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1- Stress Susceptibility Index

3- Harmonic Mean

5-Mean Productivity

7- Geometric Mean Productivity

2- Stress Intensity
4- Tolerance Index
6-Stress Tolerance Index
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Table 1. Changes in mean of grain yield and its components under normal and drought stress conditions

R WP Ju
Trait Variation (%) Stress Normal
Rows/ ear I s ails sy 11.93 13.72 15.58
Kernel/ ear row  Jo sy 4o 4ils 38.88 23.36 38.22
Ear diameter I s 10.47 3.76 4.20
Kernel No/ear I 3 ails sldas 50.50 29291 591.11
Kernel depth 43 Gee 15.03 0.70 0.83
Hectolitre IS 12.05 612.10 696.00
1000 Kernel Weight = «is i3 034 29.30 146.94 207.84
Kernel diameter PRI 27.23 342 4.70
Kernel width &l 5 e 9.93 7.31 7.86
(Yield (t/ha)  ,LSs ,s +5) s Shae 31.72 4.160 6.093

3 2 SN sl aslis,l p- Jsds

Table 2. Estimation of drought tolerance indices in grain maize hybrids

Entry Hybreds Yp* Ys TOL MP GMP SSI Harm  STI
1 BC582 5.62theg 4.31gf 131 496 4.92 0.73 4.87  0.65
2 BC678 4.92j 2.831 2.09 3.87 3.73 1.34 359 037
3 BC504 8.35a 5.07b 328  6.71 6.50 1.24 630 1.14
4 NS540 5.28hi 2.05m 323  3.66 3.28 1.93 295 029
5 BC666 5.79fe 438gf 141  5.08 5.03 0.76 498  0.68
6 BC652 7.28cb 5.60a 1.68  6.44 6.38 0.72 6.33 1.10
7 BC572 5.3%hg 3.37k 2.02 438 4.26 1.18 4.14 049
8 MV502 5.79fe 4.03th 176 491 4.83 0.96 4.75  0.63
9 KSC500 5.58thg  3.29k 229 443 4.28 1.29 4.13 049
10 OSSK499  5.53thg  4.50ef 1.03  5.01 4.98 0.58 496  0.67
11 BC462 5.0551 4.22gf 083  4.63 4.61 0.51 459 057
12 DSSK444  5.70feg  4.35gf 135  5.02 4.98 0.75 493  0.67
13 BC404 6.97c 4.6led 236 5.79 5.66 1.06 554  0.86
14 BC418 5.96¢ 4.74cd 122 535 5.31 0.64 528 0.76
15 KSC320 7.39b 4.06th 333 572 5.47 1.42 524 081
16 KSC302 6.96g 4.88cb 2.08 592 5.82 0.94 573 091
17 KSC250 5.67feg  4.31gf 136 499 4.94 0.75 4.89  0.66
18 KSC260 6.28d 5.00b 1.28  5.64 5.60 0.64 556  0.84
19 KSC647 6.59d 3.88ij 271 523 5.05 1.29 4.88  0.69

20 KSC704 5.54thg  3.69j 1.85 4.61 4.52 1.05 442  0.55

Al gl e oM 1 %0 Jlaz| \7:h.n 33 ;SJ\; &l aals ki O ga T L P P gy B P L - S -
Means, in each column, followed by similar letters are not signiticantly difterent at the 5% probability level , using Dancan's

Multiple Range Test.

Yp = Yield potential Ys = Yield in Stress TOL = Tolerance Index
SSI = Stress Susceptility Index

GMP = Geometric Mean Productivity

Ol s 4, OSSK499 5 BCA62 (slady on ) 4L
P ebeld eoe gla oa
P Ll SNesaS 0 Gge oo 85 S
S eSS S s Js el s byl
3, SN glls T Osds g T laises 93 s s

TOL 8l 53,545 Ghas L3

)2 TOL

MP = Mean Producivity = Harm = Harmonic Mean
STI = Stress Tolerance Index

slad  BC678 5 NS540 (s |
T sy p SN bl s Caas
slas 4 aS el (MP)

(0 daiz) 5l s 28
ol oml ode 5olas (TOL fass asli s

:wb%ﬁw&:&ou)qmu&u

Ys sYp


https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.3.1.1
https://agrobreedjournal.ir/article-1-257-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-21 ]

[ DOR: 20.1001.1.15625540.1386.9.3.1.1]

o ylad ¢

cia_.wJJLng '_;RA_’\:.-_;J Harm
Sl g e gL (dse) 3ot Jles!
Mébb&ﬁﬁ_ﬂhsﬁbilﬁ}:ﬁl{h
o)L&.‘;_.uiinula::u.la.ﬂﬁ_pﬁ))JWﬂLgLﬁ
(Fernandez, 1992);4-L 3 Lo 5 b a5 8, 5
jﬁb}%}jﬁ.ﬁ:ﬂmj)ﬁ)éa\fdﬂh
4 il 4l 5 Sae b oYL Saeen 61515 (Ju )
N PSR ga L o f Olge
3N L glac 55 silalir 4 )26
o o 33 2 3 YL s
S s als :JSL..;

