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Evaluation of response of maize (Zea mays L.) inbred lines to heat stress under
Khuzestan conditions -using stress tolerance indices
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Table 2. Mean comparison of grain yield of corn inbred lines in control condition (Yp), grain yield in heat stress condition (Ys), Mean Productivity (MP), Geometric

Mean Productivity (GMP), Tolerance Index (TOL), Stress Susceptibility Index (SSI), Stress Tolerance Index (STI)
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N“;?::Sr of Name of lines Yp (kgha!) Yp (kg.ha!) MP GMP TOL SSI STI
1 MO17 642.5" 65° 282.88 159.6f 461.7¢ 1.24* 0.113¢
2 B73 2104%% 301% 962.3¢def 583.84¢f 14422 1.16® 0.15¢
3 K74/1 16259 160% 713.9% 376.9 1172.3 % 1.23% 0.113¢
4 K18 2125 1095 1288.10¢d 1215.6% 823.8¢ 0.65% 0.52%
5 K3651/2 3771° 419%% 1675.7% 996,84 2682° 1.24* 0.103¢
6 K3651/1 1834°def 90% 769.1°% 311.1° 1395° 1.3 0.057¢
7 A679 2041 df 203% 897.59¢fe 430.7° 1471.6°¢ 1.22° 0.117¢
8 K166A 2375 1638 1605.1% 1570.3% 589.9¢ 0.334¢ 0.74°
9 K3544/1 193gedef 400% 93524 688.8°4<f 1229.6 "¢ 1.06® 0.227¢
10 K166B 3521 2038° 22233 2050.8° 1186.7°¢ 0.51 0.617%®
11 K3640/5 854°F 30° 353.5% 120.5f 659.7¢ 1.34° 0.036¢
12 K47/2-2-1-21-2-1-1-1 1916°4f 373% 915,74 673.4°%4f 1235.3 b 1.09%® 021
13 K47/2-2-1-3-3-1-1-1 3209%° 5884 1518.2%¢ 1023b¢de 2097 1.02%® 0.25%
14 K19 3271%° 585¢%¢ 1542.4%4 1064°¢ 2148.5% 1.09%® 0.2
15 K19/1 1916 785% 1080.7° 979.4% 905.2% 0.82% 0.41"%
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Means followed by same letter(s) in each column are not significantly different at 5% probability level using Duncan's Multiple Range Test
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Table 3. Phenotypic correlation coefficient between grain yield of corn inbred lines and heat tolerance indices in heat stress and control condition

Ssost i s She LS s lls s Se e Lesls 5w Jess jerld 5 4 Canles et ld buge (o500 e ld

Yp Ys TOL STI SSI MP
Ys LS i bl s Slee 0.53%*
TOL Jess e la 0.76%* -0.14™
STI A g e st 0.34™ 0.95%* -0.33™
SSI D5 4 Sl a5l -0.35™ -0.95%* 0.31™ -0.99%*
MP Lo g S50 0.93%x* 0.81%* 0.46™ 0.66** -0.67%*
GMP S50 grtin (ks 0.74%* 0.96%** 0.13" 0.87%** -0.87%* 0.94%*

BIERP g

1055 685 5 gy Jlatl shan 53 15 e HF F
ns: Non-significant
*, **: Significant at 5% and 1% propability levels, respectively
Lﬂd),gﬁfsu:MP;J‘;:QC_T.»LoPL::SSI;_)x;J.;;.;PL::STI;J@UA,'L‘::TOL;bjfu‘;sja{\j.;)_ujim Ys 5 i 0t Ll 5 555 Sles YD
(S350 orn 5 S0ke el :GMP
Yp: Yield in control condition, Ys: Yield in heat stress condition, MP: Mean Productivity, GMP: Geometric Mean Productivity, TOL: Tolerance Index,
SSI: Stress susceptibility Index, STI: Stress Tolerance Index


https://dor.isc.ac/dor/20.1001.1.15625540.1388.11.1.4.4
http://agrobreedjournal.ir/article-1-217-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1388.11.1.4.4 ]

wolg eglex nc.»ajL:

