[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

FHAFOO iasmin VEY slacoigus,l 5 cpsss OF o,led VY do (aLS 5 5,18 5 aul 3

06 e ol 2108 550 5 (5 i 553 LA, 5 b gl Sis i S0

Ol S s, (Triticum aestivum L.)

Tt S 9 1A § Alcule Fage (60 pake S| Je o pdy ke
Ol Ole S 0l S sl dgd ol &iils (g5, 9LaS ousiiils (LS ol 5 csly 098

(O SATR AT ISR PR SATAA VAR SRy B

oS>

LI s 8 o OF &l 5 Shos 4z 55 BB alS 4 e 005 Jorl o Jsb 5o (K25 25 Olgz 5o puai CiS Cou Gbla sdes 3
et g 315 Sy 01 b i o i (K23 4 Jewie pU] plalid g5t Corex 5 5508 Sidtas 5 S35 Wl 4 4z 5
23 08 b dgd o&ls (55,588 0aStils ko 48530 53 51, o 3 ol WelS S b b o) pony (Sagy bl
(S S5 g g Ll ) Soglite lamms 55 53 48 350 06 pui o5, YA Juld (5 lesl slajlass s 5 plail 40-47 o155
4 oW b opl (BXT) o x5 55 45 Mtk 0 i Lz o o 01,8 5 G585 51 (K GGE sl b s 5 s
I SKidnrd Sl g 58 5 Cute DLl S Lals SLS Sl 6L J3 s e slasla s 5l s LT 85 0 Slhwe G Ll
Joab el (S 5 Jle s ol iyl 5o pp 50 s Shes b O ond (slgime 5 i NS (oL (g 58 1K) il ala
#ole 5 Jhs bl b aS s Jloys ol bl lng e (Kaean lls 5 Shes b ol chile i Ll 5 55 .cudls 342y
Lo 55 e 015 4 0Lk 5 el ¢ o S15 0l pbss Sla 55 Sl (5 slaged 4 4z 5 b g e (Koot g1l 5 S
o Jems sl e i b s 85 Jeow gl K b 1 LAd e (S 5 il s Slie aes b Slie ae ol
4 Al 5 Bl lal e g 0a g dils 3 Shes b (g3 sre 5 Cute Kommad Il STI 3 GMP (MP sla yasLi 45 sls 0L
3GMP (MP) Jasws slasasls 5 GT lly b« ol gl 4 ax 5 b Lt plalid wlo 5 Jowio Glags 5 Olge 4 o 5
Chle 5 s LAl pioen AL oo sbcd sl plebd 5 Sliw 65 Wbl @l el i, LIS e (STI

sl 5 a0 53 ey a4 4l s Shes 3 s S ol Hlae Wl 5 0 pole

J,.éj)S HE éﬂcﬁ L‘.}&aj gﬂ.ﬁu 5‘;43 ‘5.‘\:15 CJL&IS

Curtis ) cowlapoly g 5 oy o Sdae slge 31 5L o YPRYH
AJy « (and Halford, 2014; Geravandi et al., 2011 Jlo b Lls el cer ol Clsame Sl Mg
FAO, ) cul ol 5 158 o5 Osdes VE/AYY OT Ul Mohammadi, ) ol ghoys Voo il dwsls Yeor
Bl St 3l o s sk 0L paS )5 (2020 shiE Slpams o Seee Sl S Olge & pkS (2020

Maghsoudi.aa@uk.ac.ir : S5 mSI Sy SLis 0 fams 0kinns 57


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

VEOY Jlu OF ojled NY Wi alS 5 S,IS 5 a3 Yo

Farshadfar and Amini, 2015; ) Klesls olas |, o
olie oo Gla S 85 s o) L (Seher et al., 2015
Zhang et ) L5 S L |, gyt LA, 5l g miw
& Olge 4 UL RWC) s o glgme .(al., 2016
Cos S Sl 0l Bome oS T Conds e el
So b s e el S s O Ul T S S
S Lsged bl Oliis p S LS55 Gos 2 o
e R e O
o5 5t 6 s ibesl s (Farshadfar et al., 2012a)
250 08 bazalS RWC s 5 ol Six
bl Ol 53 RWC oS sl oL 23S I
LS OF Olge S 5 S L o UL db
bl a8 edalie Ll 25 55 Olpee 0 %S 4S5 5ba
b amglin 53 0T (o3 ONY 288 a4y e g5 lle 25
(Huetal,, 2015) .3 5 Jb ;i o bl jls
» e Sl der 5l e sl ile e
Gpae oS ole spaS b ablis Cogr iy e, yiS
FUs a4 ann s d= o Glay 508 5 63 ,mls e Ll
ol sl (Frossard et al., 2000) ol L0l xS sdate
oS ol Chl Shs Wil S pbeds) plebs o,
Whas mend ) (SO 5yl s posat 4 s
00 8 Sl esls 0L Olallas ) o Ll 4 (655,08
2 Gne slpe med el 4 e (S 25 0bLS
Phaseolus ) Jsexe slus) 5o ol odd alianc s 55
Sals Sax E5ocoew gy, s ol chle (vulgaris
Pl s o2l ldis (Ghanbari et al., 2013) ol asly
Liu et al., ) ol odd 5)S osline 55 paS il
ST 5 Sl Sl g Beg LSS b (2014
& Olpl S sladils 53 555 5 oAl chle Sk 548
SaS as SIS 0 SIS o e S e YR/ SYYNG S S
pS s s Lol Cosllas Slaie L Lachle -l awslis
5oesss SIS Al s, Sde jobe chle a5 A et
Gl oA S5 ol el 3 gaS BUs S (S sy 35008

L .(Sayyah et al., 2015) ol S L S 5 Sl
i 3 5 4y UL e glos 5 8 m0 5 s (S0 2alS
Loge (W4 (gils) Wb oo SRl 50 fJS oL
Shls Ol bl es g SLSa 53 o3 Y/FY Ol 5o rxf 5 Sles
SalS Lol ke (FAO, 2020) <ol o5 V/AV Sila
SIS & el (Ko S5 Olnl 5o e85 Shas 5 Al
| pS ls 3 Shas Wl 5o Ol 3508 Sl ol 318 &S
Nouri-Ghanbalani et al., ) Jas jals a5 Ve BV
o S S e sl e o) S nl sl (2009
Slanly anes (Siraas 5 SiF Hlp g s Ses
«x S| .(Bogale et al., 2011) col Six 4 Jose
bl 5,08 o gl iy e plod s oS sy Ko
Lien Jolpn S ples alls OAd, 5 S e
43 f,\;f 53 b bl e (Pradhan et al., 2012)
Csllasl S sl 5 el Jpene lail e slag il
Loss and Siddique, 1994; Araus et ) 555 o 4> 5 Slas
o A S22 Sl b (al., 2002; Turner, 2004
3 S es SRS S Rl L S sl OLE S ps)ss pAS
ol 05 3 a5 Shas 2alS s Ll 23l 2l Ll
o bl G mb (Bresta et al, 2011) 55 iy
s 1 oy e oS S sl ol
S (Farshidfar et al., 2012a) sls jrals (gyls s
Gl 4 | S 5 Sas (5805 hasn 53 izees
.(Habus-Jercic et al., 2018) ol osls J2als Jb 5
Sl LS bl bl 5l S kbl
s 5 Ay Al G IS w e O chle s lals
el Ol (Yo o) Passarkli bl cpas 5 355 s
oz 5l 25l S S by IS Lo 5 s 55 ol
AR 03 el RS 4 Caslie (S5 5d sla el
St o S s S sl
AU sl ghls Jemte glacsss Ll il ials
Ahmed et al., ) Loy S Jals Loy 5 Jds S
o5 s s S il gl ollas (2020


