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Introduction

Rice (Oryza sativa L.) is an important cereal crop 
that sustains a large proportion of the global 

population (Atique-ur-Rehman et al., 2022). Despite 

significant advances in production technologies, global 
yields remain insufficient to meet the increasing food 
demand driven by a growing population (Galanakis, 
2024). High-yielding rice varieties (HYVs) are 
important for global food security due to the potential 
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to increase crop yields and address food shortages. 
However, increased reliance on a few HYVs can create 
favourable conditions for the rapid spread of pests and 
diseases, potentially leading to significant crop losses 
(Lenné and Wood, 2024). Developing a wider variety 
of HYVs allows farmers to select seeds best suited to 
the specific conditions and needs, thereby promoting 
more sustainable agricultural practices by diversifying 
crops and reducing reliance on a single type of HYV. 
This diversification helps mitigate the risks associated 
with monoculture, such as increased susceptibility 
to pests and diseases, while also improving long-
term soil health. The challenge has also been recently 
compounded by limited arable land availability and 
the increasing impact of climate change on biotic and 
abiotic stresses in rice cultivation (Fahad et al., 2019; 
Bhadouria et al., 2019; Jena et al., 2023). Among 
biotic constraints, fungal diseases represent a critical 
problem, reducing global rice yield by an estimated 
14% annually (Anand and Rajeshkumar, 2022).

Rice blast disease, caused by the fungal phytopathogen 
Pyricularia grisea (Cooke) Sacc., also called Pyricularia 
oryzae Cavara (anamorph phase) and Magnaporthe 
grisea (teleomorph phase), is recognized as one of the 
most destructive and widespread diseases affecting 
rice production globally, with yield losses reaching 
70–80% under epidemic conditions (Dean et al., 
2012; Simkhada and Thapa, 2022). The pathogen 
infects multiple parts of rice plant, including leaves, 
nodes, collars, and panicles, resulting in characteristic 
lesions and severe impairment of grain formation 
and vigour (Agbowuro et al., 2020). Disease severity 
increases under low to moderate temperatures 
combined with high humidity, promoting fungal 
development and spread. Furthermore, mathematical 
modelling of disease dynamics has shown that 
climatic factors, particularly temperature and moisture 
levels, are key determinants in the progression and 
spatial distribution of blast infection in rice fields 
(Kirtphaiboon et al., 2021).

Globally, rice blast disease is reported in over 101 
countries and regions according to recent reports 
(CABI, 2021). The high adaptability and genetic 
variability of the pathogen often overcome single 
resistance genes deployed in cultivars, leading to 
recurrent disease outbreaks and yield losses ranging 
from 10% to 30% annually (Kalia and Rathour, 
2019). In Indonesia, the spread of rice blast disease 
and the associated losses among subsistence farmers 

have become alarming for sustainable production. 
According to the Indonesian Centre for Plant Pest and 
Disease Forecasting, rice blast affected approximately 
10,993 ha, accounting for about 14.7% of the total 
74,921 ha major pest and disease outbreaks recorded 
during the 2023–2024 cropping season (Indonesian 
Centre for Plant Pest and Disease Forecasting, 2023). 

Studies on rice blast pathogen in Indonesia have 
shown considerable race diversity and complexity. A 
total of 201 isolates from diverse rice ecosystems and 
regions, using 25 international differential varieties 
(DVs) and the susceptible control Lijiangxintuanheigu 
(LTH), show high virulence to Pib, Pit, Pia, Pik-s, 
and Pi12(t), classifying the isolates into three cluster 
groups (Kadeawi et al., 2021). Prevalent races in 
Indonesia, particularly 033, 073, 133, and 173, have 
been frequently used in resistance screening studies 
due to the variable virulence patterns (Fitriah et al., 
2019; Mustikarini et al., 2020; Nasution et al., 2025).

The development of HYVs is urgently needed to 
meet the demand of the increasing population and 
the challenges of a changing climate. Compared to 
the conventional breeding process, which is lengthy 
and time-consuming, doubled haploid technology has 
several advantages, such as shortening the breeding 
cycle by immediate fixation of homozygosity, 
offering high-selection efficiency. More importantly, 
doubled haploid technology has been successfully 
used to accelerate the development of rice varieties 
that demonstrate high yield and multiple disease 
resistance (Samantaray et al., 2021). Previous studies 
have developed advanced doubled-haploid rice lines 
derived from anther culture of several F1s (Akbar et 
al., 2018; Akbar et al., 2019; Akbar et al., 2021).

