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Abstract

Documentedinformation on naturalizedpumpkin landraces inKenyatoidentifyusefulvariabilityis insufficient. The
present study assessed variability using quantitative characters of 155 accessions, with 70 and 85 from Kakamega and
Nyeri regions, respectively. The accessions were grown in one farm in a completely randomized design with three
replications. Analysis of variance showed significant (P<0.05) variation in all characters. Lowest andhighest
variablesinmeanandrangewereleaflength/width ratioandseednumber that wereo.8 and 0.4, and 837 and 4,111,
respectively. Eight factors accounted for 79.4% of total variation. The highly variable factors were fruit flesh thickness,
length, width and length/width ratio, size, total weight, average weight and number, as well as seed number, 100-
seeds weight, length, width, and thickness. Phenotypic coefficients of variation (PCV) were slightly higher or equal to
genotypic ones (GCV). High GCV and PCV, heritability and genetic gain resulted for fruit size, total fruit weight, fruits
and seeds. Over 70 positive correlations in fruit size, number and seeds with total fruit weight were observed in
genotypic and phenotypic variabilities. Maximum positive direct effects on total fruit weight were observed in seeds,
fruit average weight, length, and size, while indirect effects were observed in fruit number, flesh thickness, length,
peduncle length and days to first flower. Multivariate analysis revealed fruit size, number, total weight, and seeds were
characters of great genetic
variability,whichshouldbeconsideredasprimarycomponentsforachievinghighyieldsinpumpkinswhen

screeningaccessionsforselectionandimprovement.
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Introduction

In Kenya, naturalized pumpkin accessions are
considered rich sources of variation (Ragheb, 2016).
However, documented information about them is
insufficient to identify genetic variability and enable
selection of desirable traits (Fayeun et al., 2016).
Nonetheless, introduced exotic cultivars are
endangering the naturalized variability (Marilene et
al., 2012) that has already disappeared (Mohammed
and Zakri, 2001) and the remaining few stands with
farmers are now gathered with great drudgery.
Therefore, germplasm collection (Kumar et al., 2014)
and evaluation of the amount and nature of
morphogenetic variation in characters of economic

interestis ofcriticalimportance(Fayeun etal.,2012).

Genetic integrity of pumpkin accessions withdesirable
traits is assessed by grouping identifiable and
(IBPGR, 1991) into

qualitative observable or quantitative non-observable

measurable traits either
traits (Stalker and Chapman, 1989). Factor analysis
classifies and describes variations, guides on the
choice of parents for plant hybridization, and groups
genotypes with one or more similar characters into
clusters. It examines multiple measurements of
multivariate data to identify fundamental and
meaningful dimensions that explain the observed
relationship of numerous plant traits (Odiyi et al.,
2014). Large datasets are reduced into factors that
underlie the quality of characteristics of the original
characters by regrouping them into a limited set of
descriptive categories of fewer latent traits sharing
common variance (Yong and Pearce, 2013). Itassumes
small unobserved (latent) traits are responsible for
the correlation among a large number of observed
and interdependent traits (Odiyi et al., 2014), and
summarizes the wunderlying variations into
relationships and patterns that can be easily
interpretedandunderstoodto ensureonlykeyfactors are
considered rather than focusing on too many trivial

traits (Yong and Pearce, 2013).

Improvement of plants depends on the amount of
variability (Reddy et al., 2013, Sultana et al., 2015),

andheritabilityofdesirablecharacters(Fayeunetal.,

2018

2016) present in germplasm. Assessing genetic
variability identifies genotypes with desirable traits
(Riley et al., 1996), and increases efficiency toimprove
and properly manage crop selections (Geleta et al.,
2005). Phenotypic and genotypic variability, broad
sense heritability and genetic gain reveal the stability
and sustainability of plant species to environmental
conditions (Mohammed and Zakri, 2001; Grubben
and Chigumira, 2004; Roychowdhury and Tah, 2011).
Thus, partitioning genetic variability into heritable
and non-heritable components is important for
effective selection of plants with desirable traits
(Fayeun et al., 2016). Phenotypic and genotypic
variance components estimate variation within and
between germplasm (Maji and Shaibu, 2012).
Genotypic and phenotypic coefficients of variation
evaluate the relative contribution of various
characters to total variation (Dilruba et al., 2014) and
represent the overall influence of a particular
character on yield (Mahaveer et al, 2017). They
enable indirect selection of traits that are hard to
select by another directly correlated trait of higher
genetic gain and express the strength of association
between all possible pairs of traits (Kraic et al., 2009)
to give additional information that can be used to
discard or promote genotypes of interest (Machado et

al., 2017).

Path coefficient analysis provides an effective means
for a critical examination of specific forces of action
that produce a given correlation and measure the
relative importance of each factor when twocharacters
show correlation just because they are correlated with
a common third one (Tiwari and Upadhyay, 2011).
The contributions of various independent variables on
a dependent variable (Mahaveer et al., 2017; Sultana
et al, 2015) are partitioned by splitting the total
correlation coefficients of different characters into
direct and indirect effects on yield in such a manner
that thesum of direct and indirect effects is equal to
total genotypic correlation (Tiwari and Upadhyay,
2011). The derived information enables breeders to
identify important component characters that can be

utilized toimproveyield(Mahaveeretal.,2017).Italso
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provides interpretation of the relationships between
and within the causal factors contributing to the

observed effects (Akintunde, 2012).

Despite the aforementioned knowledge, no serious
attempts have been made to assess the genetic
variability of naturalized pumpkins in Kenya.
Information available on inherent variability
(Malashetty, 2010) that can be used for effective
selection and improvement (Fayeun et al., 2012) of
naturalized pumpkin is scanty. The present study
assessed genetic variability and interrelationships of
characters and partitioned the contribution of
characters into direct and indirect effects towardsfruit
yields of naturalized pumpkin accessions. More than
one technique was used for validation purposes
(Odiyi et al., 2014). Considering the genetic erosion
risk facing naturalized pumpkins (Marilene et al.,
2012), this paper presents valuable information for

selection and improvement of pumpkins in Kenya.

Materialsandmethods
Researchsite

The 155 pumpkin accessions collected from
smallholder farms in Kakamega and Nyeri regions
were planted on 23'9May, 2012 in Chuka University
research farm in a Completely Randomized Design
(CRD) with three replications and 2 m x 2 m spacing.
The farm lies at 0°19" S, 37°38" E and 1535 m above
sealevel. Annualprecipitationisabout1,200 mmand is
bimodally distributed, with long rains falling from
March to June and short rains from October to
December. Annual mean temperature is about 20°C.
Soils are mainly humic nitisols, deep, well-weathered

with moderate to high fertility (Jaetzold et al., 2005).

Sitepreparation
Landwasploughedandpulverizedtoafinetilthusing
aforkhoe.Planting holesmeasuring6ocmz2ontopby

60 cm depth were excavated and the top soilseparated
from the subsoil. The top soil was mixed with 24 kg
farm yard manure (FYM) and returnedinto each hole,
leaving 15.2 cm unfilled portion. The holes were
of each accession.

planted with five plants

Recommendedpesticidesweresprayedtocontrol

2018

insects and diseases. Moles were trapped and weeds
removed manually. The plants were irrigated every
week with 20 L of water per hole up to fruit maturity

whenever rains failed.

Characterevaluation

Data recording started 20 days after emergence and
continued up to harvesting stage. Five plants per
accession were selected and tagged for evaluation
based on IPGRI descriptors (IPGRI, 2003). Data on
leaves, stems and inflorescence were recorded on 146
accessions, and on fruits and seeds on 126 and 124
accessions, respectively. Main vine length was
measured using a tape measure. Plant size (ms3)
assessmentwasdone3odaysaftergermination,as:L

x W x H, where: L = length (m) measured from the
basetothefurthestpointonamainvine;W=width
(m)measuredatthewidestsection;andH=height

(m) measured from the base of a plant to the highest
point. Leaf size was estimated using leaflets in a leaf
(Nt) combined with the length (Lc) and maximum
width(Wc)ofthecentralleaflet(Akoroda,1993).Leaf
Area=0.9467+0.2475LcWc+0.9724LecWeNt(r2=
0.92), where: Lc = length of central leaflet; We =
maximum width of central leaflet; Nt = number of
leaflets in a leaf; and r2= coefficient of determination
(Fubara-Manuel et al., 2012). The fruits werecounted,
weighed and averaged. Fruit size variability was
derived from coefficient of variation = (100 x
standard deviation)/total mean weight of fruits
(Newsom et al., 1993). Fruit length and width were
assessed using a tape measure. Total and average
seeds were counted for each accession. The 100-seed
weight was determined using a 200 g electronic
balance. Fruit flesh, stem and seed thickness were

measured using a Vernier caliper.