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

YOV et gLala, b lesl i i T

C)b&».k"a)g.:\g‘

23 SE e b ohs e clio 5 s sy sl
A bl b slenl Kot i 3l o paS
L fss g2l
lenl Six 4 Jeote Bl Qlulls cr Jasn o
33 LSS s ks WS eyl LB s fad
XY e b)) (65sliS eaSisls lides 4c 5
WYV Al Ve il ke 5 OVE T LA b e
Gl L 1l Ol sl Ole Sl dgd oKl o(re oo
o TS LSS 0L S (35 YA Jals il
ol Yo S dan (B o lalS ool YOlax 1L
Ol cordiny Gl @i sl s (g (S340
S 35 SIS 5 05 e ST Fale g Ol dodo
o 5o (Ko S5 5 db s bl p0) ool L 53 50
Oy bl sy 3550 21 A3 1) Y4047 el
sl oS g 3 T Sl aps 6 5 (St 4 Jess
S 5 I Olide an o 51 5L 350 (LS e e s
A el Ol o S

5o /80 JTesle b b o) Sl 3550 St g
YOV Cdor LB i doss /0 IS 055, AV PH
2 e Sk IV lr LB s 5 0SS 53 p S e
Ol bty Olosla 5l oulidlpn glaesls 55 0 SIS
ool Ol 5 ls, les Sl 5 flo> Ol oas 5 4
BERR-SINGINW I Wt ERp-¥ DU Bl UG ST Wy W S S
JS cwmmer ool ok Jlasl sl 2 5 Cuigus)l glacs
sl ol e L A olS Al 05 b g ol

Y0 Gos 53w o 02 p S V8 (S5 L paS sy
Jols byl ol il S oL Laulyl 55 e sl
S oy etle Yoo folg Lo e VO sy A
S350 il A 03 DB, Coles Sl S sl
g b e BBl 5 08 e Sally 5 o5 by
ae G il 4 ie ol s Lg)ﬂ@q- BEW)
Ov ey Oloy 5o .l el JLSS 55, Ve e L&

6Lm_d.¢ oS .Lléjg odlaiul a))‘ >j5 )l.:ﬁa BE DST}L;

O oL er 5 goles)

L oS cul opmtedr Joo SO ol L GGE s,
o3ls Jal5l |y s slael oy Calies (gladl S 51 eslizad
OF e OLes 5 e ld) 1S e oLl 1 OF s
Sl GT) o 53 gy Ol b ahs kx5l
PGl S i Gl e ) S S ol Gl
On 5 jisli 5 (Farshadfar, 2010b) Liwas Ciw
3 Ses boll slacs 85 G oy Sl el L (1144)
oS S A kil cod pnss paS s 1 UL
Bl 5 Do by Laulyy ) cpl 45 Lo ged LBl 5 s sed
S paRis s 4

O Jemte pB)l Sl el e
Gl 095 53 4 laatls pl & ol ol ol
0 bl & (SSI 5 TOL) cmlor slaasli .hisd o
daly G b S w pslie 5 ele e s ple
Joo gla el pgs anws L as e 0L 5 Ses L i
sl o blo & azes STI 5, GMP MP - Lils
U Lo 5 Shos 5 25w UL Jomi b sl
ol oS s a5 Shes b 2o alaly glols 5 &)1
S Sl sdasolis e jastls SUL slie oS ol
Comlom 5 Sl A5 05l 5 5 kld s 5 Shes
LS e bl b Rl 4 ced S sS
Sldalis 4 4> L (Shirinzadeh et al., 2010)
Oe Solsgme Bl (Y4VY) OKaa 5 Abdolshahi
ol il sy pdS 5 Sles L e gl el
3 MP STE sl o ls (YA 0LKes 5 aliShe b
536 5 alie i Ghls (Sis 4 pslie o5 S 55 GMP
g G5 L bLI 5 0L e 55 oLl &

kS Slacss) G p Al Glafash e
oS el b BLisl 55 (9oL Sl p 5 oS ol 3l OLES
el 3 L oS el ot ealie S5 b sl b
Loy opl 3l ddom sy L Hlol slaasl s 015 o 53


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

VEOY Jlu OF ojled NY Wi alS 5 S,IS 5 a3 TOA

Gl SaL Ly J3lam Loy ASlam
¥ te
\K:] i
W Ye
¥ l'u'-"r""‘ﬂ oy
: i A
- 1o i ] v ol oY 4
9 | 1N /2 1 2
' W [ 0] It Yo 3
" U iy 3
S A 1T AT R ‘%
g TV T o
L. At i e iy _
3, 0, Ve i A i 2
~ Sl oy - | AT IR T L]
i 1 i Doilap !t uly
[ [ ] TR LR
N . N, v ¥
1 hy *N [l [
IRHANAELYRIHE M \1 \+
N Wby ! Lag il Nk \ ~ .
o | P ﬁ' LRIV ARMIH ¥ x B » 2> 4 3
v i el 4 Y H ¢
gl (R [ 5 .
Ly tu [l’
-\e i P

Bl S ed s \WA0-48

(V) dsles
Chin = 13.36 x A664 — 3,19 = A48

(Y) dsles
Chh =27.43 = A648 — 53.12 = 4664

(7)) dsles

Clx +¢) = (1000 x A470 — 2.13Ca — 97.64 x Cb)/209
() dJsles

Total pigments = Chla + Chib + Corotenoid
¢¢.x;§ Sy gl ol chls g Selul ke @
0 (IS mle a5 VY los) O3l 5 pized 3l e ladils
K 8 OAE g 3 e s 4B S I3 Cele FA Sl
Sheslial b adls o 1) ol jo e sladils 5l <=J§ S
GSeolas Solg Lo ar SLSHl s el S
waling o5y & 55 5 oAl jobe Seslul 5 el
S ealial b el e 5wl Gl oKz L (18A8)
(UK- Jenway) s gbaeds olSaws b @il sl 5 O ol 25
2 S e e s 3 pole Sl LA e
S S s el S sl p S
S Joos Gl et sl S 5 Slsles
2tl2) GMP (650, sl :Sle atls) MP
STI (Jors atls) TOL (sys0,m smin nSiko

2 la) YSI 5 (5 odd) SSI (i 4 e L)

‘;9')} JLJ‘;EJD 45‘5‘3) u&)‘f;\.ﬂ}ﬁ‘-ﬂ?}ﬁ‘-\?—\ JS.&

S 38 s Lle bilsl 03 s pes Sose w5
G ool Cb Loasspe a8 do)s 00 dl> e s S
53 0B 5 ol 2alS g i Jlesl Ladils Oioesy 0o
LA el SHE sl s L ol (O (5 et s 1
Spoaht a3 Sy Sl s S jarle oSl
SPAD502 olKiwws 31 sslizal b Sl o 55 (S0 &5 5 bawy
Slasl- Gl Gl 5l e s ol Minolta-Japan J.
Wi gad (255002 5l g 9 Sl s Sy p0 4 L
o 3 Shes 5 s V0T S L ks g3l L
b o s s

