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Obijective: This research was conducted to investigate the effects of sowing date and
different seed priming treatments on morpho-physiological traits and grain yield of Simin
wheat cultivar under late spring cold stress conditions in West Azerbaijan province.
Methods: The experiment was carried out as a factorial arrangement in a randomized
complete block design with three replications during the 2024-2025 growing season. The
first factor included two sowing dates (November 21 and December 22), and the second
factor consisted of seed priming treatments (control, salicylic acid, gibberellic acid,
GABA, potassium nitrate, zinc sulfate, and melatonin). Various traits, including growth
indices, yield and its components, plant tolerance index, and stem quality index were
measured. Data analysis was performed using SAS software.

Results: The first sowing date (November 21) showed significant superiority across all
traits and led to a 38% increase in grain yield compared to the second sowing date. Among
priming treatments, melatonin was identified as the most effective with 37% and 42%
increases in grain yield on the first and second sowing dates, respectively. In contrast,
salicylic acid treatment on the second sowing date caused 92% reduction in grain yield
ratio and 75% reduction in biomass production efficiency. Significant interaction
between sowing date and priming indicated that the efficiency of treatments was highly
dependent on environmental conditions.

Conclusion: Optimal sowing date (November 21) along with the application of priming
treatments such as melatonin and gibberellic acid can be recommended as an effective
strategy for improving grain yield and late spring cold stress tolerance in wheat.
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Introduction

Wheat production in temperate and cold regions is severely threatened by late spring cold stress,
which causes sudden temperature drops during critical growth stages. This stress disrupts
cellular membranes, triggers the accumulation of reactive oxygen species, and leads to lipid
peroxidation, protein denaturation, and DNA damage. These molecular disturbances ultimately
reduce photosynthetic efficiency, impair nutrient uptake, stunt growth, and cause significant
yield losses, endangering food security in wheat-dependent areas. To address these challenges,
integrated management strategies are essential for mitigating damage while sustaining
productivity.

Optimizing sowing date is a key strategy, as it allows plants to align sensitive growth stages
with favorable conditions and undergo cold acclimation, during which protective compounds
like soluble sugars, proline, and antifreeze proteins accumulate. Delayed sowing, however,
shortens the vegetative period, exposes seedlings to autumn frost, and limits biomass
accumulation. Complementing this approach, seed priming with growth regulators—
particularly melatonin, which regulates physiology, reduces oxidative stress, and induces cold-
responsive genes—enhances stress tolerance and field establishment. Other agents like
gibberellic acid, salicylic acid, GABA, potassium nitrate, and zinc sulfate also show promise
through various mechanisms. Effective integration of sowing date and priming treatments
requires careful investigation to maximize wheat productivity under challenging environmental
conditions.

Method

The experiment was carried out during the 2024-2025 growing season at the Saatlou Research
Station in West Azerbaijan Province, Iran (45°02' E, 37°44' N, 1352 m altitude), a region with
semi-arid conditions, average annual precipitation of 390 mm, mean temperature of 11.3 °C,
and relative humidity of 75%. Soil analysis revealed a clay-loam texture with pH 8.22, electrical
conductivity 1.25 dS/m, and adequate levels of organic carbon, nitrogen, phosphorus, and
potassium, making the site suitable for wheat cultivation and cold stress studies.

The experiment used a factorial randomized complete block design with three replications. The
first factor was sowing date (November 21 and December 22), and the second was seed priming
(control, salicylic acid 1 mM, gibberellic acid 1500 uM, GABA 10 mM, potassium nitrate 200
mM, zinc sulfate 50 mM, and melatonin 100 uM). Seeds of the Simin wheat cultivar were
soaked for 15 hours, dried for 48 hours, and sown at 500 seeds/m2. Morphophysiological traits
(stem characteristics, plant height, spike and flag leaf traits) and derived indices (stem quality
index, flag leaf efficiency, plant tolerance index, seed use efficiency, and dry matter production
efficiency) were measured. Statistical analysis used SAS with Tukey's test at 5% significance.

Results

The analysis of variance revealed highly significant effects of both sowing date and seed
priming treatments on the majority of measured traits, confirming the importance of these
management factors in determining wheat performance under late spring cold stress conditions.
The first sowing date consistently demonstrated superiority across virtually all measured
parameters, with the early-planted wheat showing significantly greater stem weight and density,
superior plant height, enhanced flag leaf characteristics, and ultimately much higher grain yields
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compared to the delayed planting. The magnitude of these differences was striking, with the
second sowing date reducing grain yield by 38 percent on average, indicating the severe
consequences of suboptimal planting timing for wheat productivity in cold-affected regions.
The physiological basis for these differences appeared to involve reduced photosynthetic
capacity and impaired biomass accumulation in the later-sown plants, which had shorter
growing seasons and experienced environmental conditions less favorable for vegetative
development. Interestingly, flag leaf length-to-width ratio showed a significant increase in the
second sowing date, suggesting an adaptive shade-avoidance response where plants elongated
their leaves in an apparent attempt to capture more light under the challenging conditions of
delayed planting, though this morphological adjustment proved insufficient to maintain normal
productivity levels.

