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Abstract 

The existence of genotype and environment (G x E) interaction causes difficulty in selecting suitable 

varieties of soybean in an agroforestry system based on kayu putih stands. This study aimed to determine 

the suitability of adaptive, stable and high yield soybean varieties in an agroforestry system based on 

kayu putih stands by using GGE-Biplot analysis. The experiment was conducted from May to August 

2018 at Menggoran Forest Resort, Playen District, Gunungkidul Regency, Special Region of 

Yogyakarta, Indonesia. The experiment was conducted using a Randomized Complete Block Design 

(RCBD) with five block as replications. The first factor was soil type in Menggoran Forest Resort, 

consisting of Lithic Haplusterts, Ustic Epiaquerts and Vertic Haplustalfs. The second factor was soybean 

varieties, consisting of Anjasmoro, Argomulyo, Burangrang, Dering I, Devon I, Gema and Grobogan. 

The observation was carried out on seed dry weight of soybean per hectare. The data were analyzed 

using Combined Analysis of Variance (ANOVA) with α = 5% and GGE-Biplot. Dering I was the most 

suitable varieties in an agroforestry system based on kayu putih stands and showed the mean of highest 

yield of 1.22 tons ha-1. 
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INTRODUCTION  

Kayu putih (Melaleuca cajuputi) forest in 

Yogyakarta Indonesia Forest Management has a 

highly strategic role in contributing to Locally-

Generated Revenue of Special Region of 

Yogyakarta. It also provides life support to 

communities around the forest through 

intercropping for annual crops, such as rice, 

maize, soybean, peanut, cassava, etc., among kayu 

putih standing crop (Suryanto et al., 2013). 

The space area between kayu putih is potential 

for the cultivation of annual crops. Soil 

productivity can be improved through the alley 
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cropping system (Suryanto et al., 2017). The 

combination of kayu putih and annual crops 

provides benefits in sharing of resources such as 

nutrient, light and water so that soybean can get 

the advantages from these resources (Scholes and 

Walker, 1993; Ong and Huxley, 1996). 

The width of kayu putih forest area that can be 

used for the development of annual crops is 

4,603.72 hectare or 28% of the Yogyakarta Forest 

Management District. This kayu putih forest is 

spread over five Forest Sections, namely 

Karangmojo Forest Section with an area of 

2,267.6 hectare, Playen Forest Section with an 

area of 1,616.37 hectare, Paliyan Forest Section 
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covering an area of 403.3 ha, Kulon Progo-Bantul 

Forest Section covering an area of 286.45 hectare 

and Panggang Forest Section covering 30 hectares 

(Yogyakarta Forest Management District, 2012). 

Soybean is an oilseed crop in the world 

providing 58% of total global oilseed production 

(Board, 2013). Soybean is the leading commodity 

in Indonesia contributing to food security, which 

is often faced with constraint in its availability. 

Soybean production in 2015 in the Special Region 

of Yogyakarta, Indonesia, was 18.822 tons of dry 

beans or decreased by 757 tons (3.87%), 

compared to the production in 2014 (Buana et al., 

2016). The soybean production decreases by 15% 

in 2.451 ha harvested area. Thus, the existence of 

forests to guarantee the production of soybean is 

indispensable, one of which is by intercropping of 

kayu putih that is good for intercropping among 

soybean (Suryanto et al., 2017).  

Introducing new varieties is one of the leading 

technologies that can increase rice productivity 

and farmers income. These new cultivars are also 

the most accessible technology adopted by 

farmers because they are low-priced and highly 

applicable (Zaini et al., 2016). Makarim and Las 

(2005) showed that in order to achieve maximum 

yield from new varieties, an appropriate growing 

environment is needed so that the yield and 

superiority can be improved. 

Selection of varieties for yield stability across 

various environmental conditions is important as 

part of a breeding program to provide a 

recommendation for the best genotype across 

environments (Gauch, 2006; Piepho et al., 2016). 

This is focal to do before giving the 

recommendation of these cultivars to farmers 

(Piepho et al., 2016). In addition, selection of 

varieties that are well suited to the environment 

can maximize the yield potential of these varieties 

for reducing inputs (ex. fertilizer) and helping to 

build a sustainable production system (European 

Union, 2012). 

Farmers will adopt excellent varieties if the 

varieties have high yields and stable crops. In 

adaptability and stability tests, the interaction 

between genotype and environment (G x E) often 

occurs and leads to difficulty in plant breeding 

program (Singh and Chaudary, 1979). G x E 

interaction causes tested genotype superiority 

shows different crop ability on each different 

environment characteristic. It indicates that the 

highest yield of a genotype on the specific 

environment does not necessarily contribute to the 

highest yield on different environment as well 

(Finlay and Wilkinson, 1963; Eberhart and 

Russell, 1966). 

