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Abstract

ARSLANOGLU, F. and S. AYTAC, 2010.  Determination of stability and genotype x environment interactions
of some agronomic properties in the different soybean (Glycine max. (L) Merrill) cultivars.
Bulg. J. Agric. Sci., 16: 181-195

It was aimed to determine the genotype x environment interactions and stability of seed yield and some
agronomic characteristics of soybean in different ecogeographical locations of Turkey. In this study, field experi-
ments were conducted at 8 locations in Turkey (Bafra, Carsamba, Turhal, Erbaa, Gokhoyuk, Suluova, Kabali,
Boyabat) during two years. The eight soybean cultivars (Flint, Apollo, Savoy, Amsoy 71, Macon, Ap2292, SA88,
A3127) were used in this study. The effect of genotype (G), environment (E) and GxE interactions on pod
number per plant, plant height, seed yield and 1000-seed weight were found significantly (p<0.01). Among the
experiment locations, the pod number per plant ranged between 87.34 and 33.87 units; plant height between
100.41 and 68.71 cm; seed yield between 379.49 and 211.85 kg da-1; 1000-seed weight between 210.06 and
133.66 g.  The highest seed yield was obtained from Flint cultivar. Besides, Flint and Apollo cultivars were good
performance in all environments for seed yield. SA88 cultivar in terms of pod number per plant, and Macon
cultivar in terms of plant height was found to be stable in all environments. A stable cultivar for seed yield could
not be found among the cultivars.
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Introduction

Soybean (Glycine max (L.) Merrill) seeds are
used an important source for food consumption and
for use as animal feed, due to their high protein and
fat content. Soybean originated in China. It was
brought to Turkey by Caucasian migrants, and ini-
tially cultivated in the Black Sea Region (Ayyildiz,
1964). Currently in Turkey, soybean is grown as the

main agricultural crop in the Middle Black Sea Re-
gion, and as the second crop in the Aegean, Marmara,
Mediterranean (Cukurova) and Southeastern Anatolia
Regions. However, the varying regional ecological
conditions found throughout Turkey mean that it is ex-
tremely important to select appropriate cultivars for
each environment.

The interaction between the genetic structure of a
plant and the environmental factors is called genotype
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x environment interaction. Plant breeders make use
of genotype x environment interactions for the
identification of high yield cultivars of the required
quality. In general, they would aim to develop cultivars
which are suitable for various environment conditions
and least affected by environmental variations; in other
words, to have a stable structure (Demir and Tosun,
1991). Where crop trials to determine the genotype x
environment interactions indicate that the interaction
is insignificant, this simplifies the cultivar selection. In
situations where this interaction is significant, in other
words where the genotypes’ performance rankings
differ according to location, there is a need to develop
a cultivar for each location. In the case of determining
the significance of genotype x location x year
interactions, the breeder should select the genotypes
with superior average yield in all locations and years
(Ozberk, 1990). Plants are directly affected by factors
such as high temperature, day length and relative
humidity, and their potential yields are not realized
(Uncu and Arioglu, 2005).

The best cultivars are those which are most stable,
which can grow well in different environments and
provide the best yield (Luquez, 2004). Stability
statistics are used for the purposes of determining
highly stable cultivars and to recommend a cultivar
for a certain environment (Bozoglu and Gulumser,
2000). One of the methods most widely used as a
stability parameter is the regression coefficient
(Eberhart and Russell, 1966; Finlay and Wilkinson,
1963). The nearer the regression coefficient to 1, the
higher the stability of the genotype (Caylak et al.,
1994). A stable cultivar is one whose variance between
environments is low, with performance parallel to its
trial averages, and where the mean square of deviation
from regression is low (Tugay and Yilmaz, 1994).
According to previous studies of soybeans, high yield,
pod number per plant, seed number per pod and seed
weight (Cui et al., 2005) are related to the increase in
biological yield, number of branches and pod number
(Shrivasta and Shukla, 1998; Pandey et al., 2004).
Genotype, environment and genotype x environment
interactions were found to be significant in terms of
plant height, pod number, 100 seed weight, seed yield

(El-Karamity, 1996; Deka and Talukdar, 1997; Alam
et al., 1999; Mishra et al., 1999; Mohanty et al., 1999;
Fehr et al., 2003; Joshi et al., 2005; Mondal et al.,
2005) and number of branches in the plant, maturity
duration (Bhandarkar et al., 2001). According to the
findings of Onemli and Atakisi (2001), whilst yield was
influenced by genotype and environment, only maturity
duration was affected by genotype. In a study of 8
soybean cultivars, Goksoy et al. (2003) found that
the genotype x environment interaction was significant
for seed yield. The researchers determined differences
between the stabilities of the cultivars, and found that
Hadgsoy-78, A3127, Ataem-1, Corsoy and SA88
cultivars performed well to suitable environment
conditions. Ramana and Satyanarayana (2005)
reported that genotype x environment interaction was
significant for all characteristics analyzed, except for
seed number per pod and pod length. They found
seven genotypes to be stable for seed yield and; one
genotype to be stable for pod number per plant, 100-
seed weight, and plant height; however, they did not
identify a genotype that was completely stable for all
characteristics.

Nassiuma and Wasike (2002) reported that four
soybean cultivars were stable in different
environments in terms of plant height, maturity
duration, adaptation and yield. Rao et al. (2002) found
the effect of genotype to be more significant than the
environment x year interaction for plant height, seed
yield, and harvest index. On the other hand, Vinay et
al. (2006) stated that genotype x year interaction had
a significant influence on seed yield and plant height.
Ilisulu (1965) found that the same cultivars’ growth
durations differed according to environmental factors.
Plants matured early in the case of high temperatures,
resulting in early flowering cultivars being shorter, and
late flowering cultivars being taller. This variation in
plant height was positively correlated with yield. In
studies conducted with soybean cultivars in different
maturity groups in various environments, seed yield,
genotype, environment and genotype x environment
interaction was found to be significant (Sudaric et al.,
2006).

