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Study was carried out to determine the stability for grain yield of 20 maize
hybrids in three environments viz., Dharwad, Sankeshwar and Nippani
using Eberhart and Russel model. The single cross hybrids DMH 100-1,
DMH 100-2, DMH 100-4, DMH 100-8, DMH 100-12 and DMH 100-16
were promising for majority of characters studied with high mean
performance across the locations during summer. The hybrids, DMH 100-1,
DMH 100-2, DMH 100-12 and DMH 100-14 were identified as stable over
the locations for the monsoon season. The hybrids, DMH 100-1, DMH
100-2 and DMH 100-14 were not influenced much by the season as well as
environment and stable across the locations and seasons.

Introduction

Maize (Zea mays L. 2n=20) is one of the most
important crops of world agricultural
economy. The crop production is the function
of genotype, environment and their interaction
(GEI). Significant GEI results in changing
behavior of the genotypes across different
environments or changes in the relative
ranking of the genotypes (Crossa, 1990). A
significant G x E interaction for a quantitative
trait such as seed yield can seriously limit the
efforts on selecting superior genotypes for
improved cultivar development (Kang and

Gorman, 1989). G x E interactions become
important when the rank of breeding lines gets
changed over environments. This change in
rank is called crossover G x E interaction
(Baker, 1988). Understanding the relationship
among Yyield testing locations is important if
plant breeders are to target germplasm better
adapted to different production environments
or regions (Trethowan et al., 2001). A
genotype is considered to be stable if its
among-environment variance is small. This is
called stability statistic, or a biological
concept of stability. A stable genotype
possesses an unchanged or least changed
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performance regardless of any variation of the
environmental conditions. This concept of
stability is useful for quality traits, disease
resistance and for stress characters like winter
hardiness (Baker and Leon, 1988). In breeding
for wide adaptation, the aim is to obtain a
variety, which performs well in nearly all
environments (Cooper and De-Lacy, 1994).
Several stability analyses have been proposed
to determine linear relationship between
genotypic performance and the environment.
Among that Eberhart and Russell (1966)
proposed a method in  which the
environmental index is the mean performance
of all entries in an environment. The
performance of each genotype is regressed on
the environment to obtain its mean
performance over all environments. A
desirable genotype is one with high mean
value, with regression coefficient of 1.0 and
deviation from regression is 0. Such a
genotype would have increased performance
as the productivity of environment improves.
Tollenaar and Lee (2002) reported that high-
yielding maize hybrids can differ in yield
stability and that yield stability and high grain
yield are not mutually exclusive. The present
study was therefore aimed to evaluate maize
hybrids for their stability of performance for
yield and yield components across different
environments by using Eberhart and Russell
(1966) stability model.

Materials and Methods

To assess the stability performance of 17
single cross maize hybrids (Table 1) for yield
and its components experiment was conducted
in randomized complete block design (RCBD)
with three replications along with 3 checks
(Super 900 M, Bio 9681 and Arjun).The
experiment was laid out across three different
environments viz., Dharwad, Sankeshwar and
Nippani and during two different seasons i.e.,
summer and kharif seasons of 2014. The
experiment was laid out, with a row length of
4 m, with inter and intra row spacing of 75cm

and 20cm respectively. Each genotype was
sown with 2 rows. Five plants from each
replication were randomly selected and tagged
for recording observations in each genotype
except for days to 50 per cent tasseling and
days to 50 percent silking. Data were recorded
on different morphological and vyield
parameters viz., days to anthesis, days to
silking, anthesis silking interval, days to
brown husking, plant height (cm), cob height
(cm), cob length (cm), cob diameter (cm),
kernel rows per cob, kernels per row, cob
weight/ha (kg), grain yield/ha (kg), test weight
(gm) and shelling percentage were recorded in
both the seasons at all the experimental sites.
The stability of yield performance for each
genotype was calculated by regressing the
mean yield of individual genotypes on
environmental index and calculating the
deviations from regressing the mean yield of
individual genotypes on environmental index
and calculating the deviations from regression
as suggested by Eberhart and Russell (1966).
Regression coefficient (bi) was considered as
an indication of the response of the genotype
to varying environment while the environment
and genotype x environment interactions were
partitioned into three components viz.,
environment (linear), genotype x environment
(linear) and deviation from regression (pooled
deviation over the genotypes). The stability
analysis was done using the linear regression
model suggested by Eberhart and Russell
(1966).

