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Table 1. Monthly minimum, maximum and mean temperatures during wheat growth duration in

Ahwaz (2015-2016 and 2016-2017)

2015-2016 1FAF-40 2016-2017 1¥40-4

Sl A oS Sl S S S
Month s  Min. (°C) Max.(°C) Mean (°C) Min.(°C) Max. (°C) Mean (°C)
Dec. 55T 7.3 22.1 14.7 9.0 20.8 14.9
Jan. ©3 8.2 22.9 15.6 9.2 20.5 14.9
Feb. Ko 8.1 22.7 15.4 7.1 19.2 13.2
Mar. il 12.8 27.1 20.0 11.3 254 18.4
Apr. sy 16.1 325 24.3 17.8 31.0 24.4
May c.iges) 21.1 36.0 28.6 24.4 40.6 325
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Table 2. Physical and chemical properties of soil at experiment site (0-30 cm)

EC (dS.m%) S S s 3

pH PR 7.3

Organic matter (%) IToske 0.35

Bulk density (g.cm3) ¢ sl o paie 05 1.21

N (%) O3 0.05

P (mg.kg?) JE) 15

K (mg.kg™) ety 265

Zn (mg.kg™) S35 0.05

Soil texture S il Silty clay e )
Yov
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Table 3. Mean comparisons of plant traits of wheat in sowing date treatments (2015-2016)

6 gl Gl 5158 055 o) 3 Slas
S &£, e e Plant height e 53 e Sl Al 5 415 slds 1000 grain wt. Biological yield
Sowing date Leaf area index (cm) Spike.m? Grain.spike™ (@) (kg.ha?)
Nov. 29  ,3TA 5.0a 90.5a 450.6a 33.1a 37.6a 16173a
Dec. 14 3Ty 4.4b 80.3b 442.6a 26.9b 34.5b 14950b
Dec.30 = 3.6¢ 77.3c 385.7b 26.6b 30.8¢c 11513c
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Means in each column, followed by a similar letter(s) are not significantly different at 5% probability level using LSD Test
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Table 4. Mean comparisons of plant traits of wheat in sowing date treatments (2016-2017)

B b &l el G gl als l5m 05
Sowing date Leaf areaindex  Plant height (cm) 1000 grain wt. (g)
Nov. 29 ,3TA 5.5a 91.4a 37.1a
Dec. 14 ,5Trv 4.5b 80.0b 35.4b
Dec. 30 (¢ 3.8¢c 76.6C 33.5¢
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Means in each column, followed by a similar letter(s) are not significantly different at 5% probability level using LSD Test

MJJ&JL&‘C}Q_»/)JU}{&LE)|}_BLS})
Qwﬂjg;_i&‘@,ugi.&@ﬁuj)uﬁ,b@ﬁ

sl dlw ag b g o Dl il )y 4 o
L;))Qw}_ﬁﬂ,w&@,u;\sg\wwuguﬂ

YoA


http://dx.doi.org/10.29252/abj.21.3.254
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.3.5.9
https://agrobreedjournal.ir/article-1-1059-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1398.21.3.5.9 ]

[ DOI: 10.29252/2hj.21.3.254 ]

WA G2l o )l (0S5 5 oyl (010 2l psle 4 55"

