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Abstract. In order to evaluate the effect of using super-absorbent polymer (SAP) on quantitative yield 

and growth indices of potato in autumn sowing, an experiment was conducted in Hamedan city, Hamedan 

province, Iran during two crop years. The experiment was conducted as split split plot based on 

randomized complete block design (RCBD) with three replications. Treatments include sowing depth (10, 

15, 20 and 25 cm), potato cultivars (Sante, Fontane, and Agria) and SAP (non-application and 

application). The use of SAP in all three cultivars led to an increase in stem diameter, crop height and 

tuber yield and resulted in a decrease in the percentage of tuber dry weight. The results of growth indices 

showed that in all three cultivars, the use of SAP led to an increase in leaf area index (LAI), in leaf area 

duration (LAD) and in crop growth rate (CGR). The LAI and LAD increased with increasing depth and 

use of SAP. The highest LAI and LAD were obtained under conditions of using SAP at three depths. At 

all sowing depth, the use of SAP resulted in an increase in CGR relative to the non-use of SAP. 
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Introduction 

Drought is one of the biggest challenges in the agricultural sector of Iran. Almost 

90% of the regions in Iran are considered to have arid and semi-arid climates (Bannayan 

et al., 2010). In this respect, we must apply methods that can improve better water use 

efficiency (WUE) and do not damage the sustainable production of potato (Solanum 

tuberosum L.) as important crop in these regions (Parvizi and GhadamiFiroozabadi, 

2015). Reports showed that drought stress induces a wide range of physiological and 

biochemical changes in crops (Garg et al., 2012; Maksup et al., 2014). In general, 

dehydration in crops increases cell volume, cell division, cell growth and crop dry 

weight, and reduces them relatives to non-stress conditions (Sirousmehr et al., 2014). 

Potato is currently the fourth most important food crop in the world after wheat, rice, 

and corn (FAO, 2008). The area under potato cultivation in Iran in 2013 was 190,000 

hectares and its yield in area under potato cultivation in Iran was reported as over 

29,2623 kg/ha in 2013 (FAO, 2013). Several studies indicated that potato is sensitive to 

drought stress in all growth stages, especially the tuber formation stage due to the 

shallow roots with limited expansion and its inability to absorb water from lower depths 

(Ayas, 2013; Shock et al., 2013). Increasing the use of this crop in the food industry in 
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line with the growing world’s population made the farmers and agricultural specialists 

to approach the production of this product to its genetic potential by eliminating nutrient 

deficiencies and managing the correct use of water and fertilizers (Haase et al., 2007). 

In terms of total tuber yield, the early-season to mid-season cultivars of Marfona, 

Arinda, Fresco and Sante are superior to other cultivars. In general, the early-season to 

mid-season cultivars of Sante and Faresco and the late-season cultivars of Agria, 

Columbus, Timothy, Satina and Julianus are more suitable for potato cultivation and 

production in Hamedan Province (Parvizi, 2008). 

The use of superabsorbent polymers (SAP) is one of the strategies to reduce the 

effect of drought stress especially in semi-arid regions of Iran. SAP are water-friendly 

gels which the water inside it is slowly evacuated and the soil remains moist for a long 

time after water absorption and drying the environment gradually (Ghooshchi, 2015). 

SAP in agriculture reduce the number of irrigation up to 50%, increase the water and 

nutrition storage capacity of the soil for a long time, make the uniform use of water for 

crops, cause the faster and more favorable root growth, decrease the soil nutrient 

leaching, reduce the irrigation costs, increase the cationic exchange capacity of the soil, 

maximize the production potential of crop production, provide moisture in the upper 

layer of the soil, and increase the faster and more healthy growth of crops, especially in 

very hot and dry areas (Yazdani et al., 2007; He and Zhang, 2005). In a study, the use of 

SAP led to the increase of crop height, stem diameter, grain yield and biomass yield 

(Islam et al., 2011). In another study, the effect of organic and SAP on leaf chlorophyll 

index and their interaction effect on stomatal and nitrogen conductivity were 

statistically significant. In this study, the use of SAP increased the percentage of 

phosphorus in potato tubers (Rashidi et al., 2015). 

