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ABSTRACT 

 
Oryza sativa L. or commonly known as rice belongs to the family of Poaceae. In Malaysia, rice is normally 

cultivated either as lowland or upland rice. Sarawak is a state with diverse types of rice. All Sarawak rice are 

landraces. Despite the fact that Sarawak is rich in rice biodiversity, the assessment of the morphological traits 

which may provide basic information that is useful for the future breeding programs is still unavailable.  The 

nomenclature of the landraces is based on the name given by the farmers. Problems arise when landraces having 

the same morphological characteristics were given different names and vice versa. In addition, the purity of seeds 

is unreliable. Common practices by the local farmers such as planting different rice landraces in the same field 

either in one plot or in different plots but very near to each other has contributed to the impurity of the seeds. The 

present study was undertaken with the objective to characterise the morphological traits of 22 lowland and 22 

upland rice accessions from the North-Western region of Sarawak. The morphological traits observed on the 44 

rice accessions viz., blade colour, ligule shape, ligule colour, auricle colour, heading days, flowering days, panicle 

type, culm length, panicle number, number of filled grain, seed length and grain colour exhibited variations. There 

are variations which may be considered in future Sarawak rice breeding programs.  
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INTRODUCTION 

 

Rice being the staple food of Malaysian is 

the country’s most important crop. Food 

and Agriculture Organization reported that 

rice production in Malaysia for the year 

2019 was 2.8 million tonnes, 3.6% more 

than the average rice production from the 

year 2014 to 2018 (Food and Agriculture 

Organization of the United Nations, 2019). 

Although the production shows an 

increasing trend, with the growing number 

of residents in Malaysia annually, the 

production of rice in the country is still 

considered insufficient to meet domestic 

demands. Malaysia still relies on the 

neighbouring countries such as Vietnam, 

Thailand, and Pakistan for importing rice 

(Khazanah Research Institute, 2019).  

 

 Sarawak is the country’s fifth largest rice 

producing state, after Kedah, Perak, 

Kelantan and Perlis with 134, 260 ha of 

land planted with lowland and upland rice 

(Masni & Wasli, 2019). Rice is 

economically, socially and culturally 

important in Sarawak. There are two types 

of rice planted in Sarawak; lowland rice, 

which is grown in field that is either rain-

fed or irrigated; and upland rice, which is 

grown in an area naturally well-drained 

without surface water accumulation 

(International Rice Research Institute 

[IRRI], n.d.). The state is very rich in the 

diversity of rice (Yeo et al., 2018). For 

example, Sarawak rice has different 

resistance towards Pyricularia oryzae (Lai 

et al., 2019; Yeo et al., 2024) and may have 

different defence mechanisms against 

Scirpophaga incertulas (Cheok et al., 2019; 
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Hamsein et al., 2020; Ling et al., 2020), and 

different toxicity response to antifungal 

nanoparticles (Tang et al., 2023), which are 

potential genetic resources for rice 

breeding. 

 

Department of Agriculture, Sarawak has 

declared a total of 2011 rice accessions are 

currently deposited in the gene bank of 

Agriculture Research Centre (including 

imported accessions) (Department of 

Agriculture Sarawak, 2020). Sarawak rice 

accessions should be considered as 

landraces. The nomenclature of the 

landraces is based on the name given by the 

farmers. There is problem with 

identification when landraces having the 

same morphological characteristics were 

given different names or vice versa. The 

purity of farmer’s seed is also unreliable 

because of the common practice of planting 

different rice landraces in the same field 

either in one plot or in different plots but 

very near to each other (Yeo et al., 2018).  

 

 Despite the fact that Sarawak is rich in 

rice biodiversity, the  morphological 

characteristics of each Sarawak rice 

landrace are unclear. Thus far, no report is 

available describing the morphological 

characteristics of the Sarawak rice 

landraces. The information on 

morphological trait is useful for rice 

breeders in selecting parents of specific 

traits for breeding programs. Therefore, the 

objective of this study was to characterise 

the morphological traits of Sarawak rice 

landraces collected from the northwest 

region of Sarawak. 

 

In order to allow unique individuals from 

each rice landrace collection (heterogenous 

population) to be assessed, Simple Sequence 

Repeats (SSR) marker was used in this study 

for genotyping and plant selection. SSR are 

commonly used for fingerprinting and 

effectively used for assessing the genetic 

diversity among closely related rice cultivar 

(Bhattarai et al., 2021) due to its ability to 

reveal polymorphism even in closely related 

varieties (Spada et al., 2004). Four SSR 

markers (RM1, RM279, RM489 and 

RM335) has been tested on 220 accessions. 

Out from 220 accessions, 44 accessions 

showed polymorphism.  

 

MATERIALS AND METHODS 

 

Collection and Pre-Selection of Rice 

Landrace 

 

A total of 22 rice landraces (11 lowland and 

11 upland landraces) were collected from 

different localities across different 

divisions in northwest region of Sarawak 

(Supplementary Table 1). A total of 10 seeds 

per landrace were germinated in different 

batches (Supplementary Table 2) in distilled 

water. Germinated seeds, were transplanted 

into trays containing planting medium of 

topsoil, compost and sand (3:2:1 ratio). 

Each seedling was considered as different 

accession (Total = 220 accessions). The 

seedlings were then genotyped using 

Simple Sequence Repeat (SSR) markers. 

 

Young leaf samples, about 4-5 cm, were 

collected from the 220 accessions. 

Deoxyribonucleic acid (DNA) was 

extracted using Cetyltrimethylammonium 

Bromide protocol by Doyle and Doyle 

(1987). A total of 12 SSR markers were 

randomly chosen from RiceGenes database 

(www.gramene.org) representing the 12 

chromosomes of rice. The 12 SSR markers 

were tested on two randomly selected 

accessions from different rice landrace. 

Four SSR markers (Supplementary Table 3) 

which showed polymorphisms were chosen 

for genotyping the 220 accessions. 

Polymerase Chain Reaction (PCR) 

amplification was performed by following 

Zhu et al. (2012). After electrophoresis, the 

agarose gel was stained with ethidium 

bromide and visualized. 

 

From the 10 seedlings of each landrace, 

individuals with polymorphic genotype 

based on the four SSR markers were chosen 

for morphological characterisation without 
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replication. For a landrace, with ten 

seedlings having monomorphic genotype, 

one individual was selected randomly. In 

total, there were 44 accessions selected for 

morphological characterisation (22 

accessions for lowland and upland rice, 

respectively). 

