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A B S T R A C T   

Genetic studies on yield and yield quality are becoming benchmarks for farmers and industry in 
selecting and developing varieties. Evaluations that combine various stability statistics can pro
vide more accurate information to select the ideal genotype. This study aims to identify the effect 
of genotype by environment interactions (GEIs) for yield and yield quality, to select high yield 
and stable sweet potato genotypes, as well as to select superior genotypes based on yield and yield 
quality. Three different environments in West Java, Indonesia, were used to test the sweet potato 
genotypes using a randomized block design that was repeated three times. Highly significant 
effects of sweet potato genotypes (G), environments (E), and GEIs were observed for yield and 
yield quality. The Combined ANOVA showed that GEIs effect contributed 54.88% for yield, 
40.01% for sweetness, 10.46% for moisture content, 68.80% for tuber diameter, and 72.57% for 
tuber length from the sum of square. Five most high and stable yield on sweet potato genotypes 
identified by all measures, includes G4, G6, G7, G31, and G32. Genotype by yield*traits (GYT) 
selected seven genotypes that have superior in yield and yield quality, they were G7, G15, G4, 
G20, G6, G31, and G14. Based on stability measurements and GYT biplots, the genotypes G4, G6, 
G7, and G31 are in both slices. So that the four genotypes have high, stable yields, and have a 
good combination of traits for yield quality. Our findings can be used for improvement cultivation 
involving partner companies, partner institutions, and farmers, and the selected genotypes can be 
release as superior varieties candidate.   

1. Introduction 

Sweet potato (Ipomoea batatas [L.] Lam) is a commodity that has high commercial value. In Indonesia, many food industries have 
made sweet potatoes as their main raw material, especially in the West Java province [1]. The development of the food industry has 
resulted in a high demand for certain varieties/genotypes. However, the amount of demand is not proportional to the supply. Some of 
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the reasons for this were (i) many varieties grown by farmers, but not according to industry standards, (ii) varieties that comply with 
industrial standards have decreased quality and productivity. According to Maulana et al. [2], the decline in sweet potato production 
was caused by several factors, including continuous land use without crop rotation, then continuous use of seeds without replanting. 
Therefore, new high yielding varieties are needed and in accordance with industry standards. 

Multi-environments trials play an important role in selecting the superior genotypes in different locations. In multi-environments 
testing, genotypes are usually evaluated at several years, locations, and growing seasons. The development of new commercial ge
notypes, high yielding, and stable under a variety of environmental conditions is the main objective of plant breeding programs. The 
interpretation of genotypes performance is usually always influenced by large GEIs [3–6]. The effect of GEIs decreases the relationship 
between genotype and phenotypic values, and also makes it difficult for breeders to select superior genotypes [6–8]. Therefore, 
interpreting GEIs in multilocation tests is very helpful in determining the stability of genotypes in diverse environments, or adaptive to 
specific environments [8–11]. Numerous methods have been suggested to analyze GEIs, adaptability and stability of genotypes under 
diverse environmental conditions. Including parametric and non-parametric measurements, and visual measurements such as AMMI 
and GGE biplot [12–16]. Each of these measurements can complement each other for investigating and interpreting GEIs and genotype 
stability, ultimately leading to fairly clear information about these interactions as genotype sensitivity to the test environment [4, 
17–19]. 

Selection of stable and high yielding genotypes requires effective method of evaluation [5,10]. Multi-environment evaluation is a 
critical step in plant breeding programs that aims to select the ideal genotype in a wide range of environments. A method of evaluation 
that combines a variety parameter of stability could provide more accurate information to select the stable and high yielding genotype 
[6,10,13,20]. 

Each stability measure has its own advantages and disadvantages in explaining the phenomenon of the GEIs. Therefore, most 
breeding programs now integrate some of statistical measurements [10,13,20,21]. Planting the stable and high yield genotype in a 
diverse environments is one approach to increase sweet potato production in the country. Recently, a selection method has been 
developed to obtain superior genotypes based on a combination of yields and other traits, namely genotype by yield*traits (GYT) [22]. 
This method was considered effective in selecting genotypes based on a combination of many traits. Several researchers have suc
ceeded in selecting superior genotypes using GYT biplots, including sweet potato [23], red spring wheat [24], durum wheat [25], 
barley [26], and sesame [27]. The use of this method will be improved the accuracy of genotypic selection based on multiple traits. The 
purpose of this study were to identify the effect of genotype by environment interactions (GEIs) for yield and yield quality, to select 
high yield and stable sweet potato genotypes, as well as to select superior genotypes based on yield and yield quality. 

2. Materials and methods 

2.1. Plant material and experimental design 

The genetic materials used include 30 new breeding genotypes, and three commercial varieties as checks. These genotypes were the 
result of open pollination, where only the female parent was known. These tubers were previously selected based on tuber production 

Table 1 
Variations across three environments during experiment.   

Kuningan Bandung Banjar 

Coordinates 6◦55′45.7″S 108◦26′12.0″E 6◦52′45.5″S 107◦44′36.8″E 7◦23′34.3″S 108◦36′32.5″E 
Altitudes (m.a.s.l.) 782 753 16 
Type of agro-climate B⋅II.2 A.II.2 B⋅II.3 
Temperature (OC) 
Min. 24.59 26.11 24.58 
Max. 26.18 26.66 26.69 
Mean 25.20 26.41 25.37 
Dry months per year (month) 3–7 3–7 3–7 
Wet months per year (month) 5–9 5–9 3–4 
Annual rainfall (mm) 1.500–2.500 >2.500 1.500–2.500 
Rainfall (mm/month) 
Min. 14.77 18.61 11.09 
Max. 26.47 23.34 24.06 
Mean 20.88 20.38 17.91 
Humidity (%) 
Min. 83.72 80.76 77.98 
Max. 85.68 84.77 85.26 
Mean 84.59 82.31 83.31 
Soil Parameters 
pH H2O 6.68 6.02 6.74 
C-Organic (%) (C) 1.12 3.38 1.11 
Total Nitrogen (%) (N) 0.18 0.21 0.12 
C/N 6.22 16.01 9.25 
P2O5 HCl 25% (mg/100 g) 90.5 1.87 66.7 
Potassium (K) 0.21 1.02 0.18  
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in the initial growth phase, and based on preference level of the community and farmers. 
Field experiments were conducted in three environments in West Java, Indonesia: Kuningan (L1), Bandung (L2), and Banjar (L3). 

Information about the field trials presented in Table 1 and Fig. 1. The experiments were carried out using a randomized block design 
planting in three replications. Fertilization was applied using chicken dung at the rate of 5 tons ha− 1 and NPK at 200 kg/ha in each 
location. 

2.2. Data collection 

The observed traits was tuber yield per plot and yield quality. The data were collected at the time of harvest. The weight (kg) of 
sample obtained from a 3 × 5 m2 plot of each genotype. Data was converted to ton ha− 1. 

