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A B S T R A C T

Orange-Fleshed Sweet Potato (OFSP) is an important crop in Indonesia. Yield potential and genotypic adaptability
are important factors in varietal development. The purpose of this study was to estimate the stability of yield and
to select the best OFSP genotypes across three agroecosystems in West Java, Indonesia. The field trials used were
augmented design with 50 F1 Orange-Fleshed Sweet Potato (OFSP) genotypes as treatment, and seven check
varieties as controls. The experiments were conducted in three different agroecosystems in West Java (Sumedang,
Bandung, and Karawang). Selection was based on physical characteristics of sweet potato tuber, yield and stability
across three environments. Data analysis of the yield characters, yield component, and tuber quality were per-
formed by combined variance analysis. Selected genotypes were analyzed for stability yield using the parametric,
non-parametric, Additive Main effects and Multiplicative Interaction (AMMI), AMMI Stability Value (ASV), and
Genotype and Genotype by Environment (GGE) biplot models. Results identified the top best ten F1 genotypes
namely F1-38 (G1), F1-69 (G2), F1-71 (G3), F1-77 (G4), F1-127 (G5), F1-128 (G6), F1-135 (G7), F1-159 (G8), F1-
191 (G9), and F1-226 (G10). Location showed a significant effect on yield. Genotypes F1-069, F1-077, F1-226, F1-
038, and F1-128 have the lowest ASR based on non-parametric and parametric stability models and there were
identified as the most stable. AMMI analysis identified F1-128, F1-135, F1-038, and F1-069 as the most stable
genotypes. F1-38 (G1), F1-69 (G2), F1-128 (G6) were found to be the most stable genotypes based on ASV
analysis, while GGE biplot identified F1-38 (G1) and F1-69 (G2) genotypes as the stable genotypes. Other ge-
notypes were considered to as location-specific. Based on AMMI, ASV, and GGE Biplot models, F1-038, and F1-
069 were identified as stable genotypes. They produced higher yields than other genotypes. Therefore, the F1-038
and F1-069 genotypes can be potentially recommended as superior varieties for West Java, Indonesia.
1. Introduction West Java is one of the major sweet potato production areas in
OFSP is a food crop that have complete nutrition. It has more nutri-
tion content than vegetables, provides a lot of energy and contains large
amounts of vitamin A. OFSP is a food plant that has primary food
micronutrients status is enhanced through plant breeding (Laurie et al.,
2015). OFSP has high carbohydrate content with low glycemic level and
is a good vitamin A source and source of micronutrients including Zn, Fe,
Ca, and K (Islam, 2006; Burri, 2011). OFSP contain significant amounts of
carotenoids which are known as provitamins A and ß-carotene (Allen
et al., 2012). Therefore, sweet potato is very useful to increase the
nutritional intake of the community.
(A. Karuniawan).
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Indonesia. Production of this commodity in West Java in 2015 reached
456.2 tons (Central Bureau of Statistics, 2016). These yields were the
highest of all provinces in Indonesia, followed by Papua (446.9 tons) and
East Java (350.5 tons). sweet potato planting area in West Java, Papua
and East Java, respectively 23,514, 36,091, and 12,782 ha. Variability
among sweet potato production areas inn West Java has an effect on
sweet potato yield (Solihin et al., 2016). Soil biophysical factors affect
yield (Solihin et al., 2018) and plant growth promoting rhizobacteria
(PGPR) affect the sweetness quality of Cilembu sweet potatoes in West
Java (Nasution et al., 2017). Since West Java possess the largest
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cultivation areas for sweet potato in Indonesia, hence West Java is
considered as the most suitable location for yield trials.

Information about genotype and environmental interactions is very
important to estimate the performance of varieties when grown across
different environments. Andrade et al. (2016) and Mustamu et al. (2018)
identified superior varieties of sweet potatoes across several environ-
ments in Mozambique and in West Java, Indonesia, respectively. Geno-
typic and environment interactions are important for selecting the
suitable genotypes across three agroecosystems in West Java, Indonesia.
Information about genotype and environment interactions of sweet po-
tato varieties can help in the development on a large scale (Gruneberg
et al., 2005; Adebola et al., 2013; Andrade et al., 2016). In addition, the
genotypes and environment interactions are also an important consid-
eration in plant breeding programs. Therefore, stability and adaptation
studies to identify superior highly stable and adapted genotypes across
diverse environments are imperative.

The current method widely used to estimate stability is AMMI and
GGE biplot. Some researchers also evaluated stability and adaptability
with the AMMI in some species. Mirosavljevi�c et al. (2014) evaluated
barley in Serbia and get two stable genotypes. Sweet potato was also
evaluated in South Africa by Adebola et al. (2013) and obtained two
specific genotypes and three stable genotypes. Andrade et al. (2016)
evaluated sweet potato in Mozambique and get four genotypes stable,
and Mustamu et al. (2018) evaluated sweet potato using AMMI and GGE
biplot in Indonesia and get four stable genotypes, in which that superior
genotypes were selected in specific environments. Kivuva et al. (2015)
conveyed that in the AMMI analysis, the used of AMMI Biplot was needed
to describe the performance of the genotypes and locations tested. Thus,
using the AMMI models with Biplot can draw the distribution of geno-
types tested across different environments.

