


Improving On-Farm Agricultural Water Productivity in 
the Karkheh River Basin Project (CPWF- PN8)

International Center for 
Agricultural Research 
in the Dry Areas

Agricultural Research, 
Education, and 
Extension Organization 

M. Moayeri, H. Dehghanisanij, A. F. Nato, H. Siadat, F. Abbasi and T. Oweis

Assessment and Improvement of Wheat and 
Maize Water Productivities in Lower Karkheh 

River Basin

Research Report no. 9



ii

Copyright © 2012 ICARDA (International Center for Agricultural Research in the Dry    
Areas)

All rights reserved.

ICARDA encourages fair use of this material for non-commercial purposes, with proper 
citation.

Citation: Moayeri, M., Dehghanisanij, H., Farhad Nato, A., Siadat, H., Abbasi, F. and 

in Lower Part of KRB. CPWF Karkheh River Basin Research Report 9.
ICARDA, Aleppo, Syria. x + 103 pp.

ISBN: 92-9127-274-4

International Center for Agricultural Research in the Dry Areas (ICARDA)
P.O. Box 5466, Aleppo, Syria. 
Tel: (963-21) 2213433
Fax: (963-21) 2213490
E-mail: ICARDA@cgiar.org
Website: www.icarda.org

The views expressed are those of the authors, and not necessarily those of ICARDA. 
Where trade names are used, it does not imply endorsement of, or discrimination 
against, any product by the Center. Maps have been used to support research data, and 
are not intended to show political boundaries.



iii

Acknowledgments

This report presents ndings from CPWF PN08 “Improving On-farm Agricultural 
Water Productivity in the Karkheh River Basin”, a project of the CGIAR Challenge 
Program on Water and Food. 

We gratefully acknowledge the contributions and support provided by the following 
individulas: Arzhang Javadi, Ziaoddin Shoaei, Ahmed Amri, Mohammad Roozitalab, 
Nader Heydari, Ahmed Hachum, Vinay Nangia and the research scientists and 
technicians at Sa  Abad Agricultural Research Station.

The authors would also like to thank the following institutions for their support:
CGIAR Challenge Program on Water and Food (CPWF); Agricultural Research, 
Education, and Extension Organization (AREEO), Ministry of Jihad-e-Agriculture, 
Iran; Agricultural Engineering Research Institute (AERI), Karaj, Iran; Sa  Abad 
Agricultural Research Center, Dezful, Iran; and the local extension service of 
Sorkheh, Khozestan, Iran.



iv

Partner Institutions

Project Leader: Dr. T. Oweis, Director, Integrated Water and Land Management Program (IWLM), 
ICARDA.
Project National Coordinator: Dr. A. Javadi, Director General, Agricultural Engineering Research 
Institute (AERI).
Basin Coordinator: Dr. N. Heydari, AERI, Iran.

Project principal investigators 

Project Team: Mansour Moayeri, Hossein Dehghanisanij, Abdolmajid Farhad Nato, Hamid Siadat, 
Fariborz Abbasi and Theib Oweis.

Name Professional discipline Institution Title
Theib Oweis
Fariborz Abbasi

Irrigation and water 
management Irrigation

ICARDA 
AERI

Director of the IWLMP Program 
DDG, AERI

Asad Qureshi Water resources engineer IWMI IWMI-Iran program coordinator
Theodor Hsiao Plant physiologist UCD Prof., Water Science
Abbas 
Keshavarz

Irrigation and drainage 
Engineer

AREEO Director, SPII

Ali Cheraghi Soil scientist AREEO DG, Iran National Center for 
Salinity

Kamel Shideed Agricultural Economist ICARDA Assistant Director General
(International Co-operation and 
Communication)

tsigoloceorgA roineSADRACItsigolocEwuaP eD yddE

latsoP noitutitsni fo emaN
address

Email

International Center for Agricultural Research 
in the Dry Areas

ICARDA, 
P.O.Box 5466, 
Aleppo, Syria

icarda@cgiar.org

International Water Management Institute 
(IWMI)

P.O.Box 2075
Colombo, Sri Lanka

IWMI@cgiar.org

Agricultural Research, Education, and 
Extension Organization (AREEO)

P.O.Box 19835-111, 
Tabnak Ave., Tehran, 
Iran

areeo@dpimail.net

Agricultural Engineering Research Institute 
(AERI), Iran

AERI, Karaj, Iran

University of California, 
Davis (UCD)

UC Davis, Davis, CA 
954616 USA

tchsiao@ucdavis.edu



v

Contents

   yrammuS evitucexE
 ix

Chapter 1. Introduction and description of the project site  1 

1.1 Introduction  3 
1.2 Objectives  5 

6  nisab revir hehkraK rewol eht fo noitpircseD 3.1
 1.3.1 Climate  6 
 1.3.2 Drainage requirements of lands in northern parts 
         of lower KRB (Paieh pol elds)  7 

1.3.3 A glance at present agriculture  13 
1.3.4 Cropping patterns  13 
1.3.5 Reference evapotranspiration  14 
1.3.6 Crop water requirement  15 

 91  noitpircsed etis hehkroS 4.1
1.4.1 General observations on the living conditions of farmers inhabiting 
        Evan Plain (Sorkheh region)  22 
1.4.2 Characteristics of the villages of Evan Plain  22 
1.4.3 Cooperatives and other establishments  22 
1.4.4 Condition of the land  22 
1.4.5 Provision of irrigation water  23 
1.4.6 Providing agricultural water from the river  23 
1.4.7 Providing irrigation water from Dasht-e Evan network  23 
1.4.8 Providing irrigation water from wells  26 
1.4.9 Agricultural equipment  26 

 72  ytivitcudorp retaw taehw fo tnemssessA .2 retpahC

 92  noitcudortnI 1.2
 53  sdohtem dna slairetaM 2.2
 83  noissucsid dna stluseR 3.2

2.3.1 Soil properties  38 
2.3.2 Climatic characteristics of the region  38 
2.3.3 Wheat water productivity  40 

 94  stluser fo yrammuS 4.2

 15  ytivitcudorp retaw eziam fo tnemssessA .3 retpahC

 35  noitcudortnI 1.3
 55  sdohtem dna slairetaM 2.3
 75  noissucsid dna stluseR 3.3

3.3.1 Soil properties  57 
3.3.2 Climatic characteristics of the region  58 
3.3.3 Maize water productivity  58 

 76  stluser fo yrammuS 4.3



vi

Chapter 4. Methods of improving wheat water productivity  71

 17  noitcudortnI 1.4
 37  sdohtem dna slairetaM 2.4

4.2.1 Geographical location  73 
4-2.2 Treatments  73 

 47  snoissucsid dna stluseR 3.4
4.3.1 Characteristics of the trial elds  47  
4.3.2 Soil test results  74 
4.3.3 Meteorological data  75 
4.3.4 Experimental results  75 

 08  snoitadnemmocer dna stluser fo yrammuS 4.4

Chapter 5. Methods of improving maize water productivity  81

 38  noitcudortnI 1.5
 68  sdohtem dna slairetaM 2.5

5.2.1 Improvement of corn water productivity in the farms of Dasht-e-Evan  86 
5.3 Results   88 

5.3.1 On-farm trials  88 
5.3.2 Results of the experiments at the Sa  Abad Station  93 

References 98 



vii

Abbreviations

AREEO  Agricultural Research, 
Education, and Extension 
Organization

AERI Agricultural Engineering 
Research Institute 

CGIAR Consultative Group on 
International Agricultural 
Research 

CPWF Challenge Program of Water 
and Food

CWP Crop water productivities

EC Electrical Conductivity

ET Evapotranspiration

FAO Food and Agriculture 
Organization

ICARDA International Center for 
Agricultural Research in the 
Dry Areas

KRB Karkheh River Basin

PAW Productivity of total Applied 
Water

SASC Sorkheh Agricultural Center

SCS Soil Conservation System

SI Supplemental Irrigation

WANA West Asia and North Africa

WP Water Productivity

WUE Water Use Ef ciency





ix

Executive Summary

This report on ‘Assessment and Improvement of Wheat and Maize Water Productivity 
in Lower Karkheh River Basin’ helps researchers and scientists interested in sustainable 
water development to improve the Water Productivity (WP) of wheat and maize in 
irrigated lands of the Karkheh dam downstream. 

The Karkheh River Basin (KRB) is an important agricultural zone, located in the south-
west of Iran where two major agricultural production systems prevail, a rainfed system 
upstream of the newly built Karkheh dam, and a fully irrigated system downstream of the 
dam. The quality of the river water is good (electrical conductivity (EC) ranging between 
0.9 dS/m and 1.7 dS/m, depending on the different seasons and locations along the 
river). The area is suitable for a wide range of crops, such as wheat, maize, alfalfa, and 
off-season vegetable crops. The agricultural water resources of the KRB consist of both 
surface and groundwater. Given the high potential of agricultural land and the possibility 
of using high quality water from the dams; the rationalization of these areas could have 
signi cant effects on the economy of the region and the country. The average irrigation 
ef ciency (the ratio of amount of water used for evapotranspiration to the amount of 
water diverted from the reservoir) in the lower KRB is 30% and average WP is 0.5 kg/m3 
– lower than the country averages of 37% and 0.8 kg/m3 (Keshavarz et al., 2005). 

Based on the results of this two-year study, the average irrigation and rain WP, water 
application ef ciency (WAE) and maize crop water productivity (CWP) were 0.38 kg/
m3, 38.6 % and 1.01 kg/m3, respectively. Several practices were examined to improve 
maize water productivity. Inside-furrow planting (T5) had less water losses compared to 
the common planting and irrigation method (T1) thus, having a grain yield higher than 
(T1). It was also found that by the application of a planting and irrigation management 
method according to (T5), it is possible to reduce water consumption by up to 31%. 
The (T5) method also caused a signi cant increase in IWP and CWP compared to (T1). 
In the range of moisture stress of this study, by providing 75 percent of the crop water 
requirement, the predicted IWP will be 1.3 kg/m3 of water consumed by the plant. 
Variable alternate furrow irrigation method cannot be recommended due to high irrigation 
water consumption resulting from water in ux from wet furrows into the neighboring dry 
furrows. Double row planting on 75 cm ridges (T3) had higher dry matter, grain yield, and 
IWP compared to the farmers’ practice (T1), but had less IWP than (T5). According to this 
study, proper surface irrigation management methods and furrow planting could increase 
irrigation water productivity (IWP) to values 45% higher than the prevailing farmers’ 
practice i.e. the control treatment.  In addition, using drip irrigation increased irrigation 
water productivity (IWP) by three fold.

The observations in the study indicate that the factors behind low WP include: 1) poor 
farmer knowledge of irrigation management, 2) bad crop management practices, 3) 
plant nutrient de ciency, 4) high water and soil salinity, 5) large wetland areas, and 6) 
poor functioning of drainage systems. However, researchers who conducted the study 
clari ed that by improving research, as well as farm and irrigation management skills, 
the average irrigation WP for wheat in the studied area would increase from 0.84 kg/m3 
to 1.1 kg/m3.



x

The study concludes with recommendations like replacing current corn varieties in the 
region with high-yielding ones, planting corn seeds at the bottom of the furrows to give 
a 20% to 30% decrease in the amount of irrigation water consumed, planting at the 
bottom of the furrows to reduce the amount of irrigation water consumed and to increase 
irrigation water productivity. 
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Chapter 1.

Introduction and description of the project site
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1.1 Introduction

Global agriculture in the 21st century 
faces two major challenges: total 

food production needs to increase to feed 
a still-growing world population, and this 
increase needs to be accomplished under 
increasing scarcity of water resources. 
Falkenmark and Rockström (2004) 
estimated that, to adequately feed 9.3 
billion people in 2050, consumptive water 
use (i.e. transpired water) by all food 
and fodder crops needs to increase from 
its present estimated level of 7000 km3/
year to 12,586 km3/year. However, fresh 
water resources are increasingly scarce 
because of increased competition among 
a multitude of users (Pimentel et al., 
2004; Rijsberman, 2006). The challenge 
to produce more food under increasing 
water scarcity has led to the notion that 
crop water productivity (WP) needs to 
increase (Kijne et al., 2002; 2003).

In West Asia and North Africa (WANA) 
region, water resources are generally 
scarce, and agriculture’s share of these 
resources is declining due to competition 
from the domestic and industrial sectors. 
In this region, a typical Mediterranean 
climate prevails, with rain falling mainly 
during the winter (and a lesser amount 
during the warmer spring period). This 
rainy season is followed by a hot, dry 
summer. Rainfed crop production under 
this climate thus depends strongly on 
both the amount and distribution of 
rain. In the WANA region, the amount 
of rainfall is low and generally poorly 
distributed, so periods of soil-water 
de ciency occur during the grain- lling 
stage of wheat (Triticum aestivum L.) 
almost every year (Oweis et al., 1992). 
As a result, crop yield and water use 
ef ciency (WUE) are generally low and 

variable. The production of 1 kg of wheat 
grain under fully-irrigated conditions 
requires between 1and 2 m3 of irrigation 
water (Perrier and Salkini 1991); in 
rainfed areas it requires between 1 and 
3 m3 of rainwater (Cooper et al., 1987a; 
Perrier and Salkini 1991). Since water is 
the major limiting factor for agriculture 
in the WANA region, improving WUE 
is vital for meeting the increasing 
food demand (Cooper et al., 1987b). 
Supplemental irrigation (SI) is de ned 
as the application of a limited amount of 
water to rainfed crops when precipitation 
fails to provide the essential soil moisture 
for normal plant growth. This practice has 
shown potential to alleviate the adverse 
effects of unfavorable rain patterns and 
thus improve and stabilize crop yields 
(Perrier and Salkini, 1991; Oweis et al., 
1998; Zhang and Oweis, 1999). Early 
studies by ICARDA showed that applying 
two or three irrigations (of between 80 
mm and 200 mm) to wheat increased 
grain yield by from 36% to 450%, and 
produced similar or even higher grain 
yields than under fully irrigated conditions 
(Perrier and Salkini, 1991; Oweis, 1994).

In the water-scarce areas of WANA, 
water, not land, is the most limiting factor 
to wheat production. Satisfying crop 
water requirements, although maximizes 
production from the land unit, does not 
necessarily maximize the return per 
unit volume of water applied. Improving 
WP can contribute to water savings, 
which can be used to irrigate additional 
land with higher total production and/
or improve the sustainability of the 
existing water resources. It is assumed 
that maximum WUE may be achieved at 
irrigation levels below those that satisfy 
full crop irrigation requirements.

Chapter 1. Introduction and description of the 
project site
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The concept of ef ciency with respect to 
the use of water resources in agriculture 
has been somewhat confusing (Oweis 
et al., 1999), although some agricultural 
specialists continue to use yield per 
unit area as the indicator of production 
ef ciency. In recent decades, because 
of increasing limitations of water 
resources, higher demand for food, and 
environmental problems, the views of 
agricultural authorities and scientists 
have been inclined to increasing yield per 
unit volume of water used. In this regard, 
Molden (1997) introduced the concept of 
WP.

For better understanding of WP, Molden 
et al. (2003) have de ned it at different 
scales – plant, eld, project, and water 
basin – and indicated that high WP 
at one scale is not necessarily high 
on another scale. In situations where 
economic ef ciency is considered, the 
determination of WP becomes more 
complicated. WP varies from region to 
region and from eld to eld and depends 
on several factors, including planting 
pattern, cultivar, rotation, climate, 
irrigation method and management, 
the land and its characteristics, and 
tillage practices. The WP increases 
with increasing crop yield and/or by 
decreasing the non-bene cial loss of 
water (such as evaporation and runoff).

For the worldwide CGIAR Challenge 
Program on Water and Food, in addition 
to improving WP, social affairs and 
environmental conditions should also 
improve.
The challenge of increasing water use 
ef ciency requires development of 
scienti c and technical activities and the 
establishment of new opportunities such 
as:

Development of new genotypes of 
plants which are drought-tolerant
Integrated management of water 

resources in a basin and its 
environment
Effeicnt water management in 
agricultural units.

The WP index is one of the basic factors 
in determining the ef cient use of water 
for agricultural production. This index 
indicates the amount of yield per unit of 
water used per unit area. The meaning 
of a unit of water used is not always 
the same. In some cases, it is de ned 
as the unit volume of water evaporated 
or transpired, while in other cases, it 
is de ned as the unit volume of water 
conveyed from a water source (e.g. a 
dam) to the eld.The simplest de nition 
of WP is the yield per unit volume of 
water used. Another de nition indicates 
the income per unit volume of water 
used. The role of water use in gross value 
of production or gross domestic product 
has a different meaning to that in WUE 
(Heidari et al., 2006). 

Iran is located in the northern 
hemisphere between latitudes 25° and 
40° N and longitudes 44° and 63° E, in 
one of the driest regions of the world. 
Mean annual precipitation is 252 mm, 
which is less than one-third of the 
world’s mean (1050 mm). With the high 
evaporation potential of the country 
(between 1500 mm/year and 2000 mm/
year), nearly 70% of the precipitation 
evaporates before use (Keshavarz et al., 
2005). It is estimated that there are 51 
million ha (Mha) of cultivable land in Iran, 
of which 37 Mha are arable lands. Just 14 
Mha are used for agricultural production 
(Agricultural Statistics, 2004) and of 
these, only 8.1 Mha are irrigated because 
of limited water resources. However, of 
the available 93 billion m3 of surface and 
ground water, approximately 84 billion m3 
(93%) is used annually by the agricultural 
sector (Dehghanisanij et al., 2006). The 
irrigated area of the country has been 
estimated at 8.1 Mha by the Ministry 
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of Jihad-e-Agriculture (Agricultural 
Statistics, 2004), and uses nearly 10,375 
m3/ha of water annually. Most of this area 
is planted to wheat and barley, which 
account for half of this water in seasonal 
evaporation and transpiration. The gures 
indicate a lack of ef cient irrigation 
management. There is no comprehensive 
information provided for the ef ciency of 
water consumption in Iran, particularly 
for different basins, and few case studies 
have been conducted in different regions 
of the country.

The Karkheh River basin (KRB) is an 
important agricultural zone, located in 
southwest Iran. In the KRB, two major 
agricultural production systems prevail, 
a rainfed system upstream of the newly 
built Karkheh dam, and a fully irrigated 
system downstream of the dam. The 
river water quality is good (Electrical 
Conductivity (EC) is between 0.9 dS/m 
and 1.7 dS/m), although it varies both 
seasonally and along the river. The area 
is suitable for a wide range of crops, 
such as wheat, maize, alfalfa, and off-
season vegetable crops. The total area of 
KRB is 5.2 Mha, of which only 1.07 Mha 
is irrigable and 0.9 Mha is suitable for 
dryland farming. Of the total cultivated 
area, more than 70% is under cereals 
(wheat and barley). The agricultural 
water resources of the KRB consist of 
both surface and groundwater.

1.2  Objectives

In the southern part of the KRB, although 
the potential for irrigated farming is 
high and there is a drainage system, the 
weak irrigation management, salinity 
of water and soil, large wetlands areas, 
and improper functioning of drains are 
considered limiting factors in improving 
WP. In the northern part of the KRB, 
which is studied in this research, 
the farmers have little knowledge of 

irrigation and agriculture management 
and there has been inadequate research 
in this eld. Given the high potential of 
agricultural land and the possibility of 
using high quality water from the dams, 
wise use of these areas could have 
signi cant effects on the economy of the 
region and the country.

Average irrigation ef ciency (the 
ratio of amount of water used for 
evapotranspiration to the amount of 
water diverted from the reservoir) in the 
lower KRB is 30% and average WP is 0.5 
kg/m3 – lower than the country averages 
of 37% and 0.8 kg/m3 (Keshavarz 
et al., 2005). Different factors cause WP 
to be low in the region. They include 
low irrigation ef ciency and poor tillage 
and irrigation management, which 
have caused salinity and unsustainable 
agriculture in lower lands of the basin.

