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Abstract

Eighteen promising single crosses of maize and two check varieties (BHM-9 and
981) were assessed for genotype environment interaction (GEI) and stability for
the selection of promising one(s) in three agro-ecological zones of Bangladesh.
The AMMI (additive main effects and multiplicative interaction) model was used
to analyze the GEI over three locations to select desired hybrid having higher yield
and other potential attributes. Both genotypes (G) and environment (E) exhibited
significant variation for all the characters studied. The environment of Gazipur
and Ishwardi were poor but Dinajpur was favorable for the tested maize hybrids.
Considering the mean, bi and S2di value, all the genotypes showed differential
response of adaptability under different environmental conditions. Hybrids E12
(BIL28 x BIL96) and E15 (BIL95 x BIL79) showed the higher yield as well as
stable across locations regarding response and stability parameters.
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Introduction

Maize is one of the most important food grains in the world. It is the highest
yielding grain crop having various uses. A great combination of high market
demand with relatively low production cost, ready market and high yield has
generated great interest among the farmers in maize cultivation. Day by day it is
gaining popularity in the country due to vast demand, particularly for poultry
industry. In 2020-21, maize was cultivated in 11.86 lac acre of land in Bangladesh
and production was 41.16 lac mtons (BBS, 2022).

Multi-environment yield trials are commonly conducted to study the stability of
the superior genotypes before releasing a variety. (Genotype x environment
Interaction) is usually used when different genotypes are tested in a number of
environments. The large GEI variation usually impairs the accuracy of yield
estimation and reduces the relationship between genotypic and phenotypic values
(Nachit et al., 1992). Numerous methods for multi-environment trials data have
been developed to reveal the patterns of GxXE interaction (Yamada, 1962), joint
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regression (Finlay and Wilkinson, 1963; Eberhart and Russel, 1966) and currently
AMMI ((additive main-effects and multiplicative interaction) (Gauch, 1992) and
GGE biplot (genotype main effect plus genotype by environment interaction).
AMMI model combines the analysis of variance of genotypes and the environment
main effects with principal component analysis of the GEI into a unified approach
(Gauch and Zobel, 1996). Crossa et al., (1990) indicated that the AMMI model can
be used to analyze the GEI to identify the superior hybrid maize genotypes and to
select the best test environments for hybrid maize genotype evaluation. More
precise GEI estimates can be obtained with the AMMI model which makes easier
to interpret the results (Durate and Vencovsky, 1999). The objective of this study
was to use the AMMI analysis model to assess the stability of some maize hybrids
and verify the influence of a sample of environments at different locations of
Bangladesh (Gazipur, Dinajpur and Ishwardi) in the productive performance of
these hybrids.

Materials and Method

The experiment was conducted at three locations namely Gazipur, Dinajpur and
Ishurdi during rabi 2017-18. Eighteen hybrids viz., E1 (CML551 x CL0O2450), E2
(CLG1831 x CML223), E3 (BIL121 x BIL95), E4 (CML451 x CML285), E5
(CML429 x CML170), E6 (BIL153 x BIL95), E7 (CML191 x CML162), E8
(CML491 x CML502), E9 (BIL72 x BIL95), E10 (CML491 x CML502), E11
(CML431 x CML451), E12 (BIL28 x BIL96), E13 (CML285 x CML429), E14
(CML551x CML431), E15 (BIL95 x BIL79), E16 (CML170 x CML192), E17
(CML154 x CML502), E18 (BIL72 x BIL28) and two check varieties BHM-9
and 981 were evaluated in this study. The experiment was laid out in alpha lattice
design with 2 replications. Seeds of each entry were sown in two rows, 4m long
plots with 60 cm and 25 cm spacing between rows and hills, respectively. Seeds
were sown at Gazipur on 27 November, Dinajpur on 23 November and Ishurdi on
12 December, 2017. One healthy seedling per hill was kept after thinning.
Fertilizers were applied @ 250, 55, 110 40, 5 and 1.5 kg/ha of N, P, K, S, Zn and
B respectively (FRG, 2018). Two border rows at both end of each replication was
used for minimize the border effect. Data on days to pollen shedding, days to
silking was recorded on whole plot basis. Ten randomly selected plants were used
for recording observations on plant and ear height. All the plants in two rows were
considered for plot yield and converted to t/ha.

