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Abstract – Agro-morphological characterization of 

germplasm variety is fundamental in order to provide 

information for plant breeding programs. A clear 

understanding of genetic diversity is essential for the effective 

conservation and utilization of rice genetic resources. A study 

to characterize 30 lowland rice varieties was conducted in the 

Associated Mangrove Swamp during the 2016 wet cropping 

season. Results revealed significant genetic differences among 

the 30 rice varieties for the traits evaluated. The five 

principal components accounted for 96% of the total 

variation of which PC1 and PC2 contributed 63% and 15%, 

respectively. Cluster analysis grouped the 30 genotypes into 

seven main clusters with cluster II represented the bulk 

(26.6%) of the total genotypes while cluster VII contributed 

the least (3.3%) of genotypes. Hybridization between 

genotypes grouped in clusters IV and VI would not be 

effective as their genetic make-up is almost similar while 

crossing between genotypes in clusters III and V will be 

effective, as genotypes in these clusters were identified as 

being most divergent. 
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I. INTRODUCTION 
 

Rice is a major food crop, ranking second to wheat 

among the most cultivated cereals in the world [1], as over 

half of the world’s population depends on rice as their diet. 

In Sierra Leone, rice (Oryza sativa L.) is the main staple 

food as it is eaten on a daily basis by almost every 

household in the country [2]. Rice is grown mainly by 

small scale farmers on both the upland and diverse 

lowland ecologies including inland valley swamp, 

mangrove swamp, boliland and riverine grassland [3].  

The conservation and characterization of genetic 

resources is a necessity not only for posterity, but also for 

utilization in different improvement programs such as 

breeding for improved yield and tolerance to various 

stresses [21]. Rice genetic resources are key components 

to breeding programs, and farmers have played important 

roles in contributing to rice diversity by developing and 

nurturing thousands of rice varieties for several years [4]. 

Rice germplasm including landraces and traditional 

varieties is a good source of important alleles and serve as 

the foundation of any rice breeding program because they 

are the source of important traits necessary for improving 

and developing new breeds of rice varieties [5]. The use of 

agro-morphological traits is the most common approach 

utilized to estimate relationships between genotypes [6].  

Several workers reported the use of agro-morphological 

markers in the characterization of rice diversity. 

Meanwhile [7] examined the genetic diversity in 132 

genotypes of rice and placed cluster analysis in 10 

different categories. Reference [8] used 25 genotypes to 

investigate the genetic diversity of rice and divided into 5 

clusters according to yield performance. Furthermore [9] 

used Cluster analysis based on Ward’s method to 

investigate genetic diversity of 24 genotypes of modified 

rice according to qualitative and quantitative traits; 

genotypes were divided in three main clusters. Reference 

[10] characterized 34 landraces of rice in Bankura District 

of West Bengal, based on 12 quantitative agro-

morphological characters. Their results grouped genotypes 

into five cluster groups and PCA showed the contribution 

of each character to the classification of the rice landraces 

into different cluster groups. The first three principal 

components explained about 86.9% of the total variation 

among the 12 characters. The results of PCA suggested 

that characters such as leaf length, leaf width, panicle 

length and grain size (100 grain weight, length and width 

of grain and kernel) were the principal discriminatory 

characteristics of landraces of rice.  

It is important to assess the diversity of rice germplasm 

materials to provide insights in the diversity and increase 

utilization of these materials. However, scares information 

does exist on the genetic diversity of lowland rice 

germplasm in Sierra Leone. The objective of this study, 

therefore, is to determine the genetic diversity of 30 

lowland rice varieties evaluated in the Associated 

Mangrove Swamp.  
 

II. MATERIALS AND METHODS 
 

A. Description of Experimental Site 
   The experiment was conducted at the Mawirr crop site 

of the Rokupr Agricultural Research Centre (RARC), 

Rokupr (8◦ 40’N and 12◦ 23’W) at an altitude of 80m 

above sea level during 2016 wet season. Rokupr is in the 

Magbema Chiefdom, Kambia District, Northern Province 

of Sierra Leone. Rokupr had an average rainfall of 0.6mm 

and temperature of 33oC during the time of 

experimentation. The crop was grown on an associated 

mangrove swamp soil with some characteristics of 

Entisols poorly drained swamps or lagoons that are 

waterlogged throughout the year.  

