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ABSTRACT
Seven new white promyising maize hybrids, (five single crosses; i.e., Gm 2019, 2028, 2042, 2043, 2044, and two three-

way crosses; i.e., Gm 3014, 3022). These hybrids and four white commercial lybrids (SC's Gz 10, 124 and THC's Gz 321,
324)mmvlmfdatﬁvetwatimm2003:mm Data were recorded for grain yisld (Mg ha'), mumber of days to mid-

J’bcmulaahonuddufoltuwmg:

{-The combined analysis of variance showed that the differences among hybridy were significant for the three
characters under study. Also, the environments x hybrids interaction were significant, indicating that the ranking of
fvbrids was not consistent acrozs the five environments.

2-Mean grain yield for the five environments ranged from 5.88 (Nubaria) to 9.59 Mg ha (Genumiza), while it ranged
Jor kybrids from 4.77 for SC Gm 2042 (at Nubaria) 1o 11.02 Mg ha' for SC Gm 2028 at Gemmiza. For the combined

analysis, SC Gm 2043 had the highast mean grain yield, followed by SC Gz 10 (8.66, 8.53 Mg ha”, respectively).
Also, days to mid-silking and plant height were affecied by exvironments and hybrids.
3-The interactions behmhybnd!mdmmmmtvmqumm&rwed, using the model developed by

Eberhart and Russell (1964). Ous of this
coefficient (b), variance from regression

model, four stability parameters were estimated; i.e, regression

) mnmceofrmcﬁmlmwﬁ',, S’;)Mddcnmiuanmcoeﬁam

(7). A fifth estimate was the C.V for hybrid mean across enviromments,

4~ Rank correlation among the five estimates indicated that both b and §°,, were the least correlated among

fheﬁw

stability parameters. Mmﬁeﬂmadmdmﬁmmebmmﬂmdgwmwumf

C.¥ values, but highly significans with 7.

3-In order to identify the most desimable kybrid, it should be high in yield and, at the same time, with a b value of 1.0

and &, equals to pooled ervor (S°). Therefore, a superiority index was constructed, using

mean grain yield, b {regression coefficient)
of the three score constitutes the superiority index.

6~ The eleven hybrids, mdcrmdy were calegorized in three groups. The

stable, had a score

the three paramelers;

and 8. A score was given for each of the three parameters and the total

super group, which was high in yield and

ranging from 12 to 14 and included SC Gm 2043 and Gz 10. The intermediaie group included SC

Gz 124 and TWC Gz 321, Gz 324 and Gm 3019, with a score fram 4 to 5. The poor group included TWC Gm 3022
and S3C Gm 2019, 2028, 1042 and 2044, with a score ranging from 0 to -5.
7- This study indicated that a superiority index cowld be used in estimating the degree of desirability for the different

hybrids.
Key words: Maize, Com, Stability, Multi-criteria, Regression cogfficient, Deviation from regression, Variance, Coefficient of

determination, Coefficient of variation.

INTRODUCTION
ewly developed cultivars, generally, need to be
evaluated a1 many locations and for several years
before being recommended for a pgiven zone. Fo
core of varietal testing program should be conducted.
These programs have to face the recurring problem of
genotype x environment (GE) interaction. Indeed,

identification of superior and stable hybrids.

Gene expression is subjected to modification by
the environment, therefore, genotypic expression is
environmentaily dependent (Kang, The
development ofnewculmammvoheshmedmgof
cultivars with desired characteristics, such as high
economic vield, traits that add value to the product,
and the stability of these traits in target environments.
Inconsistent genotypic responses to environmental
factors, such as temperature, soil type or fertility level

from location to location and year to year, are
functions of genotype x eavironment (EG)
interactions. Genotypes x emvironment interactions
have been defined as the failure of genotypes to
achieve the same relative performance in different
environments (Baker, 1938).

The reliability of cnitivar performance across
locations and years, can be an iraportant consideration
in plant breeding. Some cultivars are adapted fo a
broad range of environmental conditions, while others
are more limited in their potential distribution.

Identification of yield-contributing traits and
knowledge of GE interactions and yield stability are
adaptation to the environmental constraints, prevailing
int the target eovironments (Rao ef a/, 2002). It is now
possible to develop improved cultivars for target
environments by exploiting GE interactions and
marker-based selection, integrated with traditional
plant breoding (Kang, 1998; Boerma and Mian, 1998).

