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ABSTRACT

Sweet-potato (Ipomoea batatas [L.] Lam.) is the 3" most important root and tuber plant in the world, after potatoes and
cassava. The knowledge of the structure of Genotype x Environment interaction (GEI) could assist in the development of
cultivars of sweet-potato. The objective of this research was to select superior sweet-potato genotypes in Indonesia based
on Finlay-Wilkinson regression, additive main effect and multiplicative interaction (AMMI) analysis, AMMI stability
value (ASV), and Genotype plus Genotype x Environment (GGE) biplot methods. Genetic materials evaluated in this
research were 10 Indonesian superior genotypes developed by the Plant Breeding and Seed Technology Lab., Faculty
of Agriculture, University of Padjadjaran, Bandung. The research was arranged in randomized block design, with 16
genotypes as treatments. Data analysis of the yield characters was performed by using combined variance analysis:
Finlay-Wilkinson regression, ASV, AMMI, and GGE Biplot. The GEI significantly influenced the tested genotypes at
three sites. However, they did not show any significant differences in the GEI. Ayamurasaki, Beniazuma, Awachy?2,
15(112), Awachy4, AwachyS5, 80(109), 54(160), 35(180) were specific adaptation genotypes of marginal land based on
Finlay-Wilkinson analysis; whereas, Rancing, AC Putih, Ayamurasaki, Naruto Kinotoki, Awachyl, Awachy2, 15(112),
Awachy4, 57(97), 80(109), 54(160), 68(120) and 35(180) performed as stable genotypes based on ASV. Ayamurasaki,
Naruto Kinotoki, Awachyl, Awachy2, 57(97), 80(109) and 68(120) were stable genotypes based on AMMI analysis.
However, based on GGE Biplot analysis Ayamurasaki, Awachyl, 80 (109) and 68 (120) were stable genotypes. ASV
analysis provided effective stable genotype selections of 87.50% greater than other stability methods. Ayamurasaki,
Awachy1, 80(109) and 68(120) were stable genotypes based on AMMI, ASV, and GGE biplot analysis.
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INTRODUCTION

Sweet-potato grow and develop well in various environments both in optimal and sub optimal conditions. Sweet-potato
(Ipomoea batatas [L.] Lam) is the 3™ most important root and tuber plant in the world, after potatoes and cassava (Naidoo
et al., 2016). Sweet-potato is a root crop that grows almost worldwide and is adapted to diverse environments conditions
(Caliskan et al., 2007; Hongyu et al., 2014; Niringiye et al., 2014; Andrade et al., 2016; Gurmu et al., 2017); this is why
it can be found from the lowland up to the plateau. They are used as an alternative food for rice.

In some areas of Indonesia, sweet-potatoes are used as staple food as well as an alternative food other than rice and
corn. According to Mwololo et al. (2009) and Gurmu (2017), sweet potato is ranked as the seventh importance crop in
the world. Sweet-potatoes are important because of its carbohydrate and nutrient content. They are also used for various
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processed foods and industrial raw materials, such as foodstuffs, feed ingredients, and bioethanol materials (Karuniawan
etal.,2012; Griineberg et al., 2015; Waluyo et al., 2015). They also contain important nutrients for pro vitamin A such as
[-carotene. Cultivation of sweet-potatoes in areas with high levels of vitamin A deficiency is an alternative to solve the
problem. Andrade et al. (2009; 2016) reported that vitamin A deficiency commonly occurs in women and children.

Genotype and environmental interactions (GEI) are associated with the performance of varieties that show stability
when planted in different environments. Ruswandi et al. (2008) reported selection of high yielding varieties based on
multi environment testing. This is very important for countries with diverse bio-geophysical patterns. The knowledge
of the structure of GEI could assist in the development of cultivars of sweet-potato (Andrade et al., 2016). According
to Roostaei et al. (2014), the GEI factor is an important issue faced by plant breeders in crop breeding programs. GEI is
essential for the acquisition of new and superior bulbs as reported by many researchers (Niringiye et al., 2014; Hongyu
et al., 2014). This led to the need for adaptation and stability tests to get the high quality and adaptive genotypes under
different environmental conditions. New superior varieties to be selected in multi-environment tests are expected to be
potentially stable and uniform even though grown in different environments.