Results and Discussion

Pooled analyses of variance, for different
quantitative traits over seasons of summer and
monsoon as well as across various locations
are presented in Table 2. The results revealed
that there was significant difference among the
genotypes tested at both???? the 5 and 1 per
cent level of significance for all the characters
studied except cob height, cob length, kernels
per row and shelling percentage in summer
season, anthesis to silking interval, plant
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height and kernels per row in monsoon season,
while cob height across the locations and
seasons. The pooled deviation was also
significant for all the characters except days to
anthesis, days to silking, anthesis to silking
interval, days to brown husking and kernel
rows per cob in summer, days to anthesis,
days to silking and grain yield in monsoon and
anthesis to silking interval across the locations
and seasons indicating that non-linear
component of G x E interaction was
predominant. Three stability parameters viz.,
mean (X), regression coefficient (b;) and mean
square deviation from regression line (S2di)
were estimated for all the thirteen traits and
the results obtained are presented.

For days to anthesis the mean value over the
six environments was 63 days. Among the
twenty genotypes twelve showed significant
deviation from regression across the locations
and seasons, none of the genotypes were
stable. However, genotypes DMH 100-12 and
DMH 100-15 had less number of days to

anthesis with regression value less than one
and deviation from regression approaching
zero, indicating less  sensitivity to
environmental changes and were better
adapted to poor conditions. For days to silking
twelve genotypes (including the checks Arjun
and Bio 9681) out of twenty genotypes
noticed with significant value for deviation
from regression. The hybrid, DMH 100-1 was
near to unity for regression coefficient with
less number of days to silking and no
significant deviation from regression, hence it
could be considered as stable over the
locations and seasons. The genotypes DMH
100-12 and DMH 100-15 were adoptable to
poor environment as it has recorded less
number of days to silking, regression value
less than one and deviation from regression
was approaching zero. For anthesis-silking
interval the mean of anthesis to silking
interval across the six environments was 2
days and no hybrids recorded with significant
value for deviation from regression.

Table.1 List of single cross maize hybrids

DMH 100 -1
DMH 100 -2
DMH 100 -3
DMH 100 -4
DMH 100 -5
DMH 100 -6
DMH 100 -7
DMH 100 -8
DMH 100 -9
DMH 100 -10
DMH 100 -11
DMH 100 -12
DMH 100 -13
DMH 100 -14
DMH 100 -15
DMH 100 -16
DMH 100 -17

DMIL 061 x DMIL 001
DMIL 065 x DMIL 096
DMIL 069 xDMIL 008
DMIL 055 x DMIL 326
DMIL 090 x DMIL 051
DMIL 326 x DMIL 055
DMIL 150 x DMIL 001
DMIL 001 x DMIL 318
DMIL 136 x DMIL 326
DMIL 749 x DMIL 055
DMIL 318 x DMIL 150
DMIL 055 x DMIL 749
DMIL 765 x DMIL 031
DMIL 122 x DMIL 112
DMIL 147 x DMIL 150
DMIL 150 x DMIL 124
DMIL 160 x DMIL 103
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Table.2 Pooled analysis of variance for stability of fourteen quantitative characters related to yield in
Maize across locations and seasons

anthesis silking silking brown height length diameter | rows per per row percentage
interval husking cob

19 44.25™ 42.65™ 0.26" 18.82" 307.65™ 91.65 5.697 017" 3.157 25.14™ 7351494™ 4847924 7247

5 1038.48™ 962.92™ 1.50™ 234,62 12152.217 4026.52” 67.06™ 1.00” 450 289.55™ 253931677.56™ 130664023.09™ 1048.73™

