

50 70 118   
stem

118 
seed

118 
st+se

C1I1
C1I2
C1I3
C2I1
C2I2
C2I3
C3I1
C3I2
C3I3

 
Days after planting /d 

Figure 5. Variations of dry biomass during the both growing seasons of spring corn. 
 

3.4 Yield and yield components 
 
The yield and yield components for all treatments in 2009 and 2010 are summarized in 
Table 4 and Table 5. The yield were 10.9-11.3 t/ha and 8.5-9.2 t/ha for 2009 and 2010 
experiments, respectively. The uniformity of yield did not obviously decline with the 
declining of irrigation uniformity. For example, the uniformity of yield were 0.96, 0.96, 
0.96 and 0.93, 0.94，0.94 for the low, medium, and high irrigation uniformity treatments 
(mean of three application amount levels) in 2009 and 2010, respectively. The 
uniformity of yield for the low and the medium irrigation uniformity treatments (0.96, 
0.96 in 2009 and 0.93, 0.94 in 2010) were larger than the irrigation uniformity (0.66 
and 0.81). This illustrated that irrigation uniformity had little influence on yield. The 
variance analysis also indicated that uniformity coefficient, application amount and the 
interaction between the two factors had insignificant influence on the mean and 
uniformity of yield. 
In order to clearly illustrate the relationship between the irrigation uniformity and the 
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yield, the variation of emitter discharge rates and yield along the dripline are shown in 
Fig. 6. As shown in the figure, yield did not follow the pattern of emitter discharge rates 
for the treatments of CUs of 0.66 and 0.81. Though maximum to minimum ratio of 
emitter discharge rates for the low and medium CU treatments were larger than that 
for the high CU treatments, the maximum to minimum ratio of yield for all treatments 
were almost similar.  
The insignificant influence of irrigation uniformity on yield may be caused by the 
precipitation (384 mm and 260 mm in 2009 and 2010, respectively, Table 1) in the 
experimental site of semi-humid regions, like in north China plain. The result simulated 
by Chen and Zheng (1995) also reported that the precipitation can reduce the 
influence of irrigation uniformity on yield. 
 

Table 4.  Effects of different treatments on yield and its components in 2009. 

Treatment 
Ear length 

/cm 

barren ear tip 

/cm 

grain 

number 

100-seed weight 

/g 

Yield 

/t·ha-1 
C1I1 23.28a[a] 2.52a 504.2a 44.56cB 10.90a 
C1I2 23.60a 2.50a 498.13a 44.85bcAB 10.89a 
C1I3 23.33a 2.61a 501.40a 44.82bcAB 10.89a 
C2I1 24.02a 2.63a 505.80a 44.99bcAB 10.94a 
C2I2 23.71a 2.38a 515.80a 45.09bcAB 11.17a 
C2I3 23.68a 2.52a 518.07a 45.45abcAB 11.34a 
C3I1 23.74a 2.45a 507.13a 45.88abAB 11.24a 
C3I2 23.35a 2.44a 492.27a 46.56aA 10.90a 
C3I3 23.73a 2.41a 516.33a 45.47abcAB 11.24a 

Average 23.61 2.50 506.57 45.28 11.06 
Two-way analysis of variance 

 CU NS(P=0.54) NS(P=0.79) NS(P=0.37) **(P=0.01) NS(P=0.44) 
I NS(P=0.93) NS(P=0.82) NS(P=0.51) NS(P=0.52) NS(P=0.72) 

CU×I NS(P=0.89) NS(P=0.96) NS(P=0.68) NS(P=0.58) NS(P=0.80) 
[a]  Column means within a parameter followed by the same letter are not significantly different
（P＜0.05，LSD); “**” means a significance level of 0.01 
 

Table 5.  Effects of different treatments on yield and its components in 2010. 

Treatment 
Ear length 

 /cm 

barren ear tip 

 /cm 
grain number 

100-seed weight 

 /g 

Yield 

/t·ha-1 

C1I1 20.74a[a] 1.53abcAB 498.42a 32.57a 8.94a 
C1I2 20.91a 1.36bcAB 509.33a 33.00a 9.04a 
C1I3 21.02a 1.59abcAB 489.83a 32.98a 8.90a 
C2I1 20.84a 1.47abcB 484.21a 32.50a 8.53a 
C2I2 20.82a 1.17cB 496.75a 32.02a 8.80a 
C2I3 21.45a 1.21cAB 501.71a 33.35a 9.21a 
C3I1 21.02a 1.55abcAB 485.75a 32.38a 9.03a 
C3I2 21.07a 1.76abAB 475.00a 33.06a 9.00a 
C3I3 20.89a 1.84aA 494.92a 33.36a 9.20a 

Average 20.99 1.50 492.88 32.80 8.96 
Two-way analysis of variance 

 CU NS(P=0.74) **(P=0.01) NS(P=0.14) NS(P=1.00) NS(P=0.69) 
I NS(P=0.63) NS(P=0.59) NS(P=0.67) NS(P=0.99) NS(P=0.60) 

CU×I NS(P=0.49) NS(P=0.45) NS(P=0.18) NS(P=1.00) NS(P=0.83) 
[a]  Column means within a parameter followed by the same letter are not significantly different
（P＜0.05，LSD); “**” means a significance level of 0.01 
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Figure 6.  Variations of yield and emitter discharge rates along the dripline. 

 
 

4. CONCLUSIONS 
 
 

Field experiments were conducted in 2009 and 2010 growing seasons of spring corn 
(Zea mays L.) to evaluate the influence of irrigation uniformity and application amount 
on plant height, LAI, SPAD readings, dry biomass, and yield. The following 
conclusions were supported by this study. 
 Drip irrigation uniformity and application amount had insignificant influence on the 
mean of plant height, LAI, SPAD readings and dry biomass in both 2009 and 2010 (α 
=0.05). The uniformity coefficients for all parameters mentioned above increased with 
spring corn growing and reached a final value of larger than 0.90, being greater than 
the irrigation uniformity for the treatments of CUs of 0.66 and 0.81. 
 The yield demonstrated a quite uniform distribution along the dripline for all CU 
treatments tested and an insignificant influence of drip irrigation uniformity and 
application amount on the mean and uniformity of yield was observed. This suggests 
that the current design standard of irrigation uniformity coefficient (CU≥0.8) might be 
fairly lowered in the semi-humid regions, likely north China plain, in order to reduce the 
initial and operation costs of drip irrigation systems. 
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ABSTRACT 
 
 
Optimum application of nitrogen and potassium fertilizers to citrus grove requires 
information’s regarding existing soil N and K residues, dynamics in soil, and tree N 
and K requirements. However, more understanding of the fate of nutrients in the tree 
root zone soil matrix provides useful information to develop fertilization management 
practices with an adequate balanced N and K citrus needs that maximize tree uptake 
efficiency by minimizing losses of water soluble nutrients. The objectives of this work, 
was to assess the effects of nitrogen and potassium rates applied through drip 
irrigation system, on the citrus trees nutrient uptake, fruit nutrient removal and 
seasonal dynamics of fertilizer-N and K in the root zone. A field trials were conducted 
from 2005 to 2007 in the citrus production area located in the North East of Tunisia 
(El Gobba, Cap Bon); on sandy soil with 25 years old ‘Clementine mandarin’ trees 
(C.reticulata) on ‘Sour orange’(C.aurantium) rootstock. Nitrogen and potassium rates 
from 160 to 232 kg ha-1yr-1 and 200 to 290 kg ha-1yr-1, respectively, were applied as 
fertigation through a drip irrigation system. Irrigation was scheduled based on soil 
water content monitoring by daily tensiometer readings at the root zone.  
Fruit yield was positively associated with N (r2=0.91**) and K (r2=0.84**) rates, 
indicating that application of 192 and 200 kg ha-1yr-1 of N and K2O (N:K=0.9), 
respectively, are required for Clementine mandarin trees to support optimal fruit yield 
of 43 T ha-1yr-1. These responses suggest that N and K tree use efficiency varied from 
4.5 to 3.9 kg T-1 of Clementine mandarin fresh fruit, respectively. On the other hand, 
tree nutrient removal indicated that both total N (r2=0.97**) and K (r2=0.98**) in fruit 
were positively linear correlated with fruit load, and there was also, a strong linear 
relation (r2=0.97**) between N and K in fruits, which supports the needs to maintain 
1:1 ratio between the rates of N and K2O applications. Further more, nutrient uptake 

                                                            
1- CEDRAT-Tunisia, Soil Water & Plant Laboratory, 258 Avenue Habib BOURGUIBA 8000 
Nabeul-Tunisia. Corresponding author: cedrat.tunisie@topnet.tn 
2- National Agronomic Research Institute of Tunisia, Rue Hédi KARRAY 2049 Ariana, Tunisia. 
3- National Agronomic Institute of Tunisia, 43 Avenue Charles NICOLLE Tunis-Tunisia  
 



efficiency (mineral fruit removal: fertilizer applied ratio) were 32.5% and 27.5% for N 
and K, respectively. 
However, the selected fertigation management program, has contributed not only to 
optimize fruit yield but also to enhance tree nutrient uptake and water use efficiency 
by minimizing losses below tree root zone. Consequently, it should be an essential 
component of best management practices for Clementine mandarin under semi arid 
Mediterranean conditions. 
 
Keywords: Tree nutritional requirements, nutrient use efficiency, Mediterranean 
conditions. 

 
 

RÉSUMÉ ET CONCLUSIONS 
 
 

La nutrition, minérale et hydrique, forme la plus importante composante de conduite 
culturale dont dépendent le développement, la croissance et la productivité des 
vergers d’agrumes. La fertigation qui associe à la fois la fourniture des éléments 
nutritifs et l’eau constitue la technique la plus élaborée permettant une meilleure 
valorisation de ces deux ressources, et donc l’optimisation des rendements et de la 
qualité des fruits. Néanmoins, l’amélioration de la compréhension  de la cinétique 
d’absorption des éléments minéraux par les arbres, de leur mobilisation dans les 
fruits des récoltes et de leur dynamique dans la zone radiculaire,  contribuera à 
l’édification de programmes améliorés de gestion nutritionnelle et hydrique des 
vergers d’agrumes, bien adaptés à leurs contextes pédoclimatiques de production. 
L’objectif de ce travail, est d’évaluer les effets de la fertigation azotée potassique sur 
le rendement en fruit, le statut nutritionnel et l’absorption N et K des arbres de 
Clémentinier, leurs mobilisations dans les fruits et leurs distributions saisonnières 
dans la zone radiculaire sous frondaison des arbres.  
Les essais expérimentaux ont été conduits (2005-2007) sur un verger de 
Clémentinier (C.reticulata) composé d’arbres matures greffés sur bigaradier (C. 
aurantium), sise à El Gobba, au Cap Bon, région Nord Est de la Tunisie. Le protocole 
expérimental est à blocs complètement randomisés avec dix traitements nutritionnels 
(Ni et Kj) (i et j sont relatifs aux doses respectives de N et de K2O) et qui consiste à 
l’application de trois doses croissantes d'azote : 160; 192; 232 kg ha-1an-1, combinées  
à trois doses de potassium : 200 ; 240 ; 290 kg ha-1an-1, associées à un témoin et  
répliquées trois fois. Pour l’optimum de développement des arbres et de production, 
les doses d’engrais phosphatés ont été reliées avec celles en azote suivant l’équilibre 
N : P2O5 de 1 :0.2. La fertilisation du verger a été réalisée exclusivement à base de 
nitrate d’ammonium (N=33%), de sulfate de potasse (K2O=50%) et d'acide 
phosphorique (P2O5=85% et densité 1.6). Les engrais minéraux  ont été appliqués 
associés à l’eau d’irrigation (12 fertigations an-1) en les modulant en fonction des 
besoins spécifiques des stades phénologiques caractéristiques de l’espèce. La moitié 
de la dose d’azote et 30%  de celle en potassium ont été fournies du démarrage de la 
vague de croissance printanière jusqu'à l’initiation de la nouaison (mi Février-fin 
Mars) alors que 50% de N et 40% de K2O ont été appliquées durant l’achèvement de 
la nouaison jusqu’à la période poste chute physiologique de Juin (mi Mai - fin Juin). 
La dernière fraction de potassium (soit 30%) a été appliquée au cours du stade 
grossissement des fruits (Juillet-Août). Le système d’irrigation adopté est composé de 
deux rampes jumelées, portant des goutteurs intégrés équidistants de 0.33 m, 
débitant 2 L h-1 et assurant ainsi 0.048 m3h-1arbre-1. Le pilotage de l’irrigation a été 
conduit à travers la lecture journalière de tensiomètres  implantés à différentes 
profondeurs du sol de la zone radiculaire sous frondaison des arbres (0.25, 0.5, 0.75 
et 1.0m).  

 
 
 



Les résultats obtenus démontrent que : 
 

a) Les doses de 192 kg de N et 200 kg K2O ha-1an-1 représentent  la  fertilisation 
minérale adéquate pour cette variété d’agrumes permettant aux arbres de soutenir un 
rendement optimum de 43 T ha-1an-1. 
b) Ces mêmes doses d’azote et de potassium ont été nécessaires pour maintenir 
 les concentrations des feuilles de 6 mois d’âges prélevées des rameaux non 
 fructifères issus de la vague de croissance printanière de l’année, à des niveaux 
 optimum de 27 à 29  et de 10 à12 g kg-1 respectivement pour N et K. 
c) L’efficacité de gestion de la nutrition minérale et de l’alimentation hydrique, 
 résultant de la synchronisation des fournitures d’eau et d’éléments nutritifs  avec 
 les besoins spécifiques des stades phénologiques de l’espèce, a permis de 
 contribuer à l’amélioration de l’absorption des éléments nutritifs par les arbres, à 
 la limitation des pertes par lessivage et donc à la meilleure valorisation des 
 engrais chimiques appliqués. Ainsi, ces pratiques améliorées ont conduit à une 
 efficience d’utilisation d’éléments nutritifs évaluée à 4.5 kg de N et 3.9 kg de K 
 par tonne de fruits frais produite, associée à une efficience d’absorption évaluée 
 à des taux de mobilisations (Exportions d’éléments nutritifs dans les 
 fruits/Apports d’éléments nutritifs par les engrais en %)  de 32.5% et de 27.5% , 
 respectivement pour l’azote et le potassium ; du fait que pour les espèces 
 pérennes, la majeure partie des mobilisations annuelles d’éléments 
 nutritifs du système sol-arbre réside dans les fruits des récoltes. 
d) K et N dans les fruits du Clémentinier sont linéairement corrélées (r2=0.97**) et 
 cela révèle une similarité de comportement à tendance ascendante et 
 positive des deux éléments. Ainsi cette allure croissante consolide et justifie 
 le choix du rapport N:K=1 qui a été retenu et utilisé pour l’élaboration des 
 programmes de fertigation et encore supporte son maintien à ce niveau pour 
 cette variété d’agrume.  
e) En fin, le total aussi bien de N (r2=0.97**) et de K (r2=0.98**) mobilisé dans  les 
 fruits est linéairement corrélé avec les rendements et cela montre combien ces 
 deux éléments minéraux sont profondément liés à la charge en fruits et donc à la 
 productivité des arbres de Clémentinier. 

  
L’adoption des techniques appropriées de fertilisation associées à l’irrigation localisée  
a permis une meilleure synchronisation, du moment, des quantités et de la fréquence 
d’apports nutritionnels et hydriques avec la demande physiologique spécifique de 
chaque stade phénologique du Clémentinier. Cela a contribué non seulement à 
l’optimisation des rendements mais aussi à l’amélioration de l’efficience d’absorption 
et d’utilisation de ces deux ressources, éléments nutritifs et eau, à la limitation des 
pertes par lessivage en dehors de la zone radiculaire et donc a conduit à une 
meilleure gestion de la nutrition minérale et hydrique des vergers d’agrumes. Par 
conséquent, cette approche de gestion nutritionnelle et hydrique des plantations de 
Clémentinier devrait être considérée l’une des composantes essentielles des 
meilleures pratiques de conduite culturale des agrumes en condition semi aride 
Méditerranéenne.  

