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ABSTRACT

Multivariate analysis was used to group and study the pattern of genetic variability and relationship
among ten papaya genotypes in Benin City, Nigeria. The experiment was conducted at the
Teaching and Research Farm of the Faculty of Agriculture, University of Benin, Benin City, Nigeria
(Latitude: 6° 33'N, Longitude: 5° 37'E; 79m asl). Field evaluation of the papaya genotypes was
carried out from October 2012 to June 2013. The experiment was laid out as a randomized
complete block design with three replications. The result of the Principal Component Analysis
(PCA) indicated that the contribution of the first three factors with Eigen value greater than one
accounted for 93.0% of the total variation. The first component loaded highly for fruit characters
except fruit flesh thickness and fruit diameter which loaded highly in the third component. The
vegetative components loaded highly in the second component. Thus the pawpaw genotypes can
be distinguished based on either yield or vegetative characters with more reliability on the yield
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parameters which mostly accounted for the greater proportion of variation. Better resolution can be
achieved when both are considered together. The accessions were allocated into three clusters by
Cluster Analysis. The three clusters formed indicate intraspecific phenotypic dissimilarity among the
ten genotypes especially with the separation of the genotypes that were collected from similar
environments. PCA and Cluster Analysis produced similar results in classifying similar genotypes
into their separate clusters. Between accessions, CP006 and CP012 had the highest genetic
distance while the lowest genetic distance was between CP001 and CP011. The level of variability
observed suggested a high diversity among the genotypes. The phenotypic variations could be
explored for utilization, conservation and for future genetic improvement by selection of genotypes
with promising agronomic characters. CP012 was particularly superior with respect to the studied
traits and was the only genotype in its cluster group. Molecular studies would be useful to confirm
the genetic diversity and characterize these genotypes for more detailed examination.

Keywords: Papaya; phenotypic variation; cluster analysis; principal component analysis.

1. INTRODUCTION

The papaya (Carica papaya L.) is native to
tropical America and belongs to the small family
Caricaceae, which includes 35 species placed in
six genera [1]. Among all species, 32 are
dioecious, two trioecious and one monoecious
[2]. The papaya is the only species of the genus
Carica, also being the best known and most
economically important within the family [3],
showing widespread cultivation in tropical and
subtropical regions around the world. It is
commonly known for its food and nutritional
values throughout the world [4]. Papaya is a
major fruit crop worldwide that is primarily
consumed as fresh fruit. It is highly abundant and
is commonly known as pawpaw in Nigeria. It is
an invaluable plant that is prevalent throughout
Tropical Africa and Nigeria is the third largest
producer globally [5].

Genetic diversity among parental is considered
an important factor for obtaining heterotic
hybrids. This diversity is one of the restraining
tools for breeding programmes based on
hybridization, because it generates parameters
for identifying superior parental. According to [6],
this distance is essential to increase the chance
of recovering superior genotypes. Several
authors have reported the efficacy of genetic
divergence as a criterion for choosing parents to
be crossed [7-9]. It plays an important role in
plant breeding because hybrids between lines of
diverse origin generally display greater heterosis
than those between closely related strains [10]
which permits to select the genetically divergent
plants to obtain the desirable recombination of
the segregating generation.

Multivariate analysis is a useful tool in quantifying
the degree of divergence between biological
population at genotypic level and to assess
relative contribution of different components to

the total divergence both at intra- and inter-
cluster levels [11,12]. The multivariate analysis
such as the Principal Component Analysis
(PCA), cluster and discriminant analysis have
been used to uncover similarities between
variables and determine the amount of variation
and the most appropriate breeding strategy for
papaya improvement programme [13,14].
Papaya exhibits considerable phenotypic
variation for many morphological and horticultural
traits, including fruit size, fruit shape, flesh color,
flavor and sweetness, length of juvenile period,
plant stature, stamen arpellody, and carpel
abortion [15,16]. Some multivariate studies on
papaya have reported genetic diversity using
morphological data, isozyme, microsatellite
markers, SSR (simple sequence repeats) [13,
17,14]. In another study in papaya, morpho-
agronomic and molecular data were used
together to estimate the genetic distance
between genotypes derived from backcrossing
[18]. The objective of this research was to study
the genetic variation among ten papaya
genotypes by using multivariate analysis to
classify the accessions in order to identify
divergent parents for breeding programme and
select the most suitable combinations which
would provide superior segregates, as well as, to
investigate the importance of the evaluated
characters.