Dataanalysis

The means of quantitative data values on five plants
per accession per replication were subjected to
analysis of variance using SAS program. The means
and ranges were used to determine the extent of
variability of each character. Factor analysis was
performed using SPSS at P = 0.05 to assess the

variabilityofaccessionsinrelationtothemost
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discriminating character (Nwofia et al, 2012).
Characters with loads >0.50 were considered to be
highly relevant in contributing to the total variation.
Factors with Eigen values equal or greater than 2.0
were the only ones retained for interpretation

purposes (Norman et al., 2011).

Genotypic (02g), phenotypic (o2p) and environmental
(02%e) variances were used to estimate variability
(Kwon and Torrie, 1964). Genotypic variance (02g) =
(MSA — MSE)/r; Phenotypic variance (02p) = (02g +
02¢)/r; Environmental variance (02¢) = MSE, where
MSA, MSE and r refer to mean squares of accessions,
mean squares of error, and number of replications,
respectively (Ahsan et al., 2015). Phenotypic (PCV)
and genotypic (GCV) coefficients of variation were
calculated using the formula: PCV (%) = (op/X) *100,
GCV (%) = (og/X)*100, where op, og and X shows
phenotypic, genotypic standard deviations and grand
(Singh and
Chaudhary, 1985; Bozokalfa et al., 2010).

mean for respective characters

Broad sense heritability (h2B%) was estimated on
genotypicmeanusingtheformula: Heritability(h2B)

= 02g/02p, where h2B =broad sense heritability, o2g =
genotypic variance, o2p = phenotypic variance
(Bozokalfa et al., 2010). Expected genetic advance
(GA) and percentage of GA of the mean were
calculated using the formula: Expected genetic
advance (GA) = ioph2; GA% = (GA/X) *100, where i=
standardized selection differential constant 2.06 at
P=0.05, op = phenotypic standard deviation, h?B =
broad sense heritability, X = grand mean (Bozokalfaet

al., 2010).

Phenotypic and genotypic correlation coefficientswere
estimated using covariance componentsbetween pairs
of characters (Kassahun et al., 2013; Dilruba et al.,

2014) as:

GCOV,

PCOV,,

Where: rgy= phenotypic

correlationcoefficientbetweencharactersxandy,

genotypic and rpxy=

2018

pcovx:yandgcovx:y=phenotypicandgenotypic
covariancebetweencharactersxandy.o2gxando2gy

= genotypic variance of characters x and y, o2px and
o2py= phenotypic variance of character x and Yy,
respectively. Phenotypic correlation coefficients
significanceweretestedusingtabulated‘r'valueat(a- 2)
degrees of freedom, where ‘a’ is number of accessions;
while genotypic correlation coefficients significance

were tested using the formula: ,

(L =723*

e
=
2H H,

—_ SE, =
SEg

Where:h2xandh2yareheritabilityforcharacterxand y
(Kassahun et al., 2013). The calculated ‘t’ value was
compared with tabulated ' at (a-2) degrees of
freedom and P=0.05.

Path coefficient analysis was estimated on genotypic
correlation coefficients with total fruit weight as the
dependent variable and the other characters as
independent variables. The direct effects on the
dependent variable were estimated by regression
analysis of standardized data of the characters using
SPSS.Theindirecteffectsoftheindependent

rij_P,-j+Zr,-k X ij

variables were estimated as:

Where: 1= mutual association between the
independentcharacter(i)anddependentcharacter(j) as
measured by genotypic correlation coefficient, pij= the
component of direct effects of the independent
character (i) on the dependent character (j) as
measured by genotypic path coefficients, rikpkj= the
summation of components of the indirect effect of a
given (i) independent character on given (j)dependent
other (k)

characters(Khanetal.,2016). The residual effects (h)

character via all independent

h=/(1-R)

werecalculatedusingtheformula:
Where, R2is calculated as Zrijp;(Khan et al., 2016).
Resultsanddiscussion

Morphologicalvariability

Analysis of variance, range and mean values: All the
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characters showed significant (P<0.05)

variations (Table 1).

302 | Kiramanaand Isutsa



2018
Table1.Minimum,maximum,rangeandmeanvaluesforeachquantitative character.
SN  Quantitativetrait AccessionNo. Min. Max. Range Mean P-value
1 Plantsize (m3) 146 0.6 6.6 6.0 2.6 0.00
2 Internodelength(cm) 146 9.0 25.0 16.0 17.8 0.00
3 Numberofnodestofirst fruit 146 13.0 47.0 34.0 26.1 0.00
4 Stemthickness(mm) 146 7.9 14.9 7.0 10.7 0.00
5 Leafsize(cm?2) 146 36.0 70.5 34.5 49.7 0.00
6 Leaflength/widthratio 146 0.6 1.0 0.4 0.8 0.00
7 Daystofirst flowering 146 49.0 87.0 38.0 69.1 0.00
8 Pedunclelength (cm) 126 4.0 16.5 12.5 8.3 0.00
9 Fruitfleshthickness (mm) 126 10.5 42.6 32.1 25.0 0.00
10 Fruitlength(cm) 126 7.0 36.0 20.0 14.9 0.00
11 Fruitwidth(cm) 126 8.0 20.0 12.0 13.4 0.00
12 Fruitlength/widthratio 126 0.5 3.0 2.5 1.2 0.00
13 Fruitsize 126 0.4 76.3 75.9 16.6 0.00
14 Daystofirst fruiting 126 107.0 141.0  34.0 127.6 0.00
15 Maturationperiod 126 39.0 89.0 50.0 56.9 0.00
16 Totalfruitweight/accession(kg) 126 0.3 19.3 19.0 3.9 0.00
17 Numberoffruits/plant 126 1.0 13.0 12.0 3.4 0.00
18 Fruitweight/accession(kg) 126 0.3 3.0 2.7 1.2 0.00
19 Weightofiooseeds(g) 124 6.3 27.1 20.8 12.4 0.00
20  Numberofseeds/plant 124 40.0 4151 4111 837 0.00
21  Averageseeds/fruit 124 33.0 611 578 242 0.00
22  Seedthickness(mm) 124 11.2 21.3 10.1 3.2 0.00
23  Seedlength(mm) 124 7.0 13.1 6.1 15.4 0.00
24  Seedwidth(mm) 124 2.2 5.0 2.8 8.8 0.00
25 Seedlength/widthratio 124 1.3 2.7 1.4 1.8 0.00

The magnitude of range was higher than the
corresponding mean for most characters, but was
lower than the corresponding mean for internode
length, stem thickness, leaf size, length/width ratio,
days to first flowering, days to first fruiting, fruit

width, seed length, width, and length/width ratio.

The magnitude of range was more than double the
corresponding mean for plant size, fruit size,
length/width ratio, total, average weight, number,and
seed number, average, and thickness per accession.
The mean for each character showed considerable
variations among the pumpkin accessions. The lowest
and highest range and mean values were for leaf
length to width ratio and seedsper pumpkin

accession, respectively.

The significant variations observed in all the

characters indicated existence of sufficient
morphological variability and ample scope for

selection (Parikh et al., 2012; Oliveira et al., 2016).

Aruah et al. (2010) and Srikanth et al. (2017)reported

significant ~ variations in most characters,
whileFukreietal.(2011)andMladenovicetal.(2014) in

all characters in pumpkins.

