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ABSTRACT 
 

The present paper aims to evaluate the impact of drought stress and application of different ratios of 
superabsorbent, super AB A 200 on some growth factors of SCKaroun701 corn in Khouzestan province’s 
climate conditions. Results showed that drought stress had negative effects on growth factors of corn. It is due to 
the effect of drought stress through decrease in leaf area index and disorder in process of absorption and transfer 
of nutrients in plant. Finally, they lead to a decrease in nutrients supply and reduction in growth factors. Here, 
existence of superabsorbent could properly provide sufficient amount of water and nutrients storage and release 
them in stress conditions to the plant. Thus, by use of superabsorbent, the less water consumed and the better 
growth factors received. Consequently, by use of superabsorbent, the water is more saved and the cultivated 
lands are extended. 

 
Key words: Corn SCKaroun701, superabsorbent super AB A 200, Total dry matter (TDM), Relative growth rate 

(RGR), final height of plant, Seed protein percentage. 
 

Introduction 
 
Iran country due to temporal distribution of 

rainfall is inadequate in most dry countries of the 
world  and always faced with the problem of water 
shortage. In this regard, it is reported that about 90% 
of consumed water in the country is spent on 
agricultural productions. 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 [23]. 
One of the strategies for the optimal usage of water 
resources and preserving it, is usage of 
superabsorbent polymers. 

Superabsorbent polymers can absorb large 
amounts of water or aqueous solutions and swell [2]. 
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.  

 
 
 
 
 
 
 
 

Fig. 1: Chemical structure of  Super AB A 200 
 
Rahab Resin company claims that Super AB A 

200 polymer is able to keep its water absorbed under 
pressure, but as soon as the roots need water, it can 
release it readily. Also its PH is between 6 and 7, so 
it has not adverse effect on soil with any toxicity. 

These superabsorbents, after 3 to 5 years, depending 
on the type and composition of the soil are destroyed 
by microorganisms. So they do not cause any 
environmental pollution. (Rahab Resin Co.) 

Deficit irrigation is an optimal solution for 
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processing of products under water scarcity 
conditions [7]. Talaee et al., [26] showed that the use 
of superabsorbent on growth and growth 
characteristics of olive tree had a significant effect. 
Also with using of superabsorbent, drought stress 
effects were reduced and charactristics such as stem 
length, stem diameter, number of branches and 
number of leaves were significantly increased in 
comparison with control treatments. Ghasemi and 
Khoshkhuy [12] showed that the use of 
superabsorbent polymer on the number of flowers, 
flower diameter, number of leaves, leaf area and 
number of branches in Chrysanthemum plant,  had a 
significant effect under drought stress. Khalilpour et 
al., [13] showed that by increasing superabsorbent in 
comparison with control treatments, the more 
irrigation interval of pine tree,  the more amount of 
soil moisture.  

 
Matters 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 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. 
 
4-3: Irrigation water characteristics: 

 
Irrigation water was provided from Karkheh 

Noor River. Analytical results of irrigation water 
samples are shown in Table 2. 

 
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 109200.120 4 18.1 16.2 
 
5-3: 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. 

 
6-3: 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/m3 respectively. 
Thus, with 12 treatments and three replications, a 
total of 36 plots were tested. 

 
7-3: 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). 

 
8-3: 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 



529 
Adv. Environ. Biol., 7(4): 527-534, 2013 
 

 

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 ...                                                                     

                  (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.  

 
9-3: Operation of plant growth analysis:  

 
For investigating of leaf area index changes and 

total dry matter of plants in different irrigation 
treatments, sampling of plants was initiated from 4 to 
5 leaf stage onward (after full settlement of 

seedlings) and continued with intervals of 15 days, so 
were sampled 7 times in total. After removal of 
margins of each sampling, three plants of sampled 
lines (lines 2 and 5) were harvested and  for their dry 
weight measurements, they were immediately 
transported to the laboratory. Relative growth rates 
(RGR) were calculated by Fajeria (1998): 

 

    
12

1211 ln
)..(

TT

TDMLnTDM
dggRGR




                              

(2) 
Where, TDM: total dry matter of the plant at 

every stage of sampling (gr/m2) and T2-T1: time 
intervals between two sampling (day).For measuring 
of final height of plants in each treatment, three 
plants per plot were measured and the average height 
of them was considered. 