 
 

 
 
 
 
 
 
 
 
 



 
1. INTRODUCTION 

 
 
Nitrogen is the most important of all nutrients for citrus tree growth, and productivity. 
It’s availability in adequate amount during the critical stages of fruit initiation and 
development is necessary to support optimum yield of good quality citrus fruit 
(Dasberg et al., 1983, 1984; Koo et al., 1984; Syvertsen and Smith, 1996). However, 
N fertilisation plays an important role in fruit yield and quality; especially in the sandy 
soil that contain small amounts of available N (Calvert, 1969, 1970; Smith et al.,1969; 
Futch and Alva, 1994; He et al., 2003).When it’s supplied in excess to what is 
required, it will encourage excessive vegetative tree growth (Alva et al., 2003; 
Shumann et al., 2003) or will lead to nitrate leaching and contamination of surface 
water tables (Alva and Paramisvam, 1998; Alva et al., 2001, 2006; He et al., 2000).  
Potassium is the second nutrient that citrus needed in large amounts; nevertheless, 
tree potassium requirements are similar to those for N. Most of the K movement in the 
soil is associated with diffusion, and adequate soil K levels are required to ensure 
optimal root uptake (Mills and Jones, 1996), as well as it will increase fruit size, yield, 
vitamin C content and fruit quality (Ritenour et al., 2002). However, excessive high 
potassium levels will result in large, coarse, fruit with a rather thick and greenish peel 
and high juice acidity (Wutscher and Smith, 1993).  
The implementation of a citrus orchard guiding fertilization program should be based 
on a diagnosis of a nutrient status of citrus trees. Owing to the fact that the leaf tissue 
testing is the most important valuable tool which allows accomplishing this goal, 
particularly with respect to mobile nutrient such as N and K, and micronutrients such 
as copper, iron, manganese, and zinc (Obreza et al., 1992). The recommended citrus 
plant tissue for mineral analysis is 4-6 month-old spring flush leaves from non-fruiting 
twigs, which are published elsewhere (Koo and Sites,1956; Smith,1966; Koo et 
al,1984); and the interpretation of mineral concentrations depends on the 
physiological stage of leaves that are sampled, leaf decontamination procedure, and 
analytical methods (Tucker et al., 1995). 
Seasonal splitting of N and K fertilizers referred to the nutritional requirements of the 
citrus growth stages and their specific phases (Bevington et al., 2003) as well as to 
minimize nutrient loses by leaching and volatilization. However, the high nitrogen tree 
demands during the main critical phases of citrus flowering and fruiting process, 
determine tree yield and productivity, according that fruit set, fruit persistent number 
and initial fruit size were take place during this period of time. Consequently, to 
support fruit tree yield and quality implies that supplying N and K should be 
synchronized with those seasonal critique nutritional needs. In a perennial tree 
production system, the major component of the annual nutrient removal from the tree-
soil system is in the harvested fruits, and this is depends on the total fruit production, 
as well as on the concentration of the nutrients in the fruit (Alva et al., 2006).   
The objectives of this work, was to assess the effects of nitrogen and potassium rates 
applied through drip irrigation system, on the fruit yield, nutritional status, trees 
nutrient uptake, fruit removal and seasonal dynamics of fertilizer-N and K in the root 
zone. 
 
 

2. MATERIALS AND METHODS 
 
 
2.1 Experimental conditions 
   
A field experiment was carried out, from 2005 to 2007, in the citrus production area of 
Cap-Bon (El Gobba), located in the North East of Tunisia (lon: 10°35'23"E and lat: 
36°36'50"N). The soil was sandy especially at 0-0.6m depth, and loam to clay in 
depth (0.6-1.2m); the main chemical and physical proprieties of the soil at various 



depths are summarized in Table1 and 2. The citrus trees were ‘Clementine mandarin’ 
(Citrus reticulata Osbeck) grafted on ‘Sour orange’ (Citrus aurantium Osbeck) 
rootstock, planted in 1978 at 6.0 x 4,0m spacing with 416 trees ha-1. 
 

Table 1. Chemical soil proprieties of the experimental site 
(Propriétés chimiques du sol du site expérimental) 

 
 

Table 2. Physical soil proprieties of the experimental site 
(Propriétés physiques du sol du site expérimental) 

 
  
Depth 

Soil components  
(*)θfc  **)θwp TAW 

 
Bulk  
Density Clay Silt Sand 

(m) (%) (m-3 m-3) (mm) (mg m-3) 
0.0-0.3 5 8 87 0.156 0.063 27.9 1.54 
0.3-0.6 4 9 87 0.138 0.042 28.8 1.53 
0.6-0.9 35 20 45 0.225 0.145 24.0 1.43 
1.1-1.2 27 13 60 0.266 0.145 36.3 1.32 

 

(*)θfc: soil water content at field capacity, (**)θwp: soil water content at wilting point, 
TAW: Total Available Soil Water 

 
The experimental design was a randomized complete block with ten fertilizer 
treatments replicated three times. In addition to control treatment and 9 treatments 
resulting from 3 different levels of nitrogen and potassium, NiKj (value i and j are 
corresponding rates of N and K, respectively) (Table 3), we added, the fertilization 
program used by the grower, as a second control treatment (NGKG). Every plot was 
composed of three disease-free trees adjacent to each other in one row, with uniform 
growth. Treatments were separated with sufficient buffer area within and between 
tree rows, Fertilizer treatments were applied through a drip irrigation system (12 
fertigation events yr-1).  

 
Table 3.Treatments used with their corresponding rates of N and K  
(Traitements utilisés avec leurs doses correspondantes en N et K) 

Soil depth pH 
in H2O 

Organic 
mater C/N EC 

S. Past. CEC  K2O ex.  
(Ac.NH4) 

P2O5 ass. 
(Olsen) 

   (m) (1: 2.5) gkg-1  dS m-1 Cmol kg-1 mgkg-1 
0.0-0.3 7.4 3.25 6.53 3.7 3.7 197 75 
0.3-0.6 7.3 1.16 5.00 2.8 2.8 185 38 
0.6-0.9 7.5 1.04 7.85 2.0 2.0 91 22 
0.9-1.1 7.9 - - 6.5 6.5 - - 
1.1-1.2 7.6 - - 19.5 19.5 - - 

 
Treatments (NiKj) 

Nitrogen rates (kg N ha-1yr-1) (1) 
N 0 = 0 N 1=160 N 2 = 192 N 3=232 NG =300 

 
Potassium rates 
(kg K2O ha-1yr-1)  (2) 

K 0= 0 N0K0 - - - - 
K 1 =200 - N1K1 N2K1 N3K1 - 
K 2 =240 - N1K2 N2K2 N3K2 - 
K 3 =290 - N1K3 N2K3 N3K3 - 

Additional 
treatment  KG =375 - - - - NG K G 
 

(1): Ammonium nitrate (N=33%); (2): Potassium sulphate (K2O2=50%), NGKG: Common 
farming fertilization program.  



To achieve optimal tree growth, phosphate was applied to all treatments as 
phosphoric acid (P2O5=85%) with N: P2O5 (1:0.2).Half of annual N rates and 30% of 
K2O were applied during early spring flash growth to fruit set; the remaining 50% N 
and 40% of the K2O were applied between fruit setting and the end of physiological 
fruit drop period. The last 30% of potassium was added during fruit growth stage. The 
drip-irrigation system used consisted of two drip lines delivering approximately 
0.048m3h-1 at 0.1 MPa for each tree. Water tree irrigation management, was 
monitored with four clusters of tensiometers, each at 0.25; 0.50; 0.75 and 1.0 m 
depths, were installed inside the drip line under tree canopy and were read every day. 
The 0.25m depth tensiometer was used to evaluate soil water depletion level as a 
basis to schedule irrigation, according to the optimal citrus production water 
requirements, soil water content was maintained above 33% depletion of available 
soil water during flowering fruit set phase (Koo, 1969) and during the remaining part 
of the growing season, the available soil water can be allowed to deplete by 67% 
before replenishment of the soil water back to field capacity (Fares and Alva, 2000). 
However, the watering of trees during February through June was triggered when the 
0.25m tensiometer read 10x10-3 MPa and 15x10-3 MPa during July through October 
(Smajstrala et al 1985; Pearsons, 1989).  
 
2.2 Soil plant and fruit sampling and analysis  
  
During the experimental period (2005-2007), soil sampling was taken under the tree 
canopy at 0-0.3, 0.3-0.6, 0.6-0.9 and 0.9-1.2cm depth, twelve times per year 
(approximately each 2-3 weeks interval). At each depth three core (5cm diameter) 
samples were taken from under the canopy of three trees which composed the plot.  
The soil samples were air dried and sieved to less then 2mm diameter particle size. 
The extractable NO3-N and NH4-N was measured by steam distillation with MgO and 
Deverda’s alloy, respectively, using KCL as extracting agent and the semi Micro-
Kjeldahl method determination as described by Bremner (1965a). Potassium 
concentration in soil material was evaluated by flame photometry.  . 
Six-month-old spring flush leaves from non-fruiting terminals were sampled, each of 
the three years, following the procedure described by Obreza et al., (1992). The 
leaves were washed in detergent solution followed by several rinses in distilled water 
(Alva and Tucker, 1997), dried at 70°C for 48 h. The dried leaves were grounded 
<0.4mm, and ashed in a muffle furnace at 550°C for 5 h, The ash was cooled and 
dissolved in 20 mL of 1M HCL  (Alva et al.,2005). Leaf total N content was 
determined by the semi micro-Kjeldahl method (Bremner,1996); the concentrations of 
K, Ca, Mg, Na and micronutrients Iron, Copper, Manganese and Zinc contents were 
measured using Atomic-absorption Spectrophotometer (Perkin-Elmer, Inc,, Norwalk, 
CT) and the concentrations of  P were determined by UV-Vis spectrophotometer.  
Fruits were harvested in last decade of November of each year, by manually picking 
from each tree of the plot. The total weight of fruit in each tree as well as in each plot 
was measured, and the yield of trees plots was used to calculate the per-hectare yield 
based on tree density in the grove. For the evaluation of the total N and K fruit 
removal, 30 fruits were sampled from each plot, each of the three years and the same 
analytical methods were used as well as for citrus leaves.  
 
 2.3 Statistical data treatments 

 
Response of fruit yield, Soil Nitrogen and potassium concentrations, leaf N and K 
nutritional status and fruit N and K removal, to nitrogen and potassium fertigation; 
were evaluated by analyses of variance (ANOVA) and regression analyses using 
PROC ANOVA and PROC REG of SAS (1996).Treatments means separation was 
determined using Student-Newman-Keuls tests or LSD tests (t) at threshold of 0.05.  
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3. RESULTS AND DISCUSSIONS 
 
 
3.1 N and K fertigation effects on fruit yield and leaf nutritional status 

 
Over the ranges of N (160 to 232 kgha-1y-1) and K (200 to 290 kgha-1y-1) rates, the 
mean fruit yield response followed a quadratic relationship (Fig.1) similar to those 
reported by Schumann et al. (2003) and Alva et al.(2005). Mean fruit yields were 
39.2, 41.7, and 42.6 Mg ha-1yr-1 for N2K1, N3K3 and N2K2 treatments, respectively. 
Increasing N rate from 160 to 192 kgha-1yr-1 translated into an increase in fruit yield, 
but further increases in N or K rates decreased fruit yield. These responses 
demonstrated that nitrogen and potassium rates in excess of 192 and 200kgha-1yr-1, 
respectively, reduced the fruit yield. A1: 1.09 nitrogen to potassium ratio seems to be 
the most adequate ratio for ‘Clementine mandarin’ under these Mediterranean 
conditions. Fruit yield is most sensitive to nitrogen than to potassium.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.Effect of nitrogen and potassium rates on Clementine mandarin fruit yield, 
2005-2007. (Effet des doses d’azote et de potassium sur les rendements en fruit du 

Clémentinier 2005-2007). 
 
 
Calculated nitrogen/potassium requirements were 4.5/3.9; 5.7 /5.75; and 4.9/5.0 kg 
kg-1 for N2K1, N3K3 and N2K2 treatments, respectively. However, N use efficiency 
varied between 4.5 and 5.7 kg N per Mg (1metric tonne) of fruit which is substantially 
higher than 4.4 kg N Mg-1 as reported by Koo et al. (1984) for Florida orange trees. 
Application of 192 kg N ha-1yr-1 and 200 kg K ha-1yr-1  (N: K ratio of 1:0.9) would  allow 
‘Clementine mandarin’  trees to support an optimum fruit yield of 42.6 Mg ha-1yr-1. 
This is a very adequate yield given the alternate bearing nature of this cultivar and 
relatively low irrigation water quality (2.10≤Ecw≤2.53 dSm-1).   
Analysis of the 6-month-old spring flush leaves of Clementine mandarin trees for 
mineral-Nutrients provide à valuable tool to evaluate the nutritional status of the trees. 
It is also a best indicator of tree response to different fertilizer management program. 
Leaf averaged N and K concentrations ranged between 26.2 to 29.0 and 10.7 to 12.2 
g kg-1, respectively.  The increasing of N rate from 0  to 192 kg ha-1yr-1 translated into  
an  increase  leaf  N  concentrations, but  further increases  in  N  or  K  rates,  
increased  more  leaf  N associated with an opposite effect on leaf K (Table 4).   
On the basis of the pooled data for all treatments and their replicates of the 6-month-
old spring flush leaf N and K concentrations (20005-207), surface response second 
order regression model was used to correlate the relative fruit yield to the leaf N and 
K concentrations (Fig.2).Relative fruit yield was calculated as percent of the maximum 



Z = -13172 + 828.534 x - 14.91 x2 + 328.73 y - 15.31 y2 (r2 =0.64**)
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fruit yield across all treatments and replicates. This data shows that, at 90% of the 
maximum relative fruit yield, which is widely considered the optimum yield, 
‘Clementine mandarin’ leaf N and K concentrations were in the ranges of 27 to 29 and 
10 to 12 g kg-1 for N and K, respectively. These leaf N concentrations for ‘Clementine 
mandarin’ could be considered relatively high compared to the critical leaf 
concentrations range of orange trees (25-27 gkg-1). Thus, ‘Clementine mandarin’ 
trees seem to have high N requirements (4.5 to 5.7kgMg-1) as compared to other 
citrus trees (Hammami et al.; 2009).Whereas, leaf K concentration ranges between 
10 and 12 g kg-1 which is considered within the range of leaf K for citrus trees as 
reported by Chapman (1960), but lower than ranges reported under Florida conditions 
(Alva et al., 2005; Koo et al., 1984).  
  

Table 4. Means of fruit yield, N and K concentrations in 6-month-old spring flush 
leaves, 2005-2007. (Similar letters within rows indicate no significant differences 

among treatments, LSD0.05). (Moyennes des rendements en fruits, des concentrations 
N et K des feuilles de six mois d’âge, issues de la vague de croissance printanière, 
2005-2007). (Les même lettres sur la colonne indiquent qu’ils n’ya pas de différence 

significative entre les traitements au PPDS0.05, 2005-2007). 
 

 
Treatments 

 
NiKj 

N and K2O 
rates 

(kgha-1yr-1) 

Fruit yield 
(Mgha-1yr-1) 

Leaf N and K 
Concentrations(gkg-1) 

T4 N2K1 192 200 42.6a 27.61edc 11.89ba 
T9 N3K3 232 290 41.7a 27.81bedc 11.66ba 
T5 N2K2 192 240 39.2a 28.12bdc 11.37ba 
T6 N2K3 192 290 37.7ab 27.43edc 11.70ba 
T1 N1K1 160 200 37.7ab 26.87fe 11.42ba 
T7 N3K1 232 200 35.5ab 28.97ba 10.74b 
T8 N3K2 232 240 34.1ab 26.97fed 11.70ba 
T3 N1K3 160 290 30.3bca 27.47edc 12.17a 
T2 N1K2 160 240 26.4bca 29.31a 10.88ba 
T11 NGKG 300 375 20.5cd 28.51bac 11.83ba 
T10(control) N0K0 0 0 16.7d 26.21f 11.91ba 
LSD0.05    12.7 1.18 1.39 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

Figure 2. Clementine mandarin relative fruit yield (Z, 2D Projection) in relation to leaf N 
(x) and K(y) concentrations in 6-monts-old spring flush, 2005-2007. (Rendement relatif du 

Clémentinier (Z, Projection 2D) en relation avec les concentrations N(x) et K (y) des 
feuilles de six mois d’âge issues de la vague de croissance printanière,2005-2007) 

  



3.2 N and K uptake and citrus tree physiological cycle  
 
Over the three years of follow-up, mineral-N and K concentrations in the soil profile 
(0.0-1.0m) which represented the most nitrogen and potassium available for root 
uptake were used to evaluate nutrient dynamics pattern during the cropping season. 
Mineral-N concentrations have developed a similar cyclic pattern each year, with 
three successive soil N concentrations cycle. Each one is composed of an ascending 
portion, culminating at a peak of maximum concentration followed by a descendant 
one (Fig 3.).  
Each N concentration cycle describes a nitrogen replenishment and depletion in the 
root zone soil matrix (0.0-1.0m depth). However, the first peak of soil mineral-N 
concentration which appeared subsequently to the beginning of the fertilizers 
injections (first decade of February) and associated to the starting of the spring flush 
tree growth; was the most important.  
The second cycle occurred from fruit set to the physiological fruit drop end. The latest 
one is related with the beginning of the fruit growth development (Cell enlargement 
phase), combined with the starting of the autumnal flush growth.  
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. N and K replenishment and depletion cycles in the soil root zone (0-1m 
depth) during the Clementine mandarin cropping seasons of 2005, 2006 and 2007. 
(With A: Flowering-fruit set phase, B: fruit set-Jun physiological fruit drop, C: fruit 

growth phase - cell enlargement- and D: fruit ripening-harvesting). (Cycles de 
recharge-épuisement en N et K du sol de la zone radiculaire (0-1.0m) durant les 
saisons de production des arbres de Clémentiniers, 2005,2006 et 2007 ; avec A : 

Stade floraison-nouaison, B:Stade nouaison-chute physiologique de Juin, C: Stade 
grossissement du fruit (élargissement des cellules)  et D: Stade maturité-récolte). 