 

The selected lowland rice accessions 

were transplanted into pots (13 inches, 5 

gallons). Each pot was filled three-quarters 

full of soil mixture of topsoil, compost and 

sand (3:2:1 ratio). For pots used for planting 

lowland rice accessions, drainage holes were 

drilled on two sides of a pot, about 8 cm 

above the soil surface in the pot, to create a 

constant water level. Pots for upland rice 

accessions, had three drainage holes at the 

bottom to drain excess water. Watering was 

done once a day using tap water. The 

nitrogen, phosphorus and potassium (NPK) 

fertilizer (17.5:15.5:10) was used for 

fertilization. Ten grams of fertilizer was 

applied per pot per application. The first 

fertiliser application took place at roughly 

the same time with transplanting. The 

second application took place about 30-40 

days after the first application. The third 

application took place during the flowering 

stage. The experiment was performed from 

October 2018 to June 2019, following the 

main rice planting season in Sarawak. 

 

Morphological Characterisation 

 

A total of 14 traits were selected from the 

International Rice Research Institute 

guidelines (International Board for Plant 

Genetic Resources & International Rice 

Research Institute Rice Advisory 

Committee, 1980) and 8 additional traits 

were added based on the observation of this 

study (Total = 22 morphological traits). 

Apart from observing morphological traits, 

developmental traits such as heading days 

(HD) and flowering days (FD) were studied 

throughout the experiment. All recorded 

characters, methods and criteria are shown in 

Supplementary Table 4. Thirteen 

quantitative morphological traits were 

compared between lowland and upland rice 

accessions. Student’s t-test was used to 

analyse the data.  

 

Cluster analysis was done based on nine 

qualitative traits. Data matrices were 

analysed using Paleontological Statistic 

(PAST) software version 4.03 to construct a 

dendrogram made up using Jaccard’s 

coefficient, showing the relatedness between 

the 44 rice accessions. 

 

RESULTS 

 

Pre-Screening of Rice Accessions 

 

A total of 44 accessions out of 220 

accessions were selected based on their SSR 

marker genotype (Supplementary Table 5). 

From the 44 accessions, there were 22 

accessions of lowland rice designated as 

UNIMAS-23 – UNIMAS-44 and 22 

accessions of upland rice designated as 

UNIMAS-01 – UNIMAS-22. 

 

Morphological Characterisation of Rice 

Accessions 

 

A total of 22 traits were recorded for both 

lowland and upland accessions. There were 

nine qualitative and 13 quantitative traits 

along with two observed developmental 

traits (Supplementary Table 4). 

 

Qualitative Traits. 

 

Polymorphism was observed in seven of the 

nine qualitative traits in the present study 

(Table 1). The leaf blade colour (BC) showed 

polymorphisms among the 44 accessions. 

BC had three classes recorded viz. pale 

green, green and dark green in both types of 

rice accessions (Supplementary Figure 1). 

From the observed 22 lowland rice 

accessions, 12 accessions had pale green 

BC, eight recorded dark green and only two 

accessions (UNIMAS-32 and UNIMAS-41) 

recorded green BC. For upland rice 

accessions, four accessions were pale green, 
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12 accessions were green and the remaining 

accessions were dark green. 

 

The ligule shape (LS) was polymorphic 

for lowland rice accessions but was 

monomorphic for upland rice accessions 

where all the accession had acute to 

acuminate LS. For lowland rice accessions, 

there were two groups of LS recorded: acute 

to acuminate and 2-cleft. Seventeen (78%) 

of lowland rice accessions were recorded as 

having acute to acuminate LS while five 

accessions had 2-cleft LS (Supplementary 

Figure 2). 

 

The colour of ligule (LC) and auricles 

(AC) of lowland rice accessions were 

monomorphic. All of them had white 

coloured ligule and auricle. The LC and AC 

were polymorphic for upland rice 

accessions. All the upland rice accessions 

had white LC and AC, except for one 

accession (UNIMAS-07) having purple 

ligule and auricle (Supplementary Figure 2). 

 

As for the panicle, the type of panicle 

(PT) separated the lowland and upland rice 

accessions into three different groups, viz., 

compact, intermediate and open PT 

(Supplementary Figure 3). For lowland rice 

accessions, a total of 12 accessions had 

intermediate PT, three accessions 

(UNIMAS-31, UNIMAS-39 and UNIMAS-

42) showed an open PT and two accessions 

(UNIMAS-37 and UNIMAS-38) with 

compact PT. Five other accessions did not 

produce any panicles during the period of 

observation. A majority, 14 out from 22 

(64%) accessions were having intermediate 

PT and six accessions exhibited open PT. 

Only one accession (UNIMAS-15) was 

having compact PT. There was one upland 

accession (UNIMAS-22) that did not 

produce any panicles during the period of 

observation. 

 

Secondary branches (SB) in a panicle 

were grouped into three types: absent, light 

and heavy (Supplementary Figure 4) in both 

lowland and upland accessions. Among the 

17 lowland rice accessions that flowered, SB 

was absent in three accessions (UNIMAS-

23, UNIMAS-24 and UNIMAS-28), 12 

accessions recorded light SB and the 

remaining two accessions had heavy SB 

(UNIMAS-27 and UNIMAS-37) (Table 1). 

For the 21 upland rice accessions that 

flowered, SB was found absent in eight 

accessions. Another eight accessions were 

having light SB and the remaining five 

accessions (UNIMAS-07, UNIMAS-08, 

UNIMAS-15, UNIMAS-17, and UNIMAS-

18) were having heavy SB (Table 1). 

 

The seed shape (SS) varied, where 

three classes were recorded among the rice 

accessions that flowered: oblong, elliptic 

and linear (Supplementary Figure 5 & 6). 

Oblong and linear SS were recorded for the 

17 flowered lowland rice accessions (Table 

1), where 10 lowland rice accessions 

produced seeds with linear SS and the 

remaining seven lowland rice accessions had 

oblong SS. For the 21 flowered upland rice 

accessions, 20 had linear SS and one 

accession had elliptic SS (Table 1). 

 

Variation was also observed among the 

flowered rice accessions in seed colour (SC). 

