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Abstract

Late planting dates, due to the induction of cold stress, represent one of the most critical limiting
factors for wheat production in cold and temperate regions, causing significant yield losses by
disrupting physiological and nutritional processes. The use of seed pre-treatment with bio- and
chemical stimulants has emerged as a promising strategy to mitigate the effects of this stress. This
study aimed to evaluate the effects of planting date and various pre-treatment treatments on leaf
nutrient concentrations, physiological indices, and grain yield of the Simin wheat cultivar. A factorial
experiment was conducted within a randomized complete block design with three replications during
the 2024-2025 growing season at the Urmia Agricultural Research Center. The first factor consisted
of two planting dates (October 22 and December 22), and the second factor comprised seven pre-
treatment treatments (control, salicylic acid, gibberellic acid, GABA, potassium nitrate, zinc sulfate,
and melatonin). Measured traits included leaf nutrient concentrations, membrane stability index,
calcium nutritional index, stress index, nutrient use efficiency, grain filling rate, and grain yield.
Results showed that the second planting date reduced magnesium, calcium, and iron concentrations by
28%, 27%, and 19%, respectively. Furthermore, the interaction of planting date and seed pre-treatment
with melatonin increased grain yield by 37% on the first planting date and 42% on the second planting
date. Melatonin, GABA, and potassium nitrate treatments were significantly superior in improving
physiological indices compared to other treatments. Overall, the first planting date combined with seed
pre-treatment using melatonin, GABA, or potassium nitrate is recommended as the optimal
management strategy to improve nutritional status, enhance cold tolerance, and achieve optimal yield
of the Simin wheat cultivar under conditions similar to the study region. The choice of pre-treatment
should be based on planting date and management objectives (improving nutrition or increasing stress
tolerance).
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Introduction

Delayed sowing date is a major limiting factor for wheat production in cold and cold semi-arid regions,
causing significant yield loss by disrupting physiological and nutritional processes. Cold stress, particularly
during early growth stages, impairs root activity, reduces nutrient uptake and translocation, damages
membrane integrity, and limits photosynthetic efficiency. In Iran, where large areas of wheat fields are
located in cold semi-arid zones, autumn and early winter frosts annually cause substantial economic damage.
Seed priming with biological and chemical stimulants is a pre-treatment approach to mitigate these adverse
effects by enhancing germination, improving seedling vigor, and activating stress-responsive mechanisms.
This study aimed to evaluate the impact of sowing date (optimal vs. delayed) and different seed pre-
treatments on leaf nutrient concentration (magnesium, calcium, iron, zinc, potassium), physiological indices
(membrane stability index, calcium nutrition index, stress index, element use efficiency, grain filling rate),
and grain yield of Simin wheat, a cold-adapted bread wheat cultivar widely grown in Iran.

Materials and Methods

A factorial experiment was conducted based on a randomized complete block design with three replications
during the 2024-2025 growing season at the Urmia Agricultural Research Center, West Azerbaijan Province,
Iran (latitude 37°44° N, longitude 45°02° E, altitude 1352 m). The region has a cold semi-arid climate with
average annual rainfall of 390 mm and a mean temperature of 11.3°C. Factors included two sowing dates
(November 1 as optimal sowing, and December 1 as delayed sowing to induce cold stress) and seven seed
pre-treatments: control (dry seed), salicylic acid (1 mM), gibberellic acid (1500 uM), GABA (10 mM),
potassium nitrate (200 mM), zinc sulfate (50 mM), and melatonin (100 uM). Seeds were soaked in priming
solutions for 15 hours, air-dried for 48 hours, and then sown by drill using a broadcast method at a density of
500 seeds m2. Standard agronomic practices, including four spring irrigations, were applied. Measured traits
included leaf concentrations of Mg, Ca, Fe, Zn, and K; total leaf element concentration; membrane stability
index (MSI); calcium nutrition index (NIC); stress index (SI); element use efficiency (EUE); grain filling
rate (GFR); and grain yield (GY). Data were analyzed using SAS software (version 9.1), and means were
compared using Tukey’s HSD test at p < 0.05.

Results and Discussion

Results indicated that the interaction between sowing date and seed pre-treatments was significant (p < 0.01)
for leaf nutrient concentration, nutrient use efficiency, and grain filling rate. Delayed sowing (December 1)
significantly reduced leaf concentrations of magnesium, calcium, and iron by 28%, 27%, and 19%,
respectively, compared to optimal sowing (November 1). This reduction is primarily attributed to impaired
root function, reduced transpiration-driven nutrient transport, and decreased metabolic activity under cold
stress conditions experienced by late-sown plants during early growth stages. Furthermore, delayed sowing
decreased the membrane stability index by approximately 9.5%, indicating greater electrolyte leakage and
membrane damage.