(14YQ) Stocker i, 5l o ol (gl yims duiloes (51
P33 8 e S sS85 b @ gl s S
LS sk pl s eslizad (V44A) 01, 5 Sukran
ool b 53 S 3 il 3l e bl o
Jlwe & mle OJs 0 53 OAd dazie Sl gy 5 4B S 13
Sy gl il g A Ji 51,5 5l a3 A
s b @ gl s chle as eslinal sy 47 50
Jho e gshs Sl oaws Sl oslinal b bads 55,08
o5 FFY 5 SEA FVe claz sedb > SP3000- Plus
5 Sy (LS, Ol oo Sl Sl s 5 B
53 5 Sl 5l ol Sl Ol S L3 IS ik
A esls 55 L3 slaadslas


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

YOU gt gLala,  fad slesl Sas s 3T

bb&ak"a)g.:\g‘

sy oSSl Sh 5 kbl s s (Y )
02 (A JSK2) OLL 5 3Ll sl o ST o oKy
kS L Gl psal Al S I Ao )
Lo 55 o dlsy sl 5 e Slacly op 20 5l (SO
i8S bl s s (Yan and Tinker, 2006) col Slas
35 A L s B5 e salb Jds IS cis Jb
Slp by Slie i 555 ol oS ol ol adiasplis oS
(oo D (Gl gme ils 5 Sas Slis ol Ll Slas o]
O 03 5558 IS s IS b LIS @ s IS el
chle olio pslie op e X35 O3 Ghs G55
OLL 4 ol chle 5t G55 4 eedS 5 el )
Sl b bl s s (Ta JK8) Sdl ol
S ol Ol 58 SO RS hald s cdo s S ES
S JBuAS b BB @ s s il s See Slin
P R B O I (T ST RN R pe LY
Ol ol 5 ol Ol 3 cpdisy gy S A S 13
Clio LB Sl CO 85 e B GE S S Sl e
ol pal 5 gy pole Clle oy i WL e 5 S
ey 5 eedS Sl @b L35 IS 51 5L
(Y2 JS2) 35 5 0Lk i 555 &l
clis bl Bl 5 GT ol b Srsy elal
oz 5l Slio CAEl s s 0B, s S pasie Cilie
Sl Gl (Jds IS (arls (i s GlaaliSS, bl
DAt e s rhodin o 5o s 5 Sles 5 e
Ol S LS s o) Jald s e s i
See LS55 A bl s e falS |, RWC (S
St 2SSl iy O Dl lls e
L it 55 cou ol Chpnds galS cygx bk,
3 RWC ol 10 (Tatar and Gevrek, 2008) sl acils
Sy g (S5 el > 4 Sl (Sen o 585 0
Shoslial gl ity Gas Rl 5 s 5l ol Gl
WL Cosby 4 phows Gl S ol Glages
ol osls OLES Oladss oo (Mamnabi et al., 2020)

oy e Yp 5 Ys S il ey SIS G Sles golL
e JLU;,L;,;;@);); %A:Sj}jfam'l: 3 Shas
o a5 el 5 Sles 5 SKike Ol 55 Y 5Ys

Lds s § b s b s i kil b s

MP = (Yp + ¥s)/2 (0) Jslas
GMP = ,[¥px¥s () dslas
TOL=Vp—-V¥s V) dslas
¥p + ¥s
5TI = p_—"
(Ip)* (A) dJsles
sr=1 is 551=(1 Fs],fs:
T ¥p (4) dslas
¥s
¥Sl = —
¥p (Vo) aslee

A5 b G ) ity (a5 S5 4 Jood la st
A ¢l SAS9.01

oy g bl
5 5 St S5 Syt 4 s Ui oy 5 o
2> Slgme s oS s 13 5 S 5 5 S ke L Ul
A3 ol [2Sen s 5 gl e b o doys S
ol alie 55 g same ool b il y (V5 ) Jpdr) 255
Los3 YO SOFN 5 4 oS 5 5 e bl 53 53 5 U
Lo 5 Cgh i uale Saomy L3S g1y Ol
& gpoze ol Ul 238 Sk Sl am s pde s S (S
o= (Yan and Tinker, 2006) 1l Sy (b 035 jinal (Slne
s 55 e s gl 4 Slis s Ll ol
oS Litr o L b Gl Ol 0 A0L slls &S
olsl g5 ol 5> (Yan and Rejcam, 2002) .S
S a5l s LoplSl gy s s S5
sl 31 ol op i b &S sS85 £L,8
Clo v glp o s e Olss o aal olsl
Lyl i s el s 5 X055 e b Slio aen b

Aol 5 OLL ST A i Gty e 55 Jbe S


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

VEOY Jlu OF ojled NY Wi alS 5 S,IS 5 a3 \L

KK rxf_il:ﬁudl.a\r_s‘,sj Wls y3 jole chale o5 Sas byl 4 5o0 ) oo

a5l
- s
S Y el $ls > Slas i Sl s e
(5 115 Csar)
oYY VEFAAFH IAACKAA S IAEARAT DA A7 \ L
FA/A ¥/ VYO FYsaovr YAtas ¥ L x S50
YoyEE \YEEE YOOYF** FAAFY VY H TATN 8% R
AV/Y Ve o*® VWA ** IAEAR AV CJOAY* A% 5% Jaes
Y/e Y/AY fov TErs A VoA Ut
o/ ¥ Vs ¥/00 AYY - O kS g

*

MJ)O"\ éﬂ)éd)‘b&”%}d{*j*

U puiS e o 53 S 1 03 wsp 2550 S P i Slo uibols 4 Y Jgder

Sl e S0l

. o - e - ™ .
I mls g b aggs T STy TRReE

s JEs S e
fepans /YA /ey VARRR L ERVATA d Nl \EAN \ Las
/A /XY /A /NS aF/A 04 A Lo x S5k
FPVEE YRV oAYYE o/ OVE JALZ N A2 VY/VER YV 85
VA {"Dh CJYAYF# AYNE Ry YPVEE AMA R VAN E YV 55 % lama
AN YA VRN JARY VoY f/eA VoA o

YA/ YA Y/ Ya/4 A Y/YV - CHJOPS

oAUl sl Jad el s dbe s Ll s s s s
S sl ot r.l:.f Slacs s Cslite fuly Log 555 slde
S5 g5 Nkl A lame 52 50 ol Bl
Sl ol Ol 5 cl Sliwo cpl gl S 85 e UL
3575 okt Dlalllas &S | AS ol 1 She Slio
b oS Bl o 3 e ole Bl ol (S5 g
Bechere et al., 2002; Williams et al., ) Lles S 5,158
oal palie gl UL S £55 25m s «S &S Ulea (2008
old odalin puS sl Sl ool sl s s s
s &b 3l .(Monasterio and Graham, 2000) <.l

MJ.)O}\ éﬂ).}d)‘b‘ﬁ«}d)bwr”%;ﬁ*j**c

ns

3 ke RS kS Ol (SKEs 5 lal ks oS
IS p S xS e gLl L
Kalaji et al., 2016; Anjum et al., ) .l 5 5 Slus ga
G, e bi- LUy S glosss U011
s 8es Wilg e XL Lls 1y Ll s g s gme s
o5 blayl g S Exose ol Al s (6
b Ol g ol a5 clle 5 Six
Keyvan, 2010; Faisal et al., 2017; ) <ol ois 5,158
.(Ahmed et al., 2019
A0k B 5 oM ele chle L LU s

