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Stability of Soybean Genotypesin Central Plain Thailand

Amnuay Yothasiril and Teera Somwang?

ABSTRACT

Genotype x environment interactions and stability estimates for yield and yield components of
soybean genotypes were carried out at Khao Hin Son Research Station, Chachoengsao Province during
July 1996 and December 1996. The experiment consisted of ten soybean genotypes (IAC-2,VX4.16.12,
CPAC 150-76, CPAC 35976, CPAC 639-76, TGX1447-3D, SantaMaria, KUSL 20004, CM 60 and SJ
4) intwelve environments (3 plant densities, 200,000 300,000 and 400,000 pl/haand 4 planting dates, July
8, 1996, August 30, 1996, October 22, 1996 and December 14, 1996). Despite variation between
environments, most soybean genotypes did not give significant response. Significant mean squares of
genotypesfor yield and yield componentsindicated the existence of genetic variability inthese characters.
Although changes in yield and yield components of some genotypes were linear functions of the
invironments, genotypes appeared to bethemost important factor contributingtothevariationinyield and
yield components. Yieldimprovement through selectionis, therefore, possibleacrossthese environments.

Theresults of stability estimates suggested that the top four genotypeswith good adaptability were
VX4.16.12 (1,372 kg/ha), Santa Maria (1,381 kg/ha), KUSL 20004 (1,732 kg/ha) and CM 60(1,468 kg/

ha).
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INTRODUCTION

Soybean (Glycinemax L.) isconsidered an
economic field crop of Thailand. It has a potential
to become an important crop on poor-grade paddy
lands in the central plain of the country. Yearly
importsof theraw andfinished productsof soybean
are worth billions of baht (Srisomboon et al.,
1988a, 1988b). One of the soybean production
constraintsislack of genotypessuitablefor growing
in the central plain conditions of Thailand
(Srisomboon et al., 1992). Therefore, availability
of thesoybean genotypeswhichareenvironmentally

adapted is essential.

Thesoybean genotypesderivedfromBrazil,
with long-juvenile genes, that are capable of
extending their vegetative growth period for about
ten days without altering their original maturity
dates(Kiihl and Garcia, 1989) could be one source
of thegermplasmswhichmay aleviatetheproblems
of adaptability. In addition, some Thai genotypes
wereal so used for comparisoninthepresent study.
Nevertheless, photoperiod sensitivity and light
intensity are not the only factors affecting soybean
yield. Soil conditions, weeds, pests and diseases
should also be taken into consideration in soybean
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production (Kaewmeechai et al., 1992).

In the present experiment, a measure of
relative performance of genotypes under different
environments could provide information for the
adaptability and stability patterns of the genotypes
(Finlay and Wilkinson, 1963).

MATERIALSAND METHODS

The experiment was a 10 x 3 x 4 factorial
with three replicates arranged in a randomized
complete block design. Each plot measured 2 m x
4 m containing four rowswith 50 cm between rows
and 20 cm between plants within each row.

The ten genotypes used were seven from
Brazil controlled by thelong-juvenilegenes(IAC-2,
CPAC 150-76, CPAC 359-76, CPAC 63976,
TGX 1447-3D, VX 4.16.12 and SantaMaria) and
three from Thailand (KUSL 20004, CM 60 and SJ
4). The twelve environments were created with
threeplant densities(200,000, 300,000 and 400,000
pl/ha) andfour planting dates (July 8, 1996, August
30, 1996, October 22, 1996 and December 14,
1996). Basal fertilizer wasappliedtoal plotsat the
rates of 18.75, 56.25 and 37.50 kg/ha of N, P,Og
and K50, respectively. The plots were kept free
from weeds by hand-weedings. Pests and diseases
were kept under control as necessary. Sprinkler
irrigation was applied during the dry periods.

