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Abstract: This study was conducted to assess yield, water consumption and water productivity of maize and
the factors affecting it under farmers’ management conditions at the Karkheh River Basin, Iran,, during 2006 and
2007 growing seasons. The studied farms were in Evan Plain that is located in the northern part of the lands
downstream of the Karkheh River Dam, where summer maize is planted on 75 cm spaced rows and irrigated by
furrows. During the two years of the research and considering the prevailing diversity of the sources of
irrigation water, seven irrigated field units were selected as follows: two units using groundwater (wells), three
units receiving surface water from irrigation network, one unit taking water directly from the river and one unit
using network and well water. In each irrigation unit, three farms were chosen with regard to irrigation and
farming management. In the field trials, some physical and chemical properties of the soil, the volume of inflow
applied to the field by the farmer and runoff water applied to the field by the farmer in each irrigation and total
crop yield was measured and maize evapotranspiration was calculated. Then, the irrigation and rain water
productivity (WP ), water application efficiency (WAE) and maize crop water productivity (CWP) wasI+R

determined for each field. Based on the two years results, the average yield of maize kernel, WP , WAE andI+R

CWP values were, 4844 kg/ha, 0.38 kg/m 38.6 % and 1.01 kg/m , respectively. The results and observations3, 3

made during this study indicated that the most important reasons for low water productivity were inadequate
knowledge of farmers in irrigation, plant nutrient deficiencies and improper crop management practices. 
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INTRODUCTION found under certain conditions, might be technically or

Agricultural  sector  is  faced with two major limitations, the logical solution would be to improve the
challenges: the ever-increasing population growth that “crop-per-drop” or water productivity in the agricultural
places continuous increase in the demand [1] and the production system.
need to improve utilization methods of the limited water The pioneering work on water productivity was
resources [2]. In order to meet the food and fiber undertaken by Molden in 1997, who first declared the
requirements   of  9.3  billion  people  by  2050,  about concept. For him, WP can be derived by  dividing  the
7000-12586 million km  water would be needed. This is crop produced by the total water consumed (Irrigation +3

further exacerbated by tight competition among various Rainfall). Various definitions have been given for the
water-demanding sectors, on one hand and limitation to concept, one of which is presented by Oweis and Hachum
tap new resources, on the other, [3, 4], which, if ever [5] as follows:

economically unfeasible to exploit [1]. Given the foregone
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WP= return / Unit of water consumed (1) that a great potential existed for improving the WP index.

Where, return = Dry matter, grain yield, meat, milk, income, using less water i.e. a decrease of 20 - 40 percent, as was
environmental benefits, economical profits, energy, food, reported to be 1.5 kg/m  in China [9] and 1.5 kg/m  in India
etc. [10].

Consumed water= Evaporation, transpiration, also be achieved by managing the environmental system
evapotranspiration, water degradation. within which the crop is grown and herbal factors [11] and

Statistics shows a decreasing trend in the share of Fapohunda [15] have cited the importance of maintaining
agricultural sector of the renewable water sources high water productivity because failure to do so not only
compared with the household and industrial sectors in the could result in dissipation of water resources, but also
West Asian and North African states(WANA area) [1]. lead to poor crop yield.
This area has a Mediterranean climatic condition with a Irrigation practices have a major influence on crop
predominant winter rainfall, necessitating irrigation production costs as poor irrigation application could lead
application as a supplement to meet water requirements of to leaching of a considerable amount of valuable
crops. nutritious materials and microelements due to deep

Research findings in WANA region suggest a percolation through the soil profile, which end up in the
relatively lower crop yield and irrigation efficiency groundwater [1, 16].
compared with the global average. Since renewable water There is a considerable challenge to expand the water
resources are considered as one of the major limiting resources in the KRB and as such, improving water
factors in crop production system of the WANA region, productivity is one of the viable approaches to enhance.
improving water use efficiency is of vital importance. This Low water productivity is symptomatic of low irrigation
is crucial because, as Cooper et al. [6] have pointed out, efficiency, inappropriate tillage operations and poor
low water use efficiency can lead to poor crop yield and irrigation management, which manifests itself in
quality, which, as Hedayat [1] has indicated, is bound to unsustainable production system and environmental
affect accessibility to food and fiber of the masses and, as degradation [1].
such, may lead to various socio-economical problems in It makes it vital for the crop production system in the
the rural communities. region to determine actual irrigation efficiency and WP