Among the various seed priming treatments investigated, melatonin emerged as the most
consistently effective treatment across both sowing dates, demonstrating remarkable capacity
to enhance grain yield, improve stem quality, and increase various efficiency indicators. In the
optimal first sowing date, melatonin treatment resulted in a 37 percent increase in grain yield
compared to the control, while under the more challenging conditions of the second sowing
date, the improvement was even more pronounced, reaching at 42 percent, indicating that
melatonin's beneficial effects were particularly valuable when plants faced environmental
stress. Gibberellic acid and GABA also showed substantial positive effects, increasing yields
by approximately 34 percent in the first sowing date and maintaining improvements of 27 to 32
percent even under delayed planting conditions. Potassium nitrate and zinc sulfate treatments
similarly demonstrated significant yield enhancements of 24 to 36 percent, confirming the
broad utility of seed priming for improving wheat productivity regardless of specific planting
conditions. These yield improvements was accompanied by corresponding enhancements in
associated physiological traits, including increased flag leaf area, improved stem quality indices
and greater efficiency in biomass production and seed utilization, suggesting that the priming
treatments exerted their beneficial effects through multiple complementary mechanisms. In
stark contrast to the positive effects observed for most treatments, salicylic acid application
produced concerning results that varied dramatically between the two sowing dates. While this
treatment showed moderate positive effects under optimal conditions with an 11 percent yield
increase in the first sowing date, its application under delayed planting conditions resulted in
catastrophic yield reductions, with the second sowing date treatment showing 92 percent
decrease in grain yield ratio compared to the control. The physiological basis for this negative
interaction was evident in multiple measured parameters, as salicylic acid treatment in the
second sowing date caused 75 percent reduction in dry matter production efficiency, severe
decreases in stem density and plant height, and dramatically impaired flag leaf efficiency. The
plant tolerance index—reflecting the ability to maintain growth under stress—was lowest in
this treatment combination, while the straw-to-grain ratio reached its maximum, indicating that
biomass was diverted to non-productive tissues rather than to grain development. These
findings suggest that salicylic acid, although potentially beneficial under optimal conditions,
can exacerbate stress responses when plants are already challenged by environmental adversity,
likely through excessive activation of defensive pathways that divert resources away from
growth and reproduction.
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Conclusions

This research conclusively demonstrates that both sowing date and seed priming are critical
determinants of wheat productivity under late spring cold stress, with significant interactions
between these factors. Early sowing (November 21) consistently outperformed delayed
planting, providing a 38% increase in grain yield through enhanced vegetative development,
superior stem architecture, improved photosynthetic capacity, and more efficient resource
allocation to grain production. Among priming treatments, melatonin emerged as the most
effective and versatile agent, delivering consistent yield improvements across both sowing
dates through its multifunctional regulation of physiological processes, oxidative stress
mitigation, and induction of cold tolerance genes. Gibberellic acid and GABA also showed
promise, particularly under optimal conditions, while potassium nitrate and zinc sulfate
confirmed the general value of seed priming. In contrast, salicylic acid exhibited a severe
negative interaction with delayed sowing, causing drastic yield reductions and impaired
physiological function, highlighting that treatments effective under one set of conditions can
become detrimental under stress. Therefore, it is recommended that wheat farmers in cold
regions prioritize early sowing combined with melatonin seed priming as the optimal strategy
for maximizing productivity and stress tolerance, while future research should explore
molecular mechanisms, cultivar-specific responses, and refine application protocols across
diverse agroecological contexts.
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Table 2. Results of analysis of variance (mean square) of the effect of planting date and seed pretreatments on

different wheat traits
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Table 2 continued. Results of analysis of variance (mean square) of the effect of planting date and seed
pretreatments on different wheat traits
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Table 3. Mean comparison of the simple effects of different planting dates on different wheat traits in the field

S5 (339 Conm Bl sl g 4t oty ot g o s

. b NP i Al b ) _ Pl
gWi)l & 4l . (o iilw) o254 S Job e e 1
- (o beo 0 55) ~2 5 bl gy,

Y

| eunls 6
oYY o3+ a JYE L) a VY/-Y -2/2¥ b \OIYA - £/5F @ Jol B e,
(olo LT sh
S cuils &G
VA o2 b VY +£\ b VW/EY \2/YF a VEIVE - £/4) A F &
(eLo <& Jg‘)

LBl o 2o )0 O a0 (S5 eesl wlel ol e BN BB waiud S yie By o gyl JBlas gt ja 50 aS sle Sl

rz S r Jsb
Joles (65 Jsh) poo cuslS 2l 50 5 el VOIYA Jolae (LT Jgh) Jgl cslS 2ol 0 oz p Sy Job uXikee
Slowd o aS 0l lid v S Job 0 jlewd Lien caliie glalens col Ol T S0loe duslie g el VPIVE

(F Joaz) olo aulidlly oz S Jsb ao 0 Ve

asyi0 40 pS Blie Slao pyd jlerd Gy il glajlan ool Sl e Slee anlie —F Jgur
Table 4. Mean comparison of the simple effects of different treatments of seed pretreatments on different wheat
traits in the field
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Figure 1. Mean comparison of simple effects of different planting dates on the stem weight of wheat
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Figure 2. Mean comparison of the simple effects of different treatments of seed pretreatments on the stem
weight of wheat
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Table 5. Mean Comparison of the interaction effects of different planting dates and different treatments of seed
pretreatments on wheat traits in the field
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Table 5 continued. Mean Comparison of the interaction effects of different planting dates and different

treatments of seed pretreatments on wheat traits in the field
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Figure 3. Mean Comparison of the interaction effects of different planting dates and different treatments of seed
pretreatments on grain yield of wheat
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Figure 4. Mean comparison of simple effects of different planting dates on the stem quality index of wheat
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Figure 5. Mean comparison of the simple effects of different treatments of seed pretreatments on the stem
quality index of wheat

& =

aile (2lo)siS18 10 ki IS oo (e 1) piS D) 0590 (e Ll l oS (S poe bele S g 4 eSS 6
(Baygi etal., 2017) 5 ls LS s Shas Lules 5 65008 jud p (oniios il o) alide ol o 45 Cughs, g 39, Jsb oo
8l 8l 25 0515 a1 oL Sl el Kb Wl on 93 SIS )5 8 i T s 8 Jfostenn 5 S Gl
WS 05 (65 5 Sy el (S 5 005 At e (55t 3 5 555 e 3] 4Bl o 58 oST5 L Lalyd o
LT 5 e ol b ool oads lojan Smsllas (slos 5l sloye0 b conl (;Kos pgo il Gy )b 45 oy 5y 0B, eppioead
25 A5 (el) Caze Sy plye 4 ol 2 Olsises 00gs o s )bl i I Gl cnl &S

5 el ilodled o oo cnl GiE 4 plgioe 1) L 5 59y Dlilges aiile loslass )0 020 S Jsb sl 4 Joles
2 30 Sl dox 1 a3l 5l 65k sln (55500 55T S g3, ol a4yl sl sloai] B o
poc & 425 b Jlo (nl b o) 2530 (Job 0y Wl oo (SIS J5:90 S plgae 0 55 LSl (ST s
Ol Sy on iy el anils akad 3b Cio opl 0 Jlews s a5 0,5 Leol el b )5 et e bl (5l xe
b s pdgcdlys a5 wols A5 58 (VYY) LlSes 5 (5ol il atils (o) g i p2pn S p Job )0 ¥
(Naseri etal., 2023) s yxie o3 5 S Jsb 5l a0, YO

