
Agr. Nat. Resour. 56 (2022) 95–104

Article history:
Received 21 June 2021
Revised 24 December 2021
Accepted 29 December 2021
Available online 9 February 2022

Keywords:
Genetic diversity,
Genetic relationship,
Landraces,
Plant breeding,
Wetlands

Research article

Genetic diversity and relationship of Indonesian swamp rice (Oryza 
sativa L.) germplasm based on agro-morphological markers
Dindin Hidayatul Mursyidina,*, Izhar Khairullahb, Riduansyah Syamsudina

a Laboratory of Genetics and Molecular Biology, Faculty of Mathematics and Natural Sciences, University of Lambung Mangkurat,  
 South Kalimantan 70714, Indonesia
b Indonesian Swamps Agricultural Research Institute, South Kalimantan 70712, Indonesia 

AbstractArticle Info

Importance of the work: Swamp rice (Oryza sativa L.) is essential germplasm for future rice 
breeding because of some agronomical characters or functional genes.
Objectives: The genetic diversity and relationship was determined of 108 cultivars  
of Indonesian swamp rice using 31 agro-morphological markers to identify the distinctiveness 
of the characters that contributed to the genetic diversity based on Pearson correlation  
analysis among these characters.
Materials & Methods: The standardized Shannon diversity index (H’) was used to 
determine the genetic diversity of the germplasm. Principal components analysis (PCA) and  
the unweighted pair group method with arithmetic mean (UPGMA) were used to identify  
the distinctiveness of the characters that contributed to the genetic diversity and to  
reconstruct relationships.
Results: This germplasm was generally low in genetic diversity (Shannon index value of 
0.31 for qualitative and 0.36 for quantitative traits). However, two agro-morphological 
characters, namely the flag leaf attitude and culm diameter of the basal internode,  
had the highest diversity (H’ = 0.68 and 0.97, respectively). PCA confirmed that these  
two characters contributed significantly to the emerging phenomenon. The culm 
diameter of the basal internode had a moderate correlation with panicle length and  
the panicle number of the primary and the secondary basal branches (r = 0.44–0.67).  
The UPGMA revealed that this germplasm was grouped into nine clusters, with the eighth 
being the largest (71 cultivars). In addition, the UPGMA revealed that some cultivars had 
closest relationships, such as Unyil with Karat Kaleng and Pelita Rampak versus Katimuri. 
Conversely, the farthest relationships were for Sawah Kanyut versus Siam Gumpal and  
Siam Salawi versus Siam Gumpal.
Main finding: This information might be useful in future rice breeding programs, particularly 
in developing new rice cultivars for swamp areas.
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Introduction 

 Indonesia and several other Asian countries face severe food 
insecurity problems (Mursyidin et al., 2019) primarily due to the 
substantial population increases in the last few decades. In addition, 
the shrinking of productive agricultural land for various purposes 
has exacerbated this problem (Yagi and Garrod, 2018). Thus, 
utilizing marginal lands, such as swamps, is an alternative way to 
support the national food security program (Govindaprasad and 
Manikandan, 2014). While this land is generally fragile and lacks 
nutrients, hopefully, through careful and intensive management,  
it can become potential agricultural land in the future (Khairullah, 
2020). In Asia, about 211.5–224.1 million ha of swamp land 
is still available for agriculture (Wang, 2020) of which around  
34 million ha are in Indonesia, comprising 200.7 million ha of tidal 
swamp and 13.3 million ha of monotonous swamp (Mursyidin et 
al., 2019) that is spread over several large islands, mainly Sumatra 
and Kalimantan (Sulakhudin and Hatta, 2018).
 Natural swamp is a unique ecosystem with diverse genetic 
resources of both plants and animals (Wang, 2020). However, local 
rice cultivars (also called swamp rice) are of interest (Mursyidin et 
al., 2021). While this germplasm has relatively low productivity 
(only 2 t/ha), it possesses some agronomic advantages, such 
as tolerance to submergence, acidity, salinity and heavy metal 
contamination (Mursyidin et al., 2017). In addition, this plant 
has adapted over hundreds of years to different types of stressful 
abiotic conditions, such as immersion, wave abrasion, water level 
fluctuation and low oxygen conditions (Wang, 2020). Consequently, 
swamp rice has some functional genes for future rice breeding (Das 
and Das, 2014). However, most of this germplasm is untapped, 
underutilized and uncharacterized optimally for this purpose.
 The current study aimed: to determine the genetic diversity 
and relationship of Indonesian swamp rice germplasm using 
agro-morphological markers; to identify the distinctiveness of 
the characters that contribute to the genetic diversity; and to use 
Pearson correlation analysis among these characters. While these 
markers show limitations, such as time-consuming and multigenic 
inheritance with a strong influence from environmental conditions 
(Wu et al., 2021), they are commonly used in evaluating the genetic 
diversity of rice germplasm (Mursyidin et al., 2019). According to 
Wu et al. (2021), determining genetic diversity is essential for plant 
genetic resources conservation, selecting the genetically divergent 
parents for practice breeding and preventing the erosion of the 
genetic base of breeding populations. Furthermore, such studies 
facilitate understanding of the relationships between accessions 
and identifying redundancies or admixtures in the germplasm 
(Delfini et al., 2021).