Evaluation of irrigation ef ciency and WP 
provide good information on water use 
status and agricultural products that help 
in developing suitable management tools 
to increase WP. This research has been 
designed to assess the WP of wheat and 
maize in irrigated lands of the Karkheh 
Dam downstream and to study the 
factors affecting WP, improve irrigation 
ef ciency, and develop better agricultural 
practices that improve WP. The objectives 
of this project were de ned as:

Determine WP for important crops 
(maize and wheat) at the site
Recognize those factors that cause WP 
to be low at the experimental site
Study crop yield versusWP 
relationships for maize and wheat
Introduce maize and wheat varieties 
with higher WP
Improve farmers’ knowledge of water 
issues and irrigation management at 
the farm level
Plant representative elds according 
to known factors, in relation to WUE 
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and the results of experimental 
designs from the experimental at the 
site.

1.3 Description of the lower 
Karkheh river basin

The Karkheh River ranks third in size 
after the Karoon and Dez Rivers in Iran, 
irrigating about 50,000 km2 with a ow 
rate of 176 m3/s. It enters Khuzestan 
Province (in southwestern Iran) and the 
research site is in the northwest of the 
province. Karkheh dam was constructed 
to provide irrigation water, hydroelectric 
energy generation, ood control, and 
environmental needs.

According to climatic conditions and 
other conditions of exploitation of water 
and soil resources, the Karkheh Dam 
downstream is divided into three areas:

Irrigated lands under Dasht-e Abbas 
tunnel, including Dasht-e Abbas, Ein 
Khosh, Fakeh, and Mussian
Lands of upper Karkheh (upper part of 
Karkheh Dam downstream), including 
the Plains of Evan, Dusalgh, Araiez, 
and Bagheh
Lands of lower Karkheh (lower part of 
Karkheh Dam downstream), including 
the elds of Azadegan Plain, south of 
Karkheh Noor, Chamran, Hamidieh, 
Ghods, and Kossar.

The required water for the upper Karkheh 
lands is supplied via the regulating dam 
of Paieh Pol, located at 1.5 km upstream 
of the Karkheh River bridge.

1.3.1 Climate

According to climatic classi cation, 
Khouzestan is arid and semi-arid with 
most of the precipitation falling in the 
winter and none in the hot months of 
the summer. The climate is characteristic 
by long and hot summers and mild and 

short winters. Most of the time, the 
temperature is high and rarely drops 
below zero. But sometimes in the winter 
the region is affected by the very cold 
northern currents from the high pressure 
centers of Siberia and the temperature 
drops and frost occurs for short periods. 
The climate system affecting the area 
consists of tropical sea air currents. This 
current mostly enters Iran from the west 
and southwestern parts, sometimes 
from the Indian Ocean affecting the 
southeastern parts, and from the coasts 
of the Oman Sea. It can provide humidity 
for systems affecting the central and 
western parts of Iran. Air currents from 
the polar sea, which affect the research 
site, have abundant humidity and, after 
passing over the Mediterranean Sea and 
South Atlantic Ocean, enter the country 
from the north and northwestern parts 
and cause high precipitation in the 
foothills of the Zagros Mountains. Most 
of the activities of these air currents are 
in the winter, but in spring and autumn 
they also cause showers, thunder, 
and lightning. Climatic parameters in 
agricultural studies that affect tillage, 
calendar, and estimates of required water 
for agronomic and orchard crops, and the 
temperature periods required for crops 
during the growing season include the 
following elements:

Precipitation
The precipitation of the region (including 
the research site) results mainly from the 
low pressure systems of the Mediterranean 
region and North Africa which pass over 
Egypt and north of Sudan towards Saudi 
Arabia. The mean precipitation amount 
at different elds of the KRB is presented 
in Table 1.1. Evan eld with mean annual 
precipitation of 300 mm has the lowest 
precipitation of the elds studies while 
the south Karkheh Noor lands and the 
development of Karkheh Noor, with a mean 
precipitation of 140 mm, has the highest. 
The mean annual precipitation of the upper, 
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lower, and tunnel of water translocation 
elds are 235 mm, 266 mm, and 165 mm, 

respectively.

Temperature
The region has mild winters and hot and 
dry summers. In the upper parts of KRB, 
January is the coldest month of the year 
and July and August are the warmest 
months. In the lower parts, January is 
the coldest month of the year and August 
the warmest. The mean maximum and 
minimum temperatures for the different 
plains of KRB are presented in Table 1.2.

Frost
The mean monthly numbers of days of 
frost in the region are presented in Table 
1.3. The number of frost days in the 
region is small. Frost days are determined 
from the records of the weather station or 
stations in proximity of the research site.

Relative humidity
The mean minimum relative humidity 
for the different plains of KRB are 
shown in Table 1.4 The relative humidity 
data have been estimated statistically 
using information from the synoptic 
and weather stations of the Iranian 
Meteorological Organization.

Wind
Measurements of wind velocity and 
directions are made by synoptic stations 
of the Iranian Meteorological Organization 
and the monthly wind speed (at 2 m 
height) data are shown in Table 1.5.

1.3.2 Drainage requirements of lands 
in the northern parts of lower KRB 
(Paieh pol elds)

Paieh pol elds (northern parts of 
Karkheh Dam command area) include 
foothill and river alluvial lands. In these 
plains, soil texture is mainly medium to 
heavy with mild to medium gradients. 
In these land sections, just 10% have 
serious drainage problems and 12% have 
moderate drainage problems. The limiting 
factors in these lands are the low water 
conductivity of the soil and the limiting 
layers at different depths. In addition to 
Evan elds, salinity problems, sodium 
soils, and unsuitable drainage exist in 
parts of the Dusalgh, Araiez and Bagheh 
Plains.
The most important causes of drainage 
problems in the abovementioned regions 
are:

Lack of outlet channels and the 
shallow slopes of lands in some parts
Heavy texture soil of river alluvial 
origin and low percolation capability of 
soil layers
Low water conductivity of soils
Presence of limiting layers (semi-
permeable and hard layer) at surface.

The areas needing drainage and the 
priorities of these drainage needs of Paieh 
pol (upper Karkheh lands), by elds, are 
presented in Table 1.6.
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1.3.3 A glance at present agriculture

The upper elds of KRB, consisting of 
Evan elds, Dusalgh, Araiez, Bagheh, and 
the irrigated lands of the translocation 
tunnel of Karkheh (consisting of Dasht-e 
Abbas, Dehloran, Mussian, Ein Khosh 
and Fakkeh), with their surface and 
groundwater sources make it possible 
to cultivate irrigated cereals, vegetables, 
cucurbits, and orchards over a large part 
of the land and support dry farming of 
cereals on other parts of the land.

The cultivation practices for different 
crops have been adopted by native 
farmers from other parts of Iran, 
particularly Isfahan and Yazd. Other 
farmers, taking advantage of the suitable 
climatic conditions of the region and the 
available water sources, cultivate leafy 
vegetables and cucurbits on the irrigated 
lands. In some parts of the plains, which 
have no shortage of summer irrigation 
water, summer crops, including corn, 
leafy vegetables, cucurbits, and others 
are grown. 

1.3.4 Cropping patterns

The combination of cropping lands is 
directly related to the potential of each 
region – in terms of the quality and 
quantity of water and soil sources, the 
economic pro tability of the crops, the 
climatic conditions of the region, the 
growing season, and factors such as 
machinery and distance from markets. 
In this area, wheat and barley are the 
main crops. These crops are planted 
depending on the availability of the water 
resources to meet family food needs and 
for livestock forage. Other crops grown 
here include vegetables, cucurbits, Sudan 
grass, sugar beet, rice, maize, sesame, 
bean, mug bean, canola, and clover. 
Also there are palm trees and citrus 
orchards. These crops are planted in the 
different parts of the area based on the 
water and soil resources and the farmers’ 
preferences.
 
Table 1.7 shows the combination of 
cropping lands in upper elds of KRB and 
Table 1.8 shows cropping combination 
in Evan Plain. Of the total 55,613 ha 
of arable land, 25,682 ha (46.2%) are 
irrigated and the remaining 29,931 ha 
(53.8%) are dry lands.

Table 1.6. Areas needing drainage and their priorities in the upper Karkheh lands.

latoThegaBzeyarAgalasoDnavEnialP
Drainage needs Area % Area % Area % Area % Area %
First priority (very 
high)

2,520 14 2,700 10 1,340 19 6,560 10.1

Second priority 
(high)

3,960 22 3,240 12 987 14 8,187 12.6

Third priority 
(medium)

1,800 10 9,450 35 423 6 11,673 18

Fourth priority 
(low)

5,580 31 9720 36 4,300 61 19,600 30

Without drainage 
needs

3.92031,917098,132041,4001001,31

Total 13,100 100 18,000 100 27,000 100 7,050 100 651,50 100
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Most of the irrigated farms are planted 
to wheat – about 20,436 ha (79.6%). 
Of the 29,931 ha of dry farming lands 
in the region, nearly14,588 ha (48.7%) 
are planted to dryland wheat and nearly 
4,233 ha (14.2%) are planted to dryland 
barley. Of the 8,050 ha of land which 
could be cultivated in the summer, 3,909 
ha are planted to corn. Table 1.9 shows 
the mean amounts of the agricultural 
products in the upper elds of KRB.

1.3.5 Reference evapotranspiration

For the climatic condition of the region, 
reference evapotranspiration (ET) values 
were calculated using the Penman–
Monteith method. The related data are 
presented in Table 1.10 for the different 
elds of KRB. The highest evaporation 

and transpiration amount, 2,127.2 
mm, is associated with the north lands 
of Hofel and lowest, 1,594.4 mm, is 
associated with Evan eld. The mean 

Planting 
type Crops

Area (ha)

Total area 
(ha)

Percent of 
total land

Irrigated 
farming

Dryland 
farming

Area % Area %

Main crop Wheat 20,436 79.6 14,588 48.7 35,024 63
Barley 1,173 4.6 4,233 14.2 5,406 7.9
Plasticulture 
of cucurbits

1.2081,16.4081,1

Plasticulture of 
vegetables

8.06648.1664

7.00045.1004snoinO
Plasticulture 
of tomato

9.09849.1984

Canola 3.04516.0451

Other vegetables 5.13182.3318

12551.2255teeb raguS

Orchards 1.0911.091

Fallow - - 11,110 37.1 11,110 20

Total area of crop lands 25,682 100 29,931 100 55,613 100

Second 
crop

Summer cucurbits 
and vegetables

8.399022.8990,2

7909,32.51909,3eziam remmuS
7.10396.3039eciR

Sudan grass 1.0031.003

Other summer 
crops

9.1280,12.4280,1

Total second cropping 5.41050,83.13050,8

Total density 33,732 131.3 18,821 62.9 52,553 94.5

elds of Karkheh Dam 
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amount of evaporation and transpiration 
in the upper lands of Karkheh water is 
1,792 mm, in the lower lands it is 1,738 
mm, and for the irrigated lands of the 
translocation tunnel it is 2,012 mm.

1.3.6 Crop water requirement

Among other factors, planting patterns 
are affected by the water requirements 
of different crops. Crops with different 
characteristics, like growing season 
and planting date, have different 

water requirements. Crops planted in 
spring and summer, when the rate of 
evapotranspiration is high; require more 
water for vital processes in order to 
produce an optimum yield. In contrast, 
plants cultivated in the autumn and 
winter have lower water requirements. 
The water requirements of eld and 
orchard crops for the northern elds of 
lower KRB are estimated and presented 
in Table 1.11.

Planting 
type Crops

Area (ha)

Total area 
(ha)

Percent of 
total land

Irrigated 
farming

Dryland 
farming

Area % Area %

Main crop Wheat 10,220 84.7 1,238 60.2 11,458 81.2
Barley 35 0.3 57 2.8 92 0.7
Plasticulture 
of cucurbits

3.0243.024

Plasticulture of 
vegetables

3.10916.1091

8.20043.3004snoinO
Plasticulture 
of tomato

6.0587.058

Canola 1.14513.1451

Other vegetables 6.21731.3173

9.32556.4255teeb raguS

Orchards 760 37 760 5.4

Fallow 1.0311.031

Total area of crop lands 12,062 100 2,055 100 14,117 100

Second 
crop

Summer cucurbits 
and vegetables

9.45968.5596

4.3290334.729033eziam remmuS
Other summer 
crops

6.0487.048

Total second cropping 9.82880,49.33880,4

Total density 16,150 133.9 1,295 63 17,455 123.5

Table 1.8. Cropping combination of the arable lands in Evan elds.
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Table 1.9. Mean yield of crops grown in the northern parts of lower KRB.

)ah/t( sporc rojam fo dleiYporC

3taehw detagirrI

5.2yelrab detagirrI

7.0taehw dnalyrD

6.0yelrab dnalyrD

Off-season plasticulture melon 15

Off-season plasticulture watermelon 22

02snoinO

02otamot erutlucitsalP

2.1alonaC

22)ecuttel( selbategeV

04teeb raguS

Summer melon and watermelon 20

61rebmucuc remmuS

5nroc remmuS

7.0emases remmuS

4.1naeb remmuS

3eciR

54ssarg naduS

7surtiC

3setaD

41rebmucuc erutlucitsalP
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1.4 Site description

In the north, around Dezful, is a second 
large plain with irrigated agriculture and 
soils that are less affected by salinity 
than in the southern alluvial plain. The 
Sorkheh extension area, located in Evan 
Plain, is just inside the area of the KRB 
and offers a benchmark site that is 
representative of these conditions (Map 
1.1). The remainder of this agricultural 
region is much less attractive from 
agricultural perspective. Low-quality 
rangelands cover about 52% of the 
region. Severely eroded and gullied 
sediments and rocks occupy about 
23% of the region, and another 17% is 
covered with sand dunes.

The study was conducted in Sorkheh 
Plain, a representative irrigated area 
of the lower KRB. Sorkheh is located in 
eastern KRB, west of Khozestan Province 
and downstream of the Karkheh Dam. 
The region has a semi-arid climate (De 
Martonne classi cation). The temperature 

in this region ranges between 6.7° C and 
45.6° C and the humidity between 27.4% 
and 74.5%. The rainy season usually 
starts in October and continues till the 
middle of May with an average annual 
rainfall of about 330 mm.

The annual potential evaporation in 
this region is about 2400 mm, ranging 
between 50 mm/month during December 
and January and 400 mm/month during 
June and July. The Sorkheh agricultural 
area is about 10,000 ha, of which about 
4,100 ha is under surface canal irrigation 
network, 5,800 ha has groundwater well 
water resources, and 460 ha is irrigated 
by pumping surface water (rivers). In 
total, there are 196 wells in this area 
and 29 pumps for pumping water from 
rivers. Winter wheat-maize is the main 
cropping system in this region. Wheat is 
grown from mid-November to mid-May. 
The rainfall does not fully meet the needs 
of wheat for its normal growth, especially 
during the dry, windy spring season.

Map 1.1 Location of the Evan, other plains, and the nearest cities with respect to Karkheh 
River and Dam



20

Therefore, three to four irrigations are 
needed to maintain high yields. Maize 
is grown from late July to late October, 
when the rainfall is almost zero, and is 
totally dependent on irrigation.

Evan Plain does not have limiting semi-
permeable layers or deep drainage 
problems. Only a limited part of the elds 
(2,600 ha) have ne textured soils that 
could have a drainage system. A drainage 
system is not needed for the agricultural 
areas of Evan Plain.

Cropping combinations of the arable lands 
of Evan elds are presented in Table 1.12. 
Of the 14,117 ha of arable land, 12,062 
ha (85.4%) are irrigated while the rest, 
nearly 2,055 ha (14.6%), are dry lands. 
Most of the irrigated farms are planted to 
wheat (11,485 ha) and maize (3,309 ha). 
The net amounts of water required for 
eld and orchard crops in Evan Plain are 

presented in Table 1.13. 

Table 1.12. Cropping combination of arable lands in Evan elds.

 Percent
 of total
land

 Total Area
(ha)Area (ha)Crops Type of

crops

 Dryland
farming

 Irrigated
farming

%Area%Area
81.211,45860.21,23884.710,220WheatMain crop
0.7922.8570.335Barley
0.3420.342Plasticulture of cucurbits
1.31901.6190Plasticulture of vegetables
2.84003.3400Onions
0.6850.785Plasticulture of tomato

1.11541.3154Canola
2.63713.1371Other vegetables
3.95524.6552Sugar beet
5.476037760--Orchards
0.1130.113Fallow

10014,1171002,05510012,062Total area of main crop land

4.96955.8695 Summer cucurbits and
vegetables

 Second
crop

23.43,30927.43,309Summer maize

0.6840.784Other summer crops

28.94,08833.94,088Total second cropping

123.517,455631,295133.916,150Total density
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1.4.1 General observations on 
the living conditions of farmers 
inhabiting Evan Plain (Sorkheh 
region)

Sorkheh Plain is located on the west 
side of Karkheh River. Its northeastern 
part is adjacent to Andimeshk and 
the northwestern part is adjacent to 
Ilam Province (Dasht-e Abbas region 
of Dehloran city). Cities near Sorkheh 
include Shush, Andimeshk, and Dezful. 
From the Sorkheh Agricultural Service 
Center (SASC) it is 30 km to Shush, 
38 km to Andimeshk, and 48 km to 
Dezful. This region is a part of Shush 
city. Inhabitants of this region are mostly 
Iranian Arabs and a minority is Lors.

1.4.2 Characteristics of the villages 
of Evan Plain

Villages under the supervision of 
SASC include Fathe, Salare Shahidan, 
Mohajerin, Ghods, Shahid Fallahi, 
Esteghlal, and Meskin. Some information 
on the social facilities and populations of 
these villages is listed in Table 1.14.

1.4.3 Cooperatives and other 
establishments

The SASC is located at Fathe village. 
Farmers of other villages have easy 
access to the service center. The distance 
from the SASC to Karkheh bridge is 15 
km. The irrigation and drainage network 
of Evan eld was established in 1999. 
Farmers of the region have shares in 
the Danesh rural district cooperative. 
Its of ce and store are also located at 
Fathe village. Corn drying facilities, seed 
cleaners, 2500 tonne and 5000 tonne 
storage, 60 tonne scales, and open 
shopping centers on the west side of 
Karkheh are under the supervision of the 
Danesh rural district cooperative and are 
located opposite Ghods village past the 
Karkheh bridge. The of ce of the rural 
district is located at Fathe village. The 
production cooperative of Dasht-e Narges 

in Sorkheh region consists of farmers 
of Fathe village. This cooperative was 
registered in 1997 in order to improve 
the agricultural situation of the farmers. 
Area and ownership status of lands 
under the supervision of the Agricultural 
Jihad service center and Dasht-e Narges 
cooperative are presented in Table 1.15.

1.4.4 Condition of the land

The condition of the land of Evan Plain, 
from the stand point of soil texture and 
topography, is not the same. Soil texture 
in this region is from semi-heavy to light 
and sandy. Land in some places takes the 
form of rising ground, which has been 
leveled in some parts. The condition of 
the land is presented by village. In Table 
1.16 the number of farmers, type of land 
tenure, and the land area are presented 
by village.

Ghods village
The soil texture of the land of this village 
is sandy and sandy clay; in some parts 
there is a small percentage of stone. Most 
of the land in this region has been leveled 
and it is located at the beginning of the 
irrigation network of Evan Plain.

Mohajerin village
The land of this village has an optimum 
situation and is worked by pioneer 
farmers. The soil texture is semi-light to 
semi-heavy. Most of the land has been 
leveled. All of this land is irrigated by the 
Evan network and only a small part is 
watered from wells, since lateral irrigation 
canals have not been constructed yet. 
Parts of land in this village are on the 
riverside with a light and sandy textured 
alluvial soil.

