
Journal of Applied Sciences Research 1(3): 307-312, 2005
© 2005, INSInet Publication

Corresponding  Author: Muhammad   Mohsin   Javed,   Biotechnology   Research   Centre,   Department   of   Botany,
Government College University, Lahore.
Email; mmj_bot@yahoo.com  

307

Stability and Adaptability of Maize Genotypes in Pakistan

Sajid Rasul, M. Inayat Khan, Muhammad Mohsin Javed and Ikram-ul-Haq1   2    3     3

Bureau of Statistics Punjab, Lahore.1

Math & Stat. Deptt., University of Agriculture, Faisalabad.2

Biotechnology Research Centre, Department of Botany, Government College University, Lahore.3

Abstract: Nine genotypes of maize from fourteen different locations of Pakistan were evaluated in the National
Uniformity Maize Yield Trials (NUMYT). Pooled analysis of variance over the different locations was performed
after observing that genotype sum of squares was significant at each location. Stability analysis was thus, in
order to select suitable genotypes, which are suitable for a variety of environments. Eight stability parameters
as defined by Lin et al  were computed by using SAGEI (Stability Analysis for Genotype×Environment[8]

Interaction) indigenously developed software. But, on the basis of these parameters, it was difficult to reach
at a unique decision about the stability of the competing genotypes. Thus, a useable index based on both mean
yield and stability parameters known as safety-first rule was adopted. Therefore, resultantly it was suggested
that safety-first rule was the best technique due to the reason that this technique explicitly weighs the
importance of stability relative to yield.
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INTRODUCTION pairs for ‘n’ varieties and an estimate of F  were obtained

The presence of genotype by environment would be the one that contributed the least to
interaction is of major concern to plant breeders, since, genotype×location interaction and, thus, would be the
large interaction can reduce yield and complicate most stable genotype in the tests.
identification of superior cultivars. Using stable Finlay and Wilkinson  used the regression
genotypes for high grain yield is important in sustainable technique in examining the yield stability of various barley
agriculture. However, the concept of stability is by no genotypes, although, they claimed that better fits were
means unambiguous; it is defined in many ways obtained with log-transformed yields. In assessing
depending on how the scientist wishes to look at the stability, they considered that simply comparing
problem, while, the statistics that parameterize these regression slopes was not enough and the mean yield
various concepts are also numerous. level of a genotype also had to be taken into account. The
Genotype×environment interactions reduce the slope of the regression line for each genotype was,
correlation between the genotype and the phenotype accordingly, plotted against its mean yield over
hindering the evaluation of the genetic potential of the environments. Genotypes with a slope of one and a high
cultivars . mean yield were regarded as being well adapted to all[5]

Sprague and Federer , in a reanalysis of maize data environments. Genotypes that have a slope significantly[11]

obtained over many environments, presented evidence greater than one are specifically adapted to high yielding
that double crosses interact with environments less than environments. On the other hand, genotypes with a slope
single crosses. The data suggested that double crosses less than one are insensitive to change in environment
are superior to single crosses for stability of performance. and are therefore, better adapted to low yielding
Plaisted and Peterson  presented a method to environments.[9]

characterize the stability of yield performance, when Wricke  developed a method to estimate the
several varieties were tested at a number of locations ecovalence (W ) of genotype (g) grown under several
within one year. A combined analysis of variance over all environments (n) to measure the stability of performance.
locations was computed for each pair of varieties, n(n-1)/2 Ecovalence (W ) is the contribution of each genotype to
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for each pair. The genotype with the smallest mean value

[3]
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the genotype×environment interaction sum of squares. in this case is one with low or below average coefficient
of variation. 

for  i = 1,2,......,g        j = 1,2,......,n stability. A genotype may be considered to be stable (i) if

The lower the ecovalence of a genotype, the smaller to environments is parallel to the mean response of all
are its fluctuations from the experimental mean under genotypes in the trial, or (iii) if the residual mean square
different environments and thus, a smaller share in the from a regression on the environmental index is small.
interaction sum of squares. Accordingly, a genotype with Unfortunately these concepts represent different aspects
the least ecovalence is considered as more stable and the of stability and do not always provide a complete picture
genotypes with high ecovalence should be considered of the response.
poor on stability attribute. Eberhart and Russell Eskridge  concluded that safety-first selection[1]

employed a linear regression approach to address the indices can be useful to plant breeders, when genotype
problem of stability of the genotypes using the following by environment interaction is large and poor yield has
relationship severely adverse consequences.