Lulyd 4 oS Bil gl sasnsplis Wloe S35 )b 50 3B b pr S B & Jsb e loisine Gl
5,8las g b S 51 Calisee cuilS slage,b 0 wals L5,1E 50 (V1)) o), an 5 0l 8150 asl Sglie lasme
@lises glacuils Ll )0 sl oo ju S o e ke 5 JLoo )5 lales wglas .cils 5929 o cime OIS o Ly
=5 olE 1o S mhaw i g asws g Sge Jelge 51 o (Eshraghi-Nejad et al., 2011) ail ooisS s
Jsb s Sl az o lals s iz lage )b 5o oSl 4 az g5 b cnlple wdlbioe 59, Jsb 5 &)l azys BS
alizs Glags )b 50 Sy (gslsdy00 (rm ST WS 0 Cdl )0 (5503 P dl e G 4 sy 6l 1) ilie slas,
0z ST aS Ba e ylias S ol WKei iuldl (Baygi et al., 2017) ols cos gadse ol 4 lgi o 1) S
& goly o LS el SIS 55Tl GRSy Sy il sy ol ek JioddS 5 Sl o5 SIS ) o



4 01593 9 915 B | ) (SLoostiiSonili b yibs Lo iy 3 dlS Gy U I

S g a8l Jsb o) Coows 0 1, 395 mlin (yliame; y5olisS sbaje, Ll aile) Ho9 CordeS i b g5 i zalS
SRS 3L L el Lol el yo8 i sl e ol e 4,51 e kel ol YL e ] 593 b aims oo Goes
2% e 15U ol 8, Shes p Wlgh oo g Canl oy olie Jolatal Lamass g Jsbo o5

Ll S 0lgo gz ;0 Cudgdoms 5 sdug, i) 0,90 39 SolisS 5l Lob Yl p9d Culls 7o )b 0 adlu 39 LualS
ol 2 odle 3)ls (B S) (siuly Al po 4y 595 51 S 995 Sladl anngi g (sFwgiS Slge pexd sl s eS Gl
(V) Sloo) 5 b @l b agh (nl @bs a8 oo w51y 08 5 pedlie (e Ol Simly slos jo 0
FuoS JS S oole b ploddle adsi 4 e ggemme ,o Jelse opl (Balandari and Rezvani, 2011) cosls cdilas
..AJ)‘O 4...49} L U—‘ JLQ..." 9 u){...o.....u—l 0‘5.9 e).._'>o L.S‘)" L_SJ...QS u.d).lo s).:s.i....u le.(bc\ﬁl.m ;.\.»9,...4‘50

099392 S olge 4 Sl Sl sl ol BB Jlony sl Skl sl 0 AFOT) aBles ()35 ayos zals
Coww “).A.uso ‘5..».:9) M) dfo as ‘) OL; é)L\A )‘ w?u 9 ob; JLJLS IR W L ‘) &LB& Ls .]a.a..;).a é.]yl.uc GLDM
S slp olS il a5 lo pias Cogl o Soieles 18 dlole SO g o ol Bl ools Bgw (280 sl
SpSeo S5 a ]y 0 sl laylSgile i e g ewy lagin Gl U ST sl sty S on o
5 b Bilgs o L 5 yuiside slajlens 50 (o girepne) (S3> il 5o ssw ;| (Gholamnezhad et al., 2016)
Glcdl @ ol ey S i carass 4zl )0 g geilST (i GRalS iwsid leal) dgge jo SlaS S cal A
bl (o)

5 il samslis able (ST ail pgs Cuils b o ase aelusl Layl,s 5l jilie wigs oo a8le (ST5 tals
yohiled (s Sl oy Jgl iaws 7, Lol Lo g0 4y wilgs o pgo culilS &)U 4o o Slogme Lials ol adls & yud
g oz g (5 a8 plSoinl 1 g 00,5 35 seie Job a1y 095 (65, olS il cdaline S Sy 4 Job Cnnd o oS
513) conlial (5,55 Lasl 15 5 50lisS 0l 0,90 «jiiwgis alS pgs awl 0adh aiulS a8l Job o)lsss 53 bl g (i)
g s Sladl (i3l (gl 5L5 990 ol it ;0 g ools alS ) iwgzd JS (e (oligS (slajy, windye> ol
O, es jling Srals cel Wlgh oo 995 a5 aiziud ((Sawlsm) (o9 S ¢ yiaS o515 b slaadle .ol said ol 3 051,00
Ogu

Sl .l gls g o) dols 4o 8 los ouisS ol Io.\m Al Seecdles Jlos jo a8l o515 W Seiis als
a5 33,5 3ol g (S Slge gz 8 5 (Jske o)lps Sl Gl a4 e Wl e (289 Slo e B> I e
5 S sbiels (Ahmadpour and Balouchi, 2012) o135 o ite 80 adle o515 5 plSociul 5 Ludias
2 b el il 5l AU ol (See (390 wald alive Lo, a5 uigdle sliiul a) bayles ple o o sinepé
258 Bl w515 e 20l sl Cdge g0 4 Wlg oo Dl S 45 Wil adsl 0l e g b Jske ot bisb

O R S 4y lg so 1) ped S Ll o anl il Jles Cou Wiy glas )l (o gawe,e YAV ials
39958 5 Sl axlgn 699 5 mlod Cudgasme b pgd CeilS b Lol Cas (o235 b yeas (g3l i 5 CilS s 5T
Sl 09l Al Gl A (280 Gl e 4 b (arast W ol G ge Gl (e el Sl wisle 280 S e
Collae oyl 1l Codd ddlas o) Sge 40 (55, LR e lid S clls |y o Sles (e Jol S8 FuLl jo (g9, Sladgu
2ol as Sles wolS alh; al> e gl 98 wiile elge 4 Lo pus 5 Cow sy a5 wisls lis liioee ] aises
(Kanapickas et al., 2024) s ls Sty ol jo5 2l 9 (25 Jleel Sow Job 5 s o cding oo & las Lo
09.«»&5‘0 ugl.’a.a .’a.i‘).w 5o 6{:‘)) OLS L)'J)f )1)3 g0 WLA.A cunls C.t)l.s FUC BN UL"'
Sl osllae a5l olS ail gy Jgl codlS )b oy oo Sl 4 ez 5 e ol o (Ortiz-Monasterio, 2025)