The variation in mean among the accessions for each
character indicated existence of morphological
variability (Fayeun et al., 2012), suggesting that the
accessions were distinct from each another, but they
could have shared almost the same pattern of gene

action (Ogunniyan and Olakojo, 2014).
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Tablez.Factorcomponents,Eigenvalues,loadings,communalityandspecificityofquantitativetraits

Factorcomponents Factor1 Factor2 Factor3  Factorg4 Communality Specificity
Eigen values 5.0 3.7 2.6 2.2

EPV(%) 20.2 14.7 10.6 8.8

CPV(%) 20.2 34.8 45.5 54.2

Characters Loadings % %
Plantsize(ms3) 0.05 0.14 0.07 -0.09 63.7 36.3
Internodelength(mm) -0.11 0.12 0.14 0.23 61.6 38.4
Numberofnodestofirstfruit 0.03 -0.11 0.12 0.02 59.7 40.3
Stemthickness(mm) 0.72 0.00 -0.18 -0.04 77.4 22.6
Leafsize (cm?) 0.50 0.05 -0.05 0.00 63.5 36.5
Leaflength/widthratio -0.25 0.01 -0.07 -0.01 60.7 39.3
Daystofirstflowering -0.73 0.18 0.21 0.07 77.1 22.9
Pedunclelength(cm) -0.41 0.20 0.12 0.21 51.8 48.2
Fruitfleshthickness(mm) -0.27 0.13 0.84 0.01 80.2 19.8
Fruitlength(cm) 0.01 0.09 0.26 0.91 92.2 7.8
Fruitwidth (cm) 0.03 0.18 0.86 -0.28 89.5 10.5
Fruitlength/widthratio -0.01 -0.04 -0.21 0.94 93.2 6.8
Fruitsize -0.20 0.94 0.05 -0.05 95.8 4.2
Daystofirstmature fruit 0.10 -0.05 0.07 0.07 90.1 9.9
Maturationperiod 0.56 -0.18 -0.02 -0.01 89.5 10.5
Totalfruitweight/accession(kg) -0.15 0.85 0.40 0.15 93.7 6.3
Numberoffruits/plant -0.22 0.94 -0.05 -0.07 96.3 3.7
Fruitweight/accession(kg) -0.03 0.01 0.82 0.37 85.2 14.8
Weightofiooseeds(g) 0.83 -0.20 0.08 0.09 79.1 20.9
Numberofseeds/plant -0.18 0.90 0.10 0.08 94.0 6.0
Averageseeds/fruit -0.06 0.10 0.26 0.28 69.2 30.8
Seedlength(mm) 0.88 -0.18 0.00 -0.09 87.1 12.9
Seedwidth (mm) 0.87 -0.17 -0.11 0.04 88.9 11.1
Seedthickness(mm) 0.81 -0.18 -0.09 0.04 81.4 18.6
Seedlength/widthratio -0.18 -0.05 0.06 -0.12 72.1 27.9

EPV=Explainedproportionofvariation;,CPV=Cumulativeproportionofvariation.

Ragheb (2016) reported differences in mean for vine
length and number of branches per plant in
pumpkins. Character means are important when
choosing crops as sources of inbred lines and hybrids
(Hallauer et al., 2010). Range values more than
double the mean suggested existence of adequate
morphological ~ variability = among  accessions
(Ogunniyan and Olakojo, 2014). Ragheb (2016)
reported range values more than double the mean in
particular characters of sweet melon and in most
characters of cucumber. Small range values less than
themeanwereattributedtothepracticebyfarmersof

growing pumpkins for generations without any

purificationorimprovement(Ragheb,2016).Farmers

have also selected and recycled planting seeds every
season over the years, exchanged seeds and traded
fruits within and beyond borders. They have also
maintained more than one distinct landrace as a
variety, which they carry over from one generation to
the next. This practice fixes and separates favourable
genotypes of interest, reduces the percentage of
heterozygotes and effective population size
unknowingly, thereby increasing the opportunity for
fixation of alleles (Ghebru et al., 2002). Fixation of
alleles increases homozygosity within genotypes
(Ogunniyan and Olakojo, 2014), reduces cultivar
fitness, increases genetic variance between and

reducesitwithinfamilieswithprogressiveincreasein
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additive variance at the expense of dominance in
totally homozygote lines (Grisales et al., 2009). The
observed significant variation provide a better chance

forimprovement,henceaccessionsthatachievehigh

performance in quantitative economic characters
should be selected for improving naturalized

pumpkins(Hallaueretal.,2010;Ragheb,2016).

Tableg.EstimationofGV,PV,GCV%,PCV%,heritabilityandgeneticgainofquantitativecharacters.

Character Mean og o2p 0% GCV% PCV% h2B% GA GA%
Plantsize(ms) 2.55 1.70 1.70 0.00 51.16 51.16 100.0 2.69 105.39
Internodelength(mm) 17.78 8.35 9.68 133 16.25 17.50 86.26 5.53 31.10
No.ofnodestofirstfruit 26.07 36.89 40.46 3.57 23.30 24.40 91.18 11.95 45.83
Stemthickness(mm) 10.65 2.03 2.16 0.13 13.38 13.81 93.98 2.85 26.73
Leafsize(cm?) 49.69 35.90 39.20 3.30 12.06 12.60 91.58 11.81 23.77
Leaflength/widthratio 0.77 0.00 0.00 7.96 8.48 88.0 12.0 15.38 7.96
Daystofirstflowering 69.10 82.07 103.18 21.11 13.11 14.70 79.54 16.64 24.09
Pedunclelength(cm) 8.29 5.47 5.54 0.07 28.21 28.39 98.74 4.79 57.75
Fruitfleshthickness(mm) 24.99 39.13 41.25 2.12 25.03 25.70 94.86 12.55 50.23
Fruitlength(cm) 14.89 18.22 19.43 1.21 28.67 20.61 93.77 8.51 57.20
Fruitwidth(cm) 13.37 6.00 6.18 0.18 18.32 18.59 97.09 4.97 37.19
Fruitlength/widthratio 116 0.16 0.17 0.01 34.54 35.61 94.12 0.80 69.04
Fruitsize 16.62 192.59 192.59 0.00 83.49 83.49 100.0 28.59 171.99
Daystofirstfruiting 127.60 47.66 49.25 1.59 5.41 5.50 96.77 13.99 10.96
Maturationperiod 56.90 137.77 145.51 7.74 20.63 21.20 94.68 23.53 41.35
Totalfruitweight/acc(kg) 3.92 8.28 8.28 0.00 73.43 73.43 100.0 5.93 151.27
Numberoffruits/plant 3.41 5.03 5.03 0.00 65.72 65.72 100.0 4.62 135.38
Averagefruitwt/acc(kg) 117 0.27 0.27 0.00 44.51 44.51 100.0 1.07 91.69
100-seedweight(g) 12.37 18.42 18.42 0.00 34.71 34.71 100.0 8.84 71.50
Numberofseeds/plant 836.64 385376.4  385376.4  0.00 74.20 74.20 100.0 1278.8 152.85
Averageseeds/fruit 242.29 10653.5 10653.5 0.00 42.60 42.60 100.0 212.6 87.76
Seedlength(mm) 15.37 3.55 3.57 0.02 12.26 12.29 99.44 3.87 25.18
Seedwidth(mm) 8.76 1.63 1.64 0.01 14.57 14.61 99.39 2.62 20.92
Seedthickness(mm) 3.18 0.40 0.40 0.00 19.88 19.88 100.0 1.30 40.96
Seedlength /widthratio 177 0.03 0.03 0.00 9.78 9.78 100.0 0.36 20.16

GV (02g) = Genotypic variance, PV (o2p) = Phenotypic variance, EV (02e) = environmental variance, GCV% =

Genotypic coefficients of variation percentage, PCV% =

Phenotypic coefficients of variation percentage, h2B =

broad sense heritability, GA = Genetic advance, GA% = Genetic advance percentage, acc = accession.

