A WAS oy /7Y o)l fpad Lo /sy LS 3ol aolitingy

ol b plie g (5y5lS pole ol
iy oS 3ol wolitngsy

Gl O,3 sy pud  SWiS WS @ Jood b))

"o 2 9 b LS ytama

Al @S 45088 s 5 Shigel lidos lojle ks 5 Jlg 45 9 ol Sl e ol -\
(mohammadrezashiri52@gmail.com : Jggue o g3)
@5 598 g 9 Uieel (liioS Glajlo ks g Sl g g ol Cliind e bl ¥
QAN - 2oy ol AF/OIYY el g b

FXVCCS

PR 3l (S (Siid (IS g Cuwl B3 gl Blaal (it doa 1 (ausne (BT 2 &5 Jood 3540 9 !
€5 d b YA Sland (Suid & Jood (s jadli jolile ped 4 395000 ko & G35 jll Mg )3 a8 3g05w Jolge
Solas Jol5 oSl b CIB j5 Tua (Wiulejl 95 45 dild il gy dls po 45 (SWid (iT 9 Jol5 (g ylul daul g Co o glaila
g Joodi byl g3 a8 )5 148 o lio 3590 ke (65,9LiS OliEad 35 b0 (JTlREST oyl 3 Jlw 93 Gae 4 1S5 aw b
MP (Jooss (asUs) TOL (5 &) Sl 108 L5) SSI g pad Ui I (Suid (i5 @y aslllas 3,90 (5o yud Conmlins
0ABLE) STI 5 (Ao paimo pusiih (Silis) GMP o a3 Jim Sigo, b eilis) HAR (a3 gm0 sl 5iko)
51V aild 5,S0os ¢ )bl Layl pad 93 4 45 SCT04 g K74/2-2-1-3-1-1-1 -1 x K3653/2 (gLt yuud b 23Wianr] (i &y Jooi
(ol 43 Gl 5 YU g8 oy b 4B )3 S (5l fog05 ;3 STI jfae 2 3V b s yusd 93 ol izl ileo
dgui 50 4o g (il iy 91 KIB53/2 (¥ Swid (T &y Jooxio (gl pud 55T (50 (¥ 503 Byb 51 i 5 )15 Gy
1> WS gl paiorod Dgud 03wl piwiug (¥ (il I (Sid WIS 4 Josie o] ] Suiwl jd b g3l saoliy o
Lol cidgs 53390 Yl 2,Sos b Joodto (g s (235 & )3 L pad Wl polw &) S STI 9 GMPMP (glapad LS Wy
dged (35 Jioa 1) (S (AT 4 Joode (s yd (g5 o0 O Sk @3S 550 L

S 4y Coglile S ad L (3 My (g g adS sWaojly

[ Downloaded from jcb.sanru.ac.ir on 2026-06-22 |

[ DOI: 10.29252/jch.9.21.89 ]

g o> il ) (59 5 (g Sl Om (Swer
i 5 bl )3 e & iyl GRS iy
Sl 0a3LE (et oS 3)Skes b)) aed e el
(VF) sl 55 el bame & JS5ke pBy ololis
9 O Laalyd 9 58 ) bacais) 0 Sles ulul p Sl
Vb oSdas gl glacsy) obal cel (5 o9
> @ G5 g kb )3 Cbl 4 gl g 235 0
FShe (A5 g Ll 3 0 Sbes gyl (o9 VL
2 38kes ol 1) beaigy (A) 565 (1Y) cwl
P YL Sles) A 09 Yl 4 (A5 (o 9 G5 bl
09 Lulyd 3 bid 0gd 3)Slac) B og)S (laxe 93 12
e AR
R i
2o S A 0g)S wilgy oS cunl ol Jlne npia 56,8
S 3es o)l 1pj ed pasuls baog)S
0a3ls (3) syge 9yl Cusl Ji 09)5 cnl 4 bguye
Sl S0l jshaie 4 1, '(SSI) A5 4 Comles
5 o0l &l 3, Sles lpws a5 W3,S ) by 3 Slas
DS p 2 pite lalze 3 1) (ABly b 5 Sles
e 41, (TOL) Joss asla(\V) oubiala 5 i,
9 O Ot 9 O3 by )3 0,Slas SHST e lime
oS plgs 4 (MP) (3 Jgae olus (ke
TOL _adls Vb e sy S0 bugie 3,Skes
ol (St 55 4 bcadss) YL Camlus oiad L
05 Fomk wwsles slawis Gl lp ol
RO D9 gt cuslie Jhae S TOL e