The lowland rice accessions were grouped 

into four categories of SC; (1) yellow, (2) 

pale yellow, (3) blackish yellow and (4) 

golden-brown husk colour (Supplementary 

Figure 5 & 6). Ten out of 17 flowered lowland 

rice accessions exhibited pale yellow SC; 

four accessions with yellow SC, two 

accessions had blackish yellow SC and one 

accession with golden brown SC (Table 1). 

On the other hand, the flowered upland rice 

accessions exhibited yellow, blackish 

yellow and golden-brown husk SC. A 

majority, 13 (62%) accessions were having 

yellow SC. Five other accessions (24%) 

were having blackish yellow SC and the 

remaining three accessions (UNIMAS-12, 

UNIMAS- 19 and UNIMAS-21) were 

having golden brown SC (14%) (Table 1). 
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Table 1. The characters of nine qualitative traits for the 44 rice accessions 
 

Type Accession BC LS LC AC PT SB SS SC GC 

 

L
O

W
L

A
N

D
 

UNIMAS-23 1 1 1 1 2 0 2 4 1 

UNIMAS-24 3 1 1 1 2 0 2 2 4 

UNIMAS-25 1 1 1 1 2 1 2 2 3 

UNIMAS-26 1 1 1 1 2 1 2 2 4 

UNIMAS-27 1 1 1 1 2 2 2 3 1 

UNIMAS-28 1 1 1 1 2 0 4 2 3 

UNIMAS-29 3 2 1 1 2 1 2 3 4 

UNIMAS-30 1 2 1 1 2 1 4 1 1 

UNIMAS-31 1 1 1 1 3 1 4 2 2 

UNIMAS-32 2 2 1 1 2 1 4 1 2 

UNIMAS-33 1 2 1 1 N/A N/A N/A N/A N/A 

UNIMAS-34 1 1 1 1 N/A N/A N/A N/A N/A 

UNIMAS-35 3 1 1 1 2 1 4 2 2 

UNIMAS-36 3 1 1 1 2 1 4 2 2 

UNIMAS-37 3 1 1 1 1 2 2 2 2 

UNIMAS-38 3 1 1 1 1 1 4 2 6 

UNIMAS-39 3 1 1 1 3 1 4 2 2 

UNIMAS-40 3 1 1 1 N/A N/A N/A N/A N/A 

UNIMAS-41 2 1 1 1 N/A N/A N/A N/A N/A 

UNIMAS-42 1 1 1 1 3 1 4 1 1 

UNIMAS-43 1 2 1 1 2 1 4 1 1 

UNIMAS-44 1 1 1 1 N/A N/A N/A N/A N/A 

 

U
P

L
A

N
D

 UNIMAS-01 3 1 1 1 2 0 4 1 1 

UNIMAS-02 1 1 1 1 3 0 4 1 1 

UNIMAS-03 2 1 1 1 2 0 4 1 1 

UNIMAS-04 2 1 1 1 2 0 4 1 1 

UNIMAS-05 2 1 1 1 2 0 4 1 1 

 UNIMAS-06 2 1 1 1 2 1 4 1 1 

 UNIMAS-07 2 1 3 2 2 2 4 1 3 
 UNIMAS-08 2 1 1 1 2 2 4 1 2 

 UNIMAS-09 2 1 1 1 2 1 4 1 1 

 UNIMAS-10 2 1 1 1 2 1 4 1 1 
 UNIMAS-11 3 1 1 1 2 1 4 1 2 

 UNIMAS-12 2 1 1 1 2 0 4 1 1 

 UNIMAS-13 2 1 1 1 2 1 4 1 2 
 UNIMAS-14 2 1 1 1 3 1 4 1 2 

 UNIMAS-15 1 1 1 1 1 2 4 1 1 

 UNIMAS-16 3 1 1 1 3 1 3 1 4 
 UNIMAS-17 1 1 1 1 3 2 4 1 1 

 UNIMAS-18 3 1 1 1 3 2 4 1 1 

 UNIMAS-19 1 1 1 1 3 1 4 4 1 
 UNIMAS-20 2 1 1 1 2 0 4 3 1 

 UNIMAS-21 3 1 1 1 2 0 4 4 1 

 UNIMAS-22 3 1 1 1 N/A N/A N/A N/A N/A 

Note. N/A: Data Not Available. BC: Blade Colour (Scale: 1; Pale Green, 2; Green, 3; Dark Green, 4; Purple Tips, 5; 

Purple Margins, 6; Purple Blotch ), LS: Ligule Shape (Scale: 1;Acute To Acuminate, 2; 2-Cleft, 3; Truncate), LC: 

Ligule Colour (Scale: 1; White, 2; Purple Lines, 3; Purple), AC: Auricle Colour (Scale:1; White, Or 2; Purple, 3; Pale 

Green), PT: Panicle Type (Scale: 1; Compact, 2; Intermediate, And 3; Open), SB: Secondary Branching (Scale: 0; 

Absent, 1; Light, 2; Heavy), SS: Seed Shape (Scale: 1; Round, 2; Oblong, 3; Elliptic, 4; Linear), SC: Seed Colour 

(Scale: 1; Yellow, 2; Pale Yellow, 3; Blackish Yellow, 4; Golden Brown), GC: Grain Colour (Scale: 1; Milky White, 

2; Reddish Brown, 3; Dark Brown, 4; Black, 5; Greenish White, 6; Light Reddish Brown) 

 

Grain colour (GC) also showed high 

polymorphism among the flowered rice 

accessions. The 17 flowered lowland rice 

accessions were grouped into five GC 

groups: milky white, light reddish-brown, 

reddish brown, dark brown, and black 

(Supplementary Figure 5). Meanwhile, the 21 

flowered upland rice accessions were 

grouped into four different groups: milky 

white, reddish-brown, dark brown and black 

(Supplementary Figure 6).  

 

Cluster analysis grouped the 44 rice 

accessions into two main clusters based on 

the similarity index (Figure 1). The first 

cluster consisted of 27 rice accessions and 

the second cluster consisted of 17 rice 

accessions (Table 2). Among the nine 

qualitative traits used for PAST analysis, SB 

seemed to be the main character which 

separated the 44 rice accessions into two 

clusters. The cluster with 27 accessions was 
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mainly consists of accessions with light 

(scale: 1) and heavy (scale: 2) SB. The other 

cluster consists of mostly accessions having 

absent (scale: 0) of SB. 