Maize Research Program, Field Crop Research Institute, ARC, EGYPT



_Superiorty Index Combising Yield And Different Stability...

A.M.Shehata, et al.

The mnuiticriterion procedure, developed by
Lefkovitch (1985), uses a cluster algorithm that
permits more than onc measure of pair-wise
relationship. He defined dissimilarity of genotypes by
three measures; npamely, the mean over all
environments (x;), the variance across environments
(8%), and among environments pattern distance (dy),
and pointed out that extension of this list 1o include
additional measures involved no new principle. The
use of more thar one criterion is made possible by the
conditional clustering procedure (Lefkovitch 1980,
1982), and that genotypes can be grouped, using all
measures cither sequentially or sinmManeously to
decide on group homogeneity.

The objectives of this study were to: () identify
new maize genotypes with superior yield across
criterion that could be used to estimate yield stability
in maize and (#i) construct a simple index combining
stability parameters and vield to evaluate eleven
Irybrids across five locations.

MATERIALS AND METHODS

hybsrids;

thennglecmmes SC's Gm 2019, 2028, 2042, 2043
2044, nndthree-waym TWC's Gm 3014, 3022,
These and the four commerciat
hybrids (SC’s SC 10, SC 124, TWC Gz 321 TWC
324) were evalwated af five locations; ic., Sakba
(North Delta), Gemmiza (Mid Delta), Sids (Mid
Egypt), Nubaria (Nosth Coastal Zone) and Mallawy
(Upper Egypt) Agriculture Research Stations in 2003
scason, represcuting the different maize production
zopes of Egypt.

Al each location, the cleven hybrids were
planted on the optimnm date, using a randomized
complete block design, with four replications. Each
plot consisted of four rows, spaced 0.3 m apart with
row length of 6 m. Hand sowing was done in hills
spaced at 25 cm along the row. All recommended
“agricaltural practices were followed through the
growing Season.

Data were recorded Tor grain yield, adjusted to
155%Pmnmeandmuwdtomm

ha™), number of days to mid-silking (d) and plant
hummm

Statistioal Analysis

Data for individeal location were analyzed, using
Proc ANOVA (SAS software, 1997) for the studied
characters, according to Steel and Torrie, (1980). The
data were subjected to combined statistical analysis
across locations, using Proc IML (SAS software,
1997) and Proc MIXED (Littell et al., 1996). Hybrid
eflects were considered fixed and kocations random in
the analysis of variance.
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Stability parameters
performed, according io the following modei of
Eberhart and Russcll (1966);
Y=Ui+BJ+5;
Where:

= the hybrid mean of the i® hybrid at the
environment.

U;= mean of the i hybrid over all environments.

Bi= regression cocfficient for the response of the i®
hybrid to varying environments.

L= environmental index obtained as the mean of all
hybrids at the environment
minus the grand mean.

;= the deviation from regression of i hybrid and j2
environment.

Simple linear regression analysis, using Proc REG
(SAS software, 1997), was used to estimate Eberhart
ananmﬂ(l%ﬁ)pammaasforgewypws!abﬂny

esumatesefstabﬁny were calculated, i.e.,
b, $%. S% (8.~ 5%, and ¢ (determination
ooeﬂiM) Francis and Kannenberg (1978) suggested
the use of C.V of each genotype as a measure of
stability. Therefore, the C.V for ¢ach hybrid was
calculated as a 4 measure of stability. The association
among the five estimates of stability was measured by
five estimates. The best estimates of stability, in
addition to the mean of hybrid yield, were included in
an index, designated as superiority index.

Superiority index

Anmdeansdevehpedtonwlmiebothywldand
stability parameters. The following three criteria were
included in the index:

1- The first criterion was the distance of a
genotype from the overall mean, using the LSD from
the ANOVA at p = (not significant, 0.10, 0.05, 0.01,
0,001) and a yield score (1 =0, 2, 4, 6, 8 + if above
mean, or - if below) 10 score the hybrid rank.

2- The second critcrion was a regression
coefficient, estimated in the usual manner as:

b= 5 Y b/ LT

The distance of hybrid regression coefficient (b)
from 1 divided by the (t, Sy} represented a regression
score of 4, 3, 2, 1, 0forpmbﬂlﬂy<m,01 0.05,
0.01 0.001, reepemve? The value of §% was
calculated from the divided by the S:S. for
mmmemmdex'rhepooledmndardmoﬁhe
mglmoodﬁuanwasﬂnsquammotdpoobd
§%.

