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Abstract. A soybean with both high yielding and high concentrations of desired seed quality components
is an ideal cultivar. The objective of this study is is to examine the yield stability of soybean promising lines
with high isoflavone contents across environments in Indonesia. In the present study, performance of 12
soybean genotypes over eight locations during the dry season 2012 was investigated using AMMI analysis.
Environment (location) attributed higher proportion of the variation (36%), while the rest were genotype and
GEI contributed 5.6% and 18.4% of total variation, respectively. Genotypes G1 (IAC100/K-60-1092-1141)
and G9 (K/IAC100-997-1035) with both high yield and high isoflavone content were proposed to be released
as new soybean cultivars for specific environment in Indonesia.
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1. Introduction
High yielding cultivar is the main focus of the soybean development in Indonesia. But often most studies
focus on high yields and overlook yield stability, which is also an important factor for food security [1]. The
yield stability is influenced by several factors, i.e. environmental factors. The considerable variation in soil
and climate has resulted in large variation in yield performance, thus genotype × environment interaction
(GEI) is an important circumstance for plant breeders and agronomists.
Soybean is often described as the miracle golden bean, the pearl of the Orient, the Cinderella crop of the
century, the meat that grows on vines, the protein hope of the future and the salvation crop among others.
These attributions are mainly due to the relatively high protein content (about 40%) contained in soybean
seeds [2]. Soybean-protein products also contain a high concentration of isoflavones, up to 1 g/kg [3].
Soybean isoflavones have shown to positively impact on the human health [4]. Indonesian as the largest
soybean consumer and has long been consuming soybean in the form of processed products such as tofu,
tempeh, salted soybean, and soy sauce. Strategic position of soybean as healthy food will increasingly
important if there is availability of high yielding soybean cultivar with high isoflavone content.
The additive main effects and multiplicative interaction (AMMI) analysis model, combining the analysis
of variance (ANOVA) and principal components analysis (PCA), has emerged as a powerful analytical tool
to interpret the interaction and widely applied in breeding researches [5], [6]. The aim of this paper is to
examine the yield stability of soybean promising lines with high isoflavone contents in several different agro
ecological environments in Indonesia.

2. Materials and Methods
2.1. Field Evaluation
Research materials consists of ten soybean promising lines with high isoflavone content (IAC100/K-601092-1141; IAC100/K-67-1099-1147; B/IAC100-47-678-764; IAC100/SHR-W60-1-252-273; K/IAC100
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71-1011-1041; IAC100/K-5-1037-1062; K/IAC100-64-1004-1037; IAC100/K-2-1034-1058; K/IAC100997-1035; IAC100/SHR-W60-6-257-285) and two check varieties (Wilis and Anjasmoro). The experiments
were done in eight locations (Depok, Sleman, Klaten, Mojokerto, Blitar, Pasuruan, Tabanan and West
Lombok) during the dry season I (March – June 2012) and dry season II (June – September 2012). A
randomized completely block design with four replicates was used in each location. Each line was planted on
2.4 m x 4.5 m plot size, 40 cm x 15 cm plant distance, two plants/hill. Fertilizer of 50 kg Urea, 100 kg SP36
and 75 kg KCl per ha were applied before sowing time. Weed, insect and disease were controlled intensively.
Isoflavone extraction and HPLC analyses were done using a modified version of the protocol of [7].

2.2. AMMI Model Analysis
AMMI analysis combines ANOVA and principal component analysis (PCA) where the sources of
variability in the genotype by environment interaction are partitioned by PCA. The AMMI model analysis of
soybean seed yield was performed by a SAS program written by [8].
The
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 is the grand mean, g i is the genotype effect, e j is the site effect, k is the singular value for principal
components k,  ik is the eigenvector score for genotype i and component k,  jk is the eigenvector score for
environment j and component k, and  ij. is the error for genotype i and environment j. The results of the
AMMI model analysis were interpreted by a biplot [9].

