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Extended Abstract:

Introduction: Drought stress is one of the major environmental factors limiting the growth and productivity of
common bean (Phaseolus vulgaris L.). Water deficit disrupts physiological and biochemical processes by increasing the
production of reactive oxygen species (ROS), leading to oxidative stress, membrane damage, and reduced
photosynthetic efficiency. Although plants possess antioxidant defense systems, severe drought often exceeds their
protective capacity. Therefore, the application of natural antioxidant compounds has emerged as an effective approach
to enhance plant tolerance to drought stress. Ellagic acid is a naturally occurring phenolic compound with strong
antioxidant activity that can scavenge free radicals and improve cellular protection against oxidative damage. However,
information regarding its effectiveness in common beans under field conditions in drought-prone areas remains limited.
This study was conducted to evaluate the effects of different application methods of ellagic acid on growth, antioxidant
activity, membrane stability, and yield of common bean under varying levels of drought stress.

Materials and Methods: A two-year field experiment was carried out using a split-plot arrangement based on a
randomized complete block design with three replications. Irrigation treatments were assigned to the main plots and
included full irrigation (100% of crop water requirement), moderate drought stress (75% of crop water requirement),
and severe drought stress (50% of crop water requirement). Subplots consisted of four ellagic acid treatments (50 mg
L™): untreated control, seed priming, foliar application, and the combined application of seed priming and foliar
spraying. Growth traits, including plant height, leaf number, and leaf area index, were recorded during the growing
season. Electrolyte leakage was measured to evaluate membrane stability, while superoxide dismutase (SOD) activity
was determined as an indicator of antioxidant response. Yield components, biological yield, and grain yield were
measured at harvest. Data collected over the two growing seasons were analyzed using analysis of variance, and
treatment means were compared at the 5% probability level.

Results: Drought stress significantly reduced vegetative growth, yield components, biological yield, and grain yield
while increasing electrolyte leakage. Significant interactions between irrigation regime and ellagic acid application were
observed for plant height, leaf number, leaf area index, electrolyte leakage, and grain yield. Application of ellagic acid
significantly enhanced superoxide dismutase (SOD) activity under both well-watered and drought conditions, indicating
improved antioxidant defense. The combined application of seed priming and foliar spraying produced the highest
values of plant height, leaf area index, number of leaves, number of pods per plant, and grain yield under full irrigation.
Conversely, untreated plants exposed to severe drought exhibited the lowest performance for all measured traits. Under
moderate drought stress, foliar application was more effective than seed priming in reducing electrolyte leakage,
whereas under severe drought, the combined treatment provided the greatest protection against membrane damage and
resulted in higher grain yield. These findings indicate that the response of common bean to ellagic acid depends on both
drought severity and the application method.
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Discussion: The positive effects of ellagic acid can be attributed to its antioxidant properties, which enhance ROS
scavenging and reduce oxidative damage under drought conditions. Increased SOD activity and reduced electrolyte
leakage suggest improved membrane integrity and greater protection of cellular structures. These physiological
improvements likely contributed to enhanced plant growth and higher yield under water-limited conditions. The
superior performance of the combined seed priming and foliar application indicates that integrating pre-sowing
treatment with foliar supplementation provides prolonged protection throughout plant development. In contrast, foliar
spraying alone was sufficient to alleviate moderate drought stress by rapidly improving antioxidant capacity. These
results support previous findings that exogenous antioxidants enhance drought tolerance through the maintenance of
cellular homeostasis and protection of the photosynthetic apparatus.

Conclusions: Ellagic acid effectively alleviated drought-induced oxidative stress in common bean by enhancing
antioxidant activity, reducing membrane injury, and improving plant growth and grain yield. Although all application
methods were beneficial, their effectiveness varied with drought intensity. Foliar application was more efficient under
moderate drought, whereas the combined application of seed priming and foliar spraying was superior under severe
drought stress. These findings suggest that ellagic acid is a promising and environmentally friendly strategy for
improving drought tolerance and maintaining common bean productivity under limited water availability. Further
research should evaluate different application rates and investigate the physiological and molecular mechanisms
underlying its protective effects.
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Table 1 - Weather parameters of the region during the plant growth period in 2021
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October September August July June May Month
26.9 373 39.2 41.2 39.2 33.6 T-Max (°C)
10.9 18.3 225 24.1 21.6 16.9 T-Min (°C)
2.3 0 0.01 0.2 0 28.1 Rain (mm)
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Table 2 - Weather parameters of the region during the plant growth period in 2022