95 4257 413" 0.18" 4917 14269 55.39™ 2.397 0.04™ 0.84™ 11.16™ 2553630™ 1407274™ 42.58™
environment

19 5192.42™ 4814.61" 7.53" 1173117 60761.04™  20132.63" 33531 5.04™ 2252 1447.79 1269658387.82" 653320115.48™ 5243.67"
linear

Variety x 80 12.00™ 11.18" 0.38" 5.12 194.98 49.6205 3.28 0.06 0.81 13.34 4997467 2566351" 67.37"
environment
linear

228 220 2.25™ 0.13 4617 123.14™ 54.00™ 2.06™ 0.04™ 0.80™ 10.08™ 1845537™ 1061629™ 3457

119 0.62 0.60 0.14 0.51 30.16 15.65 0.45 0.01 0.35 3.21 536763.6 338087.7 10.94

Note: "= significant at 1%;

= significant at 5%

Table.3a Stability parameters for yield and related traits in maize across three locations and two seasons

[ Mean b Sedi Mean
60.83 145 2387  63.00
60.11  1.24 12" 62.28
6356 1.10 1.17 65.72
59.33 110 126" 6156
66.72 095 049 69.06
66.39 112 021 68.28
65.44 084 037 67.61
62.94 145 9057 6517
66.61 1.01 155 6883
5872 0.89 297  61.39
59.44 097 366" @ 6211
60.78 053 0.04 62.72
62.78 097 144" 6472
64.44 1.01 0.27 66.61
60.33 0.84 0.43 62.39
6272 079 146" 64.56
65.11 0.79 0.53 67.28
6428 106 313"  66.50
66.61 0.98 0.17 68.83
6522 090 232"  67.44
P e3.12 65.30

bi
1.43
1.26
1.10
1.07
0.92
1.04
0.82
1.43
0.98
0.94
1.00
0.48
1.00
1.02
0.83
0.80
0.85
1.06
1.05
0.91

Sadi
3.16™
1.96"
1.70™

0.62

0.16
-0.02
-0.30
8.23"
1.75™
2507
3.09™

0.68
1.46™
-0.10
-0.13
0.94"
-0.45
431"

0.43
293"

Mean
2.17
217
2.17
222
2.33
1.89
2.17
222
222
2.67
2.67
1.94
1.94
2.17
2.06
1.83
217
222
222
222
2.18

bi
1.80
0.59
ALy
1.98
L7/l
3.24
1.49
1.84
1.74
-0.32
0.01
1.92
0.56
0.71
111
0.52
-0.68
1.05
-0.86
0.43

Sadi
0.14
-0.03
-0.07
0.02
0.18
-0.05
-0.10
-0.10
-0.07
0.06
-0.04
0.02
0.06
-0.05
-0.02
-0.08
-0.10
-0.05
-0.07
-0.08

Mean
88.61
90.17
88.83
89.44
92.83
91.22
93.67
95.06
91.33
91.06
90.83
91.28
90.56
91.83
89.83
90.78
92.94
92.72
94.17
89.56
91.34
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bi
1.05
1.16
1.35
0.90
0.72
0.97
0.57
0.90
1.27
0.65
1.28
0.69
1.32
0.92
0.53
1.28
1.06
1.63
1.02
0.76

sedi
0.72
3.34"
7.43"
273"
4.29”
436"
1.75"
0.49
6.25"
2.29"
1.79”
11.58"
-0.45
16.12
431"
423"
1477
155"
7.36"
0.32

Mean
172.30
183.90
188.60
177.40
188.40
190.40
193.70
185.60
200.10
185.40
186.90
186.70
191.90
196.30
178.00
193.10
192.30
191.20

187.8

200.8

188.5

bi
1.24
1.00
1.27
1.26
1.25
0.98
0.82
0.99
1.04
0.416™
0.89
1.15
0.52
0.71
1.03
0.90
1.15
1.45
0.96
0.98

sadi
44.34"
-13.34
69.97 *
167.57"
68.69 *
25.13
11377
53.29
198.64™
-16.50
47.25"
268.73
102.63™
36.31
36.21
69.05
49.12°
47657
50.23"
9.67