3- The ohird mtermn was the variance of
dcv:ancnﬁumreigmssum(s .Jdmdedbythepoolcd
MSofmor(SQwuhameof4 , 1, 0,
corresponding to ns, 0.1, 0.05, 0.01, owlmobabiﬁty
levels.



Alex. J. Agric. Res. 50 {1), 2005

The total of the three scores value would represent
. the superiority index, which combined both yield and
stability parameters and was used 10 rank the hybrids
under study.

RESULTS AND DISCUSION
Mean performance

The combined analysis of variance showed that
the difference among hybrids was significant for the
three characters under study (Table 1). Also, the
interaction was significant between environment and
Irybrids indicating that the ranking of hybrids was not
consistent across the five environments.

Mean performance of grain yield for each
environment is presented in Table 2. The average of
grain yield for the studied hybrids differed greatly and
significantly from environment to another. Therefore,
the ranking of yield differed within and between
environments. Grain yield ranged for the different
environments from $.88 (Nubaria) to 9.59 Mg h’
(Gemmiza) (Table 2). The average of grain yield at
Sids, Nubaria and Mallawy were less than overall
mean, due to low soil fertility and some of climatic
factors of these environments. This would suggest that
the Nubaria and Mallawy were stress environments,
while the rest were optimum environments,

The studied bybrids responded differently across
environmenis, therefore, their ranks within
environments indicated their specific adaptations.

Average grain yield of hybrids ranged from 4.77,
for SC Gm 2042 at Nubaria, to 11.02 Mg ha™ for SC
Gm 2028 at Gemmiza On the other hand, SC Gm
2043 had the highest grain yield and ranked first at all
environments, except at Geminiza.

For days to mid-silking, the average of studied
hybrids significamily differed between and within
environments (Table 2). The carliest was 58.7 d at
Gemmiza, while the latest was 66.6 d at Mallawy.
Single-cross Gm 2042 was the earliest hybrid at each
environment and its overall mean was 61.6 d, while
TWC Gz 324 was the latest hybrid with 65.6 d.

Plant height of the swmdied hybrids, also,
significantly  differed Dbetween and  within
environments {Table 2). Average of plant beight
ranged from 2064 at Nubaria to 301.0 cm at
Gemmiza, while SC Gm 2042 was the shortest bybrid
{235.4 cm) and SC Gz 10 was the tallest one (283.3
cm).

ity parameters
A hybrid is considered to be stable if its among-
epvironment vaviance is small, or if its response to
environments is parallel to the mean response of all
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regression model on the environmental index (S°,,) is
small.

The modified model of Eberhart and Russell
(1966) was used by several investigators (El. Nagouly
et al, 1980); Ragheb ef al, 1993; Ei-Zeir et ai, 1999,
Abdel-Hamid, 2001 and Shehata ef af, 2003). A stable
preferred hybrid would have approximately b = 1, §%
=0, in addition to its superiority in yield

The regression coefficients (bi's) were calculated
and significantly tested by using (S, x 1) at different
level of probability (Table 3). The results showed that
5C’s Gm 2019, Gm 2028, Gm 2042, Gm 2044, Gz 124
and TWC Gz 321 had & regression coefficient
significantly different from 1.0, therefore, they were
considered unsiable. On the other hand, the regression
coefficients for the other hybrids were not significant
and were not differeat from 1.0 and were considered
stable.

Variance of dev:anon from regression on
environment index (S%,,) was the second criterion for
stability. Th:scmanonwash!ghlymlatedtoszd_'rhe
results showed that SC's Gm 2043 and Gz 124 bad an
estimate insignificant from the pooled error,
respect 1o this parameter, while the other hybrids were
significantly greater than the pooled error.

The third criterion was the coefficient of variation
of hybrid (CV), it is an indication of the fraction of the
hybrid mean across environments. The hybrid with the
lowest CV would be the most stable, therefore, SC's
Gm 2043 and Gz 124 were the most siable hybrids
(Table 3).

The fourth critcrion was the coefficient of
determination (r*) value for each hybrid. The high
value of r* would be associated with the hybrid with
low §%,,. The resuits showed that SC's Gm 2043 and
Gz 124 had the high values of r, therefore, they were
oonslduedthemostsmblehybnds This criterion was
highly comrelated with §°,,

Correlation among stability parameters

Rank correlation among the stability parameters
and mean of grain yicld were calculated in order to
exchde the highly correlated parameters. Mean of
grain yield was moderately correlated with §°, S,
CV and r* and was independent from b-value (Table

4).

