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Field experiment was conducted at Edozhigi, National Cereal Research Institute experimental field, to 
assess the contribution of morphological traits to variability in some accessions of rice.  The field was 
laid out in a randomized complete block design with three replicates. Thirty nine entries collected from 
farmer’s field and National Cereals Research Institute gene Bank were planted in a plot size of 5 × 1 m. 
The experiment was conducted in 2009 and 2010 cropping seasons. Data were collected on twelve 
morpho-physiological traits. The results of the principal component analysis showed that the first 5 
principal component axes explained 68.9% (first year) and 61.6% (second year) of the total variations in 
the rice population. The combined results showed that 65.4% of the variations were accounted for by 
the first 5 principal components axes. Number of grains per panicle loaded more on the component 
loading correction plot using the combined results. It accounted for about 17.8% of the variation in the 
population. High levels of variability were expressed among the varieties and the characters studied 
which will allow further improvement in the varieties.  
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INTRODUCTION 
 
Rice, Oryza species is a grass belonging to the Poaceae 
family. The plant is annual with the height of about 36 – 
150 cm. It is the world’s most consumed cereal after 
wheat (FAO, 2004) and are cultivated in most countries 
of the world. There are about 20 different species, of 
which the cultivated varieties are Oryza sativa and Oryza 
glaberrima (Vaughan and Morishima, 2003). The major 
resource of plant breeders is the genetic variability in 
gene pool accessible to the crop of interest (Thottappily 
et al., 1996). The successes of crop improvement 
programs are highly reliant on the efficient manipulation 
of that genetic variability.  Morphological markers have 
played an essential role in crop improvement since the 
beginning of modern breeding programs (Mignouna et al., 

1996). When more sophisticated attributes are required, 
isozyme, restriction fragment length polymorphism 
(RFRP) and other molecular level analysis are used (Ng 
and Padulosi, 1992; Flavel, 1991). Information from these 
studies are used by breeders and taxonomists to study 
genetic diversity with the aim of identifying differences 
and interrelationships among living organisms (Ng and 
Padulosi, 1992).  The evaluation of germplasm frequently 
includes recording traits of agronomic interests, such as 
resistance to pests and diseases and tolerance to 
physiological stresses that are influenced by 
environment. These data are most sought about by plant 
According to Ng and Padulosi (1992) breeders (Peters 
and Williams, 1984). Continuous evaluation of germplasm  
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Table 1. List of varieties used for the experiment. 
 

S/N Varieties Remark 

1 FARO 19) Improved 

2 FARO 37 Improved 

3 FARO 30 Improved 

4 FARO 27 Improved 

5 FARO 44 Improved 

6 FARO 12 Improved 

7 FARO 15 Improved 

8 FARO 39 Improved 

9 FARO 48 Improved 

10 FARO 29 Improved 

11 FARO 51 Improved  

12 FARO 49 Improved  

13 FARO 22 Improved  

14 NERICA L20 Improved  

15 ROK 5 Improved  

16 FARO 40 Improved  

17 FARO 52 Improved  

18 NERICA L36 Improved  

19 FARO 21 Improved  

20 CK 73 Improved  

21 WITA 8                      Improved  

22 FARO Improved 

23 Manbechi Local            

24 Ebagichi Local  

25 Ndawozdufugi Local            

26 Bokuchi Local  

27 Dokochi                     Local            

28 Tomawawagi          Local  

29 Babawagi Local 

30 Mass     Local  

31 Shagari Local            

32 Eyewawagi              Local  

33 Finiko    Local 

34 Damanle Local  

35 Danboto                                Local             

36 Ibrahim Tsadu       Local   

37 Ekach                          Local  

38 Toma                      Local  

39 Suakoko                     Local 

 
 
 
should be done to broaden the genetic base of the 
species and identification of additional genes or 
alternative source that control a particular trait for use in 
crop improvement.   

Genetic variability in crop species should be exploited 
so as to develop new rice varieties with high stability to 
resist or tolerate adverse environments and biotic 
conditions (Gana, 2006). Awopetu and Gana (1997) 
studied the genetic relationship of some rice varieties and 
observed that  origin,  habitat  and  breeding  background  
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contributed to variation in the rice population. Therefore 
this study is conducted to show variation among the 
varieties and identify traits that contribute to variability in 
this population and for their possible exploitation in 
breeding programs. 
 
 
MATERIALS AND METHODS 

 
The experiment was carried out at Edozhigi, longitude 5

o
 50

!
E and 

latitude 9° 05
! 

