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Abstract 

Recently, the development of oil palm varieties 

with diverse environmental adaptations and high 

oil productivity has become a critical priority. 

Analysis of genotype-by-environment (G × E) 

interactions and stability is a valuable tool for 

achieving these goals. This study aimed to gather 

information on the impact of G × E interactions 

and the stability of several test progenies grown in 

various environments on bunch component traits. 

Sixteen progenies were tested in North Sumatra 

Province and Riau Province. This study used            
a combined analysis of variance and six stability 

parameters. Four of the seven bunch component 

traits showed different responses based on their 

environment. However, this study did not reveal 

the influence of G × E interactions on bunch 

component traits. Nonetheless, a slight G × E 

variance was observed in the mesocarp-to-fruit 

(M/F), shell-to-fruit (S/F), kernel-to-fruit (K/F), 

and kernel-to-bunch (K/B) ratios. Furthermore, we 

successfully identified several progenies classified 

as stable with favorable bunch component traits. 

This shows the potential to produce superior palm 

oil varieties with good bunch components and the 

ability to adapt to various environmental 

conditions. 

[Keywords: coefficient of variability, genetic 

variance, heritability, Shukla's 

stability, Wricke's ecovalence] 

Introduction 

Oil palm (Elaeis guineensis Jacq.) is an oil-

producing crop with the highest productivity level 

compared with other vegetable oil-producing 

crops. Indonesia's crude palm oil (CPO) 

production in 2024 reached 45.44 million tonnes 

(Badan Pusat Statistik, 2025), contributing 36.6% 

of the world's total production in 2023 (United 

States Department of Agriculture, 2023). Superior 

plant material obtained through plant breeding 

programs plays an important role in increasing 

such production, particularly in improving bunch 

component traits (Soh et al., 2017). The bunch 

component traits included the mesocarp-to-fruit, 

oil-to-mesocarp, oil-to-bunch, and kernel-to-bunch 

ratios. These traits are important because they are 

closely related to palm oil production (Ruswanto  

et al., 2020), and previous research has shown that 
these traits have high heritability (Amiruddin et al., 

2015). The bunch components are also an 

important consideration in the palm oil mill 

process  (Ali et al., 2014). Therefore, it is important 

to study the stability of various bunch components 

to maintain the stability of oil production, both 

nationally and globally. 

The genotype-by-environment interaction        

(G × E) can produce different genotype responses 

in each environment (Sharifi et al., 2017) so that 

genotypes can be directed for the development of 

varieties with wide or location-specific adaptation. 

The adaptability and stability of a variety can be 

determined through multi-location or multi-

environment trials (Purbokurniawan et al., 2014). 

Multi-location trials were developed to analyze the 

stability of a variety under various environmental 

conditions. The concept of stability can be 

explained through parametric and non-parametric 

approaches. The parametric approach evaluates the 

influence of genotypes on diverse environments by 

assuming that errors are normally distributed and 

follow a specific model, while the non-parametric 

approach does not require such assumptions. 

Conversely, the non-parametric approach 

classifies genotypes in each environment, thereby 

overcoming the limitations of the parametric 

approach (Pour-Aboughadareh et al., 2022).  Other
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approaches to explain the concept of stability 

include additive main effect and multiplicative 

interaction (AMMI) (Mattjik & Sumertajaya, 2013), 

genotype-genotype × environment interaction 

(GGE) biplot (Matana et al., 2020), and best linear 

unbiased prediction-based stability (Anuradha et al., 

2022; de Resende, 2016; Olivoto et al., 2019). 

The investigation of G × E interactions and 

stability in oil palm is usually conducted using a split 

plot design, in which the environment, such as plant 

density, irrigation, or fertilisation, is treated as the 

main plot and genotype factors as subplots            

(Soh et al., 2017). However, G × E interaction 

studies can also be conducted using multi-site trials 

(Bueraheng et al., 2018). To date, research on G × E 

interactions and stability in oil palms has mostly 

focused on vegetative and production traits. 

