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ABSTRACT

Phenotypic characterization of rice (Oryza sativa L.) provides useful information regarding preservation of diversity and
selection of parental genotypes with superior traits in plant breeding program. The main objective of the present study was
to characterize 13 selected rice genotypes based on 7 grain and kernel traits from Kenya and Tanzania. Minitab 15.0
software was used to analyze data. The 7 traits showed highly significant differences among the improved and local
landraces. A dendrogram was constructed from data set of mean values of grain and kernel traits and showed two super
clusters; I and Il. Principal component analysis revealed that all the seven quantitative traits significantly influenced the

variation in these genotypes.
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Rice (Oryza spp.) is a monocotyledonous plant
belonging to the family Gramineae and subfamily
Oryzoidea (Vaughan et al., 2003). It is ranked second
to wheat among the most cultivated cereals in the
world (Walia and Walia, 2007). Due to its importance
as a food crop, rice is being planted on approximately
11% of the Earth’s cultivated land area (Khush,
2005). During crop improvement strategies, selection
on breeding lines depends on a given set of criteria
found suitable to a particular environment and for
specific application. This process has led to
development of morphologically related genotypes.
Phenotypic similarity poses threats of epidemic of
pests and diseases. To address this problem,
phenotypic characterization is important in breeding
program to avoid this inherent danger of phenotypic
uniformity.

In addition, landraces offers valuable genetic
materials that can be utilized in future crop
development and improvement programs (Patra,
2000). High vyielding varieties which are the
backbone of green revolution have led to erosion of
landraces and wild varieties of rice (Fowler and
Mooney, 1990). Importance of landraces can never be
ignored in agriculture system. This is because
improvement in existing varieties depends upon
desirable genes which are possibly present in
landraces and wild varieties only (Holden et al.,
1993). Therefore, characterization of phenotypic
diversity on existing landraces of rice reveals
important traits of interest that can be utilized in rice
improvement programs.
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The objectives of the study were to determine the
phenotypic diversity on selected rice (Oryza sativa
L.) genotypes based on 7 grain and kernel traits from
Kenya and Tanzania along with other 2 genotypes
from Philippine and to identify the traits that
contribute to the total variation among the rice
genotypes studied. Information generated from
phenotyping these genotypes can be utilized in rice
breeding programs.

MATERIALS AND METHODS
Plant materials

A total of 13 rice genotypes comprising of local
landraces and improved rice genotypes were collected
from Mwea Irrigation Agricultural Development
Centre (MIAD) in Mwea, Kenya and Kilimanjaro
Agricultural Research Institute in Moshi, Tanzania.
The name, country of origin and category of the rice
genotype chosen for the study are given in tablel.

Measurement of grains and Kkernel traits

The following seven (7) phenotypic traits were
measured in this study; grain length (GL), grain
breadth (GB), grain length:breadth (G-L:B), kernel
length (KL), kernel breadth (KB), kernel
length/:breadth (K-L:B) and 100 grain weight (100
GW). For each of the rice genotype, 10 grains were
randomly selected and their measurement taken using
a digital vernier caliper. Weight of 100 rice grains
from each genotype was determined using an
electronic weighing balance (Mettler toledo), and
average weight + standard error of mean was
recorded.
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Data management and analysis

To determine phenotypic relatedness based on
grain and kernel traits of the 13 rice genotypes, the
data was analyzed statistically for the difference in
means for the 7 grain and kernel traits measurement
through ANOVA followed by Tukey’s post hoc to
separate means. Cluster analysis yielded a
dendrogram that was used to examine the phenotypic
relatedness among the 13 rice genotypes. To assess
the underlying source of variation in morphology
based on the 7 grain and kernel traits among the 13
rice genotypes, Principal component analysis (PCA)
was carried out. All analyses were done using
software Minitab 15.0 (State College Pennsylvania-
USA).

RESULTS AND DISCUSSION

The measurement of the grain and kernel traits for
the 13 rice genotypes and their mean values are
shown in table 2. From the table, it can be seen that
Supa, a local landrace rice genotype from Tanzania
had the highest value of the grain length (10.48)
while /74 310, an improved rice genotype from
Kenya had the lowest value of the grain length
(9.00). In terms of grain breadth, Supa, a local
landrace rice genotype from Tanzania had the highest
value of the grain breadth (2.14) while /74 310, an
improved rice genotype from Kenya had the lowest
value of grain breadth (1.79). Furthermore, it was
observed that Wahiwahi, a local landrace rice
genotype from Tanzania reported the highest value of
grain length:breadth (5.26) whereas /R 64, an
improved rice genotype from Philippine had the
lowest value of grain length:breadth (4.60).
Moreover, Supa, a local landrace rice genotype from
Tanzania had the highest value of the kernel length
(7.78) while ITA 310, an improved genotype from
Kenya recorded the lowest value of kernel length
(6.54). In terms of kernel breadth, Supa, a local
landrace rice genotype from Tanzania had the highest
value of the kernel breadth (1.90) while /74 310, an
improved genotype from Kenya recorded the lowest
value of kernel breadth (1.60). In terms of kernel
length breadth ratio, Kilombero, a local landrace rice
genotype from Tanzania had the highest value of the
kernel length breadth ratio (4.45) while BW 196, an
improved genotype from Kenya had the lowest value
of the kernel length breadth ratio (3.68). In terms of
grain weight, Supa, a local landrace rice genotype
from Tanzania had the highest value of the grain
weight (2.91) while /74 310, an improved genotype
from Kenya recorded the lowest value of grain
weight (1.67).
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Cluster analysis