N, one of the experimental fields of the National 
Cereal Research Institute Baddegi, to assess the morphological 

variations that exist among 17 traditional rice varieties and 22 
improved rice varieties (Table 1). The experiment was conducted 
during the 2009 and 2010 cropping seasons in a rainfed lowland 
ecology. The traditional varieties were collected from farmers’ field 
and the improved varieties were gotten from the germplasm unit, 
National Cereals Research Institute Badeggi, in Central Nigeria. 
The field was laid out in a randomized complete block design 
replicated 3 times. Data were analysed using Genstart version 
2004. Entries were planted in a plot size of 5 × 1 m and spaced 20 

cm × 20 cm. N2, P2O5; K2O fertilizer were applied at the rate of 80 : 
40 : 40 kg/ha. 
 
 
RESULTS 
 
Variability amongst the morphological characters 
 
The result of analysis of the variance (ANOVA) for the 
quantitative characters for 2009 and 2010 trials are 
presented in Tables 2 and 3. There were highly 
significant differences amongst the entries in 2009. Plant 
height, leaf width, Gall count, and total grain yield per plot 
were significantly different at <1% level of probability. 
Panicle length, leaf length and 1000 grains weight were 
significantly different at <0.05 probability level. Iron score 
and phenotypic acceptability show no significant 
differences. 

Result of 2010 revealed that leaf length, panicle length, 
iron score , Days to 50% flowering, leaf width, 1000 grain 
weight, and total grain yield per plot were significant at 
<1%. Gall count at 62 DAT and NGP showed significant 
difference at <0.05 probability level.  
 
 
Principal component analysis 

 
Table 4 presents the principal component and 
percentage contribution of each component to the total 
variation in the entries tested in the first year. The first 
principal component accounted for 19.1% of the total 
variation in the population (Table 4). Leaf length 
contributed more to the variation (0.12), followed by 
phenotypic acceptability (0.03). All other characters 
contributed negatively to the first component (Table 4). 
Second principal component contributed 16.1% of the 
total variation. Characters that contributed to the 
component include Phenotypic acceptability (0.45), leaf 
length (0.38),  Number  of  tillers  (0.36),  Panicle  number  
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Table 2. Mean square result of the morphological characters 2009. 

 

Parameter Df PHT LL PL AfRGM PAM IRON DFF PA LW HGW TYP NGP 

Block 2 387.69 6.32 74.72 78.22 33486.00 0.42 0.00 0.62 0.07 36.98 6427.81 54.44 

Trt 40 905.20** 3.98** 22.89* 48.17ns 12013.24 0.53ns 175.46ns 2.17ns 0.05* 45.65* 162879.85** 589.34 

Error 80 135.80 0.57 9.12 14.14 7614.68 2.55 214.69 1.24 2.48 5.67 28.78 314.06 

G/Mean - 111.00 10.41 24.49 8.46 331.26 1.26 77.36 5.57 0.99 32.98 641.86 154.99 

CV (%) - 10.50 7.26 12.33 44.44 26.86 51.60 0.00 19.27 13.31 20.84 18.17 22.87 
 

 
 
Table 3. Mean square result of the morphological characters 2010. 

 

Parameter Df PHT LW PL AfRGM PAM IRON DFF PA LL HGW TYP NGP 

Block 2 102.81 0.14 70.68 8.85 1683.13 1.13 0.01 0.91 2.72 13.83 17249.28 99.12 

Trt 40 495.17 0.04 27.74** 8.89* 1571.50 1.51ns 178.99** 2.53ns 3.63** 39.76** 173980.33** 184.07* 

Error 80 166.63 0.02 9.89 5.04 1096.05 0.99 0.01 2.51 0.57 20.27 12513.68 103.35 

G/Mean - 108.80 0.99 22.99 3.63 220.66 2.31 77.89 5.26 9.69 24.41 64.12 54.16 

CV (%) - 11.86 13.25 13.68 61.76 15.01 43.24 0.12 30.12 7.81 18.34 17.45 18.77 

 
 
 

Table 4. Eigen value, factor scores and contribution of the first five principal component axes to variation in rice varieties. 

