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  Abstract 

To evaluate the effect of various nitrogen and superabsorbent polymers (SAPs)  levels on nitrogen 

use efficiency, absorption and productivity, and water use efficiency of summer squash (Cucurbita 

pepo L.), two experiments were conducted in two cropping years 2018-2019 and 2019-2020 in 

western, Iran . The experiments were  conducted as a split plot arrangement with three replications 

based on a randomized complete blocks design. The experimental treatments consisted of 

superabsorbent polymers (SAPs) s at four levels (control, 40 kg ha-1, 80 kg ha-1, and 120 kg ha-1) 

as the main plot factor and pure nitrogen fertilizer as urea (46% N) at four levels (control, 50 kg 

ha-1, 100 kg ha-1 and 150 kg ha-1) as sub plotfactor. The results revealed that the yield and yield 

components of Summer squash  increased with the application of superabsorbent polymers (SAPs)  

and nitrogen fertilizer. When 120 kg ha-1 of superabsorbent polymers (SAPs)  and 150 kg ha-1 of 

nitrogen were applied, the highest increase was observed in fruit weight, seed weight, percentage 

of seed nitrogen, leaf dry weight, and stem dry weight. Although there were no significant 

differences between treatments of 40 and 80 kg ha-1 superabsorber and 100 and 150 kg ha-1 

nitrogen, fruit weight increased with co-application of 80 kg ha-1 superabsorbent polymers (SAPs)  

and 150 kg ha-1 nitrogen. Thus, the application of 40 kg ha-1 superabsorber and 100 kg ha-1 nitrogen 

can be both economically and environmentally beneficial. Furthermore, using 120 kg ha-1 of 

superabsorbent polymers (SAPs)  and 150 kg ha-1 of nitrogen improved seed water use efficiency, 

fruit water use efficiency, and nitrogen productivity and nitrogen absorption Additionally, the 

highest nitrogen use efficiency was obtained  when 120 kg ha-1 of superabsorbent polymers (SAPs)  

was applied. However, the use of nitrogen by 50, 100, and 150 kg ha-1 had no significant effect on 

this trait; hence, it can be concluded that the use of nitrogen by 50 kg ha-1 is recommended from 

an economic and environmental point of view. 

     Keywords: Nitrogen, superabsorbent polymers (SAPs), Summer squash , Nitrogen use           

efficiency, Water use efficiency. 
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Introduction 

Medicinal plants are considered natural gifts 

by human society and have been used since 

ancient times as effective means of pain relief. 

Summer squash (Cucurbita pepo L.) is one of 

the most valuable medicinal plants in the 

pharmaceutical industry of most developed 

countries. Nitrogen is an essential element for 

plants, increasing dry matter production, grain 

yield, and component attributes (Nazari – Nasi 

et al., 2018). The method of absorption, the 

nitrogen use efficiency, and can be influenced 

by factors such as soil available water content, 

soil fertility, and plants competition 

(Baigonussova, et al., 2021). Approximately 

40 to 60 percent of the nitrogen fertilizer added 

to the soil is removed from the soil via 

agricultural products, and this amount 

decreases with further fertilization. The result 

is a higher amount of fertilizer remaining in 

the soil, which reduces nitrogen use efficiency, 

leaches easily, and contaminates water sources 

(Safavi-Gardini et al., 2016). In recent years, 

the highly hydrophilic superabsorbent 

polymers (SAPs)  polymers (SAPs) have been 

used as an additive to the soil and a  potential 

reservoir for some nutrients and water in 

agriculture (Leyte-Marique,et al., 2021).  

These materials have shown an effective role 

in decreasing the  effects of drought stress, and 

also in increasing the productivity  for both 

crops and horticultural plants  (Nekoho et al., 

2016). Increasing irrigation intervals as a 

result of application of superabsorbent 

polymers (SAPs)  hydrogels has been 

considered as a basic strategy  in order to save 

and use water efficiently (Jahan and Amiri., 

2019).The properties of  these materials 

depend on many factors, including their  

composition and chemical properties, method 

and quantity of  application, soil texture, plant 

species, and also environmental  conditions 

(Jahan and Amiri., 2019).Globally, drought is 

one of the most significant factors limiting 

agricultural production, and this issue is even 

more acute in arid and semi-arid regions. 

