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Abstract

Nepal has a diversity among rice landraces whose exploration aids as a valuable source of traits for breeding programs.
However, their cultivation is declining, leading to a shrinking genetic base for rice. Classifying landraces helps identify
desirable traits and understand genetic diversity. This study evaluated 46 Nepalese rice landraces from different
regions of Nepal along with three released varieties used as checks. A field experiment was conducted in the Plant
Breeding Block of Agriculture and Forestry University, Rampur, Chitwan, using alpha-lattice design with three
replicates and seven blocks with seven plots per replication, and they were evaluated to assess the diversity.
Observations were taken for twenty- nine different qualitative traits and twenty-two quantitative traits. Shannon
Weiner index, Simpson index, and evenness were calculated to assess the diversity in the accessions. Evaluation of
variability, genetic parameters, correlation, cluster analysis and principal component analysis (PCA) based on different
agronomic traits was performed in this study. All the qualitative traits under the study showed polymorphism, except
for the shape of ligule, and all the quantitative traits showed significant differences. Higher estimates of phenotypic
and genotypic coefficients of variability were observed for ligule length, grain width, total number of grains per
panicle, thousand-grain weight, straw yield, grain yield, and harvest index. Grain yield showed a high positive
association with leaf width, number of effective tillers per plant, grain length, grain width, and thousand- grain weight,
which can be selection indices for the improvement of grain yield. The landraces were classified into eight different
clusters. PCA revealed that seven components were significant and contributed to 77.68% of the variance. The
observed genetic diversity among landraces for various qualitative and quantitative traits could be pivotal information
for further study of genetic variation of rice germplasm and can be effectively used in future rice improvement
programs.
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1. Introduction

Rice (Oryza sativa L.), 2n=24, is an autogamous cereal crop of the Gramineae family [1]. Six of the 11 genomes
(labeled from AA to LL) discovered in 27 species are diploid (n=12: AA, BB, CC, EE, FF, and GG) and 5 are tetraploid
(n=24: BBCC, CCDD, HHJJ, HHKK, and KKLL). Two cultivated species O. sativa, and O. glaberrima are members
of AA genome group, which is the primary germplasm pool for improving rice (Jena 2010; Stein et al. 2018) while
16 of 25 wild species contain two sets of chromosomes (diploid genome), and 9 with four copies of each chromosome
(tetraploid genome) (Fornasiero et al. 2022). Rice is the daily meal of over two-thirds of the world's population,
providing about 20% of their daily calories (Salem et al. 2021). In 2024/25, almost three billion people consumed
527.05 million tonnes of rice (Statista and The Statistics Portal 2026), with Asians accounting for more than 75 percent
of the total (Ishwarya Lakshmi et al. 2019). According to the MoALD (2025), rice was cultivated on 1,420,636 ha in
Nepal in 2024/2025, with a production of 5,955,476 tonnes and a productivity of 4.19 t ha''. Rice consumption per
capita in Nepal is 138 kilograms per year, accounting for 74.5 percent of total cereal consumption (Joshi and Ali
2021).



Nepal ranks 16" in rice production and 64" in rice productivity in the world (FAOSTAT 2021) where it is grown in
three ecological regions (Terai and inner Terai- 67 to 900 meter above mean sea level (masl); mid hills-1000 to 1500
masl; and high hills-1500 to 3050 masl:- Chhumlung of Jumla valley), under two water regimes (irrigated and rainfed),
and in two topographic conditions (lowland and upland) (Malla 2008; Gauchan and Pandey 2011; Gadal et al. 2019).
O. nivara, O. rufipogan, O. granulata, and O. oficinalis are wild rice species found in Nepal (Joshi et al. 2008). Till
now, 156 rice varieties are recommended for various domains of Nepal, of which 78 are registered, and 78 are released
including two hybrid rice varieties; Hardinath Hybrid 1 and Hardinath Hybrid 3 while 30 varieties have been denotified (SQCC
2023). According to Joshi et al. (2021), National Agriculture Genetic Resources Centre (NAGRC) is preserving over
2500 rice landraces that existed in Nepal, 150 of which are aromatic. Landraces are valued genetic resources for crop
improvement due to their genetic diversity and tolerance to biotic and abiotic stresses (Kovach and McCouch, 2008;
Sang and Ge 2013). Landraces are primordial kinds that have evolved over millennia by natural and artificial selection
but without a deliberate breeding effort.

In Nepal, just 13% of the 275 crop varieties were generated solely by landrace selection, while 16% were developed
through the crossing and 71% were developed through introduction (Joshi 2017). The area covered by rice landraces
in Nepal decreased from 70% to 10% in 2017 (CDD 2017) as a result genetic base of rice is shrinking. Only 12 of the
78 released rice varieties in Nepal were produced using six native landraces. Despite our vast rice diversity, foreign
germplasm is often employed as parents in rice breeding operations, and Nepal is around 95% dependent on foreign
rice germplasm for varietal development (Joshi 2017). Characterizing a crop species diversity is an important tool for
improving it and ensuring future food security. Plant breeding activities rely heavily on germplasm agro morphological
characterization. Understanding the amount of diversity and specifying desired characters for crop improvement
programs necessitates landrace classification (Ahmed et al. 2016). Qualitative characteristics are employed as markers
in the identification of rice landraces that are less dependent on environmental responses (Singh et al. 2018). Hence,
this experiment was carried out to assess the diversity of Nepalese rice landraces based on different qualitative and
quantitative agro-morphological traits and to estimate their genetic parameters.

Materials and Methods

Forty-six landraces of rice collected from the different community seed banks (CSB) of Jhapa, Bara, Nawalpur, and
Dang along with three released varieties: Sabitri, Sunaulo Sugandha, and Lalka Basmati collected from National Rice
Research Programme, Hardinath, Dhanusha as checks were used in this study (Table 1). The experiment was
performed in the research block of the Department of Genetics and Plant Breeding, AFU, Rampur, Chitwan from June
to November 2019. The experimental site was located at 27°64'N latitude and 84°35" E longitude and at an altitude
0f 229.2 meters above sea level. The experiment was carried out in alpha lattice design with three replications, seven
blocks per replication, and seven plots on each block. Crop geometry was 20 cm between a row and 20 cm between
plants within a row.

During the experimental period, the highest amount of precipitation occurred in July (519.70 mm). Likewise, the
maximum temperature was recorded in June (36.40°C) while the minimum temperature was in November (17.36°C)
and the average relative humidity ranged from 81.41% to 92.22% recorded at National Maize Research Programme,
Chitwan (Table S1). There was separate dry nursery beds established for each genotype and the main field was applied
with well-decomposed farmyard manure (FYM) at the rate of 6 tonnes per hectare. Nitrogen (N), Phosphorous (P,0Os),
and potassium (K,0) of recommended doses (100, 50, and 50 kg ha'!, respectively) were calculated and applied to the
field. Nitrogen was applied in three equal split doses i.e. 1/3™ as a basal dose, 1/3™ at the active tillering stage (30
DAT), and 1/3" at 60 DAT. Two manual weeding and regular irrigation were done to maintain a Scm water depth up
to the grain filling stage.

Table 1 The complete list of genotypes included in the study

S.N. Accessions District S.N.  Accessions District
1 Anga Bara 26 Jaagad Bara

2 Aanp Jhutthe Jhapa 27 Jeerasari Jhapa

3 Amaghauj Bara 28 Jhorpal Basmati Jhapa
4 Aandhi Dhan Jhapa 29 Kalo Basmati Junge Jhapa

5 Bagar Anadi Jhapa 30 Kalo Nuniya 1 Jhapa

6 Baharni Bara 31 Kalo Nuniya 10 Jhapa



Bakuli Anadi Nawalpur 32 Kalo Nuniya Thulo Jhapa

8 Balamsar Bara 33 Karangi Bara

9 Bangalia Bara 34 Kariya Khera Bara
10 Basmati Kalo Tude Jhapa 35 Kasturi Bara
11 Basmati Rato Tude Jhapa 36 Lajhi Bara
12 Bhabbhi Bara 37 Lalka Basmati NRRP
13 Biramphul Jhapa 38 Lalka Jesariya Bara
14 Budhidayan 3 Bara 39 Mansara Bara
15 Chameli Nawalpur 40 Nyauri Bara
16 Champasari Jhapa 41 Parewapwankh Bara
17 Chhatraj Bara 42 Ramajwine Bara
18 Devsar Bara 43 Rango Dang
19 Dhankute Jhapa 44 Rato Basmati Sano Jhapa
20 Dhudhraj Jhapa 45 Rato Basmati Thulo Jhapa
21 Diruwa Bara 46 Sabitri NRRP
22 Gajargawl Bara 47 Sanojeera Jhapa
23 Gakhulachan Bara 48 Seto Basmati Jhapa
24 Ghyukumar Jhapa 49 Sunaulo Sugandha NRRP
25 Ghusara Bara

Note: NRRP: National Rice Research Program, Dhanusha

2.1 Observations recorded
Rice descriptor developed by Biodiversity International, IRRI, and WARDA (2007) was used to characterize the
qualitative and quantitative traits of the landraces under study.