Bl el Aoy, § S SE G e
A= 5 (Ahmadzadeh, 1998) o3/ juba! (sla j2sla 3T
Gosm S5 83, p (Khalili ez al., 2004) O\ Sas 5
5 S g ssy p (Souri et al, 2005) Ol ,Ses
5 >S9y — (Karami et al, 2006) Ol ,LSen
Ols KT (g5, — (Rezaeizad, 2007) 53 oL,
ol sla Y S o b 1y ol le3T ams
elacmY cils ), 5B asb 3 SY 5 IF ¥ o
@YU sl 3, Shes (25 0l Jass 53 48 iy
G130 o)l Lalls Y oy, 8 ol s il
53 bl e slacmY e 3 5, Shes o YL
Sldie Llsdd 5l a Sl s (g S pde Ll 5
S5 ol s ged Sl | i 435 GMP asls
i Ogde Joses j3 S (6l 018 s 1y Y
3 IS G (0l 53.3,8 (hpme La S
4S8 e iy 5 K5 51,5 C 05,8 53 a6
wils 5 25 b b oV ()85 S placs 65
S 5 A5 05 l 8 4 S 65 YL 5 Shes
00 Sl S Bl 352y oLl 5550 lacpY
N8 D asl js oL, s, la Y jlas)s
3 Shes (35 O3 5 55 Ll 5 53 g 53 &S Azl
Sl S 8 5 s 015 o p Pl Bl iy
Jmms gz 3 Al Gl g es ol s 55 0l
e Lo 8 Ll 5 53 YL s Shee a5 5L S o
03,5 Ladeii &)y Sda dw I3 gas )l oslil A
o3l 3s3la g pde Lo s )3 5 Laos, S Lo jlA
Lo g Lod s (Moghadam and Hadizadeh, 2002)
3 )9 Low g 5555 43 5 (Fernandez, 1992) ;.0 2
313 b 5 eslizul 3 4e (Souri ef al., 2005) ol ,1Kes

3, Shee LGMP Last i o  Sted ol 45 S

s O Jayl 5 ar=0 /88 7T s Ll s s

5t GMP Lasli b bl b 55 pa jn s Shes o

"olal £ pste

OT Sldems 5A oslad sV SSI asls Wbl
(Y Jsdar) Bl (s s, F sV e opled sl Y
A SV G S -2 POV Tk s el
Ay ol A5 8 S5 A 6 8 55 el
A o3 ;S e g ol Jline el o
23ljgla 5 pdis ol T 5l sl LR
5 <3 69, o (Moghadam and Hadizadeh, 2000)
03,5 xS SSI Lot li 035 canlie oias LS
53 als 3 Shae USSI Lastls p (Stewed . Conl A
O Ok 5 s = AR T LS i Ll s
(¥ Jgd) spr=—2/Y0™
STI g5 4 oo o

oy OLES STI up;—L;- ©dde Hldae O3 g J.SYL
ol LT 53 ol 25 4 (85 S e
3A oslei oY 4 by o STI estli Hldas o 5V
Al 5,5 F 5V oles gl o Sl
o sleds (Gulas dwn Hl5 505 bl p b Y I (Y Ju)
st A ol pl B 8 15 A ey 8 s Y
A 05,5 ot Cgr oo lms STI Loz li &7
o3l jdal il a1 5l ol oL —
o353 5 pd—do (Ahmadzadeh, ~ 1998)

9(Moghadam and Hadizadeh, 2000 and 2002)

S5 sy o (Khalilief al., 2004) o)L Ses 5 Jl=
Siwaar S e Al 1y ol 5le)T s
=2/ " g5 Lol s 555 Slas LSTI Lasls
(Y Jsd) s pr=2/YF™ 25 09 Ll 5 s

(GMP) Lo

Veooyled pY o 5 e GMP o5 la ulal
53 (Y Jodor) wzils 513 F A oy Y OT 51 s
Abodalin ¥ 5 ¥ (S (b aw (SlaLls god o
adls ), 5A 058 53F sA N ol lagp¥ &S
YU 5 Shes 518 4 oo sls o5 Sole w5
Moghadam and Hadizadeh, ) 105 g Loses 35 & 53
sbse 5 GMP es i aS dw) o b 4 .(2002


https://dor.isc.ac/dor/20.1001.1.15625540.1388.11.1.4.4
http://agrobreedjournal.ir/article-1-217-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1388.11.1.4.4 ]

Pnipd el e A8 T

33 bl 2 O L s old a5 dyl (Lol add 3
sl STl 53 (F JSC8) sy Il il 3o
9 Lmesls |87 Ol i Sl aeo s Va/YY ol adlse
1y Lsesls SOl s 51 o 53 YA/AY g3 4l 3o
add ga Ol e Ols5 a1y ol adl o s S
33,5 GMEL L F g Jroos 55, Slhes Joily
S Sl 50 Ol sie 4 Ol 5 0 | pgs adl o
b 1y 25 ol 3 ol 3 Sles L glac s 55

.;;L;,\Kﬁuu\s@

/

5
-

S L1
12 13 33 .
4 'H ’
10
Is
SSI g L ]
8|
4
3200
1600
Yp

Aoy, S ¢SS5 4 536 4 GMP 5 STI SSI e ls
LS SIGMP a5t Loy, S L
Wl ) 2 (6 A
ol Srddlao 4 4 oui
Sesleul U Jool slaadljo as an 2 o
(;_m‘ju.aj\_':- u_iﬁl \0)‘ J—J\:— le_ha)‘: w;b
LgLA)b_ﬁ_;u’_err@_Mcud_éjjﬁrg_mcua}-u
Jod) AT Gl dnaeiin 4l o b bloe aadeio