Another method of management of potato yield increase is determining the 

appropriate sowing depth playing an essential role in forming the number of stolons and 

potato aerial stem and ultimately the final yield of potato (Ezekiel, 1992). The sowing 

depth determines the status and changes in the soil heat and moisture and is a criterion 

for soil resistance to the primary bud exit from the soil. Abducting the suitable sowing 

growth causes a delay in the rate of emergence or weakness of the seedlings (Acquaah, 

2005). Several research results showed the significant effect of sowing depth on potato 

yield (Esehaghbeygi, 2010; Arab et al., 2011). Although in the autumn sowing, there 

will be a risk of frozen tubers under the soil if there is a severe cold weather but this 

possibility will decrease if the tubers are sown deeply. Thus, the autumn sowing of 

potato in temperate and semi-temperate regions is of great importance for some reasons 

such as reduced water consumption, higher sales prices, optimal utilization and 

maximum utilization of fall and winter precipitation resources and can be appropriate to 

change the pattern of sowing (Hassanpanah, 2016). The present study aimed at 

evaluating the effect of using moisture superabsorbent on growth and yield indices of 

autumn potato with different depths to reduce the adverse effects of drought stress. 

Materials and methods 

This experiment was carried out during two crop years of 2015-2016 and 2016-2017 

at Ekbatan Research Station, Hamedan Agricultural and Natural Resources Research 

Center, Hamedan city, Hamedan province, (34° 88’ North, 48° 53’ West and 1731 m 

above sea level) which is located in the west of Iran (Fig. 1). 
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Figure 1. The location of the experiment area, Hamedan city, Hamedan province, Iran 

 

 

The experiment was conducted as split plot based on randomized complete block 

design (RCBD) with three replications. The main factor included the sowing depth at 

four levels (10, 15, 20 and 25 cm), the subplots included the potato cultivar at three 

levels (early-season Sante, mid-season Fontane, and late-season Agria) and the sub-

subplot included the use of SAP as 80 kg / ha and at two levels (without using (control) 

and using SAP). Before the cultivation, sampling was carried out with a depth of 0-

30 cm to determine the physical and chemical characteristics of soil in the test site and 

the full specifications are presented in Table 1. Tillage was carried out in the autumn. 

After land levelling, a plot of 14 m2 was started. Each plot included 3 rows of planting 

at a distance of 75 cm and a length of 6 m, the block spacing was one meter and the 

crop spacing in each row was 25 cm. 

 
Table 1. Experimental farm soil specification 

Absorbable 

potassium (mg/kg) 

Absorbable 

phosphorus (mg/kg) 

Nitrogen 

percentage 
EC pH Soil texture Soil depth 

386.3 4.8 0.35 1.8 7.8 Clay loam 0-30 

 

 

Fertilizer application was performed based on soil analysis. Accordingly, 250 kg of 

ammonium phosphate and 150 kg of potassium sulfate per hectare were used. Before 

sowing, the seed tubers were disinfected by Rural T. S fungicide (52.5% wettable 
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powder). The SAP was distributed to 80 kg/ha at the time of sowing the tubers in 

cultivation grooves. Sowing the tubers was carried out on November 20th and the tubers 

were under the soil and in sleep throughout the winter. In the spring and before the buds 

leave the soil, the first turn of the weed control was carried out with paraquat 

(Gramaxone) herbicide (3 liters per hectare). Then, the weed control was carried out 

manually by observing the first weed and continued until the product was ripe. 

Irrigation was carried out as droplets and tapes. When the crop height reached 10-15 

cm, the cultivator and soil were carried out at the foot of the crops. During the grazing 

time, the complete fertilization of Humex micro fertilizer (at 3,000) was carried out in 

one turn while Urea fertilization was carried out as topdressing in two turns (mobbing 

and flowering stages). In flowering stage, the traits such as number of stems per crop, 

crop height and stem diameter were measured. 

At the time of harvesting after random sampling from a square meter, the marginal 

effect was removed and the resulting tubers were weighed to obtain the tuber yield in 

kilograms per square meter. In order to calculate the percentage of tuber dry matter 

from each plot, three tubers were randomly weighed thoroughly after washing, then 

they were cut into thin chips and placed in an oven at 70 °C for 48 h. Then, they were 

weighed again and the percentage of tuber dry matter was calculated by dividing the dry 

weight of the tubers by their initial weight multiplied by 100. For measurements of 

growth indices, 1 m2 of each plot were randomly selected from the central rows in plots. 