Salare Shahidan village
Salare Shahidan village with its vast and 
scattered lands has many different soil 
textures and topographies and is divided 
into several categories. This village is 
located between Mohajerin and Fathe 
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villages. The soil texture of some parts 
of the village is semi-heavy and leveled. 
Parts of land of this village, which are 
located on both sides of Fakeh road, 
have a sandy, semi-heavy soil texture. 
It is steep ground surface that should be 
leveled. One-third of the land is located 
at Karkheh riverside. It has light alluvial 
soils. The land is irrigated from water 
wells and the irrigation network of Evan 
eld.

Shahid Fallahi and Esteghlal
The land characteristics of Shahid Fallahi 
and Esteghlal are similar. The soils are 
light. The ground surface is steep and has 
a fairly uniform topography. Some of the 
farmers have leveled their lands. These 
lands are watered from water wells and 
Esteghlal village has some lands on the 
Karkheh riverside, which are irrigated 
from the Karkheh River. These regions 
require basic operations like leveling, 
canal covering, etc.

Fathe village
This village is located at the center of 
the region and the service center is 
located in this village. The land of this 
village is located between those of Salare 
Shahidan and Esteghlal villages. Land 
located around Fathe village has better 
condition than the rest. Some parts of the 
land, which are adjacent to that of Salare 
Shahidan village, have a topography that 
requires investment and basic operations. 
Water is provided from water wells and 
an irrigation network and some lands, 
which are located at Karkheh riverside, 
are irrigated from river by gravity.

1.4.5 Provision of irrigation water

The presence of the Karkheh River and 
Kheng seasonal river, which passes 
through Shahid Fallahi village and 

nally joins Karkheh River, have caused 
ourishing conditions in the region. With 

the completion of the Dasht-e Evan 
irrigation network, all of the lands that 
are graded and shaped will go under 
irrigation. The provision of agricultural 
water sources and area are presented in 
Table 1.17.

1.4.6 Providing agricultural water 
from the river

Agricultural water for the Karkheh River 
banks is provided by gravity or pumping. 
Agricultural water for Mohajerin village, 
by the side of the river, is provided by 
pumping. In the lands of Salare Shahidan 
and Fathe villages water is provided by 
pumping and it is also gravity-fed. The 
lands of Esteghlal village receive water 
by the traditional canal and gravity. 
The presence of a traditional canal on 
the border lands of the Karkheh River 
provides water for these lands. This 
traditional canal begins from Salare 
Shahidan village and irrigates riverside 
lands at Salare Shahidan Fathe, 
Esteghlad, and Mohajerian villages. The 
areas of the lands irrigated from the 
traditional canal are presented in Table 
1.18.

1.4.7 Providing irrigation water from 
Dasht-e Evan network

Exploitation of Dasht-e Evan irrigation 
network began in AH 1378 (1999). The 
water of the Dasht-e Evan network 
is supplied from the Karkheh River 
by pumping. The main canal network 
is 46 km long and the primary and 
secondary channels total 80 km. The 
length of the main drainage network 
is 69 km and primary and secondary 
channels total 82 km. The total area 
irrigated by the network when it is 
complete will be 11,000 ha.
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Table 1.14. Social welfare characteristics of Dasht-e Evan villages.

Table 1.15. Area served by the cooperative (ha).

Total area of operated landService provider

De oration Natural
resource

OrderedBoardDry landIrrigated

2,5454002,4383,2201,9536,650SASC

435-1,1621,5707172,450 Dasht-e Narges
cooperative

2,9804003,6004,7902,6709,100Total

No. Previous
village name

Current village
name

Total 
population

Number 
of 
families

Distance 
to city 
(km)

Distance to 
rural center 
(km)

1 Meskin Meskin 2312 330 30.2 Near

2 Zaghan Shahid Fallahi 1615 283 38.8 8.8

3 Mallehe Esteghlal 439 62 43 12.8
4 Naderi Ghods 453 64 44 13.5
5 Fallih Mohajerin 478 68 26 4.4
6 Saleh Davood Salare Shahidan 451 69 22 8.2

7 Saleh moshatat Fateh 106 14 48 8.5

No. Cooperative Clinic Telephone Piped water Electricity School

1 Y Y Y Y Y H,G,E
2 N Y N Y Y E
3 N N N Y Y E
4 N N N Y Y E
5 N N N Y Y E
6 N N N Y Y E
7 N N N Y Y E

Y: Yes, N: No, H: High school, G: Guidance school, E: Elementary school.
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Table 1.16. Number of farmers, type of land tenure, and area of land in the villages of 
the Sorkheh region.

Dry landIrrigated 
landOwnership status of landsNumber of 

farmers
Village 
name

De orationNatural 
resourceBoardOrdered

60477200132-20542Ghods

4098632880-61834Mohajerin

4733,7509221922,094.51,014.5231Salare 
Shahidan

575580520072922159Fateh

207426.5211121.59021126Esteghlal

9751,0292824031,07824189Shahid 
Fallahi

2063-55-282Meskin

2,3507,311.519481,183.53,991.52,538.5483Total

Table 1.17. area water sources and area (ha).

Agricultural water sources irrigated area (ha)Service provider

Number of 
motors

 Pumping
from river

 Pumping
from well

 Number of
wells

 Modern
network

153513,3191292,980 Agri. Service Center
of Sorkheh

12831,247571,120 Dasht-e Narges
cooperative

274344,5661864,100Total

Table 1.18. Area of land irrigated by water from the traditional canal.

Area (ha)Channel length (km)How  water is abstractedVillage name

PumpingGravity

1926††Salare Shahidan
3005††Fateh
6911†Esteghlal
1950.4†Mohajerin

Note: † Where the farm has lower level compaered to the canal, water is delivered to the farm by gravity.
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1.4.8 Providing irrigation water from 
wells

Irrigation water for some of the lands 
is provided from wells. These lands 
are either outside the limits of the 
presently available network, or outside 
its boundaries. Also, some lands receive 
water from both wells and the network. 
All of the lands of Shahid Fallahi, 
Esteghlal, Meskin villages, and some the 
lands of Fathe village are irrigated from 
wells.

1.4.9 Agricultural equipment

The availability of nancial facilities and 
the promotion of new and improved 
technologies have increased the use of 
agricultural equipment in the region, 
such as tractors, row planters, sprayers, 
levelers, and others. These have 
contributed to increase mechanized 
farming. The statistics on the equipment 
available in the region are presented in 
Table 1.19. 

Table 1.19. Number of available farm equipment by villages of Evan elds.

Equipment
Village

TotalGhods Mohajerin Salare 
Shahidan

Fateh Esteghlal Shahid 
Fallahi

Moldboard 
plow

13 22 93 9 6 3 146

631358782211ksiD
Leveler 2 Wile 6 13 57 2 4 3 85

1311272llird niarG
Manure 
spreader

9 19 72 6 6 3 115

Borderer 5 15 56 4 5 3 88
Ditcher 8 16 59 5 4 3 59

Corrugators 5 5 19 2 1 32
91233eliW 2reliarT
03215193eliW 4

Sprayer Handy 7 13 52 2 3 1 78
Motorized 9 15 82 6 6 3 121
Pooling 4 15 39 3 5 2 68

62323135reworruF
541relaB

Drum 
teacher

311111

Manure 
distributor

33

211rotavitluC
Potato 
digger

761

Tractor 8 20 92 8 6 4 138
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Chapter 2.

Assessment of wheat water productivity
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2.1 Introduction

Wheat is the main agricultural 
product in Iran. In 2004/05, the 

total irrigated area under wheat was 
2.2 Mha, with an average yield of 3 t/
ha, and the dryland area under wheat 
was 3.51 Mha with an average yield of 
0.7 t/ha. The self-suf ciency rate for 
wheat uctuated between 60% and 80% 
during these years. To achieve complete 
self-suf ciency in wheat production, an 
average yield of 4.8 t/ha is required from 
the irrigated cultivation and 1.16 t/ha 
from the rainfed.

The main factors causing the low level of 
wheat yield are:

De ciency of supply and untimely 
application of agricultural inputs (such 
as seed, fertilizer, herbicide, etc.) and 
high levels of waste at various stages 
of production
Limitations of the water resources or 
lack of appropriate irrigation in most 
regions of the country
Loss and damages stemming from 
pests, weeds, and blight and a lack of 
appropriate control over these
Sub-optimal and incorrect application 
of inorganic fertilizers
Disorganized and inappropriate use of 
agricultural equipment and machinery
Lack of mechanization on many farms
Inadequate budgets for agricultural 
research, training, and extension
Lack of investment in agricultural 
production
Problems in planning and policies for 
agricultural production.

Mary et al. (2001), in an investigation 
study of the effect of water de cit on 16 
kinds of vernal wheat in Idaho, found 

that lower humidity results in lower 
performance in the sense of less clusters. 
They also showed that, in comparison 
with the desired humidity (irrigation 
every week), mild humidity stress 
(irrigation every other week) reduced 
the performance by 16% and high stress 
(no irrigation) reduced it by 44%. A 
sensitivity index analysis showed that 
long wheat, for producing biomass, has 
a better potential for seed kernelling. 
Genotypes with high pore conductivity 
have lower ability to maintain and store 
humidity than those with low conductivity. 
Regan et al. (1997) suggested that the 
effects of water blockage on seeds and 
crop performance depend on the stress 
intensity and growth stage of the plants, 
and germination is one of the most 
sensitive stages.

Shpiler and Blum (1991) report that the 
most sensitive stages are double-enation 
and pollination because of the negative 
effect on the cluster and number of 
seeds. Royo et al. (2000) indicated that 
dry stress from pollination to ripeness, 
especially with increased temperature, 
may lead to pre-maturation of leaves 
and reduction the time and speed of 
kernelling and the average seed weight. 
Water shortage during pollination will 
decrease crop performance due to a 
reduction in cluster numbers and fertility. 

In semi-arid areas, humidity and 
nutrients are among the most signi cant 
factors in uencing crop production. These 
factors are interrelated and nutrients 
must be supplied with respect to the 
humidity regime of the soil. The numbers 
of clusters and seeds play important roles 
in responding to moisture stress and if 
the bundle weight experiences stability 
through the transfer of assimilate (before 

Chapter 2. Assessment of wheat water 
productivity
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pollination), water blockage at the 
blooming stage leads to 51% and 15.6% 
decreases in performance in comparison 
with the plastic and milkweed stages, 
respectively. Stress at any stage may lead 
to performance reduction. The kernelling 
stage (from pollination to the plastic 
stage) and the stage of rapid growth 
(from stem elongation to pollination) are 
signi cantly sensitive to humidity and this 
may result in performance reduction.

Farhad Nato (2005) described how timely 
and proper irrigation can improve wheat 
yield by 15%, while late irrigation during 
blooming may decrease it by 8%. An 
additional irrigation during physiological 
ripening results in 15% more production. 
Accordingly, with a greater number of 
irrigations from the owering stage 
to physiological ripening, and with 
less water consumption, performance 
stability will increase. If the last irrigation 
is applied 3 days after owering 
(appearance of the ag leaf) in southern 
Khuzestan and similar areas, the root will 
exploit the deep soil moisture and this 
will improve the remobilization process. 
Hence, farm lands experiencing late rains 
along with temperatures above 30 °C 
during kernelling, also experience lower 
performance.

Agronomic practices that reduce soil 
water evaporation via a larger plant 
canopy and early ground cover and, 
at the same time increase the crop’s 
ability to extract soil water, may increase 
the amount of water transpired and, 
consequently, the WUE (Cooper 
et al., 1983; French and Schultz, 1984; 
Siddique et al., 1990; Zhang et al., 
1999). Nitrogen de ciency is another 
major constraint in canopy development 
in the Mediterranean region (Anderson, 
1985). Crop responses to N fertilization 
depend on the level of water available 
(Pala et al., 1996). Application of fertilizer 
not only increases plant shoot and root 

growth (Brown et al., 1987), but also 
increases ET through a larger root system 
and greater extraction of stored water 
(Cooper et al., 1987a). In addition, a 
large and early canopy cover resulting 
from the application of N can reduce soil 
water evaporation and increase crop WUE 
(Zhang et al., 1999).

Fischer et al., (1981) found that the 
most sensitive stage to water stress is 
15 days before pollination, which broadly 
in uences the number of clusters. This 
period (between 5 and 16 days before 
cluster forming) coincides with the 
elongation of the stems, anthers, and 
pistils. Fischer et al., (1981) mention that 
stress effects coincide with the meiosis of 
seed cells in the anther. In their research, 
the plants had abnormal anthers, but the 
normal pistil parts.

Keim and Kronstad (1981) studied 10 
cultivars of winter wheat in order to 
analyze their performance under moisture 
stress in three different regions. The 
study implied a positive signi cant 
correlation between performances in 
two regions out of three. Among many 
germplasms, a large part of dryness 
tolerance and high performance may be 
contributed to pre-maturity and this gives 
the plant resistance against dryness. 
Osmosis potential, as a measure of 
water conditions, is positively correlated 
with performance and performance 
components, such as the number of 
seeds and their weights. This mechanism 
helps the plant to survive water stress 
or in low water potential. Through this 
process, the plant can restart its life cycle 
before the beginning of the high stress.

Global agriculture in the 21st century 
faces two major challenges; total food 
production needs to increase to feed a 
still growing world population and this 
increase needs to be achieved under an 
increasing scarcity of water resources. 
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Falkenmark and Rockström (2004) 
estimated that, to adequately feed 9.3 
billion people in 2050, consumptive water 
use (i.e. transpired water) by all food and 
fodder crops needs to increase from its 
present estimated level of 7000 km3/year 
to 12,586 km3/year. However, fresh water 
resources are becoming increasingly 
scarce because of increased competition 
among a multitude of users (Pimentel 
et al., 2004; Rijsberman, 2006). The 
challenge to produce more food under 
increasing water scarcity has led to the 
notion that crop WP needs to increase 
(see Kijne et al., 2002; 2003; for recent 
overviews).

Crop-water production functions for 
wheat were derived from SI experiments 
conducted in Syria (Zhang and Oweis, 
1999), the North China Plain (Zhang 
et al., 1999) and Oregon State, USA 
(English and Nakamura, 1989).

The productivity of the total applied water 
(PAW) is de ned as the crop yield per 
unit volume of water supplied (rainfall 
+ irrigation) to the crops (Molden, 
1997). Figure 2.1 shows the relationship 
between PAW and the level of water 
application for wheat in northern Syria, 
the North China Plain, and Oregon, USA, 
and for chickpea and lentil in northern 
Syria. The crop production functions 
were used to derive the productivity of 
the applied water. For wheat, the PAW 
for these three locations representing 
different climatic conditions, increases 
sharply at a low water supply level and 
reaches a maximum at a certain level of 
water supply. After this maximum, the 
PAW shows a decrease with increasing 
water supply, depending on the response 
of the yield to water. The level of water 
application at the maximum PAW differs 
considerably for the three locations. 
The most productive use of water was 
reached with between 440 mm and 
500 mm of supplied water (between 

140 mm and 180 mm from irrigation) 
in northern Syria, 400 mm (between 
120 mm and 160 mm from irrigation) 
in the North China Plain, and between 
750 mm and 850 mm (between 350 mm 
and 450 mm from irrigation) in Oregon, 
USA. For grain-legume crops in northern 
Syria, the PAW gradually increases with 
increasing water supply and reaches a 
plateau at a maximum PAW of about 0.5 
kg/m3 for chickpea and 0.4 kg/m3 for 
lentil. Signi cant differences in the PAW 
have been observed between crops. In 
north Syria, wheat has a PAW (1 kg/
m3) which is twice as high as that for 
grain-legume crops (from 0.4 kg/m3 to 
0.5 kg/m3) (Zhang and Oweis, 1999). 
Although the three experiments represent 
very different climatic conditions, the 
maximum PAW for wheat is between 
1 kg/m3 and 1.2 kg/m3. Rice has a 
relatively low PAW of between 0.37 kg/
m3 and 0.68 kg/m3 (Tuong and Bhuiyan, 
1999). Maize has a relatively high PAW of 
between 1.2 kg/m3 and 1.5 kg/m3. PAW 
values of 0.4 kg/m3 were reported for 
cotton (Droogers et al., 2000).

In WANA, water resources are generally 
scarce, and agriculture’s share of 
these resources is declining because 
of competition from the domestic and 
industrial sectors. In this region, a typical 
Mediterranean climate prevails, with rain 
falling mainly during the winter (and a 
lesser amount during the warmer spring 
period); this rainy season is followed by a 
hot, dry summer. Rainfed crop production 
under this climate thus depends strongly 
on both the amount and distribution of 
rain. In the WANA region, the amount 
of rainfall is low and generally poorly 
distributed, so periods of soil water 
de ciency occur during the grain- lling 
stage of wheat almost every year (Oweis 
et al., 1992). As a result, crop yield and 
WUE are generally low and variable. The 
production of 1 kg of wheat (T. aestivum 
L.) grain under fully irrigated conditions 
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requires from 1 m3 to 2 m3 of irrigation 
water (Perrier and Salkini 1991); in 
rainfed areas it requires from 1 m3 to 
3 m3 of rainwater (Cooper et al., 1987a; 
Perrier and Salkini, 1991). Since water is 
the major limiting factor for agriculture 
in the WANA region, improving WUE is 
vital to meet the increasing food demand 
(Cooper et al., 1987b). SI is de ned as 
the application of a limited amount of 
water to rainfed crops when precipitation 
fails to provide the essential moisture 
for normal plant growth. This practice 
has shown the potential to alleviate 
the adverse effects of unfavorable 
rain patterns and thus improve and 
stabilize crop yields (Perrier and Salkini, 
1991; Oweis et al., 1998; Zhang and 
Oweis, 1999). Early studies at ICARDA 
experimental farms showed that applying 
two or three irrigations (of between 80 
mm and 200 mm) to wheat increased 
crop grain yield by 36% to 450%, and 
produced similar or even higher grain 
yields than under fully irrigated conditions 
(Perrier and Salkini, 1991; Oweis, 1994). 
SI is widely practiced in Syria and in 
southern and eastern Mediterranean 
countries. However, excessive use of 
water in SI because of low irrigation costs 
and attractive gains from increased yields 
has resulted in a decline of aquifers and 
deterioration of water quality in many 
areas (Ward and Smith, 1994).

Increasing the proportion of water used 
for plant transpiration through a large 
and early canopy can increase WUE. In 
Mediterranean environments, where crop 
canopy development in winter is slow and 
rain occurs as frequent and small events, 
soil water evaporation may account for 
30% to 60% of the seasonal ET (Cooper 
et al., 1983; French and Schultz 1984; 
Siddique et al., 1990). Thus, agronomic 
practices that reduce soil water 
evaporation through a larger plant canopy 
and early ground cover, and at the same 
time increase the crop’s ability to extract 

soil water, may increase the amount of 
water transpiration and, consequently, 
the WUE. Nitrogen de ciency is another 
major constraint in canopy development 
in the Mediterranean region (Anderson, 
1985). Crop responses to N fertilization 
depend on the level of water availability 
(Pala et al., 1996). Application of 
fertilizers not only increases plant shoot 
and root growth (Brown et al., 1987), but 
also increases ET through a larger root 
system and greater extraction of stored 
water (Cooper et al., 1987a). In addition, 
a large and early canopy cover resulting 
from the application of N can reduce 
soil water evaporation and increase crop 
WUE (Zhang et al., 1999). Under rainfed 
conditions, the date of the rst signi cant 
rain determines the sowing date. Early 
sowing of appropriate cultivars is a 
recognized means of increasing wheat 
yields in other Mediterranean-type 
environments, such as Western Australia 
(Anderson and Smith, 1990; Anderson, 
1992).

In rainfed Mediterranean environments, 
WUE can be substantially improved by 
adopting de cit SI to satisfy up to two-
thirds of the irrigation requirements, 
along with early sowing and appropriate 
levels of N (Oweis et al., 1998). In the 
water-scarce areas of WANA, water 
(not land) is the most limiting factor to 
crop production. Satisfying crop water 
requirements, although maximizes 
production from the land unit, it does 
not necessarily maximize the return 
per unit volume of water. Improving WP 
can contribute to water savings, which 
can be used to irrigate additional lands 
resulting in a higher total production 
and/or improved sustainability of the 
existing water resources. It is assumed 
that maximum WUE may be achieved at 
irrigation levels below those that satisfy 
the full crop irrigation requirements. 
However, the SI level, N rate, and sowing 
date at which WUE can be maximized 
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under the rainfed conditions of the WANA 
Mediterranean need to be evaluated 
before improved management strategies 
can be devised. Our objective for this 
work was a better understanding of 
the effects of applying different levels 
of these inputs and climate interaction 
on the ET and WUE of bread wheat in 
northern Syria.

