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Abstract. Nazirah L, Jamilah, Akbar H. 2025. Drought resistance testing of several local rice genotypes based on morphological and
molecular markers. Biodiversitas 26: 1202-1210. Drought is a major challenge in rice cultivation, leading to reduced productivity.
Therefore, it is essential to develop drought-resistant rice varieties. This study aimed to assess rice genotypes' morphological and
molecular characteristics to identify potential parental lines with drought-resistant traits. The experiment was conducted across two
seasons under optimal and minimal watering, arranged in a Randomized Complete Block Design (RCBD) with three replications. Seven
genotypes were evaluated (i) Unsyiah Cakep (UC77); (ii) Unsyiah Seumeulu (US20); (iii) Cot Bada (CBDO08, CBDO04); (iv) Sigunca
(SG02); (v) Sigupai (UA12); and (vi) Rajasa. Molecular analysis utilized SSR markers RM38, RM6130, and RM5423. The results
revealed a significant genotype-by-environment interaction (p<0.01) for yield traits. Optimal watering enhanced productivity compared
to minimal watering in both seasons. Productivity correlated positively with the number of productive tillers, panicle length, and filled
grains in both environments. Under optimal watering, it was also correlated with 1000-grain weight, whereas under minimal watering, it
correlated with total grain number. Heritability values ranged from moderate to high. MGIDI-based selection identified UC77, SGO02,
and UA12 as promising genotypes. GGE biplot analysis indicated UC77 was best suited for the rainy season, while SG02, UA12, and
CBDO08 performed well under minimal watering in the dry season. Based on molecular analysis, RM38 and RM6130 were highly
informative for distinguishing between the tested genotypes. A dendrogram presented genotypes UA12 and UC77which exhibited the
lowest genetic similarity, showing potential for breeding high-yielding and drought-tolerant rice varieties.

Keywords: Dendrogram, drought resistance, genotype-genotype-by-environment (GGE) biplot, multi-trait genotype-ideotype distance

index (MGIDI), rice

INTRODUCTION

Rice is a crucial food commodity worldwide, with
demand increasing each year in line with the growth of the
global population. The success of rice production largely
depends on weather conditions and environmental factors,
with drought being one of the most significant challenges
(Zhou et al. 2015; Igbal et al. 2020). Drought causes water
stress in crops and adequate water supply during critical
growth phases is essential for achieving high yields. Water
plays a vital role in supporting life and facilitating the
absorption of nutrients by plants. A lack of water can lead
to stunted growth and wilting, ultimately hindering the
overall development. Global climate change and irregular
weather patterns have caused rising temperatures and
increased drought occurrences. These drought conditions
adversely affect plant growth and productivity, resulting in
notable changes at the morphological, physiological,
biochemical, and molecular levels (Bashir et al. 2021).

Local rice cultivation faces drought conditions, among
the abiotic stress factors that can inhibit growth and reduce
rice yields. According to Malhi et al. (2021), climate change
is an undeniable reality. Climate change has been shown to
reduce agricultural productivity and often leads to poor
crop yields. Drought remains a significant challenge in rice
production. One of the promising alternatives to mitigate

this issue is the development of drought-resistant rice
varieties that can maintain high productivity. Plant growth
declines when drought stress occurs during the vegetative
growth stage. Under severe drought pressure, plant leaves
age more quickly, which reduces transpiration rates and
water uptake (Seleiman et al. 2021).

Plant breeding efforts to develop drought-resistant
varieties can be achieved by crossing parental lines that
exhibit drought tolerance and high yield potential. Before
crossing, it is essential to conduct selection activities on
potential parental lines. Selection is crucial in plant
breeding programs to identify phenotypes with superior
traits. Germplasm is a genetic resource, carrying essential
and potentially valuable traits necessary for breeding
programs. The synergy between germplasm management
and breeding programs is essential, as breeding relies on
the availability of diverse germplasm. This is supported by
Nazirah et al. (2023), which demonstrated that the local
Aceh germplasm, Sigunca, and Sigupai, showed good
adaptability based on parameters such as plant height and
higher tiller formation compared to other germplasm. In
terms of generative growth, Unsyiah Mantap and Cot Bada
were quicker to enter the generative phase, as indicated by
the early appearance of flowers.

