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The knowledge of relationship between fruit yield and its components certainly helps to improve the efficiency of a breeding
program with appropriate selection criteria. In current study, interrelationships between fruit yield and its components in
watermelon were investigated using sequential path coefficient analysis. The experiment containing 38 diverse genotypes of
watermelon were evaluated in a randomized complete block design with 3 replications during the year 2016 and 2017. The
correlation between flesh weight and fruit yield (0.854 and 0.751) was the highest, followed by fruit length-fruit yield
correlation (0.463 and 0.459) in both years. Sequential stepwise multiple regression analysis was performed to organize the
predictor variables into first, second and third-order paths based on their respective contributions to the total variation of yield
and minimum collinearity. Based on the variance inflation factor and magnitude of direct effects, flesh weight was considered
as first-order variables in both years and accounted for 72 and 49 percent of the total variation of fruit yield, respectively. The
results of both year 2016 and 2017 also indicated that the plant traits i.e. number of nodes per stem, and fruit length could be

considered as selection criterion to increase fruit yield in watermelon
Keywords: Bootstrap analysis; correlation; regression; sequential path analysis; watermelon.

INTRODUCTION

Watermelon (Citrullus lanatus) is a diploid plant (n = 2x =
22) of the Cucurbitaceae family (Bisognin, 2002). It
originates in Africa but has been dispersed in Asia and
throughout the world with a long history of cultivation and
plantation (Bisognin, 2002; National Research Council, 2008;
Grumet et al., 2017). The global production of watermelons
in 2018 was about 104 million tons and more than 80% of
which was produced in Asia. Iran had the second rank with an
annual production of 4.1million tons after China (FAO,
2018). Watermelon is a sweet and popular fruit of summer
and people usually consume as fresh or in the form of juice
(Ashlesha et al., 2015). In order to achieve the desired goals
in plant breeding, recognition of the genetic features of
important traits, their specific relationships, and mutual
effects is one of the foundations for deciding on the design
and implementation of different breeding methods. By
identifying these features, the best methods can be selected
and somewhat predicted breeding results (Jaskani et al., 2005;
Breseghello and Coelho, 2013). Consideration and
understanding the relationships between traits for indirect
selection in plant breeding programs is very important for the
traits that are not easily measured, or traits that have a
small/limited inheritance (Caliskan, 2012).

Although increase in fruit yield is one of the main goals of
watermelon breeding, but selection of cultivars based on
direct measurement of yield is of little benefit because of the
complex genetic control and the effects of environment
(Gusmini and Wehner, 2005). Therefore, fruit yield can be
indirectly increased through traits that are correlated with it
and can be through the simultaneous or non-simultaneous
selection of those traits (Heslot et al., 2015). However, there
is a positive relationship between fruit yield and a number of
its components, but the existence of negative relationships
between some of the components of fruit yields cannot be
used as an effective factor in increasing fruit yield (Gusmini
and Wehner, 2005). Multivariate analyzes are used to
describe and evaluate genetic material for optimal use as well
as studying the internal relations between traits (Johnson,
1998). These statistical methods are used to determine the
effects of independent traits on dependent traits, to determine
the contribution of each trait to the total variation, to
distinguish and classify traits and genotypes, to reduce the
volume of data and the number of major variables in the form
of new components and to define the selection indices
(Johnson, 1998; Sharma, 2006; Ferreira et al., 2015).

In most studies of path coefficient analysis, researchers had
considered the predictor traits as first-order traits and their
effect had been calculated with dependent traits such as yield.
This method may lead to the collinearity of traits, and thus the
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interpretation of the contribution of each trait faced with a
problem. Using stepwise regression analysis which is
excluded non-significant traits can reduce the collinearity
amount between the remaining traits and this procedure can
lead to a loss of information. Therefore, a better strategy can
be to use a sequential stepwise regression instead of a one-
step stepwise regression. In this method, the traits that are
eliminated from the first-order path analysis are re-evaluated
for the next rank and this is the basis of the sequential path
analysis. Also, first-order traits are determined based on
having the highest direct effect and minimum collinearity on
the dependent trait. Then, the effect of other variables on the
first-order traits is studied and the variables affecting these
traits are determined (Mohammadi et al., 2003).

