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Abstract. Mursvidin DH, Khairullah I. 2020. Genetic evaluation of tidal swamp rice from South Kalimantan, Indonesia based on the
agro-morphological markers . Biodiversitas 21: 4795-4803. A total of 71 cultivars of the tidal swamp rice (Oryza sativa L.), originated
mainly from South Kalimantan, Indonesia, were evaluated agro-morphologically by using 26 qualitative and 13 quantitative traits.
Based on these traits, this germplasm is generally low in diversity. However, three agro-morphological traits, namely the tillering
abilities, seedling height, and diameter of the basal internode, shows the relatively highest diversity, shown by the Lakatan Putih,
Pandak Putih, and Bavar Papuyu, respectively. The UPGMA and PCA revealed that this germplasm divided into six main clusters,
where the sixth cluster is the largest with a total membership of 60 cultivars. The cluster analysis also revealed that Lakatan Siam is far
separate from other cultivars. Thus, this finding might be useful in the future rice breeding programs, particularly in developing new rice

cultivar for the tidal swamp areas.
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INTRODUCTION

Rice is germplasm that has been known and cultivated
by humans for thousands of years (Silva et al. 2015). So it
1s not surprising that today, this plant has spread in more
than 100 countries and become a staple food for more than
half of the world's population (Ismail 2013, Anumalla et al.
2015), as well as a barometer in food security programs
(Caballero-Anthony 2015). The food security is defining as
a condition where all people have adequate amounts of safe
and nutritious food for their health and active life
(Caballero-Anthony 2015). So it is not surprising again that
these countries must be able to maintain the availability of
their food to avoid the threat of food insecurity. In other
words, they must conduct various efforts for food security
or rice self-sufficiency programs.

Extensification is a program that carried out by many
countries to realize food security or rice self-sufficiency
programs (Nkamleu 2011). In general, the program aimed
at increasing agricultural output by expanding the new
agricultural land, such as clearing forests and shrubs, as
well as marginal areas (Nkamleu 2011: Sulakhudin and
Hatta 2018). The swamps, though fragile, turn out to have
enormous potential for future agricultural purposes. It is
mainly related to the extent and distribution, as well as the
potential for germplasm it has. In Indonesia, for example,
there i1s 33.41-39.10 million ha of swamps, which can be
useful for agricultural purposes and spread over several

large islands, including Sumatra, Kalimantan, and Papua
(Sulakhudin and Hatta 2018).

Regarding the potential resources of swamps, there is a
great variety of genetic resources that are very interesting
to develop, one of which is the tidal swamp rice (Oryza
sativa L.) landraces. In general, this germplasm has
relatively low productivity, only two tons per hectare
(Mursyidil&l al. 2017). However, they have adapted well
to swamp conditions, such as submergence, low pH, heavy
metal contamination, and salinity (Sinaga et al. 2014,
Mursyidin et al. 2017).

In Indonesia, it estimated more than 300 local rice
cultivars found in swamps (Khairullah et al. 2008). The
Indonesian  Swamps Agricultural Research Institute
(BALITTRA) has explored this germplasm from 1994 to
2002, mainly in the swamp areas of Kalimantan and
Sumatra, and obtained as many as 221 swamp rice
cultivars. Following this number, 175 originated from tidal
swamps, while the remainder is from ‘lebak’ (Khairullah et
al. 2008).

Tidal swamp rice has been known for a long time, by
the local people and farmers of South Kalimantan,
especially the Banjar tribe. Since 1920, the local people
have known, and cultivated the Bayar as one of the swamp
rice cultivars, as well as Lemo (Mursyidin et al. 2017).
Khairullah (2020) reported that besides these two cultivars
(Bayar and Lemo), the Siam and Pandak are also well
known in South Kalimantan. However, most of the
germplasm  has not been well characterized and
underutilized optimally in the rice breeding programs.
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Table 2. Genetic diversity (H' index) of the tidal swamp rice
based on gualitative characters

Characters LEe H’ Index

Vegetative Vigor A 0.25
Culm Strength B 045"
Leaf Senescence C 0.00
Panicle Exertion D 0.200
Panicle Threshability E 0.00
Phenlpic Acceptability F 0.00
Leaf Blade Pubescence G 0.00
Leaf Blade Color H 0.00
Basal Leaf Sheath Color 1 0.00
Leaf Angle 1 0.00
Flag Leal Angle K 0.00
Ligule Color L 0.00
Ligule Shape M 0.00
Collar Color N 0.00
Auricle Color 0 0.00
Culm Angle B 0.37*
Culm Internode Color Q 0.00
Panicle Type R 0.00
Secondary Branching of Panicles 5 043"
Panicle Axis T 0.00
Awning U 0.00
Apiculus Color v 0.00
Lemma and Palea Color W 0.7
Lemma and Palea Pubescence X 0.00
Sterile Lemma Color Y 0.00
Endosperm type z 0.37
Average 0.11*