B. Experimental Materials, Trial Design, Crop 

Management Practices and Data Collection 
Trial consisted of thirty diverse lowland rice varieties 

including one check obtained from the Crop Improvement 

Program (CIP) and Farm Management Unit (FMU) (Table 



 

Copyright © 2018 IJRAS, All right reserved 

217 

International Journal of Research in Agricultural Sciences 

Volume 5, Issue 5, ISSN (Online): 2348 – 3997  

 

1). The land was brushed manually and debris was cleared. 

The land was ploughed and puddle using a power tiller 

machine. Long handle native hoes were then used to level 

the plot in order to facilitate uniform distribution of water.  

Seedlings were raised on 1m x 7m dry seed beds 

prepared on the upland. The rice varieties were sown on 

drilled rows 20cm apart using short handle drilling hoes. 

The seeds were covered with soil to prevent damage by 

birds and rodents. Each variety was sown in five rows, 

leaving a space of 40 cm between plots to avoid mixtures.  

Twenty-one-day old seedlings were transplanted in five 

rows per plot in 1m x 5m plots at 1 seedling per hill, 

spaced 20cm within and between rows and 40 cm between 

plots. Trial was laid out in randomize complete block 

design with three replications. 

 

Table 1. List of rice varieties and seed source 

Entry number 
 

Variety 
 

Source 
 

 1 ARICA 6 CIP 

 2 ARICA 9 CIP 

 3 CCA CIP 

 4 CK 90-1 CIP 

 5 Hitomebore FMU 

 6 NERICA-L-4 CIP 

 7 NERICA-L-8 CIP 

 8 NERICA-L-16 CIP 

 9 NERICA-L-19 CIP 

 10 NERICA-L-20 CIP 

 11 NERICA-L-21 CIP 

 12 NERICA-L-29 CIP 

 13 NERICA-L-32 CIP 

 14 NERICA-L-34 CIP 

 15 NERICA-L-36 CIP 

 16 NERICA-L-38 CIP 

 17 NERICA-L-43 CIP 

 18 NERICA-L-45 CIP 

 19 NERICA-L-48 CIP 

 20 NERICA-L-49 CIP 

 21 NERICA-L-50 CIP 

 22 NERICA-L-53 CIP 

 23 NERICA-L-60 CIP 

 24 OM3242 CIP 

 25 ROK 11 CIP 

 26 ROK 14 CIP 

 27 ROK24 CIP 

 28 ROK 30 CIP 

 29 ROK34 (Check) CIP 

 30 TGR 19 CIP 

  

NPK 15:15:15 fertilizer was applied at the rate of 67.5 

kgha-1 at transplanting. This was followed by the 

application of 55.2 kgha-1 N in the form of urea in two 

equal splits at 21 days and 42 days after transplanting. 

Hand weeding was done prior to fertilizer application at 21 

days and 42 days after transplanting. 

At physiological maturity, the rice crop in each plot was 

harvested separately, cutting the tillers at the height of 15 

cm above ground level by using a harvesting knife. The 

harvested rice was threshed, sun dried, winnowed and put 

in separate delva cloth bags. 

The following data was collected according to the stand- 

-ard evaluation system for rice [11]: 

Tiller Number Per Plant: 
Average number of tillers per plant was counted and 

recorded on five individual plants.  

Panicle Number Per Plant: 
Average number of tillers per plant bearing panicles was 

counted and recorded on five plants.  

Days to 50% Heading: 
Observation was made on plot basis on the time when 

50% of the plants produced heading.    

Days to Maturity:  

Observation was recorded on plot basis from seeding to 

the time when 85% of grains on panicle became mature 

and ripe.   

Plant Height: 
Average height of five plants on plot basis measured 

from the soil surface to the tip of the tallest panicle.   

Culm Diameter:  
The diameter of culm of five plants was measured on 

plot basis using Vernier caliper.  

Grain Yield: 
The dried grains obtained from each plot were weighed 

and moisture content recorded. The grain weight was then 

adjusted to 14% according to the following formula: 

 
Adjusted grain weight = Grain weight x (100 - Moisture content) 

                            (100 – 14) 

 

C. Statistical Analysis  
Data collected for the 30 lowland rice varieties were 

subjected to principal component and cluster analyses to 

determine genetic diversity of agro-morphological traits. 