No comprehensive information is available 
on ef ciency of water consumption in 
Iran, particularly for different basins. Only 
some case studies have been conducted 
in different regions of the country.

Based on the results of two national 
studies on irrigation ef ciency conducted 
by Heidari and Haghayeghi Moghaddam 
(2001) at different location of Iran, wheat 
water use ef ciency (yield/applied water) 
ranged from 0.34 kg/m3 to 0.84 kg/m3 
(Table 2.1). The ndings imply that the 
irrigation method and its management 
can signi cantly affect water 

consumption. A large number of irrigation 
ef ciency problems are attributed to 
the management shortcomings, the 
betterment and correction of which do 
not require enormous investments, but 
need more attempts at better planning 
and management.

Mamanpoush et al. (2001) in a case study 
in Zayandehrood River Basin reported 
that the basin WUE is about 1.1 kg/m3. 
Neirizi and Helmi Fakhrdavoud (2004), 
in a study involving water consumption 
ef ciency in Torbat Heidarieh, Torbat 
Jam, and Chenaran for the cultivation of 
wheat and sugar beet with two methods 
of irrigation (namely surface irrigation 
and rain irrigation), showed that the 
ef ciency of water consumption for wheat 
cultivation in Chenaran was 0.38 kg/
m3, in Torbat Heidarieh, 0.73 kg/m3, and 
in Torbat Jam, 0.44 kg/m3. The higher 
ef ciency in Torbat Heidarieh was a 
consequence of the rain irrigation system 
and scienti c management.

Figure 2.1. Crop production functions for wheat in China (Zhang et al., 1999) and 
Oregon, USA (English and Nakamura 1989), and chickpea and lentil in Syria (Zhang and 
Oweis 1999).
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Zwart and Bastiaansen (2004), based 
on 84 case studies conducted over the 
last 25 years, evaluated WP in plants 
like wheat, rice, cotton, and corn and 
compared the data to previous gures 
reported by FAO. According to this 
broad study, the average WP for wheat 
was 1.09 kg/m3, for rice, 1.09 kg/m3, 
for cotton (for seed), 0.65 kg/m3, for 
cotton (for boll), 1.23 kg/m3, and for 
corn was, 18 kg/m3. The range of this 
index for these crops varied widely – for 
wheat, rice, cotton (for seed), cotton 
(for boll), and corn the range was from 
0.6 kg/m3 to 1.7 kg/m3. The variations 
in the wheat WUE largely depended on 
climate, irrigation management, and 
fertilization. The study clearly showed 
that WP may vary largely because of 
water stress or a reduction in irrigation. 
They suggested that large potential and 
opportunities exist for maintaining or 
increasing WUE by between 20% and 
40% (higher production with lower water 
consumption).

Heidari et al. (2006) analyzed the WUE 
of agricultural plants in different regions 
(such as Kerman, Hamedan, Moghan, 
Golestan, and Khozestan) for various crop 
management scenarios. They reported 
WUE values of 0.75 kg/m3 for wheat, 0.64 
kg/m3 for sugar beet (sugar yield),2.06 
kg/m3 for potato, 5.58 kg/m3 for eld 
corn, 1.46 kg/m3 for alfalfa (dry weight), 
0.56 kg/m3 for oat, and 0.29 kg/m3 for 
sugar cane (sugar yield). They reported 

management and agricultural science as 
the most important factors in uencing 
water ef ciency and recommended 
informative and skill training programs 
through education and the propagation 
of new methods as powerful levers for 
improving of WUE.

Irrigation ef ciency expressed as released 
water from Karkheh Dam to actual ET 
(ETa) is also low at KRB. Evidence shows 
that different factors contribute to this 
phenomenon, including inef cient delivery 
systems, inappropriate cultivation 
patterns, and poor farm management 
practices, such as irrigation, which result 
in instability of yield and salinity of the 
low lands.

The northern lands of the KRB, which are 
the subject of the present study, indicate 
that farmers in these areas have lower 
awareness of irrigation management 
in comparison to other regions and the 
subject suffers from a lack of suf cient 
studies. With regard to the high potential 
of farmlands and the possibility of 
appropriate consumption of water stored 
at the dams, the useful employment of 
these lands will have a signi cant effect 
on the agricultural economy of the region, 
and the nation as a whole.

This study identi es the wheat WUE in 
the Sorkheh irrigation grid and addresses 
the in uencing factors of the irrigation 
grids of Dez and upper Karkheh.

Table 2.1. Calculated value of water use ef ciency for wheat cultivation (courtesy of 
Heidari and Haghayeghi Moghaddam, 2001).

Area (ha)Channel length (km)How  water is abstractedVillage name

PumpingGravity

1926††Salare Shahidan
3005††Fateh
6911†Esteghlal
1950.4†Mohajerin
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2.2 Materials and methods

This study was carried out during the 
period 2005 to 2007 in Sorkheh. Based 
on the sources of farm water supply, 
the following seven irrigation units were 
selected; two units using wells, three 
units receiving water from irrigation 
network canals, one unit that pumps 
water from the river, and one unit that 
uses both the network and as well as 
a well. The geographical locations and 
geometrical characteristics of the selected 
farms are shown in Tables 2.2 and 2.3. 
In each irrigation unit, three farms were 
chosen. The choice was based on the 
distance from the farm to the water 
source, the crop cultivar, management 
of irrigation, and farming practices. The 
total amount of applied irrigation water 
(I m3/ha) was measured (in ow) using a 
calibrated cutthroat ume installed at the 
farm water entrance. The runoff (out ow) 
was measured using a calibrated 
cutthroat ume of smaller size installed at 
the end of the farm.

The total yield (Y kg/ha) was measured 
based on the total yield harvested by 
combine. Simultaneously, three samples, 
each of 6 m2 (two 4-m ridges) were cut 
from each farm to measure the number 
of plant per unit area, rate of kernel yield, 
and total dry matter.

The physical and chemical properties of 
the soil (texture, pH, and the electrical 
conductivity of the saturation extract 
of the soil (ECe)) and fertility, nutrient 
status, and organic carbon were analyzed 
based on soil sampling before the 
cultivation season. Soil samples were 
collected at 0 cm to 30 cm depth from 
ve different locations on the farm and 

mixed for analysis.

To calculate the daily wheat 
evapotranspiration, daily climatic factors, 
such as the minimum, maximum, and 

average temperature, solar radiation, 
humidity, wind speed, hours of sunshine, 
evaporation from a Class A evaporation 
pan, and daily rainfall rate were collected 
from Dezful weather station.

To monitor the farm situation and 
management, various data were collected 
during the irrigation season which could 
be grouped as follows;

Farm speci cation: Length of furrow, 
slope of the land in the direction 
of irrigation, area of farm under 
irrigation
Crop and farm management: Crop 
variety, farming, and breeding 
activities, implementation date of 
the tillage activities during the crop 
growth stages, rate and timing of 
fertilizer and pesticide applications, 
seeding rate
Crop calendar: Time of planting, 
duration of the initial stage of growth 
(germination), beginning of generative 
stage, duration of generative stage, 
beginning of ripening stage, duration 
of ripening stage, harvest date.

Wheat WP (WP(I+R)) was calculated using 
equation 2-1.

                                    (2-1)

where R m3/ha is the amount of rainfall.
The irrigation application ef ciency (IE) 
(expressed as a percent) for all the 
irrigation events was calculated using 
equation 2-2.

100I
ETciIE ×=

 
                                                     (2-2)

where ETci (m3/ha) is the crop water 
requirement from the rst irrigation after 
the winter season.
Wheat WPETc, based on the wheat 
water requirement (ETc m3/ha), can be 
calculated as follows:

ETc
YWPETc=

                                   (2-3)

RI
YWP RI +=+
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Table 2.2. Source of water, geographical location and area of the selected farms in 
2005/06.

Field No. Source Geographic information Area (ha)
1 Network (1 unit) Elevation =36.0 m

3219.485 N and 4806.598 E
3.6

2.3)tinu 1( krowteN2
3.3)tinu 1( krowteN3
0.2)tinu 1( krowteN4

5 Network (2 units) Elevation 93.9 m
3220.190 N and 4804.676 E

4.5

9.3)stinu 2( krowteN6
0.5)stinu 2( krowteN7
3.3)stinu 2( krowteN8

9 Network (3 units) Elevation 148.7 m
3220.571 N and 4800.954 E

2.3

6.1)stinu 3( krowteN01
0.21)stinu 3( krowteN11

12 Network and well Elevation 135.6 m
3223.040 N and 4806.597 E

14.1

8.11llew dna krowteN31
7.71llew dna krowteN41

15 Well (1 unit) Elevation 33.8 m
3221.858 N and 4808.059 E

4.4

7.7)tinu 1( lleW61
3.4)tinu 1( lleW71

18 Well (2 units) Elevation 30.5 m
3212.592 N and 4808.009 E

3.7

7.4)stinu 2( lleW91
20 River Elevation 44.8 m

3221.841 N and 4809.060 E
5.3

5.01reviR12
9.4reviR22
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Table 2.3. Source of water, geographical location and area of the selected farms in 
2006/07.

Field No. Source Geographic information Area (ha)
1 Network (1 unit) Elevation 36.0 m 

3219.485 N and 4806.598 E
3.2

9.0)tinu 1( krowteN2
3.3)tinu 1( krowteN3

4 Network (2 units) Elevation 93.9 m
3220.190 N and 4804.676 E

5.9

9.3)stinu 2( krowteN5
9.4)stinu 2( krowteN6

7 Network (3 units) Elevation 148.7 m
3220.571 N and 4800.954 E

2.3

3.2)stinu 3( krowteN8
6.1)stinu 3( krowteN9

10 Network and well Elevation 135.6 m
3223.040 N and 4806.597 E

8.4

1.8llew dna krowteN11
3.9llew dna krowteN21

13 Well (1 unit) Elevation 33.8 m
3221.858 N and 4808.059 E

17.7

7.7)tinu 1( lleW41
4.8)tinu 1( lleW51

16 Well (2 units) Elevation 30.5 m
3212.592 N and 4808.009 E

4.3

7.3)stinu 2( lleW71
9.3)2-tinu( lleW81

19 River Elevation 4
3221.841 N and 4809.060 E

10.5

9.4reviR02
4.4reviR12
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2.3 Results and discussion

2.3.1 Soil properties

Soil samples taken at 0 cm and 30 cm 
depth from ve points in the eld before 
planting were analyzed for electrical 
conductivity of the saturated extract, 
nutrient status, organic carbon, and 
pH. The results of the soil analyses are 
presented in Tables 2.4 and 2.5.

2.3.2 Climatic characteristics of the 
region

The average annual temperature change 
between 2005 and 2007 was about 
3ºC. The average daily temperature and 
monthly climatic and meteorological 
characteristics of Sa abad-Dezfoul 
region are provided in Tables 2.6 and 
2.7. A review of the average annual 
temperatures indicated that the range of 
such changes was close to 3ºC. Changes 
in the average annual temperature are 
related to changes in solar energy and 
the climatic systems.

Table 2.4. Chemical and physical properties of the soil of the selected farms in 2006.

Field 
No.

Soil 
texture

Element pH Electrical 
conductivity (dS/m)

Organic 
carbon (%)

K (ppm) P (ppm)

4.09.25.75.7941L1
16.03.26.79.69851L.iS2
83.055.24.72.5941L-L.iS3
14.09.18.76.22.941L4
43.09.18.76.28.49L5
24.04.274.77.4121L7
43.05.29.62.6196L8
16.062.776.851L.iS9
84.03.26.77.94.121L01
93.02.16.74.859L11
52.04.17.79.18.49L.iS21
64.07.172.46.031L31
45.04.43.7126.913L.C.iS41
94.01.45.74.76.262L.iS51
72.045.75.34.121L.aS-L.iS71
70.03.30.71.106L.iS81
93.052.16.74.9131L-L.aS12
92.05.16.73.406L.aS22
73.02.23.72.568L32

L – loam; Si.L – silty loam; Sa.L – sandy loam; Si.C.L – silty clay loam.
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Table 2.5. Chemical and physical properties of the soil of the selected farms in 2007.

Field 
No.

Soil 
texture

Element pH Electrical 
conductivity (dS/m)

Organic 
carbon (%)

K (ppm) P (ppm)

14.033.38.65.796L1
91.043.11.79.689L.iS2
51.005.19.62.57.901L-L.iS3
71.027.02.76.2701L5
82.078.58.66.208L6
92.034.29.67.08L7
55.039.17.67.429L9
13.004.37.62.6177L01
73.004.29.677.241L.iS11
63.071.12.77.97.731L21
81.003.12.74.83.601L31
42.052.13.79.13.77L.iS41
62.038.99.62.43.154L51
42.072.010.7127.731L.C.iS61
82.073.81.74.77.031L.IS71
84.005.38.608L-L.IS81
90.001.39.65.37.47L.aS-L.iS91
90.036.39.61.133.29L.iS02
73.076.38.6-00.25L.IS12
44.003.22.74.93.06L-L.aS22
43.005.48.63.43.45L.aS32

Table 2.6. Climatic characteristics in Sorkheh during 2005/06.

Month max min av Rain 
(mm)

(m/s) date Pan 
evaporation 
(mm)

Sun 
shine 
(hr)

Relative 
humidity 
(%)

Dec 15.2 5.4 10.3 90.7 13.0 16 77.4 159.7 34.9
Jan 16.4 5.3 10.8 60.5 11.0 11 75.5 168.4 41.2
Feb 20.4 9.0 14.7 52.7 11.0 3 71.8 184.3 69.7
Mar 23.7 9.9 16.8 66.3 17.0 26 65.2 207.7 111.4
Apr 29.2 16.2 22.7 60.1 17.0 13 59.9 171.9 153.7
May 40.6 22.5 31.5 5.0 12.0 15 40.9 205.9 265.5
Jun 45.3 23.9 34.6 0.0 11.0 10 35.4 336.7 371.6
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2.3.3 Wheat water productivity

The germination date and other 
information on agronomic and irrigation 
practices are shown in Tables 2.8 and 
2.9. The grain yields and volumes of 
water used for different farms are shown 
in Figure 2.2. The results indicate that 
in the rst year, the average grain yield 
was 4430 kg/ha with four irrigations and 
an average water use of 4840 m3/ha. 
Therefore, the average irrigation and rain 
WP (WP(I+R)) was 0.97 kg/m3 in the rst 
year. However, during the second year 
the average grain yield was 5609 kg with 
an average water use of 15,770 m3/ha, 
resulting in an average WP(I+R) of 0.40 
kg/m3. There was approximately a 10% 
reduction in crop yield as a result of an 
attack by aphids during 2005/06.

Tables 2.4 and 2.5 show the low levels 
of organic material in the soils of 
the selected farms compared to the 
suggested level for wheat production. 
Figure 2.3 shows the total amount of 
water applied versus the yield for the 
seasons 2005/06 and 2006/07 and Figure 
2.4 shows the yield versus the WP for the 
same two periods.

As can be seen in Figure 2.3 the changes 
in WP(I+R) have positive relation with the 
yield, while Figure 2.4 shows the negative 
relation between WP(I+R) and the amount 

of water used. The slope of the regression 
line is the same for grain yields in both 
years of the experiment. The slope of the 
changes in WP=(I+R) with the amount of 
water used is to some extent steeper in 
the second year than in the rst. 

The mean grain yield, applied water, 
and WP (I+R) for the various elds with 
different sources of water, the different 
cultivar planted, and the different land 
use history before planting wheat are 
shown in Tables 2.10, 2.11, and 2.12. 
It can be seen that farms irrigated by 
water from the network consumed more 
water in both years. The average grain 
yield in the 2005/06 season was highest 
where water was applied from the well, 
and the network and well combination. 
In 2006/07, grain yield was highest for 
water applied from the network and 
well combination only. Obviously, higher 
water consumption on the farms drawing 
from the irrigation network resulted from 
having a reliable water allocation from 
this source – water was available when it 
was needed. Among the wheat cultivars, 
the grain yields of Chamran and Vierinak 
were quite similar. The grain yield from 
the Dez cultivar was relatively constant 
over the two seasons. On farms where 
wheat was sown after corn, the yield 
and WP(I+R) were higher than on farms 
that had been fallowed before the wheat 
mainly due to the wheat variteis.

Table 2.7. Climatic characteristics in Sorkheh during 2006/07.

Month max min av Rain 
(mm)

(m/s) date Pan 
evaporation 
(mm)

Sun 
shine 
(hr)

Relative 
humidity 
(%)

Dec 19.0 8.2 13.6 45.9 12.0 6 72.9 160.0 51.5
Jan 14.1 3.9 9.0 64.7 15.0 5 73.5 163.4 41.8
Feb 21.0 7.0 14.0 1.2 15.0 14 56.2 184.5 98.9
Mar 29.3 13.2 21.3 0.0 9.0 22 48.8 207.4 187.2
Apr 34.2 16.5 25.3 12.0 14.0 30 49.8 208.2 209.4
May 39.1 20.9 30.0 0.1 20.0 21 40.0 235.2 340.6
Jun 44.7 25.1 34.9 0.0 15.0 23 28.9 258.4 453.5
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Table 2.10. Mean wheat grain yield, WP, and water use on farms with different sources of 
water.

Source of 
water

Field 
No.

Yield (t/ha) WP(I+R) (kg/m3) Water consumption (mm)

Average SD* Average SD* Average SD
2005/06 season

Network 10 4.7 0.5 1.0 0.2 508.7 95.8
Network 
and well

3 4.7 0.7 1.3 0.5 423.0 48.0

Well 6 4.1 0.7 0.9 0.2 486.8 112.1
River 3 4.0 0.6 0.9 0.2 455.0 32.7

2006/07 season
Network 9 3.5 1.0 0.6 0.4 848.1 344.8
Network  
and well

3 4.2 0.9 0.5 0.1 767.7 45.8

Well 6 3.9 0.8 0.7 0.3 611.8 82.9
River 3 4.1 1.4 0.7 0.3 670.3 75.8

Table 2.11. Mean wheat grain yield, WP,, and water use for different wheat varieties.

Source of 
water

Field 
No.

Yield (t/ha) WP(I+R) (kg/m3) Water consumption (mm)

Average SD* Average SD* Average SD
2005/06 season

Chamran 7 4.5 0.5 1.0 0.2 318.0 15.7
Vierinak 8 4.4 0.8 1.0 0.2 342.6 10.5

Dez 6 4.3 0.6 0.9 0.2 302.7 12.0
D-79-18 1 4.9 1.2 341.0

2006/07 season
Chamran 1 3.8 0.6 396.0
Vierinak 8 3.7 1.1 0.6 0.2 384.0 8.5
Dez 3 4.0 1.4 0.8 0.3 397.3 17.8
D-79-18 3 2.8 0.8 0.4 0.2 405.7 3.1
Star 2 3.8 0.9 0.5 0.1 404.5 21.5
Sheva 4 4.5 0.3 1.3 0.2 422.8 13.4

* SD is Standard Deviation 

* SD is Standard Deviation 
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The interval between irrigations is 
another management factor that is 
important and is assessed by determining 
the available soil moisture balance for 
the plants during the growth period. The 
available moisture balances in the root 
zones during the growing periods on 
farms 7, 14, and 15 are shown in Figure 
2.5. All three elds are similar in cultivar 
used and crop rotations. The length of the 
strip and the in ow rate to the width of 
the strip are based on recommendations. 
A negative value for the moisture balance 
of the soil indicates a lack of water that 
plants need which led to the moisture 
stress (it does not a negative physical 
aspect of any parameter). Farms 14 and 
15 are similar in their planting date and 
irrigation period, but they have different 

yields. Comparing their corresponding 
soil moisture balances showed that, in 
the case of a drought stress in stages 
three and four, soil moisture at Farm 15 
was kept at eld capacity for more days 
thanat Farm 14. It can be concluded 
that excess soil moisture can lead to a 
reduction in oxygen in the rhizosphere 
during the heading stage until grain 
ripening, and this reduced the grain yield 
by 10% at Farm 15. Despite the delayed 
planting date (50 days) at Farm 7 from 
that at farms 14 and, the reduction in 
yield due to the delay was compensated 
for by 60 mm irrigation. Therefore, the 
on-time irrigation (50-60 mm depth 
irrigation) after the heading stage until 
grain ripening is more important than the 
planting date.