Y =µ +$ I +*ij i j j ij

Where:
Y is the genotype mean of the i  genotype at the jij 

th    th

environment, µ  is the mean of the i genotype over alli
th 

environments, $  is the regression coefficient that measurei

the response of the i  genotype to varying environments,th

*  is the deviation from regression of the i  genotype atij
th

the j  environment and I  is the environmental indexth
j

obtained as the mean of all varieties at the j  environmentth

minus the grand mean. They regarded deviations from the
regression line as another important component of
genotypic stability, a stable genotype being one with an
estimated regression coefficient ($) close to one and with
a small sum of squared deviations. They seemed to be
unaware, however, that this sum of squares is not
independent of the slope. 

Shukla  partitioned the genotype×environment[10]

interaction sum of squares into components for each
genotype separately by considering the stability variance
F  of the i  genotype. He found an unbiased estimate ofi

2   th

F  and an appropriate criterion for testing F was so largei        i
2       2 

that the genotypes should be considered unstable.
Where:

Where:  

Francis and Kannenberg  described another[4]

technique  for  grouping  the  genotypes  in which the
yield    of    each   genotype   averaged   over
environments was plotted against its coefficient of
variation  (CV)  over  environments.  A  stable  genotype

Lin et al  compared the nine stability statistics and[8]

nine similarity measures and reported three concepts of

it is small among environment variance, (ii) if its response

[2]

MATERIALS AND METHODS

The maize data were obtained from the maize
programme, National Agricultural Research Centre,
Islamabad. The experimental material consisted of nine
maize genotypes grown over all the country at fourteen
different environments (Table 02). Each genotype was
accommodated in 1.5×5.0 m  plot in randomized complete2

block design using three replications. Data on grain yield
per plot in kilograms was recorded.

A number of statistics have been proposed to
measure genotypic stability as discussed above. But,
none of these statistics explicitly indicate how stability
may be combined with mean yield in choosing superior
genotypes. It is assumed that the plant breeder prefers a
genotype with small probability of low yield. Using
decision theory concept known as safety-first rule to
modal such behaviour, an index incorporating mean yield
and stability is developed for each of four different
definitions of stability given in Lin et al . [8]

A safety-first rule proposed by Kataoka  can be[7]

used for an index, which explicitly quantifies how breeders
weigh the relative importance of yield in the selection of
genotypes. The proposed model is:
 

Where           = mean yield across environments
     V     = some measure of stabilityi

 Z   = (1-") percentile from the standard normal(1-")

distribution

The breeder would first specify some acceptable
probability (") of having a disastrously low yield which is
1.0 in 20 chance or "= 0.05 .[6]
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Table 1: Safety-first selection indices with four definitions of stability.
Stability definitions Index form for i  genotype Abbreviationth

Variance across environments EV

Finlay and Wilkinson’s Reg. coeff. FW

hukla’s stability variance SH

Finlay and Wilkinson’s Regression Coeff. ER
and Eberhart & Russell’s residual MS

Where:                                  , ,                                        ,      

Table 2: Maize genotypes cultivated in different environments of Pakistan
Sr. No. Genotypes Sr. No. Environments/Locations
G1 EV-6098 E1 Ghari Dopatta (A.J.K.)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G2 EV-1098 E2 Kotli (A.J.K.)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G3 EV-5098 E3 NARC. Islamabad
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G4 POP-9815 E4 Pirsabak (Nowshehra)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G5 C-9041 E5 D. I. Khan
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G6 C-2115 E6 Bhalwal
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G7 C-919 E7 Bhai pura (Lahore)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G8 BABAR E8 Faisalabad-I (Rural)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G9 Local Check E9 Faisalabad-II 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E10 Yousafwala (Sahiwal)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E11 Bahawalpur
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E12 Sariab (Quetta)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E13 Dadu-I (Sindh)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E14 Dadu-II (Sindh)

