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Introduction



INTRODUCTION

"One new \ariety rcised by man widl be a more
tmportant und interesting subject for study than
one more spectes added to the nfinitude of already

recorded species"
Darwin (1859)

If Darwin is correct, it s our duty to study the widely grown

underexploited crops where practically not much work hes been done.

Pumpkin (Cum;‘bjLa m oschata Poir) i1s one of the widely grown under-
exploited vegetables 1n which sufficient attention has not been paid
for genetic improvement. Intioduced to our country from South
America by foreign navigators and emissaries, pumpliy 1s grown
throughout the length and br~adth cf India The young leaves, flowers
and fruits are rich in carotene, a precursor of Vitamin A. Importance
f pumpkin as a potential supplier of cdiotene has not been exploited

till date.

Yield i pumpkin remains low due Lo a conglomeration of factors,
both genetic and environmental. Poor genetic stcck, inadequate and
Improper management practices and inciderce of diseases, particularly
mosaic, are the main reasons for the low productivity. Development

of high yielding, carotene rich, mosaic resistant varieties which



can entrap the abundantly available solar energy should be the ultimate

aim of pumpkin improvement 1n the countiy.

Quantifying the available variabil ty and divergence 1s the primary
step of any crop inproverrent programme. High amount of crouss
pollination 1s the basic reason for Lhe existing variability 1in pumpkin,
The choice of breeding method eifher selection or hybridization
depends primarily on the extent of heritability of the character
under 1mprovement. Selection of parental materials with maximum
genetic divergence 1s of utmost importance 1n developing transgressive
segregants. The extent of variability that would be available 1n the
subsequent c,cles of selection also depends on the extent of genetic

divergence of parents involved in hybridization.

Absence of inbreeding depression, monoecious nature, showy
and large flowers and a large number of seeds from a single act
of pollination point to switablity of the ciop for exploitation of hybrid
vigour. “election of genetically divergent parents 1s very crucial
in hybriaization programme.s. Mahalanobis DZ stetictic 1s a powerful

tool 1n quantifying the degree of diveigence.

Area under pumpkin in the country 1s j ting reduced day by
day due to wide occurence of virus dic»ase. rar icula ly yellow vemn
mosaic and pumpkin mosaic. Development of tigh yilelding varieties
will be futile, If they do not have adequate tevislance to these viruses.

A single variety resistant to yellow vein mosaic and pumpkin mosaic

will really make a boost in cultivation of pumpbin in Kerala.



Review of literature indicated that only a meagere attempt
has been made 1n pumpkin 1n these directions. Hence the present
work 1s highly necessary and was undertaken with the following
objectives.

1. To estimate extent of available variability for imporotant

characters in pumpkin.

2. To study extent of genetic divergence among the genotypes

and to group them into clusters based on genetic distance.

3. To select high carotene lines 1n pumpkin
4. To screen pumpkin genotypes for resistance to yellow vein

mosaic and pumpkin mosaic.



Review of Literature



REVIEW OF LITFRATURE

Information available on genetic variability, divergence and
resistance to mosaic diseases are very much himiting in pumpkin.
Inorder to project the magmtude of the problem and to have a general
guidance, information on other cucurbits are also reviewed and

presented under the following heads:

A. Genetic variability, heritability and genetic advance
B. Genetic divergence ond clustering of genotypes

C. Resistance to mosaic diseases

A. Genetic variabihity, heritability and genctic advance
1. Genetic variabihity

The knowledge of genetic variability of o breeding material
helps a plant breeder in choosing desirable parents and to improve
characters of economic 1mportance. Burton (1952) introduced a
convenient procedure for calculat on of phenotypic and genotypic
coefficient of variation. Johnson et al. (1955) introduced a metho-
dology for partitioning the variability 1n a population into heritable
and non-heritable components with the aid of genetic parameters
such as coefficients of variation, hcritability and genetic advance

which could alsc serve as a basis for selection.

Kublakl and Walezak (1976) reported large differences within
and between varieties with respect to 4 carctene content in 19

varieties belonging to Cucurbita pepo, Cucurbtta maxima and




Cucurbita moschata. The variety Golden Delicious (Cucurbita maxima)

recorded the highest carotene content. Gopalakrishnan (1979) studied
variability for 25 quantitative characters among 18 genotypes of

Cucurbita moschata and found that the genotypes were significantly

different for all the chalacters studied. Fruit yield/plant ranged
from 5.45 kg in CM 18 to 16,10 kg in CM 17, Carotene conlen!
ranged from 0.132% to 0.527%. This study identified lines CM 17
and CM 14 (Ambil1) as high yielders (16,10 kg and 15.38 kg/plant
respectively) having desirable charecters. The maximum value of
genotypic coefficient of variation was foir male flowers/plant (56.23)
followed by fruits/plant (50.32). Rana (1982) while studying variability
in 19 lines of pumpkin found that the lines grown in two environments
differed significantly for the 10 characters .tudied. Doijode (1983)
reported ample variability for T.5.S. and carotenc among 7 nbred
lines of pumpkin. The T.5.S. content ranged from 4.7 to 8.1% and

carotene from 1.7 to 8.65 mg/100 g

Nath and Dutta (1970) repoited that varielies of watermelon

(Cucutbita lanatis (Thunb., Mansf.) diffeicd much for number of

fruits (12 to 4.5), average frist weight (1.0 o 7.5 kg), average
T.5.5. (B to 12%) and yield/acie (6.5 to 31.14 L). Variability in waler-
melon was reported by Thakur and Nandpurr (1974) for vine length
which ranged from 2.64 to 4.84 m, bianches/vine (534 to 7.65),
sex ratio (15.7:1 to 2.5:1), days to first fiuit picting (81.5 to 99.2),

fruits/vine (0.64 to 1.85), average fruit weight (2.29 to 5.95 kg),



yield/vine (2.43 to 660 kg), rumbet of sceds/kg of fruit weight
(53.7 to 260.3), 100 seed weight (4.92 to 13.8% g) and T.5.S. (6.17
to 8.74%). Phenotypic coefficient of variation (pev) was the maximum
for seeds/kg of f(ruit weight (41.31) and it was the minimum for
days to first picking (6.46). The coefticients ot genotypic variation
(gev) also had the same trend. Vashista et al (1975 observed con-
siderable vailability 1n length, width, 10U seed weight and seed
colour in watermelon. Vashlstaelﬁ%}) reported significant differences
among varisties for all the characters except fiuits/plant. Wide
variations wele observed In days required for appearance of first
female flower, duration 1n picking of fiuits, number of female flowers,
number of fruits, total yield/vine, T.5.5. and flesh seed 1atio In
different varieties (Bhathal and Sandhu, 1984). Gail. and Kumar (1986)
recorded variability for different traits which ranged from 1.00
to 1.52 for fruit shape index, 7.76 to $.51% tor 1.5 5., 5.66 to 9.69%
for total sugars and 5.01 to 8.25 mg/100 g of fruit tlesh for vitamin C

content.