Alghamdi (2004) published similar findings, and
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stated that seed weight and seed yield varied in different
environmental conditions according to genotypes. It
was suggested that, for maximum yield, cultivars with
relatively high yield in different environments should
be selected; that more than one year is needed for
this; that genotype x environment interaction played
an important role in developing the environment
adaptation of the genetic material. The aim of the
present study was to determine the stability and
adaptation groups of used cultivars, interaction of
genotype x environment of some agronomic properties
and seed yield of soybean.

Materials and Methods

The research area was situated in the Middle Black
Sea Region of Turkey. Soybean production is estab-
lished in some parts of the region. Experimental loca-
tions were selected in the provinces of Amasya
(Gokhoyuk and Suluova district), Tokat (Erbaa and
Turhal district), Samsun (Carsamba and Bafra dis-
trict) and Sinop (Kabalý village and Boyabat district).
The research was conducted over 2 years (2004 and
2005) in eight environments. However, during 2005,
the plants were damaged by strong and warm winds
the seedling period at the Suluova location; at the
Carsamba location, the experiments were canceled,
as the plants were eaten by rabbits; these experiments
were repeated in 2006. Therefore, the 2nd year cli-
mate and soil data of these two locations were ob-
tained during 2006.  The cultivars were used the
Maturity Groups (MG) of I (Savoy and Ap2292), II
(Amsoy 71, Apollo, Flint) and III (A3127, SA88,
Macon). Research indicated that the cultivars included
in the II, III and IV Maturity Groups performed very
well to Turkey’s climatic conditions in terms of growth
duration (Arioglu, 2007). However, for the Middle
Black Sea Region, which lies in the north of Turkey
and has shorter vegetation duration, the early flower-
ing soybean cultivars included in the 0, I and II Matu-
rity Groups were found to be more suitable (Ozcelik
et al., 2001).

The seeds were inoculated with Brady rhizobium
japonicum bacteria culture for high seed yield. They

were then sown in a randomized complete block de-
sign with three replications. Each plot was four rows
wide and 4 meters long with 70 cm row-to-row spac-
ing and plant-to-plant distance was maintained as 5
cm. Sowing period was completed between the dates
24th May-3rd June in both years. Fertilization, irriga-
tion and weed control followed standard cultural prac-
tice. The plants were harvested by hand. Seed yield
(kg da-1, decare=0.1 hectare) and 1000-seed weight
(g) data are expressed on a dry weight basis. Plant
height (cm) and pod number per plant (unit) were
determined from 10 plants selected from each plot.
The harvests were completed in both years between
the dates of 15th October (in Erbaa location) and 5th

November (in Carsamba and Kabali locations).
In all of the environments where the experiments

were conducted the structure of the soil was clay and
clay loamy. In Amasya (Gokhoyuk and Suluova lo-
cations), the soil was semi-limey; limey in Tokat (Erbaa
and Turhal locations); limey and semi-limey in Samsun
(Carsamba and Bafra locations); very limey in Sinop
(Kabali and Boyabat locations) and  the levels of soil
organic matter  were found sufficient for soybean
growing  in all locations ( Laboratory of Soil and Wa-
ter Research Institute,  Samsun, in  Turkey).

The locations varied in latitude (from 42o01’ to
40o04’ N),   longitude (from 36o30’ to 34o46’ E), and
altitude (from 11 to 815 m).

Samsun and Sinop provinces exhibit the moderate
climate characteristics of the Middle Black Sea Re-
gion. They have similar characteristics, with a climatic
character which is relatively hot and arid in the sum-
mer and cool and wet in the winter. Tokat and Amasya
provinces exhibit an intermediate climatic character
between the Middle Black Sea Region and terrestrial
climate. Summers are hot and arid and winters are
cold. Proportional moisture values were recorded as
follows respectively; in Sinop and Samsun locations,
74.0-73.8%; in Amasya and Tokat locations, 60-
65%. Monthly temperature and rainfall data during
growing season of the two research years were ob-
tained from the local weather stations at the eight lo-
cations, and are shown in Figures 1 and 2.

Statistical analyses were performed on the pod
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number per plant, plant height, seed yield and 1000
seed weight. The data obtained was analyzed using
analysis of variance (ANOVA) by combining the data
collected over the 2 years and in 8 environments. The
means were compared by using the Least Significant

Difference (LSD) at a level of 1% (Yurtsever, 1984).
In order for stability analyses to be conducted, geno-
types x environment interaction variances need to be
significant (Ozberk, 1990). In this research, stability
analyses were conducted according to Eberhart and

Fig. 1. Monthly rainfall average during growing season of  two years
in locations

Fig. 2. Monthly temperature average during growing season of  two years
in locations
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Russel (1966). Accordingly, the regression coefficient
on environment average of genotypic value of each
genotype in different environment is:

bi= Σj=1(x ij- x  i.)( x .j- x ..) / Sj=1(x .j- x ..)
2 ,

where: i= genotypes, j= environments. Square
means deviation from regression on environment av-
erages of phenotypic values in different environment
of each genotype:

Σ2d = 1/q-2 [Σj=1 ( x ij - x i.)2 - bi2 Sj=1
( x .j - x  .)

2] was found (Eberhart and Russel, 1966).

A stable cultivar,  which the average is higher than
the general   average in terms of any investigated prop-
erty of all cultivars in all environment, the regression
coefficient is equal to 1, variance (deviation from re-
gression variance) in environments variance in differ-
ing environments is zero or near zero (Tables 2-5).
The adaptations of genotypes are shown in graphical
form (Figure 4 a, b and Figure 5 a, b) using the trial’s
overall average ( x ) and regression coefficient (b) and
the confidence limits determined for these with a 1%
probability (G.S=t.S) as well as being categorized into
9 adaptation groups (Arshad, 1990; Bozoglu and
Gulumser 2000). According to the methodology de-

veloped by Arshad (1990) is shown mathematical and
verbal expression of adaptation groups of genotype
in Figure 3. Accordingly, the favorable environment
where the regression coefficient (b) is higher than 1
and in unfavorable environment is smaller than 1. In
other words, as shown in Tables 1, 3, 4, 6 the envi-
ronment index in unfavorable environments was nega-
tive and was positive in favorable environments.