2.2 Statistical analysis
2.2.1 Diversity index
2.2.1.1 Shannon-Weiner diversity index (H')
The Shannon-Weiner diversity index is a well-known diversity index and Shannon entropy developed by Claude E.
Shannon and Norbert Wiener in 1949 (Spellerberg and Fedor 2003). It is denoted by (H") and each morphological trait
was calculated to explain its state of diversity quantitatively by using the following formula (Hien et al. 2007):

n

H' = —Epi Inpi
i=1

pi =n/N

Where,

H’ = Standardized Shannon- Weaner index

N = total number of observations for that trait

pi = proportion of i trait

In = natural log of the number

n = frequency of a phenotypic class of that trait
The value of H’ ranges from 0 to 5, usually ranging from 1.5 to 3 where higher values indicate higher levels of
diversity of traits.

2.2.1.2 Simpson's diversity index (D)
According to Risser and Rice (1971) and Whittaker (1972), Simpson's diversity index is a measure of the dominance
or relative abundance of each of the species in a group. It is denoted by "D" and was calculated as follows given by
Simpson (1949):

nn-1)

Simpson's index (D) =3, N1

where 7 is the number of genotypes bearing a character, and N is the total number of genotypes.



The value of D ranges from 0 to 1, where 0 represents no diversity and 1, infinite diversity.

2.2.1.3 Evenness (J)

The evenness value represents equality in the distribution of qualities in the population (Magurran 2004). It is measure
of closeness in numbers of each species in a community. It is denoted by "J" and was calculated as given by Magurran
(2004).

_ Hr
In(S)

Evenness (J)

Where S is the total number of variation cases.

The value of J ranges from 0 to 1. Higher values indicate higher levels of evenness. Low J indicates few species
dominate the community (Pielou 1966).

2.2.2 Analysis of variance

For the quantitative characters, the analysis of variance (ANOVA) for alpha lattice design was performed using the F
test, and treatment means were compared by LSD test at a 5% level (Gomez and Gomez 1984). The ANOVA model
was: Yy = [+ g + 1% + by + e

Where u is the overall mean, g; is the effect of the i genotype, 7y, is the effect of the k'™ replicate, by is the effect of
the 1" block within the k' replicate and ey, the error. This model was fitted to residual maximum likelihood (ReML).

2.2.3 Genetic variability

Genetic variability parameters provide information on the degree of variation in the landraces and are therefore
important foundations for the genetic development of the trait. The degree of genetic variability influences the
planning and execution of any breeding program for quantitative trait improvement (Adhikari et al. 2018). The
variations between individuals in a population caused by genetic composition and growing environment are known as
phenotypic variability. Based on the variance component obtained from ANOVA and the significance, the genetic
parameters genotypic and phenotypic variances (VG and VP), genotypic and phenotypic coefficient of variation (GCV
and PCV), broad-sense heritability, expected genetic advance (GA) from the selection of the best 5% genotypes were
estimated.

A higher phenotypic coefficient of variance (PCV) than the genotypic coefficient of variance (GCV) indicates the
environmental influence on the expression of traits. Genotypic and phenotypic variance were obtained from the
analysis of the variance table according to Bernardo (2002).

- Genotypic mean sum of square — Error mean sum of square

r
VP = VG + (Error mean sum of square) /r
The phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were estimated according

to Sing and El-Bizri (1992).

[o2
PCV(%) = T" x 100
Where,
o3 = genotypic variance, o5 = phenotypic variance, X= mean value of the trait
PCV and GCV were categorized as 0-10%: low, >10-20%: moderate, and above 20%: high (Sivasubramanian and
Menon 1973).

2.2.4 Heritability and genetic advance

The ratio of variation resulting from genotype differences to the total phenotypic variance for a characteristic in a
population is known as its heritability, and it indicates the aspect of a character that is transmitted to progenies. Higher
heritability and remarkable genetic progress may be regarded as the most acceptable qualities for trait improvement
and selection to create stable and high-yielding early rice genotypes under rainfed conditions (Tiwari et al. 2019).
Broad sense heritability was calculated according to Falconer (1960).



Genotypic variance (o2
Heritability (h?) = P (o)

Phenotypic variance (63)
Heritability was categorized as 0-30% as low; >30-60% as moderate; >60% as high heritability (Robinson et al. 1949).

Estimated heritability along with genetic advancement is more precise in predicting the genetic gain under selection
than heritability alone. This shows that these qualities are predominantly under genetic control, and that selection for
them may be accomplished through phenotypic performance. Genetic advance as % of the mean was estimated
according to (Hanson et al. 1956). The genetic advance was calculated as per the following formula

GA =K x ’012, x h?
Where, K= Selection intensity (5%=2.06)
GA

Genetic advance as % of the mean (GAM) = — X 100%
mean value of the trait

Genetic advance ass % of mean is categorized as 0 to 10% low GAM, >10 to 20% moderate GAM, and above 20%
high GAM (Johnson et al. 1955).

2.2.5 Character association

The degree of association and link between two variables is measured by the correlation coefficient. The measure of
the correlation between multiple characters may help the plant breeder to know how the improvement of one character
will bring simultaneous changes in other characters. Pearson correlation coefficients were calculated and presented
through a heat map using the Metan package in R.

2.2.6 Multivariate analysis

2.2.6.1 Cluster analysis

Cluster analysis refers to a series of multivariate approaches whose major goal is to group genotypes based on the
characters they possess, such that genotypes with comparable descriptions are mathematically grouped into the same
cluster. Genotypes within-cluster have higher homogeneity and between clusters have higher heterogeneity. Thus, if
the categorization is effective, genotypes inside a cluster will be closed, whereas genotypes from other clusters would
be further apart and attributed to unequal adaptation to different agroecosystems. For cluster analysis. The landraces
were grouped in different clusters using the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) method.
Significant differences among genotypes for twenty-two characters justified further calculation of Euclidean
generalized distance (D?) based on average linkage method which measures the genetic divergence among the
landraces and their grouping was done by ward.D? method and clustering was performed using the cluster tree method
obtained through ggtree package in R for assessing the genetic diversity of genotypes collections in terms of attributes
considered collectively (Sneath and Sokal 1973; Worede et al. 2014).

2.2.6.2 Principal Component Analysis (PCA)

PCA is a multivariate approach for assessing correlations between several characters which are responsible for the
observed genotypic variation within a group (Sinha and Mishra, 2013). It decreases the dimensionality of multivariate
data by reducing interrelationships between variables. As variation occurs often in plants for yield and yield-related
variables, PCA identifies patterns and reduces redundancy in data sets (Maji and Shaibu 2012). The primary advantage
of PCA is that it quantifies the significance of each dimension for linking the variability of a dataset (Shoba et al.
2019). It can be used to generate a 2- or 3-dimensional scatter plot, such that the geometrical distances between
individuals in the plot represent the genetic distances between them. As observations, PCA analyzes data that consists
of numerous intercorrelated quantitative dependent variables (Mahendran et al. 2015). PCA, eigenvalues,
eigenvectors, and 2D biplots were obtained using FactoMineR and factoextra packages (Yan and Fregeau-Reid 2018;
Banyai et al. 2020).

3. Results and Discussion

3.1 Agro-morphological characterization
Polymorphism was found in all the qualitative traits with varying degrees of contribution to the phenotypic diversity
except in the shape of ligule. Descriptor states and their frequency for each 28 qualitative traits are depicted in Table



2. Agro-morphological characterization of germplasm is necessary for obtaining preliminary information during the
breeding program as it describes crop species. Qualitative traits are employed as markers in the identification of rice
landraces that are less dependent on environmental responses (Kinoshita et al. 2017). The uniqueness shown by a
specific landrace regarding this characteristic could be further utilized for candidate variety development.