By using the above model (Table 1), we have a average response of all cultivars in the trial. This type of
safety-first selection index that helps the breeders in stability can be useful, when the trial is conducted over a
making selections in the presence of diverse  set  of  environments. Consequently, the ‘FW’
genotype×environment   interaction.  After  the and   ‘SH’  indices  may  be  useful  for  evaluating  a
calculation   of   above   indices,  ranking  their  values given  set  of  cultivars relative to one another over a
with respect to the yield of genotypes across the broad range of environments. Type-III stability (* )
environments  that  provides the basis for comparison. ideally  measures unpredictable irregularities of a
The genotypes having high ranks are stable over the cultivar’s  response to environment (in contrast to type-II,
environments. which measures the predictable response to

The choice of particular definition of stability also environments).  The  ‘ER’  index  includes both type-II
has a major impact on genotype ranking. If environments and  III  stability  and  thus can be used, as ‘FW’ and
are not quite diverse, then type-I stability (S ) depends on ‘SH’,  to  compare  the set of genotypes over a broadi

2

the diversity of environments and the ‘EV’ index might be range of environments. It is thus, concluded that ‘ER’
useful. Type-II stability (bi and F ) consider a cultivar index  is  more  comprehensive  index  than  both ‘FW’i

2

stable, if its response to environment is parallel to the and ‘SH’ indices.

i
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RESULTS AND DISCUSSIONS a more comprehensive set of stability analysis as

Pooled analysis of variance of maize yield data across software specially developed for this research by the
the fourteen different locations of Pakistan was performed author. The results of stability analysis are summarized in
(Table 3) after observing that genotype sum of squares table 5.
was significant at each location. The results of combined A wide variety of environments were represented in
analysis showed that differences among genotypes and this data set. The first parameter was the mean of grain
locations were highly significant. This revealed that yield over the fourteen locations. The genotype ‘C-2115’
greater variability was present among locations for grain appeared to be widely adapted and had greater mean yield
yield. Genotype×environment (G×E) interaction was also (6.324 t/ha) as compared to others and the genotype
highly significant. The significance of (G×E) demonstrated ‘BABAR’ gave poor performance in all location because
that genotypes responded differently to variation in it had minimum mean yield (4.735 t/ha).
environmental conditions. It is indicated that variation in The next two parameters were within genotypes mean
stability of different cultivars performance was mainly due square (     )  and coefficient of variation (CV). Francis and
to genotype×environment interaction. Kannenberg  involved the variation within a genotype

The biological scientists usually apply Least across environments. These measures depend on the
Significant Difference tests (LSD) on genotype means to diversity of the environments in the experiments. If
group the varieties of similar average means. Though, the environments are quite diverse then these measures may
LSD test is most appropriate for making planned pair not be very meaningful. However, if the range of
comparisons but, strictly speaking, is not valid for environments could not be very restricted, then these
comparing all possible pairs of means, especially, when support broad base inference . According to these
the number of treatments is large as with the increase in parameters a genotype is stable with minimum value of
the pair wise comparisons the level of significance within genotype variance and coefficient of variation.
increase manifold. Ignoring all this, the LSD test still has Therefore, the genotype ‘BABAR’ seems to be stable
been widely using in practised. over all the environments as it acquires minimum values