2.3. Data analysis 

An estimation of the GEIs was carried out for all genotypes. The statistical model for combined ANOVA of the environments was as 
follows: 

Yefgh = μ + Ge + Ef + GEef + Rg(f) + Bh(g) + εefgh (1)  

where Yefgh is the value in plot h of genotype e, and the value in location f of each replication g; μ is the grand mean; Ge is the influence 
of genotype e; Ef is the influence of the location; GEef is the influence of interaction between genotype e and location f; Rg(f) is the 
influence of replicate g on location f; Bh(g) is the influence of repeat g on plot h; and εefgh is the influence error of genotype e in plot h 
and repeat g of location f, respectively. 

Identification of the stable genotypes based on combined stability measurement using parametric and non-parametric stability 
components. Linear regressions following [28] method. Based on this component, genotype is indicated stable if a regression slope (bi) 
of 1 and a variance deviation (S2di) of 0. The mean variance component (θi) was estimated according to Ref. [29] with the formula: 

Fig. 1. Maps of multi-locations trial in West Java, Indonesia.  
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θi =
p
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The GE variance component (θ(i)) was calculated according to Ref. [30] as: 

θ(i) =
− p
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Wricke’s ecovalence (Wi2) was calculated according to Ref. [31] as: 

W2
i =

∑(
Xij − Xi. − X.j + X..

)2 (4) 

Shukla’s stability variance (σ2i) was calculated according to Ref. [32] as: 
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and the coefficient of variance (CVi) was calculated according to Ref. [33] as: 

CVi =
SDg

X
x 100 (6)  

where xij = yield of genotype i in location j; Xi. = yield of genotype i; X.j = average yield of location j; X.. = average overall yield; p and 
q = the number of genotypes and environments, respectively; and SDg = standard deviation of a genotype mean across locations. 

Stability nonparametric (S(i)) components were applied according to Refs. [34,35] with the formula: 
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where rij = rank in location j from genotype i; ri. = mean rank across all locations for each genotype; and N = the number of envi
ronments. Stability parameters (NP(i)) were calculated according to Ref. [36] as: 

NP(1) =

∑n
j=1

⃒
⃒
⃒r∗ij − M∗

di

⃒
⃒
⃒

N
(11)  

NP(2) =

[∑n
j=1

⃒
⃒
⃒r∗ij − M∗

di

⃒
⃒
⃒

/
Mdi

]

N
(12)  

NP(3) =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅∑
(r∗ij − r∗i.)

2

N

√

ri.
(13)  

NP(6) =
2x
[∑n− 1

j=1
∑n

j′=j+1

⃒
⃒
⃒r∗ij − r∗i.

⃒
⃒
⃒

/
ri.

]

N(N − 1)
(14)  

where r∗ij = rank of genotype ‘I’ in location ‘j’ based on adjusted data; M∗
di = median rank of adjusted data; Mdi = same parameter 

obtained from the unadjusted data; N = number of an location. Kang’s nonparametric stability measure (KR) was assessed according to 
Ref. [37]. In this method, the yield performance and stability variance to identify stable and high-yielding genotypes were given 
weightings of 1. To calculate the parametric and nonparametric statistics, the online software STABILITYSOFT [38] was used. To select 
and to compare high yield based on combined analysis, the results of parametric and non-parametric stability measurements were 
grouped using hierarchical cluster analysis (dendrogram) based on the stability rank of each parameter. Dendrogram was estimated 
using SPSS v19 software [39]. 

Identification of stable genotypes using AMMI following the formula of [40]: 
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Table 2 
Combined variance analysis on 33 sweet potato in three environments.  

Source df Yield (tons.ha− 1) Sweetness (oBrix) Moisture Content (%) Tuber Diameter (cm) Tuber Length (cm) 

SS  %TSS SS  %TSS SS  %TSS SS  %TSS SS  %TSS 

Genotypes (G) 32 17656.00 ** 34.41 48.90 ** 39.66 5969.00 ** 88.72 139.80 ** 32.79 812.00 * 26.33 
Environments (E) 2 2643.00 * 5.15 237.40 * 19.34 35.00 * 0.52 7.40 * 1.74 4.00 ns 0.13 
Block (E) 6 2850.00 ** 5.55 12.20 ns 0.99 20.00 ns 0.30 2.90 ns 0.68 30.00 ns 0.97 
GEIs 64 28157.00 ** 54.88 491.20 ** 40.01 704.00 ** 10.46 276.30 ** 64.80 2238.00 ** 72.57 
Error 192 3506.00 *  310.10 *  409.00 *  205.60 *  3086.00 *  
Mean  25.18   8.73   65.78   5.08   18.67   
SD  13.58   2.26   4.85   1.46   4.50   
CV (%)  16.99   13.88   1.78   20.52   28.28   

*p < 0.05; **p < 0.01; SD = Standard Deviation; CV = Coefficient of Variations; SS = Sum of Square; GEIs = Genotype-by-environment interactions. 
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Yijk = μ+Gi+Ej +
∑m

k=1

(
λkαikγjk

)
+ ρijr (15)  

where: Yijk is the yield in location j from genotype i of replication k, μ is the average of grand yield, Gi is the influence of genotype i, Ej 
is the influence of the location j, λk is the value of primer component k, αik and γjk were the vector score for the genotype i and location j 
to component k, ρijr is a mistake from genotype i and location j. ASV, then, was estimated following the study of [41]: 

ASV=
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ss IPCA 2

(IPCA 1)2
+ (IPCA 2)2

√

(16) 

Were: ss IPCA1, ss IPCA2 were the sum of square in IPCA 1 and 2, which shows the score of the main component because of the high 
contribution in genotype by location interactions. IPCA1 and IPCA2 were the first and second from IPCA scores for each genotype from 
the AMMI analysis. 

The value of the Genotype Stability Index (GSI) of each sweet potato genotype was calculated based on the gth genotype rank in 
three environments based on ASV Rank (RASV) and gth genotype rank based on the average yield in three environments (RAY) with 
the following equation: 

GSI=RASV + RAY (17) 

The model for GGE biplot following [42] with the formula: 

Ῡef − μe − βf =
∑t

k=1
λgαegγfh + εef (18)  

where Ῡef; μe; βf; k; λg; αeg and γfh; εef are the performance in location ‘f’ from genotype ‘e’; overall average yield; the influence of 
location ‘f’; number of primer components; the singular value from primer component ‘g’; value of genotype ‘e’ and location ‘f’ for 
primer component ‘g’; and the error of the genotype ‘e’ in location ‘f’, respectively. 

To select the best sweet potato genotype based on multi-traits (yield and yield quality), we used genotype by yield*traits (GYT) 
measurement. The formula of genotype by yield*traits (GYT) follows [22]. To calculate GYT, we used the R program software v3.6.3 
[43]. 

