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ABSTRACT 
 
 The present paper aims to estimate the impact of deficit irrigation and application of different ratios of 
superabsorbent on water-yield production functions of corn and find the optimum of them in Khouzestan 
province’s climate conditions of Iran. Results showed that by comparison of 4 different forms, included: “linear, 
cobb douglas, quadratic and transcendental” functions we could find the best water-yield production function. 
On base of results, quadratic function was optimum function in deficit irrigation situation with presence of 
superabsorbent for corn in Ahwaz region of Iran. 
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Introduction 
 
 Irrigated agriculture is the greatest global 
consumer of fresh water. Although irrigated regions 
of the planet occupy approximately 17% of the 
cultivated regions, they consume more than 70% of 
the world’s water resources. Irrigation management 
decisions are often made without considering the 
effect of limited irrigation upon crop yield. For this 
reason, relationships between crop yield and water 
supply need to be used. These relationships can be 
determined if crop water requirements, crop water 
deficits, maximum and actual crop yield can be 
quantified. Water deficits in crops, and the resulting 
water stress on the plant, have an effect on crop 
evapotranspiration and crop yield [6]. Crop-water 
production functions are a useful tool for irrigation 
planning whereas traditional analytical techniques 
are not well suited to derivation of crop-water 
production functions [2]. Li et al [7] for optimising 
of wheat water consumption, introduced quadratic 
function between grain yield and evapotranspiration 
also between grain yield and water use efficiency. 
Kalra et al [5] reported a quadratic function that 
introduced the relationship between wheat yield and 
water use efficiency. Wang et al [11] introduced a 
dynamic model for transition of water and saline in 
soil profile that can contribute water-salinity 
production function for both wheat and cotton. They 
reported that quadratic function was an optimum 
function for wheat and cotton in comparison to 

others. Sepaskhah and Akbari [9] reported that 
quadratic function was the optimum function for 
introducing relationship between yield and applied 
water. 
 
Materials and Methods 
 
1-3: Geographical location and Weather 
characteristics: 
 
 This study was conducted in a farm that was 
located at a distance of 10 km from the Ahwaz city. 
Gross area of this project was approximately 1072 
m2 with longitude and latitude of 48o46’15’’ eastern 
and 31o48’30’’ nothern respectively and its height 
was 11 meters above sea level.  This study was 
carried out in the spring and summer of 2012 year. 
According to the 50-year statistics, the average of 
annual rainfall was 213 mm, the average of air 
temperature was 25 °C, the average of maximum 
temperature was 32.8 °C and the mean minimum 
temperature was 17.6 °C. 
 
2-3: Soil and Irrigation water characteristics: 
 
 Composite samples of 5 random points from 0-
30 and 30-60 cm, depth of cultivated land, in the 
farm were taken. The results are presented in Table 1. 
 Irrigation water was provided from Karkheh 
Noor River. Analytical results of irrigation water 
samples are shown in Table 2. 
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Table 1: Some physical and chemical properties of the soil before planting test. 
Depth 
(cm) 

Soluble 
potassium 

(ppm) 

Soluble 
phosphorus 

(ppm) 

Organic 
carbon (%) 

pH EC  
(ds/m) 

Soil 
texture 

Relative frequency and size 
of soil particles (percent) 

Sand Silt Clay 
0-30 166 10.4 0.42 8.1 3 Sand 88 4 8 

30-60 151 14.1 0.35 8 2.8 Sand 90 2 8 
          
Table 2: Qualitative analysis of the water. 

EC  (ds/m) pH Cations (meq/litr) Anions (meq/litr) 
Ca++ Mg++ Na+ K+ Co3

= Hco3
- Cl- So4

= 
2.9 7.3 10 9 20 0.12 0 4 18.1 16.2 

 
3-3: Corn varieties used in the plan: 
 
 Corn variety used in this project, entitled as the 
SCKaroun701. This variety is a new corn variety that 
is tolerant to dry stress and suitable for cultivation in 
subtropical regions that is introduced by Agricultural 
Research Center of Safi-Abad Dezful, Kuzestan, 
Iran. 
 