VP40 ) oylols Y 0490 ‘w.‘«:),o}[cjdwy‘_;bbwb Y.

liizee 5 el 0nd oamlive Slilllas el (o Loyos (25 Lyl 5 0 oLF i) L2alS. coul oy 1555 0 £lis )| Ll
(Mohamadi Azar et al., 2025) coul caie Loy 45 Ceaglio b Loy 2is Lol 1o olS o) alasl ) a5 aizisls Lol

Sl & (285 g 5 2elhae Lulys 50 olS Saaly gliiyl o )ls palls adgs Glies 5o ook il olS (el LS la
S5l 4 03, 655 o5dle 15,1 A3l oo ol S35l 308 e by 3Bl 8l s oS Fiosth g (5250
3 SBT3 23l g Loy A5 i L2l Badod 0 45 3l (S (298 9 ©f Lalpd 55 g SuiS 9550 oS g9 9 S
S50 0 Shee Bules g obS glis)l 2als 5 e e plo slaasdl b ol .cudls (o b gine 236 olS glis)| als
(Ruzgas and Liutkevicius, 2001) s ls cillas do ys 5

e 3 iy, ol FisKz T 28l & S 0 S e Gl el iy e Gy o 5 wisls ol gl
ORI e clis )3 Sl slajles &5 o 5 Gl 010 s 00l il el (Siaile 0928 b Gl e 1) S
1y Sy S5 5 039 Ol Jlis 4 5 S (658 wilonds 450 )0 azalS Hsels loj b (1alS g Sjalyr ey
5 ooy 0 soslys jloads wuly Hody 5l ol> olS Cgllas (g)1s o g ;o Wb Ty el cnl Lds o ege losls iul3dl
Cadls il gl 5o i eles @end 5 WS it deest O] & a5 e el oy Jb e
09 Canglie Al s 4y o Jgl cuslS b 50 sl Sl Ggllas 5 Sloe oy 0 Ll 4y (Safari et al., 2020)
Al Gl as byl il o Blal ias ol
SS9 555 5Ld e )3 alST AES eely Lols plis |y 0 Shes G e gl S8 )l 50 el Sl les
Ol 5 eolilie Oladlas 4zl owsy JiSTas 4 Wil o (Jol <5 20 )b) Collas das oyl jo aS ojls Jol
iz g ek Lolel Lai o gy s (2alS b Jshs (6 pomsl mesis o3l U plty 51 oozl a5 sls Lt 55 (Y4 VA)
OLTYY @ 00 YE 5l csls jo 3l adiss jo a8 conl oads 3));5 (Minazadeh et al., 2018) s S olaé yolie
(Karimaan et al., 2023) o jliin § ot oS 08, 59 ;0 S o o (2olS o olo,31 VF

PS5 Shos e 55 53 sl Gy sl plo 9 Gigdle (YL Jenily 51 (ST il 3 Shae 2 53 Lo i 5B
3 Shas e (slo s gie 1 RIS b wlsicoo eisile -l loanBsns 5 Sejslaeied slagealy s Gk 5
a5 5l o0 Yzl pgs cails G, b sl Sl e oy (iiSan py il s iSTa 4y sllas Layl, 4o 1,
ol (288 Glapud gl G 4 o Colan § o sl s

A odalin ;500 Olas o 4 cul i OISl adl g ol aos pge ClllS Ao )b yo wils o Sles o g alS
st 51 odle el EMams Slge 0,053 5 dgi gl olF IS e b zalS sazaolis adle o515 g adle oje LalS
ool 4 gl Bolas fad slel S i g beo (a8l L als ol 5 0590 a5 Conl oals Csly NI p9d cls &,
00d Laails s sl 4 golie 5ol Lamads Sl (55 0l GSTy Cizmod )8 oo hte 3l 4l l5m (339 2 ol
00l (6 y (§lis (e Ll 1l 13 0l ged g 0l 995 o s wgllae S8l U b ceslie 08 (551558 Bkl oo
5 Cashoy <l 420 b ganlil Julse ) ity (550 s ez n coslio SIS 5 s s s s Jpama s
S 53 288 o 5 Wl o 0l 5 Bl 5 ety B Ogd sk 2 &5 Sl et 956 5 93,5 g, Jsbo
g iend (Sidilex & e plia po CutS oS RS ol 0)90 S jo 1) LS W) IS b lalS e plis 20
wls 8 Shoe el oS chonds il cnlpl Sgdige Al se 2l 53 by slales ad s 4 ad e o 3G
(S Sy g S A 0,90 Al 0lisS o 0, ol olie o YL slales (Ko B )b 5l aes o )8 ),.»L: oo |y
O a9 Sl s loy LS O jae 4 puiS a0 S Gl o s o [0 e Gion 09d o0 a0
(Khamadi et al., 2015) 553 0 ol o Shae g £l)5 0lS gy nnl ool juw S50 g azals

o b oS il S oL o (gloymi; sla STy s S Sep czrge oo 65 ol & bl ol ) caals s 5k
A e «,5oligS Wby 0,90 3 g &l cpl ol Rl (S p oye 4 Job cand 5o TOT (138D g S ale o5l
& cslbas 3ol b 5 Sa3slsh g Slomed cl aled 5 b (YA faS (15 5 (YY) i (35 b sloail 05



AR 01593 9 915 B | ) (SLoostiiSonili b yibs Lo iy 3 dlS Gy U I

ey S )l Glsie 4 (Sl seb s (LT g Jsl cdlS b eoalpliy 00,5 jmie alls 5 Shae sals talS
g e (plulid adlllas 590 adlain )5 5 Shoe Jruily JiSlas 4y olitws