 
Table 2. Clustering of 44 rice accessions based on nine qualitative traits using Jaccard’s coefficient 
 

Cluster 
Number of 

Accessions 
Accession 

I 27 

UNIMAS-42-SRI/L, UNIMAS-39-SAMA/L, UNIMAS-38-SAMA/L, UNIMAS-37-SAMA/L, 

UNIMAS-36-SAMA/L, UNIMAS-35-SAMA/L, UNIMAS-32-SAMA/L, UNIMAS-31-

SAMA/L, UNIMAS-30-SAMA/L, UNIMAS-29-SRI/L, UNIMAS-27-KCH/L, UNIMAS-25-

KCH/L, UNIMAS-19-SRI/U, UNIMAS-18-SRI/U, UNIMAS-17-SRI/U, UNIMAS-16-SRI/U, 

UNIMAS-15-SRI/U, UNIMAS-13-KCH/U,  UNIMAS-06-KCH/U,  UNIMAS-07-KCH/U,  

UNIMAS-08-KCH/U,  UNIMAS-09-KCH/U,  UNIMAS-10-KCH/U,  UNIMAS-11-KCH/U,  

UNIMAS-14-KCH/U,  UNIMAS-26-KCH/U,  UNIMAS-42-SRI/L 

II 17 

UNIMAS-40-KCH/L, UNIMAS-21-SRI/U, UNIMAS-12-KCH/U,  UNIMAS-05-KCH/U,  

UNIMAS-04-KCH/U,  UNIMAS-03-SER/U,  UNIMAS-02-SER/U,  UNIMAS-01-SER/U, 

UNIMAS-20-SRI/U, UNIMAS-22-KCH/U, UNIMAS-08-KCH/U,  UNIMAS-23-SER/L, 

UNIMAS-24-KCH/U , UNIMAS-28-SR1/L, UNIMAS-33-SR1/L, UNIMAS-34-SR1/L, 

UNIMAS-41-KCH/L, UNIMAS-44-SR1/L, 

Note. The accession number followed by an abbreviation indicating the division where seeds were collected and either 

it is lowland or upland rice accession. SRI: Sri Aman, SAMA: Kota Samarahan, KCH: Kuching, SER: Serian, /L: 

lowland rice accession, /U: upland rice accession 

 

 
Figure 1.  Dendrogram made up using Jaccard’s coefficient of 44 rice accessions of lowland and upland rice from 

different divisions of the North-Western Region of Sarawak. Note. Purple: Sri Aman, Maroon: Kota Samarahan, 

Black: Kuching, Light Blue: Serian. Accession number followed by “/L” indicates lowland rice accession, “/U” 

indicates upland rice accession. 

 

Quantitative Traits. 

 

A total of 15 quantitative morphological 

traits of the 44 rice accessions are furnished 

in Table 3 and Table 4.  

 

Plant height at five leaves stage or 

seedling height (SH) of lowland rice 

accessions (Table 3) ranged from 38.8 cm 

(UNIMAS-33) to 54.5 cm (UNIMAS-29). 

While among upland rice accessions, the SH 

ranged from 41.1 cm (UNIMAS-16) to 54.5 

cm (UNIMAS-08) (Table 4). There was no 

significant difference in SH between 

lowland and upland rice accessions (Table 5). 

 

At the mature stage, the plant height (PH) 

of lowland rice accessions (Table 3) ranged 

from 153.4 cm (UNIMAS-26) to 225.3 cm 

(UNIMAS-34). For upland rice accessions, 
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PH ranged from 90.9 cm (UNIMAS-09) to 

201.2 cm (UNIMAS-07) (Table 4). In 

average, the lowland rice accessions were 

significantly taller than those upland rice 

accessions (Table 5). 

 

Culm length (CL) for lowland rice 

accessions (Table 3) was ranging from 81.5 

cm (UNIMAS-26) to 143.4 cm (UNIMAS-

34). For upland rice accessions, the CL 

ranged from 40.7 cm (UNIMAS-02) to 

115.7 cm (UNIMAS-22) (Table 4). The CL 

of lowland rice accessions was statistically 

longer than those of upland rice accessions 

(Table 5). 

 

Culm diameter (CD) for lowland rice 

accessions (Table 3) ranged from 3.0 cm 

(UNIMAS-27, UNIMAS-37, UNIMAS-39, 

and UNIMAS-43) to 3.6 cm (UNIMAS-41). 

Among upland rice accessions, the mean of 

CD was 3.21 cm, ranging from 2.7 cm 

(UNIMAS-17) to 4.1 cm (UNIMAS-19) 

(Table 4). No significant difference was 

observed for CD between lowland and 

upland rice accessions (Table 5).  

 

The leaf length (LL) observed among the 

lowland rice accessions ranged from 51.0 cm 

(UNIMAS-32) to 80.50 cm (UNIMAS-35) 

(Table 3), while 42.3 cm (UNIMAS-02) to 

72.0 cm (UNIMAS-19) for upland rice 

accessions (Table 4). The LL was similar 

between the lowland and upland rice 

accessions (Table 5).  

 

The leaf width (LW) for lowland rice 

accessions ranged from 1.1 cm (UNIMAS-

25 and UNIMAS-44) to 2.2 cm (UNIMAS-

31) (Table 3). With an average LW of 1.64 

cm, lowland rice accessions had narrower 

LW as compared to those upland rice 

accessions (Table 5). The upland rice 

accessions had LW ranging from 1.4 cm 

(UNIMAS-04) to 2.1 cm (UNIMAS-03), 

with a mean of 1.79 cm (Table 4). 

 

The number of panicles (NP) among the 

lowland rice accessions ranged from one 

(UNIMAS-25, UNIMAS-26, UNIMAS-28 

and UNIMAS-41) to ten panicles per plant 

(Table 3), while NP among the upland 

accessions ranged from one (UNIMAS-20) 

to seven (UNIMAS-04 and UNIMAS-06) 

panicles per plant (Table 4). There was no 

significant difference in NP between the 

lowland and upland rice accessions (Table 5). 

 

The mean length of panicle (LP) of 

lowland rice accessions (Table 3) was 29.23 

cm, ranged from 24.5 cm (UNIMAS-25) to 

35.6 cm (UNIMAS-23), similar to the LP of 

upland rice accessions averaged at 28.82 cm, 

ranging from 23.9 cm (UNIMAS-20) to 39.8 

cm (UNIMAS-14) (Table 4 & 5).  

