https://ijpb.ui.ac.ir/?lang=en

Journal of Plant Biological Sciences
E-ISSN: 3041-9603
Vol. 18, Issue 2, No. 68, 2026, pp. 63- 84
Received: 14/03/2026 Accepted: 12/09/2026
(Research Paper)

Antioxidant response of zinc-efficient and zinc-inefficient sunflower
(Helianthus annus L.) cultivars to zinc deficiency conditions

Zhila ShokrNial!, Mohsen Niazkhani "2/*1, Ali Reza Eivazi?, Mahdi MohseniAzar?

! Faculty of Agriculture, Afagh Higher Education Institute, Urmia, Iran.

% Seed and Plant Department of Agricultural Research and Natural Resources of West Azarbaijan
province, Agricultural Research, Education and Extension organization, (Areeo), Urmia, Iran.

3 Horticulture department, faculty of agriculture, Urmia University, Urmia, Iran.

Abstract

Zinc (Zn) deficiency is one of the most limiting nutritional constraints in agricultural soils worldwide,
including Iran, and can substantially reduce crop productivity. Sunflower is sensitive to soil Zn status, and
genetic variation among cultivars makes it suitable for investigating mechanisms associated with Zn efficiency,
including antioxidant responses. In this study, physiological and biochemical responses of Zn-efficient and
Zn-inefficient sunflower cultivars to Zn deficiency were investigated. The experiment was conducted as a
factorial experiment based on a completely randomized design (CRD) with three replications. The factors
included two Zn levels (Zn application and non-application) and four sunflower cultivars: Zn-efficient
(Diamantis and Suzuka) and Zn-inefficient (Shams and Master). Thirty days after planting, root and leaf
samples were collected, and hydrogen peroxide, malondialdehyde, total phenolic compounds, flavonoids, total
chlorophyll, and the activities of superoxide dismutase, catalase, guaiacol peroxidase, and ascorbate peroxidase
were determined. Zn deficiency significantly increased hydrogen peroxide and flavonoid contents. The
increase in hydrogen peroxide in the Zn-inefficient cultivar Shams was significantly greater than that in the
Zn-efficient cultivar Suzuka. Total chlorophyll markedly decreased under Zn deficiency, but this reduction
was less pronounced in Zn-efficient than in Zn-inefficient cultivars.

Analysis of variance showed that, except for guaiacol peroxidase, antioxidant enzymes exhibited no significant
cultivar X Zn interaction. Zn deficiency significantly increased catalase, guaiacol peroxidase, and ascorbate
peroxidase activities, while decreasing superoxide dismutase activity. Under Zn deficiency, guaiacol
peroxidase (approximately 388% increase), catalase (150% increase), ascorbate peroxidase (31% increase),
and superoxide dismutase (11.11% decrease) showed the greatest to lowest changes in activity, respectively.

Keywords: Antioxidant defense system, Hydrogen peroxide, Oxidative stress, guaiacol peroxidase, Reactive
oxygen species, Zn efficiency.
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Introduction

Zinc (Zn) deficiency is a widespread nutritional constraint in agricultural soils worldwide, including Iran,
particularly in calcareous and saline-alkaline soils with high pH, where Zn availability to plants is limited.
This limitation can adversely affect plant growth, photosynthesis, and productivity, highlighting the
importance of understanding genotypic variation in plant responses to Zn deficiency for improving crop
adaptation to Zn-limited conditions. Sunflower is a suitable crop for investigating such variation because
its growth and physiological processes are sensitive to Zn availability. Therefore, this study aimed to
investigate and compare the physiological and biochemical responses of Zn-efficient and Zn-inefficient
sunflower genotypes under Zn deficiency conditions, with the hypothesis that Zn-efficient genotypes
would exhibit greater physiological and biochemical adaptation to Zn deficiency than Zn-inefficient

genotypes.