Table 2.12. Mean wheat grain yield and WP on farms with different histories before 
planting wheat.

Land use
before wheat

Field 
No

Wheat yield 
(t/ha)

WP(I+R) 
(kg/m3)

Average SD* Average SD*

2005/06 season

2.01.14.08.401nroC

2.09.07.03.49wollaF

Land grading 3 3.5 0.4 0.8 0.2

2006/07season

4.09.08.06.49nroC

1.05.07.03.301wollaF

Land grading 2 2.7 1.2 0.2 0.1

* SD is Standard Deviation 
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Figure 2.2 Wheat yield and WP(I+R) in the selected farms during 2005/06 and 2006/07.
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Figure 2.3 Changes in WP(I+R) with yield on selected farms between 2005 and 2007.
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Figure 2.4 Changes in wheat WP(I+R) with the amount of applied water (irrigation + 
precipitation) on selected farms between  2005 and 2007.
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Chapter 3.

Assessment of maize water productivity
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3.1 Introduction

Because of its diversi ed characteristics 
and wide adaptability to various climatic 
conditions, maize cultivation has spread 
throughout the world and stands in third 
place after wheat and rice with respect 
to the area under cultivation. Scienti c 
experiences and numerous tests have 
indicated that in addition to being very 
suitable forage for livestock, maize is 
unique with regard to its supply of energy 
(Kazemi-Arbat, 1995). Other factors helping 
the expansion of the area under cultivation 
of this crop are (Kazemi-Arbat, 1995):

Relative tolerance against drought and 
lodging
High yield and WP per hectare 
compared with other grain crops
Possibility of inclusion in different 
rotations with other crops in various 
climates
Suitability for mechanization at 
planting and at the different stages of 
growth
Important foodstuff for humans, 
livestock, and poultry
Main crop for bio-fuel production.

Maize is cultivated mostly for its kernels 
with the biomass being used as fodder. 
Between 20% and 25% of the world 
maize crop is used in different forms 
(such as corn our, pastries, conserves, 
corn porridge) to feed humans and 
between 60% and 75% is used for 
livestock feeding in such different 
forms as kernel, paste, powder, silo, 
etc. In addition, about 5% of the maize 
production is used for industrial purposes.

In upstream Karkheh, maize is planted 
between mid-July and early August. 
With a growing period of about 100 to 

115 days, it is harvested in late October 
to late November after full maturation. 
Maize is usually irrigated in furrows. This 
crop needs water for completion of its 
life cycle and production of a suitable 
yield. The total maize water requirement 
is between 400 mm and 600 mm in the 
form of evapotranspiration during the 
growing period in upstream Karkheh.

Fatemi and Shokrollahi (1993) 
determined that the overall ef ciency 
of irrigation on non-integrated lands of 
about 5000 ha in an irrigation network in 
Dez, Khouzestan Province, was 26%; the 
nine year average, from 1982 to 1990, 
was about 21%. Also, they estimated 
that irrigation ef ciency in some parts of 
the irrigation network of the Dez River, 
covering 8932 ha, was at most 37%, and 
on average was 32%. Asadi et al. (1996), 
report that irrigation methods have great 
effect on the ef ciency of irrigation, 
and farm water losses mainly result 
from the deep percolation of the water 
out of the root zone. Kashkouli et al. 
(2000) assessed water loss and irrigation 
ef ciency on two farms on sugar cane 
plantations in Haft Tapeh, neighboring 
KRB, and estimated the mean water-
application ef ciency at 52% and 69%. 
They reported that the irrigation intervals 
were too long, and the elds were 
over irrigated. No data is reported in 
these studies on crop yield or economic 
earnings as a result of irrigation.

Agricultural specialists use different 
de nitions for ef ciency. Viets (1962) 
used WUE – the ratio of yield to the 
amount of water used by the crop. WUE 
indicates the total yield per unit of water 
used i.e. WUE=Y/W. Here, Y can be the 
total biomass of the harvested yield, 
the total dry matter produced, or the 

Chapter 3. Assessment of maize water 
productivity
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economic return per unit land area, while 
W can be the total transpiration, the total 
evapotranspiration, and/or the total water 
used for irrigation.

The word ‘ef ciency’ has had some 
ambiguities with respect to the rate 
of crop yield in comparison with the 
ef ciency of irrigation and/or the 
ef ciency of the water source (Oweis 
et al., 1999). However, some agricultural 
specialists insist on introducing the rate 
of yield in the unit area. But, as a result 
of the looming water scarcity crisis, 
dystrophy, and environmental issues 
resulting from overuse of some water 
sources, the ideas have more been 
inclined to the concept of yield per unit 
of water used. In an effort to end these 
ambiguities, Molden (1997) introduced 
the term ‘Water Productivity’ (WP).

Molden (1997) provided the fundamentals 
and the de nitions required for calculating 
basin WP by estimating the basin water 
balance. Within such a framework, the 
methods for presenting the results of 
actions related to water and irrigation in 
the agricultural sector (farm operations) 
and their impacts in the watershed 
(from the area of the farm to the water 
distribution system and the basin) have 
been presented. The reviews indicate that 
WP for the same crops is very different 
throughout the world. Water productivity 
for the cultivation of rice in India has 
been reported as being between 0.5 kg/
m3 and 1.1 kg/m3 while in the Philippines 
it is between and 1.4 kg/m3 and 1.6 kg/
m3 (Bouman and Tuony, 2001). Water 
productivity for maize is 1.5 kg/m3 in 
China (Kang et al., 2000) as well as 
in India (Mishra et al., 2001). Water 
productivity for wheat is between 0.6 kg/
m3 and 1.9 kg/m3 (Musick and Porter, 
1990), and for potato it is between 6.2 
kg/m3 and 11.6 kg/m3 – on average 7.5 
kg/m3 – in America (Wright and Stark, 
1990). For forages it has been reported to 

be between 7 kg/m3 and 8 kg/m3 (Saeed 
and El-Nadi, 1988).
A variety of factors affect the optimization 
of WP. These include environmental and 
crop factors (Fischer and Turner, 1978) 
as well as management factors (Kramer, 
1988; Hamblin et al., 1990).

On the basis of a review of 84 research 
cases carried out world-wide during the 
last 25 years, Zwart and Bastiaansen 
(2004) found that the WP for maize was 
more than that previously reported by the 
UN-FAO. According to them, the mean WP 
for maize is 1.8 kg/m3. They attributed 
the variations in this index mainly to such 
factors as climate, irrigation, and fertilizer 
management. The obvious result of this 
research was that water productivity 
index can be signi cantly increased by 
a reduction in the amount of irrigation 
water. They concluded that the potentials 
for retention and/or enhancement of 
water use productivity are high i.e. more 
production with less water (between 20% 
and 40% less).

Heidari et al. (2006) reported WP for 
different crops in many parts of Iran, 
including Kerman, Hamedan, Moghan, 
Golestan, and Khouzestanunder. 
They reported WP values of 0.75 kg/
m3 for wheat, 0.64 kg/m3 for sugar 
beet (produced sugar), 2.06 kg/m3 for 
potato, 5.58 kg/m3 for forage maize, 
0.71 kg/m3 for cotton, 1.46 kg/m3 for 
alfalfa (dry weight), 0.56 kg/m3 for 
barley, and 0.29 kg/m3 for sugar cane 
(sugar produced). They described the 
most important factors in uencing 
WP as farming management and the 
technical knowledge of the farmers. The 
enhancement of the knowledge and skill 
of farmers through different educational 
and participatory programs is among the 
important measures that should be taken 
into consideration in programs for the 
promotion and enhancement of WP.
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Haghayeghi Moghadam et al. (2004) 
assessed the WUE and crop yield of sugar 
beet under surface and sprinkler irrigation 
methods. On the basis of root weight and 
unre ned sugar, their results indicated 
that the water use rate and water 
productivity were signi cantly different 
at the 5% level, with sprinkler irrigation 
being superior to the surface irrigation 
methods. In comparison with furrow 
irrigation, sprinkler irrigation showed a 
31% reduction in the rate of water use 
and a 55% increase in WP on the basis of 
the marketable yield.

Irrigation water ef ciency and WP are 
low in KRB. Different factors causing 
this situation include low Ea, an 
inappropriate cropping pattern, poor 
farm management, and an irrigation 
management that cause salinization of 
the downstream lands of the basin.

In the northern part of the downstream 
lands of Karkheh Dam, which is the site 
of the present study, farmers’ knowledge 
of irrigation and farm management is less 
than that of farmers in the neighboring 
basins. Also, not much research has 
been conducted in this regard. Given the 
high potential of the farm lands and the 
availability of suitable quality water in the 
dams constructed in the region, ef cient 
use of these land and water resources will 
have a signi cant impact on the regional as 
well as the national agricultural economy.

The objective of the present research was 
to assess irrigation water productivity 
(WPI) for maize (the dominant summer 
crop with high water use) in the Sorkheh 
irrigation network and to identify the 
factors in uencing it.

3.2 Materials and methods

This study was carried out during the 
growing season 2005-07 in Sorkheh. 
Based on the sources of farm water 
supply, seven irrigation units were 
selected – two units using wells, three 
units receiving water from irrigation 
network canals, one unit pumping water 
from the river, and one unit using both 
the irrigation network and a well. In each 
irrigation unit, three farms were chosen. 
The choice took into consideration such 
variables as distance to water source, 
method of water supply, crop cultivar, 
management of irrigation, and the farming 
practices. The geographic location and 
characteristics of the selected farms are 
shown in Tables 3.1 and 3.2.

The total amount of irrigation water 
applied (I) was measured (in ow) using a 
calibrated cutthroat ume installed at the 
farm water entrance. The runoff (out ow) 
was measured using a calibrated 
cutthroat ume of smaller size installed at 
the end of the farm.

The total yield (Y) was measured based 
on the total yield harvested by combine. 
Simultaneously, three samples, each of 6 
m2 (two 4-m ridges) were cut from each 
farm and the number of plant per unit 
area, rate of kernel yield, and total dry 
matter, measured.

The physical and chemical properties of 
the soil (soil texture, pH, and ECe) and 
its fertility (N, P, and K), nutrient status, 
and organic carbon were measured from 
soil samples taken before planting. Soil 
samples were collected from depths 
of between 0 cm and 30 cm from ve 
different locations on the farm and mixed 
for analysis.
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To calculate daily wheat crop water 
requirement (ETc), daily climatic factors 
such as the minimum, maximum, and 
average temperatures, solar radiation, 
humidity, wind speed, hours of sunshine, 
evaporation from a Class A evaporation 
pan, and daily rainfall rate were aquired 
from Dezful weather station.

To monitor the farming conditionsand 
management various data were collected 
during the irrigation season. These data 

were grouped as follows;
Farm speci cation: Length of furrow, 
slope of the land in the direction 
of irrigation, area of farm under 
irrigation
Crop and farm management: Crop 
variety, farming and breeding 
activities, start date of the tillage 
activities during the crop growth 
stages, rate and time of fertilizer and 
pesticide application, seeding rate

Table 3.1. Geographic location and characteristics of the selected farms in 2006.

Field No. Source of water Geographic information Slope length (%) Area (ha)
1 Network (1 unit) Elevation 36.0 m

3219.485 N and 4806.598 E
0.005 3.2

8.2400.0)tinu 1( krowteN2

3.3500.0)tinu 1( krowteN3

6.3500.0)stinu 2( krowteN4

5 Network (2 units) Elevation 93.9 m
3220.190 N and 4804.676 E

0.00425 5.9

0.587400.0)stinu 2( krowteN6

8.85500.0)stinu 2( krowteN7

8 Network (3 units) Elevation 148.7 m
3220.571 N and 4800.954 E

0.006 3.0

6.1900.0)stinu 3( krowteN9
3.3500.0)stinu 3( krowteN01

11 Network and well Elevation 135.6 m
3223.040 N and 4806.597 E

0.0053 11.8

4.8400.0llew dna krowteN21
1.898300.0llew dna krowteN31

14 Well (1 unit) Elevation 33.8 m
3221.858 N and 4808.059 E

0.0033 17.7

4.41200.0)tinu1( lleW51
16 Well (2 units) Elevation 30.5 m

3212.592 N and 4808.009 E
0.0022 3.7

7.35300.0)stinu 2( lleW71
0.45200.0)stinu 2( lleW81

19 River Elevation 44.8 m
3221.841 N and 4809.060 E

0.0035 5.3

9.4300.0reviR02
5.017200.0reviR12
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3.3 Results and discussion

3.3.1 Soil properties
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the selected farms was low. Following 
a suitable crop rotation, cultivating 
leguminous plants, and applying organic 
fertilizers, such a shortage will be 
addressed and the yield of irrigated crops 
will be improved.

3.3.2 Climatic characteristics of the 
region

The average daily temperature and 
monthly climatic and meteorological 
characteristics of the Sa  Abad-Dezfoul 

region during the maize growth season 
are provided in Tables 3.5 and 3.6.

3.3.3 Maize water productivity

The lower yield recorded by combine was 
attributed to a delay in the harvesting 
operation, which led to a reduced yield as 
a result of the negative effects of some 
natural pests (mice, hogs, etc.). 

The average irrigation WUE for the 
studied farms, as measured in 2006 was 

Table 3.3. Some chemical and physical properties of the soil of the selected farms in 
2006.

Field No. Soil 
texture Element pH

Electrical 
conductivity 
(dS/m)

Organic 
carbon 
(%)

Potassium 
(ppm)

Phosphorus 
(ppm)

1 L 121 3.9 7.32 2.3 0.31
2 L-Sa.L 343 6 7.04 2.65 0.61
3 L 121 10.6 7.04 1.5 0.43
4 L 140 3.3 6.6 2.1 0.53
5 L 121 3 6.81 2.5 0.28
6 L 131 6.6 6.84 1.6 0.39
7 L 131 20.8 6.72 1.75 0.43
8 Sa.L 69 5 7.6 1.3 0.36
9 L 263 7.3 7.27 1.3 0.96
10 Sa.L 86 3.7 7.37 1.1 0.4
11 L 149 6.3 7.553 1.7 0.76
12 Si.L 69 2.4 8.02 0.96 0.39
13 L 149 8 7.65 1.25 0.75
14 L 168 7.5 8.12 2 0.64
15 Si.L 178 7.7 7.71 2.5 0.59
16 Si.L 95 1.6 6.75 3.8 0.23
17 Sa.L 77 2.7 7.22 3.3 0.42
18 Si.L 104 2 7.06 3.3 0.37
19 L 178 9 7.2 1.5 0.77
20 Sa.L 121 3.9 6.57 2.5 0.66
21 L 131 6.4 6.84 1.6 0.51

L – loam; Sa.L – sandy loam; Si.L – silty loam
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0.56 and in 2007 it was 0.57. The interval 
between irrigations in both years was 
about nine days. Taking into consideration 
an average daily evaporation of 10 mm 
during late July to mid-September, and 
allowing 70 mm cumulative evaporation 
from a Class A pan between irrigations, 
an average weekly irrigation interval is 
recommended (Saremi, 1998).

Considering the results presented in 
Tables 3.7 and 3.8, all of the selected 
farms received much more water than 
the crop water requirement. As a result, 
the WPI values have a direct and positive 

relation with the yield of kernel, and 
a negative relation with the amount 
of water applied (Figures 3.1, 3.2 and 
3.3). According to Figures 3.2 and 3.3, 
the slope of the changes in WP with the 
amount of water used is more in 2007.

Figure 3.4 shows the change in yield with 
the planting density as it applied to the 
selected elds. According to the result, 
beyond of treshhold palting density 
(70000 plants/ha), any further increase 
in planting density has a negative impact 
on the crop yield.

Table 3.4. Some chemical and physical properties of the soil of the selected farms in 
2007.

Field No. Soil 
texture Element pH

Electrical 
conductivity 
(dS/m)

Organic 
carbon 
(%)

Potassium 
(ppm)

Phosphorus 
(ppm)

1 L 188 10.7 7.1 4.9 0.75
4 L 86 3.6 7.46 1.4 0.4
5 L 140 5.7 7.26 3.2 0.98
6 L 121 5 7.19 2.9 0.48
7 Sa-L 95 2.7 7.27 3 0.31
8 L 104 8.3 7.62 1.4 0.47
9 Sa-L 77 8.5 7.57 1.6 0.55
10 -† 131 4.2 7.54 1.6 0.23
11 - 140 3.3 7.63 1.4 0.32
12 - 178 6.2 7.65 1.5 0.53
13 - 251 5.2 7.66 2.8 0.23
14 - 159 4.5 7.72 2.2 0.23
15 Si-L 131 16.5 7.34 3.9 0.58
16 L 131 11.9 7.23 3.8 0.6
17 L 95 4.5 7.38 4.2 0.25
18 Sa-L 43 5 7.28 2 0.45
19 Sa-L 69 6.1 7.2 2.7 0.46
20 Sa-L 60 4.4 7.34 2.7 0.49

†Not measured. 
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Evapo-
ration 
(mm)

Sun shine 
(hr/

month)

Relative 
humidity 

(%)

Maximum 
wind velocity

Rain 
(mm/

month)

Temperature (0C)Month

date(m/s)avminmax

410.9354.633.0712.00.036.225.846.6Jul

361.9333.337.257.00.036.827.546.1Aug

260.7312.844.735.00.030.720.940.4Sep

199.1196.352.12925.038.227.520.434.5Oct

69.8205.866.4198.037.717.611.723.6Nov

34.9159.777.41613.090.710.35.415.2Dec

Table 3.5. Climatic characteristics of the region during 2006.

Evapo-
ration 
(mm)

Sun shine 
(hr/

month)

Relative 
humid-
ity (%)

Maximum 
wind velocity

Rain 
(mm/

month)

Temperature (0C)Month

date(m/s)avminmax

385.7322.734.438.00.035.825.745.8Jul

382.7330.036.92815.00.035.825.845.8Aug

259.0303.545.01410.00.031.421.641.3Sep

180.7281.052.867.00.026.217.135.3Oct

109.1198.256.62010.03.619.111.426.7Nov

51.5160.072.9612.045.913.68.219.0Dec

Table 3.6. Climatic characteristics of the region during 2007.



61

Ta
bl

e 
3.

7.
 A

gr
on

om
ic

 p
ra

ct
ic

es
 a

nd
 m

ai
ze

 w
at

er
 p

ro
du

ct
iv

ity
 in

 2
00

6.

Fi
el

d
 

N
o.

P
la

n
ti

n
g

 
d

at
e

H
ar

ve
st

in
g

 
d

at
e

D
ay

s 
b

et
w

ee
n

 
rs

t 
an

d
 

se
co

n
d

 
ir

ri
g

at
io

n

P
la

n
t 

d
en

si
ty

 
N

o.
 o

f 
ir

ri
g

a-
ti

on
 

ev
en

ts

R
u

n
of

f 
(m

3
/

h
a)

Ir
ri

g
at

io
n

 
re

q
u

ir
e-

m
en

t 
(E

T)
(m

3
)

G
ra

in
 y

ie
ld

-
b

y 
co

m
b

in
e

(k
g

/
h

a)

G
ra

in
 

yi
el

d
 b

y 
sa

m
p

lin
g

(k
g

/
h

a)

IE (%
)

W
P

(E
T)

(k
g

/
m

3
)

W
P

I
(k

g
/

m
3
)

1
31

.0
6.