2. MATERIALS AND METHODS

The ten papaya genotypes used in this study
(CP0O01, CP002, CP003, CP004, CP005, CP006,
CP007, CP008, CP011 and CP0120) were
obtained from Uselu market and home gardens
in Benin City metropolis. The collection was
undertaken in October, 2011. The seeds of each
papaya accessions were sown in October, 2011
in drill rows of 4m by broadcasting and gradually
thinned (by discarding all male plants) to three



plants per row, spaced at 2 m x 2 m. Thus, each
papaya accession used in this study was either
female or bisexual plants and evaluation for sex
type for each genotype was not performed during
the study. The experiment was conducted at the
Teaching and Research Farm of the Faculty of
Agriculture, University of Benin, Benin City, Edo
State, Nigeria (Latitude: 6° 33'N, Longitude: 5°
37'E; 79m asl). Field evaluation of the papaya
genotypes was carried out from October 2012 to
June 2013. The experiment was laid out as a
randomized complete block design with three
replications.

At flowering, about 9 months after planting, NPK
15:15:15 was applied at the rate of 0.6 kg per
plant. Each papaya stand received additional
0.6kg of NPK 15:15:15 at 18 months after
planting. Data were collected on several
quantitative traits derived from a subset of the
papaya descriptor list published by IPGRI [19]
(Table 1).

Table 1. Descriptor list used for
morphological characterization of papaya
genotypes

Organ
Stem

Quantitative traits
Height

Girth

Length

Length

Width

Length
Diameter

Flesh thickness
Number
Weight

Fruit yield

Petiole
Leaf

Fruit

The stem height was measured from the ground
level to the stem tip with a tape, while stem girth
was measured at 10th internode when counted
downward from the point of attachment of the
first fruit. Leaf length was obtained by measuring
from the point of attachment of the petiole to the
tip of the longest leaflet, while leaf width was the
measured widest portion of the leaves. Petiole
length was measured as the distance from the
point of its attachment to the stem to the point of
attachment of the palmate leaves. At harvest, the
fruit was detached from the peduncle and the
fruit weight was determined by weighing with a
weighing scale. Longitudinal sections of the
harvested fruits per tree were made, and then
the fruit length was determined from pole to pole
of the fruits. Fruit diameter was determined from
the equator of the sectioned fruit and the flesh
thickness was measured with a measuring tape.
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2.1 Data Analysis

The data were subjected to analysis of variance
and basic statistics in order to give initial
information about the traits across the genotypes
and parameters such as mean, standard
deviation (SD) and coefficient of variation (CV)
for each one of the 13 studied traits were
calculated. Cluster analysis was implemented
using the hierarchical clustering techniques,
based on UPGMA (unweighted pair-group
method using an arithmetic average) by
subjecting the 10 x 13 data matrix to cluster
analysis based on squared Euclidean distances
for similarity measurement. In order to identify
the patterns of phenotypic variation, Principal
Component Analysis (PCA) was conducted. The
PCs with Eigen value >1.0 was considered as
inherently more informative than any single
variable alone [20]. The PCA was further rotated
using the varimax method with Kaiser
Normalization. SAS [21] and SPSS version 17 for
Windows statistical software packages were
used for the analysis.

3. RESULTS

Pattern of variation among the genotypes were
different for each traits. The largest variation was
observed for fruit yield (t/ha), total fruit yield (kg),
and fruit yield per plant (kg) with coefficients of
variations of 75.47%, 75.45% and 69.02%
respectively. Generally, all the traits show
moderate to high variability. Coefficient of
variation (CV %) ranged from 13.52 to 75.47%
for the various traits. The coefficient of variation
was highest for fruit yield (t/ha), while the lowest
level was showed by leaf length (Table 2). Based
on the agro-morphological characters, the
papaya genotypes collected showed variation in
most of the characters especially the fruit
yield traits, but was not statistically significant
(Table 3).