The Statistical Tool for Agricultural Research [12], 

version 2.0.1 was used for the analyses. 

 

III. RESULTS 
 

A. Principal Component Analysis 
Table 2 shows the principal component analysis of traits 

for 30 rice varieties of main crop. 

Results explained the genetic diversity of the 30 rice 

varieties and showed that, the five principal components 

(PC1, PC2, PC3, PC4, and PC5) accounted for 96% of the 

total variation. PC1 and PC2 had the Eigen values greater 

than one, while PC3 showed Eigen value close to one. 

PC1 contributed 63% of the total variation whereas PC2, 

PC3, PC4, PC5 contributed 15%, 11%, 4% and 3%, 

respectively to the total variation. Traits such as number of 

tillers per hill and effective tillers per hill contributed more 

positively to the first principal component (PC1) whereas 

number of hills harvested and plant height contributed 

more positively to PC2. The large variation detected in 

PC3 was contributed by culm diameter. The traits which 

contributed more positively to PC4 and PC 5 are plant 

height and grain yield; and culm diameter, effective tillers 

per hill, number of tillers per hill and plant height, 

respectively.  

Figure 1 shows the Dendogram of Euclidean distance 

measure using Ward’s clustering method. Result revealed 
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that, there were seven main cluster groups, each group 

contains different number of genotypes. Cluster I consists 

of six genotypes, cluster II eight, cluster III four, cluster 

IV six, cluster V two, cluster VI three and cluster VII one. 

Results also showed different number of sub-clusters in 

the main groups. Each of the main clusters consisted of 

two sub-clusters, except clusters I and VII which consisted 

of four sub-clusters and one sub-cluster, respectively.

Table 2: Principal component analysis of traits for 30 rice varieties of main crop evaluated at Rokupr, 2017. 

Statistics PC1 PC2 PC3 PC4 PC5 

Standard deviation 2.25 1.11 0.96 0.60 0.49 

Proportion of Variance 0.63 0.15 0.11 0.04 0.03 

Cumulative Proportion 0.63 0.78 0.89 0.93 0.96 

Eigen values 5.04 1.22 0.91 0.36 0.24 

Eigen vectors           

Variables PC1 PC2 PC3 PC4 PC5 

Number of hills harvested -0.09 0.63 -0.69 -0.32 -0.11 

Number of tillers per hill 0.38 -0.25 -0.39 0.02 0.28 

Plant height -0.38 0.23 0.01 0.47 0.27 

Days to 50% flowering -0.37 -0.44 -0.21 -0.22 -0.17 

Days to maturity -0.37 -0.44 -0.22 -0.19 -0.28 

Culm diameter -0.39 0.00 0.13 -0.46 0.76 

Effective tiller per hill 0.37 -0.30 -0.37 0.11 0.38 

Grain yield -0.37 -0.09 -0.33 0.60 0.08 

 

 
Fig. 1. Dendogram of Euclidean distance measure using Ward’s clustering method. 

 

B. Cluster means of Traits of main Crop 
   Table 3 presents cluster means of traits for 30 rice 

varieties of main crop. Results showed that genotypes 

included in the second cluster contributed to the bulk 

(26.6%) of the total genotypes. In this cluster, genotypes 

were grouped based on their number of tillers per hill 

which showed high number of tillers per hill. Genotypes in 

the first and fourth cluster contributed 20% each of the 

total genotypes. Genotypes in the first cluster had 

moderate number of hills harvested, medium days to 

maturity and large culm diameter whereas in cluster four 

highest number of tillers per hill were observed, least plant 

height, very early days to 50% flowering, very early 

maturity, least culm diameter and highest effective tillers 

per hill was recorded. Genotypes in cluster three had 

13.3% of total genotypes expressing higher number of 

harvested hills, moderate number of tillers per hill, highest 

plant height, longest duration to 50% flowering and 

maturity and largest culm diameter but lower effective 

tillers per hill and highest grain yield. In cluster five, 6.6% 

of genotypes expressed higher number of hills harvested, 

lowest number of tillers, higher plant height, longer days 

to 50% flowering, medium culm diameter and higher grain 

yield. Genotypes in cluster six showed 10%, expressed 

higher number of tillers per hill, lower plant height, early 

to 50% flowering and higher effective tillers per hill. 