About one-third of the Earth's surface is 

covered by arid and semi-arid regions, which 

span 45 million km2. More than 1.5 million 

km2 of Iran's soils are classified as arid or 

semi-arid regions (FAO, 2018), where water is 

the main limiting factor for agriculture. Even 

though more than 90% of the water extracted 

in the country is consumed by agriculture, the 

irrigation efficiency with current methods is 

estimated at 32% (Karimi et al., 2017). Water 

use efficiency plays a major role in plant 

adaptation to dry conditions and is influenced 

by water, soil, and crop management (Fatima, 

et al., 2021). Two indices of irrigation 

efficiency and water use efficiency in Iran are 

almost 32% and 0.7 kg m-3, respectively, 

which must reach 1.3 kg m-3 to obtain self-

sufficiency (Nikbakht and Rezaee., 2017). 

Considering the importance of the cultivation 

of medicinal plants and the effects of nitrogen 

fertilizer and water superabsorbent polymers 

(SAPs)  hydrogels on plant growth and 

development, also the objective of this study 

was to investigate the effect of different 

nitrogen fertilizers and superabsorbent 

polymers (SAPs) on nitrogen use efficiency, 

nitrogen absorption, and productivity, and 

water use efficiency of summer squash during 

two consequtive cropping years (Nikbakht and 

Rezaee., 2017). 

Materials and Methods 

The experiment was carried out in the city of 

Kermanshah in the west of Iran,.  The 

longitude was 47O , 6/ and the latitude was 34O 

, 18/. According to the coupon method, the 

climate of this region is semi-arid and cold. 

The average annual temperature is 14.3OC The 

experiment was conducted as a split-plot 

design based on randomized complete blocks 

with three replications. The experimental 

treatments consisted of moisture 

superabsorbent polymers (SAPs) s at four 

levels (control, 40 kg ha-1, 80 kg ha-1, and 120 

kg ha-1) as the main factor and pure nitrogen 

fertilization obtained from urea at four levels 

(control, 50 kg ha-1, 100 kg ha-1 and 150 kg ha-

1) as sub-factor. In early June, after preparing 

the field with plowing and disking and 

applying superabsorbent polymers (SAPs) , 

manual sowing was conducted. The planting 

rows were 5 m long, the distance between the 

seeds on the rows was 40 cm and the rows 

were 4 m apart. A distance of 1 m. was 

considered as corridor between plots and 
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blocks. To achieve adequate density, plants 

were thinned at the 4-leaf stage. Weed control 

was performed manually. The soil texture was 

silty-loam. The soil samples were taken  at a 

depth of 0-30 cm before planting and were  

analyzed (Table 1). The following formulas 

were used to calculate the efficiency of water, 

nitrogen and nitrogen efficiency. 

Yield

Total Water Used
=Water Use Efficiency(WUE) 

 Ntrogen Use Efficiency (NUE) = Yield/ N 

supply         

 N supply: Soil nitrate at the time of cultivation 

is mineralized nitrogen in the soil and 

consumed nitrogen. 

NUtE(kg/ kg) = Yield/ N uptake   

N uptake : Total nitrogen uptake by biomass 

SAS statistical software (version 6.12) was 

used for variance analysis. Duncan's test was 

used to compare the means. 

 

Table 1. Physiochemical characteristics of the study site soil 

 

Results and Discussion 

Fruit fresh weight 

Results revealed that superabsorbent polymers 

(SAPs) , nitrogen and their interaction affected 

the fresh weight of fruits significantly over a 

period of two years (Table 2,3). The co-

application of 120 kg ha-1 superabsorbent 

polymers (SAPs)  and 150 kg ha-1 N resulted 

in the highest average fresh weight while the 

lowest one was related to control treatment, So 

that this treatment indicated an approximately 

57% increase compared to the control. 

According to results, at different levels of 

superabsorbent polymers (SAPs) , this trait 

increased with enhancing consumed nitrogen. 

