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Evaluation of Drought Tolerance in Grain Maize Hybrides Using Drought
Tolerance Indices
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Table 1. List of maize hybrids used in the experiment

NO. o,la  Hybrid o ,.» Origin .law.
1 KSC 704 Yugoslavia ssHS ,
2 KSC 700 Iran ol!
3 KSC 720 Iran Ol
4 KSC- N84-01 Iran Ol )
5 KSC 708GT Iran ol!
6 KSC- N84-02 Iran Ol 5!
7 KSC 710 GT Croatia S
8 KSC - Mog 84-062 - lran ol !
9 KSC 712 GT Croatia S
10 BGT 10 Croatia 155
11 BGT 11 Croatia s S
12 SPGT 12 Greece s
13 SPGT 13 Greece Sbs
14 OSGT 14 Croatia 155
15 BGT 15 Croatia s S

3 ST (s ae RS A Jete o o
33 o VE¥ 5 Slhee LKSC-N84-02 o, o
o)t SLalis e oS s LS
s 4 1,BGT15 ySPGT13 La exli
O LSy S FIVEY 5 8/4Y0 5, Ses U

e 25 Ll 5 el o e Ol 556

OFA

sl Kl (GMP) (s S
oS (STI) oo 4 Joass jesla 5 (Harm)
oo e 0 dasolis LOT (YL 5l
5 KSC710GT OSGT14 (sl o «lml
slas Sles L 5 5 4 1, KSC-mog84-062
Olgie au LS 53 5 AFEY S AAAD (A/YY:



WAV Jle o oyleds (YF RIcS ")—L_ E) JL@J “

4 Jood (i g b (p F Jasie Ol e
P Jeia Ol e 4 1, OSGT14 5 s
35 B S (s RS )3 e
o a La el s o oI (Fds )
L — 5 4 1,SPGT12 , KSC710GT
s S s S V/FRD 5/ s Shee
oeLi b Shusslsy jasis feswe CG)‘
4 KSC712GT 4 BGT10 s ams Josw
BE SN T S 7 CONK AP
Ak b e i e (U e
I, KSC700 ., SSI s TOL sla_esLa
deoete Ol 5o 4 5 55 5 #/AND 5 Shas L
33 o= F/¥ae s, Slee L1, BGT10 — s
s S G an S el Ol 4 S
5 S iy e (sla et s o (Ses
Gl cmmlis (65l Ol g 4 Ll 5 0 3 S
S Lapas Lt s e Gy DB
i Jans gl et L0, Karn 3y,
b el e A 53 ABles 5 S
e bl s 5 Sles (005 )
(r=0.988" )0 o5 il sla o L
S (r=0.9847) s L
o Jas e 5(r=0.9797) ¢S o0
33 ol minn Stson (1=0.9677) s
o5 Ll 5 5 Shee b V) Sl peda
S50 ol sLa e L L 55 ol
(r=0.988") —wkia 5 KLs (r=0.975")
e s 5(r=0.9827) S isnyla S
5 Cmie Scacen (1=0.9847) 25 4 oo

OF4

3(TOL) J—oow jostli as S jaseica
oLie 457 (SSI) [0 4 Comlucs o Ls
(sl 5 4y gd Jamed 0303 T 50
—— 5 41, KSC720 3 KSC700 slaty ,on
O LS S FIVEY 59/400 5, Shae U
BGT1L (slact jun 5 Jomete (sl un Ol 5o
VYA s Shes b o 5 4 |, KSC-N84-01
Gl s Olgie a5 5 #/8N
Glajesls LS gluls S o el
a STl yHarm GMP MP