06
06

.1
2.

05
3

70
,0

00
11

2,
38

0
6,

27
0

6,
83

6
6,

38
6

0.
30

3
1.

01
9

0.
37

3

2
28

.o
6.

06
29

.1
1.

06
4

62
,9

63
10

4,
20

0
6,

57
0

5,
26

8
4,

12
9

0.
46

0
0.

75
2

0.
52

2

3
28

.0
6.

06
29

.1
1.

06
5

63
,7

04
11

4,
37

0
6,

57
0

4,
42

5
5,

49
6

0.
30

6
0.

63
1

0.
25

9

4
27

.0
6.

06
01

.1
2.

06
5

57
,0

37
11

0
6,

66
0

3,
99

0
4,

73
1

0.
47

1
0.

56
1

0.
28

2

5
02

.0
7.

06
04

.1
2.

06
7

72
,2

22
10

99
0

6,
05

0
3,

89
9

7,
98

4
0.

58
9

0.
59

7
0.

42
0

6
12

.0
7.

06
11

.1
2.

06
7

58
,1

48
9

1,
32

0
5,

08
0

5,
74

8
4,

56
4

0.
54

6
1.

00
5

0.
72

0

7
03

.0
7.

06
05

.1
2.

06
15

47
,0

37
10

98
0

5,
95

0
2,

09
6

3,
31

3
0.

52
8

0.
32

5
0.

20
4

8
30

.0
6.

06
29

.1
1.

06
6

55
,9

26
14

2,
19

0
6,

16
0

3,
57

3
6,

00
5

0.
59

9
0.

53
9

0.
44

1

9
19

.0
7.

06
16

.1
2.

06
5

58
,5

19
12

3,
36

0
4,

91
0

3,
12

4
4,

37
6

0.
45

1
0.

56
4

0.
41

5

10
20

.0
6.

06
29

.1
1.

06
6

91
,1

11
15

3,
51

0
7,

50
0

5,
96

7
4,

98
7

0.
42

4
0.

77
4

0.
42

1

11
13

.0
7.

06
15

.1
2.

06
7

51
,8

52
6

0
4,

73
0

3,
01

3
4,

70
4

0.
52

1
0.

56
2

0.
33

2

12
20

.0
6.

06
27

.1
1.

06
12

48
,5

19
12

2,
90

0
7,

47
0

2,
79

1
6,

05
3

0.
48

8
0.

36
3

0.
22

5

13
.0

2.
07

.0
6

28
.1

1.
06

9
50

,0
00

8
0

5,
86

0
2,

85
4

4,
63

6
0.

61
6

0.
44

8
0.

30
0

14
22

.0
7.

06
01

.1
2.

06
3

70
,7

41
13

5,
11

0
7,

45
0

3,
21

1
5,

32
3

0.
65

5
0.

41
8

0.
51

3

15
01

.0
7.

06
02

.1
2.

06
10

55
,1

85
10

3,
98

0
6,

15
0

3,
88

3
7,

02
7

0.
63

3
0.

58
6

0.
67

8

16
07

.0
4.

06
04

.1
2.

06
7

99
,2

59
11

4,
84

0
5,

87
0

5,
86

3
4,

93
4

0.
51

5
0.

92
0

0.
89

5

17
24

.0
6.

06
28

.1
1.

06
8

70
,3

70
13

2,
74

0
7,

04
0

4,
93

6
6,

55
5

0.
73

6
0.

66
6

0.
72

4

18
15

.0
6.

06
27

.1
1.

06
4

51
,8

52
13

2,
16

0
7,

53
0

2,
59

6
4,

84
2

0.
95

9
0.

33
7

0.
45

6

19
29

.0
6.

06
03

.1
2.

06
3

61
,4

81
11

3,
67

0
6,

47
0

4,
05

7
5,

73
1

0.
38

9
0.

58
5

0.
31

3

20
03

.0
7.

06
06

.1
2.

06
3

78
,1

48
9

1,
67

0
6,

47
0

4,
49

5
6,

27
3

0.
56

4
0.

64
5

0.
45

8

21
29

.0
6.

06
03

.1
2.

06
9

76
,2

96
8

1,
22

0
5,

95
0

3,
77

4
6,

84
7

0.
41

6
0.

58
6

0.
28

8



62

Ta
bl

e 
3.

8.
 A

gr
on

om
ic

 p
ra

ct
ic

es
 a

nd
 m

ai
ze

 w
at

er
 p

ro
du

ct
iv

ity
 in

 2
00

7.

Fi
el

d
 

N
o.

P
la

n
ti

n
g

 
d

at
e

H
ar

ve
st

in
g

 
d

at
e

N
o.

 
d

ay
s 

b
et

w
-

ee
n

 
rs

t 
an

d
 

se
co

n
d

 
ir

ri
g

a-
ti

on

P
la

n
t 

d
en

si
ty

 
(p

la
n

t/
h

a)

N
o.

 o
f 

ir
ri

g
a-

ti
on

 
ev

en
ts

In
ow

 
(m

3
/

h
a)

R
u

n
of

f 
(m

3
/

h
a)

Ir
ri

g
at

io
n

 
re

q
u

ir
e-

m
en

t 
(E

T)
 (

m
3
)

G
ra

in
 

yi
el

d
-b

y 
co

m
b

in
e

(k
g

/
h

a)

G
ra

in
 

yi
el

d
-

b
y 

sa
m

p
-

lin
g

 
(k

g
/

h
a)

IE (%
)

W
P

 
(E

T)
 

(k
g

/
m

3
)

W
P

I
(k

g
/

m
3
)

1
21

.0
6.

07
30

.1
1.

05
4

71
,6

67
11

11
,5

30
2,

56
0

8,
45

0
4,

60
8

6,
39

4
0.

73
3

0.
54

5
0.

40
0

2
11

.0
6.

07
25

.1
1.

06
6

71
,1

11
12

14
,0

40
2,

54
0

9,
06

0
5,

21
1

7,
36

3
0.

64
6

0.
57

5
0.

37
1

3
11

.0
6.

07
25

.1
1.

06
6

82
,2

22
12

13
,6

30
2,

73
0

9,
06

0
5,

70
5

5,
60

6
0.

66
5

0.
62

9
0.

41
9

4
22

.0
6.

07
13

.1
2.

06
6

58
,3

33
12

12
,1

20
2,

26
0

8,
27

0
5,

71
6

8,
06

4
0.

68
2

0.
69

2
0.

47
2

5
01

.0
7.

07
13

.1
2.

06
8

57
,7

78
10

11
,0

50
1,

74
0

7,
25

0
5,

89
9

5,
83

5
0.

65
6

0.
81

4
0.

53
4

6
09

.0
7.

07
13

.1
2.

06
6

48
,8

89
10

8,
73

0
2,

04
0

6,
40

0
4,

46
5

5,
06

5
0.

73
3

0.
69

8
0.

51
2

7
25

.0
6.

07
13

.1
2.

06
4

95
,5

56
17

17
,5

40
8,

59
0

8,
09

0
2,

89
3

8,
02

2
0.

46
1

0.
35

8
0.

16
5

8
25

.0
6.

07
30

.1
1.

06
5

86
,1

11
17

16
,1

70
7,

92
0

8,
09

0
3,

47
9

4,
79

1
0.

50
0

0.
43

0
0.

21
5

9
23

.0
6.

07
01

.1
2.

06
6

92
,7

78
17

20
,4

40
10

,1
80

8,
27

0
7,

59
4

7,
86

7
0.

40
4

0.
91

9
0.

37
2

10
24

.0
6.

07
02

.1
2.

06
11

10
27

,4
60

13
,4

60
8,

17
0

5,
85

4
0.

29
8

0.
71

6
0.

21
3

11
07

.0
6.

07
04

.1
2.

06
6

96
,6

67
10

24
,9

00
12

,2
00

9,
46

0
4,

64
1

6,
41

4
0.

38
0

0.
49

1
0.

18
6

12
10

.0
6.

07
25

.1
1.

06
5

10
24

,9
00

12
,3

20
9,

18
0

6,
96

5
0.

36
8

0.
75

9
0.

28
0

13
24

.0
6.

07
25

.1
1.

06
7

68
,8

89
11

18
,3

80
2,

86
0

8,
17

0
7,

72
6

9,
83

7
0.

44
5

0.
94

5
0.

42
0

14
25

.0
6.

07
30

.1
1.

06
7

72
,2

22
11

20
,0

60
5,

42
0

8,
09

0
9,

29
5

12
,2

38
0.

40
3

1.
14

9
0.

46
3

15
26

.0
6.

07
04

.1
2.

06
4

62
,2

22
12

11
,8

90
4,

76
0

8,
02

0
3,

46
4

5,
87

7
0.

67
4

0.
43

2
0.

29
1

16
27

.0
6.

07
16

.1
2.

06
4

60
,5

56
12

20
,5

80
5,

18
0

7,
92

0
4,

85
8

8,
55

3
0.

38
5

0.
61

4
0.

23
6

17
06

.0
7.

07
16

.1
2.

06
5

36
,1

11
10

13
,8

50
7,

84
0

6,
69

0
2,

18
9

3,
76

9
0.

48
3

0.
32

7
0.

15
8

18
27

.0
6.

07
16

.1
2.

06
4

60
,5

56
10

10
,9

80
1,

13
0

7,
72

0
7,

58
4

8,
66

8
0.

70
3

0.
98

2
0.

69
1

19
28

.0
6.

07
18

.1
2.

06
3

55
,0

00
10

11
,2

60
1,

04
0

7,
64

0
7,

72
1

6,
42

0
0.

67
8

1.
01

1
0.

68
6

20
04

.0
7.

07
15

.1
2.

06
6

57
,2

22
10

6,
00

0
0

6,
87

0
6,

32
1

5,
44

5
1.

14
5

0.
92

0
1.

05
4



63

2006
Yield (kg/ha)
Irrigation & Rain water (cubic meter/ha)

Field No

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
0

4000

8000

12000

16000

20000

24000

2007
Yield (kg/ha)
Irrigation & Rain water (cubic meter/ha)

Field No

0

4000

8000

12000

16000

20000

24000

28000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Figure 3.1. Yield of maize kernel and amount of irrigation water applied on the farms 
during 2006/07.
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Figure 3.2. Changes in WPI with the yield of kernel for selected farms during 2006/07.
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Figure 3.3. Changes in WP with the amount of irrigation water applied for selected farms 
during 2006/07.
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Figure 3.4. Changes in the yield of maize kernel with plant density on selected farms 
during 2006/07.
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3.4 Summary of results
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Chapter 4.

Methods of improving water productivity for 
wheat
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4.1 Introduction

The WP for wheat has been estimated 
at about 0.84 kg/m3 in parts of the 

command area of the Karkheh Dam. In 
other words, 1.25 m3 of water are used 
to produce 1 kg of wheat grain. In order 
to ensure a food supply for the growing 
population of Iran, WP must increase to 
1.9 kg/m3 (double the current amount), 
by the year 2020 (Keshavarz and Ashra , 
2004). To achieve this, various options 
are available:

Produce improved genotypes of plants 
that can tolerate drought
Implement a comprehensive 
management plan for water resources 
in a basin or watershed
Adopt improved water management 
techniques at the farm and network 
level
Study different systems and establish 
institutions to control and monitor 
water quality.

In Iran, In spite of governmental plans 
to expand pressure irrigation, more than 
90% of the irrigated land uses surface 
and traditional methods. Gravity irrigation 
is, by far, the main method used for 
wheat by the farmers. Although the 
wheat yield is somewhat dependent on 
the precipitation in autumn, winter, and 
spring, a limited number of irrigation 
applications – between two and seven 
– has a signi cant effect on the yield. 
Optimizing surface irrigation methods and 
introducing the best method for planting 
wheat under different climate and soil 
conditions are important factors in 
increasing yield and WP – the objectives 
of this project.

There has been a substantial amount 
of research, some of which is reviewed 
in the following paragraphs, comparing 
different sowing and irrigation methods. 
Wang et al. (2001) investigated 
the relationship between irrigation, 
evapotranspiration, and WP in a wheat-
corn rotation. The results showed that 
by using a mulch to reduce evaporation, 
water consumption was reduced by 
800 m3/ha and, consequently, water 
productivity increased. Feng-Min Li 
et al. (2001) compared three irrigation 
regimes according to the different 
fractions of moisture in the top layers of 
the rhizosphere and concluded that the 
highest WP for wheat was obtained when 
the crop was irrigated to achieve a soil 
moisture content of between 50% and 
60% of the total eld capacity.

As reported by Agrawal et al. (1982), 
studies in the USA have shown that, 
for winter wheat in Colombia, reducing 
irrigation water by 24% and constant 
costs by 32% led to reductions of 41% in 
other irrigation costs (energy, labor, etc.), 
and 27% in the cost of chemical fertilizers 
and pesticides. It also reduced the cost 
incurred by the practice of sowing until 
harvest. These reductions have been 
con rmed by farmers who also bene ted 
from the more economical use of water 
(Agrawal et al., 1982).

Other research in the USA (English 
and Nakamura, 1989), studied the 
relationship between the variable costs 
of irrigation and other variables. This 
study showed that increasing the depth 
of irrigation led to changes in the variable 
costs of irrigation (fuel, energy, labor, 
etc.) which were less than the changes in 
the other variable costs. Using different 
crops in rotation is another important 

Chapter 4. Methods of improving water 
productivity for wheat
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consideration, because some crops 
(wheat, barley, and corn) may do better 
under the management regime and 
schedule of limited irrigated, while other 
crops are more suitable for full irrigation.

Afzali Nia et al. (2008) reported that 
cropping patterns had no signi cant 
impact on the yield of wheat, but that 
a combination of sowing using a seed 
drill, and implementing basin irrigation 
resulted in the highest yield. An economic 
comparison showed that the same 
management practices also had the 
advantage of lower costs. Malik et al. 
(1987) studied the effect of four irrigation 
methods (furrow, basin, border, and 
sprinkler) on yield and WP for wheat; 
they reported that the highest yield was 
associated with basin irrigation and the 
highest water productivity with sprinkler 
irrigation. Mudiare (1993) studied the 
effects of three methods of irrigation 
(furrow, basin, and border) on the 
vegetative growth and yield of wheat 
with irrigation intervals of one, two, and 
three weeks. He reported that the highest 
yields obtained for all irrigation intervals 
was under furrow, basin, and border 
irrigation, in decreasing order.

Farshi and Ghaemi (2000) studied how 
irrigation intervals and depth affected the 
yield of wheat. The results showed that 
in order to produce acceptable wheat 
yields in double planting rows in a ridges 
system; irrigation must be applied after 
65% of available water in the root zone 
has been depleted. Farshi and Ghaemi 
also reported that the highest WP was 
achieved when 95% of the available 
water in the root zone had been depleted.
 
The WP increases under de cit irrigation 
compared to full irrigation, as shown 
experimentally for many crops (Zwart 
and Bastiaansen, 2004; Fan et al., 2005). 
Wang et al. (2004) found that growing 
winter wheat in beds and irrigating the 

plants via furrows rather than through 
ood irrigation could save as much as 

30% of the applied irrigation water; it 
also resulted in more ef cient water use. 
Furthermore, grain yield was found to 
increase by more than 10%. Compared 
with bed planting, furrow planting 
resulted in greater storage of soil water; 
however, the stored soil water was less 
dispersed in the 0–90 cm layer of the 
furrow eld compared to a similar layer 
in the eld where wheat was grown on 
beds. Dispersion of stored soil water at 
the 100–120 cm layer was similar for 
furrow planting and bed planting (Yu 
et al., 2005). As for water movement 
after irrigation, this was slower for both 
bed planting and furrow planting than it 
was for row planting on top of the furrows 
(Kang et al., 2000).

According to research that took place 
over two years in Yazd Province, Iran, 
planting wheat in bed furrows at a 
density of 550 seeds/m2 produced 
4.86 t/ha of grain. This method was 
recommended because it reduced the 
build-up of salt in the furrows (Mostafavi, 
1991). Taking account of Mostafavi’s 
results, and in order to prevent soil 
erosion caused by irrigation water, the 
researchers in Yazd proposed furrow 
irrigation, double-row planting and three-
row planting on 75 cm and 90 cm wide 
bed ridges. Planting on beds (between 
60 cm and 90 cm wide) increases water 
availability for plants, makes it easier to 
control weeds, fertilize, and harvest, and 
improves surface drainage (Rawson and 
Macpherson, 2000).

In our research, the main hypothesis 
is that applying particular methods of 
planting can conserve soil moisture, 
prevent erosion, and enhance yield and 
WP. More speci cally, in the case of 
planting winter wheat after corn in the 
autumn, additional problems can arise 
because of the limited time for planting, 
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the presence of corn residues at the 
eld surface, and the high moisture 

content in the soil caused by the autumn 
precipitation. The irrigated lands of the 
Karkheh Basin have played an essential 
role in increasing corn production, so 
determining the best planting method 
for winter wheat following corn has 
special importance in this regard. In 
our experiments, the objective is to 
determine the most ef cient use of 
water for irrigating land downstream 
of the Karkheh Dam, and to decide 
on suitable agronomic practices for 
increasing agricultural WP, with farmers 
participating in the research by applinying 
experimental treatments in their elds.

4.2 Materials and methods

4.2.1 Geographic location

Trials were conducted in the Sorkheh 
district of the Avan Plain (Dasht-e Avan) 
in the lower Karkheh River Basin (KRB) 
of Iran during the 2005, 2006, and 2007 
growing seasons. This plain has a semi-
arid climate with an average rainfall of 
about 350 mm. The climate is also a 
Mediterranean type and, therefore, lacks 
summer rainfall. Characteristics of the 
selected elds are shown in Table 4.1 and 
Table 4.2.

On the Avan Plain, two types of 
agricultural rotation are quite common – 
wheat-vegetable/fallow-wheat and wheat-
corn/fallow-wheat. In the research, 
farmers’ elds incorporating these 
two rotations were tested, and same 
rotation was conducted at the Sa  Abad 
Agricultural Research Center, during the 
2005, 2006, and 2007 growing seasons.

For the research, two farms were selected 
with the participation of farmers, and 
different farming and surface irrigation 
management regimes were tested, using 
a t-test for data analysis. For the on-

farm trials, treatments were carried out 
according to the equipment that was 
available on the farm. However, at the 
Sa  Abad Agricultural Research Center, a 
complete set of treatments was applied.

4.2.2 Treatments

Trials on farms using the wheat-fallow/
vegetable-wheat rotation

The trials included ve surface irrigation 
treatments for the wheat crops:

I1 - Furrow irrigation with three-row 
planting on 60 cm-wide raised beds or 
ridges (planting with drill)
I2 - Furrow irrigation (broadcasting, disk, 
corrugators, and border)
I3 - Border irrigation (seeding, disk and 
border)
I4 - Border irrigation (row planting, 
border)
I5 - Farmers’ practices

Trials on farms using wheat-corn-
wheat rotation (planting in corn 
residue)

The trials included treatments for 
managing corn residues and irrigation 
treatments, as follows:
I6 - Corrugation irrigation (residue 
chopper, seeding)
I7 - Border irrigation (residue chopper, 
seeding)
I8 - Border irrigation (disk, seeding)
I9 - Farmers’ practices.

The durum wheat cultivar D-79-15 and 
two bread wheat cultivars, Chamran 
and Vierinak, were planted in the corn-
wheat rotation. The sowing density in the 
experimental plots was 400 seeds/m2, 
while the width of the plots was between 
12 m and 15 m; the length of the plots 
varied from 235 m to 400 m according to 
the dimensions of the farm. The following 
measurements were taken at all the trial 
farms:
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4.3 Results and discussion

4.3.1 Characteristics of the trial elds
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4.3.2 Soil test results
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4.3.3 Meteorological data

In Table 4.5 and Table 4.6, climatic 
data for the 2005–2007 seasons are 
shown. These were reported by the 
meteorological station at the Sa  Abad 
Agricultural Research Center, which

 is between 1 km and 2 km from the 
selected experimental sites.

