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Genotype by Environment Interactions and Parameters
for Genotype Responses to Environments
in Wheat Breeding Program of Oklahoma

Makoto Tahara

(Department of Biological Function and Genetic Resources Science)

The Wheat breeding program at Oklahoma State University(OSU) is introduced with
reference to genotype by environment interactions and linear regression analyses.
Oklahoma is the second largest producer of hard red winter wheat in the US. The
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OSU and wheat geneticists of the US Department of Agriculture. The main-stream
breeding procedures are F2 or F3 progeny methods, which are modifications of pedigree
and bulk breeding methods. The procedures for source population development, selec-
tion practice and field trials are discussed. The major objective of the project is to
develop wheat varieties with superior yield and yield stability. Drought stress is a
serious constraint to wheat crop and frequently causes substantial yield reduction in
Oklahoma. Other major obstacles to wheat production are disease and insect damage
which include leaf rust, mosaic diseases, septoria and green bug. Research and
breeding activities to overcome these obstacles are briefly reviewed.

Genotype by environment interactions are commonly found and cause serious prob-
lems in identifying superior genotype over a wide range of environments in the wheat
breeding program. Linear regression analyses and other yield stability parameters are
proposed to characterize genotype responses to varying environments. The grain yield
data from cultivar trials during 1971-1982 were analyzed by an analysis of variance
method and linear regression method. The analysis of variance indicated substantial
genotype by environment interactions. The linear regression analyses could adequately
explain much of the interaction and provided parameters to compare yield responses of
genotypes over environments. Other stability parameters were also estimated and their
relationships were discussed. The lin-

ear regression analyses revealed that
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selection toward higher average yield over environments favored genotypes adapted

for high yielding environments.

Key words : wheat, breeding, genotype by environment interaction, linear regression analysis,

stability parameter
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Fig. 1

Oklahoma Agricultural Experiment Station

Oklahoma State University campus and its main
agricultural experiment station are located in
Stillwater (star mark). Performance trials for
wheat breeding have been conducted in five
experiment station: Stillwater, Goodwell (D),
Woodward (@), Altus (@) and Lahoma (@).
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Fig. 2 Mainstream wheat breeding at Oklahoma State
University.
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Table 1  The analysis of variance table for a combined model by Perkins & Jinks.
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Pooled error ﬂxﬂ Yy P S(Y Y, t=1s (-1
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Table 2 Estimates of the fixed component of variance (F. C.) from the analysis of variance of all test locations.

1971-1973 1974-1976 1977-1979 1980-1982
Source of Variance
df F. C. df F.C. df F. C. df F. C.
x10® x10° X103 X 10°

Genotype (G) 11 50** 14 28** 14 65** 11 117**
Environments (£) 16 1414** 17 566** 17 1277** 19 1080**
GXE 176 133** 238 101** 238 84** 209 157**
Pooled error 561 107 756 124 756 109 660 144

* % ! indicates the mean square for a variance source is significantly larger than a pooled error mean square at the

0.01 level of probability.

Table 3 Estimates of the fixed component of variance (F. C.) from the analysis of variance of balanced sets of test

years and locations.

1971-1973 1974-1976 1977-1979 1980-1982
Source of Variance
df F.C. df F.C. df F. C. df F.C.
X102 x10° X103 X102

Genotype (G) 11 69** 14 28** 14 97* 11 127**
Year (Y) 2 5** 2 24** 2 577** 2 Vi
Location (L) 2 103** 5 391** 3 1019** 5 615**
GXY 22 66** 28 62** 28 12** 22 36**
GXL 22 26** 70 26** 42 53** 55 69**
GXY XL 44 85** 140 59** 84 73** 110 143**
Pooled error 297 93 756 124 504 125 594 138

* % | indicates the mean square for a variance source is significantly larger than a pooled error mean square at the

0.01 level of probability.
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Table 4 Estimates of the mean square (M. S.) for heterogeneity of regression, deviation and convergence from the

analysis of variance.

1971-1973 1974-1976 1977-1979 1980-1982
Source of Variance
af M. S. af M. S. af M. S. af M. S.
X 10° X103 X103 X103
Geno. X Envi. 176 6397+ 238 527** 238 446** 209 771>
Heterogeneity of regression 11 1316** 14 514** 14 1547** 11 1633**
Convergence 1 4855 1 1677 1 17198 1 13402
Non-Conver. 10 962 13 424 13 342 10 456
Deviation 165 594 224 528** 224 R 198 723**
Pooled error 561 107 756 124 756 109 660 134
MS (Heterogeneity.)
= 2.215* 0.973 4.103** 2.259*
MS (Deviation.)
MS (Convergence.)
= 5.047* 3.955* 50.287** 29.390**
MS (Non—Conver.)
%, % * ! significant at the 0.05 and 0.01 levels of probability, respectively.
Table 5 Stability parameter estimates.
95% CI for 8.
Genotype b; _ D; rE Wricke's Mean Yield
Lower  Upper
x10° X103 kg/ha
Scout 66 0.802 0.701 0.903 119** 0.861 11795 3196
Triumph 0.844 0.738 0.950 133** 0.859 11617 3061
Concho 0.844 0.721 0.967 179** 0.820 14872 2739
Centurk 78 0.894 0.802 0.986 99** 0.903 8028 3414
Triumph 64 0.908 0.782 1.034 188** 0.834 14214 3232
Payne 1.034 0.927 1.141 134>+ 0.901 9748 3565
Osage 1.040 0.927 1.153 151** 0.891 11006 3341
Wings 1.043 0.905 1.181 225** 0.847 16386 3694
TAM w-101 1.078 0.941 1.215 221** 0.863 15712 3820
Newton 1.105 0.998 1.212 135** 0.912 10649 3676
Vona 1.154 1.028 1.280 186** 0.891 15369 3725
TAM 105 1.256 1.117 1.395 226** 0.889 21646 3880

Cl, b;, D, v} and Wricke’s stand for confident intervals, regression coefficients, deviation mean
squares, coefficients of determination and Wricke’s stability parameter, respectively.

* * [ significant at the 0.01 level of probability.
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