 On a local scale, determining the genetic diversity of this 
germplasm has been undertaken and revealed the complex 
interaction between the germplasm and the cultivation practices 
of farmers (Mursyidin et al., 2019; Mursyidin and Khairullah, 
2020). On a global scale, such a study will provide an excellent 
overview of the population structure of germplasm (Roy et 
al., 2016). The results could be expected to provide essential 
information in supporting rice plant breeding programs, 
particularly the development of swamp rice in the future.

Materials and Methods

Plant materials

 In total, 108 cultivars of Indonesian swamp rice were 
collected from eight provinces of Indonesia (Fig. 1),  
comprising 107 landraces and a single improved one  
(Pelita Bogor) as a comparative sample (Table S1). 
 
Sample preparation and observation

 All rice samples (10 replicates each) were planted and 
maintained in a Research Station of the Indonesian Swamp 
Agricultural Research Institute (ISARI), Indonesia, at Balandean, 
Barito Kuala, South Kalimantan, for 8 mth from September 
2020 to May 2021. In total, 31 agro-morphological traits were  
used to characterize this germplasm comprising 11 qualitative 
(Table 1) and 20 quantitative (Table 2) traits, following standard 
rice descriptors (Biodiversity International, 2007).

Table 1 Genetic diversity (H’ index) of Indonesian swamp rice germplasm 
based on qualitative characters

Character Code H' index

Culm attitude A 0.22

Flag leaf attitude B 0.68

Panicle exertion C 0.14

Panicle shape D 0.18

Panicle secondary branching E 0.17

Culm color F 0.23

Auricle color G 0.30

Auricle shape H 0.24

Grain shape I 0.12

Endosperm type J 0.22

Awn on grain tip K 0.42

Average 0.25

H’ > 0.60 = high; 0.40 – 0.60 = moderate; < 0.40 = low

https://li01.tci-thaijo.org/index.php/anres/article/view/253885/173668
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Fig. 1 Map of Indonesia, showing sampling sites by province, with parenthetical numbers indicating numbers of swamp rice cultivars used

Table 2 Genetic diversity (H’ index) of Indonesian swamp rice germplasm based on quantitative characters
Character Code H' index Highest value Cultivar Lowest value Cultivar
Plant height (cm) L 0.49 151.33 Ketan 63.67 Betek
Tillering number (unit) M 0.52 26.67 Lakatan Hirang 7.67 Kuning Sore
Leaf blade number (unit) N 0.29 6.00 Pandak Baru, Serai, 

Raanti, Semeru
3.33 Unus Organik

Leaf blade length (cm) O 0.44 72.33 Menuh 47.33 Siam Mayang
Leaf blade width (cm) P 0.11 2.47 Kapuas 0.87 Padi Merah
Culm diameter at basal internodes (mm) Q 0.97 21.23 Kuning 5.10 Siam Panting
Panicle length (cm) R 0.23 49.33 Senapi Super 19.33 Betek
Panicle number of primary basal branches (unit) S 0.42 14.33 Ketan 6.33 Keromojoyo
Panicle number of secondary basal branches (unit) T 0.28 65.67 Pandak Kembang 18.67 Keromojoyo
Panicle number per plant (unit) U 0.17 53.00 Siam Ganal 10.00 Kamajaya Putih, Raden 