3.1 Cluster Analysis

The dendrogram of the hierarchical cluster
analysis (HCA) separated the 10 accessions into
three different clusters with Squared Euclidean
distance dissimilarities ranging between 3.09 to
108.31 (Table not shown). Phenogram based on
squared Euclidian distance coefficients using 13
traits placed the 10 genotypes into three main
clusters (Fig. 1). First cluster consisted of a total
of four genotypes (40%) namely CP001, 011,
006 and 005. The second cluster consisted of
five clusters while the remaining genotype



Table 2. Basic statistics of the agro-morphological
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characters across 10 genotypes of papaya

Characters Mean Mean Standard Coefficient
Min. — Max. deviation variation (CV)
Stem height (cm) 170.42 138.2 - 209.0 23.33 13.69
Stem girth (cm) 15.66 12.2-18.8 2.42 15.47
Leaf length (cm) 41.10 34.6 -52.8 5.56 13.52
Leaf width (cm) 57.75 51.0 - 63.6 7.83 13.56
Petiole length (cm) 61.79 41.26 — 84.00 13.34 21.60
Fruit length (cm) 24.14 18.2-31.9 4.95 20.52
Fruit diameter(cm) 13.44 10.8 - 16.7 2.14 15.95
Fruit flesh thickness (cm) 3.03 23-35 0.42 14.00
No. of fruits per plant 14.60 8.0-26.0 4.88 33.43
Number of fruits harvested 9.90 3.0-21.0 5.09 51.38
Total fruit yield (kg) 22.00 5.9-60.5 16.60 75.45
Fruit yield per plant (kg) 11.52 3.0-30.3 7.95 69.02
Fruit Yield (t/ha) 30.52 8.2-84.0 23.03 75.47

(CP012) was in cluster 3. The Euclidean genetic
distance between CP006 and CPO012 was the
highest (108.3) while the lowest Euclidean
distance was between CP001 and CP011 (3.09).
Except for stem height, petiole length and fruit
length, the third cluster (CP012) had highest
values for the remaining ten characters (77% of
the studied traits).

3.2 Principal Components Analysis (PCA)

The results showed that three principal
components with eigen values more than one
explained 93% of total variability (Table 4). The
first principal component (PC1) was mostly fruit
characters that explained 70.4% of total
variability. Among the property vectors of PC1,
leaf length, leaf width, fruit length, fruit per plant,
number of fruit harvested, total fruit yield, fruit
yield per plant and fruit yield per hectare have
higher values. The second principal component
(PC2) was plant vegetative characters which

explained 14.74% of total variability. Among the
property vectors of PC2, stem height, stem girth,
leaf length, leaf width and petiole length have
higher values. The third principal component
(PC3) was the remaining fruit characters that
explained about 7.83% of total variability. All the
agro-morphological characters in each
component were positively correlated. The first
two PCs were plotted to observe the relationship
among the ten genotypes of papaya (Fig. 2).
Genotypes namely CP001, 011, 006 and 005
were found to be clustered together, while
(CP012) was in separate cluster (a singleton) as
also observed in the cluster analysis. Genotypes
to the extreme right of the component plot are
those genotypes with high PC1l scores and
included CP007 and CP008. These genotypes
have high fruit yield qualities as PC 1 was
particular high in fruit yield loadings. Similarly,
CP012 located at the top extreme left of the
component plot with high PC2 scores had high
vegetative characteristics.

HIERARCHICAL CLUSTER ANALYSIS

Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine

CASE 0 5
Label Num +-—-—————-—-—-— +—————
CP001 1 =

CPO11 9

CP0O06 6

CP005 5 — 1

CP0Q7 7 ——

CP008 g —

CP003 3 —

CP004 4 —l4|—

CP002 2

CPO1Z 10

Fig. 1. Dendrogram based on UPGMA analysis generate

d using the phenetic relationships

among the 10 papaya lines

4
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Table 3. Mean values of agronomic characters in the  ten papaya lines