In a study involving 3U genotyp-s ot watermelor, Rajendian
(1989) observed that wvine length ranged from 1.13 to 3.58m and
the pcv and gcv were 35.45 and 21.86 respectively. Days to first
female flower anthesis ranged fiom 37.17 to 61.72 and the pcv
and gcv were 19.10 and 11.97 1espectively. The -~ex ratio ranged

from 12.85 to 131.47 wilt moderately high valie of pev (86.72)



and gcv (60.68). Fruits/vine ranged from 0.64 to 3.17 and pcv and
gcv were 58.29 and 39.83% respectively. Fruit yield/vine ranged
from 0.383 to 9.546 kg and pcv and gev for yield were 88.34 and
67.60 respectively. Seeds/fruit had a wide range of 20.50 to 539.83

and pev and gcv were 5B.76 and 44.64 respectively.

Srivastava and Srivastava (1976) studied variability in 10 lines

of bittergourd (Momordica charantita L.) and observed significant

differences for all the characters except for male flowers/plant.
The highest genotypic coefficient of variation was observed for
fruits/plant (3/.45) followed by yield/plant (32.13) and fruit weight
(30.02). Male flowers/plant had the lowest genotypic coefficient
of variation (11.47). Singh et al, (1977) evaluated 20 varieties of
bittergourd and obtained maximum value of gev for fruits/plant
(39), followed by fruit yield/plant (35). Days to flower had the least
genotypic coefficient of variation (4). Ramachandran (1978) observed
significant variation for 13 quantitative characters mn 25 diverse
lines of bittergourd. He observed the highest phenotypic coefficient
of variation (39.88), genotypic coefficient of variation (37.82) and
genetic gain (81.9) for yield/plant. The lowest value of genotypic

co>ffictent of variation (5.72) was observed for seeds/fruit.

Mangal et al. (1981) estimated genotypic and phenotypic coeffi-
cients of variation 1in 21 varieties of bittergourd. Highly significant
variation was observed for all the characters. Yield/plant recorded

the highest gcv while days to fust female flower anthesis, the



minimum. Indiresh (1982) assessed 24 lines of bittergourd and found
high gev for fruit weight, yield/plant, fruit cavity length, leaf area
and fruit length. Chaudhari (1987) observed the highest phenotypic
and genotypic coeffirient of variation for yicld/plant, fruits/plant,
vine length and fruit weight. The estimates of pcy and gev were low for

early fernale rlower formation and early harvest.

Vahab (1289) evaluated 50 genotypcs or bittergourd at College
of Horticulture, Vellamhkkara. Average fruit weighe had the maximum
value of pcv (48.77) followed by yield/plant (39 91) and fruits/plant
(31.82). The lowest value of pcv wds obocived for node at which
the first female flower 1s formed (8.18). fhe gcv  resulting in high
heritability was of high magnitude for fruit weight (99), yield/plant

(99) and fruits/plant (99).

In a comparative yiald trial of 24 varieties of cucumber (Cucumis
sativus) Solanki and Seth (1980) obseived considerable phenotypic
variation foir most of the characters studied Minimum variation
was found for internodd! length 3 d fruit yield Joshi et al. (1981)
reported the least variation for ptirnaly bronches in twenty varieties
of cucumber. They further found tha the pcv and gev did not show
differences for different characters except vine length, number
of primary branches and flesh/ozed 1atio. Rudiagowda and Patel
(1985) examined relative performance of 21 genotypes of cucumber
in which 'Pusa Sanyog' had the longest vine with higher number

of nodes on main shoot.



Kalyanasundaram (1976) evaluated three muskmelon (Cucumis
mela L.) varieties - Annamalai, Hara Madhu and Arka Rajhans - and
observed significant differences among the three varieties for economic
characters. Chhenkar et al. (1979) while studying Lhe genetic variability
in 11 muskmelon varieties found that the phenotypic varistion was
quite large but genotypic variation was low. Vijay (1987) found that
fruits/vine, flesh thickness and yield/vine had the maximum genotypic

coefficient of variation 1in 95 cultivars studied.

Joseph (1978) studied variability 1n 25 snakegourd (Trichosanthes
anguina L.) types with respect to 21 characters and found that the
types differed significantly with respect to all the characters studied.
Singh et al. (1985) reported maximum value of g.c.n. for seed volume
(21.95) followed by seed weight (21.89) and fiut yield/plant (18.37)

in 25 cultivars of pointed gourd (Trichosanthes digica Roxb).

Arora et al. (1983) evaluated 13 varietics of  sponge gourd

(Luffa cylindrica Roem). Maximum range of variatton and high genctypic

and phenotypic coefficients of variation were for yield/plant followed
by fruits/plant and sex 1atio. Reddy and Rao (1984) found that in
ridgegourd (L. acutangula Roxb.) p.c.v. ranged from 14.38 to 162.62%
and the g.c.v. from 13.56 to 112.03% for days to furst marketable
fruits and y;eld/plant respectively,  The p.c.v. and g.c.v. for yield/plant
were the highest. The lowest values of p.c.v. and g.c.v. were realised

for days to first picking and fruit diameter.
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2. Heritability and genetic advance

Kublak: and Walezak (1976) studied heritability of carotene
content 1n a few Cucurbita spp. The carotene content and T.S5.5.
in Cucurbita spp. recorded high heritabilty estimates. The inbred
lines developed through selfing and selection, recorded 70%, 50%
and 20% more B carotene, where the paiental populations were
Melonowa Zolta, Golden Delicious and Nagydebos Sulolok respectively.
Gopalakrishnan (1979) reported the highest heritability estimate of
99.14% for male flowers/plant followed by percentage of female

flowers and female flowers/plant 1n Cucurbita moschata. The lowest

heritability estimate of 76.96% was observed for fruitset (%). He also
found that male flowers/plant had the highest value of genetic gain
(52.32%). Rana (1982) observed high estimates of heritabihty and
genetic advance for vine length and frutset (%) in pumpkin. Hassan
et al. (1984) found that broad sense heritability [hz(b)] was high for
average fruit weight but affected by environment. Bcroad sense herita-
bility [hz(b)] and narrow sense heritability [hz(n)] values for fruit
length were 80% and 51% respectively. The hz(b) was high but hz(n)
was low for fruit width and fruit shape index. Doljode and Sulladmath
(1985) reported that out of 6 quantitative fruit characters studied,
all characters except total soluble solids showed high narrow sense
heritability, Sirohi et al. (1986) reported high heritabihity and low