Results

The results of the study indicated that there were
significant (p<0.01) differences among the genotypes,
environments and genotype x environment interactions
for pod number per plant, plant height, seed yield and
1000-seed weight (Tables 1, 3, 4, 6).

 Among all environments, the pod number ranged
between 33.87 -87.34 unit/plant.  The effect of geno-
types on the pod number per plant was found to be
significant (p<0.01). Among the genotypes, the pod
number ranged between 43.62 unit/plant (Ap2292
cultivar) and 70.64 unit/plant (Apollo cultivar).  In the
genotype x environment interaction, pod number per
plant varied between 24.87 and 110.53 unit (Table
1), and the trial average pod number per plant was
found to be 58.03 unit/plant.

The regression coefficient calculated for pod num-

Fig.3. Mathematical and verbal expression of genotypical adaptation

1;poorly performance to favorable environments, 2;moderately performance to favorable
environments, 3; well performance to favorable environments, 4; poorly

performance to all environments, 5; moderately performance to all environments,
6; well performance to all environments, 7; poorly performance to unfavorable

environments,8; moderately performance to unfavorable environments,
9; well performance to unfavorable environments
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ber per plant was between 0.50-1.55, and the re-
lated confidence limits were 0.87<bi< 1.13. All culti-
vars except for SA88 (3) cultivar remained outside of
these limits. The averages pod number per plant of
Amsoy 71 (1), Flint (4), and Apollo (5) cultivars were
found to be higher than the trial average (58.03 unit/
plant) (Table 2). SA88 (3) cultivar as the most stable
cultivar, which displayed a moderate performance to

all environments for pod number per plant (Figure 4a).
Among different environments, the highest plant height
was recorded at the Gokhoyuk location (100.41cm).
In LSD test conducted among the environments,
Erbaa, Kabali and Boyabat, where the lowest plant
height was measured, were in the same statistical group
(p<0.01). Compared the cultivars, plant height ranged
between 65.14 cm and 90.96 cm.  Amsoy 71 and
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Fig. 4. The adaptation groups of  soybean cultivars grown in different locations;
(a) pod number per plant (number); (b) plant height (cm)
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A3127 cultivars, which had the highest plant height,
were in the same statistical group (Table 3).

The regression coefficient determined for plant
height ranged between 0.80 and 1.19, and the mean
square of deviation from regression ranged between

17.7 and 311.7 (Table 2). The average plant height
for all cultivars used in the trial was 80.51 cm. The
plant height of Amsoy 71 (1), A3127 (2), SA88 (3),
Apollo (4) cultivars were above the trial average. The
Macon (7) cultivar, which performed moderately to
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Amsoy71 38.8 62.83 67.05 104.85 36.98 45.18 53.31 92.56 62.69c
A3127 34.84 67.55 62.48 89.31 33.61 45.75 54.06 55.46 55.38de
SA 88 35.65 56.65 73.71 82.53 41.91 51.15 42.03 78.3 57.74d
Apollo 40.41 82.96 93.95 110.53 48.31 47.2 47.75 94 70.64a
Flint 33.35 64.86 107.41 88.65 50.85 51.76 60.65 80.88 67.30b
Savoy 36.06 75.08 66 74.95 41.13 48.26 46.66 39.75 53.49d
Macon 24.87 58.31 62.8 80.31 54.05 39.88 44.88 61.95 53.38d
Ap 2292 26.96 43.73 51.87 67.63 39.67 37.96 35.55 45.68 43.62e
Environment mean ** 33.87g 64.00d 73.15b 87.34a 43.32f 45.89ef 48.11e 68.57c 58.03
Environment Index -24.16 5.97 15.12 29.31 -14.71 -12.14 -9.92 10.54
LSD (P <0.01) of genotype and  environment= 3.232;  ** There were no differences at 0.01 
probability levels between averages with same superscripts

Genotypes

Table 1 
Pod number per plant (unit/plant) of soybean cultivars grown in different locations

Environments
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Mean  (bi) (S2d) Mean (bi) (S2d)
1,Amsoy 71 62.69 1.4 181.2 90.55 1.03 72.3
2,A3127 55.38 0.77 98.8 90.98 1.19 53.4
3,SA 88 57.74 1.06 89.5 86.1 1.04 30.6
4,Apollo 70.64 1.55 92.9 82.77 1.14 34.2
5,Flint 67.3 1.21 131.1 78.26 0.8 57.4
6,Savoy 53.49 0.68 178.5 72.44 0.81 17.7
7,Macon 53.38 0.83 55.4 77.84 1.05 38.5
8,Ap2292 43.62 0.5 80.8 65.14 0.94 311.7
Mean 58.03 1 80.51 1
Confidence limit 2.7 bi ± 0,13 3.16 bi ± 0.05
(bi), Regression  coefficient;  (S2d), The mean square of  deviation from regression

Pod number per plant Plant height

Table 2  

Cesitler

The stability parameters calculated for pod number per plant (number) and plant height (cm) 
of soybean cultivars grown in different locations

±x ±x



all environments in terms of plant height, was stable
cultivar (Figure 4b). Ap2292 and Savoy cultivars per-
formed poorly to unfavorable environments, whilst
A3127 cultivar performed well to favorable environ-
ments.

The seed yields of soybean cultivars in varying
environments ranged between 211.85 kg da-1

(Suluova) and 379.49 kg da-1 (Carsamba). The seed
yield averages of the cultivars differed from each other
and ranged between 252.89 kg da-1 and 328.18 kg
da-1. This variation of approximately 75 kg was found
to be statistically significant (p<0.01). The highest seed
yield was obtained from the Flint cultivar, and the low-
est yield from the Ap2292 cultivar. Genotype x envi-
ronment interaction on the seed yield was statistically
significant (Table 4), for this reason the stability pa-
rameters of the cultivars were determined (Table 5).