Cluster seven contributed 3.3% of the total genotypes and 

the least among all the clusters, it showed higher number 

of days to 50% flowering and number of days to maturity, 

medium culm diameter and moderate effective tillers per 

hill.
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Table 3. Cluster means of traits for 30 rice varieties of main crop evaluated at Rokupr, 2017. 

Cluster 

Number 

of hills 

harvested 

Number 

of tillers 

per hill 

Plant 

height 

Days to 

50% 

flowering 

Days to 

maturity 

Culm 

diameter 

Effective 

tiller per 

hill 

Grain 

yield 

I 119.08 7.4 104.15 99.96 130.04 0.44 5.42 2006.41 

II 118.45 9.02 107.34 98.89 129.61 0.38 6.63 2064.55 

III 121 7.08 138.72 111.17 140.17 0.47 5.38 3092 

IV 118.67 12.6 60.87 74.67 104.67 0.21 9.27 732.7 

V 120 5.99 133.3 100 129.56 0.43 4.58 2314 

VI 112.17 10.57 78.5 94.5 125 0.29 8 1465 

VII 95.22 7.98 102.89 103.89 132.67 0.42 6.09 2162.77 

 

IV. DISCUSSION 
 

Evaluation and characterization of rice genotypes is 

important due to increasing needs of varietal improvemen- 

-t. Assessment of genetic diversity is very important in 

rice breeding from the standpoint of selection, 

conservation of different genotypes of rice and proper 

utilization [13]. Agro-morphological characterization of 

germplasm variety is fundamental in order to provide 

information for plant breeding programs [14].  

Results of the principal component analysis confirmed 

wide spectrum of genetic diversity among the 30 rice 

varieties. This is in line with [15] who found considerable 

morphological variation among rice landraces in China. 

The five principal components accounted for 97% of the 

total variation of which PC1 and PC2 contributed 63% and 

15%, respectively. This result corroborates with the 

findings of [16] observed that the first two principal 

components accounted for 95.2% of the total variation 

with PC1 and PC2 contributed 84.6% and 10.6%, 

respectively.  Meanwhile, [17] reported that the first four 

principle components of 22 traits of 43 rice genotypes 

accounted for about 72% of the total variation and 

indicated a wide variation among the genotypes. The traits 

which contributed more positively to the variation of PC1 

are number of tillers per hill and effective tillers per hill 

whereas number of hills harvested and plant height 

contributed more positively to the variation of PC2.  

The distribution pattern of genotypes into various 

clusters indicated the presence of considerable genetic 

divergence among the genotypes for the traits evaluated. 

The 30 genotypes were clustered into seven main groups 

of which genotypes in the second cluster represented the 

bulk (26.6%) of the total genotypes followed by genotypes 

in clusters one and four with 20% each. Cluster seven 

contributed the least (3.3%) of genotypes. In their studies 

of correlation and cluster analysis of some yield and yield 

related traits in 20 rice genotypes, [18] reported that the 

cluster analysis grouped genotypes into six main clusters. 

Reference [17] reported cluster analysis based on 22 traits 

grouped 43 rice genotypes into five clusters. Moreover, 

[19] reported genetic diversity among 84 landraces by 

grouping them into five major clusters. Also [9] used 

Cluster analysis based on Ward’s method to investigate 

genetic diversity of 24 genotypes of modified rice 

according to qualitative and quantitative traits; genotypes 

were divided in three main clusters. In this study, 

genotypes were grouped in each cluster based on their 

unique characteristics expressed. For instance, genotypes 

in cluster I were grouped based on their moderate number 

of hills harvested, medium days to maturity and large culm 

diameter. The unique characteristic which characterized 

genotypes in cluster II was high number of tillers per hill. 