Potential lines with stable performance and durable 
blast resistance can be identified efficiently using a 
multivariate analysis approach, where phenotypic 
data are analyzed using correlation, path analysis, 
principal component analysis (PCA), and Multi-trait 
Genotype-Ideotype Distance Index (MGIDI). More 
specifically, MGIDI uses PCA to group the traits into 
factors that represent different dimensions of the data. 
These factors are used to identify genotypes based on 
multiple characteristics and avoid redundancy and 
multicollinearity. The graphical representation derived 
by MGIDI can help to compare the genotypes with 
the ideal genotype (Olivoto and Nardino, 2021). 
Path analysis, when integrated in a multivariate 
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framework, facilitates modeling and analysis of 
complex relationships between multiple variables, 
such as direct and indirect effects, using a series of 
regression equations. It expands upon traditional 
regression by incorporating interrelationships among 
independent variables and enabling the assessment 
of both direct and indirect influences on a dependent 
variable (Anshori et al., 2024). MGIDI has been 
successfully applied to obtain various selection 
purposes such as high yield combined with pest-and 
disease resistance and/or rice grain quality (Dewi et 
al., 2025; Nurhidayah et al., 2025; Feizi et al., 2025). 
Therefore, this study aims to select advanced doubled-
haploid rice lines based on multivariate selection on 
yield performance, agronomic traits, and resistance 
to rice blast caused by multiple P. oryzae races (033, 
073, 133, and 173). The results are expected to 
support the development of improved rice cultivars 
capable of maintaining productivity under biotic 
stress challenges, particularly blast disease, thereby 
contributing to food security in Indonesia and beyond.

Materials and Methods

The yield performance evaluations were carried 
out at the experimental station in Sukabumi, West 
Java, and blast resistance evaluation was conducted 
at Installation for Testing and Development of 
Agricultural Instrument Standards (IP2SIP), under 

the Indonesian Agency for Agricultural Assembly 
and Modernization (IAASM), Muara, Bogor.

Genetic materials
The genetic materials for the yield trial consisted of 
16 rice genotypes, comprising 14 doubled haploid 
(DH) lines derived from anther culture of several 
F₁ crosses (coded M) and two commercial checks, 
Ciherang and Inpari 18 (Table 1). The blast resistance 
evaluation used the same genotypes, supplemented 
with two check varieties, Situ Patenggang (resistant) 
and Kencana Bali (susceptible). Four Pyricularia 
oryzae races (033, 073, 133, and 173) were obtained 
from the IP2SIP collection.

Yield trial procedure
The experiment was arranged in a randomized 
complete block design (RCBD) with a single factor 
(genotype), consisting of 16 genotypes arranged in 
three replications, resulting in 48 experimental plots. 
Each plot measured 4 m × 5 m and was planted with 
320 plants spaced 25 cm × 25 cm. The procedures 
included land preparation, seed sowing, transplanting, 
plant maintenance, observation, and harvesting. Seeds 
were treated with heat (45 °C for 3 × 24 hours) followed 
by 2 × 24 hours of incubation before sowing on 
seedbeds in the field. Subsequently, transplantingwas 
performed at 21 days after sowing (DAS) with 
two seedlings per planting hill. Maintenance 

Table 1: Genetic materials and check varieties used in the yield trial.
No Field code DH lines F1’s parentage
1 M1 CG-8-18-1-1 Inpago 8 × IR8770514-11-B-SKI-12
2 M2 CG-8-18-1-2 Inpago 8 × IR8770514-11-B-SKI-12
3 M3 CG-8-92-1-2 Inpago 8 × IR8770514-11-B-SKI-12
4 M4 CG-9-2-1-5 Inpago 8 × IR83140-B-11-B
5 M5 CG-9-53-1-1 Inpago 8 × IR83140-B-11-B
6 M6 CG-9-53-1-3 Inpago 8 × IR83140-B-11-B
7 M7 CG-9-62-1-1 Inpago 8 × IR83140-B-11-B
8 M8 CG-9-81-1-1 Inpago 8 × IR83140-B-11-B
9 M9 CG-9-81-1-2 Inpago 8 × IR83140-B-11-B
10 M10 CG-12-30-1-2 B1111430D-MR-1-1-PN-3-MR-2-Si-3-PN × IR83140-B-11-B
11 M11 CG-12-30-1-3 B1111430D-MR-1-1-PN-3-MR-2-Si-3-PN × IR83140-B-11-B
12 M12 CG-12-58-1-1 B1111430D-MR-1-1-PN-3-MR-2-Si-3-PN × IR83140-B-11-B
13 M13 CG-12-85-1-2 B1111430D-MR-1-1-PN-3-MR-2-Si-3-PN × IR83140-B-11-B
14 M14 CG-12-85-1-3 B1111430D-MR-1-1-PN-3-MR-2-Si-3-PN × IR83140-B-11-B
Check Varieties used in the yield trial
15 M15 Ciherang
16 M16 Inpari 18
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practices included gap filling, fertilization according 
to recommended doses (Ministry of Agriculture 
of the Republic of Indonesia, 2022), weed and pest 
control, as well as irrigation management. Harvesting 
occurred when approximately 90% of panicles had 
turned yellow. Agronomic traits and yield components 
observed include days to flowering (DTF), days 
to harvest (DTH), plant height (PH), number of 
vegetative and productive tillers (VTN and PTN), 
panicle length (PL), filled grains per panicle (FGN), 
total grains per panicle (TGN), percentage of filled 
grains (FGP), 1000-grain weight (W1000), and grain 
yield (Yield) converted to tons per hectare based on 
plot harvest data.

