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Determination of the Best Heat Stress Tolerance Indices in
Maize (Zea mays L.) Inbred Lines and Hybrids under
Khuzestan Province Conditions
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ABSTRACT

Maize improvement for high temperature tolerance requires the reliable assessment of
parental inbred lines and their combinations. Fifteen maize inbred lines were evaluated
during 2007 and 2008 in Shushtar city (Khuzestan Province). The inbred lines were
planted at two dates: 6 July, to coincide heat stress with pollination time; and 27 July, as
normal planting to avoid high temperature during pollination and grain filling period. In
addition, 28 hybrids from a combination of eight selected lines, were evaluated under the
same conditions in 2008. Five stress tolerance indices, including mean productivity (MP),
stress tolerance (TOL), stress susceptibility (SSI), stress tolerance index (STI) and
geometric mean productivity (GMP) were used in this study. Data analysis revealed that
the SSI, STI and GMP indices were the more accurate criteria for selection of heat
tolerant and high yielding genotypes. The positive and significant correlation of GMP and
grain yield under both conditions revealed that this index is more applicable and efficient
for selection of parental inbred lines in producing hybrids to be tolerant to high
temperatures and high yielding under both conditions. Based on two years’ data and
using the STI, GMP and MP indices, K166B, K166A and K18xK166B proved to be the
most heat tolerant lines and hybrid. Biplot analysis allowed us to distinguish groups of
tolerant and sensitive inbred lines and hybrids. Based on the results of this study, the

hybrid K18xK166B can be recommended for the Khuzestan region.

Keywords: Biplot, Correlation, Heat stress, Maize, Tolerance index.

INTRODUCTION

Stress can reduce maize grain yield and
quality and any further rise in temperature
reduces the pollen viability and silk
receptivity, resulting in poor seed set and
reduced grain yield (Johnson, 2000; Aldrich
et al., 1986; Samuel er al., 1986). In the
southern part of Iran, especially in
Khuzestan, high temperature stress is one of
the most important abiotic stresses in the
maize growing area. Increasing heat
tolerance of hybrids is consequently a

challenge for maize breeders. For this, it is
necessary for promising inbred lines as well
as their combinations to be tested under both
normal and heat stress conditions.

Different indices have been employed for
screening stress tolerant genotypes. These
indices are based either on stress resistance
or susceptibility of genotypes (Fernandez,
1992). Rosielle and Hamblin (1981) defined
stress tolerance (TOL) as the differences in
yield between the non-stress (Yp) and stress
(Ys) environments and mean productivity
(MP) as the average yield of Yp and Ys.
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Fischer and Maurer (1978) proposed a
genotype stress susceptibility index (SSI) as
a ratio of genotypic performance under
stress and non-stress conditions. Fernandez
(1992) introduced a stress tolerance index
(STI) which can be used to identify
genotypes that yield well under both stress
and non-stress conditions. Geometric mean
productivity (GMP) is another index which
is often used by breeders interested in
relative performance (Ramirez and Kelly,
1998). Rosielle and Hamblin (1981)
reported a positive correlation between MP
and Ys, therefore selection based on MP will
improve average yield under both stress and
non-stress environments. Other studies also
showed a high and positive correlation
between MP and yield wunder stress
conditions (Sanjari, 1998; Ghajar Sepanlo et
al., 2000).

A low TOL index indicates higher
tolerance to stress. Selection based on this
criterion favors genotypes with low yield
potential under non-stress conditions and
high yield wunder stress conditions
(Fernandez, 1992). This criterion does not
permit us to separate genotypes yielding
well under stressed conditions from
genotypes yielding well under both stress
and unstressed conditions. Stress indices
based on loss of yield under stress
conditions in comparison to normal
conditions have been used for screening
stress tolerant genotypes. Mitra (2001),
Fernandez (1992) and Kristin et al. (1997)
used genotypes’ GMP under both conditions
for the determination of susceptibility to
avoid the effects of stress variation in
different years. Clarke et al. (1992) used SSI/
for evaluation of drought tolerance in wheat
genotypes and found a year-by-year
variation in SSI for genotypes and their
ranking pattern. Ramirez and Kelly (1998)
reported that selection based on a
combination of GMP and SSI indices may
provide a more desirable criterion for
improving drought resistance in common
bean.

