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 Deficit irrigation is an optimum technique for producing products under drought stress 
that is with decrease of products per area and increase of them with extent of area. 
Given the large share of water use in the agriculture sector and very low efficiencies in 
this sector, selection and development of the new strategies to improve and optimize 
irrigation water use with significant savings in this sector is essential. The usage of 
deficit irrigation and Superabsorbent polymers are the useful strategies in this regard. 
This research was planned in order to study the effect of drought stress and different 
levels of Superabsorbent (super AB and A 200) and their effect on water use efficiency 
(WUE) and yield response factor (Ky). The experimental site was an agricultural land 
with sandy soil in Hamidieh region near Ahwaz city. In this study, 3 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, independent effect of irrigation and 
Superabsorbent treatments at 1% level and interaction between them at 1% level on 
WUE of corn were significant. I1S3 treatment had the most WUE amount (16.18 
kg/ha.mm) and I3S0 treatment had the least WUE amount (6.48 kg/ha.mm). Also, by 
using of Superabsorbent, variations of the relative yield decrease toward variations of 
the relative evapotranspiration deficit had low correlation and achieved points had low 
R2. 
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INTRODUCTION 
  

Drought stress is the most important factor for limiting of plant growth in arid and semi-arid regions [10]. 
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 [11]. 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 that is showed in figure 1(Rahab Resin Co.).  

 
 
 
 
 
 
 

Fig. 1: Chemical structure of Super AB A 200 
 
Water use efficiency (WUE) is defined as the ratio of grain yield to water consumption amount by plant. 

When water resources be limited (without limitation of farm lands), maximum production be achieved when 
WUE be maximum [25]. Sustainable development in agriculture in arid and semi-arid regions is depended to 
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raising of WUE. WUE shows that how much production will be produced for consumed water amount [4].  

Karimi and Naderi [14] showed that Superabsorbent can raise water retention capability of sandy soils. 
Ahrar et al [4] reported that Superabsorbent by increasing of water retention capability of soil, prevents from 
wasting of water and nutrients and raises the efficiency of fertilizers in light soils. Parinazpour et al [21] 
reported that Superabsorbent by increasing of water retention capability of light soil and preventing from 
wasting of water and nutrients, raises grain yield of plant. Tohidi-moghadam et al [29] reported that 
Superabsorbent can reduce the harmful effects of drought stress, by sufficient storage of water and nutrients in 
light soils and increase water retention capability and raise grain yield of plant.  

 
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 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. 

 
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/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 

 
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). 
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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 
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.  

 
8-3: Yield response factor (Ky) on base of Stewart model:   

In this research, yield response factor (Ky) was evaluated on base of Stewart et al [24] model in presence of 
Superabsorbent. Actually the effect of drought stress on yield is evaluated by relating the relative yield decrease 
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where: 
1-Ya/Ymax = the fractional yield reduction as a result of the decrease in evaporation rate (1-ETa/ETm). Ya: 

actual yield (kg/ha), Ym: maximum yield (kg/ha), ETa: actual evapotranspiration (mm), ETm: maximum 
evapotranspiration (mm) and Ky: yield response factor. 

 
RESULTS AND DISCUSSION 

 
1-4: Grain yield: 

The effect of irrigation treatments on grain yield was significant at 1% level (Table 3). By increasing 
severity of drought stress, grain yield was significantly reduced. It's reason was because of  significantly reduce 
of number of seeds in corn and thousand seed weight. This result is confirmed by Rafiee, [23,15,16,27,11,31]. 
Also, it's reported that drought stress by reducing of leaf area index (LAI) and disturbing in process of uptake 
and transition of nutrients in plant, reduces grain yield [15,19,28]. The highest and lowest grain yield in this 
research were 6.55 and 2.29 t/ha belonged to complete irrigation treatment (I1) and severe drought stress 
treatment (I3) respectively.  

Effect of Superabsorbent treatments on grain yield was significant at 1% level. The grain yield was reduced 
by reduction of Superabsorbent. 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 preventing 
from being reduced of number of seeds in corn and thousand seed weight. However S3 treatment was the highest 
average of grain yield with 9.93 t/ha and  S0 treatment was the lowest average of grain yield with 6.55 t/ha, in 
this research. 

