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Background and Objective: Oil is one of the essential food resources
required by humans, and more than 90% of the demand is met through
imports. Sunflower is the most important oilseed crops that can be
cultivated twice a year in Khuzestan. Drought stress is one of the most
important abiotic stresses that reduces the genetic potential of crops,
resulting in reduced yield. In recent years, it has become one of the main
obstacles to agricultural development, especially in arid regions of the
world. This study aimed to to investigate the effects of foliar application of
two hormones, cytokinin and salicylic acid, on morphological traits and the
quantitative and qualitative yield of sunflower under drought stress.

Materials and Methods: The experiment was conducted as a split-plot
arrangement within a randomized complete block design with three
replications at Shahid Chamran University of Ahvaz, during the 2021-2022
growing season. Main plots consisted of three levels of irrigation intervals
(8, 12, and 16 days), and and sub-plots consisted of five levels of hormone
treatments (control, cytokinin at 25 and 50 pmol L™ and salicylic acid at
200 and 400 mmol L™).

Results: The interaction between irrigation interval and hormone levels
was significant for all measured traits. The photosynthesis rate, stomatal
conductance, leaf area index, chlorophyll index, and relative water content
decreased as the irrigation interval increased from 8 to 12 and 16 days,
while the activity of antioxidant enzymes (catalase, peroxidase, and
superoxide dismutase) increased. Seed and oil yields decreased as the
irrigation interval increased. Foliar application of cytokinin and salicylic
acid under the 16-day irrigation interval improved seed and oil yield. Seed
yield increased by 69%, 72%, 37%, and 64% with cytokinin at 25 and 50
uM L™ and salicylic acid at 200 and 400 mM L™, respectively. Cytokinin
at 50 uM L™ increased seed yield by 33%, 16.5%, and 72% and oil yield
by 33.5%, 19.5%, and 50% under irrigation intervals of 8, 12, and 16 days,
respectively.
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Conclusion: Overall, the results of this experiment showed that, seed and
oil yields decrease due to reductions in leaf area index, relative water
content, stomatal conductance, photosynthetic rate, and chlorophyll content
under drought stress. Reactive oxygen species (ROS) increased with longer
irrigation intervals, leading to higher activity of antioxidant enzymes
such as catalase, peroxidase, and superoxide dismutase. Foliar application
of cytokinin and salicylic acid enhanced seed and oil yields across
all irrigation intervals. Cytokinin at 50 umol L™ resulted in the most
pronounced improvement. However, increasing cytokinin from 25 to 50
umol L™ under the 16-day irrigation interval reduced both oil percentage
and seed vyield, indicating that higher doses may not always be
advantageous. Given the higher cost of cytokinin compared to salicylic
acid, salicylic acid may recommended for farmers facing water deficits,
especially when extending the irrigation interval from 8 to 12 days.
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Table 1. The physical and chemical properties of the soil in the experimental field.

S Ges S el 4 den| S sl O35, S V"““L”
Soil depth (cm) ~ EC (ds. m™")  pH (122) Texture Soil N (%) P(mgkg') K (mg kg
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Table 2. Mean squares of cytokinin and salicylic acid application on physiological, biochemical traits and
seed yield of sunflower under drought stress.

J-“‘:‘ 5’:’” “/—"a}l"' deo S sl i, Solds o 58 8 A}Ji CHJEA
S p ol S gl Chlorophyll Stomatal Photosynthesis s3b! SOV
RWC LAI index conductance rate df e
| &
20.20™ 0.13™ 227" 27.09%* 55.75% 2 o
Rep
Ll
1313.7%* 12.3%* 114.14%* 14390.4%* 11453%* 2 G0
Deficit intervals (II)
| gl
21.258 0.097 0.637 39.41 92 4 Sl
Ea
238.77%* 1.182%+ 17.36%* 984.15% 1001.89%* 4 e
Hormone (H)
g Ll
82.56%* 037+ 0.642%% 473.03%* 122.85%* 8 OPISA X SO
I xH
5 glas
14.7 0.0267 0.251 240.77 537 24 Fre
Eb
(-LP ) Dl xS o
6.1 8.52 2.37 9.89 3.4 it a
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Oil yield Seed yield POD activity : S.0.V
CAT activity SOD activity df
ns ns ns )‘Js
2520%* 0.024* 0.0000016 0.0000038 2955 2
Rep
sk sk sk sk sk 69‘“‘1 032
320491 3.46 0.0000106 0.00012 64122 2
Deficit intervals (II)
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142 0.0027 0.0000013 0.000002 1405.87 4 Sl
Ea
28695.6%* 0.443%* 0.0000022%*%* 0.0000092** 19592.5%%* 4 e
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: LT
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IIxH
5 sl
131.81 0.0019 0.0000018 0.0000059 926.04 24 Fre
Eb
) L] JUOP S RETY-
3.51 22 12.61 10.09 7.6 (hos) Skl e b
C.V. (%)
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* #% and ™ indicate significance at the 5% and 1% probability levels, and non-significance, respectively
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Table 3. Mean comparison of the effects of foliar application of cytokinin and salicylic acid on physiological,

biochemical traits and seed yield of sunflower under drought stress.

L s , , b sles
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ool Sy o Jes s Photosynthesis Stomatal Treatments -
RWC I;AI Chlorophyll rate_2 ; conducfgm_c]e sy ks olel s
(%) index (pmol.m™s7) (mm m™.s7) Hormonal treatment  Irrigation intervals
64.58°° 2.2 259 72.53° 112.66% 0 (Control)
66.576™ 2.43¢ 29.2° 50.47"¢ 115.33° 200uM Salicylic acid
o) A
70.05% 32° 34.3° 70.13° 121.33° 400 pM Salicylic acid 22
8 Da
71.43° 2.736° 29.5° 56.21% 117.66™ 25 uM Kinetin Y
91.663" 4 43.2° 82.77" 131.33° 50 pM kKinetin
58.086"" 1.66% 18.68%" 2132 68.44¢ 0 (Control)
59.38¢" 1.53%1 20.26" 24,89 71.33¢ 200uM Salicylic acid
o) \'Y
62.43%¢ 1.76% 27° 30.92°F 91.33° 400 pM Salicylic acid 23
‘ 12 Da
61.03%" 1.6% 20.8F 29.16%" 79.55" 25 uM Kinetin Y
63.79°" 196" 29.8% 38.34°° 109.66° 50 uM kKinetin
48.97 0.76" 10.' 9.44" 43.02* 0 (Control)
53.593 1.1 12.8* 9.9 57.16 200uM Salicylic acid
i i i i o) 1
57.04% 1.31 15.2" 14.68% 62.33" 400 pM Salicylic acid 23
) . . . 16 Da
55.086™ 1.1 13.6" 12.99¢ 60.2411 25 uM Kinetin Y
57.313% 1.4" 16.3" 1533 66.33%" 50 uM kKinetin
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Table 4. Correlation coefficients between physiological, biochemical traits and seed yield of sunflower under
drought stress conditions.

10 9 8 7 6 5 4 3 2 1 i Traits Row
1 sl olua Se 1
1 0.83%* Fos 55 s Pr 2
1 0.84%%  0.9]1** Js A5 el Ci 3
1 096%*  0.87%F 090  Spphw axlLAT 4
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MJ)@)NS{JW\CE.‘_):)\QL;'M%J;A..vii»:)m&g‘ébf'uj}n

S

* *#* and ™ indicate significance at the 5% and 1% probability levels, and non-significance, respectively

*SC: Stomatal conductance, PR: Photosynthesis rate, CI: Chlorophyll index, SY: Seed yield, OY: Oil yield
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