genetic advance for days to first harvest, fruit weight, fruit shape

index and flesh thickness.
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Thakur and Nandpurt (1974) reported a heritability estimate of
92.92% for 100 seed weight and 84.97% toi seeds/kg of fruit in water-
melon  The tnintmum  heritability estimate of 25.95% was observed
for branches/plant. The maximum genetic advante was observed for
seeds/kg ot fruit (83.75%). The lowest estimate of genetic advance
was observed for days to first picking (5.78%). Brar and Nandpurl
(1978) condurted genetic analysis of yield and fruit number 1n water-
melon. The hz(b) was moderate (48.92%) and hz(n) low (23.64%) for
yield/plant. The hz(b) was higher (72.29%) and hz(n) was moderate
(66,90%) for fruit number. Vashista et al. (1983) reported high
heritability estimates for all characters except yield/plant. Gill and
Kumar (1986) reported high heritability for frut shape index,
T.S.S., total sugars and vitamin C content 1n wateimelon.  According
to them, though T.5.5. showed high hertability (82.76%), thc
expected genetic advance was ver, low (1042%) The geretic gamn
was high for wvitamin C content of fruits. Rajendran (1989) studied
heritability and genetic advance in wateimelon and reported that
heritability and genetic gain were 38.00 % and 27.76 % 1espectively
for vine length. THey also reported low heritability (25%) and moderate
genetic advance (47.40%) for leaves/vine, moderate heritability (39%)
and low genetic gain (153%) for days to first female flower anthesis,
moderate heritability (49%) and comparstively high genetic gain (8/.46%)
for sex ratio, moderate heritability (47%) and moderate genetic gain
(56.0€%) for frwrs/vine, low heritebility (4.00%) and genetic gain

(6.97%) for crop dutation and medium heritability (58%) and genetic
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gain (69.87%) for seeds/fruit.

Srivastava and Srivastava (1976) reported that fruits/plant
had the highest estimate of genetic advance (/1.73%) resulting from
the highest estimate of vanability (g.c.v. - 37.45%) and heritability
(99.31%) n bittergourd). Male flowers/plant recorded the  lowest
estimate of genetic gain (16.78%) and heritability (49.98%). High
heritability associated with moderate variability resulting in high
genetic gain was observed for fruit weight, yield/plant and fruit length.
Singh et al. (1977) observed high estimate of heritability and expected
genetic advance for fruit yield, fruits/plant and fruit length in bitter-
gourd. Ramachandran (1978) reported that heritability in broad sense
was quite high for all the 21 characters he studied in bittergourd
except for seeds/fruit. Fruits/plant had the highest heritability of
99.80% which was closely followed by yield/plant (99.74%) and vitarmin C
content (99.63%). The lowest heritability was for seeds/fruit (43.37%).
Genetic gain was the highest for yield/plant (81.93%) followed by
vitamin C content (70.72%) and fruits/plant (64.3%). Mangal et al.
(1981) noted high heritability values for leaf length, plant height,
average fruit weight, branches, fruits and yield/plant and seeds/fruit.
Indiresh (1982) found that heritability estimates were high for all
characters studied, except yield/plant and days to fruit development.
Chaudhar1 (1987) reported that the genetic advance was very high

for yield/plant (1114.39) and vine length (151.53) Vahab (1989) reported
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high heritability along with genetic gain for fruit weight, yield/plant
and fruits/plant. Though heritability was high for primary branches/
plant and days to opening of first female flower, the genetic gain

was of low magmtude.

Miller and Quisenberry (1976) observed modeiately high hetitabihity
for days to first female flower anthesis, in cucumber. Solanki and
Seth (1980) reported association of high heritability with high genetic
advance for plant height, leaves/plant, Eueure male flowers/plant,
female flowers/plant, internodal length, days to matutity and fruit

yield in Cucumis sativus.

Chhonkar et al. (1979) reporled that the value of heritabilities
and genetic advance showed effectiveness in selection for pulp thickness,
fruit weight and percentage of total scluble solids 1n muskmelon.
Vijay (1987) noticed high heritability and high genetic advance for
fruits/vine, T.5.5., flesh thickness, yield/vine, fiuit weight and days

to flowering.

Joseph (1978) studied heritability and expected genetic advance
‘or 21 characters 1n snakegourd. Fruit length had the highest heritability
of 99.19% followed by fruit qirth (98.60%) and vitamin C content
(97.59%). Yield/plant hadacomparatively a low estimate of heritability
(45.90%). The lowest heritability estimate was recorded for fruits/plant

(21.20%).
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In spongegourd, Arora et al. (1983) found high  heritability
estimates for all the characters studied except vine amd internodal
length and fruit diameter which showed moderate values. The genetic
gain was also the highest for yield/plant followed b, sex ratio and
fruits/plant. Reddy and Raoc (1984) found maximum genetic gain for
fruit yield (157.14) followed by average fruit weight (130.70), leaf
area (108.77) and number of fruits (108.14) 1n ridgegourd. The highest
heritability was for average fruit weight and the lowes for days

to first harvest.

B. Genetic divergence and clustering of genotypes

Importance of genetic divergence in selection of parenfts for
hybridization was stressed by many workers. According to Singh and
Gupta (1968) the more diverse the paients, with in a reasonable range,
the more vsould be the chance of improving the cnaracter in question.
The major sources of the origin of genetic diversity 1n plants could
be enumerated das mutations, recombinations and polyploidization,
whether they are accomplished through the natural agencies or through
artificially controlled conditions (Rai, 1979). Usually in most of the
conventional heterosis breeding progiammes, geographical diversity
at times and phenotypic diversity tn many times are taken as the
criteria for choosing genetically divergent populations for 1solation
of inbred lines. Phenotypic divergence 1n a population has also been

considered a. an index and criteria of genetic diversity (Rai, 1979).
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Generally ecogeographic diversity has been considered as an
index of genetic vartability in crop plants. However, this may not
be true for every case, as many workers postulate that geographic
diversity need not nece.sarily be related to genetic diversity. Varie ies
from widely seperated localities are usually included in hybridization
programmes presuming genetic divergence and greater likelihood
of yielding better segregants. Validity of the above presumption depends
upon the assoclation between geographic diversity and genetic diversity
(Singh and Bain, 1968) Studies on genetic diversity by use of muits
variate analysis 1s practically mil in pumpkin. Doijode et al. (1982)
in a study involving seven parents indicated wide genetic diversity
among them. Sukhya et al. (1982) studied the genetic divergence
among 46 hnes of watermelon. The D2 values varied from 3.84 to
308.43 showing high divergence among hnes s-2lected for the study.
The 46 lines were grouped into 12 clusters. The intra cluster divergence
ranged from 0 to 19.40. They also reportcd that the lines usually
did not cluster according to theu geographical distribution. In some
cases, geographic origin influenced clustering. While studying 7 diverse
watermelon varieties and their hybrids, Sidhu and Brar (1985) found
that the clustering pattern of hybrids was not influenced by their
parentage and their geographical origin They observed highly significant
differences among the genotypes. The average fruit weight contributed
maximum towards genetic divergence (2B.04%) followed by fruits/plant