   
 
At the starting of the spring flush growth (day 33), the soil native mineral-N was at its 
lower concentration level (2.4 to 3.2 mg kg-1); after the first N fertigation events (mid 
February), N soil content rose progressively to reach its highest concentrations of 
35.0 to 51.6 mg kg-1, on day 80 to 103; due to the low tree N uptake during this time. 
Thus very little N of the soil solution resources was requested (Legaz et al., 1983) 



because N trees requirements seem to be satisfied with N supplies coming from the 
endogenous reserves stored in their biomass. 
Through the four following weeks (day 103 to 134), and although the continuous 
fertilizers supply, soil N concentration decreased intensively and progressively in the 
root zone, which translated the high tree N uptake activity process. However, this 
period corresponded yearly to the flowering-fruit set initiation phase which represents 
the highest and critical tree N requirements. For the remaining part of the cropping 
season, two other N concentrations peaks was recorded; the first one on June 20 
(day170) and the second one on July 15 (day 195) followed respectively by two 
successive decreasing trends in soil N concentrations with similar patterns; on June 
30 (day 180) and July 15 or August 8 (day 195 or 218).  
The first soil mineral-N concentration fall corresponded to the fruit set-June 
physiological fruit drop phase, during which N tree utilisation was at its maximum, due 
to the high fruit let N competition for persistence and remaining to continue their 
growth. The second fall was at the starting of the fruit growth stage (cell 
enlargement), which sometimes was combined with the autumn flush growth (case of 
the two latest cropping seasons 2006 and 2007). Physiological fruit drop phase, could 
also be extended to end July (year 2006), due to the annual variability of the climatic 
conditions, and therefore the two latest soil N concentration cycles merged to give 
only one, starting at end fruit set (day 150) and continue until end July  (day 210).  
During flowering-physiological fruit drop stage, as a mainly critical phase on which the 
Clementine mandarin trees developed the highest nitrogen requirements (day 103 to 
180). Similar results were obtained by Obreza et al. (2008) in orange case under 
Florida conditions. The mean concentrations of mineral N in soil root zone were in 
ranges of 41.9 to 12.0; 51.6 to 10.1 and 42.4 to 8.28 mg kg-1respectively for 2005, 
2006 and 2007. Consequently, during the fruit growth stage until harvesting (day 
318), the tree nitrogen requirements decreased, and soil mineral-N concentrations 
falls to achieve the lowest levels, as well as 5.7 to 8.9 mg kg-1. 
From what discussed above, it was indicated that the careful synchronization of 
nitrogen supply, in the beginning of the cropping season, allowed soil N concentration 
to rise rapidly before the triggering of N tree uptake process. During flowering-
physiological fruit drop stage, which represents the mainly critical phase when 
Clementine mandarin trees developed the highest nitrogen requirements, and 
consequently soil N concentration must be maintained at optimum level to provide 
tree nutritional requirements without constraint. To achieve this goal, the rate of 
nitrogen supply to replenish soil solution must be slightly higher than of the tree 
uptake speed, but no in excessive amount because it could be leached below the tree 
root zone. After the physiological fruit drop until the harvesting, the progressive 
decreasing of the soil N concentration is allowable, according to the decrease of the 
tree N requirements. Nevertheless, only wise improved water irrigation management 
allowed a homogeneous N distribution in the soil root zone, and thus could enhance 
N uptake and minimize losses by leaching process. 
Potassium in the soil presents many levels of availability, relatively unavailable forms, 
slowly available forms, and readily available forms. According to the coarse soil 
texture of the experimental site, and thus, to its low nutrient holding capacity, the 
essential soil potassium is only readily available forms. It consists of two forms: 1) 
potassium ions in the soil solution and 2) exchangeable potassium adsorbed on the 
soil colloid surfaces. From a practical standpoint, it’s important that these two forms of 
readily available potassium are in dynamic equilibrium (Roy et al., 1981), and the K 
absorption from the soil solution by trees results in a temporary disruption of the 
equilibrium. Although the low holding nutrient capacity of the experimental site soils, 
due to the coarse texture of the soil material, initial soil potassium mean 
concentrations, at the starting of the field trials, were at an adequate range, 
213.5,217,3 and 215.6 mg kg-1, respectively in 2005,2006 and 2007.  
After the higher K soil concentrations (Fig.3) following the first fertigation events, a 
very important fall of soil K content has occurred just with starting of flowering-fruit set 
phase (day 103 to 134). But during the remaining period of the cropping season, soil 
solution showed a quite stability of K concentrations what demonstrated better 



synchronization of the K fertilizers supplied compared to the trees nutritional needs. 
That, indicated potassium fertigation management program applied allowed soil 
solution dealing with K tree uptake, in spite of the high tree potassium requirements, 
during this physiological phases. In addition, K tree uptake rate appeared to be 
enough stable specially during fruit growth stage until harvesting (day 180 to 285). 
However, potassium concentrations in the soil profile at the cropping season end 
were 164.1, 197.2, and 199.5 mg kg-1, respectively in 2005, 2006 and 2007 which are 
slightly less than soil potassium concentrations of each year‘s spring flush.  
  
3.3 Seasonal distribution of N and K in the root zone at different NiKj rates 
  
The residual mineral-N concentrations in the soil profile during the cropping season at 
a any given date represents the temporary nitrogen soil stock resulting from the 
interaction between N fertigated and the Clementine mandarin tree N up took, 
combined with a probably N leached and  percolated below the root zone. Owing to 
the fact that in 2007, the monitoring of N and K have included the whole depth of the 
soil profile (0.0-1.0m), data collected were used to investigate seasonal nitrogen and 
potassium dynamics in the soil matrix under tree canopy.  A surface response 
second order regression model was used to correlate mineral-N concentrations to the 
soil depth associated to the period of time (Fig.4).  This three-dimensional 
correlation showed not only the residual N mineral concentrations variations in the 
soil profile, during the tree physiological cycle; but also described N dynamics 
resulting from the interaction between the processes of N refill and of exhaustion of 
the soil solution and consequently the effectiveness of the N fertigation management 
program used. Mineral-N concentrations rise initially in soil surface layers (0-0.4m) as 
well as fertiliser’s injection progresses in time, and then the homogenization of the 
nutrient in the root zone was ensured by the gradual propagation of the soil moisture 
matrix.  
During the first physiological phase of the trees phonological cycle (Beginning of the 
spring flush growth-flowering-fruit set) and succeeding the first fertigation events, N 
soil concentration in the surface layers reaches its highest level (day 80), owning to 
the fact that tree N uptake did not intensify yet, and thus a fraction of injected nitrogen 
will be prone for leaching and percolating to gain the deeper layers as reported by 
Legaz and al, (1983). It was is noted also from all mineral-N soil profiles, that starting 
of N leaching process is always associated with the movement of the soil moisture 
profile and thus to the intensification of the irrigation; independently of applied N rates 
and period of time during the cropping season. Consequently; and although this N 
movement process was extended until mid May (day 135), following the soil moisture 
of the soil profile, the highest mean N concentrations at 1.0 m depth, were 15, 30 and 
20 mg kg-1, respectively for 160,192 and 232 kg ha-1an-1 N rates. In the same way, 
and through all the depth of the active root zone (0-0.9 m), the mean N 
concentrations were ≥20 mg kg -1 which was quite sufficient to provide N trees 
requirements according to the different N rates applied.  
From mid May to June end (day 135 to 180), period with high N tree demand, 
coinciding with fruit set-Jun physiological fruit drop phase, we noted a stability of 
surface layers N concentrations associated with a fall of soil mineral N in average soil 
root zone depth (0.4 to 0.8m), related to a gradual and progressive decreasing of 
leaching and percolation processes. That can be explained by the fact that increasing 
N in soil solution by fertigation events, at the time when trees N uptake is with excess 
had induced a buffer effect which improved efficiency uptake of nitrogen via tree root 
system (Alva and Al, 1998; Paramasivan and Al, 2001).  
During the fruit growth (enlargement) phase, (July-September), combined effects of 
increasingly low N tree demand, the end of nitrogen supply by injection and the 
dilution of the soil solution resulting from continuous watering by irrigation, have 
induced decreasing of N soil solution as well as we advanced towards the end of the 
physiological tree cycle. Nevertheless the residual mineral-N soil concentration in the 
surface layers (0.0-0.4m) allowed Clementine mandarin trees to provide their N needs 
to complete their annual growth cycle without constraints. Consequently, mineral-N 



concentrations, at the cropping season end, regained their original levels 5 to 10 mg 
kg-1 in the soil root zone and that for all the nitrogen rates applied.  
In addition, the three-dimensional representation of the temporal distribution of soil 
potassium in the tree root zone (Fig.4) has given brought the required explanations 
regarding nutrients dynamics comprehension process and especially its fate with 
respect to the various parameters responsible for physicochemical environment of the 
soil solution. In this respect, the essential pathways which characterized and 
dominated the distribution of the soil K concentrations in the root zone were identified.  
 

    

Figure 4. Seasonal distribution of N and K soil mean concentrations (Z, 2D 
Projection) during the tree cropping season (x) in relation to soil root zone depth (y) at 
NiKj rates (2007). (Distribution saisonnière des concentrations moyennes  N et K (Z, 

Projection 2D) durant le cycle physiologique des arbres (x) en relation avec la 
profondeur su sol de la zone radiculaire (y) à différentes doses NiKj (2005-2007). 

  
 



Consequently, the K soil kinetics could be described by the following parameters: 
• the potassium supply rate which represented the refill behaviour of the 

momentary K soil solution stock according to its adaptation degree compared 
to the tree uptake intensity; 

• the rhythm of K absorption via the roots defined by the uptake root intensity 
developed by the Clementine Mandarin trees, and his variation during the 
various physiological cycle phases to provide  nutritional tree needs; 

• the morphology of the soil watering which orchestrated the displacement of 
the soil matrix moistening, responsible for the nutrient migration and transport 
to percolate towards the depth layers; 

• the physical and physic-chemical soil characteristics under tree canopy (soil 
texture and original  fertility); 

• and finally the exceptional intensity tree root system uptake, during the post-
Jun physiological fruit drop-fruit enlargement phase (day 180 to 270), with 
depths ranging between 0.2 and 0.7 m, resulting in a considerable fall of the 
K concentrations to reach their low levels (100 mgkg-1, for K1 rate and 200 for 
K2 and K3 rates).  

 
On the basis of the previous discussion, it has been demonstrated that establishment 
of a three-dimensional model describing the temporal distribution of the soil mineral-N 
and K concentrations in the root zone under Clementine mandarin tree canopy, 
through a sufficient number of observations, could be a useful tool of assistance to 
the improvement of comprehension of nutrient soil dynamics, specially the exhaustion 
of the nutrient soil solution which describes at the same time, interaction between 
multiple processes : Nutrient supply, tree uptake and nutrient loss by leaching below 
the root zone.  
However, the improved N and K management program must translate the optimal 
adequacy between nutrient supplied to the soil solution and trees nutritional request 
throughout their physiological cycle of growth under the given climate and edaphic 
conditions. 
 
3.4 Fruit nutrient removal 
 
3.4.1 Relationship between N and K in fruits  
  
In a perennial tree production system, the major component of the annual nutrient 
removal from the tree-soil system is that in the harvested fruits, and this is depending 
on the total fruit production, as well as the concentration of the nutrients in the fruit 
(Alva et al., 2006).  During the experimental period (2005-2007), the N removal in 
harvested Clementine mandarin fruits over the range of N rates 160-232 kg N ha-1yr-1 
varied from 17 to 78 (2005), 23 to 98 (2006) and 51 to 88 kg ha-1yr-1 (2007). Whereas, 
potassium fruit removal varied from 13 to 65 kg ha-1yr-1 in 2005, from 18 to 70 kg ha-

1yr-1 in 2006 and from 25 to 73 kg ha-1yr-1 in 2007 for the range of K2O rates 200- 290 
kg K2O ha-1yr-1. The K and N relationship in fruit followed a significant and positive 
linear correlation (r2=0.97**) which demonstrated how strongly were related those two 
nutrients in fruit yield (Fig.5).  
In addition, this correlation of total K and N fruit removal reveals a similar trend of the 
two nutrients. This fact justifies and consolidates the choice of the nutritional ratio N: 
K=1.04, used for implementation of the fertigation program and this supports also the 
need to maintain it for Clementine mandarin mature trees. These results are similar to 
those published by Tucker et al. (1995); Alva et al. (2006) and Obreza et al. (2008) 
(N: K=1). 
 
 



 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
Figure 5. Relationship between N and K in fruits of 25 year-old ‘Clementine 

mandarin’ trees (on sour orange). (Regression was calculated on the data pooled 
across three years, 2005-2007). (Relation entre N et K fruits d’arbres de Clémentinier 
-greffés sur bigaradier- de 25 ans d’âge, la régression a été calculée sur la base d’un 

regroupement des données à travers les trois années 2005-2007). 
 
 
3.4.2 Total N and K in fruits and fruit yield  

 
N removal in harvested fruit over a range of N rates varied from 17 to 78 kg ha-1, 23 
to 98 kg ha-1 and 51 to 88 kg ha-1 for 2005, 2006 and 2007, respectively. Total N fruit 
removal over multiple years (2005-2007) follows the fruit production cycle witch varied 
from 11 to 53 Mg ha-1, 13 to 60 Mg ha-1 and 19 to 55 Mg ha-1, respectively. However, 
total N fruit removal is significantly linear correlated with fruit yield (r2=0.97**and 
r2=0.96**) at each N rate, showing how much this nutrient was directly related to the 
fruit load and thus to the Clementine mandarin tree fruit yield (Fig.6). In the same 
way, the total potassium removal in the fruits per hectare demonstrated the similar 
trend as that for the total Nitrogen (Fig.6).  
At each K2O rate, K in the harvested fruits was also directly related to the tree fruit 
yield. In the other hand, the slope of the regression increased slightly with each 
increment in annual N and K2O rates (Table 5) and this is quite expected because of 
improved nutrient supply and irrigation practices applied in this trials. In addition, the 
simultaneous variation at the same time of N and K fruit removal translated the citrus 
fruit yield pattern generally follows a cycle of alternating high and low yields defined 
as “Alternate Bearing Habit” (Alva et al; 2006).   
The nitrogen accumulation in fruits was 32.5%; 29.9% and 32.5% of N applied for 
N2K1, N3K3 and N2K2 treatments, respectively, however, potassium was 27.5% (N2K1), 
21.0% (N3K3); and 24.5% (N2K2) of K applied. Alva and Paramasivam (1998) and 
Paramasivam et al., (2000) indicated that N accumulation by citrus fruit was in range 
of 32 to 40% of total N applied. 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Relationship between total N and K in fruits of 25 year-old ‘Clementine mandarin’ 

trees (on sour orange), across all years (2005-2007), at each N and K2O rates. 
 (Relation entre total N et K fruits d’arbres de Clémentinier -greffées sur bigaradier- de 25 

ans d’âge à travers les années 2005-2007, et pour chaque dose d’azote et de potassium). 
 