4.3.4 Experimental results

Results obtained for the different irrigation 
treatments during the two years of the 
study are shown in Tables 4.7 and 4.8.

Table 4.3. Some chemical and physical properties of the soils on the farms selected for 
wheat trials in 2006.

Field No. Soil texture Element pH EC (dS/m) Organic carbon (%)

P 
(ppm)

K 
(ppm)

1 Si.L 1.9 94.8 7.7 1.4 0.25

2 L 4.2 130.6 7.0 1.7 0.46

3 Si.L-L 15.1 262.6 7.5 4.1 0.49
4 Si.C.L 21 319.6 7.3 4.4 0.54

Table 4.4. Some chemical and physical properties of the soils on the farms selected for 
wheat trials in 2007.

Field No. Soil texture Element pH EC (dS/m) Organic carbon (%)
P 
(ppm)

K 
(ppm)

1 L 4.87 106.3 7.21 1.30 0.18

2 L 2.27 137.7 6.96 1.27 0.24

3 Si.L 1.23 74.7 6.9 3.10 0.09
4 Si.L 2.23 92.3 6.89 3.63 0.09

Si.L – silty loam; Si.C.L – silty, clayey loam

Table 4.5. Climatic data for Dezful 2005/06.

Month Temperature 
(°C)

Rainfall
(mm)

Wind Relative 
humidity(%)

Sunshine 
(hr)

Epan
(mm)

max min av speed (m/s) date

Dec 15.2 5.4 10.3 90.7 13.0 16 77.4 159.7 34.9

Jan 16.4 5.3 10.8 60.5 11.0 11 75.5 168.4 41.2

Feb 20.4 9.0 14.7 52.7 11.0 3 71.8 184.3 69.7
Mar 23.7 9.9 16.8 66.3 17.0 26 65.2 207.7 111.4
Apr 29.2 16.2 22.7 60.1 17.0 13 59.9 171.9 153.7
May 40.6 22.5 31.5 5.0 12.0 15 40.9 205.9 265.5
Jun 45.3 23.9 34.6 0.0 11.0 10 35.4 336.7 371.6
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Table 4.6. Climatic data for dezful during the 2006/07 season of the study trials.

Month Temperature (°C) Rainfall
(mm)

Wind Relative 
humidity(%)

Sunshine 
(hr)

Epan
(mm)

max min av speed 
(m/s)

date

Dec 19.0 8.2 13.6 45.9 12.0 6 72.9 160.0 51.5

Jan 14.1 3.9 9.0 64.7 15.0 5 73.5 163.4 41.8

Feb 21.0 7.0 14.0 1.2 15.0 14 56.2 184.5 98.9
Mar 29.3 13.2 21.3 0.0 9.0 22 48.8 207.4 187.2
Apr 34.2 16.5 25.3 12.0 14.0 30 49.8 208.2 209.4
May 39.1 20.9 30.0 0.1 20.0 21 40.0 235.2 340.6
Jun 44.7 25.1 34.9 0.0 15.0 23 28.9 258.4 453.5

Table 4.7. Amount of irrigation water applied and wheat productivity for the different 
treatments in the eld trials in 2006.

Field 
No.

Treatment Variety Number of 
irrigations

Applied 
irrigation 
water (mm)

ETc 
(mm)

Grain 
yield 
(kg/ha)

WP(ETc) 
(kg/
m3)

WP(I+R) 
(kg/m3)

1

I1 Dez 4 431 320 6512 2.03 0.98

I2 Dez 4 323 320 6480 2.03 1.17

I4 Dez 4 341 320 5904 1.85 1.03
I5 Dez 4 281 320 4611 1.44 0.90

2
I6 Vierinak 4 189 353 6929 1.96 2.33
I7 Vierinak 4 280 353 6128 1.74 1.57
I9 Vierinak 4 260 353 8090 2.29 2.19

3

I1 Chamran 3 248 353 6966 1.97 1.95
I2 Chamran 3 223 353 7974 2.26 2.40
I3 Chamran 3 278 353 6487 1.84 1.68
I4 Chamran 3 310 353 6664 1.89 1.59
I5 Chamran 3 298 353 5998 1.70 1.47

4
I6 Chamran 2 157 306 7297 2.38 2.06
I7 Chamran 2 103 306 7062 2.31 2.37
I9 Chamran 2 159 306 4720 1.54 1.33
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In this research, seeding rate was one 
of the important factores which needed 
to be studied. At the start of the trial 
period, all the farmers already used 50% 
to 100% more seed than the optimum 
rate. Corn residues before and after using 
a chopper are shown in Figure 4.1. There 
is a low level of organic matter in the soil 
in the study area, but chopping the corn 
residues increased this by accelerating 
the rate of decay of the residues. 
Independent of the effects of irrigation, 
using a chopper led to an improved and 
increased yield of wheat in the crop 
rotation.

Figures for the average WUE showed 
the superiority of treatments 2 and 6 in 
fallow conditions and on those farms with 

crop residues during the two years of the 
experiment (Figure 4.2 and Figure 4.3). 
The corrugators and furrower (60 cm) 
used after sowing are shown in Figure 4.4 
and Figure 4.5.

In view of the higher amount, and better 
distribution, of precipitation in 2005, 
06, less irrigation was applied than in 
the second year. Accordingly, the effects 
of the irrigation treatments were more 
obvious in the second year. It was then 
noticed that the effect of furrow irrigation 
treatments in farms with corn residues 
led to an 80% increase in wheat WP 
compared to those elds under the 
farmer’s conventional management 
(border irrigation).

Table 4.8. Amount of irrigation water applied and wheat productivity for various 
treatments in the eld trials in 2007.

Field 
No.

Treatment Variety Number of 
irrigations

Applied 
irrigation 
water (mm)

ETc 
(mm)

Grain 
yield 
(kg/ha)

WP(ETc) 
(kg/
m3)

WP (I+R) 
(kg/m3)

1

I1 Star 6 0.539 382 7769 2.03 1.31

I2 Star 6 0.582 382 11228 2.94 1.77

I4 Star 6 0.457 382 10031 2.63 1.97
I5 Star 6 0.549 382 8543 2.24 1.42

2

I6 Vierinak 6 0.341 372 5744 1.54 1.58
I7 Vierinak 6 0.702 372 4656 1.25 0.64
I8 Vierinak 6 0.582 372 3865 1.04 0.64
I9 Vierinak 6 0.625 372 5441 1.46 0.84

3

I1 Vierinak 5 0.626 386 7915 2.05 1.17
I2 Vierinak 5 0.450 386 6993 1.81 1.40
I3 Vierinak 5 0.529 386 6251 1.62 1.08
I4 Vierinak 5 0.633 386 6506 1.69 0.95
I5 Vierinak 5 0.690 386 8536 2.21 1.15

4

I6 Vierinak 6 0.301 372 6904 1.86 2.12
I7 Vierinak 6 0.692 372 6056 1.63 0.85
I8 Vierinak 6 0.500 372 6399 1.72 1.22
I9 Vierinak 6 0.616 372 7238 1.95 1.13
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Figure 4.1. Corn residues before and after chopping (before sowing wheat).
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Figure 4.2. Increase in wheat water productivity for different irrigation treatments 
compared to the control treatment (I5) in 2005/06.
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Figure 4.3. Increase (or decrease) in wheat water productivity for different irrigation 
treatments compared to the control treatment (I5) in 2006/07.

Figure 4.4. Corrugators used on the irrigation strips of the experimental elds.
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Looking at the salinity levels of the soils 
in led 3 and 4 in the rst year and eld 
2, 3, and 4 in the second year, it was 
concluded that where the soil had an 
electrical conductivity of more than 2 
dS/m, creating furrows in the bed of the 
irrigation strips had a considerable effect 
on optimizing wheat WP. In addition, it 
was concluded that on the elds with 
no salinity limitations and rather steep 
slopes, irrigation WP was similar for strips 
with or without furrows. For these elds, 
the more straightforward method of 
planting rows on the at surface of strips 
was therefore more desirable.

4.4 Summary of results and 
recommendations

A sowing density of 400 seeds/m2 
is recommended; this represents a 
reduction of from 25% to 50% in 
the amount of wheat seeds currently 
sown

Using choppers on farms with corn 
residues will increase the amount of 
organic matter in the soil and will 
improve the effects of the irrigation 
applications
On the Evan Plain, corrugation 
irrigation is recommended. Various 
experiments where corrugation 
irrigation was applied to farmer’s 
elds on the plain, both with and 

without corn residues, showed that 
the WUE for the irrigation water 
was increased by, on average, 45% 
compared with the farmers’ present 
practices
It is advisable to use furrows in the 
beds of the irrigation strips in elds 
with a soil salinity level of 2 dS/m or 
more
Row planting on well-graded and 
leveled land is appropriate when the 
eld has a relatively steep slope and 

no salinity limitations.

Figure 4.5. Furrowers used on the irrigation strips of the experimental elds.
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5.1 Introduction

Corn is among the strategic crops that 
have drawn the attention of farmers 

and it is experiencing an ever-increasing 
area under cultivation in Iran for a variety 
of reasons such as a guaranteed purchase 
price. During the farming season of 
2007 and despite such problems as a 
shortage of suitable seeds, the area 
under cultivation in Khouzestan Province, 
including the lower KRB, was more than 
80,000 ha. It is expected that this will 
be increased to more than 100,000 
ha, as planned in the Fourth National 
Development Program (2006–2010).

Corn is planted in rows with 75cm 
spacing, and is irrigated by furrows. On 
average, the corn water requirement 
(ETc) in lower KRB is between 700 mm 
and 750 mm. Assuming an irrigation 
ef ciency of 30%, the seasonal irrigation 
water for corn will be between 21 m3/ha 
and 22 m3/ha. This water requirement 
and the shortage of available water set 
a limit to the area which can be put 
under the cultivation of corn. Therefore, 
in order to increase the area under corn 
cultivation in Khozestan Province the use 
of irrigation water must be optimized, 
particularly in the southern part of lower 
KRB where the rainfall during summer is 
almost zero.

Schneekloth et al. (1991), Hergert et al. 
(1993), and Schneekloth et al. (1995) 
obtained, using only 150 mm of water, 
corn yields of 81%, 86%, and79%, 
respectively, of those obtained using 
the full irrigation water requirement. 
The 150 mm represented about 40% 
of the water needed for full irrigation. 
Klocke et al. (2004) also reported corn 
yields of 84% and gross economic 

returns of between 85% and 91% using 
de cit irrigation as compared with the 
farmers’ irrigation scheduling practices. 
These studies suggest that if water is 
limited, irrigating for maximum yield 
should not always be the objective, 
since reasonably high yields for less 
water could be obtained under de cit 
irrigation. A recent review of measured 
Crop Water Productivities (CWP) (yield 
per unit seasonal ET) for four major 
crops around the world, including corn, 
concluded that CWP could be signi cantly 
increased, if irrigation was reduced 
and crop water de cit was intentionally 
induced (Zwart and Bastiaanssen, 2004). 
Having local information about the yield 
response of crops under alternative 
water management strategies is critical 
to be able to optimize the use of limited 
water supplies. Payero et al. (2006) 
suggest that inducing stress is not a good 
strategy for increasing crop WP (yield per 
unit ETc) for corn and point out the need 
to minimize irrigation water losses and 
improve irrigation scheduling.

Doorenbos and Kassam (1979) proposed 
that the ratio of relative yield to relative 
evapotranspiration (Ky) describes the 
relation between water stress and the 
corresponding expected yield. For corn, 
they reported Ky values of 0.4, 1.5, 0.5, 
and 0.2 for the vegetative, owering, 
yield formation, and ripening stages, 
respectively, indicating that the yield 
was more affected by water stress 
during owering. Hanks (1974) found 
that the ratio of actual to potential dry 
matter yield was directly related to the 
ratio of actual to potential transpiration. 
Others have found a linear relationship 
between grain yield and actual seasonal 
ET (Barrett and Skogerboe, 1978; Gilley 
et al., 1980; Schneekloth et al., 1991). 

Chapter 5. Methods of improving water 
productivity for maize
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This suggests that the timing is not as 
important as the total amount of water 
available to the crop during the season, 
assuming that stress is not severe 
enough at any stage to actually desiccate 
the crop. These two apparently opposing 
views have motivated considerable 
research (Barnes and Woolley, 1969; 
Claassen and Shaw, 1970a, 1970b; 
Bryant et al., 1992; Traore et al., 2000). 
In Nebraska, Gilley et al. (1980) found 
that the yield was not reduced when 
corn was stressed during the vegetative 
stage, but was signi cantly reduced when 
stressed during pollination and grain-
lling. However, they also found a good 

linear relationship between yield and 
actual seasonal crop ET, as also reported 
by Schneekloth et al. (1991).

According to Molden (1997), the 
productivity of the total applied water 
(WP) is de ned as crop yield per unit of 
volume of water supplied to the crop. It 
is estimated by dividing crop yield by the 
total applied water (rainfall + irrigation). 
Many irrigation experiments involving 
different irrigations levels showed that 
de cit irrigation usually has higher WP 
than full irrigation (Zhang, 2003).

Maize is a major irrigated crop in 
southern Spain. It requires about 500 
mm to 600 mm of SI to attain maximum 
yields. Aguilar et al. (2007) reported a 
mean yield loss of 17% due to limited 
irrigation. The main effect of limited 
irrigation was to reduce the ears per 
plant and the 1000 kernel weight. Maize 
yield decreased as the season length 
was reduced. Limited or regulated de cit 
irrigation is one way of maximizing the 
productivity of the total applied water; 
thus, the limited irrigation treatment 
achieved a higher WP value (2.66 kg/
m3) than full irrigation (1.90 kg/m3). At 
both irrigation levels, WP was higher 
as the growth cycle increased. It can 
be concluded that reduced irrigation 

provided higher yields when applied to 
long cycle cultivars (FAO 700-800), with 
increased WP values.

Khoajeh Abdollahi and Sepaskhah (1995) 
reviewed the alternate furrow irrigation 
method with different irrigation periods for 
corn cultivar 704 in the two Fars regions 
of Bajgah and Koushk. In their research, 
three 4-day, 7-day, and 10-day irrigation 
periods and three irrigation methods – 
normal, xed alternate, and every-other 
alternate furrow – were compared with 
each other. The results showed that the 
alternate furrow irrigation treatment with 
a 4-day irrigation period was the most 
economic method with respect to amount 
of irrigation water applied and the yield of 
the seed.

Reducing the spacing between adjoining 
rows in a special plant con guration 
has some potential advantages. First, 
it reduces the competition between 
the rows of plants for light, water, and 
food as a result of the very regular and 
identical plant con guration (Porter 
and Hicks, 1997). Similar plantation 
con gurations with closer rows, improve 
the initial growing speed of corn in the 
growing season (Bullock et al., 1988) and 
result in better absorption of sunlight, 
more ef cient use of the radiation, and 
a greater yield of seed (Westgate et al., 
1997). Secondly, maximization of the 
canopy light absorption as a result of 
early closure of the canopy decreases 
the light transfer to the soil surface 
(McLachlan et al., 1993). This reduces 
the potential for an intermixing of 
weeds, especially species sensitive to 
shadow (Teasdale, 1995). Thirdly, quickly 
covering the soil surface early in the 
season decreases loss of water through 
evaporation. Therefore, faster coverage of 
the narrow rows by the crops is a means 
of improving soil protection and reducing 
soil evaporation and erosion (Mannering 
and Johnson, 1969).
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In reviewing the consequences of one- 
and two- row plantation con gurations 
and densities for four early-maturing 
cultivars of corn, it was determined 
that two-row planting con guration 
yielded less than the normal planting 
con guration in the second year, but 
showed no meaningful difference in the 
other years of the four-year research 
(Bavec and Bavec, 2001). In a review 
done by Ottman and Welch (1989) using 
ve planting methods, including 38 cm 

single-row, 76 cm double-row, 76 cm 
single-row, 114 cm double-row, and 152 
cm double-row with 13 cm space between 
the rows, it was indicated that the latter 
double-row had, at 9.7 t/ha, the least 
grain yield.

Sangoi et al. (2001) reported that the 
yield of corn seed was signi cantly 
in uenced by the row spacing and 
its interaction with the planting date. 
Reducing the row spacing from 100 cm 
to 50 cm increased the yield of corn grain 
linearly. Within the range of row spacings 
considered in this test, depending on the 
growing season and planting date, an 
improvement of grain yield from 96 kg/ha 
to 248 kg/ha was obtained for every 10 
cm reduction of row spacing.

The results of research by Teasdale 
(1995) and Westgate et al. (1997) 
indicated that planting corn in narrow 
rows had no positive impact on the grain 
yield. This result may be due to several 
factors, such as the hybrid cultivar used, 
plant density, soil fertility, and climate 
conditions during the test period.

Tharp and Kells (2001) reported that the 
yield of corn was similar for different row 
spacings. Shibles et al. (1966) indicated 
a 1.5% increase in yield for 76 cm rows 
as compared to 102 cm row spacing. 
In addition, a 3.5% increase in yield 
resulted from 51 cm row spacing.

Farnham (2001) reported that by 
changing the row spacing from 76 cm 
to 38 cm, the yield of corn was reduced. 
Cox and Cherney (2001) reported that 
the yield of dry matter and the yield at 
the maturation stage of the corn grain 
for 38cm row spacing was more than 
for 76 cm row spacing. Widdicombe and 
Thelen (2002) reported that the yield 
increment in dry matter was similar 
for a forage hybrid and a double cross 
when the row spacing was decreased 
from 76 cm to 38 cm. Ullah et al. (2007) 
reported that soybean + maize rotation 
in 90 cm spaced double row strips gave 
maximum maize grain yield (6.71 t/
ha). The maximum land equivalent ratio 
(1.62) was also recorded for 90 cm 
spaced double row strips, intercropped 
with soybean. Similarly all intercropping 
systems gave substantially higher net 
incomes over mono-cropping with the 
highest net income occurring in the case 
of maize + soybean rotation followed by a 
sole crop of maize.

Interest in reducing maize row spacing 
in the short growing season regions of 
Brazil is increasing; there are potential 
advantages, such as higher radiation 
use ef ciency (Sangoi et al., 2001). An 
experiment was conducted to evaluate 
the effect of reducing row spacing on 
grain yield of different maize cultivars 
planted at different dates. The reduction 
of row spacing from 100 cm to 50 cm 
increased maize grain yield – the row 
spacing-yield relationship was linear 
with a negative slope. The yield edge 
provided by narrow rows was higher 
when the maize was sown earlier in the 
season. Differences in hybrid cycle and 
plant architecture did not alter the maize 
response to the reduction of row spacing.

In Pakistan, Shah et al. (2003) concluded 
that WUE was a maximum (14.58 kg/
ha/mm) when the maize was planted 
in 60 cm and 90 cm planting patterns. 
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It was lowest (8.01 kg/ha/mm) when 
the crop was ridge planted and irrigated 
in alternate furrows. The grain yield, 
resulting from the increased leaf area per 
plant, and the 1000-grain weight was also 
highest (4.57 t/ha) for the 60 cm and 90 
cm planting patterns.

Water is essential for every development 
phase, from seed germination to 
maturation. Maize grain yield was 
decreased substantially by water de cit 
(Cardwell, 1982). After wheat and 
rice, maize (Zea mays L.) plays an 
important role in the economy of the 
world. Although maize grain yield has 
increased signi cantly, there is still a 
big gap between the potential yield and 
the actual yield of different cultivars 
arising from different agro-management 
practices. Among these, planting pattern 
is an important determinant (Cardwell, 
1982). Planting patterns affect radiation 
use ef ciency (Tollenaar and Aguilera, 
1992) and the yield decreases with an 
increase in a vapor pressure de cit from 
0.9 kPa to 1.7 kPa (Kiniry et al., 1989). 
The furrow–ridge method provides better 
WUE, better drainage, and saves more 
water than border irrigation (Chaudhary 
and Qureshi, 1991).