Blast resistance evaluation procedure
The experiment was arranged in a randomized 
complete block design (RCBD) and conducted 
separately for each blast race, and all 18 rice 
genotypes were tested in three replications. One 
experimental unit consisted of a single row of 20–
25 rice seedlings planted in a soil-filled tray. The 
genotypes were randomized in each replication to 
reduce environmental bias. The evaluation procedure 
consisted of genotype establishment and disease 
scoring, inoculum preparation and inoculation, and 
data analysis.

Genotype establishment and disease scoring
Seeds were sown in 40 cm × 3 cm × 8 cm trays filled 
with sieved and pulverized soil. Before sowing, the 
soil was amended with fertilizer and Carbofuran 
3% as a preventive crop protection measure to 
maintain uniform seedling establishment, applied at 
recommended agronomic dosages and in accordance 
with local regulations, followed by irrigation. Each 
row was sown with 20–25 seeds per genotype 
and covered with a thin soil layer, while trays were 
protected with wire mesh to prevent rodents. Daily 
maintenance included watering and manual weeding. 

Inoculum preparation and inoculation procedure
Blast inoculum was prepared using oatmeal agar 
(OMA) media, following the protocol established in a 
previous study (Hayashi et al., 2009). Small fragments 
of each pathogen race mycelia were placed on the 
solidified OMA media and incubated at 25°C. The 
first scraping was performed on day 10, using a brush 
to gently release conidia into sterile water containing 
0.01 gL-¹ streptomycin. The resulting liquid was 
discarded, and plates were returned to the incubator.

About 48 hours after the initial scraping, a second 
scraping was performed by adding sterile water with 
0.02% Tween 20 to release conidia and facilitate 
attachment to the inoculated rice plants. The conidial 
suspension was filtered through muslin cloth and 
adjusted to a concentration of 5 × 10⁴ conidia mL-¹ 
using a haemocytometer. Inoculation was conducted 
by spraying 3.5 mL of the suspension per plant using 
a glass sprayer attached to a compressor. Seedlings 
aged 21 days after sowing (DAS) were sprayed in a 
controlled inoculation chamber. After inoculation, 
plants were kept in a humidity chamber (100% RH, 
25.5°C) for 24 hours, then transferred to a mesh-
covered greenhouse with regular misting to maintain 
humidity. Blast resistance evaluation was conducted 7 
days after inoculation, following Standard Evaluation 
System (SES) for Rice from IRRI (IRRI, 2013) and 
(Hayashi et al., 2009).

Data analysis
Agronomic and yield performance data were first 
subjected to analysis of variance (ANOVA) to assess 
the significance of differences among genotypes. 
Prior to ANOVA, the assumptions of normality 
and homogeneity of variance were evaluated using 
the Shapiro–Wilk and Levene’s tests, respectively, 
and the data were considered suitable for further 
analysis. Means were then compared using the 
Least Significant Difference (LSD) test at a 5% 
significance level. Correlation and path analyses were 
conducted to identify key traits influencing yield and 
to clarify relationships among agronomic traits. Traits 
showing meaningful associations with yield were 
subsequently included in the MGIDI analysis. The 
MGIDI approach is based on factor analysis, which 
groups correlated variables into latent factors, thereby 
reducing redundancy and minimizing the effect 
of multicollinearity among traits during genotype 
selection.

The distribution of disease scores was visualized 
using bar plots to provide an overview of genotype 
responses across different blast races. To classify 
genotypes based on ordinal disease scores, hierarchical 
clustering was applied using a dissimilarity matrix 
appropriate for ordinal data. The optimal number 
of clusters was determined using silhouette width 
analysis prior to dendrogram cutting, and genotypes 
were then grouped accordingly to represent similarity 
in resistance responses.