Rata, Siam Keriting
Panicle stalk length (cm) V 0.16 17.50 Serai 1.73 Kamajaya Putih
Flag leaf length (cm) W 0.32 54.00 Tumbara 22.00 Betek
Flag leaf width (cm) X 0.10 1.90 Biduin 0.93 Siam Ganal
Grain number per panicle (unit) Y 0.24 348.00 Badagai 85.00 Siam Super
Fertile grain number per panicle (unit) Z 0.13 315.00 Badagai 56.00 Siam Salawi
Sterile grain number per panicle (unit) AA 0.18 126.00 Siam Mayang 3.00 Serai Rampak
Grain weight: 100-grain (g) AB 0.39 3.54 Kuning Sore 1.74 Lemo
Grain length (mm) AC 0.12 33.67 Siam Tanggung 5.77 Ketan Serang
Grain width (mm) AD 0.50 3.00 Menuh 1.70 Pulut Air
Grain ratio AE 0.25 5.25 Pulut Air 2.20 Menuh
Average 0.32

H’ > 0.60 = high; 0.40 – 0.60 = moderate; < 0.40 = low

Data analysis

 All agro-morphological data were standardized and 
analyzed using a multivariate approach with the assistance of 
the MVSP ver. 3.1 software (Kovach, 2007). The standardized 
Shannon diversity index (H’) was used to determine the genetic 
diversity of this germplasm, based on Equation 1 (Mursyidin 
and Khairullah, 2020):

  (1)
 
 where H is the diversity index, pi is the proportion of the 
entries in the ith class of an n-class character, n is the number 
of the phenotypic classes for a character, pi is the relative 
frequency and ln pi is the natural logarithm of this proportion. 
Each value of H was standardized by conversion to a relative 
phenotypic diversity index (H′) by division by Hmax = ln(n) 
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to express the H′ value in the range of 0–1. The level of 
this diversity was categorized as high (H′ > 0.60), moderate  
(0.40 ≤ H′ ≤ 0.60) or low (H′ < 0.40) (Mursyidin and Khairullah, 
2020). Pearson correlations (r) among agro-morphological 
characters were analyzed using the Excel ver. 2019 software 
(Microsoft Corp.; Redmond, WA, USA) following the criteria 
from Taylor (1990), namely weak (r ≤ 0.35), moderate  
(r = 0.36–0.67) and strong (r > 0.68). Principal component 
analysis (PCA) and cluster analysis (CA) were conducted to 
identify the distinctiveness of the characters that contributed 
to the genetic diversity and to reconstruct their relationships, 
respectively. In the PCA, the proportion of a variance criterion 
was used to identify the different principal components that 
contributed to the total variation in the dataset. In CA, the 
distance matrix was generated using the Euclidean distance 
coefficients and the dendrogram was reconstructed based 
on the unweighted pair group method with arithmetic mean 
(UPGMA). Both analyses were carried out using the MVSP 
ver. 3.1 software (Kovach, 2007).

Results

Genetic diversity of Indonesian swamp rice

 In general, Indonesian swamp rice has low genetic diversity 
based on agro-morphological characters, both qualitative  
(Table 1) and quantitative (Table 2), as indicated by the Shannon 
index values for each character (0.31 and 0.36, respectively). 
However, some characters showed high diversity, such as flag 
leaf attitude (H' = 0.68) for qualitative characters (Table 1) and 
culm diameter at basal internodes (H' = 0.97) for quantitative 
characters (Table 2). From Tables 1 and 2, six characters 
showed moderate diversity: awn on grain tip (H' = 0.42), plant 
height (H' = 0.49), tillering number (H' = 0.52), leaf blade 
length (H' = 0.44), panicle number of primary basal branches 
(H' = 0.42) and grain width (H' = 0.50).
 Furthermore, based on Table 2, while most of the characters 
had low diversity, some cultivars had the highest values in 
each character observed. For example, Ketan was the cultivar 
with the highest plant architecture (151.33 cm) and the highest 
panicle number of primary basal branches (14.33 units). 
Similarly, Serai had the greatest panicle length (17.50 cm) and 
tillering number (26.67 units), while, Badagai had the highest 
grain number per panicle and fertile grain number per panicle 
(348 and 315 units, respectively), as shown in Table 2. In 
addition, Kuning had the highest culm diameter (21.23 mm).

