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 The present paper aims to evaluate the impact of drought stress and application of 
different ratios of Superabsorbent on optimum irrigation depth of SCKaroun701 corn. 
In this study, three different depths of irrigation were considered as the main treatment 
I1, I2, I3 as 100, 75 and 50 percent of water requirement of plants respectively and 
different levels of Superabsorbent were used as secondary treatment (S0, S1, S2 and S3, 
equal to 0 (control), 15, 30 and 45 gr/m2 respectively). According to the results, by 
increasing of Superabsorbent, in water restriction conditions, optimum irrigation depth 
was reduced. And, by increasing of Superabsorbent, in land restriction conditions, 
optimum irrigation depth was reduced. 
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INTRODUCTION 

  
 Drought stress is the most important factor for limiting of plant growth in arid and semi-arid regions [5]. 
Iran country due to non-uniform distribution of rainfall and limited water resources is one of the dry countries of 
the world and always faced to the problem of water shortage. Besides, it is reported that about 90% of consumed 
water in this country is spent in agricultural section. Limited water resources makes clear the necessity of saving 
water in Iran. The management and usage of advanced techniques for conserving soil moisture storage, are 
effective measures for increasing irrigation efficiency and improvement of limited water resources [13]. One of 
the new methods for managing water in soil, is usage of Superabsorbent materials as a storage tank until prevent 
from wasting water and increase irrigation efficiency [2,3].  
 Superabsorbent polymers can absorb large amounts of water or aqueous solutions and swell. They can 
increase the soil water-holding capacity [6]. The Superabsorbent used in this project, entitled Super AB A 200, 
made by Rahab Resin, licensed under Polymer and Petrochemical Institute of Iran. This Superabsorbent is 
tripolymer of acrylamide, acrylic acid and acrylate potassium (Rahab Resin Co.). Najafi Mood et al [8] reported 
that in saline and non-saline conditions of irrigation water, optimum irrigation depth for Khordad cultivar of 
cotton was more than Varamin cultivar of cotton. Shayan-nejad [10] reported that in water restriction conditions 
the optimum depth of applied water is equal to 34% of full irrigation. Thus, by using of deficit irrigation, 
irrigated land can be increased 2.9 times of full irrigation.  
 Ansari [4] reported that with deficit irrigation under land restriction conditions and aiming to maximize use 
of land unit, the optimized water depth for all cultivars was 3% less than complete irrigation, also using deficit 
irrigation under water restriction and aiming to maximize use of volume unit of water, the optimized irrigation 
depth would be 19% less than complete irrigation. Shahidi [11] reported that in varied irrigation depths, 
optimum irrigation depth of Ghods cultivar of wheat was more than Roshan cultivar of wheat. Zand-parsa et al 
[15] reported that optimum irrigation depth in land restriction conditions for corn under sprinkler irrigation was 
76.8 cm and optimum irrigation depth in water restriction conditions was 73.4 cm. 
 

MATERIALS AND METHODS 
 
1-3: Geographical location and time of the test: 
 This study was conducted in a farm that was located at a distance of 10 km from the Ahwaz city. Gross land 
of this projectwas approximately 1072 m2 with longitude and latitude of 48o46’15’’ eastern and 31o48’30’’ 
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nothern respectively and its height was 11 meters above sea level.  This study was carried out in the spring and 
summer of 2012 year. 
2-3: Weather characteristics of the region: 
 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. 
 
3-3: Soil and irrigation 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. 
 
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 
          
 Irrigation water was provided from Karkheh Noor River. Analytical results of irrigation water samples are 
shown in Table 2. 
 
Table 2: Qualitative analysis of the water. 

EC  (dS/m) pH Cations (meq/lit) Anions (meq/lit) 
Ca++ Mg++ Na+ K+ Co3

= Hco3
- Cl- So4

= 
2.9 7.3 10 9 20 0.12 0 4 18.1 16.2 

 
4-3: 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 drought stress and suitable for cultivation in subtropical regions that is introduced by Agricultural 
Research Center of Safi-Abad Dezful, Kuzestan, Iran. 
 
5-3: 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 levels 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. 
 
6-3: 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. Dificit irrigation treatments were started after 4 to 5 leaf stage (seedling 
settlement stage). 
 
7-3: 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 dificit irrigation treatments took place in the 4 to 5 leaf 
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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 in the farm.  
 
8-3: Estimation of optimum irrigation depth of corn: 
 Khodadadi dehkordi et al [7] showed that the optimum water-yield production function of SCKaroun701 
corn under deficit irrigation and different ratios of Superabsorbent was quadratic function. Quadratic function 
toward irrigation depth is Sepaskhah et al, [12]: 
 

2
111 IcIbaYI ++=                         (2) 

 
And if the cost function be linear, we have Sepaskhah et al, [12]: 
 

IbaCI .22 +=                          (3) 
 
 Where YI: production function toward irrigation depth (ton. cm-1. ha-1) and CI: cost function toward 
irrigation depth (Toman. cm-1. ha-1). Indices of a1, b1 and c1 in this research, were determined by Khodadadi 
dehkordi et al [7] according to table 3. 
 
Table 3: Optimum water-yield production function on base of variation of different ratios of Superabsorbent. 

Treatments Optimum water-yield production function 
Quadratic 

I S0 Y= .106 + .012 I + .00159 I2 
S1 Y= -1.071 + .098 I + .00078 I2 
S2 Y= -1.037 + .12 I + .00072 I2 
S3 Y= -.453 + .116 I + .00095 I2 

 
 Also indices of a2 and b2 are constant and varied costs of production respectively. By solution of 2 and 3 
equations for irrigation depth, optimum irrigation depth for water restriction conditions determined by following 
equation (Sepaskhah et al, [12]): 
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 Where Iw: optimum irrigation depth for water restriction conditions (cm) and Py: price of production 
(Toman/ton). And optimum irrigation depth for land restriction conditions determined by following equation 
(Sepaskhah et al, [12]): 
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Where IL: optimum irrigation depth for land restriction conditions (cm). 
 