October September August July June May Month
26.5 38.7 39.7 42.6 40.5 323 T-Max (°C)
11.6 17.8 20.2 224 19.4 14.9 T-Min (°C)
6.5 0 0 0 0 10.1 Rain (mm)
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Table 3. Soil characteristics of the test site
Soil Texture Clay Silt Sand ocC Nitrogen Phosphorus  Potassium EC H Depth
(%) (%) (%) (%) (%) (mg/kg) (mg/kg) (dS/m) P (cm)

Sity - 29 44 27 082 008 73 290 2.4 7.8 0-30
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Table 4. Analysis of variance of growth traits of pinto bean under drought stress and ellagic acid

number of leaves LAI Plant height df S.0.vV
28.3™ 5.48™ 152.37" 1 Year
1.21m™ 0.14ms 1.78™ 4 Repx Year
20.8™ 1.61™ 34.8™ 2 Irrigation (1)
2.02m 0.38™ 4.49m 2 YxI

1.32 0.29 1.07 8 Error (1)
9.31™ 0.87" 8.26™ 3 Ellagic acid (E)
417 1.43" 2.30" 6 IxE
1.15™ 0.41m 1.67™ 3 YxE
1.34™ 0.41m 1.23™ 6 YxIxE

1.97 0.48 1.89 36 Error (E)

4.97 5.97 6.37 - CV %

Ao V50 Jlaad ch..‘ 23 ls e OMW) 392 9 9 L5 fme BN phe oo F 4 ik g (NS

s and ns correspond to significance levels of 5%, 1%, and not significant, respectively
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Table 5. Comparison of the average interaction between drought stress and ellagic acid on the growth traits of pinto beans

Plant height (cm) LAI nulr;]at:lig of ellagic acid drought stress

58 7¢ 3 168 15,75 Control (no priming and foliar

spray) Control (irrigation
63.1° 3.22¢ 16.4% Seed priming with 50 mg/I

b b . - - based on 100% of the
63.7 3.84 17.2 and foliar spray with 50 mg/I .
The use of both priming and spray plant's water needs)

66.12 3.902 18.52 .

solution
54 7¢ 231 13.8¢ Control (no priming and foliar _

spray) Mild stress
56.9¢% 2.68" 14.7¢ Seed priming with 50 mg/I (irrigation based on
57.6% 3.42¢ 15.1b¢ and foliar spray with 50 mg/I 75% of the plant's
58.2¢ 3.17de 15.3b¢ The use of both priming and spray water needs)

solution
475 0.92m 11.2% Control (no priming and foliar

spray) Sever stress
51.29 117" 12.4¢f Seed priming with 50 mg/I (irrigation based on
53.1¢f 1.43k 12.9 and foliar spray with 50 mg/I 50% of the plant's
54 1¢ 2 796h 13 5¢ The use of both priming and spray water needs)

solution

I 551 gmn IHeE| o 53 0 Jlazml a3 LSD O ga3l el 1 Adly oo S e Sy (ol Dt gp 53 oS gla Sl

The averages marked with the same letters do not have a statistically significant difference at the 5% level according to LSD test.
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Table 6. Analysis of variance of yield and yield components of of pinto bean under drought stress and ellagic acid

Grain weight Seeds/pod Pods/plant Grain Yield Biological Yield  df S.oVv
18.5™ 0.42™ 6.58™ 253154™ 421125™ 1 Year
1.84 0.03 0.26 17234 2252 4 Repx Year
20.6™ 0.58™ 9.78™ 200382™ 328562 2 Irrigation (1)
8.54™ 0.12" 1.88" 16938 22504 2 YxI
0.52 0.05 0.48 1461 1852 8 Error (I)
4.16" 0.26" 7.57" 53910" 62521" 3 Ellagic acid (E)
3.78" 0.17" 2.92" 48910" 68524" 6 IxE
1.58" 0.06" 1.28m 23052 26321 3 YXE
2.01m 0.04ns 0.57" 65123 8547m 6 YXIXE
0.24 0.006 0.41 186 252 36 Error (E)
5.24 4.52 5.55 8.28 7.32 - CV%

M))\)OJW‘CLA

#3% ,3% and ns correspond to significance levels of 5%, 1%, and

03 sls gme M 55 5 5 Hls e DI ple 5 4 ki 5 NS

not significant, respectively

o L s S sl 5 s Ses ﬁM‘&jY‘JﬁJS}&ﬁ%r&ﬁmﬁpMuﬁ.vdj-x?