All statistical analyses were performed using R
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Table 2: Mean agronomic and yield traits of the tested genotypes.
Genotype DTF DTH VTN PTN PH PL FGN TGN FGP W1000 Yield
M1 95.0ab 118.0ab 18.0 13.0 142.3ab 24.73b 116.9 140.1 83.5 29.37b 8.19a

M2 97.0ab 118.3ab 21.5ab 13.2 126.2ab 24.70b 111.4 123.8 89.9a 31.87a 9.46ab

M3 90.3ab 120.0ab 20.9ab 14.1 110.2b 25.40b 119.1 134.7 88.3a 28.33b 8.54a

M4 85.0ab 109.3ab 14.8 12.1 110.8ab 24.63b 130.9b 159.0b 82.5 27.47b 3.05ab

M5 85.3ab 109.7ab 15.9 11.7 99.3ab 23.73ab 112.7 149.2 76.0b 24.93ab 3.57ab

M6 86.0ab 120.0ab 19.1 13.1 86.8ab 23.50ab 108.5 131.2 83.2 23.80ab 6.40ab

M7 88.3ab 120.3ab 13.9 11.0 113.6ab 26.33b 154.3b 178.9b 86.2 26.27b 10.12b

M8 89.0ab 123.7ab 17.3 11.4 130.0ab 25.43b 135.3b 157.9b 85.8 25.23b 9.08a

M9 94.0ab 119.7ab 17.1 11.7 142.1ab 26.47b 186.9ab 214.0ab 86.8 25.23b 9.27a

M10 95.0ab 120.7ab 11.3 10.9a 110.5b 24.93b 138.5b 167.1b 83.4 24.30ab 9.80b

M11 99.0ab 125.3b 13.9 11.3 109.2b 24.80b 192.9ab 221.9ab 87.1 26.27b 9.93b

M12 100.0ab 125.3b 11.8 10.1 113.0ab 25.63b 151.7b 231.5ab 65.9ab 26.13b 10.45b

M13 99.0ab 126.0 20.7ab 11.6 119.8ab 23.87ab 124.7 187.6b 66.2ab 27.10b 9.98b

M14 101.3b 124.3ab 15.4 12.1 116.8ab 25.70b 171.2ab 214.3ab 79.6 27.13b 11.28b

Ciherang 100.7b 126.0 15.7 12.9 108.9b 26.13b 122.9 153.2 80.1 27.63b 11.04b

Inpari 18 104.0a 126.7 15.1 11.1 92.5a 21.37a 96.1 114.2 84.3 32.23a 8.04a

Average 94.3 120.8 16.4 12.0 114.5 24.84 135.9 167.4 81.8 27.08 8.64
CV% 0.43 0.44 16.41 11.36 0.93 3.81 15.00 14.53 5.68 5.50 8.63
P 0.00** 0.00** 0.00** 0.07ns 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00**

LSD 0.68 0.89 4.49 - 1.77 1.58 33.99 40.57 7.75 2.48 1.24

*Notes:DTF = days to flowering (DAS); DTH = days to harvest (DAS); VTN = vegetative tiller number (tillers hill-1); PTN = productive 
tiller number (tillers hill-1); PH = plant height (cm); PL = panicle length (cm); FGN = filled grain number (grains panicle-1); TGN = total 
grain number (grains panicle-1); FGP = filled grain percentage (%); W1000 = weight of 1000 filled grains (g); Yield = grain yield (t ha-1); 
CV = coefficient of variation; P = P value of genotype from ANOVA test at the 95% confidence level; ** = significantly difference at the 99% 
confidence level; ns = not-significantly difference at the 95% confidence level; LSD = Least Significant Difference; numbers followed by the letter 
a indicate a significantly different from Ciherang and those followed by the letter b indicate a significantly different from Inpari 18 at LSD 
test at 95% confidence level.

software, including correlation analysis, which was 
conducted using the “corrplot” package (Wei et al., 
2017), and path analysis carried out through the 
“agricolae” package (de Mendiburu, 2023). MGIDI 
was calculated using the “metan” package (Olivoto 
and Lúcio, 2020). Disease score distributions were 
visualized with bar plots generated by the “ggplot2” 
package (Wickham et al., 2016), while hierarchical 
clustering and silhouette analysis were performed 
using the “cluster” and “factoextra” packages. 
(Kassambara and Mundt, 2016).

Results and Discussion

Phenotypic variation, trait relationships, and genotype 
selection
Morphological and yield-related traits are widely 
used as a criterion to evaluate phenotypic variability 
for improving rice yield potential (Kakar et al., 2021). 
In this study, significant differences were found in 

mean values among genotypes, except for productive 
tiller number (Table 2), which indicates substantial 
phenotypic diversity across most observed traits, 
offering valuable opportunities for selecting superior 
genotypes.. The coefficients of variation (CVs) for all 
traits were in a low range, indicating relatively low 
variability around the mean. This suggests that the 
observed data were relatively consistent and reliable.

Agronomic and yield component traits reflect the 
plant morphological and physiological performance, 
playing a crucial role in determining a genotype 
adaptability, stability, and productivity, specifically 
during climate change. This has been well documented 
in previous studies for traits such as flowering and 
harvest time (Liang et al., 2024), plant height (Zhang 
et al., 2017), panicle architecture (Fei et al., 2019), 
as well as panicle length, grain number per panicle, 
seed-setting rate, and 1000-grain weight (Li et al., 
2019). Therefore, the phenotypic diversity observed in 
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this study provides a foundation for identifying and 
selecting promising rice genotypes.