Previous studies have demonstrated that G × E 

interaction significantly affects the number of 

bunches, average bunch weight, fresh fruit bunches 

(Bueraheng et al., 2018; Castañeda-Garzón et al., 

2021), dry matter production (Ubara et al., 2017), 

frond production, and rachis length (Rafii et al., 

2013). To our knowledge, the only study of G × E 

interaction on bunch component traits was 

conducted by Rafii et al. (2013), where the 

interaction between progeny and environment in the 

form of planting density did not affect fruit-to-bunch 

and oil-to-bunch. 

Current knowledge regarding the impact of 

genotype × environment (G × E) interactions on fruit 

component traits is still limited. Therefore, this 

study aims to investigate the effect of G × E 

interactions on fruit component traits and evaluate 

the stability of various progenies in different 

environments. 

Material and Methods 

Genetic materials and experimental sites 

Data were obtained from progeny-test trials of 

16 progeny from crosses between the dura and 

tenera palm in the reciprocal recurrent selection 

(RRS) scheme. The Dura Deli palm used was 

recombined from the Dolok Sinumbah and Gunung 

Melayu populations, whereas the Tenera were 

recombined from the Yangambi and SP540T 

populations. The progenies were planted in 2013 in 

two different locations: Rambutan Estate, PT 

Perkebunan Nusantara III, North Sumatra Province, 

and Kalianta Estate, Indonesian Oil Palm Research 

Institute (IOPRI), Riau Province. Based on the 

Schmidt-Ferguson classification derived from the 

annual rainfall data and rainy days data, the 

Rambutan Estate is classified as type D (moderate) 

(Mursyid, 2020), while the Kalianta Estate is 

classified as type A (very wet). Relative humidity 

(RH) data were not recorded during this study. The 

experiment was conducted using a randomised 

complete block design (RCBD) with three 

replications, with each experimental plot consisting 

of 12 and 16 trees for Rambutan and Kalianta Estate, 

respectively. Maintenance of the experiment was 

conducted based on each estate's standard 

operational procedures. 

Bunch component analysis 

The observed traits were bunch components 

through bunch analysis, according to the NIFOR 

method (Corley & Tinker, 2016). The variables 

included fruit-to-bunch (F/B, %), mesocarp-to-

bunch (M/F, %), kernel-to-fruit (K/F, %), shell-to-

fruit (S/F, %), kernel-to-bunch (K/B, %), oil-to-

bunch (O/B, %), and oil-to-dry mesocarp (O/DM, 

%) ratios. Data were collected in a maximum of four 

technical replicates per individual. The palm ages 

across both experimental sites were in the same 

planting year of 2013. 

Data analysis 

Data were analyzed using analysis of variance 

(ANOVA) in each environment to obtain 

information on the performance and differences 

between progenies in each environment. If the F test 

showed a significant effect at the 5% and 1% levels, 

we conducted Tukey's Honest Significant 

Difference (HSD) test at the 5% level. In addition,   

a combined analysis of variance was conducted to 

determine the presence of G × E interactions. 

Analysis were conducted using SAS OnDemand for 

Academics (https://welcome.oda.sas.com/) using 

the PROC GLM procedure. Visualization of 

progeny performance data was done using box-plot 

diagrams in RStudio software version 2023.06.02 

with the 'ggplot2' package (Wickham, 2016). 

The genetic components in each trait were 

estimated using several parameters, such as 

genotype variance (σ2
G), environmental variance 

(σ2
E), G × E interaction variance (σ2

GE), phenotype 

variance (σ2
P), and broad-sense heritability (h2

BS). 

Variance components were estimated using the 

restricted maximum likelihood (REML) procedure, 

assuming each factor was random. Broad-sense 

heritability was calculated on an entry-mean basis: 
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 , 

l = number of environments, and  

r = number of replications in each environment 

Stability analysis were conducted based on several 

methods, namely, the coefficient of variation, 

Wricke's ecovalence, Shukla's stability, Huehn's 

stability, Fox's stability, and Thennarasu's stability. 

The first three stability parameters are parametric 

stability, whereas the other three parameters are non-

parametric  stability.  The  determination  of  stable-
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genotypes was based on cluster analysis of the 

overall stability parameters and the performance of 

each genotype. The genotype grouping based on 

performance and stability parameters was 

determined through cluster analysis using the Gower 

distance. All genetic component and stability 

estimation analysis were conducted in RStudio 

software version 2023.06.2 using the ‘metan' 

package (Olivoto & Lúcio, 2020) and Microsoft 

Excel. 