The following parameters were recorded
from each plot:

1) Soybean yield was obtained randomly
from a1 m? quadrat;

2) Number of pods/plant was randomly
recorded from 10 plants within a1 m?2 quadrat;

3) Number of seeds/pod was derived from
arandom sampling of 50 pods from within thetwo
middle rows of the plot; and

4) Seed size (100 seed weight) was
randomly measured from a 1 m? quadrat.

To measure the stability patterns of the

parameters, regression coefficient (b) between the
genotypicmeanval uesandtheenvironmental mean
values was used. This could aso be applied as a
measure of adaptability. Genotypes with b < 1.0
were considered above average in stability and
specially adapted to unfavorable environments;
genotypes with b values > 1.0 were considered
below averagein stability and specially adapted to
favorable environments; and genotypes with b =
1.0weredescribed asaverageinstability and either
poorly or well adapted to all environments
depending upon the genotypic mean yield (Finlay
andWilkinson, 1963). Inthismethod, theregression
of genotype on test mean yield consists of the
following components:

b = [92m+9(gm)(m)]/2m,
where 92m is the variance due to environmental
effectsand °(gm)(m) isthe covariance of genotype
x environmental effectswithenvironmental effects.

The genotype x envionment interaction
results were obtained by the analyses of variance.

RESULTSAND DISCUSSION

Genotypes

Table 1 shows the results of soybean yield
and yield components.

1. Yield

Differences between genotypesin soybean
yield were statistically significant. The genotypes
with high yield were VX4.16.12 (1,372 kg/ha),
Santa Maria (1,381 kg/ha), KUSL 20004 (1,732
kg/ha), CM 60 (1,468 kg/ha) and SJ 4 (1,360 kg/
ha). IAC-2 had the lowest yield, about 41 % lower
than the high yielding genotypes. The highest
yielding genotype was KUSL 20004 which isthe
recently improved genotype from Thailand
(Srinives et al., 1996).

2. Yield components

2.1 Seed size (100 seed weight)

Significant differences between genotypes
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in seed size were observed. The genotypes with
largeseed sizewere CPAC 150-76 (14.2g), CPAC
539-76 (13.8g), TGX 1447-3D (14.4g), KUSL
20004 (14.9g), CM 60 (13.8g) and SJ 4 (13.79).
Santa Maria had the smallest seed size (11.79g),
about 17 % smaller than the large seeded group.
The KUSL 20004 gavethe largest seed size of all.

2.2 Number of pods/plant

Therewere significant differencesbetween
genotypesin number of pods/plant. The genotypes
which produced high number of pods/plant were
VX 4.16.12 (62 pods/plant), CM 60 (59 pods/
plant), SJ 4 (56 pods/plant) and Santa Maria (65
pods/plant). CPA C 53976 gavethelowest number
of pods/plant (44 pods/plant), about 29 % lower
than those with high number of pods/plant.

2.3 Number of seeds/pod

Significant differences between genotypes
in number of seeds/pod were recorded. Those
genotypes giving high number of seeds/pod were
SantaMaria (1.92 seeds/pod), KUSL 20004 (2.01
seeds/pod), SJ4 (1.85 seeds/pod) and CM 60 (1.95
seeds/pod). The genotype which had the smallest
number of seeds/pod was| AC-2 (1.31 seeds/pod),
about 32 % smaller than the group with high
number of seeds/pod.

These data suggested that a genotype with
either high number of pods/plant or high number of
seeds/pod with large seed size inclined to produce
high yield.

Environments

Table 1 showsthe results of soybean mean
yieldandyield componentsunder eachenvironment
when calculated across the ten genotypes.

No significant differences in yield were
detected when the soybean genotypeswere planted
in October with planting density of 200,000 pl/ha,
the Octaber planting with plant density of 400,000
pl/haand the December planting with 200,000 pl/
ha. When the planting dates per se weretaken into

account, the yields in October and December
plantings(rangingfrom 1,293to 1,319 kg/ha) were
significantly higher than those planted in July and
August (ranging from 1,157 to 1,206 kg/ha).