3. Results 

3.1. Genotype by environment interactions on yield and yield quality of sweet potato 

The yield and yield quality of 33 sweet potato genotypes at three locations were evaluated. The results of the combined ANOVA 
showed that genotype, environment, and GEIs had a significant effect on the variation in the yield and yield quality of each genotype 
tested. The six new sweet potato genotypes had higher yields than all check varieties (Rancing, AC-putih, and Ayamurasaki). Kuningan 
(L1) had a higher average yield than other locations (29.10 ton ha− 1). The mean yield of the sweet potatoes ranged from 7.71 to 40.27 
ton ha− 1 (Table 2). Average yields ranged from 1.78 ton ha− 1 (L2) to 77.79 ton ha− 1 (L1), while the average yield at the three locations 
was 25.18 ton ha− 1. On sweetness level there were no genotypes that exceeded rancing, but there were six genotypes that exceeded two 
check varieties (AC-putih and Ayamurasaki). The moisture content (MC) trait was preferred which has a smaller value, in this study 
there were three genotypes that had a lower value than all check varieties, namely F1(2)Kuput (58.63%), F1(2)NK102 (56.67%), and 
F1 (7)GKAW(58.37%). 

In the tuber length trait, there were no genotypes that exceeded the three checks, but there were 25 genotypes that exceeded AC- 
putih and Ayamurasaki. The tuber length is in the range of 11.67 cm–29.20 cm, where Bandung has the highest average length (18.77 
cm) and the lowest is Kuningan (18.47 cm). There were also no genotypes that exceeded three checks in tuber diameter, but there were 
five genotypes that exceeded Rancing and Ayamurasaki. Sweet potato diameter was in the range of 2.73 cm–8.00 cm, where Banjar 
had the highest average diameter (5.27 cm) and Bandung (4.87 cm). The difference in yield and yield quality between each genotype is 
very significant. The highly significant effect of the trial site and the tested genotypes was reflected in the significance of the GEIs for 
yield and yield quality. The each factor contributes differently to sweet potato variability, location (E) contributed 5.15% for yield, 
19.34% for sweetness, 0.52% for MC, and 1.74% for tuber diameter; genotype (G) contributed 34.41% for yield, 39.66% for sweetness, 
88.72% for MC, 32.79% for tuber diameter, and 26.33% for tuber length; and their interactions (GEIs) contributed 54.88% for yield, 
40.01% for sweetness, 10.46% for MC, 68.80 for tuber diameter, and 72.57% for tuber length from the sum of square (Table 2). The 
results showed that GEIs had the greatest influence on yield, sweetness, tuber length, and tuber diameter. While in MC trait, the effect 
of GEIs showed the greatest contribution after genotype. In multi-environment testing, the emergence of GEIs requires researchers to 
conducted stability analysis. In this case, the stability analysis was only carried out on the yield. Yield stability is one of the traits taken 
into consideration for the release of varieties in Indonesia. 

3.2. Combined stability measurement of yield of sweet potato genotypes 

The results of the yield stability and rank stability were presented based on parametric measurements in Table 3 and Table 4, and 
non-parametric measurements in Table 5 and Table 6. Based on the four tables, each measurement shows a difference in evaluating the 
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yield stability of the sweet potato genotypes. The high significantly of the main effect of genotypes and GEIs on yields (p < 0.01), 
showed that the yield was the first parameter to evaluated the sweet potato genotypes tested. In this study, genotypes G20, G15, G6, G4 
and G7 had the highest and G17, G10, G8, G28 and G29 had the lowest mean yields across three environments (Table 3). Genotype G1 
with regression coefficient (bi) = 1 is the most stable. Genotypes with a regression coefficient of bi > 1, i.e. G3, G4, G6, G7, G11, G14, 
G15, G16, G19, G20, G21, G24, G26, G31, and G32, showed that the yield performance above an average overall yield, as well as adapt 
to a specific favorable environment; meanwhile, the other genotypes that had the bi < 1 and the lowest yield, were less adapted to 
various test environments or had specific adaptations to the unfavorable environment. At the regression deviation (S2di), the geno
types that had high yields (more than the overall mean yield) had the highest variance ranks. Based on these measurements, G3 with 
the ranking of 3 and 4, G4 with the ranking of 4 and 7, and G32 with the ranking of 8 and 5 in mean yield and S2di, respectively, had a 
better combination of yield and stability statistics. Other several measurements that select the same most stable genotype, i.e. G6 by KR 
and CVi. G23 by S(1), S(2), S(3), S(6), NP(1), NP(2), NP(4), Wi2, σ2ᵢ, and θ₍ᵢ₎ (Tables 5 and 6). The Wi2, σ2ᵢ, and θ₍ᵢ₎ measures had the same 
rank’s of stable for all genotypes (Table 5). 

Fig. 1 presents the biplot of Principal component analysis (PCA), which shows the relationship between each measurement in a 
clear group. The resulting variation from the first PC with eigenvalues >1 for yield, parametric and non-parametric measures was 
89.33% of the total variation. The first two components have the highest eigenvalues, so a biplot diagrams for the yield and stability 
measures was drawn based on PC1 and PC2 (Fig. 2). Fig. 2 shows the stability measurements were classified into two main groups for 
yield: (1) K1, which included yield (Y) and bi stability measure, (2) K2, which included S(1), S(2), S(3), S(6), NP(1), NP(2), NP(3), NP(4), KR, 
CVi, S2di, and θ₍ᵢ₎ stability measures. By contrast, the stability measure θᵢ was separate from all groups, being in quadrants 2. 

Dendrogram was used to classify the genotypes tested into clear clusters. Fig. 3 separates the sweet potato genotypes into three 
main clusters. The first cluster (CG 1) consisted of genotypes G2, G4, G5, G6, G7, G11, G23, G31, and G32, which had a higher average 
yield and had low average stability ranks. They were the stable genotypes with high yields. The second group (CG 2) comprised of 
genotypes, G8, G10, G13, G17, G18, G19, G22, G24, G28, G29, G30, and G33, which were unstable genotypes and had low yields and 
highest average rank; The third group (CG 3) consisted of genotypes G1, G3, G9, G12, G14, G15, G16, G20, G21, G25, G26, and G27, 
which were unstable genotypes but had high yields and highest average rank. 

Table 3 
Parametric stability analysis of 33 sweet potato in three environments.  