According to the data of environment index, the
other locations except from Erbaa, Suluova and
Kabali was “favorable environment”. The Carsamba
was the most favorable environment in terms of seed
yield where environment index was positive (Table

4). A3127 (2) cultivar performed moderately to fa-
vorable environments; Apollo (4) and Flint (5) culti-
vars performed well to all environments; SA88 (3)
cultivar performed poorly to favorable environments;
Ap2292 (8) cultivar performed poorly to all environ-
ments; Amsoy 71 (1) cultivar performed well to unfa-
vorable environments; and Savoy (6) and Macon (7)
cultivars performed moderately to unfavorable envi-
ronments. The resulting adaptation groups of the cul-
tivars are shown in Figure 5a. The trial average of
seed yield was calculated as 300.18 kg da-1, and
Amsoy 71 (1), A3127 (2), Apollo (4), Flint (5), Ma-
con (7) cultivars exceeded this average. The confi-
dence limits for yield average were within
292.07<<308.29. A3127 (2), Savoy (6) and Macon
(7) cultivars remained within confidence limits (Table
5). According to adaptation groups of Arshad (1990),
a stable cultivar couldn’t be identified for seed yield
(Figure 5a), While the Apollo (4) cultivar, which the
regression coefficient was near to 1 (1.01) and the
mean square of deviation from regression was the
nearest to zero (1023.6), seed yield was higher than
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Amsoy71 85.11 86.83 112.13 87.32 106.76 81.16 77.2 70.31 90.55a
A3127 74.56 93.21 109.83 85.59 112.15 87.3 76.41 80.65 90.96a
SA 88 74.53 79.93 104.83 84.65 106.28 88.8 65.81 77.76 86.10b
Apollo 65.45 77.26 109.95 76.83 102.58 82.6 74.12 68.1 82.77b
Flint 65.45 72.6 84.24 82.66 95.9 81.13 71.94 67.18 78.26c
Savoy 68.96 65.35 84.08 71.21 89.85 70.26 62.26 60.52 72.44d
Macon 68.08 65.55 91.25 83.7 103.85 73.16 65.11 68.3 77.84c
Ap 2292 54.23 50.97 72.52 69.81 85.9 84.76 56.85 59.06 65.14e
Environment mean ** 69.55f 73.96e 96.10b 80.22d 100.41a 86.16c 68.71f 68.98f 80.51
Environment Index -10.96 -6.55 15.59 -0.29 19.9 5.65 -12.8 -11.53
LSD (P <0.01) of genotype and  environment= 4.210; ** There were no differences 
at 0.01 probability levels between averages with same superscripts

Genotypes

Table 3 
Plant height (cm) of soybean cultivars grown in different locations

Environments
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the trial average, was the most stable cultivar accord-
ing to methods of Eberhart and Russel (1966) (Table
5).

The 1000-seed weight, which is related to overall
seed yield, ranged between 133.66 g and 210.06 g
among environments. The highest 1000-seed weight
was obtained at the Carsamba location, followed by
Bafra location. Among the environments, the lowest
1000-seed weight (133.66 g) was determined in
Erbaa location. The 1000-seed weights of the culti-
vars ranged between 162.97 g and 183.27 g. The
highest 1000-seed weight was determined in the Sa-
voy cultivar. This was followed by Amsoy 71 cultivar
with 180.60 g which is included in the same statistical
group (p<0.01). SA88 and Ap2292 cultivars were in
the same group with the lowest 1000 seed weight
(p<0.01) (Table 6). The regression coefficient deter-
mined for 1000 seed weight ranged between 0.87
and 1.25, and the mean square of deviation from re-
gression was between 61.8 and 193.8. The trial av-
erage for 1000 seed weight was 174.05, and Amsoy
71 (1), Apollo (4), Savoy (6) and Macon (7) culti-

vars achieved higher values than the average. The
confidence limit calculated for 1000-seed weight was
171.25<<176.85, and regression coefficient
0.96<bi<1.04 (Table 5). The regression coefficients
of Apollo (4), Flint (5), and Savoy (6) cultivars were
close to 1. As seen in Figure 5b.  Macon (7) cultivar
performed well to unfavorable environments; Amsoy
71 (1) cultivar performed well to favorable environ-
ments; The Apollo (4) and Flint (5) were the most
stable cultivars according to method of Eberhart and
Russel (1966). But, these cultivars (4, 5) and Savoy
(6) cultivars performed well to all environments in
adaptation group of Arshad (1990). SA88 (3) and
Ap2292 (8) cultivars performed poorly to unfavor-
able environments, and A3127 (2) cultivar performed
poorly to all environments.

Discussion

In soybeans, the number of pods present on the
plant and the fullness of the pods are the most impor-
tant criteria for seed yield. In previous studies, pod
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Amsoy71 279.58 372.21 414.32 325.38 279.15 221.38 266.36 327.44 310.73c
A3127 241.19 366.49 386.87 343.01 317.66 196.25 273.6 289.68 301.84d
SA 88 205.2 323.57 369.81 313.16 355.89 177.55 288.77 300.96 291.86e
Apollo 300.4 338.24 415.89 337.69 351.25 215.1 292.76 316.6 320.99b
Flint 306.5 349.62 432.3 316.11 358.42 247.83 277.67 336.99 328.18a
Savoy 212.02 315.96 389.67 321.31 325.73 213 284.39 286.55 293.58e
Macon 290.45 301.44 353.45 257.18 377.12 240.83 288.85 302.12 301.43d
Ap 2292 192.74 250.33 273.58 307.37 311.2 182.84 235.61 269.46 252.89f
Environment mean ** 253.51g 327.23 c 379.49a 315.15 d 334.55 b 211.85 h 276.00f 303.72 e 300.18
Environment Index -46.67 27.05 79.31 14.97 34.37 -88.33 -24.18 3.54
LSD (P <0.01) of genotype and environment= 2.722;  ** There were no differences 
at 0.01 probability levels between averages with same superscripts;  da,,10-1 ha

Genotypes

Table 4 
Seed yield (kg da-1) of soybean cultivars grown in different locations

Environments



number per plant varied according to whether the
cultivar was early flowering or late flowering, sowing
time, stress factors encountered during growth (Oya
et al., 2004), and high temperatures experienced during
the pod setting period. In different regions of Turkey,
pod number per plant was found to be between 67.7-
53.9 unit (Sincik et al., 2005), and 109.6-34.3 unit
(Erdogmus, 2007). In the present study, pod number
per plant was found to be between 110.53-24.87 unit,
the highest pod number per plant was determined in
the Apollo cultivar in the II Maturity Group, followed
by Flint and Amsoy71. Ozcelik et al. (2001) recom-
mend early flowering soybean cultivars for regions with
short vegetation duration such as the Middle Black
Sea Region. In the present study, the cultivars in the II
Maturity Group produced more pods compared to
the other groups. According to previous research, pod
number per plant was affected by the cultivar x sea-
son interaction (Bhandakar et al., 2001) and geno-
type x environment interaction (Mondal et al., 2005).
Martignone et al. (2004) reported that climate had a
considerable effect on every growth period of the
soybean, and that different maturity groups showed
various reactions in different environments.