Tableau 5. Correlation models of N, K fruit removal in relation to fruit yields at different N 
and K2O rates (2005-2007). (Les modèles de corrélation de N et K exportés par les  fruits 
en relation avec les rendements, à différentes doses d’azote et de potassium (2005-2007) 

Nutriments  Rates  (kg ha-1yr-1) a b  r2  (1) 
 
N 

160 3.339**     1.446** 0.97 
192 3.254**   1.506** 0.97 
232 - 0.145** 1.653** 0.96 

 
K2O 

200 1.826*     1.169* 0.98 
240 -1.980*     1.308* 0.99 
290 2.715*   1.182* 0.90 

 

(1) Model coefficient: y= a+bx, with y:N, K fruit removal, x:Fruit yield (Mg ha-1yr-1) 

 



4. CONCLUSION  
 
 
Three years (2005-2007) of field trials was conducted using 25 years old mature 
Clementine mandarin trees grown in sandy soil, in order to evaluate the optimal N 
and K management practices under carefully scheduled irrigation management to 
minimize leaching of water and nutrient below the root zone. Results have been 
shown relationships between annual N and K applications, Clementine mandarin fruit 
yield, tree nutritional status, mineral fruit removal and accumulation.  
Findings on the effect of rates of nitrogen and potassium fertigation under semi arid 
Mediterranean conditions demonstrated that N and K2O fertigation rates of 192 and 
200 kg ha-1yr-1, respectively are the optimum fertility rates. These N and K rates were 
necessary to maintain adequate N and K concentrations of 6-month-old leaves spring 
flush at the ranges of 27 to 29 and 10 to 12 g kg-1 for N and K, respectively, and to 
allow trees also to support optimum fruit yield of 43 Mg ha-1yr-1.  
The improved irrigation and N, K fertilization practices adopted in this study, has 
contributed to enhance nutrient tree uptake and to limit losses in the root zone under 
tree canopy. However, N and K use efficiency were 4.5 kg and 3.9 kg of N and K , 
respectively, per ton of fresh Clementine mandarin fruits produced, associated with a 
nutrient uptake efficiency (Nutrient accumulation by fruits: Fertilizer  applied ratio) of 
32.5 and 27.5% for N and K, respectively. In addition, the total N (r2=0.97**) and K 
(r2=0.98**) removal in the harvested fruits were high significantly linearly correlated 
with fruit yield across the experimentation years and at each N and K2O rates. Such 
results demonstrate how strongly related nutrients accumulation in fruits and the tree 
fruit load ability. Furthermore, the relationship between K and N in fruits followed a 
significant linear correlation (r2=97**), which demonstrated how strongly were related 
those two nutrients in fruits. This correlation of K and N fruit removal reveals the 
similar trend of the two nutrients, and consequently, justifies the used nutritional ratio 
N: K=1, for implementation of the fertigation program and also supports the need to 
maintain it for Clementine mandarin mature trees.  
The association of the fertilization to drip irrigation allows careful synchronisation of 
timing, frequency and amount of water and fertilizers applications according to the 
nutritional requirements of various physiological citrus tree stages. That contributes 
not only to optimize fruit yield but also to enhance tree nutrient uptake and water use 
efficiency by particularly minimized leaching losses. Consequently, it should be an 
essential component of best management practices for Clementine mandarin under 
semi arid Mediterranean conditions. 
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ABSTRACT 
 
 
In Syria, irrigated agriculture is crucial in terms of food security, because of the 
uncertainty and fluctuation of rain-fed agricultural production.  On the other hand, 
irrigated agriculture consumes water more than 90% of the total water use in Syria so 
that it hinders to provide water resource to other sectors such as industry and 
domestic water use.  Based on the request from the Government of Syria in order to 
spread modem water saving irrigation, the JICA (Japan International Cooperation 
Agency) Project of Development of Efficient Irrigation Techniques and Extension 
Phase I in Syria (DEITEX I) was implemented from March 2005 to March 2008 during 
the three years.  The Project was carried out under the basic strategy that farmers 
should select a water saving irrigation by themselves according to their ability and 
awareness enhanced by “extension activities” rather than to compel them by “control 
or enforcement”.  Succeeding to the DEITEX I, DEITEX II was started on December 
2009 with the project period of three and half years.  Through the implementation of 
the DEITEX I and II Project, every concerned division of irrigation research, training 
and extension works for an object to promote saving water in irrigation in right 
harmony. 
On-going DEITEX II has achieved water saving in irrigation at the farmers’ level 
reducing water consumption at about 20% in average.  The challengeable approach 
of realizing water saving by extension activities are going to be verified its 
effectiveness.  It is expected to apply the similar approach of water saving in irrigation 
for the other countries and regions hereafter.  

 



 
RÉSUMÉ ET CONCLUSIONS 

 
 
En Syrie, l'agriculture irriguée est cruciale en termes de sécurité alimentaire en raison 
de l'incertitude et des fluctuations de la production liée à l’agriculture pluviale. Par 
ailleurs, l'agriculture irriguée consomme plus de 90% de la consommation totale d'eau 
du pays restreignant ainsi la part destinée à d'autres secteurs comme l'industrie et la 
consommation domestique. C’est pour cela, les 10e et 11e Plans quinquennaux de 
développement national (2006-2015) ont insisté successivement sur la nécessité et 
l'importance d'une irrigation en économie d’eau efficace. 
Répondant à une requête du gouvernement de la Syrie cherchant à développer une 
irrigation moderne en économie d’eau, le Projet JICA (Japan International 
Cooperation Agency) de Développement et de Vulgarisation de Techniques 
d'Irrigation Efficaces Phase I en Syrie (DEITEX I) a été mis en œuvre à partir de mars 
2005 à mars 2008 pour une durée de trois ans. Le projet a été réalisé en vertu de la 
stratégie de base que les agriculteurs devraient par eux-mêmes choisir une irrigation 
en économie d’eau selon leur capacité et à travers les activités de sensibilisation et de 
«vulgarisation» plutôt que sous la contrainte. DEITEX I a réussi à atteindre cet objectif 
avec une certaine réduction de l'eau d'irrigation dans les sites du projet.  
A la fin de DEITEX I, le Gouvernement syrien a reconnu sa responsabilité d'étendre 
l'irrigation en économie d'eau efficace dans tout le pays et à améliorer plus son 
efficacité. A cet effet, il s’est déterminé à mettre en œuvre une nouvelle phase de 
DEITEX I au titre de l'assistance du Gouvernement japonais. Ainsi, le gouvernement 
de la Syrie a de nouveau sollicité la coopération technique Japonaise afin de réduire la 
quantité d'eau d'irrigation en étendant les résultats de DEITEX I à de nouvelles zones 
cibles en plus des zones initiales du projet. Grâce à des évaluations et des études 
relatives à la mise en œuvre du projet, le Projet JICA de Développement et de 
Vulgarisation de Techniques d'Irrigation Efficaces Phase II en Syrie (DEITEX II) a 
débuté en Décembre 2009 pour une période de trois ans et demi. DEITEX II se 
déroule comme suit: 
-Le Projet couvre cinq gouvernorats de la Syrie, en ajoutant deux nouveaux 
gouvernorats du nord aux trois initialement ciblés. 
-Le Projet suit le concept de base de réalisation d’économies d'eau en irrigation au 
moyen d'activités de vulgarisation destinées aux agriculteurs. 
-Le Projet recherche l’économie d’eau à travers la modernisation et la conversion de 
l'irrigation traditionnelle vers une micro-irrigation moderne par le biais des moyens 
matériels et techniques nécessaires. L'irrigation de surface améliorée est également 
introduite dans les zones qui se prêtent à son adoption. 
-Le projet propulse les activités de vulgarisation par le biais de vulgarisateurs en eau 
formés dans ce cadre. Un certain nombre de ces vulgarisateurs ont été engagés dans 
les activités d'extension de l'irrigation moderne en économie d’eau dans le cadre d’un 
appui adéquat apporté au projet. 
-Le projet a également entrepris des activités de recherche sur l'irrigation moderne en 
économie d’eau afin de résoudre les problèmes  d'irrigation immédiats des 
agriculteurs. 
-Le projet tient compte de la nécessité et de l'importance de la coopération avec les 
organisations impliquées dans l’irrigation moderne en économie d’eau. 
 
A travers les diverses directions du projet mentionnées ci-dessus, DEITEX II a réalisé 
des économies d'eau en irrigation au niveau agriculteurs en réduisant la 
consommation d'eau à environ 20%. L'approche basée sur les défis de réalisation des 
économies d’eau par les activités de vulgarisation devrait confirmer son efficacité. Il 
est prévu d'appliquer la même approche en économie d'eau dans d’autres pays et 
régions dans le futur. 

 
 



1. INTRODUCTION 
 
 
Country balance of water in Syria has deadly come down because of rapid increase of 
water demand.  Precipitation falling into Syria is in short supply giving about 250 mm 
in average, and in addition, water resources concerning Syria are so scant that it 
nearly reaches to its ceiling.  Available amount of water resources is estimated at 
16.6 BCM (Billion Cubic Meter) consisting of 14.3 BCM in surface water and 2.3 BCM 
in groundwater.  On the one hand, water demand is estimated at 14.9 BCM, of which 
about 90 % is consumed by agricultural sector.  Even though giving appearance of 
slight margin of available water remaining in its figure, it is very critical situation in fact.   
As to water use in groundwater consuming 7.0 BCM annually, it falls into excess of 
demand.  It is an outstanding imbalance between supply and demand of water which 
causes remarkable hindrances like rapid lowering of groundwater level.   
There are two substantial directions to correct such imbalance of water.  One is an 
endeavor to reinforce water supply, the other is to make water use effective in the field 
of water demand.  Syria just has to put importance to the later, because of difficulty in 
developing water resources from now on.  Moreover, target sector of water saving 
has to be the irrigated agriculture because irrigation in Syria is far ahead in consuming 
water so that it shares most of all water demand.  While agricultural innovations like 
introduction of dry-tolerant technology of crops must be effective in saving water, 
those are not due approach with high priority because of low adoptability of farmers 
and less reliability as a practical method at the time being.  All things considered, 
irrigation modernization which is synonymous with modern water saving irrigation is 
the first way of doing because current irrigation efficiency is very low.     
In Syria, irrigation is essential particularly for summer cultivation in which no available 
rainfall can be expected.  Current irrigation ratio in Syria is summarized in Table 1.  

 
 

Table 1. Irrigation ratio by crop seasons in Syria  
(Ratio de l'irrigation par saisons de la récolte en Syrie) 

Item Cultivated Area 

(thousand ha) 

Irrigated Area 

(thousand ha) 

Irrigation Ratio 

(%) 

Summer Crops 382.7 349.4 91.3% 

Winter Crops 3,139.3 868.6 27.7% 

Tree Crops 977.8 173.5 17.7% 

Total  4,499.8 1,391.5 30.9% 
Source: The Annual Agricultural Statistical Abstract, MAAR in Syria 
 

Irrigation efficiency in Syria is in the 40 % range because traditional surface irrigation 
is still a mainstream method.  In spite of still low irrigation ratio of about 30 %, 
irrigation in Syria overloads with country water balance due to such low irrigation 
efficiency.  
According to the series of study in irrigation before starting the DEITEX I and after 
starting the Project, following matters were concluded: 
- Saving water in irrigation could be effectively achieved through disseminating 

irrigation modernization. 
- Dissemination of efficient water saving irrigation to farmers must be carried 

through by extension approach as well as regulative and controlling 
arrangement. 

- Method of saving irrigation water should come up with physical, sociological and 
agricultural characteristics peculiar in region. 

- Farmers could be easily motivated to the water saving irrigation by a direct 



gain/incentive rather than abstractive instructions.  Besides disseminating 
knowledge and skills to handle water saving irrigation, farmers have to be 
encouraged to the mode of new irrigation by concrete incentives. 

- Operation of extension works has to be dynamic.  Elastic and interactive 
extension method should be adopted as the situation requires. 

- Solid extension structure is required to manage the extension activities 
significantly. 

- Clear and concrete policy of extension activities has to be established and 
maintained. 

JICA-DEITEX Project has tried challenges of converting to efficient water saving 
irrigation in Syria on the basis of understandings mentioned above. 
 
 

2. JICA-DEITEX PROJECT 
 
 
The Syrian Government had issued a decree declaring to change all the traditional 
irrigation system to modern irrigation by the year of 2004.  However, the decree’s 
target had not achieved as designated.  According to the analysis for the hamper to 
the Syrian Government’s deal, some constraints in transferring irrigation research 
results to farmers, in technical assistance for designing, installing and maintenance of 
the modern system as well as dissemination of proper information on the system were 
unveiled.  In addition, it was clarified that most of irrigation farmers were reluctant to 
introduce the modern irrigation due to some reasons such as high cost of the irrigation 
system.  Though farmers loan service were established by the Government, tangled 
bureaucratic procedures for accessing agricultural loan makes issues more 
complicated. 

Under these circumstances, the Syrian Government requested technical 
cooperation to the Japanese Government in order to improve the situation.   
 
2.1 DEITEX I Project 
 
For the request of Syrian Government, "Project on Development of Efficient Irrigation 
Techniques and Extension in Syria (DEITEX I)" had been being implemented to attain 
the project purpose of disseminating modern efficient water saving irrigation since 
March 2005 with the project period of three years. The Project area were three 
governorates of Rural Damascus, Daraa and Hama where were the typical regions 
appearing inconvenience in water by over-consuming of irrigation water.   
DEITEX I was implemented in several project components of training, extension, 
research on irrigation techniques.  In March 2008, DEITEX I was successfully phased 
out achieving the project purpose so that “Proper amount of irrigation water has been 
used for each crop in the specified project sites, through providing adequate supports 
by strengthened training/extension activities. Capability for promoting water saving 
modern irrigation has been raised in the organizations /staffs concerning the project 
areas”. 
 
2.2 DEITEX II Project 
 
On December 2007, the terminal evaluation study of DEITEX I was carried out.  The 
evaluation study report assessed that the process accomplished by the efforts of the 
staff contributed to establishing a model of changing farmers’ awareness of water 
saving in Syria, and pointed that the expansion of the activities to other districts in 
Rural Damascus, Daraa and Hama governorates, furthermore, to other governorates 
are to be accomplished.  To address these issues, the Syrian Government requested 
Japan a technical cooperation project in order that proper amount of irrigation water is 



used through expanding the outcome of DEITEX I Project to the remaining areas in 
Rural Damascus, Daraa, and Hama governorates and new target area (Aleppo and 
Raqqa), improving surface irrigation technique and cooperating with international 
research organizations.  For the re-request of Syrian government, DEITEX II Project 
was started on December 2008 with the project period of three and half years.  
At present, DEITEX II has been implemented with favorable progress taking a 
challengeable approach of project activities as mentioned as follows. 
 
 

3. APPROPRIATE METHOD OF SAVING IRRIGATION 
 
 
Currently, modern irrigation such as micro-irrigation is not yet common in Syria.   
Though kind of crop applying affects farmers’ choice of irrigation method, traditional 
surface irrigation with excessive waste of water is still prominent in general.  
Distribution of every irrigation method in Syria is summarized in Table 2. 

 
Table 2. Distribution of irrigated areas by irrigation methods in Syria  

(Distribution de régions irriguées par méthodes de l'irrigation en Syrie) 
 

Irrigation 
method 

Traditional 
irrigation 

Group irrigation by 
nation irrigation 

system 

Improved 
surface 

irrigation 

Individual 
micro-irrigation 

Share of every 
irrigation 
method 

47.4 % 29.5 % 0.4 % 22.7 % 

Irrigation 
efficiency 30% - 50% About 50 % 40% - 60% 65% - 90% 

Source: Observation by DEITEX II Project 
 

Scope for irrigation modernization transferring from traditional surface to a modern 
irrigation method including improved surface, or from a provisional modern irrigation to 
more advanced modern irrigation is still vast in Syria.  Taking its situation of water 
crisis into consideration, irrigation modernization should be urgently accelerated.  But 
the most advanced micro-irrigation is not always suitable and acceptable in 
everywhere and every farmer.  It must be dependable of kind of crop, type of irrigated 
agriculture and status of farmers.  
Irrigation could take many shapes and forms according to the necessity of artificial 
supplying water to the crop and manageability/affordability of the irrigation actor who is 
farmer.  Ordering thoughts simply, irrigation could be specified by two representative 
factors of “scarcity of water to the crop” and “financial and technical manageability of 
farmers”.  If it is no scarcity of water to the concerned crop, rain-fed agriculture 
without any irrigation could be applicable.  If water scarcity occurs for crop in a slight 
level, firstly supplemental irrigation will be introduced.  The more severe water 
scarcity rises, the more comprehensive irrigation should be required.  Irrigation in 
such stage varies in shape from traditional to improved surface or micro-pressurized 
irrigation depending on the farmers’ financial and/or technical manageability, 
sometimes by the profitability of applied crop.   
In general, farmers are used to select their irrigation methods according to their 
circumstances in “water scarcity to crop” and their “financial and technical 
manageability in irrigation” as Figure 1 indicates.  Its figure schematically shows, the 
severer water scarcity is, the more irrigation modernization is accelerated if the 
condition of farmers’ manageability is similar (as showing B – B’).  On the same way, 
the better farmers’ manageability is, the more irrigation modernization is accelerated if 
the condition of water scarcity is similar (as showing A – A’). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Irrigation categories interpreted by two representative factors in Syria 
(Catégories de l'irrigation interprétées par deux facteurs représentatifs en Syrie) 

 
Acreage of each irrigation form shown in Figure 1 gives a vivid description of irrigation 
situation in Syria.  Present water crisis presses for irrigation modernization 
transferring from loose irrigation to more sophisticated irrigation.  For that purpose, 
the figure indicates to make the farmers manageability of irrigation be more 
sophisticated.  Extension work is a right measure to improve farmers’ manageability 
of irrigation.  Farmers’ manageability of irrigation would be improved by the applying 
a better irrigation practice, farmers’ affordability could be up by the effect of it.  Then 
farmer could have capability to apply more advanced irrigation.  It is a virtue cycle.  