The analysis of variance (ANOVA) was used and the GE interaction was estimated
by the AMMI model (Zobel et al., 1988). In this procedure, the contribution of
each genotype and each environment to the GE interaction is assessed by use of
the biplot graph display in which yield means are plotted against the scores of the
first principal component of the interaction (IPCAL). The computational program
for AMMI analyses was developed by Duarte and Vencovsky (1999). The stability
parameters, regression coefficient (bi) and deviation from regression (S2di) were
estimated according to Eberhart and Russel (1966). Significance of differences
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among bi value and unity was tested by t-test while between S2di and zero by F-
test. All the data were processed and analyzed using Crop Stat and PBTools (1.2)
program.

Results and Discussion

Results of combined analysis of variance for five characters of twenty hybrids at
three environments are presented in Table 1. The mean sum of squares for the
genotypes were highly significant for all the traits which revealed the presence of
genetic variability in the studied materials. Environments mean sum of squares
were highly significant for all of the characters. The highly significant effects of
environment indicated high differential genotypic response across the different
environments. The variation in soil structure and moisture across the environments
were considered as a major underlying causal factor for the GxE interaction.
Environment relative magnitude was much higher than genotypic effect,
suggesting that performance of each genotype was influenced more by
environmental factors. Stability analysis for days to pollen shedding, days to
silking, plant height, ear height and yields were presented in Table 2-6.

Table 1. Full joint analysis of variance including the partitioning of the GXE
interaction of maize hybrids over three locations during 2017-18

Mean sum of squares
Source of variation | Df D?)>I/|se:10 Days to hPeIiamhtt Ear height | Grain yield

Sﬁe dding | STKing (Cr%) (cm) (t/ha)
Genotypes (G) 19  8.58** 8.85** 273.75** 189.92**  2.07**
Environment (E) 2 1312.18** 1350.24** 8076.71** 5302.88** 10.19**
Interaction G x E 38 4.00 3.75 137.53 108.90 151
AMMI Component1 20  4.96** 4.80** 180.52** 126.34**  1.62**
AMMI Component2 18  2.93** 2.58** 89.76**  89.52** 1.38*
GXxE (Linear) 19 4.78** 2.86** 181.69** 127.51**  1.44**
Pool deviation 19 478 4.64 93.37 90.29 1.58
Pooled error 78  6.29 6.32 342.71 260.62 1.88

*P<0.05, **P<0.01.

Days to pollen shedding along with the value of phenotypic index (Pi,) regression
coefficient (bi), deviation from regression (S%di) are presented in Table 2. The
genotypic mean for pollen shedding ranged from 94 to 99 days (BHM-9). Positive
and negative Pi index observed in ten hybrids each. The hybrids which showed
negative Pi index represent earliness. Talukder et al., (2016) found positive and
negative Pi in their studied materials of maize hybrids. The hybrids E13, E14 and
E5 exhibited comparatively a higher value for days to pollen shedding and E9 and
E6 were for earliness. The bi and S%di values for days to pollen shedding ranged
from 0.73 to 1.28 and 0.06 to 17.96, respectively. Negative Pi index, non-
significant regression coefficient (bi) and deviation from regression (S2di),
indicating the stability of these genotypes over all the environments with earliness.
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Table 2. Stability analysis for days to 50% pollen shedding of maize hybrids
over three environments

Locations Overall . : .
Genotype Gazipur ‘ Dinajpur ‘ Ishwardi mean P bi S
El 90 108 96 98 078 112 0.4
E2 92 104 97 97 045 0.73 1.84
E3 91 108 98 99 -0.21  1.05 1.66
E4 92 105 98 98 111 0.79 3.61
E5 92 106 99 99 195 0.87 5.38
E6 87 102 93 94 -2.88  0.93 0.99
E7 92 105 97 98 095 0.83 0.95
ES8 92 104 91 96 -1.83 0.84 17.96
E9 88 103 91 94 -3.05 0.98 3.25
E10 88 106 91 95 -205 1.18 6.56
E1l 92 105 95 97 -0.05 0.84 0.80
E12 90 108 93 97 -0.21 115 5.93
E13 91 110 97 99 283 123 0.06
El4 91 108 98 99 195  1.02 2.0
E15 90 107 97 98 093 1.05 1.66
E16 87 105 95 95 -1.71 110 3.36
E17 93 107 96 99 161 0.87 1.05
E18 91 107 95 98 095 1.05 0.34
E19 (BHM-9) 86 105 97 96 -1.21 110 13.71
E20 (981) 89 108 89 98 -1.88  1.28 0.40
Mean 90 106 95 97 - - -
E. Index (lj) -6.95 8.89 -1.93 - - - -
LSD (0.05) 3.93 5.04 4.63 - - - -