Plant height (which is affected by environmental
effects such as climate and soil factors, as well as cul-

tural processes such as sowing frequency, sowing
period, and irrigation frequency) is longer in late ma-
turing cultivars compared to early flowering cultivars
(Ilisulu, 1965). Previous studies stated that the plant
height displayed significant differences in terms of geno-
types, environments and genotype x environment in-
teraction (Alam et al., 1999; Rajanna et al., 1999;
Mishra et al., 1999; Karasu et al., 2001; Bhandarkar
et al., 2001; Joshi et al. 2005). According to Akhter
and Sneller (1996), plant height is additionally closely
linked to the growth characteristic. In the present study,
the Savoy and Ap2292 cultivars which were in Group
I matured earlier compared to the cultivars in Matu-
rity Groups II and III, resulting in a shorter plant height.
However, the cultivars did not give a similar reaction
in all environments. This result is indicative of the re-
actions of the genotypes being extremely variable in
different environments. Desclaux et al. (2000) reported
that in soybeans, drought stress encountered during
the vegetative period caused the plant height to be
shortened, the pod number to be reduced during the
pod production period, and that stress encountered
in the final stage of the seed ripening reduced the seed
weight. Among the experimental locations of the
present study, as shown in Figure 2, the months of
May, June and July, which are the growth, flowering
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Mean (bi) (S2d) Mean (bi) (S2d)
Amsoy 71 310.73 0.9 1290.7 180.6 1.25 193.8
A3127 301.84 1.2 1040.3 166.1 1.01 82.4
SA 88 291.86 1.14 993.1 162.97 0.88 61.8
Apollo 320.99 1.01 1023.6 178.29 1 99.4
Flint 328.18 0.99 1186.1 177.65 1.02 99
Savoy 293.58 0.89 741.8 183.27 1.01 126.6
Macon 301.43 0.83 1468.6 178.41 0.87 85.6
Ap2292 252.89 1.04 3619.9 165.12 0.94 107.6
Mean 300.18 1 174.05 1
Confidence limit 8.11 bi ± 0.04 2.8 bi ± 0.04
(bi),Regression  coefficient;  (S2d), The mean square of  deviation from regression

Seed yield 1000 seed weight

Table 5  

Genotypes

The stability parameters calculated for seed yield (kg da-1) and 1000-seed weight (g) 
of soybean cultivars grown in different locations

x ± x ±



and seed ripening periods, were warmer in the
Gokhoyuk location where the plant height was high-
est, compared to other locations. In soybean trials
conducted in the different regions of Turkey with vari-
ous climate conditions, the plant height values were
distributed across extremely wide ranges as is the case
in the present study (Uslu et al., 1997; Yilmaz and Efe
1998; Yilmaz 1999; Karasu et al., 2001; Ustun and
Homer 2001; Arslanoglu et al., 2005; Bakoglu and
Aycicek 2005; Zaimoglu et al., 2005; Sincik et al.,
2005). The findings of the present study indicated that
in the height of soybeans plants differed with the ef-
fect of the cultivars’ maturity groups and the environ-
ment. The results of the present study showed that
the Macon cultivar was the most stable cultivar in terms
of plant height across the various experimental loca-
tions.

The most important issue for both the producer
and the breeder is high seed yield and quality. Previ-
ous research on soybean suggests that the seed yield
is significantly affected by the year x genotype inter-
action (Karasu et al., 2001, Vinay et al., 2006). Fur-
thermore, it has been demonstrated that genotype,

environment and genotype x environment interaction
had various effects on seed yield (El-Karamity, 1996;
Deka and Talukdar, 1997; Mohanty et al., 1999; Alam
et al., 1999; Weilenmann-de-Tau and Luquez, 2000;
Joshi et al., 2005; Ramana and Satyanarayana, 2005;
Zhang et al., 2005; Sudaric et al., 2006). Dardanelli
et al. (2006), who identified the highest seed yield per
decare (0.1 ha) in soybean cultivars of different groups
in 14 environments in Maturity Groups II and III,
mentioned that the environment had an effect on the
genotype. In the present study, the cultivars in Matu-
rity Group II were the cultivars which produced the
highest yield in regional conditions. Among the differ-
ent environments, the highest yield was produced at
the Carsamba location, where temperature and rain-
fall were more regular than other locations. The find-
ings of the present study were similar to those of Egbo
et al. (2004) and Ferh et al. (2003) who mentioned
that soybean cultivars displayed significant differences
when cultivated in varying environments. In trials con-
ducted in various locations in Turkey, seed yields per
decare ranged between 493.3-119.7 kg (Ustun and
Homer, 2001), 452-367 kg (Cinsoy et al., 1996),
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Amsoy71 136.67 173 222 233.67 154.16 193.5 180.5 151.83 180.60ab
A3127 127.5 160 193 198.67 144.83 180.5 185.33 139 166.10d
SA 88 131.33 157.5 189.5 188.33 138.66 170.66 185.83 142 162.97e
Apollo 138.5 177 226.33 197.5 158 181.5 191.66 155.83 178.29bc
Flint 121.67 174.67 217 193.67 161.66 194.66 196.33 161.5 177.65c
Savoy 146.17 177 220.83 221.83 166.16 190.83 183.33 160 183.27a
Macon 136.17 173.83 219.83 195.83 166.16 185.33 193.5 156.67 178.41bc
Ap 2292 131.83 165.67 192 192.16 134.5 172.5 186.83 145.5 165.12de
Environment mean ** 133.66g 169.83e 210.06a 202.71b 153.02f 183.69d 187.92c 151.54f 174.05
Environment Index -40.39 -4.22 36.01 28.66 -21.03 9.64 13.87 -22.51
LSD (P <0.01) of genotype and environment= 2.891; ** There were no differences 
at 0.01 probability levels between averages with same superscripts

Table 6 
1000-seed weight (g) of soybean cultivars grown in different locations

Environments

Genotypes
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263.9 -127.5 kg (Yilmaz and Efe, 1998), and 287-
232 kg (Sincik et al., 2005). Martignone et al. (2004),
who mentioned that the reactions of the soybean to
climate conditions differed at each growth period, in-
dicated that   location was one of the factors in the
variability in seed yields.   Seed yields in the present
study differed between growing locations. The trial
locations displayed significant differences in terms of
climate characteristics, which affected the cultivars to
varying degrees.

