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SUMMARY
Yield stability testing is an important component of the breeding before a cultivar is
recommended and released for farmers. The objective of this study was to provide
the best estimates of genotype mean yields in every soil types for soybean cultivars
recommendations in an agroforestry system with kayu putih across three locations,
which have three different soil types, i.e., Lithic Haplusterts, Ustic Epiaquerts, and
Vertic Haplustalfs. The experiment was conducted in agroforestry system with kayu
putih at Menggoran Forest Resort, Gunungkidul Regency, Special Province of
Yogyakarta, Indonesia. The stability analysis was conducted using Shukla model
and the effects of soil types on soybean cultivars were predicted using empirical
best linear unbiased prediction (EBLUP). Thus, cultivars were treated as random
effects to select and obtain the EBLUPs of the best cultivars in each soil types.
Three soybean cultivars, i.e., Anjasmoro, Argomulyo, and Burangrang were
categorized as fairly stable cultivars, while two cultivars, viz., Dering-I and Gema
were categorized as relatively unstable based on the stability analysis. The EBLUPs
revealed that cultivar Dering-I showed the highest yield at two soil types, i.e., Lithic
Haplusterts and Ustic Epiaquerts of 1.33 and 1.25 tons.ha-1, respectively. However,
soybean cultivar Burangrang in the Vertic Haplustalfs yielded 1.06 tons.ha-1.
Therefore, this study can be used to provide recommendations of soybean cultivars,
which had high stability and best performance for specific soil type.
Key words: Soybean, yield, stability analysis, cultivars, soil types
Key findings: Stability analysis revealed that soybean cultivars revealed significant
differences about stability, i.e., fairly stable and relatively unstable. Furthermore,
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all the soybean cultivars performed differently in three different soil types based on
the EBLUPs.
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INTRODUCTION

Development, 2007). Makarim and Las
(2005) stated that in order to achieve
maximum yield from new cultivars, an
appropriate growing environment is
needed, and so the yield and
superiority can be obtained. Cultivars
selection for yield stability across
diverse environmental conditions is a
crucial part of a breeding programme
to recommend the best genotype
across environments (Gauch, 2006;
Piepho et al., 2016). It is very
important
to
do
before
giving
recommendation of these cultivars to
farmers (Piepho et al., 2016).
The genotype-by-environment
interaction (GEI) is a phenomenon
that cultivars perform differently
across diverse environment. Thus, GEI
will make the selection ineffective and
cause difficulties in the selection of
ideal and stable genotypes for all
environments (Finlay and Wilkinson,
1963; Eberhart and Russell, 1966;
Yan et al., 2007). To assess GEI and
to select stable genotypes, multienvironmental
trials
(MET)
are
conducted. A genotype is considered
stable if it has the least interaction
with the environments (Gauch, 2008;
Piepho et al., 2016). Stability analysis
aims to characterize the performance
of genotypes in various environments.
Cultivar stability is not only important
for breeders but also important for
farmers since a cultivar should be able
to adapt different growing conditions
in order to reduce the risk of
fluctuation
of
yield
due
to

Soybean
is
one
of
the
main
commodities in Indonesia after rice
and maize (Ministry of Agriculture,
2015).
During
2015-2018,
the
average domestic soybean production
was 836.04 thousand tons while
average import of soybean was 2.48
million tons (Ministry of Trade, 2018).
Mulyani et al. (2017) stated that the
rate of national conversion of fields
was 96,512 ha.year-1, and so the
existing rice fields covering an area of
8.10 million hectare will be decreased
to only around 5.10 million hectares in
2045. The decrease in land for rice
production had a direct effect for
soybean production because farmers
have the habit of planting soybeans
after rice planting (Mejaya et al.,
2015). One alternative to improve
soybean production is by utilizing
space between kayu putih stands. This
method is possible since kayu putih
trees are pruned routinely to harvest
the leaves. Hence, the shade factor
does not affect the annual crops.
Agroforestry with kayu putih can be
carried out continuously for 30 years
(Suwignyo et al., 2015).
Utilization of new cultivars is
one of the leading technologies in
agriculture that can increase of crop
productivity and farmer income. These
new cultivars are also the most
accessible technology adopted by
farmers because it is affordable and
applicable (Indonesian Agency for
Agricultural
Research
and
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unpredictable environmental changes
(Baihaki and Wicaksana, 2005).
Several methods have been
applied for stability analysis in
soybean,
i.e.,
Eberhart-Russel
(Hossain et al., 2003), FinlayWilkinson (Primomo et al., 2002), site
regression genotype plus genotypeby-environment
interaction
(GGE)
biplot analysis (Asfaw et al. 2009),
Kang yield-stability statistic (Pazdernik
et al., 2013), Shukla model (Ghiday
2016), and additive main effects and
multiplicative
interaction
(AMMI)
analysis (Yan et al., 2007). However,
stability analysis of soybean cultivars
under agroforestry system has never
been conducted. Krisnawati and Adie
(2018) reported that G2 and G6
genotypes were considered as high
yielding and stable promising lines of
soybean across environments in which
their soil types, seasonal rainfall, and
altitude are different. Jandoung et al.,
(2011) reported that soybean cultivars
‘Kyado’ and ‘Sebore’ have a good
performance in soil with pH ranged
from 5.5 to 6.5 and have a relative
tolerance to moderate acidic soil.
The objective of this study was
to perform a stability analysis and
provide best predictions of yield for
genotypes in each soil type for
soybean
recommendation
in
agroforestry system with kayu putih
by using empirical best linear unbiased
prediction (EBLUP). To best of our
knowledge, this is the first study that
report stability analysis of soybean
cultivars under agroforestry system.
This study provided information and
options for farmers, scientist, and
policy makers regarding soybean
cultivars that are stable and have high
yield in agroforestry system with kayu
putih.