Regarding seed pre-treatments, GABA, melatonin, and potassium nitrate were consistently superior in
improving physiological indicators. Specifically, GABA increased leaf Mg by 30%, while melatonin and
KNO:s raised leaf Ca by 30% and 29%, respectively, compared to the control. All priming treatments
significantly enhanced leaf Fe concentration, with GABA, salicylic acid, and melatonin showing up to 31%
improvement. The interaction between sowing date and priming was significant for leaf Zn and K. Under
optimal sowing, KNOs increased leaf Zn by 81%, whereas under delayed sowing, GABA was most effective
(60% increase). For leaf K, KNOs (53% increase) and melatonin (26%) performed best in the first sowing
date, while GABA (42%) and melatonin (33%) excelled under late sowing.

Compared to the unprimed control within each sowing date, melatonin increased grain yield by 37% in the
first planting date and 42% in the second planting date compared to the unprimed control. GABA and KNO:s
also significantly enhanced grain yield, particularly under optimal and late sowing conditions, respectively.
Melatonin consistently improved the calcium nutrition index (NIC), grain filling rate, and stress index (SI),
highlighting its role as a broad-spectrum stress protectant. In general, early sowing combined with seed pre-
treatment using melatonin, GABA, or potassium nitrate is recommended as the best management strategy to
improve nutritional status, enhance cold tolerance, and achieve optimal yield in Simin wheat under similar
regional conditions. The superior performance of melatonin is attributed to its dual role as a direct
antioxidant and a signaling molecule that regulates stress-responsive genes, stabilizes membranes, and
improves nutrient redistribution. GABA’s effectiveness is linked to its role in reducing oxidative stress,
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maintaining osmotic balance, and protecting photosynthetic pigments. Potassium nitrate likely acts through
nutritional and osmotic regulation, improving K*/Na* homeostasis and activating antioxidant enzymes.

The choice of seed pre-treatments should be aligned with the sowing date and management objectives
(nutrition improvement vs. stress tolerance enhancement). For instance, KNOs is more suitable under near-
optimal conditions to boost nutrient content, while GABA and melatonin are preferable under cold stress
conditions to enhance physiological resilience and yield stability.

Conclusion

Early sowing combined with seed pre-treatment using melatonin, GABA, or potassium nitrate is
recommended as the optimal management strategy to improve nutritional status, enhance cold tolerance, and
achieve maximum yield in Simin wheat under similar regional conditions.
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Table 2- Analysis of variance (mean square) of the effect of different priming treatments on different wheat traits under different
planting dates

S.0.V df Mg Ca

Zn

Fe K Leaf Element

Concentration
Block 2 550177 46539™  0.00021™ 0014  657.55" 1520.14°
Planting 1 242.16" 1413.69™ 0.0427 0.74™ 40064.33" 64713.04™
date(D)
Pre”‘fg;mem 6 3698" 415.05" 0.048 0.13% 8626.59™ 12717.44™
DxP 6 8.34m 8.87m 0054  0.018™  7025.04™ 7074.60™
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Error 26 3.87 31.78 0.00046 0.011 88.59 148.60

CV (%) - 13.20 15.26 12.06 8.32 4.45 4.61

MJJ&i‘SJLT‘SLB-JL&‘CE*MJJJ‘J&jJ‘J‘SL&AJ:.P%;4—1:**j ns
ns and **: non-significant and significant at the level of one percent statistical probability, respectively
w\fqhﬁuéu@)tgaaﬂ;fgd:»c;wﬁ)&gdwdu)wug;\(c;bg,a;nisl:ﬁ)wé\wl)qka—v Jgd aals!

Table 2 continued- Analysis of variance (mean square) of the effect of different priming treatments on different wheat traits under
different planting dates

Membrane Nutritional Element Seed CatoM Stress Index
S.0.V df Stability Index of Use Filling Seed Yield Ratio J df MS
Index Calcium Efficiency Rate
Block 2 48.117" 3191.66™ 0.0015™ 0.0076™ 1924402.38" 0.86™ 2 0.145™
Planting 1 285.11" 378.18™ 0.40™ 0.99™ 28942515.66™  0.00053™ - .
date(D)

Pretrfg;mem 6 21371 4373.36™ 0.39™ 0.012" 4875196.21™ 0.507™ 6 0.337"
DxP 6 20.79™ 93.51™ 037" 0.015™ 1168070.66" 0.319™ . .
Error 26 9.20 220.11 0.00060 0.0034 395680.59 0.456 12 0.041

CV (%) y 5.84 12.63 14.51 5.05 17.72 26.61 . 25.92

M)adiijc;;L;)LJGU”'-JL»:,\cb.«)z)bs;-w,)\:dwﬂb%;q:**3*‘ns

ns, * and **: non-significant and significant at the level of five and one percent statistical probability, respectively
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Table 3- Mean comparison of the simple effects of planting date on different wheat traits in the field