Note: *: low, " moderate, *: high

Slightly different from the qualitative traits, 3 of the 13
quantitative showed relatively high diversity, namely
tillering ability (0.59), seedling height (0.49), and diameter
of basal mternodes (0.57). Based on Table 3, the Lakatan
Putih is tidal swamp rice that has a high tillering ability (28
tillers), whereas Pandak Putih and Bayar Papuyu for the
traits of seedling height and diameter of basal internodes,
90 cm and 8.9 mm, respectively.
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The PCA (Table 4), shows that the first component of
the analysis, seven quantitative traits are contributed
positively into the genetic diversity of tidal swamp rice,
including lodging incidence, plant height, leaf length, leaf
width, culm length, and grain length, as well as the
diameter of the basal internode. In the second component,
four qualitative ftraits (vegetative vigor, culm strength,
secondary branching of the panicle, lemma, and palea
color) and five quantitative traits (tillering ability, plant
height, culm number, grain width, the diameter of basal
nternode) are also contributed positively into the diversity.
In this case, the traits of tillering ability, culm number, and
grain width are the highest contributor lats diversity.

The UPGMA (Figure 2) shows that the tidal swamp rice
of South Kalimantan 1s divided into six main clusters, at a
similarity coefficient of 0.71. Based on Figure 2, the sixth
cluster is the largest, which consists of sixty landraces, and
most of them are the Siam group. Furthermore, at the
similarity coeflicient of 0.75, the sixth cluster is divided
nto two subgroups, consisting of 14 and 46 cultivars,
respectively. Based on the dendrogram (Figure 2), it also is
seen that Siam Puntal-2 has a very close relationship, with
Siam Karangdukuh Kuning, at a similarity coefficient of
0.96. Whereas, the Lakatan Siam and Siam Puntal-1 are the
farthest, with a similarity coefficient of 0.50.

The PCA (Figure 3), shows that the groupings of local
rice are influenced by the specific traits (see vector lines).
For example, the cultivars of Kawi, Siam Ubi, and Pal 11
are closely related due to the character of the tillering
ability (AA) and culm number (Af). Other examples,
namely Siam Arjuna, Siam Putih, Siam Sebelas, and Siam
Karangdukuh are grouped by the panicle exsertion,
maturity, secondary branching of panicles, and lemma and
palea color (Figure 3). Based on the scatter plot, some
cultivars are far related to others, such as Siam Randah.
Siam Puntal-1, and Lakatan Siam.

Table 3. Genetic diversity (H index) of tidal swamp rice based on quantitative characters

Lowest

Highest

Characters g)de value Cultivar value Cultivar H’ index
Tillering ability AM 9 Pandak Putih 28 Lakatan Putih 0.59°
Lodging Incidence (%)  AB 0 Siam Perak Halus and 33 cthers 60 Siam Puntal-1 0.12
Plant Height (cm) AC 106 Siam Perak halus 200 Pal 11 0.430
Maturity (days) AD 270 Siam Rata, Unus Organik, 315 Siam Gumpal 0.33
Siam Pangling
Seedling Height (cm) AE 41 Lemo Putih 90 Pandak Putih 0.49°
Leaf Length (cm) AF 336 Siam Randah 66.0 Unus Gampa 0.14
Leal Width (mm) AG 9 Siam Randah, Pirak 16 Siam Brandal 0.17¢
Culm Length (em) AH 835 Siam Perak Halus 154 Lemo Kwatik 0.13
Culm Number Al 9 Pandak Putih 25 Kawi, Pandak Kembang, Palon 037"
Grain Length (mm) AJ 75 Siam Putih 04 Lakatan 0.19*
Grain Width (mm) AK 1 Siam Unus Putih and 8 others 1.9 Siam Ganal, Bavar Pahit, 0.12¢
Lemo Kwatik, Pandak Putih,
Pandak Kembang
Grain ratio AL 4.3 Pandak Kembang 5.4 Pandak Kambang 0.18
Diameter of Basal AM 4.9 Siam Randah, Siam Pontianak 8.9 Bayar Papuyu 0.57"
Internode (mm) Halus
Average 0.25°

Note: “low, "moderate
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Table 4. PCA scores of tidal swamp rice based on qualitative characters