In cluster III, genotypes were characterized by higher 

number of hills, moderate number of tillers per hill, 

highest plant height, longest days to 50% flowering and 

maturity, largest culm diameter, highest grain yield and 

lower effective tillers per hill. Genotypes in cluster IV had 

highest number of tillers per hill and effective tillers per 

hill, least plant height, very early days to 50% flowering 

and maturity, and least culm diameter.  Higher number of 

hills, plant height and grain yield; longer days to 50% 

flowering, medium culm diameter, and lowest number of 

tillers were the peculiar characteristics of genotypes in 

cluster V. Genotypes in cluster VI expressed higher 

number of tillers per hill and effective tillers per hill, 

shorter plant height and early days to 50% flowering. 

Genotypes in cluster VII had longer days to 50% 

flowering and maturity, medium culm diameter and 

effective tillers per hill.    

For the selection of parents, genetic diversity is one of 

the important decisive factors [20]. This study highlighted 

that genotypes grouped in clusters IV and VI were the 

most similar clusters in terms of lowest grain yield, 

suggesting that hybridization between these clusters will 

not be effective, as their genetic make-up is almost similar. 

However, crossing between genotypes in clusters III and V 

will be effective, as genotypes in these clusters were 

identified as being most divergent. This could result in 

heterotic expression and a large variability in the 

segregating generation [17]. 

  

V. CONCLUSION 
 

The five principal components accounted for 96% of the 

total variation of which PC1 and PC2 contributed 63% and 

15%, respectively. Number of tillers per hill and effective 

tillers per hill contributed more positively to the variation 
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of PC1 while number of hills harvested and plant height 

contributed more positively to the variation of PC2. 

Cluster analysis grouped the 30 genotypes into seven main 

clusters with cluster II represented the bulk (26.6%) of the 

total genotypes while cluster VII contributed the least 

(3.3%) of genotypes. Hybridization between genotypes 

grouped in clusters IV and VI would not be effective as 

their genetic make-up is almost similar while crossing 

between genotypes in clusters III and V will be effective, 

as genotypes in these clusters were identified as being 

most divergent. 

 

REFERENCES 
 
[1] Abodolereza A and Racionzer P. (2009). Food Outlook: Global 

Market Analysis. 

[2] Conteh AMH, Yan X and Sankoh FP. (2012). The influence of 

price on rice production in Sierra Leone.   
[3] Ministry of Agriculture, Forestry and Food Security (MAFFS) 

2009.  

[4] Bellon M, Pham J and Jackson M. (1997). Genetic conservation: 
A role for rice farmers. In Plant Genetic Conservation: The in 

situ Approach; Maxted, N., Ford-Lloyd, B., Hawkes, J., Eds.; 

Chapman and Hall: London, UK, pp. 263–289. 
[5] Caldo R, Sebastian L, Hernandez J. (1996). Morphology-based 

genetic diversity analysis of ancestral lines of Philippine rice 

cultivars. Philipp. J. Crop Sci21, 86–92 
[6] Bajracharya J, Steele KA, Jarvis DI, Sthapit BR and Witcombe 

JR. (2006). Rice landrace diversity in Nepal: variability of agro-

morphological traits and SSR markers in landraces from a high-
altitude site. Field Crop Res., 95 (2–3): 327–35. 

[7] Sarawgi AK and Rostogi NK. (1998). Genetic diversity for grain 

quality parameters in traditional rice (Oryza sativa L.). 
Accessions from Madhya Pradash India. Tropical Agricultural 

Research and Extension. 1: 2, 103-106. 
[8] Mokata AS and Mehetre SS. (1998). Genetic divergence in rice. 

Advancas in Plant ciences. 11:2. 189- 192.  

[9[ Elyasi1 S, Abdollahi S and Mollasadeghi V. (2014). Cluster 
analysis of 24 Genotypes of Modified Rice According to 

Qualitative and Quantitative traits. Bull. Env. Pharmacol. Life 

Sci., Vol 3 (8): 109-111. 
[10] Sinha AK and Mishra PK. (2013) Agro morphological 

characterization and morphology based genetic diversity analysis 

of landraces of rice variety (Oryza sativa) of Bankura district of 
West Bengal. Int. J. Curr. Res., 5: 2764-2769. 

[11] International Rice Research Institute (1996). Standard 

Evaluation System for Rice, International Rice Research 
Institute, Manila, Philippines, 4th edition. 