In wheat, Bansal and Sinha (1991)
proposed to use SSI and grain yield as
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stability parameters to identify drought
resistant  genotypes. Moghaddam and
Hadizadeh (2000) reported that S77 is more
applicable for selection of maize genotypes
tolerant to stress than SSI. STI and GMP
tend to select hybrids with high yield under
stress and non-stress conditions, while SS/
identifies genotypes yielding well under
stress conditions (Khalili er al., 2004; Souri
et al., 2005; Karami et al, 2006). The
present study was conducted to examine the
accuracy of different stress tolerance indices
in identifying maize inbred lines and hybrids
for heat stress tolerance.

MATERIALS AND METHODS

The study was conducted at Shushtar city
located in Khuzestan Province, Iran (32°2 N
and 48°50" E, 150m asl) during two years
2007 and 2008. The soil type at this location
is clay loam, pH= 7.6 with EC= 0.5 mmhos
em™.

Fifteen maize inbred lines were evaluated
using a randomized complete block design
with three replications, under two planting
dates: 6 July, to coincide with heat stress and
pollination time; and 27 July (the normal
planting date) to avoid a high temperature
during pollination and grain filling period.
Twenty-eight  hybrids obtained from
combinations of eight selected inbred lines
with different reactions to heat stress were
evaluated under the same conditions in
2008. Each plot contained three rows 75 cm
apart and 9 m in length and consisted 45
hills; each of two seeds were sown, one of
whose seedlings were removed at the six
leaves stage. The experiment was irrigated
every five days, fertilizers were applied prior
to sowing at a rate of 120 kg N ha'and 140
kg P ha'', and additional side dressing of 120
kg N ha” was applied at the six leaves stage
of maize plants. Minimum and maximum air
temperatures at pollination time were 29°C
and 45°C in 2007 and 31°C and 45°C in
2008 under heat stress conditions (planting
date 6 July) and 24°C and 38°C in 2007 and
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Table 1. Average minimum and maximum Ys Ys.Y;
temperature of fr;esearch farm in heat stress in which SI =1-= and STI = I:

and non-stress conditions in 2007 and 2008. Yp (Yp)
(Fernandez,1992) with Ys and Yp being the
Temperature (°C) yields of genotypes evaluated under stress
Months Minimum Maximum and non-stress conditions and Ys and Yp
2007 2008 2007 2008 the mean yield over all genotypes evaluated

under stress and non-stress conditions.

July 30°C  31°C 46°C 46°C Analysis of variance was performed for
August 300C  300C  470C  460C each individual experiment and year, using
the SPSS computer program as well as mean
September  29°C 31°C 45°C 45°C comparison and correlation coefficients. The
October 240C 230C 380C 380°C biplot display was used, which provides a

useful tool for data analysis. To display the
genotypes in biplot, a principal component
analysis was performed.

November 19°C 17°C 32°C 27°C

23°C and 38°C in 2008 under normal

conditions (planting date 27 July) (Table 1). RESULTS AND DISCUSSION
Stress tolerance indices were calculated by
the following formgla: . The analysis of variance showed
TOLsz,,-Y{/(Rosmlle and Hamblin, 1981), significant differences between inbred lines
+ .
MP = pTis (Rosielle and Hamblin, gnd betyveen hybrids (Table 2). Among
inbred lines, K166B and K166A produced
_ high grain yield under both stress and non-
1981 MP =./Yp.Ys (F , 1992), 7. .
%81), G p¥s (Fernandez, 1992) stress conditions in the two years. K3651/2
1— ﬁ had the highest yield under non-stressed, but
(2 low yield under stressed conditions. K47/2-
SSI = (Fischer and Maurer, 1978), 2-13-3-1-1-1; K19 lines had relatively high

yield in non-stressed conditions, but

Table 2. Analysis of variance of stress tolerance indices and yield in heat stress and non-stress conditions in
maize inbred lines in 2007-2008.