Few reports on the correlation analysis and path coefficient
analysis existed in watermelon (Maggs-Kolling and
Christiansen, 2003; Zheng et al., 2009; Sundaram et al., 2011,
Choudhary et al., 2012; Nisha et al., 2018). The study of
Bhagyalekshmi et al. (2020) in watermelon revealed that
number of fruits per vine, average fruit weight and pulp to
seed ratio had high direct positive effect on fruit yield per vine
indicating their true positive and significant association with
yield.

Therefore, the purpose of this study was to analyze the
correlation between fruit yield and its components, determine
the direct and indirect effects of traits on fruit yield and
identify the useful and effective traits in breeding high
yielding watermelon genotypes.

MATERIALS AND METHODS

To estimate the correlation between agronomic traits and
relationships between yield and other traits, 38 diverse
varieties of watermelon (Table 1) were cultivated in a
randomized complete block design with three replications in
2016 and 2017 at the research field of Graduate University of
Advanced Technology, Kerman, Iran. The row-to-row and
plant-to-plant distance were kept 2 m and 0.5 m, respectively.

Table 1. Watermelon genotypes used in the experiment.
Code Genotype Code Genotype Code Genotype

1 Rabor 14 Wimsanswet 27 Deh-e Ali-Ravar

2 Gerd 15 Ravar 28 Line 16

3 Chatrud 16  japany 29 Sefid

4 Arzuiyeh 17  Rafsanjan 30 Torbat-e Heydarieh

5 Baft 18  Hejrak 31 Nishapur-local

6 Aliabad-Zarand 19 Sabzevar 32 Yazd-Black

7 SarkarAghaei 20 Binam 33 Yazd

8 Soghan 21 Line 12 34 Bushire

9 Line 11 22 Line 13 35 Razavi Khorasan

10 Sefidl 23 Line 14 36 Sistan &
Baluchestan

11 Sefid2 24 Line 15 37 Isfahan

12 Dasht-e Khak 25 Sefid-Zarand 38 Qazvin

13 Zarand-Black 26 Sefid-Khareji

During the growing season data for various morphological
and agronomic traits i.e. fruit length (cm), fruit width (cm),
fruit yield (kg), flesh weight (kg), skin thickness (mm), 100-
seed weight (gr), seed length (mm), seed width (mm), leaf
length (cm), pH, number of leaf, number of male flower and
number of nodes per stem were recorded on 5 plants and thus
was used in statistical analyzes. Weeds were by hand instead
of chemicals.

Normality of the data was investigated through Kolmogorov—
Smirnov test by using the SPSS software 24 (IBM-Corp.,
2016) and also used to calculate the correlation coefficients of
traits and stepwise regression analysis. The phenotypic and
genotypic variance of trait estimated based on expected value
of combined analysis design through the following formulas.

nge(X) — MSge—MSe (1)
O';(X) — MSg;:/ISge (2)
op(X) = 05 (X) + 0j.(X) + o 3)

Where o/ is the phenotypic variance (Vp), g7, genotypic
variance (Vg), a;e, genotype X environment interaction
variance (Vge) and ¢2, environmental variance (Ve).

Then, the broad-sense heritability (h2) was calculated for the
traits through the following equation.

2 _Vg
hf = x 100 (4)

Initially, the usual path analysis was used, and all traits were
considered as the first predictor traits for the fruit yield. Then,
the sequential path analysis method was used by stepwise
regression analysis to put predictive traits in first, second and
third paths. The collinearity amount between traits in each
section of the path analysis was measured using the variance
inflation factor and tolerance value (Hair et al., 1995).
Accordingly, the values of the variance inflation factor greater
than 10 and the tolerance value of less than 1 were considered
as high collinearity. Amos 24.0 software (Arbuckle, 2016)
was used to find out the cause and effect of yield and its
components through path analysis. Also, Bootstrap analysis
(Efron and Tibshirani, 1993) was used to calculate the
standard error of path coefficients.