 

The number of filled grains (NFG) per 

accession in lowland rice accessions, ranged 

from 84 grains (UNIMAS-42) to 1091 grains 

(UNIMAS-32) (Table 3). At an average of 

443 grains per accession, the NFG of 

lowland rice accessions was similar to the 

NFG of upland rice accessions (Table 5), 

which ranged from 63 (UNIMAS-05) to 990 

(UNIMAS-15) grains (Table 4).  

 

The seed length (SL) ranged from 0.7 cm 

to 1.1 cm and 0.7 cm to 1.0 cm among 

lowland (Table 3) and upland rice accessions 

(Table 4 respectively. Seed width (SW) 

among the lowland rice accessions ranged 

from 0.2 cm to 0.4 cm (Table 3) and 0.2 cm 

to 0.3 cm for upland rice accessions (Table 

4). The SL and SW did not show a 

significant difference between the lowland 

and upland rice accessions (Table 5). 

 

The grain length (GL) among the lowland 

rice accessions had an average of 0.6 cm, 

ranging from 0.5 cm to 0.8 cm (Table 3). 

Among the upland rice accessions, the GL 

ranged from 0.6 cm to 0.9 cm (Table 4). For 

grain width (GW), the lowland rice 

accessions had an average of 0.19 cm, 

ranging from 0.2 cm to 0.3 cm (Table 3). The 

GW of upland rice accessions ranged from 

0.15 cm to 0.2 cm (Table 4). The lowland rice 

accessions had shorter GL but wider GW 

than those of upland rice accessions (Table 

5).  
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Table 3. The 13 quantitative traits and two development traits observed on 22 lowland rice accessions 

Acc. SH  
(cm) 

PH  
(cm) 

LL  
(cm) 

LW  
(cm) 

CL  
(cm) 

CD  
(cm) 

NP LP  
(cm) 

NFG SL 
(cm) 

SW 
(cm) 

GL 
(cm) 

GW 
(cm) 

HD 
(days) 

FD  
(days) 

UNIMAS-

23 
51.4 168.2 53.2 1.5 113.5 3.5 3 35.6 320 1.0 0.3 0.5 0.2 125 154 

UNIMAS-

24 
44.6 172.3 57.5 1.3 116.6 3.5 2 25.2 300 0.9 0.2 0.7 0.2 134 158 

UNIMAS-
25 

40.3 172.6 62.8 1.1 108.3 3.2 1 24.5 250 0.7 0.3 0.6 0.2 134 158 

UNIMAS-

26 
47.0 153.4 71.4 1.2 81.5 3.5 1 26.4 200 0.8 0.3 0.6 0.2 134 158 

UNIMAS-

27 
46.8 174.0 70.9 1.6 101.5 3.0 2 30.1 159 0.8 0.3 0.5 0.2 119 145 

UNIMAS-
28 

44.3 199.2 68.5 2.1 130.9 3.1 1 32.7 120 0.9 0.2 0.6 0.2 114 147 

UNIMAS-

29 
54.5 187.5 74.8 1.9 114.6 3.4 6 28.3 660 1.0 0.4 0.6 0.2 130 159 

UNIMAS-

30 
50.1 165.1 75.2 2.1 89.4 3.2 5 29.9 391 1.0 0.3 0.7 0.2 119 143 

UNIMAS-

31 
48.9 173.6 54.1 2.2 121.6 3.4 8 24.6 690 1.1 0.2 0.7 0.2 112 140 

UNIMAS-

32 
45.7 174.4 51.0 1.8 120.5 3.2 10 27.5 1091 1.0 0.2 0.7 0.2 113 138 

UNIMAS-

33 
38.8 210.0 78.1 1.7 132.8 3.2 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

UNIMAS-
34 

42.4 225.3 80.3 1.6 143.4 3.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

UNIMAS-

35 
47.2 176.0 80.5 1.8 94.50 3.1 2 32.6 118 1.0 0.3 0.7 0.2 103 138 

UNIMAS-

36 
40.8 189.4 71.4 1.7 118.0 3.2 2 34.5 274 1.0 0.3 0.8 0.2 89 117 

UNIMAS-
37 

46.5 180.1 59.3 1.5 119.2 3.0 5 31.4 1055 0.8 0.3 0.6 0.3 86 115 

UNIMAS-

38 
43.3 175.2 60.7 2.1 116.7 3.2 3 30.3 493 0.8 0.3 0.6 0.3 83 116 

UNIMAS-

39 
39.5 170.8 65.8 1.9 103.2 3.0 2 28.2 696 0.9 0.3 0.6 0.2 89 118 

UNIMAS-
40 

40.2 164.3 55.5 1.5 111.0 3.4 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

UNIMAS-

41 
43.4 159.5 57.0 1.7 105.2 3.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

UNIMAS-

42 
46.0 170.1 72.1 1.3 99.40 3.1 2 25.5 84 0.8 0.2 0.6 0.2 120 151 

UNIMAS-

43 
48.2 173.0 70.7 1.3 106.1 3.0 7 29.6 630 0.9 0.2 0.6 0.2 111 138 

UNIMAS-
44 

49.8 179.0 69.4 1.1 107.5 3.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

                

Note. Acc. indicates accession, N/A indicates data not available. SH: Seedling Height in centimetre, PH: Plant 

Height in centimetre, LL: Leaf Length in centimetre, LW: Leaf Width in centimetre, CL: Culm Length in 

centimetre, CD: Culm Diameter in centimetre, HD: Heading Days, FD: Flowering Days, NP: Number of 

Panicles, LP: Length of Panicle in Centimetre, NFG: Number of Filled Grains, SL: Seed Length, SW: Seed 

Width, GL: Grain Length, GW: Grain Width 

 

Table 4. The 13 quantitative traits and two development traits observed on 22 upland rice accessions 
Acc. SH  

(cm) 
PH  

(cm) 
LL  

(cm) 
LW  
(cm) 

CL  
(cm) 

CD  
(cm) 

NP LP  
(cm) 

NFG SL 
(cm) 

SW 
(cm) 

GL 
(cm) 

GW 
(cm) 

HD 
(days) 

FD  
(days) 