Results and Discussion 

Bunch component of progenies in several 

environments 

The analysis of variance in each environment 

revealed that most traits were influenced by 

genotype differences, except F/B and O/B in 

Rambutan and O/DM in Kalianta (Table 1). Across 

both environments, the coefficient of variation was 

relatively modest, with values ranging from 1.42% 

to 14.85% in Kalianta, and from 1.17% to 11.61% in 

Rambutan, as per Gomez & Gomez (2005). 

The F/B of the 16 DxT/P progeny at each 

location exhibited notable variation. The progeny at 

Kalianta had a relatively higher F/B (69.62% ± 

2.14%) compared to those at Rambutan (64.85% ± 

2.78%) (Figure 1A). This indicates that 

environmental factors influence the F/B response. 

The F/B ratio is closely associated with the fruit set 

(FS) ratio and is significantly and positively 

correlated with FS (Swaray et al., 2021). The FS 

ratio is strongly influenced by the environment, 

particularly during fruit formation (Swaray et al., 

2020). Factors that can affect FS and subsequently 

impact F/B include the morphology of oil palm 

plants, palm age, population size of Elaeidobius 

kamerunicus, pollen viability (Susanto et al., 2020), 

and number of male flowers per unit area (Sitepu     

et al., 2021). 

The M/F of the 16 DxT/P progeny at Kalianta 

was higher (ranging from 83.59% to 89.62%) than 

that at Rambutan (ranging from 80.19% to 87.60%) 

(Figure 1B). Mesocarp thickness is determined by 

the process of parenchyma cell division and 

elongation that occurs in the fruit 10 weeks after 

pollination, which is strongly influenced by the 

availability of water to support physiological 

activities (Eya’a et al., 2023). This is in line with the 

findings of a study that showed that the progeny in 

Kalianta, with a very wet climate, had a higher M/F 

ratio than the progeny in Rambutan with a moderate 

climate.  

Based on the S/F ratio, the progeny at Kalianta 

had a relatively lower average (4.73%-7.66%) than 

the average of the progeny grown at Rambutan 

(4.51% - 8.79%) (Figure 1C). This finding suggests 

that there is also an environmental control on the S/F 

ratio. Furthermore, the pattern of S/F differences in 

the two environments was contrary to previous 

findings for M/F. Biologically, the fruit components 

(mesocarp, shell, and kernel) sum up to 100%. 

Therefore, the lower S/F observed in Kalianta is 

highly likely a direct mathematical consequence of 

the increased M/F ratio in that specific wet 

environment, where high M/F naturally suppresses 

the S/F ratio. This finding is supported by Shi et al. 

(2019), who explained that the M/F ratio negatively 

correlates with the S/F ratio. In this study, DT03 and 

DT14 were identified as the progeny with the 

smallest S/F at the Kalianta, and DT13, DT15, and 

DT16 at the Rambutan. 

This study demonstrated no significant 

differences in the O/B traits of all progeny at each 

location. Nevertheless, the average O/B proportion 

of all progeny at Kalianta (30.52% ± 1.35%) was 

relatively greater than that at Rambutan (27.66% ± 

1.79%) (Figure 1D). This difference suggests an 

environmental influence on O/B traits, most likely 

due to rainfall. Rambutan Estate has a type D 

(moderate) climate (Mursyid, 2020), whereas the 

Kalianta Estate has a type A (very wet) climate. This 

finding is consistent with that of Mhanhmad et al. 

(2011), who reported that fruits harvested after the 

6-month wet season had a higher O/B percentage 

than fruits harvested after the dry season. 

Unlike the other bunch components, the 

combined analysis of variance showed that the 

environment did not significantly influence the oil-

to-dry mesocarp (O/DM) ratio (Table 2). This 

indicates that O/DM is relatively stable across 

different environments in this study, contrasting 

with some existing literature which suggests 

environmental factors strongly affect oil synthesis. 