RESULTS AND DISCUSSION

Phenotypic correlations: The correlation coefficients
between different traits are presented in Table 2. The results
showed that during the year 2016 the traits i.e. number of
leaves, number of nodes per stem, fruit length, fruit width and
flesh weight; and 2017, the traits e.g. and number of male
flowers, number of leaf, fruit length and flesh weight showed
positive and significant correlation with fruit yield. Flesh
weight (0.854 and 0.751) and fruit length (0.463 and 0.459)
both showed the highest positive correlation with fruit yield
in the year 2016 and 2017, respectively. The positive and
significant correlation coefficient of fruit yield with the
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Table 2. Correlation coefficients between measured watermelon traits in 2016 (upper diagonal) and 2017 (lower

diagonal).
Traits SL SW LL NMF NL NNS pH HSW FL FW FLW ST FY
Seed length (SL) 1.000 0.847** 0.215  0.434** 0376* 0.401* -0.14 0.763** 0.187  0.421** 0.243 0258 0.174
Seed width (SW) 0.795** 1.000 0.227 0.204 0267 0.209 -0.245 0.691** 0.019  0.424** 0202 0.239 0.165
Leaf length (LL) 0162  0.170  1.000  0.338* 0.355* 0.443** -0.05 0.147 0122 0299 0239 0.017 0220
Number of male 0.406* 0.288 0.338* 1.000 0.839** 0.814** -0.132  0.384* 0.366* 0.122  0.359* 0.092  0.276
flower (NMF)
Number of leaf (NL) 0.389* 0.295  0.368* 0.863** 1.000  0.714** -0.203  0.332* 0416** 0.150 0.402* 0.055  0.387*
Number of nodes per 0.427** 0.359* 0.375* 0.821** 0.812** 1.000 -0.149  0.342* 0.287  0.361* 0.445** 0.245  0.329*
stem (NNS)
pH -0.036 -0.130 0.167  0.178  0.153  0.202 1.000 -0.116  0.047 -0.349* 0.063 -0.083  0.010
100-seed weight 0.789** 0.621** 0.096  0.453** 0.412* 0456** 0.135 1.000 -0.044 028 0.277 0131  0.233
(HSW)
Fruit length (FL) 0.283 0063 0107 0359* 0507** 0237 0.185  0.140 1.000 0.412* 0.388* 0.328* 0.463**
Fruit width (FW) 0.475** 0.413** 0.359* 0.243  0.380* 0.408* -0.068  0.377* 0.422** 1000 0.390* 0.397* 0.341*
Flesh weight (FLW) 0.240  0.221  0.189  0.455** 0.489** 0.489** 0.183  0.306  0.450** 0.391* 1.000 0.202  0.854**
Skin thickness (ST)  0.230  0.191  0.004 0.082 0.156 0.16 0.212 0153 0274 0292 0210 1.000 0.216
Fruit yield (FY) 0.100 0.060  0.220  0.329* 0427** 0.238 0.14 0.194  0.459** 0.263  0.751** 0.202  1.000

*and ** Significant at the 0.05 and 0.01 probability levels, respectively.

number of leaves (0.387 and 0.427) and fruit length (0.463
and 0.459) also indicate that increasing total biomass and
growth can increase fruit yield (Table 2). The results showed
that there are some characters of yield components that
correlated with yields. The Mulyani and Waluyo (2020) study
also showed that the fruit weight had a positive and significant
correlation with the stem length, number of branches, fruit
stalk length, fruit length, fruit diameter, thickness of pericarp,
number of seeds per plant, and weight of seeds per plant.