Characterization of leaf characters revealed that out of 49 landraces, 31 (63.27%) landraces exhibited green color, 9
landraces (18.37%) showed purple color, 6 landraces (12.24%) had light purple, and the remaining 3 landraces (6.12%)
had purple lines. This suggests that the purple pigmentation of basal leaf sheath had been lost during evolution and
the green types evolved further. However, additional studies are required for verification (Parikh et al. 2012; Gour et
al. 2019). Based on the intensity of green color on the leaf blade, 30 landraces (61.22%) showed medium green color,
12 landraces (24.49 %) showed light green color, and 7 landraces (14.29%) showed dark green color. Anthocyanin
coloration in leaf blade was present on only 4 landraces (8.16%) but absent in the remaining (91.8%) and its
distribution was found on tips by 32 landraces (65.31%), on blotches by 9 landraces (18.37%), and on margins by 4
landraces (8.16) while none showed uniform distribution. Anthocyanin was absent in 36 landraces (73.47%) while
only 9 landraces (18.37%) showed the weak intensity of anthocyanin and 4 showed medium landraces (8.16%).
Anthocyanin, a group of glycosylated flavonoids, accumulates in plant tissues or organs in rice which produces diverse
color ranges from red to purple phenotypes (Chaves-Silva et al. 2018). These are induced under various biotic and
abiotic stresses as cell stress coping mechanisms. These pigments help reduce and mitigate photo-oxidative stress like
high light and low temperatures and are also responsible for the modulation of hormonal response (Chin et al. 2016;
Gould et al. 2018).

The pubescent leaf blade is the dominant type shown by 39 landraces (79.60%) whereas 5 landraces (10.20%) showed
intermediate type and the remaining 5 landraces (10.20%) showed glabrous type of leaf blade. Similarly, 21 landraces
(42.86%) showed drooping leaf blade attitude, 15 landraces (30.61%) showed horizontal leaf blade attitude and 13
landraces (26.53%) showed erect leaf blade attitude. Pubescence or trichomes on the leaf surface contribute to
photosynthesis and are involved in transpiration, respiration & protection from pest attacks (Hu et al. 2013; Sharmitha
et al. 2019).

Auricle color was absent in 13 landraces (26.53%), 21 landraces (42.86%) showed whitish auricle color, 5 landraces
(10.2%) showed yellowish-green auricle color, 3 landraces (6.12%) showed purple lines, 5 landraces (10.2%) showed
light purple color, and 2 landraces (4.08%) purple. Likewise, 26 landraces (53.07%) showed light green collar color,
18 landraces (36.73%) showed green-collar color, and the remaining 5 landraces (10.2%) showed purple collar color.
No variation was found for the shape of ligule as all the landraces showed the two-cleft shape of ligule and color of
ligule showed low variability as 32 landraces (65.3%) showed whitish ligule, 8 landraces (16.33%) showed light
purple ligule, 5 landraces (10.2%) showed purple lines, 4 landraces (8.16%) showed the purple color and none showed
yellowish green color of ligule. A ligule is whitish thin and tongue-like membrane that binds leaf sheath tightly against
auricles to prevent rainwater or dust from entering (Lee et al. 2007).

The angle of the flag leaf is a crucial growth characteristic in which maximal photosynthesis occurs and provides a
majority of carbohydrates needed for grain filling (Acevedo-Siaca et al. 2021). This may be related to increased light
penetration in the crop canopy as a result of upright leaf growth (Zaman et al. 2005). Twenty-two landraces (44.9%)
had erect flag leaf attitude, 10 landraces (20.41%) each had semi-erect and intermediate flag leaf attitude, 6 landraces
(12.2%) had horizontal, and only one (2.04%) showed drooping flag leaf. The intermediate type was the dominant
attitude of flag leaf blade during the reproductive stages showing 25 landraces (51.02%).

Sixteen landraces (32.65%) showed intermediate culm habit, 15 landraces (30.62%) showed spreading culm habit, 13
landraces (26.53%) showed open culm habit, and 5 landraces (10.2%) showed erect culm habit. Culm habits are crucial
as they determine light interception and self-shading effect during the active tillering and flowering stage (Tafere and
Irie 2019). Similarly, 16 landraces (32.65%) showed very weak culm lodging resistance, while 11 landraces (22.45%)
showed strong, 10 landraces (20.41%) showed intermediate, 7 landraces (14.29%) showed weak and 5 landraces
(10.2%) showed very strong culm lodging resistance. About 20-40% of grain carbohydrate accumulation is attributed
to culm carbohydrates (Zhang et al. 2017). Generally, landraces with long culms are susceptible to lodging also due
to low densities of cellulose and lignin in the culm cell wall. This makes harvesting difficult and seeds soaked in water
germinate viviparous (Nomura et al. 2021). Anthocyanin coloration of nodes was absent in the majority of landraces
(75.52%) while green (59.18%) was the dominant underlying node color in culm. Likewise, internode anthocyanin of
culm was absent in the majority (61.22%) of landraces while 16 landraces (32.65%) showed purple lines, 2 landraces
(4.08%) showed purple, and only one (2.04%) showed light gold coloration of culm internode. For underlying culm



internode anthocyanin coloration, 21 landraces showed no coloration, 16 landraces (32.65%) showed light gold color
and 12 landraces (24.49%) showed green color. Similar results were found by Sharma et al. (2020) for these culm-
related traits.

Awns were present in only 29 landraces while the remaining were awnless. They were present in tips only in 17
landraces (34.69%), on the upper half only in 10 landraces (20.41%), and along the whole length in 2 landraces
(4.08%). Awn color was white in 11 landraces (22.45%), purple in 7 landraces (14.29), straw in 6 landraces (12.24%),
red in 4 landraces (8.16%), and brown in only one landrace (2.04%). Awns in wild rice help with seed dissemination
and protection from animals and also have physiological and biological buffers to help plants adjust to the environment
(Gour et al. 2019). However, they are considered unfavorable during seed storage and processing and were partially
or eliminated through artificial selection during domestication (Qin et al. 2021).

Lemma and palea color showed high variability among the landraces. Eleven landraces (22.45%) showed green lemma
and palea color, while purple spots, purple furrows, and brown furrows coloration were shown by 6 landraces (12.24%)
each, 5 landraces (10.2%) showed purple color, 4 landraces (8.16%) showed reddish lemma and palea color. Golden
furrow, yellowish-green, white, purple furrow on the green, and purple shades of lemma and palea were shown by 2
landraces (4.08%) each and the remaining one landrace with brown tawny lemma and palea color. The green color
was the dominant color of the apiculus of the lemma whereas 7 landraces (14.29%) showed brown tawny color, 4
landraces (8.16%) each showed purple and purple apex color, 3 landraces (6.12%) showed red color, 2 landraces
(4.08%) showed straw color and only one showed the white color of apiculus. The color of the lemma and palea
determines the color of the seed (Hidayatun et al. 2020). The coloration of flowering structures: lemma, palea, and
apiculus attracts insects and animals and helps in pollination and seed dispersal (Chin et al. 2016).

Panicle exsertion showed 55.1% well exserted, 20.41% well exserted, 14.29% exserted, and 10.2% partly exserted
panicle. Secondary branching of panicle showed 38.78% dense, 30.61% sparse, and 24.49% clustering and was absent
in 6.12% of collected landraces. The attitude of the main axis of the panicle showed 53.06% drooping, 32.65% slightly
drooping, 10.2% semi-upright, and 4.08 % upright attitude of the main axis among the landraces. The attitude of
branches of the panicle showed 55.10 % drooping, 32.65% horizontal, and 12.24% semi-erect attitude. In addition to
controlling the effectiveness of water and nutrient transmission from leaves and stems to grains, panicle exertion aids
in the regulation of the panicle enclosure in rice. When panicles are enclosed, the yield is significantly decreased,
particularly in hybrid rice varieties (Zhan et al. 2019). Usually, erect panicle types with more branches and spikelets
are preferred during selection than the spreading types and, thus, easy harvesting and higher grain number per panicle
(Khush 2000; Kumawat 2022).

Among the landraces, 36.73% showed medium slender, 32.65% medium bold, 14.29% long slender, 10.2% short
slender, 4.08% short bold, and 2.04 % long bold grain shape. Similarly, observation on decorticated grain color
revealed that white is the dominant (46.94%) color among the landraces with 18.37 % red, 16.33% light brown, 8.16%
light red, 6.12% dark red, and 4.08% greenish-white color. These traits are important and optimal characteristics and
determine the consumer preference and commercial success of variety. Different grain shapes are preferred by people
from different regions (Huang et al. 2013). The pericarp of rice grains accrues different phenolic compounds which
gives it a different color (Walter et al. 2013). Accumulation of proanthocyanidin produces “red rice” and anthocyanin
produces “black rice” (Maeda et al. 2014). These compounds have antioxidant activity and health benefits too (Hou
et al. 2010).

