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Extended Abstract

Background: Since ancient times, humans have recognized medicinal plants as invaluable
natural blessings, extensively utilizing them as effective and essential tools for alleviating pain
and treating various ailments. Among these, Cucurbita pepo (commonly known as paper-skinned
pumpkin) stands out as a highly significant and versatile medicinal plant that has gained
widespread application in the pharmaceutical industries of most developed nations across the
world. One of the most pressing challenges in modern agriculture is drought, which serves as a
critical and limiting factor affecting agricultural production on a global scale. Drought is one of
the significant limitations of crop production and productivity in the world. The study of yield-
related traits in stress conditions helps to improve the high-yielding cultivars. Yield productivity
is low in developing countries due to multiple biotic and abiotic stresses, especially drought. Non-
availability of drought-tolerant genotypes in different growth stages is the main limitation in
improving medicinal plant productivity in developing countries. Therefore, screening drought-
tolerant genotypes at different growth stages can improve yield productivity and high nutrient
uptake. In light of the growing necessity to cultivate medicinal plants under such challenging
environmental conditions, it is essential to explore strategies that enhance their resilience and
productivity. Among various agronomic approaches, the application of nitrogen-based fertilizers
and superabsorbent polymers has garnered considerable attention due to their profound impact on
plant growth, physiological processes, and overall development. Understanding how these factors
influence medicinal plant cultivation is crucial for optimizing agricultural practices and ensuring
sustainable production. Therefore, this study was designed and implemented to investigate the
interactive effects of nitrogen fertilizer and superabsorbent polymers.

Methods: To evaluate the effect of different levels of nitrogen and superabsorbent on nitrogen use
efficiency, nitrogen productivity, and water use efficiency in paper-skin pumpkin, A field
experiment was conducted over two consecutive growing seasons (2013—-2014 and 2014-2015) in
Kermanshah, Iran. The experimental layout was based on a split-plot arrangement within a
randomized complete block design (RCBD), with three replications. The reliability of results was
ensured by minimizing variability across experimental units. The main plots consisted of four
distinct levels of superabsorbent polymer application: control (no polymer applied), 40, 80, and 120
kg/ha. The subplots were designated for nitrogen fertilizer treatments, which were applied in the
form of urea at the following rates: Control (no nitrogen fertilizer), 50, 100, and 150 kg/ha. The
Soxhlet method was used to determine the percentage of seed oil. The fatty acids of the seed were
determined using a UNICAM 4600 Gas Chromatograph with a BPX70 capillary column, which is
specialized for fatty acid separation. Superabsorbent polymers, known for their high water retention
capacity, were incorporated into the soil to investigate their effectiveness in mitigating drought
stress and improving soil moisture availability. Nitrogen treatments were applied to evaluate their
influence on plant nitrogen uptake, growth performance, and yield enhancement. Throughout the
experiment, standard agricultural practices, such as irrigation scheduling, weed management, and
pest control, were uniformly implemented across all plots to minimize external influences. Soil
samples were collected before the experiment to assess baseline fertility levels. The findings of this
study will contribute to a deeper understanding of the synergistic effects of nitrogen fertilizers and
superabsorbent polymers, potentially leading to improved agronomic strategies for cultivating
Cucurbita pepo in water-limited environments.

Results: Seed yield and yield components of Cucurbita pepo L. increased with the application of
superabsorbent polymer and nitrogen fertilizer. The highest increases in fruit number per plant, seed
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weight, seed nitrogen content, and dry weight of leaves and stems were observed with 120 kg/ha of
the superabsorbent polymer and 150 kg/ha of nitrogen. Fruit weight increased by 80 kg/ha of the
superabsorbent polymer and 150 kg/ha of nitrogen. However, there was no significant difference
between 40 and 80 kg/ha of the superabsorbent polymer or between 100 and 150 kg/ha of nitrogen,
suggesting that 40 kg/ha of the superabsorbent polymer and 100 kg/ha of nitrogen are
environmentally and economically optimal. The highest increases in seed water use efficiency, fruit
water use efficiency, nitrogen productivity, and nitrogen uptake were observed with 120 kg/ha of
the superabsorbent polymer and 150 kg/ha of nitrogen. Nitrogen had a strong positive correlation (r
=0.985) with seed yield.

The effects of the superabsorbent polymer, nitrogen, and their interaction were significant on the oil
percentage. At all levels of superabsorbent polymer application, 100 kg/ha of nitrogen resulted in
the highest oil content. The interaction of superabsorbent polymer and nitrogen significantly
influenced linoleic acid content. The application of superabsorbent polymer provided adequate
moisture, promoting proper seed development and increasing fatty acid content. However,
excessive nitrogen application reduced oil percentage and fatty acid content. The effects of
superabsorbent polymer, nitrogen, and their interaction were significant on oleic acid content, with
the highest percentage observed under optimal moisture conditions (120 kg/ha of the superabsorbent
polymer). A significant effect was also found on palmitic acid content, as increased superabsorbent
polymer application, particularly during flowering and seed formation, enhanced palmitic acid
levels. Furthermore, a significant effect was observed on stearic acid content, with higher
superabsorbent polymer application increasing stearic acid content. The highest stearic acid content
was recorded with 100 kg/ha of nitrogen. Nitrogen had the highest direct effect, with a coefficient
0f 0.985, on grain yield. Nitrogen use efficiency, with a coefficient of 0.865, had the highest indirect
effect through nitrogen on grain yield. Oil had the lowest direct effect with a coefficient of -0.051
on grain yield.