UNIMAS-

01 
46.3 127.3 54.1 1.8 65.7 3.2 5 33.5 276 1.0 0.2 0.7 0.2 124 151 

UNIMAS-

02 
50.1 154.7 42.3 1.9 109.8 3.3 4 30.3 477 0.9 0.2 0.7 0.2 126 153 

UNIMAS-

03 
47.1 139.4 67.8 2.1 88.9 3.1 5 24.5 407 0.8 0.2 0.6 0.2 112 140 

UNIMAS-
04 

45.1 171.0 69.1 1.4 95.2 3.0 7 25.7 520 1.0 0.2 0.7 0.2 106 128 

UNIMAS-

05 
44.9 172.1 70.1 1.8 90.1 2.9 3 26.7 63 1.0 0.2 0.7 0.2 103 132 

UNIMAS-

06 
43.2 169.1 65.1 1.9 99.1 2.8 7 25.8 788 0.9 0.2 0.7 0.2 107 141 
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Continue Table 4: 
Acc. SH  

(cm) 

PH  

(cm) 

LL  

(cm) 

LW  

(cm) 

CL  

(cm) 

CD  

(cm) 

NP LP  

(cm) 

NFG SL 

(cm) 

SW 

(cm) 

GL 

(cm) 

GW 

(cm) 

HD 

(days) 

FD  

(days) 

UNIMAS-

07 
44.9 201.2 69.1 2.0 89.1 2.9 5 29.8 785 0.8 0.3 0.6 0.2 112 145 

UNIMAS-

08 
54.5 185.6 58.2 1.8 100.7 3.3 6 27.9 627 0.9 0.2 0.8 0.2 112 142 

UNIMAS-
09 

46.1 90.9 56.7 1.9 88.9 3.2 3 33.3 518 0.7 0.2 0.6 0.2 114 143 

UNIMAS-

10 
49.1 149.9 57.4 1.7 85 3.4 4 32.1 413 0.9 0.2 0.8 0.2 102 127 

UNIMAS-

11 
47.2 159.4 58.1 1.7 92.1 3.4 5 34.6 673 0.8 0.2 0.7 0.2 103 128 

UNIMAS-
12 

48.1 159.9 58.7 1.5 87.1 3.1 2 24.7 158 0.8 0.2 0.6 0.2 126 146 

UNIMAS-

13 
46.1 159.1 60.5 1.8 99.1 3.2 3 30.2 620 0.9 0.2 0.6 0.2 104 130 

UNIMAS-

14 
49.1 163.5 63.4 1.8 102.1 3.3 3 39.8 710 0.8 0.2 0.6 0.2 99 129 

UNIMAS-
15 

43.1 169.3 65.9 1.7 95.0 3.2 3 28.8 990 0.9 0.2 0.7 0.15 104 127 

UNIMAS-

16 
41.1 167.3 70.0 1.9 80.8 2.9 3 26.3 687 0.9 0.2 0.7 0.2 101 131 

UNIMAS-

17 
44.6 147.8 61.0 1.8 76.4 2.7 3 27.9 865 1.0 0.2 0.6 0.2 107 137 

UNIMAS-

18 
46.1 139.9 70.2 1.9 40.7 3.1 5 25.4 723 0.9 0.2 0.9 0.2 94 128 

UNIMAS-
19 

45.3 120.9 72.0 1.7 64.5 4.1 2 29.9 466 0.9 0.2 0.7 0.2 107 132 

UNIMAS-

20 
45.7 196.7 65.3 1.7 91.0 2.9 1 23.9 120 0.9 0.3 0.7 0.2 103 140 

UNIMAS-

21 
49.2 138.5 60.5 1.7 56.9 3.7 3 24.2 256 0.8 0.3 0.6 0.2 111 147 

UNIMAS-
22 

49.4 175.2 64.0 1.8 115.7 3.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Note. Acc. indicates accession, N/A indicates data not available. SH: Seedling Height in centimetre, PH: Plant 

Height in centimetre, LL: Leaf Length in centimetre, LW: Leaf Width in centimetre, CL: Culm Length in 

centimetre, CD: Culm Diameter in centimetre, HD: Heading Days, FD: Flowering Days, NP: Number of 

Panicles, LP: Length of Panicle in Centimetre, NFG: Number of Filled Grains, SL: Seed Length, SW: Seed 

Width, GL: Grain Length, GW: Grain Width 

Table 5. Comparison of 13 quantitative morphological traits between lowland and upland rice accessions. The 

values indicate the mean ± standard error 
 

Traits Lowland Upland 

SH (cm) 45.44 ± 0.885 46.65 ± 0.614 

*PH (cm) 177.86 ± 3.480 150.35 ± 6.160 

LL (cm) 66.37 ± 1.950 65.61 ± 1.958 

*LW (cm) 1.64 ± 0.071 1.79 ± 0.032 

*CL (cm) 111.61 ± 3.046 87.00 ± 3.725 

CD (cm) 3.25 ± 0.039 3.21 ± 0.072 

NP 3.71 ±0.652 3.81± 0.321 

LP (cm) 29.2294 ± 0.82657 28.8238 ± 0.89602 

NFG 443.00 ±76.376 530.57 ±55.373 

SL (cm) 0.90 ± 0.026 0.87 ± 0.017 

SW (cm) 0.26 ± 0.010 0.21 ± 0.007 

*GL (cm) 0.62 ± 0.019 0.72 ± 0.004 

*GW (cm) 0.22 ± 0.005 0.19 ± 0.002 

Note. Asterisk (*) indicates significant difference at p<0.05 (t-test). SH: Seedling Height, PH: Plant Height, LL: 

Leaf Length, LW: Leaf Width, CL: Culm Length, CD: Culm Diameter, NP: Number of Panicles, LP: Length of 

Panicles, NFG: Number of Filled Grains, SL: Seed Length, SW: Seed Width, GL: Grain Length, GW: Grain Width 

 

For the developmental traits, the heading 

days (HD) of the lowland rice accessions 

ranged from 83 (UNIMAS-38) to 134 days 

(UNIMAS-24, UNIMAS-25 and UNIMAS-

26) (Table 3), while the HD of upland rice 

accessions ranged from 94 days (UNIMAS-

18) to 126 days (UNIMAS-02 and 

UNIMAS-12) (Table 4). The flowering days 
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(FD) of lowland rice accessions took around 

115 days (UNIMAS-37) to 159 days 

(UNIMAS-29) (Table 3) and upland rice 

accessions recorded 127 days (UNIMAS-10 

and UNIMAS-15) to 153 days (UNIMAS-

02) of FD (Table 4). 

