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Background and Obijectives: Drought stress is a major environmental
challenge that has a negative impact on agricultural productivity by
disrupting growth and  developmental  processes, ultimately
resulting in reduced crop yields. One significant consequence of drought
stress is disturbance of the plant's nutritional balanc, which can potentially
be alleviated by applying micronutrients through foliar sprays during
periods of stress. The purpose of this study was to evaluate the effects of
zinc foliar sprays on the growth, physiological, and biochemical responses
of Persian shallot plants under drought stress conditions.

Materials and Methods: This study was carried out using a factorial and
randomized complete block design within pots at the Shahrekord
University Research Farm, consisting of four replications during the 2023-
2024 agricultural season. The experimental factors included drought stress,
which comprised both no stress and stress conditions by keeping moisture
levels at 50% of field capacity, along with varying 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, with the exception
of 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, while the least effects were recorded under drought stress with the
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control treatment. Under drought conditions, the application of 200 mg/L
zinc resulted in increases in leaf fresh weight (95%), root fresh weight
(76%), scallion fresh weight (88%), leaf relative water content (40%), and
proline content (148%) compared to the control. Conversely, membrane
electrolyte leakage (38%), malondialdehyde (68%), and hydrogen peroxide
(48%) levels 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 concentration of 200 mg/L zinc, yielding
59.6 g, which represents an 11.2% increase over the control.

Conclusion: In this study, by noting a noteworthy positive impact from
high amounts of zinc sulfate under both non-stressed and drought-stressed
conditions, it can be determined that a level of 200 mg zinc per liter
enhances the growth, physical characteristics, and biochemical activities in
the development of Persian shallot plants. Moreover, in addition to
promoting high vyields in non-stressed circumstances, it also aids in
boosting production during drought-stressed situations.
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Table 1. Chemical properties of the soil used.

EC pH | O.C TotalN | P K Zn Mn Fe Cu
(dS/m) (%) (%) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
051 | 7.7 11 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.

o gl df S gl | ws s S sl S 505 S adie, 505

Source of variation Plant No. leaf per Leaf fresh Root fresh weight
height plant weight

NS 3 80" 0.22" 73" 1.0™
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Replication
o 1 484" 0.60" 1197 116"
Stress level (SL)
S0 chle
Zinc concentration 4 6.7 0.10™ 413 17.6
(Z%)
SLxzC 4 0.50" 0.10" 6.2" 42"
Uas

27 2.4 0.10 1.7 0.4
Error
N
N 6.8 15 42 10.1
CV (%)

Bl o P<a /0 P00 (LT gla 53 Sl ne g ls ne phe o5 4 i 5 NS

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

la,les <y gl Sy S sl
Treatments Plant height No. leaf per plant
(cm)
e 26.4° 2.0°
R e Without stress
Stress level S S 195" L7
Drought stress
0 21.7° 1.8
(A 02 0 S ) 59 s 50 22.4° 2.0°
b
Zinc concentration (mg/L) 100 23° 1.7
150 235 1.7
200 24° 2.0°

@bl SN (1,13 70 ezt o 55 LSD b051 bl jy osline By (sl sl b Ogiw 2 53 5055 2 5o

A (gl 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
shallout as influenced by drought stress and different zinc concentrations.

gl df e 00 Al Sl ol Al Sl 505
Source of variation Bulb fresh weight No. sister-bulb per Sister bulb weight
plant

‘ 3 *k
A o 3 26 0.10" 0.50"
Replication
o g 1 2059 13" 58"
Stress level (SL)
Say Bl ) . _
Zinc concentration 4 48 2.2 9.1
(ZC)
SL x ZC 4 12 10 10

M
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Uas

27 13 0.50 0.30
Error
R
TR st 6.4 21 15
CV (%)

# NS

Al s P<e/oy BP0 bl T 93 53 g 5 Jls sae pde o 5 4y

NS, * and ** means non-significant and significant at P<0.05 and P<0.01, respectively.

9 S P 50 cow Gl g 6815 Sl 5 059 9 S s 62165 Sl sl s 5 U5y Q:gjl;ﬁ dwslin 0 J g
(S e gla chle

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

bl IRCRNINEY Wy sl 5l sl
Treatments Bulb weight No. sister-bulb per
(g/plant) plant
.
Rt 64° 3.8°
RN e Without stress
Stress level S S 496" 2 6h

Drought stress

0 53.6° 2.6°

_ ) b b

(A0 p S k) 59, ke 50 54.8bC 2,9bC
Zinc concentration (mg/L) 100 58.1% 3.2”
150 58.5% 3.4®

200 59.6% 4.0°
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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.