Tables4 ands Key

Values in bold (Table 4) and as terix* (Table 5) are significantly different at P=0.05. PS = plant size, IL =

internode length, NFF = number of nodes to the first flower, STT = stem thickness, LS = leaf size (cm?), LR=leaf
length/width ratio, DFF = days to first flowering, PL = peduncle length (cm), FT = flesh thickness (mm), FL =
fruit length (cm), FW = fruit width (cm), FR = fruit length/width ratio, FSV = fruit size variability, DFM = days to

first mature fruit, MP = maturation period (days), TFW = total fruit weight/accession (kg), NFA= number of

fruits/accession, AFW = average fruit weight/accession (kg), WHS = weight of 100 seeds, NSA = number of

seeds/accession, ASF = average seeds/fruit, SL = seed length (mm), SW = seed width (mm), ST = seed thickness

(mm), SR=seed length/width ratio, TFWCC = total fruit weight correlation coefficients.

Factor analysis: The 25 quantitative characters were
grouped into 8 factors that explained 79.7% of total
variation (Table 2). The first four factors explained

54.2%oftotalvariation,wherefactoronehadthe

highest Eigen-value and accounted for the greatest
amount of total variation. It was highly and positively
loadedforstemthickness,leaf size,andfruitmaturity

period,100-seedweight,seedlength,widthand
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thickness,buthighlyandnegativelyloadedfordaysto

first flowering. Factor two was highly and positively
loaded for fruit size, total weight, number and seeds
per accession; factor three for fruit flesh thickness,
width and average weight per accession; and factor
four for fruit length and length/width ratio. The

communalitieswerehighoverspecificitiesinallthe

2018

had

communality values above 80%. Peduncle length had

characters. Most fruit and seed traits

thelowestcommunality,whilefruitsperplanthadthe
lowest specificity (Table 2). The degree of association
within the first three factors was used to construct a
three dimensional ordination that explained 45.5%

totalvariation.

Table 4. Phenotypic (above) and genotypic (below) correlation coefficientsof different quantitative characters

(P<0.05) among pumpkin accessions.

PS IL NFF ST LS IR DFF PL FT FL FW FR FSV. DFM MP TFW NFA AFW WHS NSA ASF SL SW ST SR

PS 1 0.31 0.12 0.18 0.28 0.00 0.05 0.04 013 0.04 020 -007 018 -0.05 0.02 0.20 0.16 0.09 -0.03 0.22 0.15 001 0.01 -0.02 0.03
L 0.33 1 -0.08  0.04 0.12 000 007 014 010 019 010 009 018 -0.02 -004 025 018 014 -006 0.19 0.00 -0.03 -0.05 -0.09  -0.01
NFF 013 -0.09 1 0.06 0.14 000 013 009 0.4 000 0.02 0.00 -0.07 006 001 -0.02 -0.10 0.09 0.04 -0.07 0.00 -0.01 -0.01 0.03 0.04
ST 0.19 0.05 0.07 1 0.64 -0.02 -0.56 -0.33 -0.26 -0.02 -0.04 -0.01 -0.13 O0.11 044 -0.13 -0.13 -0.13 044 -0.09 -0.03 0.60 0.57 0.53 -0.08
LS 0.30 0.14 0.15 0.69 1 -0.01 -031 -013 -013 0.03 0.05 0.00 -0.06 015 029 -0.03 -0.06 -0.02 029 0.03 008 039 035 0.29 -0.07
IR 0.00 0.00 0.00 -0.02  -0.01 1 003 0.02 0.00 000 000 000 000 000 -0.01 000 000 001 -001 0.00 0.00 -001 -0.01 -0.02 0.1
DFF 0.06 0.08 0.15 -0.65 -0.36 0.03 1 047 035 014 023 003 026 -013 -070 0.34 029 024 -050 029 019 -056 -0.63 -0.66 0.21
PL 0.04 0.15 0.09 -0.34 -0.14 002 053 1 029 024 016 013 020 -010 -039 034 025 027 -036 033 029 -030 -045 -047 031
FT 0.13 0.1 0.04 -0.28 -0.14 000 040 030 1 028 072 -008 020 -010 -0.25 049 0.19 0.63 -021 026 0.25 -026 -0.36 -0.33 0.14
FL 0.05 0.21 0.01 -0.02  0.03 000 016 025 030 1 011 079 004 008 -005 033 004 055 006 018 036 -007 -005 -0.01  0.00
Fw 0.20 0.1 0.02 -0.04 0.05 000 026 017 0.5 012 1 -0.39 019 0.02 -010 046 018 0.60 0.00 0.25 0.25 0.05 -017 -0.13 0.19
FR -0.07 0.10 0.00 -0.01 0.00 000 003 013 -009 084 -041 1 -0.08 006 000 004 -007 017 005 0.00 016 -0.09 0.03 0.05 -0.06
FSV 018 0.20 -0.07  -0.13 -0.07 000 029 020 021 004 019 -0.09 1 -013 -029 081 094 002 -036 085 001 -036 -0.33 -0.31 -0.04
DFM  -0.05 -0.02 0.06 0.12 0.16 0.00 -0.15 -0.10 -0.11 0.08 0.02 006 -013 1 0.66 -0.06 -018 0.3 023 -0.11 0.02 0.12 0.6 0.23 -0.13
MP 0.02 -0.04 0.01 0.47 0.31 -0.01 -0.80 -040 -0.26 -0.05 -0.11 0.00 -0.29 0.69 1 -0.29 -0.35 -0.03 049 -029 -0.01 049 054 0.62 -0.20
TFW  0.20 0.27 -0.03 -0.13 -0.03 000 039 034 050 034 047 004 081 -006 -0.30 1 0.79 046 -029 084 023 -0.26 -0.32 -0.33 0.08
NFA 0.16 0.20 -0.11 -0.13 -0.06 000 032 0.25 019 0.04 018 -007 094 -018 -0.36 079 1 -0.06 -0.37 085 0.00 -0.35 -0.35 -0.35 0.01
AFW  0.09 0.15 0.09 -0.13 -0.02 001 027 027 064 057 061 017 002 013 -0.04 046 -0.06 1 002 013 042 -0.03 -0.13 -0.12 0.09
WHS -0.03 -0.06 0.05 0.45 0.31 -0.01 -0.56 -0.36 -0.21 0.06 0.00 0.05 -036 023 050 -0.29 -0.37 0.02 1 -0.35 -011 071 077 0.75 -0.24
NSA 0.22 0.21 -0.08 -0.09 0.03 0.00 033 033 026 018 025 0.00 085 -011 -030 084 085 013 -035 1 043 -0.29 -0.38 -0.37 0.15
ASF 0.5 0.00 0.00 -0.03  0.09 000 022 029 026 037 025 016 001 002 -00l 023 000 042 -011 043 1 -0.02 -0.26 -0.28 0.5
SL 0.01 -0.04 -0.02 0.62 041 -0.01 -0.63 -0.30 -0.27 -0.08 0.05 -0.09 -0.36 0.12 050 -0.26 -0.35 -0.03 0.71 -0.29 -0.02 1 0.79 0.62 0.10
SW 0.01 -0.05 -0.01 059 0.37 -0.01 -071 -045 -0.37 -0.05 -0.17 0.03 -033 016 056 -032 -0.35 -013 077 -038 -0.26 079 1 0.77 -0.44
ST -0.02 -0.10 0.04 0.55 0.31 -0.02 -0.74 -048 -0.34 -0.01 -0.14 0.06 -031 023 0.64 -0.33 -035 -0.12 0.75 -0.37 -0.28 062 057 1 -0.32
SR 0.03 -0.02 0.04 -0.08  -0.07 001 023 031 015 000 019 -0.06 -0.04 -014 -020 008 001 009 -024 015 035 010 -044 -032 1

The characters that clustered closely or together were
considered highly associated and those not featured
were considered to have no contribution to the total

variation (Fig. 1).