Mean
86.80
94.76
93.87
86.99
95.13
90.86
96.92
97.96
96.72
92.52
97.69
93.04
97.52
99.73
89.59
100.81
94.99
96.36
96.89
91.10
94,51

bi
0.79
1.02
0.85
1.16
1.01
0.89
1.18
0.72
1.32
0.97
0.68
0.75
1.06
0.83
0.89
1.03
1.28
1.53
0.88
117

sdi
6.24
-9.34
229.17"
40.89 ™
40.10 ™
12.36
67.78 "
23.11°
103.72 ™
-6.49
14.27
15.56
26.880"
2339°
13.32
7.01
18.71
24.13"
48.81 ™
61.78 ™

Mean
18.15
19.98
17.92
17.61
16.44
17.67
18.63
18.79
18.93
19.41
18.48
19.41
18.80
18.66
18.04
18.22
18.36
17.34
18.62
20.94
18.52

bi
0.85
0.03
L7235
1.27
1.26
1.36
0.68
1.30
0.87
1.28
1.06
1.22
0.93
0.93
0.35
1.76
1.22
0.02
1.08
1.26

Days to anthesis Days to silking Anthesis to silking Days to brown Plant height Cob height (cm) Cob length (cm)
interval husking

Sedi
0.28
5.23"
332"
413"
1.417
2.26"
0.68
361"
0.43
1.06"
1.26"
0.05
1.30"
0.02
0.26
0.49
0.38
0.44
0.11
4977
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Table.3b Stability parameters for yield and related traits in maize across three locations and two seasons

[ Mean bi Sedi Mean bi Sadi Mean Bi Sedi Mean bi Sedi Mean bi Sedi Mean bi sudi
4.44 2.10 001 15333 162 0.23 33.21 0.29 4.09 692443  0.78 471452.04 473252 0.81 50095.06 69.41 1.97 62.76
4.38 -0.01 0.00 1436 0.3 0.02 37.66 0.29 7.06 7579.75 0.95 461422.95 6064.3 3 0.98 48620.42 80.65  -0.002" 9.13
4.46 1.28 0.00 1522 187 0.14 3333 177 3.47 781657  1.05 717182.15 5604.0 3 1.04 34827.61 72.84 1.09 -3.64
427 2.04 0.02° 1494 107 0.50" 31.64 1.25 2.92 727147 1.08 125726.44 5557.7 3 1.09 46965.10 77.32 0.88 -9.48
DMH 100 -5 4.25 108 001" 1475 003 0.17 3354 100 17027 615368 1.2 494991.21 4589.9 4 1.15 70276.21 74.09 0.48 22.42"
435 136 0037 1544 130 0.09 36.70 154 25557  7943.98 1.08 081850.86 " 6009.9 5 1.20 81460.15" = 75.42 1.28 15.29
4.49 045 001" 1619 258 156" 3365 059  -166 597216 101 307005.96 425143 0.99 39234.21 71.97 0.98 6.16
4.64 050 005" 1584 199 0.14 39.09 0.63 -1.83 721695 0.84 278553.21 ™" 4953.0 2 0.83 9738419  68.74 1.04 2225"
DMH 100 -9 432 0.92 001" 1495 063 -0.16 37.82 1.23 -1.68 834957 1.04 685760.76 6039.4 4 1.07 24682.16 7  73.08 1.51" -6.66
4.30 0.90 0.00 1472 145 0577 3686 113 9887 829276  1.01 529869.78 6394.7 3 0.98 69533.08 78.74 0.92 4.61
4.49 1.36 0.01 1546 048 0.43 3742 126 0.12 752616 102 -84647.94 5526.2 3 0.97 80338.82 75.19 1.14 1.19
4.33 0.94 0.01 1514 043 056" 3839 121 14277 804896  0.96 151375.16 5979.1 3 0.98 42563.65 75.68 151" -8.60
436 101 0027 1506 -0.63  -0.05 35.54 101 12197  7828.40 1.32" 230884.03 6190.3 6 1.38™ 80225.65 79.90 0.57 -5.03
4.44 1.07 0.00 1394 069 080 3619 073 1.80 859349  1.23" 370493.54 6417.6 4 117" 78093.69 76.60 1.16 -5.83
4.28 1.15 0.01 1594 021 070" 3498 044 2.71 524193 075 230094.03 407212 0.77 7845.64 78.35 0.73 -0.66
4.36 1.29 0.00 1550 161 084" 3473 135 1.44 8856.47  1.04 -22296.78 6618.3 4 1.10 5072.28 75.34 1.40 2.08
451 110 006~ 1426 204 095" 3313 1.06 17527  7064.10 1.46 32700221 477357 1.32 52735817  69.73 0.92 44777
3.86 056 0277 1427  -0.25 0.08 35.19 0.47 3.02 4588.9 3 0.19 795069.93 334311 0.09 13265.08  73.15 0.05 206.19
453 0.62 0.01 16.07 142 -0.08 36.04 1.38 6.93 8068.90 1.43 040558.09 6162.0 6 1.35 23837.337  79.43 0.65 68.72"
4.67 029 0047 1676 123 1447 3699 1.36 6.28 7429.4 3 0.67 671851.64 5559.8 2 0.75 38876.96 "  75.33 1.73 2426~