(MmP) S aliog  (SS])

(GMP) —a3 J s o>

gl e (ST

A Lol e YL (Harm)
=g zsls

SRS A e 3 ) -
Lol glalin =

sl aslp s
S D \-“_L.'a-
$3de Hldis 4S TOL 5SSI LasLs 95.( ' Jsds)
$ 3 ) edas OL& O )
1c .Ju'.:}:(..nlf shls
$3la ypdas (Fernandez, 1992) 3450 5 ¢
g o3yl )esl;
< Ulg &8l odalis
3sh e plal
s SNee g3 (Fernandez, 1992) ;a3
AL RS O 5 R0 Lo 93 )3 La S 55
83 303 e 03 5 Hlgr 4 1y Lomes 93 4 Lo OALS

v
o bt

J_A_pl_) fuaajﬁm&duwa(J!
.(Anj;)MbUﬁJ_gJ{_gﬁ.l:ﬁm_g)

(Bos B) dizen [ )l3 25 gk

Ol ) pske

PN RS 2 Ol |y A5 B8 el
Lal I TOL 05 g5 b 45 Sl Lasils pl 5y 53
SRS Og ol 5 3 Shee 03 VU pae o
Osda dasl 2 5o 2 &S0 5 Shas Sl (e S
SreS ClL 5 RS el s 5 AL ol A
355 # TOL 08l &S S Eply ol S 3L o o
13 co3ljgsln 5 pd )
BC504 KSC320 .

Ll Ol Can s gla 2 Ol e 4 NS540
(QSPRES)

JLep L) s 55 YU s Sdes < BCS04

BC652 3 > s .14_1)_.‘« 33 albls
q_f-hgsl._jdﬂj 'J;d.;u;...‘zbbajmd

Ss50lean S bl b s 53 01 s, Shee
(0 dsds) s Ol e la o) 51 el
(SS1) 2 o S 3L 55
sl 0L st Ld ol 5 b (sade ialie 4l
5 BC462slads pon ,Cul fooza ¢
2 95 5 Jamie 2 Ol e 45 OSSK499
I ER o WPy 2 Ol e 4 KSC320 5 NS540
SIpL s jor 50 el ol dplons 5.
O Jldie Godsd oy | )5 a8 3 ls 54y 2T Ol
Al S p e ol am p( dsde) s [
03l g3La gy pdia)spd oo ;S S SSI
b on 3, Ses Ol s 095 SSI (
Pl eyl b e S S s
PV s (o DL Jadll oS 3 25
SLls 0 Oy 5 55 Ll 5es )5 s op
OLL 1) 63l et oy Lol il (6 VL 5 Sdhos
295 (g0 (Flobd Jooxia g poa Ol o 4 das
3 U0 s s a3 YL s Slee (glyls 45T BC504
Olge a5l odl Ao s e a0 0 25 Oy
( dsa)
SSTL GMP Ly dba i 5 25 Bl -5 55 5, Ses


https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.3.1.1
https://agrobreedjournal.ir/article-1-257-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-21 ]

[ DOR: 20.1001.1.15625540.1386.9.3.1.1]

“..ML}.«:\J J1f, \._IJ|.='\;E| sk ‘_,.aa'-L:u andllas’

Olje a4 a5 L MP
o d Jeand sl QLI el sl eade VL
Ol 4 KSC302 5 BC652 BC504 Lt ot
534S Hehilea, P el e slads s
NPBA s, S sslad » plssd ool
SR R AL R G
s PShae U gla i3 25 4 blos MP
oA LE 330l 5 il A5 w e 5 VL oAl
sdoas QLA YL gode polie a5l 4 4> ¢ LGMP
BC504 (s . 53
sld Jaszs slas a0l i KSC302 5BC652
MP aslil awlis )3 GMP ol ol sl
Laog, 5 sl 5lAey, S S S 3 YL &,
Ol jlHarm a5l 4 > u:—"q"“'“( ) 3,ls
4BC504 BC652 sy i3 S
1, & 555 0le 4 KSC302
A3y 3.k S G 3A s S s lad
O e SO HI3A 6 5 5o
s Ll ity 3, Sdae 02 13 0l
(0 D)o s

sl

s Lalilis 5 e S bylas a5 SSI sl s
5 BCA62 AL, poa oLl o | aS ol s
253 5 Jamie s 2 Ol g6 45 OSSK499
Ol wles 6 Olge 4KSC320 5 NS540
S A3 g
A5k S L5058 s el ol
Dk 5l s cs 5 5l A 6y, 8 534S KSC320
S CSS eSOl oy il el
L obr o) S5 e SSI bl Ol
2L Ses (Js gole bl 0 5 ol 5 Ses
lold 5 ENSE 4 5B SSI oyl .