The first 4 factors were the most relevant as they
provided the exact picture of total variability for each
character (Mladenovic et al., 2012b; Sinha and
Kumaravadivel, 2016). The remaining factors were
considered weak or had no discriminatory power
because they explained only a quarter of the total
variation (Maji and Shaibu, 2012). Odiyi et al. (2014)
reported twofactorsaccountingfor morethan 82%of
the total variation. The high loads of the four factors
andtheircorrespondingcharactersindicated

existenceofhighvariation(Ebrahimnejadand

Rameeh, 2016), correlation and influence by similar
gene(s) (Norman et al., 2014). The inter-correlations
or shared variance separated the characters into
smaller groups that explained high variation in the
original data set (Bhandari et al., 2017). Hence, the
characters were considered critical in contributing
(Balkaya et al., 2010a), and identifying genetic

variability (Norman et al., 2014).

The sign on the loads indicated the direction of the
relationship between the characters (Balkaya et al.,
2010b). Odiyi et al. (2014) reported marketable leaf
yield, vine length, branches per plant and leaves per
plant as important characters of genetic variability in
flutedpumpkins.Inourstudy,thefirstfourfactorsof

greatestgeneticvariationweredelineatedbyseedand
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fruitcharacters.Thefunctionalrelationshipsassigned to
these factors were growth, yield and quality. Growth
highly loaded for
weight,seedlength,width  andthickness.McCormack

(Factor 1) was 100-seed
(2005) and Aruah et al. (2012) reported wide genetic
variationandindistinguishablecharacteristicsinseed

characters. Balkaya et al. (2010a) and Mladenovic et

al.(2012a)reportedwidevariationinseedlength,

2018

width and thickness and in 100-seed weight. Seed is
the first link in the food chain, growth and the basic
form of genetic variability. Seed size compensates for
variation in environmental conditions in that as it
increasesthereismorefood reservetosustaingrowth
and variability. Food reserves of smaller seeds are
quickly exhausted, thereby affecting seedling growth

and variability.

Table 5. Direct (diagonal bold) and indirect genotypic path coefficients of differentquantitative characters ontotal

fruit weight of pumpkin accessions (residual effect = 22%)

PS IL NFF ST LS IR DFF PL FT FL FW FR FSV DFM MP NFA AFW WHS NSA ASF SL SW ST SR TFWCC
PS 0.00 0.00 000 001 -001 0.00 000 000 001 001 0.1 0.00 0.3 0.1 0.0 0.01 0.07 0.00 016 -0.05 0.00 0.00 0.00 0.00 0.20
L 0.00 0.00 000 0.0 -001 0.00 000 000 0.01 004 0.1 -001 0.03 0.00 0.00 0.01 0.06 0.00 015 0.00 0.00 0.00 0.02 0.00 0.27
NFF 0.00 0.00 002 0.00 -001 0.00 000 000 0.00 000 0.00 0.00 -0.01 -0.01 0.00 -0.01 0.04 0.00 -0.06 0.00 000 000 -0.01 0.00 -0.03
STT 0.00 0.00 000 005 -003 0.00 002 001 -002 000 0.00 0.00 -0.02 -0.01 -0.01 -0.01 -0.06 0.01 -0.06 0.01 0.07 000 -0.10 0.00 -0.13
LS 0.00 0.00 000 0.04 -004 0.00 001 000 -001 001 0.00 0.00 -0.01 -0.02 -0.01 0.00 -0.01 0.01 002 -003 005 000 -0.06 0.00 -0.03
IR 0.00 0.00 000 0.00 0.00 0.2 000 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DFF 0.00 0.00 0.00 -0.03 0.01 0.00 -0.02 -0.02 0.02 0.3 0.01 000 0.04 0.02 002 002 011 -0.01 024 -008 -0.07 000 013 0.01 0.39*
PL 0.00 0.00 000 -0.02 0.01 000 -001 -0.03 002 0.05 0.01 -0.01 0.03 0.01 001 0.01 0.1 -0.01 024 -011 -0.03 0.00 0.09 0.01 0.34*
FT 0.00 0.00 000 -0.01 0.01 000 -001 -0.01 006 0.06 004 001 003 001 001 001 027 0.00 019 -0.09 -0.03 0.00 0.06 0.00 0.50*
FL 0.00 0.00 000 0.00 0.00 000 000 -00l 002 021 001 -005 001 -0.01 0.00 0.00 0.24 0.00 013 -013 -0.01 0.00  0.00 0.00 0.34*
FW 0.00 0.00 000 0.00 0.00 0.00 -0.01 -0.01 0.04 002 0.06 0.02 0.03 0.00 0.00 0.01 0.6 0.00 018 -009 0.01 0.00 0.02 0.00 0.47*
FR 0.00 0.00 000 0.00 0.00 000 000 000 -001 017 -0.02 -0.06 -0.01 -0.01 0.00 0.00 0.07 0.00 000 -006 -001 000 -0.01 0.00 0.04
FSV 0.00 0.00 000 -0.01 0.00 0.0 -001 -0.01 001 001 0.1 001 014 001 0.01 0.04 001 -0.01 061 0.00 -0.04 0.00 0.06 0.00 0.81*
DFM  0.00 0.00 000 001 -001 0.00 000 000 -0.01 002 0.00 0.00 -0.02 -0.11 -0.02 -0.01 0.06 0.00 -0.08 -0.01 001 000 -0.04 0.00 -0.06
MP 0.00 0.00 000 002 -001 000 002 001 -002 -0.01 -0.01 0.00 -0.04 -0.08 -0.03 -0.02 -0.02 0.01 -0.22 000 006 000 -0.11 0.00 -0.30*
NFA 0.00 0.00 000 -0.01 0.00 0.00 -0.01 -0.01 0.01 001 0.01 0.00 0.3 0.02 0.01 0.05 -0.03 -0.01 061 0.00 -0.04 0.00 0.06 0.00 0.79*
AFW  0.00 0.00 000 -0.01 0.00 0.00 -0.01 -0.01 0.04 012 0.03 -0.01 0.00 -0.01 0.00 0.00 0.42 0.00 0.09 -015 0.00 0.00 0.02 0.00 0.46*
WHS  0.00 0.00 000 002 -001 0.00 001 001 -001 001 0.00 0.00 -0.05 -0.03 -0.01 -0.02 0.01 0.02 -0.25 0.04 008 000 -013 -0.01 -0.29*
NSA 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01 0.02 0.04 0.01 0.00 0.2 0.01 0.01 0.04 0.06 -0.01 072 -016 -0.03 0.00 0.07 0.00 0.84*
ASF 0.00 0.00 000 0.00 0.00 000 -001 -0.01 002 008 0.01 -001 000 0.00 0.00 0.00 0.8 0.00 031 -036 000 0.00 0.5 0.01 0.23
SL 0.00 0.00 000 0.3 -002 0.00 002 001 -0.02 -0.02 0.00 0.01 -0.05 -0.01 -0.01 -0.02 -0.01 0.01 -0.21 0.01 0.11 0.00 -0.11 0.00 -0.26
Sw 0.00 0.00 000 0.03 -001 0.00 002 001 -0.02 -0.01 -0.01 0.00 -0.05 -0.02 -0.01 -0.02 -0.06 0.01 -027 009 0.09 000 -014 -0.01 -0.32*%
ST 0.00 0.00 000 003 -001 0.0 002 001 -002 000 -0.01 0.00 -0.04 -0.03 -0.02 -0.02 -0.05 0.01 -0.27 0.10 007 000 -018 -0.01 -0.33*
SR 0.00 0.00 000 0.0 0.00 0.0 -0.01 -0.01 0.01 000 0.01 0.00 -0.01 0.02 0.01 0.00 0.04 0.00 011 -013 0.01 0.00 0.06 0.02 0.08

Yield (Factor 2), which was highly loaded for fruitsize,
total weight, number, and seeds per accession.
Gichimu et al. (2008) and Balkaya et al. (2010b)
reportedvariability infruit characteristics. Variability
has also been reported in fruits size and number per
plant (Aruah et al., 2012) and weight (Balkaya et al.,
2010b;Du et al., 2011; Xiaohua et al., 2011). Nerson
(2007) observed large differences in seed number
among and within fruit-types, Aruah et al. (2010) in
seeds per fruit, and Gavilanez-Slone (2001) in seed
number in proportion to pollen deposited on the
McCormack (2005) and OECD (2012)

reported that variation in seeds per fruit among

stigma.

species and varieties depends on pollination

efficiency,areaofthecountryandgrowing

conditions.Razim(2011)observedgenotypevariation

depending on location, year and season; genotypes
exhibited superior yield in one location, but were not
stable in others with different agro-ecologies because
of interaction between genotype and environmental
factors. Quality (Factors 3 and 4) were highly loaded
fruit flesh thickness, width,
length/width ratio. Balkaya et al. (2010b) reported

for length and
variability in fruit diameter and length, while
Mladenovic et al. (2012a) reported in fruit flesh

thickness.

