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Abstract. Mursyidin DH, Purnomo, Daryono BS. 2021. The ligule ultrastructure of the tidal swamp rice (Oryza sativa) landraces of 
South Kalimantan, Indonesia, and their genetic diversity and relationship. Biodiversitas 22: 5280-5285. In-depth characterization of rice 
landrace is needed in supporting the future conservation and crop breeding programs. Tidal swamp rice (Oryza sativa L.), belonging to 
this landrace, provided useful agronomic traits for both programs. In this study, the nine the tidal swamp rice ligule samples, mainly 

from South Kalimantan, Indonesia, were observed ultrastructurally using the SEM method. The diversity and relationships of this 
landrace based on the ligule ultrastructure were also determined using PCA and UPGMA methods. Generally the tidal swamp rice 
showed a unique ultrastructure of their ligule, composed of the large trichomes (prickle hair), small trichomes (micro hair), stomata-like 
structure, and silica cells, as well as the papillae that line along the veins. In this case, we found four patterns of the prickle hair on the 
ligule's abaxial surface, which has never been reported previously, namely scattered randomly, lined up on the vein, grid-step-like 
pattern, and unpatterned. The results of PCA and UPGMA showed that this landrace grouped into the same main three clusters, where 
Sardani (an outgroup) was included in the second cluster and joined with other cultivars from South Kalimantan. This information may 
be useful for the development of taxonomy and plant structures, and plant genetics and conservation. 
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INTRODUCTION 

Since rice is consumed as a staple food by more than 

half of the global human population with such growth 
rapidly (Amanullah et al. 2017; Fukagawa and Ziska 2019), 

most of the rice breeding programs are focused on 

producing high-yielding cultivars (Khan et al. 2015; 

Collard et al. 2017; Rabara et al. 2018). Hence, observing 

the rice genetic resources that have some agronomic 

advantages becomes very urgent to employ (Wambugu et 

al. 2013; Patra et al. 2016; Lee et al. 2020). Tidal swamp 

rice, which belongs to traditional or local rice landrace, 

provided useful agronomic traits for the programs (Azeez 

et al. 2018; Mursyidin et al. 2019). However, this 

germplasm shows the important agronomic traits, related to 

stress tolerance, high yielding stability, and adaptability to 
local conditions (Azeez et al. 2018). Moreover, tidal 

swamp rice contains several essential genes as well, it is 

related to acidity tolerance, salinity, and metals 

contamination (Samal et al. 2016; Rao et al. 2018). 

In South Kalimantan, Indonesia, one of the biggest rice 

producers in this country, hundreds of tidal swamp rice 

landraces are found (Mursyidin et al. 2017). Since 1920, 

the local people of this region, particularly the Banjarese 

tribe, have known Bayar as an important tidal swamp rice 

cultivar. Besides this cultivar, the Banjarese also knows 
three others, namely Lemo, Siam, and Pandak (Mursyidin 

et al. 2017). However, most rice landraces are not well-

characterized and, at the same time, being replaced 

(disappeared) due to adopting the ‘green revolution’ 

cultivars with high-yielding productivity (Nourollah 2016). 

In many decades, the characterization of the rice 

landraces has been employed based on morphological 

markers, particularly on macro-structural levels (Sinha et 

al. 2015; Islam et al. 2018). But nowadays, ultrastructure 

analysis using the SEM method is an alternative way to 

characterize germplasm, including the landraces of rice 

(Mursyidin et al. 2018; Roy and Shil 2020). This method is 
reliable and shows more accurate results than the macro-

structural method in characterizing the rice germplasm 

(Kasem et al. 2011). Furthermore, the ultrastructure method 

could be useful as a complement to the other one (Roy and 

Shil 2020). 

Since the ligule is used as a marker for distinguishing 

rice plants from other grasses (Poaceae), even among the 

Oryza genus (Nayar 2014), in addition to other functions, 
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