 The PCA analysis (Table S2) showed that two agro-
morphological characters with high genetic diversity, namely 
flag leaf attitude and culm diameter at basal internodes, 
contributed significantly to the emerging phenomenon. In 
addition, most of the characters with moderate diversity, 
such as tillering number, leaf blade length, and grain weight, 
contributed significantly. Furthermore, several characters 
with low genetic diversity, like panicle length, flag leaf width, 
and grain number per panicle, made high contributions to the 
emergence of swamp rice genetic diversity (see Table 1 and 
Table S2).
 The correlation analysis (Fig. 2) showed that the panicle 
number of primary basal branches versus the panicle number 
of secondary basal one, the grain number per panicle versus 
the fertile grain number per panicle and the grain length versus 
the grain ratio had the strongest correlations. Based on Fig. 2, 
some of the characters also showed moderate correlation, such 
as plant height with culm diameter at basal internodes, panicle 
length, panicle number of primary basal branches and panicle 
stalk length. Another example of moderate correlation was the 
panicle number of secondary basal one to the flag leaf length, 
grain number per panicle, and the fertile and sterile grain 
numbers per panicle.

Genetic relationship of Indonesian swamp rice

 The UPGMA revealed that Indonesian swamp rice could be 
grouped into nine (I–IX) clusters, of which VIII was the largest 
with a total of 71 cultivars (Fig. 3, Table S3), while the groups 
with the smallest members (consisting of one cultivar only) 
were clusters I, II, IV and VII. The PCA analysis revealed that 
these germplasm groupings were closely related to their agro-
morphological characters (Fig. 4). For example, in cluster IV, 
about 33 cultivars were close to each other and closely related 
to four agro-morphological characters, namely tillering number 
(M), panicle number per plant (U), grain length (AC) and grain 
ratio (AE).
 Based on their similarity coefficients (Table S4), several 
closely related cultivars, such as Unyil with Karat Kaleng, Pelita 
Rampak versus Katimuri, and Siam Unus Gampa with Ketan 
Bundel, Putih and Serai, had a coefficient of 0.91. Conversely, 
the farthest related (similarity coefficient of 0.58) were 
represented by Sawah Kanyut versus Siam Gumpal and Siam 
Salawi versus Siam Gumpal. In this study, Pelita Bogor which 
was a superior cultivar, had the closest relation with Kamajaya 
Hitam (coefficient 0.90) and the farthest with Pandak 
Kembang (coefficient 0.66).

https://li01.tci-thaijo.org/index.php/anres/article/view/253885/173668
https://li01.tci-thaijo.org/index.php/anres/article/view/253885/173668
https://li01.tci-thaijo.org/index.php/anres/article/view/253885/173668
https://li01.tci-thaijo.org/index.php/anres/article/view/253885/173668
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Fig. 2 Hit map showing Pearson correlation coefficients between characters of Indonesian tidal swamp rice cultivars

Fig. 3 Genetic relationship of Indonesian swamp rice based on unweighted pair group method with arithmetic mean, with germplasm grouped into nine 
main clusters (I–IX)
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Fig. 4 Grouping of Indonesian swamp rice germplasm based on principal component analysis, where vectors indicate agro-morphological characters, 
with the names of each cultivar in Table 1 and the characters in Table 4