[ Downloaded from jast.modares.ac.ir on 2025-05-21 ]

Source of Degree Mean of squares
variance of Yp© Ys? MP ¢ GMP“? STI* SSI/ TOL ¢
freedom
2007 Block 2 1020982ns 63452ns 145555ns 120ns 0.23ns  0.04ns 1075678ns
Line 14 1560356**  666166** 965432%%* 8994 #%* 0.65%*  0.35%*  1877321**
Error 28 353517 86319 100421 95625 0.18 0.008 586526
2008 Block 2 970002ns 44086ns 150215ns 97ns 0.12ns  0.002ns 1431137*
Line 14 1589764**  710195%%* 864802 ** 908376**  0.52%*%  (0.28%*%  1144279%%*
Error 28 355490 87176 122076 95625 0.1 0.004 396527
2008 "  Block 2 2317944* 535426* 216145ns 171559ns 0.2%%* 0.04ns 4792526%*
Hybrid 27 1316319%* 1092651%*  912147** 1169363**  (0.34%*  (.38%%* 1154495%*
Error 54 584733 145969 174202 137082 0.04 0.16 740475

[ DOR: 20.1001.1.16807073.2011.13.1.11.4 ]

“and ", Significant at 5% and 1% levels, respectively. ns= Non significant.

“ Yield in non-stress conditions, > Yield in stress conditions, © Mean Productivity, 4 Geometric Mean
Productivity, ° Stress Tolerance Index, f Stress Susceptibility Index, ¢ Tolerance Index.

" Analysis of variance of stress tolerance indices and yield in heat stress and non-stress conditions in maize
hybrids in 2008.
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relatively low yield under stressed
conditions. In contrast, K18 and K19/1 lines
had a high yield under stressed and
intermediate  yield under non-stressed
conditions (Table 3). Among the hybrids,
K18xK166B had the highest yield under
both conditions. K166AxK3640/5,
K166AxK47/2-2-1-21-2-1-1-1 and
K166AxK19 had the highest yield under
non-stressed and intermediate yield under
stressed conditions. K18xK47/2-2-1-21-2-1-
1-1 showed the smallest yield difference
between  stressed and  non-stressed
conditions (Table 4).

Based on the MP index, the K166B,
K3651/2 and K166A lines and K18xK166B
and K18xK47/2-2-1-21-2-1-1-1  hybrids
were identified as tolerant (Tables 3 and 4).
Therefore, according to these results,
selection based on MP will improve mean
yield under both conditions, but does not
allow to discriminate lines of groups A (high
yield under both conditions) and B (high
yield under non-stress and low yield under
stress conditions). The same results were
reported by Moghaddam and Hadizadeh
(2002) and Khalili ez al. (2004).

TOL index allowed us to select MO17,
K166A and K3640/5 lines and K18xK19
hybrid as tolerant genotypes (Tables 3 and
4). All of these genotypes, except K166A,
were low yielding under both conditions.
This is due to low yield differences between
the two conditions, that decreased the value
of the TOL index. Therefore, low TOL does
not mean high yielding, and genotype yield
should be taken in consideration in addition
to this criterion. Similar results were
reported by Ahmadzadeh (1997) for maize
hybrids. Limitations of using the TOL index
have also been discussed in relation to wheat
(Clark et al., 1992) and common bean
(Ramirez and Kelly, 1998). Although low
TOL has been used for selecting genotypes
with tolerance to stress, the likelihood of
selecting low yielding genotypes can be
anticipated (Ramirez and Kelly, 1998).

According to SSI, the K166A and then,
K166B and K18 inbred lines and
K18xK47/2-2-1-21-2-1-1-1 hybrid were
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revealed as tolerant to heat stress. K166A
yielded relatively highly in both conditions,
while K18 and K18x K47/2-2-1-21-2-1-1-1
had an intermediate yield under non-stressed
and a relatively high yield under stressed
conditions. K166B yielded well under both
conditions (Tables 3 and 4). Therefore, this
index discriminated group A genotypes from
others. This finding is consistent with that
reported by Moghaddam and Hadizadeh
(2000) in maize.

Based on S7I, the lines KI166A and
K166B and the hybrid K18xK166B showed
the highest tolerance to heat stress.
K18xK166B produced the highest yield in
both conditions (Tables 3 and 4). This index
also separate group A from other groups.
This is in consistent with those reported by
Ahmadzadeh (1997), Moghaddam and
Hadizadeh (2000) and Khaili et al. (2004) in
maize.