The remaining rows (except the border rows) were used for taking periodic plant 

samples. The sampling was done at 185, 192, 199 and 205 days after sowing. Then, the 

crops were dried in an oven at 75 °C for 48 h to be weighed. The rate of leaf area index 

(LAI), crop growth rate (CGR) and leaf area duration (LAD) were obtained from the 

Equations 1– 3, respectively (Taiz and Zeiger, 2006): 

 

  (Eq.1) 

 

  (Eq.2) 

 

  (Eq.3) 

 

where LA2 + LA1 is total leaf area, GA is ground area W2 – W1 is dry weight changes, t2 –

 t1 is sampling time interval and LAI1 + LAI2 is total leaf area at time interval of t2 – t1. 

The data obtained from the experiment were analysed by SAS statistical program 

(v.9.12) and the averages ere compared by Duncan’s multiple range test at the 5% level. 

The charts were drawn by Excel (2010) software. 

Results 

The number of days up to 50% germination 

The results of compound analysis indicated the significant effect of year (Y), sowing 

depth (D), cultivar (C), superabsorbent application use (S) and interaction between 

cultivar, depth and SAP in cultivar and depth at 1% level on the number of days up to 

50% germination (Table 2). The results showed that number of days up to 50% 

germination was significantly affected by years (Table 3). 
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Table 2. The analysis of compound variance for the effect of cultivar, sowing depth, and 

superabsorbent use on some potato traits 

Tuber dry 

matter 

Tuber 

yield 

Crop 

height at 

flowering 

time 

Stem 

diameter at 

flowering 

time 

Number 

of stems 

per crop 

Number of 

days to 

germination 

Df Change sources 

197.0407** 10.39** 200.88** 2.097** 3.60** 286.17** 1 Year (Y) 

4.7807 0.18 12.10 0.021 0.04 24.49 4 Repetition(R)(Y) 

116.3769** 49.90** 46.72** 0.309** 0.62** 98.71** 3 Depth (D) 

0.0002ns 0ns 0.06ns 0.009ns 0.01ns 0.11ns 3 Y*D 

1.0554 0.41 5.24 0.005 0.03 19.70 12 R*D(Y) 

40.4527** 8.17** 3454.51** 0.179** 36.41** 1265.81** 2 Cultivar (C) 

7.7951** 9.79** 68.31** 0.222** 0.04ns 42.12** 6 D*C 

0.0001ns 0ns 1.91ns 0.004ns 0.02ns 0.21ns 2 Y*C 

0.0001ns 0ns 0.32ns 0.003ns 0.06ns 1.32ns 6 Y*D*C 

1.6067 0.28 2.99 0.003 0.06 17.79 32 R*D*C (Y) 

313.7075** 35.44** 309.58** 0.700** 1.28** 91.84** 1 Superabsorbent(S) 

0.0016ns 0ns 1.18ns 0.002ns 0.02ns 0.17ns 1 Y*S 

3.6122ns 1.04* 15.86** 0.047** 0.08ns 23.85ns 3 D*S 

0.0002ns 0ns 0.43ns 0.002ns 0.09ns 0.34ns 3 Y*D*S 

2.4021ns 0.47ns 14.89* 0.021** 0.19* 21.34ns 2 C*S 

0.0001ns 0ns 0.39ns 0.005ns 0.06ns 0.88ns 2 Y*C*S 

8.9846** 1.24** 19.26** 0.04** 0.08ns 24.30** 6 D*C*S 

0.0001ns 0ns 1.19ns 0.003ns 0.02ns 0.82ns 6 Y*D*C*S 

1.7108 0.31 2.35 0.003 0.04 6.09 48 Error 

6.64 8.05 4.66 4.52 4.63 10.58 - c.v 

ns, *, and **: insignificant and significant at levels of 5% and 1%, respectively 

 

 
Table 3. The effect of years on evaluated parameters in potato plant 

Years 

Number of 

days to 

germination 

Number of 

stems per 

crop 

Stem diameter 

at flowering 

time (cm) 