Therefore, when the evaluation of all possible pairs of of both two parameters than other genotypes. The two
treatment means is required, LSD test is usually not other genotypes that acquired the next smaller values for
suitable. In such cases, Duncan’s Multiple Range test these parameters were ‘EV-5098’ and ‘POP-9815’.
(DMR) is useful. The application of Duncan Multiple Wricke’s  ecovalence (    ) and Shukla’s
Range test on mean yield of genotypes (Table 4) revealed interaction variance (   ) are important measures of
that genotype ‘C-2115’ of rank six gave the highest yield stability as they compare the genotypes in relation to the
(6.324 t/ha) and most favourable over all the locations. environments. However, both these statistics are
Whereas, the genotype ‘BABAR’ of rank eight and yield dependent on the other genotypes, which are included in
(4.736 t/ha) gave poor performance all over the the trials. Now, by observing these two parameters we can
environments and followed by the genotype ‘EV-6098’ of see that genotypes, which were recommended before for
rank first with grain yield of 4.933 t/ha. While, the two stability, cannot be chosen as stable. Based on these two
other genotypes namely; C-919 & C-9041 of rank seventh parameters, it was recommended that the genotypes
and fifth, respectively formed a significant group on yield namely; ‘EV-6098’, ‘EV-5098’ and ‘POP-9815’ were stable
and showed highest grain yield after the lead genotype because these genotypes acquired minimum values of
‘C-2115’. The other genotypes performed moderately well these parameters. The genotype ‘BABAR’, which was
in all environments. Consequently, according to these recommended above contained the maximum values for
approaches three top genotypes namely; C-2115, C-919 these statistics and therefore, did not recommend for
and C-9041 were the stable genotypes across all the these parameters. Also the genotype ‘C-2115’, which gave
fourteen distinct environments of Pakistan because, they maximum average yield over all the locations, acquired
provided more yield than others. But, we cannot make comparatively high values of ecovalence and interaction
stability statements for average yield without considering variance.
the variability of different environments. Stability analysis using, Eberhart and Russell

Stability analysis using SAGEI: Since, in the combined to other genotypes by regressing yields attained by each
analysis G×E interaction was highly significant therefore; genotype at different locations over an environmental
a stability analysis based on location index was in order. index, which is based on average yield of all genotypes at
However, rather than depending only on the  approach, each location. The resulting slope for each genotype can[1]

summarized by  was employed by using the SAGEI[8]

[4]

[8]

[12]        [10]

[1]

approach involves comparing the genotypes with respect
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Table 3: Pooled analysis of variance of maize genotypes.
Source d.f Sum of squares Mean square F-ratio P-value
Location 13 1718.795 132.215 213.6 0.0000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Error 28 17.331 0.619
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Genotypes 8 106.457 13.307 73.1 0.0000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L×G 104 428.121 4.117 22.6 0.0000
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Error 224 40.790 0.182
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 377 2311.494

Table 4: Mean yield (t/ha) ranked by DMR test of maize genotypes at
fourteen locations in Pakistan.

Genotypes Mean Original order
C-2115 6.324 A 6
----------------------------------------------------------------------------------------------
C-919 6.065   B 7
----------------------------------------------------------------------------------------------
C-9041 6.043   B 5
----------------------------------------------------------------------------------------------
CHECK 5.485     C 9
----------------------------------------------------------------------------------------------
POP-9815 5.413     C 4
----------------------------------------------------------------------------------------------
EV-5098 5.295     C 3
----------------------------------------------------------------------------------------------
EV-1098 4.950      D 2
----------------------------------------------------------------------------------------------
EV-6098 4.933      D 1
----------------------------------------------------------------------------------------------
BABAR 4.736        E 8
----------------------------------------------------------------------------------------------
LSD  = 0.184 (0.05)

then be considered as a measure of stability using a unit
slope to be a stable standard. The deviations from the
regression line are also considered as their size provides
a good measure of fit. The regression model approach is
also criticized as this too depends upon the performance
of other genotypes included in the trial and is a specific
measure of stability, which cannot be generalized.

Finlay and Wilkinson  suggested that a cultivar’s[3]

regression coefficient of yield response to environment as
well as mean yield can be used to characterize the
cultivar’s adaptability as well as stability. Genotypes that
have a slope greater than one (>1) are specifically adapted
to high yielding environments. On the other hand,
genotypes that have a slope value less than one (<1) are
insensitive to change in environment and are therefore,
better adapted to poor environments. In the (table 05)
estimates of b  ranged from 0.58 to 1.22, indicating that thei

Table 5: Stability statistics for nine genotypes of maize grown at fourteen locations in Pakistan.
Genotypes CV%