Table 2 Frequency distribution of different qualitative characters observed in 49 rice genotypes

Qualitative characters Descriptor's states Frequency | Proportion (%) I
Basal leaf sheath color 1. Green 31 63.27
2. Light purple 6 12.24
3. Purple 9 18.37
4. Purple lines 3 6.12
Leaf blade (Green color) 1. Dark 7 14.29
2. Light 12 24.49
3. Medium 30 61.22
Leaf blade (Anthocyanin coloration) 1. Absent 45 91.8
2. Present 4 8.16
Leaf blade (Distribution of anthocyanin) 1. Absent 4 8.16
2. Blotches only 9 18.37




Qualitative characters Descriptor's states Frequency | Proportion (%)
3. Margins only 4 8.16
4. Tips Only 32 65.31
5. Uniform 0 0.0
Leaf sheath (Anthocyanin) 1. Absent 36 73.47
2. Medium 4 8.16
3. Weak 9 18.37
4. Strong 0 0.0
Leaf blade (Pubescence) 1. Glabrous 5 10.20
2. Intermediate 5 10.20
3. Pubescent 39 79.60
Leaf blade attitude 1. Drooping 21 42.86
2. Erect 13 26.53
3. Horizontal 15 30.61
Auricle color 1. Absent 13 26.53
2. Light Purple 5 10.20
3. Whitish 21 42.86
4. Yellowish green 5 10.20
5. Purple 2 4.08
6. Purple Lines 3 6.12
Collar color 1. Green 18 36.73
2. Light green 26 53.07
3. Purple 5 10.2
4. Absent 0 0.0
Shape of ligule 1. Two-clefted 49 100.0
2. Absent 0 0.0
3.Truncate 0 0.0
4. Acute 0 0.0
Color of ligule 1. Light purple 8 16.33
2. Purple 4 8.16
3. Purple lines 5 10.2
4. Whitish 32 65.31
5.Yellowish Green 0 0.0
6. Absent 0 0.0
Flag leaf (Attitude of blade) 1. Drooping 1 2.04
2. Erect 22 44.9
3. Horizontal 6 12.24
4. Intermediate 10 20.41
5. Semi-erect 10 20.41
Culm habit (Angle) 1. Erect 5 10.2
2. Intermediate 16 32.65
3. Open 13 26.53
4. Semi-erect 0 0.00
5. Spreading 15 30.62
Awns (Colors of awns) 1. Absent 20 40.82
2. Brown 1 2.04
3. Purple 7 14.29
4. Red 4 8.16
5. Straw 6 12.24
6. White 11 22.45
7. Gold 0 0.0
8. Light Green 0 0.0
9. Black 0 0.0




Qualitative characters Descriptor's states Frequency | Proportion (%)
Awns (Distribution of awns) 1. Absent 20 40.82
2. Tips only 17 34.69
3. Whole length 2 4.08
4. Upper Quarter Only 0 0
5. Upper Half Only 10 20.41
6. Upper Three Quarters 0 0.0
Lemma (Color of Apiculus) 1. Brown tawny 7 14.29
2. Green 28 57.14
3. Purple 4 8.16
4. Purple apex 4 8.16
5. Red 3 6.12
6. Straw 2 4.08
7. White 1 2.04
8. Red apex 0 0
9. Black 0 0
Lemma and Palea color 1. Brown furrows 6 12.24
2. Brown tawny 1 2.04
3. Gold furrows 2 4.08
4. Green 11 22.45
5. Purple 5 10.2
6. Purple furrows 6 12.24
7. Purple spots 6 12.24
8. Reddish 4 8.16
9.Yellowish green 2 4.08
10.White 2 4.08
11. Green striped white 0 0.0
12. Blackish brown 0 0.0
13. Black 0 0.0
14. Purple shade 2 4.08
15. Purple furrows on 2 4.08
green
Flag leaf (Attitude of blade) (Late) 1. Descending 6 12.24
2. Drooping 10 20.41
3. Erect 5 10.20
4. Horizontal 3 6.12
5. Intermediate 25 51.02
Culm (Anthocyanin coloration of nodes) 1. Absent 37 75.52
2.Light purple 4 8.16
3.Purple 5 10.20
4.Purple lines 3 6.12
Culm (underlying node color) 1.Absent 14 28.57
2.Green 29 59.18
3.Light gold 6 12.24
Culm (Internode anthocyanin) 1. Purple lines 16 32.65
2.Absent 30 61.22
3.Purple 2 4.08
4. Light gold 1 2.04
Culm (Underlying internode coloration) 1. Green 12 24.49
2. Light gold 16 32.65
3. Absent 21 42.85
Culm lodging tolerance 1. Intermediate 10 20.41
2. Strong 11 22.45
3. Very strong 5 10.2




Qualitative characters Descriptor's states Frequency | Proportion (%)
4. Very weak 16 32.65
5. Weak 7 14.29
Panicle (Attitude of main axis) 1. Semi-upright 5 10.2
2. Slightly drooping 16 32.65
3. Drooping 26 53.06
4. Upright 2 4.08
Panicle (Attitude of branches) 1. Semi-erect 6 12.24
2. Drooping 27 55.1
3. Horizontal 16 32.65
Panicle (Exsertion) 1. Exserted 7 14.29
2. Moderately Well 10 20.41
Exserted
3. Well Exserted 27 55.1
4. Partly Exserted 5 10.2
Panicle (Secondary branching) 1. Dense 19 38.78
2. Sparse 15 30.61
3. Absent 3 6.12
4. Clustering 12 24.49
Shape of grain 1. Medium bold 16 32.65
2. Medium slender 18 36.73
3. Long slender 7 14.29
4. Short slender 5 10.2
5. Short bold 2 4.08
6. Long bold 1 2.04
Decorticated grain color 1. White 23 46.94
2. Red 9 18.37
3. Light brown 8 16.33
4. Light red 4 8.16
5. Dark red 3 6.12
6. Greenish white 2 4.08

3.2 Assessment of diversity indices

Shannon Weiner Diversity Index (H’), shown in Table 3 ranged from 0.41 to 3.28 inferring tremendous diversity in
the collections for the qualitative characters among the 49 landraces used in the experiment. The highest value of H'
was inferred for the color of lemma and palea (3.28) followed by culm lodging resistance (2.21), and auricle color
(2.12) which indicates that the landraces were most diversified in these traits. However, relatively lower values of H’
were found for leaf blade anthocyanin (0.41), followed by leaf blade pubescence (0.92) and leaf sheath anthocyanin
(1.06) indicating that these traits were least diverse among the experimented landraces (Joshi 2021). Two-cleft ligule
was observed in all genotypes and the value of (H") was found to be zero with no diversity at all.

Simpson's diversity index (D), presented in Table 3 ranged from 0.10 to 0.85. The lowest index (D = 0.10) for lemma
and palea color indicates that there was the minimum abundance of a single type of lemma and palea coloration among
the genotypes used while the trait with the highest index (D = 0.85) was shown by anthocyanin coloration of leaf blade
inferring that dominance of trait absence of anthocyanin coloration was observed in forty-five genotypes among forty-
nine genotypes. The common or dominant traits are given more weightage than the rare traits (Fakhar Izadi and
Keshtkar 2020).

Along with this, the estimation of evenness, explained in Table 3 revealed that leaf blade attitude was most even with
value (J=0.98) since attitude drooping, erect and horizontal were equally distributed among the landraces used in the
experiment, followed by underlying internode coloration of culm (J=0.97), and culm lodging resistance (J=0.95). The
most uneven traits was the anthocyanin coloration of the leaf blade (/=0.41) followed by the color of the ligule
(J=0.56). The value of evenness describes the equality in the distribution of the traits in the population (Poudel et al.
2020).