Crop height at 

flowering time 

(cm) 

Tuber yield 

(kg/m2) 

Tuber dry 

matter 

(%) 

2015-016 154b 4.54b 1.15b 31b 6.69b 18b 

2016-017 157a 4.86a 1.39a 34a 7.23a 20a 

Values with the different letters are significantly different according to Duncan’s multiple range test at 

P < 0.05 

 

 

Crop height 

Effect of year (Y), sowing depth (D), cultivar (C), superabsorbent use (S), and 

mutual effects of sowing depth and SAP, cultivar and sowing depth and interaction 

effect of sowing depth, cultivar and SAP at 1% level and interaction effect of cultivar 

and SAP was significant at crop height (p < 0.05) (Table 2). 

 

Stem diameter 

The results of compound analysis showed that stem diameter under the effect of year 

(Y), sowing depth (D), cultivar (C), superabsorbent use application (S) and interaction 
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of sowing depth and SAP, cultivar and sowing depth, cultivar and SAP and interactions 

of sowing depth, cultivar and SAP were at 1% level (Table 2). 

 

The number of stems per crop 

The results of variance analysis showed the significant effect of year (Y), sowing 

depth (D), cultivar (C), use of super adsorbent (S) at 1% level, and interaction of 

cultivar and SAP on the number of stems per crop at 5% level (Table 2). 

 

Tuber yield 

The results of compound analysis showed the significant effect of year (Y), sowing 

depth (D), cultivar (C), use of super adsorbent (S) and interaction of sowing depth and 

cultivar and SAP, cultivar and sowing depth at 1% and interaction between SAP and 

sowing depth at 5% level on the tuber yield (Table 2). The results showed that tuber 

yield was significantly affected by years (Table 3). 

 

Percentage of dry matter 

The results of compound analysis showed that the dry matter percentage of the tuber 

was significantly (P < 0.01) affected by year (Y), sowing depth (D), cultivar (C), and 

superabsorbent use (S). Meanwhile, the interaction effect of cultivar and sowing depth 

as well as the interaction effect of sowing depth, cultivar and SAP were significant at 

1% level (Table 2). 

Discussion 

The number of days up to 50% germination 

The results of comparing the three-sided interaction between sowing depth, cultivar 

and SAP showed that the maximum number of days to 50% germination in Agria 

cultivar was obtained with a depth of 25 cm with a SAP use (165 days). The use of SAP 

with sowing depths of 10, 15 and 25 cm resulted in significant increase of days to 50% 

germination in Agria cultivar while this situation did not occur in two other cultivars 

(Fig. 2). It should be noted that the survival rate of tubers and their germination 

percentage were insignificant at 10 cm depth of all cultivars especially Agria cultivar 

due the frozen tubers. 

 

Crop height 

The results of mean comparison showed that the highest crop height in Agria cultivar 

was obtained at a depth of 15 cm with a SAP use (46 cm), which increased 9.5% than 

the use of SAP at the same depth and cultivar (Agria). In general, the use of SAP in all 

three cultivars resulted in a significant increase in crop height relative to non-use of 

SAP (Fig. 3). 

The decrease in stem height with water deficit during the growing season and in the 

absence of SAP use is consistent with the results of research by Motalebifard et al. 

(2014). Cell growth is the most sensitive stage under the influence of water stress. The 

size of organs is limited by decreasing cell growth and the first palpable effect due to 

water deficiency in the crops is shown by decreasing leaf size and crop height (Kirank 

et al., 2003). The results of studies by Jahan et al. (2013) and Islam et al. (2011) showed 
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the positive effect of SAP on crop height which is consistent with the results of this 

research. 

 

 

Figure 2. The interaction of cultivar (Sante, Fontane and Agria), sowing depth (10, 15, 20 and 

25 cm), and superabsorbent (application and non-application) on the number of days to 50% 

germination in potato. At each treatment, values with the different letters are significantly 

different according to Duncan’s multiple range test at P < 0.05 

 

 

 

Figure 3. The interaction of cultivar (Sante, Fontane and Agria), sowing depth (10, 15, 20 and 

25 cm), and superabsorbent (application and non-application) on crop height of potato at 

flowering time. At each treatment, values with the different letters are significantly different 

according to Duncan’s multiple range test at P < 0.05 
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Stem diameter 

With the significance of the interaction of sowing depth, cultivar and SAP, it was 

found that the highest stem diameter was Sante cultivar at a depth of 10 cm with the use 

of SAP (1.55 cm) and Agria cultivar at a depth of 20 Cm with the use of SAP (1.57 cm). 

