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Abstract
Introduction

Beans (Phaseolus vulgaris L.) are among the most valuable and strategic legumes globally and in Iran,
primarily due to their high protein content and nutritional benefits. Growing global demand for
protein-rich foods highlights the importance of enhancing bean production. However, water scarcity,
exacerbated by Iran's location along the global desert belt and receiving less than one-third of the
global average rainfall, poses significant challenges to sustainable agriculture and food security.
Brassinosteroids, a class of plant growth regulators, have emerged as a promising solution to mitigate
environmental stresses like drought while improving crop growth and yield. This study aims to
evaluate the effects of foliar application of 24-epibrassinolide hormone on various physiological traits,
enzymatic and non-enzymatic defense mechanisms, and gain yield of pinto beans under low irrigation
stress.
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Materials and Methods

A field experiment was conducted during the 2022 growing season on a farm in eastern Shiraz, using a
split-plot design within a randomized complete block design with three replications. The irrigation
regime was applied at three levels: full irrigation (100% of the moisture requirement) and low
irrigation stress (80% and 60% of the moisture requirement), as the main factor. Four concentrations
of 24-epibrassinolide, including control (distilled water), 0.05, 0.1, and 0.2 mg/L were applied as the
subplot factor. The experiment aimed to assess physiological traits such as chlorophyll index, relative
water content, antioxidant enzyme activity (catalase, peroxidase, and superoxide dismutase), grain
yield under different irrigation and hormone treatments.

Results and Discussion

The results revealed that both low irrigation stress and 24-epibrassinolide application significantly
influenced all measured traits. Foliar application of 0.2 mg/L 24-epibrassinolide increased the
chlorophyll index and leaf relative water content by 7.42% and 11.77%, respectively, compared to the
control. Significant interactions between irrigation regimes and hormone concentrations were
observed. At 60% and 80% moisture levels, the 0.2 mg/L hormone treatment increased antioxidant
enzyme activities as follows (compared to the control): catalase (172% (60%) and 131% (80%)),
peroxidase (105% (60%) and 115% (80%)), and superoxide dismutase (0.35% (60%) and 0.45%
(80%). Similarly, seed yield improved significantly with 24-epibrassinolide application. Under 100%,
80%, and 60% irrigation levels, 0.2 mg/L application resulted in yield increases of 72.38%, 56.02%,
and 44.35%, respectively, compared to the control.

Conclusion

The application of 24-epibrassinolide at a concentration of 0.2 mg/L effectively enhances the
antioxidant defense system, reduces reactive oxygen species, prevents cell wall damage, and
minimizes macromolecule degradation in pinto beans. These effects contribute to improved grain
yield, under both full and low irrigation conditions. This approach offers a promising solution for
mitigating water stress and promoting sustainable bean production in arid and semi-arid regions.
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Table 1. Physical and chemical properties of the soil at the experimental site

Soil texture  Organic Zn (ppm) Fe (ppm) K (ppm) P (ppm) N @)
o0 carbem (3 pp pp pp pp oH
Silty Toam 0.70 0.84 5.21 310 17.18 0.14 7.54

Table 2. Analysis of variance (mean squares) for physiological traits and grain yield of Phaseolus vulgaris L. cv. Pinto under low irrigation stress
and 24-epibrassinolide treatments.

S.0V df Chlorophy RWC Proline Soluble MDA Catalase Peroxidase SOD Grain Yield
Il Index sugar

Replication (R) 2 8.90° 2.06™ 0.127 15.42 0.005™ 4.07™ 0.003" 0.19™ 9433™
IS_'?r\(Ievss © Imgation 48500 55553 2473  5643.91" 471" 292.85™ 6.51" 110.14™ 2451858
Main plot error 4 0.94 1.78 0.029 28.87 0.04 1.88 0.07 0.40 6766
(Zééef)'brass'”o"de 3 88e4”  18216° 496"  517.57" 292" 10201"  2.38" 5.39"™ 2415429

S x EPL 6 7.65"™ 3.69" 0.38" 48.04™ 0.21" 2431 0.12° 0.58" 236165
Subplot error 18 4.38 5.68 0.018 4.24 0.072 5.002 0.018 0.21 21370
c.v. (%) 4.99 2.96 2.69 2.90 14.54 23.83 7.78 8.71 5.87

ns, * and **: Non-significant and significant at the 5% and 1% probability levels, respectively.

RWC= Relative Water Content; MDA= Malone DiAldehyde; SOD= SuperOxide Dismutase
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Table 3. Comparison of means for the effects of low irrigation stress and 24-epibrassinolide foliar application on
chlorophyll content and relative water content (RWC) in Phaseolus vulgaris L. cv. Pinto

Treatment Treatment levels Chlorophyll Index RWC (%)
100 % water requirement 58.69% 87.44°
Low irrigation Stress 80 % water requirement 54.80° 79.51°
60 % water requirement 48.53° 73.90°
0 51.62" 75.28"
24-epibrassino|ide 0.05 52.88° 78.01°¢
(mg.L™ 0.1 54.64° 82.53"
0.2 55.76° 85.33%
In each column, the averages with common characters are not significantly different at the 5% level.
RWC= Relative Water Content
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Table 4. Comparison of means for the interaction effects of low irrigation stress and 24-epibrassinolide foliar application
on certain physiological traits and grain yield in Phaseolus vulgaris L. cv. Pinto

24-
epibrassinolide Prolin Soluble MDA SOD
Low foliar 1 sugar (uM.g* Catalise (M peroxidase . Grain
irrigation application (L mol.g (mg.g* mol.g™.min) (Unit.mg™ (m mol.g vield
Stress FW) FW) FW) +mg ! min) 1
(mg.L™ protein.min) (kg.ha™)
0 3.1¢ 42.59° 1.61° 3.55° 0.63° 1.56° 2196°
0.05 3.57° 45.39" 1.28" 3.55° 0.81° 1.83° 2446°
100 % water
requirement 0.1 4.01° 49.15° 0.96° 4.48° 1.2° 2.23° 3526°
0.2 4.29° 49.93 0.87° 4.99° 1.3 2.23° 3786°
0 4.12° 67.53° 2.47° 5.76° 1.08° 4.9° 1963°
0.05 4.33° 70.45° 2.24° 7.86° 1.68° 5.7 2076°
80 % water
requirement 0.1 4.66° 81.71° 1.73° 12.18° 2.08" 6.13" 2386°
0.2 5.52° 89.28% 1.24¢ 13.36° 2.33% 7.13° 3063?
0 5.34¢ 79.53¢ 3.33° 8.12¢ 1.56° 6.8° 1743°
0.05 5.96° 83.84° 2.88° 10.15° 2.33¢ 7.23¢ 2026"
60 % water
requirement 0.1 7.09° 90.06° 2.05° 15.39" 2.71° 8.36" 2146°
0.2 7.84° 101.49° 1.46° 22.16° 3.21° 9.23% 2516°

Means with similar letters in each column for each irrigation stress level do not show a statistically significant difference at the
5% level. FW= Fresh Weigh; MDA= Malone DiAldehyde; SOD= SuperOxide Dismutase
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