 
10-3: Measurement of grain protein percentage: 

 
 For measuring of grain protein percent, Kjeldahl 

device was used [27] 
 

Results and Discussion 
 
Tables 3, 4 and 5 show the comparison of 

average reciprocal effects between water treatments 
and superabsorbent. 

  
Table 3: Comparison of reciprocal effects of full irrigation treatments mean (I1) on superabsorbent treatments 

I1 
Parameters S0 S1 S2 S3 

98.7de 113.6c 129b 145a TDM 
0.0205ab 0.0214a 0.022a 0.0226a RGR 
156c 167bc 178ab 190a height of plants 
9.6a 9.35a 9.22a 9.1a Grain Protein percentage 

 
Table 4: Comparison of reciprocal effects of mild drought stress treatments mean (I2) on superabsorbent treatments 

I2 
Parameters S0 S1 S2 S3 

65.9g 81f 92.6e 105.4cd TDM 
0.0188c 0.0196bc 0.0202ab 0.0208ab RGR 
133ef 143de 152cd 161bc height of plants 
10.6a 9.9a 9.7a 9.41a Grain Protein percentage 

 
Table 5: Comparison of reciprocal effects of severe drought stress treatments mean (I3) on superabsorbent treatments 

I3 
Parameters S0 S1 S2 S3 

41.57i 52.43h 61.86g 71.7f TDM 
0.016d 0.0173cd 0.018cd 0.0187c RGR 
116g 123fg 130ef 137e height of plants 
11.5a 10.9a 10.6a 10.1a Grain Protein percentage 

  
1-4: Total dry matter of plant (TDM): 

 
The effect of irrigation treatments on total dry 

matter was significant at 1% level (Table 6). By 
increasing severity of drought stress, total dry matter 
was significantly reduced. The highest and lowest 
total dry matter were 98.7 and 41.57 grams belonged 

to complete irrigation treatment (I1) and severe 
drought stress treatment (I3) respectively. Freeman 
[8], Greenway and Munns [9], Nesmith and Ritchie 
[18] and Cakir [4] showed that the one of main 
reasons for the reduction of total dry matter in 
drought stress conditions, was effect of drought stress 
on leaf area index reduction and increase of stomatal 
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resistance, thus reducing photosynthesis. 
Effect of superabsorbent treatments on total dry 

matter was significant at the 1% level. The total dry 
matter was reduced by reduction of superabsorbent. 
It is caused by nutrients and water storage by 
superabsorbent in light sandy soil,  preventing from 
the loss of water and nutrients and create favorable 
conditions for growth. However S3 treatment is the 
highest average of total dry matter with 145 grams 
and  S0 treatment is the lowest average of total dry 
matter with 98.7 grams. 

Reciprocal effect of treatments with total dry 

matter showed that however by increasing severity of 
drought stress, total dry matter was reduced but its 
gradient was not uniform in all of treatments. For 
example, there is 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 finally with 
extension of leaf area, which receives more light and 
therefore more photosynthesis would increase total 
dry matter. 

 
Table 6: Variance analysis of treatment effects on TDM 

Sources of Changes 
Degree of 
freedom 

Sum of squares Squares mean F value 

Irrigation water depth 3 8824.72 2941.57 287.62 ** 
Consuming superabsorbent levels 3 3326.9 1108.96 1084.94 ** 
Reciprocal effect of irrigation water 
depth and consuming Superabsorbent 

8 274.055 34.25 33.51 **  

Experiment error 30 30.66 1.022  
Total 45 46454.86   

**: difference is significant at 1%. *: difference is significant at 5%. ns: there is not any significant difference  
 
Figures 1, 2 and 3 show changes of total dry matter on various levels of irrigation and superabsorbent.  
 
 
 
 
 
 
 
 
 
 
    
 
 
 
 

 
Fig. 1: TDM change process of plant under effect of full irrigation treatment (I1) with superabsorbent. 

 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: TDM change process of plant under effect of mild drought stress treatment (I2) with superabsorbent. 
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Fig. 3: TDM change process of plant under effect of severe drought stress treatment (I3) with superabsorbent. 
 