- 4.39 15.21 35.61 7338.40 5441.90 75.05
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Across the locations and seasons, genotypes
DMH 100-2, DMH 100-3, DMH 100-7, DMH
100-13, DMH 100-14, DMH 100-15 and
DMH 100-16 found stable and widely
adapted for anthesis to silking interval. On the
other hand, three genotypes DMH 100-1,
DMH 100-6 and DMH 100-12 were found to
be suitable for favorable situations with
predictable performance as they passed less
anthesis to silking interval along with below
average responsiveness (b;> 1) and non-
significant deviation from regression line.
Genotype DMH 100-17 revealed less anthesis
to silking interval along with regression
coefficient less than unity (bi< 1) and mean
deviation from the regression (S2di=0) close
to zero indicating that the genotype was
specifically adapted to poor environment
(Solomon et al., 2008).

On the other hand, one genotype DMH 100-
13 was found suitable for favorable situations
with predictable performance as they possess
less anthesis - silking interval along with
below average responsiveness (bi> 1) and
non-significant deviation from regression line
(Kumar et al., 2008). For plant height the
highest mean plant height (200.1 cm) was
recorded for DMH 100-9 the tallest and
lowest mean plant height (172.3 cm) was
observed for DMH 100-1. The average plant
height over the locations and seasons was
188.5 cm. AIll the hybrids tested were
significantly deviating from regression value
across the locations and seasons. Over the
three locations and two seasons, DMH 100-6
and the best check Bio 9681 was stable across
three locations and two seasons for plant
height. The average cob height was 94.51 cm
over the three locations and two seasons.
Across the locations and seasons, two hybrids
viz, DMH 100-2 and the DMH 100-16
performed stable across three locations and
two seasons for cob height (Arulselvi, S and
Selvi, 2010).

Cob length for DMH 100-2 recorded high
mean value (19.97 c¢cm) and DMH 100-5
noticed with low mean value (16.44 cm) for
cob length, average value over the locations
and seasons was 18.52 cm. Across the set of
six environments, out of the twenty genotypes
tested, DMH 100-7, DMH 100-9, DMH 100-
12, DMH 100-14, DMH 100-17 and Super
900 M showed higher mean, regression value
near to one and non-significant deviation
from regression (Karadavut and Akilli, 2012).
Hence, these genotypes were stable across the
environments for cob length. DMH 100-8
exhibited maximum (4.64 cm) and DMH 100-
5 recorded minimum (4.25 cm) mean value
for cob diameter. Out of the twenty genotypes
tested eight genotypes viz., DMH 100-3,
DMH 100-10, DMH 100-11, DMH 100-12,
DMH 100-13, DMH 100-14, DMH 100-15
and Super 900 M recorded higher mean,
regression value near to one and non-
significant deviation from regression hence,
these three genotypes were stable across the
environments for days to anthesis. DMH 100-
1 was adoptable to favorable conditions. The
genotypes DMH 100-1, DMH 100-2, DMH
100-6, DMH 100-9, DMH 100-11 and Super
900 M had high mean value with regression
coefficient around unity indicating thus
adaptability to tested environments for kernel
rows per cob (Lenka et al., 2012). The
genotypes viz., DMH 100-3 and DMH 100-8
had regression coefficient more than one
indicating that these are sensitive to
environmental changes and adoptable to
favorable environments.