Membrane Stability

. Mg Ca F
Planting date (mg g ash) (mg g ash) (mg g ash) Ir(l(i)e)x
First planting date
(1 November) 1731 a 42.74 a 144 a 54.54 a
Second planting date 12.51b 31.13b 1.17b 4933 b

(1 December)

ol 53 8 o 53 (S5 a5 el s s sime 30t 86 hites &S e O S5 (Dl Bl 05 a3 o 5ol

450 33 p Ciliiee Slios 1 5y Calises slasless i o3l Ol 31 (5o dglin =F J 5t

Table 4- Mean comparison of the simple effects of different pretreatments on different wheat traits in the field

Nutritional Index of Membrane Stability
Priming M_% C? l?, Calcium Index Stress Index
(mgg'ash)  (mgg ash) (mg g™ ash) (%) %)

Control 11.93 ¢ 31.62 be 0.99b 100.00 b 41.66 d 0.37 be
Salicylic acid 15.74 ab 41.18 ab 140 a 132.11a 46.84 cd 0.033 ¢
Gibberellic acid 13.14 be 32.61 be 1.34a 103.09b 54.36 ab 0.77 ab
GABA 17.64 a 41.36 ab 143 a 13091 a 57.51a 0.82 ab
Potassium nitrate 16.96 a 44.18 a 1.29a 140.43 a 5733 a 0.76 ab
Zinc sulfate 12.00 ¢ 2243 ¢ 1.30a 70.55a 50.26 be 0.84 ab
Melatonin 16.96 a 45.16 a 1.39a 144.63 a 55.58 ab 1.006 a

A /00 Jlazl o 5> (S5 05031 bl 6l sme (5T CDst| &S e 5 5 Jilit L (6la o S0be 0 52 o )3
In each column, means with at least one common letter do not any statistical difference based on Tukey test at 0.05 probability level.
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Table 5- Mean comparison of the interaction effects of different planting dates and different priming treatments on different wheat

traits in the field

Planting date x Pretreatment (mg ?11 ash) (mg ; ash) S(e]fg }E?;d
Control 0.118 de 177.80 de 3248.33 cde
Salicylic acid 0.144 cde 223.10 be 3638.33 bed
First planting Gibberellic acid 0.186 ¢ 213.20 be 4908.33 a
date GABA 0.173 cd 222.56 be 4935.00 a
(1 November) Potassium nitrate 0.607 a 379.96 a 4256.66 abe
Zinc sulfate 0.116 de 235.63 b 4550.00 ab
Melatonin 0.129 cde 24146 b 5111.66 a
Second planting ~ Control 0.104 ¢ 138.32 f 2168.33 ¢
date Salicylic acid 0.134 cde 182.31 de 163.25f
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(1 December) Gibberellic acid 0.
GABA 0
Potassium nitrate 0.
Zinc sulfate 0.
Melatonin 0.

173 cd 162.30 ef 2986.66 de
263 b 238.46 b 3176.66 cde
120 de 176.19 de 3385.00 cde
115 de 158.99 ef 3386.66 bed
117 de 204.74 cd 3760.00 bed

Al /00 JL;::-‘CE.-/): S5 Q}U’wal,:‘s)l:d:u‘5JDTJ3L:5-15J;LAQJ>¢§.:JBle&L&ﬁLfQP,&)A
In each column, means with at least one common letter do not any statistical difference based on Tukey test at 0.05 probability level.
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Table 5 continued- Mean comparison of the interaction effects of different planting dates and different pretreatments on different
wheat traits in the field

Leaf Element Element Use Efficiency e
Planting date x Priming Concentration (g of seed per mg of Seed Filling Rate

(mg g ash) element) (mg per seed per day)
Control 227.52 de 0.073 b 1.403 a
Salicylic acid 290.76 be 0.086 b 1.316 ab
Gibberellic acid 269.75 ¢ 0.056 b 1.326 ab
First planting date GABA 293.13 be 0.056 b 1.316 ab
Potassium nitrate 451.87 a 0.110b 1.310 ab
Zinc sulfate 279.48 be 0.060 b 1.253 ab
Melatonin 313.16 b 0.060 b 1.306 ab
Control 177.92 f 0.083 b 0973 ¢
Salicylic acid 231.59 de 141 a 1.200 b
Gibberellic acid 200.33 ef 0.070 b 0.953 ¢
Second planting date GABA 289.21 be 0.093 b 0.980 ¢
Potassium nitrate 229.89 de 0.070 b 0.963 ¢
Zinc sulfate 186.87 f 0.063 b 1.013 ¢
Melatonin 260.33 cd 0.073 b 0993 ¢

1 /00 ezl o 3 (S5 05n5T el (513 e T Bt &5 e U m 0S5 Bt b (5 S0Ln 0550 2 5

In each column, means with at least one common letter do not any statistical difference based on Tukey test at 0.05 probability level.
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