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Avrticle Info ABSTRACT

Article type: Background and Objectives: Drought stress is a major environmental
Full Length Research Paper  challenge that negatively impacts agricultural productivity by disrupting
growth and developmental processes, ultimately reducing crop yields. One

Article history: significant consequence of drought stress is the disruption of the plant's

Received: 12.31.2024 nutritional balance, which can be alleviated by applying micronutrients via
Revised: 06.25.2025 foliar sprays during periods of stress. The purpose of this study was to
Accepted: 07.07.2025 evaluate the effects of zinc foliar sprays on the growth, physiological, and
biochemical responses of Persian shallot plants under drought stress
Keywords: conditions.
Bulb, . . . . .
Drought tolerance, Materials and Methods: This study was carried out using a factorial,
Foliar spray, randomized complete block design in pots at the Shahrekord University
Photosynthesis, Research Farm, with four replications during the 2023-2024 agricultural
Proline season. The experimental factors included drought stress, with both

no-stress and stress conditions maintained at 50% of field capacity, along
with zinc concentrations of 0, 50, 100, 150, and 200 mg/L applied as a
foliar spray.

Results: Drought conditions significantly influenced various parameters,
including plant height, leaf count, fresh weights of leaves, roots, and
bulbs, as well as the number and fresh weight of sister bulbs, relative
water content of leaves, membrane electrolyte leakage, and levels of
proline, malondialdehyde, hydrogen peroxide, and photosynthetic
pigments. Zinc application had a notable impact on all measured traits
except leaf count and photosynthetic pigments. Additionally, the
interaction between drought stress and zinc treatment significantly
affected all traits, except for plant height, leaf count, fresh weight bulbs,
number of sister bulbs, and all photosynthetic pigments. The most
pronounced positive effects were observed under full irrigation at a zinc
concentration of 200 mg/L, whereas the least effects were observed under
drought stress in the control treatment. Under drought conditions, the
application of 200 mg/L zinc increased leaf fresh weight (95%), root fresh
weight (76%), scallion fresh weight (88%), leaf relative water content
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(40%), and proline content (148%) compared to the control. Conversely,
levels of membrane electrolyte leakage (38%), malondialdehyde (68%),
and hydrogen peroxide (48%) decreased. The fresh weight of Persian
shallot bulbs under drought stress and non-stress conditions was
recorded at 49.6 g and 64 g, respectively. Among the various zinc sulfate
treatments, the highest bulb fresh weight was achieved at a zinc
concentration of 200 mg/L, yielding 59.6 ¢, representing an 11.2%
increase over the control.

Conclusion: In this study, a noteworthy positive impact of high levels of
zinc sulfate under both non-stressed and drought-stressed conditions was
observed, indicating that a zinc concentration of 200 mg per liter enhances
the growth, physical characteristics, and biochemical activities in the
development of Persian shallot plants. Moreover, in addition to promoting
high yields under non-stressed conditions, it also boosts production under
drought-stressed conditions.
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Table 1. Chemical properties of the soil used.

EC pH 0.C Total N P K Zn Mn Fe Cu
(dS/m) (%) (%) (mg/kg)  (mg/kg)  (mg/kg)  (mg/kg)  (ma/kg)  (mglkg)
0.51 7.7 1.1 0.12 24 306 0.55 8.2 3.1 0.88
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Table 2. Analysis of variance for the plant height, number of leaf per plant, and leaf and root fresh weight of
Persian shallot as influenced by drought stress and different zinc concentrations.

Spoaday 5008 S 505 Gy S ool Syl o e b
Root fresh weight  Leaf fresh weight ~ No. leaf per plant  Plant height Source of variation
wox - 1SS
1.0™ 73 0.22" 80 3 A
Replication
116" 1197 0.60" 484™ 1 S
Stress level (SL)
- o * , clle
176 413 0.10" 6.7 4 S
Zinc concentration (ZC)
4.2" 6.2" 0.10™ 0.50™ 4 SLx zC
Lo
0.4 1.7 0.10 2.4 27
Error
o
10.1 4.2 15 6.8 (o2) st o 2
CV (%)

J&JngP<'/'\ JP<'/'0 &)L‘JC}‘E‘“):).JLSL”j).b&” CJ& g_,\.MJJSMNFJ ¢

# ns

" *and ** means non-significant and significant at P<0.05 and P<0.01, respectively
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Table 3. Means comparison of the plant height and number of leaves per plant in Persian shallot as influenced
by drought stress and different zinc concentrations.