Discussion

Importance of genetic diversity and its related factors

 Genetic diversity is indispensable in forming a baseline 
population for natural selection and the evolutionary process 
(Govindaraj et al., 2015). In other words, this parameter 
has an essential role in the future evolutionary direction or 
as a precondition for future adaptive changes. Hence, it has 
important implications for future conservation and breeding 
programs (Lloyd et al., 2016). Understanding genetic diversity 
is essential for conservation by increasing the effectiveness and 
efficiency of the program. Some aspects of the program, such 
as loss of genetic diversity, are only addressed by extensive 
population genetic studies (Luan et al., 2006). For plant 
breeding, genetic diversity becomes more important in the 
context of climate change (Govindaraj et al., 2015).
 In this study, Indonesian swamp rice had low genetic 
diversity, for both qualitative (Table 1) and quantitative 
(Table 2) characters. This was consistent with Mursyidin and 
Khairullah (2020), particularly regarding the tidal swamp rice 
of South Kalimantan Indonesia. Compared to several other 
studies, such as Suriyagoda et al. (2011); Rabara et al. (2014) 
and Sinha et al. (2015), this germplasm showed lower diversity. 
According to Gao et al. (2017), low-level genetic diversity is 
affected by several factors, such as a founder effect, genetic 

isolation, population decline, natural selection or inbreeding. In 
this case, inbreeding was the most probable cause for the low 
level of diversity (Mursyidin et al., 2017).
 In practice, local farmers generally select and cultivate 
their seeds from the previous harvest season based solely 
on the shape and color of the grain (Mursyidin et al., 2017). 
Consequently, the rice has a relatively similar (homogeneous) 
genetic background. Following historical perspectives, the 
low level of diversity is strongly related to the evolutionary 
pathway and distribution of this plant in this region  
(Chang, 2000). According to Chang (2000), the path of 
evolution and distribution of rice plants in Asia, especially 
Indonesia, is from Sumatra to Kalimantan and then to the 
Philippines. Li (2003) predicted that the distribution of 
cultivated rice to Indonesia occurred around 1599 before 
the current era. During this process, inbreeding would have 
been unavoidable and may have reduced genetic diversity  
(Gao et al., 2017). Furthermore, reduced genetic diversity may 
correlate with decreasing disease resistance and resilience to 
environmental disturbance and extreme conditions (Lloyd  
et al., 2016).
 However, although this germplasm has typically low 
genetic diversity, two characters, namely flag leaf attitude 
(Table 1) and culm diameter at basal internode (Table 2), 
showed high diversity. According to Mursyidin and Khairullah 
(2020), those traits are the key to developing new superior 
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is essential for conservation by increasing the effectiveness and 
efficiency of the program. Some aspects of the program, such 
as loss of genetic diversity, are only addressed by extensive 
population genetic studies (Luan et al., 2006). For plant 
breeding, genetic diversity becomes more important in the 
context of climate change (Govindaraj et al., 2015).
 In this study, Indonesian swamp rice had low genetic 
diversity, for both qualitative (Table 1) and quantitative 
(Table 2) characters. This was consistent with Mursyidin and 
Khairullah (2020), particularly regarding the tidal swamp rice 
of South Kalimantan Indonesia. Compared to several other 
studies, such as Suriyagoda et al. (2011); Rabara et al. (2014) 
and Sinha et al. (2015), this germplasm showed lower diversity. 
According to Gao et al. (2017), low-level genetic diversity is 
affected by several factors, such as a founder effect, genetic 