Cog, S ilA ey S

o2 e s )

Lo 21, GYL s Ses 45 Gl s
(Cos 8) dzn s 25

3}))!_} *{JW)&A{&L&%?}CJ
.(Dnjf)mbbh‘.?u

o5 8l Pl s o e DL S 4
035 pleSlA 055 jadis 4 3B &l )kne
AL s sla

SLes S sl
S Ok Lo 533 Sdae O 5 a5 LA eslanal
S0 = o Leme 535, SMas La X ps 55
ﬁﬂqu&1L§uﬁ'uJ1é\i 3 Y e

LS!J—fLJ_}'E""‘;:)‘. .uc)i)ﬂuhz‘)fr.ﬁd})

s sla OO Sllad

03 g I g s dws (2 ey Jaly ) 00 LS
(CsD BeosS) w058 S5 51A0s S 5 1y
Olgms B 3) 50 jatls (Gies v il (pimes
G Jeme g J s o5, Ol (6l 1 (6 okne
o pbline bylast §U 28 dlwy 4 xy mhaw S5
DsC ,B,Ass, S g

(Fernandez, 1992)

5t

s Y Tl
ol 0 1|

Jooo e LLETOL (2l polie Sl 5 b

Ol g6 4 OSSK499 5 BCA62 (glad s .ol

el o, See Cle 4 TOL cyls g s
J)_’ ;;wj)1}AOJ;)JJ$JJJ{%!J$J)
di}_}' ( )Aﬁ;ﬂ}Co_’;

Ll e et ol bl R S ST S
O3 dal 2 oy 0l 3 Shas b 5b 5
2335 (o G5 b S YU 3 Shes 5 25
Ol (Ser 3, Sae aslie gla Ll el
o2 e Senr 5 2 Yp 3TOL sla ja5Ls

ua:'—u Q‘i‘ ‘L'K-!Jfl‘;'f' Ys s TOL sl»
LI AJ!CO_QJ;LS{LJM_QMQJQB


https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.3.1.1
https://agrobreedjournal.ir/article-1-257-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-21 ]

[ DOR: 20.1001.1.15625540.1386.9.3.1.1]

oyled ¢ ol ) p ke

TOL el plal ;i SCis 4 Joss s G duw 13 gai -
Fig. 1. 3-D graph for drought tolerance in maize hybrids based on TOL index
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Fig. 2. 3-D graph for drought tolerance in maize hybrids based on MP index
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Fig. 3. 3-D graph for drought tolerance in maize hybrids based on GMP index
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Fig. 5. 3-D graph for drought tolerance in maize hybrids based on Harm index
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Fig. 4. 3-D graph for drought tolerance in maize hybrids based on SSI index
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Fig. 6. 3-D graph for drought tolerance in maize hybrids based on STI
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Fig. 7. Dendrogram of cluster analysis of maize hybrids based on tolerance and susceptibility indices and
grain yield
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Table 3. Correlation between different drought tolerance indices and grain yield under normal and drought

stress conditions

YP YS TOL MP GMP SSI HARM  STI
YP 1
YS 0.61** 1
TOL 0.51* -0.35™ 1
MP 0.90** 0.89** 0.10™ 1
GMP 0.85%* 0.93** 0.0016 0.99%* 1
SSI -0.09™  -0.71*%%  0.89%** -0.32™  -0.42™ 1
HARM  0.80** 0.96** -0.091 0.97**  (0.99%* -0.50%* 1
STI 0.88** 0.90** 0.063™  0.99**  0.99**  -036™  0.98** 1
% }%sJL.-J.\k,.Je.,J;Ju [P i
* and ** : Significant at 5% and 1% levels of probability , respectively.
Jl3 gme &S
ns: Non-Significant
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Study of selection indices for drought tolerance in some of grain maize hybrids
Jafari, A'., R. Choukan®, F. Paknejad3 and A. Pourmaidani®

ABSTRACT

Jafari, A., R. Choukan, F. Paknejad and A. Pourmaidani. 2007. Study of selection indices for drought tolerance in some

of grain maize hybrids. Iranian Journal of Crop Sciences. 9(3): 200-212.

To study the drought tolerance in some of grain maize hybrids, this study was carried out in Qom province in
2006 cropping season. Twenty maize hybrids were evaluated in randomized compelet block design with four
replications , in two separate expriments, under normal irrigation(30% depletion of available water) and drought
stress (60% depletion of available water). Results of analysis of variance for grain yield and its components
showed variation among hybrids under normal and drought stress conditions. The highest yield under normal and
stress conditions belonged to hybrids BC504 and BC652, repectively. While, hybrids BC678 and NS504 showed
the lowest yield under normal and stress conditions, respectively. To evaluating the response of hybrids to
drought stress, different indices, including, Stress Susceptility Indices (SSI), Harmonic mean (Harm), Tolerance
index (TOL), Mean Producivity (MP), Stress Tolerance Index (STI) and Geometric Mean Productivity (GMP)
were used. Different indices revealed hybrids BC504 , BC652 , BC404 , KSC302 , KSC320 and KSC647 as
tolerance under stress condition. STI , MP , GMP and Harm indices, were identified as suitable indices to be
used in applied maize breeding programs. These indices showed the highest corrolation between grain yield

under normal and drought stress conditions.

Key words : Maize, Hybrid , Drought stress, Normal condition, Tolerance indices, Grain yield
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