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Introduction

Wheat (Triticum aestivum L.) is a widely cultivated crop across diverse soil types, and enhancing its yield, both
quantitatively and qualitatively per unit area is a key agricultural priority in the country. Micro elements play a key role
in improving the quality performance of products and even human health. Foliar spraying in arid and semi-arid areas,
which affects the osmatic pressure of absorption and activity of these elements, is of special importance. t is essential to
develop high-yielding cultivars with enhanced micronutrient uptake efficiency and strong tolerance to various stresses.
Recently, Aseman and Paya dryland wheat cultivars have replaced other cultivars in Golestan province due to their
higher yield, but there is no specific information about the agricultural characteristics of these cultivars, including their
reaction to zinc and iron micronutrient fertilizers in the grain. Therefore, this study investigated the effects of zinc and
iron fertilization, along with optimal foliar application timing, on the quantitative and qualitative traits of Aseman and
Paya wheat cultivars under the climatic conditions of Gonbadkavous.

Materials and Methods

This study was conducted as factorial design based on randomized complete block design (RCBD) with three
replications. The first factor was the foliar application of micronutrients at three levels (no micronutrient
application or pure water, foliar application of 4%o zinc chelate, and 6%o iron chelate) and the second factor was
the timing of foliar applications at three levels (application at the tillering stage, stem elongation stage, and grain
filling stage). The third factor consisted of wheat cultivars (Aseman and Paya). In total therefor 18 treatments
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were applied in each replication. Chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids were measured
using the Arnon method one week after the implementation of all treatments. The Kjeldahl method was used to
measure the protein content of the grain, and grain yield, grain concentrations of iron and zinc, and harvest index
were calculated.

Results and Discussion

The results showed that the two cultivars Aseman and Paya had significant differences in grain yield and
harvest index, number of spikelets, and the amount of chlorophyll and carotenoids. The foliar treatment (iron,
zinc and no foliar application) caused a significant increase in the concentration of iron and zinc in the grain
compared to the control, but it did not affect the grain performance, harvest index, grain protein percentage and
chlorophyll pigments. The interaction effect of cultivar treatments foliar spraying time showed that the highest
value of grain performance was obtained with the application of micronutrient elements in the stemming stage of
the Paya cultivar with an average of 730 kg ha*. Basically, wheat nutrition in drylands is more complicated than
in irrigated lands. Because in such conditions, the management of nutrients should be adjusted based on the
expected moisture regime in the region.The amount of production in drylands is primarily influenced by weather
conditions, especially rainfall, that is, in the conditions of applying proper agricultural management and choosing
the right variety for the region, the optimal production will depend on the existence of favorable environmental
conditions, as well as the cultivars adapted to the lands and regions.

Conclusion

Foliar application of zinc and iron, as a management strategy to improve the nutritional status of wheat under
dry conditions, significantly increased the concentration of zinc and iron in the grain by 55% and 100%,
respectively. However, under the prevailing drought conditions of the study area, this treatment did not result in
a significant increase in grain yield, harvest index, or grain protein content. This shows that other factors such as
water stress, inappropriate crop management and genetic characteristics of the variety play a more decisive role
in wheat yield. Choosing the right cultivar that is compatible with environmental conditions is one of the factors
that can help improve wheat yield. In this research, Paya variety with an average yield of 675 kg ha* showed
better performance than Aseman variety with an average yield of 616 kg ha*. Also, the effect of variety x time
of foliar spraying also had an effect on the yield and the best yield was observed in Paya cultivar with foliar
spraying at the stemming stage with an average yield of 729 kg ha. This agricultural method can be used as a
short-term solution to reduce nutritional problems caused by the lack of these elements and improve food
security indicators.

Acknowledgment

The cooperation of the Honorable Research Assistant of the Faculty of Agriculture of Gonbadkavos
University in order to secure the credit of the project and the Honorable Head of the Gonbadkavos Agricultural
Research Station for providing the grain s of the studied cultivars and the necessary cooperation are sincerely
appreciated.

Keywords: Chlorophyll, Grain yield, Micronutrients



olnl sy sl h 4 s

Homepage: https://jcesc.um.ac.ir !
bag Pt i

\AV=Y uﬁ AEXY3 &l:...a.ls Y OJLQ.:' Y -0.7.