Code Genotypes Y Wᵢ2 σ2ᵢ s2dᵢ bᵢ CVi θ₍ᵢ₎ θᵢ 

G1 F1(3)NK102 25.04 397.69 137.47 56.81 1.00 92.03 112.33 126.72 
G2 F1(3)NIR B 24.49 185.98 62.35 24.77 0.84 72.31 114.68 90.34 
G3 F1(4)C2J-01 33.27 1000.77 351.46 142.75 1.06 91.35 105.64 230.38 
G4 F1(5)KUPUT 35.70 150.00 49.58 14.15 1.32 67.23 115.08 84.15 
G5 F1(21)NK102 21.66 80.05 24.76 10.16 0.87 75.25 115.85 72.13 
G6 F1(1)HAR 35.82 103.94 33.23 5.02 1.37 67.21 115.59 76.23 
G7 F1(2)KUPUT 35.04 202.06 68.05 23.55 1.27 68.69 114.50 93.10 
G8 F1(15)T3 16.37 353.26 121.70 44.24 0.71 111.24 112.82 119.09 
G9 F1(7)KUMEROT 19.12 344.96 118.76 49.12 0.95 113.91 112.92 117.66 
G10 F1(18)KUMEROT 9.39 197.03 66.27 0.08 0.37 69.12 114.56 92.24 
G11 F1(36)HAR 27.18 123.87 40.30 15.59 1.17 80.03 115.37 79.66 
G12 F1(4)BRAS2 24.57 377.59 130.34 53.58 0.93 89.04 112.55 123.27 
G13 F1(1.15)NAR 20.48 235.21 79.81 27.77 0.71 79.80 114.13 98.80 
G14 F1(1.3)NAR 33.35 312.57 107.26 33.45 1.40 80.35 113.27 112.09 
G15 F1(2)NK102 38.13 286.44 97.99 22.59 1.51 72.70 113.56 107.60 
G16 F1(7)CDG-01 28.95 262.49 89.49 33.16 1.25 84.59 113.83 103.49 
G17 F1(6)SITAK 7.71 244.70 83.18 0.22 0.30 69.21 114.03 100.43 
G18 F1(17)KUMEROT 22.02 204.18 68.80 24.33 0.74 73.80 114.48 93.46 
G19 F1(14)LAD 21.73 193.73 65.09 27.67 1.01 94.07 114.59 91.67 
G20 F1(18)T3 40.27 2481.32 876.82 300.77 1.87 118.65 89.23 484.85 
G21 F1(43)HAR 30.93 391.85 135.40 53.73 1.18 81.49 112.40 125.72 
G22 F1(14)GKAW 26.75 234.59 79.60 33.43 0.97 76.25 114.14 98.69 
G23 F1(2)AMBEU 19.71 51.67 14.69 4.10 0.79 71.92 116.17 67.25 
G24 F1(10)HAR 25.78 195.05 65.56 27.14 1.10 84.39 114.58 91.89 
G25 F1(5)CDRA-02 19.49 523.16 181.99 64.06 0.61 99.74 110.94 148.29 
G26 F1(2)Ayamurasaki 28.68 252.57 85.97 30.68 1.27 86.16 113.94 101.78 
G27 F1(38)HAR 21.86 254.85 86.78 34.23 0.83 84.97 113.91 102.17 
G28 F1(7)GKAW 16.80 155.51 51.53 17.38 0.74 91.32 115.02 85.10 
G29 F1(23)LAD 18.85 251.00 85.42 31.45 0.75 91.72 113.96 101.51 
G30 F1(30)CIA 19.14 370.71 127.89 41.54 0.60 87.40 112.63 122.09 
G31 Rancing 31.12 154.54 51.19 14.22 1.33 77.80 115.03 84.93 
G32 AC Putih 31.48 78.53 24.22 5.25 1.29 72.15 115.87 71.87 
G33 Ayamurasaki 20.16 205.00 69.09 28.71 0.91 94.89 114.47 93.60 

Y = yield; Wi2 = Wricke’s ecovalence [31]; σ2ᵢ = Shukla’s stability variance [32]; S2di, bi = Regression coefcient [28]; CVi = Coefcient of variance 
[33]; θ₍ᵢ₎ = GE variance component [30]; θᵢ = Mean variance component [29]. 
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3.3. The yield stability of sweet potato genotype based on biplot analysis using AMMI, genotype stability index (GSI), and GGE biplot 

Fig. 4 shows the results of stability analysis used AMMI (Fig. 4a) and GGE biplots (Fig. 4b). In Fig. 4a, the horizontal line shows zero 
interaction with the environment (PCA1). Sweet potato genotypes close to the line have a small GEIs effect or stable. The vertical 
center line represents the average value of sweet potato yield. Genotypes on the right-hand side have higher yields (above the overall 
average) compared to those on the left-hand side. 

There were 15 genotypes showed higher yields than the others, although only ten (10) genotypes were seen to be close to the 
stability line, i.e. G3, G4, G6, G7, G15, G16, G20, G26, G31 and G32 (Fig. 4a). Bandung (L2) has a positive PC1 score and a long 
environmental vector, indicating that there was a small GEIs. Nearly all of the genotypes performed well at this location (L2). Ge
notypes G7, G26, and G31 showed a high degree of stability and has low environmental effect, with PC1 values close to zero and 
Kuningan (L1) was the most preferred location. Banjar (L3) has a small PC1 and a large PC2, indicating that this location has a large 
environmental effect, so that the difference of yield between each genotype tested was biased. The best locations for genotype selection 
were L1 (Kuningan) and L2 (Bandung), because of the high yield stability. The genotypes with high yields were genotypes G3 and G20. 

In Table 7, the information on genotype stability index (GSI) testing was presented. In this test, the genotype that has a small GSI 
value was a stable genotype with high yields. The results of GSI showed that there were several genotypes that was declared stable and 
high yields, i.e. G6, G4, G32, G15, G7, G31, and G11. The seven genotypes had the smallest GSI values and had yield above the overall 
average (>25.18 ton ha− 1). 

Illustrated of genotype and environmental performance was presented in Fig. 4b. Genotype G20 shows the highest yields at two 
locations (L1 and L3), while G3 shows the highest yields at the L2 (Bandung). Genotypes G11, G22, and G26 show high stability in 
yields, as reflected in their low PC2 and close to zero in Fig. 4b. Our results suggest that the genotypes with the highest yields did not 
show broad adaptability in the various test environments. Referring to the PC1 and PC2 scores, 78.3% was calculated by the in
teractions of G, E, and GEIs. Genotypes G3, G17, and G20 showed high of interaction. L2 is very different from other locations. Biplots 
showed the highest yields in genotypes G3, G15, G4, G1, G6, G32, and G24 which were grouped by location and approached the 
original graph (0.0). Genotypes G17, G10, G25, G28, and G30 were in the low yield group (Fig. 4b). Genotypes that are closer to the 
origin axis show better stability. Based on this measure, genotypes G4, G6, G11, G19, G22, G24, G26, G31, G7, and G32 have high yield 
and stable. 

Table 4 
Rank’s of parametric and non-parametric stability analysis of 33 sweet potato in three environments.  