5 S G, S 1 5 500 S ST (s
e Bl OT o (gyls e 1 g5y Sl g
CoilS s ULyl dle ys &8 sls Ol b ke
3 i sl ¢ Joab slgst b 5 2 s s
i SIS o e oS 55k 4 (3L 2l e e
(,sTv;_.u) Jsl 3 556 53 (FO/8) o e 50
oo SBlS L s (FAD/Y) OT e op ,2eS 5
2 55 Syl 4 ol Jsd) T oy (53 o)
;\M‘J,\g_&lféju@@”ww&'@)u
S a8l hals ds s VY 3 gk o a3 Al
0333 Jsb 0L ol S 5 LIS 3 Ll LS s
03 A Sl ¢ Ghammy e o o e
s (Moshatati et al., 2010) <3l ials’ B
(Sayahi and Kamaei, 2017) sLS 5 >l islesT
53 (.,\_;f CslS s aale ¢S 5 48 sl Ol
o\}ﬁy@»,u,;w;\wﬂtsg:pmou;}s
035 Il & Ly o uilisls 4o b s sy ¥
Ao S 1 655 5 LBl U 1S sl DL
bﬁ)\bﬁ“}b&d%‘dﬁ.n)bcfﬂjb
e 03 G5 Oy 5 S B 2Ses 1
S 5l sl 15 4 13 ine A5 2y Jloc|
30 Dy 5 CBlE ) S oo by e
)b@b‘@&%d)‘bd&(}bdb)b
j(J.JTVJJJ&)d}\wgé)U)J(JJ.G?\’V)cJﬁﬂ
O Jlie o r=aS 5 (55 S8 s pf:l:f"' ol
b 3 (53 o) pyme SIS 5 5 (5s VYY)
S o i (Y Jsda) A Lol (59) 3 s
2S5 W LS p3p S LS
IR sl g5 paie el Bl ol LA 0
S 150 5 o Lavamsy (659,U 5 5L eslies
OLLSen 5 05 158 o Lo s e e o b
SlAw (695 9 e il 581 L (Khan et al., 2008)
oS ST Sl 53 5 Bl 5l pdS 50k ey

RS dde YV MJL’SA BE)

Yo9

Lo 0 Silke gl .2l OT 1 (503 e 31 (555
g i) (2slS 53 b L dgl e s o sls Ol
22 455 gLl oy i 48T (655 b g (L el
;(,usu\_ﬂwa)()sTr:_u) Jsl o8 s
CdlS F,l 5 (el VV/T) OT Hlide oy S
S sl (1 J3d) A2 fol (55 o) oo
sl dlw 53 655 DM s Slaslad )5 45 5 ¢ L5
C\_"ﬁ)\cdwgbjﬁmﬁ\p\l{a\f;b&x(\‘dj.xg-)
pf}—l;f' Sles 53 a8 ok 4 el il G
¥l ety e Sl AF s gus 4SS s
Sl (595 DMy LS o (’ij—lzf”:' g)
Ol 5 5l (0 Jads) SB35 (5405 e
5 s 2531 L o(Khan et al., 2008) ol ,Ls 5
v )\m)a,@gﬂtp\(..\_faﬁtw,uw,
o gl ey n SLeAD 4 518 3 0 S ALS
'@)u;\J;lm\_ur,;d\_wgbﬁfwsg,\,
caﬁ)b@mmj.s@cbﬂ,;aﬁt'w,\ﬂmlf
5ol ) S 1 5 g Sl s 51
0le A e (il 0T o (g5ls tme 1 (S5,
r,;dujsgd:l{'c_)uéu)ugjauﬁtwjl
().STV.::J:) Jsl CBl8 gyl s 487 sls Ol SalesT
@,u,aj(ﬂgu%\/ﬂuﬁﬂ_@\&%
Sl VEI2) OT jlide o 2aS (63 o) p g B
L aS sy o 5 4 (P Jsuln) el s 4 (2
Jab s Shall s sles Sl omslS 55 50
4l 2alS Bl Jsb diye)ss 50lE (hs)e)s3
5 S adaly ol 53 . CL alS gl
20U 51 o 2 L (Soughi et al., 2016) 0l LS
206 plS slac 55 p8a 13 5 Wipney IS
gLl (sl 55 U L oS Ws S 5,18 ol
8L ralS Aoy YF Ol 4 4 g
Jsldbw an by e Dlio bl a0 ol
i Sl o S b 1S sl 0l e lesT

c;_,_f)\sw_;m.,\_.p)sé_gigjub-lclzu)scfﬂ);


http://dx.doi.org/10.29252/abj.21.3.254
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.3.5.9
https://agrobreedjournal.ir/article-1-1059-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1398.21.3.5.9 ]

[ DOI: 10.29252/2hj.21.3.254 ]