Table 3 Diversity indices of qualitative characters of rice landraces

Character Shannon-Weiner index (H')  Simpson's index (D)  Evenness (J)
Basal leaf sheath color 1.48 0.44 0.74
Leaf blade (Green color) 1.33 0.44 0.84
Leaf blade (Anthocyanin coloration) 0.41 0.85 0.41
Leaf blade (Distribution of anthocyanin) 1.44 0.46 0.62
Leaf sheath (Anthocyanin) 1.06 0.57 0.53
Leaf blade (Pubescence) 0.92 0.65 0.58
Leaf blade attitude 1.55 0.33 0.98
Auricle color 2.12 0.26 0.82
Collar color 1.34 0.41 0.67
Shape of ligule 0.00 1.00 0
Color of ligule 1.45 0.46 0.56
Flag leaf (Attitude of blade) 1.63 0.29 0.7
Culm habit (Angle) 1.88 0.27 0.81
Awns (Colors of awns) 2.19 0.24 0.69
Awns (Distribution of awns) 1.71 0.32 0.66
Lemma (Color of Apiculus) 1.87 0.35 0.59
Lemma and Palea color 3.28 0.10 0.84
Flag leaf (Attitude of blade) (Late) 1.90 0.32 0.82
Culm (Anthocyanin coloration of nodes) 1.18 0.58 0.59
Culm (underlying node color) 1.33 0.44 0.84
Culm (Internode anthocyanin) 1.26 0.47 0.63
Culm (Underlying internode coloration) 1.54 0.34 0.97
Culm lodging tolerance 2.21 0.21 0.95
Panicle (Attitude of the main axis) 1.52 0.39 0.76
Panicle (Attitude of branches) 1.36 0.41 0.86
Panicle (Exsertion) 1.66 0.36 0.83
Panicle (Secondary branching) 1.78 0.29 0.89
Shape of grain 2.09 0.26 0.81
Decorticated grain color 2.11 0.28 0.81

3.3 Analysis of variance
The mean squares for yield and yield component characters of forty-nine rice genotypes, which showed highly
significant differences in all studied characters (Table S2) pointed out that there is an existence of variation in the
landraces studied and there is ample scope for the selection of these characters for rice improvement (Bitew 2016).

Table 4 Variability in 22 quantitative characters of 49 rice genotypes

Range CV (%)
Characters Minimom  Maximom Mean PCV GOV hy? GA GAM
PLL 40.39 60.59 50.06 £ 0.46 9.64 8.84 0.84 8.37 16.72
PLW 0.75 1.46 1.08 £0.02 17.35 15.95 0.85 0.32 30.21
LL 0.97 2.65 1.78 £ 0.03 21.85 21.23 0.94 0.76 42.50
FLL 22.95 48.28 32.07+0.49 16.67 15.60 0.88 9.65 30.09
FLW 0.87 2.03 1.32+0.02 19.26 18.48 0.92 0.48 36.51
NTI 9.65 24.77 16.94 +0.33 19.09 17.03 0.80 5.30 31.31
CD 4.28 7.82 6.18 £0.06 11.68 11.46 0.96 1.43 23.18
DFF 84.02 131.25 117.78 £ 0.78 7.99 7.95 0.99 19.19 16.30
ET 8.63 16.46 11.49 £0.22 16.61 14.81 0.79 3.12 27.19
DTM 111.65 164.01 147.94 +1.00 8.07 8.05 0.99 24.44 16.52
PH 105.4 192.26 144.86 £ 1.76 14.60 14.48 0.98 42.87 29.60
PL 20.12 30.08 2536+ 0.23 7.99 6.17 0.59 2.49 9.83
GL 4.54 8.63 7.48 £0.08 12.42 12.31 0.98 1.88 25.11
GW 1.04 3.19 1.99+0.05 28.22 27.67 0.96 1.11 55.87

GLWR 2.49 6.92 4.03 £0.08 25.25 24.62 0.95 1.99 49.46



GPP 93.06 224.56 141.72 £2.67 20.29 18.80 0.86 50.84 35.87

UGPP 8.43 58.53 21.53 £0.96 44.27 39.43 0.79 15.58 72.33
STR 7.32 29.81 15.38 £ 0.58 34.78 27.94 0.65 7.11 46.25
TGW 10.34 32.27 21.69 £ 0.40 21.98 21.83 0.99 9.69 44.67
SY 3613.09 11108.04  7790.72 £200.26  27.08 24.93 0.85 3684.22  47.29
GY 763.7 4036.06 2263.30 + 88.68 44.73 43.38 0.94 1961.75  86.68
HI 0.08 0.45 0.22+ 0.007 37.23 35.40 0.90 0.16 69.32

PLL= penultimate leaf length (cm), PLW= leaf width of blade (cm), LL= length of ligule (cm), FLL= flag leaf length
(cm), FLW= flag leaf width (cm), NTI = number of tillers per plant, CD = culm diameter (mm), DFF= days of fifty
percent flowering, ET = number of effective tillers, DTM = days to maturity, PH = plant height (cm), PL = panicle
length (cm), GL = grain length (mm), GW = grain width (mm), GLWR = grain length width ratio, GPP = number of
grains per panicle, UGPP= number of unfilled grains per panicle, STR % = sterility percentage, TGW= thousand grain
weight (gm), SY= straw yield (kg. ha-1), GY= grain yield (kg. ha-1), HI = Harvest index, GCV= genotypic coefficient
of variation, PCV= phenotypic coefficient of variation, h b2 = broad sense heritability, GA= genetic advance, GAM=
genetic advance as percent of mean.

3.4 Estimate of genetic parameters

3.4.1 Phenotypic and genotypic coefficient of variation (PCV and GCV)

PCV and GCV values for quantitative characters are depicted in Table 4. Higher estimates of PCV and GCV were
observed for length of ligule (21.85% and 21.23%), grain width (28.22% and 27.67%), grain length-width ratio
(25.25% and 24.62%), sterility percentage (34.78% and 27.94%), thousand-grain weight (21.98% and 21.83%), straw
yield (27.08% and 24.93%), grain yield (44.73% and 43.38%) and harvest index (37.23% and 35.40%) respectively
which indicates the existence of wide genetic base among these landraces and possibility of genetic improvement
through direct selection for these characters (Parikh et al. 2012). Moderate PCV was observed for penultimate leaf
width (17.35%), flag leaf length (16.67%), flag leaf width (19.26%), numbers of tillers per plant (19.09%), culm
diameter (11.68%), effective tillers per plant (16.61%), plant height (14.60%), and grain length (12.42%); however,
penultimate leaf length (9.64%), days to 50% flowering (7.99%), days to maturity (8.07%), and panicle length (7.99%)
display low (<10%) PCV value. Characters with moderate (>10%) GCV values were width of penultimate leaf
(15.95%), flag leaf length (15.60%), flag leaf width (18.48%), culm diameter (11.46%), total tillers per plant (17.03%),
effective tillers/plant (14.81%), plant height (14.48%), grain length (12.31%) and total grain per panicle (18.80).
However, the length of the penultimate leaf (8.84%), days to 50% flowering (7.95%), days to maturity (8.05%), and
panicle length (6.17%) display low (<10%) GCV value. PCV and GCV recorded moderate values for penultimate leaf
width, flag leaf length, flag leaf width, number of tillers per plant, effective tillers per plant, culm diameter, plant
height, and grain length. Similarly, lower estimates of PCV and GCV were observed in penultimate leaf length, days
of flowering, days to maturity, and panicle length. The magnitude of PCV, in general, was found to be higher than
GCYV for all the characters studied which might be attributable to a higher degree of genotype-environment interaction
but there were only slight differences indicating that these characters were less influenced by environment, genotype
had a larger role in trait expression, and might contribute to high heritability (Immanuel et al. 2011).

3.4.2 Broad sense heritability (h’) and genetic advance (GA)

Higher heritability (>60%) was shown by penultimate leaf length (84.22%), penultimate leaf width (84.54%), ligule
length (94.44%), flag leaf length (87.65%), flag leaf width (92.01%), number of tillers per plant (79.63%), culm
diameter (96.35%), days to fifty percent flowering (98.96%), numbers of productive tillers per plant (79.48%), days
to maturity (99.36%), plant height (98.39%), grain length (98.13%), grain width (96.11%), grain length-width ratio
(95.09%), total grains per panicle (85.82%), unfilled grains per panicle (79.31%), sterility percentage (64.55%),
thousand-grain weight (98.64%), straw yield (84.79%), grain yield (94.08%), and harvest index (90.37%). Moderate
heritability was observed for panicle length (59.77%). All the characters studied exhibited high heritability in a broad
sense except panicle length and it indicates that the environment had less influenced the landraces in expression of
phenotype (Visscher et al. 2008).