Rainfall provides water for the plants, enabling oil 

synthesis in the mesocarp during the 17-week period 

after receptive female flowers developed smoothly 

(Arifin et al., 2014). Consequently, the differences 

in total O/B observed in this study were more 

prominently driven by the changes in the M/F ratio 

rather than the O/DM.  

Genotype-by-environment interaction and genetic 

parameters 

The findings from the combined analysis of 

variance, as shown in Table 1, demonstrate that the 

coefficient of variation in this study was relatively 

low, which suggests good experimental precision. 

Furthermore, the combined analysis of variance 

revealed that genetic factors had a substantial impact 

on all bunch component traits. Environmental 

factors also significantly influenced some bunch 

component  traits  such  as  F/B,  M/F,  S/F, and  O/B.
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Table 1.  Analysis of variance of oil palm bunch component at each location 

Source of 

variation 
df F/B M/F S/F K/F K/B O/B O/DM 

Kalianta Estate 

Genotype 15         5.73* 9.13** 2.76** 2.25** 1.25** 2.86* 1.83tn 

Block 2 30.39**    2.26tn    1.55tn  0.07tn 0.16tn 1.03tn 0.59tn 

Error 29       2.17  2.43  0.96    0.69    0.39      1.33       1.18 

CV (%)        2.12  1.79 14.06   13.71   14.85      3.77       1.42 

Rambutan Estate 

Genotype 15 7.60tn 12.49** 3.31** 3.89** 1.76** 3.99tn 4.29** 

Block 2 1.03tn 9.28* 2.24tn 2.64** 0.96* 5.52tn 1.02tn 

Error 29 8.21 2.16 1.11 0.42 0.24 2.68 0.80 

CV (%)  4.42 1.74 11.33 10.02 11.61 5.91 1.17 
tn not significant at level 5%, * significant at level 5%; ** significant at level 1%; MSE = mean squares of environment; MSG = mean squares 

of genotype; MSGE = mean squares of GxE interactions; CV = coefficient of variance; F/B = fruit to bunch; M/F = mesocarp-to-fruit; S/F = 

shell-to-fruit; K/F = kernel-to-fruit; K/B = kernel-to-bunch; O/B = oil-to-bunch; O/DM = oil-to-dry mesocarp. 

 

 
 

Figure 1. Bunch components of 16 progenies in the two environments. A = fruit-to-bunch; B = mesocarp-to-fruit; C = shell-

to-fruit; D = oil-to-bunch. Different letters indicate significant differences according to the Tukey’s 5% test. 

 

This is consistent with previous results, which 

showed that these traits responded differently at the 

two locations (Figure 1). Furthermore, the 

interaction observed in this study can be categorized 

as a cross-over G × E interaction. This is evidenced 

by the changes in progeny rankings between the two 

locations, for instance, the rank changes observed in 

the M/F responses of several progenies across the 

Rambutan and Kalianta estates (Figure 1B). 

Notably, the proportion of the sum of squares of the 

environment to the total sum of squares for these 

traits is substantial (ranging from 34.95% to 

67.32%), indicating that the environment plays a 

dominant role in controlling these traits (Abdillah et 

al., 2023). 
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The interaction between genotype and 

environment (G × E) did not exhibit a significant 

impact on all the observed traits, as per previous 

research findings (Rafii et al., 2013). This suggests 

these traits could be considered more stable and 

consistent across different growing conditions. The 

contribution of the G × E component to the total sum 

of squares is relatively low (6.61%-13.37%), 

indicating that the G × E factor has a negligible 

influence on the observed traits (Vaezi et al., 2019). 

The limited variability of G × E could be attributed 

to the moderate differences between the two test 

locations in this study, which do not encompass 

significant environmental variations. Mega-

environment analysis is a technique used to group 

several environments into different mega-

environments (Yan et al., 2023). According to 

Syuaib (2016), the agro-ecological zones of North 

Sumatra and Riau share similar characteristics, 

primarily consisting of lowland agro-ecological 

zones with a wet climate that have favoured oil palm 

plantations. To gain a better understanding of G × E 

interactions, it is essential to assess genotypes in 

more diverse and varied environments Rahim et al. 

(2023). 