The study of GMP showed more
comprehensive results. Based on this index,
the K166B, K166A and K18 lines and
K18xK3640/5 and K18xK47/2-2-1-21-2-1-
1-1 hybrids were revealed as tolerant, and
had high yield under both conditions (Tables
3 and 4). The ability to separate group A
genotypes from others using the GMP index
is consistent with the results reported by
Ahmadzadeh (1997) and Khalili et al
(2004) in maize, Kristin ef al. (1997) and
Fernandez (1992) in common bean, Souri et
al. (2005) in pea, Karami et al. (2005) in
barley and Rezaeizad (2007) in sunflower.
This makes GMP the most accurate criterion
in selecting genotypes with tolerance to heat
stress and high yield under both stressed and
non-stressed conditions.

To determine the most desirable stress
tolerant criterion, the correlation coefficient
between Yp, Ys and quantitative indices of
stress tolerance were calculated (Table 5).
There were significant correlations between
Yp, and (MP, GMP and TOL); and between
Ys, and (MP, STI, GMP and SSI); GMP and
MP consequently appeared as better
predictors of Yp and Ys than TOL, SSI and
STI. The relationships observed between
both Yp and Ys, and MP are consistent with


https://dorl.net/dor/20.1001.1.16807073.2011.13.1.11.4
https://jast.modares.ac.ir/article-23-6969-en.html

JAST

1ze

ices in Mai;

Best Heat Stress Tolerance Ind

“(ueouN(y) ‘9% Y} 18 JUSISHJIP APULOIUSIS JOU AIB UWINJOD YO8 UL SISYI] QWS £q PIMO[[0F SUBIIA 910N

IE0 4IF0 2480 0480  POTEI6  POTS06 996166  POV6L6  POATEGO POAL0S0I  POLEGO  POSIO0  POGOSST  JOPOLES] 76131
9660 POTO APl GEI'l  0ABETIT  ASSPIT  POLTLOI  POAR90L  AEESECI  POAFTHSI  POSORO  OPOSOF0  dB009T  O4BLIO‘T 613
2AgE0 PASTO  AWO'L Rl QRLPIT WRLGOT  POGTOL  POAETOL  SALOTEST  PAATBIST  POEOYO 0K ae009T  odwosT UL ES
2910 PIITO  LOT AP POAOGIT  POATSETI  RPOILO  OPAKELO  9PIG06  BRPLSIG  POIEO  MRGTO  Pa00sT  spsest LTI
29000 P9SO0  ®HET  BHEL PO PL6S9  JSLLIL  JSOTI J9¢  BICESE  9TT00 900 9POOLO PEYO  S/OPOEN
vOLST  QUZO0 POIS0  POS0  04EETl  POALOSIL  BLTHOIT  USOSOC  BEEESTC  PEECZT  ULO9T  R0S9T  B006T wLIST 9913
OTEI0 POSTO  AUSO  GeI'l  POGROTI  POAY'GTZII  JPO6OL9  OPIF'BSY  IPOLETI6  IPTSE6  PEIED  IPOTE0  POALIST PSS L/pBSEN
4S80 L0 PHED PEEO P09 PGGSS  QETLI9L  QEOLSI Q091 94I'S091  ABOSE'l  QROIEl  odvOSG'l  PIA00G'] VOIS 4
0L00 PLIIO  ®STI vCTl  POOESI  POATLYL  JOLLSE  PLOSy  OPOLOL06  BRPSL6S  OPLEIO P90 POALIYL  JOPOLEY] 6LV =
29600 PLSO0  POST Bl POA9SEl  POAGGEl  JOSTEE  JITIE  OPOSELL  BPI'GOL  9P0SOO  MTLOO  OPOALOKT  JPOLOVI  I/IS9EM
qIF0  PEOI0 BT BHTL  R0SOT  vC89T  PO00I  POAS966  GLOOLOI  GBL'SLOI  OPLEED OPOSEED  PSEO'E LIE /1S9
IGO  AUTSO  PSY0  OS9'0  PECEES  PSECS 94 E€TOTI  AOSITI  POAEEEEl  OPOASSTI  9ALIGO  O99L80  POAOSLT  9PogOL'I 81
o600 PEII0 BTl BTl POGELII  POATLII  JSSILE  J6OLE  OPEEEIL  BREEIL  9PLTIO  OPSTI0  9POET  JOPOOET pL