T 5asls Olis | e |, KSC-NB4-02
3,5 e olas a3, 15 OT ST Lesls
GMP MP sla_esls Lus [i5 Ll é s
OSCT14 glau________, _aHarm
s KSC-mog84-062  (KSC710GT
MFOY 5 Shee L 5 5 4 |, SPGT12
e 1y L 55 5 VIFAY 5 V/FYS v/40:
(Fgdar) Lo S0 Slulid 25 a4 Jeta o)
sKSCT12GT  lads ua La ol
O/FFY 50/5VF s Shase L e 5 4 |, BGT10
Dlic (S 4 b o5 o S s o5
s ,a SSI G TOL (sla_esls sl
5, 8kee L o 5 4 1,KSC720 5 KSC700
SN 4 Jasie JLSa 55 5 FIVED 5 F/AA
o5 O/8VE 5 Shee L1, KSCT12GT b e
A3 S jatie S a plus 56 s
sl el (e sl d s
d— a Harm s GMP (MP sLs o _s
o LS s 5 #VY 5, Slee L, SGT14



WAY Jle OF o 5led FF ", 5 JUg @

w2 5 Ll 53 S5 slac g 65 6l (S 4 oo sl el pslie =Y Jpde
Table 2. Drought tolerance indices for maize genotypes in mild stress condition

Genotypes Yo Ys TOL MP GMP Harm  STI SSI
KSC 704 7823 7543 0280 7.683 7.681 7.680 1.029 2.117
KSC 700 6.925 6.905 0.020 6.915 6.914 6.914 0.834 0.176
KSC 720 6.802 6.767 0.035 6.784 6.784 6.784 0.803 0.352
KSC- N84-01 6.988 6.910 0.078 6.949 6.948 6.948 0.842 0.705
KSC 708GT 7.069 6921 0.148 6.995 6.994 6.994 0.853 1.235
KSC- N84-02 7913 7.603 0.310 7.758 7.756 7.754 1.049 2.352
KSC 710GT 9.022 8885 0.137 8.953 8.953 8.953 1.398 0.941
KSC-Mog84 - 062 8.477 8362 0.115 8.419 8.419 8419 1.236 0.823
KSC 712GT 7.065 6.968 0.097 7.016 7.016 7.016 0.858 0.823
BGT 10 7.117 6965 0.152 7.041 7.040 7.040 0.864 1.294
BGT 11 7.567 7.308 0.259 7437 7436 7.435 0.964 2.058
SPGT 12 7541 7495 0.046 7518 7517 /7517 0984 0411
SPGT 13 6.988 6.925 0.063 6:956 6.956 6.956 0.844 0.588
OSGT 14 9.445 9.270 0.175 (9.3579.357 9.357 1.527 1.117
BGT 15 6.830 6.747 0.083 6.788 6.788 6.788 0.803 0.764
Y. Yield in stress condition o s Slee  SSI: Stress Susecpibility Index Cnle s
Sl: Stress Tolerance Index 5 4 Jess esla MP: Mean Productivity S50
GMP: Geometrical Mean Productivitry 4 L. TOL: Tolerance Index Jors s
Y,: Yield potential Jeilyy 3 S Harm: Harmonic mean ol 5Kk

s 25 Ll 8 5 D3 S siEl s (St 4 e sl e le slis Y s
Table 3. Drought tolerance indices for maize genotypes in severe stress condition