High GAM was observed in penultimate leaf width (30.21%), ligule length (42.50%), flag leaf length (30.09%), flag
leaf width (36.51%), total no of tillers per plant (31.31%) culm diameter (23.18%), productive tillers per plant
(27.19%), plant height (29.60%). grain length (25.11%), grain width (55.87%), grain length-width ratio (49.46%),
total grain per panicle (35.87%), unfilled grains/panicle (72.33%), sterility percentage (46.25%), thousand-grain
weight (44.67%), straw yield (55.13%), grain yield (86.68%) and harvest index (69.32%). Moderate GAM was
observed in characters; penultimate leaf length (16.72%), days to 50% flowering (16.30%), and days to maturity



(16.52%). Low GAM was observed in trait for panicle length (9.83%). High heritability and high genetic advance as
a percent of the mean found in some characters indicate the lesser influence of environment and a preponderance of
additive gene action for the expression (Immanuel et al. 2011). They can be improved by mass selection and other
breeding methods based on progeny testing. If a character is governed by additive gene action, high heritability along
with high genetic advance as a percent of the mean (above 20%) provide good scope for further improvement
(Govindaraj et al. 2011). The value with high heritability with moderate genetic advance was also recorded in some
of the traits like penultimate leaf length, days to flowering, and days to maturity suggesting control of expression by
both additive and non-additive gene action in the development of earlier features, heterosis breeding can be useful
(Kumar et al. 2013).

3.5 Correlation of yield and attributing characters

Character association derived from a correlation coefficient forms the basis for selecting the desirable plant, aiding in
the evaluation of the relative influence of various component characters on grain yield (Akter et al. 2018). The
phenotypic correlation coefficient between yield and various yield-attributing traits is presented in Figure 1. The
positive and highly significant correlation between grain yield and penultimate leaf width (r=0.43**%*), flag leaf width
(r=0.36**%*), effective tillers per plant (r=0.29**%*), grain length (r= 0.47***), grain width (r=0.40**%*), thousand-grain
weight (r=0.54**%)_ straw yield (r=0.31***), and harvest index (r=0.77**%*) thereby indicating that it is possible to
improve grain yield by genetic improvement of all these characteristics (Padmaja et al. 2011; Reddy et al. 2013).
Positive and non-significant correlation of grain yield was observed with penultimate leaf length, flag leaf length, days
to maturity, culm diameter, plant height, and grain per panicle. However, grain yield showed a negative and highly
significant correlation with the number of unfilled grains per panicle (r=-0.24***) and sterility percent (r=-0.31**%*),
Days to maturity showed a positive and highly significant correlation with days to flowering (r=0.89***) and culm
diameter (r=0.22**), which showed a positive and significant correlation with effective tillers per plant (r=0.18%).
While days to flowering showed a negative and highly significant correlation with flag leaf length (r=-0.34%**). A
highly significant positive correlation was seen between thousand-grain weight and penultimate leaf width
(r=0.44***)_flag leaf width (1=0.42**%), grain length (r=0.55**%*), and grain width (r=0.54**). While it was highly
significant and negatively correlated with grain length: width ratio (r=-0.32***), grain per panicle (r=-0.24**), unfilled
grain per panicle (r=-0.34***)_ and sterility percent (r=-0.23**). Straw yield showed positive and highly significant
correlation with penultimate leaf length (r=0.29**%*), penultimate leaf width (r=0.31***), flag leaf width (r=0.22%%),
plant height (0.42***), culm diameter (r=0.28***), grain length (r=0.21**), and grain width (r=0.42***) and negative
and highly significant correlation with grain length-width ratio (r=-0.37***). A positive and highly significant
correlation was seen between plant height and clum diameter (r=0.37***), and penultimate leaf width (r=0.23**). On
the other side, plant height showed a weak positive correlation with panicle length, grains per panicle, straw yield, and
days to maturity. Overall correlation results between yield and yield attributing traits indicated that selection directed
towards favoring higher panicle number per plant, effective tillers per square meter, test weight and straw weight, and
medium plant height with moderate grain number and optimum days to flowering would be effective to achieve higher
grain yield (Kalyan et al. 2017).
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Fig. 1 Pearson correlation (r) of yield and attributing characters of rice landraces tested at Rampur, Chitwan, 2019
Negative correlations are in blue, positive correlations are in red. R-value is marked* = Significant at 5%, ** =
Significant at 1% probability level and *** =Significant at 0.1% probability level, PLL= penultimate leaf length (cm),
PLW= leaf width of blade (cm), FLL= flag leaf length (cm), FLW= flag leaf width (cm), CD = culm diameter (mm),
DFF= days to fifty percent flowering, ET = number of effective tillers, DTM = days to maturity, PH = plant height
(cm), PL= panicle length (cm), GL= grain length (cm), GW = grain width (cm), GPP= number of grains per panicle,
UGPP= number of unfilled grains per panicle, SY= straw yield (kg. ha-1), TGW= thousand grain weight (gm), GY=
grain yield (kg. ha-1)

3.6 Multivariate analysis

3.6.1 Cluster analysis

3.6..1.1 Clustering of genotypes

The forty-nine rice landraces were grouped into eight clusters representing the existence of considerable genetic
diversity among them (Umarani 2014; Shoba et al. 2019). The percentage of representation and related traits among
the twenty-two quantitative traits observed are listed in Table 5.
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Fig. 2 Clustering of rice landraces grown at the research farm, AFU, Rampur, Chitwan, 2019

Cluster I included, ten genotypes, were grouped (Figure 2), which represent 20.42% of the total genotypes and have
lower culm diameter. Cluster 11 was the largest cluster, which included sixteen genotypes representing 32.64% of the
total genotypes with the lower number of grains per panicle. Cluster III which consisted of four landraces represented
8.16% of the total. It had been observed that penultimate leaf length, penultimate leaf width, flag leaf width, culm
diameter, plant height, grain width, thousand-grain weight, and straw yield were found higher in this cluster. Likewise,
in cluster IV, ten landraces were grouped, which represent 20.42% of the total genotypes. In cluster V, three landraces
were grouped, which represent 6.12% of the total genotypes. Late days to flowering and maturity, the number of grains
per panicle, and unfilled grains per panicle were found higher after cluster VII. Likewise, in clusters VI, VII, and VIII,
two genotypes were grouped, which represent 4.08% of the total genotypes. These cluster genotypes have higher flag
leaf length, the number of tillers per plant, and lower ligule length and panicle length with earlier days to flowering
and maturity. In cluster VII genotypes characterized with higher ligule length, the number of grains per panicle, no of
unfilled grains per panicle, and sterility percentage whereas lower penultimate leaf width, flag leaf width, no of
effective tillers per plant, thousand-grain weight, grain yield, harvest index. Genotypes in cluster VIII were
characterized by higher- panicle length, grain length, grain yield, harvest index, and lower- penultimate leaf length,
flag leaf length, plant height, grain length-width ratio, straw yield, and sterility percentage.

Table 5 Clustering of rice genotypes used

Cluster  Genotypes Distinct characters Number of Percentage of
No. Genotypes  Representation
I Anga, Amaghauj, Lower- culm diameter 10 20.42

Budhidayan- 3, Chameli,
Chhatraj, Dhankute, Diruwa,
Jagad, Kariya Khera, Rango



II

III

v

VI

VII

VIII

Aanp Jhutthe,  Bagar
Anadi, Baharni, Bakuli
Anadi, Basmati Kalo Tude,
Basmati Rato Tude,
Ghiyukumar, Kalo Basmati
Junge, Kalo Nuniya-1, Kalo
Nuniya-10, Kalo
NuniyaThulo,  Kasturi,
Lalka Basmati, Rato Basmati
Sano, Rato Basmati Thulo,
Seto Basmati

Aandhi Dhan, Bangaliya,
Bhabbhi, Parewapwankh

Balamsar, Champasari,
Devsaar, Dudhraj,
Gakhulachan, Ghusara,
Jhorpal Basmati, Lajhi, Lalka
Jesariya, Mansara
Biramphul, Nyauri,
Sanojeera

Gajargaul, Karangi

Jeerasari, Ramajwine,

Sabitri, Sunaulo Sugandha

Lower- number of grains per
panicle

Higher- penultimate leaf length,
penultimate leaf width, flag leaf
width, culm diameter, plant height,
grain width, thousand-grain weight,
straw yield

Higher- Straw yield after cluster III

Higher-No of grains per panicle,
unfilled grains per panicle

Late days to flowering and maturity
Higher-Flag leaf length, number of
tiller per plant

Lower-Ligule length, panicle length
Earlier days to flowering and
maturity, no of unfilled grains per
panicle

Higher-Ligule length, number of
grains per panicle, no of unfilled
grains per panicle, sterility
percentage,

Lower- penultimate leaf width, flag
leaf width, no of effective tillers per
plant, thousand-grain weight, grain
yield, harvest index

Higher- panicle length, grain length,
grain yield, harvest index

Lower- penultimate leaf length, flag
leaf length, plant height, grain
length-width ratio, straw yield,
sterility %

16

10

32.64

8.16

20.42

6.12

4.08

4.08

4.08

Targeted traits of different geotypes from different clusters should be carefully combined through hybridization to
develop a desirable variety (Baloch et al. 2016; Bose and Pradhan 2005). No cluster showed the landraces collected
from a single location indicating no role of ecological distribution on genetic divergence. The possible reason for this
could be a free exchange of landraces among the farmers, unidirectional selection of the landraces by the farmers, and
also the sites of collection of the landraces used in this research were very near and of similar geography (Bhati et al.

