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Abstract: The level of variability and heritability in Egusi melons needed to aid selection of cultivars with
improving traits and yield are scanty. The present study was undertaken to understand the level of character
associations and path analysis of yield components in Egusi melon (Citrullus vulgaris) for selection of high
yielding accessions for production and improvement purposes. The study was carried out at the Research Farm
of Michael Okpara University of Agriculture, Umudike. It was laid out in randomized complete block design with
three replicates. Data were collected on the yield and yield component traits. Analysis of variance, genetic
studies, correlation as well as path analysis was done on the generated data. Highly significant differences
(P<0.01) were observed in the traits of the accessions with exception of average pod length and average pod
weight. The magnitude of the error variances was lower than the genotype variances for all the traits, such lower
error variances indicated that the genotypic components were the major contributor to the total variance
observed in the traits. Pod yield/plant and number of pods/plot was positive and significantly correlated with
other traits. Significant and positive association among yield traits suggested that such traits are
complementary and selection of a trait will lead to the improvement of others. Pod weight with lower correlation
value of 0.589 when compared with number of pods that had 0.639 had higher direct effect of 0.37 on seed yield.
Average pod width had a negative direct effect on seed yield. Number of pods/plant had the highest indirect
effect of 0.28 through pod yield to seed yield. Selection of genotypes of Egusi melon with higher average
weight as well as with high number of pods will give a higher seed yield especially as the traits are highly
heritable and are complementary in action.
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INTRODUCTION The genetic variability existing in traits of any

Egusi melon (Citrullus vulgaris (Thumb) Matsum improvement of such traits through selection. For the
and Nakai) is a member of the Curcurbitaceae family and success of the crop improvement program, the characters
is widely cultivated for its seeds [1]. This melon variety in which variability is present should be highly heritable
commonly called “egusi” in most areas in West Africa [2]. as progress due to selection depends on heritability
The crop annual plant that thrives well in rich light soil selection intensity and genetic advance of the trait [5].
and in hot climatic regions of Africa. It tolerates low Understanding the level of heritability and genetic
rainfall and is used extensively as living mulch for the advance that exist in crop characters will facilitate the
control of weeds and soil moisture conservation in choice  of  selection  methods  for  the  crop  improvement
intercropping system. The seeds contain about 50% of oil [5-9].
and 35% protein [3] and the oil is clear, semi-drying, easily The main thrust in any crop improvement program is
refinable, suitable for cooking and of industrial usage in to enhance yield. Yield is a complex trait and is dependent
soap making and pharmaceuticals [4].  Egusi-melon  oil  is on many other ancillary characters which are mostly
highly valued and expensive and this makes the seed to inherited quantitatively [6]. Understanding the relative
be in high demand in tropical markets [4]. contribution  of  each  trait  to yield may be accomplished

germplasm determines the level of success in the
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using correlation studies but simple correlation does not Data on pod weight (g), pod length (cm), pod width
provide adequate information about the contribution of (cm) and number of seeds/pod, days to flowering, number
each factor towards yield. Hence, path coefficient analysis of pods/plant, pod yield/plot(kg) and seed yield/hectare
that untangles correlation coefficients into direct and (kg/ha) were measured. 
indirect effects is the most effective means to find out the
contributions of the causal factors of association among Data Analysis: Analysis of variance was performed on all
the different variables to yield. Path coefficient analysis the traits using the GenStat Discovery edition 3 [10].
can discriminate between the realistic (genetic effects) and Phenotypic variation for each trait was partitioned into
inflated (environmental effects) correlations [5]. Hence, genetic and non-genetic factors and estimated according
the knowledge of direct and indirect effects of different to Wricke and Weber [11] and Prasad et al., [12]:
components on yield is of prime importance in selection
of high yielding genotypes. Information on the path
analysis of yield components of Egusi melon is scanty in
literature. The present investigation was undertaken to Where: MSG, MSE and r are the mean squares genotypes,
gather useful information on genetic variability, character mean squares error and number of replication
association and path analysis of yield components in ten respectively. The phenotypic (PCV) and genotype (GCV)
accession of ‘Egusi melon’. coefficients of variations were estimated by the methods

MATERIALS AND METHODS

Source of Materials and Experimental Site: Ten
accessions of Egusi melon’Citrullus vulgaris obtained Where: VP, VG and X are phenotypic and genotypic
from different parts in Nigeria (Table 1) were used for the variances and grand mean respectively for the traits under
study. The experiment was carried out at the Research considerations. Broad sense heritability (h B) was
farm of the Michael Okpara University of Agricultre, expressed as the percentage of the ration of VG to VP on
Umudike (05°29  N, 33 E: 122 m a.s.l.). genotypic mean basis as described by Allard [15]. Genetic1 1