EV-6098 4.932 5.37 47.00 5.86 0.38 1.00 0.49 0.91
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EV-1098 4.949 7.43 55.10 21.78 1.96 1.08 1.78 0.77
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EV-5098 5.295 5.07 42.50 5.64 0.36 0.97 0.47 0.91
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
POP-9815 5.341 5.19 42.70 6.07 0.40 0.98 0.50 0.91
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C-9041 6.043 7.56 45.50 26.50 2.42 1.06 2.19 0.73
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C-2115 6.324 6.04 38.80 10.28 0.82 1.03 0.85 0.87
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C-919 6.055 8.26 47.50 15.44 1.33 1.22 1.03 0.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BABAR 4.735 3.11 37.20 30.00 2.77 0.58 1.57 0.53
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CHECK 5.485 7.14 48.70 21.83 1.96 1.05 1.80 0.76   

Table 6: Values of four safety-first selection indices and associated rankings (in parentheses) for maize yield data.
Entry Genotypes EV FW SH ER

1 EV-6098 4.932(8) 1.119 (7) 4.932 (7) 1.205 (7) 3.782 (5)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 EV-1098 4.949(7) 0.465 (9) 4.668 (8) 0.689 (8) 2.739 (8)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 EV-5098 5.295(6) 1.592 (4) 5.189 (6) 1.576 (5) 4.166 (4)
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Table 6: Continued
4 POP-9815 5.341(5) 1.593 (3) 5.271 (5) 1.607 (4) 4.171 (3)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 C-9041 6.043(3) 1.519 (5) 5.832 (2) 1.637 (3) 3.601 (6)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 C-2115 6.324(1) 2.283 (1) 6.219 (1) 2.442 (1) 4.804 (1)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 C-919 6.055(2) 1.326 (6) 5.283 (4) 1.999 (2) 4.218 (2)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 BABAR 4.735(9) 1.836 (2) 3.261 (9) 0.224 (9) 2.202 (9)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 CHECK 5.485(4) 1.091 (8) 5.310 (3) 1.223 (6) 3.270 (7)

genotypes showed considerable variation in their Conclusion: Thus, by using this safety-first rule it was
responsiveness to environments favoring higher grain concluded that the genotypes C-2115, C-919, POP-9815
production. The competing genotypes in the seeding trial and C-9041 were stable across all the environments. 
on the basis of regression model could be divided into
three distinct groups. The first group, which was REFERENCES
categorized as stable group had slope values ranging from
0.97 to 1.04.

The last two measures of stability were measure of
the deviation from the regression of genotype mean on
the site index. First is deviation parameter (* ), suggested2

by  and the second is coefficient of determination (R ). If[1]        2

R  is small, the statistic b  may not be truly representative2
i

of the response, while, if the variances are heterogeneous,
the estimates of b  will have different precisions, makingi

comparisons among the b ’s tedious. Eberhart andi

Russell  suggested using *  as a second stability[1]   2

parameter in addition to b , but reconciling two parametersi

for a single character is difficult. By observing the values
of these measures in table 05, it was concluded that the
genotypes recommended by using slope values, Finlay
and Wilkinson  suggested that these two parameters are[3]

the same. 
Although, all the above stability parameters provide

meaningful information about the stable genotypes,
however, we are not able to make a unique decision about
the stable genotypes by using all these parameters. To
overcome this problem, we used a safety-first rule .[6]

Safety-first index values given in table 06 were calculated
from the parameters that were obtained from the SAGEI
package. These index values are useful only if there is
reason to believe that the mean and the stability
parameters differed from each other. In parents, these
ranking  of  each  index are given.  Thus, the genotype ‘C-
2115’ was ranked first based on the mean and all indices.
‘C-919’ was ranked second by mean, SH and ER indices,
fourth by FW and sixth based on EV i.e., it had higher
across environment variance. ‘POP-9815’ was ranked fifth
by mean and FW index, third by EV and ER indices and
fourth by SH index. Similarly, C-9041 was ranked third by
mean and SH index, second by FW, fifth by EV index and
sixth by ER index. The genotype ‘BABAR’ was ranked
last by mean, FW, SH and WR, but, was ranked second
by EV. This may have been due to the early maturity,
which would lower yield but also produce smaller across-
environment variance. 
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