There were no significant differences
betweentheenvironmentsinmean 100 seed weight.
The October and December plantings gave
significantly higher number of pods/plant (ranging
from 60 to 63 pods/plant) than the July and August
plantings (ranging from 48 to 52 pods/plant). In
contrast, the July and August plantings produced
significantly higher number of seeds/pod (ranging
from 1.73 to 1.89 seeds/pod) than the October and
December plantings (ranging from 1.54 to 1.56
seeds/pod).

Theresultsindicated, ingenerd , that changes
in plant density had no significant influence on
soybean yield and yield componentsin the present
study.

Genotype x environment interaction

The results of the genotype x environment
interactionsfor soybeanyieldandyield components
revealed that the mean squares of environments
and genotype x environment interactions for yield
and yield components were not significant (data
not shown). On the contrary, the mean square of
genotypes was highly significant suggesting that
there was a genetic variation. The genotypes were
the main factor contributing to the differencesin
yield and yield components.

Stability estimatesfor yield

The stability patterns of soybean yield of
theten genotypesareshownin Table2. Significant
regression coefficients indicated by the tests of
agreementwithb=0for VX 4.16.12 (1,372 kg/ha)
and SJ 4 (1,360 kg/ha) suggested that changes of
theyieldsof these genotypeswerelinear functions
of theenvironments (Finlay and Wilkinson, 1963).
Soybean yields of Santa Maria (1,381 kg/ha) and
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Table1l Main effectsof genotypeand environment onyield, 100 seed weight, number of pods/plant and

number of seeds/pod.
Genotype Yield 100 Seed Number of
(kg/ha) weight (g) Pods/plant Seeds/pod
IAC-2 862 13.40 47 131
VX 4.16.12 1372 13.53 62 1.66
CPAC 150-76 1178 14.21 52 1.52
CPAC 539-76 964 13.77 44 1.50
CPAC 639-76 1221 13.01 54 161
TGX 1447-3D 890 14.44 49 143
SANTA MARIA 1381 11.73 65 1.92
KUSL 20004 1732 14.85 68 2.01
CM 60 1468 13.89 59 1.95
Si4. 1360 13.69 56 1.85
SE. (Mean) 3341 0.19 2.0 0.07
Environment

El 1206 13.73 49 1.85
E2 1179 13.69 49 1.83
E3 1181 13.68 48 1.89
E4 1191 13.77 51 1.79
E5 1157 13.61 52 173
E6 1172 13.56 51 175
E7 1319 13.66 63 155
E8 1294 13.62 61 154
E9 1309 13.54 62 1.56
EIO 1312 13.62 61 1.56
Ell 1293 13.69 60 154
E12 1301 13.64 61 154
SEE. (Mean) 18.30 0.11 1.0 0.04

El = 8 July 1996, 200,000 plants’ha E7 = 22 October 1996, 200,000 plantsha

E2 = 8 July 1996, 300,000 plants/ha E8 = 22 October 1996, 300,000 plants’ha

E3 =8 July 1996, 400,000 plants/ha E9 = 22 October 1996, 400,000 plants’ha

E4 = 30 August 1996, 200,000 plants’ha EIO = 14 December 1996, 200,000 plants’ha

E5 = 30 August 1996, 300,000 plants/ha Ell = 14 December 1996, 300,000 plants’ha

E6 = 30 August 1996, 400,000 plants’ha E12 = 14 December 1996, 400,000 plants/ha
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Table2 Stahility estimates across twelve environments among the ten soybean genotypes for yield.