isolation, population decline, natural selection or inbreeding. In 
this case, inbreeding was the most probable cause for the low 
level of diversity (Mursyidin et al., 2017).
 In practice, local farmers generally select and cultivate 
their seeds from the previous harvest season based solely 
on the shape and color of the grain (Mursyidin et al., 2017). 
Consequently, the rice has a relatively similar (homogeneous) 
genetic background. Following historical perspectives, the 
low level of diversity is strongly related to the evolutionary 
pathway and distribution of this plant in this region  
(Chang, 2000). According to Chang (2000), the path of 
evolution and distribution of rice plants in Asia, especially 
Indonesia, is from Sumatra to Kalimantan and then to the 
Philippines. Li (2003) predicted that the distribution of 
cultivated rice to Indonesia occurred around 1599 before 
the current era. During this process, inbreeding would have 
been unavoidable and may have reduced genetic diversity  
(Gao et al., 2017). Furthermore, reduced genetic diversity may 
correlate with decreasing disease resistance and resilience to 
environmental disturbance and extreme conditions (Lloyd  
et al., 2016).
 However, although this germplasm has typically low 
genetic diversity, two characters, namely flag leaf attitude 
(Table 1) and culm diameter at basal internode (Table 2), 
showed high diversity. According to Mursyidin and Khairullah 
(2020), those traits are the key to developing new superior 
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rice cultivars. For example, flag leaf has played an essential 
role in the grain filling or yield potential of most cereals, such 
as wheat, barley, oats, triticale and rice (Al-Tahir, 2014). The 
culm diameter of the basal internode is also a crucial character 
for rice plants (Hirano et al., 2017) and is strongly correlated, 
especially with the level of lodging (Wu et al., 2021). In this 
case, once this phenomenon occurs, the photosynthetic rate 
decreases due to deterioration of the canopy architecture, 
translocation of nutrients and water are inhibited and pre-
harvest sprouting leads to poor grain quality (Chigira et al., 
2020).
 Regardless of the importance of the two characters, the 
high genetic diversity of these two characters may be strongly 
correlated to genetic factors. For example, Zhang et al. (2013) 
reported the trend of erect and semi-erect flag leaf angles  
in various local rice cultivars from China. Several other  
studies also reported almost the same thing, such as Rabara  
et al. (2014) for local Filipino rice, Sharma et al. (2020) for  
local Nepalese rice and Umarani et al. (2017) for local  
Indian rice. Hence, this character is the main characteristic 
that distinguishes landrace rice from superior ones. Generally, 
the superior one has a relatively uniform direction of flag  
leaf growth, namely horizontal (Mursyidin and Khairullah, 
2020).
 The PCA analysis (Table S2) showed that flag leaf attitude 
and culm diameter at basal internodes significantly contributed 
to emerging diversity. In the current study, 15 cultivars of swamp 
rice, including Ketek Muri, Padang, Puput, Unyil, Senapi 
Super and Siam Karang Dukuh Putih, corresponded regarding 
flag leaf attitude, whereas only one cultivar (Kuning) was 
associated with the culm diameter of the basal internode. 
Hence, these cultivars are good candidates for the parental 
development of new rice cultivars, particularly for high grain 
yield potential. From an agronomic perspective, rice yield 
is determined by the integration of four yield components 
integration: number of panicles per unit area, number of grains 
per panicle, filled grain ratio and grain weight (Kim et al., 
2014).
 Besides the two characters of flag leaf attitude and culm 
diameter at basal internodes mentioned with high diversity, 
several characters with moderate one are also of interest, such 
as plant height, tillering number and panicle number of primary 
basal branches. According to Mursyidin and Khairullah (2020), 
plant height is the main trait of the target, specifically for swamp 
areas. Naturally, these areas have unique conditions, where 
water usually is present and there is constant flooding with 
highly variable levels. Thus, rice plants with high architecture 