Code Genotypes Y Wᵢ2 σ2ᵢ s2dᵢ bi CVi θ₍ᵢ₎ θᵢ 

G1 F1(3)NK102 16 30 30 30 16 27 30 4 
G2 F1(3)NIR B 18 9 9 14 22 8 9 25 
G3 F1(4)C2J-01 7 32 32 32 14 25 32 2 
G4 F1(5)KUPUT 4 6 6 7 6 2 6 28 
G5 F1(21)NK102 22 3 3 6 21 11 3 31 
G6 F1(1)HAR 3 4 4 4 4 1 4 30 
G7 F1(2)KUPUT 5 13 13 12 9 3 13 21 
G8 F1(15)T3 31 26 26 26 29 31 26 8 
G9 F1(7)KUMEROT 28 25 25 27 18 32 25 9 
G10 F1(18)KUMEROT 32 12 12 1 32 4 12 22 
G11 F1(36)HAR 13 5 5 9 12 15 5 29 
G12 F1(4)BRAS2 17 28 28 28 19 23 28 6 
G13 F1(1.15)NAR 23 17 17 17 28 14 17 17 
G14 F1(1.3)NAR 6 24 24 23 3 16 24 10 
G15 F1(2)NK102 2 23 23 11 2 9 23 11 
G16 F1(7)CDG-01 11 22 22 21 10 19 22 12 
G17 F1(6)SITAK 33 18 18 2 33 5 18 16 
G18 F1(17)KUMEROT 19 14 14 13 27 10 14 20 
G19 F1(14)LAD 21 10 10 16 15 28 10 24 
G20 F1(18)T3 1 33 33 33 1 33 33 1 
G21 F1(43)HAR 10 29 29 29 11 17 29 5 
G22 F1(14)GKAW 14 16 16 22 17 12 16 18 
G23 F1(2)AMBEU 25 1 1 3 24 6 1 33 
G24 F1(10)HAR 15 11 11 15 13 18 11 23 
G25 F1(5)CDRA-02 26 31 31 31 30 30 31 3 
G26 F1(2)Ayamurasaki 12 20 20 19 8 21 20 14 
G27 F1(38)HAR 20 21 21 24 23 20 21 13 
G28 F1(7)GKAW 30 8 8 10 26 24 8 26 
G29 F1(23)LAD 29 19 19 20 25 26 19 15 
G30 F1(30)CIA 27 27 27 25 31 22 27 7 
G31 Rancing 9 7 7 8 5 13 7 27 
G32 AC Putih 8 2 2 5 7 7 2 32 
G33 Ayamurasaki 24 15 15 18 20 29 15 19 

Y = yield; Wi2 = Wricke’s ecovalence [31]; σ2ᵢ = Shukla’s stability variance [32]; S2di, bi = Regression coefcient [28]; CVi = Coefcient of variance 
[33]; θ₍ᵢ₎ = GE variance component [30]; θᵢ = Mean variance component [29]. 

H. Maulana et al.                                                                                                                                                                                                      



Heliyon 9 (2023) e20203

9

3.4. Genotype selection based on multiple traits using genotype by Yield*Traits (GYT) measurement 

Fig. 5 represents the polygon display of the ’best ranking of genotypes’ from the GYT biplot resulting from the combination of yields 
and yield quality of 33 honey sweet potato genotypes in multi-environment trials. The GYT biplot accounts for 96.5% of the total 
variation. The combination of yields with yield quality on the GYT biplot tends to have a positive correlation. Based on this biplot, the 
genotypes are ordered graphically based on the combination of traits tested. The most obvious correlations are: positive correlation 
between Y*TL and Y*Brix; and between Y*MC and Y*TD, because they are in the same quadrant and have an acute angle (<90◦). Fig. 5 
also shows the rank’s of the genotypes tested based on the combination of yield and yield quality. The best genotype sequences tested 
based on proximity to the ideal point (arrows in small circles), they were: G7> G15> G4> G20> G6> G31> G14. In contrast, G17, 
G10, G8 and G28 were ranked lowest. 

4. Discussion 

The main factors in the selection of varieties in each location were differences in genotype and environment. Multi-locations testing 
should be carried out to obtain superior varieties of sweet potatoes that were adapt at various growing environments. In our study, the 
combined ANOVA showed that GEIs effect contributed 54.88% for yield, 40.01% for sweetness, 10.46% for MC, 68.80 for tuber 
diameter, and 72.57% for tuber length from the sum of square (Table 2). The large of GEIs effect was responds to environmental rather 
than genotype factors [20,44]. The existence of a significant effect from genotype, environment, and GEIs indicates that the three 
causes variations in sweet potato yields in the three test environments. Kuningan (L1) is the location that has the highest average yield 
of the genotypes tested. This location has more sandy soil conditions compared to other locations. Banjar (L3) is the location with the 
lowest average yield. This location showed a higher clay content. While the L2 location has a more balanced of sand and clay contents 
than other locations, so that the average yield produced at this location is quite high. In this case, the average rainfall during the trial 
was not determine of sweet potato yield. Sweet potato does require adequate water intake during its infancy. However, if the soil 
contains more clay, the water will be retained in the soil and the tuber will be rot. Therefor, we recommend don’t to plant sweet 
potatoes on land with high clay content during the rainy season. 

Sweet potato generally needs adequate water during the growing cycle [45]. Management of water supply has an impact on optimal 

Table 5 
Non-parametric stability analysis of 33 sweet potato in three environments.  