Improvements in rice breeding, in addition to crossing,
also require testing for genotype x environment interactions.
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This interaction can be used to determine the differences in
genotype rankings within a given environment (Wening et
al. 2020). Additionally, selection activities should consider
genetic parameter values such as heritability to understand
the extent of environmental influence on the phenotypic
expression of plant traits. Selection based on multi-trait
genotype-ideotype distance index (MGIDI) needs to be
conducted to identify selected genotypes while considering
several desired traits (Olivoto and Nardino 2021). This
selection process can assist breeders in developing superior
genotypes, especially under drought stress conditions such as
in this case. In addition to selecting based on morphological
traits, it is necessary to analyze for determining the genetic
relationships of the tested genotypes, so that crossing can
produce high variability. This study aimed to gather
morphological and molecular data on the rice tested
genotypes to identify potential parental lines with drought-
resistant traits.

MATERIALS AND METHODS

Plant materials and experimental site

This research was conducted in the greenhouse and
Agroecotechnology Laboratory of the Faculty of
Agriculture, Universitas Malikussaleh, North Aceh District,
Aceh, Indonesia, from May 2023 to August 2024. The
experiments were carried out across two seasons, the rainy
and dry seasons, under different environmental conditions
with two watering regimes: optimal watering (once a day)
and minimal watering (once every two days). Seven
genotypes used in this study were UC 77 (Unsyiah Cakep),
US 20 (Unsyiah Seumeulu), CBD 04, CBD 08 (Cot Bada),
SG 02 (Sigunca), UA 12 (Sigupai), and Rajasa. The material
was sourced from Acehnese rice breeders in collaboration
with lecturers from the Faculty of Agriculture, Universitas
Malikussaleh.

Procedures
Experimental design and agronomic management practices
The experiment was arranged in a Randomized
Completely Block Design (RCBD) with three replications,
resulting in 42 experimental units. Planting was conducted
in 40 x 60 cm polybags, using a planting medium composed
of soil and manure in a 2:1 ratio. Before planting, the seeds
were soaked for 48 hours and then incubated for another 48
hours until the roots emerged. Four seeds were planted in
each polybag. The fertilizer doses applied were 7.2
g/polybag urea, 2.4 g/polybag TSP, and 2.4 g/polybag KClI,
each administered three times. Replanting of seedlings that
died or failed to grow was carried out seven days after
sowing (DAS). Watering was done according to the specified
treatments: optimal (once a day) and minimal watering
(once every two days). Pest and weed control were
conducted as needed. The use of pesticides was adjusted
based on the observed symptoms and the intensity of pest
attacks. Harvesting was performed when 90% of the
panicles had turned yellow in each genotype.
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Morphological characters observed

Observations were made on agronomic traits and yield
components by sampling five plants. The characters observed
included (i) plant height, (ii) leaf area, (iii) number of
productive tillers, (iv) panicle length, (v) total grain number,
(vi) number of filled grains, (vii) percentage of unfilled
grains, (viii) 1000-grain weight, (ix) flowering age, and (x)
productivity (Wening et al. 2020).

DNA isolation

Molecular analysis for resistance testing was conducted
using 50-100 mg of young rice leaf samples. DNA isolation
was performed using the CTAB (cetyltrimethylammonium
bromide) method described by Doyle (1991). The DNA
quantity was assessed using a NanoDrop spectrophotometer.
The isolated DNA was diluted with ddH.O as needed to
achieve concentrations ranging from 20 to 100 ng/pL.