Experimental Design and Data Collection: The = k(Sp) H B where k is a constant (2.06 at 5% selection
experiment was laid out as a randomized complete block pressure), Sp is the phenotypic standard deviation vVP,
design replicated three times. The plots size was 3m x 3m h B is the broad sense heritability. GA was calculated as
with a spacing of 50cm x 100cm intra and inter row. Two a percentage of the mean. 
seeds per hill were sown on the 29  of April 2009 and NPK Principal component analysis (PCA) was also used toth

15:15:15 fertilizer at 200 kg/ha was applied at 4 weeks after evaluate the traits contributing to the phenotypic
planting (WAP), while weeding was done at 3 and 7 variation among the genotypes. Traits with high loading
WAP. in  PCA  were  used  in   correlation   analysis   to  examine

of Burton [13] and Jonson et al., [14] as: 

2

advance was estimated by the method of Fehr [16] as GA
2

2

Table 1: Accession code, collection point and seed descriptions of the ten Citrullus lunatus (Thumb) Matsum and Nakai.

Code Name Collection Point Seed Description

DS-Agwu-TK Agwu in Enugu State Broad flat brown seeds with thin edge

F2-OKI-Imo Okigwe in Imo State Broad flat brown seeds with thin edge

FCAI Ishiagu in Ebonyi State Broad flat brown seeds with thin edge

NGS-MOK-NGS Mokwa in Niger State Broad flat brown seeds with thin edge

SGS-Kogi Lokoja in Kogi State Broad flat brown seeds with thick black edge

F2-OSTK-Osun Osogbo in Osun State Broad flat brown seeds with thin edge

SS-KTGO Katungo in Taraba State Broad flat brown seeds with thin edge

NGS-MAD-NGS Madalla in Niger State Medium, broad, flat and brown seeds with thin edge.

NGS-Smatk-KD Samaru, Zaria, Kaduna State Broad flat brown seeds with thick black edge

NGS-SMA-KD Samaru, Zaria, Kaduna State
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the inter character relationships among the traits using  The closeness in the values of the PCV and GCV
SPSS for Windows Version 16.0, while path coefficient indicates that there was a little influence of the
analyses were done to determine the direct and indirect environment on the expression of these traits. Similar
effects of each trait to yield according to the procedure of results have been reported by Baye [18], Nwofia et al.,
Dewey and Lu [17]. [19]; Sood et al., [20], Sood et al., [7] and Nwofia and

RESULTS AND DISCUSSION and pod yield/plot(kg) had the highest magnitude of PCV

Analysis of variance revealed a highly significant selection through these traits for improvement in Egusi
difference (P<0.01) among the accessions for most of the melon.
traits except average pod length and  average  pod  weight Estimates of heritability acts as a predictive
that were not significant (p<0.05, Table 2). This indicated instrument in exercising the reliability of phenotypic
ample scope for the selection of difference quantitative value. Hence, it helps the breeder to make selection for
traits for “Egusi” melon improvement. The phenotypic traits with high heritability estimates. The genetic advance
(Vp), genotypic (Vg), error variances (Ve), phenotypic is a useful indicator of the progress that can be expected
coefficient of variation (PCV), genotypic coefficient of as a result of exercising selection of the pertinent
variability (GCV), heritability in the broad sense and population [7]. Heritability was high for all the traits
genetic advance of the yield and associated traits of except for number of days of flowering indicating that
‘Egusi melon’ Citrullus vulgaris are shown in Table 3. environmental influence had low influence on the
Estimates of the variance components for the traits expression of these traits. Heritability along the genetic
showed that the phenotypic and genotype variance were advance is more useful than heritability alone in
close to each other. The magnitude of the error variances predicting the resultant effect of selecting best individual
was lower than the genotypic variance for all traits. These genotype as it suggests the presence of additive gene
lower error variances indicate that the genotypic effects. The higher estimates of heritability coupled with
component was the major contributor to the total variance higher genetic advance for seed yield (kg/ha), number of
for this trait. This shows that the variability observed in pods/plot gene effects and consequently a high genetic
‘Egusi’ melon in this study has more of a genetic than gain is expected from selection under such situations.
non-genetic basis. These suggest that there is Low heritability accompanied by low genetic advances in
considerable scope for selecting among these accessions the number of days to flowering is an indication of large
of Egusi melon. Similar results have been reported by environmental effects on its inheritance and the trait can
Baye [18], Nwofia et al., [19]; Sood et al., [7] and Nwofia be improved by hybridization and hybrid vigor [7].
and Ojimelukwe, [9]. Principal component analysis (PCA) showed that the