5 g Sl Loy 5518 o jo ausls aasS s, lio el Sl &y Hlad e cilises gl Lo
5 09 p b e Sl g pleite Jland S plgre 4 del Selencdlos jles 00 S5 ool (e b Sue) (5 logine
i el aile 1S3

CeslS gl 50 a8 sl Sl (e lgie 4.8 ,5 13 caslS fu )b il cow wad a0 e Ll sl e il
2 ely Sl g 59y Slalge (gidle ol kS 1) 0 Shee Dad 4 pgd A b je sl (o BB s ol
3 lesd i b lans il a5 ans e lis i ol -iiad ololid isuael slayless lsie 4 sl conls &
e S Gy 5 88 Wiols s ol 5y g ] lame Ll 5 SIS 5 8,5 L5 50 L sl
IS iz oole g ails olawy sl glay )| ralS el woils &)U 5o )_._~>l.. g o0 Loy a3 olS ol palie el oo
(Solanke et al., 2024) . salgs

Wi oo (ol 69) pyd codlS Al 5o el bl b Ldy Sl iy 5l ool U oLS Jams asli o a8 5o
$loylas chalpd ren 53 sl Cgllach bulpd 0 e cnl 4 ol Cola 5 535 Bl o a5 s 5l 8L
2o b los ol 30 5 51 Gl 45 000,5 sll oS Jas (sl o l3E 07, 5 VT, i 5 44 sty Sl 5 Geigdhe
(Zhang et al., 2022) s s 255 4 oL Cooglie ol ;8!

Oilidl ol @ i 1) oz 0 S G‘J)lf‘wl:.’? Ols g dl Sendlo 8 )15 ol S 70 )by oS sl lis gls
Faisal et al., ) cool aige Lol )0 03 5 Sy (s 5imwgid o ,Slos d5upy ;0 boyles ol S50 2 5l Sl mli cpl ols
(2023

am 515l CunlS F b ol 5o wslhae 0ty Layl o 5l las a8 wunals | lade o i Jsl <odlS gyl o o Lo S
Silsz aile Slis )l crwy cinb  dpl Skewcdlo 4 S el ools loi sad alosl Gl iy mls
il Cde 3l el Iyl 50 o5y A (lalS cerdign 9 SisTg i © Shes gl 0 ) Slas ) 0
e Sl jloss c2ailad 0939 (5590 i Ll a5 img ol )0 Ll (Pirasteh-Anosheh et al., 2017) <.l
G s e Solam g il 3 ,Shoe Lo nl i gite S Sl 4 ols i |y e o ptaS g0 CuBIS b o
3 Sl Cond jo il A g VAL ol b 4y uigde g ol Ol yid jleud 9 el s Ll d o 280 slopendgilio
Sunetal., 2018) vas oo olis |, i bl i 1o ayles ol 5l eolatwl Coeal a8 aisls las ails

Cowddy Sy dwl 5 ieidle Sl oolaiwl Sy codgay a5 Jgl clS &b 50 sald 4 coend (sae,0 05T 54l
s 35 9o Bl G, 50l die Il yh 53 5 Bran RIS Sgntp 2 s e oy (sl lens o 58 Sl
a5 aas o s gl ol 2eBls | lade oy reS sl el Lo a5 I 45 wls ylas 1) 5 Shas o i eigidhe
(Zhang et al., 2020) oS Joe (25 Loyl 50,00 Bpae o5 0gte 10 F5e jled SO lore 4 Bilg3 o (gDl

clls as el ol 5l (Sl pgs clilS Zu )b 4 Connd Jol CulilS 7o, yo aigy glar | 4y a8l ST 39 Camd (090 yden
St e iy o 3 4l iy dngs e smibio g, b 5 L aloz  iopsllae lame Ll oo & plSinsy;
(Abdulahi, 2015) el suis a3l ;o

Sesdle 5l Lot ¢ Ll 45 ols Lis | (AN +) e (s a8 o 2lS YO, b sl Selocdls Lo epgs cailS & )6 o
45 wes e ol gl ol ol olis JS is eole adgi LS s b3 WYL 5 VA o d el Sl
M7 r @V G St sl ieles Slacaes) ) aidn S 25 alpd o 1) JS i oole wdgs wiles oo o lecs
5 03903 Aol Joko 5l @) a4 (Jobe (9,0 Sligioms axiS )3 w0ad 055 Joke o)l dboju 25 Cod il o
(Eivazi etal., 2011) ol oo (iol3dl Joloro SO Sl colan



VEeO ) oylols AY 0,90 ( uwr j pale 40 g (slodisl Yy

oass ol Joleel Slo a5 ael Cawsdy awwl Silawcdle Jles L g P90 CuilS 2oyl jo ails 4y ol Conns oy i
adols lis Cawd ol jo gao 0 O l...,).a., OolS & e i layles plo c blae o il Hled ol jo SUis ools
Sl ).ula 2o (VoVe) ol)lan g 5,00 sloadl b mls cpl .cwl als 4 Sz ool gy amass sdimslis a5

«(Safari et al., 2020) s o cillas cuils p (el dgue p & Hled i o les

i S Sguty 5l gl Lol gl cllS 7,5 a8 ol T 51 (ST Jol cilS ol 0 aBle cuaS aslis oyog SV
W3k oyee cnl o @l polie i Qi g Gesd i Gysese )l (AU wlgiee oS 35 ealp adle
sl i 5l b ol Sae a8l cotS jasls Bl 5l aus) 15 4 el slo e i oo sles (Maet al., 2018)
{(Faisal et al., 2023) il posS oL Joko drwgs 9 pud il ;0 o) GloosisS mdass 5 boyge 50 Sglate

Job CetlS gl o) paiS Sujglsnped Slio g 0 Shee  (SlodisS s b el Lol olsie 4 Bl g b
S o loigine 5y cge by 0)98 g 59, Jsb ded Sl I Sogllas ame Lulyd 0l ool s 4 (slepll)
g Loy 25 b apaloe Judo s olego b cislS jo 1zl o Jilde jo .0u0 )8 able S 5 ails o Sloe (gul ;) sla osli
ged Sbml b azls (ol )5 ez BB (Rals ) 0)98 (LS