@J-:jsjl?wlf)x:a\ L;Lap?s};) Sy S5l ks g


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

Akl ...d}wﬁdud|&JﬁM‘5L€_ﬁl g*,'j;;};i:

C)b&».kjoﬁ.:\g‘

Data from: C:\UsersiWheaf\Desktop'@9.xls

PC1 = 35.4%, PC2 = 20.8%, Sum = 56.3%
Transform = 0, Scaling = 1, Centering = 2, SWP =2

08—

CHA
0.4+

NOTD

YIELDTOTAL
SPAD
00+

04
RWC o

084

PC1

Which wins where or which is best for what

oo

PC1 = 35.4%, PC2 = 20.8%, Sum = 56.3% Se-ll
16 Trar!gmffn =0, Scaling = 1, Centering =2 SVP=2
A
12+
08—
14
g 13
04—
12
0.0+
It
3 .
0.4 L
9
08 g
1.2+

Data from: C:\UsersiWheat\Deskiop'89.xls

PC1

Relationship amang testers

MLJ» L.ﬂfi)é QL’ f-’-jw;.‘« g:a.éy} Qu-;db (b))‘b}u}(a) w-’-—? 6)‘3,3,_{}«&7—* Js-:'

Data frem: C:\UsersiWhest\Desktop\GGE NORMAL xls

PC1 = 37.3%, PCZ = 25.2%)3Um = 62.5%
—Transform = 0, Scaling = 1, Cgntering = 2, SVP =2

¥}

46 12 08 04 00 04 08 12 16 20
PC1

Which wins where or which is best for what

Date from: C:\Users\Wheat Desitop)GGE NORMAL xls

PC1=37.3%, PC2 = 25.2%, Sum = 625%
2 —Transforfn = 0, Scaling = 1, Cenfering = 2, SVP =2

i

06 S T Ty
04+

0.0

MO

04

08,

16 12 08 04 00 04 08 12 16 20
PC1

Relationship among testers

&ﬂ%‘ﬁ)é ok r-L'gWJD %‘933 QU»-;‘SL (b)ﬂb‘yé}(a) &L\GJ’:" ‘sJ‘:ﬁﬁjAS—“JSJ

bu;w" (VYY) “)Si () Q‘)Lg (1) ATJLQ’ (AN l::_-,Ls (V) r})| () J-gj «(0) J:ﬂ‘ (F) &_9—-\1‘-*‘ «(¥) I, ol «(Y) °JL.?‘L§ (1) CJ‘.’.)J.

«(YY) rLi.:._.; (V) o B15 o(Y0) SUSHOVA) S cOA) b, (VY) &g (V) Ol e (10) i (V) Lea ((VY) 150 (V)

(YA) ol 5 (YY) Yz S (¥9) (g 5kge o(YO) L1 o(YF) 0y oY) YOI oy

kb ) She i) Ulanml &8 5500 bl 0155 o g5 5m
s 55 S |z ayla ) 5 Ol s pole pl 2l bis
2 01 Jasd (Rl e GE5 0L 53 ool 5 S
2 ol G b owlie L aome dslasl Lyl 2

oL:f vl.h\ B V';) s Cf “ C‘}Jjﬁ U'i‘ 5 Jas )\]; ).:J‘LU
55 b Oly &S 458 Olea (Huang, 2001) 5,15 Ko
Bl 5l i Tl s s 5 ol a5 dle sl 5 s 0l

ol e s LIl sy g i polie U ool 5 oS


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

VEOY Jlu OF ojled NY Wi alS 5 S,IS 5 a3 \la

SEF S ks ced GBE ol gl A
YAV O L;L:le ‘_;ji.,.&) .,\izjf sdalis

OLes 5 o3 B hug K SIS ey
L pS wls 3 Shas o (Stan b 25 b (1YAT)
A s ol Sl e St e S LIS sl
S S J S lsoee b glac sy ol e
JeisAS 55 Uk s Shoe L bl (23S 4 e Lilsi e
Gl LSl S sbadde culls 5 Lol £1u,
Ol & by R s ()50 =15 sy s s 58 855
sl odalin Siwwes 4 4> L .(Banks, 2018) 53lul
CLaliS, chle  juir s ol b slas
o3 Ses A 3 s Ol AL SUL e s
S el patls S Ol el s bl GRS
035 01 sls b alS lapltil 5 550 5o O Ol5e Sy
i |y G5 laul i G O L 3 ol S G bl
bis Ul asb UL e cpl sdis A ol by S
SUL s Shae Bilaze 5 OFAZ 0K 5 o33 _wle) oI
et Slgome Sute LLIL 4 a5 L ogs opl Sl s sl
Ll o bl pl 45 S Ol e S wils 3 Shase L
Oy 03 o ez OIS 3 Sles SRl 05 gl G
53 38 U Cdo ol o ausls &S | ASL ails i
Wl 035 S (S 5 Lyl

2l ez Sl odaze Jalse 4 olS oy ol Sl
S 3503 (Ko oS Ll i Sl s obe 03
Gy odS 5 sl clle L dl s Sles 0 658 5 Cute
O35 (o s 53 (o 45 > (o DL 15 8 il 0 55
sl azils |y Gl Odlas Ll 5 50 oS (S s sl
S e 5 il s (Saeas (a8 el s
2 pobe ol CBlE bS5 Shas (NIHHL &S pme
O 03 g1 el b 4 olS lau s jolie o il 2als 4l
G elS 5 el OS> sl (Sa o) B 55 e
Casby 4 S Saisy 5 sless Obx bus 4k, S

ols ealp A s el s anals Sl

28 LBl LS o pdS s Shes oL b))
LLE Sorn 5 o] Ol a5 13 Akt ol
0 bl s ol L GGE &4, .(Bishwas et al., 2021)
Sorghum bicolor L. ) rﬁ)y el abex Sl sls Ll
£355° t,\;f s (Panicum miliaceum L.) o3, (Moench
@ o0 5 an S 13 eslatul 5,4 5o (Triticum durum L.)
Enyew et al., 2021; Zhang ) ol o35 5 » o561 plulis
(Y88 Ol,an 5 sl 3 etal., 2016

Ll pba bkt 5 b 5l o 5o o 535 lo5e
o ool bl (K8 ke bl e olhsl sl
G paby ol S b Sl g (S
s Gl Ods Slio L &S 55d e Slie pluls
o Sl ol e (VA4 OHaa 5 sli 8) dos
do 33 Sl e asls eseeS S Sl gl S
o S e ol 3 L T G (Saan 8 Sl 5201
Sl o3 amys A 5l 2SS Cdo 5w asly e seeS
O aod 4 aly ol s S S 5 ke BLII AL
AU wsls 5 e o 53 o bl pae LSS i 5
Yan et al, ) el iw LUl sy Sl ax)s 40
Cho e dald Lli s Y Slsse ulul, (2000
Ll 55 pobe Bl o Dlis IS L s s Shas
o5 dal s ol sy (A A Gl xS asls) Sake
Lol codls e bl jobe clile U als 5 Slae Sis
33 88 5 Sete BLE gl bzl e bos Shes
(b IS5