The 1000-seed weight is an important character-
istic which determines the seed yield and quality. The
findings of the present study support earlier studies
Alam et al. (1999), Bhandarkar et al. (2001), Rao et
al. (2002), Joshi et al. (2005), Ramana and
Satyanarayana (2005), and Zhang et al. (2005), who
stated that the 1000-seed weight of soybean cultivars
were significantly affected by the  genotype x envi-
ronment interaction. According to researchers who
link high 1000-seed weight with high seed yield, high
temperatures and inadequate water levels encountered
during seed ripening restrict the development of the
seeds (Andriani et al., 2004; Oya et al., 2004). In our
study, the highest 1000-seed weight and seed yield
were found at the Carsamba location, where the rain-
fall and temperature distribution in the months of May,
June and July are more balanced compared to the
other locations. In contrast, the lowest 1000-seed
weight and yield were determined in the Suluova lo-
cation where it was relatively arid and hot during the
seed ripening period. The results of this study together
with the temperature and rainfall graphs, it can be seen
that the temperature and rainfall distributions at each
location affected the yield of the cultivars differently,
including the negative effects of the heavy rains during
the seedling period (e.g. Boyabat and Erbaa loca-
tions) or the drought during seed ripening (e.g. Suluova
location).

In conclusion, Flint and Apollo cultivars performed
well to all environments in terms of seed yield. It was
determined that these two cultivars may be preferred
which are in the II Maturity Group for soybean pro-
duction in the climate of the Middle Black Sea Re-
gion of Turkey and in regions having  similar climate.

In addition to the overall performance of these two
cultivars, Amsoy 71 and A3127 cultivars displayed
high performance in terms of seed yield at Turhal and
Bafra locations; SA88 and Macon cultivars at
Gohhoyuk and Kabalý locations; Macon cultivar at
Suluova location; Amsoy 71 cultivar at Boyabat lo-
cation. Overall, the Carsamba location, which has
relatively hot and arid conditions in the summer and
mild and rainy climate in the winter, produced higher
seed yield compared to the other locations in the
Middle Black Sea Region.

Acknowledgements
This research was supported by TUBITAK-Ag-

riculture, Forest and Veterinary Research Grant Com-
mittee (Research Project No. TOGTAG 3344) and
by Ondokuz Mayis University, Faculty of Agriculture.
We would also like to thank Samsun Commodity
Exchange for their assistance in the determination of
seed quality. It would have been impossible to com-
plete this work without the assistance of farmers on
locations. We would like to thank all of them sincerely.

References

Akhter, M. and C. H. Sneller, 1996. Yield and yield
components of early maturing soybean genotypes
in The Mid-South. Crop Science, 36: 877-882.

Alam, M. S., M. A. Z. Chowdhury, Q. A. Khaliq
and S. Yasmin, 1999. Stability analysis for seed
yield and its components in soybean (Glycýne max
(L.) Merrill). Annals of Bangladesh Agriculture,
9: 43-48.

Alghamdi, S. S., 2004. Yield stability of some soybean
genotypes across diverse environments. Pakistan
Journal of Biological Sciences, 7: 2109-2114.

Andriani, J. M., R. Martignone, A. Quijoano and
M. L. Bodrero, 2004. Different water stress lev-
els during reproductive stages produce different
reductions in soybean yield and its components. In:
F. Moscardi et al., (Editors), Abstracts of Contrib-
uted Papers and Posters. VII World Soybean Re-
search Conference, IV International Soybean Pro-
cessing and Utilization Conference, February 29 to

192 F. Arslanoglu and S. Aytac



March 5, 2004. Documentos 228, pp.184 (Brazil).
Arioglu, H. H., 2007. Growing and breeding of oil

plants. Cukurova University, Agricultural Faculty
Publication no: 220 (Tr).

Arshad, Y., 1990. A research on some stability pa-
rameters used to determine adaptability of geno-
types. Master Thesis. Ege University, Agricultural
Faculty (Tr).

Arslanoglu, F., S. Aytac and E. Karaca, 2005. The
Determination of yield criteria of some soybean
(Glycýne max L.) varieties sowed in Samsun and
Sinop locations for second crop productýon. The
Sixth Field Crops Congress of Turkey. In: M.
Karaca and M. Bilgen (Editors), Proceeding, vol
I: 387-392 (Tr).

Ayyildiz, R., 1964. Feed value of two kind pulps ob-
tained by Espeller metods and soybean pulp. An-
kara University Agricultural Faculty, Publication no,
219 (Tr).

Bakoglu, A. and M. Aycicek, 2005. Seed yield and
agronomic properties of soybean (Glycine max (L.)
Merrill) at Elazig conditions. Firat University. Jour-
nal of Applied Science and  Engineering, 17:
52-58.

Bhandarkar, S., P. K. Chandrakar and S. K. Sýnha,
2001. Study on cultivar x season interaction in
soybean. Advances in Plant Sciences, 14: 297-
299.

Bozoglu, H. and A. Gulumser, 2000. Determination
of genotype x environment interactions of some ag-
ronomic characters in dry bean (Phaseolus vul-
garis L.) Turkish Journal of Agriculture and For-
estry, 24: 211-220.