2015).

3.6.1.2 Estimation of intra and inter-cluster square distances (D?)



The estimation of intra and inter-cluster square distances (D?) distance between clusters was determined using the
Euclidean distance and is presented in Table 6. The highest inter-cluster distance was exhibited by clusters IV and
VIII (D?= 5165.73) followed by clusters III and VIII (D?>= 5156.91) and clusters VI and VIII (D= 4527.63), which
implied these clusters were genetically more divergent from each other than any other pairs of the cluster. The smallest
inter-cluster distance was observed between Cluster III and IV (D? = 1569.81) succeeded by Cluster I and III (D*=
1988.19). The genotypes belonging to these clusters were relatively close to each other, in comparison to genotypes
grouped in other clusters. The intra-cluster distance (D?) was maximum in cluster VI (D*=3634.47) followed by cluster
V (D?=2932.76). The cluster with the maximum number of landraces (cluster 1I) showed an intracluster distance
(D*=2477.88). The minimum intracluster distance was obtained in cluster VIII (D?*=205.42).

Table 6 Intracluster (diagonal) and intercluster distance among 8 clusters of 49 rice genotypes

I II 111 1\ \Y VI VII VIII
I 2344.13
II 3295.61 2477.88

I 1988.19 3759.13 1440.65

v 2258.09 3427.54 1569.81 1687.33

\'% 3650.28 2313.32 4255.13 3880.05 2932.76

VI 2680.75 2820.93 2445.16 2184.82 3018.00 3634.47

VII 3023.60 2073.41 3208.11 2716.18 2067.52 2023.96 1754.95

VIII  3854.53 3300.77 5156.91 5165.73 3317.05 4527.63 3975.25 205.42

The presence of wide genetic diversity among the genotypes present within cluster VI is indicated by the highest intra-
cluster distance, whereas the maximum inter-cluster distance was observed between clusters IV and VIII, indicating
that there is wide genetic diversity between these clusters and crosses can be made between the genotypes of these
clusters to obtain desirable transgressive segregants (Mukul et al. 2019). It is suggested to cross genotypes from
clusters IV and VIII to get genotypes/varieties with high grain yield and early maturing genotypes. In hybridization
programs, parental lines must be selected from the clusters that are at the highest genetic divergence because divergent
parents are expected to produce wide variability and transgressive segregations with high heterotic effects (Qamar et
al. 2012; Chandra et al. 2007). The landraces belonging to diverse clusters and showing high mean performance in
desirable directions for different traits can be used as parents in the breeding program (Chakma et al. 2012). Genetic
gains in yield or any characters can be exploited by recombining the elite germplasm followed by selection (Paudel et
al. 2017). Thus, landraces with high performance from clusters IV and VIII can be used in the hybridization program
as a parent line due to greater intercluster distance. Crossing genotypes belonging to the same cluster do not yield
superior hybrids or segregates they might not give a higher heterotic value in F1 and a narrow range of variability in
segregating the F2 population. Such analysis was meant to avoid the selection of parents from genetically
homogeneous clusters to maintain a relatively broad genetic base.

The mean value of genotypes in each cluster was computed and cluster means are presented in Table 7. With the
highest and the lowest cluster means values (bold) for respective traits. Such as the highest cluster mean for grain
yield was observed in cluster VIII (3731.98) and lowest in cluster VII (1021.86). From the cluster analysis, it was
clear that the landraces used in the study have highly diverged in the mean values of agro-morphological characters
across the clusters. The promising landraces from these clusters with high mean values for different characters may
be used as parents in hybridization, depending upon the objective of breeding programs to improve certain traits (Singh
etal. 2021).

Table 7. The centroid of clustering of 22 variables measured in 49 rice genotypes

Cluster I 11 111 v A\ VI VII VIII Grand
Centroid

Variables

PLL 52.74 48.94 52.96 50.19 50.62 51.11 46.37 41.00 50.06
PLW 1.13 0.94 1.34 1.12 1.14 1.15 0.86 1.14 1.07
LLL 1.60 1.64 2.04 2.16 1.63 1.29 2.31 1.56 1.78
FLL 32.53 31.16 30.62 33.15 29.79 43.26 29.84 29.13 32.07
FLW 1.46 1.19 1.64 1.33 1.40 1.28 0.98 1.19 1.32

NTI 18.93 15.97 14.29 18.18 15.48 21.81 12.98 15.16 16.94



CD 5.61 6.01 7.26 6.55 6.52 5.73 6.28 6.36 6.18

DFF 118.37 120.76  120.85 12047 121.68 87.69 101.11  112.18 117.78
ET 13.15 10.86 10.58 12.23 11.43 9.60 9.40 10.33 11.49
DTM 147.78  151.23 15374 149.70 155.64 111.87 12637 148.07 147.94
PH 13256  137.26 17822 15950 165.84 13430 140.27 111.00 144.86
PL 24.62 24.48 25.52 26.84 25.73 24.15 27.05 27.35 25.36
GL 7.64 7.58 8.18 7.93 4.83 7.05 5.64 8.45 7.48
GW 241 1.77 291 2.11 1.17 2.10 1.10 1.25 1.99
GLWR 3.30 4.40 2.83 3.93 4.18 3.43 5.13 6.78 4.03
GPP 151.06 12444 14731 130.71 19535 113.64 210.63 155.90 141.72
UGPP 20.70 20.71 21.09 18.58 27.27 12.59 54.87 14.99 21.53
STR 13.85 17.46 14.37 14.35 13.83 12.12 25.41 8.97 15.38
TGW 24.55 20.31 27.82 22.29 14.37 24.54 10.35 22.77 21.69
SY 8356.44 6547.36 9721.46 9541.47 5966.63 8507.40 7475.78 4628.29 7790.72
GY 323977 1559.07 3168.45 239540 1267.47 181041 1021.86 3731.98 2263.30
HI 0.29 0.20 0.24 0.20 0.18 0.18 0.12 0.45 0.22

PLL= penultimate leaf length (cm), PLW= penultimate leaf width (cm), LL= ligule length (cm), FLL= flag leaf length
(cm), FLW= flag leaf width (cm), NTI = number of tillers per plant, CD = culm diameter (mm), DFF= days of fifty
percent flowering, ET = number of effective tillers, DTM = days to maturity, PH = plant height (cm), PL = panicle
length (cm), GL = grain length (cm), GW = grain width (cm), GLWR = grain length-width ratio, GPP = number of
grains per panicle, UGPP=number of unfilled grains per panicle, STR % = sterility percentage, TGW= thousand grain
weight (gm), SY= straw yield (kg. ha-1), GY= grain yield (kg. ha-1), HI = Harvest index

3.6.2.2 Principal component analysis (PCA)

PCA, using twenty-two quantitative traits revealed that, 77.68% variability was accounted for by the first seven
principal components (PC) with >1 Eigen value, ranging from 5.032 to 1.106 (Table 8). However, the remaining
component contributed 22.32% towards total diversity. Only these seven components which had an eigenvalue of
more than 1 which explained 72.1% of the total cumulative variance within the axes further strengthening the current
result were considered for further analysis (Tuhina-Khatun et al. 2015). The first seven components are mostly
responsible for genetic variability and are predicted to offer a higher percentage of gene transfer during breeding
programs (Gana et al. 2013). Scree plots shown in Figures 3a and 3b show the eigenvalue and contribution of each
principal component to the total explained variance in the phenotypic diversity of rice, respectively. PC1 showed
22.87% variability with an eigenvalue of 5.032 which then declined gradually as shown in Figures 3a and 3b. The
biplot of rice genotypes and the magnitude and direction of the contribution of different characters for PC1 and PC2
is shown in Figure 4. Genotypes grouped in such a layout indicate groups of genetically related individuals (Warburton
and Crossa 2002).
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Fig. 3b Scree plot of the contribution of each principal component to the total explained variance in the phenotypic
diversity of rice genotypes
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Fig. 4 Biplot of first and second principal components showing the relationship between rice genotypes

Note: QV = Quality of representation of variables by color and size, QI Quality of representation of individuals by
color and size (PLL= penultimate leaf length (cm), PLW= leaf width of blade (cm), LL= length of ligule (cm), FLL=
flag leaf length (cm), FLW= flag leaf width (cm), NTI = number of tillers per plant, CD = culm diameter (mm), DFF=
days of fifty percent flowering, ET = number of effective tillers, DTM = days to maturity, PH = plant height (cm), PL
= panicle length (cm), GL = grain length (cm), GW = grain width (cm), GLWR = grain length width ratio, GPP =
number of grains per panicle, UGPP= number of unfilled grains per panicle, STR % = sterility percentage, TGW=
thousand grain weight (gm), SY= straw yield (kg. ha-1), GY= grain yield (kg. ha-1), HI = Harvest index).