Iz &S 5 oS S S 2 s it =0 5o al 5 65, LSLd o ]

(Triticum aestivum L.) o2 fxf o5 92

b;*.;“g ‘élejs(;?.&‘\ éﬁJlS W‘J&‘Y ‘5-\.0;56 J‘WJ ‘»:;e\ d\g‘«:{ wL.& ‘\ r{lﬁj};@—:’
ALEA VAR FAT-IHGI{VPES @)U

VF¥/q/0 ¥ g}:'f.’.'\f- @)U

daSe

gt (0L plsieay ol abslxe 5 Jlim 53 e 59y S lim 3 b ol &) gikes) polic 38 Sl solites

Triticum @estivum ) o> puiS 08 9 alld (S 5 (o5 Sl S 2 (4> (a8 9 (P3eBlo ((Fjeomy) 2y Blisee Jolyo 1> (3L Jolre
Sladog oSyl 3 VFN-NFY el Sl (b 1S5 aw b (oalas Lol slacSsh b B 55 )5Sl & poy ialojl (L 5 lews]) (L
Ol g a0l piigyy ‘O—"’T (89 cdale i ;0 dodiw i by (adls @il 5 Slae Olas ¢ awyp (pl 10 4d Tl A8 (gj)slis
e 9 Al )3 dodlicws Sl g Cullyy (asls g 4l 3o o o8 Sl &40l (LS @lis (8,5 )13 adllas 3)90 S (s twgd S0,
3pSdoe o Lol a3l &) G &l (55 5 ol Clale Jlo dnn I o (59 5 08T BLJslore et 392 I3 gine Laaigiig IS g g IS
3Sdas o (Bhglre loj X 68y sbyjlos Jlite Sl () sine gl Jidg ST (sloojSS) 9 s (g dopd iy (adli cals
2 ol Cuwd 4 HSe 10 £, Sl VY S0l b Ll o8, 20d8lw dlsye )3 (gdaosy polie 25)5 L aily 5 ySlasjlade oy i g Hl me 4l
3 U s5lwinBingn 5 oS i > MS] cleay aibais odldl Ll 5 )3 (] 5 g, 3,08 &S 2905 bzl iz g e gee
013 g el 5yl Sl (o g 05 & (59 9 al lile Gl Lol 0395 550 w23 piS 3,Skes (Il oaalaggtr JluSiis

(FAOD, 2023) il ;Lo 13 p)S5 kS YYOA 5 55 emihe
5 LS 5 YAQS Jolee odaw Ly lilS ool aud piS
5 CdS o e w Lo A /Y 300s) S 3 o VITY 5 Shes
pasS csly) 1) ols slKls (Ol puS AJg5 doys SEIV
» paS aJes (Iran Statistics Center, 2017) 5)ls adlais
O g o b 5l Glelge Joar )9S e ) gl
lodgize Ly Lacslan jorm g LS (Juad ST (SUis (3)
bl s e Jouily Byl dsogs cnlply 18l 9529, Sl
el 52 S yel S d Jood 5 agdieny ol gl YL
3o 3520 53 (otee i85 &5 (NPK) gl (sladgs” ogMe
St 3> SIS B 5 9y Sm yolic i) Y guae (o
kol LS5 g 8yl sl ceds > g Y guame S 3 )Slos
Broadleyet, Brown, ) couw! les e 10 45385 s500 sy

Ak Glasl 3 die g polie 598 b dblie g (2lie Cosol d9u0 sl

ing polic @ls 5 Skes ¢ Jubg IS 3 glS sojlg

LYRUFY

) 4S cewl ely; olS I (Triticum aestivum L.) pu8

15 e il 195 s Slacaly cn ot )l o

ol e @lie 9 (659l pole 0aStils ¢ LS Sl 0,5 -

Ol (9SS (gglS s

a5 503l Shjsel 5 Slaiod S5 (Sl o) pole Sliiow i Y

ARl GBS Qs il (o

By b @lie 5 (65y9liS pole 00l (ool mlie 095 Y

Ol (9SS (gglS s

(Email: abbas.biabani@gonbad.ac.ir 2 o 0y i)
https://doi.org/10.22067/jcesc.2024.88774.1338


https://jcesc.um.ac.ir/
https://doi.org/10.22067/jcesc.2024.88774.1338
https://orcid.org/0000-0001-6450-2876
https://orcid.org/0000-0002-8707-9780
https://orcid.org/0000-0003-2859-2143
https://orcid.org/0000-0001-7822-9188
https://orcid.org/0000-0002-4574-2409

(Keshavarzafshar et al., 2020) s
).)u_nhou.»u_deg)gu_&j)_aoL&)‘&_»)_&abg_mS
938y slaggeygn ddy iwgd wile (So5ol s sl s
50l 3 ale ol ilg pie Cage 5 995 o0 Judg)lS St
(2l phl g aay sod (Jpaze (AS 5 (o5 (S Cules
e ol 3 g ae S ply 3 Jgae Cuglis ials