The high communality than specificity indicated that
observedvariationwasinfluencedbymanyassociated

factors(Beaumont,2012).Thehigh(>50%)
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communalities indicated high contribution of the
characters to genetic variability. The ordination
combined number of fruits and seeds, fruit total
weight, size, flesh thickness, average weight, length,
width, length/width ratio, seed length, width and
thickness, and 100-seed weight into three groups of
closely related characters (Norman et al., 2014). This
information facilitated detection and prediction of
characters giving good description of the amount of
genetic variability in the first three factors (Odiyi et
al., 2014).

Geneticvariability

Genotypic and phenotypic variances: They variedfrom
o for leaf length/width ratio to 385,376.4 for seeds
per accession. The variances were greater than
environmental variances (Table 3). Phenotypic
variances exceeded genotypic variances in most
characters, but equaled plant size, fruit size, total,
average weight, number, 100-seed weight, seeds per
accession or fruit, thickness, length/width ratio, and
resulted in zero values in the environmentalvariances.

The difference in range values was highest for days to

first flowering (Table 3).

Genotypic variances were greater than environmental
variances in all the characters, which indicated that
the genetic component was the major contributor to
total variation (Aruah et al, 2012).Phenotypic
variances were slightly greater than genotypic and
environmental variances in most of the characters,
suggesting little environmental influence on
expression of these characters (Kiramana and Isutsa,
(2014)

phenotypic variance greater than genotypic and

2016). Nwangburuka et al reported
environmental variances in all the characters.
Kiramana et al. (2016) reported genotypic and
phenotypic variances greater than environmental
variances in most characters. In our study, genotypic
and phenotypic variances that were equal and led to
zero environmental variances were observed in some
characters, implying that off springs produced would
be exactly like their parents, because of no visible
environmentaleffectsontheirexpression(Ogunniyan

andOlakojo,2014).Jonahetal.(2013)reported

2018

and phenotypic variances of equal

genotypic
magnitude in Bambara nut pod width, length andseed
width, while Ogunniyan and Olakojo (2014) reported
genotypic and phenotypic variances equal in days to
anthesis and silking in maize. The low and moderate
genotypic, phenotypic and environmental variances
observed in certain characters indicated their stable
nature (Fukrei et al., 2011), and little environmental
influence on their expression (Roychowdhury and
Tah, 2011). Nwangburuka et al. (2014) reported low
genotypic, phenotypic and environmental variances
for leaf length and width, petiole length, number of
branches and leaflets, fruit yield, seed length, width
and weight, but moderate values for fruit number,

length and width in fluted pumpkins.

The continued selection and use by farmers couldhave
resulted in the traditional pumpkin remaining stable
(Fukrei et al, 2011). The high genotypic and
phenotypic variances suggested adequate gain in
selection on the characters, meaning heterosis could
beutilizedtoproduce superior hybridsandgenotypes
(Kiramana and Isutsa, 2016). Selection based on such
characters can achieve broad genetic variation and
improvement of pumpkins (Akter et al., 2013). Aruah
et al. (2012) reported high genotypic and phenotypic
variances in fruit weight, diameter and seeds, while
Sultana et al. (2015) in fruit length, first male and
female flower timing. Genotypic, phenotypic and
environmental variances for leaf length/width ratio
were zero, thus selection based on this character
would not be effective for any intended improvement
(Kiramana and Isutsa, 2016). Nwangburuka et al.
(2014) reported zero genotypic, phenotypic and
environmental variances for vine width in fluted
pumpkin, while Ene et al. (2016) reported for mean
fruit weight in cucumber. The high difference for
phenotypic
environmental variances indicated that variabilitywas

genotypic  and variances  versus
not only genetic, but also environmentally influenced.
Selection based on such characters would not be
effective for improvement of pumpkins due to
masking of genotype expression by environment and

non-additivegeneeffects(KiramanaandIsutsa,
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2016). High environmental variances in germination
percentage, flowering and fruit maturity timing have
also been reported (Kiramana and Isutsa, 2016). The
high environmental, genotypic and phenotypic
variancedifferenceswereattributedtotheinteraction

between the genotypes and environment (Mohsin et
al., 2017). OECD (2012) reported that flower
development is regulated by genetic and
environmental factors such as temperature and day

duration.

Genotypic and phenotypic coefficients of variation:
They ranged from 5.4% for days to first fruiting to
83.5% for fruit size under GCV, and 88% for leaf
length/width ratio under PCV (Table 3). PCV was
higher than GCV in most traits, but equaled eachother
in plant size, fruit size, total, average, number, 100-
seed weight, seed number, average, thicknessand
length/width ratio. The GCV and PCV were highest
for fruit size, number per accession, total weight and
number of seeds; the least for days to first fruiting,
and leaf length/width ratio under GCV, seed
length/width ratio under both GCV and PCV in that
order.ThedifferencesinrangebetweenPCVandGCV

were above 1 for internode length, nodes to first fruit,
days to first flowering, fruits and leaf length/width

ratio, and below 1 in all other traits (Table 3).

The slightly higher PCV than corresponding GCV for
most characters reflected more contribution by the
genotype than environment in expression of the
characters(Nagaretal.,2017),andselectionbasedon

phenotypic characters was feasible (Ene et al., 2016).
The slight difference between PCV and GCV was
attributed to planting of the accessions under similar
environmental conditions in Chuka University
research farm. Nwangburuka et al. (2014) reported
slightly higher PCV than GCV in all characters, while
Nagar et al. (2017) reported in most traits of
pumpkins. PCV and GCV values greater than 20% are
regarded as high, between 10% and 20% as medium,
and less than 10% as low (Khan et al., 2016). Basedon
this fact, most of the characters in our study were
categorized as high, followed by moderate, and lastly

low.Thevariationofthecharactersfromlow,

2018

moderate to high PCV and GCV indicated presence of
genetic variability (Nagar et al., 2017). The high PCV
in characters indicated the existence of wide scope of
selection for the improvement of the traits (Yadav,
2000), while the low PCV presented less scope for
selection (Khan et al., 2009).

Nagaretal.(2017)reportedhighPCVandGCVvalues for
plant weight, mature fruit weight and yield, moderate
PCV and GCV values for peduncle length, vine length,
and low PCV and GCV values for days to marketable
maturity, days to first female or male flower opening,
node number of first female or male flower. Rahman
et al. (2002) reported high PCV and GCV values for
fruit yield, number, length, flesh thickness, and stem
length, while Saha et al. (1992) reported high GCV in
fruit weight, length and yield in pumpkins. Ene et al.
(2016) observed highest PCVand GCV for number of
branches, vine length, fruit weight and leaf area. The
large PCV and GCV values revealed their use in
selection of suitable parents for crossing, or lines for
improvement of pumpkin yields (Ogunniyan and

Olakojo, 2014).

The low PCV and GCV values indicated there wasleast
chance of modifying pumpkin accessions using the
characters (Mohsin et al., 2017). Ene et al. (2016)
observed low PCV and GCV for days to 50% female
flowering, while Nagar et al. (2017) for days to
marketable maturity stage, days to first female
ormaleflower opening,andnodenumber offirst female
or male flower. The PCV and GCV values were that
were equal, indicated that there was interaction
between the accessions with the environment (Jonah
et al., 2013). Ogunniyan and Olakojo (2014) reported
equal PCV and GCV values for days to anthesis and
silking in maize, while Jonah et al. (2013) for pod
width, length and seed width of Bambara nut.