Because of the diversified characteristics and high necessary for sustainable crop production system and
degree of adaptability to various climatic conditions, rural regeneration. The present research aims to assess
cultivation of maize is globally spread and stands at the the existing WP of maize in irrigated croplands
third place after wheat and rice [7]. It is also reported that downstream of the Karkheh reservoir and to identify
maize is a unique crop in providing the energy as well as factors that could improve the status-quo situation. The
being appropriate forage for livestock. Of course, there are objectives can be summarized as follows:
other factors that make extensive cultivation of maize
viable. Chief among these are high yield and water Determination of maize WP in southern parts of
productivity and its inclusion in crop rotation regime, Karkheh River basin.
suitability for mechanization, its food quality and a good Recognition of factors that cause water use
source for bio-fuel production. efficiency to be low at the study sites. 

Considering the importance of maize as a cash crop Studying yield-WP relation for maize.
in the arid and semi-arid regions, various research have Recognition of factors that increase maize yield.
been undertaken in order to investigate its water
productivity. Zwart and Bastiaansen [8], for example, MATERIALS AND METHODS
reported values of 1.1-2.7 kg/m for the water productivity3

(WP) index of maize. The varying range they reported was Site Description: Karkheh River ranks third after Karoon
attributed to factors such as climate, irrigation practices and Dez Rivers, flowing in the basin covering about
and the application of fertilizers. Their findings suggest 50,000 km  and with an average discharge of 176 m /s. The
that decreasing irrigation application i.e. deficit irrigation, chemical quality of water is good (EC = 0.9-1.7 dS/m),
is the key for improving WP index. The study concluded though it varies both temporally and spatially [17].

In other words, an improved WP could be achieved by

3 3

Research also indicates that water productivity can

management practices [12, 13]. Martin et al. [14] and

2 3
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Fig. 1: Location of Karkheh dam and downstream plains

The study was conducted in Evan Plain as a typical Farm   Selection    and    Measurements:    The   study
irrigated area of KRB. Evan Plain is located east of KRB was  carried  out  during  2006-7   growing   season in
downstream of the Karkheh Dam (Figure 1). The region Evan Plain. Seven irrigation units, based on the sources
has a semiarid climate, where air temperature and humidity of farm water supply were selected for this purpose.
range between 6.7-45.6°C and 27.4-74.5%, respectively. These included two units using well water, three units
The rainy season usually starts in October and continues receiving surface water from irrigation network, one unit
until the mid May with an average annual rainfall of about taking water directly from the river and one unit using
330 mm. The annual potential evaporation in this region is network and well water. In each irrigation unit, three farms
about 2400 mm, ranging between 50 mm month  during were chosen with regard to irrigation and farming1

December and January peaking in June and July about management.
400 mm month . Evan Plain agricultural area is about Total    volume      of      the     irrigated    water   (I)1

17360 ha out of which about 11100 ha is under irrigation, was    measured    (inflow)    using    a    calibrated
5800 ha well water resources and 460 ha surface water cutthroat   flume    installed    at   the   farm  water
(rivers). In total, there are 196 wells in this area and 29 entrance.  The  runoff  (outflow)  was  also  measured
pumps for pumping water from the river. using  similar  flume  with  smaller  size installed  at  the

The soil texture, as deep as one meter, is end  of  the  field.  The  crop  yield  (Y )  was  measured
predominantly loam and silt loam with the bulk density of based on the total yield obtained by combine harvester.
1.58 gr/cm  and the groundwater table is lower than 9 Three simultaneous samples were cut from 6m  (two 4-m3

meters. The land slope is less than 1%. Winter wheat and ridges)  of  each  farm  to  determine  the  number  of  plant
maize are the dominant crops in this region. Maize is per unit area.
grown from late Jun to mid-July, when the rainfall is Soil samples were taken from 0-30cm depth in 5
almost zero. It is planted by a mechanized method in rows different locations of each farm and were mixed for
of 75 cm spacing and using furrow irrigation method. The analysis that consisted of physical and chemical
average crop evapotranspiration for this area is about 650 properties (texture, pH and ECe), nutrient status and
to 720 millimeters during the development season; the organic carbon, before planting. 
irrigation efficiency of about 25.8 percent [18] can increase Various data were collected during the irrigation
the amount of consumed water to as high as 21000-25000 season to monitor and assess irrigation application
m /ha. quality.3