(Dimkpa & Bindraban, 2017) 54 0 oLS S y0 4

Sk > 595 9 02 (B Jslore U () Ly oL
paS P8l (oS 3l (LS pAST 08 A (S g (o5 B SRy
5 9y Olyee il 3,8os Ll 31 59, 5 0ol b 3k Jslone 1 53
o8y i STy b alaly 55 laice 0yl> 393 g 45 xe WS yal
b alaio 93 50 oal g gy, chliseo (slopyd (Sl Sl 4y (b puS
ol g 59y ot ol 45 Ky 4 pl 4 Sglize claS
=il Jalee g uis aily 5 )Slos g gy Sluoguad dgup 4 oo
VL (gy9b 9 PH Ly ailato 53y 3 (pllilgus o (g9)Slilgus
olpd g .cdld yuolie pl GMS 5,8 L duslio o (g0 don
Sl ol g sy Sllgu slop b (3l Jslo 5 a2 P8l S
(Arzamjo, Behdani, 1 4 wog aliie byl b 5 paiS slgs
.Sohrabi, & Sadeghzadeh, 2016)

Joloe s Col (1S yolie (Bl Jgloe (139 i ]
oS iy dls>ye ‘Jvcb.c L};.I 5! uS“ as asl awsb Ny (L0
2 gy cdale oy yde oS Lo L i i) cpl 4ol
aogo 5l oy 8y B gone 4 08 Jols lej paS b
3 oalawl (0 |5 als o 5l |8 0,8 L duslie jo 2o 5
Ozturk et al., 2006; Cakmak, Pfeiffer, & McClafferty, )
P 3Shes 51 ol 2l Jslowe 5151 6)%d (g b (2010
sbdslone loj o icaslio g (p e oS Bdwy 4 (pl 4 @23
PAS (jeomiy oloj oliileyS” ol bl b 1> 3 pAS (sl (2]
(Yeganehpour, Kehrarian, Biginia, Moinirad, & <l
ol G ynanS polie Bl obj)l 5o wices Hosni Asl, 2012)
w8l )3 (5590 S5 CoS S LS g (oS 3Skes 2 (59,
5 (0L SLE) (55 355 )LiSe )3 £S5l Yo 28 ¢l j
2 iy e 3 (5l1sS) ool 355 JiSa 13 £ SAS Y/
(Jafarnejhadi, s_s sl liwjed Hliwl ;o laSs
MeskiniVishkaee, MousaviFazl, LotfaliAyeneh, &
Selim, Adhikary, ) LS 5 vlw .Behbahani, 2022)

L — (AlamMondal, AlamNadim & Akter, 2023
OBl IIMy )3 Lo oL duo)d b (595 (8L Jgle
940,855 1y Me jo asb dluws ly Hlia 5 ¢ JS dlaws
pMel aals 4 Cuni Iy (25U joy (ials 5 ails 5, Slas iol353l
(Ganji, Khorgami, & Rafiei, 2013) ;L Son 5 xS .25

(Cakmak, Rengel, & Zhao, 2012
5 plil )l yolie gy Cin 4 S polie ol sl
o2l «(Azam Shah et al., 2016) xS o KoS™ Jgazmo sbrcdly
Clld g Cds (giewl Hlid &5 Suiddas 5 Sid sblo )yl
tal331 B grs (sl 5 ol 8, 55k o 1) ol ol
Shehata, Abdel-Azem, Abou El- 51> (slo} g Cucal cmd o
5 o9 JEsl o o) > opal (Yazied, & EI-Gizawy, 2010)
Rehman Faroog, Ozturk, ASIF, & ) &S’ o &8y pg)S ginmw
b o Jdo S i w > —wlwl ji & 4 (Siddique, 2018