Pi= phenotypic indices, bi= regression co-efficient and Sdi=deviation from
regression

Days to silking along with the value of phenotypic index (Pi), regression co-
efficient (bi), deviation from regression (S2di) is presented in Table 3. The
regression co-efficient ranged from 0.73 to 1.28. The genotypic mean for days to
silking ranged from 97 to 102 days. Eight hybrids showed positive Pi index while
the rest twelve including checks showed negative Pi index for days to silking. The
hybrids which exhibited negative Pi index represent earliness. The bi and Sdi
values for days to silking ranged from 0.73 to 1.28 and 0.06 to 19.47, respectively.
Negative phenotypic index (Pi), a non-significant regression coefficient (bi) and a
non-significant deviation from regression (S%di) value of hybrids considered to be
stable across the environment.
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Table 3. Stability analysis for days to 50% silking of maize hybrids over three
environments

Genotype - L_OC?tlons - Overall Pi bi S2di
Gazipur | Dinajpur | Ishwardi mean

El 92 110 97 100 -0.02 1.12 0.4
E2 94 111 98 101 130 0.73 1.84
E3 94 110 99 101 130 1.05 1.66
E4 93 107 99 100 -0.02 0.79 361
E5 95 109 101 102 214 087 538
E6 92 103 95 97 -3.02 093 0.99
E7 94 109 98 100 047 083 0.9
E8 96 107 93 99 -1.19 084 17.96
E9 90 106 93 96 -352 098 325
E10 95 109 92 99 -1.02 118 6.56
E1l 94 108 95 99 -0.69 0.84 0.80
E12 95 110 95 100 -190 115 5093
E13 94 114 98 102 247 123  0.06
El4 95 111 99 102 092 102 2.00
E15 96 110 98 101 -0.07 1.05 166
E16 92 108 96 98 -135 110 3.36
E17 96 109 98 101 097 087 105
E18 96 112 96 101 1.64 105 0.34
E19 (BHM-9) 91 108 97 98 -1.92 110 1371
E20 (981) 92 110 91 98 -2.02 128 1947
Mean 94 109 96 100 - - -
E. Index (lj) -5.95 9.37 -3.42 - - - -
LSD (0.05) 3.51 6.20 4.35 - - - -

Plant height along with the value of phenotypic index (Pi), regression coefficient
(bi), deviation from regression (S%di) is presented in Table 4. The genotypic mean
for plant height ranged from 182 (E7) to 223 cm (E17). Twelve hybrids showed
positive Pi index while rest eight showed negative Pi index in plant height. The
hybrids which showed positive Pi index represent taller and negative Pi index
showing genotypes represent dwarf plant. Hybrid E13exhibited a negative
phenotypic index (Pi), significant regression coefficient (bi) value and non-
significant S2di value, indicating a semi-dwarf plant type, and were highly
responsive to the favorable environment of Gazipur and Ishwardi locations. The bi
and S2di values for plant height ranged from 0.31 to 1.80 and 0.22 to 443.07,

respectively.
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Table 4. Stability analysis for plant height (cm) of maize hybrids over three
environments