Fogid S gt «Suisln e sloanlyb eela po olewiz (28 s 4 gl sl Gt oyl G o
OB 4 4295 b 5 sl Sl ol 4Ll cB B 90 52 )3 e (n Sl plare a5 4 Caeglie al31
Al Z)b) A Ll )0 ohg sl Sebenndlo lans (blie (o ol plis g BB Cute SIS D) Sy o
00,5 9,8 les ol el g b Jolsiel (arads e (o199 Sloyrs v Sl i (3l L (pgo

Sbed G lajless QLB 9,8 5 dalllas 8590 Dlao 251 5 )0 Jless Gy 9 SO B o iSen
o) e bl b il b 05 o drogs o35l 4 e pubasl ol 2 010 08T dilare o lapowe Lyl b canslie
il ST 4y sy Bolie 1o |y piS o Shas Jomdliy «cyaiside wiile camslin Jlos iy o logs 31 ool 5 (b1
2035 g0 iy o] )3 plordise 5 (J5Use sl )0 (oSS Slalllas plnil s @b 4 (bt sl

&l o,
505 dlie o a5 Al ol i g el Lo

References

Abdulahi, A. Study on effect of seed density and planting date on yield and yield components of bread
wheat in dry land conditions. Iranian Dryland Agronomy Journal, 2015; 4(2): 99-114. (In Persian).
https://doi.org/10.22092/idaj.2016.106095

Ahmadpour Dehkordi, S., Balouchi, H.R. Effect of seed priming on antioxidant enzymes and lipids
peroxidation of cell membrane in Black cumin (Nigella sativa) seedling under salinity and drought
stress. Journal of  Crop Production, 2014; 5(4): 63-85. (In Persian).
https://dor.isc.ac/dor/20.1001.1.2008739.1391.5.4.4.9

Ali, S., Khan, N., Xie, L. Molecular and hormonal regulation of leaf morphogenesis in Arabidopsis.
International Journal of Molecular Sciences, 2020; 21(14):31-52.
https://doi.org/10.3390/ijms21145132

Arif, Y., Sami, F., Siddiqui, H., Bajguz, A., Hayat, S. Salicylic acid in relation to other phytohormones
in plant: A study towards physiology and signal transduction under challenging environment.



https://doi.org/10.22092/idaj.2016.106095
https://dor.isc.ac/dor/20.1001.1.2008739.1391.5.4.4.9
https://doi.org/10.3390/ijms21145132

Yy 01593 9 915 B | ) (SLoostiiSonili b yibs Lo iy 3 dlS Gy U I

Environmental Experimental Botany. 2020; 175: 104-124.
https://doi.org/10.1016/j.envexpbot.2020.104040

Bajwa, V.S., Shukla, M.R., Sherif, S.M., Murch, S.J., Saxena, P.K. Role of melatonin in alleviating cold
stress in Arabidopsis thaliana. Journal of Plant Research, 2014; 56(3): 238-245.
https://doi.org/10.1111/jpi.12115

Balandari, A., Rezvani Moghaddam, P. Effects of planting date and density on developmental of stages
and shoot dry matter production of Dwarf Chicory (Cichorium pumilum Jacqg.). Iranian Journal of
Field Crops Research, 2011; 9(3): 438-446. (In Persian). https://doi.org/10.22067/gsc.v9i3.11979

Bates, L.S., Waldren, R.P., Teare, I.D. Rapid determination of free proline for water-stress studies. Plant
and Soil, 1973; 39(1): 205-207. https://doi.org/10.1007/BF00018060

Baygi, Z., Saifzade, S., Shirani Rad, A.H., Valadabadi, S.A., Jafarinejad, A. Effects of planting date on
growth indices and yield and yield components spring wheat cultivars in Neyshabur. Applied Field
Crops Research, 2017; 30(2): 1-18. https://doi.org/10.22092/a].2018.109088.1113

Daneshmand, A.R. 2023. Field and laboratory techniques in agricultural sciences. Shapar Publications.
P. 228. (In Persian).

Eivazi, A., Javani, M., Rezaei, M. Effect of planting date on cold tolerance of winter, spring and
facultative growth types of wheat genotypes. Journal of Crop Production and Processing, 2011;
1(2): 1-18. (In Persian). https://dor.isc.ac/dor/20.1001.1.22518517.1393.4.13.25.3

Eshraghi-Neja, M., Kamkar, B., Soltani, A. The effect of sowing date on yield of millet varieties by
influencing on phonological periods duration. Crop Production, 2012; 4(2): 169-180. (In Persian).
https://dor.isc.ac/dor/20.1001.1.2008739.1390.4.2.11.5

Faisal, S., Muhammad, S., Lugman, M., Hasnain, M., Rasool, A., Awan, M.U.F., Khan, Z.1., Hussain,
I. Effects of priming on seed germination, physico-chemistry and yield of late sown wheat crop
(Triticum aestivum L.). Polish Journal of Environmental Studies, 2023; 32(2): 1125-1135.
https://doi.org/10.15244/pjoes/155970

FAO. 2024. Food and Agriculture Organization of the United Nations, Statistical database. Retrieved
from www.fao.org.

Ghasemi, R., Bagheri, A., Moshtaghi, N., Shokouhi, F. The pattern of CBF and P5CS genes expression
under freezing stress and effects of cold acclimation on free proline changes in chickpea (Cicer
arietinum). Iranian Journal Pulses Research, 2017; 8(2):31-43. (In Persian).
https://doi.org/10.22067/ijpr.v8i2.34624

Ghanbari, F., Kordi, S. Effect of hardening treatments on chilling stress tolerance of cucumber
seedlings. Applied Biology, 2020; 32(4): 97-113. (In Persian).
https://doi.org/10.22051/jab.2019.19706.1219

Gholamnezhad, J., Sanjarian, F., Mohammadi Goltapeh, E., Safaie, N., Razavi, K. Study of defense
genes expression profile pattern of wheat in response to infection by Mycosphaerella
graminicola. Journal of Plant Biological Sciences, 2016; 8(30): 43-54. (In Persian).
https://dor.isc.ac/dor/20.1001.1.20088264.1395.8.30.5.2