Among the five stability parameters, perfect
oom.lanon coefficient of around 1.0 was indicated
between SZ,, and both CV and . Also, it was perfect
between CV and 1 Therefore, S%,, conld present the
other two parameters (CV and r*). Also, $%; was highly
correlated with §°,,, CV and .
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Table 1. Mean squares of stability analysis for grain yield, days to mid-silking and plant height for eleven hybrids evaluated under

different environmental conditions.

5.0.v D.F. Grain yield (Mg ha™) Days to mid-sifking (d) Plant height (cm)
Environments (Eny) 4 99615 453234 52665.71"°
Rep/ Env 15 0.75%9 2.523 419.32
Hybrids (HY) 10 3.297°" 33.065 ™ 373849 ™
HY X Env 40 1.875 " 2,682 31163
Pooled error 150 0.186 0.759 $7.83
Hybrids (HY) 10 327" 33.065 3738.49
Eav + (HY x Eav) _ 44 26937 10916 " 1268.31
Env (lincar) i 99.288 ™ 453.23 " 5267262
HY x Env (linear) 10 0.483 0.357 58.569
Pooled deviations 33 0.435 0.705 77.195
Hybrids -~ SC.Gm.2019 3 1289 " 0.373 34.299
~SC.Gm.2028 3 0.697" 0.219 12.737
- SC.Gm.2042 3 0.543 " 2010 86.904 "
- $C.Gm.2043 3 0.017 0.351 78.51"
- $C.Gm.2044 3 6.415 " 0.302 23.348
~TWC.Gm.3019 3 0.698 " 1.587" 185.592"
~TWC.Gm.3022 3 0.401 ** 0.39% 123.110 ™
-~8C.Gz.10 3 0.249 > 0.406 87441 "
-8C.G2.124 3 0.088 1494 " 22.346
-TWC.G2.32} 3 0,136~ 0.240 58.692°
, -TWC.Gz.324 3 0.203 0.380 . 1361647
Pooled error for hybrid mean 150 - 0.0465 6.173 19.961
C.V. 5.4 1.4 3.7

*, ** Indicates significant at 0.05 and 0.01 levels of probability, respectively.
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Table 2. Mean performance and rank of grain yield (Mg ha), days to mid-silking and plant
height for 11 hybrids evaluated at 5 environments and combined data.