Most DH lines exhibited earlier maturity than 
the check varieties, except M13, which showed a 
comparable maturity duration. Early maturity is 
advantageous for avoiding late-season stresses and 
improving cropping efficiency (Shanmugam et al., 
2023; Noviana et al., 2021; Saminadane et al., 2024; 
Musa et al., 2023). Earliness also supports faster 
production cycles and earlier economic returns for 
farmers (Sao et al., 2022). These results suggest 
that several DH lines are suitable for cultivation in 
stress-prone or short-season environments. Previous 
breeding programs have also demonstrated that 
early-maturing cultivars can combine favorable yield, 
grain quality, and disease resistance, highlighting 
the importance of this trait in modern rice breeding 
(Wang et al., 2022; Zhu and Pan, 1990). 

Plant height (PH) varied among genotypes, with 
several DH lines showing comparable stature to the 
check varieties. Lines M5 and M6 were significantly 
shorter, while M10 and M11 were similar to 
Ciherang. This variation indicates flexibility for 
selecting genotypes with optimal plant architecture 
that balance lodging resistance and yield potential. 
Appropriate plant height has been associated with 
improved lodging resistance while maintaining grain 
yield stability (Huang et al., 2022).

Vegetative tiller number (VTN) varied slightly 
among genotypes, with M2, M3, and M13 showing 
higher values than the check varieties. The formation 
efficiency of productive tillers is generally associated 
with yield formation in rice (Takai, 2024). However, 
productive tiller number (PTN) showed limited 
variation, suggesting that tillering was not a primary 
determinant of yield in this population. According to 
SES for rice (IRRI, 2013), DH lines appear to have 
moderate tillering ability. The number of productive 
tillers among genotypes of DH lines was similar, 
with an average of 12 tillers hill-1. Panicle length 
(PL) showed meaningful variation, with several DH 
lines, particularly M5, M6, and M9, producing longer 
panicles than both check varieties. This trait is closely 
associated with spikelet formation and yield potential 
(Parida et al., 2022; Kim and Vergara, 1991). 

Yield component traits further distinguished the 
DH lines. Lines M9, M11, and M14 produced 

significantly higher filled grain numbers (FGN) than 
the check varieties, while several other lines surpassed 
Inpari 18. Similarly, total grain number was highest 
in M11, M9, M12, and M14. These results indicate 
strong sink capacity and reproductive performance, 
which are critical determinants of yield formation 
(Meng et al., 2021). Filled grain percentage (FGP) 
was higher in M2 and M3, while most lines showed 
values comparable to the checks. For 1000-grain 
weight, most DH lines were similar to Ciherang, while 
M2 showed a significantly higher value, indicating 
superior grain size.

Grain yield reflects the combined effects of all 
observed agronomic and yield-related components. 
In this study, several doubled haploid (DH) lines, 
including M2, M7, M10, M11, M12, M13, and M14, 
demonstrated significantly higher yields than Inpari 
18. Moreover, M7, M10, M11, M12, M13, and M14 
lines achieved yields comparable to Ciherang, which 
recorded a high productivity of 11.04 t ha-1, further 
underscoring the potential as promising candidates. 
This result supports the view that high yield does not 
solely depend on the number of tillers. According to 
a previous study (Kim and Vergara, 1991), rice plants 
have to possess strong sink strength, large panicles 
with a greater number of spikelets, and higher grain 
weight to achieve a high grain yield. 

The favourable agronomic performance and yield 
components indicate that the evaluated doubled 
haploid lines are suitable candidates for further 
selection. Multi-trait evaluation using MGIDI 
enables simultaneous identification of superior 
genotypes by integrating agronomic and yield-related 
traits (Olivoto and Nardino, 2021). Prior to index 
construction, correlation and path analyses were used 
to identify key traits influencing yield and to minimize 
redundancy among variables, as recommended in 
multivariate breeding frameworks (Anshori et al., 
2024).

Based on the correlation matrix (Figure 1), several 
traits such as days to flowering (DTF), days to harvest 
(DTH), plant height (PH), panicle length (PL), filled 
grain number (FGN), and total grain number (TGN) 
showed significant and positive correlations with grain 
yield. The result indicates that the increase in these 
traits tends to be followed by elevated yield, suggesting 
the potential as a selection criterion. In contrast, traits-
demonstrated insignificant correlations with yield, 
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Figure 1: Pearson correlation matrix among agronomic and yield-related traits.
DTF = days to flowering; DTH = days to harvest; VTN = vegetative tiller number; PTN = productive tiller number; PH = plant height; 
PL = panicle length; FGN = filled grain number; TGN = total grain number;FGP = filled grain percentage; W1000 = weight of 1000 filled 
grains; Yield = grain yield.