Caylak, O., C. F. Caliskan, M. B. Yildirim and N.
Algan, 1994. To determinate of adaptation capa-
bility by using truncated selection method of some
soybean lines and cultivars in Aegean Region Con-
dition. Field Crops Congress, In: R.Avcioglu (Edi-
tor), Plant Breeding Proceeding, vol. 2: 140-144
(Tr).

Cinsoy, A. S., N. Acikgoz, M. Yaman and A. Kitiki,
1996. Relationships among some characteristics in
F2 generation of soybean. Journal of Aegean
Agricultural Research Institute, 6: 1-10 (Tr).

Cui, S. Y. and D. Y. Yu, 2005. Estimates of relative
contribution of biomass, harvest index and yield
components to soybean yield improvements in
China. Plant Breedýng, 124: 473-476.

Dardanelli, J. L., M. Balzarýni, M. J. Martýnez,
M. Cuniberti, S. Resnik, S. F. Ramunda, R.
Herrero and H. Baigorri, 2006. Soybean maturity
groups, environments, and their interaction defýne
mega-environments for seed composition in
Argentina. Crop Science, 46: 1939-1947.

Deka, S. D and P. Talukdar, 1997. Stability behavior
of some soybean (Glycine Max (L.) Merrill)
genotypes under environmental variability. Indian
Journal of Genetics and Plant Breedýng, 57:
36-39.

Demir, I. and M. Tosun, 1991. Research on stability
statistical and stability of wheat. Journal of Ege
University Agricultural Faculty, 28: 7-24 (Tr).

Desclaux, D., Tung-Thanh-Huynh and P. Roumet,
2000. Identification of soybean plant characteristics
that indicate the timing of drought stress. Crop
Science, 40: 716-722.

Eberhart, S. A. and W. A. Russell, 1966. Stability
parameters for comparing cultivars. In Statistical
Genetics and Plant Breeding .NAS-NSR, Pub. no
982, pp: 164-196.

Egbo, C. U., M. A. Adagba and D. K. Adedzwa,
2004. Responses of soybean genotypes to intercrop-
ping with maize in the Southern Guinea Savanna,
Nigeria. Acta Agronomica Hungarica, 52: 157-
163.

El-Karamity, A. E., 1996. Potential productivity of
some soybean genotypes at different dates of
planting and harvesting. Assiut Journal of
Agricultural Sciences, 27: 57-76.

Erdogmus, M., 2007. The determination of agronomic
traits will be examined in the selection for early yield-
ing genotypes of soybean (Glycine Max (L.)
Merr.). Master Thesis, Ondokuz Mayýs Univer-
sity, Applied Sciences Institute (Tr).

Fehr, W. R., J. A. Hoeck, S. L. Johnson, P. A.
Murphy, J. D. Nott, G. I. Padilla and G. A.
Welke, 2003. Genotype and environment influence
on protein components of soybean. Crop Science,

193Determination of Stability and Genotype x Environment Interactions of some Agronomic Properties...



43: 511-514.
Finlay, K. W. and G. N. Wilkonson, 1963. The analy-

sis of adaptation in plant-breeding programme. Aus-
tralian Journal of Agricultural Research, 14:
742-754.

Goksoy, A. T., Z. M. Turan, A. Karasu and M.
Oz, 2003. Genotype x environment interaction, sta-
bility and correlation analysis, heredity of some ag-
ronomic traits in soybean (Glycine max (L.) Merill).
Uludag University, Agricultural Faculty. Scientific
Researches Serial, no: 26 (Tr)

Ilisulu, K., 1965. Research on main traits of soybean
cultivars  in different soil and climatic conditions.
Ankara University. Publications of Agricultural
Faculty No: 250, research number, 155 (Tr).

Joshi, H. J., J. J. Vaghani, B. V. Radadia and D.
R. Mehta,  2005. Genotype x environment
interaction and stability analysis in soybean.
Advances in Plant Sciences, 18: 515-518.

Karasu, A., M. Oz and A.T. Goksoy, 2001. A study
on the adaptation of some soybean (Glycine max
(L.) Merill) cultivars under Bursa conditions. The
4.  Field Crops Congress of Turkey. In: S.Sehirali
et al. (Editors), Trakya University Tekirdag Agri-
cultural Faculty, Proceeding vol II: 123-128  (Tr).

Luquez, J., 2004. Stability of soybean cultivars ((Gly-
cine max L.) Merill.) for seed yield and harvest
index in the South of Buenos Aires Province,
Arjentina. Abstracts of Contributed Papers and
Posters. In:F.Moscardi et al., (Editors). VII World
Soybean Research Conference, IV International
Soybean Processing and Utilization Conference,
February 29 to March 5, 2004, Documentos 228. p.
245 (Brazil).

Martignone, R., M. L. Bodrero, A. Quijoano, J.
M. Enrico and J. M. Andriani, 2004. Effects of
genotype and weather factors in soybean seed yield
at oliveros , Arjentina. Abstracts of Contributed Pa-
pers and Posters. In:F.Moscardi et al., (Editors).
VII World Soybean Research Conference,IV In-
ternational Soybean Processýng and Utilization
Conference, February 29 to March 5, 2004,
Documentos 228 p. 184 (Brazil).

Mishra, D. K., G. P. Mishra and M. S. Baghel,

1999. Genotype x environment interaction for seed
yield and its components in soybean. Annals of
Agricultural Research, 20: 56-59.

Mohanty, S. K., B. Baisakh and B. Bhol, 1999.
Phenotypic stability of seed yield and maturity in
soybean (Glycine max). Indian Journal of
Agricultural Sciences, 69: 820-822.

 Mondal, S., M. Chettri and R. Nath, 2005. Stability
of soybean (Glycine max) lines for yield and yield-
attributing traits in Hill Zone of West Bengal. Indian
Journal of Agricultural Sciences, 75: 106-108.

Nassiuma, D. and W. Wasike, 2002. Stability
assessment of soybean cultivars in Kenya. African
Crop Science Journal, 10: 139-144.

Ozberk, I., 1990. Genotype x environment interac-
tion. Collected work no 1. Guney Dogu Anadolu
Agricultural Research Institute (Tr).