DNA amplification and electrophoresis

Molecular analysis was conducted using SSR primers
with  high  PIC  values, including RM 38
(ACGAGCTCTCGATCAGCCTA) (Srividhya et al. 2011),
RM 6130 (GGCAGAGAGAGCTGCATCTC), and RM 5423
(ATCCCACTTGCAGACGTAGG) (McCouch et al. 2002).
The isolated DNA was diluted with ddH,O to a 20-100
ng/uL concentration. The PCR mixtures were performed in
a volume of 13 pL of consisting 1 uL of DNA, 1 yL of
primer, 6 uL of GoTaq Green Master Mix (Promega), and
5 uL of deionized water. PCR reactions were performed
using a Biosystem 2720 thermal cycler under the following
conditions (i) initial denaturation at 94°C for 5 minutes,
followed by 35 cycles of denaturation at 94°C for 30
seconds, annealing at 60°C for 15 seconds, and (ii)
extension at 72°C for 30 seconds. A final extension was
carried out at 72°C for 10 minutes. Electrophoresis was
performed using a 1% agarose gel. The gel was prepared
by dissolving 0.4 g of agarose powder in 40 ml of 1x TAE
buffer, which was then homogenized and heated with a
hotplate until fully dissolved. A total of 3 uL of GelRed
dye was added as a stain.

Data analysis

The morphological data collected were subjected to
Analysis of Variance (ANOVA), and if significant
differences were found, Duncan's Multiple Range Test
(DMRT) was performed at the 5% significance level.
Further analyses included Pearson correlation, broad sense
heritability, multi-trait genotype-ideotype distance index
(MGIDI) selection, and genotype-genotype-by-environment
(GGE) biplot. The software used for these analyses were
SAS OnDemand, R Studio version 4.4.1, PBSTAT-CL
2.1.2 (https://apps.pbstat.com), and Microsoft Excel (Hidayah
et al. 2022; Sholehah et al. 2024).

DNA bands were scored using Gel Analyzer software
for molecular analysis, with a score of 1 assigned for the
presence of a band and O for its absence. The data were
then analyzed using clustering analysis based on genetic
data, performed with the UPGMA (unweighted pair group
method with arithmetic mean) method in the Numerical
Taxonomy and Multivariate Analysis System (NTSYS)



1204

Version 2.02, to determine the kinship of each tested sample.
The Polymorphic Information Content (PIC) values were
determined using the PowerMarker V3.25 software.

RESULTS AND DISCUSSION

Combined analyses of variance and characteristics in
each environment

The mean square values for environment, genotype, and
genotypexenvironment (GxE) interaction and the
coefficient of variation are presented in Table 1. The GXE
interaction resulted in significant differences (p<0.05) for
leaf area, panicle length, and total grain number, while the
number of tillers, number of filled grains, and productivity
exhibited significant differences (p<0.01). The significant
GXE interaction indicates that the yield performance of
various genotypes varies considerably depending on the
environment. The environment, genotype, and GxE
interaction collectively determine the performance of a
genetic variety and shape its phenotype (Falconer and
Mackay 1989; Liang et al. 2015). The stability of a genotype
across different environments is crucial for developing new
varieties. In this study, productivity is the yielding character
with a significantly different GXE interaction value,
indicating that each genotype produced varying productivity
results under different environmental conditions. As
reported by Wening et al. (2020), the genotype x environment
interaction under drought stress conditions significantly
affects yield characteristics. This statement is supported by
Akcura and Ceri (2011), which indicates that significant
GXE values reflect different responses under optimal and
stressed conditions.

The significant impact of the interaction between
genotype and environment showed variations in physical
appearance and growth across different environmental
conditions.  Significant  genotype-environment (GxE)
interactions are observed in the differing responses of
genotypes across various environments, indicating that
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these interactions greatly influence genotype performance
in different settings (Sharifi et al. 2017). The interaction
between genotype and environment is crucial for
determining the performance of adaptive and stable
genotypes in the selected environment (Matongera et al.
2023). The coefficient of variation obtained ranged from
4.27% to 28.51%, representing a low-to-high category. A
low Coefficient of Variation (CV) indicates a high
accuracy of the experiment and reliable conclusions. In
contrast, a high CV suggests that the apparent character of
a genotype is significantly influenced by environmental
diversity, thereby affecting the accuracy of the results
(Gomez and Gomez 1984).