Star Slls e Ll s 55 a3l 5 Shes
Jbs IS ol gy s (LSS, Clle b 5 sl
EE el bly s 53 s O e Gl
S sl Stan Sl b sl o ass,
5 dosls ol | (-JS als s Slas U Ly IS (gl 5 oo
LS s S Sle Olge a b Sde s
S8 5 Lo DL pramen (VA0 0L 5 5L 3)
s P S Pl S s IS (gl e 5 4ils s Sas


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

YO g LSSy 5 o sl Sis i st

C)b&».k"a)g.:\g‘

SMie eSS Lol 5 YA des glacsss (TOL
EF 3 O a Jeee glacs 55 Olpe 4 TOL axla
© ol G5 lsea el pl Jlde i L el
SSI Lasls by pames L5 glubs i3
G5 Olpe 4 e S L YT 5 L slacs
Olge a0 3,LulS 5 b sl lacs sl 5 Jeowe
S placssd (O Jaas) Ll olbsal beg sl
5 Shee Ghls dzen SSI s TOL asli SUL slie lls
5 dmea G5l pd s ol s Shee Ll Jb S Ll 5 s UL
ol Apde a5 ks el 55 Olgs 4 ol ok
S S bl S e a5 Vs Sl a1 o i)
Gls 5 Sas oLy a8 s a4 bl 5 s b o
e ool

SYP L b 5 St Soees S lyls TOL
sk oV dsa) 3 YS Ll me 5 e Saen
sdaline Steen ol 50 (OVFer) OLKen 5 sl 3555
53 Shes SRl OF el 2058 cpl a5 8
LS IS SRk S s el i and 0 SN B
Sl Blus Sl S TOL S ppslie bl i S oS
Cews Sl Cel col (S i el L3 o s Shas
(Taherian et al., 2017) 5,5 o dhe glacs sl o)
oo Glag sl G SSI S il dd 2l e
ooz oS 3 Shee Jeily Sl S plaag B s N«
ol el by (Clarke et al., 1992) ¢ BB (s 5led daea
Lol i e a5 UL e L pByl plubid o 06 als
UL s Ses lils 5 los 55 &S Slacds5 L 5 Jaoms
I il o Byl eS s Shee Jlo S Ll i ys
ol 3 gden 2l g3

Lyl i cos Ul 5 Shas gLl UL YSEL placs i)
Lols A5 Osdk Bmld s ol s Ses 5 W
s b glacs sl bl e > .(Mohammadi, 2020)
L3y Do el pl Dl op S g i Sl el
Bl sUL YSI L <=.x.§ Bl sy oo (7 Jsdx)

5> QU 51 b Ll e (S R o elS s e
0L fals 5 ados lapsle 5 ol obe
a5, ol 5l (Tadayyon et al., 2018) asl Jlal
B g R e L PP I PO SR I N
oz Sl peedS Bl e S ol el e
p S (Slakls 53 1) mazd (p S & Sl 0dd S5 (g ol
DA Kos Jls 5 Kl K 55 Ll b oo
o g R e e I I ]
(Halvin et al., 2005) .l calites LS 5

53 als a5 5 Al Gl o 5l DL pmes ol
S5ms e Sen 4l 3 Shas b e Ll s
03 Syan oS pole cls s ol e 51 Sl
Dy Sal 4 oarg Lol St pH Sl gl
Sk Jsbe 3 e oS ole ol Q) slass
sll 4 (Vava) Lindsay 5158 b aS (s sbas .ol oyl
Pl Ve cal g cdle S pH s Bl asly s
S 03 omly e B4 el Al Sl
Somed ol Jalse 51 S S 3 G s oS ol
5 pobe gl ol BB CBle 0o a4 ST SL ks
A Jis o 5l L5 e 55 pobe 03,5 e S
S35 & (o 3 aoes age sl S Sl S Ll AL
.(Marschner, 1993) .l sis S5 S Cusb; Ol

A el s aie s (Koo il 4 a5 L
om a3 S g ot pole xRl 4 e (S
by cis Sl s ol 51 jni ails s Shas 5 5 Ko uolis
@ adoy 3l e Sobe JUsl 5 Ol Ol Of 35S s
obe (Sdisy Olpe s ez Al L alse o
5 W JUEl ey 5 &S o oS 1) o el 4 S ) e
e S Cusb; a8 Ll e el slis il
cobe & S s plle obe LSl Ol S o
(Huang, 2001) 535 oo 4l odo

(SI) s3)l5 25 ol Ol e 155 & oo gl pasLs

il el el ey /7Y aalllan 550 slac i


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

VEOY Jlu OF ojled NY Wi alS 5 S,IS 5 a3 \ra

&ﬂ;»&@l;,;,;a\sf,ufdugﬂ:,s;d{.:.;qdaadupu—r@,\?

YSI STI GMP MP TOL SSl . =
(L) (JL )
VYA AVY /44 f/0¥ V/YY /Y)Y \VARN /50 RS
PO +/00Y /Y4 Y/YA V/0) V/SA Y/8Y \7AMS 3Ll
g CNYE YIVY Y/AY (A /Y Y/Y0 AR o)
PV VJAV \TANS \7A8 \Vidi V0 AR o/ Y REw W
/OYY WAAL) /4. Y/ V/AY Y/X \AD F/0Y Aol
CIVVE CJAYS /40 /44 /oY V/eY YOV /5 Ly
«/PaY /AN A7AN \fAR V/0f V/¥) Y0¥ AR o3,
VE /508 /04 \¥iai VoA VAR Y/\ A Ll
</A¥Y VVYE IV T/VA YV VY \¥ia% YIAA ity
/Ay VY /A YIAN AV WAats \ia /) ok
</A0V VY T/AQ Y74 AVNY JY\$ Y/AN \E A\
A0+ % YA Y/4) JARE ¥aa Y/AN £/ Ol
 /VaY Yidtz Y08 /04 AT +/A0A \vAN, \AD o
LENY VVVO Y4 Y/4. /Y VARYs T/AQ /4 Lea
VY Vo \TAR £/0 VOV AR TIVY A S
AL VANY /Y \TAN% /¥4 AL YOV f/4v Ol s
¥iday VANY /Y \AD VIV V/00 \VARN ONA & g
VEY VoA /5 \fids \/Y$ (AR £y WAL BTy
CVVY CJAYY £/ ¥/00 \/o¥ V/o ¥ Y/ov f/0V S
JAVD /PYS /0 Y/ov VAV JJADY Y/ov Y/AA Sl
JIVYF +/0AA \VAA \VARY VoY VA /40 Y/av oS
A DALY \AL A7AR JAAY /AYY Y/a¥ f/ay Py
AT EYY /¥4 Y/OY VEY /AA AT Y4 Y Ol e
/A g VO TIAY Y/N¥ /YA J/¥Y0 Y/50 \7O -
</AY¥ /400 \TAAN \TAR AdD YO \fAts £/ X1
J/AQ¥ /400 \7ARY \TAR VAT /¥4 /09 F/0A S9dgs
< JAAY N TIVY \7AD </ONY COFY YIAS \TARY YesS
/EYY Vidai \vid! \lid Vs VY Y/A$ f/08 oY
solie S 25 4 Jeete oS 55 ol Gl s Sl 506 5 e ils s ]y s Slas
oolol e ol a3 5540 STI 3 MP GMP - 5UL ol o3 eemen (Mardeh et al., 2006) acsls o Ll i
Aol s s Al Sl G B S Jese L 55 e S s b oolel lals s s YSI ey
(O Jad) a2 8 me us) pisle Ulss w g il s Shas b ate 5 e Stean 51,13