The University of Padjadjaran (UNPAD) has developed 50 F1 OFSP
lines. The goal of this research was to select new OFSP genotypes and
identify their respective yield stability and adaptability. To accomplish
this goal, it important to identify key morphological and yield traits to be
used as references in order improve sweet potato production in Indonesia.

2. Materials and methods

2.1. Genetic materials

The plant materials used include 50 OFSP F1 lines and seven checks
variety, i.e.: AC Putih, Rancing, Kokei, Ayamurasaki, Beniazuma, Kidal,
and Narutokinotoki. The material used was the result of open crosses.
These genotypes have been selected based on plants that produce tubers
in the initial phase of growth.

2.2. Experimental design

Field experiments were conducted in three agroecosystems in West
Java, Indonesia including Bandung, Sumedang, and Karawang. Bandung
has an altitude of 900 m a.s.l., a latosols soil type with andesite tuff ma-
terial, an average rainfall of 221 mm month�1, and air temperatures
ranging from 23-29 �C. Sumedang at an altitude of 753 m a.s.l., an
inceptisols soil type with andesite tuff material, an average rainfall of 241
mmmonth�1, and air temperatures ranging from22-27 �C. The altitude of
Karawang at an 24 m a.s.l., an inceptisols soil type, an average rainfall of
94,2 mm month�1, and air temperatures ranging from 23-36 �C. Because
of limited seeds and largenumberof entries, experimentswas laid outwith
an augmented designwith 50OFSP F1 lines as treatments and seven check
varieties as controls. Fertilization was applied using chicken dung at the
rate of 5 tons/ha and NPK at 200 kg/ha in each location.

2.3. Data collection

Traits observed include weight of tuber per plot (Kg) and converted
to t/ha, number tuber per plot, level of sweetness (OBrix), tuber length
2

(cm), and tuber diameter (cm) (Huaman, 1999). Level of sweetness was
observed in fresh tubers using digital refractometer (Magwaza and
Opara, 2015) brand ATAGO-Pal 1. Digital refractometer starts from the
calibration of the tool with aquadest, then the liquid sample was
dripped on the refractometer prism. The genotypes tested were selected
based on the physical appearance of tubers according to consumer
preference as reported by Maulana et al. (2016) and Andrade et al.
(2016).

2.4. Data analysis

Variance component analysis used was conducted on check varieties
to estimate standard errors. Adjustments for three block differences were
based on the difference between the average value of checks in a given
block and the average value of the entire experimental check (Federer
et al., 2001). Genotypic by environment interactions was carried out on
check varieties following You et al. (2013) with the equation number 1:

Yij ¼ μþ τi þ νj þ ðτνÞij þ εij (1)

This linear model is an Modification Augmented Design (MAD) type
2, where Yij : adjustment value of the genotype i at the location j; μ : the
overall average; τi : genotype effect of the genotype i; νj : location in-
fluence of the location j; ðτνÞij : effect of genotype i by location j in-
teractions, and εij : estimation of the combined experimental error based
on the analysis of the combined variance of the seven check varieties.

Non-parametric and parametric stability models used to identify
stable genotypes. Linear regressions measure following Eberhart and
Russell (1966). According this measurement, the genotypes are classified
based on the size of two parameters, i.e. bi and S2di, with the formula in
equations number 2 and 3:
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P

i

�
xij � Xi: � X:j þ X

…

��
X:j � X

…

�
P

j

�
X:j � X

…

�2 (2)

S2di ¼
1

N � 2

"X
i

�
Xij �Xi: �X:j þX

…

�
�ðbi� 2Þ2

X
j

�
X:j þ X

…

�2
#

(3)

Where, Xij: grand yield in location j from genotype i, Xi:: overall average
yield of genotype i in all locations, X :j: average yield of the location j, X

…
:

grand mean, N: number of locations. The genotypes that have bi > 1
would bemore adapted to favorable locations, bi< 1would be adapted to
unfavorable growing locations, and bi ¼ 1 would have an adapted to all
locations. Genotypes with S2di> 0 indicated the lower stability across all
locations, whereas a S2di ¼ 0 indicate the most stable.

To estimated mean variance component (θi), following Plaisted and
Peterson (1959) with the equation number 4:

θi ¼ p
2ðp� 1Þðq� 1Þ

Xq

j�1

�
xij � Xi: þ X:j

�2

þ SSGE
2ðp� 2Þðq� 1Þ (4)

The equation number 5 used to calculated the GE variance component
(θ(i)) (Plaisted, 1960):

θðiÞ ¼ �p
ðp� 1Þðp� 2Þðq� 1Þ

Xq

j�1

�
xij � Xi: � X:j þ X::

�2
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(5)

Estimation of the ecovalence value (Wi2) follows Wricke (1962), this
measurement was estimated by equation number 6:

W2
i ¼

X�
Xij � Xi: � X:j þ X::

�2

(6)
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Shukla's stability variance ðσ2iÞ (Shukla, 1972), for the genotype i was
measures as follow the equation number 7:

σ2
i ¼

���� p
ðp� 2Þðq� 1Þ

����W2
i �

P
W2

i

ðp� 1Þðp� 2Þðq� 1Þ (7)

Formula for Coefficient of variance (CVi) based on equation number 8
(Francis and Kannenberg, 1978):

CVi ¼ SDg

X
x 100 (8)

For θi, θ(i), Wi2, σ2i, CVi measurements, were xij, Xi:, X :j, X…
: same

with linear regressions; p and q is the numbers of genotypes and sites;
SDg: the standard deviation of a genotype by location interactions.

