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Extended abstract

Introduction

Drought is one of the most significant abiotic stresses that negatively affects agricultural productivity
worldwide. More than 60% of global agricultural production is directly or indirectly impacted by drought
stress. Water deficiency during any stage of plant growth, especially during critical periods such as
flowering or seed filling, can result in substantial and often irreversible yield losses. The severity of
drought's impact varies depending on the plant species and cultivar, ranging from high sensitivity to
moderate or high levels of tolerance. In this context, adopting strategies that can enhance drought
tolerance in crops is of paramount importance. Among such strategies, foliar application of essential
nutrients—including iron (Fe), urea, and amino acids—can play a critical role by improving nutrient use
efficiency and enhancing plant stress tolerance. Foliar feeding, due to its rapid absorption compared to
soil-based nutrient application, is particularly important under water-deficit conditions. Urea, owing to
its small molecular size, non-ionic nature, and high solubility, is readily absorbed through the leaf
surface and plays a significant role in plant metabolism and growth. Iron is a vital micronutrient
involved in key physiological processes, especially chlorophyll synthesis and photosynthesis. Its
deficiency, particularly in calcareous soils, can cause chlorosis and decreased productivity. Foliar
application of iron in the form of iron chelate (Fe-EDTA) is a widely used method to correct iron
deficiencies in field crops. Moreover, amino acids are increasingly recognized as biostimulants that
enhance plant physiological functions, improve growth parameters, and increase tolerance to
environmental stresses such as drought. They contribute to improved antioxidant activity, membrane
stability, and nutrient uptake, which are essential during stress conditions. Safflower (Carthamus
tinctorius L.) is an annual oilseed crop that has gained attention due to its wide adaptability and multi-
purpose use in the food, pharmaceutical, dye, and oil industries. Owing to its deep root system and
moderate drought tolerance, safflower is a suitable candidate for evaluating the effectiveness of foliar
nutrient applications under water-deficit conditions.

Materials and methods

This experiment was carried out as a split-plot design based on randomized complete blocks in the
research farm of the Faculty of Agriculture of Tarbiat Modares University, during the 2022-23 growing
season. The treatments were include three levels of irrigation regimes [no interruption of irrigation (full
irrigation), withholding irrigation from the flowering stage, withholding irrigation from the seed filling
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stage] in the main plots and nine levels of Foliar spraying (no foliar spraying, distilled water, iron chelate
6% (Fe), urea 1% (U), amino acids 1 g.lit* (AA), Fe+U, Fe+AA, U+AA, Fe+U+AA) were placed in sub-
plots. Analysis of variance (ANOVA) and also mean comparisons were accomplished using the general
linear model (GLM) procedure. LSD procedure at a probability level of 0.05 was used to determine
statistically significant differences among treatment means.

Results and discussion

The results showed that the highest oil content with 15.92% was obtained from Fe foliar application in
the condition of withholding irrigation from the seed filling stage. Also, the interaction of foliar
application and irrigation regimes had a significant effect on safflower seed yield, and foliar application
of Fe+AA+U increased safflower yield. The highest amount of oil yield was produced from the Fe+AA+U
in the condition of withholding irrigation from the seed-filling stage with 359.08 kg.ha*. The highest
amount of seed yield in the condition of full irrigation was obtained from the AA+U with 2333.33 kg.ha-

1

Conclusion

The results of this study highlight the positive impact of foliar application of iron chelate, urea, and
amino acids—particularly when applied in combination—on the growth, seed yield, and oil content of
safflower under both normal and drought-stressed conditions. The combined foliar treatment of iron,
urea, and amino acids (Fe+U+AA) proved to be the most effective in enhancing oil yield and overall crop
performance, especially under irrigation withholding from the seed filling stage. Additionally, the amino
acids and urea combination (AA+U) performed best under full irrigation, suggesting a role in promoting
productivity even in the absence of stress. These findings support the use of targeted foliar nutrition as
an efficient strategy to mitigate the adverse effects of water stress in safflower cultivation. The synergistic
effect of micronutrients and biostimulants can not only improve plant tolerance to drought but also
sustain economic yield levels under limited water availability. Therefore, it is recommended that
safflower farmers, particularly in semi-arid and arid regions, consider integrating foliar application of
iron, urea, and amino acids into their agronomic practices. Moreover, moderate irrigation management,
such as withholding water from the flowering stage along with foliar feeding, may optimize resource use
and yield outcomes in water-limited environments.
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Table 1. Physical and chemical properties of the soil experimental location
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Table 2. Variance analysis of safflower dry weights under the influence of foliar spraying and irrigation
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Fig. 1. The interaction of irrigation regimes and foliar spraying on heat dry weight (Means followed by the same letter
within a column are not significantly different. sliced has been done based on the levels of irrigation regimes.)
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Fig. 2. The interaction of irrigation regimes and foliar spraying on oil content (Means followed by the same
letter within a column are not significantly different. sliced has been done based on the levels of irrigation

regimes.)
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Table 3. Variance analysis of safflower oil content, and oil, and seed yields under the influence

of foliar spraying and irrigation regimes

PESS Mean Squares Ol po (il

@B gy ey gy oSdes ail o Slas
S.0.V ot bo  gf  Oil content Oil yield Seed yield
Block Ssb 2 0.20" 701" 11089"
Irrigation regim (1) Sl miy 2 11.49™ 324387 15153641
Error a agbs 4 0.23 5848 360332
Foliar spraying (F) sl 8 0.79™ 6196** 361030™
I*F I*F 16 3.25™ 5344™ 199463
Error b b gls 48 0.18 1491 77787
CV (%) (%) Ol ypuadd g o - 3.05 17.60 17.97