(S w5 el i s oS cl sl sl 05 6l Sl slas i pl e sl 5 05 g sl
slacble js goale 5l 5 035 Ll e c«\g 5l S Aoy XY S sae VP S i bl d
wals 5 A edalie ) 55 ) p S ke Yor 5000 Sl Sy sl (0 Jaur) 35 55 O kil 2
Oy k5l mes wlale 5o ol 5o (ol A1) e Sk Yoo 5100 Ledd SLd sl OLALS o
S ks s (O UK sy i Solagme Rl dald b oaslie 5o 1) s )
Dl gl oy 5 gy slaals L b pme odll bckale Lo Wl osls ol
O RIS S S G N G INCH WP O3 05 Oy Jal a5 (0 Jsds) dil aals
o2l redle (Y0) b o 35 S5y e G Ve slackle sbdde b ogoale S5l 5
Ao Sl Gt U5 IR s sslas] i Ol o3 VeV B EY 2 s gy p S e Yo

VY



Oy 5 15 (6391 sunas [ oo Sl amige (srleonslons 5 Suolos jad S S 39 cudy 1 (S9) SWam ;T )

5> Jsbos LS5 e agll s T i
Rl 0N e o 35 1) (el il 5 S
Ll cow OlS s Of s glyme il 33l
2303 o S5y St B 4 Ll (S
SV g B S5 5 s s st
Yoo) s ok pslie el b bl O
e sy gt By Yaod (2 0 p S ke
Loty S 2l i s 53 5 (ma
e L R B e
s jol b3l 53 (V) 338 e b
(0O S0) alus oy Rl Loy, ol
Jsg A2 4 g ;.j e al Bl s Al e
ol 2l 03,8 Ll sde LA oln ol b
e oS (YY) O 5 S 515 L =W
ool ((VE) sl @‘?V'“ (Allium sativum)
S8 Gl 5 (YY) bl Shls !
Sl LS s gy DWW s D@m Yo 5,8
s Gl dopn Ve Ol 1 e S T

(YD)

O odd o ge S (V7) el (555 paie sla i
Ch L e A sl OLLS el slasly
S Ll s cos 1 s e S Jee Yoo B VO
2k Db edlew 5 O OlalS wlis
Sl oy pdke SIS 50 0 dsax) aiil
Yool e o Shas op i o5 L3 S LbI (YY)
O0) el oy 555 Sl S p SAS
OLen 5 Sl Sl s Oldlas 55 ooes
0 e 4 (V) OLKas 5 slas) 5 (YY)
Carthamus ) S 5 (Glycine max) L s olS

(V) dl 18 elie s 5 (tinctorius

R T N . LI P v
0 g ke Yo Bl 2 S O o sl
ol ls s 4 Cad (ol e Hsbay 2
L oolsme Ol lackle L 55 5 bl
Slszme (SO G5 Bl 5 53 AL edalis sl
LBl L odd sl OLLS 3 O o
boaslie 5o o sme sk V;L’u e b

oy DMy (Y IS8 @l il sl

e 50 055 0eh demS T 5 AT 30 o (s (gl gimn ol iy 2SN ki o8 O o (gl g bl w0 —F J gk

oy A gackle ) Sis i SU cow i

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.

df

J,,B@L'.n s Slgme | e S s &) g &l g &l gien

Source of variation S ol e s s lies ol ST
Relative Membrane Proline Malondialdehyde | o5, .4
leaf vtvatf{ar ellectlzolyte content content Hydrogen
conten eakage peroxide

| 5 *

A o 3 291 28™ 0.0001™ 0.001"™ 0.002"™

Replication

o g 1 4654™ 2900 0.007" 15" 1.60™

Stress level (SL)

sy ke 4 593" 915™ 0.006" 0.29” 0.32”
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NS, * and ** means non-significant and significant at P<0.05 and P<0.01, respectively.
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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.

T df aday b Lss s e 55,18
Source of variation Chlorophyll a Chlorophyll b Carotenoids
1SS . . .
o o 3 0.009 0.001 0.004
Replication
o g 1 0.2 0.5 0.08™
Stress level (SL)
L
63 _ 4 0.001™ 0.007™ 0.006™
Zinc concentration (ZC)
SLxzC 4 0.003"™ 0.001" 0.006"™
s
27 0.02 0.005 0.002
Error
s
T s 20 24 15
CV (%)

-u-:db‘;ﬂ P<0.01 K P<0.05 6)\41 C}h.u BL) Jb‘;'au K Jh‘;'.'.a rJ& o Ay S g 3 NS

NS, * 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.

bl & s ks b s s et 55,8
Treatments Chlorophyll a Chlorophyll b Carotenoids
(mg/g FW) (mg/g FW) (mg/g FW)
Rt 0.56° 0.45° 0.62°
S Without stress
Stress level SEA LA 0.31° 0.22" 0.30"
Drought stress

Alen (6,15 fae ‘5)LJ M| gl s 70 Jlex| ch..a ,» LSD Qy)‘] bl ol Gy o sl yls ‘5‘.&&;}‘7« O A S

In each column, means with different letters are statistically significant at the 5% probability level based
on the LSD test.
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