Therefore, policy of extension in DEITEX Project is; 
1) The Project will recommend appropriate irrigation method to meet the current 

circumstance of target farmers in the two factors of “water scarcity to crop” and 
“financial and technical manageability in irrigation”, not recommending the ultimate 
modern irrigation method. 

2) Extension should make a circumstance to move a virtue cycle. 
 
 

4. STRATEGY OF EXTENSION 
 
 
There are two streams of promoting saving water in irrigation, namely by 
administrative control and by farmers’ own accord.  Taking current depression in 
promoting water saving by means of administrative controlling in Syria into 
consideration, DEITEX Project ambitiously focused its attention on the later.  The 
Project concept was set “to make farmers to go for water saving irrigation by their own 
choose” through adequate extension activities.  As “extension activities” requires 
skilled extension workers, “training” must be an important component in the Project.  
Furthermore, the training/extension has to be backed by an appropriate “irrigation 
techniques and skills on saving water”.  Therefore, the DEITEX Project must be 
composed of three major components.  
Matter-of-factly, farmers are generally reluctant to proceed to save water unless 
concrete incentives provided, neither do farmers hold affordability and manageability 
to the practice of water saving irrigation.  Fortunately, modern irrigation could provide 
many advantages such as reducing cost and laborious burden of farmers, as well as 
certain effect of water saving.  Modern irrigation methods utilizing “handy pressurized 
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irrigation equipment like drip or sprinkler” which is counted upon to give water saving 
affects more is advantageous to farmers in several views.  As those advantages are 
right incentives for farmers to leave from present water wasting irrigation practice, 
introduction of modern irrigation is an expedient means to expand saving water in 
irrigation. The DEITEX Project put such advantages in front with intension to proceed 
saving water simultaneously. In this respect, it is also adopted as an important concept 
of DEITEX project “to realize saving water in irrigation effectively by means of 
introducing modern irrigation method appealing those advantages in several fields”.  
For the farmers who have already applied modern irrigation, the Project also tries to 
bring out possible advantages more and more. 
 
 

5. IMPREMENTATION OF TRAINING/EXTENSION ACTIVITIES 
 
 
Over the implementation of completed DEITEX I Project and current DEITEX II Project, 
extension activities have expanded in many shapes with developed extension 
contents by the water extensionists who are trained by the Project. 
  
5.1 Training activities 
 
According to the training structure proposed by the DEITEX Project, two kinds of 
extension actors have been established in the field of irrigation, namely water 
extensionist and SMS (Subject Matter Specialist) on irrigation.  The water 
extensionist is supposed to be a front line worker who contacts with farmers closely 
and frequently.   On the other hand, SMS on irrigation is expected to have higher and 
deeper knowledge, experience and skills on irrigation than the water extensionist, who 
shall guide and teach water extensionists.   
Based on the role of the water extensionist, the four steps of training courses have 
been established so as to train competent water extensionist who has basic 
knowledge and skills on irrigation, and is able to identify farmer’s problems related to 
irrigation.  As an extensionist, he has also to be capable to prepare extension 
materials and to organize extension activities for dissemination purpose.  In addition, 
more specialized training on irrigation system has been organized to train the SMS, by 
delivering more details regarding design, installation and operation of modern 
irrigation system.  The candidates of SMS were selected from the trained water 
extensionists, who accomplished successful results through the training courses.  
Since SMS is expected to work as trainer of water extensionists, TOT (Training of 
Trainers) course has been also provided to them in order to improve teaching skills. 
Based on the necessary training subjects principally based on farmers’ needs on 
irrigation, training program was prepared, which consists of four steps.  Consequently, 
the first training course is focused on conducting farmers’ survey to identify their needs 
and problems especially related to irrigation. The training subjects are followed by 
topics on design/installation/operation and maintenance of modern irrigation system, 
preparation of extension materials, and conducting field day for farmers as a 
dissemination activity.   
As increasing numbers of trained water extensionist and SMS in every governorate, 
the water extensionist training course has been managed by the initiative of Syrian 
side.  At the present, more than 200 water extensionists were trained through the 
Project.  Since DEITEX II Project has been implemented, follow-up training to the 
existing water extensionists has been initiated. 
 
5.2 Extension activities 
 
As being in line with the strategy of the Project, what the Project disseminate to 
farmers by means of extension activities are pluralistic, like knowledge of modern 



irrigation system and its operation in the sense of hardware and software, and 
knowledge/information relating to the mind-setting for water saving.  Prior to and 
simultaneous with implementation of the other project components, “extension 
materials/extension contents” have been prepared by the respective extension 
purpose.  Those materials were devised through need assessment and on the basis 
of the specification to the intended extension events.   
Extension activities of the Project targets individual farmers and small groups of 
irrigation farmers.  Interactive approach and un-interactive mass approach are 
applied for the extension activities to the farmers according to the disseminating 
subjects, receptiveness of participants and scale of the target.  Every extension 
activity could perform by various extension methods like field day, seminar, workshop, 
delivering of poster/brochure, and broadcasting by TV/Radio.  As introducing and 
orientating those methods and the way of its operation, “extension guideline” including 
instruction about extension methods and extension performing has been prepared.   
Skills and knowledge on modern irrigation have been disseminated to farmers by 
means of the conventional extension methods.  Besides implementation on an event 
basis as such, the Project carries out an uninterrupted extension work of 
demonstration activities for appropriate modern irrigation at the demonstration farms 
which were established in every concerned governorate.  Those demonstration 
activities at the demonstration farms have been sometimes performed linking with the 
each extension activities or sometimes with training activities. 
Extension activities have been also implemented by focusing on the incentive factors 
that can touch off the motivation towards irrigation modernization and water saving.  
Based on the past survey activities in the village level, such incentive factors can be 
summarized into five items, namely monetary benefit, mutual relation, religious belief, 
scientific rationality and problem solving.  The degree of impact on each incentive 
factor by the farmers differs from governorate to governorate. Incentive on monetary 
benefit is rather strong in Daraa than other governorates. In Hama and Rural 
Damascus, other incentive factors which are helpful to solve their immediate problem, 
are held in great account.   
The Project has performed series of “model extension activities” so that the water 
extensionists become accustomed to new extension activities effectively, and so as to 
acquire lessons to improve every extension materials and its operation.  Through 
implementation of more than 200 times of model extension activities in every 
concerned area of extension units, useful knowledge and information for the extension 
activities have been accumulated.  And it gives significant occasions to the services 
of the water extensionists. 
 
 

6. CONCLUSION AND RECOMMENDATIONS 
 
 
Currently DEITEX II Project has proceeded significantly.  Through the 
implementation of the DEITEX I and II Project, every concerned division of irrigation 
research, training and extension works for an object to promote saving water in 
irrigation in right harmony.  Trained water extensionists deploy in their own places of 
duty, and carry out various extension activities keeping joint efforts each other.  And 
training has been implemented to increase number of water extensionist and to 
reinforce the existing water extensionists.  As a result of the extension structure 
working properly, irrigation water has been saved at more than 20% within the range 
from 5% to 50% by crops in every concerned governorate without losses in production 
yield.   
The Project envisages attaining the overall goal that the project achievement on 
saving water in irrigation expands to entire Syria after a while of termination of the 
Project.  It is promising unless interrupting the project activities after the project 
termination. 
Land productivity that is synonymous with irrigation efficiency has been pursued to 



improve in every country for a long time.  Recently, the concept of water productivity 
is highlighted in the sense of advanced saving water technology in irrigation.  
Irrigation modernization has to go through a chain of stages of traditional surface, 
improved surface, modern irrigation, and what’s more, deficit irrigation that is an 
ultimate goal.  Syria is now at the midway stage of modern irrigation, even though 
deficit irrigation might be common in future.   
DEITEX Project is a challenge to go up the process of irrigation modernization by 
means of extension approach.  So far, it is confident of significance of the project 
approach.  It is expected that the experience of saving irrigation water by means of 
extension approach done in Syria, extend to the other areas/reasons and parsons 
concerned. 
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Jusqu'à présent, les émetteurs utilisés sont importés de sorte que le prix  est  encore  
cher. C'est pourquoi nous avons besoin de nouvelles innovations à base 
d'ingrédients locaux. Emetteur de matériaux locaux a été élaboré à partir 

 
 
 
 
 

ABSTRACT 
 
 
The research objectives were to develop block emitter having S, Y, and Phi types 
suitable for high pressure conditions in drip irrigations system and to test and 
compare the discharge for each type of emitter in the laboratory. Stages in this 
research were as follows: 1) designing block type of emitter; 2) developing of block 
structure media; 3) developing structure block; 4) installing and testing the emitter in 
the laboratory; and 5) Analyzing data. Results of laboratory test showed that the 
average discharge for each emitter Phi, S, and Y were 0.2; 0.08; and 0.1 ml/sec, 
respectively. The highest discharge was found on the Phi structure, while the 
discharge for S and Y structures were similar. The variability of discharge due to 
structure design in each emitter had different effect in reducing pressure. Technical 
evaluations showed that type of Y structure was simpler to develop than the other two 
structures. Phi style was the most difficult one to be developed. The main reason was 
related to the complexity in making structure pattern in the block of emitter. 
Recommendation for applying emitter was strongly influenced by crop and soil type. 
Crop which needs high water and planted in the high porosity soil may use emitter 
with small discharge for long time application. On the other hand, the soil with heavy 
soil texture may use the high discharge emitter for short time application. 
 

 
RÉSUMÉ ET CONCLUSIONS 

 
 
Irrigation goutte à goutte, également connu sous le nom d'irrigation goutte à 
goutte ou micro-irrigation, l'irrigation est une méthode qui permet  d'économiser  l'eau  
et des engrais en laissant l'eau goutte à goutte lentement pour les racines des 
plantes, soit sur la surface du sol ou directement sur la zone des racines, à travers 
un réseau de vannes, tuyaux, tubes, et les émetteurs. 
Avec l'avènement des plastiques modernes pendant et après la Seconde Guerre 
mondiale, des améliorations majeures dans l'irrigation goutte à goutte n’est devenu 
possible. Micro tube plastique et divers types d'émetteurs ont  commencé  à être  
utilisé dans les serres de l'Europe, les États-Unis et en Asie. 
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d'un matériau argileux poreux. Toutefois, la faiblesse ne peut pas supporter la 
pression. Ainsi, cette recherche est nécessaire pour obtenir l'émetteur fabriqués à 
partir de locaux, facile de rendre les agriculteurs et ale avantage résistant à la 
pression. 
Ces émetteurs ont été les personnes ressources pression Conçu pour les 
émetteurs substitut pores. Les émetteurs des pore savaient été produites en 
utilisant des sols d'argile et de leurs caractéristiques de débit ont été testés sur les 
personnes-ressources irrigation gravitaire. L'utilisation de ces émetteurs sur les flux 
de pression a eu des résultats dans la répartition des émetteurs, par conséquent, 
les émetteurs ont été sous pression les personnes-ressources  Conçu comme 
une substitution. 
Ce sont les personnes-ressources sous pression produite par les   émetteurs  
utilisant des méthodes simples dans les matières qui leur sont techniquement 
et facilement disponibles. Moulage de matière été faite à partir de caoutchouc de 
silicone. Ce matériau a des caractéristiques élastiques de sorte qu'il correspond à 
aucun déforme proposée. Structure de fabrication a été réalisée en utilisant le 
matériau de base de gypse. 
L'évaluation technique de la fabrication émetteur a montré quel' émetteur de type Y a 
été plus facile à produire que les types S et Phi. Cela est dû à l'existence du 
facteur de transport résistant. La fabrication les plus difficiles de type émetteur a 
été le type de blessure. Résultats des tests de laboratoire ont montré  
que l'émetteur de type Phi avait le plus de valeur que le transport et les types  
S Y.L'émetteur de type S a la valeur la plus faible de transport due à l'écoulement en 
raison de résistants sous forme de lettre S qui produisent des effets positifs pour le 
transport résistante et diminuerait le moyen de transport. 
Recommandation pour l'usage émetteur est fortement affecté par les  cultures  
à planter et les types de sol. Les cultures maraîchère sont besoin de 
moins d'eau, mais l'eau doit être appliquée en temps fréquentes que les cultures 
fruitières. Par conséquent, S et Y ont été types émetteur est recommandé d'utiliser  
pour les cultures légumières, alors que l'émetteur de type Phi a été recommandé  
pour les cultures fruitières. 
 
 

1.  INTRODUCTION 
 
 
Irrigation is one of measures which is important for supply of food need. Without 
irrigation, it is almost impossible to provide enough food for about 6,000 millions 
people living on earth and 40% of food production was gained through intensification 
effort by using irrigation (FAO, 2000).   
Water management for irrigation purpose is very important when the rainfall amount is 
insufficient for crops or for maintaining normal growth and development of crops. The 
dry season or dryness condition can results from natural process such as El Nino.  
The best operation may consist of water storage during rainfall period and irrigation 
technology provision at dry season (Wiratmo, 1998).   
Irrigation water application technology for crops can be applied for planting within poly 
bag, pot, drum, or restricted environment, especially for high economic value crops at 
acid areas or high salinity conditions. 
Irrigation water application can be conducted through several methods such as 
surface irrigation, channel irrigation, sprinkle irrigation, and trickle or drip irrigation 
(Susanto, 1997).  The most efficient method amongst the four above methods is by 
using drip irrigation. According to Indri et al. (2011), trickle irrigation is water 
application method that is mostly suitable for dry land that has limited water 
resources. Efficiency magnitudes for drip irrigation can be as high as 88.01% to 
91.44% ; therefore, it can save water more than 80%. The currently disadvantage of 
some emitters are the pressure loss due to low performance of membrane within 



emitters. Therefore, a study related to membrane design and production of pressure 
resistant emitter is needed.  
The main problem currently faced by application of trickle irrigation technology is its 
relatively expensive infrastructure and limited availability of dripper or emitter.  Most 
emitters currently available are imported product. Therefore, it is important to design 
and to produce the emitters that are resistant to high pressure application. These 
emitters require proper materials using specific design so that they can be applied for 
extensive area by using high pressure pump.  

The objectives of this research are as follows: 
• To produce block emitters having S, Y, and Phi types for application of high pressure 

trickle irrigation (non-gravitational). 
• To compare the efficiency, flow coefficient, and ergonomics of the three emitter 

types above. 
 

It is expected that this study can produce the local technology product related to 
trickle irrigation system and to fulfill the food need as well as to support the “blue 
revolution”, i.e. higher harvest yield for each water drops. Moreover, it is hoped that 
local industry for emitter products would be developed in the long run which results in 
a new job opportunity. 

 
 

2.   METHODOLOGY 
  

 
2.1.   Location and Time 
 
This study was conducted at Soil Physics Laboratory, Faculty of Agriculture, Sriwijaya 
University. It was carried out based on the contract with Research Council of 
Sriwijaya University for 5 months period consisting of laboratory works for 3 months 
as well as data analysis and report writing for 2 months. 
 
2.2.    Materials and Equipments 
   
Materials used in this study were consisted of flexi sheet, flexi glass, clear resin, 
rubber silicone, PVC pipe, metal adhesive, PVC adhesive, burn/hot silicone adhesive, 
stripper, pump, fiber hose, sanding paper, plastic box, candle molding, gypsum 
molding, clamp, connector pipe, and big container.  The equipments used in this study 
were computer, weight balance, volumetric glass, and stopwatch (timer). 