There are two methods for stability and adaptability evaluation, namely: univariate and multivariate. Some well-known
methods include regression, additive main effect and multiplicative interaction (AMMI) and Genotype plus Genotype x
Environment (GGE) Biplot methods (Finlay and Wilkinson, 1963; Yan et al., 2007; Hongyu et al., 2014). Several researchers
also performed stability and adaptability evaluations by combining several test methods (Adebola et al., 2013; Kivuva et al.,
2014; Chalwe et al., 2017). The AMMI and GGE biplot analysis are important methods in analyzing GEI that assist plant
breeders to identify and select the superior genotypes in certain environments (Adebola et al.,2013; Amare et al.,2014; Kivuva
etal.,2014). AMMI stability value (ASV) is the distance from the coordinate point to the origin in the two-dimensional scatter
of the IPCA1 value against the IPCA2 value in the AMMI model (Purchase, 1997). AMMI biplot is needed in describing test
sites and genotype performance at the test sites (Kivuva et al., 2014). GGE biplot is built by plotting the major component
values (PC1) of genotypes and environments against their respective scores for the second major component (PC2) generated
from environment-oriented singular value decomposition (SVD) or environmental standards (Yan et al.,2007). Thus, genotype
and environmental interactions have an influence on cultivar selection and recommendations.

The aim of the study was to select stable and adaptable sweet-potatoes genotypes based on Finlay-Wilkinson Regression
method, AMMI stability value (ASV), AMMI, and GGE biplot.

MATERIALS AND METHODS

Genetic material. Ten new superior genotypes and 10 commercial genotype controls were evaluated in this study. They
were genotypes derived from breeding materials of Plant Breeding and Seed Technology Lab., Faculty of Agriculture,
University of Padjadjaran, Bandung, Indonesia.

Field evaluation. The research was arranged in a randomized block design, with three replicates and 16 test genotypes as
the treatment to obtain 48 experimental units. Genetic material was planted in single ridges, 5 m long, and 25 cm spacing
in ridges and 75 cm between ridges. The observed variable was the yield (kg plot™!). Data analysis was performed on
yield character (kg plot™') by using SAS 9.1.3 (SAS Institute, Cary, North Carolina, USA), PBStat.com (Central Library
of Bogor Agricultural University, Bogor, Indonesia), PBTools.

Statistical model for combined ANOVA over environments:

Y,‘jk[ =u+ G+ Ej + GE,'j + Rk(j) + B[(k) + Ejjkl

where Y is observed value of genotype i in block 1 and replicate k of environment j, x4 is grand mean, G; is effect of
genotype i, E; is environment or location effect, GEj; is the interaction effect of genotype i with environment j, Ryj) is the
effect of replicate k in environment j, By is the effect of block 1 in replicate k, €;u is error (residual) effect of genotype i
in block | and replication k of environment j.

Regression coefficient (bl) (Finlay and Wilkinson, 1963) to stability was calculated based on:

A =bo + bl xl

where A is the mean of an individual cultivar for a given trait, bo is the Y-axis intercept, bl is the linear regression
coefficient or slope, and x/ is the environmental mean (mean from all cultivars within an environment) for a given trait.
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AMMTI’s stability value (ASV) was calculated (Purchase, 1997) based on:

2
+

IPCA1 sum of square 2

IPCA2 sum of square (IPCA1 score)

(IPCAL1 score)

AMMI Stability Value (ASV) = jl

where IPCA1 is interaction principal component analysis axis 1; /[PCA2 is interaction principal component analysis axis 2.

The linear model of genotype and environmental interaction analysis in AMMI analysis in Gauch and Zobel (1996) is
as follows: x
Yi=u+gi+e +;1 M Ok Yk + Eijr
where Yj; is observation of the r' replicate of i genotype in the j environment, u is the overall mean, g; is main effect
of the i genotype ¢; is main effect of the j environment, x is matrix rank of {ge}ij, M is the singular value for principal
component k, o is the eigenvector score for genotype i and component k, yj is the eigenvector score for environment j
and component k, € is error term.