Figure 2: Path analysis diagram illustrating the direct and indirect effects of agronomic and yield traits of tested genotypes. 
DTF = days to flowering; DTH = days to harvest; VTN = vegetative tiller number; PTN = productive tiller number; PH = plant height; 
PL = panicle length; FGN = filled grain number; TGN = total grain number; FGP = filled grain percentage; W1000 = weight of 1000 filled 
grains; Yield = grain yield

such as vegetative tiller number (VTN), productive 
tiller number (PTN), filled grain percentage (FGP), 
and 1000-grain weight (W1000), implying limited 
limited roles as primary selection criteria when 
evaluated independently. 

Path analysis provided a more detailed understanding 
of the direct and indirect effects of each trait on yield. 
Traits such as DTH, PL, FGN, TGN, SS, and DTF 
showed relatively high direct effects on yield (Figure 
2). Notably, filled grain number (FGN) exhibited a 
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Table 3: Factor loading after rotation and selection differential of selected genotype from MGIDI.
Factor loadings after rotation Selection differential
Var FA1 FA2 FA3 Var Factor X0 Xs Sense
DTF -0.9 -0.03 -0.2 DTF FA1 94.3 95.7 decrease
DTH -0.94 0.07 -0.09 DTH FA1 121 122 decrease
PL 0 -0.86 -0.21 PL FA2 24.8 25.8 increase
FGN 0.16 -0.92 0.03 FGN FA2 136 176 increase
TGN 0.21 -0.85 0.45 TGN FA2 167 207 increase
FGP -0.1 -0.01 -0.96 FGP FA3 81.8 84.9 increase
Yield 0.87 -0.4 -0.09 Yield FA1 8.64 10.1 increase
Comunality mean 0.89

Notes: Var= variable; FA = days to flowering; DTH = days to harvest; Yield = grain yield; PL = panicle length; FGN = filled grain number; 
TGN = total grain number; FGP = filled grain percentage. FA1, FA2, FA3= factor related to the variable; X0= mean value of the variable 
before selection. Xs= mean value of the variable after selection (selected genotypes); Sense= desired direction of change.

negative direct effect on yield (–0.40), which appears 
inconsistent with its positive correlation with yield 
observed in Figure 1. However, in path analysis, the 
overall contribution of a trait is determined by the 
balance between its direct and indirect effects rather 
than the direct coefficient alone.

The decomposition of effects showed that FGN exerted 
substantial indirect influences on yield through other 
yield components, particularly via total grain number 
(TGN) and filled grain percentage (FGP). The total 
indirect effect of FGN was positive (+0.465), which 
offset the negative direct effect and resulted in a 
small but positive total effect (+0.065). This indicates 
that FGN contributes to yield formation primarily 
through its interaction with other yield-related traits 
rather than acting as an independent determinant.

Biologically, FGN remains an essential component of 
yield formation because it is closely associated with 
grain number per panicle and reproductive success, 
which directly determine final yield. Therefore, 
despite its negative direct coefficient, FGN should 
not be interpreted as a detrimental trait. Instead, it 
should be considered a complementary selection trait, 
particularly in combination with TGN and FGP, 
which mediate its contribution to yield.

FGP, which showed a weak correlation with yield, 
exhibited notable direct and indirect effects in the 
path analysis, indicating that its role may be masked 
by interactions with other traits but still relevant 
for selection. In contrast, traits such as VTN, PTN, 
PH, and W1000 showed minimal total effects and 
are therefore less recommended as primary selection 

criteria for yield improvement.

The selection index was constructed based on three 
principal components with eigenvalues greater than 
one, which together explained 89.2% of the total 
variation. Subsequent factor analysis with varimax 
rotation grouped the traits into three latent factors 
(FAs) as shown in Table 3. FA1 represents the early 
maturity trait, expected to decrease in value, as well as 
the yield, which is projected to increase. FA2 groups 
yield components, including panicle length (PL, 
-0.86), number of filled grains (FGN, -0.92), and 
total number of grains (TGN, -0.85), representing 
traits that can be improved through selection. The 
percentage of filled grain percentage (FGP) was 
included in FA3 with a high loading value of -0.96. 
The high average communality value for all traits 
(average = 0.89) indicates that the formed factor 
structure can retain important trait information 
relevant for genotype evaluation.

Selection traits showed improvement based on 
differential selection analysis. Based on the results, yield 
increased from 8.64 to 10.15 tha-¹ (+17.5%), panicle 
length (PL) improved by 0.99 cm (+3.99%), filled 
grain (FGN) rose by 40.5 grains (+29.8%), total grain 
(TGN) improved by 39.9 grains (+23.8%), and filled 
grain percentage (FGP) increased by 3.11% (+3.81%). 
Days to flowering (DTF) and days to harvest (DTH) 
increased slightly after selection, although both traits 
were targeted to decrease in the MGIDI analysis. 
However, this change did not reduce the agronomic 
value of the selected genotypes because all remained 
within the early-maturing category and were still 
earlier than or comparable to the check varieties 
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(Table 2). This pattern indicates a trade-off between 
maturity duration and other agronomic traits during 
the multi-trait selection process; therefore, the slight 
increase in DTF and DTH mean value of selected 
genotype should be interpreted as an acceptable 
adjustment within the MGIDI framework rather 
than a deviation from the breeding objective.