S0 PSI'0 GeLI'L  GvTl  POAOLPI  POATTHEI  JOPO0SS  JOPSESS  9PISY6  JOPOETO6  POSTO  MIPTO  POAOOLT  9POESY'l eLq

S0 PEII0  BKTL UKL PEEES  PLIOY  JISTOL  Jo'6Sl 96T BYTST  9ES00 900 OLESO IS0 LIOW
TIBOX  [JIBOX T IBOX EM% 7 IeOx [ IeaX T IROX [ IROX 7 IBOx [ Ieox T IBaX [ IBIX T IBOX [ Ieax sou

JO oweN
ILS ISS TOL dIND dIN (01d/330) SA (o1d/331) dX

A11AONPOId UBIA

(LLS) Xopu] 2oueIa[o], ssang ‘(ISS) xopuy Aiqndaosng ssang ‘(‘JOL) XOpu[ 20UeIdO], ‘(JIND) ANANONPOIJ UBSJA J1WO0L) “(JIN)
‘(SA) SuonIpuod ssans ul pRIK ‘(dx) SUONIPUOD SSANS-UOU UI SIBIK PUOIIS PUB ISIIJ UL P[AIA SAUI[ PAIqUI dZIeW O} PAJe[al uosLedwod uedy *¢ el

[ T2-50-G20z uo J1rJe'sarepowisel wo.j papeojumoq ]

[¥'TTTET'TT02°€£0089T°T'TOOT'0Z -HOA |


https://dorl.net/dor/20.1001.1.16807073.2011.13.1.11.4
https://jast.modares.ac.ir/article-23-6969-en.html

Khodarahmpour et al.

‘(ueoun(q) ‘96 29Ul 18 JUAIYIP AUBDIIUTIS JOU QI8 UWN[OD OB UI SI9NIJ] dwies Kq PIMO[[0] SUBIIA :2I0N

Y3RLI0 oqe '] POqeY6°90S Y3JRLO 1001 Y3JopESESTI 4332p00S 0 J9P29L00°T 6IMXT-1-1-C-1T-1-C-T/LY
U3§3p9T0 oqe '] POqez8 6L81 Y3JopoEy 19T BJOPIEY €LST y33opHE9 0 9pIqEIST 6131XS/079E
Y339pLT0 oqe '] POqeZ8 0061 Y33opo66'9LT 1 BJOPIE6 1651 Y339pTH9°0 9pIqeTHST [-1-1-C-12-1-C- /LY XS/0¥9€

969°0 9pIGED POAET €08 2qSH'9L61 PI96€'8L0T 9QLLY'T 9paq08Y'T 613Xd991

PIgs 0 paqe 6.0 POQRTL¥9S 1 P299S T8I 9pdqs9°L10T PIGET'1 2qB008°T 1-1-1-C-12-1-T- /LYY X991
3PIIS0 paqe €40 poqeL¢ 811 PIqZO'€6LI JOP2959° 6161 3pa90T’ | 9pIqeE69°'T S/0P9EXI99T
P295°Q Paqe 660 P2qeL9°910T POQET 1681 2q¢€'801T JP2001°1 OQRLIT'E 613XV99 1
Y33opogce 0 Qe LIl ©8/°665T SJopagL16€1 JOPq19°9161 Y339pL19°0 oqe9 [T’ 1-1-1-T 12 1-T- /LYY XV99T
3ypoyt 0 oqe '] BGILELT JOPO6L SHSIT 2q9L¥T1T y319p95L°0 qeeeh'E S/0P9EIXVI9TY