Materials and Methods

The experiment was conducted as a factorial design in a completely randomized design (CRD) with three
replications in spring and summer 2023 in the greenhouse of the Research Center for Natural Resources
and Agriculture of West Azarbaijan Province. The first factor was two zinc levels — no Zn application
and application of Zn at 5 mg kg™ soil (elemental Zn), supplied as 21.94 mg ZnSO4 7H,O per kg soil
based on the nutrient solution composition — and the other factor was Zn-efficient (Diamantis and
Suzuka) and Zn-inefficient (Shams and Master) sunflower cultivars. The planting substrate was prepared
from the “Khaneh Arkh” River sand, sieved through a 2 mm sieve after preparation, and then washed five
times with tap water. Subsequently, it was rinsed with deionized water to remove soluble salts, air-dried,
and supplemented with the necessary nutrients for plant growth. It was then air-dried again. In addition
to the aforementioned nutrients, half of the treatments received Zn from (ZnSO4.7H20). Irrigation was
performed daily to field capacity. Thirty days after planting, root and leaf samples were collected.
Biochemical indices including hydrogen peroxide (H20:), malondialdehyde (MDA), total phenol,
flavonoid, total chlorophyll, and the activity of the enzymes catalase (CAT), superoxide dismutase (SOD),
guaiacol peroxidase (GPX), and ascorbate peroxidase (APX) were measured. The data were subjected to
analysis of variance (ANOVA) using SAS software version 9.1, based on the factorial model in a
completely randomized design. The effects of Zn level, cultivar, and their interaction were evaluated for
each measured trait. When significant differences were detected, treatment means were separated using

Duncan’s multiple range test (DMRT) at the 5% probability level (P < 0.05).

Results and Discussion

The results showed that zinc deficiency conditions increased the amount of hydrogen peroxide. This
increase was significantly higher in the Zn-inefficient cultivar Shams than in the Zn-efficient cultivar
Suzuka. The greater accumulation of hydrogen peroxide in Shams may indicate a higher oxidative burden
under Zn deficiency, as excessive H>O, accumulation can disrupt redox balance and cause oxidative

damage. No significant difference was observed between cultivars with different zinc efficiencies in the
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amount of phenol, either under sufficient zinc conditions or under zinc deficiency conditions. Zinc
deficiency significantly increased flavonoid levels; however, cultivars were not differentially affected by
zinc conditions. The contrasting responses of phenol and flavonoids suggest differential changes in
phenolic metabolism under Zn deficiency, with increased flavonoid accumulation potentially contributing
to ROS scavenging and stress adaptation. Total chlorophyll levels were severely reduced under zinc
deficiency conditions. However, this reduction was much lower in Zn-efficient cultivars than in Zn-
inefficient cultivars, suggesting a greater capacity of Zn-efficient cultivars to maintain chlorophyll
stability under Zn limitation.

Variance analysis of antioxidant enzyme activity results showed that, except for guaiacol peroxidase, there
was no interaction effect between cultivars and zinc conditions for any of the enzymes. Comparison of
means revealed that zinc deficiency significantly increased the activities of catalase, guaiacol peroxidase,
and ascorbate peroxidase, whereas superoxide dismutase activity significantly decreased under zinc-
deficient conditions. The increase in catalase, guaiacol peroxidase, and ascorbate peroxidase activities
may reflect activation of antioxidant defenses to enhance hydrogen peroxide detoxification under Zn
deficiency. Among the antioxidant enzymes, guaiacol peroxidase showed the greatest increase in activity
(approximately 388%), followed by catalase (150%) and ascorbate peroxidase (31%). In contrast,
superoxide dismutase activity decreased by 11.11% under zinc deficiency, which may be associated with

the dependence of Cu/Zn-Superoxide dismutase activity on adequate Zn availability.

Conclusion

These findings suggest that Zn-efficient cultivars can respond more effectively to oxidative stress caused
by zinc deficiency by utilizing a more effective antioxidant system. Therefore, the selection and
cultivation of Zn-efficient genotypes in Zn-deficient soils, particularly in arid and semi-arid regions of
Iran, along with the utilization of their genetic resources in advanced breeding programs, including genetic

engineering, can play a key role.
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Table 1- Physical and chemical properties of the sandy soil used in the current study

N P K Zn Fe TOC Silt Clay  Sand EC
pH
(mgkg) (%) (%) (ds.m™)
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Table 2- Composition of the nutrient solution used in the experiment
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Amount (ml kg™) Concentration (gr L) Ingredients
3) (48.407) / (30.242) K204 / KH2POs
(1 (93) / (147.016) / (20.5) NH4NO3 / CaClo.2H20 / MgSO4.7H20
) (7.5)/ (0.083) / (1.05) / (0.333) MnSO04.H20 / NazMoOs.2H20 /CuS04.5H20 / H3BO:
@) (41.66) Fe- EDTA
(1.67) (13.14) ZnS04.7H20
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Table 3- Analyse of variance of the biochemical factors and anti oxidant enzymes under different Zn conditions in Zn-efficient

and Zn-inefficient sunflower cultivars.