Table 7. Comparison of the average interaction between dro

ught stress and ellagic acid on yield and yield components

Grain Grain Biological
weight Seeds/pod Pods/plant Yield Yield ellagic acid drought stress
(@ (kyha)  (kgiha) _ _
37 1¢ 2 2gb 13.8° 3670 7560¢ Control (no priming and foliar S

' ' ) spray) Control (irrigation
38.9%¢ 2.402 13.92 3909¢ 77090¢ Seed priming with 50 mg/I based on 100% of
39.1b¢ 2.442 13.02 4023° 8201° and foliar spray with 50 mg/I the plant's water
41,42 2432 14.10 41982 83507 The use of both priming and needs)

spray solution
34.9f 2 05¢ 11.49 2698hi 68209 Control (no priming and foliar _

' ' ' spray) Mild stress
35.6f 2.06% 12,0 28259 7112f Seed priming with 50 mg/I (irrigation based on
37.7f 2.24b¢ 12.1¢ 3024¢ 7250¢ and foliar spray with 50 mg/I 75% of the plant's
35,74 2 150 13.0° 3000ef 7991 The use of both priming and water needs)

spray solution
326 1.79¢ 10.9¢ 2990k 5250k Control (no priming and foliar
spray) Sever stress
33.1 1.89¢% 11.2¢ 2310 5898 Seed priming with 50 mg/I (irrigation based on
33.0° 1.93¢% 11.1¢% 2347 6108 and foliar spray with 50 mg/I 50% of the plant's
348 2 10% 11.9% 26641 6275 The use of both priming and water needs)

spray solution

LI ol e D] s s 0 JL.;:;-\CEMJJ LSD & ye 53l bl dsl e S i Gy G Ot a3 &S e Sl

The averages marked with the same letters do not have a statistically significant difference at the 5% level according to LSD test.
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Table 8. Analysis of variance of enzyme activity and electrolyte leakage in pinto beans under drought stress and ellagic acid

Electrolyte leak Superoxide dismutase Catalase df SYOAY)
0.74ns 12.5" 0.01" 1 Year
13.2™ 1.34m 0.03" 4 Repx Year
189" 162" 8.34™ 2 Irrigation (1)
44.2" 3.91m 0.08" 2 Y x|
17.2 1.82 0.05 8 Error (1)
98.2™ 64.5™ 1.06" 4 Ellagic acid (E)
81.5™ 11.2° 117" 6 IxE
39.2" 2.14n 0.06" 3 YXE
12.2m 1.43m 0.04ns 6 YXIXE
10.2 2.08 0.07 36 Error (E)
9.48 6.24 472 S.0.vV
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2 % and ns correspond to significance levels of 5%, 1%, and not significant, respectively
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Table 9. Comparison of the average interaction between drought stress and ellagic acid on enzymatic activity and electrolyte
leakage in pinto beans

Superoxide dismutase Catalase . drought
0,
Electrolyte leak (%) (mg protein /min) (mg protein /min) ellagic acid stress
43 1¢f 314 3,95k Control (_no priming and Control
' foliar spray) (irrigation
38.19 44.49 3.44 Seed priming with 50 mg/I based on
37.50n 41.2h 371 and fo"arni%DTy WIth 5010094 of the
- plant's water
35.ghi 40.9" 3.7gh The use of both priming needs)
and spray solution
Control (no priming and
c f d
494 522 4.92 foliar spray) Mild stress
4.12¢ 60.2¢ 4.12¢ Seed priming with 50 mg/I (irrigation
i i 0,
3.94f9 55 6° 3.940 and foliar spray with 50 based on 75./0
mg/l of the plant's
3.889 66.7¢ 3.889 The use of both priming water needs)
and spray solution
6.328 68,45 6.322 Control (_no priming and
foliar spray) Sever stress
51.4° 73.12 5.11° Seed priming with 50 mg/I (irrigation
i i 0,
46,89 67 5be 4.70¢ and foliar spray with 50 based on 50./0
mg/I of the plant's
41 9t 70.7% 467¢ The use of both priming water needs)

and spray solution

LIS ol e D] s s 0 JLQJ;-\CEM); LSD ;)).aﬂ ool il e S xle By - glyls o_,:.wJA)AAS&La&:.CL:A

The averages marked with the same letters do not have a statistically significant difference at the 5% level according to LSD test.
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