4-3: Experiment plan: 
 
 This plan was performed as a split plot in a 
randomized complete block design with 12 
treatments and three replications. Different irrigation 
water depths considered as the main treatment 
including I1, I2 and I3 equal to 100, 75 and 50 percent 
of needed water for the plant respectively. Different 
ratios of superabsorbent considered as the secondary 
treatments. They were S0, S1, S2 and S3 equal to 0 
(for control group), 15, 30 and 45 gr/m2 respectively. 
Thus, with 12 treatments and three replications, a 
total of 36 plots were tested. 
 
5-3: Farming operations:  
 
 The size of each plot was 4 * 4.5 m2 including 6 
lines. The superabsorbent for each line in each plot 
was distributed in a depth of 30 cm from the soil 
surface. The corn vareity of this plan 
(SCKaroun1701) was planted manually in March 
(2012) as spring planting and in July (2012) as 
summer planting. The space between planting rows 
were 75 cm and the space between each plant in each 
line was 17 cm, so a total density of planting was 
78430 plants per hectare. Deficit irrigation treatments 
were started after 4 to 5 leaf stage (seedling 
settlement stage). 
 
6-3: Applying different irrigation treatments in the 
farm: 
 
 This method was according to usage of soil 
moisture index or soil metric potential. In this 
method, the soil moisture percentage was measured 
thorough sampling of plant root (about 80 cm and 
from 3 plots) per each 20 cm, days before irrigation. 
When the weight mean of soil moisture reached the 
allowed depletion (according to full irrigation 
treatment) the irrigation process happened. Finally, 
the irrigation cycle was determined based on the non-

water stress treatment. At the same time, all of the 
plan treatments were irrigated through fixed 
irrigation cycle and different irrigation depths. For 
applying different water regimes and each treatment 
coefficient, the following equation used [1]: 
 

( ) fDBSMD rdifc ...θθ −=             (1) 
 
 Where SMD: soil moisture deficit (cm), θfc: field 
capacity moisture, θi: weight percent of available 
moisture in the soil of farm, f: each treatment 
coefficient (0.5, 0.75 and 1), Bd: bulk density 
(gr/cm3) and Dr: plant root development depth (cm). 
It should be noted that the deficit irrigation 
treatments took place in the 4 to 5 leaf stage, after 
full settlement of seedlings. Because of deep 
underground water and porous soil texture, 
groundwater contribution was also ignored. 
Meantime, rainfall measured by the rain gauge at the 
farm.  
 
7-3: Water-yield production functions: 
 
 By usage of statistic data that derived from 
experimental plan, production yield can be showed 
under effect of applied water as following function: 
 
  ( )XIfY /=             (2) 
 
 Where, Y: yield (t/ha), I: irrigation depth (cm) 
and X: constant vector of other elements that affect 
on production. Mentioned function can be estimated 
by forms of : “linear, cobb douglas, quadratic and 
transcendental”. Water-yield production function 
under mentioned forms are as following functions 
[10]: 
 
- Linear: 

bIaY +=          (3) 
 
- Cobb Douglas: 

baIY =   (4) 
 
- Quadratic: 

2cIbIaY ++=   (5) 
 
- Transcendental: 

( )cIbeaIY =   (6) 
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8-3 Statistic evaluations: 
 
 For evaluating of production functions and their 
constant factors, used from multiple regression of 
Spss software and for evaluating and reliability of 
achieved functions, used from following equations 
[4,8]: 
 
- Maximum error: 
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- Coefficient of determination: 
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- Modeling efficiency: 
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- Coefficient of residual mass: 
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 Where, Pi : predicted amounts, Oi : observed 

amounts, n: number of applied samples and O : 
average of observed amounts. The minimum amount 
of ME, RMSE and R2 is 0. The maximum amount of 
EF is 1. CRM and EF can be negetive.  
 
Results and Discussion 
 
1-4: Estimating of water-yield production functions: 
 
 In this current research, for estimating water-
yield production functions, used from forms of 
“linear, cobb douglas, quadratic and transcendental” 
on base of variation of irrigation depths and different 
ratios of superabsorbent as if other elements be 
constant. Its result is mentioned in table 3. In this 
table: Y: production yield (t/ha) and I: irrigation 
depth (cm). 
 
2-4: Estimating of optimum  water-yield production 
function: 
 
 For estimating of optimum function of water-
yield production, observed and predicted yield 
amounts of SCKaraun701 corn under different 
functions and treatments were calculated in table 4. 
 For evaluating and reliability of functions and 
determination of optimum function, used from 5 
statistic parameters that had been mentioned in 8-3 
subsection. The results are showed in table 5. 