(23.28'0) which together contributed 51.32% of the divergence. The
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28 populations were grouped into 7 clusters. The inter cluster values
rawged from 12,88 to 39.39. The low intra cluster and high inter
cluster values suggested that the populations grouped were homogeneous
within and heterogeneous between clusters. However results did not
show any consistent relationship between divergence and heterosis

for yield in watermelon.

In a study involving 45 diverse hines of Cucumis melo, Kalloo
et al. (1982) observed high diversity as indicated b, the range of
D2 values from 2.52 to 210,14 among the lines. Depending on the
genetic divergence, the 45 strains were grouped into 14 clusters.
The maximum distance at intercluster level was 14.50 followed by
13.79. The intra cluster divergence ranged from 9.36 to 19.86. They
also fiund that the genotypes usually did not cluster according to
the geographical distribution. But i some case., geographical origin

influenced clustering.

Mathew et al. (1986) studied the genetic distance among five

botanical varieties of Cucumis melo. Cucumis melo var. conomon

(oriental pickling melon), Cucumis melo var. 1ngdorus (muskmelon),

Cucumis melo var. flexuosus (snakemelon), Cucumis melo var. utilissimus

(longmelon) and Cucumis melo var. momordica (snap/melon). The
genetic distance was calculated considering four quantitative characters,
nodes to firs® femsle flower, fruit weight, seeds/frutt and fruits/plant.

Maximum genetic distance of 12.49 was observed between musk melon
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0.38).

n

and snakemelon. Longmelon and snapmelon were the closest (D2
Muskmelon and longmelon were a'so placed distantly (D2 = 9.16)
followed by muskmelon and snapmelon (D2 = 8.79) Fruits/plant contri-
buted maamum to total divergence (B0%). Seeds/fiuit did not contribute
to rotal divergence. They found that selection of botanical varieties

based or fruits/plant would be log cal in selection of diveigent parents.

In bittergourd, genetic divergence studics weie conducted by
Ramachandran et al. (1981) usiny 25 diverse genotypes. Observations
on eight quantitative chaiacters viz. primaty branches/plant, main
vine length, days to first female filower anthesis, female flowers/
plant, branches/plant, fruits/plant, average fruit weight, fruit length
and yi>ld/plant were recorded. The 25 types were grouped in‘o 10
clus ers based on their D2 vilues. The lowes Intra cluster D2 value
was tm cluster 1 (102.43) and cluster IV had the highest in‘ra cluster
Dz/;m(m;éo.SO). They further reported that the chiracters, yield/plant
fruits/plant, female flowers/plant and fruit length had coniributed
predominantly Lo divergence and that selection of divergent parents
ba ed on hece characteis may be ucefil for heterosis breeding in
bitter gourd. Vahab (1989) also studied Lhe divergence in bitter gourd
using 50 genotypes and found that the genotypes differed significantly
for all the 18 characters studied. The 50 genotypes were grouped
into 5 clusters. Lines of different sources/origin fell in the same
group and different groups consisted of lines fiom the same source/

origin. In ridgegourd (Luffa acutangula Roxh.) multivariate analysis




18

was conducted by Kadam and Kale (1985) considering 14 vegetative
and reproductive cnaracters 1n 30 cultivars. Analysis of variance
revealed considerable divergence among the cultivars. The 30 cultivars
ve~e grouped nto 20 clusters based on their D2 values. The lowest
intra cluster D2 va ue was B8.22 and the highest 18.59. The highe.t
inter clus er distance was 387.11 and the lowest 19.79. They further
found that deformed fruits/v ne, yield/vine, fruits/vine and fruit volume
and chlorophyll 'a' content were the important factors contributing

towards divergence.

C. Resistance to mosaic diseases

Mosaic 1s the most dreadful dsesse affecting pumpkin and
wa- reported from many parts of the country. Martyn (1968) reporied
orcutence of 17 viruses 1n  cucurbits. The wide spread occurence
of yellow vein mosatc virus and pump<«an mnsaic v rus threaten culti-
vation of pumpkin in Kerala (Jaya ree, 1984; Umsmahe waran, 198)).
Tae chiracireristics of pumpkin mosaic viruses reported from different
parts f India are not very similar. Studies on mosaic d seases are
review d under two heids viz. (1) nature of the disease and (2) saurces

and nature of resis aice.

1. Nature of the disease

(8 Pumpkin mosaic

Pumpkin mosaic was first reported in India by Hariha~asubramanian



19

and Badami (1964). They observed that the disease was characterised
vy seve~e blistering, distortion and stunting of leaves. Jaganathan
and Ramakrisinan (1371) obse~ved that mottling and malformation
of leaves by a virus 1solated from pumwpk n. Taey als> reported that
plants infected ea-ly 1n the season remained dwarf and flowered
sparingly. A few 'eave exhibited dark green vein banding along the
mid 1ib and ateral veins of affected plants. Shanker et al. (1972)
ob e ved that the sympto is of pumpkin m-saic virus disease first
apneared a mosa ¢ mottling of the leases. Some times lea e, siowed
ch oiosis of veins and veinlets le3aving in“erveinal area, green. Tne
'‘eaf lamina was very often d storted and reduced. The severely affected
v17es were eatremely dwarf and ,orne times did not bea~ leaves or

flowers, as the whole vine w.s urned nto a ‘hread 1ke structure.