Based on MGIDI values (Figure 3a), four DH lines 
were identified as closest to the ideotype, namely M9, 
M11, M7, and M14 (Figure 3a). FA3 had the largest 
contribution in MGIDI selection of lines M9, M11, 
and M14, as indicated by the polygon angle closest to 
the internal edge, indicating that these two lines had 
a high percentage of filled grain percentage (FGP) 
compared to other test genotypes. Meanwhile, FA2 
had the largest contribution in MGIDI selection 
of line M7, indicating that this line had the best 
combination of PL, TGN, and FGN traits (Figure 3b).

Information regarding the strengths and weaknesses 
of each selected MGIDI line is shown in Figure 3b. 
M14 line demonstrated strength in DTF, DTH, and 
Yield traits, as indicated by FA1 angle closest to the 
genotype point. However, considering the ideotype 
objective for DTF and DTH traits was to decrease 

while yield was expected to increase, M14 did not 
fully meet the selection goal for DTF and DTH, 
despite being classified as early maturing. M7 line 
was distinct due to the strong contribution to FA1, as 
shown by the polygon angle, which exceeds MGIDI 
theoretical value (dashed line). With high Yield and 
a lower combination of DTF and DTH, M7 is well 
consistent with the selection objective. In addition, it 
also showed a strong contribution to FA3, indicated 
by a high percentage of filled grains (FGP).

Blast resistance evaluation and genotypic clustering
Blast resistance was evaluated separately against four 
races of Pyricularia oryzae (033, 073, 133, and 173). 
The resistant check, Situ Patenggang, consistently 
exhibited low disease scores, whereas Kencana Bali 
showed high susceptibility across races, confirming 
the reliability of the screening system. Several 
DH lines displayed diverse resistance responses. 
Such differential responses are consistent with the 
gene-for-gene interaction governing the rice–blast 
pathosystem, in which specific resistance (R) genes 
recognize corresponding avirulence (AVR) genes in 
Pyricularia oryzae, resulting in race-specific resistance 
patterns (Younas et al., 2024; Valent, 2025). The 
presence of lines resistant to multiple races suggests

Figure 3: (a) Selected genotypes based on Multi-Trait Genotype-Ideotype Distance Index (MGIDI). Genotypes 
located closer to the origin represent those with a smaller distance to the ideotype and thus higher overall desirability 
based on multiple traits. (b) Contribution of each factor to MGIDI values of selected genotypes.
FA= Factor analysis, FA1 is primarily associated with days to flowering (DTF), days to harvest (DTH), and grain yield (Yield), FA2 related 
to panicle length (PL), filled grain number (FGN), and total grain number (TGN), FA3 is related to filled grain percentage (FGP).



June 2026 | Volume 42 | Issue 2 | Page 984

Sarhad Journal of Agriculture

Figure 4: Resistance scores of tested rice genotypes against four races of Pyricularia oryzae based on visual disease 
assessment a) Race 033, b) Race 073, c) Race 133, and d) Race 173. Scores are following the Standard Evaluation 
System (SES) by IRRI (2014) and Fukuta et al. (2009): 1 = resistant; 3 = moderately resistant; 5 = moderately 
susceptible; 7 = susceptible, and 9 = highly susceptible.

the possible involvement of multiple resistance loci or 
quantitative resistance mechanisms that contribute to 
broader protection (Cheng et al., 2024).

Several test genotypes demonstrated promising 
resistance, in some cases comparable to Situ 
Patenggang for specific races (Figure 4a). For race 
033, M13 and M14 lines showed the lowest score (1), 
comparable to the resistant check. This was followed 
by M3, M5, M6, M7, M8, M9, and M10, which 
recorded a score of 3 (moderately resistant). For 
race 073, the highest level of resistance (score 1) was 
observed in M3, M10, and M14 lines, comparable to 
Situ Patenggang. Six DH lines, M5, M6, M7, M8, 
M9, and M13, showed moderate resistance (score 
3) (Figure 4b). Lines M5 and M7 achieved the 
lowest score of 1 against race 133, surpassing Situ 
Patenggang, which scored 3. Two DH lines, M4 and 

M6, also demonstrated moderate resistance with a 
score of 3. Although the remaining genotypes showed 
higher scores, the ability of M5 and M7 lines to resist 
the particularly virulent race emphasizes the potential 
as key sources of resistance (Figuire 4c). For race 173, 
M3, M9, M13, and M14 lines scored 1, indicating 
high resistance similar to Situ Patenggang, while M4, 
M5, M6, M7, and M10 lines scored 3, suggesting 
moderate resistance (Figuire 4d).