Due to the fact that leaves play a role in photosynthesis and
by increasing photosynthesis and good plant growth, yield can
be increased, so a positive and high correlation between
leaves and fruit yield can play a role in increasing yield and it
can be achieved by selecting plants with larger leaves. Also,
increasing the length of the fruit can increase the fruit yield.
Flesh weight was also positively correlated with fruit yield.
Since flesh weight is ideal for customers, it can be expected
that this trait will increase as fruit yield increases. Fruit length
and width traits and skin thickness with each other and also

with fruit yield and flesh
significant correlation.
Therefore, increasing fruit yield through related traits will be
effective when the heritability of those traits is high and
otherwise it will not be effective and time consuming. Hence,
the selection value depends on the inheritance of each of the
traits of interest to fruit yield, otherwise, direct selection for
fruit yield will have higher genetic efficiency. Previous
studies have shown a correlation between the traits in
watermelon  (Maggs-Kélling and  Christiansen, 2003;
Sundaram et al., 2011; Choudhary et al., 2012).

Usual and sequential path analysis: The results of usual path
analysis showed collinearity between independent traits
indicating the inadequacy of this model (first model) to show
the actual contribution of each independent trait in both years
(2016 and 2017) (Table 3). Direct effects of predictor traits on
watermelon fruit yield in conventional path analysis and
indicators of collinearity in two years had presented in
Table 3. There was strong collinearity between some traits,
especially those with high direct effects on fruit yield. For

weight showed a positive and

Table 3. Direct effects of predictor traits on watermelon fruit yield in conventional path analysis and indicators of

collinearity in two years.

Traits 2016 2017
Direct effect Tolerance Variance Inflation Direct effect Tolerance Variance Inflation
Factor Factor

SL -0.151m 0.143 6.976 -0.273m™ 0.148 6.762
SwW 0.020m 0.174 5.747 -0.222m 0.340 2.945
LL 0.074 0.696 1.436 0.147m 0.759 1.317
NMF -0.233"™ 0.145 6.891 -0.162" 0.206 4.863
NL 0.125m 0.207 4.828 0.544ns 0.138 7.251
NNS -0.023m 0.190 5.274 -0.594ns 0.160 6.239
pH -0.097" 0.629 1.590 0.011m 0.565 1.769
HSW 0.187m 0.329 3.042 0.439m 0.176 5.680
FL 0.263" 0.365 2.741 0.026m 0.270 3.707
FwW -0.135™ 0.320 3.121 0.052ns 0.412 2.428
FLW 0.809** 0.600 1.667 0.756** 0.469 2.131
ST 0.040" 0.693 1.443 -0.033 0.676 1.480

nsand **-N on-significant and significant at the 0.01 probability levels, respectively
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Table 4. Measures of collinearity values (tolerance and variance inflation factor) for predictor traits of watermelon
in conventional path analysis (CPA all predictor traits as first-order traits) and sequential path analysis
(SPA predictors grouped into first, second, third and fourth-order traits) in 2016.

Predictor trait Response trait Tolerance Variance Inflation Factor
CPA SPA CPA SPA
FLW FY 0.600 1.000 1.667 1.000
NNS FLW 0.190 1.000 5.274 1.000
NMF NNS 0.145 0.985 6.891 1.015
FW 0.320 0.985 3.121 1.015

Table 5. Measures of collinearity values (tolerance and variance inflation factor) for predictor traits of watermelon
in conventional path analysis (CPA all predictor traits as first-order traits) and sequential path analysis
(SPA predictors grouped into first, second, third and fourth-order traits) in 2017.

Predictor trait Response trait Tolerance Variance Inflation Factor
CPA SPA CPA SPA
FLW FY 0.469 1.000 2.131 1.000
NNS FLW 0.160 0.965 6.239 1.037
FL 0.270 0.965 3.707 1.037
NL NSS 0.138 1.000 7.251 1.000
NL FL 0.138 0.986 7.251 1.014
ST 0.676 0.986 1.480 1.014

example, the variance inflation factor for flesh weight was
11.67 and 12.13 during the year 2016 and 2017 respectively
(Table 3). The reason for this high collinearity was the high
correlation between flesh weight and fruit yield in both years
(Table 2). The variance-influence factor of number of male
flower, number of leaf, number of nodes per stem, fruit length
and fruit width was equal to 16.89, 14.83, 15.27, 12.74 and
13.12 in 2016, and 14.86, 17.25, 16.24, 13.71 and 12.43 in
2017 and showed high collinearity (Table 3). The reason for
this high collinearity was the high correlation of these traits
with other traits justifying fruit yield.