Nassar and Huhn (1987) and Huehn (1990) proposed four
non-parametric stability (S(i)) measures with the equations number 9, 10,
11, and 12:

Sð1Þi ¼ 2
Xn�1

j
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j0 ¼jþ1
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0
ij

���
½Nðn� 1Þ� ; (9)
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Where rij is the rank of stability in the jth location from the ith genotype;
ri:: mean rank for each genotype in all locations; and N: number of
location. Thennarasu (1995) proposed four parametric stability (NP(i))
measures. The equations of the four proposed measurements was the
equations number 13, 14, 15, and 16:
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i
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where r*ij : rank of stability from genotype i in site j (adjusted data); M*
di:

adjusted data from the median rank's; Mdi : unadjusted data from the
median rank's (same parameters). N: number of location. The last, Kang
(1988) proposed non-parametric stability measure (KR) based on yield
rank from each genotype and Shukla's stability variance as selection
index. The genotype with low stability variance and the highest average
yield, were given a rank of 1. STABILITYSOFT (online software) was used
to identify stable genotypes based on non-parametric and parametric
stability measurements (Pour-aboughadareh et al., 2019).

AMMI model used to identify stable genotypes among the selected
genotypes following the study of Gauch et al. (2008). ASV was calculated
3

based on Purchase et al. (2000). The GGE biplot model following Yan
et al. (2007).

3. Results and discussions

3.1. Selection of F1 orange fleshed sweet potato (OFSP) genotypes based
on consumer preferences

Selection was based on consumer preferences in Indonesia. This is
useful so that the new varieties produced can be readily accepted and
immediately utilized by the community. Ten sweet potato genotypes
were selected based on such consumer preferences. They are F1-38, F1-
69, F1-71, F1-77, F1-127, F1-128, F1-135, F1-159, F1-191, and F1-226
genotypes. These selected genotypes have the tuber shape, color of
skin and color of fleshed based on consumer preferences (Andrade et al.,
2016; Maulana et al., 2016). The F1-38, F1-71, F1-77, F1-127, and
F1-191 genotypes have creamy skin, yellow-fleshed color (without sec-
ondary color), and long elliptical shape. F1-69, F1-128, and F1-226 ge-
notypes have red skin, orange-fleshed color (without secondary color),
and long elliptical shape. F1-135 genotypes have red skin, yellow-fleshed
color, and long elliptical shape, while F1-159 genotypes have creamy
skin, orange-fleshed color, and long elliptic shape. Other genotypes were
not selected because their shapes are not in accordance with consumer
preferences. Therefore, selection based on consumer preferences is
important to improve the competitiveness of new varieties.

Selection of sweet potato was done in the early generations. Sweet
potatoes are considered as vegetatively propagated plants so that
multiplication of varieties can be done through stem cuttings and or tu-
bers. Propagation through the vegetative part allows the offsprings to be
clone reproduction of the mother plant. In addition, self-incompatibility
in sweet potato does not allow self-pollination (Vimala et al., 2012;
Gurmu et al., 2013), resulting in heterozygous F1 seeds that are geneti-
cally different from one another. Self-incompatibility is a genetic system
that can prevent the occurrence of self-fertilization in flowering plants
and only allows outcrossing. Heterozygosity promotes increase genetic
variation. Genetic variations that appear from new genotypes resulting
from crosses facilitates individual selection of sweet potato plants
(Bhandari et al., 2017). Outcrossing in sweet potatoes produces diversity
among offspring for both qualitative and quantitative characters.

3.2. Genotype x environment interaction analysis for check varieties

Statistical analysis to estimate GxE in this experiment based on the
combined variance analysis of the adjusted value from the check variety.
This is due to the absence of repetition in the genotype tested, so that the
combined experimental error is predicted based on the adjusted value
(adj.) of the check variety. You et al. (2013) stated that in augmented
design type 2models, the heterogeneity of the soil from the control plot is
eliminated by adjusting the data, so that the adjustment value of the
check variety can be considered to represent the test environmental
conditions. In addition, the combined value of the adjusted value from
check variety can be used to test the yield stability and other properties of
the test genotype in different environments. You et al. (2016) also added
that the use of checks variety in estimating combined variance with MAD
type 2 is efficient enough to repress test environment conditions.
Therefore, the combined ANOVA from check varieties can be used to
estimate experimental errors in several environments.

Combined analysis for all characters from the seven varieties used as
checks across three different environments in West Java showed that the
location had a significant effect (Table 1). The means square of envi-
ronmental influences for the number of sweet potatoes, weight of sweet
potato, sweet potato diameters, sweet potato length, and sweetness levels
(p < 0.01) are 0.5025, 2.6188, 73.4295, 5.5731, 2.4276. These showed
that the potential of each character tested were influenced by the



Table 1. Combined analysis of variance across genotypes, environment, and genotype x environment interactions for tuber number per plot, tuber weight per plot (kg),
tuber diameter (cm), tuber length (cm), and tuber sweetness (Brix) traits for check varieties.

