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Objective: This study aimed to investigate zinc-chelate and 24-epibresinolide foliar
application to compensate for reduced safflower seed yield (Goldasht cultivar) under
drought-stress conditions.

Methods: The experiment was conducted as a split-factorial within a randomized
complete block design, with three replications at the Seed and Plant Improvement
Institute (SPII) in Karaj, Iran, across two growing seasons (2022-2024). The treatments
included three levels of drought stress: at the flowering stage (11), seed-filling stage
(12), and a control with regular irrigation (13). Foliar applications of zinc were applied
using distilled water (Zn1), zinc chelate at 3x1000 (Zn2), and at 6x1000 concentrations
(Zn3). Additionally, 24-epibrassinolide was applied using distilled water (0 uM, B1)
and at concentrations of 0.5 uM (B2) and 1 pM (B3).

Results: Drought stress significantly reduced grain yield, the SPAD index, relative leaf
water content, and cell membrane stability, while increasing proline content, soluble
sugars, and the activities of catalase and peroxidase enzymes. The highest grain yield
was obtained under conventional irrigation (2466 kg/ha), whereas yields decreased to
1959 kg/ha during flowering and 2222 kg/ha during the seed-filling stage under
drought conditions. The application of 24-epibrassinolide at 1 pM and zinc chelate at
3%1000 concentrations enhanced leaf relative water content, SPAD index, proline and
soluble sugar content, cell membrane stability, and enzyme activities. Notably, the
highest SPAD index (63.09), relative water content (81.11%), proline content (6.43
mg/g wet weight), and soluble sugar content (90.77 mg/g FW), along with the lowest
electrolyte leakage, were observed with the combination of 24-epibrassinolide (1 pM)
and zinc chelate (3x1000). The highest grain yield of 2398 kg/ha was also recorded
under these treatment conditions, representing increases of 8% and 22% compared to
drought-stressed conditions at flowering and seed-filling stages, respectively.
Conclusion: Foliar applications of zinc chelate and 24-epibrassinolide effectively
mitigate the decline in safflower seed yield under drought stress. Specifically, the
application of 24-epibrassinolide at 1 uM and zinc chelate at 3x1000 concentrations
can help sustain yield in safflower. We recommend these treatments for safflower
cultivation in Pakdasht City and similar regions facing irregular rainfall and limited
precipitation, which can adversely affect safflower yield.
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