Hassan, M.A., Xiang, C., Farooq, M., Muhammad, N., Yan, Z., Hui, X., Yuanyuan, K., Bruno, A K.,
Lele, Z., Jincai, L. Cold stress in wheat: plant acclimation responses and management strategies.
Frontiers in Plant Science, 2021; 12: 676884. https://doi.org/10.3389/fpls.2021.676884

Kanapickas, A., Vaguseviéieng, 1., Sujetoviené, G. The effects of different sowing dates on the autumn
development and yield of winter wheat in Central Lithuania. Agriculture, 2024; 15(6): 738.
https://doi.org/10.3390/atmos15060738

Karimaan, M., Kafi, M., Nezami, A., Sadeghzadeh Hemayati, S. The effect of different levels of
paclobutrazol and freezing stress on growth and yield of two wheat cultivars under controlled and
field condition. Crop Science Research in Arid Regions, 2023; 5(1): 1-16. (In Persian).
https://doi.org/10.22034/csrar.2023.322666.1177

Khamadi, N., Nabipor, M., Rnabipor, H., Rahnama, A. Effect of sowing date and seed priming on
emergence and yieldandyield components of three bread wheat cultivars (Triticumaestivum
L.). Applied Field Crops Research, 2016; 29(1): 119-125. (In  Persian).
https://doi.org/10.22092/aj.2016.109570



https://doi.org/10.1016/j.envexpbot.2020.104040
https://doi.org/10.1111/jpi.12115
https://doi.org/10.22067/gsc.v9i3.11979
https://doi.org/10.1007/BF00018060
https://doi.org/10.22092/aj.2018.109088.1113
https://dor.isc.ac/dor/20.1001.1.22518517.1393.4.13.25.3
https://dor.isc.ac/dor/20.1001.1.2008739.1390.4.2.11.5
https://doi.org/10.15244/pjoes/155970
http://www.fao.org/
https://doi.org/10.22067/ijpr.v8i2.34624
https://doi.org/10.22051/jab.2019.19706.1219
https://dor.isc.ac/dor/20.1001.1.20088264.1395.8.30.5.2
https://doi.org/10.3389/fpls.2021.676884
https://doi.org/10.3390/atmos15060738
https://doi.org/10.22034/csrar.2023.322666.1177
https://doi.org/10.22092/aj.2016.109570

1P+ ) oylols AY 090 ‘w.‘«:),o}[cjdwy‘_;bbwb Y¥

Li, A., Sun, X,, Liu, L. Action of salicylic acid on plant growth. Frontiers in Plant Science, 2022; 13:
878-976. https://doi.org/10.3389/fpls.2022.878076

Lichtenthaler, H.K. Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods
in Enzymology, 1987; 148: 350-382. https://doi.org/10.1016/0076-6879(87)48036-1

Ma, S.C., Wang, T.C., Guan, X.K., Zhang, X. Effect of sowing time and seeding rate on vyield
components and water use efficiency of winter wheat by regulating the growth redundancy and
physiological traits of root and shoot. Field Crops Research, 2018; 221. 166-174.
https://doi.org/10.1016/j.fcr.2018.02.028

Maleki, M., Ehsanpour, A. Effect of salicylic acid on some growth parameters and its interaction with
two hormones, auxin and gibberellin, in potato plants (Solanum tuberosum) grown under in vitro
culture. Cell ~and  Tissue  Journal,  2024;  15(4):  269-280. (In  Persian).
https://doi.org/10.61186/JCT.15.4.269

Minazadeh, R., Karimi, R., Mohammadparast, B. The effect of foliar nutrition of potassium sulfate on
morpho-physiological indices of grapevine under salinity stress. Journal of Plant Biological
Sciences, 2018; 10(3): 83-106. (In Persian).
https://dor.isc.ac/dor/20.1001.1.20088264.1397.10.3.7.4

Mohammadi, M., Tavakkol Afshari, R., Nabati, J., Oskoueian, E. The effects of seed priming on
improvement of cold tolerance in germination stage of some in pea genotypes. Iranian Journal of
Seed Science and Technology, 2023; 12(2): 79-96. (In Persian).
https://doi.org/10.22092/ijsst.2021.355620.1405

Mohamadi Azar, F., Sofalian, O., Asghari, A., Ebadi, A., Karimizadeh, R. Grouping promising durum
wheat lines for frost resistance using some morphophysiological traits. Environmental Stresses in
Crop Sciences, 2025; 18(1): 71-89. (In Persian). https://doi.org/10.22077/escs.2024.6828.2241

Naseri, R., Cheghamirza, K., Zarei, L., Mohammadi, R., Beheshti Aleagha, A. Localization genes
controlling traits related to flag-leaf and peduncle in durum wheat. Cereal Biotechnology and
Biochemistry, 2023; 2(1): 42-63. (In Persian). https://doi.org/10.22126/cbb.2023.8638.1030

Ortiz-Monasterio, I. Nitrogen management in irrigated spring wheat. Cereal Research Communications,
2025; 53(1): 1-15. https://www.fao.org/4/y4011e/y4011e0t.htm#TopOfPage

Pazireh, S., Nezami, A., Kafi, M., Goldani, M. The effect of ecotype and planting date on freezing
tolerance in garlic medicinal plant (Allium sativum L.) under controlled conditions. Environmental
Stresses in Crop Sciences, 2017; 10(1): 151-162. (In Persian).
https://doi.org/10.22077/escs.2017.538

Pirasteh-Anosheh, H., Emam, Y., Rousta, M., Hashemi, S.E. Effect of salicylic acid on biochemical
attributes and grain yield of barley (Horedum vulgare L. cv. Nosrat) under saline conditions. Iranian
Journal of Crop Sciences, 2017; 18(3): 232-244. (In Persian).
https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.4.7

Qian, Z., He, L., Li, F. Understanding cold stress response mechanisms in plants: An overview.
Frontiers in Plant Science, 2024; 15, 1443317. https://doi.org/10.3389/fpls.2024.1443317

Rawson, H.M., Clarke, J.M. Nocturnal transpiration in wheat. Australian Journal of Plant Physiology,
1988; 15(3): 397-406