A Jl.o..?‘ éja.w 5 )L>L_;Z.ua Eyles P )10‘5;.»: Eyles pae ‘NS

ns: no significant, **: significant at 1% probability
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Fig. 3. The interaction of irrigation regimes and foliar spraying on oil yield (Means followed by the same letter
within a column are not significantly different. sliced has been done based on the levels of irrigation regimes).
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Fig. 4. The interaction of irrigation regimes and foliar spraying on seed yield (Means followed by the same
letter within a column are not significantly different. sliced has been done based on the levels of irrigation

regimes.)
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Table 4. Variance analysis of photosynthetic pigments and
irrigation regimes
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proline under the influence of foliar application and
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CV (%)
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Table 5. The interaction of irrigation regimes and foliar spraying on anthocyanin, proline, and chlorophyll b

Irrigation regimes . ] il ey b Judg s
. : Fol ) s _ 292, "
ol b iy onar spraying bJel=e  Anthocyanin Proline Chlorophyll b
-------- pmol.gF.W. ™t -mmee- mg.g™ F.W.
No foliar spraying ol Jolxe gy 0.065 213.42 0.037¢
- - . UT a C g
Withholding D|st.|IIed vyater shio ! 0.137d 1741 0.033h
irrigation from Amino aCIdSZ AA AA L“"""“‘"S"""“‘ 0.091 135.39 0.028
the flowering  |ron chelate: Fe Fe ool o 0.106°¢ 158.44 0.044°
[ uE L Urearu Uty 0.1322 196.5° 0.039¢
el ebd e AA+Fe 0.121b 211.98 0.041¢
P a>0  AAHU AA+U 0.078¢ 214.42 0.032¢
Fe+U Fe+U 0.067f 203.2° 0.053?
AA+Fe+U AA+Fe+U 0.111¢ 178.7¢ 0.034f
P-value w* ol ol
No foliar spraying b ko g 0.105P¢ 16.8b 0.030¢%
o i T b f f
Withholding DISt-Illed v_vater shio ¢ ! 0.108 d 6.4f 0.027
irrigation from  Amino acids: AA AA sl gl 0.101° 6.9 0.026¢
the seed filling  |ron chelate: Fe Fe :ool ets 0.1292 15.9¢ 0.032¢
L uEe L Urearu Uiyl 0099 4.18 0.040°
Feeled®  faipe AA+Fe 0.089¢ 27.73 0.031¢
Al gy al> 0 AA+U AA+U 0.104b¢ 11.44 0.030¢
Fe+U Fe+U 0.096¢ 11.7¢ 0.0279
AA+Fe+U AA+Fe+U 0.1352 9.7¢ 0.036°
P'Value ** ** **
No foliar spraying b Jedxe 9 0.1252 22.2° 0.0249
Distilled water hie of 0.078° 20.3¢ 0.027¢
Amino acids: AA AA ol gl 0.055¢ 20.6¢ 0.027¢
Full irrigation  Iron chelate: Fe Fe ool wdls 0.054¢ 21.9¢ 0.0362
JolS solel  Urea:U Uiyl 0.094° 13.2f 0.026'
AA+Fe AA+Fe 0.074¢ 30.02 0.034°
AA+U AA+U 0.090° 20.2¢ 0.029¢
Fe+U Fe+U 0.065¢ 15.8¢ 0.033°
AA+Fe+U AA+Fe+U 0.095° 28.1° 0.030¢
P'Value ** ** **

ol 00 ploxil g lal loges sy okaws (ol 1o (8O sl o sixe B pas 3| las oygiw o 50 S i By,

Means followed by the same letter within a column are not significantly different. sliced has been done based on the levels of

irrigation regimes
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Table 6. The main effect of irrigation regimes on
chlorophyll a and carotenoid

Sl a3, a Judg,ls digad I8
Irrigation regimes Chlorophyll a Carotenoids
-------- mg.gtF.W. b eemmeeeeeee
Al yo 31 (5 bl ol
2l . .
Withholding irrigation 0.144 0.097
from the flowering
stage
al> 5o 5 5)lul alad
ails RE Y
1 b b
Withholding irrigation 0.120 0.071
from the seed filling
stage
Sl g 0.068"

Full irrigation
Wl s cixe WS pae 5l Las (g 0 50 S e g >
Means followed by the same letter within a column are not
significantly different.
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