MATERIALS AND METHODS
Characteristics of location
This experiment was conducted during
May to August, 2018 at Menggoran
Forest Resort, Gunungkidul Regency,
Special
Province
of
Yogyakarta,
Indonesia. This area is located ±43
km to the South-East of Yogyakarta
City (Figure 1). The location had an
ustic moisture regime. It was a soil
regime containing limited moisture but
is suitable for growing plants when the
environmental
conditions
favor
(Boettinger et al., 2015). The altitude
of the study was ±100 meters above
sea level. The average air temperature
was 25.6 °C and relative humidity was
84.2 %. The total rainfall in the study
location was 2,005 mm.year-1 (Alam
and Kurniasih, 2018). The macro and
micro climates in the study site were
highly suitable for soybean cultivation
(Djaenudin et al., 2011).
Soil type Lithic Haplusterts was
included into the Vertisols soil type
that has a shallow solum and rock
contact of 50 cm from the surface.
Second soil type Vertic Haplustalfs
was Alfisols soil type with vertic
characteristic. The third soil type, i.e.,
Ustic Epiaquerts was a Vertisols soil
type that has fracture of >5 mm and
thickness of >25 cm for 90 days each
year in a reasonable condition when it
is not irrigated (Soil Survey Staff,
2014). General soybean was suitable
to be planted in Lithic Haplusterts and
Vertic Haplustalfs. However, it was
marginally suitable to be planted in
Ustic Epiaquerts because the land is
flooded during the wet season
(Djaenudin et al., 2011).
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Figure 1. Geographical locations of the study area (latitude 7º 52` 59.5992`` S to
7º 59` 41.1288`` S and longitude 110º 26` 21.462``E to 110º 35` 7.4868`` E).
Previous
findings
revealed
general information that there was no
difference in the physical properties of
soil (Alam and Kurniasih, 2018). The
three types of soil were included in the
category of clay texture with very slow
permeability.
Thus,
they
have
differences
in
their
chemical
properties. The three types of soil that
were significantly different from the
CEC, EC, NH4+, P, Mn, and Zn.
Similarity in terms of pH value of H 2O,
soil organic matter, NO3-, K, Ca, Mg,
Na, Cu, and Fe.

materials used in this study were eight
major soybean cultivars that mostly
used by farmers in Indonesia. Seeds
were
obtained
from
Indonesian
Legumes and Tuber Crops Research
Institute in Malang Regency, Province
of East Java, Indonesia. Eight soybean
cultivars
comprising
Anjasmoro,
Argomulyo, Burangrang, Demas-I,
Dering-I,
Devon-I,
Gema,
and
Grobogan were used in the study. The
more
details
regarding
yield
characteristics, resistant level to pest
and disease, and their pedigree are
presented in Table 1. The three soil
types consisted of Lithic Haplusterts,
Ustic
Epiaquerts,
and
Vertic
Haplustalfs. The detailed information
about the properties of each soil types
were presented in the Table 2.
The experimental plots cover an
area of 24 m2 (6 X 4 m) in the area
between kayu putih stands and the
harvest area of 20 m2, excluding the

Multi-environmental trials (MET)
setup
All the trials were laid out in a
randomized complete block design
(RCBD) with five replications. The
present study was conducted to
evaluate eight soybean cultivars
across three soil types. Genetic
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Table 1. Eight soybean cultivars (with some features) used in this study.
No.