 

DISCUSSION 

 

Qualitative Traits as Morphological 

Marker 

 

All qualitative traits observed in this study 

showed variations. Qualitative traits are 

considered morphological markers for the 

identification of rice landraces (Sinha & 

Mishra, 2013).  

 

In the present study, it was observed that 

the leaf blade of lowland and upland rice 

accessions was grouped into three different 

classes of blade colour (BC) (Supplementary 

Figure 1). This trait is not reliable as a marker 

due to its dependence on environmental 

conditions. For example, the degree of the 

greenness observed on the leaf could be 

influenced by fertilizer applications, i.e. the 

nitrogen content of the leaf (Singh et al., 

2002; Yang et al., 2015).  Based on Leaf 

Colour Chart, pale green BC indicates 

nitrogen deficiency. Green BC indicates an 

elevated dose of nitrogenous fertilization. 

High nitrogenous content results in dark 

green BC (Bhupenchandra et al., 2021). The 

BC of this study may suggest there are 

variations in soil nitrogenous content even 

though same soil mixture was used and equal 

amount of fertilizers was applied.  Another 

possibility to allow such colour variation 

would be genetic factor. According to Li et 

al. (2002), the colour of leaves is determined 

by the presence and concentration of 

pigments such as chlorophyll (green), 

carotenoids (yellow and orange), and 

anthocyanins (red and purple). The rice 

accessions of this study may have different 

concentrations of the different pigments, 

which results in colour variations.  

 

Ligule is present in all the rice accessions in 

this study (Supplementary Figure 2). The 

morphology of ligule is important in the 

identification of grass species (de la Fuente & 

Ortunez, 2001; Rzanny et al., 2022). However, 

this trait may be insufficient for the identification 

of varieties of the same species. In this study, 

there were two ligule shapes (LS) observed for 

lowland rice accessions and only one for upland 

rice accessions. Based on the 44 rice accessions, 

LS may serve as one of the morphological 

markers to differentiate rice accessions, but not 

possible to differentiate between lowland and 

upland rice. The ligule colour may also serve as 

a morphological marker. There was one upland 

rice accession, UNIMAS-07 (Supplementary 

Figure 2), having purple ligule and auricle. The 

environmental dependency of this trait is 

unknown.  

 

Seed shape (SS) is useful in identifying 

rice hybrids and is also valuable in the seed 

certification process to control seed 

standards (Kalaichelvan, 2009; Misra et al., 

2023). Among the rice accessions in this 

study, they can be differentiated based on 

three SS: oblong, elliptic and linear 

(Supplementary Figure 5 & 6). Based on SS, 

this study speculates there is a presence of 

the sub-species tropical japonica (javanica) 

and indica among the 44 accessions. Rice 

accessions that have oblong or elliptic SS 

may be javanica rice. Those rice accessions 

with linear SS should be indica rice. This is 

based on the description available on the 

website of International Rice Research 

Institute 

(http://www.knowledgebank.irri.org/ericepr

oduction/0.5_Rice_races.htm).  

 

Grain colour (GC) is a heritable character 

and has been used to categorise rice varieties 

(Maeda et al., 2014; Zhao et al., 2022). In 

the present study, the GC of the rice 

accessions were mostly milky white, 

followed by reddish-brown, black, dark 

brown and light brown. Pigmented rice may 

contain phenolic compounds and 

anthocyanin. It has been consumed as 

functional rice, as anthocyanin has been 

recognized as compound with health 

benefits due to its antioxidant activity, 
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anticancer, hypoglycemia and its anti-

inflammatory effects (Maulani et al., 2018). 

GC is another morphological marker that is 

environmentally dependent. For example, 

grain discolouration due to disease may 

affect colour interpretation (Baite et al., 

2020).  

 

Cluster analysis based on nine qualitative 

traits has grouped the 44 rice accessions into 

two big clusters. Cluster I had a higher 

number of rice accessions compared to 

Cluster II. Cluster analysis revealed that 

there was no clustering according to seed 

origin (division), nor according to lowland 

or upland rice. The clustering was mainly 

based on secondary branching (SB) of the 

panicle. The rice accessions in Cluster I had 

light and heavy SB, which is of interest for 

yield breeding (refer to the discussion in the 

next section). The nine qualitative traits may 

not be sufficient to depict the rice accessions 

of one cluster are more genetically related 

nor genetically diverse from the accessions 

in the other clusters (Tejaswini et al., 2016).  

 

According to Yeo et al. (2018), the 

registrations of a variety based on the name 

given by the farmers are unreliable. There is 

a possibility for a variety with a similar 

name, having different morphological 

characteristics. To support that, upland 

accessions UNIMAS-06 and UNIMAS-07 

were clustered into a different group from 

UNIMAS-22 despite having the same name 

(Padi Merjat). Cultural practice by the local 

farmers where the rice seeds were inherited, 

transferred or exchanged between farmers 

might attribute to the diversity. 

 

Direct and Indirect Yield Traits 

 

According to IRRI (2002), plant height (PH) 

is divided into short (< 110 cm), medium 

(110 cm-130 cm) and tall (> 130 cm). Most 

of the rice accessions (41 accessions) in this 

study are considered tall. Only upland rice 

accession UNIMAS-09 is short (91 cm). 

Another two upland rice accessions, namely 

UNIMAS-01 (127.3 cm) and UNIMAS-19 

(120.9 cm), are medium in height. In 

average, the lowland rice accessions of this 

study were taller than upland rice accessions 

(Table 5). Based on the plant height dynamic 

model of Wu et al. (2022), the lowland rice 

accessions in this study may have a higher 

risk of lodging compared to upland rice 

accession. Moreover, the culm lengths of 

lowland accessions were statistically longer 

than upland accessions in the present study. 

Lodging will reduce yield (Sunian et al., 

2017).  

 

The leaf length (LL) is known to vary 

between rice genotypes (Mehla & Kumar, 

2008). All rice accessions in this study have 

long leaves based on IRRI (2002) except for 

upland rice accession UNIMAS-02, which 

has medium LL. Long leaves may not be 

preferable as compared to short leaves which 

will be more erect. Short leaves are 

uniformly distributed throughout the 

canopy, therefore mutual shading is reduced, 

and light is used more efficiently, thus 

contributing to yield (Tillier et al., 2023). 