 

Parameter PC1 PC2 PC3 PC4 PC5 

Weight of 1000 grains -0.20 -0.42 -0.15 -0.11 0.14 

Total yield/plot  -0.30 0.22 -0.34 -0.28 0.33 

Number of grains/panicle -0.03 -0.10 0.28 -0.47 0.12 

Days to 50% flw -0.23 0.17 -0.20 0.18 -0.49 

Phenotypic acceptability 0.03 0.47 -0.21 -0.12 -0.17 

Leaf width -0.38 -0.17 -0.05 0.31 0.04 

Panicle number/m
2
 -0.41 0.35 0.28 0.01 0.22 

Plant height -0.04 0.07 -0.60 0.20 -0.01 

Leaf length 0.12 0.38 -0.20 0.14 0.47 

Panicle length -0.09 -0.22 0.10 0.61 0.31 

Iron score -0.33 -0.17 -0.31 -0.26 -0.21 

Gall midge count -0.39 -0.03 0.33 0.17 -0.37 

Number of tillers -0.48 0.36 0.07 -0.14 0.22 

Eigen value 2.49 2.10 1.73 1.45 1.20 

Percentage 19.1 16.1 13.3 11.2 9.2 

Cumulative 19.1 35.3 48.6 59.7 68.9 
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Table 5. Eigen value, factor scores and contribution of the first five principal component axes to variation in rice varieties.  
 

Parameter PC1 PC2 PC3 PC4 PC5 

Weight of 1000 grains 0.33 -0.50 0.07 -0.07 -0.01 

Total yield/plot  -0.39 -0.35 0.12 -0.41 0.06 

Number of grains/panicle 0.25 -0.24 0.46 0.24 -0.01 

Days to 50% flw -0.15 0.33 -0.14 -0.05 -0.20 

Phenotypic acceptability -0.30 0.33 0.23 -0.24 0.34 

Leaf width 0.01 0.43 0.36 -0.25 0.23 

Panicle number/m
2
 -0.24 -0.10 -0.01 0.39 0.57 

Plant height -0.37 0.16 -0.06 -0.25 -0.24 

Leaf length -0.26 0.28 -0.19 0.52 0.23 

Panicle length -0.15 -0.10 -0.48 -0.10 0.18 

Iron Score -0.38 -0.05 -0.11 -0.02 -0.33 

Gall midge count 0.13 -0.23 -0.07 -0.54 0.44 

Number of tillers -0.34 -0.00 0.53 0.010 -0.14 

Eigen value 2.58 1.62 1.41 1.29 1.11 

Percentage 19.9 12.4 10.8 10.0 8.50 

Cumulative 19.9 32.3 43.1 53.1 61.60 

 
 
 
per meter square (0.35), Total yield per plot (0.22), Days 
to fifty percent flowering (0.17) and Plant height (0.07). 
The third principal component accounted for 13.3% of the 
total variation in the population. Gall count contributed the 
highest (0.34) while number of tiller contributed less. 
Panicle length (0.61) contributed more to the variation in 
principal component 4. Gall count (0.17) and panicle per 
meter square (0.01) contributed low to the variation. 
Number of grains per panicle (-0.47), total yield per plot (-
0.28), number of tillers (-0.14) and weight of 1000 grain 
weight contributed negatively. The fifth principal 
component accounted for 09.2% of the total variation with 
leaf length (0.46) given the highest contribution.  
Cumulatively, these 5 principal components showed 
68.9% of the total variation in the population. 

The component loading correction plot of first and 
second principal component using variables from 2009 
trial revealed that leaf length and phenotypic acceptability 
score loaded more heavily on the first principal 
component than others. While weight of 1000 grains 
average leaf width and panicle length loaded negatively 
loading on the first component. In the second component 
number of panicles per meter square, number of tillers 
and phenotypic acceptability loaded more to the second 
component. 

In the second year trial the first principal component 
accounted for 19.9% of the total variation observed 
(Table 5). Number of grains per panicle contributed more 
to the variation than others. Gall midge count (0.13) and 
leaf width (0.01) contributed least to the variation. The 
second component contributed 12.4% of the total 
variation with the leaf width (0.43) contributing highest. 
Other major characters that contributed to the variation 
include Weight of 1000 grains (0.33), days to fifty percent 

flowering (0.33) and leaf length (0.26). The third principal 
component contributed 10.8% of the total variation in the 
entire population. The fourth principal component 
contributed 10.0% to the total variation. The major 
characters that contributed highly to the variation include 
Leaf length (0.52) and Panicle number per meter square 
(0.39) while Number of grains per panicle (0.24) and 
Number of tillers (0.10) contributed least to the variation. 
The fifth principal component accounted for 08.5% of the 
total variation. Panicle number per meter square (0.57), 
gall midge (0.44) Phenotypic acceptability (0.34) 
contributed highest in the variation while leaf width (0.32), 
leaf length (0.23), and total grain weight (0.06), 
contributed least. The 5 principal components showed 
61.6% of the total variation in the population.  