Cultivars

1

Anjasmoro

2

Argomulyo

3

Burangrang

4

Demas-I

5

Dering-I

6

Pedigree
Mass selection for 'Mansuria'
pureline
Introduction from Thailand

Yield potential
(tons.ha-1)
2.03-2.25

Pest/Disease Resistance

1.5-2.0

Moderate resistance to leaf
rust
Tolerant to leaf rust

Pureline selection from Jember
landrace
Derrived from 'Mansuria' × 'SJ'

1.6-2.5

Tolerant to leaf rust

2.8

Devon-I

Single cross of 'Davros' × MLG
2984
Derrived from 'Kawi' × IAC100

2.75

7

Gema

Derrived from 'Shirome' × 'Wilis'

3.06

8

Grobogan

Pureline selection from 'Malabar'
in Grobogan

2.77

2.5

Source: Mejaya et al. (2015)

409

Resistant to leaf rust and
pod borer
Resistant to pod borer
Resistant to leaf rust
Resistant to leaf rust
Moderate resistance to pod
sucker
Moderate resistance to leaf
rust
Moderate resistance to S.
litura
-

Specific Features
Resistance to pod
shattering
Suitable for soy milk
ingredient
Suitable for soy milk,
Tempeh, and Tofu
Adaptive to drought and
acidic soil
Resistant to drought on
reproductive phase
High isoflavon content
(2,219.8 µg.g-1)
-

Less pod shattering
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Table 2. Soil types (with properties) used in this study.
Environment
Parameters

No.

1
2
3
4
1
2
3
4

1
2
3

Soil Physic Characters
Soil Texture
Bulk Density
Available Soil Moisture
Permeability
Soil Chemistry Characters
Cation Exchange Capacity
(CEC)
Soil Organic Matters (SOM)
pH H2O
Soil Nutrient Available
 Ammonium (NH4+)
 Nitrate (NO3-)
 Phosporus (P)
 Potassium (K)
 Sodium (Na)
 Calcium (Ca)
 Magnesium (Mg)
 Iron (Fe)
 Manganese (Mn)
 Copper (Cu)
 Zinc (Zn)
Climate Characters
Total Rainfall
Air Temperature
Relative Humidity

Unit

Lithic
Haplusterts

Soil Types
Ustic
Epiaquerts

Vertic
Haplustalfs

g.cm-3
mm.cm-1
cm.h-1

Clay
1.15
3.77
0.01

Clay
1.08
3.73
0.01

Clay
1.14
2.28
0.01

cmol(+).kg-1

58.83

65.30

32.65

%
-

2.6
8.2

2.8
7.8

2.7
7.7

ppm
ppm
ppm
cmol(+).kg-1
cmol(+).kg-1
cmol(+).kg-1
cmol(+).kg-1
ppm
ppm
ppm
ppm

39.4
86.2
6.9
0.8
0.6
5.9
0.3
12.2
32.5
3.2
1.4

56.8
143.2
18.8
0.9
0.8
5.8
0.3
12.6
32.9
3.4
1.5

51.0
82.7
2.5
0.9
0.7
5.7
0.3
9.2
35.2
1.7
4.2

mm.year-1
ºC
%

2,005
26.40
81.90

2,005
24.80
86.50

2,005
25.20
83.40

Source: Alam and Kurniasih (2018)

Table 3. Factors for analysis of soybean under agroforestry system with kayu putih
by linear mixed model.
Factor
Soil type
Cultivar
Replicate

Number of Levels
3
8
5

border rows. The plant spacing was 40
X 20 cm. No fertilization and pesticide
were applied in this study. Irrigation
was not performed due to the field
used in this study was rainfed area.

Symbol
S
C
R

Soybean variables
The observation of soybean yield was
done on the seed dry weight. Soybean
seeds were dried under the sunlight to
the 11% of moisture level (Suryanto
et al., 2017b).
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Statistical analysis
The factors of analysis of this study
were tabulated in Table 3. The
baseline of the fitted model is as
follows:

,
where

diagonal elements

Cultivar × (Soil/Rep) = Soil: Rep +
Cultivar + Cultivar • Soil

The covariance structure for R

(replicate) is
where

.

We made the model based on a
generalization of the stability of
variance model proposed originally by
Shukla (1972) to assess the stability
of cultivars. To obtain the estimates of
cultivars effects per soil type with
borrowing information across soil type,
we fitted the effect of cultivar and
cultivar • soil as random effects. Since
the cultivar was assigned as random
effects, the estimation was called
empirical
best
linear
unbiased
prediction (EBLUP) (Littell et al.,
2006). All analyses were performed
using PROC MIXED in SAS 9.4 (SAS
Institute, 2013). The EBLUPs graphic
was made in RStudio (RStudio Team,
2015)
using
ggplot2
package
(Wickham, 2009).