The model for a Genotype plus Genotype x Environment (GGE) bi-plot based on singular value decomposition (SVD)
of t principal components is: _ .
Vi—wi-fi=) Acauyi+e;
where Y; is the performance of genotype i in environment j, 4; is the grand mean, f3; is the main effect of environment j, k
is the number of principal components; Ay is singular value of the k™ principal components; and a and yj are the scores
of i genotype and j™ environment, respectively for principal components k; &; is the residual associated with genotype i
in environment j.

RESULTS AND DISCUSSION

The results of the combined analysis for the yield of 16 superior sweet potato genotypes in Indonesia at 3 sites showed that
the main effect of genotype and its interaction with environment had significant effect on the probability of 0.0000 and 0.0006
(Table 1). This indicated that sweet-potatoes yield is influenced by genotype and GEI. The significant factor of sweet-potato
yields is described by the genotypes, followed by the GEI. Hence, the yield of sweet-potato in Indonesia is greatly determined
by genotype and genotype and environment interaction. Table 1 reveals that the genotype and environment interaction
produced significant effect on the yield of sweet-potato crops. Some researchers also reported that GEI is significant for the
multi-environment test (Tekalign, 2007; Adebola et al., 2013; Thiyagu et al., 2013; Amare et al., 2014; Hongyu et al., 2014;
Chalwe et al., 2017; Gurmu et al., 2017). This indicates that certain genotypes will grow well in specific environments but
not in all different environments. Genotype of Rancing performed the best appearance in Sumedang (23.85 kg plot™!) and
Bandung (47.96 kg plot!), while Beniazuma was the best genotype at Karawang (48.57 kg plot!'). Awachy?2 had the lowest
performance in Sumedang and Karawang, whereas Awachy4 had the lowest appearance at Bandung. Low yield genotypes
based on interactions showed the existence of an interaction between genotype and environment.

Phenotypically, 16 sweet-potato genotypes that performed the best response according to least significantly
different (LSD) test (Table 2) are Rancing (47.95 kg plot™!) and Kriting Maja (39.84 kg plot!'); while the lowest
response were presented by Naruto kinotoki (10.68 kg plot™), Awachy2 (9.80 kg plot'!), Awachy4 (13.91 kg plot™!)
and 35(180) (13.25 kg plot™!).

Table 1. Combined ANOVA for superior root yield of sweet-
potatoes in Indonesia.

Source df SS MS F-count
Location 2 397.71 198.86 2.03™
Replication x Location 6 586.52 97.75 0.78"
Genotype 15 16049.35 1069.96 3.50%*
Genotype x Location 30 9164.74 305.49 2.45%%*
Error 90 11223.13 124.70

Corrected total 143 3742145

**Significant at the 0.01 probability level; ns: nonsignificant; df: degrees of
freedom; SS: sum of squares; MS: mean sum of squares.
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Table 2. Mean yield, stability and adaptability in three locations at Indonesia
based on Finlay and Wilkinson regression methods.

Nr Genotype Average bi Note
1 Rancing-v1 47.95a 6.66  Specific adaptation
2 Ac Putih-v2 32.12abc 140  Specific adaptation
3 Ayamurasaki-v3 20.61bcd 026  Specific adaptation to marginal environment
4 Beniazuma-v4 33.43ab -424  Specific adaptation to marginal environment
5 Naruto Kinotoki-v5  10.68d 273 Specific adaptation
6 Kriting maja-v6 39.84a 7.83  Specific adaptation
7 Awachy1-v7 19.93bed 176 Specific adaptation
8 Awachy2-v8 9.80d -0.60  Specific adaptation to marginal environment
9 15(112)-v9 22.13becd  -0.04  Specific adaptation to marginal environment
10 Awachy4-v10 1391d -2.71  Specific adaptation to marginal environment
11 Awachy5-v11 19.73bed  -3.33  Specific adaptation to marginal environment
12 57(97)-v12 33.0labc 1.71  Specific adaptation
13 80(109)-v13 20.49bcd 0.72  Specific adaptation to marginal environment
14 54(160)-v14 16.45cd -1.75  Specific adaptation to marginal environment
15 68(120)-v15 20.17bcd 792  Specific adaptation
16 35(180)-v16 13.25d -2.31  Specific adaptation to marginal environment

Values with same letter are nonsignificantly different according to LSD.