Reciprocal effect of treatments with grain yield showed that however by increasing severity of drought 
stress, grain yield was reduced but its gradient was not uniform in all of treatments. For example, there was not 
significantly difference between I2S3 treatment with I1S1 and I1S0 treatments, so it can be concluded that 
Superabsorbent has been able to store water and nutrients and release them in drought stress conditions, so, it 
can provide the suitable conditions at vegetative growth stage and by improving of uptake and transition of 
nutrients in plant, increase number of seeds in corn and thousand seed weight and finally increases grain yield.  
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Table 3: Variance analysis of treatment effects on grain yield 

Sources of Changes Degree of 
freedom Sum of squares Squares mean F value 

Irrigation water depth 2 46.27 15.41 188.81 ** 
Consuming Superabsorbent levels 3 185.09 61.69 755.19 ** 
Reciprocal effect of irrigation water 
depth and consuming Superabsorbent 8 1.45 0.18 2.22 * 

Experiment error 30 2.45   
Total 45 2072.7   

**: difference is significant at 1%. *: difference is significant at 5%. ns: there is not any significant difference  
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Fig. 2: The comparison of mean reciprocal effect of irrigation and Superabsorbent treatments on grain yield 

 
2-4: Water Use Efficiency (WUE):  

Evaluation of WUE (kg/ha.mm) is showed in table 4, on base of different treatments of irrigation and 
Superabsorbent for SCKaroun701 corn. 

 
Table 4:  Evaluation of WUE on base of different treatments of irrigation and Superabsorbent for SCKaroun701 corn 

Treatments Irrigation 
depth (mm) 

Rain 
(mm)  

Soil moisture 
variations (mm) 

Water 
consumption of 
plant (mm) 

Grain yield 
(kg/ha) WUE (kg/ha.mm) 

I1 

S0 600 6.5 4 610.5 6550 10.73 
S1 600 6.5 5 611.5 7630 12.48 
S2 600 6.5 6 612.5 8760 14.3 
S3 600 6.5 7 613.5 9930 16.18 

I2 

S0 466 6.5 10 482.5 4180 8.66 
S1 466 6.5 11 483.5 5200 10.75 
S2 466 6.5 12 484.5 6120 12.63 
S3 466 6.5 13 485.5 7020 14.46 

I3 

S0 332 6.5 15 353.5 2290 6.48 
S1 332 6.5 16 354.5 3050 8.6 
S2 332 6.5 17 355.5 3740 10.52 
S3 332 6.5 18 356.5 4450 12.48 

 
On base of table 4, effect of irrigation treatments on WUE was significant at 1% level (table 5). By 

increasing severity of drought stress, WUE was significantly reduced. The highest and lowest WUE were 10.73 
and 6.48 kg/ha.mm belonged to complete irrigation treatment (I1) and severe drought stress treatment (I3) 
respectively. It's reason was because of significantly increase of grain yield in complete irrigation treatment (I1) 
toward severe drought stress treatment (I3).  

 Effect of Superabsorbent treatments on WUE was significant at 1% level. The WUE was reduced by 
reduction of Superabsorbent. 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 significant increasing of 
grain yield and finally significant increasing of WUE. However S3 treatment was the highest average of WUE 
with 16.18 kg/ha.mm and  S0 treatment was the lowest average of WUE with 10.73 kg/ha.mm. This result is 
confirmed by [14,8,4,10,21].  
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Reciprocal effect of treatments with WUE showed that however by increasing severity of drought stress, 

WUE was reduced, but its gradient was not uniform in all of treatments. For example, there was not 
significantly difference between I2S3 treatment with I1S3 and I1S2 treatments, so it can be concluded that 
Superabsorbent has been able to store water and nutrients and release them in drought stress conditions, so, it 
has been able to prevent from reduction of grain yield and finally reduction of WUE.  

WUE of corn in absence of Superabsorbent was reported by Oktem et al [20] between 1.4 to 1.66 kg/m3; 
Degdelen et al [7] between 1.59 to 2.3 kg/m3; Zwart and Bastiaanssen [32] between 1.1 to 2.7 kg/m3; Howell et 
al [9] between 1.65 to 1.68 kg/m3; Steele et al [26] between 2 to 4.21 kg/m3; Karam et al [13] between 1.68 to 
1.88 kg/m3 and Koksal and Kanber [12] between 1.38 to 1.8 kg/m3.  
 