"YOF-YEV AFAA (6 g gn 5 aztie cils 3 ,Shas g5y Sl g 3 pae 1"
3 (\Y40-4%) &l 558 059 5 (VFAF-40) () >J§L~.o PR CL&JJI J&u s 20 =0 J gl
S S s 358 layles

Table 5. Mean comparisons of plant height and biological yield (2015-2016) and 1000 grain weight

(2016-2017) in zinc sulphate treatments

S O g <5 gl
Zinc sulphate (kg.ha')  Plant height (cm)
0 78.7c
10 79.8¢c
20 83.2b
30 85.7a
40 86.1a

R s )15 055
Biological yield (kg.ha') 1000 grain wt. (g)
13914b 33.4d
14247ab 34.8¢c
14986a 35.3¢c
14907a 37.1a
14517ab 36.0b
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Means in each column, followed by a similar letter(s) are not significantly different at 5% probability level using LSD Test

A1aS 515 0L s dlw g by o bl 4 52
S b S 5 (555 S e (S b
JW\c]eM):d?;szdlsz\Mﬁ‘_g)Jwa)
s plis Lﬁau.:il.:a awwlae L3 g Hls Jxe Mjﬁkj_g.i
d\-«ﬂ))&))ﬁ)&)—uﬁ@l{@)umjg
):(?~)41,:._.»)>4_§\.3:\M@,&g&:lsowrj:
ijj_x;m O aan 5 (3T pn) Jgl S8 5,6
23 (YE/Y) 0T Hldie op 2S5 (535 S g S s
);rf}l:f’ﬂ S pan 5 (65 o) pyw B 50
A (Vi) s ol o) S 58
2635 e 530 S LS O e aS iy
DRI sl S35 i ganl b sl LB 50
OLLSs 5 0l 518 5 s aliw 53 4l sl
S (695 5 e il 31 L «(Khan et al., 2008)
05 S ¥ Hlas 5o 5 bl il e ala s ails
ey a5 @IS YA 4 LS s
Jsldbw an by o Dlio bl o ol
s 5150 055 p B Gyl 1Sl Ol tlesT
A Hs e s ime Aoy &G el o 3
5o U s 5 6y Sy slasles
sls ol Lau:i.l.:a daslie 555 Hls sae (59 O su
s &l I 059 il s LU L dsl e ja &S

059 ot 45 Gy sk a0l 2alS gyl sae

Y1

Jol Jbw an b o Dlio il sl g o ol

23l sl Sl syl e sl Ol G lesT
AV 5550 ol irn Aoy &G ez a3 ali
JERTTRCIH PEVE I I R VST
534S 5l oL La Kk diwglie b1 (5,15 gime
53 45l sl (alS s b L oS sls olis Jl Jle
03 asls slaws o mis 45T (g sk 4 (8L talS alin
3(,5TM)J,\¢_;K@,uJJ(\‘\‘/\MT;_w
) p e S 26 s (Y9/8) OT Hlde o eS8
AT o> CblS Gyl L andl o8 ol oty (0
s g0l 5 (7 Jadr) S35 ()ls ome D55
‘(,sTvs.u)le Sl )b 4 e (62 o) 5
Sl LS sy YF s s Al 5y il slus
b5 095 dsb (ilS js b L oSty o e
S U s Ky o o) U5 slaoj T
Cosleas et (a5l do o 5 o lgs! ¢S
S 31wy godd 5ol oS ol YL glos L O
93 oml s aml hals oS 53 4l sliw 5 diws s
Gl 53 a5 s sl sl el by ule
j@pﬂ\_‘ﬂ@u..\;up_ﬂjpswg
U 4S5l OLis (Sayahi and Kamaei, 2017) LS
salS Eel Ol s (n\:f CslS s aabe oS


http://dx.doi.org/10.29252/abj.21.3.254
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.3.5.9
https://agrobreedjournal.ir/article-1-1059-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1398.21.3.5.9 ]

[ DOI: 10.29252/2hj.21.3.254 ]

WA G2l o )l (0S5 5 oyl (010 2l psle 4 55"