The primary reason for this rise could be the 

availability of moisture provided by increasing 

the consumption of superabsorbent polymers 

(SAPs)  and improving the amount of 

available N to the plant, leading to increased 

vegetative growth; and ultimately, higher fresh 

fruit weight.  Additionally, there was no 

significant interaction of  40 and 80 kg ha-1 

superabsorbent polymers (SAPs)  and  100 and 

150 kg ha-1 of N treatments in terms of this 

trait. The higher fresh weight and greater 

consumption of both N and moisture 

superabsorbent polymers (SAPs)  may 

indicate the availability of moisture and 

nitrogen since N is the main nutrient necessary 

for vegetative growth, which results in higher 

fresh weight  (Fig 1).  Similarly,(Hamzei and 

Hosseini., 2022) reported that by increasing 

the consumed N in summer squash, the fruit 

fresh weight was increased . 
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Means followed by the same letters in each column are not significantly different (p≤ 5%) 

             Fig 1. Effect of nitrogen fertilizer and superabsorbent polymers on Fruit fresh weight 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1: Nitrogen 0 + Super 

Adsorbent 0 

9: Nitrogen 80 + Super 

Adsorbent 0 

 

2: Nitrogen 0 + Super 

Adsorbent 50              

10: Nitrogen 80 + Super 

Adsorbent 50 

 

3: Nitrogen 0 + Super 

Adsorbent 100 

11: Nitrogen 80 + Super 

Adsorbent 100 

 

4: Nitrogen 0 + Super 

Adsorbent 150 

 

12: Nitrogen 80 + Super 

Adsorbent 150 

 

5: Nitrogen 40 + Super 

Adsorbent 0 

 

13: Nitrogen 120 + Super 

Adsorbent 0 

 

6: Nitrogen 40 + Super 

Adsorbent 50 

 

14: Nitrogen 120 + Super 

Adsorbent 50 

7: Nitrogen 40 + Super 

Adsorbent 100 

 

15: Nitrogen 120 + Super 

Adsorbent 100 

 

8: Nitrogen 40 + Super 

Adsorbent 150  

 

16: Nitrogen 120 + Super 

Adsorbent 150 
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Fruit dry weight  

According to results, superabsorbent polymers 

(SAPs) , nitrogen and their interaction 

significantly affected fruit dry weight (Table 

2, 3). There was a maximum average of this 

trait in the interaction of 120 kg ha-1 

superabsorbent polymers (SAPs)  and 150 kg 

ha-1 nitrogen treatment , whereas the lowest 

one was achieved in the control treatment, so 

that this treatment increased fruit dry weight 

about 73% compared to the control. Results 

revealed that with different levels of 

superabsorbent polymers (SAPs)  along with 

increased nitrogen, the dry weight of the fruit 

was enhanced. Moreover, there was no 

significant difference between the interaction 

of control, 40, and 80 kg ha-1 of 

superabsorbent polymers (SAPs)  and 50, 100, 

and 150 kg ha-1 of nitrogen treatments (Fig 2). 

(Moradi et al., 2016) found that increasing 

nitrogen consumption in summer squash led to 

increased fresh weight and biomass of the 

fruits . 

 

 

 

 

 

  

 

 

 

 

 

Means followed by the same letters in each column are not significantly different (Duncan multiple 

range test 5%) 

Fig 2. Effect of nitrogen fertilizer and superabsorbent polymers on Fruit dry weigh. 