The loading plot of first and second component showed 
that gall count and number of grains per panicle loaded 
more on the first component and accounted for more 
variation compared to the other parameters. Leaf length 
and phenotypic acceptability, number of tillers and 
panicle per meter square loaded more on the second 
component (Figure 2). 

The principal component analysis and percentage 
contribution of each component to the total variation in 
the 2 years combined (Table 6) showed  that the first 
principal component accounted for 17.8% of the total 
variation with only number of grains per panicle (0.138), 
contributing positively to the variation. The remaining 
variables contributed negatively to the variation. The 
second principal component showed 14.20% of the total 
variation. The major characters that contributed to the 
second component include leaf length (0.35), phenotypic 
acceptability (0.44) and leaf width (0.34). The third 
principal component accounted for 12.8% of the variation. 
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Figure 1. Loading plot of morpho-agronomic traits, 2009. 
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Figure 2. Loading plot of morpho-agronomic traits, 2010. 

 
 
 
Plant height (0.39), leaf length (0.23), panicle length 
(0.20) and iron score (0.15) are the major contributors to 
the variation. The fourth principal component showed 
10.9% of the total variation in the population. 1000 grain 
weight, total yield per plot, number of grains  per  panicle, 

number per meter square, and number of tillers 
contributed positively to the variation. Days to fifty 
percent flowering, phenotypic acceptability, leaf width, 
plant height, panicle length, Iron and Gall midge count 
contributed   negatively    to    the    variation.    The    fifth  



Gana et al.         125 
 
 
 

Table 6. Eigen value, factor scores and contribution of the first five principal component axes to variation in rice varieties  
 

Parameter PC1 PC2 PC3 PC4 PC5 

Weight of 1000 grains 0.24 -0.49 0.05 0.06 -0.16 

Total yield/plot  -0.42 -0.35 -0.01 0.06 -0.20 

Number of grains/panicle 0.14 -0.13 -0.44 0.31 -0.25 

Days to 50% flw -0.25 0.16 -0.02 0.27 0.29 

Phenotypic acceptability -0.30 0.44 -0.06 -0.12 -0.17 

Leaf width -0.01 0.34 -0.22 -0.40 -0.20 

Panicle number/m
2
 -0.28 -0.01 -0.41 0.26 0.43 

Plant height -0.36 0.12 0.39 -0.15 -0.06 

Leaf length -0.19 0.35 0.23 0.50 0.22 

Panicle length -0.00 -0.25 0.20 -0.11 0.62 

Iron Score -0.40 -0.21 0.15 -0.16 -0.23 

Gall midge count -0.00 -0.19 -0.37 -0.51 0.32 

Number of tillers -0.43 0.12 -0.42 0.01 0.02 

Eigen value 2.32 1.85 1.67 1.42 1.25 

Percentage 17.8 14.2 12.80 10.90 9.60 

Cumulative 17.8 32.1 44.90 55.89 65.40 
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Figure 3. Loading plot of morpho-agronomic traits, two years combined. 

 
 
 
component contributed 9.6% of the total variation. 
Variables like days to fifty percent flowering, panicle per 
meter square, leaf length, and panicle length and number 
of tillers contributed positively to the variation. The entire 
5 principal components accounted for 65.4% of the total 
variation observed.  

The loading plot of first and second component using 
morphological trait showed that leaf width, Number of 
grains per panicle, Gall count and average leaf width 
showed  more  degree  of  variation  compared   with   the 

other parameters (Figure 3). Most of the characters 
loaded more in the second principal component. 
 
 
DISCUSSION 
 
The result of the means square analysis showed that 
there were highly significant differences among the 
varieties. This explains the variation existing among the 
cultivars   studied.   The   principal   component   analysis  
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(PCA) of the 2 years combined reveals the total 
contribution of characters to the variation. The first 5 
components accounted for 65.4% of the total variation. 
Characters with high variability are expected to provide 
high level of gene transfer during breeding programs 
(Gana, 2006; Aliyu et al., 2000). Also the loading plots of 
the first and second component showed the degree of 
variation that exists within the components. Leaf width, 
number of grains per panicle, gall count and panicle 
length showed more variation. In the 2 years combined, 
panicle length, no of grains per panicle and gall count 
loaded more on the first principal component. High level 
of variability existing within the varieties and the 
characters will make room for further improvement of the 
cultivars in breeding programs. 
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