Mean Squares

df SOV
PRT FLV PHN MDA H202
7.04" 11575.1%* 27857.7* 0.00009"s 100.98** 1 Zn
4.15" 8685.4%* 8393.07" 0.00007"s 29.65%* 3 Cul
2.70" 79.74"s 4547.3ms 0.00037"s 16.63** 3 Zn % Cul
437 0.08 65722.9 0.0005 1.77 16 error
14.55 16.05 18.92 21.80 2.05 CV (%)
Mean Squares
df SOV
APX GPX SOD CAT CHL
0.055* 0.53** 0.033** 0.023* 3.13%* 1 Zn
0.009"s 0.25%* 0.020%* 0.010" 3.32%* 3 Cul
0.012ns 0.200%* 0.0018" 0.006" 0.157** 3 Zn % Cul
0.006 0.005 0.002 0.004 0.025 16 error
24.69 30.32 8.26 95.46 7.34 CV (%)
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Figure 1— Comparison of hydrogen peroxide (H202) content in Zn-efficient and Zn-inefficient sunflower cultivars under different
Zn conditions. Columns with the common letters are not significantly different at the 5% probability level (P<0.05).
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Figure 2— Comparison of the mean phenolic content in
sunflower cultivars under different Zn conditions. Columns
with the common letters are not significantly different at the 5%
probability level (P<0.05).
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Figure 4— Comparison of total chlorophyll content in Zn-efficient and Zn-inefficient sunflower cultivars under different Zn
conditions. Columns with the common letters are not significantly different at the 5% probability level (P<0.05).



VD piia 5 Coad glo 6ol padons Lo ¢ aLS 2 ple

\

Saleem ) s el bodar ale 3 gdoee 5l 5l 5 S
Sl i L @S s ol 5l (et al., 2022
S Sy 5l S LS e L=, el 5o Jubs S
3508 Ll 3 53 0T 5V gL Lol jan oS0 0 5 58

s> Pandey et al. (2012) w5l asly ol A5l 5,

G5 S alie L OUT Ll Gl n 5 (K53 5 g8
LS U=y o s ¢SS 5 (IPFD-99-13) 1,8~ 53,
FplS 69y 35S 4SS dlsls L5 (KPMR-500)
sloul LIS U-(5 55 G 933 &St o3l W 5 53 (6 5 ys
Fiy 2 L b Gl g -6y i g5 508
6353508 3 (AU T (Gl 5T p 10> clasilels
Slsome S2alS Pags ol corman ST e 2
331y sl ST a5 sla sl s Il g by IS
G55 93 Gl Sl 535 oy S5y 2 5meS ol
oMl 53 sl Sodalte &gl ¢l b Lols LS 1
33 il a2 3550 01 ST (51 Ol b5 JS
ool 1 e coddi 5 S o3l Sl L S
T 5 1630 4 S LOT (LT Las e o805 0 5 50
J23 5 oI A8 s Gl el s s e
e e 3 Sas pily B g ) ey U
35 (sla) 586 (i 55 & 5 s (55 05101 035 o8
Sl ia sl 53 b IS il b sl s ls 5 58
Bl (98 LTS o 0T

tS ol BT Sy 3T cudled

Y6 a9 3T

L SYB o 5T b (555 o 31 ke nglie
2ot S35 35S Lol s 55 T ol S s e

S35 Ll s 55 o 5T C b L B (sl e

Csn 550 5S4 Sl 0L Sl ey s
23 Sl pl Oud Ll IS Loy IS (6l goee SialS
sl gl g LS U o151 S LIS 55,5 !
Lim 55 1,5- (555 pl,) i Ul ediasOLis Wl 5 e
L L3 e sl oMby 5 &5 &S5 58 Conis
S35 Bl (S5 Cud g Ll 5 55 (6 5 g oK
S gl 8 Lo 53 oS Gl (65 8 pMHE e oSS
>3 Ses adam 5SSk 5 sl slanl b
b5 e 5T 5 Lapsy (SAJULS 5 ool
It g 55y i J gl dil:_ﬁ\rn.lé_ij_...:lﬁlz.a
ol s Shee 5 diy bl 5 o O Sl dis Consg o