Genotypes Yo Ys TOL MP GMP Harm  STI SSI
KSC 704 7823 6950 0.873 7.386 7.373 7.360 0.948 1.326
KSC 700 6.925 6.980 0.085 6.907 6.905 6.907 0.832 0.065
KSC 720 6.802 6.765 0.037 6.783 6.783 6.783 0.802 0.064
KSC- N84-01 6.988 6.950 0.038 6.969 6.968 6.968 0.847 0.065
KSC 708GT 7.069 5698 1371 6.383 6.346 6.309 0.702 1.108
KSC- N84-02 7913 7.050 0.863 7.481 7.469 7.457 0973 1.195
KSC 710GT 9.022 7950 1.072 8.486 8.469 8452 1251 1.293
KSC-Mog84 - 062 8477 7470 1.007 7973 7.957 7.942 1104 1.880
KSC 712GT 7.065 5.676 1.389 6.370 6.332 6.295 0.699 2141
BGT 10 7.117 5.647 1470 6.382 6.339 6.297 0.701 2.250
BGT 11 7.567 7.050 0.517 7.308 7.303 7.299 0.930 0.750
SPGT 12 7.541 7.480 0.061 7.510 7.510 7.510 0.984 0.097
SPGT 13 6.988 6.842 0.106 6.915 6.914 6.914 0.834 0.228
OSGT 14 9445 8352 1.093 8.898 8.881 8865 1376 1.260
BGT 15 6.830 6.329 0501 6.579 6.574 6.570 0.754 0.804
Y, Yield in stress condition U5 5 Skes SSI: Stress Susecpibility Index Clir 2z ls
Sl: Stress Tolerance Index U5 4 Jess Lesls MP: Mean Productivity S30 0 eobe
GMP: Geometrical Mean Productivitry 4 ;KL TOL: Tolerance Index Joos sl
Yp: Yield potential il 5 Slese Harm: Harmonic mean Syl Sl

ooy
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Table 4. Drought tolerance indices for maize genotypes in severest stress condition

Genotypes Yy Ys TOL MP GMP Harm  STI SSI
KSC 704 7.823 5.808 2.015 6.815 6.740 6.666 0.792 1.303
KSC 700 6.925 6.885 0.04 6.905 6.904 6.904 0.831 0.030
KSC 720 6.802 6.755 0.027 6.778 6.778 6.778 0.801 0.035
KSC- N84-01 6.988 6.948 0.047 6.968 6.967 6.967 0.847 0.030
KSC 708GT 7.069 4.672 2397 5870 5746 5.656 0.576 1.717
KSC- N84-02 7913 5919 1994 6.916 6.843 6.772 0.817 1.275
KSC 710GT 9.022 6.300 2722 7.661 7.539 7.419 0.991 1.525
KSC-Mog84 - 062 8.477 6.005 2472 7.241 7.134 7.029 0.888 1.474
KSC 712GT 7.065 4.603 2462 5.834 5702 5574 0.567 1.762
BGT 10 7117 4390 2727 5.753 5.589 5430 0.545 1.939
BGT 11 7567 6.193 1374 6.880 6.845 6.811 0.517 1.424
SPGT 12 7541 7.455 0.086 7.498 7.497 7.498 0.980 0.060
SPGT 13 6.988 6.852 0.136 6.920. 6.919 6.919 0.835 0.297
OSGT 14 9.445 6.720 2.725 8.082 7.966 7.852 1.107 1.459
BGT 15 6.830 6.635 1.195 /[6.232°6.203 6.175 0.671 0.883
Y,: Yield in stress condition o5 s Skes SSI: Stress Susecpibility Index Conlar L2z ls
Sl: Stress Tolerance Index U5 4 Jess Lesla MP: Mean Productivity S304 pobe
GMP: Geometrical Mean Productivitry s Sk TOL: Tolerance Index Josss e ls
Y,: Yield potential il 5 Slee Harm: Harmonic mean Ssals Kk

Ll 53 25 a5 2 Shes b (S 4 S sla il o (Socen <l 5 -0

Table 5. Correlation coefficients between drought tolerance indices and yield of maize
genotypes under mild stress condition

Y, Ys TOL MP GMP Harm  STI SSI
YP

Ys 0.845%

TOL 0.411™ 0.315™

MP 0.988" 0.975™ 0.365"

GMP 0.984** 0.988* 0.364™ 0.991**

Harm 0.979** 0.982* 0.364™ 0.989** 0.987""

STI 0.967** 0.984* 0.343™ 0971** 0.981** 0.982**

ssl 0.285™ 0.185™ (870" 0.237™ 0.236™ 0.235™ 0.213™

. . . . M)b\JL«.‘.‘:—‘ ):)‘Q@MJJ‘{@MI.}%}SQQH}:—)”S
ns and ** ; Not significant and significant at 1% of probability level, respectively.