. . Components
Characters Code PCl PC2 PC3 PC4 PC5
Qualitative traits
Vegetative vigor A 0.051 0.266' 0053 0081 0.434°
Culm strength B 0.199 0.344° 0073 0.206° 0.026
Leaf senescence C 0.000 0.000 0.000 0.000 0.000
Panicle exsertion D 0.159 0077 0.031 0.130 0.195
Panicle threshability E 0.000 0.000 0.000 0.000 0.000
Phenn'pic acceptability F 0.000 0.000 0.000 0.000 0.000
Leat blade pubescence G 0.000 0.000 0.000 0.000 0.000
Leaf blade color H 0.000 0.000 0.000 0.000 0.000
Basal leaf sheath color I 0.000 0.000 0.000 0.000 0.000
Leaf angle J 0.000 0.000 0.000 0.000 0.000
Flag leaf angle K 0.000 0.000 0.000 0.000 0.000
Ligule color L 0.000 0.000 0.000 0.000 0.000
Ligule shape M 0.000 0.000 0.000 0.000 0.000
Collar color N 0.000 0.000 0.000 0.000 0.000
Auricle color 8] 0.000 0.000 0.000 0.000 0.000
Culm angle P 0.114 0.068 0.093 40333 0.090
Culm internode color Q 0.000 0.000 0.000 0.000 0.000
Panicle type R 0.000 0.000 0.000 0.000 0.000
Secondary branching of panicles S -0.198 -0.244° 0.174 0217 0257
Panicle axis T 0.000 0.000 0.000 0.000 0.000
Awning U 0.000 0.000 0.000 0.000 0.000
Apiculus color v 0.000 0.000 0.000 0.000 0.000
Lemma and palea color w 0.125 4.288° 0.279* 0.131 0.063
Lemma and palea pubescence X 0.000 0.000 0.000 0.000 0.000
Sterile lemma color Y 0.000 0.000 0.000 0.000 0.000
Endosperm type z 0039 0.151 0.266" 0.008 -0.341"
Quantitative traits
Tillering ability AA 0.183 0.383" 0.275" 0.259° -0.323"
Lodging incidence (%) AB 0.347° 0.140 -0.099 -0.320° -0.267"
Plant height (¢cm AC 0.255° 0.210" 0.049 0.261° -0.051
Maturity (days) AD 0.138 0087 0014 0.435° 0.300°
Seedling height (cm) AE 0.178 0.091 0.020 0.250° 0.124
Leaf length (cm) AF 0.337° 0.057 0057 0.125 0.100
Leaf width (mm) AG 0.397° 0.121 0.032 0.040 0.078
Culm length (cm) AH 0.412° 0.043 0.003 0.196 -0.099
Culm number Al 0.176 0.381° 0.262° 0.258" 0.304°
Grain length (mm) AT 0.231° 0.139 0476" 0.014 0.012
Grain width (mm) AK 0079 40.256 0.220° 0.296" 0.330°
Grain ratio AL 0.141 0.084 0.581° 0223 0.261"
Diameter of basal internode (mm) AM 0.204" 0.389" 0.172 0.098 0015
Eigenvalues 3612 2.703 1978 1.734 1453
Percentage 18.058 13515 9.892 8.668 7.264
Cum. Percentage 18.058 31572 41464 50.132 57.396

Note: “contributed to genetic diversity

Discussion

Genetic diversity is valuable in supporting breeding
programs, as well as the conservation of natural resources
(Zhang et al. 2011). According to Frankham et al. (2004),
genetic diversity can be measured based on morphological,
biochemical, and molecular types of information. The
Shannon-Weaver index is one method that can apply in
determining this diversity, widely in ecology (Morris et al.
2014), particularly for comparing species diversity between
various habitats (Ortiz-Burgos 2016). To date, however,
this method i1s also used in taxonomic and genetics, for
example, in determining the phenotypic diversity of durum

wheat (Triticum turgidum var. durum) landraces (Mengistu
et al. 2015, lannucci and Codianni 2019) and barley
(Hordeum vulgare L. subsp. vulgare) landraces (Bouhaouel
et al. 2019).

In this study, using the Shannon-Weaver index, the tidal
swamp rice of South Kalimantan is generally low in
genetic diversity, both for qualitaive and quantitative
traits. However, some characters show high genetic
diversity, such as lemma and palea color (Table 2), as well
as three other quantitative, including tillering abilities,
seedling height, and diameter of basal internode (Table 3).
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In the plant breeding program, those traits are the key
characters in the development of new superior rice cultivars.

According to Constantinoet al. (2015), the tillering
ability is one of the quantitative traits that contributed
positively to rice productivity (yield). Hussain et al. (2014),
states that tillering ability can act as a determinant of stem
architecture and grain production in Poaceae. In rice plants,
the number of panicles is very dependent on the number of
tillers. In other words, the higher number of tillers, the
higher number of harvests produced (Constantino et al.
2015). Hence, cultivars with the highest ability of tiller
number are the main goal in breeding programs since the
18th century for the high yields (Liu et al. 2013). In this
study, Lakaran Putih is a tidal swamp rice landraces that
have the highest tillering ability, with 28 tillers (Table 3).