Table 5: Variance analysis of treatment effects on WUE 

Sources of Changes Degree of 
freedom Sum of squares Squares mean F value 

Irrigation water depth 2 199 66.5 16.36 ** 
Consuming Superabsorbent levels 3 131.15 43.7 14.6 ** 
Reciprocal effect of irrigation water 
depth and consuming Superabsorbent 8 80.15 10 9.9 ** 
Experiment error 30 30.06 1  
Total 45 5853.04   

**: difference is significant at 1%. *: difference is significant at 5%. ns: there is not any significant difference 
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Fig. 3: The comparison of mean reciprocal effect of irrigation and Superabsorbent treatments on WUE 
 

3-4: Effect of plant consumed water and different ratios of Superabsorbent on WUE of SCKaroun701: 
Effect of plant consumed water and different ratios of Superabsorbent on WUE of SCKaroun701 was 

showed in figure 4. On base of this figure, in every amount of applied Superabsorbet, with increase of plant 
consumed water, WUE was increased. Also, in every amount of plant consumed water, with increase of applied 
Superabsorbet, WUE was increased. This point shows that in water limited situations and limitation of water 
resources, Superabsorbent can store water and nutrients and release them in drought stress and light sandy soil 
conditions and it can prevent from reduction of grain yield and finally reduction of WUE.  
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Fig. 4: Effect of plant consumed water and different ratios of Superabsorbent on WUE 
4-4: Determination of  yield response factor (Ky) on base of Stewart model in presence of Superabsorbent:  

In this research, for SCKaroun701 corn, maximum grain yield (Ym) was 9930 kg/ha and it's correspondent 
ET, was 613.5 mm as ETm. On base of Stewart et al [24] model, variations of relative yield decrease of 
SCKaroun701 corn toward the relative evapotranspiration deficit, in presence of Superabsorbent are showed in 
figure 5.  
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Fig. 5: Variations of relative yield decrease toward the relative evapotranspiration deficit, in presence of 

Superabsorbent 
 
As showed in figure 5, the correlation between achieved data, is very low and coefficient of determination 

(R2) of them, is very low. Because the model of Stewart et al [24] was determined in absence of Superabsorbent, 
so, it applies in absence of Superabsorbent correctly. But in this research, applying Superabsorbent has provided 
an especial situations for Stewart et al [24] model and caused that the variations of relative yield decrease of 
SCKaroun701 corn toward the relative evapotranspiration deficit, in presence of Superabsorbent have not been 
had suitable correlation.  

Although, with respect to this discrepancy, achieved Ky in this research, was 1.0575. The amount of Ky in 
this research, in comparison with achieved Ky in other researches, had lower amount. So, this result shows that 
by increase of relative evapotranspiration deficit, the less relative yield decrease, will be created.  

So, Superabsorbent could by raising of plant resistance to drought stress, create favorable conditions for 
plant growth and finally improve Ky for plant, although it had not statistical suitable validity. The amount of Ky 
in other researches (with absence of Superabsorbent) is more than the amount of Ky in this research (with 
presence of Superabsorbent). For example: Ky of corn in absence of Superabsorbent was reported by Doorenbos 
and Kassam [5]: 1.02; Deju and Jingwen [6]: 1.21; Najarchi et al [18]: 1.55; Popova et al [22]: 1.5 and 
Moutonnet [17]: 1.33. 

 
Conclusion:  

The results showed that by increasing drought stress, grain yield and water use efficiency (WUE) examined 
in this study, showed the decrease. It could be due to the effect of drought stress on stomatal closure and 
prevention of biochemical process of CO2 absorption and ultimately reduction of photosynthesis amount and 
finally being reduced of number of seeds in corn and thousand seed weight that be resulted in being reduced of 
grain yield and WUE.  

Superabsorbent can store water and nutrients and release them on drought stress conditions, so it can 
improve the above-mentioned problems for plant and increase grain yield and WUE. Therefore, by using of 
Superabsorbent, we can get an acceptable grain yield by less water consumption and increase WUE. 
Consequently by using of Superabsorbent, we can save water more, and extend the cultivated lands by saved 
water.  

Also, The results showed that by applying Superabsorbent, it was created an especial situations for Stewart 
et al [24] model and caused that the variations of relative yield decrease of SCKaroun701 corn toward the 
relative evapotranspiration deficit, in presence of Superabsorbent have not been had suitable correlation. 
Because the model of Stewart et al [24] was determined in absence of Superabsorbent and it applies in absence 
of Superabsorbent correctly. 
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