The phenotypic coefficient of variability (PCV) was first four PCs were important and explained 86.60% of the
generally higher than the genotypic coefficient of total variation in the accessions (Table 4). PC  had an
variability (GCV) for all the traits. The difference between eigenvalue of 3.86 and accounted for 48.2% of the
the  PCV   and   GCV  was   quite   low   for   all   the  traits. variation   and   this   represents   an   equivalent   of  four

Ojimelukwe, [9]. Seed yield (kg/ha), number of pods/plot

and GCV. This indicated better scope of phenotypic

1

Table 2: Mean square and variance ratios of yield and associated traits of ten accessions of Citrullus lunatus

Mean Squares

Attributes Genotype Error Variance ratios

Seed yield (kg/ha) 128926 13481 9.56**

Average pod length (cm) 7.184 3.456 2.08ns

Average pod with (cm) 2.4808 0.4517 5.49**

Average pod weight(kg) 0.13535 0.06738 2.01ns

Days of flowering 62.226 6.004 10.36**

Number of seeds/pod 43.703 7.686 5.69**

Number of pods/plot 153.78 27.57 5.58**

Pod yield/plot(kg) 301.49 64.14 4.70**

Ns = not significant, * = significant at 5%, ** = significant at 1%, *** = significant at 1%
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Table 3: Phenotypic (VP), genotypic (Vg), Error (Ve) variances, Phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), Broad
sense heritability (h B) and genetic advance (GA) for yield and associated traits of ten accessions of Citrullus lunatus2

Attributes Mean VP VG VE PCV GCV PCV-GCV h B GA2

Seed yield (kg/ha) 457 42975.33 38481.67 4493.67 45.36 42.93 2.43 89.54 83.67
Average pod length (cm) 13.52 2.39 1.24 1.152 - - - - -
Average pod width (cm) 10.54 0.83 0.68 0.15 8.63 7.80 0.83 81.79 14.54
Average pod weight (kg) 1.285 0.045 0.023 0.022 - - - - -
Days to flowering 36.90 20.74 18.74 2.00 12.34 11.73 0.61 50.22 22.97
Number of seeds/pods 16.89 14.57 12.701 2.56 22.59 20.51 2.08 82.41 38.36
Number of pods/plot 21.00 51.26 42.07 9.19 34.09 30.89 3.20 82.01 57.64
Pod yield/plot (kg) 64.14 100.49 79.12 21.38 35.93 31.88 4.05 78.73 58.27

*= not significant 

Table 4: Eigenvector values for principal components using yield traits of ten accession of Citrullus lunatus

Attributes PC1 PC2 PC3 PC4

Average length (cm) Pod -0.2648 -0.3396 -0.0204 0.8806
Average width (cm) Pod -0.3361 -0.4115 -0.1175 -0.1527
Average weight (kg) Pod -0.3715 -0.1223 -0.4246 -0.2629
Days of flowering 0.0125 -0.6877 -0.1503 -0.2787
Number of seeds/pod -0.3157 0.3913 -0.4614 -0.0232
Number of pods/plant -0.4418 0.0673 0.5243 -0.0934
Pod yield/plot (kg) -0.4447 -0.0051 0.4886 -0.1864
Seed yield (kg/ha) -0.4314 0.2644 -0.2376 0.1016
Eigen values 3.85863 1.61271 0.76786 0.68646
Percentage variation 48.20 20.20 9.60 8.60
Cumulative 48.20 68.40 78.00 86.60

Table 5: Correlation for the accessions of Citrullus lunatus for yield and associated traits

Attributes Pod yield/plot Number of pods/plot Average pod weight Average pod width Seed yield 

Pod yield/plot --- 0.960** 0.522** 0.493** 0.632
Number of pods/plot ----- 0.456* 0.473** 0.639**
Average pod weight ----- 0.517 0.589**
Average pod width ----- 0.398*
Seed yield ------

* = significant at 5%, ** = significant at 1%.

Table 6: Direct (Diagonal) and Indirect effect of yield components of ten accessions of Citrullus lunatus

Attributes Pod yield/plot Number of pods/plot Average pod weight Average pod width correlation

Pod yield/plot 0.2964 0.1486 0.1933 -0.0063 0.632
Number of pods/plot 0.2845 0.1548 0.1689 -0.0061 0.639
Average pod weight 0.1547 0.0706 0.3703 -0.0066 0.589
Average pod width 0.1461 0.0732 0.1914 -00128 0.398
Residual 0.45

variables and indicated that average pod width, number of number of seeds/pod, number of pods/plot and pod
pods/plant, pod yield/plot and seed yield were important yield/plot as the main contributing factors. PC  with an
contributing variables in distinguishing the accessions. eigenvalue of 0.69 contributed 8.60% of the variation and
PC  had an eigenvalue of 1.61 contributing 20.20% of the had only average pod length contributing to the variation.2

variation and had days to flowering, average pod width Principal component analysis is one of the most
and number of seeds per pod as the main contributing frequently used multivariate techniques [21,22] and has
factors. PC had an eigenvalue of 0.77 and contributed been used to examine the association among traits [23,24].3