The range between PCV and GCV for all characters
was narrow, except for leaf length/width ratio,
implying that genotype contributed more than
environment in expression of these characters and
selection based on phenotypic values is therefore
feasible(Aruahetal.,2012).Nagaretal.(2017)
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reported small ranges between PCV and GCV in
majority of the characters in pumpkin, while
Nwangburuka et al. (2014) in all characters of fluted
pumpkin. The wide range for leaf length/width ratio
indicated a greater degree of environmental control
(Ene et al., 2016). High environmental influence on a
character reduces its response to selection on

phenotypic basis (Islam et al., 2009).

Heritability and genetic advance (gain): Heritability
ranged from 12% for leaf length/width ratio to 100%
for plant size, fruit size, total, average
weight,number,100-

seedweight,seednumberperaccession, average per
fruit or accession, thickness and length/width ratio
(Table 3). Heritability exceeded 80% in all the
characters, except leaf length/width ratio and days to
first flower. Genetic advance was highest for seeds per
accession and lowest for seeds and fruit length/width
ratio. Expected geneticadvance was highest and
lowest for fruit size and leaf length/width ratio,
respectively. High heritability corresponded to high
genetic advance for fruit size, total weight, number
and seeds per accession, while low heritability
corresponded to low genetic advance for leaf

length/width ratio (Table 3).

Heritability estimates give an insight into the extentof
genetic control to express a particular trait and
phenotypic reliability in predicting its breeding value
(Ene et al., 2016). In our study, the 100% heritability
indicated that the observed variation was highly
contributed by the genotypic component (Kumar et
al., 2014), with less influence by the environment
(Ogunniyan and Olakojo, 2014). Hence, phenotype
could provide a perfect measure of the genotypicvalue
and the characters would respond to selection (Jonah
et al., 2013). The characters can also be given special
attention during selection aimed at improving
pumpkins (Ene et al., 2016). Kiramana et al. (2016)
reportedheritabilityestimatesrangingfrom71.9%for
numberofmaleflowerstogs.3%for100-seedweight, and
from 21.3% for germination percentage to 86%for
total fruit weight. According to Khan et al. (2016),
heritability values greater than 80% are very high,
60%to79%aremoderatelyhigh,40%to59%are

2018

medium and less than 40% are low. The high
heritability observed indicated less environmental
influence and considerable genetic variation that

warrant selection for improving pumpkin.

Kiramana et al. (2016) reported highest expected
genetic advance for total fruit weight and lowest for
fruit width and germination percentage. According to
Khan et al. (2016) expected genetic advance valueso%
to 10% are low, 10% to 20% are moderate, while
20%andabovearehigh.Thehighheritabilitycoupled

with high expected genetic advance indicated
predominance of additive gene effect. Thus, joint
consideration of heritability and genetic advance
during selection would be effective to improve
pumpkins (Khan et al., 2016). The low heritabilityand
expected genetic advance indicatedpredominance of
environmental effect. Therefore, selection of such a
character would be ineffective to improve pumpkins.
The high heritability and moderate expected genetic
advance indicated non- additive gene action
(Malashetty, 2010), making it difficult to select such a
character to improve pumpkins due to environment
masking expression of genotypic effect (Aruah et al.,
2012). Kiramana and Isutsa (2016) reported high
heritability and expected genetic advance for all

characters, except number of leaves and fruit length.

Characterassociation

Genotypic and phenotypic correlations: The analysis
identified both positive and negative genotypic and
phenotypic correlations, with bolded ones being
significant at P=0.05 (Table 4). The genotypic
correlations were higher than the corresponding
phenotypic ones in most characters. Numbers of
nodes to the first flower and leaf length/width ratio
correlations with all other characters were not
significant  genotypically and phenotypically.
Significant correlations were observed in some
characters phenotypically, but not genotypically.
Similar correlations were observed in fruit size, total,
average weight, number, 100-seed weight, seed
number, average, length, width and thickness at both

levels.Detailsofhowfactorswereassociated
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genotypically and phenotypically are shown in Table4.

In our study, genotypic correlation coefficientsgreater
than phenotypic ones indicated greater contribution
of genetic factors to development and inherent
association of characters (Kassahun et al., 2013;
Fayeun and Odiyi, 2016). The high genotypic
correlations were attributed to overlap of
environmental factors by genetic ones (Avijala et al.,
2015), acting in the same direction to maximize
phenotypic expression (Chaudhari et al., 2017). The
low phenotypic correlation coefficients were as a
result of environmental effects modifying the

association of characters at genotypic level (Nzuve et

al., 2014). Genotypic correlations devoid of
environmental correlations are more useful than
phenotypic correlations in deciding selection

strategies (Fayeun and Odiyi, 2016). Genotypic
correlations involve association of heritablecharacters
as they determine higher interest ofgenetic breeding
(Machado et al,

phenotypiccorrelationsaremadeupofgenotypicand

2017), while
environmentalcorrelations(FayeunandOdiyi,2016).

Characters that exhibit greater genotypic than
phenotypic correlations are favourable for selection
(Avijala et al, 2015). Higher genotypic than
phenotypiccorrelationswerereportedbyKassahunet al.
(2013) in coriander, Avijala et al. (2015) incassava,

and Fayeun and Odiyi (2016) in fluted pumpkin.

Since most of the characters were significant at both
levelstheyindicatedlessenvironmentalinfluenceand

hencephenotypiccorrelationsweregoodindicatorsof

genotypic correlations (Fayeun and Odiyi, 2016).Non-
significant correlations at both levels indicated
minimal and non-significant contribution to
development and yield of pumpkins. Sultana et al.
(2015) reported non-significant correlations for
pedicel length of female flower with most of the
agronomic traits evaluated. Significant phenotypic
correlations relative to non-significant genotypic
counterparts for certain characters suggested little

environmentalinfluenceontheexpressionofthe
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characters (Fayeun and Odiyi, 2016). The same
correlation trends at both levels were observed in
somecharactersinourstudyprobablyduetoplanting  of
all the accessions in one farm under uniform
conditions that could have decreased environmental
variation and inflated heritable and genetic
correlations. Waitt and Levin (1998) reported similar
genotypicandphenotypiccorrelationsinplants,while

Chaudhari et al. (2017) reported the same correlation

trends at both levels in most pumpkin traits.

The observed significant and positive correlations at
both levels suggested simultaneous improvement of
these characters because of mutual relationships, and
selection for one would translate to selection and
improvement of the other (Fayeun et al., 2012). The
sign of correlation indicated how characters impacted
each other, with positive sign indicating acceleration,
while negative sign indicating de-acceleration
(Kiramana and Isutsa, 2017). Nzuve et al. (2014)
inferred that when correlations are positive, genes
controlling the characters are linked or positioned
closely together on the same chromosome or could be
under the control of pleiotropic genes. Positive
relationships provide good selection indices (Fayeun
and Odiyi, 2016) for desirable genes that influence
inheritance of characters that could be exploited for
further improvement (Nzuve et al., 2014). Anincrease
in characters showing positive andsignificant
correlations could lead to enhanced pumpkin yields
(Nzuve et al.,, 2014). These characters could be
utilized as yield indicators when performing selection
(Sampath and Krishnamoorthy, 2017). Our study
results implied that selection for fruit flesh thickness,
length, diameter and weight would resultin
improvement of fruit yield (Mahaveer et al., 2017)
and average weight per plant (Grisales et al., 2015).
Mabhaveer et al. (2017) and Shivananda et al. (2013)
reported positive associations at both levels of fruit
yield with number, circumference, average weight,
length, cavity size, flesh thickness, vine length, seed
number, and 100-seed weight. Total fruit weight
exhibited

correlationswithmaturationperiod,100-seedweight,

significant, but low and negative

seedwidthandthicknessatbothlevels,implyingthat
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pumpkin yields cannot be improved based on
selection of these characters. The negativecorrelations
implied that an increase in one variable would lead to
a decrease in the other (Bolina et al., 2013). Mahaveer
et al. (2017) reported negative and significant
associations of fruit yield with days to first male and
female flowers. In our study, genotypic and
phenotypic correlations that were either zero or
insignificant suggested that the characters were

independent (El-Mohsen et al., 2012).