2-4: Relative growth rate (RGR): 
 
The effect of irrigation treatments on relative 

growth rate was significant at 5% level (Table 7). By 
increasing severity of drought stress, the relative 
growth rate was reduced significantly. So, the highest 
and lowest relative growth rate were 0.0205 and 
0.016 (g .g-1.d-1) belonged to complete irrigation 
treatment (I1) and severe drought stress treatment (I3) 
respectively. Saneoka and Agata [24] reported that at 
water stress conditions, the production rate of 
dividing tissues would be reduced.  

Effect of superabsorbent treatments on relative 
growth rate was not significant, although by 
decreasing of superabsorbent, the relative growth rate 
was reduced. It is caused by nutrients and water 
storage by superabsorbent in light sandy soil, 
preventing from the loss of water and nutrients and 

create favorable conditions for growth and 
preventing from the slow formation of dividing 
tissues. Treatment S3 is the highest mean relative 
growth rate of 0.0226 and treatment S0 is the lowest 
mean relative growth rate of 0.0205 (g .g-1.d-1). 

About the reciprocal effect of treatments and 
relative growth rate, it is noteworthy that although 
the reduction in irrigation water depth, was caused 
reduction of relative growth rate, but this trend was 
not significant in most treatments and had not the 
same gradient. For example, the treatment of I2S3, 
has not any significant differences with I1S3, I1S2, 
I1S1 and I1S0, thus we can conclude that the 
superabsorbent by storage of water and nutrients and 
release them in drought conditions, can provide 
favorable conditions for plant growth and reduce 
effects of water stress and prevent from the slow 
formation of dividing tissues. 

 
Table 7: Variance analysis of treatment effects on RGR 

Sources of Changes 
Degree of 
freedom 

Sum of squares Squares mean F value 

Irrigation water depth 3 5.2 1.9 1.9 * 
Consuming superabsorbent levels 3 4.41 1.41 0.68 ns 
Reciprocal effect of irrigation water 
depth and consuming superabsorbent 

8 24.26 3.12 6.12 *  

Experiment error 30 9.5   
Total 45 186.21   

**: difference is significant at 1%. *: difference is significant at 5%. ns: there is not any significant difference 

 
Figures 4, 5 and 6 show changes of relative 

growth rate on various levels of irrigation and 
superabsorbent. 

 
3-4: The final height of plant: 

 
The effect of irrigation treatments on final height 

if plant was significant at 1% level (Table 8). By 
increasing severity of drought stress, plant height 
was reduced significantly. So, the maximum and 
minimum of plant height were 116 cm and 156 cm, 

belonged to severe drought stress (I3) and full 
irrigation treatments (I1) respectively. Boyer [3] 
showed that one of the effects of water deficit on 
corn was loss of cell extensions by reducing cell 
swellings, which plant height was reduced. Rashidi 
[21] and Mozaffari et al., [15] showed that the stem 
elongation rate of corn that was a strong destination 
for assimilates in flowering time, due to drought 
stress in the vegetative stage was reduced. Other 
researchers also have reported the reduction of corn 
height in drought stress conditions [16,22,10,14].
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Fig. 4: Variations of RGR under full irrigation treatments (I1) with superabsorbent 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

Fig. 5:  Variations of RGR under mild drought stress (I2) with superabsorbent 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Variations of RGR under severe drought stress (I3) with superabsorbent 
 
The effect of superabsorbent treatments on plant 

height was significant at the 1% level and by 
decreasing of superabsorbent, the final height of 
plant was reduced. The reason is the storage of water 
and nutrients for plant by superabsorbent in sandy 
soil. Because preventing from water loss and 
providing favorable conditions for plant growth was 
caused the better cell swellings and the higher height 
of plants. So, S3 treatment was the highest mean final 

hieght of plant with 190 cm and S0 treatment was the 
lowest mean final hieght of plant with 156 cm. The 
reciprocal effect of treatments on final height of corn 
showed that although the reduction in irrigation 
water depth, was caused reduction of final height of 
corn, but this trend was not significant in most 
treatments and had not the same gradient. For 
example, I2S3 treatment has not significant difference 
with I1S2, I1S1 and I1S0. Therefore it can be 

0

0.01

0.02

0.03

0.04

0.05

27 42 57 72 87 102 117

Days after planting

(g
 .