3. Results and Discussion
3.1. Genotype Performance
Average seed yield of 12 genotypes at eight locations was 2.62 t/ha. The seed yield of the check cultivars
Wilis and Anjasmoro were 2.63 t/ha and 2.64 t/ha, respectively. Seed yields of 10 genotypes ranged from
2.49 t/ha to 2.82 t/ha. Five genotypes i.e G1 (2.82 t/ha), G2 (2.66 t/ha), G6 (2.69 t/ha), G7 (2.70 t/ha) and G9
(2.75 t/ha) had higher seed yield than the yield grand mean and the check cultivars.
Table I: Analysis of variance of AMMI model for seed yield (t/ha) of twelve soybean cultivars grown in 10
environments during dry season 2012.
Source of
variation
Environment
Rep (Env)
Genotype
GEI
PC1
PC2
PC3
Residual
Error

Degree of
freedom
7
24
11
77
17
15
13
32
264

Sum of
Squares
28.928
5.786
4.472
14.791
6.053
3.094
2.768
2.876
26.430

Mean Square

P value

4.132
0.241
0.406
0.192
0.356
0.206
0.212
0.304
0.100

<.0001
<.0001
<.0001
<.0001
0.00000
0.00003
0.00412

Percentage of
GEI SS

Cumulative percentage of GEI
SS

40.92
20.92
18.71
19.45

40.92
61.84
80.55
100

3.2. AMMI Analysis
The analysis of variance results are presented in Table I. The ANOVA showed that seed yield were
significantly affected by E and G. The highest percentage of variaton was explained by E main effect (36%),
while G and GE effects explained the rest of variation (5.6% and 18.4%, respectively). A similar pattern was
obtained from previous studies [10], [11].
A large yield variation explained by environments indicated that the environments were diverse, with
large differences among environmental means causing most of the variation in seed yield. Environment seed
yields (averaged across cultivars) ranged from 2.11 t/ha (E8) to 3.02 t/ha (E6). Cultivar seed yields (averaged
across environment) ranged from 2.47 t/ha (G10) to 2.87 t/ha (G1). The GEI was a crossover type with
different yield ranking of genotypes across environments.
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The AMMI analysis partitioned the sum of squares of GEI into ten interaction principal components axes
(IPCA), of which the first three IPCA were significant. Result from AMMI model showed that the first
principal axes (PCA) captured 40.92% of the SSG×E, the second 20.92%, and the third 18.71%. The criterion
of postdictive success of the AMMI model identified the first three IPCA axes in the model and the three
principal component axes of the interaction were significant fo the AMMI model. Hence, this is led to the
selection of the AMMI3 model. However, two interaction principal component axes for AMMI model was
sufficient for predictive model. Other interaction principal component axes captured mostly non-predictive
random variation (noise) and did not fit to predict validation observations [12]-[14]. Therefore, the
interaction of the 12 genotypes with 8 environments was best predicted by the first two interaction principal
components of genotypes and environments.
AMMI biplots are given in Figure 1 (AMMI1) and Figure 2 (AMMI2). Figure 1 plots PCA axes 1 versus
mean yield of both genotypes and environments, showed the main and IPCA effects of both G and E on seed
yield. According to [15], cultivars that had IPCA1 scores > 0 responded positively (adapted) to the
environments that had IPCA1 scores > 0 but responded negatively to environments that had IPCA1 scores <
0, and the reverse applies for cultivars that had IPCA1 scores < 0. On this basis, genotypes G3, G5, G9, and
G10 were adapted to E2, E3, E7, and E8. In contrast, genotypes G1, G2, G6, G7, G8, and G11were adapted
to E1, E4, E5, and E6.

Fig. 1: Biplot of Principal Component Analysis (PCA) Axis 1 versus Mean Yield (t/ha) for 12 soybean genotypes
grown in eight environments during dry season 2012.