Y,: Yield in stress condition oo s Sles SSI: Stress Susecpibility Index Gl a5 s
Sl: Stress Tolerance Index U5 4 Jess Lesla MP: Mean Productivity 330 81 rSSlee
GMP: Geometrical Mean Productivitry s Sk TOL: Tolerance Index Joows e ls
Y,: Yield potential Jewily 3 Slese Harm: Harmonic mean Sl Sk

o0
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Table 6. Correlation coefficients between drought tolerance indices and yield of maize
genotypes under severe stress condition

Yo Ys TOL MP GMP Harm STI SSI
Yo
Ys 0.772*
TOL 0.392™ _0.282™
MP 0.946™ 0.937** 0.071™

GMP 0.940™ 0.943* 0.053"™ 0.981*

Harm  0.933" 0.949** 0.035™ 0.979™ 0.985™

STI 0.950* 0.931* 0.086™ 0.984™ 0.982* 0.988*

SSI 0.281™ _0.382™ 0978 -0.041™ -0.059™ -0.076™ -0.030™

. . . o M))\JL&‘ )b)‘}@#})‘:}@mj:b%jn\{%%jns
ns and ** : Not significant and significant at 1% of probability level, respectively.

Y. Yield in stress condition i s Slee  SSI: Stress Susecpibility Index Cnle s
Sl: Stress Tolerance Index 5 4 Jess Lesla (MP: Mean Productivity S50 ke
GMP: Geometrical Mean Productivitry s Sl TOL: Tolerance Index Joos s
Y,: Yield potential ety 3 Shes <“Harm: Harmonic mean ol 5Kk
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Table 7. Correlation coefficients between drought tolerance indices and yield of maize
genotypes under severest stress condition

Yo Ys TOL MP GMP Harm STI SSI
Yo
Ys 0.671*
TOL 0.186™ _-0.196"™
MP 0.732**" . 0.796 -0.120"™

GMP 0.675*.. 0.842* -0.198™  0.987"

Harm  0.618 0.879" -0.270™  0.947* 0.987*

STI 0.637** 0.732* -0.136™  0.897* 0.982* 0.882™

SSI 0.421™ _-0299™  0.962" -0.293™ -0.365™ -0.430™ -0.373"™

o o .M)J\d%‘éﬁ)))‘)@»})‘?‘;@f%jQﬂ%%{é)ns
ns and ** : Not significant and significant at 1% of probability level, respectively.

Y,: Yield in stress condition o5 s Skes SSI: Stress Susecpibility Index Cnlar L2z ls
Sl: Stress Tolerance Index U5 4 Jess Lesla MP: Mean Productivity $30 pobe
GMP: Geometrical Mean Productivitry s Sk TOL: Tolerance Index Josss e ls
Y,: Yield potential il 5 Slee Harm: Harmonic mean Ssals Kk
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Table 8. Principle component analysis using grain yield in mild stress condition

Jsl add 5s 03> adl gn oy 4 5o poler ad s (= ol o
Indices First Second Third Forth Fifth
component component component component  component
Yo 0.395 0.077 0.003 0.145 -0.114
Ys 0.143 0.388 0.045 0.193 0.047
TOL -0.210 0.538 -0.302 -0.357 0.631
MP 0.394 0.108 0.028 0.171 0.083
GMP 0.393 0.107 0.027 0.165 0.075
Harm 0.397 0.108 0.017 0.164 0.066
STI 0.391 0.123 0.031 -0.671 0.471
SSI -0.154 0.572 0.467 0.328 0.590
%Variance 0.705 0.258 0.029 0.006 0.001
%Cumulative variance 0.705 0.963 0.992 0.998 0.999
Y, Yield in stress condition S5 SSI: Stress Susecpibility Index Clir 2z la
Sl: Stress Tolerance Index Ui 4 Jess Lesla MP: Mean Productivity S30 4 eSobe
GMP: Geometrical Mean Productivitry 4 ;L (TOL: Tolerance Index Joos sl
Yp: Yield potential il 5, Sles Harm: Harmonic mean Syl ke
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Table 9. Principle component analysis using grain yield in severe stress condition