By using sequential path analysis, the collinearity of traits
significantly decreased in this study (Table 4 and 5).
Compared to usual path analysisresults, sequential path
analysis has simplified the relationship between traits and
their contribution to justifying fruit yield. The results showed
a significant reduction in values of the variance-influence-
factor of the first model compared to the second model in both
years (Table 4 and 5). In this study, stepwise regression
analysis minimizes the collinearity of variables and, by
reducing the mixing of effects, correctly identifies the actual
participation rate of each variable in different paths. The
advantage of sequencing path analysis over usual path
analysis has also been proven in other studies (Mohammadi
et al., 2003; Asghari-Zakaria et al., 2006; Dalkani et al.,
2011).

In sequential path analysis, traits were divided into first,
second and third rankings in each year (Fig. 1 and 2). Based
on the tolerance, variance inflation factor and the magnitude
of direct effects, the flesh weight trait was selected as the first
variable in both years for justifying the dependent trait of fruit
yield (Table 6 and 7). In the next step, the flesh weight was

considered as a dependent variable and the others traits were
considered as an independent variable and by stepwise
regression was determined the second-order variables for
flesh weight in both years(Table 6 and 7). To determine the
third rank, the second rank variables were considered as a
dependent traits in stepwise regression analysis. The direct
effects of the 1000 bootstrap samples showed a close
agreement with the directly observed effects in both years
(Table 6 and 7). Low standard error and the direct effects
biased showed the power of sequential path analysis to
explain the real contribution of each trait in the fruit yield. The
direct effects of variables are presented in Tables 6 and 7, and
the results of t test indicate that all of them are significant.

\
45 85 FY
¥

NMF

NNS = FLW

FW

Figure 1.Sequential path model indicating the
interrelationships among fruit yield whit related
traits in watermelon genotypes in 2016. Traits
abbreviations are according to Table 2.
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Table 6. Estimation of standard error values of path coefficients in watermelon using bootstrap analysis in 2016.

Predictor trait Response trait Adj. R? Direct effect Bootstrap

Mean Bias SE
FLW FY 0.722 0.854 0.854 0 0.065
NNS FLW 0.176 0.445 0.445 0 0.135
NMF NNS 0.717 0.782 0.782 0 0.076
FW 0.265 0.265 0 0.089

Table 7. Estimation of standard error values of path coefficients in watermelon using bootstrap analysis in 2017.

Predictor trait Response trait Adj. R? Direct effect Bootstrap
Mean Bias SE

FLW FY 0.494 0.715 0.728 0.013 0.138
NNS FLW 0.428 0.520 0.500 -0.020 0.148
FL 0.357 0.344 -0.013 0.145
NL NSS 0.612 0.791 0.791 0.000 0.067
NL FL 0.329 0.469 0.469 0.000 0.130
ST 0.343 0.343 0.000 0.134

- NNS
L
ML
73 o

a1 FLW FY

12 /
8T 2 FL

-

Figure 2.Sequential path model indicating the
interrelationships among fruit yield with related
traits in watermelon genotypes in 2017. Traits
abbreviations are according to Table 2.

Flesh weight as a first-rank variable justifies 72% of fruit

yield variations in year 2016 and 49% in year 2017 (Table 6

and 7). Path analysis for second-order traits showed that in the

year 2016, number of nodes per stem had a positive effect on
flesh weight, and in total 18% of the variation of this trait was
justified. The direct effect of number of nodes per stem on

flesh weight (0.445) indicates the efficiency of this trait as a

selection index to increase these trait. While in 2017, number

of nodes per stem and fruit length showed positive effect on
flesh weight and 43% of its variation was justified.