The average values for all observed characters under
daily watering and every two days during both the rainy
and dry seasons are presented in Table 2. The watering
treatments did not significantly affect the rainy and dry
seasons in plant height, panicle length, and flowering age.
The average plant height, panicle length, and flowering age
during the rainy season in the optimum environment were
123.40 cm, 26.86 cm, and 82.33 days after planting (DAP),
respectively, while in the minimum environment, these
measurements were 112.38 cm, 26.70 cm, and 83.00 DAP.
In the dry season, the average plant height, panicle length,
and flowering age in the optimum environment were
113.11 cm, 27.63 cm, and 84.67 DAP, respectively,
compared to 107.81 cm, 26.35 cm, and 81.67 DAP in the
minimum environment. These findings align with Wening
et al. (2020), which reported no significant differences in
plant height and panicle length under normal and drought
stress conditions. This stability may be attributed to the
genetic characteristics of the local genotypes, which adapt
to varying environmental conditions. Generally, environmental
differences, such as between drought and rain-fed conditions,
can influence flowering age. Sujariya et al. (2019) noted
that rain-fed locations significantly impact flowering age,
highlighting the critical role of a plant's water requirements
in determining flowering time.

Table 1. Mean squares from the combined analysis of variance of growth and yield traits

Mean square

Traits Environment Genotype GXxE CV(%)
Plant height 910.12** 5.14" 55.65" 5.44
Number of productive tillers 4.614* 1.79m 8.13** 16.49
Leaf area 178.48* 36.08* 18.21" 4.72
Panicle length 18.91* 3.41m 2.75™ 10.29
Total grain number 11960.61* 1064.44* 1076.58* 21.17
Number of filled grain 4336.84* 738.24* 766.51"M 23.10
Percentage of unfilled grains 220.68* 17.82" 37.78* 28.51
1000-grain weight 13.32m 1.86" 11.68** 7.31
Flowering age 7.82" 7.65" 9.64ns 4.27
Productivity 4.77* 1.97* 1.49** 16.67

Notes: CV: Coefficient of variance; *: significant at level of 5%; **: significant at level of 1%; ": not significant
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Table 2. Effect of optimum watering and minimum watering
Traits Rainy season Dry season
Optimum Minimum Sig. Optimum Minimum Sig.
Plant height 123.40 112.38 ns 113.11 107.81 ns
Number of productive tillers 19.54 17.53 faled 21.33 19.73 *
Leaf area 117.52 112.84 * 118.53 113.41 *
Panicle length 26.86 26.70 ns 27.63 26.35 ns
Total grain number 182.47 176.33 *x 184.60 181.73 *
Number of filled grain 161.49 156.33 faled 147.76 151.83 *
Percentage of unfilled grains 21.52 21.37 * 17.74 17.85 ns
1000-grain weight 23.30 28.80 * 29.33 26.67 *
Flowering age 82.33 83.00 ns 84.67 81.67 ns
Productivity 7.96 7.68 * 7.25 7.05 *

Notes: CV: coefficient of variance; *: significant at level of 5%; **: significant at level of 1%; ": not significant

The optimum and minimum environments significantly
affected the number of productive tillers and leaf areas in
both rainy and dry seasons. In the rainy season, productive
tillers were higher in the optimum environment (19.54)
than in the minimum environment (17.53). Similarly, in the
dry season, the optimum environment yielded a higher
number of productive tillers (21.33) compared to the
minimum environment (19.73). A similar trend was observed
for leaf area, with higher average values in the optimum
environment across seasons. In the rainy season, the leaf
area in the optimum environment averaged 117.52 cm?,
compared to the minimum environment (112.84 cm3). In
the dry season, the optimum environment also showed a
larger leaf area (118.53 cm?) than the minimum
environment (113.41 cm?). Adequate irrigation leads to an
optimal leaf area, whereas insufficient water results in a
smaller leaf area. Leaf area affects the photosynthesis process
in plants; a larger leaf area enhances photosynthesis,
thereby increasing the food reserves available for tiller
formation (Stuerz et al. 2014; Hidayati and Anas 2016).