Genotype - Lf)ca.uons - Overall Pi bi S?di
Gazipur | Dinajpur ‘ Ishwardi | mean

El 215 220 184 206 500 0.63 443.07
E2 184 245 200 209 8.06 149 172.03
E3 187 242 173 201 -0.15 1.80 53.82
E4 190 230 200 207 567 098 7193
E5 190 247 191 210 8.34 1.63 11.52
E6 178 230 191 200 -1.32  1.28 121.7
E7 193 262 213 223 21.67 1.67 286.1
E8 177 195 190 187 -13.99 031 93.2
E9 188 205 184 192 -8.82 0.54 2.89
E10 191 227 189 202 134 107 0.22
E1ll 201 220 190 204 250 0.71 50.75
E12 205 235 186 209 7.67 114 139.56
E13 178 237 173 196 -4.82  1.77* 1.00
E14 192 220 180 198 -3.65 0.98 50.36
E15 200 222 185 202 134 0.87 94.52
E16 180 197 183 187 -14.16  0.44 7.60
E17 182 197 168 182  -1866 0.66  86.95
E18 188 202 193 195 21.67 0.33 13.41
E19 (BHM9) 195 232 205 211 950 0.92 70.54
E20 (981) 195 220 191 202 0.67 0.78 2.94
Mean 191 224 189 201 - - -
E. Index (1j) 1057 2317 -12.6 - - - -
LSD (0.05) 29.73 44.75 24.66 - - - -

Ear height along with the value of phenotypic index (Pi), regression coefficient
(bi), deviation from regression (S?di) is presented in Table 5. The genotypic mean
for ear height ranged from 83 cm to 107 cm. Twelve hybrids showed positive Pi
index while the rest eight showed negative Pi index for ear height. The hybrids
which showed positive Pi index represent taller and negative Pi index signify
dwarfness of plant. The bi and S?di values for ear height ranged from 0.24 to 1.97
and 0.01 to 367.19, respectively.
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Table 5. Stability analysis for ear height (cm) of maize hybrids over three

environments

Genotype - Lo.cat.|ons - Overall Pi bi S2di
Gazipur | Dinajpur ‘ Ishwardi | Mmean

El 107 135 79 107 5.00 153 291.42
E2 83 140 90 104 8.50 1.86 62.33
E3 90 140 79 103 -0.15 197 18.71
E4 81 107 92 93 5.67 0.70 79.27
E5 95 115 84 98 8.34 0.91 44.95
E6 74 117 98 96 -1.32 104 348.2
E7 80 132 104 105 21.67 136 367.19
E8 86 100 95 93 -13.99 0.30 42.41
E9 77 97 75 83 8.82 0.74* 0.06
E10 84 117 86 96 1.34 1.12 10.21
Ell 86 100 85 90 250 051* 0.01
E12 97 112 87 99 7.67 0.73 31.05
E13 92 130 77 99 -4.82 163 59.37
E14 98 122 82 101 -3.65 117 96.84
E15 102 127 86 105 1.34 1.21 88.71
E16 73 95 79 82 -14.16 0.64 271.72
E17 79 90 68 79 -18.66 0.58  47.16
E18 92 97 89 93 -6.65 0.24 4.38
E19 (BHM9) 93 115 101 103 9.50 0.61 48.81
E20 (981) 89 112 77 93 1.34 1.05 46.89
Mean 88 115 89 86 - - -
E.Index (Ij)  -10.57 23.17 -12.60 - - - -
LSD (0.05) 25.58 41.23 25.28 - - - -

Yield along with the value of phenotypic index (Pi), regression coefficient (bi),
deviation from regression (S%di) are presented in Table 6. The environmental mean
and genotypic mean ranged from 9.51 t/ha to 10.88 t/ha and 8.28 t/ha to 11.82 t/ha,
respectively. Among the hybrids, E2 (CLG1831 x CML223) produced the highest
yield (11.82 t/ha). Ten genotypes showed positive phenotypic index while the other
genotypes had negative phenotypic index for yield. Thus, positive phenotypic
index represents the higher and negative represents the lower yield among the
genotypes. The regression coefficient (bi) values of these genotypes ranged from -
0.13 to 3.82. These differences in bi values indicated that all the genotypes
responded differently to different environments. Considering three stability
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parameters viz. mean, bi and S?di, it was evident that all the genotypes showed
different response of adaptability under different environmental conditions. The
regression coefficient should be better considered as an indicator for genotypic
responses to varying environments said by Solomon et al., (2008). Dinajpur was
favourable environments for maize cultivation as they showed positive
environmental index (1j).