doddo
oyj 2 1y olnl e Y Al Sk (5:50ke

e Jl ol il o I e S ol yguS
P2 pegad & oblS Mg g Ay el Jelge
St b 51 ool Syl o pa cul Suts bl
Bblio ;3 () 20 0 3)ls oLS pl 4 )b oS bl
Wodgds 50 lawgio jab a4 @yd aib 3 Slas (4 pmuno)S
8y Oloj 9 QA5 b 4 i Lol bl o bl o)
() oy o o A 4 Blg e 3,Sles Lials
9 S5 Jeily o lalpd 86 cod @) 5 Sles
e oA den do 10,5 o0 )13 Ll LiSen
4 Oy Mg pials oaiSas Jelge Sl ojné g 0
oiete ol o8 Oyl Jb o bl il lus
@ ol 5 Olnl ) @) B89 Mg sl oaiSrgue Jole
bulyd 93 50 53 & alacsy) (Bl (TT) 29)0 led
@ p pelbae 3Ses Sl (iS5 g (AT g
9 95 Ol 29290 hlite S ()92 )l gtae e @ il
oo jolale cpdy e S5 4 (Slodmn el bame
=V wwlos)S olidn p zp 4 1) Al slab)
oS Y dacis el Sles plol S
Sl ol g i35 =Y eyl sbajbae (ol
¥ 5wy e ol Starad 3,Skes b Slio 5 3,Slas
i g o 6 Lyl 5 e 5 ol 5 Slas ] eslizl
P 9 o OSlas oS b bmexcigy Jlie
by odome ) Sp glacssl G wiltre b
Lo 5 iy} Jblize (VAN D) bled o dnlse JISC5I

1-Stress Susceptibility Index 2- Tolerance

3- Mean Productivity


http://dx.doi.org/10.29252/jcb.9.21.89
http://jcb.sanru.ac.ir/article-1-799-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-22 |

[ DOI: 10.29252/jch.9.21.89 ]

Gl @) glany s (Sis 15 4 Jeos o)l

i 5 4 Jeod glapadls ol ey pelate 4
oS A Jeie @y slanyen ollid usren

g, 93190

WA Gl (b ol Jad 93 ©e 4 gl 0
2 &8ly e (g)slis” Gladss 3 ye ol > VAN
458> ¥V g dax 0 YA ) Jwoyl el dais o 5 Jless
Y0 eyl g (Byb Jobo 48B3 VY g a2 0 ¥V 5 Jlad (50
cle a4y o cusd b sl (JI)’] by ow 5l e 00
2o b e o g Ol Yool (0Bl Sa5 kil
Mol ol 0 35 5 g ol o 3 o] L
ol bl )l Siginn (olidln ol (algr 5 O
laline; (s gy catd  Sbly des uldl 53 dalais
25 Jlo gloole 5,5 ilie p)5 sl 9 Mo
Db ok 5 8 Jle sleole (uyidgwe 5 Sy g
o AV liwe; YA gl Jad 3 Sk Lawgie
Ol oot il peile YV oLl 5 VeF/0
BTG 30958 51 53U gl oeslitlem Lol 3o LS5,L
SBb bawgio sbT Lol Al YO bl gl .asb o sy
oo VEASID 6Vl yoks busgio 5 yioke YVVIY
ST oyl ol )3 glol ol olol sl o 358
9 3y g 5 sloole & Blate p5u e e
Jlo > adbie ere 9 93 ole >y ie (n S
slod iz (slod (e (WA Jlo) (alejl sl 2 gl
VeV Lyl ey & (SH)k S g (o Cugb) el
oo VAFIA 5 dmps VoIV 0l 5 il /A o5 ol
B casls gloj ) @)d ady 0y Job 4o dlael (pl g
Sl le TIZ b ply cay @ ((Ridnid o)
ol 53 3 ytods SYIF 5 103 FY/A o5 5l VA
2)93 1 @)l 13 SH)k 2o 3 Ve dgie ( Sk pin Sl
BT @yd 455 0)95 Job )3 (SH)k b Ve g )5 L,
Ay ogdoe 43 odlidl lasl (Sl duspy Vel ! eolidl
Cowl 0392 431> A5 1 0)9d Jgb 3 o o yd VY L5
PO Jlo b polie cansg) YY) Jlo o () JS)
wilaio Lodlil Lylyd ds & b oualie lie ailais
B g0 e glanl gylol 4 (b ol 4 03 el
ol 535V BY o (bl (sadlate