The fixed effect was specified before
the colon and the random effects were
specified after the colon. The nesting
operator (/) specifies that replicate (R)
was nested within factor soil types
(S), the crossing operator (×) defines
a full factorial model, the dot (•)
between two factors indicates a
crossed effect. For example, Cultivar •
Soil (C•S) represents the cultivar-bysoil type interaction. The replicate was
nested in the soil type. The response
variable (i.e., yield), grand mean and
the residual error term were implicit.
The covariance structures for each
factor in random effects are as
follows:
i.

was diagonal matrix with

RESULTS AND DISCUSSION
Stability variance estimates

,

The variance parameter estimates for
stability with the Shukla model are
presented in Table 4. The Shukla’s
stability variance for the effect C•S
varies considerably among cultivars,
which indicates stability differences.
Anjasmoro,
Argomulyo,
and
Burangrang were considered as fairly
stable cultivars, while Dering-I and
Gema I tended to be relatively
unstable. Variance-covariance (VCOV)
model of C•S term were imposed
using re-parameterization of the
baseline model by excluding the main

was a diagonal matrix

with diagonal elements
, where
j was the level of soil type, j = 1,
2, …, J. In other words, soil typespecific variances were assumed.
ii. The covariance structure for
cultivar effects was the identity
structure, i.e.,
.
iii. The
residual
covariance
structure was heterogeneous with
soil type-specific,
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Table 4. Stability variance estimates (10−3.kg2.ha−2) for the Shukla model
(reporting cultivar-specific stability variances for C•S), taking C and C•S as random
effects.
Cultivars
Anjasmoro
Argomulyo
Burangrang
Demas-I
Dering-I
Devon-I
Gema
Grobogan

Stability Variance Estimate for C•S
0.00
0.00
3.65
7.43
54.68
31.00
78.45
0.21

Table 5. Akaike Information Criterion (AIC) for variance–covariance structures
fitted to cultivar-by-soil.
Model
Identity
Compound symmetry
Compound symmetry heteroscedastic
Unstructured

Akaike Information Criterion
1549.5
1548.1
1549.1
1552.1

different variance structures fitted to
the C•S are shown in Table 5. The CS
model fitted the best since its AIC was
the smallest among other VCOV
structures. The unstructured model,
which allows having different variance
and covariance, had larger AIC, means
that this model was not parsimonious
enough and can be considered overfitted. Moreover, the low number of
cultivars does not support more
complex heteroscedastic model like
the unstructured (UN) model. In the
interest of searching a parsimonious
model, the simpler model was
generally considered preferable (Littell
et al., 2006).
Since the smallest AIC was the
compound symmetry (CS) model and
the genetic variance was estimated
based on only eight cultivars, we
chose to present BLUPs for the CS
model (Table 6). The CS model
assumes homogeneity of genetic
variance between the zones and,

effect of cultivar and imposing
different VCOV models for the effect
C•S using C as the subject effect.
Therefore,
the
soil-type
specific
genetic effects C•S for the same
cultivar were correlated between soil
types, and so it allows BLUPs for a
specific
environment
to
borrow
strength/information from the other
environments, in this case, soil-types
(Buntaran et al., 2019; Piepho and
Möhring, 2005; Przystalski et al.,
2008; Kleinknecht et al., 2013; Piepho
et al., 2016). Piepho et al. (2016)
noted that any lack of genetic
correlation
between
environments
corresponds
to
genotype-byenvironment
interaction.
Several
VCOV models for C•S were fitted:
independent
(ID),
compound
symmetry
(CS),
heterogeneous
compound symmetry (CSH) and
unstructured (UN).
The values of the Akaike
Information
Criterion
(AIC)
for
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Table 6. Variance estimates (10-3.kg2.ha−2) for the CS model.
Source of variation†

Group
Lithic Haplusterts
Ustic Epiaquerts
Vertic Haplustalfs

R
C‡
C•S‡
E

Variance Estimate
10.17
3.48
17.28
10.28
9.74
16.25
23.10
9.91

Lithic Haplusterts
Ustic Epiaquerts
Vertic Haplustalfs

†R, replicate; C, cultivar; C•S, cultivar-by-soil interaction; E, residual error term
‡ Obtained by fitting CS model
Table 7. Estimates of cultivar variance (on the diagonal), correlation (above the
diagonal), and covariance (below the diagonal) with CS structure
Soil

1

2

3

1
2

20.02

0.49

0.49

10.28

20.02

0.49

3

10.28

10.28

20.02

therefore, the yield stability estimates
the genetic variances and covariances
(Table 7). Kleinknecht et al. (2013)
also used the CS model and to analyse
a zoned dataset for maize in India. As
shown in Table 6, genetic variances
under the CS model are relatively
large compared to the other terms
(excluding error term), means that the
cultivars performed differently. The
genetic correlation between these
three soil-types is 0.49, which was
relatively small (Table 7). This small
genetic correlation explains that the
performance of cultivars (seed dry
weight) was largely different across
the three soil types. Therefore, the
cultivars ranking can be considered
very distinct among three soil types.
The replicates variance within Vertic
Haplustalfs was considerably larger
than the other two soil types.
However, the residual of Vertic
Haplustalfs was much smaller than the
other soil types.