93 dc_w}s\_:\_ha:‘.) Qlj_::a.? JSJ‘ M)JQQ/'V.(F

1650
B2S

Y¥s

353 Shes Yp) b 8 25 Lol 8 53 (SSD) a5 4 Sl Lastla L5 51 )3 Lalls lacpY awlie - Ko
(UiqsQ@WU&L&ISSIcbf&ﬁ@\ﬁjaaﬂwﬂs‘&;}o)v\{hﬂ\f}

Fig.1. Comparison of corn inbred lines for stress susceptibility index (SSI) in heat stress condition (Yp: yield in

control condition, Ys: yield in heat stress condition, SSI: Stress Susceptibility Index)
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Fig.2. Comparison of corn inbred lines for stress tolerance index (STI) in heat stress condition (Yp: yield in

control condition, Ys: yield in heat stress condition, STI: Stress Tolerance Index)
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Fig 3. Comparison of corn inbred lines for index (GMP) in heat stress condition (Yp: yield in control condition,

Ys: yield in heat stress condition, GMP: Geometric Mean Productivity)
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Table 4. Eigen values, cumulative proportion and Eigen vectors of tolerance indices and yield in two environmental condition in corn inbred lines

. _ . ) 35 3,8as 335, Skas ol s Sk o el o L ls
adl g oy 3l e i . E e L s . Jo el .
o llr LS sl oo ke S04 o & Sl o
Ei lati
Component 1gen Cumulative Yp Ys MP GMP TOL SSI STI

values proportion

1 4914 %70.21 0.435 0.322 0.418 0.449 0.048 -0.406 0.403

2 2.018 %99.03 0.491 -0.163 0.259 0.028 0.697 0.294 -0.304

3 0.061 %99.90 -0.111 0.507 0.235 0.225 -0.391 0.501 -0.482

4 0.005 %99.97 -0.413 -0.424 0.026 0.790 -0.096 0.128 -0.001

5 0.002 %99.99 0.503 0.098 -0.778 0.334 -0.082 0.108 0.046

6 0.000 1.000 -0.013 0.020 0.083 -0.111 0.01 0.685 0.715

7 0.000 1.000 -0.480 0.580 -0.299 -0.002 0.586 0.001 0.001
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Fig. 4. The biplot display of corn inbred lines yield in seven heat tolerance indices based on the first and second

main components
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Evaluation of response of maize (Zea mays L.) inbred lines to heat stress under
Khuzestan conditions -using stress tolerance indices

Z. Khodarahmpourl, R. Choukanz, M. R. Bihamta® and E. Majidi Hervan*

ABSTRACT

Khodarahmpour, Z, R. Choukan, M. R. Bihamta and E. Majidi Hervan. 2009. Evaluation of response of maize (Zea
mays L.) inbred lines to heat stress under Khuzestan conditions-using stress tolerance indices. Iranian Journal of Crop

Sciences. 11 (1):40-54 (In Persian).

Response of maize (Zea mays L.) inbred lines to heat stress was evaluated under Khuzestan conditions-using
stress tolerance indices. Fifteen maize inbred lines were evaluated in two separate experiments, in two sowing
dates, using randomized complete block design (RCBD) with three replications in Shushtar region in the
southern part of Iran in 2007 cropping season. Sowing dates were on 06 July 2007 (simulating heat stress
condition) and 27 July (non-stress condition). Tolerance indices including; Mean Productivity (MP), Tolerance
Index (TOL), Stress Susceptibility Index (SSI), Stress Tolerance Index (STI) and Geometric Mean Productivity
(GMP) were calculated. Results showed that theree indices; SSI, STI and GMP were more efficient in
identifying the heat tolerant inbred lines. However, based on the results and correlation studies performed GMP
was the most suitable index for evaluation of response of maize inbred lines to heat stress. Therefore, this index
could be used for identifying of inbred lines with high grain yield in either conditions. According to GMP and
STI indices inbred lines No. 10 and 8 were the higher yielding and tolerant to heat.stress. Biplot study clearly
divided inbred lines into tolerant and non-tolerant groups. Inbred lines No. 10, 8, 4 and 14 with high grain yield
potential and low sensitivity to heat stress were identified as suitable inbred lines for hybrid development in the
Khuzestan region. Distrubution of inbred lines in biplot also implies genetic variation among the inbred lines for
heat tolerance. Cluster analysis, using tolerance indices; GMP and STI, showed that inbred lines No. 10 and 8
were the most heat tolerant with highest genetic distance from the other inbred lines. In addition, inbred lines

No. 4, 14, 13, 15 and 5 also showed greater level of heat tolerance as compared to the other inbred lines.

Key words: Cluster analysis, Heat stress, Inbred lines ,Maize and Tolerance indices.
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