Source of variation df Mean Square

Number of
Sweet Potato
per Plot

Weight of Sweet
Potato per Plot (kg)

Tuber
Diameter
(cm)

Tuber
Length
(cm)

Sweetness
(Brix)

Block (loc.) 6 0.2939 0.001 8.0761 0.3319 0.3662

Genotype 6 0.4219 0.0327 2.1708 1.449 0.7109

Location 2 0.5025** 2.6188** 73.4295** 5.5731** 2.4276*

Genotype x location 12 0.4219 0.0506 3.7414 2.0506 0.8561

Residual 40 0.5025 0.0949 3.9648 1.5306 0.7465

Total 62 0.7222 0.1587 6.1214 1.7151 0.8062

*Significant at P < 0.05; **Significant at P < 0.01.
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location. Some researchers also stated that yield performance was
strongly affected by the environment (Gruneberg et al., 2005; Solihin
et al., 2016). Sholihin (2015) reported that environmental factors were
important in determining stability. Similar results also occured in yellow
passion fruit (de Oliveira et al., 2014), and grain (Coan et al., 2018),
where environmental factors controlled yield variations.

Based on the results of the combined analysis, there is no significant
genetic or genetic x environment (GxE) observed. The value of the in-
fluence of genetic factors for total number tubers, tuber weight, tuber
diameter, tuber length, and sweetness (Brix) levels were 0.4219, 0.0327,
2.1708, 1.449, and 0.7109, respectively (Table 1). The GxE value for
total number tubers, tuber weight, tuber diameter, tuber length, and
sweetness (Brix) levels were 0.4219, 0.0506, 3.7414, 2.0506, 0.8561,
respectively (Table 1). The absence of GxE effects means that selection
across three agroecosystems will be effective. Andrade et al. (2016) also
stated that the concept of Accelerated Breeding Scheme (ABS) in sweet
potato would be effective if there were no or small GxE. The absence of
GxE in this study indicated that the environmental conditions were
relatively similar or the response of sweet potato genotypes was rela-
tively uniform, thus the selection process would be easier.
Table 2. Parametric stability models of the selected sweet potato genotypes.

Genotype Y CVi Wᵢ2 σ2ᵢ
F1-038 15.08 65.896 0.552 0.3

F1-069 15.17 49.049 0.244 0.1

F1-071 22.45 25.890 0.000 -0.0

F1-077 6.64 35.912 0.002 -0.0

F1-127 2.47 48.336 0.000 -0.0

F1-128 7.57 84.324 0.350 0.2

F1-135 10.81 46.010 0.280 0.1

F1-159 6.80 37.191 0.079 0.0

F1-191 10.97 173.205 0.138 0.0

F1-226 4.12 38.703 0.006 -0.0

Rank

Y CVi Wᵢ2 σ2ᵢ
3 8 10 10

2 7 7 7

1 1 1 1

8 2 3 3

10 6 2 2

6 9 9 9

5 5 8 8

7 3 5 5

4 10 6 6

9 4 4 4

4

3.3. Stability analysis of selected genotypes based on parametric and non-
parametric stability models

Table 2 presented the results of the parametric stability analysis.
According to Eberhart and Russell (1966) model, genotype stability
was determined using regression coefficients (bi) and variance de-
viations (S2di), with estimates of bi ¼ 1 and S2di being low. Genotypes
F1-038, F1-069, F1-077, F1-128, F1-135, and F1-226 have bi ¼ 1,
where F1-077, F1-128, and F1-226 has lower yields than overall
average yield. Therefore, the genotypes were less adaptable to all
planting environments. Genotypes F1-071 and F1-191 with bi > 1
values has a low average level of stability, so they were specific and
has high yields in certain environments. Genotypes F1-127 and F1-159
with bi < 1 and average yields which were lower than the average
yields overall, so that the specifics in low production environments.
Based on S2di measurements, the F1-226 genotype has the lowest
value, followed by F1-077, F1-127, and F1-069, so declared the most
stable genotypes according to this approach. Average yields for geno-
types tested in three environments ranged from 2.467 to 15.167 ton-
s/ha, with genotypes F1-071, F1-069 and F1-038 has the highest
bᵢ s2dᵢ θᵢ θ₍ᵢ₎
34 3.566 0.000 0.205 0.065

41 2.707 0.000 0.119 0.086

11 1.001 0.000 0.052 0.103

10 1.147 0.000 0.052 0.103

11 1.015 0.000 0.052 0.103

07 -1.043 0.000 0.149 0.079

63 -0.826 0.000 0.129 0.084

38 1.973 0.000 0.074 0.098

75 -0.282 0.000 0.090 0.094

08 0.741 0.000 0.053 0.103

bᵢ s2dᵢ θᵢ θ₍ᵢ₎
1 10 1 10

1 9 4 7

4 3 10 1

1 7 8 3

2 1 9 2

1 8 2 9

1 6 3 8

3 3 6 5

2 3 5 6

1 2 7 4



Table 3. Non-parametric stability models of the selected sweet potato genotypes.