Bhirgava and Bhargava (1777) reporied from Gorakhpur (U P.) that

seven cultivated cucurbits (Cucurbits moschata, Cucumis sativus,

l_agenaria siceraria, Momordica charantia, Citrullus lanatus, Benincasa

hispida and Tiichosanthes dioica ind 2 wild cucuibits were affected

b/ pumpk n yellow vein mosalc virus, pum~kin mo3aliC VIFUs, CUCUMIS
virus 3, 3 strains of cucumber mosa ¢ virus and 7 strains of waterm~lon
mosalc virus (WMV). Ghosh and Mukhopadhyay (1973) 1sslated nine

different stra ns >f viruses from Cucurbita moschata f om West Bengal

and among them the 1solate, A-7 produ~ed characteristic m-ttling
with mild green blisters and g~een sein bonding n the leave, o° infected

plants. Singh (1982) studied the effect of pumpkin mosaic virus infection
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on the Hill rea~tion and primsry productivity of Cucurbita maxima

and found that the produc ton of dry m~tter was ~educed and respiration
rate ncreased in infected leaves compared with healthy ones. The
ra e >f dye reduction (H.ll rea-tion) was higher in health/ samples
thin n infected ones at comparable ages. Umarnaheswaran (1985)

ob,erved that the leases >f Cucurbita moschata which were naturally

in‘ected with the wvirus showed severe mottling and disfigura“ion.
A Tew leaves exhibited dark green vein banding. At times, irregular
chlorotic spo s aj’pra~ed on th= leaf lamina which later coailas: ed
and became large yellow a-eas. Very often, the leaf lam:ni showed
mnt*ling with mild green blisters. [he infected seedlings remained
stunted ind they flowered very sparingly and that also with less number
of female flowers and reduced fruit setting. On mechanical noculation
of 10 diys old tes" plants, he found that the flowering was delayed,

the flower »ize was much reduced and they did not near any fruits.

{b) Yellow vein ro alc

Ve ma 1955) reported for vhe first time the yellow vein mosaic

of Cucurbita pepo from Pune. The infected plants show~d yellow

/e mosiic symptoms on leaves with no reduction 1n size o° leaf

lamina. He found that the wirus could infect Cucurbita, Cucumis

sativus and Luffa acutsngula. Conen and Nitzany (1960) described

a virus causing typical yellow vein mosaic 11 cucumber fiom Israel.

Conspicuous vein clearing and chlorosis o cucumber were repor.ed
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and these were found apparently identical with the sy nptoms of
bottlegourd mosaic. Harpaz and Cohen (1965) reported the vein yellow-

ing virus of cucu Yber from lsrael.

Capoor and  Ahmsd (1975) noted a yellow vein mosaic of

Cucurbita pepoc from Deccan. They observed that the  symptoms

appeared on young leaves as faint yellowing of finer veins which
la er became cnaracteristic vein yellow ng with chlorotic patches
over larger areas of leaf lamina. They also found that the host range

inciuded Cucurbita moschata and Luffa acutangula.

Ghosh and Mukhopadhyay (1979) 1solated a strain of virus from

pumpkin (Cucurbita moschata) from West Bengal, which resembled

yellow vein mosaic of cucumber reported from Israel by Harpaz and
Cohen (1965). The symptoms appeared as irregular, chlorotic spots
on the margin of the lamina which gradually coalasced and became

y=llow. The host range recorded includes Momordica charantia. Luffa

acutangula, Citrullys lanatus etc.

Jayasree (1984) while s ud ing ye'low vein mosaic disease of
pumpkin n Kerala, reporced that the sympto s of disease appeared
15 faint yellowing of finer veins which la‘er developed into characte-
ristic vein sellowing. In advanced stages of infection, chlorotic areas
were seen on the leaf lamina along with vein ye'lowing symptoms.
The size of the leaves wis reduced markedly and the overall growth

of infected plants was severely retarded. The infected plants produced
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less number of female flowers and when infected at a later stage

produced undersized fruits, The host range included Cucurbita pepo

Luffa acutangula, Trichosanthes anguina and Momordica charantia.

Infection of plants at an early stage of growth caused reduction 1n
number of leaves, leaf size, internodal length, number of branches,
total vine length and number of flowers and also resulted in complete
loss of yield. The yleld loss of pumpkin due to yellow vein mosaic virus
infection was 100% when the plants were 1noculated at seedling stage

(Jayasree, 1984; Balakrishnan, 1988).

Cucumber mosalc virus could cause wilt and dying-off in pumpkin
and vegetable marrow (Schmelzer, 1967). He also found that plants
infected early may develop mosaic, curling and stunting. The fruits
had distorted shape and were spotted. Moskovets and Fegla (1972)
while conducting studies with watermelon mosaic virus found that
the wvirus caused the production of shorter runners, nodes and fewer
stde runners in cucurbits. Almeida and Borges (1983) reported that
watermelon mosaic virus produced mosatc and severe distortion of
leaves of pumpkin. Singh (1986) assessed loss caused by a strain of
watermelon mosaic virus in Cucurbita and found that pumpkin plants
inoculated at early stages of growth produced shorter runners and

internodes, fewer side runners and fewer smaller leaves.

Lockhart et al. (1982) found that squash mosaic virus caused

typical ring mosaic symptoms 1n Cucurbita album. Cohen et al. (1983)
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described that squash leaf curl virus (SLCV) produced severe stunting

and leaf curl in leaves of Cucurbita moschata, Cucurbita maxima

and Cucurbita pepo.

\
Sharma and Sharma (1982 while studying the mosaic virus on

bottlegourd found that the host range of the bottlegourd mosalc virus

was restricted to the family cucurbitaceae and the common hosts

were Cucurbita pepo, Citrullus lanatus, Cucumis sativus, Cucuvrvllps
Bl

melo Lagenaria siceraria and Luffa acutangula and all of them deve-

loped mosaic symptoms.

Igwegbe (1983) observed that the Cucumeropsis virus systemically

infected Cucurbita pepo 'Small Sugar' and Cucurbita maxima 'Emerald'.

The symptoms Included severe stunting, severe leaf deformation,
faint hght to dark green or yellow mosalc, leaf puckering and small
distorted faints with chlorotic spots. Provvidentr et al. (1984) reported
occurence of Zucchini yellow mosaic virus 1n cucurbits from Connecticut,
Florida, New York and California. Two strains of the virus were
recognized, ZYCT-CT and ZYMV-FL. Plants infected at an early
stage of growth failed usually to set any fruit, but those that were
infecled during the flowering stage produced severely knobbed fruits.
They also found that colour break occured on fruits of every species,
but was noticeable on those of yellow summer squash.

ve ol e T

Herrington (1987) studied the yield and quahty of Cucurbita maxima

increased with delayed infection by papaya ring spot virus type W.