Evaluation relating to genotype varieties on 

various environmental conditions will be 

performed with several statistical methods, 

namely univariate parametric, univariate and 

multivariate methods in the parametric method. 

One of the varieties which grows rapidly is 

Genotype and Genotype by Environment 

Interaction Biplot (GGE-Biplot) (Yan et al., 

2000). Graphic of GGE-biplot may give visual 

information relating to the evaluation on 

genotype, environment and its interaction (Yan et 

al., 2007). 

This research aims to determine the suitability 

of adaptive, stable and high yield of soybean 

varieties in an agroforestry system with kayu 

putih. It will help to recommend forestry farmers 

relating to soybean varieties which are suitable to 

be cultivated in the kayu putih forest. 

MATERIALS AND METHOD 

The experiment was conducted at Menggoran 

Forest Resort, Playen District, Gunungkidul 

Regency, Special Region of Yogyakarta, 

Indonesia form May to August 2018. This area is 

located ±43 km to the south-east of Yogyakarta. 

The soybean varieties were from Indonesian 

Legumes and Tuber Crops Research Institute in 

Malang Regency, East Java, Indonesia. 

The testing was performed using a 

Randomized Complete Block Design (RCBD) 

with five blocks of replications. The first factor 

was the type of soil in Menggoran Forest Resort 

consisting of Lithic Haplusterts, Ustic Epiaquerts 

and Vertic Haplustalfs. The second factor was 

soybean varieties, consisting of Anjasmoro, 

Argomulyo, Burangrang, Dering I, Devon I, 

Gema and Grobogan. The experiment plot was 

placed between kayu putih stands, 4 m x 4 m in 

size. The plant spacing of soybean was 40 cm x 

20 cm. Fertilization was not carried out during the 

study according to the habits of farmers. The 

observation of soybean yield was conducted on 

the seed dry weight. Soybean seeds were dried 

under the sunlight to the 11% of moisture level. 

The models must be evaluated so that 

assumptions can be fulfilled. The normality test in 

this study was carried out using Kolmogorov test 

and Q-Q plot (Mocada et al., 2014). Data on the 

yield of soybean varieties were subjected to be 
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analyzed using Combined Analysis of Variance 

(ANOVA) to determine the effects of soil types 

(E), soybean varieties (G) and their interactions 

(GE). The result of Combined ANOVA was then 

examined with HSD-Tukey test α = 5%. 

Combined ANOVA and HSD-Tukey test α = 5% 

were performed using PROC MIXED in SAS 9.4 

(SAS Institute, 2013). 

The data were graphically analyzed for 

interpreting GE interaction using the GGE-biplot 

software (Yan, 2001). GGE-Biplot analysis, 

which consisted of two concepts, the biplot 

concept (Gabriel, 1971) and the GGE concept 

(Yan et al., 2000), was employed to visually 

analyze the soybean in each soil type trial. This 

methodology used a biplot to show the factors (G 

and GE), which are important in soybean 

evaluation and the sources of variation in GE 

interaction analysis of data on soil types (Yan, 

2001). The graphs were generated based on 

which-won-where pattern, average environment 

coordination (AEC) and genotype focused scaling 

pattern based on the angles between the vectors of 

the soil types. The GGE-Biplot graph was 

completed using GGE-Biplot software version 7.0 

(Yan and Tinker, 2006). 

RESULTS AND DISCUSSION 

Characteristics of locations 

The study site had an ustic soil moisture 

regime. It was a soil moisture regime that had 

limited water content but was suitable for plant 

growth when conditions were favorable 

(Boettinger et al., 2015). The altitude of the study 

site varied from 100-200 meters above sea level. 

The air temperature ranged between 24.80°C and 

26.40°C. The relative humidity ranged between 

81.90% and 86.50%. The total rainfall in the study 

area was 2,005 mm year-1. 

Lithic Haplusterts belongs to the Vertisol soil 

type which has a shallow solum and rock or lithic 

contact within 50 cm from the surface and has an 

ustic soil moisture regime (Soil Survey Staff, 

2014). Cracked soil may happen throughout the 

season when the soil is not adequately irrigation. 

The cracks extend through > 5 mm wide and > 25 

cm of the upper 50 cm (Boettinger et al., 2015). 