Lines Stem Stemgirth  Leaf Leaf Petiole  Fruit Fruit Fruit flesh No. of Number Total Fruit Fruit
height (cm) length  width length  length diameter  thickness(cm)  fruits of fruits fruit yield per yield
(cm) (cm) (cm) (cm) (cm) (cm) per Harvested yield plant (kg) (t/ha)
plant (kg)
CP001 1445 141 34.6 49.1 53.8 19.2 11.1 2.6 10.0 7.0 12.9 7.1 17.9
CP002 138.2 149 37.6 54.6 53.3 25.0 13.5 3.3 15.0 12.0 23.8 11.9 33.0
CP0O03 1810 18.2 43.6 63.2 70.5 31.9 16.2 3.4 15.0 11.0 36.8 18.4 51.0
CP004 1825 164 42.9 59.4 52.3 29.4 13.6 3.3 15.0 10.0 24.9 13.1 34.5
CPO05 1750 143 374 51.1 62.9 21.2 10.8 2.3 17.0 14.0 21.3 10.6 29.5
CP006 138.3 12.2 36.1 51.0 41.3 211 11.2 2.8 8.0 3.0 5.9 3.0 8.2
CP0O07 1895 16.7 46.3 63.6 84.0 225 14.5 2.9 14.0 8.0 18.5 9.3 25.7
CP008 209.0 185 41.8 59.9 67.9 18.2 14.9 3.5 15.0 5.0 9.0 6.7 12.5
CP0O11 170.7 125 37.8 515 53.4 21.9 11.9 2.7 11.0 8.0 6.4 4.8 8.9
CP012 1755 18.8 52.8 74.1 78.5 31.0 16.7 3.5 26.0 21.0 60.5 30.3 84.0
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Table 4. Eigen values, variance, cumulative
variance and component scores of the first
three principal components for 13

guantitative traits in 10 papaya lines

Traits PCl1 PC2 PC3
Stem height -081 902 .182
Stem girth (cm) 347 681 576
Leaf length (cm) 575 611 .447
Leaf width (cm) 565 569  .553
Petiole length (cm) 392  .854 .091
Fruit length (cm) .686 -.054 .596
Fruit diameter(cm) .389 525 737
Fruit flesh thickness 169 235 .924
(cm)

No. of fruits per plant .826  .443 182
Number of fruits 967 145 .004
Harvested

Total fruit yield (kg) 913 .182 .352
Fruit yield per plant (kg) .895 .221  .375
Fruit Yield (t/ha) 913 182 .352
Eigen values 9.16 192 1.06
Cumulative eigen 9.16 11.08 12.14
values

Variance (%) 70.44 1474 7.83
Cumulative variance 70.44 85.18 93.01
(%)

PC1 (First Principal Component)
PC2 (Second Principal Component)
PC3 (Third Principal Component)

4. DISCUSSION

All the 10 studied genotypes differed from one to
another for all the characters, although were not
statistically significant. However, it was not
possible to relate morphological diversity and
performance to sex type. It was reported by [13]
that sexual type affected leaf and fruit traits and
cluster analysis shows little morphological
differentiation between origins of papaya
accessions. The CV% for the trait number of
fruits harvested, total fruit yield, fruit yield per
plant and fruit yield (Kg and tons/ha) is high
which implies that there is a high level of
variability among the evaluated genotypes with
respect to these traits. It means that it is possible
to improve these fruit characters in the evaluated
papaya population through selection. Wide range
of variability in number of fruits per plant and fruit
yield per plant was also observed in true
breeding accessions of papaya [22] and in
hermaphrodite papaya genotypes [23].
Therefore, these traits can be used as principal
selection criteria for papaya improvement
programme. The range of values for most traits
was high with the various genotypes having
superior performance for each variable with
CP012 particularly superior with respect to the



studied traits and was the only genotype in its
cluster group indicating that genotype of this
cluster could be used as parent in future
hybridization program for improved fruit yield
gualities. Crosses between individuals from
different clusters may result in high heterosis.
Even though, the genetic mechanisms that
explain heterosis are not fully understood, it is
well documented that crosses between unrelated
and consequently genetically distant parents,
show greater hybrid vigor than crosses between
closely related parents [24] since it is expected to
produce new recombinants with desired traits.
One of the important approaches to papaya
breeding is hybridization and subsequent
selection. Parents’ choice is the first step in plant
breeding program through hybridization. In order
to benefit transgressive segregation, genetic
distance between parents is necessary [25]. The
higher genetic distance between parents, the
higher heterosis in progeny can be observed [26,
27]. The genetic distance between CP006 and
CP012 was the highest and thus crosses
between these two parents should be
considered. The principal component analysis
indicated  significant  contributions in  the
component loadings of the 13 traits, which
underpins their relevance in determining the
variability among the 10 genotypes. The sign on
the loadings indicates the direction of relationship
between the components and the trait measured
[28]. Two traits with high weighting in the same
component are expected to be highly correlated.
This principle suggests that these traits could be
probably influenced by similar gene(s) and may
be used to identify variation among genotypes
[28].