When 4 weeks old 'Queensland Blue' pumpkin plants were inoculated
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with the virus the average yleld/plawt, wa, o1y 3.4 kg, but when
inoculated 5 weeks later, the yield was 95 kg/plant. He suggested
that losses could be reduced by delaying infection by using reflective
mulches or by promoting rapid early growth before active spread

of the virus or by the use of resistant cultivars.

2 Sources and nature of resistance

Provvidentt et al. (1973) found that Cucurbita ecuadorensis

wis mmune or resistant to four viruse. infecting cucurbits and it

was -~ompatible with Cucurbita maxima which would be a good source

of resis ance 1n breeding programmes. They also found that Cucurbita
foetidissima 1s a good source of resistance to three viruse. infecting

cucurbits and that Cucurbita martinezzi was resistant only to two

viruses, but could be used to transfer resistance to CMV to Cucurbita
moschata. Pitrat and Dumas de Vaulx (1979) during their seirch for
soirces of resistance to cucumber mosalc and watermelon mosaic

virus among Cucurbita species found that Cucurbita lundelhana,

Cucurbita martine; and Cucurbita ecuadoiensis were resistant to CMV

ind WMV,

Prosvidenti (198°) reported that a single plant selection

(P 1234608-1) of Queensland Blue' (Cucurbita maxima) from South

Africa appeared to possess idequate lesistance to isolate of cucumber
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mosaic virus (CMV) but during the late autumn and early winter,
plants inorulated with CMV at the cotyledonary stage tended to develop
severe mosaic and stunting. He fuither repo-ted that a single plant
selection from Uruguay showed good tolerance to 1solates of watermelon
mosaic virus from New Vork, Florida, Nigeria and Hawai. Sharma
and Sharma (1982 b) tested 31 summer sjuash genotypes 1n field against
natural infaction of a strain of Cucumis virus-1 (CMV) and founi
that 12 were moderately resistant, but none was 1mmune. Pink and

Walkey (1984) inoculated the plants of Cucurbita pepo  cultivars

Cindrella, Cobham Bush Green and Goldrush with six strains of CMV
from different geographical areas and found that cv. Cindrella showed
high resistance to all strains cv. Cobham Bush Green was moderately
resistant and cv. Goldrush was highly susceptible. Walkey and Pink
(1984} 1dentified resistants to two British strains of CMV 1n some
types of Cucurbita pepo with the highest level 1in ev. Cindrella and

reported that the resistance in Cindrella 1s heritable.

Walkey et al. (1985) studied the nature of resistance to CMV
and found that the level of resistance in the cv. Cindrella increased
significantly when the postinoculation temperature was raised from
15 - 25°C and that the resistance 1s inherited. Pink and Walkey (1985 a)
studied the efftect of temperature on the resistance 1n Cucurbita
pepo and found that at 25°C, most plants were symptomless. In another

study the same authors (1985 b) reported high frequency of resistant
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plants in cv. Cindrella in a screemng  trial of 64 inoculated accessions
of Cucurbita pepo for CMV resistance. They further stated that
resistance 1n the cultivar appeared to be quantitative and has been
sncurred by selection and the resistance was effective in glass house

against 8 strains of the virus.

Umnamaheswaran (1985) screened nine varieties of Cucurbita
moschata for resistance to pumpkln mosalc virus and reported that
none of the varieties were resistant to pumpkin mosaic virus. But
some varietles were more susceptible when compared to  others.
Varietal screening studies by Balakrishnan (1988) using nine varieties
of pumpkin revealed that all the varieties were susceptible to PMV,
But, Hybrid-1 and Coimbatore-1 with 100% infection and Thathaman-
galam selection and CO-2 with 95% infections were highly susceptible
varieties whereas CM-67 and Arka Suryamukhi were less susceptible

with 55% infection.

Jayasree (1984) listed four varieties of pumpkin namely, CM-14,
King of the Mammottis, Large Red and a local variety against yellow
velin mosaic virus and found that infection of plants at early stage

of growth resulted in complete loss of yield among all the four varieties.

Provvident1 et al. (1984) screened several hundred cultivars
and plant introductions for resistance of Zucthiny yellow mosaic virus

and found that most of the germplasm tested was very susceptible,
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but resistance or tolerance was found in individual accessions of
seven cucurbit species. They also reported that a Cucurbita sp. from

Nigeria and a Cucurbita ecuadorensis from Ecuador were resistant.

Munger and Provvident: (1987) studied inheritance of resistance

to Zu~chini yellow mosaic virus in Cucurbita moschata using Nigerian

local and Butter Nut sguash which 1s extremely susceptible to ZYMV.
The studies indicated that a single gene when homozygous in Cucurbita
moschata confers a high level of resistance to ZYVM. Provvidenti
(1987) studied nheritance of resistance to a strain of Zucchim yellow
mosaic virus In cucumber and found that the resistance was conferred
by a single recessive gene (ZYM). Paris et al. (1988) reported that

resistance to Zucchint Yellow Mosaic Virus 1n Cucurbita moschata

was controlled by a single dominant gene designated ZYM.

Igwegbe (1983) reported that Cucurbita sp. 'Nigerian Local’,

Cucurbita colocynthes 'Nigerian Local’, Luffa acutangula Cucumis

melo and Telfaria occidentalis are immune to a virus infecting Ahu

(Cucumeropsis edulis L.) in Nigeria.

Greber (1978) reported that watermelon mosaic virus-1 and
2 in Queensland infected all commercially available watermelon,
vegetable marrow and pumpkin cultivars. Maluf et al. (1986) reported

that a Cucurbita ecuadorensis, 4 Cucurbita moschata cultivars and

3 Cucurbita maxima were resistant to watermelon mosaic virus-1.

When 1noculated with the inoculum obtained from infected plants
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of Cucurbita pepo at three leaf stage and again 4 days

later.

Singh (1986) found that in Cucurbita maxima, the plants

inoculated at 20, 30, 40, 50, 60 and 70 days after planting with
watermelon mosalc virus ylelded 2, 2, 3, 4, 4 and 5 fruits res-
pectively with average total frut weight of 0.6, 0.79, 1.0, 2.5,

3.1 and 4.8 kg/plant.
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MATERIALS AND METHODS

The present studies were conducted at the Research Plots
of the Department of Olericulture,College of Horticulture, Vellanikkara
Trichur, Kerala during June 1988 - March 1989. This station is located
at an altitude of 23 m above MSL and 1s situated between 10° 32" N
latitude and 76° 16" E longitude. Geographically it falls 1n the humid
tropical chmatic zone. The meteorological data for the seasons

under expertmentation are presented in Appendix 1.
Experimental materials

The experimental materials consisted of 71 pumpkin genotypes.
This involved genotypes maintained 1n the Department of Olericulture,
College of Horticulture, Vellanikkara and genctypes collectged from
all over India and exotic collection made through N.B.P.G.R, New Delhi
The source and morphological description of the genotypes are presen-

ted in Table 1.