RESULTS AND DISCUSSION 
 
1-4: Determination of optimum irrigation depth for water restriction conditions: 
 In this situation, total available water is limited and planted land is related to applied water volume. So, 
varied costs have not any effects on determination of optimum irrigation depth but constant costs and price of 
production have important effects on determination of it. The main objective for determination of optimum 
irrigation depth, is finding the depth of irrigation that achieves maximum net income for us. If constant and 
varied costs of production be a2: 500000 and b2: 80000 Tomans respectively, Py (price of corn) be 350 
Tomans/kg and there's no cost for providing Superabsorbent because of government support, the optimum 
irrigation depths for water restriction conditions, under different ratios of Superabsorbent, has shown in table 4. 
 As showed in table 4, by increasing of Superabsorbent, in water restriction conditions, optimum irrigation 
depth was reduced. This result showed that by increasing of Superabsorbent, in light sandy soil, with applying 
of less optimum irrigation depth, achieved more maximum net income. It's caused by nutrients and water 
storage by Superabsorbent in light sandy soil, preventing from the loss of water and nutrients and creating 
favorable conditions for growth and finally increasing of corn yield and its income. As showed in table 4, 
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optimum irrigation depth in water restriction conditions for 45 gr/m2 treatment was 44.5 cm that was less than 
optimum irrigation depths in water restriction conditions, in absence of Superabsorbent, that were reported by 
Zand-parsa et al [15] for corn in sprinkler irrigation (73.4 cm), Ansari [4] for early maturing cultivars of 301, 
303 and 315 corn equal to 79.4, 80.4 and 71.7 cm respectively, Nehzati Paghaleh et al [9] for corn 84.4 cm and 
Shahidi [11] for Ghods cultivar of wheat in surface irrigation (48.31 cm). So, Superabsorbent caused less 
optimum irrigation depth and achieved more maximum net income. Thus, by applying Superabsorbent we can 
save water resources because in Middle East countries, water resources are limited and we are forced to save 
these precious resources. Thus, governments by supporting of farmers and providing Superabsorbent without 
significant cost for them, can help in this subject.  
 
Table 4: Optimum irrigation depths for water restriction conditions, under different ratios of Superabsorbent. 

Superabsorbent) gr/m2( Optimum irrigation depths in 
water restriction conditions 

)cm)(Iw( 
15 56.61 
30 58.52 
45 44.5 

 
2-4: Determination of optimum irrigation depth for land restriction conditions: 
 In this situation, total available water is not limited and lack of farm land is limiting element. So, we should 
plant the entire farm land. In land restriction conditions, the constant costs have not any effects on determination 
of optimum irrigation depth but varied costs have important effects on determination of it. Also, the main 
objective for determination of optimum irrigation depth, is finding the depth of irrigation that achieves 
maximum net income for us. The optimum irrigation depths for land restriction conditions, under different ratios 
of Superabsorbent, has shown in table 5. 
 
Table 5: Optimum irrigation depths for land restriction conditions, under different ratios of Superabsorbent. 

Superabsorbent) gr/m2( Optimum irrigation depths in 
)cm)(IL(land restriction conditions 

15 83.7 
30 75.4 
45 59.25 

 
 As showed in table 5, by increasing of Superabsorbent, in land restriction conditions, optimum irrigation 
depth was reduced. This result showed that by increasing of Superabsorbent, in light sandy soil, with applying 
of less optimum irrigation depth, achieved more maximum net income. It's caused by nutrients and water 
storage by Superabsorbent in light sandy soil, preventing from the loss of water and nutrients and creating 
favorable conditions for growth and finally increasing of corn yield and its income. As showed in table 5, 
optimum irrigation depth in land restriction conditions for 45 gr/m2 treatment was 59.25 cm that was less than 
optimum irrigation depths in land restriction conditions, in absence of Superabsorbent, that were reported by 
Zand-parsa et al [15] for corn in sprinkler irrigation (76.8 cm), Ansari [4] for early maturing cultivars of 301, 
303 and 315 corn equal to 92.9, 97.4 and 85.6 cm respectively, Nehzati Paghaleh et al [9] for corn 10.08 cm and 
Shahidi [11] for Ghods cultivar of wheat in surface irrigation (60.23 cm). So, Superabsorbent caused less 
optimum irrigation depth and achieved more maximum net income. 
 
Conclusion:  
 The results showed that by increasing of Superabsorbent, in water and land restriction conditions, optimum 
irrigation depth was reduced. This result showed that by increasing of Superabsorbent, in light sandy soil, with 
applying of less optimum irrigation depth, achieved more maximum net income. It's caused by nutrients and 
water storage by Superabsorbent in light sandy soil that creates favorable conditions for growth and finally 
increases corn yield and its income. Besides, optimum irrigation depths in water and land restriction conditions 
in this research in presence of Superabsorbent, were less than optimum irrigation depths in water and land 
restriction conditions in other researches in absence of Superabsorbent. So, by applying Superabsorbent we can 
save water resources because in Middle East countries, water resources are limited and we are forced to save 
these precious resources. Thus, governments by supporting of farmers and providing Superabsorbent without 
significant cost for them, can help in this subject. Finally, optimum irrigation depth in water restriction 
conditions was less than optimum irrigation depth in land restriction conditions. 
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