Vertic Hapustalfs belongs to Alfisol soil type 

which has a clay accumulation (argillic sub-soil 

horizon) with a decrease in clay content within a 

depth of 150 cm and has an ustic soil moisture 

regime (Soil Survey Staff, 2014). The Alfisol soil 

type has vertic characteristic. It has a 5 mm width 

fracture > 60 cm from the soil surface (Boettinger 

et al., 2015). Ustic Epiaquerts is Vertisol soil type 

which has >5 mm fracture and > 25 cm thickness 

for 90 days in each year in a reasonable condition 

when it is not irrigated and has an ustic soil 

moisture regime (Soil Survey Staff, 2014). 

Soybean varieties performance in different soil 

types 

The Combined ANOVA indicates that the 

soybean varieties (G), soil types (E) and G × E 

interaction variance were highly significant. The 

highly significant G × E effects suggest that 

genotypes may be selected for adaptation to 

specific environments (Aina et al., 2009). 

 

 
Figure 1. Yield of soybean varieties per hectare in different soil types. 
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Dering I had the highest seed weight when it 

was planted in Lithic Haplusterts and Ustic 

Epiaquerts, obtaining 1.38 and 1.27 tons ha-1 

respectively (Figure 1), on the other hand, 

Grobogan produced seed with the highest seed 

weight of 1.24 tons ha-1 on in Vertic Haplustalfs 

(Figure 1). Giller et al. (2011) suggested that each 

plant had a different response in absorbing 

nutrients, fertilizers and lime applications in a site. 

This suggests that soil has a high heterogeneity 

that affects plant growth.  

The highest result on each environment (soil 

types) had not reflected such varieties adaptive 

and stable for all soil types. It was because of the 

existence of G × E interaction. It is consistent with 

the research by Xu et al. (2014) showing that G × 

E interaction effects demonstrate that genotypes 

respond differently to the variation in 

environmental conditions of the locations, 

indicating the necessity of testing rice varieties at 

multiple locations. 

The suitability of soybean varieties for 

agroforestry system based on kayu putih stands 

The suitability of soybean varieties can be 

identified with adaptability and stability analysis 

using GGE-Biplot method. Figure 2 presents the 

straight line from biplot point vertically across the 

connection on each side and divides biplot 

varieties into six quadrants or sectors, in which 

each sector has genotype vertex. It results in four 

sectors. Two sectors contain environment and the 

rest two sectors do not contain environment. The 

sectors which contain environment are mega-

environments (Mega-E) (Yan and Kang, 2003). 

The GGE-biplot showed that the first two 

principal components (PC1 and PC2, also referred 

to as primary and secondary effects, respectively) 

were derived from subjecting environment-

centered yield data (yield variation due to GGE) 

to singular value decomposition (Yan et al., 

2000). 

 

 
Figure 2. GGE-Biplot poligon with which-wons-where pattern on varieties and environment 

 

Within the sector, there is genotype vertex, 

which is the most exterior genotype and if it is 

connected with the connection line, it will form 

polygon (Farshadfar et al., 2013). The Genotype 

vertices in Figure 2 were Dering I, Burangrang, 

Grobogan and Gema. These genotypes were the 

best or the poorest genotypes on several or all 

environments. This is because of the farthest 

distance of genotype from biplot point. Genotype 

vertex is the best genotype on the environment in 

the same vector so that each genotype vertex is a 

genotype which has the best local adaptation on 

each Mega-E (Yan and Kang, 2003). 

Mega-E is defined as an environment that is 

widely formed from environments with the same 

character. Figure 2 presents that there are two 
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Mega-E, with three testing locations, Lithic 

Haplusterts, Ustic Epiaquerts and Vertic 

Haplustalfs. The vertex Dering I varieties was 

high yielding for Lithic Haplusterts and Vertic 

Haplustalfs and this varieties falls into section 1, 

following Devon I. Other three vertices, 

Burangrang, Grobogan and Gema, produced 

medium-high yield and poor yield with poor 

adaptation to three testing soil types. These 

genotypes are the best or the poorest in several or 

all environments because they are the farthest 

from the origin of biplot (Yan and Kang, 2003) 

and are more responsive to environmental change 

and are considered as specially adapted 

genotypes. 

The varieties and stability of genotype may be 

evaluated with a mean environment coordinate 

(AEC) method (Yan, 2001). Figure 3 with one 

arrow passes the central point of the environment 

(the origin point of biplot) is AEC abscissa, which 

depicts the mean value of varieties for all soil 

types. Small circle within AEC line is the mean of 

soil types (Figure 3). The arrow direction of AEC 

abscissa is pulled passing biplot origin point and 

the mean of soil types. Meanwhile, the vertical 

line from AEC abscissa is AEC ordinate (Kaya et 

al., 2006). AEC abscissa follows the arrow 

direction and it shows the more significant main 

effect of genotype (Yan, 2001). The ordinate of 

AEC is marked by two arrows (Figure 3). 