The hybrid DMH 100-8 had high mean
number of kernels per row (39.09), while
DMH 100-4 had low mean value (31.64).
While, over the three locations and two
seasons, DMH 100-9, DMH 100-11 and
DMH 100-14 recorded higher mean,
regression value near to one and non-
significant deviation from regression (Wasala
et al., 2013). Two genotypes DMH 100-8 and
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Arjun exhibited higher mean, regression value
less than one and non- significantly deviating
from regression, indicating that these
genotypes  were less  sensitive  to
environmental changes and can be adapted
only to poor environments. The mean value
for cob weight across three locations and two
seasons was 7338.4 kg/ha. Over six
environments, DMH 100-2, DMH 100-3,
DMH 100-4, DMH 100-10, DMH 100-11,
DMH 100-12, and DMH 100-16 showed
higher mean with regression value near to one
and non-significant deviation from regression.
Hence, these hybrids were stable across the
environments for cob weight. The hybrids
DMH 100-6, DMH 100-8, DMH 100-9, DMH
100-17, Arjun and Super 900 M had
significant  deviation  from  regression
indicating that performance of these
genotypes is unpredictable. Over six
environments, stability analysis for shelling
percentage revealed higher mean along with
unit regression co-efficient and mean
deviation from the regression close to zero in
six genotypes viz.,DMH 100-4 and DMH
100-6, DMH 100-10, DMH 100-11, DMH
100-14 and DMH 100-15 indicating that these
genotypes are stable across different
environments. Genotype DMH  100-16
revealed high mean along with regression
coefficient more than unity (b;> 1) and mean
deviation from the regression (S2di=0) close
to zero indicating that this genotype can be
specifically adapted to favorable
environments. Further, it was revealed that
the genotype DMH 100-13 was specifically
adapted to poor environments for shelling
percentage as indicated by its high mean,
regression co-efficient less than unit y and
deviation from regression close to zero
(S2di=0). The average value for grain yield
across the locations was 5441.9 kg/ha. The
highest (6618.3 kg/ha) and lowest (4072.12
kg/ha) mean values were recorded by the
genotypes. Across the locations and seasons,
seven hybrids DMH 100-2, DMH 100-

3,DMH 100-4, DMH 100-9, DMH 100-10,
DMH 100-11, DMH 100-12, DMH 100-14
and DMH 100-16 were found stable as
indicated by their higher mean Yyield,
statistically unit  regression and non-
significant S%di value (Khalil, 2013) The yield
performance of the hybrids viz., DMH 100-6,
DMH 100-8 and DMH 100-9, DMH 100-13,
DMH 100-14, DMH 100-17, Arjun, Super
900 M and Bio 9681 was unpredictable since
these hybrids possess significant S°di value.
On the basis of stability parameters, the single
cross hybrids DMH 100-1, DMH 100-2 and
DMH 100-14 were not influenced much by
the season/environment were promising for
majority of characters studied with high mean
performance across the locations and seasons.

The hybrids, these single cross hybrids, which
are stable and superior for grain yield could
be tested in large scale trials across
environments for their wide adaptation in
diverse ecological regions. From this, we can
stabilize the production level of the crop and
it could improve the national production and
productivity since, in India production and
productivity levels are low by more than 50
percent compared to world productivity.
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