In general, the use of SAP in all three cultivars resulted in a significant increase in stem 

diameter (Fig. 4). 

 

The number of stems per crop 

The significance of interaction between cultivars and SAP showed that in Sante and 

Agria, the use of SAP resulted in a significant increase in number of stems per crop. 

However, the use of SAP had no significant effect on number of stems per crop in 

Fontane cultivar (Fig. 5). 

 

Tuber yield 

The highest tuber yield was in the Fontane cultivar at a depth of 25 cm with SAP use. 

In general, the use of SAP in all three cultivars and different sowing depths resulted in a 

significant increase in tuber yield relative to non-use of SAP (Fig. 6). In this regard, the 

potato yield under the sowing depth (greater than 20 cm depending on the sowing 

conditions) was increased (Ezekiel, 1992). The results of Esehaghbeygi’s study (2010) 

indicated that cultivar and sowing depth had a significant effect on the yield of potato 

and dry matter. 

Extreme leaf area reduction of radiation absorption, as well as the reduction of 

photosynthetic yields result in the loss of dry matter and yield under drought stress 

conditions. 

 

 

Figure 4. The interaction of cultivar (Sante, Fontane and Agria), sowing depth (10, 15, 20 and 

25 cm), and superabsorbent (application and non-application) on stem diameter of potato at 

flowering time. At each treatment, values with the different letters are significantly different 

according to Duncan’s multiple range test at P < 0.05 
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Figure 5. The interaction of cultivar (Sante, Fontane and Agria) and superabsorbent 

(application and non-application) on the number of stems in potato at flowering time. At each 

treatment, values with the different letters are significantly different according to Duncan’s 

multiple range test at P < 0.05 

 

 

 

Figure 6. The interaction of cultivar (Sante, Fontane and Agria), sowing depth (10, 15, 20 and 

25 cm), and superabsorbent (application and non-application) on potato tuber yield. At each 

treatment, values with the different letters are significantly different according to Duncan’s 

multiple range test at P < 0.05 
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In this relation, King et al. (2004) stated that the soil water deficit in the mid and late 

stages of potato tuber yield could reduce the tuber yield. SAP can increase the growth 

and yield of crops by increasing the absorption and maintenance of water in soil, storage 

of nitrogen, phosphorus, sulfur and exchangeable cations, as well as increasing 

ventilation by improving soil structure (Nazarli et al., 2010). Other researchers reported 

a decrease in yield, yield components including number of tubers per crop, and the 

average weight of the tuber per crop, as well as reduced water use efficiency due to the 

application of water stresses (Alva et al., 2012; Liu et al., 2006; Ayas, 2013). 

 

Percentage of dry matter 

With significance of interaction between cultivar, sowing depth, use of SAP, it was 

determined that the highest percentage of dry matter in Sante and Fontane cultivars was 

cultured at 10 cm depth without using SAP. In general, the use of SAP and increasing 

the sowing depth in all three cultivars resulted in a significant decrease in the 

percentage of dry matter, while their variation was not uniform (Fig. 7). 

Several studies showed that the percentage of dry matter of the tubers increases with 

decreasing irrigation, drought stress, and reducing yield (Ayas and Korukcu, 2010; 

Ayas, 2013; Porter et al., 1999). It seems that the reason for increasing dry matter 

percentage due to drought stress is to reduce the potential of water around the root and 

water deficit of the crop resulting in less water being directed to the tissues of the crop 

while the percentage of dry matter of the tubers increased (Bagheri et al., 2016). 