The genetic parameter analysis in this study 

demonstrated that specific bunch component traits, 

such as M/F, K/F, and K/B, exhibited greater 

genotype variance than environmental variance. 

This suggests that the variability arising from these 

traits is influenced more by genetic than 

environmental factors. However, the variance 

component of the G × E interaction was relatively 

low, with F/B, O/B, and O/DM having zero 

interaction variance. In contrast, some traits such as 

M/F, S/F, K/F, and K/B, had a G × E interaction 

control with a variance component value greater 

than zero. Therefore, these characteristics will be 

considered in the stability analysis. 

 

Additionally, M/F, S/F, K/F, K/B, and O/DM 

exhibited relatively high broad-sense heritability 

values (76.3%-85.6%), while F/B and O/B were 

classified as low to moderate (Table 1). Similar 

findings were reported by Sitepu et al. (2022), with 

broad-sense heritability for these traits ranging from 

68% to 99%. Broad-sense heritability measures the 

level of genetic variability within a population, and 

traits with high heritability can be utilised for 

selection (Rachman et al., 2022; Usman et al., 2017). 

Therefore, bunch component traits often serve as 

important criteria for selection in oil palm breeding 

activities (Soh et al., 2017). Constantin et al. (2017) 

discovered that the selection of several bunch 

component traits results in relatively moderate to 

high genetic progress. 

Stability analysis 

The findings of this study did not reveal any 

significant G × E interactions for any of the 

observed traits. Nevertheless, four traits showed a 

non-zero variance for G × E interactions            

(Table 1). This finding suggests that G × E 

controls these traits. Among the traits with the 

highest G × E interaction variance components, 

M/F and K/F were selected for further stability 

analysis. Although planters generally prioritize 

the stability of complex characters such as fresh 

fruit bunch (FFB) or total oil yield to select the 

best commercial seeds, evaluating the stability of 

fundamental yield components like M/F and K/F 

is highly relevant for plant breeders. M/F is a 

primary determinant of the Oil Extraction Rate 

(OER) at the mill and has a strong, positive 

correlation with total oil yield. Therefore, 

selecting progenies with highly stable M/F 

ensures that the resulting commercial varieties 

will deliver a consistent oil extraction 

performance across diverse environments. 

 

Table 2.  Analysis of variance and genetic parameters of bunch component traits 

Parameter F/B M/F S/F K/F K/B O/B O/DM 

MSE 540.576** 187.325** 131.374**      5.088tn      0.002tn 190.136**      0.849tn 

MSG       9.766* 18.863**        4.929**       5.356**       2.622**         5.395**       5.294** 

MSGE        3.539tn       2.848tn       1.183tn      0.785tn      0.393tn        1.377tn      0.859tn 

CV (%)      3.407     1.769    12.492   11.859      13.286      4.879    1.298 

σ2
G 0.828 2.669 0.626 0.762 0.375 0.604 0.727 

σ2
E 4.889 2.293 1.039 0.553 0.317 1.883 0.951 

σ2
GE 0.000 0.183 0.044 0.079 0.020 0.000 0.000 

σ2
P 1.644 3.143 0.821 0.894 0.438 0.918 0.885 

h2
bs 0.504 0.849 0.763 0.853 0.856 0.658 0.821 

tn not significant at 5%, * significant at 5%; ** significant at 1%; MSE = mean squares of environment; MSG = mean squares of genotype; 
MSGE = mean squares of GxE interactions; CV = coefficient of variance; σ2

G = genotypic variance; σ2
E = environmental variance;                       

σ2GE = genotypic-by-environment interaction variance; σ2
P = phenotypic variance; h2

bs = broad-sense heritability; F/B = fruit to bunch;                

M/F = mesocarp-to-fruit; S/F = shell-to-fruit; K/F = kernel-to-fruit; K/B = kernel-to-bunch; O/B = oil-to-bunch; O/DM = oil-to-dry mesocarp. 
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The M/F performance of the 16 progenies grown 

in the two environments ranged from 81.89% to 

88.06%. Three progenies, DT13, DT15, and DT16, 

showed the best M/F performance, while DT02, 

DT04, and DT14 exhibited the opposite behaviour. 