.(Ghasemian, Ghalavand, Sorooshzadeh, & Pirzad,

alie L (3l gl s pg)9d puiS (2STy oy @l 2010)
Uialisl el ol 5,8 a8 ol L al oladeS lse o calisce
lgme @l gy « Sy Jidg )l Sy slam il plos ol
o 31 cllad 2 (6,85 pal 358 g5 Jg o 4l 5 Shas g ol
g ab ool wsls 5y Slae (Jdg)lS olire oy Lol ccuilss
G (o0l 30081 66 2 53 25 93 5l oolizal b (g (Slgiome
ol a9 ai ol (opalaMS 5 aleliyn) oS plo 4
3235 dlaidiy pgygd pAS g el pelSlilgw 1) )3 85 e
Gl sladllas 55 dlugy zls (Ghafari, & Razmjoo, 2015)
5 9y i a8 3, Slas  al 5 sy s 58T s
ceel gy (b sl a S ol s ash o o) cllale 4 oy on]
o A g A Cusyan sl > ol cdale g gq, clale jiol380
Wo oal cbile camy VY il cel oal ol sl 03,5
.(Pahlavan Rad, & Pessarakli, ui «l> )3 (g5, clale gas)d
2009)
Jlosl dbliamg S g (g 5t 3 (sore Jhwn B )
ol ylw g ROS Llis )0 slie cladloes ¢ Jolw Sdalis
Marschner, ) 158 o Loyl La 55 4 lals 6,55l b ks e
eeely (il s oty 535 38 oS (5l (1995
awglie )3 59y b (Sjalor d9m0 9 4l g9y clale 0 Shos il
(Shariatipour, Alavikia, J_& pa5 eais Loy pL3E,I Ly
slasles zls Moghaddam, Velu, & Heidari, 2020)
S9yllgw (Bl oo d paiS Bl Frnly s sl Al
= (e soal g (235) aloye 93 5 (aliw )50) aAl>ye S,
i jorlo dl>po 53 (69) 3,8 b odnliie ol AS gzl (s,
L33l p Sl 1 p S ke VD B A lsseds 1y il (g5, cdale
i joalo 9 (23S dloye 93 p2 )3 (59 pais 30 L g 01
i ) p S5 s o5 o OVI 5 FEIY & 55, i clile
b sloails adgs (sl (59, 5l ool )b 93 3,8 ds) (pows 5 P33
097 2SS 5 oo ¥ Gan s 31 5Vl sy il



VAN il i g (a5 sla T 2 909 ciliske STy 30 2T 3 (535 S Jslme ST ol 5en g pxe

O i g oS Slo Siag 2 sl acS lsmect Ll )
sl ok adllan L g lows] pB)) piS

sy, 9 2190

Qi) (oggls iS50l Slisiog oKl > 35
B 53 JoppSlh ygod VYN =V (el Jlo (b (pludS
g I Lyl S5 d by 33l ol slaSsh )b
0P 5 Jib 5 e YO Loy el glis)] cadlllas 550 adlato
Sl a5 Y gV g 515 a5 P00 9 VW LW g oldl ke
d9a> Sakily (o)l bwgio ¢ gglSlS lidlsn LT ol
Cl 21,8 Bl d D YAVY Ol s dnyd (1Skee g 420 Lo YO
pis i Jold aw a3 polis (3L Jgkoxe Jgl Jalo () Jga2)
3o 5 ke 59y NS bl slowe (LAl ) (siegyy o
a5 il glore slagloj po> Jolo g jl5m ) b cal S
O g ()8l (Ao Al ye > (8L Jgloe Jols o
YA oy S 50 g el Ll g lowl paiS plB )l pow Jole g «il
A S LSS e 0 e

Yo g¥e b e elbgar 5 S5 ol paiges Il cutls 51 b
SL oo 5 (S5 Slaogad e 6y sl 70 b
bee Jsban catls ks i Jold )5 2 (Y Jgi2) 45 plol
i Cygody CudlS gy jio il Ve cublS bolas alold g yie
L85 Oygo

L ojylse 5 (23395 diile (el Clilos il 0)93 Jobo )
CBlS (51,5 .08 Oypo Sgpd sy Sl g 50 (claile
TV 3 ed Cpgmody S D 85 )5 3 mpeyte 3yl Ve
O35 9395 3l 9 F5e S0k gl paS @l (aed; elodl
b 90 Lodo ys gilwoslel wldee (yiomen b plovl (ye;
A5 plol o 2 dges Sad