For further interpretation, the resistance scores 
obtained from each race were then analyzed collectively 
to examine the overall response patterns of genotypes 
across races. Hierarchical clustering based on ordinal 
blast resistance scores separated the genotypes into 
two major groups (Figure 5). The optimal number 
of clusters was determined using silhouette analysis 
(Figure 6). The highest average silhouette width 
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was obtained at k = 2 (0.597), indicating the most 
appropriate grouping structure for the ordinal blast 
resistance data. Therefore, hierarchical clustering was 
interpreted based on two main clusters. 

The first group was closely associated with the 
susceptible check, Kencana Bali, and included M2, 
M15, M11, and M12, indicating consistently high 
disease scores and susceptibility across races. The 
second group was positioned closer to the resistant 
check, Situ Patenggang, and comprised the remaining 
genotypes. Within this group, a subcluster consisting 
of M13 and M14 was located nearest to Situ 
Patenggang, indicating resistance responses relatively 
high similar to the resistant check. Their proximity to 
Situ Patenggang indicates relatively stable resistance 
across races, which is a desirable attribute in breeding 
programs targeting durable resistance (Sahu et al., 
2022). Durable resistance is particularly important 
in blast management due to the high evolutionary 
potential and pathogenic variability of P. oryzae 
(Cheng et al., 2024). Other genotypes such as M3, 
M9, M10, M5, M7, M6, M8, M1, M4, and M16 

formed adjacent branches.

The selection of superior genotypes based on MGIDI 
identified four promising candidates, M9, M11, M7, 
and M14, as presented previously in Figure 3a. These 
tested genotypes demonstrated the closest proximity 
to the ideotype, indicating the most favorable 
combination of agronomic and yield traits. Further 
refinement of recommendations is possible when 
these selections are examined in the context of blast 
resistance. Among the four DH lines, M14 and M9 
demonstrated high levels of resistance (score 1) to 
races 033 and 173, and moderate resistance (score 
3) to race 073, displaying response patterns similar 
to the resistant check, Situ Patenggang. M7 DH 
line showed exceptional resistance to race 133, with 
a score of 1, surpassing the resistant check (score 3), 
and also maintained moderate resistance (score 3) 
to races 033, 073, as well as 173. In contrast, M11 
showed higher scores across all races (7–9), indicating 
a different response pattern compared with the 
resistant reference.

Figure 5: Average silhouette width for different numbers of clusters (k = 2–6) based on ordinal blast resistance scores. 
The highest silhouette value at k = 2 indicates the optimal clustering structure for the dataset.
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Figure 6: Hierarchical clustering dendrogram of rice genotypes based on blast disease scores across four races (033, 073, 
133, and 173).

Collectively, the three DH lines, namely M9, M7, 
and M14, were identified as promising lines due 
to the combination of agronomic excellence and 
blast resistance. M7, in particular, offers a balanced 
advantage of high-yielding performance and strong 
resistance to race 133, suggesting potential for 
varietal release or advanced breeding use. Integration 
of blast resistance with MGIDI-based multi-trait 
selection enabled refinement of superior genotypes 
by simultaneously considering yield and resistance 
performance. The incorporation of multiple 
agronomic and adaptive traits into multi-trait indices 
has been shown to improve selection efficiency and 
facilitate the identification of elite breeding materials 
with balanced trait performance (Chaity et al., 2026; 
Habib et al., 2024). Although M11 is agronomically 
competitive, it may require additional resistance 
breeding or deployment in blast-non-endemic areas.

Conclusions and Recommendations

In conclusion, this study identified several traits 
considered primary contributors to grain yield based 
on correlation and path analysis, including days to 
flowering, days to harvest, panicle length, and grain 
traits. Several DH lines demonstrated superior 
agronomic performance selected by multivariate 
analysis using MGIDI, namely M7, M9, M11, and 

M14, with significant improvements observed in 
grain yield (+17.5%) and other key traits. In addition, 
blast resistance screening across four races of 
Pyricularia oryzae followed by hierarchical clustering 
analysis grouped genotypes according to similarity 
in resistance responses. Genotypes such as M13 and 
M14 were positioned closest to the resistant check, 
while M3, M9, M10, M5, M7, M6, M8, M1, M4, and 
M16 formed adjacent branches with similar response 
patterns.. Collectively, these findings underscore the 
potential of M7, M9, and M14 as elite breeding 
materials that combine high agronomic performance 
with broad-spectrum blast resistance. These results also 
indicate that DH lines with both high productivity 
and broad-spectrum blast resistance, particularly M7, 
M9, and M14 may be considered for future variety 
release.
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