Genotype Meanyield Regression coefficient b=0 b=1 r
(kg/ha) (b) t(DF=10) P t(DF=10) P (%)
IAC -2 862 0.110+0.189 0.58 NS - - 3
VX 4.16.12 1372 1.564+0.261 6.00 * 2.16 NS 78
CPAC 150-76 1178 1.104+0.072 15.24 > 1.44 NS 96
CPAC 539-76 964 0.292+0.142 2.05 NS - - 30
CPAC 639-76 1221 0.941+0.123 7.65 * 0.48 NS 85
TGX 1447-3D 890 0.872+0.163 4.13 > 2.01 NS 63
SantaMaria 1381 2.288+0.175 13.10 * 7.36 ** 04
KUSL 20004 1732 2.077+0.230 9.05 * 4.86 ** 89
CM 60 1468 0.083+0.136 0.61 NS - - 4
Si4 1360 0.869+0.176 4.94 * 0.74 NS 71
Grand Mean 1243

NS = nonsignificant.
* and ** significant at p < 0.05 and p < 0.01, respectively.

KUSL 20004 (1,732 kg/ha) weremore sensitiveto
favorable environments than any other genotype.
These are illustrated by their steeper regression
slopes. CM 60 (1,468 kg/ha) was the most stable
genotype (b < 1) with above average yield, while
the IAC-2 and CPAC 53976 aso gave above
averagestability but their yieldswerebel ow average.
The TGX 1447-3D (890kg/ha), CPAC 150-76
(1,178 kg/ha) and CPAC 639-76 (1,221 kg/ha) had
average stability but below average performance.
These results suggested that the genotype such as
CM 60 would produce high yield in all
environments. On the other hand, the TGX
1447-3D, CPAC 15076 and CPAC 639-76would
givelowyieldsinall environments. Thegenotypes
SantaMariaand KUSL 20004 gave above average
performance and specialy adapted to favorable
environments.

Stability estimatesfor yield components

The stability for 100 seed weight of the ten
soybean genotypesisgivenin Table 3. Therewere
significant regressions for all genotypes between
genotypicmean 100 seed weight and environmental
mean 100 seed weight. The dataindicated that the
100seedweight of all genotypeswereaboveaverage
in stability and specially adapted to unfavorable
environments.

Table 4 shows the data on stability pattern
for number of pods/plant. The regression
coefficientsb = 1 between genotypic mean number
of pods/plant and environmental mean number of
pods/plant for the genotypes CPAC 150-76 and
TGX 1447-3D were not significant. Changes in
number of pods/plant for thesetwo genotypeswere
linear functions of the environments. The number
of pods/plant for the genotypes IAC-2, CPAC
539-76 and CPAC 639-76 were stable across
environments and, therefore, specially adapted to
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Table3 Stahility estimates across twelve environments among the ten soybean genotypes for 100 seed

weight.
Genotype Mean Regression coefficient b=0 b=1 r2
100 seed weight () (b) t(DF=10) P t(DF=100 P (%)
IAC-2 13.40 1.339+0.807 1.66 NS - - 22
VX 4.16.12 13.53 1.062+0.668 1.59 NS - - 20
CPAC 150-76 14.21 1.265+0.597 212 NS - - 31
CPAC 539-76 13.77 1.933+1.005 1.92 NS - - 27
CPAC 639-76 13.01 0.354+1.303 0.27 NS - - 1
TGX 1447-3D 14.44 1.317+0.649 2.03 NS - - 29
SANTA MARIA 11.73 1.183+0.872 1.36 NS - - 16
KUSL 20004 14.85 0.731+0.652 112 NS - - 11
CM 60 13.89 0.385+0.405 0.95 NS - - 8
SJ4 13.69 0.700+0.864 0.81 NS - - 6
Grand Mean 13.65

NS = nonsignificant.
* and ** significant at p < 0.05 and p < 0.01, respectively.