When the third rank variables were considered as predictors

and second-ranking traits were considered as a dependent, the

results showed that 72% of the variation of number of nodes
per stem in 2016 was explained by two number of male flower
and fruit width traits. The direct effect of number of male
flower was high and positive, while the direct effect of fruit
width was low and positive (Table 6). Also, in 2017, the
results showed that 61% of the variation in number of nodes
per stem was explained by the number of leaf trait, and its
direct effect was found high and positive (Table 7). While
number of leaf and skin thickness were recognized as
effective traits for fruit length and 33% of variation was

justified and showed moderate and positive direct effects
(Table 7).

Also, the heritability of seed length, seed width, leaf length,
number of male flower, number of leaf, number of nodes per
stem, pH, 100-seed weight, fruit length, fruit width, flesh
weight, skin thickness and fruit yield were equal to 56.72%,
64.33%, 68.08%, 73.57%, 72.13%, 76.89%, 72.32%, 74.22%,
74.92%, 76.62%, 57.96%, 56.41% and 50.82%, respectively.
In another study (Anburani et al., 2019), it was observed high
heritability (broad sense) for 100 seed weight (97.51%), fruit
weight (96.78%), fruit length (94.21%), flesh thickness
(93.86%), number of male flowers(84.59%) and yield per
plant (65.58%) in one year. Since the traits that were effective
in causal analysis on fruit yield have good heritability, so
these traits can be used as a selection criterion to increase fruit
yield in watermelon.

Conclusion: In current research, sequential path analysis
model was used to determine the effective traits on fruit yield
by avoiding the mixed effects of traits due to the collinearity
between the traits. Flesh weight was considered as the most
important trait in both years. It showed the most direct effect
on fruit yield, and then number of nodes per stem, which had
the most impact on flesh weight in both years, and was
considered and introduced as an important selective criterion
for increasing fruit yield. Considering the large watermelons
as a marketable feature, these traits can be used as a suitable
measure for increasing yield and production of large
watermelons. But in addition to fruit yield, there are other
important indicators that reduce production costs and increase
the income per unit area. These factors include maturity, early
maturity, and shortening the length of the harvest period.
Besides, qualitative traits such as glucose and beta-carotene
are important for watermelon breeding, which should be
considered in subsequent studies.

1429



AbdoliNasab, Rahimi, Karatas & Ercisli

Conflict of Interest: The authors declare that they have no
conflict of interest.

Acknowledgments: We gratefully acknowledge the research
funding provided for this project (No. 92033924) by Iran
National Science Foundation (INSF) and Graduate University
of Advanced Technology, Kerman, Iran.

REFERENCES

Anburani, A., P. Kannan and K. Muthumanickam. 2019.
Genetic variability, heritability and genetic advance for
yield and yield components in watermelon (Citrullus
lanatus Thunb.). World News Nat. Sci. 25:22-30.

Arbuckle, J.L. 2016. IBM SPSS® Amos™ 24 user’s guide.
Amos Development Corporation, Crawfordville, Florida,
USA.

Asghari-Zakaria, R., M. Fathi and D. Hasan-Panah. 2006.
Sequential path analysis of yield components in potato.
Potato Res. 49:273-279.

Ashlesha, P., P.R. Jasti and S. Lakshmi. 2015. Food
Preferences and Reported Frequency of Consumption of
Fruits. Stud. Home Comm. Sci. 9:91-96.

Bhagyalekshmi, T.R., V.D. Gasti, S. Evoor, J.B. Gopali, A.B.
Mastiholi and C.S. Kamble. 2020. Studies on correlation
and path-coefficient analysis for yield and its
contributing characters in watermelon [Citrullus lanatus
(Thunb.) Mansf.]. J. Pharmacogn. Phytochem. 9:1909-
1912,

Bisognin, D.A. 2002. Origin and evolution of cultivated
cucurbits. Ciénc. Rural 32:715-723.