Rizza, F., Crosatti, C., Stanca, A.M., Cattivelli, L. Studies for assessing the influence of hardening on
cold tolerance of barley  genotypes. Euphytica,  1994;  75(1):  131-138.
https://doi.org/10.1007/BF00024540

Ruzgas, V., Liutkevicius, G. Investigation of winter wheat cold tolerance in Lithuania for breeding
purposes. Baltic Agriculture, 2001; 14: 29-34. https://ias.is/wp-
content/uploads/Buvisindi2001/Investigation-of-winter-wheat-cold-tolerance.pdf

Saeidi, M., Abdoli, M., Elyasi, P. Cold tolerance evaluation in some bread wheat genotypes in seedling
stage under laboratory conditions. Plant Production and Genetics, 2019; 2(1): 35-52. (In Persian).
https://jwr.uok.ac.ir/article_61145.html?lang=en

Safari, K., Sohrabi, Y., Siosemarde, A., Sasani, S. Effect of seed priming on harvest index, grain yield
and it’s components in three dryland wheat cultivars. Journal of Plant Nutrition, 2020; 43(12):
1825-1837. (In Persian). https://doi.org/10.22092/idaj.2021.352329.322



https://doi.org/10.3389/fpls.2022.878076
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.1016/j.fcr.2018.02.028
https://doi.org/10.61186/JCT.15.4.269
https://dor.isc.ac/dor/20.1001.1.20088264.1397.10.3.7.4
https://doi.org/10.22092/ijsst.2021.355620.1405
https://doi.org/10.22077/escs.2024.6828.2241
https://doi.org/10.22126/cbb.2023.8638.1030
https://www.fao.org/4/y4011e/y4011e0t.htm%23TopOfPage
https://doi.org/10.22077/escs.2017.538
https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.4.7
https://doi.org/10.3389/fpls.2024.1443317
https://doi.org/10.1007/BF00024540
https://ias.is/wp-content/uploads/Buvisindi2001/Investigation-of-winter-wheat-cold-tolerance.pdf
https://ias.is/wp-content/uploads/Buvisindi2001/Investigation-of-winter-wheat-cold-tolerance.pdf
https://jwr.uok.ac.ir/article_61145.html?lang=en
https://doi.org/10.22092/idaj.2021.352329.322

Yo 01593 9 915 B | ) (SLoostiiSonili b yibs Lo iy 3 dlS Gy U I

Seyed Sharifi, R., & Gholinezhad, E. Evaluation of agronomic and morphophysiological traits of crop
plants. Mohaghegh Ardabili University: Mohaghegh Ardabili University. Ed. 2. 2022; Pp: 400.
http://doi.org/ 978-622-7258-56-1

Shah, S., Hookway, S., Wilkinson, S., Fletcher, J. The effect of biostimulants on crop vigour, disease
incidence and grain yield of winter wheat and winter oilseed rape. Aspects of Applied Biology, 2017;
134, 59-69.

Solanke, A. P., Raut, D., Kalbhor, S. U., Nalbale, S. R., Lande, S. Impact of varied sowing dates on seed
quality parameters in wheat. Journal of Advances in Biology & Biotechnology, 2024; 27(9): 116-
122. https://doi.org/10.9734/jabb/2024/v27191280

Sun, L., Li, X., Wang, Z., Sun, Z., Zhu, X., Liu, S., Song, F., Liu, F., Wang, Y. Cold priming induced
tolerance to subsequent low temperature stress is enhanced by melatonin application during
recovery in wheat. Molecules, 2018; 23(5): 1091. https://doi.org/10.3390/molecules23051091

Tas, T. Physiological and biochemical responses of hybrid maize (Zea mays L.) varieties grown under
heat stress conditions. Physiologia, 2022; 10: e14141. https://doi.org/10.7717/peerj.14141

Vitasse, Y., Spafford, L., Reim, J., Baumgarten, F., Martinez-Sancho, E. Emerging trend of increasing
spring frost damage for beech at higher elevations in the Jura Mountains: evidence from tree-ring
data. New Phytologist, 2025; 248(2): 600-614. https://doi.org/10.1111/nph.70471

Wang, F., Chen, S., Liang, D., Qu, G.Z., Chen, S., Zhao, X. Transcriptomic analyses of Pinus koraiensis
under different cold stresses. BMC Genomics, 2020; 21(1): 1-14. https://doi.org/10.1186/512864-
019-6401-y

Wikenz, J. E., Norfolk, I. Eco-Physiology of economic plants in arid and semi-arid lands. 1st ed.
Springer; 1998. https://link.springer.com/book/10.1007/978-3-662-03700-3

Yusefi Tanha, E., Fallah, S. A. The effect of seed priming on germination parameters of annual medic
(Medicago scutellata L.) seed under chilling stress conditions. Journal of Plant Research (Iranian
Journal of Biology), 2016; 29(3): 659-674. (In Persian).
https://dor.isc.ac/dor/20.1001.1.23832592.1395.29.3.18.4

Zhang, N., Sun, Q., Zhang, H., Cao, Y., Weeda, S., Ren, S., Guo, Y.D. Roles of melatonin in abiotic
stress resistance in plants. Plant Physiology and Biochemistry, 2020; 154: 1-9.
https://doi.org/10.1093/jxb/eru336

Zhang, T., Wang, J., Sun, Y., Zhang, L., Zheng, S. Versatile roles of melatonin in growth and stress
tolerance in plants. Journal of Plant Growth Regulation, 2022; 41(2), 507-523.
https://doi.org/10.1007/s00344-021-10317-2



https://doi.org/978-622-7258-56-1
https://doi.org/10.9734/jabb/2024/v27i91280
https://doi.org/10.3390/molecules23051091
https://doi.org/10.7717/peerj.14141
https://doi.org/10.1111/nph.70471
https://doi.org/10.1186/s12864-019-6401-y
https://doi.org/10.1186/s12864-019-6401-y
https://link.springer.com/book/10.1007/978-3-662-03700-3
https://dor.isc.ac/dor/20.1001.1.23832592.1395.29.3.18.4
https://doi.org/10.1093/jxb/eru336
https://doi.org/10.1093/jxb/eru336
https://doi.org/10.1093/jxb/eru336