 
2.3.     Method  
  
Stages in this study were as follows: 1) design, 2) master fabrication, 3) emitter block 
molding, 4) emitters installation and trickling test, and 5) data analysis. 
 
Design.  Design was conducted by using software of Corel Draw 9. Emitter 
dimensions was designed which is based on the currently available emitter and it was 
presented in two dimension feature.  
 
Master fabrication.  The produced master or trickle master was block emitter having 
three types as stated above.  These blocks were made by using candle molds which 
is then stripped according to their design types. Molding was also produced in this 
stage to develop mold block by using rubber silicone which was coated by mixture of 
cement and gypsum. 
 
Making block emitter.  Molding was produced in this stage to mould master blocks 
by using rubber silicone which was coated by mixture of cement and gypsum.  An 
emitter block was made by using resins material.   



Trickle Installation.  After the resin block was formed, emitter installation was set up 
by installing flexible sheets that were perforated at certain parts and then followed by 
gluing process.   
 
Emitter Test: The following stage was testing by using pump with specific pressures. 
The observed data or parameters were as follows: 

 
• Dimensions of blocks and emitters (direct measurement); dimensions 

and diameter of pores and weight.  
• Discharge / trickle intensity (discharge measurement) 

 
Data Analysis: Data was analyzed by using completely randomized design. 
Discharge and average coefficient of the produced emitter was compared to currently 
available emitters (import products). 

 
 

1. RESULTS AND DISCUSSIONS 
 

 
3.1.   Production of Pressure Resistant Emitter  

 
These pressurized emitters were designed to substitute the pore emitters. The pore 
emitters had been produced by using clay soil and their flow characteristics were 
tested on gravitational irrigation.  The use of these emitters on pressurized flow had 
results in breakdown of emitters; therefore, the pressurized emitters were designed 
as a substitution.  
These pressurized emitters were produced by using simple method in which their 
materials are technically and easily available. Molding material was made from rubber 
silicone. This material has elastic characteristics so that it will match any proposed 
form. Structure fabrication was done by using base material of gypsum. The formed 
structures were consisted of Y, S, and Phi types such as shown in Figure 2. After the 
structures formation, they were put into mold box and rubber silicone was poured into 
that mold (Figure 3). Structure molding would be formed during 24 hours curing 
process. The next step is that the structure is ready to be formed into emitter by 
addition of flexi glass and put into 0.5 inch diameter pipe. Prior to emitter installation, 
it should be connected to connector pipe and conveyance pipe. 
The Y type structure was easier to be produced than S and Phi types due to the 
stripping process. The difficulty was found during initial stage, but all structure types 
would receive the same treatment after the moldings had been formed.  
After the proposed structures had been formed, then they should be coated by flexi 
sheet. This flexi sheet had elastic characteristics and resistant to pressure. The 
elasticity of this material is capable to convey water and to regulate the input 
pressure. The next step was insertion of emitter into connector pipe such as shown in 
Figures 6 and 7. 

 
 
 
 
 

 
 
 
 
 
 
 
Figure 2. Phi, S, and Y structure types              Figure 3. Molding fabrication 

  



 
 
 
 
 

 
 

 
 
 
 

 
Figure 4. Molding fabrication                             Figure 5. Inserting structure 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Emitter installation into connector                 Figure 7. Emitter is ready to be  
                                                                                              connected using pipe 

 
3.2.   Laboratory Tests 
The laboratory test was conducted to determine conveyance capability of each type 
of structures. It was carried out by installing the emitter in pressurized conveyance 
pipe. The conveyance capability for each emitter was determined from its discharge 
(Table 3). 

 
Table 3.  Results of emitters test at 0.7 bar pressure. 
Codes Time (minutes) Volume Discharge 

 
Phi 1 1.25 9.8 7.84 
Phi 2 1 17 17 
Phi 3 1 14 14 
S1 2 9.6 4.8 
S2 2 5 2.5 
S3 1 5 2.5 
Y1 2 10 5 
Y2 2 18.3 9.15 
Y3 2 5 2.5 

 
Notes: 
The constraints found during the test were as follows: 

• emitter fabrication: during the gluing of “flexi sheet” with emitter structures 
(1/2 inch PVC pipe). 

• emitter testing: gluing with PVC adhesive having low attachment capability 
results in some emitters were not resistant at 0.7 bar pressure (2 of 9 emitter 
structures was detached). 

  

 

    

 

  



• Testing at 1.4 bar results in all emitter structures detachment from their 
emitter cover (1/2” PVC pipe)  

 
Solution: 
Use the stronger adhesive than PVC pipe adhesive. 
 
It could be concluded from Table 3 that average conveyance capabilities from Phi, S, 
and Y types were 0.2, 0.08, and 0.1 ml/s, respectively (Table 4). 
 

Table 4.   Conveyance capabilities from three emitter types 
Structure types Discharge (ml/min) Discharge (ml/sec) 

Phi 12.9 0.2 
S 3.3 0.08 
Y 5.5 0.10 

    Note : Emitters was testes on 0.7 bar pressure. 
 
The conveyance capability of Phi type structure was the highest, whereas the lowest 
one was S type. The low conveyance capability of S structure type was due to flowing 
resistant because of S letter form that produce, positive effect toward conveyance 
resistant. 
Recommendation for emitter use is highly affected by the crops to be planted and soil 
types. Vegetable crops need less water, but the water should be applied in frequent 
times than the fruit crops.  Therefore, S and Y types emitter were recommended to be 
used for vegetable crops, whereas Phi type emitter was recommended for fruit crops. 

 
 

4. CONCLUSIONS AND RECOMMENDATIONS 
  

 
Technical evaluation from emitter fabrication showed that Y type emitter was easier to 
be produced than S and Phi types. This was due to the existence of conveyance 
resistant factor. The most difficult fabrication of emitter type was the Phi type. 
Results of laboratory test showed that Phi type emitter had the highest conveyance 
value than the S and Y types. The S type emitter had the lowest conveyance value 
due to flowing resistant because of S letter form that produce positive effect toward 
conveyance resistant and would decrease the conveyance. 
Recommendation for emitter use is highly affected by the crops to be planted and soil 
types. Vegetable crops need less water, but the water should be applied in frequent 
times than the fruit crops.  Therefore, S and Y types emitter were recommended to be 
used for vegetable crops, whereas Phi type emitter was recommended for fruit crops. 
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INTRODUCTION 
 
 

Indian economy depends on agriculture. The population is increasing in absolute 
numbers though the rate of growth has come down. The food requirement is 
multiplying. Hence there is a need to increase the agricultural production in the 
country. Agricultural production can be increased by adopting the following methods: 

 
 

Introduction of high yielding hybrid varieties 
During the first green revolution, this alternative was tried and found that use of hybrid 
varieties even though high yielding, have limitations, since many times new hybrid 
varieties bring diseases along with them and they are more prone to diseases rather 
than the original indigenous varieties. They also need high and costly inputs for their 
potential performance. 
 
Bringing additional area under cropping 
In fact because of growing urbanization, the area under cropping gets reduced unless 
we bring additional waste lands under cultivation. Even this is a limited option. 
 
Increasing area under irrigation 
This is the most practical and technically feasible solution. It is proven that by 
increasing area under irrigation we can increase production and productivity of crops. 
However, there are exceptional cases where because of over irrigation the soils have 
become saline/alkaline. These types of problems can be taken care of by judicious 
use of available water resources by introducing modern irrigation systems such as 
drip & sprinkler irrigation. 
Thus irrigation and judicious use of water resources plays vital role in increasing the 
productivity of crops. It seems to be the only solution to increase the food production 
and thereby provide food for all. By bringing more area under irrigation cropping  
intensity can also be enhanced; bringing about tangible increases in crop production 
and agriculture growth rate. 
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1. LIMITS AND CONSTRAINTS IN FOOD PRODUCTION 

 
 
Following are the limits and constraints in increasing the food production in the 
country: 
 
Shortage of arable land 
Population increases while the land remains constant. Hence the land availability per 
capita is getting reduced day by day. Also it is a tradition in India that the land gets 
divided into number of pieces while handing over from one generation to the next 
generation. This also helps in reduction of per capita availability of arable land. 
 
Land degradation  
Due to excessive use of chemical fertilizers, the quality of the land is degrading and 
the land is becoming more unproductive or infertile. The excessive use of water also 
results in degradation of the good quality lands. 
 
Loss of agricultural land to urbanization 
Due to increase in urbanization and development of urban colonies etc, the 
agricultural land is converted into non-agriculture every year and thus the area under 
agricultural land gets reduced. 
 
Water shortages and pollution 
Fresh water available in India (1908 BCM) is only approximately 4% of the total fresh 
water available in the world (37500 BCM. This is disproportionate to the population 
that India holds. The per capita availability of fresh water in India was 3100 cum in 
1975 which has come down to 1900 cum in 2000 which will further go down to 1400 
cum in 2025. This is mainly due to increase in population of the country. At present, 
irrigation contributes about 84% of the water consumption. With the increase in 
demand of quantity of water for other uses, the percentage share of water used for 
irrigation is likely to get reduced to about 73% by 2025. 
 
 

2. INDIAN IRRIGATION SCENARIO : A REVIEW 
 

1. World Bank (1999) intimated that the development of surface irrigation was 
reaching practical limits in many of India’s river basins. 

2. Central Water Commission (2004) stated that though the irrigation potential of the 
country had increased at a healthy growth rate of about 1.5 million Ha per year, 
the lag in the utilization had also increased from 1.22 million Ha in 1956 to  
9.77 million Ha in 1997. 

3. It can be seen that despite significant progress in the creation of irrigation 
potential, under-utilisation continues to persist. Hence it is necessary to focus on 
the on farm irrigation in order to utilize huge irrigation potential created in the 
country. The Command Area Development Programme (CADP), in operation 
since 1974-75, particularly aims at bridging the gap between potential created 
and its utilisation. The programme also includes measures to installation of 
sprinkler & drip irrigation and farmers’ participation in irrigation water 
management. 

4. It can also be noted that the productivities in case of canal irrigated areas are less 
as compared to well irrigated areas. In well irrigated areas, the productivities are 
better due to reliable water supply and demand based water supply. The farmers 
are able to irrigate their fields as and when required by the crops due to 
tremendous flexibility they have in case of well irrigated areas. 

 
 



3. MICRO IRRIGATION HISTORY & PRESENT SCENARIO IN INDIA 
 
 
During early 70s few micro irrigation systems were installed in the country. These 
systems could not perform due to poor quality material and little or no support 
services by manufacturers. When Jains entered the market in India approximately 
2500 Ha area was under micro irrigation in 1987. Jains with their integrated approach 
of survey, design installation and commitment for service and best quality material 
could sell the concept very well. The awareness about micro irrigation systems and its 
advantages was brought among the farmers through dedicated extension work and 
through media such as TV etc. and in a very short span of time, area under micro 
irrigation was almost doubled  every year during the period 1987 to 92. Presently it is 
estimated that some 50 Lac Ha is under MIS (25 Lac Ha under drip and 25 Lac Ha 
under sprinkler) in India and there are more than 100 manufacturers of MIS in the 
country. The systems have been installed on more than 50 different crops. This 
indicates that the industry is growing at a very fast rate and  India  has already  
emerged as  one of the largest consumers of micro irrigation systems including  
drip & sprinkler.  
 
 

4. DRIP IRRIGATION SYSTEMS 
 
 
Drip irrigation is a regulated application of water through specially designed emitters 
or orifices situated close to the root zone of individual plants. It is particularly effective 
in regions suffering from a shortage of irrigation water. In drip irrigation applications, 
drip systems carry a precise and on-demand quantity of water and fertilizers through 
a network of pipes and emitting devices to the roots of each plant helping to enhance 
crop yield. Table-1 shows the advantages of adoption of drip irrigation systems. It is 
observed that there is saving in water up to 68.5% and increase in yield up to 66.6% 
over the conventional flow irrigation. 
 
Table 1: Benefits of Drip Irrigation (Avantages de l'irrigation au goutte à goutte) 

CROP LOCATION 
YIELD (T/Ha) WATER USE (cm) 

TRI MIS % DIFFERENCE TRI MIS % DIFFERENCE 

Ashgourd Jodhpur 10.8 12.0 10.0 84.0 74.0 12.0 
Bottlegourd Jodhpur 38.0 55.8 31.9 84.0 74.0 12.0 

Tomato Udaipur 14.4 17.5 17.7 41.0 28.0 17.7 
Watermelon Jodhpur 29.4 88.2 66.6 80.0 80.0 - 

Onion Delhi 28.4 34.2 17.0 52.0 26.0 50.0 
Okra Delhi 36.0 48.0 25.0 42.0 26.0 38.1 

Cotton Coimbatore 2.6 3.3 20.2 86.0 30.0 64.7 
Sugarcane Delhi 92.0 119.0 22.7 136.0 92.1 32.3 
Sugarcane Pune 128.0 170.0 24.7 215.0 94.0 56.3 
Sugarcane Navsari 70.6 116.1 39.2 142.0 105.0 26.0 
Groundnut Udaipur 9.1 34.7 73.8 87.0 54.0 37.9 

Pomegranate Hyderabad 3.4 6.7 49.3 21.0 16.0 23.8 
Papaya Coimbatore 13.0 23.0 43.5 228.0 73.0 68.5 
Banana Kharagpur 29.0 40.0 27.5 106.0 106.0 - 
Banana Bhawanisagar 27.7 32.9 15.8 186.0 172.0 7.5 
Banana Ludhiana 57.5 87.5 34.3 176.0 97.0 45.0 
Grapes Ludhiana 26.4 32.5 18.8 53.0 28.0 47.2 

 
Ref: H.P. Singh, J.C. Samuel & A. Kumar, INDIAN HORTICULTURE April-June 2000 
TRI-Traditional Irrigation. MIS-Micro Irrigation (Réf: H.P. Singh, JC & Samuel A. 
Kumar, HORTICULTURE INDIEN Avril-Juin 2000 TRI-traditionnels d'irrigation.  
MIS-Micro Irrigation) 



5. SPRINKLER IRRIGATION SYSTEMS 
 

Sprinkler irrigation is a method of applying irrigated water in a manner similar to 
rainfall. Water is distributed through a system of pipes, usually by pumping, and then 
sprayed into the air saturating the ground with small water drops. Sprinklers can 
provide efficient coverage for both small and large areas and are suitable for a wide 
range of properties and irrigable soils since they are available in a wide range of 
discharge capacities. Table 2 shows the advantages of adoption of sprinkler irrigation 
systems. It is observed that there is saving in water up to 50% and increase in yield 
up to 100% over the conventional flow irrigation. 
 
 
Table 2 : Benefits of Sprinkler Irrigation (Avantages de l'irrigation par aspersion) 

Sr. Crop 
Yield (T/Ha) % 

Increase 

Water Used (mm/Ha) % 
Saving TRI             SIS TRI                 SIS 

1 Wheat 1.5 3 100 600 450 25 

2 Maize 1.5 2.5 66 600 450 25 

3 Vegetable 6 10 66 600 450 25 

4 Wheat* 3.8 3.8 - 303 167 45 

5 Groundnut* 0.8 0.9 11 475 225 52 

6 Coffee** 4 7.8 95 600 300 50 
 
* These are result of experiment conducted on various research station viz. 

Hanumanagr, Brore and Loonkaransar in Indira Gandhi Canal Area. Paper 
presented by S.K. Mathur & M.S. Shekawat, Krishi Bhavan, Bikaner, Rajasthan 
during June 1996 at Institution of Engineers, Bangalore-Sprinkler Workshop (Ce 
sont des résultats d'expérimentation menée sur le savoir la station de recherche 
différents. Hanumanagr, Brore et Loonkaransar au Indira Gandhi, Canal Zone. 
Document présenté par S.K. Mathur & M.S. Shekawat, Krishi Bhavan, Bikaner, 
Rajasthan pendant Juin 1996 à l'Institution des ingénieurs, Bangalore-gicleurs 
atelier) 

**  Result of the experiment conducted at Regional Coffee Research Station, 
Chundale, Wynad, Kerala (Résultat de l'expérience menée à la station de 
recherche sur le café régional, Chundale, Wynad, Kerala) 

 
 

6. POTENTIAL FOR M.I.S. IN INDIA 
 
  

Theoretically speaking, micro irrigation is suitable for all the crops including Paddy. 
Thus the entire irrigated area in the country i.e. 62 Mha is  the potential available for 
micro irrigation. However it is estimated that considering the other constraints such as 
economical viability etc, the actual potential for MIS is estimated at about 30 Mha.  
Question is the choice of the technology suiting local conditions such as type of crop, 
type of water source, topography, economical viability and so on.  
 