Oya, T., A. L., Nepomuceno, N. Neumaier, J. R.
B. Farias, S. Tobito and O. Ito, 2004. Evaluation
and characterization of drought tolerance among
Brazilian soybean cultivars in the field. Abstracts
of Contributed Papers and Posters. In: F.Moscardi
et al., (Editors). VII World Soybean Research Con-
ference, IV International Soybean Processing and
Utilization Conference, February 29 to March 5,
2004, Documentos 228, p. 185 (Brazil).

Onemli, F. and I. K. Atakisi, 2001. A study on the
determination of correlation analysis of maturing day
with some yield and quality characters in soybean
(Glycine max (L.) Merr.) The 4.  Field Crops
Congress of Turkey. In: S.Sehirali et al. (Editors),
Trakya University, Tekirdag Agricultural Faculty,
Proceeding vol II: 355-359 (Tr).

Ozcelik, H., S. Aytac and O. Ozdemir, 2001. An
investigation on yield and some characters of soy-
bean cultivars having different maturity groups. The
4.  Field Crops Congress of Turkey. In: S.Sehirali
et al. (Editors), Trakya University, Tekirdag Agri-
cultural Faculty, Proceeding vol II: 151-156 (Tr).

Pandey, R. D., K. Singh, B. V. Pushpendra Singh
and M. K. Gupta, 2004. Interrelationship study
among different compenents for seed yield in soy-
bean. Abstracts of Contributed Papers and Post-
ers. In:F.Moscardi et al., (Editors). VII World Soy-

194 F. Arslanoglu and S. Aytac



bean Research Conference,IV International Soy-
bean Processýng And Utilization Conference, Feb-
ruary 29 to March 5, 2004, Documentos 228. p.
238 (Brazil).

Rajanna, M. P., S. R. Viswanatha, R. S. Kulkarni
and S. Ramesh, 1999. Stability analysis for seed
yield and its components in soybean (Glycine max
(L.) Merrill). Crop Research Hisar, 18: 437-442.

Ramana, M. V. and A. Satyanarayana, 2005. Stabil-
ity analysis for yield and component traits in soy-
bean, (Glycine max (L.) Merrill.) Journal of Oil-
seeds Research, 22: 18-21.

Rao, M. S. S., B. G. Mullinix, M. Rangappa, E.
Cebert, A. S. Bhagsari, V. T. Sapra, J. M. Joshi
and R. B. Dadson, 2002. Genotype x environment
interactions and yield stability of food-grade
soybean genotypes. Agronomy Journal, 94: 72-
80.

Shrivastava, M. K. and R. S. Shukla, 1998. Genetic
analysis for yield and its components in soybean
under different environments. Crop Research
Hisar, 16:196-201.

Sincik, M., T. A. Goksoy and Z. M. Turan, 2005.
A study on yield and yield components of some soy-
bean (Glycine Max (L.) Merill) cultivars under
Bursa conditions. In: M. Karaca and M.Bilgen (Edi-
tors), the Sixth Field Crops Congress of Turkey.
Proceeding vol I: 1095-1099 (Tr).

Sudaric, A., D. Simic and M. Vrataric, 2006.
Characterization of genotype by environment
interactions in soybean breeding programs of
Southeast Europe. Plant Breeding, 125: 191-194.

Tugay, M. E. and G. Yilmaz, 1994. Genotype and
environmental interactions of Potato. The Field
Crops Congress of Turkey. In: R.Avcioglu (Editor),
Plant Breeding, Ege University Agricultural Faculty,
Proceeding vol II: 145-149 (Tr).

Uncu A. H. and H. H. Arioglu, 2005. The effect of
some growth regulators on seed yield and quality
characteristics of soybean at different planting times
in second crop soybean farming, The Sixth Field
Crops Congress of Turkey. In: M. Karaca and M.
Bilgen (Editors), Proceeding vol I: 375-380 (Tr).

Uslu, N., S. Aytac and E. Esendal, 1997. Effects of
inoculation, planting dates and imbibition duration
on some agronomic characters and seed yields of
soybean (Glycine max L.) Turkish Journal of
Agriculture and Forestry, 21: 451-456.

Ustun, A. and A. D. Homer, 2001. Soybean breed-
ing  researches at Blacksea Region. Report of Re-
sult at 2000, Karadeniz Agricultural Research In-
stitute, pp, 323-330 (Tr).

Vinay, M., S. K. Shukla, H. S. Gupta and K.
Ravinder, 2006. Identification of stable genotypes
of soybean (Glycine max (L.) Merill) for Mid-Hills
of Northwestern Himalayas. Crop Improvement,
33: 74-77.

Weilenmann-De-Tau, M. E. and J. Luquez, 2000.
Variations for biomass, economic yield and harvest
index among soybean cultivars of maturity groups
III and IV in Argentina. Soybean Genetics
Newsletter 27.

Yilmaz, A. H., 1999. The effect of different seed rates
on yield and yield components of two soybean (Gly-
cine max (L.) Merill) cultivars in Kahramanmaras
conditions. Turkish Journal of Agriculture and
Forestry, 23: 223-232.

Yilmaz, A. H. and L. Efe, 1998. Possibilities of grow-
ing of some soybean [Glycine max (L.) Merill]
cultivars as a double crop under Kahramanmaras
conditions. Turkish Journal of Agriculture and
Forestry, 22: 135-142.

Yurtsever, N., 1984. Experimantel statistical metods.
pub.no, 121. Publication of Ankara Soil and Fertil-
izer Research Institute (Tr).

Zaimoglu, B., H. H. Arioglu, U. Curuk, T. Sogut,
D. Bek and L. Gulluoglu, 2005. The determina-
tion of agronomic and quality character of some
soybean cultivars and lines can be grown in second
crop condation. The Sixth Field Crops Congress of
Turkey. In: M. Karaca and M. Bilgen (Editors),
Proceeding vol I: 405-410 (Tr).

Zhang, M. Q., M. S. Kang, P. F. Jr. Reese and H.
L. Bhardwaj, 2005. Soybean cultivar evaluation
via GGE biplot analysis. Journal of New Seeds, 7:
37-50.

Received June, 2, 2009; accepted for printing December, 22, 2009.

195Determination of Stability and Genotype x Environment Interactions of some Agronomic Properties...