Code Genotypes S⁽1⁾ S⁽2⁾ S⁽3⁾ S⁽⁶⁾ NP⁽1⁾ NP⁽2⁾ NP⁽3⁾ NP⁽⁴⁾ KR 

G1 F1(3)NK102 13.00 103.33 17.22 1.67 7.75 0.46 0.54 0.72 46.00 
G2 F1(3)NIR B 7.17 42.92 7.69 1.16 6.00 0.19 0.47 0.43 27.00 
G3 F1(4)C2J-01 15.33 171.33 22.35 1.65 13.00 0.45 0.58 0.67 39.00 
G4 F1(5)KUPUT 5.67 25.67 2.91 0.57 8.25 0.30 0.33 0.21 10.00 
G5 F1(21)NK102 4.17 10.92 2.15 0.72 5.25 0.22 0.35 0.27 25.00 
G6 F1(1)HAR 13.33 134.67 20.20 1.70 5.25 0.39 0.38 0.67 7.00 
G7 F1(2)KUPUT 9.33 57.67 7.69 0.93 6.25 0.38 0.38 0.41 18.00 
G8 F1(15)T3 8.67 51.00 14.57 2.10 8.25 1.00 1.03 0.83 57.00 
G9 F1(7)KUMEROT 17.67 192.67 34.00 2.71 11.50 0.68 0.69 1.04 53.00 
G10 F1(18)KUMEROT 4.00 13.67 7.45 2.00 7.25 2.38 1.61 0.73 44.00 
G11 F1(36)HAR 8.33 43.00 6.29 0.98 5.50 0.32 0.36 0.41 18.00 
G12 F1(4)BRAS2 11.17 81.58 13.41 1.48 7.50 0.33 0.53 0.61 45.00 
G13 F1(1.15)NAR 9.83 67.58 18.02 2.09 8.00 0.94 0.73 0.87 40.00 
G14 F1(1.3)NAR 15.50 145.58 23.93 2.14 9.75 0.54 0.58 0.85 30.00 
G15 F1(2)NK102 9.00 49.00 6.00 0.90 9.00 0.36 0.43 0.37 25.00 
G16 F1(7)CDG-01 10.67 81.33 10.61 1.13 10.00 0.36 0.47 0.46 33.00 
G17 F1(6)SITAK 13.50 173.58 56.30 4.27 7.50 4.25 1.04 1.46 51.00 
G18 F1(17)KUMEROT 8.67 46.00 10.62 1.69 6.25 0.44 0.64 0.67 33.00 
G19 F1(14)LAD 8.83 50.92 12.47 1.71 7.00 0.74 0.66 0.72 31.00 
G20 F1(18)T3 18.67 225.67 34.72 2.56 13.25 0.59 0.71 0.96 34.00 
G21 F1(43)HAR 11.00 89.00 11.36 1.15 10.25 0.39 0.47 0.47 39.00 
G22 F1(14)GKAW 11.17 82.92 16.31 1.67 6.25 0.48 0.56 0.73 30.00 
G23 F1(2)AMBEU 2.50 4.25 0.96 0.42 3.50 0.17 0.36 0.19 26.00 
G24 F1(10)HAR 11.17 78.92 16.61 2.04 7.25 0.56 0.60 0.78 26.00 
G25 F1(5)CDRA-02 14.50 154.25 28.48 2.65 12.25 0.65 0.77 0.89 57.00 
G26 F1(2)Ayamurasaki 12.00 87.33 13.79 1.58 9.25 0.41 0.54 0.63 32.00 
G27 F1(38)HAR 10.50 72.25 12.57 1.68 8.50 0.43 0.54 0.61 41.00 
G28 F1(7)GKAW 15.50 153.58 31.24 2.24 6.25 0.72 0.55 1.05 38.00 
G29 F1(23)LAD 9.67 59.33 13.69 2.00 10.50 0.52 0.81 0.74 48.00 
G30 F1(30)CIA 10.17 85.58 17.41 1.86 7.00 0.53 0.69 0.69 54.00 
G31 Rancing 10.17 66.25 7.72 0.97 6.50 0.45 0.28 0.39 16.00 
G32 AC Putih 14.50 150.25 24.70 1.92 5.25 0.42 0.31 0.79 10.00 
G33 Ayamurasaki 10.67 68.67 18.73 2.36 7.75 0.88 0.77 0.97 39.00 

S⁽1⁾, S⁽2⁾, S⁽3⁾, S⁽6⁾ = Huehn’s and Nassar and Huehn’s nonparametric statistics [34,35]; NP⁽1⁾, NP⁽2⁾, NP⁽3⁾, NP⁽4⁾ = Thennarasu’s nonparametric statistics 
[36]; KR = Kang’s rank-sum [37]. 
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sweet potato yields [46]. In this study, all three environments had sufficient average rainfall for the growth of sweet potatoes (Table 1). 
However, different test environments lead to variations in the yield performance of the genotypes tested between locations. Kuningan 
(L1) is the best environment in terms of average yield, but Bandung (L2) is the suitable environment as a test location (favorable). 
Banjar (L3) is a location that has a small GEIs effect (PC1 was close to zero) (Table 7), so the impact on the variation in yield per
formance for each genotype was also small [40]. However, this environment has a higher clay content, so the sweet potato yields will 
be unoptimal. 

The yield of sweet potato was mainly affected by GEIs (54.88%). Mustamu et al. [47] reported the same results that the effect of 
GEIs was greater on differences in yield performance of the sweet potato genotypes in Indonesia. The emergence of GEIs in 
multi-environment testing makes plant breeding programs inefficient [5]. The percentage of the genotype (34.41%) was lower than 
that of GEIs (54.88%) effects, this indicates that there was a significant difference in yield performance between each genotype in each 
environment [4]. In addition, the magnitude of the GEIs effect causes the yield ranking of each genotype in each location was different, 
so that an adaptive genotypes was selected for specific environment [5,18,19]. According to Jamshidmoghaddam [48], the large of 
variation in the growth environment that affects crop yields causes the appearance of GEIs. Some researchers reported the comparison 
of the GGE biplot and AMMI measurements were useful for the evaluation of GEIs under multi-locations [15,21,49–51]. 

Several stability measurements have been widely used to test the adaptability and yield performance of genotypes. We used 
parametric and non-parametric measurements in this study. According to Becker [52], the stability measurements relate to one of 
concepts of stability, i.e. static and dynamic stability. The use of PCA biplots generated from the first two PCs, can be describe the 
relationship between stability measurements (non-parametric and parametric) and its relation to the concept of stability (Fig. 2). 

The PCA biplot showed that the θᵢ separated from the other groups (Fig. 2). These measure was related to concept of static stability. 
Some researchers also found the concept of static stability including for the Stability index (SI) and ASV in rice [53], and for the bi and 
S2di measurements in barley [19]. Several studies also shown negative correlation between this measure with others measurements. 
We found that S(1), S(2), S(3), S(6), NP(1), NP(2), NP(3), NP(4), KR, CVi, S2di, and θ₍ᵢ₎ were in the one group (K2), and they were represented 
of static stability. In other studies [20], reported the static concept for the S(1), S(2), S(3), S(6), NP(1), NP(2), NP(3), NP(4), S2di, Wi2, σ2ᵢ, 
and KR measurements in barley genotypes. The biplot also showed that the bi measure and yield (Y) were in the same group (K1). 
Hence, this measure (bi) represented a concept of dynamic stability. The genotypes selected according to this measures (bi) shows the 
average stability. However, they were may not has better yield performance than genotypes responsive to favorable environments. 

Table 6 
Rank’s of non-parametric stability analysis of 33 sweet potato in three environments.  