The watering treatment significantly impacted the
results, specifically on the total number of grains, the
number of filled grains, the weight of 1000 grains, and
productivity. Generally, the number of grains is influenced
by the length of the panicle. However, the panicle length
was not significantly different in this study. This result
suggests that grain density within the panicle also affects
the number of grains obtained (Ramadhan et al. 2018).
Daily watering produced a higher number of grains
compared to watering every other day. Plants experiencing
water shortages during critical growth phases, such as
flowering and maturation, can show a decrease in both the
number of grains and the quality of the grains produced
(Ku et al. 2017). Besides the number of grains, productivity
is also influenced by the number of productive tillers
obtained. Productivity during the rainy season is higher.
Moreover, adequate water use in rice plants can optimize
growth, leading to increased productivity (Xu et al. 2015;
Agbeleye et al. 2019). Temperature is a key factor in plant
growth and yield. Excessively high temperatures can hinder
plants during the vegetative stage. This is evident as
productivity levels are lower in the dry season compared to
the rainy season, primarily due to higher temperatures.

Elevated temperatures can impede the anthesis process,
resulting in reduced productivity (Sukkeo et al. 2017).

Correlation among characters at optimum and
minimum watering

In the optimal watering environment, productivity
characters were positively correlated with the number of
productive tillers (r = 0.90), panicle length (r = 0.86),
number of filled grains (r = 0.93), and 1000-grain weight (r
= 0.80). In the minimum watering environment, productivity
characters were correlated with the number of productive
tillers (r = 0.91), panicle length (r = 0.91), number of filled
grains (r = 0.91), and total grain number (r = 0.94) (Figure
1). In contrast to the optimal watering environment, the
weight of 1000 grains was not correlated with productivity
under minimum watering conditions. Water shortage
conditions in rice plants can inhibit the grain-filling process,
making the number of tillers and grains more influential on
productivity (Maneepitak et al. 2019). In this study, the
correlated characters had correlation coefficient values
ranging from 0.75 to 0.99, indicating a strong correlation
(Mattjik and Sumertajaya 2013). Productivity traits in both
optimal and minimal environments correlate with the
number of filled grains as reported by Akbar et al. (2018).

Irrigation significantly impacts growth during critical
periods, such as tiller formation. An adequate water supply
will produce more tillers. An appropriate irrigation system
can positively impact the growth and yield of rice plants.
Therefore, it is essential to consider the suitability of the
irrigation method for the crops, not just the intensity of
water application. (Liang et al. 2016; Merza et al. 2023).
The number of tillers is generally correlated with the
number of panicles, so an increased number typically leads
to a higher grain count, ultimately resulting in greater
productivity. In this study, the test genotypes under water
shortage conditions exhibited similar characteristics that
correlated with productivity, except for the 1000-grain
weight. This result indicates that the selected prospective
parent genotypes resist water shortage conditions and
possess similar potential. Greater numbers of productive
tillers, total grains, and 1000-grain weight lead to increased
productivity. Both optimal and minimum watering conditions
positively correlated with productivity, including the
number of productive tillers, panicle length, total grain
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of a plant trait. Estimating heritability is important to ns QCEN S Pearson's
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observable traits of a plant (Jan and Kashyap 2020). This " 0 55 G5 o 1o
result is consistent with Sumanth et al. (2017), which NPT 0.28 A
indicate that traits such as plant height, flowering age, and = o .
panicle length are more strongly influenced by genetic e S i
variance than by environmental variance, resulting in high o - PROD
heritability values. In this study, environmental variance Correlation
did not significantly affect these traits. | ] 4’5509 0;‘5 TGW
The productivity traits yielded heritability values -10 -05 00 05 10
classified as medium (20-50%), indicating that genetic ol TGN
variance has a small influence, while environmental variance
has a greater impact. This is also true for traits such as the ge FGN
number of productive tillers, leaf area, number of filled
. A ! . -0.26 PL
grains, and percentage of unfilled grains. In this study, ns
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availability (Moonmoon and Islam 2017). Genotypes that e e o2 B - =
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while local varieties tend to adapt only to specific locations, L ML L.
thus providing productivity in certain environments due to 013 | 049 -0.10 -007 012 -0.14 006 -0.07 -004 py
the influence of genetic factors. The genotypes tested in i L
this study resulted in low productivity, suggesting that S ¥ & o <p“ & ,\c;“ <2Q~o° Q&’ B

environmental variance greatly affects these traits (Bitew
2016; Sholehah et al. 2024).