Selection genotypes of sweet potato marginal adaptation based on Finlay and Wilkinson regression

Finlay and Wilkinson regression coefficient showed that specific adaptation’s genotypes for the productive environment
are Rancing, AC-putih, Narutokinotoki, Kriting maja, 57(97) and 68(120), whilst those at the marginal environment
are Ayamurasaki, Beniazuma, Awachy?2, 15(112), Awachy4, Awachy5, 80(109), 54(160) and 35(180). This shows that
there are no varieties having broad adaptation in the three test sites based on the Finlay-Wilkinson method. Genotypes
with specific adaptability at marginal environments are able to achieve maximum results in poor growing conditions,
whereas genotypes that having a specific adaptation to the productive environment are unable to increase yields in the
marginal environments. Varieties with broad adaptation produce high yields throughout the environment, while varieties
with specific adaptation had high yields in certain environments (Yan and Tinker, 2006; Mwololo et al., 2009). Carvalho
et al. (2016) state that the regression method benefit was to interpret specific genotypes but lacks information about the
whole test environment. The use of this method will be difficult to apply in Indonesia considering it has a variety of
bio-geophysics. This is because the determination of adaptive genotype is only based on the average value of different
genotypes due to environmental differences.

Selection for stable genotype of sweet potato based on AMMI analysis

The results of AMMI analysis indicated that IPCA1 and IPCA2 produced small values both in positive and negative. The
values of IPCA1 and IPCA?2 were relatively low and high, respectively. This suggests that the tuber weight was more affected
by environment than genetics. The higher the values of IPCA either positive or negative, the more specific genotype adaptation
to a particular environment (Farshadfar, 2008; Adebola et al., 2013; Kivuva et al., 2014). Roostaei et al. (2014) explained
that AMMI model using the ANOVA (additive model) to characterize the main effects of genotype and environment as well
as to analyze the key components for characterizing their interaction (IPCA). Furthermore, Faria et al. (2017) state that the
stability interpretation by the AMMI method is based on the distance up to zero of the point value representing hybrids
and the environment. This means that [PCA values of some tested genotypes can produce high yields when growing in a
productive environment and some are able to achieve high yields when growing in a specific environment.

Based on the ASV genotype method (Table 3) that those have a low value is found more stable. The study showed that
there were 14 genotypes of sweet-potato that had the ASV value below one. Those classified as stable genotypes, are 80
(109), Naruto Kinotoki, Ayamurasaki, Awachy2, AC Putih, 35(180), 54(160), 15(112), Rancing, Beniazuma, Awachy]1,
Awachy4, Kriting maja, 68 (120). The stable genotype was not affected by the environment. The stable genotypes are in
Sumedang, Bandung, and Karawang. On the other hand, unstable genotypes may be proposed as site-specific genotypes
for both tolerant and productive environments. The genotype is stable when the ASV value is close to zero (Tumuhimbise
et al., 2014; Nduwumuremyi et al., 2017). According to Farshadfar (2008), ASV is the O distance in 2 scatter dimension
value of IPCA1 to IPCAZ2. This means that IPCA1 supplied the highest effect of test genotype stability value.
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Table 3. IPCA1 and IPCAZ2 value of sweet-potatoes genotype in
three locations.