9.60% of the variation and had average pod weight, The PCA revealed that PC  explained 48.20% of the total

4

1
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variation and showed that the accessions were highly 2. Akpambang, V.O.E., I.A. Amoo and Izuagie, 2008.
variable in a number of pods/plant, pod yield/plot and Comparative compositional analysis on two varieties
seed yield and could be used in selecting accessions high of melon (Colocynthis citrullus and Cucumeropsis)
in the traits for higher seed yield. and a variety of almond (Prunus amygdalus). Res.

Seed yield had a positive and significant association J.Agric. Biologic. Sci., 4: 639-642.
with  pod   yield/plot   (r = 0.632),   number  of  pods/plot 3. Anon, 2006. Lost crops of Africa: vol1: Vegetable
(r = 0.639), average pod weight (r = 0.589) and average pod (2006) Development, security and co-operation. 
width (r = 0.398) Table 5, thus indicating that selection for 4. Adewusi, H., D.O. Ladipo, M.B. Sanumi, A.A. Adibisi
these traits will lead to an improvement in seed yield in and Vodonle, 2000. Egusi production, utilization and
Egusi melon. Among the other components pod yield/plot diversity  in  Nigeria.  Compiled  by  M.O.  Akoroda,
and number of pods/plot was positively and significantly in Agronomy in Nigeria, Dept. of Agronomy,
associated with the other traits. Significant association University of Ibadan, Ibadan, Nigeria. 
between yield traits indicated that correlated response to 5. Singh, B.K., S.R. Sharma, P. Kalia and B. Singh, 2010.
selection for these traits will lead to improvement of seed Character association and path analysis of
yield in Egusi melon. Similar results have been reported by morphological and economic traits in cabbage
Navjot et al., [25]; Sood et al., [7] and Yadava et al., [6]. (Brassica oleracea var capitata). Indian J. Agric.
Path coefficient analysis carried out to estimate the direct Sci., 80: 116-118.
and indirect contributions of various components traits 6. Yadava, D.K., S.C. Gin, M. Vignesh, S. Vasuder and
for recommending a reliable selection criterion revealed A.K. Yadar, 2011. Genetic variability and trait
that average pod weight had the highest positive direct association  studies    in    Indian    mustard
effect of 0.37 on seed yield in Egusi melon (Table 6). Pod (Brassica juncea). Indian J. Agric. Sci., 81: 712-716.
yield/plant  and  number  of  pods/plant  had positive 7. Sood, S., N. Kumar, K.S. Chandel and P. Sharma,
direct effect of 0.30 and  0.15  and  of  lower  magnitude 2011. Determination of genetic variation for
than  the  direct  contribution  to  average  pod  weight to morphological and yield traits in bell peper
the seed yield. Average pod width had a negative direct (Capsicum annum var grossum). Indian J. Agric. Sci.,
effect that was of lower  magnitude  on  seed  yield. All 81: 590-594. 
the other three traits also had a negative indirect effect 8. Rangare,   N.R.,   A.   Krupakar,   K.   Ravichendra,
through pod width. Number of pods/plant had  the A.K. Shukla and A.K. Mishra, 2012. Estimation of
highest indirect effect of 0.28 though pod yield. Pod characters association and direct and indirect effects
weight with lower correlation value of 0.559 when of yield contributing traits on grain yield in exotic
compared with number of pods 0.639 had higher direct and Indian rice (Oryza sativa L.) germplasm. Int. J.
effect on seed yield. Agric. Sci., 2: 54-61.

Path analysis had been used to untangle the 9. Nwofia, G.E. and P. Ojimelukwe, 2012. Variability in
confounding nature of correlation coefficients. Hence, the proximate,   Mineral   and   vitamin  contents of
high correlation of number of pods to seed yield may be Carica papaya  L.  leaves,  fruits  pulp  and  seeds.
as a result of the high indirect effects of the traits to seed Int. J. Med. Arom. Plants, 2: 90-96.
yield through pod yield and pod weight which were 10. Genstat,   2007.   Genstat   for  Windows  Discovery.
individually higher than the direct effect of number of 3  Ed., Laws Agricultural Trusth, Rothamsted
pods to seed yield. Selection of genotypes of Egusi melon Experimental Station, UK.
with higher average weight as well as with high number of 11. Wrickle,     G.    and    W.E.    Weber,   1986.
pods will give a higher seed yield especially as the traits Quantitative Genetics and Selection in Plant
are complementing in action. Breeding. Berlin: Walter de Gruyter. 
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