 
Table 3: Water-yield production functions on base of variation of different ratios of superabsorbent. 

Treatments water-yield production functions under different ratios of superabsorbent 
Linear Cobb Douglas Quadratic Transcendental 

I S0 Y=-3.208+.163 I Y=.004 I1.812 Y=.106+.012 I+.00159 I2 Y=.005 I 1.768 
S1 Y=-2.67+.171 I Y=.014 I1.542 Y=-1.071+.098 I+.00078 I2 Y=.008 I1.739e -.004 I 
S2 Y=-2.522+.187 I Y=.025 I1.434 Y=-1.037+.12 I+.00072 I2 Y=.018 I1.551e -.002 I 
S3 Y=-2.395+.204 I Y=.038 I1.36 Y=-.453+.116 I+.00095 I2 Y=.05 I1.264e .002 I 

 
Table 4: Observed and predicted yield amounts of SCKaraun701 corn under different functions and treatments. 

Treatments Observed yield )t/ha( Predicted yield )t/ha( 
Linear Cobb Douglas Quadratic Transcendental 

I1 S0 6.55 6.57 6.67 6.55 6.96 
S1 7.63 7.59 7.73 7.62 7.78 
S2 8.76 8.7 8.87 8.755 9.14 
S3 9.93 9.84 9.96 9.927 9.97 

I2 S0 4.18 4.39 4.22 4.12 4.45 
S1 5.2 5.3 5.23 5.2 5.29 
S2 6.12 6.19 6.17 6.12 6.35 
S3 7.02 7.11 7.06 7.016 7.05 

I3 S0 2.29 2.2 2.28 2.26 2.44 
S1 3.05 3 3.1 3 3.09 
S2 3.74 3.69 3.8 3.74 3.85 
S3 4.45 4.38 4.45 4.45 4.47 

 
Table 5: Statistic parameters that were calculated for estimating and reliability of water-yield production functions. 

Function type ME (t/ha) RMSE 
(t/ha) 

R2 EF CRM Average of 
ranks 

Final rank 

Linear 0.21 (3) 1.58 (3) 0.99 (2) 0.9984 (3) -0.0006 (1) 2.4 2 
Cobb Douglas 0.12 (2) 1.13 (2) 1.02 (3) 0.9991 (2) -0.009 (3) 2.4 2 

Quadratic 0 (1) 0.42 (1) 1.009 (1) 0.9999 (1) 0.0023 (2) 1.2 1 
Transcendental 0.41 (4) 3.58 (4) 1.03 (4) 0.9916 (4) -0.028 (4) 4 3 
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 On base of estimated statistic parameters, every 
of functions were ranked. So, if RMSE, ME and 
CRM in every function were minimum, it would be 
first-rate and if EF and R2 in every function were 
closer to 1,  it would be first-rate. By comparing of 
achieved results, “quadratic function” became first-
rate. So, quadratic function was introduced as an 
optimum function in deficit irrigation situation with 
presence of  different ratios of superabsorbent for 
SCKaraun701 corn in Ahwaz region of Iran. Priority 
of quadratic function in comparison of other 
production function were reported by Li et al, [7]; 
Kalra et al, [5]; Sepaskhah and Akbari, [9]; Wang et 
al, [11]; Datta et al, [3] and Shahidi, [10]. So, 
different ratios of superabsorbent couldn’t change the 
rank of quadratic function as an optimum function in 
relation to water-yield production function. 
 
Conclusion:  
 
 The results showed that there is the simple way 
for reaching to the optimum water-yield production 
function. By comparison of 4 different forms, 
included: “linear, cobb douglas, quadratic and 
transcendental” functions we could find the best 
water-yield production function. Multiple regression 
of Spss software is one of the simple manners for 
evaluating of production function parameters. On 
base of results, quadratic function was optimum 
function in deficit irrigation situation with presence 
of superabsorbent for SCKaraun701 corn in Ahwaz 
region of Iran. So, superabsorbent couldn’t change 
the rank of quadratic function as an optimum water-
yield production function. “Maximum error, root 
mean square error, coefficient of determination, 
modeling efficiency and coefficient of residual mass” 
are some of the best statistic equations for reliability 
of water-yield production functions. 
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