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Introduction

Sunflower (Helianthus annuus L.) is one of the most significant oilseed crops, valued for its high content of
unsaturated fatty acids, which contributes to the production of high-quality oil. Although this plant exhibits
relative adaptability to Iran's climatic conditions, it demonstrates moderate sensitivity to drought stress. Drought
stress poses a major challenge to crop production by directly affecting plant growth and yield. While sunflowers
can tolerate mild drought conditions, severe drought significantly disrupts their physiological responses.
Reduced regulation of transpiration and limited leaf expansion are key factors contributing to the plant's
vulnerability to severe drought. This stress condition results in excessive production of reactive oxygen species
(ROS), intensifying oxidative stress. Consequently, oxidative stress leads to chloroplast degradation, decreased
photosynthetic capacity, leaf shrinkage and thickening, reduced leaf area, and morphological alterations such as
impaired stomatal movement. Brassinolides, which belong to the class of plant steroid hormones, play a crucial
role in regulating plant growth and development, including cell division and elongation, organogenesis, delayed
leaf senescence, and enhanced resistance to environmental stress. By modulating plant responses to drought,
brassinolides can mitigate the adverse effects of oxidative stress and improve overall plant performance.

Materials and Methods

To investigate the effect of brassinolide under water deficit conditions on antioxidant enzyme activity and
certain agronomic traits of the sunflower cultivar Oscar, an experiment was conducted in a split-plot design
based on a randomized complete block design (RCBD) with three replications. The main factor consisted of
irrigation regimes at three levels (full irrigation at 100% field capacity, moderate drought at 75% field capacity,
and severe drought at 50% field capacity based on Class A pan evaporation). The sub-factor included
brassinolide foliar application at three concentrations (0 (distilled water), 0.1 and 0.5 mg L"). In this study, traits
such as relative water content (RWC) of leaves, antioxidant enzyme activities (catalase, peroxidase, and
superoxide dismutase), leaf area index (LAI), filled and unfilled capitulum weight, seed yield, and oil yield were
evaluated.

Results and Discussion

The results indicated that drought stress and brassinolide foliar application significantly affected the
morphophysiological indices and agronomic performance of sunflower. Severe stress led to a reduction in
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relative leaf water content (by 18.79%) and an increase in antioxidant enzyme activity. At this stress level, leaf
area index, grain yield, and oil yield decreased by 57.48%, 61.56%, and 70.01%, respectively, compared to full
irrigation. This reduction highlights disruptions in water uptake and retention as well as diminished grain-filling
capacity under drought conditions. On the other hand, the simple effect of foliar application of 0.5 mg/L
brassinolide increased catalase and peroxidase activities by 18.58% and 36.40%, respectively. This increase
highlights the role of brassinolide in alleviating oxidative stress and enhancing the plant’s physiological
condition. Furthermore, the highest leaf area index was recorded under full irrigation combined with a 0.5 mg/L
brassinolide foliar application. Under severe stress conditions, grain yield and oil yield at the highest level of
brassinolide application increased by 83.57% and 66.66%, respectively, compared to the treatment without foliar
application.

Conclusion

The findings of this study demonstrate that brassinolide foliar application, particularly under drought stress
conditions, can be an effective strategy for enhancing both the quantitative and qualitative performance of
sunflower. Brassinolide enhances antioxidant enzyme activities, mitigates the negative effects of oxidative stress,
and improves plant physiological traits, thereby preserving photosynthetic potential and promoting vegetative
and reproductive growth. Based on the results, foliar application of brassinolide at 0.5 mg L' yielded the most
significant improvements in leaf area index, seed yield, and oil yield, underscoring its effectiveness in
optimizing plant growth even under limited water availability. Therefore, the application of brassinolide under
optimal irrigation regimes, particularly during moderate to severe drought stress, is recommended as a viable
approach to enhancing sunflower productivity and sustainability.
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Table 3- Analysis of variance of the effect of irrigation and brassinolide for some physiological traits of sunflower
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ns, ** and *: indicate nonsignificant and significant at the 1 and 5 percent error probability levels, respectively.
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Figure 1- Mean comparison of the foliar application of brassinolide under irrigation regime levels for relative leaf water
content in sunflower
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At each irrigation regime level, at least one common letter indicates no statistical difference between the means at the 5% probability
level based on the LSD test and L.S. Means procedure.
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Table 4- Comparison of mean main effects of irrigation and brassinolide for catalase and peroxidase in sunflower
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)5 o b gl gixe M) ao > iy Ut i g (3 LSD 9051 (wliolyr ygi y 55 aliie Gy 3
* Similar letters in each column are not significantly different from each other based on the LSD test at the 5% error
probability level.
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Figure 2- Mean comparison of the foliar application of brassinolide under irrigation regime levels for superoxide dismutase
in sunflower