Genotype Average IPCAI1 IPCA2 ASV
Rancing 4795 -0.28 0.01 0.51

Ac Putih 32.12 -0.09 -0.14 0.30
Ayamurasaki 20.61 -0.02 -0.12 0.20
Beniazuma 3343 0.29 0.05 0.54
Naruto Kinotoki 10.68 -0.05 0.06 0.15

Kriting maja 39.84 -0.33 0.04 0.60
Awachy1 19.94 -0.04 0.31 0.56
Awachy?2 9.80 0.02 -0.12 0.21

15(112) 22.13 0.17 0.22 0.50
Awachy4 13.92 0.28 0.16 0.58
Awachy5 19.73 0.18 -0.79 1.47
57(97) 33.01 -0.03 0.79 143
80(109) 20.49 -0.01 -0.05 0.09
54(160) 16.45 0.04 -0.18 0.33
68(120) 20.17 -0.20 0.28 0.62
35(180) 13.25 0.08 -0.16 0.32
Sumedang -0.46 0.25

Bandung -0.06 042

Karawang 0.52 0.17

IPCA1: Interaction component analysis 1, IPCA2: interaction component
analysis 2, ASV: AMMI stability value.

AMMI2 biplot results (Figure 1) show that there are stable genotypes in all tested sites and there are specific genotypes
at particular location. The stable genotype is indicated by its location close to the axis. The location-specific genotype is
far from the axis but close to the location line. In the Figure 1, the broadly adapted genotypes based on the tuber weight

Figure 1. AMMI biplot for sweet-potato yield in three environments.
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characteristics per plot are Awachyl, 57(97), and 80(109). Beniazuma and Awachy4 were found to have local specific
adaptation at Karawang regency, while Figure 1 shows no specific genotype location at Sumedang and Bandung. This
shows the different response of the tested genotypes against environment differential where it produced the good average
results in certain environments but not in different environments. The AMMI model is better than the Finlay-Wilkinson
regression because the genotype and environmental interaction patterns are bilinear by mapping the environment and
genotypes simultaneously using the biplot model. Gurmu (2017) stated that stability analysis helps to identify the
type of adaptable genotype. Adebola et al. (2013) state that the AMMI Model is an important technique to observe the
interaction in the identification and selection of excellent genotypes in terms of potential outcomes against various or
specific environments. AMMI’s analysis is a successful model used to study GEI, and it is a combination of ANOVA and
major component analysis (PCA) (Mirosavljevic et al., 2014). According to Sa’diyah and Hadi (2016), AMMI analysis
is a two-way experimental data analysis technique the main effect of which is additive and multiplicative. Thiyagu et al.
(2013) state that AMMI is a multivariate technique widely applied in plant breeding to illustrate the relationship between
genotype and environment. Furthermore, Caliskan et al. (2007) suggest the AMMI model combines variance analysis
for the main effects of genotype and the environment by analyzing the major components of the interaction between
genotypes and environments that approved to understand genotype and environmental interactions.

Selection of adaptive sweet potato genotype based on GGE biplot

Biplot (Figure 2) describes 85.35% of the total GGE variation in which PC1 and PC2 were at 67.02% and 18.33%,
respectively. There are six sectors with Beniazuma, Rancing, Kriting Maja, Naruto Kinotoki, Awachy2 and Awachy4
as the peak genotype and has two environment sectors: sector 2 (environment 1 and 2) and sector 3 (environment 3).
Genotypes 80 (109), Awachyl, Ayamurasaki and 68(120) are stable in three environments. Genotypes Rancing and
Kriting Maja are in the same sector and adapt well to environment 1 and environment 2. Beniazuma adapts well to
environment 3. Figure 2 also shows some superior genotypes in the sector but not in the three tested environments.