JOPOSH'0 POGE $6°0 PoqegeLI 3PIEH'SSIT JOPIqEE 881 8Jpa586°0 OqBE]L'T g991XV9913

yen0 qe 8Tl POqROS L601 f1z0'z6€ Z6'LL9 46z1°0 JOPLTT 6131X6L9V
Y339p62°0 oqe 80'1 PAqez09681 Y339p01°02TI1 BJopocE 1861 4339p£E9°0 3pIqe6TST 1-1-1-C-1T-1-T-T/LYY X6L9V
U33RL1°0 Qe 7Tl OqBZ8'9YTT Y3JOEL"L86 3JPI6S9IST U3¥e6£°0 9paqe0y9'C SI0P9IEAX6LIV
4100 qe €] PIqSE LyL f1¢6st 199°'69% 49600 JEP80 4991 3X6L9V
433210 oqe LO'] POqeSE 0S8 1 (ysy 178 YSyoPEY 86C1 US¥rLE 0 JPOAyTTT V99T3IX6L9V =
u3yz1o qeoz’| qeEE86€T (1y3391°6¢8 U33op21S L9t 43897°0 9poqeL99°'C 613IXT/1S9€3T —
Y3311°0 qeLT ] qeS1'9¢HT y33.9'68 Y33opo9T LYl 43,620 9pIqeE69°'T 1-1-1-C-1C-1-T-T/LY XT/1S9€
U3§opoLE0 oqe 801 2qRLS 60€T Y33p1ILEITI 8§opoqzz 1281 4339p999°0 2qB9L6'T S/0P9IENXT/1S9EN
43§opaTE 0 9pIqLS0 POqeL9'9STT 8JopopL ShET 8JOPoLY 1191 8Jpo€£86°0 JOPOqOYT T d99T3IXT/T1S9E
Us¥cIo Poqe69°0 POqeEY'8LET lyS¢s98L 143369°991 1 USJOLLY'0 JOPI9G8' V99ISIX1/1S9¢
43360°0 BOE"| vTT9YST 1y316°80L U3JopI9GELY | 400Z°0 POQeLyL'T 6L9VXI/1S9E

4332910 3PHT0 PLY T1¥€ 143J280° 1001 W3L76201 4333p6$8°0 J00T'1 613X 13

486’0 30 POYSH19 qT6'ELET qL0'9ST qe6ET'T OqBES]T 1-1-1-C-12-1-C-T/LyIXS T
Y33ep LT°0 POqe66°0 POqegL ¥+ 1 Y339pg0° L9 [ 3JOpIgT ¥8S 1 433p799°0 9poqLOS'T S/0P9EIXS T
v Go'[ 9paqys 0 POQeyL YTy ©9[°9€TE BL6VTEE vEI9T BLEOY q991X813
y33ep LT°0 9qBGO" [ POQeS [ HT61 Y33opost TLTI 3JOPIC6EI91 4339pT$9°0 9pOqe9LST V99T IX8 1
433¢1°0 qeeT’1 POqey6°8091 My3346°398 Y33opo1 1°16€1 4362¢0 9PIqESHT 6L9VXST
43.0°0 vLE OqB10°€91T flyzg'L8s Y336t 3€T 1 4LS1°0 9poq0zE'T 1/1S9€MX8 1
LLS ISS 0L dND dN ((J0[d 33 sX  (;301d 33) dX SPUQAH Jo oureN

(LLS) Xopu] 90ueIQ[O ], $sang “(ISS) xopuy Aiqndaosng ssong ‘(TO.L) XOpul 9ourId[o], ‘(dJIND) ANANONPOIJ UBIIA JLIQUIOAD)
‘(dIN) A1anonpoid Uedn ‘(SA) SUONIPUOD sSams Ul PRIA ‘(dX) suonipuod ssans-uou Ul P[aIk  SpPLIQAY 9zrew 0} poje[al uosLiedwod uedn *p dqel

[ T2-50-G20gz uo J1Je'saepowise| wouy papeojumoq ] [¥'TTTET'TT02°€£0089T°T'TOOT'0Z -HOA |


https://dorl.net/dor/20.1001.1.16807073.2011.13.1.11.4
https://jast.modares.ac.ir/article-23-6969-en.html

[ Downloaded from jast.modares.ac.ir on 2025-05-21 ]

[ DOR: 20.1001.1.16807073.2011.13.1.11.4 ]

Best Heat Stress Tolerance Indices in Maize

JAST

Table 5. Phenotypic correlation coefficients between maize inbred lines yield (2007 and 2008) and
hybrids in stress and non-stress conditions and heat stress tolerance indices.