Comd i (i3l 1 59) (Db Jglore Jlow &S MBS aoegis
o0 Byl b 5 Sl (192 9 o2]) (Bl slome slojles plo &
S L aS 5 Sopots Ghasts ol Cusl Jly085 Gtales] 5o
Sl w53 GigliS Jos S Wlgice coml 5 9y Sbdslne 9
545l OME ) (pal g g9y Cble g gy lie SRl
Zhang et al., 555 55008 28 sl (slodiiS jlganel 3 paly Wilgs oo
2021; Kamai, & Isvand, 2919; Singh, Timsina, Lind,
whie yolie Jlpo as s Ll ((Cagno, & Janssens, 2018
Sl a0y 9 3l (ol Slidod clacagyl jl B pases
Llgie (i 293 (ol 1 eddligo wd pAS 3 (555 5 o2
P @le polie pl o)l a s pas b g 5l paskdd 0 (g)kae
Faizi Asl, Valizadeh, ) sl aslas 3,50 3blio slasSs
5 M layly 4ol > (Toshih, Taliei, & Belson, 2004
(Bilali, Malkuti, Mashayikhi, & Khademi, 2000) ,Se2
Coin U5 g3 5l 938 50 oyl Shsu as edgae o 13,5 oo
Sl SB ) ) Sl s g Cusl pite p)SlS 2 S e
=t prS o +IVE lasgio ooty yoiS f Jlads )3 o paiS
(Faizi Asl, 2000) ool s cyiomads 5 1535 cyuess p 5o S
Soy sl s lysa ]y p55lS 53 p)S (e <100 Sl >
pIel y5iS oyt Jlod 53 (5l 08) w3 pA5 (gl S
25
5 Qo p25 pBI )3 (59, 9 o] (3L Jsloxe adllas 51 Bam
bulyd 4 (ol glls oot 32 Yo el e Lulyd 2 L
i 385 ol il g 3, Slae (9,0 Yl ) Jaomo acluols
Ll 5 o o o 681 sl 032 il 08591 5 (53, 5 02
(2lPL ot CulS 9 bs)lan 4 Cuoglio 5yl 3)Slos ey
3 Hy el o2 GllS il )3 1505 slans) (piSole
leass 4 s ol 1Ty o 51 Bl ()5 Sluoguas
P10yl oy wold CleMbl &by )3 a5 g5y pbas (gde
slio (Bhslre ploj 5 ool 5 55 355 Bras Sl (3o

(YE++=ITVY) LwgalfunS Ssgimw (owlindlgd oliing] Crsosily owlinilgs Hlol -Y Joua
Table 1- Long-term meteorological statistics of Gonbad Kavous synoptic meteorological station(1992-2022)

£ 3 s & 3 & &8 _» _z 3 B¢
X TT > v > g = 8 = 3 %3 8¢
28 35 28 xE 23 %3 3§ 38 =§ ag IS 3z %3§¢
%< < 2= ST BB g 33 2 S g 2 > c
3 o > a "> > <&
SHb olie
(o) 519 390 145 204 250 174 334 412 480 393 634 608 4541
Quantitas pluviae (mm)
Ig lod Sl
(5l 422) 149 203 264 293 300 275 218 158 107 88 86 108 1873

Average air
temperature (°C)



https://www.sid.ir/search/paper/%D8%AD%D8%AF%20%D8%A8%D8%AD%D8%B1%D8%A7%D9%86%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%DA%AF%D9%86%D8%AF%D9%85%20%D8%AF%DB%8C%D9%85/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all

\4Y

V€28 bl oY oylows YT wla ol pl £1)5 sl iy 4

o8~ (64
A'NL: oS (€ 75 o0 (wobg (o350 § sCin o) § e ocar s 0™ 37 5460 privize 0 € off©
“Kupioe [10s azijennau o) K)[IQe 2y Sey Jey) (ILUOQIRD WNIO[ED Jo dwi| A[[ensn) aoueisqns e Jo afejuasiad ayy sajeaipu] anjeA Suizijennan [0 SAN'L

S8 Ll [34 St LYo 1'96 0vL TS 8 49 LE (1143 69 Y SOl 811 ;L 16 09-0¢
8¢'8 €T 0l < 89°0 TS L60 TO'lS ol 143 8¢ 1334 [S 8 o ol'l 801 ;L o9 0€-0
SSEp
uvs ( (wdd) (mdd) (wdd) aanyxa) (%) ms (wdd) 3 (wdd)g (%) N1®IOL (%) (%) AN'L Hd
B 1o ex A_,_Hﬂﬁ%s o .zs_v i ny uz (dd) 4 2 HOSxx m.\.v LSS & AH\L »M.w Rl ey 0 uu__;.uho - i3 ,:.E mew qam...E
o Sp s Llad o s e L 5 2 s S clor S Mg e g o (S 500 weCor ofje |t o R iid
K e

(@209 01 0 1309P) 1105 Jo o500 [CTWAYS PUE [EISAYJ T JIGEL
b |- sobonm R E 6 AT 9.9 o (K49 (forir0 (398 ol ) oy, o)