At each irrigation regime level, at least one common letter indicates no statistical difference between the means at the 5% probability
level based on the LSD test and L.S. Means procedure.
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Table 5- Analysis of variance of the effect of irrigation and brassinolide on agronomic characteristics sunflower
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ns, ** and *: indicate nonsignificant and significant at the 1 and 5 percent error probability levels, respectively.
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Figure 3- Mean comparison of the foliar application of brassinolide under irrigation regime levels for leaf area index in
sunflower
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At each irrigation regime level, at least one common letter indicates no statistical difference between the means at the 5% probability
level based on the LSD test and L.S. Means procedure.
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Table 6- Comparison of mean main effects of irrigation and brassinolide for seedless and seeded head weight in sunflower
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* Similar letters in each column are not significantly different from each other based on the LSD test at the 5% error probability level

Sl pEalS 9 848 (38 (I g b Jdoe Ml e (St
sobd Wl o il 3 Slas yals ail Ay 5l dls o ol 43 6lS
2103 palime i yobodny Ly g WadSje) (10 At 155 it
5 405 8l Ui g Lyt oSy o cslagasl il
g Jade alS ol s 5 g (i pials cel cyles
Arab ) hlKen g oy 33,8 o aily 5)Shas coled 40 g (g juwgid
Uy S5 1 e Lil3al b 8 6,8 3155 (et al., 2023

dala o Slac
x g)lal ai gy (iSemy o ol ot Guilyly s Jga
Ll gz iy 5, Sles gl o yd gy Jlein] o )d gl y
L asly 5, Slae yials oxmd g Lis ainloj] (slaodls (0 Jois)
Qb G ol A6 yebds bl oo (SWiS IS Zohaw (il
Gl L acslio jo aslhy 5 Slas (chopd SV/0F ialS b JolS
O bl o asly oy Sles als (¥ JS5) A ol jen Cogllas



FAY L ol Rolsl eg; g ails o yKos ¢ SiluwmST 5T (lop 35T Callad 3gags oo yKod g (oomold

G5l rge (St 5 5 Jlogs Ll 53 oS (Sslses
2ol ol gdiee 28y Jb 53 syl g Sl (2138 Blge a5
oo asly 0y Sloe yiols 8l d o )3 g Lo ydy gedgdidy deue &
3 =il Yzt Wsiwly 5ol cos ails 3 Slas l8l 23,5 o
SoSn SYL Slyie 5 J39)lS ofage (giwgid (IS,
Lol @l pl b swen (Chen et al., 2024) cuwl kg o Jslore
asly 5,Slee yil38l 55 (Hamed & Abdullah, 2022) 4ilue 4

03,8 ()15 Sdgiael 0,8 L 1) (ol Sebidl

Uil o3 YYD lieds oo, Kol ails 3 Slas «jio Lo VA
el
Msieoly lie Q1B L & 3908 aseio b (ke duylie
Oljee 9 a8l ials (Sis s Sl gl p)S e /06
e oyt ()bl oo S ya Bl dgi0 4l 5 Sles
2 A8 gl o9 Mgy waw (VL 4 bgje 3Shee
5 YOI OF/F Julidl czge (dlJslone pas jlogi b anylie
Lo B g VO N ev o)l ol > ails 5,Shas cauo)> AV/DY
]y e by bas Ly adgiwly By e (F JSC3) 13

G Foliar application 0 (Control) @ Foliar application 0.1 mg L™ & Foliar application 0.5 mg L™

3500 - a

YA
e

ab

100 % water requirement

75 % water requirement
Irrigation levels

Sl zolaw

50 % water requirement

1958l 55 ails 3,5os (6 (65l may baw 2 50 Mgl (b Joloxo (1Sl duus o —£ IS
Figure 4- Mean comparison of the foliar application of brassinolide under irrigation regime levels for seed yield in sunflower
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At each irrigation regime level, at least one common letter indicates no statistical difference between the means at the 5% probability
level based on the LSD test and L.S. Means procedure
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Figure 5- Mean comparison of the foliar application of brassinolide under irrigation regime levels for oil yield in sunflower
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