Methods

The experiment comprised of two parts

A. Assessment of variability and divergence and grouping of geno-
types based on D2 values.

B. Evaluation of genotypes for resistance/tolerance to mosaic

diseases.
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Ste n end B} ossom end

Source snd M rphological description of 71 purrgdun genot ypes

Fru ¢t

ACCN'O” O" Paceof co ecton Loca ame F ¢ shape frut shape { ut shape shape 'V e
CM 14A  Trcehu Loca Oval Depressed Rounde d Rounded Med um
CM 148 " Flattened - Depresse | Bg
CM 14C G obu e attened b 8q
CM 39  IARI Pyrfom  Depressed N e Mdum
CM 85  She tha a Oa - tg
CM B8 Kakna 8 AP F a tened " Rounded Rounded M dun

M8 8 Fa ew O essed No s g
™M 0 Assam Cobuas Oe¢  essed Med um
™M 9 Assam vo f 3 ened F a ened Med um
CM 92 Cobus Depressed Dep essed Mdun
CM 93 T chu f at ened - - Rounded 5ma
CM 94 " Oval flsttened Rounded Med um
CM 95 Ovsl Flattened Fliattened Rounde d *
Cc™m 97 0 nam Maha astt 8 Flattened Depressed De tessed Noebse 8gq
C™M 0 TNAU cCO Globular flia tened b " Med m
Cm 12 " Cc 0?2 Oval ” Rounded Rounded Med unt
C™M 03 Payysn r Loca G obula Depressed Depressed . Med um
CM 04 Moovat up a8 Hea shape F attened Po nted Norbs 8g
™ Amba s a a Dep essed Dep essed Rounded
CM 06 Kaadpaa Ch vy Elongate Fla ened Fla ened to r b Med um
CM 07 Ko ilamgode Pa jha Oval " Deg essed Row d»d ma
CM 08 Muths amada Flst ened Dep cssed - " Bg
CM 19 Ch vs am adam Fla eed Depressed " - Med o
™M Jo hat Ass m Cua Oa ila tened Flint ened Narbs  Aedum
™M 2 [ " Roun ted
™M c 7 y fom R wnded No bs
CM 25 Mudkode T chu Locw f st ened De ressed Dep essed Rounded B g
CM 24 ( lobu ar " " - "
CM 30 Sreek shhap 8 Oval . Rounded - Med u
CM 1} T chur Otlong Fisttened " No rbs B8gq
™ 32 Chnny ua Globular Depressed Depressed Rwnded B g
™M 33 Flattened Depressed » » Med umn
CM 135  Pattamb Oval fla tened f attened - Med um
CM 136 Cheruthu u h Llsbuler De ressed Depressed Mo ribs "
ChN 38 Th huas agha Loca " - - Rowunded .
CM 39 Th thaa Pag a Cob » Depressed Doy ressed - »
CM 47 Kagknads AP Su e gumade F at ened - ounded ’l::; ste Sma
CM 4B mb Lo a Hea shape Dep essed i Bg
CM 49 Pa ayu Oa Rounded  Rounded Rounded "
CM 0 mb um Cobua Dep essed nl‘nde." Bg
CM™M Ch u obu » Dep essed oundd Bgq
™M 4 8 ay F onga ed fa ered
™ wobu s Dep e1sed  Dep rssed
CM 57 Ps am e y £ ong ed R unded Rounaded No bs o>ma
CM 58 Chtu O al f » ened 5ma
CM 59 Pa am he y Rounded Med um
CM 60 Pa ay Gobusa Dep essed Dep essed krbs b
CM 162 Csaweno e Owva . - Aounded "
CM 16) Cenna o e Loca Oval Deptessed F a ened Rounded B g
CM 64 Malg F atered ODepressed - Med u
CM 65 Paa ea shaped Dep essed Pon ed Inte
meda e
CM 6 Cannano e C obu s - De  essed Rounded
CM 171 lemb um b -
CM 75 Pu amannu a ened F atesd
CM 176 mb m G obu ar Oep essed Bg
CM 77 Paghs Cobuas "
CM 79 Po ach " Med um
LM B0 Kuzhs manda Hea shaed - o ted I e B9
medae
CM B2 Vs yskunnu C a {>ep essed f ounded Med um
Cc™M 83 mb um E onga ed Depressed R unded No b Med um
CM 8BS G obu a1 F attened Oep essed
CM 86 Ko ospuram O a F a tened Rounded Rounded
CM 88 Va yskw nu . " "
CM 89 K zhakamche y sbu 8 Dep essed Dep essed " Bg
(M 92 S nega Ltoa mm - Fa ened Sma
Assam
™M 9 8 Fa ened
C™M 9 Vandu ka a Lo & Med um
CM 98 Bg
C™M 20 Fahoo C ecea Foxgae Dep essed Medun
(M20D0 T chy [ F ape Jdep eesed 3 tened Inte Bg
reda e
CM 2 4 NBPGR New De h rLsJog: 2 om Med um

EC 258 9
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A. Assessment of variability and divergence and grouping of geno-
types based on D2 values
The S50 pumpkin genotypes were grown in a randomized block
design with 2 replications during June - October 1988. There were

3 pits/genotype /replication. The sacing adopted was 4.0 m x 1.5 m,

Five seeds were sown 1n each pit and only two healthy plants
were retained after thinming. During the cropping period, cultural
operations and plant protection measures were adopted as per the
package of Practices Recommendations of the Kerala Agricultural

University (1986).
1. Plant characters studied

Only the plants in the central pit of each plot were considered
for taking observations and for further analysis, The quantitative

and quality characters studied were as follows ¢
(a) Earliness

() Days to first female flower anthesis
(1)  Days to first male flower anthesis
(1) Node at which the first female flower 1s formed

(v) Node at which the first fruit 1s retained
{b) Vegetative

(1) Main vine length ( m)

(n) Nodes on matn vine



{(c)

()
(v)
V)
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Primary branches/plant
Productive branches/plant
Inter nodal length (cm). Length of 20th, 21st and 22nd

internodes were measured and averaged

Flower and fruit characters

(1)
(1)
()
(v)
(v)
(vi)
(vi1)
(vin)
(1x)
(x)
(x1)

Male flowers/plant
Female flowers/plant
Sex ratio ( B/Q )
Fruits/plant

Average fruit weight (kg)
Fruit length (cm)

Fruit diameter {cm)
Flesh thickness {cm)
Seeds/fruit

100 seed weight (g)

Fruit yield/plant (kg)

Quality characters of fruit

()

Caratene content (& g/100 g). Carotene content of fresh
fruit flesh was estimated using spectronic 20 spectrophoto-
meter after extracting the caiotene with 1:1 mixture
of Petroleum etherand Acetone (A.0.A.C. 1960)

Iron content (mg/100 g). Iron content of dired fruit was

estimated by Ortho phenanthroline-red ferrous complex
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\‘/
method using spectronic 20 spectrophotometeg (Jackson,

1973).