(and thick culm diameter) are suitable for this region. From the 
current study, Ketan, with the highest plant height of 151 cm 
(Table 2), would be a good candidate for parental development 
of a new rice cultivar specifically for swamp areas.
 The tillering number is one character that is strongly 
correlated to rice productivity (yield). In this context, the higher 
number of tillers, the higher the harvested grain (Constantino  
et al., 2015). Hence, cultivars with the highest tillering numbers 
traits have been the main target in rice breeding since the 18th 
century (Fukushima, 2019). In the current study, Lakatan 
Hirang, with the highest tillering number of 26.67 units  
(Table 2), would be a good candidate for developing cultivars 
with high yield production.
 Finally, the panicle number of primary basal branches 
is a part of the panicle structure and is most important  
for rice yield (Das et al., 2018). Li et al. (2018) described 
this character as one of the main goal agronomical traits 
that determines branch number and grain number in rice 
(Fei et al., 2019). At the molecular level, this character 
is regulated by several genes, such as the panicle rachis 
length5 (Prl5) and primary branch length6 (Pbl6) genes 
(Agata et al., 2020) and grain number1a (Gn1a), ideal plant 
architecture 1 (IPA1), lax panicle1 (LAX1), frizzy panicle 
(FZP), monoculm 1 (MOC1) and tawawa 1 (TAW1) (Li et al., 
2021). In the current study, the panicle number of primary basal  
branches was strongly correlated with the panicle number of 
secondary basal branches (Fig. 2). Furthermore, Ketan was 
the Indonesian swamp rice cultivar with the highest panicle 
number of primary basal branches (14.33 units), as shown  
in Table 2. Thus, it can also be used as a parental candidate  
in a rice breeding program or for developing novel cultivars  
for high yield production.
 Nowadays, plant breeders utilize all aspects of plant genetic 
resources or genetic diversity to develop new and improved 
cultivars with desirable traits, associated with both biotic and 
abiotic stress tolerances and farmer-preferred (Swarup et al., 
2021). Consequently, just as present-day populations need 
high genetic diversity to adapt rapidly, succeeding generations 
will need equally as much genetic diversity to adapt to 
future changes (Lloyd et al., 2016). In other words, efforts in 
broadening the genetic diversity of Indonesian swamp rice 
are urgent and can be developed using several methods, such 
as introgression, hybridization, mutagenesis or transgenically 
(Singh and Kumar, 2016; Laskar and Khan, 2017; Allier et al., 
2020).

https://li01.tci-thaijo.org/index.php/anres/article/view/253885/173668
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Genetic relationship and its implications

 The UPGMA clustering (Fig. 3) revealed that geographical 
locations did not affect the germplasm grouping. According 
to Dwivedi et al. (2020), this parameter is not usually related 
to emerging genetic diversity, indicating that genotypes 
originating from the same region will not always be grouped 
within the same cluster. However, PCA showed a unique 
feature, where some of the germplasm was grouped by their 
agro-morphological characters.
 However, information on the phylogenetic relationship is 
urgently needed and has implications for future conservation 
and breeding programs (Flint-Garcia, 2013). For the first 
(conservation) program, phylogenetic studies can be applied 
to infer species and their evolutionary history, including 
helping analyze species delimitation, gene flow and genetic 
differentiation (Fernández-García, 2017). Furthermore, the use 
of the phylogenetic relationship is the main focus of current 
attention, given its objective parameters for conservation in 
past evolutionary history, the genetic status of present species 
and the management of future species (Fernández-García, 
2017).
 This relationship is indispensable for the breeding program 
in predicting the genetic diversity of the offspring when 
individuals cross (Acquaah, 2017). Conceptually, when 
individuals with a distantly related cross out, their offspring 
may result in wide genetic diversity. In other words, when 
individuals from different groups or with an extant genetic 
distance cross, the chances of transgressive segregation are 
greater. Hence, there is a higher probability that unrelated 
genotypes from distant ones would provide unique, desirable 
alleles at different loci (Suriyagoda et al., 2011). Conversely, 
when closely related individuals cross, the genetic diversity of 
their offspring may be narrow (Turner-Hissong et al., 2020). 
To date, crossing individuals with a close relationship has been 
avoided by breeders or researchers because their offspring 
may well exhibit inbreeding. According to de los Reyes 
(2019), inbreeding may decrease yield potential and increase 
susceptibility to pests and diseases.
 In conclusion, Indonesian swamp rice has a low genetic 
diversity based on the agro-morphological markers. However, 
two characters (flag leaf attitude and culm diameter at basal 
internode) showed high diversity. Furthermore, the UPGMA 
revealed that this germplasm has a complex relationship with 
several cultivars showing closest and farthest relationships, such 
as Unyil versus Karat Kaleng and Siam Salawi versus Siam 
Gumpal.  While these findings provide novel information and 

could be used as a reference in supporting the rice breeding 
program in the future and in particular for the development of 
new rice cultivars for swamp areas, further studies are needed 
to ensure the genetic background of germplasm uses more 
powerful, molecular markers.
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