a

2
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Calculations and Data Analysis: Daily crop L=R +I - ET - S (4)
evapotranspiration (ET ) were calculated usingc

evaporation pan method. This was based on the Where; L= water loss (mm), R: precipitations during the
assumption of no water limitation conditions and crop growing season (mm), I: total amount of irrigation water
factors (K ). The methodology involved the FAO during the growing season (mm) and S: the differencec

recommendations (Irrigation and Drainage Paper no. 56) between the amount of available water to plant at the
for different growth stages [19]. germination and physiological maturity stages (mm)

ET = K *ET (2) on the CWP and WP  were evaluated based on thec c o

Where; ET = evapotranspiration of reference cropo

(mm/day) and ET : evapotranspiration of other crops WAE =100* (ET  + S) / TW [22] (5)c

(mm/day).
Climatic data including the required parameters to CWP=100*Y /ET  [8] (6)

calculate the potential evapotranspiration were collected
from Safiabad Agricultural Research Station, 10 km from WP =100*Y  / (I+R) [5] (7)
the study site. 

Accumulative values of actual crop ET during the RESULTS
growth season (ET ) for different fields were calculateda

using the following formula [20]: Soil Properties and Nutrient Status: According to the

(1-Y /Y )=K (1-ET /ET ) (3) conductivity ranged between 6.6-8.12 and 0.96 - 4.4 dS/m,a p y a c

Where; ET = maize evapotranspiration under no-stress in the soils. This was symptomatic of various improperc

conditions (mm) which is calculated using evaporation management practices such as inappropriate crop
pan method for each field condition (planting date, rotation, exclusion of the leguminous crops from the
different growth stages). cropping regime and absence of organic fertilizers in the
Y : potential yield (t/ha); Highest product in selected root zone of the plants which are limiting factor is plantp

fields for each year is used. growth.
K : yield factor; this value is considered 1.25 for maize Table 1 shows the average recommended amounts ofy

[20]. fertilizer use for maize and actual amount applied by the
Y : actual yield of selected farm (t/ha). farmers at the study site. Results show a two-year averagea

Water loss for different treatments was calculated using nitrogen requirement of 483 kg/hectare in the selected
the following empirical equation [21]: fields. Results further show a deviation of 21 kg  nitrogen

a

The effects of different farmers’ water management
I+R

calculation of CWP and WP  as follows: I+R

a

a a

I+R a

soil analysis results, the soil pH and electrical

respectively. Results showed a low organic matter content

Table 1: Average values of fertilizers needed based on soil test and the amounts applied to the fields by farmers in the selected farms

Fertilizers containing N, P, K

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Requirements based on soil test * Applied to the fields by farmers

------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------

urea kg/ha triple super-phosphate kg/ha potassium sulfate kg/ha urea kg/ha triple super-phosphate kg/ha potassium sulfate kg/ha

Growing ----------------------- ------------------------------------ ------------------------------ ----------------------- ------------------------------------ --------------------------

season Ave. Ave. dev. Ave. Ave. dev. Ave. Ave. dev. Ave. Ave. dev. Ave. Ave. dev. Ave. Ave. dev.a b

2006 480 23 161 39 229 53 476 113 160 47 83 22

2007 487 18 161 48 246 48 448 78 200 45 110 50

Average 483 21 161 44 237 50 462 96 180 46 97 36

* Malakouti, M. J., and M. N. Gheibi, 2000 [30].