Additionally, the results of the stability analysis vary 

for each parameter. According to the Francis-

Kannenberg coefficient of variation (CVi), 

genotypes DT09, DT13, DT14, and DT15 were 

determined to be the most stable. Additionally, 

Wricke's ecovalence indicated that genotypes DT01, 

DT06, DT11, and DT12 were the most stable, 

whereas Shukla's stability parameter identified 

genotypes DT01, DT04, DT06, and DT16 as the 

most stable (Table 3). 

Huehn's non-parametric stability model 

comprises four parameters. The first parameter, Si(1), 

is the mean of the absolute differences in the 

position of a genotype across each environment. The 

second parameter, Si(2), is the variance of ranks 

within each environment. The third parameter, Si(3), 

is the sum of the absolute deviations, whereas the 

fourth parameter, Si(6), is the sum of squares of ranks 

for each genotype relative to the mean rank (Huehn, 

1990). Based on parameters Si(1) and Si(2), progenies 

DT01, DT06, DT11, and DT12 were identified as 

stable genotypes for M/F traits, while progenies 

DT04, DT11, DT12, DT13, and DT16 were 

identified as stable genotypes according to 

parameters Si(3) and Si(6) (Table 4). For K/F, 

progenies DT03, DT05, DT06, and DT11 were 

classified as the most stable genotypes based on the 

Si(1) and Si(2) parameters, while progenies DT02, 

DT13, DT15, and DT16 were classified as stable 

genotypes based on the Si(3) and Si(6) parameters 

(Table 3). 

Fox's non-parametric stability (TOP) model, 

based on multilevel ranking information on a 

genotype, which involves performing a three-layer 

ranking in each environment. If a genotype 

consistently appeared in the top third of the ranking, 

it was categorised as a stable genotype. In this study, 

the three progenies identified as stable based on this 

parameter were DT03, DT15, and DT16 for M/F 

(Table 4), whereas DT02, DT04, and DT14 were 

identified as stable genotypes for K/F (Table 3). 

The non-parametric stability concept proposed 

by Thennarasu is based on the estimation of the 

stability index using four parameters: NPi(1), NPi(2), 

NPi(3), and NPi(4). These parameters were derived 

from the corrected mean rankings for each genotype 

in all test environments, and they also take into 

account the phenotype and stability values of a 

genotype simultaneously. For M/F, the most stable 

genotypes according to NPi(1) were DT01, DT06, 

DT11, and DT12, whereas for NPi(2), NPi(3), and 

NPi(4), the most stable genotypes were DT04, DT06, 

DT11, and DT12 (Table 4). On the other hand, the 

parameters NPi(1), NPi(2), NPi(3), and NPi(4) 

consistently classified the progeny of DT03, DT05, 

DT06, and DT11 as the most stable genotypes for 

K/F traits (Table 3). 

The identification of genotypes with high 

production in various environments is highly 

desirable for plant breeding activities, particularly in 

oil palms. Various approaches must be combined to 

increase the precision in identifying stable 

genotypes. In this study, the stability of progeny 

tested in the two environments was initially 

determined based on six parameters, including both 

parametric and non-parametric stability. These six 

stability parameters can be grouped into two types: 

static (biological) stability (CVi, Huehn, 

Thennarasu), which is the stability of a genotype in 

producing a phenotype that remains constant in all 

environments, and dynamic (agronomic) stability 

(Wi2, σi
2, TOP), which is the parallel relationship 

between the yield response and the average response 

of all test genotypes. 

It is often difficult to determine stable progeny 

based on several stability parameters combined with 

progeny performance, especially when progeny 

identified as stable are inconsistent in each 

parameter. To address this complexity and choose 

the most appropriate conclusive method, Vaezi et al. 

(2019) proposed using the average of the sum ranks 

(ASR) for all stability parameters. The ASR 

successfully integrates all these analyzed stability 

parameters into a single, robust, and unified indeks. 

In the ASR concept, a lower ASR value indicates 

that a genotype consistently ranks highly across 

multiple stability parameters, reflecting high 

stability. In contrast, a higher ASR indicates lower 

stability and greater sensitivity to environmental 

changes. The ranks of all stability parameters and 

progeny performances were also grouped using 

hierarchical cluster analysis (HCA).  