nsp>=0.05; " p <0.05; " p<0.01; and *** p < 0.001

Figure 1. Correlation among characters A. Optimum watering; B.
Minimum watering

Table 3. Estimated heritability of quantitative characteristics of rice

Traits c% o o2GxE o Hbs (%)
Plant height 0.06 5.08 18.53 85.47 52.28
Number of productive tillers 1.39 0.4 2.246667 95.43 37.12
Leaf area 34.89 1.19 -5.56 96.52 43.95
Panicle length 3.01 0.4 -0.08667 86.12 63.58
Total grain number 890.8 173.64 61.92667 82.62 65.93
Number of filled grain 678.98 59.26 29.17667 99.12 48.13
Percentage of unfilled grains 15.56 2.26 7.406667 97.49 41.79
1000-grain weight 0.05 181 3.876667 98.31 65.03
Flowering age 6.24 141 1.133333 97.40 63.70

Productivity 1.87 0.1 -0.12667 92.53 44.61
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MGIDI selection and GGE biplot

MGIDI selection was performed using eight traits, i.e.
plant height, number of tillers, leaf area, panicle length,
total grain number, number of filled grains, 1000-grain
weight, and productivity. Based on the MGIDI analysis,
three genotypes were selected, namely UC77, SG02, and
UA12 (Figure 2.A). MGIDI is a selection method that
utilizes multiple traits from a crop to obtain selection results
by considering more than one character (Olivoto and Nardino
2021). Selection is crucial in a plant breeding program to
obtain superior genotypes. Plant breeders can identify
genotypes that better meet preferences by considering
secondary traits in addition to yield characters, which are
the primary focus in corn breeding. This approach
enhances efficiency by ensuring that the selected genotypes
exhibit high yields and good agronomic performance (Li
and Wu 2023). Selection involves weighting characters of
economic value as desired (Anshori et al. 2022). Yue et al.
(2022) and Olivoto et al. (2017) reported that employing
selection methods that consider secondary characters can
assist breeders in identifying hybrids with both good yield
and performance. The information provided by MGIDI
simplifies the process for breeders by highlighting genotypes
with superior traits (Uddin et al. 2021).

Insights into the strengths and weaknesses of each
genotype can be obtained from the selected genotypes (Figure
2.B). The three selected genotypes exhibit weaknesses in
FA3, which include plant height, leaf area, and panicle
length. UC77 and UA12 showed strengths in FA2, which
encompassed productivity traits, while SG02 excelled in
FA1, which included the number of tillers, total grain
number, and number of filled grains. MGIDI is a tool that
allows breeders to assess the strengths and weaknesses of
various genotypes. This evaluation is carried out through
Factor Analysis (FA) displayed in the MGIDI strength and
weakness plot. The strengths of a genotype are indicated by
its proximity to the outer edges of the FA polygon, while
weaknesses are represented by its distance from these
edges in the FA plot (Olivoto et al. 2021).

The results of the GGE analysis indicated that 84.6% of
the variation in G+GE could be explained by the first two
principal components (Figure 3). The four environments
(optimum and minimum watering in the rainy season and
optimum and minimum watering in the dry season) were
grouped into three sectors. The first group consisted of
optimum and minimum watering in the rainy season, the
second group consisted of optimum watering in the dry
season, and the third group consisted of minimum watering
in the dry season. Genotypes in the corner of each sector
were expected to have a high yield in the environment
within that sector. A genotype located in a particular
environmental sector indicated that it had a high yield in
that environment. Based on this analysis, genotype UC77
was identified as the best for the rainy season with either
optimum or minimum watering, while genotypes SGO02,
UA12, and CBDO08 were the best for minimum watering in
the dry season. A genotype that is stable across various
environments indicates high stability, thus minimizing
yield fluctuations in different conditions. If a genotype is
stable under stress conditions, it does not necessarily mean
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that it can be selected as a candidate for breeding (Suhartina
et al. 2014; Wening et al. 2020).