 

Fruit number per plant 

The main effects of superabsorbent polymers 

(SAPs)  and nitrogen on fruit number per plant 

were not significant in the first year of the 

experiment, while their main and interaction 

effects were significant in the second year. The 

highest average of this trait across two-year 

experiment was recorded for the treatment of 

150 kg ha-1 N2 and 120 kg ha-1 superabsorbent 

polymers (SAPs) , while 50, 100 and 150 kg 

ha-1 nitrogen treatments were not significantly 

different.The lowest fruit number was 

recorded for the control treatment. In addition, 

it is notable that the difference between 100 

and 150 kg ha-1 of N application at different 

levels of superabsorbent polymers (SAPs)  

was not significant during two years of 

experiment. Considering that the number of 

fruits per plant was not influenced by nitrogen 

and superabsorbent polymers (SAPs)  

application, it can be claimed that this trait is 

largely influenced by its specific genetic 

characteristics and does not respond greatly to 

environmental conditions (Fig 3).(Hamzei and 

Hosseini.,2022) also reported similar results in 

their studies . 
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Means followed by the same letters in each column are not significantly different (Duncan multiple 

range test 5%) 

Fig 3. Effect of nitrogen fertilizer and superabsorbent polymers on Fruit number per plant. 

 

Grain weight 

Results indicated that there was a significant 

effect of superabsorbent polymers (SAPs) , N, 

and interaction of these two factors on grain 

weight during two years of experiment (Table 

2,3). Mean comparison results showed that the 

highest grain weight was obtained from  

application of 150 kg ha-1 of N, and 120 kg ha-

1 of superabsorbent polymers (SAPs) , while 

the lowest one, was achieved from the control 

treatment. This could be explained by 

increasing seed storage simultaneously with 

higher application rated of nitrogen and 

superabsorbent polymers (SAPs)  (Fig 4). 

(Nekoho et al., 2016) also stated similar results 

on pumpkin . 
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Means followed by the same letters in each column are not significantly different (Duncan multiple 

range test 5%) 

Fig 4. Effect of nitrogen fertilizer and superabsorbent polymers on Grain weight 

 

Grain number per fruit     

Application of superabsorbent polymers 

(SAPs) , N and their interaction significantly 

affected grain number per fruit across both 

years of experiments (Table 2,3). Mean 

comparison results of this trait showed that 

during both years, the highest number of 

grains per fruit was associated with N 

application at 150 kg ha-1, and 120 kg ha-1 of 

superabsorbent polymers (SAPs)  (Fig5) . 

 

 

 

 

 

 

 

 

 

 

Means followed by the same letters in each column are not significantly different (Duncan multiple 

range test 5%) 

Fig 5. Effect of nitrogen fertilizer and superabsorbent polymers on Grain number per fruit. 

Water use efficiency (WUEseed) 

As shown in Table 2,3 and Fig 6 

superabsorbent polymers (SAPs)  and nitrogen 

and their interaction had a significant effect on 

the seed water use efficiency during the two 

years of study. The highest WUE was recorded 

with the co-application of 120 kg ha-1 

superabsorbent polymers (SAPs)  and 150 kg 

ha-1 nitrogenIncreasing the use of 

superabsorbent polymers (SAPs) s by 

providing moisture to the plant with adequate 

nitrogen enhances the water use efficiency. 

According,(Cheikh et al., 2018) increased 

nitrogen application to Summer squash  plants 

increases WUE. Since nitrogen fertilizer levels 

do not differ in terms of seed WUE, 50 kg of 

nitrogen fertilizer per hectare appears to be a 

desirable application from an environmental 

and economic point of view. Reducing the use 

of absorbents may result in less available 

water and the potential for moisture stress, 

leading to a greater decrease in photosynthesis 

compared with plant respiration. This can be 

attributed to damaged leaf mesophyll as a 

consequence of drought stress. Also, the 

increase in mesophyll and stomatal resistance 

due to drought stress conditions can reduce the 

entry of carbon dioxide into plant tissue, 

decreasing net photosynthesis, water use 

efficiency, and productivity (Rizvani 

Moghadam et al., 2022 ; Nekoho et al., 2016). 
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          Means followed by the same letters in each column are not significantly different (Duncan 

multiple range test 5%) 

Fig 6. Effect of nitrogen fertilizer and superabsorbent polymers Water use efficiency 

Nitrogen use efficiency (NUE) 

In the first year, superabsorbent polymers 

(SAPs) , nitrogen, and the interaction of 

superabsorbent polymers (SAPs)  and nitrogen 

significantly increased nitrogen use efficiency 

(Tables 2, 3). At all superabsorbent polymers 

(SAPs)  levels, NUE increased with N 

fertilizer use. Nitrogen application at 150 kg 

ha-1 contributed  to this characteristic mostly. 