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

YO st SIS, 5 b slgnl Kb S0

C)b&».k"a)g.:\g‘

CLalaS, chle oy s Jbs ol Bl s sk
38 b e O Sl 5 L35 1S et ls sy 5
S S b il A S edalin oo Ll 5 55 8 s
Sl s balaSS) b s LS clle sy sl U
S R T L
Sl pde sdms0lis A5 Ll 5 s juole e (Soes
35 5 LA, 5l ol Gl el T b
SFr sl sobe chle Bld 51 0L i) 5 Lkl
Ol oo i 5 gl ol b4 g LI sy
S lie Slelas ksl e 55 S 4 55 b))
pobe Chle L Bl s e 55 5l S G5 s
Ll dal G5 O (S5 Coopar & b Ll
O e bl b Ul 25 el o s (i85 S 65
Lo oemmer Sl Lad e pole mexd 5 Ol 3 55
b e Glapatle a5 St Soees 4 ax g
Ll b 55 a3 dls 5, Shee L (STl 5 GMP MP) s
Geoen 5 ezl opl oS 55l SLBI OIS e 255 b s
Shkizes 6 S sl el sla b, 51 GXT Sl sl
fodl 5 Bl S a e el B s S b
BENNTLI LS VS W YV v PO e f}l}.a rlé)\ Ol ge
)J.L:A‘&)ASMWQU%&Q)JS&”M‘J[}
ol alsy ole dax 3l Claw 0 L5l 5 Ll s
A LSS bl kil ph sn o 5s pdsy 035 omen s
Pl ml ey L Ly Sl L s Sk
Gl il ol s SUL Js 8 chle LByl 08

ey oo A G ol

S O f,\f Css YT e s S Sl sdd 1S
5 e il o Shes Sle bl Ol (25l
oS de gl ety i I 5 sy Jl g s 5 Wl S
.(Shahryari et al., 2008) >4 5 » b g5 sle 4 cond
LI Ju E P A A
o S asde s g e e UL s Slee b e s
ol el Gln i ple by oo s
(afari etal., 2012; llker et al., 2011) ol o 5,158

oele o re (V44Y) Fermandez o ks Ll
6 s sl s Shes b UL Socen o5 Lzes a0l
b 5o o o UL s See L oliss) 005 b o
R S 5l DL Saees 4 Sl Jol s A
33 Olgie 45 35 STI 5 GMP MP L 3 Shae  Sioan
Slr el el Olge 4 L LT s pals Ols
son > B8 SR (Sis a Jesne (61 Ol
L edalie 06 S (5,5 Y0 i w Jeos gla el
535 Sk b (Saees o 5UL 5115 STI 5 GMP (MP oS
.(Abdolshahi et al., 2013) K35 2 5 A Osd Obj
VLS ple 5 puS o » s Slidw mlS (pizeen
el glaastls Olge 4 yatld aw ol oS Wsls OLES
LAd e (Si a4 Jemte pBoL Lol e
L wlis 5 (Reynolds et al., 2007; Anwaar et al., 2020)
Lol Soen 25 Layls s GMP ol s
(Laoetal., 2021) ool axils 5 Shas

S S 4o

rols o ite Bl dols w4 g b S5k

@\.:.a

u,:.;u.,\.:a\ 6QU{U &l JJW 6)‘.1.:[.1 O (\f' ') C ueb‘};t}- B (a 42\}36))[5- L.G LLSLJM}- c.C ‘L;;)""’ 1..(: ‘J"}JU’L
A8 el OlalS ool wslitinyy 3 Jobe 3l s ol 6L GGE i) 5l sslizal L 0L oS

.0 sé-&w)_,ﬁ- “or ‘L}"‘J’é‘“’ . X d)l{‘m‘ oS ‘Q@)Jb . t‘@b c.<= s@Kﬁ oS ca)\j)' w; WL& Sbsle S cd)\-\.@-&

9 rj:.abks) wf.we C)‘J.lﬁ C,\.]ak.c Or (\T"H) R ‘)ﬁ:daj S c&)b?l- ) sa)}hjﬂ.@{ g.t 4&:‘-@{ t.<’ GL_S).)LA ) ‘u:".'%)j'.’

ol 5 S Slidos anm o 35S G055 0L 5 3,1 S 55 Ll ole 51 & p 5 (@


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

VELY Jlo OF oyled VY W aLE 5 S, 5 aul \lgd

oo 4, .ol GLGGE s, sleslial b (Saxt 25 bl b 55 S35 5 sl S5 bl (Triticum durum L.)
ATONTA Y Ol el

(s.a\.g L LS)}&; U,Z.J ,]a{lfi o 4.'.‘.) Jj.ik.a.& 9 ;ff JC'Q}JLS 6‘)39“ d’f .laLJ)‘ (\Y’(‘\Y’) .ngsb_gb 9 .Cc‘-;':hb 4.‘ m:\)'_;(.é
FYO-SYA ¥ Ol al oly3 OlS ks 0L

Mellssa ) Q}W}}L &ijjjﬁﬁ C)Ll.p » §4<.;.>- u:«..: j:.':.t (\Y’/\?) J@ﬁ‘ Cjﬁ g \ cébl.j)ﬁb L;‘ij“;' L ca)buﬁ:k&
OE S Ol ol o5 GouslES e Shles (e s (officinalis L.
YO-¥4 1Y el olals g a i S Jos la o ls & sleslanal L O c.,\;f slapl

Brassica ) 1318 o3l (’G)\ 0t S e sla el addlas (YAA) O eslde -z (slaas (o ala e
YV-AQ YA N CL.A 39 6)')}[.;25 Q),J B f)l.& .(napUS L.

A=Y aAlS (55 5 ST s . A AS Sl (Sl 5w 0 S e o1 2ST5 (1FA0) L (g 3lnes

)‘ ealaul L (aj)jh r.,\g u_{..;.;- J@M j.’;j.: L;LA&_,.::};)" ufw.:; (\f") c ‘JA)T B) {3 u,)LiJAUé 4( gw Lfdt} cf ‘J\J&fﬁ

N0V XY ol OllS ol aabiiagsy  (SELS o 5 o2 i)

Abdolshahi, R., Safarian, A., Nazari, M., Pourseyedi, S. and Mohamadi-Nejad, G. (2013) Screening drought-tolerant
genotypes in bread wheat (Triticum aestivum L.) using different multivariate methods. Archives of Agronomy and
Soil Science 5: 685-704.

Ahmed, H. G. M. D., Li, M. J,, Khan, S. H. and Kashif, M. (2019) Early selection of bread wheat genotypes using
morphological and photosynthetic attributes conferring drought tolerance. Journal of Integrative Agriculture
11: 2483-2491.

Ahmed, H. G. M. D,, Zeng, Y., Yang, X., Anwaar, H. A., Mansha, M. Z., Hanif, C. M. S. and Alghanem, S. M. S.
(2020) Conferring drought-tolerant wheat genotypes through morpho-physiological and chlorophyll indices at
seedling stage. Saudi Journal of Biological Sciences 27: 2116-2123.

Anjum, S. A, Xie, X. Y., Wang, L. C., Saleem, M. F., Man, C. and Lei, W. (2011) Morphological, physiological and
biochemical responses of plants to drought stress. African Journal of Agricultural Research 9: 2026-2032.