 

7. JAIN’S “TOTAL SYSTEM  APPROACH” 
 

For introduction of drip irrigation systems in the country we adopted  integrated "Total 
System" approach. Our "Total System" approach includes: 



Indigenization to suit India's small farms & varied climate:  
We believe drip irrigation products which are marketed globally are ideally suitable for 
larger-sized mechanized farms and typically have short useful lives. As a result they 
are generally not well suited to Indian conditions. In 1998, we launched a variant drip 
irrigation system aimed at small sized farms with features such as drip emitters, drip 
laterals, filters and fertigation equipment to better suit India's small-sized farms and 
poor water quality. 
 
Service support for products 
We assist our customers in designing drip irrigation products installed by collecting 
and analyzing water and soil samples and recommending remedial measures. For 
larger projects, we also assist farmers in installing and maintaining our drip irrigation 
products through our crew of trained technicians. 
 
Strong agronomic support to farmers:  
We employ experienced agronomists who are available to educate our customers 
about irrigation and fertigation scheduling and better agronomic practices. 
 
System demonstration through field R&D:  
We demonstrate the benefits of drip irrigation through our own 400 Ha R&D Farm 
where drip technology and waste land reclamation are shown through water 
harvesting techniques and watershed planning. 
 
 

8. CONTRIBUTION OF JAIN IRRIGATION IN INDIA 
 
  

1. In India, Jain Irrigation has been taking-up supply and execution of lot of projects 
for Micro Irrigation Systems including drip and sprinkler irrigation systems. In 
India we have so far covered more than  25 Lac Ha  for various crops and our 
presence is there in almost all the states.   

2. Our current book is at Rs.3500 crore and we are growing by about 40% every 
year. We think that this will continue because there has been lot of new 
programmes from various states-Andhra Pradesh, Maharashtra,  Gujarat, Punjab, 
Tamil Nadu. Plus Madhya Pradesh, Rajasthan, Chhattisgarh, Himachal Pradesh  
all these states are taking up micro irrigation projects in a big way. 

3. Drip irrigation is growing quite a lot, Jain Irrigation helps the farmer to save water 
and improve productivity and at the same time save labour as well as fertilizer. It's 
a revolutionary technology and it is helping Indian Agriculture to go forward. It 
catalyses changes in bringing other aspects of crop production technology.  



ACHIEVING TARGETED GROWTH THROUGH MICRO 
IRRIGATION 
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ABSTRACT 
 
 

Micro irrigation in agriculture armed with knowledge and technologies with 
farmers as beneficiaries is one of the best approaches towards sustainable 
growth. The technology is enhancing water use efficiency with agriculture 
production and productivity. The technology is bound to maximize the synergistic 
interactions of improved seeds, water and fertilizer. Through micro irrigation, an 
evergreen revolution may be pictured to ensure the congruence of the 
sustainability, productivity, profitability and equity. Since micro irrigation greatly 
enhances water, fertilizer and energy use efficiency and promotes precision 
agriculture, the targeted growth could be achieved without the burden of 
environmental degradation.  

 
 

INTRODUCTION 
 
 
The technology of micro irrigation is rapidly increasing around the World, and this 
trend is expected to continue in the foreseeable future. With increasing demands 
on limited water resources and the need to minimize environmental 
consequences of irrigation, micro irrigation technology offers many advantages. It 
is an unique agronomic, water and energy conservation technology that address 
many of the challenges facing irrigated agriculture. Farmers and other micro-
irrigation users are continually seeking new options, such as reuse of waste-
water that will continue to provide new challenges for designers and irrigation 
managers. Micro irrigation is suitable for most agricultural crops, and more often 
used for high value products such as fruits, vegetables, nuts & flower.  
Furthermore, residential and commercial landscape systems such as Golf 
courses and home gardens are increasingly turning to micro irrigation 
technology. 

 
 

TECHNOLOGY 
 

 
Micro irrigation includes all methods of frequent water application, in small flow 
rates, on or below the soil surface.  Ideally, the volume of water is applied directly 
to the root zone in quantities that approach the consumptive use of the plants.  
Through good management of the micro irrigation systems the root zone 
moisture content can be maintained near field capacity throughout the season 
providing a level of water and air balance close to optimum for plant growth. In 
addition, nutrient levels which are applied with water through the system can be 



controlled precisely.  During the dry season in humid areas, or in arid climate, 
micro irrigation has a significant effect on quality and quantity of yield, pest 
control and harvest timing.  
 
 
Deputy Commissioner, (Horticulture), Department of Agriculture & 
Cooperation, Krishi Bhavan, New Delhi 
Micro irrigation management techniques such as drip irrigation and sprinkler 
irrigation systems are helpful not just in water management but also in labor 
resource management. In micro irrigation systems, water is distributed using an 
extensive hydraulic pipe network that conveys water from its source to the plant.  
Outflow from the irrigation system occurs through emitters placed along the water 
delivery (lateral) pipes in the form of droplets, tiny streams or miniature sprays.  
The emitters can be placed either on or below the soil surface. In general micro 
irrigation systems are classified by the type of emitter used in the system.  These 
are drip, bubbler, spray jet and subsurface. Emitters can vary from sophisticated, 
constant-flow –rate at variable pressure types of devices (pressure compensating 
emitters) to very small, simple orifices. A large number of different types of 
emitters have been developed in attempts to find a perfect one. The main 
objective is to assure uniformity of water distribution.  It is essential that the 
discharge from the emitter be uniform and that it not change significantly with 
small pressure variations in the system. Water flowing from emitters is distributed 
in the soil by gravity and capillary forces creating the contour lines. The exact 
shapes of the wetted volume and moisture distribution depends on soil texture, 
initial soil moisture and to some degree on the rate of water application. 
 
 

1. Advantages 
 
 
Micro irrigation systems have many potential advantages when compared with 
other irrigation methods. Most of them are related to the low rates of water 
application. Certain combinations of these advantages are responsible for 
uniqueness of micro irrigation in contrast to other systems. 
 
 

(a) Water Savings 
 

 
Irrigation water requirement is lesser with micro irrigation when compared with 
other irrigation methods. This is due to irrigation of a smaller portion of the soil 
volume, decreased evaporation from the soil surface and the reduction or 
elimination of the runoff.  Since the micro irrigation system allows for a high level 
of water control application, water can be applied only when needed and deep 
percolation can be minimized or avoided. 
 
 

(b) Smaller Flow Rates 
 
 
Since the rate of water application in micro irrigation systems is significantly lower 
than in other systems, smaller sources of water can be used for irrigation of the 
same acreage. The systems operate under low pressure (5-30 psi) and require 
less energy for pumping than high pressure systems. 



 
 
 

(c) Application of Chemicals 
 
 
Micro irrigation systems allow supply of the exact amount of fertilizer required at 
a given time directly to the root zone and there is a reduction in the total quantity 
of fertilizer used. 
Other chemicals, such as herbicides, insecticides, fungicides, nematicides, 
growth regulators etc can be efficiently applied through micro irrigation systems 
to improve crop production. 

 
 
(d) Water Sources with High Salt Content 

 
 
Water with relatively high salt content can be used by this system.  For optimum 
plant growth a certain range of total water potential in the root zone is 
maintained, which is very difficult in dry soil.  The total water potential in the root 
zone is a sum of the matric potential and osmotic potential.  Since matric 
potential is close to zero under micro irrigation (high moisture content) the 
osmotic potential component can be a relatively large negative value, indicting 
high salt content, without harmful effect on plant growth. This is not true for other 
irrigation systems.  Crops can be cultivated in saline and waste land, thereby 
increasing total acreage. 

 
 
(e) Improved Quality and productivity of the Crop 

 
 
The reduction of stress of moisture fluctuation due to micro irrigation, often 
resulting in larger quantity and better quality yield. In arid climates, or during dry 
seasons, the harvest timing can be controlled by proper water management.  

 
 
(f) Adaptation to any Topography 

 
 
Micro irrigation systems can operate efficiently on hilly terrain if appropriately 
designed and managed.  Well managed micro irrigation system will not create 
runoff even on hilly terrain and undulating land.  
 



 
Figure 1. Date Palm Field with Drip system. 
 
 

(g) Reduction of Disease Infestation 
 
 
During dry seasons or in arid climate disease and insect damage can be reduced 
under drip irrigation system since the foliage of the plant is not wetted.  Since a 
small portion of soil surface being watered, field operations can be continued 
during irrigation and weeds are also reduced significantly. 
 

 
 Figure 2. Cotton field with Drip system. 
 
 
(h) Operational Cost 
 
 

Micro irrigation management techniques for drip irrigation and sprinkler irrigation 
systems are helpful not just in water management but also in labor resource 
management. This system can also be extensively automated in turn decreasing 
labor and operating cost.  The reduced number of hours (4-5 hours) for irrigation 
saves electricity consumption. 
The Government is promoting this technology since 1992 through one or the 
other integrated scheme. Since 2005-06 the Government is extending a quantum 
of subsidy to wiling farmers for establishing the systems under the Centrally 



Sponsored Scheme of National Mission on Micro Irrigation (NMMI) implemented 
by Department of Agriculture and Cooperation, Ministry of Agriculture. 
 
 

2. IMPACT OF DRIP AND SPRINKLER IRRIGATION 
 
 

(a) Change in Cropping pattern 
 
 
Cropping pattern has been changed after adoption of sprinkler & drip irrigation. 
Beneficiaries have adopted inter, mixed and double cropping system after 
installation of Micro irrigation system which account for 20-50%.  The tendency of 
shifting to inter cropping specially with vegetable crop and pulses has increased. 
 
 

(b) Cropping intensity 
 
 
There is increase in the cropping intensity after installing the unit .  In summer, 
groundnut, sunflower and vegetable crops were grown using the land more 
intensively.  The increase in the cropping intensity ranges from 31% to 50% 
through sprinkler and drip irrigation. 
 
 

(c) Saving in electricity 
 
 
Electric supply for irrigation is available only about 4-5 hours daily (sometimes in 
night) Farmers revealed that there is a saving in number of hours of consumption 
ranging from ½ to 1 ½ hours a day.  The electricity saving is 40% - 75%. 
 
 

(d) Saving in Water 
 
 
The saving of water after adopting sprinkler & drip irrigation is about 39% to 75%.  
This is based on reduction of number of hours to irrigate the same area or to 
irrigate about 30-40% more area during the same period.  After adoption of micro 
irrigation in an hour only 1 feet of water goes down in the well as compared to 2-3 
feet of water in flood irrigation.   
 
 

(e) Change in water table 
 
 
Most of the farmers are having bore wells and many use water from stream, river 
and with the adoption of micro irrigation there is an increase in water table. 
 
 



 (f) Extend of use of benefits 
 
 
Farmers/ beneficiaries adopted this technology utilized the benefit from 40% - 
75% with average utility of 54%. 
 
 

(g) Improvement of soil health 
 
 
Micro irrigation system resembles light rains at regular interval and it facilitates 
building good soil structure. Flood irrigation often damage soil structure due to 
trampling and excess water. But in sprinkler and drip system optimum water is 
provided at regular interval with no hazards on soil structure.  Soil has become 
soft and friable and improves soil health by improving soil structure. 
 

 
(h) Increase in area under cultivation  

 
 
Patches of waste and sloppy lands were converted into green area by using 
micro irrigation. The sloppy lands which could not be irrigated earlier have now 
been irrigated. The area under cultivation increased by about 23%.  
 

 
Figure 3. Chilly field with drip system 
 
 

(i) Increase in income level due to increased production 
 

 
There is an increase in production ranges from 20 to 50% which has 
proportionately increased income and fetched better return by around 10 to 20% 
and there is an increase in income by 36% and due to savings of cost on account 
of labour, electricity and fertilizer. 



       (j) Performance of irrigation system 
 

 
The drip & sprinkler system is very convenient and efficient mechanism of 
irrigation. The system is a labour, water and electricity saving device.  As 
observed in the field farmers are not facing any difficulty or problems in its 
operation and use. 
 
 

 (k)Economic Impact 
 

 
Cost of cultivation varies and benefit cost ratio varies from crop to crop.  The 
Gross Value Product (GVP) increased with adoption of micro irrigation.  Pay back 
period on investment on micro irrigation is shortest in field crops like ground nut, 
potato, cotton and vegetables and relatively higher in fruit /orchard crops.  
Financial rate of return ranges from 30% to 50%. 
 

 
(l)Social Equity 
 

 
The interaction of different social groups on using of micro irrigation system 
brought farmers nearer and in turn improve social relations. 

 
 

3. Initiatives by India 
 
 
Government is promoting the Centrally Sponsored Scheme of National Mission 
on Micro Irrigation since 2005-06 of and providing assistance to all categories of 
farmers @ 60% for small & marginal farmers and @ 50% for general farmers 
alongwith technical support. Micro Irrigation technology is an important 
contributor to enhance food security of India by increasing water use efficiency 
(30-60%), productivity (30-100%) and income (20-50%) of agriculture force (60-
65%). Water & fertilizer management in the crop field through this technology 
engage both farmers and the equipment manufacturers. This MI system 
implementation is the best example of public private partnership model with best 
return of end produce involving central and state Government assistance and 
investment of farmers. Since inception about ` 8000.00 crore has been invested 
for the scheme for implementation of Micro Irrigation System for various 
agriculture and horticulture crops, out of which, 50% is Government assistance 
including State Government (10%) and  another  `4000 crore investment has 
been made by the farmers with the active participation of equipment 
manufacturers. An area of 3 million ha achieved under micro irrigation within six 
years. 
  
 

4. Summary and Conclusion 
 

 
Micro Irrigation technology has been introduced in India during 1980. This 
technology has about 95% efficiency. It includes drip and sprinkler irrigation 



system which involve frequent water application to agriculture field in small flow 
rates, on or below the soil surface. The volume of water is applied directly to the 
root zone in quantities required by particular flora, viz. sugarcane, cotton, mango, 
tomato, grapes, watermelon, potato etc. Fertilizer/nutrients are also applied with 
water through this system. The indispensible part of this system is the emitter 
through which water flows at variable pressure. The drip system involves 
technology for irrigating plants at the root zone through emitter filted on network 
of laterals (carrying water) installed at pre determined distance as per the flora. 
The sprinkler system discharged water under pressure in the air through a set of 
nozzles attached to a network of pipes stimulating like rainfall or mists. 
 
The technology ensures increase in crop yield, higher quality of crops, less water 
and energy consumption, less chemicals and fertilizer use, reduced water 
leaching and run off, less weeds and less soil compaction. Increased yield, 
reduced harvesting time and economy in water use are the factors which 
promoted its adoption particularly in high value crops. With the launching of micro 
irrigation programme production of crops would be doubled within a decade 
without horizontal expansion of area. 
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APPLIED DESIGN CONCEPT: ZERO ENERGY 
MICROIRRIGATION SYSTEM 
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ABSTRACT 
 
 
Irrigation (water) is one of key function in crop production. Appropriate premeditated and 
designed Micro (Drip) Irrigation System results in achieving benefits like increase in yield, 
water savings, power stash, fertilizer stash etc. In the modern scenario, power economy 
is becoming very important factors in Irrigation sectors because of colossal investment & 
chronic cost and short fall. 
An assortment trials and experiments were conducted at various parts of the world and 
established persuading results. The present article describes a proven concept for 
designing of zero energy microirrigation system with photographs and sketch. This 
applied design concept is going to be very much useful for those who trust & thrust on 
energy conservation, environment fortification, pollution control and carbon credits. 
 
 

Review 
 
 
Micro Irrigation is the advanced method of applying water to the crops via network of 
macro & micro tubing and regulated emitters /drippers. It is true that most of the micro 
irrigation systems in the world work on higher pressure and require higher energy / power 
(electrical or diesel). Cumulative indirect side effects of such system are trouncing of 
power, addition pollution to environment and wastage of natural resources. To overcome 
such issue, Jain Irrigation Systems Ltd (JISL) has developed a design concept for zero 
energy requirement micro irrigation system.  
Such systems are more popular in African countries, rural and tribal areas in India for 
smaller land holdings where there is no power available. Schematic layout is highlighted 
in next page. 
 

Principle 
 
 

This concept is very simple to understand and design. Basic fundamental of this system, 
potential Energy of earth is being used to counter balance the cumulative frictional head 
losses occurs in the hydraulically balanced network by limiting the velocity at minimal at 
chock-full discharge. 
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Algebraic Expression 

e   - energy. 
hf - hydraulic frictional head losses. 
v  - velocity limit. 
q - discharge limit. 
z - potential head limit. 
 