Molecular analysis

The analysis revealed that the SSR markers used in this
study effectively displayed polymorphism across the seven
genotypes tested (Table 4). A total of 12 alleles were
detected based on the three SSR markers employed, with
an average of 4 alleles per marker. The number of alleles
per locus ranged from 2 to 6 alleles. The average frequency
of the major allele observed in this study was 0.31 (31%).
The Polymorphic Information Content (PIC) values obtained
ranged from 0.49 to 0.95 with markers RM38 and
RM6130 exhibiting high PIC values. This indicates that
both markers are highly informative for distinguishing
between the tested genotypes. On the other hand, the
RM5423 marker displayed a lower PIC value, yet it remained
sufficiently informative for differentiating the genotypes
under study.
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Figure 2. A. Ranked and selected lines through MGIDI considering
50% selection proportion; B. Strengths and weaknesses view of
selected genotypes
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The formation of groups in cluster analysis is based on
genetic similarity coefficients, indicating that genotypes
within the same group show high relatedness. In this study,
genotypes within the same group also exhibit similar
drought tolerance (Widyawan et al. 2020). The lowest genetic
similarity (0.29) was observed between genotypes UA 12
and UC 77, while the highest genetic similarity (1.00) was
found among genotypes CBD 04, CBD 08, and Rajasa
(Table 5). SSR primers can enhance information about rice
in the future with greater accuracy, allowing for more
precise selection toward desired targets (Adriansyah et al.
2021). In this study, information can be assessed through
the genetic relationship among genotypes, enabling selection
to be conducted by considering distant relatives to achieve
high diversity. The availability of wide genetic variation is
very beneficial for plant breeding programs, as breeders
can select genotypes according to desired traits.

Two major clusters were identified based on the
similarity coefficient. Cluster | had a similarity coefficient
value of 0.80 (80%), while Cluster Il had a similarity
coefficient value ranging from 0.90 to 1.00 (90% to 100%)
(Figure 4). Genotype UC 77 exhibited high productivity
traits, whereas the GGE analysis indicated that genotype
UA12 possessed drought resistance traits. Therefore, these
two genotypes could be considered for increasing genetic
diversity through hybridization. High genetic diversity is
crucial for developing new superior varieties (Suwastika et
al. 2015; lzzah et al. 2018). Generally, local varieties can
only grow and adapt to specific regions; however, genetically,
these varieties possess traits necessary for developing
varieties that meet breeders' expectations. Some local varieties
that are drought-resistant also exhibit disease resistance
(Lathif et al. 2018). The properties found in local varieties
can be utilized to develop superior varieties.
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Table 4. Number of alleles and polymorphic bands

Marker The number of Major allele PIC
alleles frequency
RM 38 4 0.21 0.92
RM 6130 6 0.14 0.95
RM 5423 2 0.57 0.49
Mean 4 0.31 0.79
Scaling = 0, Centering = 2, SVP = 2
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Figure 3. Genotype and genotypexenvironment (GGE) biplot

showing groups of environments and their respective high-
yielding genotypes
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Figure 4. A dendrogram among seven rice genotypes generated by UPGMA cluster analysis based on three SSR primers
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Table 5. Genetic similarity among seven rice genotypes
Genotype uc77 us 20 CBD 08 SG 02 UA 12 CBD 04 Rajasa
uc 77 1.00
UsSs 20 0.86 1.00
CBD 08 0.43 0.57 1.00
SG 02 0.57 0.43 0.86 1.00
UA 12 0.29 0.43 0.86 0.71 1.00
CBD 04 0.43 0.57 1.00 0.86 0.86 1.00
Rajasa 0.43 0.57 1.00 0.86 0.86 1.00 1.00

In conclusion, optimal watering significantly improved
rice productivity, correlating with key yield components.
MGIDI-based selection identified UC77, SG02, and UA12
as promising genotypes, while GGE biplot analysis
highlighted their adaptability across different watering
conditions. Molecular analysis identified RM38 and RM6130
as informative markers for genotype differentiation. A
dendrogram presented genotypes UA12 and UC77 exhibiting
the lowest genetic similarity, showing strong potential for
breeding high-yielding and drought-tolerant rice varieties.
These findings support using SG02, UC77, and UA12 as
parental lines for enhancing genetic diversity and developing
drought-resistant rice cultivars.
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