Gy S ol <5 gl ol
No. leaf per plant Plant height (cm) Treatments
2.0° 26.4°
Without stress S5 e
R Stress level
1.7 195 S
Drought stress
1.8° 21.7° 0
2.0° 22.4% 50
1.7° 23 100 (03 p.5 ) 53 ke
Zinc concentration (mg/L)
1.7 23.5° 150
2.0 24° 200

Ln (5ol gme (Lol Ml 5115 70 ozl o 53 LSD 03a31 sl 2 oslize oy gols GlaiSiln gt 2 53 505 8 8 s

In each group and each column, means with different letters are statistically significant at the 5% probability level based on
the LSD test
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Figure 1. Interaction effect of drought stress and different zinc concentrations on leaf fresh weight (A),
root fresh weight (B), and sister-bulb fresh weight (C) in Persian shallot. Means with different letters are
statistically significant based on LSD test at 5% probability level.
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Table 4. Analysis of variance for the bulb fresh weight, weight and number of sister-bulb per plant in Persian
shallot as influenced by drought stress and different zinc concentrations.

$Al= Sk 503 Sl Sy b RER ISP df S b
Sister bulb weight No. sister-bulb per plant Bulb fresh weight Source of variation
o 1S
0.50™ 0.10™ 26 3 ’ ;‘ _
Replication
58™ 13" 2059™ 1 o
Stress level (SL)
9.0 2.2" 48" 4 S50 Bl
Zinc concentration (ZC)
1.2" 10™ 12" 4 SL x ZC
(1P
0.30 0.50 13 27
Error

(Lo 52) Dl oiS g 2
CV (%)
Lty o P<a/e) 3 P<e/r0 (Ol 2 slan 53 s me 5 s e pde 5 5 LR
" *and ** means non-significant and significant at P<0.05 and P<0.01, respectively

15 21 6.4

P Sy S P (WIS PRV R I TRP S PEy | I KV TR JNS PR (NI I 0 PR
9y B glackls

Table 5. Means comparison of the bulb weight and numberof sister-bulb per plant in Persian shallot as
influenced by drought stress and different zinc concentrations.

g3 sl Sy sl A& 505 s les
No. sister-bulb per plant ~ Bulb weight (g/plant) Treatments
3.8 642 o O
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2 &b 49.6° S S Stress level
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2.9 54.8 50
3.2 58.1 100 (02 05 o) 50 Bl
3.4 58 5% 150 Zinc concentration (mg/L)
4.0° 59.6* 200
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In each group and each column, means with different letters are statistically significant at the 5% probability level based on
the LSD test
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Table 6. Analysis of variance for the relative leaf water content, membrane electrolyte leakage, proline content,
malondialdehyde and hydrogen peroxide content in Persian shallot as influenced by drought stress and different

zinc concentrations.
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Figure 2. Interaction effect of drought stress and different zinc concentrations on relative water content (A),
and membrane electrolyte leakage (B) in Persian shallot. Means with different letters are statistically
significant at the 5% probability level based on the LSD test.
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Figure 3. Interaction effect of drought stress and different zinc concentrations on proline content (A),
malondialdehyde (B), and hydrogen peroxide (C) in Persian shallot. Means with different letters are
statistically significant at the 5% probability level based on the LSD test.
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Table 7. Analysis of variance for the photosynthetic pigments content in Persian shallot as influenced by
drought stress and different zinc concentrations.

Carotenoids Chlorophyll b Chlorophyll a Source of variation
N N . | S
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" *and ** means non-significant and significant at P<0.05 and P<0.01, respectively
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Table 8. Means comparison for the photosynthetic pigments content in Persian shallot as influenced by
drought stress.
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In each column, means with different letters are statistically significant at the 5% probability level based on the LSD test
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