 

 
Figure 3. Average environment coordination (AEC) shows GGE-biplot based on environment-

focused scaling of the mean value and stability of genotype. 

 

AEC ordinate shows tested varieties of 

stability. If varieties vector is far from biplot 

origin value, G × E effect would be more 

significant and reduce stability. AEC ordinate also 

divides genotype with high and poor yield (Figure 

3). Dering I and Devon I varieties have higher 

stability as well as higher yield while the Devon I 

has the highest stability out of these two varieties. 

According to Yan and Rajcan (2002), the ideal 

genotype is genotype with big PC1 score (high 

mean value) and small PC2 absolute score (high 

stability). 

The ideal genotype is genotype with high mean 

value and stability. Ideal genotype does not truly 

exist, but it can be used as a recommendation to 

evaluate a genotype. In Figure 4, there is the 

center of the concentric circle where ideal 

genotype (highest yield and most stable) must be 

placed (Karimizadeh et al., 2013). Ideal genotypes 

are in the first concentric circle. The desired 
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genotype is in the second concentric circle. 

Genotypes which are in third concentric and the 

next ones are less desired since they have poor 

yielding (Kaya et al., 2006).

 

 
Figure 4. GGE-biplot based on genotype-focused scaling to compare genotype with ideal genotype  

 

In Figure 4, none of the varieties is included as 

ideal genotype. Dering I belongs to desired 

genotype, while Burangrang, Devon I and 

Argomulyo are not very good. Grobogan and 

Anjasmoro are included as low quality genotype 

and Gema, according to genotype classification 

by Yan and Tinker (2006) goes to the worst 

genotype so that it will generate poor crop in all 

testing locations.  

Dering I in general shows the most suitable 

varieties in agroforestry with kayu putih with 

mean value amounting to 1.22 ton ha-1. Different 

yield of soybean on each location can be related 

to nutrient content of three soil types of testing 

locations. Alam and Kurniasih (2018) informed 

that varieties of Dering I is negatively correlated 

with Mn, while other varieties generally have 

positive correlation with NH4
+ and P and have 

negative correlation with Mg. Three types of soil 

in the testing location have NH4
+, P and Mn 

contents in the low category and Mg content in 

very high category. 

Dering I can be adaptive and stable because 

three types of soil in the location of the research 

have low Mn content. The yield of Dering I 

decrease in line with the increasing availability of 

Mn in the soil. Silva et al. (2017) reported that Mn 

poison in maize may reduce chlorophyll content, 

plant biomass and plant antioxidants. 

Other varieties are not adaptive and stable 

since NH4
+ and P contents in the location fall into 

low category and Mg content is in the high 

category. N is a macronutrient needed for plant 

growth although N compounds (i.e., NH4
+, NO2

- 

and NO3
-) contribute <5% of total N in the soil 

(Brady and Weil, 2008). Nitrogen can be a 

limiting factor for plant growth, after fixed carbon 

(Marschner and Marschner, 2012). In physiology 

process, urea is an essential internal and external 

source of N, which is converted into ammonia for 

N assimilation (Wang et al., 2008). 

Soybean is one of the leguminous plants that 

require P higher than other types do. P is an 

important macronutrient which has an important 

role in the growth and development of plant 

(Vance, 2001; Wang et al., 2008). Soybean 

requires the element P as energy for nitrogen 

fixation (Rotaru et al., 2014). Phosphorus 

deficiency in legumes causes a reduction in leaf 

area, decreases the number of leaves, nodes and 
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branches and thus, yield decreases (Chaudhary et 

al., 2008). 

Magnesium is the chlorophyll molecule 

component and it functions as a cofactor in 

enzyme activation in the phosphorylation process 

as a bridge between the pyrophosphate structure 

of ATP or ADP and enzyme molecules (Katalin, 

2011). The high concentration of Mg2+ in the 

cytoplasm can block the K+ channel in the inner 

envelope membrane of the chloroplasts and thus, 

inhibit the removal of H+ ions from the chloroplast 

stroma. This causes acidification of the stroma 

and then it inactivates important enzymes in 

carbon fixation (Venkatesan and Jayaganesh, 

2010). 

CONCLUSIONS 

Soybean varieties show different yields per 

hectare when planted in Lithic Haplusterts, Vertic 

Haplustalfs and Ustic Epiaquerts. Dering I and 

Devon I varieties have higher stability as well as 

higher mean of yield and Burangrang, Grobogan 

and Gema gave medium-high yield and poor yield 

with poor adaptation. Dering I is the most suitable 

varieties in agroforestry system based on kayu 

putih stands and shows the mean of highest yield 

of 1.22 tons ha-1. 
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