Ranking and EBLUP of
cultivars in each soil type

eight

The soil-pairwise scatter plot of each
cultivar prediction (EBLUP) of C•S
effect is presented in Figure 2. Figure
2A shows the pairwise cultivar
predictions/estimates of C•S effect of
Lithic
Haplusterts
and
Ustic
Epiaquerts. Figure 2B presents the
pairwise cultivar predictions/estimates
C•S effect of Lithic Haplusterts and
Vertic Haplustalfs and Figure 2C shows
the pairwise cultivar estimates C•S
effect of Ustic Epiaquerts and Vertic
Haplustalfs. In general, all three
figures present a wide-spread of soilpairwise cultivar predictions means
that
the
ranking
between
two
environments (soils) are not similar.
Only in Figure 2C the scatter plot is a
bit narrow than the other two.
Furthermore, in Figure 2A (Lithic
Haplusterts and Ustic Epiaquerts)
shows lack of cultivar peformance
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Figure 2. Soil-pairwise scatter plot of cultivar estimates of cultivar-by-soil
interaction effects. (A) Estimates cultivar-by-soil between Lithic Haplusterts and
Ustic Epiaquerts. (B) Estimates cultivar-by-zone between Lithic Haplusterts and
Vertic Haplustalfs. (C) Estimates cultivar-by-zone between Ustic Epiaquerts and
Vertic Haplustalfs.
the objective was to select the best
cultivar, the rankings of the estimated
cultivar effects need to be as accurate
as the true cultivar effects, which
require the best prediction for the true
effects.
Cultivar Dering-I showed the
highest yield of soybean per hectare
when
getting
planted
in
Lithic
Haplusterts (1.33 tons.ha-1) and Ustic
Epiaquerts
(1.25
tons.ha-1).
Burangrang showed the highest yield
of soybean when getting planted in
Vertic Haplustalfs (1.06 tons.ha-1).
The
interaction
between
environmental factors and genotypes
had the highest influence on crop
yields (Jeromela et al., 2011). Crop
yields are generally inconsistent in
various locations and seasons. This is
due to existence genotype × season ×
location
interaction
(Kasno
and
Trustinah, 2015).
Soybean cultivars showed the
differences in yield per hectare when
grown in Lithic Haplusterts, Ustic
Epiaquerts and Vertic Haplustalfs. The
yield depends on the genetics of

similarity because the dots are spread
widely. Thus, it can be seen that in
each
soil-type,
each
cultivar
performed differently so the C•S effect
was not negligible.
The EBLUPs and ranking of
cultivars was showed in Table 8. The
cultivars rankings were different
among the three soil types, which
explain the low genetic correlation.
Since the C and C•S terms are
random, it is possible to borrow the
strength
across
different
environments, in this case, soil types.
The CS model reduced the degree of
shrinkage compared to other models.
The ID model will have more
shrinkage than the CS model. The
degree of shrinkage was reduced in
the CS model since it allows borrowing
strength across soil types, whereas
the
ID
model
only
uses
the
information of the targeted soil types.
We preferred to assign cultivar as
random effect since the objective of
the analysis was to select and predict
the best cultivar in each soil type. As
stated by Smith et al. (2005), when
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Table 8. The ranking and EBLUPs (103 kg.ha-1) of eight cultivars in each soil types
Ranking
1
2
3
4
5
6
7
8

Lithic Haplusterts
Cultivars
EBLUP
Dering-I
1.33
Devon-I
1.13
Burangrang
1.04
Anjasmoro
1.02
Argomulyo
1.00
Grobogan
0.96
Demas-I
0.93
Gema
0.93