Path coefficient analysis: Total fruit weight was taken
as a dependent variable and the rest of the characters
as independent variables. The number of seeds per
accession showed the highest positive and directeffect
on total fruit weight, followed by fruit average weight,
length, size and seed length. The highest negative and
direct effect on total fruit weight was exhibited by
average seeds per fruit, followed by seed thickness
and days to fruit maturity. All other associations of
charactersrevealed by path coefficient analysis with
total fruit weight are shown in Table 5. The sum of
direct and indirect effects for each character was
equal, and/or plus or minus 1 the total fruit weight
genotypic correlation coefficients. The sum was
highest and positive for number of seeds, followed by
fruit size and number, but lowest and positive for leaf
length/width ratio. The sum was negative for number
of nodes to the first flower, stem thickness, leaf size,
and days to first mature fruit, maturation period, 100-
seed weight, seed length, width and thickness, with all
other characters exhibiting positive direct and
indirect effects. The residual effect factor was 22%
(Table 5).

In our study, the highest positive and direct effect
indicated major contribution to total fruit weight
(Naiketal.,2015).Aruahetal.(2012)reportedhighly

positive and direct effect of number of female flowers
on fruit weight. Naik et al. (2015) reported maximum
directeffectoffruitlengthandweight,seedcavityand vine
length on yield of pumpkin at genotypic level, while
Tiwari and Upadhyay (2011) reported highly positive
effect of fruit number,

and direct weight,

averageweight,andnumberofprimarybrancheswith
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fruit yield. Despite highly positive and direct effects,
seed length failed to obtain a significant correlation
with total fruit weight, because it was masked by
strong negative and indirect effects of number of
seeds, seed thickness and other characters. The
negative correlation of seed length with total fruit
weight suggested simultaneous restricted selection
should be imposed to nullify the undesirable indirect
effects to make use of the high direct effect of seed
length. Number of nodes to the first flower, stem
thickness, 100-seed weight and seed width failed to
exert significant correlation with total fruit weight
probably due to weak direct and indirect positive
effects that were masked by strong and simultaneous
negative indirect effects of other characters
(Malashetty, 2010). The direct effect showing a
narrow range suggested true relationship. Therefore,
direct selection for hybridization based on these
characterscouldresultinappreciableimprovementof

totalfruitweight(TiwariandUpadhyay,2011;Naik et
al.,2015).Thelowandpositivedirecteffect,aswellas high
and positive correlation of fruit number and size with
total fruit weight reflected fake association of these
characters. The high indirect effect throughseed
number indicatedthat totalfruit weight could be
improved by indirect selection of seed number

(Shivanada et al., 2013).

Days to first flowering and peduncle length had
negative and paltry direct effect, as well as positive
correlation with total fruit weight, suggesting indirect
effects were the causes of this correlation. Therefore,
indirect causal factors of these characters should also
be considered during selection (Malashetty, 2010).
Plant size and seed length/width ratio showed lowand
positive direct effects and non-significant correlations
with total fruit weight. The positive and indirect
effects of these characters through average fruit
weight and number of seeds, as well as
simultaneouspositiveanddirecteffectsthroughother
characters nullified the negative and indirect effects,
but failed to establish significant associations with
total fruit weight (Shivanada et al., 2013). Likewise,
strongnegativeanddirecteffectofseedthicknessand

daystofruitmaturity,coupledwithnegativeand
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indirect effect via other characters, failed to nullifythe
positive and indirect effects to total fruit weight
(Malashetty, 2010). Therefore, selection based on
plantsize,seedlength /widthratio,seedthicknessand

days to fruit maturity is not recommended for

enhancing total fruit weight (Grisales et al., 2015).

Averageseedshadstrongandnegativedirecteffecton

total fruit weight. However, the high and positive
indirect effect of average seeds via average fruitweight
and number of seeds, overcame the negative and
indirect effect of days to first flowering, peduncle
length and fruit length/width ratio to establish a
positive and significant association with total fruit
weight.Similarly,daystofirst ~ flower,pedunclelength
and fruit length/width ratio had weak and negative
direct effects, as well as high and positive indirect
effects via other characters. The high and positive
indirect effects of these characters overcame the
negative and indirect effects to establish positive
associations with total fruit weight (Malashetty,2010).
Leaf size and maturation period had weak and
negativedirecteffectsandcorrelations with totalfruit
weight. The positive and indirect effects of these
charactersfailedtonullifythenegativeanddirectand

indirect effects to establish significant positive
associations with total fruit weight. Therefore,indirect
selection of these characters would not helpin
reducing undesirable effects on total fruit weight

(Shivanada et al., 2013).

Internode length, fruit width and flesh thickness had
weak and direct positive effects on total fruit weight.
The significantly positive correlation of these
characters with total fruit weight was mainly due to
indirect positive effects via average fruit weight and
number of seeds per accession. The negativelyindirect
effects of these characters via othercharacters failed to
nullify the positively direct and indirect effects.
Hence, these characters were able to establish
positive and significant associations with total fruit
weight. Sampath and Krishnamoorthy (2017)
reported negative and direct effects of number of
primary branches, petiole length, leaf breadth, first

maleflowernode,fruitdiameter,fleshthicknessand

2018

100-seed weight on pumpkin yield. Sultana et al.
(2015) observed highly negative and direct effects of
leaf breadth and pedicel length of female flower on
pumpkin fruit yield. Malashetty (2010) observedweak
and negative direct effect of number of primary
branches and indirect effects via days to first harvest,
fruit number and node of first female flower on fruit
yield. Leaf length/width ratio failed to establish a
significant correlation with total fruit weight because
of weak directly positive and insignificant indirectly

positive effects via all other characters.

Path coefficient analysis revealed that the seeds, fruit
average weight, length, size, number, flesh thickness,
peduncle length, days to first flower should be
considered simultaneously in total fruit weight
improvement (Tiwari and Upadhyay, 2011; Kumar et
al., 2017). The residual effect determines how best
causal factors account for variability of the dependent
factors (Ahmed et al., 2018). In our study, about 78%
of the total fruit weight was contributed by characters
studied(Khanetal.,2016).Otherfactorscontributing

22% effect were not included in this study (Sultana et
al., 2015). Therefore, more factors need to be
considered when selecting pumpkins for high total
fruit weight (Tiwari and Upadhyay, 2011). Sultana et
al. (2015) and Khan et al. (2016) reported 38% and

9.25% residual effects, respectively.

Conclusions and Recommendations
Morphogeneticvariabilitywaseffectivelyassessed
usingmultivariateanalysistechniques.Analysisof
variance,meanandrangeshowedsignificant variations
in all the characters studied. Range values
morethandoublethemeanindicatedexistenceof
adequate morphological variability. The economically
interestingcharacterswithhighmeanvaluesshould
beselectedforimprovementofpumpkins.Factor
analysisproduced8factors,withfewerlatent characters
sharing a common variance. The
characterswithhighscoresonthefirstfourfactors could
be used as good genitors and priority indices in
screeningandselectingpumpkinsforimprovement.
Threedimensionalordinationclassifiedcharacters

intoclusters.Thecharactersclusteredtogethercould
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have heterosis useful for breeding hybrids in
pumpkins. Those characters far from the rest are
genetically variable due to crossing of different
pumpkins and important for identifying accessions.
The PCV and GCV should be

concomitantly with heritability and genetic advance,

investigated

because they alone are not able to determine genetic
variability for credible selection of best performing
pumpkins. Thus to improve pumpkins, direct
selection can be made on fruit size, total weight,
number and seeds that showed highly positive
correlationsat both levels. Path coefficient analysis of
seeds, fruit average weight, length, and size showing
highly direct effects, and fruit number, fleshthickness,
length, peduncle length and days to first flower
showing highly indirect effects should be considered
simultaneously for pumpkin total fruit weight
improvement. Multivariate  analysistechniques
revealed fruit size, number, total weight and seeds as
characters of genetic variability, with
highpotentialforsuccessfulandefficientselectionfor

better yields. Since these findings are based on
accessions collected in two regions only, collectionand
assessment of variability in landraces from other

regions is recommended.
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