Menara Cluster analysis, specifically HCA, 

revealed the separation of progeny into two main 

groups for M/F traits (Figure 2). Group I comprised 

progenies that exhibited low to high M/F and 

relatively high ASR values, making them suitable 

for the development of varieties that are adaptive to 

specific environmental conditions. In contrast, 

progenies in Group II, such as DT01, DT06, DT11, 

and DT12, are relatively stable and show high M/F 

performance, except for DT04. The use of these 

progenies will provide stability advantages in 

various environmental conditions and high oil 

production, because M/F has a strong and positive 

correlation with oil yield (Khin et al., 2021; Krualee 

et al., 2013; Siregar et al., 2020).
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Figure 2. Grouping of 16 oil palm progenies based on mesocarp-to-fruit (M/F) and average of sum ranks (ASR) stability 

 

 

In addition, the cluster analysis of the stability of 

K/F traits in the 16 progenies is presented in Figure 

3. Group I includes six progenies with moderate to 

high K/F traits and high ASR values, making them 

potentially suitable for developing oil palm varieties 

that are adaptive to specific environmental 

conditions with high palm kernel oil (PKO) 

production, as kernel production is related to PKO 

production (Basyuni et al., 2017). Progenies in 

Group II, on the other hand, comprised 10 progenies 

based on low K/F and low to moderate ASR values. 

Of these 10 progenies, five had low ASR values 

(2.77 - 4.62), namely DT03, DT05, DT06, DT11, 

and DT13, making them suitable for use in the 

assembly of varieties with low K/F and stable in a 

wide range of environments.  

It is essential to highlight that this investigation 

examined the G × E interaction and stability by 

employing progeny resulting from crosses between 

Dura and Tenera. In this case, the Tenera parent 

were used to predict their Pisifera value when used 

in commercial seed production. Hence, it is vital to 

emphasise that the stable progeny in this study were 

not identical to the commercial varieties that 

emerged from crosses between Dura and Pisifera 

palms, as in other studies, such as Rafii et al. (2013) 

and  Bueraheng et  al. (2018). However, identifying 

stable and superior DxT progenies is a foundational 

step in the breeding program. By understanding the 

breeding value and stability of these Tenera parents, 

breeders can precisely select the best individual 

palms to be used as Pisifera parents in the mass 

production of commercial DxP seeds. Therefore, 

this progeny trial directly supports and ensures the 

high quality and stability of the commercial seeds 

produced subsequently. 
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Figure 3. Grouping of 16 oil palm progenies based on kernel-to-fruit (K/F) and average of sum ranks (ASR) stability 

 

Furthermore, we suggest that selecting parents 

based on progeny performance in multi-

environment trials can also be achieved by 

considering the combining ability of the parents. 

The application of the BLUP approach for 

predicting breeding value by considering the 

interaction between combining ability and 

environment has been conducted in various crops, 

such as maize (Acosta-Pech et al., 2017), wheat 

(Basnet et al., 2019), and sorghum (Fonseca et al., 

2021). The idea of integrating progeny stability 

performance and combining ability information 

across multiple environments should be pursued in 

future studies. This is because the interaction effect 

of combining ability and the environment that is 

hidden in the effect of combining ability will be 

partitioned, which will result in more precise 

predictions (Dermail et al., 2023). In maize research, 

selection accuracy can be improved if hybrid testing 

is conducted for at least two growing seasons or two 

environments, if there is a significant combining 

ability-by-environment interaction (Alamerew & 

Warsi, 2015; Dermail et al., 2022). 

Conclusion 

In summary, our findings revealed that certain 

traits of the bunch component appear to be less 

affected by genotype-by-environment interaction. 

Additionally, we have identified several stable 

DxT/P progenies that exhibit favorable bunch 

component traits by employing the Average of Sum 

Ranks (ASR), which integrates multiple stability 

parameters. Our research provides valuable insights 

into the relationship between genotype, 

environment, and bunch component traits. With this 

information, breeders can develop more stable and 

consistent varieties that are better suited to diverse 

growing conditions. 
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