Based on leaf width (LW), the rice 

accessions in this study are considered as 

having medium LW, except UNIMAS-28, 

UNIMAS-30, UNIMAS-31, UNIMAS-38 

and UNIMAS-03 which have broad LW. 

Broad LW may not be preferable. A 

previous study suggested that narrower 

leaves are more beneficial under hot, dry and 

high-light habitats due to the ability to 

increase leaf heat exchange, avoid leaf 

damage and maintain leaf water content 

(Kang et al., 2021). 

 

The rice accessions in this study had 

flowering time ranging from 115 to 159 

days. According to the agronomy guide of 

IRRI (2015), the rice accessions in this study 

are most likely to have long crop duration, 

where from planting to harvest can take up 

to 160 days or longer. For lowland rice 

which has a long crop duration, it is 

recommended to be planted in irrigated or 

flood-prone fields (IRRI, 2015). The 

lowland rice accessions of this study were 

collected from farmers planting in rain-fed 

http://www.knowledgebank.irri.org/step-by-step-production/pre-planting/crop-calendar
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field. Their production may be improved if 

planted in irrigated or flood-prone field. 

 

There are five lowland rice accessions 

and one upland rice accession of this study 

that did not flower during the observation 

period. Many factors affect the flowering 

phase of rice. One of it is being photoperiod. 

Some Sarawak rice landraces, such as Biris 

and Bali are known to be photoperiod 

sensitive (Teo n.d; Saidon et al., 2017). This 

may be true for these six rice accessions in 

this study. These six rice accessions were 

germinated on the 30 November 2018. 

Seven other lowland rice accessions and two 

upland rice accessions which were 

germinated on the same date, however, 

manage to produce inflorescences. In future 

characterisation, all accessions should be 

germinated and transplanted at the same 

time.  

 

The number of panicles (NP) observed in 

this study, at most, was up to 10 panicles per 

plant. The NP with filled grain is a key 

indicator of rice yield (Efisue et al., 2014). 

To support this, UNIMAS-32 and 

UNIMAS-06 of lowland and upland 

accessions, respectively, had higher NP, 

produced higher number of filled grains 

(NFG) (observation without statistical 

evidence). These results suggest that 

UNIMAS-32 and UNIMAS-06 can be 

considered for Sarawak rice breeding 

program to increase rice production. 

 

Beside NP, panicle type (PT) and 

secondary branching (SB) were also 

observed (Supplementary Figure 3 & 4). PT of 

rice is referring to the mode of branching, the 

angle of the primary branches and the 

spikelet density (IRRI, 2002). Among the 

rice accessions in this study, three PT were 

observed, i.e. compact panicles, 

intermediate-type of panicles and open 

panicles (Supplementary Figure 3). Only three 

rice accessions had compact PT. Breeders 

usually selectively breed for compact PT to 

increase yield (Kalaichelvan, 2009). For SB, 

it is mainly regulated by the number of 

primary and secondary branches, which 

directly influences the total grain number 

(Agata et al., 2020). The stronger the 

branching pattern, the higher the yield. In 

this study, it is observed that the NFG was 

lower for those rice accessions, which have 

light SB or absent (observation without 

statistical evidence). 

 

Among the rice accessions in this study, 

only lowland rice accession UNIMAS-37 

and upland rice accession UNIMAS-15 were 

observed to have compact PT with heavy 

secondary branching. Unfortunately, these 

two accessions have low NP. They also have 

higher lodging risk (Wu et al., 2022) as their 

height can reach up to 180 cm and 169 cm, 

respectively. Lowland rice accession 

UNIMAS-32 and upland rice accession 

UNIMAS-06 have high NP but have 

intermediate PT and light SB. Using these 

accessions for breeding may require multi-

parent crossing to stack the desired NP, PT 

and SB characters. 

 

Grain size and shape are among the 

quality criteria being considered in 

developing rice varieties for commercial 

production (Custodio et al., 2019). 

Statistically, lowland rice accessions had 

shorter grain length and wider grain width 

compared to upland rice accessions (Table 

5). However, according to the classification 

of ChePa et al. (2016) on Malaysian rice, all 

the observed accessions were having long to 

extra-long grains, ranging from 0.6-0.9 cm, 

except UNIMAS-23 (0.5 cm). Grains width 

(GW) observed in this study showed a range 

of 0.15 cm to 0.3 cm.  

 

Based on grain size and seed shape as 

pointed out above, this study suggests that 

the rice accessions of this study may consists 

of indica and javanica rice. The grain 

length-width ratio for indica rice is usually 

above 2.2. For japonica rice, it falls below 

2.01 (Rahman et al., 2020). Most rice 

accessions in this student have length-width 

ratio of indica rice. There are two 

accessions, UNIMAS-37 and UNIMAS-38, 
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which has a length-width ratio of japonica 

rice (approximately 2.0), further supporting 

the speculation based on seed shape.  

 

There were variations in terms of grain 

shape recorded in this study. The Malaysian 

consumers mostly preferred rice having long 

shape (Ahmad Hanis et al., 2012). The rice 

accessions in this study, which has long 

shape characteristics, can be considered for 

Sarawak rice breeding program to achieve 

rice grain quality that meets customer 

preferences. Breeding programs need to 

engage with farmers through participatory 

approaches to better understand their 

preferences. Collaborative efforts between 

farmers, researchers, extension services, and 

consumers, help to ensure that newly 

developed rice varieties are aligned with the 

local needs and preferences.  

 

CONCLUSION 

 

In conclusion, a good variety of rice should 

be a well-balanced combination of high 

yield, quality and adaptability to different or 

targeted environments. The development 

and adoption of such varieties contribute to 

food security, economic viability for 

farmers, and the overall sustainability of rice 

production systems. Continuous 

collaboration between researchers, farmers, 

and other stakeholders is crucial for the 

successful development and dissemination 

of improved rice varieties. 

 

The 44 rice accessions of lowland and 

upland rice collected from the North-

Western region of Sarawak were 

successfully characterised based on their 

morphological traits. The morphological 

traits showed variations which may be useful 

for future rice breeding programs. 

Morphological markers are very important 

and all breeders are continuously looking for 

these markers that will enable them to 

characterise the plant materials for diversity 

study and to perform marker assisted 

selection. The current rice accessions 

showed a wide range of variability for the 

characters evaluated, which may be 

attributed to the diverse genetic background 

of the rice accessions. These variations could 

be the genetic resources for future breeding 

programs. 
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