The differences among cultivars in terms of direction and magnitude along the x axis (yield) and y axis
(IPCA1 scores) were also important. The cultivar with a lower absolute IPCA score would produce a lower
absolute GEI effect than the cultivar with a higher absolute IPCA score and have a less variable (more stable)
yield across environments [15], [16]. The cultivar stability ranking based on lower absolute IPCA scores was
genotypes G2, G6, G8, G4, G3, G10, G5, G11, G9, G12, G7, and G1. Genotype G2 prove to be stable
genotypes but low on seed yield. Genotype G6 was also stable but had average yield. Genotypes G1 and G9
had the highest yield but relatively low on stability, thus both genotypes may perform well under specific
environmental conditions.
The second biplot (Figure 2) is of PCA axis 1 versus PCA axis 2 for both genotypes and environments.
Distribution of genotype points in the AMMI2 biplot revealed that the genotypes 6 and 8 scattered close to
the origin, indicating minimal interaction of these genotypes with environments. The remaining 10 genotypes
scattered away from the origin in the biplot indicating that the genotypes were more sensitive to
environmental interactive forces. Interaction of genotypes with specific environmental conditions was judged
by projection of genotype points on to environment spokes. For example, the genotypes G4 had moderate
positive interaction and genotypes G6 had negative interaction in the location E2.
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Fig. 2: Biplot of Principal Component Analysis (PCA) Axis 1 versus PCA Axis 2 for 12 soybean genotypes grown in
eight environments during dry season 2012.
Abbreviations: G1=IAC100/K-60-1092-1141; G2=IAC100/K-67-1099-1147; G3=B/IAC100-47-678-764;
G4=IAC100/SHR-W60-1-252-273; G5=K/IAC100-71-1011-1041; G6=IAC100/K-5-1037-1062; G7=K/IAC100-641004-1037; G8=IAC100/K-2-1034-1058; G9=K/IAC 100-997-1035; G10=IAC100/SHR-W60-6-257-285; G11=Wilis;
G12=Anjasmoro; E1=Depok, E2=Klaten, E3=Sleman, E4=Mojokerto, E5=Blitar, E6=Pasuruan, E7=Tabanan, E8=West
Lombok.

3.3. Soybean Isoflavone
The total isoflavone content of soybean genotypes is listed in Table II. Measurement of isoflavone of 12
genotypes derived from seed yield obtained from location of Probolinggo and Blitar. The high yielding
genotypes G1 and G9 also had high of isoflavone content (394.77 ppm and 396.69 ppm, respectively). The
five soybean varieties that have the highest total isoﬂavone content were genotypes G7, G1, G9, G6, and
Wilis. The overall range in average total isoﬂavone content was 149.71 to 398.50 ppm.
Table II: The total isoflavone content of twelve soybean promising lines. 2012.
No.

Total isoflavone (ppm)

Genotipe
Probolinggo

Blitar

Average

Seed yield
(t/ha)

1

IAC 100/K-60-1092-1141

449.00

340.53

394.77

2.82

2

IAC 100/K-67-1099-1147

240.88

257.46

249.17

2.66

3

B/IAC 100-47-678-764

133.89

203.02

168.46

2.49

4

IAC 100/SHR-W60-1-252-273

316.57

217.61

267.09

2.56

5

K/IAC 100-71-1011-1041

149.11

187.46

168.29

2.49

6

IAC 100/K-5-1037-1062

280.03

369.24

324.64

2.69

7

K/IAC 100-64-1004-1037

347.58

449.42

398.50

2.70

8

IAC 100/K-2-1034-1058

271.34

157.89

214.62

2.54

9

K/IAC 100-997-1035

364.42

428.96

396.69

2.75

10

IAC 100/SHR-W60-6-257-285

123.45

175.96

149.71

2.47

11

Wilis

267.05

418.93

342.99

2.63

12

Anjasmoro

188.44

166.21

177.33

2.64

260.98

281.06

271.02

2.62

Average

Ideal soybean production systems achieve both high seed yield and high concentrations of desired seed
quality components. The positive relationship between total isoflavone concentration and seed yield have
been reported by [17], as it suggests that high soybean yield could be compatible with high quality from an
isoflavone-based functional food perspective. Tthe availability of soybean cultivar with high isoflavone
content play important role for the provision an inexpensive and healthy functional food in Indonesia.
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4. Conclusion
There were five genotypes (G1, G2, G6, G7, and G9) had higher seed yield than the yield grand mean
and the check cultivars. Genotypes G1 (IAC100/K-60-1092-1141) and G9 (K/IAC100-997-1035) had both
high yield and high isoflavone content were recommended to be developed in specific environment.