 

 

Figure 7. The interaction of cultivar (Sante, Fontane and Agria), sowing depth (10, 15, 20 and 

25 cm), and superabsorbent (application and non-application) on dry matter percentage of 

potato tuber. At each treatment, values with the different letters are significantly different 

according to Duncan’s multiple range test at P < 0.05 

 

 

Leaf area index (LAI) and leaf area duration (LAD) 

The results showed that in all three cultivars, the use of SAP led to an increase in leaf 

area index and leaf area duration. The highest leaf area index in Sante and Agria 
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cultivars was obtained with SAP use (Figs. 8 and 9). In Sante cultivar at 10 cm depth, 

leaf area index and leaf area duration were lower than other treatments. Increasing the 

sowing depth to 20 cm in Sante cultivar resulted in an increase in leaf area index. In 

other treatments, this trend was the same (Figs. 10 and 11). LAI and LAD levels 

increased with increasing SAP depth and use. The highest rate of these two traits was 

obtained under the conditions of SAP use at three depths of 15, 20, and 25 cm. The 

amount of LAI and LAD at sowing depth of 10 cm was less than three other depths 

(Figs. 12 and 13). 
 

 

Figure 8. The effects of cultivar and superabsorbent use on the leaf area index of potato (LAI). 

Bars represent standard errors of three replicate 
 

 

 

Figure 9. The effects of cultivar and superabsorbent use on the leaf area duration of potato 

(LAD). Bars represent standard errors of three replicate 
 

 

 

Figure 10. The effects of sowing depth on the leaf area index of potato (LAI). Bars represent 

standard errors of three replicate 



Salavati et al.: The effect of super-absorbent polymer and sowing depth on growth and yield indices of potato (Solanum tuberosum L.) 

in Hamedan Province, Iran 
- 7074 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(5):7063-7078. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1605_70637078 

 2018, ALÖKI Kft., Budapest, Hungary 

 

Figure 11. The effects of sowing depth on the leaf area duration of potato (LAD). Bars 

represent standard errors of three replicate 

 

 

 

Figure 12. The effects of superabsorbent use and sowing depth on the leaf area index of potato 

(LAI). Bars represent standard errors of three replicate 

 

 

 

Figure 13. The effects of superabsorbent use and sowing depth on the leaf area duration of 

potato (LAD). Bars represent standard errors of three replicate 

 

 

Drought stress can reduce leaf area and photosynthesis (Ierna and Mauromicale, 

2006). The study results of FazeliRostampour (2013) showed that the use of SAP and 

supply of needed water up to 80% increased the leaf area index and leaf area duration. 

 

Crop growth rate (CGR) 

The effects of cultivar and SAP use indicated that in all three cultivars, the use of 

superabsorbent n led to an increase in CGR (Fig. 14). In Sante cultivar at 10 cm depth, 
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CGR was less than other treatments during the growing season. Increasing the depth of 

cultivation in the Sante cultivar led to an increase in CGR (Fig. 15). In each of the four 

depths, the SAP use resulted in an increase in CGR compared with the absence of SAP 

use. The highest CGR was obtained under the conditions of SAP use at three depths of 

15, 20 and 25 cm (Fig. 16). 

 

 

Figure 14. The effect of cultivar and superabsorbent use on potato growth rate (CGR). Bars 

represent standard errors of three replicate 

 

 

 

Figure 15. The effect of cultivar and sowing depth on potato growth rate (CGR). Bars represent 

standard errors of three replicate 

 

 

 

Figure 16. The effect of superabsorbent use and sowing depth on crop growth rate (CGR). Bars 

represent standard errors of three replicate 
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Higher the LAI and the adequate absorption of radiation results in higher production 

rates and higher growth rates. Reducing the leaf water potential results in the reduced 

growth rate of the product due to the increase in respiration rate associated with the 

increase in plant temperature and reduction of the intensity of photosynthesis (Evans, 

1978). 

Conclusion 

In conclusion, increasing the sowing depth to 25 cm resulted in increasing the 

number of days to 50% germination, number of stems per crop, and tuber yield. 

However, increasing the sowing depth resulted in the reduced tuber dry weight. In 

general, the use of superabsorbent in all three cultivars and at different sowing depths 

resulted in a significant increase in tuber yield relative to the non-use of superabsorbent. 

The results of growth indices showed that in all three cultivars, the use of 

superabsorbent led to an increase in leaf area index, in leaf area duration, and in crop 

growth rate. Based on the results of this study and durability of superabsorbent polymer 

in soil, we can say that using superabsorbent under different sowing depth conditions 

can increase the potato yield and productivity. 
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