Stanton et al., 2022; Saleem et ) 4as 4l 3 Jab S

a&.m.} WL"" ;)> J:éjjlf ‘Jif.b S J‘ .(al 2022

3l 5 85 i o e 5 e

Li et al., 2024b; Yong et ) 4ib of ,on ol:f S o 5

33 Jbs IS ol se pi ol oopl ol (al., 2024

Ol gy Ul 5i o0 (S35 25maS Comd HLS=(55, pL3)
2> 0T g ogil S b g Laas 5 gluil i
EAS TSl oy bosd ki A5 Lol i
(o 0t (6 S o5 Lo 5l 2y 55 i
L 5130 s dal 8 Ol iy Ol i 5 45l oy
o5l Ole ol biodalin gl .28 8 i 53 g = 5
Sl ol 5 Ol e 1 LUy 5 LS -5,
S S (535 a3 gdoe d s 53 LalT (S5
lgj) e 65 558 Ll 5 55 #5585 b LS
U U5 o S e i OT ity e a4

o3l ul 5 Sl gladul b Lis 53 olS 2 in LUy



v§ Ql)&.a,1:3)93&15/...‘_;));X.‘S‘bil,.:4;.ol;ﬁtﬂéb&u-d”,b\f—‘_guflé)\@l.x:...fldﬂd:;fl}

S S g AL LIS e sy b plagdie i
gos lagtuns Sl 55 ks O3St Jle
Cow 1y b 55 L0 gl ST sl ¢ SlinSTT 5T
e 53 Sl ses (Gupta etal., 2024) das 15 G
&);W\s NS RCAE P (ﬁ) 05500 ST,
OLadles odiasOlis Llg oo 69y 35meS Ll b s (O
S RIF L aglge s oS SIS ST sl
gy Jol slan 5T S YBES sl sslas)
3 ps3seSTn 3 Gas 45 ol olE SIS 5T
33 0581 5 ST 4 O5goies ST 420 b g 350
T 2l 5 058 Il Gk 8 gl (i

.(Mishra et al., 2023) 55 i& ssldnS|

2306 90w & S 33 guw (2, 3T
AeST g g o1 5T by (655 e 1 S0ln 4y lie
35008 Loyl 5 53 5T Sl das oo OLES U sa >
SRS Gl g ysba S (gs) Ll i (0,
2 5T sl eds o s (A7 JS8) 5 S Iy
8 g 505508 pdels /Y IS g5y bl s
4 Gde 3 WY ZalS L 6oy 3 5mS Ll i 55 ldas

o) 505308 ey /0P

Ho
Ho

\—m‘

U/g.FW

Diamantis  Suzuka Shams Master

céfﬁdjjcfﬁd_*ééjﬁ(:)fj‘}g:; u/.f Lfét_{
VO &‘f\l{)‘@d‘dﬁ);ﬁ%lﬁ)bASL;\’_)-‘
Ay 505308 2 4ids 53085580 /) wisds s

O )

0.1 1
0.08 A

0.06 A1

H o

(ng/min)/g. FW)

0.04

0.02 1

Zn deficiency

Ll 53 01 ST 2ol 3BT b ol aglia -0 IS

Zn adequate

T 5l s alie oy glols oS a0 s . oslite (595
5,16 (P<0.05) wp s 0 cl:.u 03 Gols e D

Figure 5— Comparison of the mean Catalase activity in
sunflower cultivars under different Zn conditions. Columns

with the common letters are not significantly different at the 5%
probability level (P<0.05).
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Figure 6— Comparison of mean Superoxide dismutase activity under different Zn conditions (A) and among sunflower cultivars (B).
Columns with the common letters are not significantly different at the 5% probability level (P<0.05).
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Figure 7— Comparison of Guaiacol peroxidase activity in Zn-efficient and Zn-inefficient sunflower cultivars under different Zn
conditions. Columns with the common letters are not significantly different at the 5% probability level (P<0.05).
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