Genotype S⁽1⁾ S⁽2⁾ S⁽3⁾ S⁽⁶⁾ NP⁽1⁾ NP⁽2⁾ NP⁽3⁾ NP⁽⁴⁾ κR

F1-038 4.000 9.333 2.545 0.909 2.000 0.233 0.295 0.545 7.000

F1-069 2.000 2.333 0.636 0.455 1.333 0.148 0.170 0.273 3.000

F1-071 2.000 2.333 0.560 0.400 6.000 0.167 0.509 0.240 11.000

F1-077 1.333 1.000 0.400 0.400 2.000 0.500 0.327 0.267 13.000

F1-127 2.667 4.333 3.250 1.750 3.000 1.467 1.335 1.000 17.000

F1-128 3.333 6.333 2.714 1.143 1.667 0.333 0.267 0.714 8.000

F1-135 4.000 9.000 3.000 1.000 2.667 0.296 0.342 0.667 8.000

F1-159 5.333 17.333 5.200 1.400 3.333 0.333 0.604 0.800 16.000

F1-191 5.333 21.333 11.636 2.909 4.000 0.593 0.803 1.455 12.000

F1-226 0.667 0.333 0.200 0.400 2.000 1.167 0.648 0.200 15.000

Rank

S⁽1⁾ S⁽2⁾ S⁽3⁾ S⁽⁶⁾ NP⁽1⁾ NP⁽2⁾ NP⁽3⁾ NP⁽⁴⁾ κR SR ASR SD

7 8 5 5 3 3 3 5 2 94 5.529 3.201

3 3 4 4 1 1 1 4 1 66 3.882 2.564

3 4 3 1 10 2 6 2 5 58 3.412 2.830

2 2 2 1 3 7 4 3 7 66 3.882 2.398

5 5 8 9 7 10 10 9 10 107 6.294 3.304

6 6 6 7 2 5 2 7 3 97 5.706 2.696

7 7 7 6 6 4 5 6 3 95 5.588 1.912

9 9 9 8 8 5 7 8 9 109 6.412 2.144

9 10 10 10 9 8 9 10 6 123 7.235 2.602

1 1 1 1 3 9 8 1 8 68 4.000 2.970
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average yields, while F1-127, F1 -226, F1-077 and F1-159 has low
yields (Table 3). Three parametric stability models: Wricke ekovalance
(Wi2), Shukla stability variance (σ2i ) and GE variance component (θ(i)),
showed that F1-069, F1-128, F1-135, and F1-038 as the most stable
genotypes. The other genotypes that were selected the most stable were
F1-071, F1-159, F1-191, and F1-127 by Plaisted and Peterson's ðθi),
and F1-077, F1-226, F1-069, and F1-038 by Francis and Kannenberg's
(CVi). Table 3 presented the results of the non-parametric stability
analysis for each genotype. According to S(1), S(2), S(3), and S(4) esti-
mated the F1-226, F1-077, F1-071, and F1-068 genotypes have the
smallest values and represent the most stable. NP(1) measurement
identified the genotypes F1-069, F1-128, F1-038, F1-077, and F1-226
as stable genotypes. NP(2) identified genotypes F1-069, F1-071,
Table 4. Spearman's rank correlation of the parametric and non-parametric stability

Yield Cvi Wᵢ2 σ2ᵢ s2dᵢ bi θᵢ θ₍ᵢ₎
Yield 1.000

Cvi -0.285 1.000

Wᵢ2 0.091 0.455 1.000

σ2ᵢ 0.091 0.455 1.000** 1.000

s2dᵢ -0.515 0.636* 0.430 0.430 1.000

bi -0.123 0.658* 0.884** 0.884** 0.617* 1.000

θᵢ -0.091 -0.455 -1.000** -1.000** -.430 -0.884** 1.000

θ₍ᵢ₎ 0.091 0.455 1.000** 1.000** 0.430 0.884** -1.000** 1.000

S⁽1⁾ -0.202 0.544 0.159 0.159 0.826** 0.318 -0.159 0.159

S⁽2⁾ -0.236 0.588* 0.212 0.212 0.830** 0.350 -0.212 0.212

S⁽3⁾ 0.030 0.661* 0.212 0.212 0.673* 0.425 -0.212 0.212

S⁽⁶⁾ 0.178 0.607* 0.129 0.129 0.485 0.319 -0.129 0.129

NP⁽1⁾ -0.080 0.718** 0.902** 0.902** 0.632* 0.874** -0.902** 0.902**

NP⁽2⁾ 0.863** 0.049 0.316 0.316 -0.353 0.072 -0.316 0.316

NP⁽3⁾ 0.491 0.467 0.758** 0.758** 0.115 0.596* -0.758** 0.758**

NP⁽⁴⁾ 0.164 0.588* 0.115 0.115 0.491 0.315 -0.115 0.115

κR 0.778** 0.085 0.681* 0.681* -0.103 0.495 -0.681* 0.681*

*Significant at P < 0.05; **Significant at P < 0.01.

5

F1-038, and F1-135 as stable genotypes. NP(3) identified the F1-069,
F1-128, F1-038, and F1-077 genotypes as stable genotypes. NP(4)

identified the F1-226, F1-071, F1-077, and F1-069 genotypes as the
most stable. While the KR stability model predicted the F1-069,
F1-038, F1-128, and F1-135 genotypes as stable genotypes. Many sta-
tistical methods were proposes for used as an index of selection of
stable crops with high yields (Farshadfar et al., 2012; Ahmadi et al.,
2015; Khalili and Pour-aboughadareh, 2016). However, Vaezi et al.
(2019) reported that barley genotype selection with high yield and
stable in Iran using parametric and non-parametric stability models is
still quite difficult. Therefore, another approach is needed to determine
the genotypes that was able to adapt to diverse environments and high
yield.
models.