VAY il i g (a5 sla T 2 909 ciliske STy 30 52T 3 (535 S Jalme 51 ol 5en g p2xe

bl Clale Wiy g doyd p Lol gy I sine a5 dodli
Jbes Lol eiomen 9 )l3 ire e @ Lidg)lS 5 4l 59 5
P fuals glysa) Ol g oalwsyy sdren) polis (o3l sl
B bl o tne B Slis yls b &l ol 4 g9y cdale
DS Sl 29 o gne et o (oled (8L sl (o
SMS] 4l (55, 9 ol Calé & s (Bl Jglre X 08 slos
Oized (Codll (g xe ¥l Olas plo p g ol lis o cse
il 3y Shoe o (il Jslne (loj X 08 Jlosd LS wep Il
e QS 33139 yl3 eyt Slico plus g 3 dne
Moina s adllas 3)90 Slao (Bl Jglme (loj X (8L gl
Ol X (il gloe X 0 8) S em s Sl eonen 9

(1 o) calss (gl gimn Cglis Wlio (8L S5l

dila o Slac

aS ol L (F Jgiz) Lajlog (:S0lee auglie Joo> gl
2 PSS YD (5o b Ly o8, 4 bssyo 3,Shae olize oyt
e X vy 13l uSilie dlie el Cwd 4 doyd VY/AY
L o3, 2 2,Shae (g 5 39 35 1 3 Shae 35 (il Joone
55k VYA 3 Shae uilin L (om0l o 53 (3l Jgono |
OeSen 5 jLidl jslis (0 Jgas) 4 ssal i )L S
aS 15,8 ls 29> islejl ,> (Keshavarzafshar et al., 2020)
o=l el a8 ws ails 5 Shae S0l ioliel el (g 50
Span b bape Sl Mg s in ol 6y 3 Ses Jl34
Jlw p eaddlyl JlSis 4 asgi b oyh (S (SW,b 094
inli8l wlo aiSsgamme Jale lgieas O ialosl (slyn o)
b el U il gl slalog ashy 0 Slas fpo (6l Gixe
3ol ol 4 s B l5e 3 piS 435 Yool (5 Jgie)
Copde lpd iz )3 & Ipj sl Jl008 0 g (S
by adlate )3 Hlal 3)90 (sboy wf) elely 2l (S ol
3 BynenS ypolie Jlpo b 4 asg g SB yge50 5l oolaiul
o plbid Gl 55 2590 355 sl (e puS (o5 SasS
o (S glod 9 (SHHb idlS by ;g walais atgy 3)Sles
5 02l e D 5 ¥ Jgin b Gillee Lyl g il oo 1381
o=l Slhre s dule g as g 4 Sl S (1/FA 5 +/AY) (g9,
Al e Slyu a3l it 59y ol Vo] &8 canl polic

po— > )l pasgel dajlogs 4l Jlosl | gy wiin S
D Jdg) 5@ Jidg )l 9 b ol cudlS” jlam 5o, WY i)
e s 5 pSoill gl Ghgyan sBes)lS g IS b S
cbale g ad b S p50js P05 eSSk 4 Ldg)lS
sbadses 5l odlaiul b aadsiin)S 9 IS Jidg)lS b @ Jidg)ls
Arnon, 1967; Bagheri, Sinki, )i awbro (V) alal,
[(Firouzabadi Brothers, & Esfahalani, 2013
0)
Chla = (12/7A663 - 2/69A645) x VIW
Chl b = (22/9A 645 - 4 /68A663) x VW
Chl. total = (20/2 (A645) + 8/02 (A663)) x /W
C (x+C) = (7/6A480-1/49 (A510) x /W
wga_yC (x+C) 4 Chltotal Chib Chla ] > a_s
@l eV dasdgBo)lS g JS bl b o)l @ sy S
ool 2l 59 W g (e con (B pan (il
Jde Ul hgy b s uSgn ol Soilal (ol
S ae 595 VY ol iyl ¥V cudly yloj po 1y aly 59,10
adaly 5l el yis (e b g 03)5 Clus Jlowi o sl yds c3lS
5 3)90 diged (WSgp 3Sdas g (i p 22> ()Jg S 2oy (V)
.(Helrich, 1990) 15 olus
53355 o o T ")
OB 23 = 9y Olyee X OIAY
b gy 0 Sas = &by 5, Slas X pZigp duoyd
ladiges 5l p)5 Szl wls )3 2l 5 (59, 5 xS ejlul (sl
Syl b e B 0923 0 9 45 iy 5 Pl 5 58 &S 0k
)5 )3 (Sl oy ) csls sloz (sl oS b 4253 00+
o 350 9 SISl )3 digad o gl osslunday S
Sl 85 148 um gy 0,8 Ble dayd Ae (glod j0 g 00
Gl dlwgds g A CBlo sdslcuwday Jabre lsu opgl b z )b
2 ool g sy Jadie ol 3l am g sy il oo Voo o 4y oo
2 oa0lgd eil s ol Alugdy odelcanddy (sla oo
(Malkuti, & Homai, 2013; Melash, Mengistua, Aberraa, )
& Alemtsehay, 2019
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Table 5- The results of comparison of the average interaction effects of cultivars at the time of foliar application on grain