The first principal component (PC1) with Eigen value 5.023 explained 22.87% of the total variation. Results from the
PCA and vector loading in Table 8 showed that PC1 was contributed mainly positively by character such as number
of penultimate leaf length (0.329), penultimate leaf width (0.637), flag leaf width (0.625), number of tillers per plant
(0.451), number of effective tillers per plant (0.436), grain length (0.546), grain width (0.793), thousand-grain weight
(0.745), straw yield (0.559) and grain yield (0.759) and negatively by grain length-width ratio (-0.602), unfilled grain
per panicle (-0.559) and sterility percentage (-0.564). That means the character with positive contributions had a high
correlation with PC1 which were the ones that most differentiated the clusters. If one increases, then the remaining
ones tend to as well. So, the selection of any traits among these traits indirectly also selects the remaining traits. This
clearly showed that the PC1 included parameters that were mainly related to grain yield, yield attributes, and grain
characteristics (Gour et al. 2017). Landraces Dudhraj, Bhabbhi, Laghi, Parewapwankh, Aandhi Dhan, and Gajargaul
showed good performance in these characters.

The second principal component (PC2) had Eigen value 3.019 accounted for 13.72% of the total variability in which
ligule length (0.531), culm diameter (0.564), plant height (0.654), grain per panicle (0.454), unfilled grain per panicle
(0.485), sterility percentage (0.271), contributed positively while the number of tillers per plant (—0.345), grain yield
(-0.220) and harvest index (-0.527) contributed inversely. Landraces Sanojeera, Ramajwne, Nyauri, and Kasturi
showed good performance in these characters. The third principle component (PC3), had an eigenvalue of 2.386 and
contributed 10.84% to the observed variability was highly loaded with characters like days to flowering (0.645), days
to maturity played (0.710) and grain length-width ratio (0.403) played a significant positive role while penultimate
leaf length (-0.516) flag leaf length (-0.592), and grain width (-0.244) played a negative significant role. Landraces
Karangi and Gajargaul showed good performance in these characters. PC4 with eigenvalue 2.088, accounted for 9.49%
of the total variation which was mainly due to the positive association with grain per panicle (0.708), unfilled grain
per panicle (0.389), and harvest index (0.467) while the negative association with flag leaf length (-0.211), days to
fifty percentage flowering (-0.448), and grain length (-0.378). PC5 had an eigenvalue of 1.747 representing 7.94% of
the total variation was a mainly negative association with culm diameter (-0.158). PC6 with eigenvalue 1.711,



accounted for 7.77% of the total variation which was mainly due to positive association with panicle length (0.518)
while the negative association with flag leaf width (-0.256). Sterility percentage (0.525) contributed to the PC7 which
accounts for 5.02% of total variation with an eigenvalue of 1.106. Principal discriminatory characters are penultimate
leaf width, flag leaf width, grain length, grain width, thousand-grain weight, straw yield, and grain yield. The
prominent characters coming together in different PCs and contributing towards explaining the variability tend to
remain together which may be kept into consideration during the utilization of these characters in the breeding program
(Islam et al. 2019).

Table 8 Contribution of first seven extracted PC in total variability and their coefficients of correlation with evaluated
22 traits measured in 49 rice genotypes

Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7

PLL 0.329 0.303 -0.516 -0.114 0.033 -0.305 -0.055
PLW 0.637 0.323 0.041 0.475 -0.196 -0.012 -0.107
LL 0.067 0.531 0.104 -0.211 -0.075 0.482 0.308
FLL 0.095 -0.266 -0.592 0.033 0.093 0.020 0.228
FLW 0.625 0.331 -0.032 0.430 -0.173 -0.256 -0.016
NTI 0.451 -0.345 -0.091 -0.111 0.650 0.021 0.094
CD 0.176 0.564 0.265 0.077 -0.158 0.288 -0.108
DFF 0.124 0.316 0.645 -0.448 0.037 -0.434 0.004
ET 0.436 -0.128 0.213 -0.008 0.662 -0.205 0.356
DTM 0.129 0.293 0.710 -0.305 0.074 -0.429 -0.099
PH 0.295 0.654 -0.071 -0.148 0.147 0.330 -0.172
PL -0.055 0.163 0.239 -0.190 0.251 0.518 0.306
GL 0.546 -0.348 0.175 -0.378 -0.469 0.132 0.270
GW 0.793 0.110 -0.244 -0.204 -0.100 -0.194 0.109
GLWR -0.602 -0.285 0.403 0.133 -0.189 0.346 0.031
GPP -0.138 0.454 0.145 0.708 0.370 0.005 -0.018
UGPP -0.559 0.485 -0.070 0.389 -0.061 -0.207 0.475
STR % -0.564 0.271 -0.144 -0.081 -0.325 -0.374 0.525
TGW 0.745 -0.162 -0.032 0.044 -0.400 0.014 0.033
SY 0.559 0.439 -0.277 -0.233 0.078 0.256 0.079
GY 0.759 -0.200 0.269 0.341 -0.052 0.146 0.221
HI 0.430 -0.527 0.449 0.467 -0.071 0.006 0.144
Eigen value 5.032 3.019 2.386 2.088 1.747 1.711 1.106
Variabilty (%) 22.872 13.723 10.847 9.492 7.941 7.777 5.029

Cumulative % 22.872 36.595 47.442 56.934 64.875 72.653 77.681
PLL= penultimate leaf length (cm), PLW= penultimate leaf width (cm), LL= ligule length (cm), FLL= flag leaf length
(cm), FLW= flag leaf width (cm), NTI = number of tillers per plant, CD = culm diameter (mm), DFF= days of fifty
percent flowering, ET = number of effective tillers, DTM = days to maturity, PH = plant height (cm), PL = panicle
length (cm), GL = grain length (cm), GW = grain width (cm), GLWR = grain length-width ratio, GPP = number of
grains per panicle, UGPP= number of unfilled grains per panicle, STR % = sterility percentage, TGW= thousand grain
weight (gm), SY= straw yield (kg. ha-1), GY= grain yield (kg. ha-1), HI = Harvest index

4. Conclusion
In our study, polymorphism was found in all qualitative characters except for the shape of the ligule. The
morphological characters like lemma and palea coloration, culm lodging tolerance, awn color, auricle color
decorticated grain color, and shape of grain are more diverse while pubescence and distribution of anthocyanin in leaf
blade, and anthocyanin of the leaf sheath, were found to be least diverse. Analysis of variance revealed the presence
of considerable genetic variation in the landraces which can also be utilized directly by selection or as donor parents
in a future breeding program. A narrow difference between the phenotypic coefficient of variation and with genotypic
coefficients of variation indicates the greater contribution of genotype to trait expression leading to high heritability.
There is considerable genetic variability among landraces regarding ligule length, grain width, number of grains per
panicle, thousand-grain weight, straw yield, and grain yield so there is a possibility of genetic improvement through
direct selection for these characters. Most of the characters show high heritability coupled with high genetic advance
as a percent of the mean, we can say that there is a preponderance of additive gene action for these characters which
could be improved by selection. Leaf width, number of effective tillers per plant, grain length, grain width, and



thousand-grain weight can be selection indices for the improvement of grain yield. Distribution of landraces into
agronomically similar clusters and the pattern of the traits’ contribution to the total variation would quicken the
usefulness of estimates to rice breeders. Marked heterogeneity for qualitative and quantitative characters among the
studied rice landraces as revealed in the present study could be utilized in rice improvement programs for several
characters. Parental material selection should be done between clusters rather than within clusters for future breeding.
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