Ustic Epiaquerts
Cultivars
EBLUP
Dering-I
1.25
Grobogan
1.19
Burangrang
1.13
Argomulyo
1.12
Anjasmoro
1.11
Demas-I
0.98
Devon-I
0.93
Gema
0.77

each plants (Klee and Tieman, 2013).
Giller et al. (2011) suggested that
each plant has a different response in
absorbing nutrients, fertilizers, and
lime applications in a site. This shows
that the soil has a high heterogeneity
that affects plant growth.
Suryanto
et
al.
(2017a)
reported that the kayu putih forest in
Menggoran Forest Resort has two soil
orders, namely Vertisols and Alfisols.
Both types of soil have different soil
quality which causes differences in rice
yields. Alam and Kurniasih (2019)
informed that Dering-I was sensitive
to Manganese (Mn). The increase in
Mn significantly reduced the yield of
soybean. The Mn content of Lithic
Haplusterts and Ustic Epiaquerts was
32.5 and 32.9 ppm, respectively,
lower than that of Vertic Haplustalfs
(35.2 ppm). This caused the yield of
Dering-I to be higher when getting
planted in Lithic Haplusterts and Ustic
Epiaquerts
compared
to
Vertic
Haplustalfs.
Silva et al. (2017) reported that
Mn poisoning in corn may reduce
chlorophyll content, plant biomass and
plant antioxidants. The translocation
of Mn from the root to leaf triggering a
decrease in chlorophyll content. High
Mn concentrations cause an increase
in reactive oxygen species (ROS)
accompanied by higher levels of

Vertic Haplustalfs
Cultivars
EBLUP
Burangrang
1.06
Dering-I
1.01
Devon-I
1.01
Argomulyo
0.98
Grobogan
0.95
Anjasmoro
0.93
Demas-I
0.91
Gema
0.73

antioxidant enzyme activity and lipid
peroxidation.
Burangrang is very responsive
to the content of ammonium nitrogen
(NH4+) in the soil. The increase in soil
NH4+ would significantly increased the
yield of Burangrang. The content of
NH4+ in Vertic Haplustalfs (51.0 ppm)
was higher than in soil types (Alam
and Kurniasih, 2018). 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,
2012).
In
physiology process, urea is an
essential internal and external source
of N which converted to ammonia for
N assimilation (Wang et al., 2008).
CONCLUSION
Three
soybean
cultivars,
i.e.,
Anjasmoro,
Argomulyo,
and
Burangrang were found fairly stable,
while two cultivars Dering-I and Gema
I tended to be relatively unstable.
Cultivar Dering-I with soil types Lithic
Haplusterts and Ustic Epiaquerts was
recommended for agroforestry with
kayu putih at Menggoran Forest
Resort, Gunungkidul Regency, Special
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Haplustalfs in Indonesia.

Owens P, Ransom M, Scheffe K,
Shaw J, Stolt M, Weindorf D
(2015). Illustrated guide to soil
taxonomy
version
2.
U.S.
Department of Agriculture, Natural
Resources Conservation Service,
National
Soil
Survey
Center,
Lincoln, Nebraska, USA.
Brady NC, Weil RR (2008). Soil colloids:
Seat of soil chemical and physical
acidity. In: N.C. Brady, R.R. Weil,
The Nature and Properties of Soils.
Pearson Education Inc., Upper
Saddle River, NJ, USA, pp 311–
358.
Buntaran H, Piepho HP, Hagman J,
Forkman J (2019). A crossvalidation of statistical models for
zoned-based prediction in cultivar
testing. Crop Sci. 59: 1544-1553.
Djaenudin D, Marwan H, Subagjo H,
Hidayat
A
(2011).
Technical
instructions land evaluation for
agricultural
commodities.
Indonesian Agency for Agricultural
Research
and
Development,
Ministry of Agriculture, Indonesia.
Eberhart SA, Russell WA (1966). Stability
parameters
for
comparing
varieties. Crop Sci. 6: 36-40.
Finlay KW, Wilkinson GN (1963). The
analysis of adaptation in a plant
breeding programme. Aust. J.
Agric. Res. 14: 742-754.
Gauch HG (2006). Statistical analysis of
yield trials by AMMI and GGE. Crop
Sci. 46: 1488-1500.
Gauch HG, Piepho HP, Annicchiarico P
(2008). Statistical analysis of yield
trials by AMMI and GGE: Further
considerations. Crop Sci. 48: 866–
889.
Ghiday T (2016). Stability analysis of
soybean (Glycine max L. Merr)
genotypes across north west of
Ethiopia. Int. J. Res. Stud. Agric.
Sci. 9: 13-20.
Giller KE, Tittonell P, Rufino MC, van Wijk
MT, Zingore S, Mapfumo P,
Adjeinsiah S, Herrero M, Chikowo
R, Corbeels M, Rowe EC, Baijukya
F, Mwijage A, Smith J, Yeboah E,
van der Burg WJ, Sanogo OM,

ACKNOWLEDGEMENT
Authors like to thank the Directorate of
Research of University of Gadjah Mada,
Indonesia for funding this research through the
University
grant-in-aid
scheme
(No:
3129/UN1/DITLIT/DIT-LIT/LT/2018).
Our
special thanks goes to Mr. Harimurti Buntaran
(Doctoral Student at the Swedish University of
Agricultural Sciences, Uppsala, Sweden, and
univeristät Hohenheim, Stuttgart, Germany)
for his assistance in data analysis and his
constructive comments on the manuscript.