08 S ¥ O pme 5 (3T (tia) Ul bl b
G2l 53 0T Sl op 2S5 (g9 Sl s HISGs
b 53 (7 dsu) T Cwds (63 ) o LS
20,5 ALS 0IYF) s 5 Shee o 28 oJgl ilS
OT Sl ST 5 (555 e pike Slag 55 (LS
2 (‘ij—sz"' Slass 55 HLS s (’Jf}-lzf PVY?)
LS s s Shes 0T 31w Js coT Sty 410
e U il e Yl 0T s o L
,(,sTW)C,;g._z\f'@,u);.;._mgfﬁw)
Q;l_&:tgj)g;w,_wcjbwc(dar_@)p_w
33 a1 5, Shes Ol i Wy s ol Hls e
Gosb as s Dbz rolasT ol dle b pss Jls
Ju)>6,)¢w,w,u\§@)ub;@jﬁs
OLS )3 5 5 LS #00A) ails 5 Shee ¢ 28 53
C,fj_xtfw Jless 5 O3T g2ie) ol CBl87 Gy 5o
OT Sl op a8 5 g0y DWWy 5L s s
,f,_.“;_.z\f@,uﬁ(,\_&“;rﬁj_gma/\)
)J.(VJ)J—?)MJ‘&BLQ))QL“}NJWCM
u;;,.Q,,;@;_;ﬁc(JsTv;_:.a)d,lmts@)u
2 S HST Jles 55 GLSa 55 0 85 LS 700A)
(;u&»,;cfﬂ;o«woumaﬁs”\&n
ol 55 Dl g JLSa 3 SHLSF L )
3 S ee o it G3T YY) g3 SIS 556 53
05 S ¥ 5las 53 GLSa 55 p S LS BADY) 4l
)gcﬁ)_lngo)ﬁ,u_bw_x,,\_&,;
S35 DMy SLSa 53 0 S S Fr s s LS
&\f‘\f(@r@;)C}.ﬂw\f@,u,g.mT@.\;_
arlgn b S 2 5 1m YL les LolS sy e
ails 5, e (555 DM g B e 330 L s
05 LS FYAY) ails 5 Shae o i 5 3L 2l
cuyu,&ﬁ(\f,{sw Slas 53 G s
3lie O pae e S 25 Il b s Kos Sle o
s s 5, Sl ol 00 Eel g9y maie YL
Jlo 55 58 5348 313 0L 3 5 sl Sl s s i

ARR

(3T pzin) Jol Sl 36 3 (p S YVIP) s 5
by SIS 5B 55 (o ¥ /A) OT e o S
53 505 Osle 4 oF Jade) e ks (63 )
(o o I3l SIS e, 51 ST 6 L el b
@u.@lﬂﬁ&uﬁn‘ sl aSls e O
Aas sl 0L s dbw s bs o bl 4 2
23 a3 512 055 S5y M 5 CBE )
@)UNﬁQ}Q)ﬁJ‘J&M}J&&
Lo S0k e lin .3 55 13 ime (65 Sl g 5 8IS
v;_:.a)dj\g;_;\f@)\;,a ¢,>du,>4§>\> olas
'@)UJJ,(D_?W/\)Q\;)J-_:«oj,@,uﬁ()sT
(p S YT/0) 0T e o 28" (63 ogd) p g SIS
p.sdujaj_ﬁ.sc»,l_;qﬁJ;.xq-).uTg;MM{
Q(JSTM)J}‘MK@)UJ\MK}J?UL’
salS Aoy ) sj.x>4sl>)1}ao,',‘(@v@)r,w
o e (cslS s b L oS e e i 3L
Job als Ceb g odd axlse YU glos L 4ils 0
03 s 4l e Oy Eals 54l s 0y oy
L (Soughi et al., 2016) o1 )\Ker 5 3 sow alasly oo
T PAYWICE T T . p g
gd,u;;g;,lfomf,goucﬁ‘_;ugﬁ:jsj
Loy FO Ol s sl 055 coslS js b
L aS 515 0L La i Sols amglie gulss .28k 2alS”
Ol 3l sy e 059 ¢ 59y Ol s o e il 53
LS 53 p S S Sl 536 sk 4 3L
Lo S (0 Jsdsr) dwy p S YV 350
Eel (69, 3 ae 5 (Ma et al., 2017) Ol,Lea
.M(dela)lfdj)&\}ﬂ
sdsldbw s by o Dlio bl 4
WilS ) S aS sl Ol L,f,{l_,,,'Tp; Juw
Sl p 5 Sl ) RS 1 5 65 iy
Ao 55 &S0 sl o 55 s 5 Shas 5 (695
4S5 Ol Lo Sils amglie L5 3 gy s e
23 GLSa 55 0 8 LS 9VYP) ails 5 Shas o i