According to the available information, 
the water need of corn has been reported 
as being between 500 mm and 800 
mm, depending on the environmental 
conditions and climate of the regions of 
production. For instance, Tavakoli et al. 
(1988) reported the yields of corn cultivar 
704 under the in uence of different 
irrigation intervals. Water applied after 
every 70 mm of cumulative evaporation 
from a Class A pan produced more grain 
than the other two treatments following 
100 mm and 160 mm of cumulative 
evaporation. The differences in the crop 
yield were 1724 kg/ha and 4866 kg/ha, 
respectively. Also, it has been reported 
that the water required for corn under the 

climate of Ahwaz is 683 mm and under 
that of Dezfoul is 705 mm for a 120-day 
growing period.

The objectives of the present study were 
to:

Determine the potential of corn WP 
under the existing and the proposed 
methods in lower KRB
Determine the advantages and 
technical limits of each of the 
proposed methods
Compare corn WUE under optimum 
farming and irrigation management 
with that under the farmers’ 
management
Investigate the impacts of the 
methods of cultivation and irrigation 
on the yield and yield components of 
corn.

5.2 Materials and methods

Methods for enhancing Water Productivity 
(WP) in water-needing lands fall into 
three categories, irrigation and cultivation 
management, the use of cultivars with 
higher yield potential, and the use of less 
water for irrigation. On this basis, the 
experimental treatments were selected 
with a combination of parameters and 
tested with precise measurement at the 
Sa  Abad Agricultural Research Center.

Three trials were conducted using a 
participatory approach in farmers’ elds 
downstream of Karkheh Dam and one 
trial with precise measurements was 
conducted in Sa  Abad Agricultural 
Research Center during 2007 season. 
These trials are described below.

5.2.1 Improvement of corn water 
productivity in the farms of Dasht-e 
Evan

In this study, local management practices 
for corn cultivation were implemented 
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with the cooperation of the farmers. Two 
farms located in the Dasht-e Evan region 
were selected and different farming and 
surface irrigation management practices, 
in the form of trial treatments were used 
on them with the participation of the 
farmers. The results were analyzed using 
a t-test. The treatments are summarized 
below.

Farm 1

Trial 1. Irrigation management 
treatments for corn hybrid SC-704

The treatments were as follows:

Varied alternate furrow irrigation 
throughout the growing season (VA)
Furrow irrigation following local, 
traditional management practices i.e. 
control treatment (CT)
Furrow irrigation using cut-back ow 
when the advancing front reached 
75% of the furrow length (RF 75%)
Furrow irrigation using cut-back ow 
when the advancing front reached the 
end of the furrow (RF 100%)
Corn was planted and irrigated in 
the bottom of the furrows during 
the early stages of growth, but the 
furrows were then replaced by ridges 
at the time of the fth irrigation when 
a cultivator was used to control the 
weeds (CBP)

Trial 2 Comparison of corn cultivars

Treatments included corn varieties Hybrid 
SC-704, Hybrid SC-666, and Hybrid 
SC-602

Farm 2

Trial 3. Irrigation management 
treatments for corn hybrid SC-704

Treatments were as follows:
Furrow irrigation following traditional, 
local practices i.e. CT

Furrow irrigation using cut-back ow 
when the advancing front reached 
75% of the furrow length (RF 75%)
Furrow irrigation using cut-back ow 
when the advancing front reached the 
end of the furrow (RF 100%)
Furrow irrigation of the corn planted 
in the bed of the furrow throughout 
the growing season (BP).

The advantages of the selected farms 
were that the farmers were cooperative 
and the elds of the two farms were in 
the same vicinity. In each of the two 
selected farms, one eld was used for 
conducting all those treatments different 
than the farmers’ practices while the 
rest of the farm was considered as the 
control treatment. After land preparation 
operations – included a pre-plow 
irrigation in mid-June, plowing to a 
depth of 30 cm, two disking operations 
perpendicular to each other, fertilizing, 
and a nal disking – furrows were made 
with a 0.75 m spacing. The width of 
each treatment plot was 15 m (a total 
of 20 furrows) and its length varied 
somewhat, depending on the conditions 
of the farm, from 237 m to 270 m. 
The soil texture was loam and silt loam 
with a bulk density of 1.64 g/cm3. The 
water table was lower than 9 m from 
the surface. In all three trials, the corn 
was planted using a pneumatic drill with 
a density of 75,000 plants/ha. After 
planting, the same farming practices of 
fertilizing, weeding, and spraying and the 
scheduling of irrigation were carried out 
for all treatments. To prevent uctuation 
in the water ow, two ditches were used. 
The in ow to each treatment plot was 
measured using a cutthroat ume. For 
each irrigation, the time of the water 
advance, the rate of water in ow to the 
farm, and the length of the irrigation 
were recorded. At the end of the season, 
for each treatment, 15 sample plots of 
3 m2 each were randomly harvested and 
the yield components measured.
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Trial 4 Improving irrigation water 
productivity for corn in Sa  Abad 
Agricultural Research Center

To study the interaction of the commercial 
corn cultivars with the different systems 
of surface and trickle irrigation, three 
commercial hybrid cultivars, SC-704, 
SC-666, and SC-602, were tested in 
an experiment with split plots in a 
completely randomized block design 
with three replications. The main plot 
(horizontal) included six treatments of 
farming and irrigation management as 
follows:

Planting on 75 cm ridges with full 
irrigation as the CT
Planting on 75 cm ridges with varied 
alternate furrow irrigation (VF)
Double-row planting on 75 cm ridges 
(DRP)
Single-row planting inside 75 cm 
spaced furrows and replacing furrows 
with ridges at the two- to four-leaves 
stage (BC-shift)
Single-row planting inside 75 cm 
furrows – xed ridge furrow (BC) 
Planting on 75 cm ridges – full-trickle 
irrigation (Drip)

Each treatment plot consisted of 7 furrows 
130 m long. The soil texture was silt clay 
loam with a bulk density of 1.62 g/cm3. 
The water table was lower than 12 m. 
In this trial, corn cultivars were planted 
manually maintaining a stand of 75,000 
plants/ha. The furrows were continuously 
irrigated along their full length. The 
parameters for a number of the in ltration 
curves of the U.S. Soil Conservation 
System (SCS), land slope, and the most 
suitable in ow rates were determined. 
Then, by measuring the time of advance 
into each furrow during irrigation, the 
duration of irrigation was determined 
using the method recommended by 
SCS, taking into consideration the 
depth of irrigation. The rate at which 

irrigation water was applied by the 
existing methods was measured from the 
beginning of the planting season.

Crop coef cients were estimated at the 
different stages of growth according to 
Allen et al. (1998). The planting date 
was decided on the basis of previous 
research and the irrigation period was 
considered on the basis of the 70±5 mm 
cumulative evaporation from a Class A 
pan. In the surface irrigation treatments, 
to prevent the uctuation in the ow of 
water and to stabilize the water surface 
in the upstream ditch, two ditches – a 
rst and a second – were considered. 

To measure the in ow for the different 
treatments, a Washington State College 
ume was installed. At each irrigation, 

the rate of advance of the water, the 
amount of water in ow to the farm, 
and the irrigation time were measured 
and recorded. At harvest time, in each 
treatment plot, a 8 m2 sampling area was 
selected and plants in the two middle 
lines were removed for measurement 
of the yield and the yield components. 
From each plot, 5 plants were cut for the 
determination of dry matter. A statistical 
comparison of the means was performed 
using the Duncan test.

5.3 Results

5.3.1 On-farm trials

In Table 5.1, the mean yield of shoots 
with 60% moisture, grain yield, and 
irrigation WP are shown. The comparison 
of the means of the yields from the 
different treatments, leads to the 
following conclusions (Figure 5.1).

For Farm 1, the treatment of the bed 
of furrow planting i.e. CBP is the best 
treatment with respect to grain yield. It 
shows a signi cant difference, at p=0.001 
level, in comparison with the VA, CT, and 
RF 75% treatments. Also, in the case of 
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irrigation WP, the same treatment is the 
best, and has a signi cant difference with 
other treatments at p=0.001 level. For 
Farm 2, RF 75% is the best treatment 
with respect to the grain yield, and shows 
a signi cant difference in comparison with 
treatments CT and RF 100% at p=0.001 
level, and with the BP treatment at 
p=0.005 level. For the irrigation WP, RF 
75% is, again, the best treatment with 
a signi cant difference from the other 
treatments at p=0.001 level. For the yield 
of shoots, however, it was determined 
that ridge-planted treatments have higher 
yields than those planted in the bottom 
of the furrows. In both farms, the control 
treatment i.e. management of irrigation 
by the farmer, had the lowest yield for 
the grain and the irrigation WP.

The results of the trials for the 
comparison of corn cultivars are 
presented in Table 5.2. Statistical analysis 

of the means using a t-test indicated 
that there is a signi cant difference 
between treatments at p=0.001 level 
with respect to grain yield and irrigation 
WP. According to these results, cultivar 
602 stands at the top, followed, in order, 
by cultivars 704 and 666. Furthermore, 
the higher yield of cultivar 602 resulted 
in an increase of about 20% in irrigation 
WP when compared with the prevalent 
cultivar of the region (i.e. cultivar 704). 
There is a signi cant difference between 
cultivar 602 and cultivars 704 and 666 at 
p=0.001 level in the yield of shoots.

On the basis of the meteorological data, 
the cumulative Class A pan evaporation 
during the growing period of the corn 
(2007) was about 900 mm and the water 
need, calculated through the method of 
the Class A evaporation pan, was 590 
mm. the number of irrigations in Farm 
1 and Farm 2, and the dates of the 

Table 5.1. Mean yield, dry matter produced, and irrigation water productivity for different 
treatments.

Treatment Shoots
(60% moisture)

(t/ha)

Grain yield
(14% moisture)

(kg/ha)

WP-grain yield
(kg/m3)

Farm 1 Farm 2 Farm 1 Farm 2 Farm 1 Farm 2

365.0177,01604,321I
I2 27,043 27,016 7,100 8,173 0.288 0.409
I3 28,501 31,812 11,064 10,087 0.580 0.658
I4 32,538 29,430 11,391 8,507 0.595 0.539
I5 23,558 26,456 11,732 9,785 0.706 0.608

Table 5.2. Mean yield, dry matter produced, and irrigation water productivity for different 
corn cultivars.

Variety Shoots
(60% moisture)
(t/ha)

Grain yield
(14% moisture)
(kg/ha)

Irrigation WP-
grain yield
(kg/m3)

62.0073,6640,12407

322.0774,5001,22666
113.0136,7492,72206
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Figure 5.1. Mean yield of corn seed under different treatments.
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irrigations are provided in Table 5.3. For 
the different treatments, the reductions 
in water consumption in comparison with 
the control treatment and the ef ciency 
of the applied water on the basis of the 
calculated crop water need, are given 
in Table 5.4, where the crop water 
requirement for Farm 1 was 590mm and 
Farm 2, 582mm.

A comparison of the amount of water 
applied with the calculated crop water 
requirement indicates that all treatments 
received more water than needed. In 
other words, the treatments had only 
achieved some reduction in the rate of 
over-irrigation. Figure 5.2 shows the 
relationship between the yield of grain 
produced and the water consumed for 
the different treatments at the two farms. 
Irrespective of the regression equations 
and resulting correlation coef cients, 

the total trend for the change of product 
with the amount of water consumed 
indicates extreme irrigation in the applied 
treatments.

Compared with the control treatment, 
decrease in the amount of water applied 
in the treatment where corn was planted 
in the bottom of furrows was 32% on 
Farm 1 and 20% on Farm 2. Also, the 
irrigation water ef ciency, based on 
the calculated crop water requirement, 
was between 8% and 10% higher in 
this treatment than that used following 
the farmers› practices. As stated in the 
explanation of treatments on Farm 1, 
simultaneously with the top-dressing 
of fertilizer operation and weed control 
(at the time of the fth irrigation), the 
locations of the ridges and furrows 
were replaced – ridges were turned into 
furrow and vice versa. From this stage 

Table 5.3. Number and date of irrigation in the trial farms.

Irrigation 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th

Farm 1 21
 Jul

31 
Jul

7 
Aug

18 
Aug

29 
Aug

3 
Sep

15 
Sep

25 
Sep

5 
Oct

14 
Oct

Farm 2 25 
Jul

30 
Jul

7 
Aug

12 
Aug

17 
Aug

31 
Aug 9 Sep 16 

sep
24 
Sep

4 
Oct

16 
Oct

Table 5.4. Total amount of irrigation water applied, rate of reduction of water 
consumption cf. control treatment, and irrigation ef ciency on the basis of the calculated 
crop water requirement.

Treatment Amount of irrigation 
water applied

m3/ha

Reduction in amount of 
water consumed cf. the 
control treatment (%)

Irrigation ef ciency – 
based on ETc 

(%)

Farm 1 Farm 2 Farm 1 Farm 2 Farm 1 Farm 2

1322771,91FV

9242050,02325,42TC

RF 75% 19,058 15,313 22 24 31 39

RF 100% 20,286 15,777 17 21 29 37

CB 16,632 16,087 32 20 35 37
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Figure 5.2. Changes in the yield of the corn crop (at 14% moisture) with changes in the 
amount of water applied.
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on, irrigation of this treatment was 
undertaken through the ow reduction 
(cut back) method. As a result, 32% less 
water was applied as compared to the 
control treatment. On Farm 2, for the 
BP treatment, application of irrigation 
treatments started from the sixth 
irrigation, and a 20% reduction in the 
amount of irrigation water was obtained 
as compared to the control treatment. 
Furthermore, in comparison with the 
control treatment, the irrigation WP of 
this treatment showed an increase of 
100% on Farm 1 and an increase of 50% 
on Farm 2 (Figure 5.3).

Conclusions and suggestions

In the Dasht-e Evan region, a major 
cause of the low WP and yields from 
corn elds is over-irrigation
Under the farmers› management 
practices, planting corn in the bottom 
of furrows can reduce the amount 
of water applied by between 20% 
and 30%, increase grain yield, and 
enhance irrigation WP by between 
50% and 100%
With these water savings and 
improved WP, the area under 
cultivation can be increased by at 
least 30% in the studies area.

5.3.2 Results of the experiments at 
the Sa  Abad Agricultural Research 
Center

The yield of shoots, grain yield, and 
irrigation WP are given in Table 5.5. 
Comparison of the mean yields and yield 
components for the different treatments 
led to the following conclusions (Figure 
5.4). In this trial, trickle irrigation 
was found to be the best treatment. 
This treatment showed a statistically 
signi cant higher WP from the other 
treatments, at p=0.001 level, with 
respect to grain yield, biomass, and

irrigation WP measured by the amount of 
dry matter and the grain yield produced. 

Also, statistically signi cant differences 
were observed between the corn cultivars 
at p=0.005 level; cultivar 602, with 
a mean yield of 8179 kg/ha, had the 
highest yield.

Among the surface irrigation treatments, 
planting two lines on the ridge resulted 
in the highest yield – a mean grain yield 
of 8844 kg/ha. This was yield followed by 
the treatment of planting in the bottom 
of the furrows – a mean yield of 7404 
kg/ha. Water productivity based on grain 
yield was better for the BC and DRP 
treatments. For the former – planting 
inside the furrows – the average yield 
was 0.76 kg/m3, while for the latter – 
double- row planting on 75 cm ridges – 
the average yield was 0.61 kg/m3.

The reduction in the amount of water 
consumed relative to the control 
treatment and the ef ciency of water 
application according to the computed 
water needs for each one of the 
treatments are presented in Table 5.6. 
The crop water requirement was 534 
mm. A comparison between the amount 
of water applied and that calculated for 
the crop water requirement shows that all 
treatments had received more water than 
needed. In other words, the treatments 
had achieved limited reduction in the rate 
of over-irrigation. For the BC treatment, 
the water consumption showed a 33% 
reduction and WUE an 18% increase 
relative to the control treatment. For the 
drip treatment, water consumption was 
decreased to below one-half of that of 
the control treatment. As per existing 
recommendations for surface methods, 
the irrigation interval was set for after 
70 mm cumulative evaporation from a 
Class A pan, while for the drip irrigation 
it was set for after 35 mm cumulative 
evaporation.
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Figure 5.3. Irrigation water productivity and percent reduction in the amount of water 
applied for the different treatments compared to the farmers’ management practices
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Table 5.5. Mean yield, biomass, and irrigation water productivity for different treatments. 

Water productivity
Irrigation 
treatment

Biomass 
(60% moisture) kg/ha

Grain yield
(14% moisture) kg/ha

Biomass
(kg/m3)

Grain
(kg/m3)

184.0900.1759,6006,41TC
965.0820.1165,6268,11FV
016.0380.1448,8807,51PRD
265.0190.1278,6433,31tfihs-CB
267.0424.1404,7548,31CB
224.1561.2655,9418,61pirD

Corn variety treatment
161,51090,7782.1776.0407
613,41828,7233.1137.0666
406,31971,882.1497.0206

Treatment

0.0 

0.2  

0.4  

0.6  

0.8  

1.0  

1.2  

1.4  

1.6  

CT  VF  DRF  CPB  BP  Drip  

WP (irri) (kg/m3)

Irri water reduce (%)  

Figure 5.4. Irrigation water productivity and percent reduction in the amount of water 
consumed for different treatments compared to the control treatment at the Sa  Abad 

Agricultural Research Center. 
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The number and dates of the surface and 
drip irrigation application are presented 
in Table 5.7. The furrow bed culture 
treatment resulted in a 58% increase 
in water productivity as compared to 
the control treatment, while the use of 
cultivar 602 resulted in a 17% increase in 
seed yield and subsequently, in the water 
productivity seed performance.

Conclusions and recommendations

In Dasht-e Evan region, a major 
cause of low water productivity and 
corn yields is over-irrigation
It is recommended to use high-
yielding corn varieties, such as 
cultivar 602, to replace the presently 
popular cultivar 704 in the region. The 

grain yield of cultivar 602 was found 
to be 17% higher than that of the 
commonly grown cultivar
Under the farmers› management 
practices in Dasht-e Evan, planting 
corn seed at the bottom of the 
furrows resulted in a 20% to 30% 
decrease in the amount of irrigation 
water consumed. This resulted in 
an increased ef ciency of use of the 
irrigation water based on crop ET. 
Similar studies conducted in the Sa  
Abad Agricultural Research Center 
revealed that planting at the bottom 
of the furrows leads to a reduction of 
about 33% in the amount of irrigation 
water consumed and is accompanied 
by an increase of 58% in irrigation 
water productivity. Therefore, this 
practice can be recommended.

Table 5.6. Total amount of water applied, reduction of water consumption cf. the control 
treatment, and irrigation ef ciency based on the calculated crop water need.

Treatment Amount of irrigation 
water applied
(m3/ha)

Reduction in water 
consumption cf. the 
control treatment (%)

Irrigation ef ciency – 
based on ETc 
(%)

73464,41TC
6402835,11FV
73005,41PRD
4451722,21tfihs-CB
5533527,9CB
5725899,6pirD
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Table 5.7. Number and date of irrigation at the experimental farm.

Irrigation systems Drip irrigation date Surface irrigation date
luJ 82luJ 92

guA 2guA 1
guA 8guA 3
guA51guA 6
guA 12guA 9

12 Aug
16 Aug

571 htnom ni snoitagirri latoT
guA 72guA 12

peS 1guA 52
peS 7guA 72
peS 51guA 13

4 Sep
7 Sep
10 Sep
12 Sep
15 Sep
18Sep
21 Sep

4112 htnom snoitagirri latoT
peS 22peS 42

tcO 1peS 82
tcO 6tcO 1
tcO 41tcO 5

8 Oct
10 Oct
13 Oct
16 Oct
19 Oct

493 htnom snoitagirri latoT
3172snoitagirri latoT
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