Code Genotypes S⁽1⁾ S⁽2⁾ S⁽3⁾ S⁽⁶⁾ NP⁽1⁾ NP⁽2⁾ NP⁽3⁾ NP⁽⁴⁾ KR SR AR 

G1 F1(3)NK102 24 24 21 14 18 18 16 19 27 364 21.41 
G2 F1(3)NIR B 5 5 7 10 6 2 12 8 11 180 10.59 
G3 F1(4)C2J-01 29 30 26 13 32 17 19 14 20 376 22.12 
G4 F1(5)KUPUT 4 4 3 2 21 4 3 2 2 110 6.47 
G5 F1(21)NK102 3 2 2 3 2 3 4 3 7 129 7.59 
G6 F1(1)HAR 25 25 25 18 2 10 7 14 1 181 10.65 
G7 F1(2)KUPUT 11 11 8 5 7 9 8 7 5 160 9.41 
G8 F1(15)T3 7 10 18 26 21 31 31 25 32 404 23.76 
G9 F1(7)KUMEROT 32 32 31 32 30 26 25 31 30 458 26.94 
G10 F1(18)KUMEROT 2 3 6 22 14 32 33 20 25 284 16.71 
G11 F1(36)HAR 6 6 5 7 5 5 6 6 5 144 8.47 
G12 F1(4)BRAS2 20 19 15 11 16 6 13 12 26 315 18.53 
G13 F1(1.15)NAR 13 14 23 25 20 30 27 27 23 352 20.71 
G14 F1(1.3)NAR 30 26 27 27 26 22 20 26 12 346 20.35 
G15 F1(2)NK102 10 8 4 4 24 8 9 4 7 182 10.71 
G16 F1(7)CDG-01 17 18 10 8 27 7 10 9 16 261 15.35 
G17 F1(6)SITAK 26 31 33 33 16 33 32 33 29 409 24.06 
G18 F1(17)KUMEROT 7 7 11 17 7 15 22 14 16 247 14.53 
G19 F1(14)LAD 9 9 13 19 12 28 23 18 14 279 16.41 
G20 F1(18)T3 33 33 32 30 33 24 26 29 18 426 25.06 
G21 F1(43)HAR 19 23 12 9 28 11 11 10 20 302 17.76 
G22 F1(14)GKAW 20 20 19 15 7 19 18 21 12 282 16.59 
G23 F1(2)AMBEU 1 1 1 1 1 1 5 1 9 115 6.76 
G24 F1(10)HAR 20 17 20 24 14 23 21 23 9 288 16.94 
G25 F1(5)CDRA-02 27 29 29 31 31 25 28 28 32 473 27.82 
G26 F1(2)Ayamurasaki 23 22 17 12 25 12 14 13 15 287 16.88 
G27 F1(38)HAR 16 16 14 16 23 14 15 11 24 312 18.35 
G28 F1(7)GKAW 30 28 30 28 7 27 17 32 19 358 21.06 
G29 F1(23)LAD 12 12 16 22 29 20 30 22 28 363 21.35 
G30 F1(30)CIA 14 21 22 20 12 21 24 17 31 375 22.06 
G31 Rancing 14 13 9 6 11 16 1 5 4 162 9.53 
G32 AC Putih 27 27 28 21 2 13 2 24 2 211 12.41 
G33 Ayamurasaki 17 15 24 29 18 29 29 30 20 366 21.53 

S⁽1⁾, S⁽2⁾, S⁽3⁾, S⁽6⁾ = Huehn’s and Nassar and Huehn’s nonparametric statistics [35]; NP⁽1⁾, NP⁽2⁾, NP⁽3⁾, NP⁽4⁾ = Thennarasu’s nonparametric statistics 
[36]; KR = Kang’s rank-sum [37]; SR = Sum of Rank; AR = Average Rank. 
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Fig. 2. Biplot of PCA for interpreting the relationships between non-parametric and parametric stability measurements, and yield on 33 sweet 
potato genotypes in three environments of West Java, Indonesia. 

Fig. 3. Dendrogram of yield on 33 sweet potato genotype based on stability rank’s.  
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Wi2, σ2ᵢ, and θ₍ᵢ₎ gave similar ranking for all tested genotypes, so they were has the same power to classifying the genotypes stability in 
diverse environments. Therefore, we can use one of them to measure the stable genotypes [4]. 

The stability measurement used in this study is not yet clear. Some measurements show stability for some genotypes, but not for 
other. This is one of the problems in the GEIs studies [4,19,54]. The information regarding GEIs can be identified through multivariate 
analysis. One method to extract GEIs and distribute stable genotypes into the same groups qualitatively was cluster analysis [19,20]. In 
this study, cluster analysis separated 33 sweet potato genotypes into three main clusters (Fig. 3). The first cluster (G1) contained high 
yielding genotypes with the sum of rank’s (SR) stability measurements ranged from 115 to 211, indicating that this group has stability 
in diverse environments. Also, the genotypes with high-yield performance (G4, G6, G7, G11,G31, and G32) were in this cluster. The 
genotypes that had low yields, grouped in second cluster (G2). The all genotypes in this cluster, have highest sum rangks of stability 
parameters (247–409). The genotypes that have high and intermediate yield were in the third cluster (G3). Some genotypes in this 
cluster have such high yield ranks (G3, G14, G15, G16, G20, G21, and G26), with the ranking of 7, 6, 2, 11, 1, 10, and 12 in average 
yield, which had a higher value of stability measurements (SR from 182 to 426) and identified as unstable genotypes (Table 3, Table 4, 
Table, 5, and Table 6). 

In this study, the AMMI, GSI, and GGE Biplot was also used to identify the distribution of the tested genotypes in three environ
ments. Based on AMMI, 10 genotypes were identified to have close proximity to the stability line (Fig. 4a), i.e. G3, G4, G6, G7, G15, 
G16, G20, G26, G31 and G32. According to Refs. [40,55], genotypes that are close to the stability line on the AMMI 1 biplot and were in 
the right-hand position indicate that they have high yield and stability in various test environments [53]. also reported has succeeded 
selected rice genotypes had high and stable yields with AMMI measurement. The GSI, confirmed the seven genotypes that have high 
and stable yields in three environments, namely G6, G4, G32, G15, G7, G31, and G11 (Table 7). Several researchers succeeded in 
selecting stable genotypes with this measure on sweet potato [1,56]. The GGE biplot also selects several stable genotypes with high 
yields including G4, G6, G11, G19, G22, G24, G26, G31, G7, and G32 (Fig. 4b). Several researchers have also succeeded in selecting 
stable genotypes with GGE biplot on sweet potato [47], upland cotton [57], maize hybrid [51], rice [58], and barley [20]. 

The combination of various stability analysis methods (Parametric, non-parametric, AMMI, GSI, and GGE Biplot) shows that five 
genotypes identified as having high and stable yields in various environments, i.e. G4, G6, G7, G31, and G32. They where can be used 
as new superior genotypes. For specific environments, selection should be made for each genotype based on yield performance. 
Therefore, evaluations that combine various stability statistics can provide more accurate information to select the ideal genotype. 