http://dx.doi.org/10.29252/abj.21.3.254
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.3.5.9
https://agrobreedjournal.ir/article-1-1059-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1398.21.3.5.9 ]

[ DOI: 10.29252/2hj.21.3.254 ]

"YOF-YEV AFAA (6 g gn 5 aztie cils 3 ,Shas g5y Sl g 3 pae 1"

L) & s «(Ghalenoei et al., 2014) ol,LSes
SSa 53 0 S LSO O e cosline (5L TS
OT O e ple L sl 53 () Sl 5 555
A o3 YO L ptS il 5 St 55l Col
9 e &S il odd oyl 58 aaly e s
aur.x_;f,gujfdw;tdmfapij
OT o b 5 03505 (6,8 sl il 5 Slas 20l 51 5
(Graham and McDonald, 2001; Jas o !5l
Peck and McDonald, 2010)
Jsldbw an by o Dlio (bl o ol
L;,)ow,_w,wlf@)\:;uf;l;owﬁuﬂ
3 I3 fme Ao )3 &S o 53 () 3 Sas
s inn 695 Sl g 5 S Fu b JESen  J
L ot Jlo s 487 515 0L 1o Sols el s 23 5
sl talS 5 Shee (oslS 5y L2
M\S@,u)aw,';;w@,uugsd,,b
5 GLSa 55 0 85 LS VIVE) (3T oo 2a) U
53 (,\_&Mspf,_x;now)om,\_zﬁaﬂs

jJ,\m\f@)u,aub;ﬁw@%ﬁuﬂ
S 3 s DM pu LS 53 p S ASY s
aﬁmvujcﬂuse,uﬁu“r{w
2 U LS )y o hia il ol gy, Ol s
0395 J5b g slas Kl Sl 531 L 5 =il
Jle O e ool 5 il 2alS oS 5,
L YU (slales L ails 0s 095 5 ad &
2309, 53 oLE Wiyeysn Sl b il sl 5
ou&adwtduf‘;:@su(%;)w
ol ol el S sl s, Shes
(Hossain et al., 2013; Olaises plu SilaiT mmls
—-Gupta et al., 2015; Joshi et al., 2016)
CalS s Ul sl s slgsl gle § i
b ok 063 Shas (gl 53 Sas alS Eeol
SIS L S35 e O e K05 S5
il 8l el oL S oS5 5 sl b
(Khan et al., 2008; 4% (,.uf als 3 Shas 5 iy
5 S anls el mls - L Zoz et al., 2012)

(1Y4F-40) (5, Sl o 5 S8 G, ASan s ils  asla g ails s Slae Kk dslie -7 g

Table 6. Mean comparison of grain yield and harvest index in interaction effect of sowing date and zinc sulphate

treatments (2015-2016)

;.LK‘CJU L;})QUJ}..: M\::ng.o.c C_...Zl.sﬁu,a:'-l.i:
Sowing date  Zinc sulphate (kg.ha*)  Grain yield (kg.ha') Harvest index (%)
0 5126b 33.7b
10 5207b 33.5b
Nov. 29 ,3TA 20 5766ab 34.5b
30 6726a 40.2a
40 5108b 31.0b
0 4196a 29.0a
10 4281a 28.0a
Dec. 14 ,3Tyv 20 4067a 26.7a
30 4387a 30.5a
40 3849a 25.0a
0 3159a 27.0a
10 3329 28.7a
Dec. 30 s4 20 2884a 25.7a
30 2897a 25.7a
40 3334a 28.0a