b 5 Gg g 5 Laalpd 3 (a3 Jgane (ke slie
& Jooo u”l“’ Lol ol).o_m Ol LSI)'? );\Jb e Hlude
bilys 3 & slagaiy) ol jsbia o (STI) i
g 5yl oYL wb sSlee il o bl b ASlen i
by (GMP) (a3 Jpame oin (5Sike izen
W3 e Lt (L (o 3aion gl A (Byee (A) 5305
Colin o SO 5 TOL (slaasls olul 5 LifS
380es b sloaisy Cbl (gw 4 Sl 2ol sy
(MP) 5,Sdos (5550ke (ool 2 Clsasl (g 39800 ol
(VFA) 3580 YU 5,Skas | sloiish LS s
05,5 Sl SuSE 4 5 SSI 5 TOL (sla sl
B il A oy 4 SuSi5 s MP asls 5 C 5l A
YV oy o o(A) 56,3 45 Il s (YEARAY) axil e
o ot (5 kel bawgio g 8005 15 Ll 93 55 olo B,
A 098 S8 @8 L (STH) (a5 & Jooo sl &S
b glacas) ol Gk a1y (i daog)S ple
JMie dyh g AB o By (SiS & Joodio g Vb 0 Sles
@ Sl i)yl Jood exmdglis asl gk
() oo 5 (B2 1) oaljcole 5 pade bawgs 5005
2 (V0) hlSen 5 (5)b 3 )3 (1) phlser 550 e
Opxen 8L (pyp 53 sl 0ad ()55 55 oISl
ras 4 SNl il dhug padls o Ly,
PA Jol addge lawgio (IS A5 )3 &5 (5y5b 4 cdd 04iS
LSl cde 4 5 0,8 Canog 1) ooy goid jl do
Coto Stuan ST 3 GMP MP YS YP (cla_asls
A5 (ISP 3 Shae suslty dilpe osie 4 asls Y
Iy Lodly po g55 IS 5l duoy Yo 25ds 5 pad adlie
SSl g TOL (claadls L aSul can 4 9 355 Chuogs
@ Jood adlie lpe a4 i YL cote  (Sien
el gl j ol a5 Lalpd )3 a5 el 5
S5 i 0 e slais {N) 335 S
6 ot yei8 1) ) 3 Slee bugle g My (i
@ Jlo il g ol @ig 9 SHk eNlaims oe )18 Sl
2 g gl Jlsiis oS gysb 4wl piie )0 Jlo
bl 0 598 )3 3 g LilS el sl el Lo
blys gl oligss LS 5 b (§d Clas &4 ax g
b 395 ol 50 al o8kl 3 Cligios o Jsane o]
5 35 cpl K9 Mg 50 b ol sl cuslie o)

1- Stress Tolerance Index

2- Mean -Geometric Mean Productivity


http://dx.doi.org/10.29252/jcb.9.21.89
http://jcb.sanru.ac.ir/article-1-799-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-22 |

[ DOI: 10.29252/jch.9.21.89 ]

a3 WAZ Sl VY ojladd /ot Jbo /215 oS 2 ol doliing sy
40 25
Wpint (Slod s o —
35 A Ny 3 \ ~
A M £ i 30 B W AT SR ',I 4 20
a 30 (P Ll Lt LAWY &
-2‘ 'y II il
25 | e
Ay {1 | il 15 3
5 20 - ; Y
’A | oM r[v'\,, i .
= 15 - w—tﬁl-u 1‘ +— 10 _‘i;
o LA s
2> T ‘|‘ Al Al @ o333 Ao =
. o >
& dgploolilsed e e B sl
0 10 20 30 40 50 80 70 80 90 100 110 120
ST 51 s Ay 2fasd

155 0593 Jgb 53 islel (sl sla Jls (b 55 (3508 (sloabo) (S5)b line 9 aineS (slod i (slod polie =Y S5
oo dilais ) dalllas 390 (slany yun

Figure 1. Maximum temperature, minimum temperature and rainfall (vertical bars) during the field evaluation of studied maize
hybrids during plant growth at moghan region
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Table 1. Pedié;ree and Grain filling duration in normal_irrigation (GFDg) and Grain filling and drought stress (GFDs)

conditions for thirty-eight maize hybrids studied in this study
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Table 2. The two-years combined analysis of variance for grain yield across normal and water deficit conditions
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Table 3. Estimation of drought tolerance indices based on grain yield of maize hybrids under normal irrigation and
drought stress conditions
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Figure 2. The biplot display of maize hybrids and drought tolerance indices based on the first and second principal
components
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Figure 3. Dendrogram generated by the WARD method based on drought tolerance indices of maize hybrids
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Abstract

Breeding for environmental stress is one of the most important goals in plant breeding.
Among stresses, drought stress has high influencing on limitation of maize production.
Therefore, in order to find the best drought tolerant hybrids, 38 maize h%/brids were planted in
two separate experiments. one with optimum irrigation (control) and another with water stress at
grain-filling stage in Moghan at twggears RBCD experiment design with three replications was
used. Stress Susceptibility Index (SSI), Mean Productivity (MP), Tolerance (TOL), Geometric
Mean Productivity (GMP) and Stress Tolerance Index (STI) indices were used to evaluate
susceptibility and tolerance of the genotypes. Results showed that, K74/2-2-1-3-1-1-1-
1xK3653/2 and SC704 hybrids had higher grain yield than mean in all irrigation conditions.
These hybrids had the highest STI and located at part of high yield potential and low sensitivity
to drought in the biplot. On the other hand, paternal line of magjority of drought stress tolerant
hybrids was the line K3653/2. Therefore, it is recommended to use thislinein breeding maize to
get to the most tolerant hybrid. Also the results showed that deﬁmte ofthe MP,GMPandSTI
indices were most successful in selecting high yield tolerant hybrids, however using biplot the
most tolerant hybrids to drought can be chosen the best.

Keywords: Biplot, Drought Stress Tolerance Indices, Maize
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