Ave.  = Averagea

Ave. dev.  = Average deviationb
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Table 2: Planting dates and soil water balance (mm) for different farms studied in 2006 and 2007 growing seasons
Field Planting Irri.
No date I dro Y event Etc Et Rain s TW L dro/L WAE CWP WPa b c d e f g h i j k l

a a I+R

------------------------------------------------------------------------------------- 2006 --------------------------------------------------------------------------------------------
1 06.31.2006 2069 238 6836 11 662 662 45 65 2114 1387 0.17 34 1.03 0.33
2 06.28.2006 1429 420 5268 10 688 561 45 52 1474 860 0.49 42 0.94 0.37
3 06.28.2006 2144 437 4425 11 688 494 45 66 2189 1629 0.27 26 0.90 0.21
4 06.27.2006 1415 0 3990 11 695 464 45 51 1460 944 0.00 35 0.86 0.28
5 07.02.2006 1027 99 3899 10 645 423 48 45 1075 606 0.16 44 0.92 0.38
6 07.12.2006 930 132 5748 9 562 490 63 51 993 452 0.29 55 1.17 0.61
7 07.03.2006 1127 98 2096 10 637 284 49 48 1176 844 0.12 28 0.74 0.19
8 06.30.2006 1029 219 3573 14 671 414 47 45 1076 617 0.36 43 0.86 0.35
9 07.19.2006 1089 336 3124 12 543 307 63 55 1152 790 0.43 31 1.02 0.28
10 06.20.2006 1767 351 5967 15 748 672 21 46 1788 1070 0.33 40 0.89 0.34
11 07.13.2006 907 0 3013 6 525 290 23 30 930 610 0.00 34 1.04 0.33
12 06.20.2006 1531 290 2791 12 748 394 63 63 1594 1137 0.26 29 0.71 0.18
13 07.02.2006 951 0 2854 8 645 344 51 46 1002 612 0.00 39 0.83 0.30
14 06.22.2006 1137 511 3211 13 746 430 23 35 1160 696 0.73 40 0.75 0.29
15 07.01.2006 971 398 3883 10 655 428 47 44 1018 546 0.73 46 0.91 0.40
16 07.04.2006 1139 484 5863 11 628 556 50 49 1189 584 0.83 51 1.05 0.51
17 06.24.2006 956 274 4936 13 720 560 37 38 993 395 0.69 60 0.88 0.52
18 06.15.2006 785 216 2596 13 750 378 17 25 802 400 0.54 50 0.69 0.33
19 06.29.2006 1663 367 4057 11 679 458 45 56 1708 1193 0.31 30 0.89 0.25
20 07.03.2006 1148 167 4495 9 679 493 45 46 1193 654 0.26 45 0.91 0.39
21 06.29.2006 1431 122 3774 8 637 409 49 54 1480 1017 0.12 31 0.92 0.26

-------------------------------------------------------------------------------------- 2007 -----------------------------------------------------------------------------------------
1 06.21.2007 1153 256 4608 11 748 446 0 35 1153 672 0.38 42 1.03 0.41
2 06.11.2007 1404 254 5211 12 800 519 0 42 1404 843 0.30 40 1.00 0.38
3 06.11.2007 1363 273 5705 12 800 553 0 41 1363 769 0.35 44 1.03 0.43
4 06.22.2007 1212 226 5716 12 730 506 0 36 1212 670 0.34 45 1.13 0.49
5 07.01.2007 1105 174 5899 10 648 459 0 33 1105 613 0.28 45 1.29 0.55
6 07.09.2007 873 204 4465 10 583 341 0 26 873 506 0.40 42 1.31 0.53
7 06.25.2007 1754 859 2893 17 717 322 0 53 1754 1380 0.62 21 0.90 0.17
8 06.25.2007 1617 792 3479 17 717 358 0 49 1617 1211 0.65 25 0.97 0.22
9 06.23.2007 2044 1018 7594 17 730 624 0 61 2044 1359 0.75 34 1.22 0.38
10 06.24.2007 2746 1346 5854 10 723 509 0 62 2746 2175 0.62 21 1.15 0.22
11 06.07.2007 2490 1220 4641 10 830 497 0 55 2490 1938 0.63 22 0.93 0.19
12 06.10.2007 2490 1232 6965 10 807 645 0 53 2490 1792 0.69 28 1.08 0.29
13 06.24.2007 1838 286 7726 11 723 626 0 45 1838 1167 0.25 36 1.23 0.43
14 06.25.2007 2006 542 9295 11 717 717 0 50 2006 1239 0.44 38 1.30 0.48
15 06.26.2007 1189 476 3464 12 709 353 0 36 1189 800 0.59 33 0.98 0.30
16 06.27.2007 2058 518 4858 12 702 434 0 62 2058 1562 0.33 24 1.12 0.24
17 07.06.2007 1385 784 2189 10 603 234 0 42 1385 1109 0.71 20 0.94 0.16
18 06.27.2007 1098 113 7584 10 688 586 0 33 1098 479 0.24 56 1.29 0.71
19 06.28.2007 1126 104 7721 10 680 588 0 34 1126 504 0.21 55 1.31 0.71
20 07.04.2007 600 0 6321 10 618 460 0 18 600 122 0.00 80 1.37 1.09
I = inflow irrigation in units of mma