Table 6. Stability analysis for grain yield (t/ha) of maize hybrids over three
environments

Locations Overall . . .
Genotype Gazipur | Dinajpur ‘ Ishwardi mean P! bi S
El 13.07 9.24 11.09 1113 105 199 333
E2 11.56 12.04 11.85 1182 173 -0.28 0.04
E3 11.78 9.28 9.44 10.17 009 187 0.32
E4 10.38 11.06 8.81 10.08 0.02 0.71 212
E5 10.69 8.58 9.01 943 -0.64 142 044
E6 11.72 10.05 6.67 948 -059 319 283
E7 10.51 11.07 8.27 995 -0.12 111 311
ES8 11.62 9.75 9.41 1026 0.18 166 0.02
E9 11.23 8.80 10.84 1030 021 078 279
E10 11.93 8.58 13.26 1126 117 0.03 11.58
E1l 10.39 10.16 8.64 973 -034 102 0.74
E12 11.98 10.75 10.89 1120 005 0.84 0.16
E13 12.66 8.98 7.32 965 -042 382 0.08
El4 10.15 10.44 9.39 999 -0.08 035 046
E15 11.89 10.88 10.36 11.04 069 126 0.16
E16 7.71 8.45 8.67 828 -1.79 -0.70~ O
E17 9.97 8.94 7.61 884 -123 155 0.35
E18 9.07 10.2 10.3 9.85 -0.22 -0.94* 0.02
E19 (BHM-9) 10.64 10.24 9.58 1015 -058 045 121
E20 (981) 13.07 11.31 10.78 1172 087 -013 0.17
Mean 10.88 9.84 9.51 10.08 - - -
E. Index (lj) -0.23 0.80 -0.56 - - - -
LSD (0.05) 1.74 1.81 1.90 - - - -

The biplot (Gabriel, 1971) has become a popular data conception tool in many
scientific research areas, including psychology, medicine, business, sociology,
ecology, and agricultural sciences. All types of biplots are useful conditional on
the research objectives (Yan and Tinker, 2005). The AMMI biplot provide a visual
expression of the relationship between the first interaction principal component
axis (AMMI component 1) and mean of genotypes and environment (Fig. 1) as
well as relationship of IPCAL and IPCA 2. Genotypes with an IPCA1 score near
zero displayed little interaction across the environments while genotypes with very
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high IPCAL values showed considerable interactions across environments. From
the Fig. 1 it was observed that hybrids E15 and E20 were high yielder as well as
stable across locations because they had low interaction effects and suitable for all
environments. Entry E5 and E18 had high interaction effects. The entries E1, E2
and E10 had high mean value and negative interactions which were suitable for
unfavorable environment.
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Fig.1. Biplot of the first AMMI interaction (IPCA1) score (Y —axis) plotted against
mean yield (X- Axis) of twenty maize hybrids and three environments

Since IPCAZ2, scores also play a significant role in explaining the GEI; the IPCA1
scores were plotted against the IPCA2 score for further explanation of adaptation
(Fig 2). The hybrid E12 and E15 were stable over locations for yield as located
within the circle. This result can be observed directly in Figure 2 by the
genotypes with high values in relation to “average mean coordination” (Yan et
al., 2007). The performances of other hybrid were unstable due to their dispersed
position.
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Fig. 2 Biplot of the first AMMI interaction (IPCA2) score (Y —axis) plotted against
AMMI interaction (IPCA1l) (X-Axis) of twenty maize hybrids and three
environments.

The graph “which-won-where” enables to identify potential mega-environments
(Yan et al., 2000 and Yan and Hunt, 2001). The genotypes that are utmost from
the origin are connected with a straight line forming a polygon. The lines starting
from the origin divide the polygon into several sectors. The genotype at the vertex
of the polygon performs best in the environment falling within the sectors (Yan
2002; Yan and Tinker, 2006). The locations within one sector are the ones where
the certain genotype had the best yield and can be considered as mega-
environments only for that genotype where biplots for yields were shown in Fig 3.
The hybrid E1 was high yielder and suitable only at Gazipur location. On the other
hand, the genotype E10 was found high yielder and stable at Ishwardi and Dinajpur
locations.
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Fig. 3. GGE biplot showing “which won where” for yield of twenty maize hybrids and
three environments

Conclusion

The AMMI statistical model has been used to determine the GxE interaction
outline of grain yield of 20 promising hybrid maize varieties. The genotypes and
environments had exhibited strong interaction. Considering the yield potentially
and stability parameters, two tested hybrids viz. E12 (BIL28 x BIL96) and E15
(BIL95 x BIL79) showed the highest grain yield as well as stable for overall
environments and need to be further evaluated in large plots before release as
commercial hybrids across ecological zones in Bangladesh.
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