Figure 2. GGE biplot for sweet-potato yield in three environments.
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This shows that the genotypes may still be improved if the numbers of tested locations are added. Biplot analysis is an
important multivariate tool that displays results in a graph that is easy to understand (Akinwale et al., 2014). Biplot also
show the level of cultivar and environmental stability (Kivuva et al., 2014; Tumuhimbise et al., 2014). Tumuhimbise et al.
(2014) stated that Biplot is used to assess the performance and patterns of genotype and environmental interactions. Some
researchers found 6-11 sectors on each polygon generated from the GGE test on sweet potato adaptation and stability
(Caliskan et al., 2007; Kivuva et al., 2014; Gurmu et al., 2017; Gurmu, 2017). Kivuva et al. (2014) state that the polygon
of the GGE biplot reveals the highest yield genotypes for each environment and environmental grouping. Furthermore,
Yan et al. (2007) claim that if all the environmental markers fall into one sector, this indicates that a single cultivar has the
highest yield in all environments. On the other hand, if environmental markers fall into different sectors, it indicates that
different cultivars superior in various sectors. The environments that are located at different sectors show that genotypes
in these environments have different yields and classified as specific genotype. Thus, the environment is able to expose a
difference among genotypes.

Selection of stable sweet potato genotypes in Indonesia

Several stable genotypes were selected at three test sites by using Finlay-Wilkinson, AMMI, GGE Biplot,and ASV analysis
(Table 4). The stable genotypes cannot be obtained by Finlay-Wilkinson analysis with effectiveness 0%. The selection
method with AMMI analysis provides effectivity of stable genotype selection at 18.75% against the Ayamurasaki, 54(160)
and Awachy 4 genotypes. On the other hand, the biplot GGE analysis provides 25% effectivity of stable genotypes
selection against Ayamurasaki, Awachyl, 80(109) and 68(120) genotypes. The selection of stable genotypes based on
ASV provides 87.5% selection effectiveness against Rancing, AC Putih, Ayamurasaki, Naruto Kinotoki, Maja Ceritic,
Awachy1, Awachy?2, 15(112), Awachy4, 57(97), 80(109), 54(160), 68(120), 35(180) genotypes.

Based on AMMI, GGE Biplot and ASV analysis, Ayamurasaki were found to be stable in the three tested locations,
but Genotypes 54(160) and Awachy4 were stable in three sites according to AMMI and ASV methods. The Awachyl,
80(109) and 68(120) genotypes are stable in the three sites based on GGE Biplot and ASV methods. There is a stable
genotype similarity in some selection methods which reflects the ability of each method to assess the genotype stability
in some locations. It also shows the superiority of each stability analysis.

Table 4. Stable genotype of sweet-potatoes were selected based on
some stability methods.

Number of selected Selection
Selection method genotypes effectiveness
%
Finlay-Wilkinson - 0
AMMI Ayamurasaki 18.75
54(160)
Awachy 4
GGE biplot Ayamurasaki 25.00
Awachy 1
80 (109)
68 (120)
AMMI stability value Rancing 87.50
Ac Putih
Ayamurasaki

Naruto Kinotoki
Kriting maja
Awachy 1
Awachy 2
15 (112)
Awachy 4
57(97)
80(109)
54(160)
68(120)
35(180)
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CONCLUSION

This study concludes that the tested sweet-potato genotypes in the three sites were significantly affected by the major
effects of genotype and environment interaction but not by the influence of environment and genotype. The Ayamurasaki,
Beniazuma, Awachy?2, 15(112), Awachy4, Awachy5, 80(109), 54(160) and 35(180) are adaptable genotypes in the marginal
land based on Finlay-Wilkinson regression. The Ayamurasaki, 5(160) and Awachy4 genotypes are stable genotypes based
on AMMI analysis, while Ayamurasaki, Awachy1, 80(109) and 68(120) are stable genotype based on GGE Biplot analysis.
Rancing, AC-putih, Ayamurasaki, naruto kinotoki, Awachyl, Awachy2, 15(112), Awachy4, 57(97), 80 (109), 54(160),
68(120) and 35(180) are stable genotypes based on AMMI stability value (ASV). The selection effectiveness of ASV is
87.50%, greater than other stability methods. Ayamurasaki is stable in three tested locations based on AMMI method,
GGE Biplot and ASV. Genotypes 54(160) and Awachy4 are stable at three sites based on only two methods, AMMI and
ASV. Awachy1, 80(109) and 68(120) genotypes are stable in the three sites based on GGE Biplot and ASV methods.
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