Yp* Ys” TOL © STI? SSI¢ Mp/
Ys 0.53%
TOL 0.76**  -0.14ns
Line 2007 STI 0.34ns  0.95%* -0.33ns
year SSI 03508 -0.95%* 0.31ns -0.99%*
MP 0.93%  (.8]%* 0.46ns 0.66%%  -0.67%*
GMP ¢ 0.74%%  0.96%* 0.13ns 0.87#%  0.87+%  (0.94%*
Ys 0.52%
TOL 0.75%%  -0.17ns
Line 2008 STI 0.66%%  0.93%* 0.02ns
year SSI 0.38ns  -0.96%* 0.31ns -0.82%*
MP 0.93%  (.80%* 0.44ns 0.88%%  -0.69%*
GMP 0.75%%  0.95%* 0.13ns 0.95%%  0.88%%  (0.94%*
Ys 0.52%*
TOL 0.57%%  -0.40%
' STI 0.66%%  0.95%* 0.21ns
Hybrid SSI 0.07ns  -0.81%F  0.69%F  -0.62%%
MP 0.88%% (.86 0.12ns 0.92%%  0.49%*
GMP 0.71%% 096+  -0.15ns  096%*  0.65%  0.95%*

“and 7, Significant at 5% and 1% levels, respectively.

ns= Nonsignificant.

“Yield in non-stress conditions, ® Yield in stress conditions, ¢ Tolerance Index,  Stress Tolerance
Index, ¢ Stress Susceptibility Index, / Mean Productivity, ¢ Geometric Mean Productivity.

those reported by Fernandez (1992) in
mungbean and Farshadfar and Sutka (2002)
in maize. In the present study, the
correlation coefficients between SSI and Ys
were r= -0.95 and -0.96 in the two years,
respectively, for inbred lines and r= -0.81
for hybrids. Thus, selection for SSI should
give decreased yield under heat stress
conditions. Therefore selection for stress
tolerance should give a positive yield
response in a hot environment. The
correlation coefficients between ST/ and Yp
were r= 0.95, r= 0.93 for inbred lines in

Table 6. Eigen values, cumulative proportion and component of first and second tolerance indices and yield in

2007 and 2008, and r= 0.95 for hybrids in
2008. The correlation coefficients between
STI and Ys were r= 0.34, r= 0.66 and r=
0.66, respectively. Thus, selection for ST/
should give positive responses under non-
stressed conditions. These results are similar
to those reported by Ahmadzadeh (1997),
Moghaddam and Hadizadeh (2000) and
Khalili et al. (2004). A high correlation
coefficient between Ys and S7/ and a
negative correlation coefficient between Ys
and SS7 indicated that selection for tolerance
based on S7TI and SSI would be worthwhile

stress and non-stress conditions in maize inbred lines in two years and maize hybrids.