A dendrogram was constructed from data set of
mean values of the 7 grain and kernel traits and
showed two super clusters; I and II as shown in
figure 4.1. Super cluster I comprised of Kilombero,
Wahiwahi and Supa genotypes both indigenous rice
genotypes from Tanzania. On the other hand, super
cluster II comprised of 10 rice genotypes; 5 improved
rice genotypes from Kenya, 2 improved rice
genotypes from Philippine, 1 improved rice genotype
from Tanzania and 2 indigenous rice genotypes from
Tanzania. Super cluster 11 was more diverse and
could further be divided into 2 sub groups.

Principal component analysis (PCA)

The PCA was performed for all the 7 grain and
kernel traits among the 13 rice genotypes as indicated
in table 3. Out of seven, two principal components
exhibited more than one eigen value and showed
about 91.3% variability among the traits studied. The
PC1 had 53.8%, PC2 showed 37.5% and PC3
exhibited 5.4% variability among the genotypes for
the traits under study. Principal component one
(PC1), principal component two (PC2) and principal
component three (PC3) had eigen values of 3.77,
2.62, 0.38 and 0.14, respectively.

The first PC was highly and positively correlated
to grain length, grain breadth, kernel length and 100
grain weight. However, it was negatively correlated
to grain length breadth ratio. In the second PC, grain
length breadth ratio, kernel length and kernel
length/breadth ratio were highly and positively
correlated traits. On the other hand, it was highly and
negatively correlated to grain breadth and kernel
breadth. The third PC exhibited high positive
correlation between kernel length and kernel length
breadth ratio. However, it was highly and negatively
correlated to grain length and grain length breadth
ratio as shown in table2.

Based on the 7 grain and kernel traits, the 13 rice
genotypes were clustered into four groups as shown
in fig.2. The first quadrant was made up of
Kilombero and Wahiwahi. The second quadrant
grouped Saro 5, BS 217, ITA 310 and BS 370
together. R 2793, IR 64 and BW 196 were grouped
into third quadrant. The forth quadrant consisted of
Red Afaa, Kahogo, IR 54 and Supa genotypes.

Diversity analyses of germplasm collections of
several crop species have revealed considerable
variability for a wide range of traits (Yang et al.,
1991). The wide range of diversity in phenotypic



traits have proved a useful tool in classification of
plants and the information obtained could be of high
interest to plant breeders in development of plant
species with desirable agronomic and nutritional
qualities® (Maduakor and Lal, 1989).

From the ANOVA table, it was evident that the
means of the measured traits varied significantly
among the 13 rice genotypes included in this study.
The differences in mean values of grain length across
the 13 rice genotypes studied could be as a result of
different expression levels of GS3 gene that confers
grain length in rice (Takano-Kai et al., 2009). In
addition, the differences in mean values of grain
breadth and grain weight across the 13 rice genotypes
studied could be as a result of different expression
levels of GW2 gene within the rice genome. Reduced
expression of GW2 gene increases grain breadth,
resulting in enhanced grain weight, whereas over
expression decreases grain breadth and weight (Xian
et al., 2007). Moreover, the differences in mean
values of kernel length across the 13 rice genotypes
studied could be as a result of different expression
levels of Kne gene that confers kernel length in rice
(Ahn ef al., 1993). These results were consistent with
findings of Basabdattaer al., 2012.

Genotypes that were clustered together indicated
that they shared similar traits. For example, three
improved rice genotypes namely BS 370, BS 217 and
IT4 310 both from Kenya were grouped together and
this showed that they have similar grain and kernel
traits. Genetic improvement of these genotypes could
have resulted in sharing of similar genes that influenced
their phenotypic characteristics. On the other hand,
genotype R 2793 and BW 196 both improved genotypes
from Kenya formed separate clusters implying that they
are phenotypically distinct from each other as far as
grain and kernel traits are concerned.
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Principal component analysis measures the
importance and contribution of each component to
the total variance while each coefficient of proper
vectors indicates the degree of contribution of every
original variable with which each principal
component is associated. In PCI1, the traits that
accounted for most of the 53.8% observed variability
among 13 genotypes included grain length, grain
breadth, kernel length, kernel breadth and 100 grain
weight. Therefore, this implied that these traits
contributed the most to the diversity captured in the
first principal component. Grain length breadth ratio,
kernel length and kernel length breadth ratio were the
most important traits that highly contributed to
variation patterns among the genotypes studied in
PC,. Moreover, in PC, only 4 traits contributed highly
to variation patterns among the genotypes studied.
They included: grain length, grain length breadth
ratio, kernel length and kernel length breadth ratio.
Kernel length contributed to variation across all the
three principal components indicating that is one of
the most important agronomic traits in rice. These
results agree with the findings of Takeda (1990). The
phenotypic diversity witnessed among the rice
genotypes studied could be used in the selection of
possible parents for rice improvement program.