yield
o s ldslone ol &l 3 Slas
Cultivar Time foliar application  Grain yield (kg ha')

Aseman el Tillering g; 4> 658.6 b*
Aseman ;]  Shoot elongation a4l 559.2d
Aseman e Grain filing «ls a5, 631c

Paya Ll Tillering 5; 4o 671.4b

Paya Ll Shoot elongation a4l 7294 a

Paya Ll Grain filing «ls 05, 625.6

B b i (gl gxe iglis LSD (905l duoyd iy praws 5> S yiiio gy (sl sl Silo
*Means with common letters do not show significant differences at the 5% level of the LSD test.
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Table 6- Short-term meteorological statistics of Gonbad Kavous synoptic meteorological station 2022-2023

(92 slod Id o Cagh, £ Lol yod slaj, dlasi
Air temperature (°C) Relative humidity (%0) E e Number of days with
E =
E £ E & §= § e
=} = 'S =
38§ sE8 $E 3sE $E 3 E £ g z =
5 8 a 2 5 = 2 < ) SEN= 2 X [ s iy, 8 . O . 8
> s ql £ \5) s 39 \5) = \3) 8 32 38 3 S 2 S )
3 E VE 5 J E VE D5 ", = s > 3= i @
4 @ 4 o ‘&3 > 48 4 o ‘&j S o] @ “'\3 1 = o
2 2 » < 2@ o < 1) I £ 28
R TR W a5 B = 5 & i
> > > > ~
< < < <
1401 e 18 315 24.7 36 83 60 12.3 129.8 6 0
2022 September
1401 ol 9.9 225 16.2 44 91 67 425 66.9 7 0
2022 October
1401 N 6.5 16.6 11.6 55 90 72 27.2 50.1 6 0
2022 November
1401 @8 0.9 13.9 7.4 40 86 63 8 30.4 6 10
2023 December
1401 ool 1.4 13.9 7.6 43 86 65 19.7 33.7 8 10
2023 January
1401 Skl 7.3 225 14.9 38 89 64 9.3 80.4 11 1
2023 February
1402 2908 9.5 24.3 16.9 404 88.8 64.6 26.6 1225 5 0
2023 March
1402 Cadigend,)) 14.4 28.9 21.6 38 89 64 335 164.5 11 0
2023 April
1402 RRYES 21.4 355 28.4 33 81 57 38.6 253.5 5 0
2023 May
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Keshavarzafshar et |)Ken o )Lidl j,5lis ,las o 5 Cowl 039
L slaash adg (gl (59, 3l oolazwl )b 43 5,8 (al., 2020)
Sr908 PSS oS ke ¥ B o I 5V (g5, clale
ceel sy bl Jolome 4S5l Lis Allogd inle)] ol .ol
Lo A cupan bl s ol cbile g gq, clale i3l
Wy onl ccble caopn VY Lol el ool il Jeloe s
.(Pahlavan Rad, & a5 asb ;5 g9y clale jili 8l gas)d
35U pas il Ui gaioo ol jl Juols guls Pessarakli, 2009)
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9 0yl cwlio Qi pae g JluSis ey &5 35 o) e
S gy lsime 2 g9y 9 ol (Blslre (3sr el
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9 I JbeslS D Jdg)lS olie o 3 e pB)) o (ks
2l Lal sl VL Glowsl 08 4 G Ly 05 50 Wodsisig IS
Joi) 48y ine f aadeiSs)lS g s 3yl Clio p bnjles
Gharib Eshghi, Adelzadeh, ) l)lSen ¢ e coye (¥
pAS slacwisgl o —iulejl b (Shiri, & Shahbazi, 2009
sLid uiS ) i balpd 4§ Jesdie sl & sl olis
S 4 Cund il Jbg)lS Clale 5 5yl cowdgin
Olal3dl esly ml 508 (liie (g i B Sl
Slyome @y g S Jbo)lS 5 S sl plos clled
(Ghafari, & 34300 a3l> 3y Shas g 4l Clying S oyl
(Arzamjo et al., l,LSs 9 ¢>=;,! Razmjoo, 2015)
Bl dsle a5 a5 08 da (aiSly adllas L 2016)
ol o glite SUs | dilaia 93,5 a5 (59, cilisks (slap,d
Sluogas d9:00 41 e (0] 9 g9) (Shslore & W) wns
2 onl g gy Sl Bl glre g 15 @l 5 Slas 5 g3
S ) b anglie > (e @0 Y ()90 9 PH L adaie 5
lapd bl slme g b pB)l cutS ol 0 2 ol 5 )
35S dpog pAS a5 el ool g 59y Slges