Conclusion: Nitrogen use efficiency showed the highest increase with 120 kg/ha of superabsorbent
polymer. There was no significant difference in nitrogen use efficiency among 50, 100, and 150
kg/ha nitrogen applications, suggesting that 50 kg/ha of nitrogen is an environmentally and
economically recommended level. Increasing the application of superabsorbent polymer enhanced
oil content and fatty acids in Cucurbita pepo L. seeds. The application of 100 kg/ha of nitrogen had
a significant effect on oil content and fatty acids.
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Water use efficiency,
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Table 2. Analysis of variance for the effect of nitrogen and moisture superabsorbent on performance, performance components, consumption efficiency, absorption, nitrogen efficiency,
and water use efficiency of paper pumpkin.

MR Staolly sl Sgl sl Sadgid gl by (o) O3ars Sage e 2L 0jar Syae 2 Sl @lie
Stearic acid Palmitic acid Oleic acid Linoleic acid Seed oil Nitrogen productivity efficiency Nitrogen use efficiency S.0.V.
0.01 2.34 0.83 5.2 11.35 0.05 5.66 (Replication) ,|,$s
0.94%* 28.15%* 19,17%* 39.41%% 73,12 20.67%* 4736.23%* Cugl) Bl g
Super moisture absorbent
0.005 0.004 0.001 0.003 0.83 0.04 5.10 (Errorl) Vlas
231" 18.41%* 27.63" 30.11%* 23.11%* 0.59%* 459.52%* (N) 5595
0.09%* 0.07** 7.31%* 12.32%* 0.24%* 1.08%** 117.24%* “"’910) “"M?)*"“’Xoj’):’f;
Super moisture absorberxnitrogen
0.008 0.006 0.002 0.007 2.43 0.01 19.42 (Error2) Ylas

Y g A0 i pds Jloan! golaw )3 5 dme M oM

" and ™ significant at 5% and 1% probability levels, respectively.
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Table 3. Mean comparisons of the nitrogen and superabsorbent moisture on nitrogen use efficiency, nitrogen productivity, oil percentage, linoleic acid, oleic acid, palmitic acid, and
stearic acid of seed oil in papery pumpkin

Cugby Sl g Oj9r 0395 Bpae S 039 Sygere 2h OFgy b T S g gl 7o Syl sl 7 Sally 7o Sl s
Super moisture absorber N Nitrogen use efficiency Nitrogen productivity efficiency il Linoleic acid Oleic acid Palmitic acid Stearic acid
sals 0.2523 B 0.2523 B 18.27 C 19.14 D 22.74 D 15.14 C 372 C

Jals 50 0.334 AB 0.334 AB 36.27 B 4452 B 2642 C 17.19 B 564 B
Control 100 0.336 AB 0.336 AB 39.11 A 4634 A 29.19 B 19.14 A 637 A
150 0.482 AB 0.482 AB 3592 B 41.87 C 27.94 B 16.17 B 4.13 C

0.3387 AB 19.62 C 21.14 D 23834 D 1793 B 493 C

40 0.364 AB 0.3767 G 0.3767 G 2942 B 4734 B 28.14 B 20.71 B 6.58 B
0.4376 AB 20.0111 E 20.0111 E 4276 A 49.11 A 36.52 A 2386 A 795 A

0.4950 AB 2.546 D 2.546 D 37.64 B 4541 C 27.85 B 19.82 B 543 B

sals 0.3417 AB 2135 C 2318 D 26.81 C 2192 B 624 B

20 50 0.4453 AB 03730 G 41.28 AB 50.19 B 37.62 A 2372 B 8.17 B

100 0.4357 AB 2792 C 4435 A 4552 A 38.62 A 29.19 A 623 A

150 0.5423 A 3.726 B 39.11 B 48.17 C 31.63 B 26.13 B 7.15 B

Jals 0.3720 AB 2243 C 2493 C 29.16 B 2273 B 8.12 B

120 50 0.5367 G 4312 B 51.13 B 3591 A 2722 A 932 A

100 0.5487 A 2.859 C 46.32 A 5428 A 39.84 A 29.12 A 10.15 A

150 0.5567 A 4.111 A 4172 B 4735 B 3322 B 2575 B 873 B

byl o o gime BB pas xSyl By b (:S0Le
Means with common letters mean there is no significant differences between them.
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Table 4. Path analysis between seed yield, physiological, and chemical traits of pumpkin
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on Umicaid  Onbacd  pamicana  Stearicacid Weter e wor) Nittoson use Nitrogen Nitrogen N) <l Lo ite
efficiency efficiency efficiency P ;?ggf;‘g}t,y z??-gggg;
0.450 0.573 0.621 0.172 0.040 0.802 0.449 0.865 0.058 0.464 0.985 o
-0.024 -0.023 -0.034 -0.036 -0.027 -0.027 0.011 -0.02325 -0.041 -0.051 -0.024 s i allS
0.024 0.0186 0.029153 0.040 0.036 0.014 -0.037 0.001 0.060 0.047 0.003 S5 s o S
0.017 0.0162 0.019 0.007 0.002 0.021 0.020 0.032 0.000 0.014 0.0277 s Bypan S
0.001 -0.001 0.005 -0.008 -0.01 0.002 0.032 0.021 -0.020 -0.007 0.0148 (o2) o Bme 5
0.0.240 0.029 0.018 0.013 0.011 0.034 0.002 0.02 0.008 0.018 0.027 (i 53) o Giemne S
0.024 0.021 0.018 0.033 0.035 0.0115 -0.012 0.003 0.021 0.019 0.001 Sl s
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Figure 1. The diagram of direct and indirect effects of some physiological and chemical traits on pumpkin
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