_ Jsl add 5o 03> 4l 5o po e poler odlse ey e
Indices First Second Third Forth Fifth
component  component  component  component  component
Yp 0.209 0.391 0.095 -0.007 0.198
Ys 0.387 0.174 0.146 0.347 0.708
TOL -0.009 0.564 0.369 0.266 0.187
MP 0.415 0.027 0.025 0.123 0.190
GMP 0.422 0.019 0.038 -0.154 0.276
Harm 0.419 0.009 0.047 0.182 0.321
STI 0.421 0.034 0.127 0.652 0.216
SSI -0.032 0.559 -0.412 0.094 0.032
%Variance 0.642 0.342 0.009 0.005 0.002
%Cumulative variance 0.642 0.984 0.993 0.998 1.000
Y, Yield in stress condition S5 SSI: Stress Susecpibility Index Clir 2z ls
Sl: Stress Tolerance Index Ui 4 Jess Lesls MP: Mean Productivity $30 4 pSobe
GMP: Geometrical Mean Productivitry 4 ;L. TOL: Tolerance Index Joos sl
Yp: Yield potential il 5 Sles Harm: Harmonic mean Syl Sl
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Fig. 1. Biplot analysis using grain yield to identify the best hybrids and indices under

mild stress condition
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Fig. 2. Biplot analysis using grain yield to identify the best hybrids and indices under
severe stress condition
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Table 10. Principle component analysis using grain yield in hectare in severest stress

condition
_ Jsl adl 5o o3> 4dl 50 oy 4 5o ol adl e oy 4l e
Indices First Second Third Forth Fifth
component  component component  component  component
Yp 0.151 0.520 -0.076 0.298 0.311
Ys 0.411 0.117 0.197 0.239 0.071
TOL -0.282 0.462 0.107 0.389 0.244
MP 0.383 0.242 0.181 0.016 0.135
GMP 0.395 0.200 0.212 0.032 0.124
Harm 0.408 0.164 0.240 0.042 0.377
STI 0.365 0.204 0.542 0.334 0.051
SSI -+0.295 0.414 0.306 0.769 0.238
%Variance 0.626 0.358 0.014 0.002 0.000
%Cumulative variance 0.626 0.984 0:998 1.000 1.000
Y, Yield in stress condition S5 SSI: Stress Susecpibility Index Clir 2z ls
Sl: Stress Tolerance Index Ui 4 Jess Lesla MP: MeanProductivity S30 4 eSobe
GMP: Geometrical Mean Productivitry 4 ;L. TOL: ToleranceIndex Jooes sl
Y,: Yield potential Sty s e (Harm: Harmonic mean ol 5Kk

Biplot
3.7 Yp | 0sgtld
TOL P
o 2 sg| /KSC 710 gt
% 1.7 49(‘-2m0‘,84-()62 GMP |
c ' -
2 B A
E 0.7 Gt 10 kSC / iart
(@]
O ksc /12 gt )
-0.3 ksc 708 gt bgtl c & 0
-1.3 D—bgt 15 ksc 700, spgt12
KsC 72% W, 3sc-n84-01
_23 P9
-4.4 -2.4 -0.4 1.6 3.6

Component 1

Ls o 5 53 el 5 pBol o e g lelis 6 wls 5 Sas SOl e Y S
Fig. 3. Biplot analysis using grain yield to identify the best hybrids and indices under
severest stress condition
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Fig. 4. Grouping of maize hybrids based on drought tolerance indices under mild stress
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Fig. 5. Grouping of maize hybrids based on drought tolerance indices under severe stress
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Fig. 6. Grouping of maize hybrids based on drought tolerance indices under severest stress
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