REFERENCES
Alam T (2014). Optimization management
of clove, cacao and cardamom
agroforestry system in Menoreh
Mountain Area. M.Sc. Thesis.
Universitas
Gadjah
Mada,
Yogyakarta, Indonesia.
Alam T, Kurniasih B (2018). Determination
of soil quality minimum data set
(MDS) as the basis for sustainable
management
of
soybean
agroforestry system with kayu
putih
in
Yogyakarta.
Young
Lecturer
Research
Report,
Universitas
Gadjah
Mada,
Yogyakarta.
Asfaw A, Alemayehu F, Gurum F, Atnaf M
(2009). AMMI and SREG GGE biplot
analysis for matching varieties onto
soybean production environments
in Ethiopia. Sci. Res. Essay. 4:
1322-1330.
Baihaki, Wicaksana (2005). Genotype x
environmental
interaction,
adaptability and yield stability in
the
development
of
superior
varieties in Indonesia. Zuriat J.
16(1): 1-8.
Boettinger J, Chiaretti J, Ditzler C,
Galbraith J, Kerschen K, Loerch C,
McDanie P, McVey S, Monger C,

416

Alam et al. (2019)
Misiko M, de Ridder N, Karanja S,
Kaizzi C, K’ungu J, Mwale M,
Nwaga D, Pacini C, Vanlauwe B
(2011).
Communicating
complexity: Integrated assessment
of trade-offs concerning soil fertility
management
within
African
farming
system
to
support
innovation and development. Agric
Syst. 104(2): 191-203.
Hossain MA, Rahman L, Shamsuddin AKM
(2003).
Genotype-environment
interaction and stability analysis in
soybean. J. Biol. Sci. 3: 10261031.
Indonesian
Agency
for
Agricultural
Research and Development (2007).
Integrated of crop management for
irrigated rice fields. Indonesia
Agency for Agricultural Research
and Development, Ministry of
Agriculture, Indonesia.
Jandoung EA, M Uguru, O Benedict
(2011). Determination of yield
stability
of
some
soybean
genotypes (Glycine max (L.) merr)
across diverse soil pH levels using
GGE biplot analysis. J. Appl. Bios.
43: 2924 - 2941.
Jeromela AM, Nagl N, Varga JG, Hristov N,
Spika AK, Vasic M, Marinkovic R
(2011). Genotype by environment
interaction for seed yield per plant
in rapeseed using AMMI model.
Pesq. Agropec. Bras. 46(2): 174181.
Kasno A, Trustinah (2015). Genotypeenvironment interaction analysis of
peanut in Indonesia. SABRAO J.
Breed. Genet. 47(4): 482-492.
Klee HJ, Tieman DM (2013). Genetic
challenges of flavor improvement
in tomato. Trends in Genet. 29(4):
257-267.
Kleinknecht K, Möhring J, Singh KP, Zaidi
PH, Atlin GN, Piepho HP (2013).
Comparison of the performance of
BLUE and BLUP for zoned Indian
maize data. Crop Sci. 53: 1384–
1391.
Krisnawati A, Adie MM (2018) Yield
stability of soybean promising lines
across environments. IOP Conf.

Series:
Earth.
Environ.
Sci.
102(012044)
Littell RC, Milliken GA, Stroup WW,
Wolfinger RD, Schabenberger O
(2006). SAS® for mixed models
(2nd ed.) SAS Inst. Inc., Cary, NC.
Makarim AK, Las I (2005). Breakthrough
in
increasing
productivity
of
irrigated
rice
through
the
development of integrated crop
and resource management models.
Indonesia Agency for Agricultural
Research
and
Development,
Ministry of Agriculture, Indonesia.
Marschner H (2012). Mineral nutrition of
higher plants (3rd ed.) Academic
Press, London, UK.
Mejaya
MJ,
Harnowo
D,
Marwoto,
Subandi, Sudaryono, Adie MM
(2015). Technical guidelines for
soybean cultivation in various
agroecosystems.
Indonesian
Legumes
and
Tuber
Crops
Research
Institute,
Indonesian
Center for Food Crops Research
and
Development,
Indonesian
Agency for Agriculture Research
and Development, Ministry of
Agriculture, Indonesia.
Ministry of Agriculture (2018). The
strategic plan of ministry of
agriculture for 2015-2019. Ministry
of Agriculture, Indonesia.
Ministry of Trade (2018). Analysis of the
development of prices of staple
foods in domestic and international
markets. Trade Policy Analysis and
Development Agency, Ministry of
Trade, Indonesia.
Mulyani A, Nursyamsi D, Syakir M (2017).
The strategy of utilizing land
resources for achieving sustainable
rice self-sufficiency. Land. Res. J.
11(1): 11-22.
Patterson HD (1997). Analysis of series of
variety trials. In: RA. Kempton and
PN Fox, eds., Statistical methods
for
plant
variety
evaluation.
Chapman and Hall, London, pp.
139-161.
Pazdernik DL, Hardman LL, Orf JH (2013).
Agronomic
performance
and
stability of soybean varieties grown