dro = runoff in units of mmb

Y actual crop yield of selected farm (t ha )c 1
a = 

ETc= seasonal crop evapotranspiration assuming water is not limitingd

ETa = actual crop evapotranspiratione

All variables (Etc, Et s, TW, L) have units of mm, except for the ratios (dro/L, WAE) that are unit less, CWP and WPf
a, I+R

s = available soil water at crop emergence _ available soil water at crop maturityg

TW = total water = ETd+Lh

L = water losses by runoff, deep percolation and ineffective precipitation and irrigationi

WAE = water application efficiencyj

CWP = crop water productivity in units of kg m-k 3

WP  = Irrigation water productivity in units of kg m-l 3
I+R
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Table 3: Average and the absolute deviation of yield, WP , CWP and water loss in different water supply recoursesI+R

Yield (kg/ha) WP  (kg/m ) CWP (kg/m ) water loss (mm)I+R
3 3

----------------------------------- ------------------------------- ------------------------------ -------------------------
Source of water supply No. of farms Ave. Ave. dev. Ave. Ave. dev. Ave. Ave. dev. Ave. Ave dev.a b

Network 19 4763 1122 0.36 0.08 1.01 0.10 906 276
Network and Well 6 4353 436 0.25 0.05 0.96 0.10 1377 186
Well 10 4802 1722 0.37 0.09 0.98 0.12 850 141
River 6 5659 425 0.57 0.11 1.12 0.02 662 182
Total 41 4844 1234 0.38 0.12 1.01 0.11 926 354
Ave.  = Averagea

Ave. div.  = Average deviationb

requirements despite having different fertilizer determined based on some soil moisture measurements
management. Low content of this element in the soil depth and moisture distribution in the root zone. Results
of 0-30 cm is probably due to over-irrigation practices that presented in Table 2 show the differences in water loss for
leach considerable amount of nitrogen. different farms during the growing season. On the

As can be seen in Table 1, the average amount of average, water loss for the first and second years was 812
urea applied considering 96 kg variation is measured at and 1024 mm, respectively. Apparently, water losses
462 kg/ha. This indicates an approximately 20 kg deficit for increased by more irrigation rounds.The quotient
this fertilizer. resulting from dividing runoffs by irrigation water loss

This is very crucial because the amount of nitrogen shows the share of runoff in the total loss. The average
in the soil can affect germination as well as timely calculated values showed that 39 percent of surface
application is an influencing factor on the seed protein irrigation losses were in the form of runoff and the
content. As nitrogen adsorption varies during different remaining 61 percent were in the form of deep percolation
growing stages and as such, measures 8%, 35%, 31% and and direct evaporation, losses.
30% respectively in the 25 days periods and after 100
days till maturity measures about 6% [23]. this show the Yield (Y) and Irrigation Water Productivity (WP ):
importance of precise allocation to meet the requirements Planting dates and irrigation data obtained in the selected
of each growing stage and to optimize fertilizer use. By farm are presented in Table 2. The results indicated that in
comparing the amounts required and the used of 2006, the average yield of kernel was 3978 kg/ha with
phosphate fertilizer, it became clear that triple average water use of 12288 m /ha. Accordingly, WP  was
superphosphate fertilizer was used more by an average of 0.34 kg/m  and CWP was 0.90 kg/m . In 2007, the average
about 20 kg per hectare. yield of kernel per hectare was 5609 kg, with average water