Generally, no significant difference was found 

between nitrogen levels. There are studies 

indicating that it is difficult for plants to absorb 

nutrients, especially nitrogen when moisture is 

scarce and their wastage increases, making 

nitrogen use less efficient (Karimi, 2018).It is 

recommended to use less nitrogen to reduce 

pollution and economic costs because there is 

no significant difference in nitrogen 

consumption between the current rates of 

nitrogen application. The decrease in NUE 

associated with high nitrogen fertilizer use is 

caused either by an increase in nitrogen losses 

through leaching and sublimation or by a lack 

of effective nitrogen use (Majdam et al., 

2017). A study on wheat was conducted by 

Khan et al. (2017) found that the efficiency of 

nitrogen fertilizer decreased with increasing 

quantity. According to the law of diminishing 

return, nitrogen use efficiency decreases 

simultaneously with nitrogen application 

(Ahmadi, 2016).It has also been suggested that 

nitrogen use efficiency decreases under such 

conditions due to sublimation, denitrification, 

no uptake of nitrogen due to its lower 

solubility, or no effective utilization of this 

element in large quantities (Ahmadi, 2016; 

Khan et al., 2017). 
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Means followed by the same letters in each column are not significantly different (Duncan multiple 

range test 5%)   

                   Fig 7. Effect of nitrogen fertilizer and superabsorbent polymers on Nitrogen use efficiency 

 

Nitrogen productivity 

Nitrogen productivity was significantly 

affected by superabsorbent polymers (SAPs) , 

nitrogen, and superabsorbent polymers (SAPs)  

and nitrogen interaction (Tables 2, 3). In the 

two years of experimentation, the highest 

value of this trait was found in the 150 kg ha-1 

and 120 kg ha-1 superabsorbent polymers 

(SAPs)  treatments, which was significantly 

different from the other levels. Since the 

nitrogen productivity does not follow the law 

of diminishing returns and is highly dependent 

on grain yield, this index value did not 

increase linearly. Moreover, there was no 

significant difference between various levels 

of applied nitrogen for this index. In a study by 

 (Hamzi and Hosseini., 2022) nitrogen 

fertilizer use decreased nitrogen productivity. 
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Means followed by the same letters in each column are not significantly different (Duncan multiple 

range test 5%) 

Fig 8. Effect of nitrogen fertilizer and superabsorbent polymers on Nitrogen efficiency
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         2. Table of Analysis of variance (1 Years) 

    * and ** mean significant at 5% and 1% probability, respectively. ns means non-significant. 
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    3. Table of Analysis of variance (2Year ( 

 * and ** mean significant at 5% and 1% probability, respectively. ns means non-significant. 

7** 

0.001 0.06 3.39 8377.52 365.68 0.55 9880.29 0.61 Error2 

9.47 11.56 10.36 12.18 14.34 20.24 6.37 18.0

8 

CV. 



Effect of nitrogen fertilizer and superabsorbent polymers (SAPs)  on biological 

traits, nitrogen and water use efficiency of  Summer squash (Cucurbita pepo L.) 
 

 

 

                                                                                                                                                                 2355 
Eur. Chem. Bull. 2023,12(3), 2343-2355 

 

References 

Ahmadi, m. )2016(. Evaluation of resource 

absorption and use efficiency in corn cultivars 

(Zea mays L.) under Kermanshah weather 

conditions. M.Sc. Thesis, Razi Uiversity, 

Kermanshah, Iran. 

Baigonussova, Z. A., Tulkubaeva, S. A., 
Tulaev, Y. V., Safronova, O. S., & 
Kurmanbaev, A. A. (2021). Creating a 
biological product using Nitrogen-fixing 
bacteria before sowing wheat. Journal of 
Advanced Pharmacy Education and 
Research, 11(1), 39-47.  

Cheikh O., Elaoud A., Ben Amor H., and 

Hozayn M. )2018 (. Effect of permanent 

magnetic field on the properties of static water 

and germination of cucumbeta seeds. 