In spite of the reduction of the characters to only
three principal components, it was possible to
account for over 70% of the total variations
among the papaya accessions. Thus, the
capacity of PCA in data reduction without loss of
information was confirmed [29]. Component one
loaded highly for fruit traits and accounted for
over 70% of the total variation among the
genotypes and therefore measured the
importance of fruit characters in distinguishing
the papaya genotypes. Fruit qualities were also
sufficient in distinguishing papaya accession in
Babados as reported by [13]. In the present
study, principal component analysis captured
most of the variation within the genotypes in
higher number of axes compared to discriminant
analysis. Thus, a combination of PCA and
discriminant analysis would be appropriate for
describing the variation among papaya
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genotypes. [9] also obtained similar result in
coconut. Given the food and nutritional values of
papaya, the morphological characterization of the
papaya genotypes would serve as a good guide
for the genetic development, conservation,
collection and utilization of germplasm.

5. CONCLUSION

This research work was initiated with the aim of
studying the genetic diversity and identifying key
morphological traits to distinguish papaya
accessions in Benin City, Edo State, Nigeria. The
goal was to identify genotypes with desired traits
for further genetic improvements. Multivariate
analysis was used to group and study the pattern
of genetic variation and relationship among the
accessions. The level of variability observed
suggested a high diversity among the genotypes.
Further studies would require collection of
papaya germplasm from other ecological zones
in Nigeria in order to widen the scope of the
study, and evaluation of sex type for each
genotype would be needed so as to relate
morphological diversity and performance to sex
type. Cluster and principal component analysis
classified the genotypes into different similar

groups with observable morphological
characteristics. Fruit yield characters were
superior in distinguishing the genotypes.

Representative genotypes may be chosen from
any particular groups. The characters identified
in this study should guild the breeders in
identification, selection and combination of
genotypes to obtain lines with the desired traits.
Grouping of genotypes by multivariate methods
in the study is of practical value for the papaya
breeders. However, Molecular studies would be
useful to confirm the genetic diversity and
characterize these genotypes for more detailed
examination and further study across years and
locations should be done. This may help to
emphasize the availability of these genetic
resources for future breeding programmes.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Scheldeman X, Kyndt T, Coppens

D'Eeckenbrugge G, Ming R, Drew R,
Droogenbroeck BV, Van DP, Moore PH.
Vasconcellea. In: Wild crop relatives:
Genomic and breeding resources. Tropical



10.

11.

12.

13.

and subtropical fruits. Kole C (ed.).
Heidelberg: Springer [Allemagne]. 2011,
213-249.

Ming R, Yu Q, Moore PH. Sex
determination in papaya. Semin. Cell Dev.
Biol. 2007;18:401-408.

Van Droogenbroeck B, Breyne P,
Goetghebeur P, Romeijn-Peeters E. AFLP
analysis of genetic relationships among
papaya and its wild relatives (Caricaceae)
from Ecuador. Theor. Appl. Genet. 2002;
105:289-297.

Krishna KI, Paridhav M, Jagruti AP.
Review on nutritional, medicinal and
pharmacological properties of papaya
(Carica papaya linn.). National Prod.
Reliance. 2008;7(4):364-373.

FAO (Food and Agriculture Organization)
for the United Nations. Statistics online
website; 2015.
Available:http://faostat.fao.org

Cruz CD, Carneiro PCS, Modelos
biométricos aplicados ao melhoramento
genético. - Vigcosa: Imprensa Universitaria.
2003;2:585.

Dias LAS, Kageyama PY. Multivariate
genetic divergence and hybrid
performance of cacao (Theobroma cacao
L.). Braz. J. Genet. 1997;20:63-70.

Hamza AM, Agho C, Ado SG, lkuenobe
CE, Ataga CD Odewale JO. Proximate
compositions evaluation and variability
among cultivars of date palm (Phoenix
dactylifera L.) in Nigeria. International
Journal of Plant & Soil Science. 2014;3(3):
248-259.

Odewale JO, Agho C, Ataga CD, Aisueni
NO, lkuenobe CE, Okoye MN, Odiowaya
G, Edokpayi AA, Ahanor MJ, Uwadiae EO.
Pattern of genetic diversity and variability
in germplasm resources of local and exotic
coconut (Cocos nucifera L.) cultivars in
Nigeria. Scholarly J. Agric. Sci. 2012;2(8):
202-207.