Important point was potash poverty in the optional use of 15770 m , WP  of 0.42 kg/m , and CWP of 1.13
fields and while that, on average about 139 kg per hectare kg/m .
less than the required amounts of potassium sulfate was Changes in yield with the plant density applied to the
used. Application of appropriate amounts of potassium selected fields showed that higher plant density could not
increases nitrogen efficiency and improved corn yield contribute to higher yield. According to the results
[24]. presented in Figure 2, by increasing plant density to more

Water Loss (L): Table 2 shows the water balance for fields decreased. 
different farms in 2006 and 2007. The average irrigation Figure   3   shows   changes   in   yield   of  maize
water application efficiency (WAE) of the studied farms, kernel  with  Eta  in  the  studied  farms  during  2006  and
measured in 2006 and 2007, were 38% and 40%, 207.  Considering  the  results  presented  in   Table 3,
respectively. The total used water (TW) included most fields suffered from over-irrigation. But as can be
irrigation water, precipitation and changes in soil seen in Figure 3, the water used by plants was less than
moisture. While the actual evapotranspiration (ET ) for the required amount and plants were often under watera

different farms was calculated using yield of maize kernel stress.
values (Equation 3). The difference between ET  and total Figure 4 shows changes of WP  and yield of maizea

water (TW) is due to the water loss (L) as a result of kernel in the farms during the two years. As a result,
runoff, deep percolation and other irrigation and WP  have a direct and positive relation with the yield of
precipitation losses. Due to the lack of data, soil moisture kernel and this increases the water productivity to
at the beginning and the end of the growing season was maximum yield of about 9 tons per hectare.

I+R

3
I+R

3 3

3 3
I+R

3

than 75000 plants per hectare, yield of kernel in maize

I+R

I+R
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Fig. 2: Changes in the yield of maize kernel as affected by Fig. 5: Changes in irrigation losses (L) and WP  relative
plant density in the selected farms during 2006-7. to the total water applied for different farms in the

Fig. 3: Changes in grain yield with the water used (Eta) in
selected farms during 2006 and 2007. Fig. 6: Changes in ET /ET  and CWP for maize. 

Fig. 4: Changes in WP  with the yield of kernel inI+R

selected farms during 2006 and 2007 growing Crop Water Productivity (CWP): Table 2 shows that
seasons. CWP   for   the   selected   farms   ranged  between 0.69-

Figure 5 shows WP  and irrigation water loss all farms over the two years of the study was 1.01 kg/m ,I+R

parameters   fluctuations    relative     to   seasonal which is in the range reported by other researchers [9, 25,
irrigation   depth.   An   increase   in    total   irrigation 26]. CWP increased as ET /ET  increased (Fig. 6). Both
water  caused  a  subsequent   increase   in  irrigation lines obtained in this study have a mild slope, showing
water losses and decreased WP . The crossing point of the possibility of applying mild water stress to maize. ToI+R

these two graphs described the attributes of a surface increase CWP, one can use advanced technologies for
irrigation management method where, in order to  achieve decreasing water stresses or increasing the yield (drought
a 0.51  kg/m    of  WP ,  the  total  average  water  applied tolerant varieties with higher yield potential).3

I+R

I+R

two years of the study.

a c

efficiency should be about 52%, so the total amount of
consumed water would be 9700 m /ha.3

Mean yield of maize kernel, WP , CWP and waterI+R

losses in various farms with different sources of water are
shown in Table 3. As can be seen, farms irrigated with
network and well water lost more water, while yield of
maize kernel was higher where irrigation water was directly
taken from the river, these results may be due to untimely
water delivery through the network, breakdown of the well
pumps and the probably higher plants nutritional value of
the river water.