The results of GYT biplot measurements on the combination of yield traits and yield quality showed that the polygons account for 
96.5% of the total variation (Fig. 5). This shows that the variations that occurred are the influence of the traits tested, while the rest are 
influenced by other factors. The yield-traits combinations that have the most striking correlations are: positive correlation between 
Y*TL and Y*Brix; and between Y*MC and Y*TD. Yield-traits combinations in the same quadrant shows a strong correlation between 
these combinations [23,25]. In Fig. 5, a high correlation were observed between Y*TL and Y*Brix, indicating that their combination 
will be suitable for selecting high-performing genotypes for these traits. Fig. 5 shows the ranking of the best genotypes tested based on 
yield-traits combinations. They were: G7 > G15 > G4 > G20 > G6 > G31 > G14. In contrast, G17, G10, G8, and G28 rank the poorest. 
According to Yan and Frégeau-reid [22] and Mohammadi [25], the genotype that is closest to the ideal point is the best genotype. 
Based on these appearances, G7, G15, G4, G20, G6, G31, and G14 were the best genotypes showing the highest average values. In the 

Fig. 4. Biplot analysis of the yield stability in three environments of West Java, Indonesia (a) stability genotypes based on AMMI Model for the PC1 
score; (b) stability genotypes based on GGE biplot analysis; 1 = Kuningan, 2 = Bandung, and 3 = Banjar; PC: principle component. 
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yield stability test, five genotypes were identified as having stable yields and high yields, namely: G4, G6, G7, G31, and G32. Judging 
from the results of both measurements (stability measurements and GYT biplot), G4, G6, G7, and G31 were in the selected genotype 
slices. This shows that the four genotypes have stable yields, high yields, and also have a good combination of traits for the yield 
quality. Hence, that the four were considered superior and have excellent potential to be developed in terms of yield and yield quality. 

5. Conclusions 

The stable and high yielding of sweet potato genotypes in West Java, Indonesia can be determined in this study. Highly significant 
effects of sweet potato genotypes (G), environments (E), and GEIs were observed for yield and yield quality. The Combined ANOVA 
showed that GEIs effect contributed 54.88% for yield, 40.01% for sweetness, 10.46% for MC, 68.80 for tuber diameter, and 72.57% for 
tuber length from the sum of square. Combined various stability measurements (Parametric, non-parametric, AMMI, GSI, and GGE 
biplot) identified five genotypes that were declared stable and high yield in three environments, i.e. G4, G6, G7, G31, and G32. Ge
notype by yield*traits (GYT) selected seven genotypes that have superior in yield and yield quality, they were G7, G15, G4, G20, G6, 
G31, and G14. Based on stability measurements and GYT biplots, the genotypes G4, G6, G7, and G31 are in both slices. So that the four 
genotypes have high, stable yields, and have a good combination of traits for yield quality. They where can be proposed as candidates 
for new superior varieties of sweet potato. The results in terms of adaptability and stability are valid for the predictable environmental 
components of locations, but need to be validated in evaluations involving different agricultural years for the unpredictable envi
ronmental factors. 
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Table 7 
Stability analysis based on AMMI Stability Value (ASV) and Genotypes Stability Index (GSI).  

Code Genotypes IPCAg [1] IPCAg [2] ASV RASV AY RAY GSI RGSI 

G1 F1(3)NK102 1.95 1.34 2.92 30 25.04 16 46 27 
G2 F1(3)NIR B 1.18 − 1.16 1.95 15 24.49 18 33 14 
G3 F1(4)C2J-01 3.27 − 1.47 4.59 32 33.27 7 39 23 
G4 F1(5)KUPUT 0.75 − 0.63 1.18 6 35.70 4 10 2 
G5 F1(21)NK102 0.83 0.55 1.23 7 21.66 22 29 8 
G6 F1(1)HAR 0.49 − 0.11 0.66 3 35.82 3 6 1 
G7 F1(2)KUPUT − 0.05 − 1.49 1.49 10 35.04 5 15 5 
G8 F1(15)T3 − 1.85 − 0.71 2.57 26 16.37 31 57 32 
G9 F1(7)KUMEROT − 1.27 1.82 2.49 25 19.12 28 53 30 
G10 F1(18)KUMEROT 0.10 − 0.39 0.42 1 9.39 32 33 15 
G11 F1(36)HAR − 1.10 0.68 1.62 11 27.18 13 24 7 
G12 F1(4)BRAS2 − 1.57 − 1.79 2.76 29 24.57 17 46 28 
G13 F1(1.15)NAR − 0.41 − 1.88 1.96 16 20.48 23 39 24 
G14 F1(1.3)NAR − 1.84 0.06 2.45 24 33.35 6 30 11 
G15 F1(2)NK102 1.13 1.04 1.82 12 38.13 2 14 4 
G16 F1(7)CDG-01 0.61 1.96 2.12 21 28.95 11 32 13 
G17 F1(6)SITAK 0.34 − 0.35 0.56 2 7.71 33 35 19 
G18 F1(17)KUMEROT 1.09 − 1.34 1.98 17 22.02 19 36 20 
G19 F1(14)LAD − 0.62 1.63 1.83 13 21.73 21 34 16 
G20 F1(18)T3 − 5.42 0.73 7.27 33 40.27 1 34 17 
G21 F1(43)HAR − 1.62 − 1.68 2.74 28 30.93 10 38 21 
G22 F1(14)GKAW − 0.68 − 1.84 2.05 20 26.75 14 34 18 
G23 F1(2)AMBEU 0.57 0.27 0.80 4 19.71 25 29 9 
G24 F1(10)HAR 0.71 1.64 1.89 14 25.78 15 29 10 
G25 F1(5)CDRA-02 − 0.49 − 2.87 2.95 31 19.49 26 57 33 
G26 F1(2)Ayamurasaki − 0.10 2.04 2.05 18 28.68 12 30 12 
G27 F1(38)HAR 1.74 0.45 2.36 23 21.86 20 43 25 
G28 F1(7)GKAW 0.53 1.18 1.38 8 16.80 30 38 22 
G29 F1(23)LAD 1.51 0.88 2.19 22 18.85 29 51 29 
G30 F1(30)CIA 1.75 − 1.36 2.69 27 19.14 27 54 31 
G31 Rancing − 0.18 1.47 1.49 9 31.12 9 18 6 
G32 AC Putih 0.19 0.89 0.92 5 31.48 8 13 3 
G33 Ayamurasaki − 1.50 0.46 2.05 19 20.16 24 43 26 
L1 Kuningan − 5.68 3.81   29.10    
L2 Bandung 6.65 2.35   24.58    
L3 Banjar − 0.97 − 6.17   21.86    

IPCAg = Interaction Principal Component Axis Genotype; ASV = AMMI Stability Value; RASV = Rank of ASV; AY = Average Yield; RAY = Rank of 
Average Yield; GSI = Genotype Stability Index; RGSI = Rank of GSI. 
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