S⁽1⁾ S⁽2⁾ S⁽3⁾ S⁽⁶⁾ NP⁽1⁾ NP⁽2⁾ NP⁽3⁾ NP⁽⁴⁾ κR

1.000

0.991** 1.000

0.899** 0.879** 1.000

0.805** 0.791** 0.963** 1.000

0.390 0.436 0.436 0.304 1.000

-0.064 -0.049 0.195 0.357 0.191 1.000

0.147 0.176 0.370 0.399 0.730** 0.742** 1.000

0.807** 0.794** 0.964** 0.988** 0.301 0.328 0.345 1.000

-0.058 -0.061 0.182 0.234 0.498 0.808** 0.827** 0.219 1.000
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3.4. Spearman's rank correlation, stability models grouping, and selected
genotype grouping

Based on Spearman's rank correlation coefficient, the average yield
was positively and significantly correlated with NP(2) and KR (P < 0.05)
(Table 4). Other positive and significant correlations were CVi with s2dᵢ,
bi, S(2), S(3), S(6), NP(6) (P < 0.05), and NP(1) (p < 0.01). Wi2 with σ2ᵢ, bi,
θ(i), NP(1), NP(3) and KR,. σ2ᵢ with bi, θ(i), NP(1), NP(3) and KR,. s2dᵢ with
bi, S(1), S(2), S(3), and NP(1). Linear regression (bi) with θ(i), NP(1), and
NP(3). θ(i) with NP(1), NP(3), and KR. S(1), S(2), S(3), S(6), and NP(4) were
positively correlated and significant (P < 0.01). NP(1) with NP(3) (P <

0.01), and NP(2) with NP(3) and KR (p < 0.01). Overall, the results of
Spearman's rank correlation analysis showed that the measures of sta-
bility NP(2) and KRwere significantly correlated with average yields, thus
provided a measure of stability in a dynamic sense. According to Akcura
and Kaya (2008), a stability model that was positively correlated with
yields can be used to recommend genotyping with a favorable growth
environment. Ahmadi et al. (2015) and Vaezi et al. (2019) reported that
CVi, bi, and TOP were significantly correlated with average yields, so the
three were recommended as models to select genotypes with above
average yields in locations with unfavorable growth conditions. Based on
this, NP(2) and KR models can be used as a stability model to identify
sweet potato yields in unfavorable environments.

The Principal Component Analysis (PCA) of the stability model was
used to determine the relationship between stability models and merge
them into appropriate groups. The eigenvalue >1 were calculate the
variations of 98.776% against the parametric and non-parametric models
(data not shown). Because the first and second PCs have the highest
variability values (51.56% and 27.77% respectively) and eigenvalue
(8.25 and 4.44), biplot diagrams based on PC1 and PC2 were taken.
Figure 1 showed the three groups of stability models: (1) K1, Wi2 models,
σ2ᵢ, θ(i), bi, NP(1), NP(2), NP(3), and KR. K2, contains CVi, S2di, S(1), S(2),
S(3), S(6), and NP(4) models, while K3 contains a stability model θᵢ.

To classify selected sweet potato genotypes, cluster analysis
(dendrogram) was performed. Sweet potato genotypes were classified
into two main clusters (Figure 2). Two sub-clusters were produced in the
first group (KI). (1) sub-cluster K1a consisted of genotypes F1-135, F1-
038, F1-128, and F1-069, has high yields and average ranking lowest
stability. (2) sub-cluster K1b consisted of F1-226 and F1-077 genotypes
has smaller than average yields but has a low average stability rating. The
second group (K2) consists of genotypes F1-191, F1-159, F1-127, and F1-
071 with low yields and the highest average rating for stability models.
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3.5. Stability analysis of selected genotypes based on AMMI

Table 5 shows the average yield of each genotype across three
different locations, IPCA 1 and IPCA 2 value for the across genotypes and
locations, and ASV. For the test environment, the IPCA 1 and IPCA 2
relative values are small. From the data presented, it can be seen that
Sumedang and Bandung have small values for IPCA 1 0.749 and 0.892,
respectively. Likewise, small values were observed Sumedang and Ban-
dung for IPCA 2, 0.761 and -0.718, respectively. This showed that the
two locations were representative for testing, so the appearance of sweet
potato yield is a representation of the genetic potential of each tested
clone.

Karawang has a larger IPCA 1 value (-1.641) and a relatively small
IPCA 2 value (-0.043). These indicated that the genotypes planted at
Karawang will have higher yields and reflect the true genetic ability of
each clone tested due to the influence of small environmental factors. In
addition, a high IPCA 1 score also indicated that environmental pro-
ductivity was high. The results of AMMI analysis on selected genotypes
showed that IPCA1 and IPCA2 produce relatively low values both posi-
tively and negatively. This showed that yield was influenced more by the
environment than genetics. Thus, variation produced by the environment
was greater than that of the genotype. This was also stated by de Oliveira
et al. (2014) on passion fruit plants. This indicates that the test envi-
ronment used has significant differences.