\ Grain yield (Mg ha”) _ L
Hybrid SAKHA | GEMMIZA SIDS MALLAWY | COMBIND
Moan Bk Meom Rk Meom Bk Meowm Romk| Mesn Rmk| Mesm fank
SC.Gm. 2019 879 10 715 11} 782 5 555 9 822 2 7.51 10
SC.Gm. 2028 940 6 1102 1 783 4 6.07 3 672 10| 821 4
SC.Gm.2042 911 7 834 9 748 7 477 111} 1.76 6 749 11
SC.Gm. 2043 992 2 984 7 8.36 2 6.88 1 832 1 8.66 H
SC.Gm.2044 9.04 8 834 10} 687 10! 59 5 8.09 3 7.65 8
TWC.Gm 3019 8.96 9 1028 3 6.35 11 | 590 6 7.88 5 787 7
TWC.Gm. 3022 8.60 11 1005 § 7.00 9 58 7 670 11 7.64 9
SC.Gz10 9.59 K] 16,18 4 8.67 1 6.68 2 749 7 853 2
SC.Gz124 993 1 979 8§ 7.46 8 5.50 10! 795 4 8.13 5
TWC.Gz.321 957 4 10,69 2 822 3 561 8 747 8 8.31 3
TWC.Gz.34 94] 5 98 6 7.65 6 6.00 4 6.84 9 1958 6
Mean T 930 1 959 1 76l 1 588 | 739 1 799
LSDos) - HY 0.72 0.41 0.56 067 0.70 0.27
LSDE@ —Env 0.18
Days to {d)
Hybrid SAKHA GEMMIZA SIDS NUBARIA | MALLAWY | COMBIND
Mesm Remak| Mesm Rmmk| Mesm Hak| Messn Rank;i Mem Rank! Mesn Rmnk
SC.Gmn.2019 65.5 4 60.0 9 66.3 6 658 8 61.5 8 650 7
SC.Gm.2028 673 9 508 6 675 10 | 660 11 | 678 9 65.7 10
SC.Gm.2042 62.5 1 56.3 | 61.3 1 64.3 2 635 1 616 1
SC.Gm. 2043 65.8 5 573 3 4.0 3 64.5 3 663 4 636 3
SC.Gm.2044 66.8 7 598 7 65.5 5 653 5 66.0 3 64.7 6
'IWC.Gm.JOU 66.3 6 580 4 6.5 11 | 64.0 1 668 6 64.5 5
TWC.Gm 3022 64.5 2 583 5 65.3 4 650 4 66.5 5 639 4
SC.Gz. 10 678 10 600 10| 6706 9 655 7 678 10 ; 656 9
SC.Gz. 124 64.5 3 570 2 63.5 2 658 9 ! 648 2 63.1 2
T™WC.Gz.321 66.8 8 598 8 66.8 7 653 6 67.0 7 65.1 8
TWCGz324 ! 678 11 600 11 (668 8 | 658 10} 685 11| 658 11
Mean 659 [ 87 656 1 . 652 1. 666 [ 644
LSD(aos) ~-HY 1.2 1.2 1.5 1.3 1.0 0.5
LSD(ogs) - Eav 04
Plant height (cm)
Hybrid SAKHA GEMMIZA SIDS NUBARIA | MALLAWY | COMBIND
Mesm  Reuk| Mepm Ramk| Mesm Ramk| Meam Remk! Mesm Romk| Mesn Ramk
SC.Gm.2019 2430 2 (2883 3 [ 2468 2 (1980 3 2243 1 (2411 2
SC.Gm 2028 2725 7 13070 8 2695 8 [2063 6 {2525 7 |2016 8
SC.Gm 2042 242 5 ¥ 2725 1 2530 4 1840 1 2248 2 | 2354 1
SC.Gm.2043 2793 9 (2913 4 2540 5 [2110 8 [ 2398 4 | 2551 5
SC.Gm.2044 2658 6 (3018 6 26005 7 i2190 1012438 5 | 2582 7
TWC.Gin. 3019 2498 4 [3090 9 258 6 (2035 5 '2%3 9 [2551 o6
TWC.Gm. 3022 2638 S [ 2778 2 | 2400 1 {2175 9 12480 6 |2534 4
8C.Gz10 3060 11 (3330 11 ;2878 11 {2320 1112578 10 | 2833 11
SC.Gz124 2490 3 12943 S5 2480 3 1878 2 2330 3 (2424 3
TWC.Gz.321 2765 8 (3043 7 {2750 10 {2023 4 12550 8 (2626 9
TWCGz324 | 3013 10 3125 10 12700 9 | 2090 7 12583 1112702 10
Mean | 2686 [ 3010 |77360.0 ) 3064 2448 [ 2%2
L8Dpos - HY. | 185 92 144 138 97 59
[ LSDgos — Env 4.0

57
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Table 3. Mean grain yield; stability parameters, b, $%, , CV, and r and the superiority index for eleven maize hybrids evaluated
at 5 environments.

Grain yield Regression Varisnce of devistion Superiority Coefficieat of | Coefficient of
Hybrid (Mg ha™) coefficient (b) from regression (S, ) index variation | determination
Mean 1 Seleet | by 1 Select | &, 1 Select | Toml Select| CV Rank | r Rank’
SC.Gm 2019 751 -8 No [ 053" 0 No [1289" 0 Mo -8 No | 147 1 | 042 1§
SC.Gm 2028 821 0 Yes [ 1251 o0 No [0697" 0 No 0 No | 10.1 3 0.87 5
SC.Gm 2042 7.49 -8 No | 1009 4 Yes | 0543 o No -4 No 99 4 0.85° 4
SC.Cm 2043 866 +8 Yes | 0.834° 2 Yes | 0.017 4 Yes 14 Yes 1.6 15 ]099" 1%
SC.Gm 2044 7.65 -4 No 0744 0 No | 0415 o No -4 No 8.5 5 0.80° 2
TWC.Gm 3019 1.87 0 Yes | 1107 4 Yes | 0698 0 No 4 No | 105 2 0.84° 3
TWC.Cm 3022 7.64 -4 No | 1056 4 Yes 1040t 0 No 0 No 82 6 0.89° 6
$C.Gz 10 8§53 +8 Yes | 0916 4 Yes [0249" 0 No 12 No | 60 7 | osi’ 7
SC.Gz 124 3.13 0 Yes | 1208 1 No | 0.088 4  Yes 5 Ne | 37 100 | 098" 10
TWC.Gz 321 P3| +4 Yes | 1276 0 No 018" 1 No s No | 51 9 109" 9
TWC.Gz 324 7.95 0 VYes | 1.065 4 Yes | 0203 i No 5 No 57 8 !o094” 8
Mean 7.99 0.99 0.435 76 0.86
0.1 =023 0.1 =01203) 0.1 =01}
005 =027 0.05 = 0.14(2) 605 =0.14
0.01 =0.36 0.01 = 0.19(1) 0.01 =0.18
0.001 = 0.46 0.001 = 0.24 (0) 0.001 = 0.2} W