I 6l e gl Aoy ey Jlez|

CE»)ALSDQ}A)'wa‘jgmsjl‘.i»ojféb\:Af&l.k;):i:'\:a;)}:.wj&)é

Means in each column, followed by a similar letter(s) are not significantly different at 5% probability level using LSD Test
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Table 7. Mean comparison of plant traits in interaction effect of sowing date and zinc sulphate treatments (2016-2017)

S W su i asbe Cilsp asls
2l Zinc sulphate e 0 kil b 53 &l sl 615 5 Slas Biological yield Harvest index

Sowing date (kg.ha't) Spike.m™ Grain.spike*  Grain yield (kg.ha't) (%)
0 381.5d 32.6d 6157ab 15967h 38.7a

A 10 418.0c 34.0c 6017ab 16442b 36.5ab

N 8 V. 29 20 464.5ab 37.9b 6232ab 17092a 36.2ab

30 473.0a 40.0a 6508a 17547a 37.2ab
40 440.5bc 33.1cd 5910b 17345a 34.0b
0 372.5¢c 29.3e 4617d 1527a 30.2c
B 10 361.5¢c 32.8c 5015¢c 1523a 33.0b
D:C‘.*I . 20 406.0a 34.5 5510b 15340a 36.0a
30 445.0a 37.5a 5857a 15840a 36.7a
40 373.0c 31.3d 4375e 1414b 30.7c
0 332.5¢ 26.9cd 2958c 11240b 26.2b
4 10 339.5¢ 28.8¢c 3377b 12355ab 27.5b
D;:. 30 20 371.5b 32.3b 3597b 13177a 27.5b
30 406.5a 35.3a 4282a 13155a 32.7a
40 337.5¢c 24.2d 3292bc 12107ab 27.5b
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Means in each column, followed by a similar letter(s) are not significantly different at 5% probability level using LSD Test
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Effect of zinc sulfate application on grain yield of bread wheat (Triticum aestivum L.)
cv. Chamran under terminal heat stress conditions in Ahvaz

Moshatati, A.! and S. H. Mousavi?

ABSTRACT

Moshatati, A. and S. H. Mousavi. 2019. Effect of zinc sulfate application on grain yield of bread wheat (Triticum aestivum L.)

cv. Chamran under terminal heat stress conditions in Ahvaz. Iranian Journal of Crop Sciences. 21(3): 254-267. (In Persian).

To study the effect of zinc sulfate rates on response of bread wheat cv. Cahmran to terminal heat stress
conditions in Ahvaz, Iran, this experiment was conducted at the research farm of Agricultural and Natural
Resources Sciences University of Khuzestan, Iran in two cropping cycles (2015-2016 and 2016-2017). The
experimental design was split plot arrangements in randomized complete block design with four replications.
Experimental factors were three sowing dates (29 Nov., 14 Dec. and 30 Dec.) assigned main plots and five zinc
sulfate rates (0: Control, 10, 20, 30 and 40 kg.ha) randomized in sub plots. Combined analysis variance showed
that year had a significant effect on measured traits. Mean comparison of traits in different sowing dates showed
that grain yield decreased with delay in sowing date, due to occurrence of terminal heat stress. The highest (6726
kg.ha') and lowest (2884 kg.ha*) grain yield were obtained in the first and last sowing dates, respectively. The
results showed that grain yield increased with increasing zinc sulfate rates and the highest grain yield (6724
kg.ha) was obtained from application of 30 kg.ha? zinc sulfate. Mean comparison of interaction effect of
sowing dates x zinc sulfate rate on studied traits showed that the highest grain yield (6508 kg.ha') was in the
first sowing date and 30 kg.ha™* of zinc sulfate application, and the lowest grain yield (2958 kg.ha) was in the
last sowing date and no-zinc sulfate application (Control). In conclusion, the result of the experiment showed
that delay in planting of bread wheat cv. Chamran imposed late heat stress and application of 30 kg.ha* zinc

sulfate reduced heat stress effect and improved grain yield.

Key words: Bread wheat, Khuzestan, Sowing date, Yield components and Zinc.
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