 

 

 

 
Prime objectives 

 
 

Followings objectives are to be kept in mind while designing of zero energy micro 
irrigation System: 

To maintain the higher system and irrigation efficiency by means of higher emission 
uniformity at lower discharge rate. 

1. To maintain the zero energy level during operating of irrigation system. 
2. To maintain optimum moisture level in soil for optimization of crop yield. 
3. To keep both initial investment and annual cost at minimum level. 
4. To design a suitable type of system that will last and perform well. 
5. To design a manageable system that can be easily operated and maintained. 
6. To fulfill the water and fertilizer application requirement of crops. 

 
 

Design Inputs 
 
 

Following inputs are required for designing of zero energy micro irrigation system:  
1. Engineering Survey: Topographical map, Detailed Contour Survey. 
2. Agricultural data: Crops, spacing, variety, water requirements, agronomical 

practices. 
3. Meteorological data: Temperature, Relative humidity, Rain fall, Wind velocity / 

directions, Sun Shines, Evaporations etc. 

 

∑  = ∑Δ hf                

 



4. Water Resource / Hydrology data: Main source, locations, Quantity of water 
available seasonal, water assessment and water balancing. 

5. Soil Characteristics: Soil texture & type, water holding capacity, hydraulic 
conductivity, fertility, pH & EC, Salinity. 

6. Soil and water sample collection and analysis in lab. 
 
 

Design Output 
 

 
Considering above parameters an appropriate zero energy micro irrigation system has to 
be designed in various stages: 
 
7. Design of System capacity and water assessment. 
8. Crop water requirement, water balancing and irrigation scheduling. 
9. Hydraulic network designing and balancing of Drip Irrigation System at zero 

energy level. 
System design starts with selection of the suitable emitter depending on type of crop, 
water requirement, operating time, soil type, and water quality. The length and size of 
lateral lines are determined based on the lateral line flow rate, field size, etc. Similarly, the 
size and length of the sub-main pipe is determined. Each sub-main is an individual unit 
with its own control valve. The whole area is then divided into different sub-main units 
and the number of sub-main units that can operate at any given time is based on system 
capacity and ground elevation. Operational sections should be designed in such a way 
that the discharge is equilibrium for all operational section at minimal velocity. The size of 
the main pipe can be determined by limiting velocity and discharge so that frictional head 
losses should be within specified limits given by the manufacturer.  Total energy 
requirement has to be worked out by addition of parameter like frictional head losses in 
filtration unit, fittings plus permissible operating pressure of system. Total energy 
requirement should be adjusted in the calculation to equilibrium the potential head without 
addition of external power. In the below sketch there are two model layout of drip 
irrigation system has been illustrated to get idea of zero energy micro irrigation system. 
The left sketch shows the zero energy drip irrigation system on flat land with proper 
energy gradient. While in right sketch shows the advantage of natural gravity / slope used 
for working of micro irrigation system. 
 
 

                        
Zero Energy Micro Irrigation System  Zero Energy Micro Irrigation System on 

on flat land        undulating land. 
 



 
 

Comparison of powered & zero energy micro irrigation system for 1 ha basis. 
 

Sr. Parameters Powered Micro Irrigation 
System (for 1 ha area) 

Zero Energy Micro Irrigation 
System (for 1 ha area) 

1. Power (HP) required 2 0 
2. Electrical units per year 3600 0 
3. Electrical bill per year @ $ 0.15 per unit US $ 540.00 0 
4. Irrigation efficiency 90 % 90 % 
5. Additional Investment in piping system 0 US$  300-500 
6. Additional investment in civil works-water tank, 

platform to get sufficient potential head. 
0 US $ 10,000-25,000 (depending 

upon topography) 
 

Limitations in Zero energy micro irrigation system. 
 
1. Topography / gravity head is the important factors in designing of system. It is not 
always  possible to design a zero energy system for all kinds of topography. 
2. To maintain a desired gradient, cost of excavation and leveling is higher. 
3. Construction of storage tank may require which increases the cost. 
4. Construction of platform + supporting structure are required to get substantial 
potential  head. 
5. Experienced design engineer is required to design such scheme. 
6. Skilled technicians are required for installation of such system in the field. 
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Irrigation (A Part of Certified Invention) 
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1. Dependence of irrigating all the area on one irrigation system and Apparatus  

 
 
 
 
 

ABSTRACT 
 
 

Radial irrigation system and apparatus and irrigation regular and irregular lands, 
which is known as the first Pressurized irrigation system and apparatus in Iran, and 
the newest irrigation system and apparatus in the world, not only solves many 
difficulties of the present irrigation systems in the world, but also has a lot of 
advantages. This system has the capability of irrigating different lands with various 
shapes like triangle, square, rectangle, lozenge, parallelogram, regular hexagon, and 
irregular lands. 
 
 

Introduction 
 
 

Overview of  Difficulties of Pressurized Irrigation Systems in World and Iran  

2. Lack of coordinated and regular  irrigation of the farm in one irrigating process. 
3. Time-consuming method to irrigate the whole farm. 
4. Obstruction in water transferring pipes, and irrigation pipes. 
5. Severe and unfavorable effect of the wind on the function and output of the system, 

and on uniformity of water distribution on the land.  
6. Lack of extension in functioning level of irrigating devices and systems. 
7. Large-Scale dimensions and existence of aerial structures in irrigating devices and 

systems. 
8. Lack of the adjustment  height of irrigation. 
9. Irrigating devices and systems being blown away by wind. 
10. Rust in the wheels of the devices. 
11. Poor efficiency of the devices in steep slopes and transverse slopes. 
12. Bending of the pipes and their disposition while transferring. 
13. Possibility of damage in small parts of irrigation system resulting in the damage of 

the entire system and loss of all the crops. 
14. Lack of uniformity in water distribution due to negative slope in the farm because 

of a simultaneous positioning of one part of the system in positive slope and one 
part in negative slope. 
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15. Need for a very precise management of the system. 
16. An obvious loss in friction of the pipes in center pivot system. 
17. Water loss on the farm and water waste in center pivot system, as a solution 

results in excessive daily pipe cycle and an increase of watering time. 
18. Tension for old trees, for the first and second years after performance of drip 

irrigation 
19. Failure to water the corners of square-shaped fields in center pivot irrigation. 
20. Superficial planning of center pivot systems. 
21. Sever damages to irrigation pipes by rodents. 
22. Hard damages to plant  growth due to low security in the water supply in roots 

zone of drip irrigation systems. 
23. Imprecise installment of the pipes and  inaccurate  work to install pipes in wet 

lands. 
24. Stealing the pipes because of their expensive price and presence of long and 

numerous watering pipes networks. 
25. Failure to uniform irrigation of the entire root  zone in drip irrigation systems. 
26. Need for consideration of depletion valves  in irrigation devices and systems. 
27. Problems for irrigation systems due to wet soil. 
28. The performance  possibility of only one cultivation model and one special form to 

cultivate plants using the available watering systems in the world.  
29. Positional salinity and unorganized distribution in the soil in drip irrigation system. 
30. Obstruction of the pipes due caused by the salinity in the irrigation water. 
31. Failure irrigation schedule due to the dysfunctions of the irrigation systems 

caused by unfavorable climatic conditions. 
 
 

Materials and Methods 
 
System and apparatus of Radial irrigation is the novel system and apparatus of 
pressurized irrigation and the most up-to-date irrigation system and device in the 
world and Iran. The mechanism is dependent on the changes of water supply being 
distributed according to the changes of the voltage in the system. Radial irrigation 
system and method has the capability of watering all shapes of regular fields, 
(square, triangle, rectangle, lozenge, parallelogram, regular hexagon)and irregular 
fields. 
Here is  irrigating of a square-shaped farm by Radial irrigation system; 
In junction of the diameters of the square with the line the cuts the square in two 
equal sections, 8 devices in 8 different directions, which includes 4 directions on the 
diameters of the square with 4 directions on the line the cuts the square in two equal 
sections (all the eight directions are in the figure1), are installed and are put toward 
the corners of the square (Figure 1). Directly after the irrigation order, all the 8 
devices simultaneously start working to 8 different directions (figure 1), and 
simultaneously all the eight machines irrigate; So each device would water one 
section of the square (figures of 2-A,2-B,2-C), with the movement of the devices 
outwards (middle of the sides and corners of the field),and  the device function is on 4 
directions and on the line that separates the square in two equal parts (figure 2-A), 
through first to end of path, in two sides of apparatus irrigation from zero to the 
desired level  is equally and simultaneously would be increased. Also the functions of  
the machines on the diameters of the square, through first path to the junction and the 
tangent line on the     inscribed imaginary circle in the square (figure 1), from zero to 
the desired irrigation level at the end of the radius of the circle in both sides of the 
device would be equally increased, and from the end of the considered length to the 
corners of the square, the irrigation will equally, but  with a higher speed would be 
decreased in order to no irrigation in the corners. 
 Also total irrigation of regular lands (triangle, square, rectangle, lozenge, 
parallelogram, hexagon and ….) follows the so-called irrigation method. 



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 1: Instance method and system of Radial irrigation 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Figure2-A: Radial irrigation perpendicular of divide in halves systems 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure2-B: Radial irrigation diameter systems 



 
 
 
  
 
 
 
 
 
 

 
 
 
 
 
 

 
Figure2-C:common lands in two last figures 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Figure2-D: basis of  Radial irrigation work 

 
 
In addition, using some special particulars of  increasing and decreasing the amount 
of water  being distributed in the system, the radial irrigation system can also be used 
to water irregular fields(Figures 3-A, 3-B). 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure3-A: basis or irrigation of irregular lands 



 
Figure3-B: : basis or irrigation of irregular lands 

 
 
Total functioning system and irrigation by radial irrigation system and device, in one 
section of a square-shaped land, can be designed in two different ways: 1. using 3 
sprinkler with the same discharge and irrigation radius,…(which is defined in every 
step by us), in both sides of the device 2. using 3 sprinkler with different irrigation 
radius. In the main radial irrigation system (figures 2-A, 2-B, 2-C), after the start of 
irrigation order, the radial irrigation device starts irrigation from the beginning of the 
route. At the beginning of the movement, the radial irrigation in both sides of the 
device and for all the six sprinklers( (as examples) is zero. From the beginning of the 
path, all the sprinklers at  two sides of the device start  irrigation with a very low 
irrigation radius,…. The irrigation radius for the three sprinklers in two sides of 
apparatus would be increased to get to a specific percent of total length, by the 
increase in the voltage of the system. At the end, the lowest  sprinklers (the first ones) 
at both sides of the machine, get  to the defined radius of irrigation (for the case that 
the sprinklers are the same and the radius of irrigation is equal from top to the bottom, 
and the first triangle is formed, and to the end of the path (figure 2-A), (and of course 
except the diameter paths in which the irrigation radius after a specific distance starts 
decreasing in order to get zero in the corners (figure 2-B)), water the land with the 
same irrigation radius. Then, the watering by the middle (second) and upper (third) 
sprinklers increase to same methods. After the specified distance, the amount of the 
second sprinklers at both sides of the device is reached to the level, we decide (the 
second triangle is formed).Till  end of the path, these two sprinklers continue watering 
the land with the ultimate defined power; then the irrigation radius for the upper (third) 
sprinklers at two sides of the device is increased, and to the end of the path, reaches 
its most irrigation amount in the system. In this point, the third triangle is also formed. 
The function of the four systems and the devices that is put on the diameters in radial 
irrigating up to the imaginary circle, or the points tangent to the circle, is exactly like 
the functions of the devices that are put on the separating line to equal sections of the 
square (either using sprinklers with the same or different specifications). The only 
difference between these two systems is at the excessive time of the functions of the 
first system, which is in contrast  to the function of the radial irrigation system. In 
diameter irrigation system, the irrigating specifications of the sprinklers would be 
decreased from the third sprinklers to the first onewhich leadsto continue until no 
irrigation in the corners. 
The method, system, and the device for radial irrigation and watering regular and 
irregular lands can also be used in a small scale and even in a miniature-scale in 
greenhouses and green places in order to water the plants. 
 



Discussion and Results 
 
 

The advantages of Using Method, System, and The Apparatus of Radial 
Irrigation and Watering Regular and Irregular Lands to Solve Some Of the 
Problems of  Irrigating System (Pressurized) in Iran and in the World: 
1. Usiage of eight systems and radial irrigating devices to water the entire land 
(square-shaped)and being independent of only one irrigation system and device. 
 2. Uniform watering of the entire farm in one irrigation process.  
3. Irrigating the whole farm in a instance. 
 4. No application of long networks and numerous pipes in radial irrigation and in 
result; No obstruction in the watering pipes.  
5. Reduction of  unfavorable effect of the wind on the watering and productivity of the 
farm by using some ways like: Adjustment  the speed and the direction of each 
machine of  the radial irrigators according to the wind and the possibility to enhance 
the direction and the angle of the sprinklers in every device in the radial irrigation 
system, 
 6. Potential of expansion the  functioning  area of  the devices in the radial irrigation 
system, and the chance  to increase the area under irrigation of large-scale lands and 
plains by  using the same system machine. 
 7. No need to build aerial structures in radial irrigation devices. 
 8. The possibility to adjust the height of irrigation in radial irrigation system and 
device. 
 9. Not being subject  to being blown away by wind in windy places for radial devices 
(due to the concentrations of the device's weight in small scales, and no need to use 
aerial structures in order to keep the balance of the radial irrigation system and 
device.  
10. Prevention of  rust  in the wheels, because of  the water drops on the device and 
the wheels, due to placing the sprinklers  in outer part in two sides of the device. 
 11. The possibility of using radial irrigation system and device on steep slopes and 
transverse slopes. 
 12. No rug in the device and no displacement of it while movements of the radial 
irrigation system and device.  
13. In case of any problem for the radial irrigation system and device, only one part of 
the farm would be affected, not all of it. 
 14. Not using long networks of pipes, and in result, no problems due to the lack of 
uniformity caused by the effects of the slope on the system of the watering pipes.  
15. Low sensitivity to a fixed managing system, due to the fact that irrigating all the 
area is not dependent  on only one irrigating device and system. 
 16. In radial irrigation system and device, because of no need to different pipes (for 
the devices), we would not  face the problem of transferring a large body of water to 
the end of the pipes (in center pivot), which caused a very huge drop in friction of the 
pipes and the device. 
 17. In radial irrigation system and method, we would not face the problem of water 
loss as in center pivot system. 
 18. An organized and regular  irrigation of the entire area and the roots due to the 
use of radial irrigation system. 
 19. Facing no problems like the ones in the center pivot like not watering the corners.  
20. Designing the radial irrigation system is so easy and understandable due the legal 
features of  functions of the system and radial irrigation device. And because of 
dividing the square-shaped land into 8 sections (in the model system), the design of 
radial irrigation system can be done according to the specifications of each 
section(soil,…). 
 21. In radial irrigation system and method, because there are no watering pipes, we 
would not have problems like these: sever damages to the pipes and the irrigation 
system by rodents, (for example damages to pipes in drip irrigation by rodents), and 
the loss of all the agricultural crops.  



22. In radial irrigation system, because of water all the roots zone of the entire 
land,not facing to drip irrigation problems like damages to the plants caused by a 
cease in irrigation because of unpredictable reasons, and no sufficient water supply in 
the roots, are rare. If the irrigation is stopped, the plants undergo sever damages, 
because in this case, the ability of the roots to get water and minerals is limited to a 
very small wet area.  
23. No problems due to using pipes in or on the land.  
24. No stealing problems in radial irrigation system.  
25. Watering of all the roots' extension area in radial irrigation system, in contrast to 
drip irrigation system.  
26. No rug problems because the pipes are full of water, or a need for depletion 
considerations, or need for a long time for depletion in radial irrigation system. 
 27. No problems of movements of device caused by the wetness of the path.  
28. In radial irrigation system, because of the farm is divided to different sections, and 
each sections is watered individually, different cultivation methods can be designed 
according to the waternecessity of each section.  
29.Uniform dispensation of water in the roots extension area . 
 30. No obstruction of the pipes in radial irrigation system. 
31. Continuous  and steady work in unfavorable climatic conditions . 
 
 

CONCLUSIONS 
 
 
Method, system and apparatus of  Radial irrigation and irrigation of regular & irregular 
lands, is a novel  irrigation system in the world. The system also was certified by 
Power Minisitry Of  Iran , Agriculture Ministry, Science and technology park of Urmia, 
Agriculture engineering organization Of Iran, Urmia university and Central 
Organization of Persian improvement process engineering company. 
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