Anwaar, H. A., Perveen, R., Mansha, M. Z., Abid, M., Sarwar, Z. M., Aatif, H. M. and Khan, K. A. (2020) Assessment
of grain yield indices in response to drought stress in wheat (Triticum aestivum L.). Saudi Journal of Biological
Sciences 7: 1818-1823.

Araus, J. L., Slafer, G. A., Reynolds, M. P. and Royo, C. (2002) Plant breeding and drought in C3 cereals: What should
we breed for? Annals of Botany 7: 925-940.

Banks, J. M. (2018) Chlorophyll fluorescence as a tool to identify drought stress in Acer genotypes. Environmental and
Experimental Botany 155: 118-127.

Bechere, E., Pena-Bautista, R. J. and Mitiku, D. (2002) Glutenin composition, quality characteristics, and agronomic
attributes of durum wheat cultivars released in Ethiopia. African Crop Science Society 2: 173-182.

Bishwas, K. C., Poudel, M. R. and Regmi, D. (2021) AMMI and GGE biplot analysis of yield of different elite wheat
line under terminal heat stress and irrigated environments. Heliyon 6: €7206.

Bogale, A., Tesfaye, K. and Geleto, T. (2011) Morphological and physiological attributes associated to drought
tolerance of Ethiopian durum wheat genotypes under water deficit condition. Journal of Biodiversity and
Environmental Sciences 2: 22-36.

Bresta, P., Nikolopoulos, D., Economou, G., Vahamidis, P., Lyra, D., Karamanos, A. and Karabourniotis, G. (2011)
Modification of water entry (xylem vessels) and water exit (stomata) orchestrates long term drought acclimation of
wheat leaves. Plant and Soil 1-2: 179-193.

Cakmak, I., Kalayci, M., Kaya, Y., Torun, A. A., Aydin, N., Wang, Y. and Horst, W. J. (2010) Biofortification and
localization of zinc in wheat grain. Journal of Agricultural and Food Chemistry 16: 9092-9102.

Clarke, J. M., DePauw, R. M. and Townley-Smith, T. F. (1992) Evaluation of methods for quantification of drought
tolerance in wheat. Crop Science 3: 723-728.


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

YOV st LI, e sl Sis st Oy Kas 50k

Curtis, T. and Halford, N. G. (2014) Food security: The challenge of increasing wheat yield and the importance of not
compromising food safety. Annals of Applied Biology 3: 354-372.

Enyew, M., Feyissa, T., Geleta, M., Tesfaye, K., Hammenhag, C. and Carlsson, A. S. (2021) Genotype by environment
interaction, correlation, AMMI, GGE biplot and cluster analysis for grain yield and other agronomic traits in
sorghum (Sorghum bicolor L. Moench). Plos One 10: e0258211.

FAO. (2020) Food and Agriculture Organization. https://www.fao.org/faostat/.

Farshadfar, E., Jalali, S. and Saeidi, M. (2012a) Introduction of a new selection index for improvement of drought
tolerance in common wheat (Triticum aestivum L.). European Journal of Experimental Biology 24: 1181-1187.

Farshadfar, E., Jamshidi, B. and Aghaee, M. (2012b) Biplot analysis of drought tolerance indicators in bread wheat
landraces of Iran. International Journal of Agriculture and Crop Sciences 5: 226-233.

Farshadfar, E. and Amiri, R. (2015) Genetic analysis of physiological indicators of drought tolerance in bread wheat
using diallel technique. Genetika 1: 107-118.

Faisal, S. U. M. M. I. Y. A., Mujtaba, S. M., Khan, M. A. and Mahboob, W. A. J. I. D. (2017) Morpho-physiological
assessment of wheat (Triticum aestivum L.) genotypes for drought stress tolerance at seedling stage. Pakistan
Journal of Botany 2: 445-452.

Fernandez, G. C. (1992) Effective selection criteria for assessing plant stress tolerance. In Proceeding of the
International Symposium on Adaptation of Vegetables and other Food Crops in Temperature and Water Stress, Aug.
13-16, Shanhua, Taiwan.

Frossard, E., Bucher, M., Machler, F., Mozafar, A. and Hurrell, R. (2000) Potential for increasing the content and
bioavailability of Fe, Zn and Ca in plants for human nutrition. Journal of the Science of Food and Agriculture
7: 861-879.

Geravandi, M., Farshadfar, E. and Kabhrizi, D. (2011) Evaluation of some physiological traits as indicators of drought
tolerance in bread wheat genotypes. Russian Journal of Plant Physiology 1: 69-75.

Ghanbari, A. A., Shakiba, M. R., Toorchi, M. and Choukan, R. (2013) Nitrogen changes in the leaves and accumulation
of some minerals in the seeds of red, white and chitti beans (Phaseolus vulgaris) under water deficit conditions.
Australian Journal of Crop Science 5: 706-712.

Habus-Jercic, |., Baric, M., Keresa, S., Bosnjak-Mihovilovic, A., Poljak, M. and Lazarevic, B. (2018) Effect of terminal
drought on yield and some physiological traits of winter wheat. Genetika 2: 747-753.

Halvin, J. L., Beaton, J. D., Tisdale, S. L. and Nelson, W. L. (2005) Soil fertility and fertilizers: An introduction to
nutrient management. Pretice Hall, New Jersey.

Huang, B. (2001) Nutrient accumulation and associated root characteristics in response to drought stress in tall fescue
cultivars. HortScience 1: 148-152.

Hu, M., Shi, Z., Xu, P., Li, H. and Zhang, Z. (2015) Wheat acclimate to water deficit by modifying carbohydrates
metabolism, water use efficiency, and growth. Brazilian Journal of Botany 3: 505-515.

llker, E., Tatar, O., Tonk, F. A. and Tosun, M. (2011) Determination of tolerance level of some wheat genotypes to
post-anthesis drought. Turkish Journal of Field Crops 1: 59-63.

Jafari, A., Paknejad, F. A. R. Z. A. D. and Jami Al-Ahmadi, M. (2012) Evaluation of selection indices for drought
tolerance of corn (Zea mays L.) hybrids. International Journal of Plant Production 4: 33-38.

Kalaji, H. M., Jajoo, A., Oukarroum, A., Brestic, M., Zivcak, M., Samborska, I. A. and Ladle, R. J. (2016) Chlorophyll
a fluorescence as a tool to monitor physiological status of plants under abiotic stress conditions. Acta Physiologiae
Plantarum 4: 1-11.

Keyvan, S. (2010) The effects of drought stress on yield, relative water content, proline, soluble carbohydrates and
chlorophyll of bread wheat cultivars. Journal of Animal and Plant Sciences 3: 1051-1060.

Lao, Y., Dong, Y., Shi, Y., Wang, Y., Xu, S., Xue, J. and Zhang, X. (2021) Evaluation of drought tolerance in maize
inbred lines selected from the Shaan A group and Shaan B group. Agriculture 1: 1-11.

Liu, H., Wang, Z. H., Li, F.,, Li, K., Yang, N., Yang, Y. and Qiu, W. (2014) Grain iron and zinc concentrations of wheat
and their relationships to yield in major wheat production areas in China. Field Crops Research 156: 151-160.

Lindsay, W. L. (1979) Chemical Equilibria in Soils. New York.