", Indicates significance at the 0.05 and 0.01 levels of probability, respectively.
+  Rank L1 for the best, while 1 for the poorest. ‘
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Table 4. Rank corvelation for yicld, regression coefficient (by), deviation frem regression (S°)), variance
of devistion from regression (5°,,), cocfficient of varistion (CV) amd coeflicient of
M(ﬂwmmmmm»mwmuﬂ
for cleven hybrids evainated at five environments,

Yield by S'a S Ccv
b -0.587
s -0671° 0863
L 0.655° 0815 0894~
Ccv 0.655° -0815"  -08M4°" 1.000 "
e 0.7136 ™ -0881"  -08M°" 0936 " 0936 "
Correlation among characters

Yield Days to mid-Silk Plant height

Days to mid-Silk -0401 " —_—
Plant height 07713% -0409" —_—

* Indicates significance at the 0.05 and 0.01 levels of probability, respectively.

~ The regression coefficient () was hxghly
gignificamt with peevious stability

however, nwasleasomrelatedthans’d Therefore,
huhS’,audbmubechnmasthempametm
which counld be chosen to express the stability of
hybrid.

The regression coefficient (b) would measure the
response (o the macro feature of the environment while
§%,x would be a function of the microclements of the
environment (Eberhart and Russcll, 1966).

In order to construct an index for the superiority
of a hybrid, Kang (1993) suggested the calculation of
simultancons index that included yield and stability
parameters to sclect the best bybrid among the hybrids
under test.

Stabili lysis for days to mid-silking and plant
height showed that SC Gm 2028 had a bi value = 1.0.
8%, and §%; were not significant (data not shown),
therefore, this hybrid was more stable for these traiis.
Also, TWC Gz 321 and Sc Gz 124 were stable bybrids
for days to mid-silking and plant height, respectively.
Although SC's Gm 2043, Gz 10, and TWC's 321, 324
were stable hybrids of grain yield, they were later for
days to mid-silking and taller for plant height.
‘nlenmpnrlznceufﬁﬁlmacuom,ylddstdnhty

The studied hybrids showed interaction (differemt
response in different locations), as well as their ranks
changed with environment, indicating a specific
adaptation (Table 2). These results reflected that SC
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Gm 2043 was adapted to several locations, especially
Nubaria and Mallawy.

index

In order to differentiate among the tested bybrids,
a superiority index was calculated, using grain yield,
regression coefficient and variance of deviation from
regresgion. Grain yield was given 2 double weight,
ranging from -8 to +8, while both of
stability was given a score from 0 to 4, as indicated in
with probability level, ranging from < 0.1 to > 0.001.
The total of the three scores given to each hybrid was
designated by superiority index and is presented in
Table 3.

The eleven hybrids under study were categorized
in three groups. The super group, which was high in
yield and stable had a score ranging from 12 to 14 and
incloded SC's Gm 2043 and Gz 10. The intermediate
category included SC Gz 124 and TWC's Gz 321, Gz
324 and G 3019 and had a score from 4 to 5. The
third category included TWC Gm 3022 and SC's Gm
2019, 2028, 2042 and 2044 had a score from 0 to -8
and were considered the poor group.

This superiority index combines both yield and
stability and it is simpler than the cluster analysis,
suggoested by Lefkovitch (1985).

Correlation among characters

Negative correlation was observed for grain yield
with days to mid-silkking (-0.401), and, also, days to
mid-silking with plant height (-0.409), while grain
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yield was significantly
plant height (0.773).
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