Treatment  Component  Eigen  Cumulative Yp Ys MP GMP TOL SSI STI
values  proportion
Line 1 4.909 %70.12 0.384 0978 -0.297 0.703 -0.992 0.992 0.900
Year 1 2 2.025 %99.05 0.923  0.165 0.950 0.709 0.302 -0.046 0427
Line 1 5.062 %72.32 0.507 0994  0.796 0949 -0.188 -0.967 0.937
Year 2 2 1.795 %97.96 0.861 0.014 0.605 0311 0980 0.138 0.217
Hybrid 1 4.790 %68.43 0.854 0886  0.997 0969 0.067 -0.521 0.938
2 1.982 %96.74 0.510 -0.461 0.055 -0.212 0985 0.784 -0.250
117
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only when the target environment is heat
stressed. Fernandez (1992) proposed ST7 as
an index which discriminates genotypes with
high yield and stress tolerance potentials. In
this study, we found positive and high
correlation between grain yield under heat
stress and S7I. The correlation coefficients
between GMP and yield in stress and non-
stress environments were highly positive and
significant, especially under stressed
conditions (Table 5). Hence, selection for
high GMP should give positive responses in
both  environments. = The  correlation
coefficients between MP and, Yp and Ys
were high and positive (Table 5). Therefore,
selection for MP should give positive
responses in both environments. Similar
results were reported by Ahmadzadeh
(1997) in maize and Ghajar Sepanlo et al.
(2000) and Sanjari (1998) in wheat.
Selection based on a combination of indices
may provide a more useful criterion for
improving stress tolerance of maize.
Principal component analysis (PCA) of
inbred lines revealed that the first PCA
explained 70.12% and 72.32% of the
variation with Yp, Ys, MP, GMP, SSI, TOL
and S77 in 2007 and 2008, respectively. In
the case of hybrids, the first PCA explained
68.43% of the variation with the same
attributes (Table 6). Thus, the first axis
(PCA1) can be identified as yield potential
and heat tolerance. Considering the high and
positive value of this PCA on biplot,
selected genotypes will be high yielding
under stress and non-stress environments.
The second PCA explained 28.93%, 25.64%
and 28.31% of the variation with different
attributes in 2007 and 2008 in inbred lines
and in 2008 in hybrids, respectively (Table
6). Therefore the second component (PCA2)
can be named as a stress susceptible
component with low yield in a stressful
environment. Thus selection of genotypes
that have high PCA1 and low PCA2 are
suitable for both stress and non-stress
environments. Therefore, K166B, K166A,
K18 and K19/1 inbred lines and
K18xK166B, K18xK47/2-2-1-21-2-1-1-1,
K166BxK3640/5, K166BxK47/2-2-1-21-2-
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1-1-1 and K166BxK19 hybrids are superior
for both environments with high PCA1 and
low PCA2.

Kaya et al. (2002) revealed that genotypes
with larger PCA1 and lower PCA2 scores
gave high yields (stable genotypes), and
genotypes with lower PCAl and larger
PCA2 scores had low yields (unstable
genotypes). The use of biplot display in
selecting drought tolerant genotypes has
already been used by Ahmadzadeh (1997) in
maize, Fernandez (1992) in common bean,
Souri et al. (2005) in pea and Karami et al.
(2006) in barley. The correlation coefficient
among any two indices is  given
approximately by the cosinus of the angle
between their vectors. Hence, r= cos 180°= -
1, cos 0°= 1, and co0s90°= O (Yan and
Rajcan, 2002). Thus, a strong positive
association between GMP, MP and STI with
Yp and Ys was revealed by the acute angles
between the corresponding vectors. A
negative association between SSI and Ys was
reflected by the larger obtuse angles
between their vectors in a biplot display
(Figure 1). The results obtained from the
biplot graph, confirmed the correlation
analysis. Results of this study are in good
agreement with Golabadi et al. (2006) in
durum for drought tolerance.

CONCLUSIONS

According to the results of the two years,
the use of the SSI, STI and GMP indices
should help to improve heat tolerance in
inbred lines. GMP that showed high positive
correlations with grain yield in both stressed
and non-stressed environments should be
more efficient in inbred line selection. In the
case of hybrids, MP, GMP and STI are all
applicable. In general, selection of inbred
maize lines and hybrids based on GMP
might allow us to improve heat tolerance
and potential yield under both environments.
Based on biplot display, the lines K166B,
K166A, K18 and K19/1 appeared as having
high yield potential and low stress
susceptibility. Based on biplot analysis, the
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Figure 1. The biplot display of yield in seven
heat tolerance indices based on the first and
second main components [A] maize inbred
lines in first year; [B] maize inbred lines in
second year; [C] maize hybrids.

hybrids K18xK166B, K18xK47/2-2-1-21-2-
2-1-1-1, K166BxK3640/5, K166BxK47/2-
2-1-21-2-1-1-1 and K166BxK19 exhibited
high yield potential and low stress
susceptibility. The KI18xK166B hybrid
showed high yield under both conditions.
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Parents of this hybrid are high yielding
inbred lines in both environments. Based on
the results of this study, the hybrid
K18xK166B can be recommended for the
Khuzestan region. Therefore, regarding the
frequency of heat tolerant combinations, we
can conclude that K166B should be a source
of heat tolerance in crosses for hybrid
production.
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