Breseghello, F. and A.S.G. Coelho. 2013. Traditional and
modern plant breeding methods with examples in rice
(Oryza sativa L.). J. Agric. Food Chem. 61:8277-8286.

Caliskan, M. 2012. Genetic diversity in plants. InTech,
Rijeka, Croatia.

Choudhary, B., S. Pandey and P. Singh. 2012. Morphological
diversity analysis among watermelon (Citrullus lanatus
(Thunb) Mansf.) genotypes. Prog. Hort. 44: 321-326.

Dalkani, M., R. Darvishzadeh and A. Hassani. 2011.
Correlation and sequential path analysis in Ajowan
(Carum copticum L.). J. Med. Plants Res. 5:211-216.

Efron, B. and R.J. Tibshirani. 1993. An introduction to the
bootstrap. Chapman and Hall, London, England.

FAO. 2018. Statistical databases. Food and Agriculture
Organization of the United Nations,
http://www.fao.org/faostat/en/#data/QC.

Ferreira, D.F., C.G.B. Demétrio, B.F.J. Manly, A. de Almeida
Machado and R. Vencovsky. 2015. Statistical models in

[Received 11 April 2020; Accepted 12 Aug. 2020 Published
25 Oct. 2020]

agriculture:  biometrical methods for evaluating
phenotypic stability in plant breeding. Cerne 12:373-388.

Grumet, R., N. Katzir and J. Garcia-Mas. 2017. Genetics and
Genomics of Cucurbitaceae. Springer International
Publishing, USA.

Gusmini, G. and T.C. Wehner. 2005. Foundations of yield
improvement in watermelon. Crop Sci. 45:141-146.
Hair, J.F., R.E. Anderson, R.L. Tatham and W.C. Black.
1995. Multivariate Data Analysis: With Readings. 4" ed.

Pearson College Div, USA.

Heslot, N., J.-L. Jannink and M.E. Sorrells. 2015.
Perspectives for genomic selection applications and
research in plants. Crop Sci. 55:1-12.

IBM-Corp. 2016. IBM SPSS Statistics for Windows, Version
24.0. IBM Corporation, Armonk, New York, USA.
Jaskani, M.J., S.W. Kwon and D.H. Kim. 2005. Comparative
study on vegetative, reproductive and qualitative traits of
seven diploid and tetraploid watermelon lines. Euphytica

145:259-268.

Johnson, D.E. 1998. Applied multivariate methods for data
analysts. Duxbury Resource Center, New York, USA.

Maggs-Koélling, G.L. and J.L. Christiansen. 2003. Variability
in Namibian landraces of watermelon (Citrullus lanatus).
Euphytica 132:251-258.

Mohammadi, S., B. Prasanna and N. Singh. 2003. Sequential
path model for determining interrelationships among
grain yield and related characters in maize. Crop Sci. 43:
1690-1697.

Mulyani, P.T. and B. Waluyo. 2020. Correlation analysis
between yield component traits and yield of watermelon
genotypes (Citrullus lanatus). AGROSAINSTEK: J.
Agric. Sci. Technol. 4:41-48.

National Research Council. 2008. Lost Crops of Africa:
Volume 1ll: Fruits. The National Academies Press,
Washington, DC, USA.

Nisha, S., I. Sreelathakumary and V. Celine. 2018.
Variability, interrelationship and path coefficient studies
in watermelon. Indian J. Hortic. 75:619-624.

Sharma, J.R. 2006. Statistical and biometrical techniques in
plant breeding. New Age International, New Delhi,
India.

Sundaram, M.S., V. Kanthaswamy and G.A. Kumar. 2011.
Studies on variability, heritability, genetic advance and
character association in watermelon [Citrullus lanatus
(Thunb.) Matsam and Nakai]. Prog. Hort. 43:20-24.

Zheng, J., H. Cai, J. Wang and Y. Wang. 2009. Path analysis
of yield components and water production function of
watermelon in greenhouse. T. Chinese Soc. Agricul. Eng.
25: 30-34.

1430