1.37 kg/m  during this study. The average CWP value for3

3

a c



World Appl. Sci. J., 13 (7): 1586-1594, 2011

1593

CONCLUSION ACKNOWLEDGEMENT

In the downstream plains of Karkheh dam, summer This  research  was  part  of  the  PhD  requirement  of
maize has been cultivated for many years. But, in these the Department of Irrigation, Science and Research
plains, water availability is the limiting factor for Branch, Islamic Azad University, Tehran, Iran. The
expansion of summer maize production. The purpose of authors appreciate cooperation and support of Safiabad
this study was to evaluate water productivity of irrigated Agricultural Research Center in conducting the field
maize and to identify the factors influencing it during experiments. Partial funding for this project was provided
2006-07 in the Evan plain. by the Water and Food Challenge Program of CGIAR

Using evaporation pan method, the crop through International Center for Agricultural Research in
evapotranspiration (ET ) was calculated as 664 and 714 Dry Areas (ICARDA) and Agricultural Engineeringc

mm for the two years of the study, respectively. Research Institute, Iran.
In the trial fields, the two-year average of the WAE

and ET /ET  were 38.6% and 0.69,, respectively. Therefore, REFERENCESa c

despite the use of excess water, crop evapotranspiration
of maize was not satisfied. The average calculated values 1. Hedayat, N., 2005. Improving the performance of
showed that 39% of surface irrigation losses were in the water delivery in the Dez and Moghan irrigation
form of runoff and the remaining 61% was due to deep schemes in Iran, Unpublished PhD thesis, Cranfield
percolation and other factors of water losses. University, UK.

Average organic material in the soil of the selected 2. Falkenmark,   M.   and   J.   Rockström,  2004.
farms was low and, often, local farmers do not pay Balancing water for humans and nature The New
attention to soil organic matter and the necessity of using Approach in Ecohydrology. Earth scan, London, UK,
fertilizers based on soil test results Use of proper types of pp: 247.
fertilizers based on soil test can increase water 3. Pimentel,  D.,  B.  Berger,  D.  Filiberto,  M.  Newton,
productivity by 15 to 25% [27]. B. Wolfe, E. Karabinakis, S. Clark, E. Poon, E. Abbett

The mild slope of the curve showing maize grain yield and S. Nandagopal, 2004. Water resources:
with respect to different levels of water usage in the agricultural and environmental issues. Bioscience,
plants shows the possibility of the application of mild 54(10): 909-918.
water stress irrigation management in maize. 4. Rijsberman, F.R., 2006. Water scarcity: fact or

Range of the average yield of maize kernel, WP  and fiction?. Agricultural Water Management, 80: 5-22.I+R

CWP were, 2096-9295 kg/ha, 0.16 -1.09 kg/m  and 0.69-1.37 5. Oweis, T. and A.Y. Hachum, 2006. From water use3

kg/m , respectively. In most cases, average maize grain efficiency to water productivity: Issues of Research3

yield and WP in the selected farms was low. Maximum and Development. Proceeding of the Expert
values of yield of maize kernel, WP  and CWP indicate Consultation Meeting of the water use EfficiencyI+R

that production potential in this climate is high. Using Network; 25-27 November 2006, ICARDA, Aleppo,
irrigation systems with higher application efficiency could Syria.
increase irrigation water productivity [13] and, therefore, 6. Cooper, P.J.M., P.J. Gregory, D. Tully and H.C. Harris,
could bring WP  and CWP close to each other. 1987b. Improving water use efficiency of annualI+R

In Evan Plain, a major cause of low yields and water crops in the rain fed farming systems of West Asia
productivity was low knowledge of the local farmers and North Africa. Exp. Agric., 23: 113-158. 
about irrigation and cropping management as well as 7. Kazemi   Arbat,   H.,   1995.    Private   Cultivation;
proper plant nutrition. Management factors [12, 28] are First Volume: Cereals; University Publication Center.
effective in optimization of CWP. Irrigation management 8. Zwart, S.J. and W.G.M. Bastiaansen, 2004. Review of
improvement with minimum level of water loss is an measured  crop  water  productivity  values  for
important step towards the optimized water use; WP irrigated wheat, rice, cotton and maize. J. Agric.I+R

and CWP improvement [13, 21, 26, 29]. Farmers’ training Water Management, 69: 115-133. 
and implementation of scientific techniques through 9. Kang, S.Z., P. Shi, Y.H. Pan, Z.S. Liang, X.T. Hu and
participatory  approaches  in   the   fields   of  farmers J. Zhang, 2000. Soil water distribution, uniformity and
could be effective in improving maize water productivity water use efficiency under alternate furrow irrigation
in this area. in arid areas. Irrig. Sci., 19(4): 181-190.