417

SABRAO J. Breed. Genet. 51 (4) 405-418
in maturity zones of Minnesota. J.
Prod. Agric. 10: 425-430.
Piepho HP, Büchse A, Emrich K (2003). A
hitchhiker's guide to mixed models
for randomized experiments. J.
Agro and Crop Sci. 189: 310-322.
Piepho HP, Möhring J (2005). Best linear
unbiased prediction for subdivided
target regions. Crop Sci. 45: 1151–
1159.
Piepho HP, Nazir MF, Qamar M, Rattu
AUR, Din RU, Hussain M, Ahmad G,
Subhan FE, Ahmad J, Abdullah,
Laghari KB, Vistro IA, Kakar MS,
Sial MA, Imtiaz M (2016). Stability
analysis for a countrywide series of
wheat trials in Pakistan. Crop Sci.
56: 2465-2475.
Primomo VS, Falk DE, Ablett GR, Tanner
JW, Rajcan I. 2002. Genotype ×
environment interactions, stability,
and agronomic performance of
soybean with altered fatty acid
profiles. Crop Sci. 42: 37-44.
Przystalski M, Thiemt E, Rolland B, Ericson
L, Osman A, Ostergard H, Levy L,
Wolfe M, Büchse A, Piepho HP,
Krajewski P (2008). Comparing the
performance of cereal varieties in
organic and non-organic cropping
systems in different European
countries. Euphytica. 163: 417–
433.
RStudio Team (2015). RStudio: Integrated
development for R. RStudio, Inc.,
Boston, MA.
SAS Institute (2013). SAS system for
windows 9.4. SAS Inst. Inc., Cary,
NC.
Shukla GK (1972). Some statistical
aspects of partitioning genotypeenvironmental
components
of
variability. Heredity. 29: 237–245.
Silva DD, Fonte NDSD, Souza KRDD,
Brandão IR, Libeck IT, Alves JD
(2017).
Relationship
between
manganese
toxicity
and
waterlogging tolerance in Zea mays
L. cv. Saracura. Acta Sci. Agron.
39(1).

Smith AB, Cullis BR, Thompson R (2005).
The analysis of crop cultivar
breeding and evaluation trials: An
overview of current mixed model
approaches. J. Agric. Sci. 143:
449-462.
Soil Survey Staff (2014) Key to soil
taxonomy
version
2.
U.S.
Department of Agriculture, Natural
Resources Conservation Service,
National
Soil
Survey
Center,
Lincoln, Nebraska, USA.
Suryanto P, Tohari, Putra ETS, Alam T
(2017a). Minimum soil quality
determinant for rice and ʻkayu
putih’ yield under hilly areas. J
Agron. 16: 115-123
Suryanto P, Tohari, Sulistyaningsih E,
Putra ETS, Kastono D, Alam T
(2017b). Estimation of critical
period for weed control in soybean
on agroforestry system with kayu
putih. Asian J. Crop Sci. 9: 82-91.
Suwignyo B, Suryanto P, Putra ETS, Alam
T, Prianto SDA (2015). Potential of
corn as forage on alfisol and
vertisol soil in agrosilvopastural
system with kayu putih (Melaleuca
leucadendron Linn.). J. Agric. Sci.
7: 268-276.
Wang WH, Kohler B, Cao FQ, Liu LH
(2008). Molecular and physiological
aspects of urea transport in higher
plants. Plant Sci. 175: 467-477.
Wickham H (2009). Ggplot2: Elegant
graphics
for
data
analysis.
Springer, New York.
Wilkinson GN, Rogers CE (1973). Symbolic
description of factorial models for
analysis of variance. App Stat.
22(3): 392-399.
Yan W, Kang MS, Ma B, Woods S,
Cornelius PL (2007). GGE-biplot vs.
AMMI analysis of genotype-byenvironment data. Crop Sci. 47:
643–655.

418