The graph of the distribution of sweet potato genotypes based on the
yield character showed in Figure 3. Biplot in the AMMI analysis shows
the genotype and environmental magnitude that contributed to the
interaction. It shows the genotypes that were stable at specific locations.
The horizontal green line shows the score of zero interaction and the
vertical green line showed the average yield. The X-axis shows the main
effect and the Y-axis shows the interaction effect (IPCA1). In the biplot,
five sweet potato genotypes (F1-038, F1-069, F1-071, F1-135, and F1-
191) and one environment (environment 3 Karawang) were located on
the right side of the green vertical line (Figure 3). It is assumed that the
genotypes and the environments performed higher-yield and appropriate
condition. Values that are near to the zero axis (IPCA1) contribute to
smaller interactions. Thus, the AMMI1 biplot shows that genotypes F1-
128, F1-135, F1-038, and F1-069 have lower IPCA1 scores than other
genotypes (Figure 3). This shows that the genotypes have smaller inter-
action with the environment, so they are stated to be the most stable
according to this model. But F1-128 and F1-135 genotypes tend to have
smaller yield. On the other hand, the F1-071 and F1-159 genotypes were
CVi

s²dᵢ

θᵢ

S⁽¹⁾
S⁽²⁾S⁽³⁾

S⁽⁶⁾NP⁽⁴⁾

0 0.5 1 1.5 2

1.42 %)

F1 and F2: 64.45 %)

arametric and non-parametric models.
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Figure 2. Dendrogram of selected sweet potato genotypes.

Table 5. Yield Average. IPCA 1. IPCA 2. and AMMI Stability Value (ASV) of the ten best genotypes.

No. Genotypes Yield Average (ton/ha) IPCA 1 IPCA 2 ASV Rank

1 F1-038 (G1) 15.08 -0.173 -0.633 0.900 3

2 F1-069 (G2) 15.17 -0.101 -0.419 0.560 2

3 F1-071 (G3) 22.45 -1.285 -0.125 4.755 10

4 F1-077 (G4) 6.64 0.460 0.009 1.700 5

5 F1-127 (G5) 2.47 0.703 0.065 2.601 7

6 F1-128 (G6) 7.57 0.004 0.491 0.491 1

7 F1-135 (G7) 10.81 -0.266 0.413 1.066 4

8 F1-159 (G8) 6.80 0.912 -0.145 3.375 9

9 F1-191 (G9) 10.97 -0.727 0.237 2.699 8

10 F1-226 (G10) 4.12 0.474 0.108 1.756 6

Sumedang District (E1) 0.749 0.761

Bandung District (E2) 0.892 -0.718

Karawang District (E3) -1.641 -0.043
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the most unstable genotypes, but the F1-071 genotype had the highest
average yield. Therefore, selected and ideal genotypes must be developed
based on the adaptability of each genotype.

The results of AMMI analysis on selected genotypes showed that
IPCA1 and IPCA2 resulted relatively small values. This shows that the
yield is more influenced by the environment than genetics. The higher
positive or negative IPCA value means that genotypes adaptto specific
locations (Adebola et al., 2013; Kivuva et al., 2015; Mustamu et al.,
2018). The AMMI model is used to identify the main genotypic and
environmental effects and to analyze the main components for identi-
fying genotype by environment (GxE) interactions (IPCA) (Roostaei
et al., 2014). This shows that the values of the genotypes can achieve
high yield when planted in a productive locations.

Genotypes specific-adapt indicates differential response of the geno-
type depending on the environment. This means that they will produce a
higher yield in environments that they are adapted but not in others.
According to Thiyagu et al. (2013); Mirosavljevi�c et al. (2014); and
Gurmu (2017), stability analysis can selected the types of genotypes that
are stable and those that are environment-specific and allows the iden-
tification of interaction between genotype with environment. Knowledge
of the yield characteristics of each genotype makes it easy to carry out
further genotyping.

Quantitatively, the results of the AMMI analysis did not showed a
rank's of the exact stability of the genotypes tested (Figure 3). AMMI
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analysis only describes the distribution of genotypes visually. Therefore
another approach is needed to determine stable genotypes. The ASV
parameter was used to measure and classify stable genotypes from the
smallest value range. This is also suggested by Purchase et al. (2000).
Based on the ASV parameter (Table 5), all genotypes were sorted by
stability rank. There were three genotypes that have values below 1 and
were declared as stable genotypes, i.e., F1-038 (G1), F1-069 (G2), F1-128
(G6). The ASV has also been used as an additional analysis to select more
stable sweet potato genotypes in Indonesia (Mustamu et al., 2018).

3.6. Stability analysis of selected genotypes based on GGE biplot

Figure 4 showed the average yield biplot of sweet potatoes. The
length of the genotype vector, showed the difference of the genotypes to
the average genotype in terms of the influence of genotype, location, and
their interactions. Genotypes that located near the center of the biplot
axis have small influences on genotype, and genotype x environment
interactions. Genotypes that have a small vector distance from the centre
of the biplot are considered as stable genotypes (Yan et al., 2007). The
length of the environmental vector showed the magnitude of the influ-
ence of genotypic factors, the environments and their interactions. The
longer environmental vector, the greater the genotype x environment
interaction. The F1-077 and F1-135 genotypes are stable genotypes
(Figure 4), but they have yield below the average overall yield. Genotype



Figure 3. AMMI biplot for selected sweet potato for yield.