World Appl. Sci. J., 13 (7): 1586-1594, 2011

1594

10. Mishra, H.S., T.R. Rathore and U.S. Savita, 2001. 21. Payero,  J.O.,  N.L.  Klocke,  J.P.  Schneekloth  and
Water use efficiency of irrigated winter maize under D.R. Davison, 2006. Comparison of irrigation
cool weather conditions of India. Irri. Sci., 21: 27-33. strategies for surface-irrigated corn in West Central

11. Fisher, T.A. and N.C. Turner, 1978. Plant productivity Nebraska. Irrig. Sci., 24: 257-265.
in   the   arid   and  semiarid  zones.  Plant  Physiol., 22. Bos, M.G., 1985. Summary of ICID definitions on
pp: 297-317. irrigation   efficiency.   ICID   Bulletin   34,  January,

12. Hamblin,  A.,  D.  Tennant  and  M.W.  Perry,  1990. pp: 28-31.
The cost of stress: dry matter partitioning changes 23. Cardwell, V.B., 1982. Fifty years of Minnesota corn
with seasonal supply of water and nitrogen to dry production:  sources  of  yield  increase.  Agron.  J.,
land wheat. Plant and Soil, 122: 47-58. 74: 984-990.

13. Kijne, J.W., T.P. Tuong, J. Bennett, B.A.M. Bouman 24. Fathi,   G.A.    and    V.A.    Barzegar,    1999.
and T. Oweis, 2003. Ensuring food security via crop Interactions   with   potassium   and   nitrogen on
water productivity improvement. In: Background corn in Khuzestan. International symposium on
Papers-Challenge Program for Food and Water. balanced fertilization and crop response to
CGIAR-IWMI, Colombo, Sri Lanka, pp: 1-42. potassium. SWRI_ IPI, Theran, Iran.

14. Martin, J.H., W.H. Leonard and D.L. Stamp, 1976. 25. Molden, D., 1997. Accounting for water use and
Principles of field crop production. Macmillan productivity. SWIM paper No.1. IWMI, Colombo Sri
publishing Co. Inc. New York. U.S.A. Lanka.

15. Fapohunda, H.O., 1992. Irrigation frequency and 26. Stegman, E.C., 1986. Efficient irrigation timing
amount for okra and tomato using point source methods   for    corn    production.    Trans   ASAE.,
sprinkler system. Sci. Hortic., 49: 25-31. 29: 203-210.Steele, D.D., E.C. 

16. Steele, D.D., E.C. Stegman and R.E. Knighton, 2000. 27. Hatfield,   J.L.,    T.J.    Sauer    and    J.H.   Pruegar,
Irrigation management for corn in the northern Great 2001.    Managing     soils     to     achieve   greater
Plains, U.S.A. Irrig. Sci., 19: 107-114. water    use     efficiency:     A     review.     Agron.   J.,

17. Qureshi, A.S., T. Oweis, P. Karimi and J. Porehemmat, 93: 271-280. 
2010. Water productivity of irrigated wheat and maize 28. Kramer, P.J., 1988. Measurements of plant water
in the Karkheh River basin of Iran. J. Irrig. and Drain, status: historical perspectives and current concerns.
59: 264-276. Irrig. Sci., 9: 275-287.

18. Moayeri, M. And F. Kaveh, 2008. Surface irrigation 29. Prunty,   L.   and   B.R.   Montgomery,   1991.
efficiency in non-consolidation fields of Dez Lysimeter study of nitrogen fertilizer and irrigation
irrigation network. J. Agric. Eng. Res., 9(3): 135-152. rates on quality of  recharge  water  and  corn  yield.

19. Allen, R.G., L.S. Pereira, D. Raes and M. Smith, 1998. J. Environ. Qual., 20: 373-380.
Crop Evapotranspiration: Guidelines for Computing 30. Malakouti,  M.J.  and  M.N.  Gheibi,  2000.
Crop Water Requirements. FAO Irrigation and Determination of critical level of nutrients in soil,
Drainage Paper 56, Rome. plant and fruit. Agricultural publishing education.

20. Doorenbos,     J.     and     A.H.     Kassam,    1979. Second printing, pp: 38-45.
Yield Response to Water. Irrigation and Drainage
Paper 33, FAO, Rome. 