5. Acknowledgements
The authors would like to thank the Indonesian Agency for Agricultural Research and Development
(IAARD) Ministry of Agriculture for the financial support, and to all persons who participated in the
execution of the field research and in shaping up the manuscript.

6. References
[1] H.P. Piepho. Methods for comparing the yield stability of cropping systems - A review. Agron. Crop Sci. 1998,
180: 193-213.
[2] A. Kolapo. Soybean: Africa's Potential Cinderella Food Crop, Soybean - Biochemistry, Chemistry and Physiology,
Prof. Tzi-Bun Ng (Ed.), ISBN: 978-953-307-219-7, InTech, 2011, Available from:
http://www.intechopen.com/books/soybean-biochemistry-chemistry-and-physiology/soybean-africa-s-potentialcinderella-food-crop.
[3] K. D. R. Setchell, M. Welsh, C. K. Lim. High-Performance Liquid Chromatographic Analysis of Phytoestrogens
in Soy Protein Preparations with Ultraviolet, Electrochemical and Thermospray Mass Spectrometric Detection.
Chromatogr. 1987, 386: 315 pp.
[4] C. M. Hasler. Scientific status summary on functional foods: Their role in disease prevention and health promotion.
Food Technol. (Chicago). 1998, 52: 63–70.
[5] H. G. Gauch. Statistical analysis of yield trials by AMMI and GGE. Crop Sci. 2006, 46: 1488–1500.
[6] P. Tukamuhabwa, H. Oloka, T. Sengooba, P. Kabayi. Yield stability of rust-resistant soybean lines at four midaltitude tropical locations. Euphytica. 2012, 183 (1): 1-10.
[7] T. J. Vyn, X. Yin, T.W. Bruusema, C.C.Jackson, I. Rajcan, S.M. Bouder. Potassium fertilization effects on
isoflavone consentrations in soybean (Glycine max (L.) Merr.). Agric. Food Chem. 2002, 50: 3501-3506.
[8] M.V. Hernandez and J. Crossa. The AMMI analysis and graphing the biplot. CIMMYT. INT. Mexico, 2000.
[9] H. G. Gauch and R. W. Zobel. AMMI analysis of yield trials. In: M. S. Kang and H. G. Gauch (eds.). Genotypeby-Environment Interaction. CRC Press, Boca Raton. New York, United States of America, 1996.
[10] A. Krisnawati and M.M. Adie. Stabilitas dan hasil beberapa galur kedelai. Penelitian Pertanian. 2009, 28 (3): 170175.
[11] A. Gatut_Wahyu and M.M. Adie. Adaptabilitas Galur Harapan Kedelai di Lingkungan yang Beragam. Penelitian
Pertanian. 2010, 29 (03): 166-170.
[12] R. W. Zobel, M. J. Wright, H. G. Gauch. Statistical analysis of a yield trial. Agron. J. 1988, 80: 388–393.
[13] S. Admassu, M. Nigussie, H. Zelleke. Genotype × environment interaction and stability analysis for grain yield
(Zea mays L.) in Ethiopia. Asian J. Plant Sci. 2008, 7 (2): 163-169.
[14] H. Namorato, G. V. Miranda, L. V. de Souza, L. R. Oliveira, R. O. DeLima, E. E. Mantovani. Comparing Biplot
Multivariate Analyses with Eberhart and Russell’ method for genotype x environment interaction. Crop Breeding
and Applied Biotech. 2009, 9: 299-307.
[15] S. O. P. B. Samonte, L. T. Wilson, A. M. McClung, J. C. Medley. Targeting cultivar onto rice growing
environment using AMMI and SREG GGE biplot analysis. Crop Sci. 2005, 45: 2414-2424.
[16] P. Tarakanovas and V. Ruzgas. Additive main effect and multiplicative interaction analysis of grain yield of wheat
varieties in Lithuania. Agron. Res. 2006, 4 (1): 91-98.
[17] X. Yin and T.J. Vyn. Relationship of isoflavone, oil, and protein with yield of soybean. Agron. J. 2005, 97:1314–
1321.

101