Phenotyping of germplasm materials is an
important undertaking in genetic resource
conservation to ensure efficient conservation
management as well as its effective utilization
especially in breeding programs. In this study, 13 rice
genotypes were characterized to assess their
phenotypic diversity and showed considerable
variability based on the 7 grain and kernel traits.
Cluster analysis based on the 7 grain and kernel traits
clustered the 13 rice genotypes into 2 major groups.
Such groupings are useful to breeders in identifying

Table 1: Names, origin and category of the rice genotypes used in this study

Variety Origin Category of rice
R 2793 Kenya Improved variety
BS 217 Kenya Improved variety
BS 370 Kenya Improved variety
BW 196 Kenya Improved variety
ITA 310 Kenya Improved variety
SARO 5 Tanzania Improved variety
IR 64 Philippine Improved variety
KILOMBERO Tanzania Local land race
RED AFAA Tanzania Local land race
KAHOGO Tanzania Local land race
SUPA Tanzania Local land race
IR 54 Philippine Improved variety
WAHIWAHI Tanzania Local land race
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Table 2: Analysis of variance of the 7 grain and kernel traits among the 13 rice genotypes

Genotype Traits
GL GB GL:B KL KB KL:B 100 GW

R2793(A)  9.49+0.18 1.96+0.05" 4.86+0.11" 6.87+0.08" 1.74+0.03™* 3.95+0.03"“ 2.46+0.17"
BS 217 (B) 9.34+0.25  1.87 £0.02" 5.00 £0.11° 6.82+0.14™ 1.66+0.02°° 4.11 £0.04™* 2.70+0.12*
BS370(C)  9.03£0.14°  1.80+0.02° 5.01+0.08° 7.02+0.10° 1.65+0.02“ 4.27 +0.08" 1.96 +0.19"
BW 196 (D)  9.52+0.08"" 1.99 +£0.04" 4.79+0.09° 6.72+0.06° 1.83+0.02" 3.68+0.05° 2.18 +0.18™*
ITA310(E)  9.00 £0.06" 1.79+0.02° 5.03+0.06" 6.54+0.08° 1.60+0.04' 4.10 +£0.08" 1.67 £0.09°
Saro 5 (F) 9.75 £0.15™ 1.93 £0.04*" 5.08 £0.12" 6.95£0.16™ 1.68 £0.04™" 4.16£0.11"* 2.61+0.13"
IR 64 (G) 9.02 +0.14°  1.96 £0.02° 4.60 £0.08" 6.56+0.09° 1.76 £0.02" 3.72 £0.05* 2.27+0.04>"
Kilombero (H) 9.97 £0.28" 2.01£0.03" 4.96 +£0.09 7.37+0.19® 1.68 £0.05* 4.45+0.16"  1.84+0.08"“
Red Afaa () 9.43£0.15™ 2.02 £0.05” 4.70 £0.12° 6.62+0.05° 1.79 +£0.05"™ 3.73x0.13° 2.84+0.04"
Kahogo (J) ~ 9.49+0.17% 2.01£0.03" 4.72£0.10° 6.88+0.10% 1.79+0.02" 3.85=0.06° 2.52 +0.09
Supa (K) 10.48 £0.26™ 2.14+0.02° 4.82+0.12" 7.78+0.19" 1.90+0.01° 4.09 £0.10™ 2.91 +0.02"
IR 54 (L) 9.75 £0.11 2.02+0.03® 4.85=0.10" 7.02+0.05™ 1.77 £0.03* 3.98 £0.04™* 2.43 +0.08"
Wahiwahi (M) 10.44 £0.28" 1.99+0.03° 5.26 £0.13"  7.30£0.12" 1.74 £0.04 4.20 +£0.07" 2.83 £0.06"

Table 3: Eigen vectors, Eigen values, total variance and cumulative variance for 13 genotypes based on 7 grain

and kernel traits
PC1 PC2 PC3
Eigen value 3.77 2.62 0.38
% Total variance 53.8 37.5 5.40
% cumulative 53.8 91.3 96.8
Traits Eigen vectors
Grain length (cm) 0.457 0.234 -0.352
Grain breadth (cm) 0.473 -0.214 0.101
Grain length:breadth -0.034 0.566 -0.613
Kernel length (cm) 0.408 0.312 0.474
Kernel breadth (cm) 0.395 -0.368 -0.072
Kernel length:breadth 0.023 0.587 0.482
100 Grain weight(g) 0.494 0.036 -0.169
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Fig. 1: Dendrogram from mean values of grain and kernel traits among 13 rice genotype
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Fig. 2: Clustering of 13 rice genotypes based on 7 grain and Kkernel traits

possible genotypes that may be used as parents in
breeding for any of the phenotypic traits that were
studied. Above all, the information generated will
reduce the overall time required by rice breeders to
screen large populations for potential breeding stock.
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