Loss, S. P. and Siddique, K. H. M. (1994) Morphological and physiological traits associated with wheat yield increases
in Mediterranean environments. Advances in Agronomy 52: 229-276.

Mamnabi, S., Nasrollahzadeh, S., Ghassemi-Golezani, K. and Raei, Y. (2020) Improving yield-related physiological
characteristics of spring rapeseed by integrated fertilizer management under water deficit conditions. Saudi Journal
of Biological Sciences 3: 797-804.

Mardeh, A. S. S., Ahmadi, A., Poustini, K. and Mohammadi, V. (2006) Evaluation of drought resistance indices under
various environmental conditions. Field Crops Research 2-3: 222-229.

Marschner, H. (1993) Zinc in Soils and Plants. Springer, Dordrecht.

Mohammadi, R. (2020) The use of a combination scoring index to improve durum productivity under drought stress.
Experimental Agriculture 56: 161-170.


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

VELY Jlo OF oyled VY W aLE 5 S, 5 aul YEA

Monasterio, I. and Graham, R. D. (2000) Breeding for trace minerals in wheat. Food and Nutrition Bulletin 4: 392-396.

Nouri-Ganbalani, A., Nouri-Ganbalani, G. and Hassanpanah, D. (2009) Effects of drought stress condition on the yield
and yield components of advanced wheat genotypes in Ardabil, Iran. Journal of Food, Agriculture and Environment
4: 228-234.

Passarkli, M. (2010) Handbook of plant and crop stress. 3™ Ed. CRC Press.

Pradhan, G. P., Prasad, P. V., Fritz, A. K., Kirkham, M. B. and Gill, B. S. (2012) Effects of drought and high
temperature stress on synthetic hexaploid wheat. Functional Plant Biology 3: 190-198.

Reynolds, M. P., Pierre, C. S., Saad, A. S., Vargas, M. and Condon, A. G. (2007) Evaluating potential genetic gains in
wheat associated with stress-adaptive trait expression in elite genetic resources under drought and heat stress. Crop
Science 47: S-172.

Sayyah, S. S., Ghobadi, M., Mansoorifar, S. and Zebarjadi, A. R. (2015) The yield of wheat genotypes associated with
yield components under irrigated and drought stress after anthesis. Archives of Agronomy and Soil Science
61: 1743-1755.

Seher, M., Shabbir, G., Rasheed, A., Kazi, A. G., Mahmood, T. and Mujeeb-Kazi, A. (2015) Performance of diverse
wheat genetic stocks under moisture stress condition. Pakistan Journal of Botany 1: 21-26.

Shahryari, R., Gurbanov, E., Gadimov, A. and Hassanpanah, D. (2008) Tolerance of 42 bread wheat genotypes to
drought stress after anthesis. Pakistan Journal of Biological Sciences: PJBS 10: 1330-1335.

Shirinzadeh, A., Zarghami, R., Azghandi, A. V., Shiri, M. R. and Mirabdulbaghi, M. (2010) Evaluation of drought
tolerance in mid and late mature corn hybrids using stress tolerance indices. Asian Journal of Plant Sciences
2:67-73.

Stocker, O. (1929) Das Wasserdefizit von Gefasspflanzen in verschiedenen Klimazonen. Zeitschrift fur
wissenschaftliche Biologie. Abteilung E: Planta 382-387.

Sukran, D. E. R. E., Gunes, T. and Sivaci, R. (1998) Spectrophotometric determination of chlorophyll-A, B and total
carotenoid contents of some algae species using different solvents. Turkish Journal of Botany 1: 13-18.

Taherian, M., Rasoulnia, A., Bihamta, M. R., Peyghambari, A. and Alizadeh, H. (2017) Evaluation of stress tolerance
indices in Iranian barley genotypes under salinity and drought conditions. Agricultural Communications 3: 7-17.
Tadayyon, A., Nikneshan, P. and Pessarakli, M. (2018) Effects of drought stress on concentration of macro-and micro-

nutrients in Castor (Ricinus communis L.) plant. Journal of Plant Nutrition 3: 304-310.

Tatar, O. and Gevrek, M. N. (2008) Lipid peroxidation and water content of wheat. Asian Journal Plant Science
7: 409-412.

Turner, N. C. (2004) Sustainable production of crops and pastures under drought in a Mediterranean environment.
Annals of Applied Biology 2: 139-147.

Williams, R. M., O’Brien, L., Eagles, H. A., Solah, V. A. and Jayasena, V. (2008) The influences of genotype,
environment, and genotypex environment interaction on wheat quality. Australian Journal of Agricultural Research
2:95-111.

Yan, W., Hunt, L. A., Sheng, Q. and Szlavnics, Z. (2000) Cultivar evaluation and mega-environment investigation
based on the GGE biplot. Crop Science 3: 597-605.

Yan, W. and Rajcan, I. (2002) Biplot analysis of test sites and trait relations of soybean in Ontario. Crop Science
42:11-20.

Yan, W. and Tinker, N. A. (2006) Biplot analysis of multi-environment trial data: Principles and applications. Canadian
Journal of Plant Science 3: 623-645.

Zhang, P. P., Song, H. and Ke, X. W. (2016) GGE biplot analysis of yield stability and test location representativeness
in proso millet (Panicum miliaceum L.) genotypes. Journal of Integrative Agriculture 15: 1218-1227.


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.53.22.0
https://jispp.iut.ac.ir/article-1-1590-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.23222727.1402.12.53.22.0 ]

X2 TP S PO KT <R W% P ERp T | Oy Kas 50k

Effect of terminal drought stress on photosynthetic pigments and nutritional
value of bread wheat cultivars (Triticum aestivum L.) in Kerman
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Abstract

In most of the wheat cultivated areas in the world, drought stress during the reproductive stages leads to a significant
reduction in grain yield. Therefore, considering the arid and semi-arid climate of this country and the increased
population ahead, it is necessary to identify cultivars tolerant to drought and related traits. On this basis, the present
study was conducted as a randomized complete block design with three replications in the research farm of the Faculty
of Agriculture, Shahid Bahonar University of Kerman in 2016-2017 cropping year. Experimental treatments included
28 bread wheat cultivars which were cultivated in two different environments (normal conditions and drought stress).
GGE bipolates are one of the most accurate and efficient multivariate models. The GT type of this biplot deals with the
relationships between traits in genotypes. Based on the results, the vectors in biplot showed that there was a strong and
positive correlation between physiological traits such as chlorophyll pigments concentration, carotenoids, chlorophyll
index, and relative water content with yield in both normal irrigation and terminal drought conditions. Under stress
conditions, the concentration of elements had a negative correlation with yield, but this was with normal irrigation,
whereas only microelements had a negative correlation. According to the biplot diagram, Roshan, Pishgam, Zagros,
Omid, and Baran genotypes were introduced as the best genotypes for some or all of the traits under drought stress. On
the other hand, evaluation of tolerance of genotypes with tolerance indices also showed that MP, GMP and STI indices
had a positive and significant correlation with grain yield and therefore Alvand and Omid were identified as tolerant
and sensitive genotypes, respectively. According to the present results, GXT biplot and tolerance indices (MP, GMP,
and STI) can be a good way to evaluate the superiority of traits and identify tolerant genotypes, and by this way,
superior genotypes with high production capacity and desirable traits can be used in drought tolerance breeding
programs. Also, photosynthetic pigments and element concentrations can be a good criterion for improving grain yield,
especially under stress conditions.
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