g
-1

.d
-1

) 
R

G
R

I1S3 I1S2 I1S1 I1S0

0

0.01

0.02

0.03

0.04

0.05

27 42 57 72 87 102 117

Days after planting

(g
 .

g
-1

.d
-1

) 
R

G
R

I2S3 I2S2 I2S1 I2S0

0

0.01

0.02

0.03

0.04

0.05

27 42 57 72 87 102 117

Days after planting

(g
 .

g
-1

.d
-1

) 
R

G
R

I3S3 I3S2 I3S1 I3S0



533 
Adv. Environ. Biol., 7(4): 527-534, 2013 
 

 

concluded that superabsorbent has been able to store 
water and nutrients and release them in drought 

stress conditions, so, it can provide favorable 
conditions for plant growth. 

 
Table 8: Variance analysis of treatment effects on plant height 

Sources of Changes 
Degree of 
freedom 

Sum of squares Squares mean F value 

Irrigation water depth 3 2680.83 893.61 893.61 ** 
Consuming superabsorbent levels 3 8360.83 2786.94 2786.94 ** 
Reciprocal effect of irrigation water 
depth and consuming superabsorbent 

8 10762.66 1345.33 1345.3 **  

Experiment error 30 30   
Total 45 110132   

**: difference is significant at 1%. *: difference is significant at 5%. ns: there is not any significant difference 

 
4-4: Seed protein percentage: 

 
Effect of irrigation treatments on seed protein 

percentage was not significant (Table 9). However, 
By increasing severity of drought stress,  percentage 
of seed protein increased. The average of highest and 
lowest seed protein achieved 11.5 and 9.6 percent for 
severe drought stress treatment (I3) and full irrigation 
treatment (I1) respectively. In this context Classen 
and  Shaw [5] and Daniel and Triboi [6] in separate 
tests on corn and wheat grain concluded that the 
drought stress increases the percentage of grain 
protein. They announced that it’s cause was reduction 
of transferring of photosenthesis matters and the 
volume proportion of starch endosperm in 
comparison with total grain volume. So, the grain 
protein percentage showed increase in drought stress 
condition. Noormohammadi et al., [20] stated that in 
drought stress, severe breathing increases and 
reduces nutrient intake and thus reduces hydrocarbon 
storage and increases protein. The effect of 
superabsorbent on seed protein percentage was not 
significant, although by decreasing superabsorbent 

percentage, the seed protein increased. Because of 
the efficient storage of water and nutrients by 
superabsorbent in sandy soil which prevents from 
water loss and provides favorable conditions for 
plant growth. 

Finally, by transmission of photosynthesis 
materials into seed and increasing endosperm 
volume, the seed protein rate became lower than 
starch. However S0 treatment showed the highest 
average of seed protein 9.6 % and S3 treatment 
showed the lowest average of seed protein 9.1 %. 
The reciprocal effect of treatments with the seed 
protein percentage showed that the reduction of 
irrigation depth was caused the increase of seed 
protein. But this increase had not the same gradient. 
For example the seed protein in  I2S3 treatment at the 
rate of 9.41%  is less than the seed protein of I1S0  
treatment with 9.6 %. Its cause is superabsorbent, 
which can store water and nutrients and release them 
in drought stress conditions, leading to the better 
transmission of photosynthesis materials into seed, 
the increase of endosperm volume and ultimately 
being reduced of seed protein. 

 
Table 9: Variance analysis of treatment effects on seed protein percentage 

Sources of Changes 
Degree of 
freedom 

Sum of squares Squares mean F value 

Irrigation water depth 3 15.14 5.6704 0.45 ns 
Consuming superabsorbent levels 3 5.03 1.67 1.39 ns 
Reciprocal effect of irrigation water 
depth and consuming superabsorbent 

8 0.83 0.105 1.24 ns  

Experiment error 30 3   
Total 45 4335.98   

**: difference is significant at 1%. *: difference is significant at 5%. ns: there is not any significant difference 

 
Conclusions:  

 
The results showed that by increasing drought 

stress,  growth factors 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. 
Superabsorbent can store water and nutrients and 
release them on stress conditions, so it can prevent 
from stomatal closure and reducing photosynthesis 
and growth factors. Therefore, by using of 
superabsorbent, we can get an acceptable growth by 
less water consumption. Consequently we can save 
water more, and extend the cultivated lands by saved 

water. 
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