International Journal of Multidisciplinary and 

Current Research 6: 108-116. 

Fatima, A., Khaliq, S. A., & Khan, R. (2021). 

Bacteriological Analysis of Drinking Water 

from Different Regions of Karachi from 

February 2016 to August 2016. Archives of 

Pharmacy Practice, 12(4), 25-28. 

Food and Agriculture Organization (FAO). 

Crop Prodution Statistics. 

Jahan, M. and Amiri, M.B. )2019(. Determining 

the main components in the water consumption 

efficiency of beans, sesame and corn in 

response to the application of moisture super 

absorbent hydrogel. Journal of Water and Soil 

Resources Protection. 9 (3): p. 73-92. 

Hamzi E., J. and Hosseini, S.F. )2022( . 

Evaluation of production potential, efficiency 

of resource use and relative ecological-

economic usefulness in mixed cultivation of 

pinto bean and paper skin pumpkin in symbiotic 

conditions with mycorrhiza. Journal of 

Agricultural Ecology. 13 (2): p. 271-290. 

Karimi, F., Pirasteh, H. and Zahedi Keyvan, M. 

)2017(. Using data coverage analysis and data 

coverage analysis to determine the efficiency of 

wheat farming based on two factors: time and 

risk. Journal of Agricultural Economics and 

Development. 64: p. 139-159. 

Khan, A., Li, A., Ahmad, M.I., Sher, A., 

Rashid, A. and Ali, W. )2017(. Evaluation of 

wheat varietal performance under different 

nitrogen cources.American J. of Plant Sciences. 

8: 561 – 573. 

Leyte-Marique, A., Guzmán-Mendoza, R., & 

Salas-Araiza, M. D. (2021). Composition and 

Functional Groups of Insects in Grain Crops from 

South-Ern Guanajuato. Entomology and Applied 

Science Letters, 8(4), 1-11. 

Majdam, M., Qahavand, A., Karimian, N. and 

Kamkar Haghigi, A.  )2017(. Effects of nitrogen, 

mineral and irrigation fertilizers on corn yield and 

yield components. Journal of crop production. 2 

(1): 67-85.  

Moradi E., Banayan Aval M., Rezvani 

Moghaddam P., and Shabahang J.)2016(. Effects 

of different amounts of nitrogen and plant density 

on yield, yield components and seed oil 

percentage of pumpkin (Cucurbita pepo L.). 

Agroecology 6 (1): 21-30. 

Nazari – Nasi, H., Amirnia, R. and Zardashti, M. 

(2018). Effect of drought stress and 

biofertilization onsome physiological 

characteristics and grain yield of medicinal 

pumpkin plants.J. of Agricultural Crop 

Producion. 20 (1) : 13 -19.  

Nekoho, M., Fallah, S.A. and Barzegar, R. 

(2016). The effect of transparent polyethylene 

mulch on the production and efficiency of water 

consumption in paper pumpkin under different 

humidity levels. Journal of water and soil 

(agricultural sciences and industries). 31 (6): p. 

1679-1690. 

Nikbakht J., and Rezaee E. (2017). Effect of 

different levels of wastewater and magnetized 

water on yield and water use efficiency in maize 

and some of soil physical properties. Iranian 

Journal of Soil and Water Research, 48 (1):63- 75. 

Rizvani Moghadam, P., Khorram Del, S., Latifi, 

H., Farzaneh Belgerdi, M.R. and Davrpaneh, S.J. 

(2022). Optimizing irrigation and nitrogen levels 

on yield, water use efficiency and nitrogen use 

efficiency in quinoa plant (Chenopodium quinoa 

Willd) using surface modeling - response. 

Agricultural research in Iran. 19 (2): p. 185-199. 

Safavi-Gardini, F., Glovi, M., Ramroudi, M. and 

Pourchaman, M.R. (2016). The effect of 

superabsorbent polymer, animal manure and 

potassium on some physiological characteristics 

of paper pumpkin under drought stress conditions. 

Shabak specialized scientific monthly. 3 (9): p. 1-

9. 

 

 