oL Bilali et al., 2000( ) ), LSan o I calal, ol
S uo i 5 93 3l 5088 )3 yal Jlymu d edgae 45 13,8
Ao 5 (Faizi Asl, 2009) ol b 5 Cul puito p,55LS 5
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DS 5 s sine b ()15 3o ol s 4 () sl (3L
=SbJsbre &gy (59, 55,8 (Shariatipour et al., 2020)
A plE &l ggy cale g 5, Shas il el

= gl X a8y lajlosd (S 0650ke dnlie
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b 5y 2L L &b gy clale S0k (i 5 A5 Jols
08) 2 pligs YW 5 Ll 085 5 pliaco YOVY o ey Jl5e 5
i g elale (ulidl col gal g g (Shgbre g Glow
290 89y (Shglre S psboa cad ails 3 (ol polie ()
Waoyd Voo opl (Bl Jelore 5 dily g5y Clale casyd DO i8]
aS ol i pols sdss zls b il ) als ol cdale
Ly oy el ool ol 551y > conl e s, (Bl Joloxs
2l (653 gme S Al (g9, Jlde ol (SLSglxe 5 )8
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5 (Pearson & Rengel, 1994) 155, 5 ygwpm bwy o polie
ol cbale Yiaasl ol 003 3,135 (Kochian, 1991) ylasS
sl 4l Gl ol (Bl sl L LS lacdly > ol
e paie v lde WA ®5e5 0)ligd il jd jolie pl
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J555 9 (9w [(Garnett, & Graham, 2005) 5l S
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Table 7- Mean comparison results of interaction effects of cultivars in Foliar applicationZn, Fe

soss
Treatimant
&l oyl FHI
”é’ “‘“’ L"J"b“ i Grai‘rﬁ;e Graiﬁsén

Cultivar Foliar application (ppm) (ppm)
Aseman el Control sals 67.16 f* 1591d
Aseman L.l Fe foliar application 4»l  154.45a 175b
Aseman .l  Zn foliar application 5,  106.92 ¢ 24.02a
Paya Ll control sals 83.86 ¢ 16.15¢
Paya LL Fe foliar application ;=1  147.9b 16.28 ¢
Paya LL Zn foliar application ¢y,  87.32d 25.73a

a3 e Ui (I gme glas LSD O}o)'j S yd iy gdaw ) S yide By gl sla:Silo
* Means with common letters do not show significant differences at the 5% level of the LSD test.

o2l 5 9y Al glone Sl oalaiusl Ly 48 s ooyl 4 Culy)
onl 5 59y 9908 b & QoS ) puS S 5 Shes 0
olysdn Sy (shjar Jhg) onl bl ednisn dguy it d2lge
ol 39maS 5 b Sl M LialS gl CotaolssS ISl
9255 )8 3,)L8 3)90 2lie Cuial (Sl jadls 350 g polic
ol 5 oy WS Gpumo b 5,Shes Ltlsél o ctotly Sal, gl

D9 dlggudy daxie sla o (¢lp

6 31wl
By (65y9liS 0aSiily gty pyime Ciglae (6o ]

oK) e sl g 059, Hliiel ol gy LugglSanS
g allas 5,50 P8l )4y (ol ez (99l S (65,5laS iy

S 5 4ol

St Sl e ) e g ool 5 gy (Bl sl

D3l 4y yrie Sl s Ll b 3 PSS 35 o
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o) el adlas dibaie WS JLSiis Laylis )3 &l i
=5 Capice (ol (i ale (6,500 Jelge 48 amd o LS el
38 des 13 (5 0N ead GBS 98y (SB] Cluogiad g calial
adox jl e dae Lyl pd b )5k 5 caslio o) Sl .5l paiS
o=l 50 S S8 puS 5 S dau 4 Wlg o a5 ] Lolge
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