Singh P. Studies on genetic variability and
diversity of rice. Madras Agric. J. 1983;
70(7):436-440.

Jatasra DS, Parada RS. Genetic
divergence in wheat under different
environmental conditions. Cereal Res.

Comm. 1978;6:307-317.

Zahan MI, Bhuiyan MSR, Hossain MS.
Genetic divergence in Oleiferous brassica
species. J. Sher-e-Bangla Agric. Univ.
2008;2(1):1-6.

Ocampo J, d’Eeckenbrugge GC, Bruyere
S, De Belliare LL, Ollitrault P. Organization

Emede et al.; IIPSS, 15(2): 1-9, 2017; Article no.lJPSS.30111

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

of morphological and genetic diversity of
Caribbean and Venezuelan papaya
germplasm. Fruits. 2006;61:25-37.

de Oliveira EJ, Amorim BO, Matos ELS,
Costa JL, Castellan MS, Padua JG, Panta
JLL. Polymorphism of microsatellite
markers in papaya (Carica papaya L.).
Plant Mol. Biol. Rep. 2010;28:514-530.
Kim M, Moore P, Zee F, Fitch MMM,
Steiger D, Manshardt R, Paull R, Drew R,
Sekioka T, Ming R. Genetic diversity of
Carica papaya as revealed by AFLP
markers. Genome. 2002;45:503-512.
Ocampo Pérez J, Dambier D, Ollitrault P,
d’Eeckenbrugge GC, Brottier P, Froelicher
Y, Risterucci AM. Microsatellitemarkers in
Carica papaya L.: Isolation
characterization and transferability to
Vasconcellea species. Mol Ecol Notes.
2006;6:212-217.

Ocampo J, d"Eeckenbrugge GC, Ollitrault
P, Risterucci AM, Dambier D. Papaya
genetic diversity assessed with
microsatellite markers in germplasm from
the Caribbean region. Acta Horticulturae.
2007;740:93-102.

Ramos HCC, Pereira MG, Pinto FO,
Ribeiro EH. Multivariate analysis to
determine the genetic distance among
backcross papaya (Carica papaya L.)

progenies. Genet. and Molecular Res.
2012;11(2):1280-1295.
Anon., Descriptors-for-papaya, IBPGR,

FAO, Rome, Italy; 1988.

Kaiser HF. The application of electronic
computers to factor analysis. Educational
and Psychological Measurement. 1960;
20:141-151.
Available:http://dx.doi.org/10.1177/001316
446002000116

SAS Institute. Inc. SAS users’'s guide.
Statistics, version 9.00. SAS Institute, Inc.,
Cary, NC; 2002.

Jana BR, Rai M, Das B, Nath V. Genetic
variability and association of component
characters for fruit yield in papaya (Carica
papaya L.). The Orissa J. Hort. 2005;
33(1):90 — 95.

Asefa W, Etissa E, Dagnew A, Ayele L,
Kebede G, Damtew M, Ayalew M.
Genetic variability and  association of
characters of hermaphrodite papaya
genotypes. Adv. in Biosci and Bioeng.
2016;4(2):10 -15.

Stuber CW. Heterosis in plant breeding.
Plant Breed. Rev. 1994;12:227-251.




25.

26.

Joshi BK, Mudwari A, Bhatta MR,
Ferrara GO. Genetic diversity in Nepalese
wheat cultivars based on  agro-
morphological traits and coefficients of
parentage. Nep. Agric. Res. J. 2004;5:7-
17.

Joshi AB, Dhawan NL. Genetic
improvement of vyield with special
reference  to self-fertilizing crops.
Indian J. Genet. And Plant Breed.

1966;26:101-113.

Emede et al.; IIPSS, 15(2): 1-9, 2017; Article no.lJPSS.30111

27.

28.

29.

Anand I1J, Murrty BR. Genetic divergence
and hybrid performance in linseed. Int. J
Genet plant Breed. 1968;28:178-185.
Biabani AR, Pakniyat H. Evaluation of
seed vyield-related characters in sesame
(Sesamum indicum L.) using factor and
path analysis. Pakistan J. Bio. Sci. 2008;
11:1157-1160.

Ross cJs. Statistical algorithms.
Algosithorus AS13-AS15. Appl. Stat. 1969;
18:103-110.

© 2017 Emede et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/18404