Figure 4. Biplot of selected sweet potato genotypes against average yields in
three locations.

Figure 5. Biplot of average yield and stability of selected sweet potato geno-
types in three locations.

Figure 6. Mega environments biplots on selected sweet potato genotypes in
three locations.
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F1-071 has the longest vector which was the genotype with the highest
yield, but genotype F1-127 with the lowest yield, and the most unstable
genotypes were F1-191 and F1-127. Unstable genotypes can be put as
adapted genotypes for specific location. The value and efficiency of yield
genotypes were determined by their stability and adaptability (Zhang
et al., 2016). Thus, the development of the genotypes must be in an
appropriate environment.

Figure 4 also showed that the F1-038 and F1-069 genotypes have
close distances and small angles. This means that the two genotypes have
almost similar potential yield. The average yield of the two genotypes
was 15.08 t/ha and 15.17 t/ha, respectively. Genotype F1-191 showed
well adapted to marginal environments, which shown by high yield in
marginal environments. The distance and the angle formed by the two
8

genotype vectors gave a picture of the differences between genotypes.
The difference can be in the form of average yield or interactions with the
environment. Li and Xu (2014) stated if two genotypes have large vector
distance and angles, then the difference between two genotypes would be
very large. This shows that genotypes which have close distances and
small angles, have the same yield potential.

Figure 5 shows biplot of the average yield and its stability. Yan
et al. (2007) stated that the X-axis shows the average yield of each
genotype, and the Y-axis showed a picture of the yield stability of each
genotype tested. The genotype to the right of the Y-axis has higher
yields than the average overall yield. In contrast, the genotype to the
left of the Y-axis has lower yield than the average overall yield. If the
genotype was far from the X-axis, then the genotype was unstable.
There were four genotypes that located on the right side of the Y- axis,
namely F1-038,F1-069, F1-071, and F1-191. The yield of the four
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genotypes were above the overall average yield, while the other six
genotypes have smaller yields. The F1-038 and F1-069 genotypes were
the most agronomically stable (high yield), because they have the
closest distance to the X-axis, while F1-071 and F1-191 genotypes were
unstable because they have longer distance from the X-axis. Genotypes
that have the closest distance to the ideal genotype values were F1-038
and F1-069 (Figure 5). Both genotypes were capable of high yield in
both marginal and optimal environments (Figure 4). Ngailo et al.
(2019) also reported the results of sweet potato selection in Tanzania
using GGE Biplot. Both genotypes were also capable of producing
maximum yield at all environments, so they can be recommended as
new superior varieties.

Figure 6 illustrated 99.1% of the total GGE variation, where PC1
explained 89% and PC2 10.1% of total variation. There were 6 sectors
with F1-191, F1-071, F1-038, F1-159, F1-127, and F1-128 genotypes as
the best genotype for each sector. The environment was divided into two
sectors, namely sector 1 (environment 3) and sector 2 (environment 1
and 2). F1-071 genotypewas well adapted to the environment 1. In sector
2 there was none well-adapted genotype. There were some superior ge-
notypes in certain sectors but not in 3 test environments i.e. F1-159, F1-
127, and F1-128. Environments in different sectors show that genotypes
located in these location have unequal yields and that genotypes belong
to region-specific genotypes.

In general, this study used numerical stability measurements, AMMI
and ASV, as well as a GGE biplot model to select stable sweet potato
genotypes. Selection of stable sweet potato genotypes with high yields
based on a single stability model is quite difficult. The average sum rank
(ASR) used of all stability models to select a stable genotype that was
superior with a low ASR value. F1-069, F1-077, F1-226, F1-038, and F1-
128 have the smallest ASR and there were identified as the very stable
genotypes (Table 3). AMMI models was able to describe stable genotypes
in general, both low and high yields, so the determination of stable ge-
notypes must be added to other analytical models such as ASV. However,
GGE biplot described the stability of genotypes based on low and high
yields, so GGE biplot was more informative. In general, based on para-
metric, non-parametric, AMMI, ASV and GGE biplots models, the F1-038
and F1-069 were declared as stable and higher yield genotypes. Hence,
both genotypes can be declared as stable genotypes with high yields for
West Java.

4. Conclusion

Ten sweet potato genotypes were selected that were in accordance
with consumer preferences, i.e., F1-038 (G1), F1-069 (G2), F1-071 (G3),
F1-077 (G4), F1-127 (G5), F1-128 (G6), F1-135 (G7), F1-159 (G8), F1-
191 (G9), and F10226 (G10). Generally, Selection of stable sweet po-
tato genotypes with high yields based on a single stability model is quite
difficult. Parametric, non-parametric, AMMI, ASV, and GGE Biplot
models identify F1-038, and F1-069 as stable genotypes. They produce
higher yields than other genotype tested. Therefore, the F1-038 and F1-
069 genotypes can be potentially recommended as superior varieties for
West Java, Indonesia, while other genotypes were stated as environment-
specific.
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