Table4 Stability estimates acrosstwelve environments among the ten soybean genotypes for number of

pods/plant.
Genotype ~ Mean number of Regression coefficient b=0 b=1 r2

pods/plant (b) t(DF=10) P t(DF=100 P (%)
IAC-2 47 0.529+0.252 2.10 NS - - 31
VX 4.16.12 62 1.493+0.112 13.28 * 4.40 ** 05
CPAC 150-76 52 1.242+0.313 3.96 * 0.77 NS 61
CPAC 539-76 a4 0.190+0.105 1.80 NS - - 25
CPAC 639-76 54 0.431+0.132 3.28 NS - - 52
TGX 1447-3D 49 0.747+0.271 2.75 * 0.93 NS 43
SANTA MARIA 65 1.682+0.083 20.33 * 8.22 ** 08
KUSL 20004 68 3.005+0.347 8.67 * 5.78 ** 88
CM 60 59 1.962+0.112 17.55 * 8.59 ** 97
Si4 56 1.791+0.114 15.69 * 6.94 ** 96
Grand Mean 56

NS = nonsignificant.
* and ** significant at p.< 0.05 and p < 0.01, respectively.
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unfavorableenvironments. TheSJ4, CM 60, KUSL
20004, Santa Mariaand VX 4.16.12 were below
averagein stability for their number of pods/plant.
They were specially adapted to favorable
environments.

Thestability for number of seeds/pod of the
ten soybean genotypes is shown in Table 5. The
regressionsof thegenotypic mean number of seeds/
pod onthe environment mean number of seeds/pod
for VX 4.16.12, CPAC 150-76, CPAC 539-76,
CPAC 639-76 and TGX 1447-3D were highly
significantly different from zero. These results
suggested that changesinthischaracter werelinear
functions of the environments. The number of
seedg/podfor | AC-2, SantaMariaand KUSL 20004
gave above average stability patternsasillustrated
by b < 1. Santa Maria and KUSL 20004 were
considered the most stable genotypes with,
particularly, above average number of seeds/pod.

The two genotypes were, therefore, specially
adapted to unfavorable environments in this
character. CM 60 and SJ 4 had below average
stability and specially adapted to favorable
environments.

CONCLUSION

Results of the experiment on ten soybean
genotypesplantedintwel veenvironmentsconsi sted
of various plant densities and planting dates led to
the following conclusions:

1. Thegenotypeswithaboveaverageyield
wereVX 4.16.12, SantaMaria, KUSL 20004, CM
60 and SJ 4.

2. Although genotype x environment
interaction study showed that genotype was the
most important factor contributing to the variation
in yield and yield components, stability patterns

Table5 Stability estimates across twelve environments among the ten soybean genotypesfor nwnber of

seeds/pod.
Genotype  Mean number of Regression coefficient b=0 b=1 re
seeds/pod (b) t(DF=10) P t(DF=10) P (%)
IAC-2 131 0.243+0.244 1.00 NS - - 9
VX 4.16.12 1.66 1.064+0.105 10.11 o 0.61 NS 91
CPAC 150-76 1.52 0.859+0.735 11.69 o 0.19 NS 93
CPAC 539-76 150 0.843+0.122 6.90 o 1.29 NS 83
CPAC 639-76 161 1.300+0.136 9.54 o 221 NS 90
TGX 1447-3D 1.43 1.109+.0.261 4.25 o 0.42 NS 64
SANTA MARIA 192 0.251+0.142 177 NS - - 24
KUSL 20004 2.01 0.693+0.409 1.69 NS - - 22
CM 60 1.95 1.647+0.278 5.93 *x 2.33 * 78
Si4 1.85 1.794+0.215 8.34 o 3.69 ** 87
Grand Mean 1.68

NS = nonsignificant.
* and ** significant at p < 0.05 and p < 0.01, respectively.
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suggested that changesin these characters of some
genotypes were linear functions of the
environments;

3. The high yielding genotypes such as
SantaMaria, CM 60, KUSL 20004 did not respond
to changesinenvironment. Their variationinyield
and yield components were mainly genotypic in
nature;

4. The four high yielding genotypes
selected for further evaluations on various
environments were the VX 4.16.12, Santa Maria,
CM 60 and KUSL 20004.
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