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Extended Abstract

Aim

Summer squash (Cucurbita pepo L.) is a valuable vegetable crop, but its production is severely threatened by water deficit
stress, particularly in arid and semi-arid regions like Iran. This stress disrupts various physiological and biochemical
processes, leading to reduced growth and yield. The application of organic compounds, such as humic acid, has emerged
as a promising strategy to mitigate the adverse effects of drought stress. Humic acid can improve soil structure, enhance
water retention, and stimulate plant antioxidant defense systems. This study was therefore conducted to investigate the
effects of foliar-applied humic acid on the growth, yield, water use efficiency (WUE), and physiological responses of
summer squash (cv. Zucchino tondo chiaro di Nizza) under different levels of water deficit stress.

Materials and methods

The field experiment was carried out during the spring and summer of 2019 at the Research Farm of the Faculty of
Agriculture, University of Zanjan, Iran. The study was conducted using a split-plot arrangement based on a randomized
complete block design with three replications. Each experimental unit consisted of 6 plants. The main factor was irrigation
level, which comprised three treatments: 100% (well-watered control), 80%, and 60% of the crop's water requirement
(ETc). The sub-factor was the foliar application of humic acid (trade name Humax, containing 79% humic acid, 12%
K;0, and 12% fulvic acid) at three concentrations: 0 (control), 150, and 300 mg L™". Plants were grown using a drip-tape
irrigation system, and the amount of water applied to each treatment was calculated based on the reference
evapotranspiration (ETy) using the FAO-Penman-Monteith equation, adjusted for crop coefficients and irrigation interval.
The total water applied to the 100%, 80%, and 60% ETc treatments over the growing season was 4030, 3284, and 2583
m?® ha™, respectively. Foliar humic acid applications were initiated with the appearance of the first female flowers and
repeated twice more at 10-day intervals. At mid-season, leaf area was measured using a leaf area meter. At the end of the
growing season, plant height and total fruit yield (kg ha™') were recorded. Water use efficiency (WUE) was calculated as
the ratio of total fruit yield to total water applied. For physiological and biochemical analyses, leaf samples were collected
to determine total chlorophyll content, leaf proline content, membrane stability index (MSI), and the activities of the
antioxidant enzymes catalase (CAT) and peroxidase (POX). Total chlorophyll was extracted using 80% acetone and
measured spectrophotometrically. Proline content was determined using the ninhydrin method. The membrane stability
index was calculated based on electrolyte leakage measurements. Antioxidant enzyme activities were assayed using
standard spectrophotometric methods. All collected data were subjected to analysis of variance (ANOVA) using SAS
software, and mean comparisons were performed using Duncan's multiple range test at a 1% or 5% significance level.

Results
The results demonstrated that water deficit stress significantly affected all evaluated traits. Compared to the well-watered
control (100% ETc), the 60% ETc treatment resulted in a significant reduction in plant height (by 22.9%) and leaf area
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(by 51.8%). Conversely, leaf dry matter percentage increased under severe drought stress. The application of humic acid,
particularly at 300 mg L™, significantly ameliorated these negative effects, leading to the highest single leaf area (969.78
cm?) under well-watered conditions. Foliar humic acid application, however, did not significantly affect plant height.
Fruit yield was severely reduced by water deficit. The 60% ETc treatment led to a 58% reduction in total yield compared
to the 100% ETc treatment. However, humic acid application significantly enhanced yield across all irrigation levels. The
maximum fruit yield (32950 kg ha™) was recorded for plants treated with 300 mg L™ humic acid and irrigated at 100%
ETc, while the minimum (12114.9 kg ha™") was observed in the 60% ETc treatment with no humic acid. Under the 80%
and 60% ETec stress conditions, the application of 300 mg L™ humic acid increased fruit yield by 27.2% and 33.3%,
respectively, compared to the non-treated stressed plants. Water use efficiency followed a similar pattern, with the highest
value (8.17 kg m™) observed in the 100% ETc + 300 mg L™" humic acid treatment and the lowest (4.77 kg m™) in the
60% ETc + 0 mg L™ humic acid treatment. Physiological and biochemical parameters also showed marked responses to
both drought stress and humic acid application. Total chlorophyll content declined under drought stress, with the 60%
ETc treatment showing a decrease compared to the control. However, humic acid application significantly increased
chlorophyll content, especially under well-watered and moderate stress conditions. The maximum chlorophyll content
(2.27 mg 100g™" FW) was obtained with 300 mg L™' humic acid under 100% ETc. Drought stress led to a significant
accumulation of proline, an important osmotic regulator. Proline content increased by 45.5% under severe water deficit
(60% ETc) compared to the control. Foliar application of humic acid further enhanced proline accumulation, with the
highest level (9.68 mg g™ FW) recorded in the 60% ETc + 300 mg L™' humic acid treatment. Similarly, the membrane
stability index (MSI) was significantly reduced by drought stress, decreasing from 77.05% in the control to 53.47% under
60% ETc. However, humic acid application, especially at 300 mg L™, effectively improved MSI under all irrigation
levels, suggesting better membrane integrity and reduced electrolyte leakage. The activities of antioxidant enzymes,
catalase (CAT) and peroxidase (POX), were significantly increased under drought stress, indicating an active plant
defense response against oxidative damage. The application of humic acid further boosted the activities of these enzymes,
particularly under severe stress conditions. The highest CAT activity (10.93 pumol H,O, g™! FW.Min™!) was recorded in
the 60% ETc + 300 mg L™ humic acid treatment, while maximum POX activity was observed in plants treated with 300
mg L™ humic acid under 60% and 80% ETc.

Conclusion

Based on the results of this study, it can be concluded that water deficit stress significantly impairs the vegetative growth
and fruit yield of summer squash by disrupting key physiological processes such as chlorophyll synthesis and membrane
stability. However, the foliar application of humic acid proved to be an effective strategy for mitigating the adverse effects
of drought stress. The application of 300 mg L™ humic acid was particularly effective. It enhanced the plant's antioxidant
defense system (by increasing CAT and POX activity), improved osmotic adjustment (by increasing proline
accumulation), and protected cellular membranes (by increasing MSI). These physiological improvements led to better
leaf area maintenance, higher chlorophyll content, and ultimately, significantly improved fruit yield and water use
efficiency under both moderate and severe water deficit conditions. Therefore, we recommend foliar application of 300
mg L™ humic acid as a viable management practice to enhance the resilience, productivity, and water productivity of
summer squash in regions facing water scarcity.

Keywords: Fruit yield, Proline, Water use efficiency, Water deficit
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