[12] Statistical Tool for Agricultural Research (STAR). Version 2:0:1 

(2014). Biometrics and Breeding informatics, PBGB Division. 
International Rice Institute. Los Banos, Laguna. 

[13] Mohammadi-Najad G, Arzani A, Rezai AM, Singh RK and 

Gregerio GB. (2008). Assessment of rice genotypes for salt 
tolerance using microsatellite markers associated with the saltol 

QTL. African J. of Biotech. 7:730-36. 

[14] Lin MS. (1991). Genetic basis of japonica rice varieties released 
in Taiwan. Euphytica, 56: 43-46. 

[15] Yawen Z, Shiquani S, Zichao L, Zhongyi Y, Xiangkun W, 

Hongliang Z and Guosong W. (2003). Eco geographic and 
genetic diversity based on morphological characters of 

indigenous rice (Oryza sativa L.) in Yunnan, China. Genetic 

Resources and Crop Evolution 50: 567-577.  
[16] Kioko WF, Musyoki MA, Piero NM, Muriira KG and Wavinya 

ND. (2015). Genetic Diversity Studies on Selected Rice (Oryza 

sativa L) Populations Based on Aroma and Cooked Kernel 
Elongation. J Phylogen Evolution Biol 3: 158. 

[17] Tuhina-Khatun M, Mohamed M, Yusop HMR, Wong MY, 

Salleh FM and Ferdous J. (2015). Genetic Variation, 
Heritability, and Diversity Analysis of Upland Rice (Oryza 

sativa 

[18] Rashid K, Khaliq I, Farooq MO and Ahsan MZ. (2013). 
Correlation and cluster analysis of some yield and yield related 

traits in rice (Oryza sativa). International Journal of Agricultural 

science and Research, vol.3 (4): 25-30. 
[19] Roy SC and Sharma BD. (2014). Assessment of genetic diversity 

in rice (Oryza sativa L.) germplasm based on agro-morphology 

traits and zinc-iron content for crop improvement. Physiol Mol 
Biol Plants, 20(2):209–224. DOI 10.1007/s12298-014-0221-y. 

[20] Mazid MS, Rafii MY, Hanafi MM, Rahim HA and Latif MA. 

(2013). “Genetic variation, heritability, divergence and biomass 
accumulation of rice genotypes resistant to bacterial blight 

revealed by quantitative traits and ISSR markers,” Physiologia 

Plantarum, vol. 149 (3): 432–447.  
[21] Rabara RC, Tripathi P and Rushton PJ. (2014). The potential of 

transcription factor-based genetic engineering in improving 

crop tolerance to drought. OMICS 18: 601–614. 

 

AUTHORS PROFILE’ 
 

 

Mr. Vandi Alieu Sama 

BSc. (Hons.) Crop Science & Higher Diploma 

(Agronomy), Njala University, Njala, Sierra Leone. 

Research Assistant, Rice Breeding, Rokupr Agricultural 

Research Centre, Sierra Leone Agricultural Research 
Institute, Sierra Leone.     

 

 

Mr. Alpha Bellah Jalloh  

MSc. Crop Science & BSc. Agriculture General,Njala 

University, Njala, Sierra Leone. Rice Breeder & Head 
of Crop Improvement Program, Rokupr Agricultural 

Research Centre, Sierra Leone Agricultural Research 

Institute, Sierra Leone. 

 

 

Mr. Sayo Sesay 

M. Agric. (Plant Breeding) at Federal University of 
Agriculture, Abeokuta, Ogun State, Nigeria, & BSc. 

(Hons.) Crop Science at Njala University, Njala, Sierr 

Leone. Maize Breeder at the Rokupr Agricultural 
Research Centre, Sierra Leone Agricultural Research 

Institute, Sierra Leone.    

 

 

Dr. Alieu Mohamed Bah  

B.Sc Agric. Edu, M.Sc Agric. Edu Njala University, 

PhD Crop Science Zhejiang University School of 
Agriculture and Biotechnology, Hangzhou City PRC. 

Head Crop Science Department Njala Univ. Njala.  

Lead Scientist Mutation Induction Breeding in rice to 
develop mutants that are tolerant to Iron and Salinity St- 

-ress and Earliness. 

 

 