The diameter of basal internode is also suitable in the
development of new superior rice cultivars, specifically for
tidal swamp area. According to Wu et al. (2011), this trait
is correlated positively with the level of lodging. In the
breeding program, the last trait is a limiting factor that
reduced the yielding potential, both in pla and hybrid
lines. In this context, the lodging can affect the canopy for
photosynthesis, increase Bpirati()n and susceptibility to
disease, as well as reduce the translocation of nutrients and
carbon in the rice grain (Wu et al. 2011).

Our previous study (Mursyidin et al. 2019), showed that
the diameter of the stem or basal internode had a strong
correlation with plant height and number of tillers, as well
as panicle length. The larger-sized rice stem is also
associated with the large size of panicles, as well as a
higher number of grains per panicle (Wu et al. 2011). In
this study, Bayar Papuyu is a cultivar with the highest
diameter of basal internode (8.9 mm) (Table 3).

Besides the tillering ability and diameter of basal
internode, several other traits are also important in the
development of new superior rice cultivars. Plant maturity,
for example, is the most sought trait since the "green
revolution" era for the development of the hybrid rice
cultivars, around the 1960s (Zhaoet al. 2016). Similarly,
the grain ratio that represents the grain shape, is the main
C()ll'lp()la[ in determining the grain weight and yields
(Zheng et al. 2015). According to Calingacion et al. (2014),
the grain shape is essential to consider in the program
concerning the preferences of the local people and farmers.
In South Kalimantan, for example, they have a very high
preference (until 92.5%) for the local rice with a slender
grain shape (Wahdah and Langai 2011).

Based on the results, it also 1s known tI'E()call farmers
in South Kalimantan recognize and named the tidal swamp
rice based on the appearance of the husk (lemma and palea)
color. Genetically, the difference of husk color may
indicate genetic pmicity, well known as phenotypic
plasticity. In brief, phenotypic plasticity can be defined as
the ability of individual genotypes to produce different
phenotypes when exposed to different environmental
conditions (Fusco and Minelli 2010). In other words,
phenotypic plasticity can also define as a phenomenon in
which a given genotype may develop different states of a
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character or group of chm:ters in different environments
(Nayar 2014). Hence, it includes the possibility to modify
developmental trajectories in response to specific
environmental cues, and also the ability of an individual
organism to change its phenotypic state in response to
variations in environmental conditions (Fusco and Minelli
2010). According to Nayar (2014), this phenomenon is
controlled by the spcciﬁ(alllclc or gene related to the
conditions. For instance, the plant height variations are
controlled by a gene regulator, namely rice plasticity
I (RPLT), which located on chromosome 6 (Nayar 2014).

The emergence of phenotypic plasticity on the rice
grain may also be related to the presence of transposon or
transposable elements (TEs). According to Lisch (2013),
there are some TEs in rice that appear to regulanearby
genes by antisense transcription. For example, an active
rice transposon named miniature Ping (mPing) is associate
with the mutability of a slender mutation of the glume-the
seed structure that encloses and determines the shape of
rice grain (Song and Cao 2017).

In the last part of the discussion, although the tidal
swamp rice has a relatively low genetic diversity, the
UPGMA and PCA are revealed that this germplasm has a
relatively complex relationship. The results of cluster
analysis show that these landraces are divided into six main
clusters, where the sixth cluster is the largest and has a total
membership of 60 cultivars (Figure 2). In this case,
Lakatan Siam 1s far related to others. Whereas, aam
Puntal-2 and Siam Karangdukuh Kuning are a very close
relationship, with a similarity coefficient of 0.96.
Interestingly, Kufut, a comparative sample from Lampung,
Sumatra, has a very close relationship with Siam
Karangdukuh, at the similarity coefficient of 0.91. Based
on the results, it known that geographic location does not
affect the grouping of this germplasm. According to
Dwivedi et al. (2020), geographic location is unusually
related to the emerge of genetic diversity. It means that
genotypes originating from the same region are not always
mn the same cluster.

In-plant breeding, information on the far or cl
relationship of individuals can be useful as a reference
predicting the genetic diversity of the offspring (Acquaah
2017). In general, when individuals with distant
relationships cross, the offspring may have high genetic
diversity. Conversely, if the individual is a closely related
cross, then the genetic is low (Acquaah 2017; Turner-
Hissong et al. 2020).

Nowadays, the crossing the parent with a close
relationship is avoided, due to the inbreeding, such as the
sloping symptom of yields and increasing the susceptibility
to pests and diseases (de los Reyes 2019). Uddin et al.
(2016), reported that as many as 333 new superior rice
cultivars have a narrow genetic background to IR64 (a
green revolution product). Thus, genetic diversity and the
relationship of germplasm are very useful aspects of the
future rice breeding programs, as well as the conservation
efforts (Zhang et al. 2011).
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