The fruit characters and quality characters were recorded from

the first mature fruit.
2, Statistical analysis

Analysis of variance for randomized block design 1n respect
of the various characters was done as per Panse and Sukhathme(1557).

The break up of the total variance 1s given in Table 2.
(a) Estimation of variability, heritability and genetic advance

Variability existing in the population for vartous characters
was estimated by the method suggested by Burton (952).

The formulae used were

) Genotypic coefficient of variation (g.c.v) =
Genotypic standard deviation , 109
Mean of the chiracter undér study X
(1) Prenotypic coefficient of variation (p.c.v) =
Phenotypic standard deviation X 100

Mean of th> character under study

(i)  Environm=ntal coefficient of variation (e.c.v)=

Environmental standard deviation x 100
Mean of the character under study

(1+)  otardard error or mean =



Table 2. Analysis of variance of the design

Source of

df

Mean square

variation observed Expected

Total 99

Between 1 M1

replications

Between 49 M2 Error variance +

genotypes [number of rephication x
genotypic variance]

Error 49 M Error variance
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Environmental standard deviation

VNum‘)er of replications

Th= ge1o“ypic, phanotypic and environmental standard deviations
we~e obtained by salving following equations from the respective

analysis of variance table for different characters.

M; - Error variance
M, = Error variance + number of replications x genotypic
variances
- M, -M
Genotypic variance = 2 3
Number of replications
Prenotypic Variance = Genotypic variance + Erro~ variance

(v) Heritability

Heritability i1n broad sense was estimated by the formula

suggested by Burton (1952).

h2 (b) = Genotypic variance
Phenotypic variance

(vi) Expected gentic advance

The expected genetic advance of the available germplasm
at 5% intensities of selection was calculated using the
formula suggested by Lush (1949) and Johnson et al. (1955)

using the constant "i' as 2.06 as given by Allard (1960).
GA = h2 xGTJ'x 1 where,
¥ b refers to phenotypic standard deviation and '1' intensity of

selection.
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(b) Assessment of genetic divergence

T Jenetic dis aices amuny "0 genotypes of pump«an wvere
calculated considering 23 quantitative ~haracters. The nethod suggested
by Mahalanobis (1928) was used to estimate D2, with X1s Xoy Xgeessesusaes
x_ as th= multiple m=asurem=1ts available on each individual and
gy dyy A e dp as xf|1— x.22- x-zz, x: - x;), respec ively,
being the difference 1n the m=ans of two populations,where suderscripts
denotes genotypes and suffix denotes characters. Mahalanobis D2

statistic 1s defined as

2
pD™ = b‘l d’l + bz d2 + secrsesaenes + bp dp

Here, the b value 1s to be estimated such that the ratio of variance
between the population to the variance within the population 1s
maximized. In terms of variances and covariances, the D2 value
1s obtained as followo.

2 1y ,o=1 =2, -1 -
pD” =ZW (xl-xl)z(xJ —sz)

Where, w 1s the 1, jth element of the inverse of the estimated

variance covariance matrix.

The square root of D2 value was calculated to obtain generalized

statistical distance between two genotypes.

All the genotypes were grouped into a number of clusters,
by the computer oriented igteractive algorithm proposed by Suresh (1986)

as follows.
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(1), The two genotypes having maximum D2 value between them
were 1dentified and they were termed the nucler of two clusters.

(1) Each genotype was considered 1n turn and allocated to the
cluster for which 1its D2 value with the nucleus genotype was
minimum.,

(11) To increase the number of clusters by one, the maximum D2
within the above two clusters was found and the genotypes
having maximum D2 was considered as the nucler 1n addition
to the nucleus genotype of the remaining clusters. The genotypes
were re assigned as in (11).

The 1nitial clusters thus obtained was further optimised using the

iterative algorithm as described below:
Numbered the genotypes from 1 to 50 where there are '50' genotypes.

Took out genotype No.1 from the cluster to which it was allocated
and calculated the average D2 values between this genotypes and
each cluster. Allocated this genotype to the cluster for which the

2
average D" value was minimum.

Repeated (b) for all genotypes numbered from 1 to 50 with the clu-
stering obtained 1n step (c) a second iteration may be started if

necessary.

The 1terations were continued till two successive 1terations ended

up with the same configurations of clusters.
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To decide on the optimum number of clusters, a graph was drawn
2

with weighted arithematic mean of average intracluster D” values

against the number of clusters. The point just beyond the maximum

curvature was taken as the optimum number of clusters to be formed.

B. Evaluation for resistance/tolerance to mosaic disease

Screening for resistance/tolerance to pumpkin mosaic and yellow
veln mosaic viruses was done under natutal conditions and artificial

inoculation.

1. Screening under natural conditions

Seventy one accessions, Including 50 accessions grown for diver-
gence studies were screened for pumpkin mosaic and yellow vein
mosalc diseases during June-October 1988. There was severe incidence
of mosalc diseases 1n the evaluation plots as well as in the pumpkin

seed production fields of Department of Olericulture.

The trial was laid out in a randomized block design with 2
replications. There were 3 pits/accession/replication with 2 plants/pit.
Number of plants affected by pumpkin mosalc and YVM were counted
at 15 days internel and rating was done as resistant, tolerant, suscep-

tible and highly susceptible based on the symptoms expressed.

2. Screening under artificial inoculation

Twenty six accessions, exhibited better performance for tolerance
to mosaic and yield. They were further grown during December-

March (1988-89) in a replicated trial. There were &4 plants/accession/
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replication. Artificial induction of mosaic virus was done by sap

inoculation 1n 1individual plants (Kado, 1972).

In artificial noculation, the 1noculum was prepared by crushing
the infected leaf of known weight into a fine pulp by adding one ml.
of sterile distilled water for every gram of diseased tissue. The
standard sap was strained through cotton wool and was 1noculated
on cotyledonary leaves of 10 days old test plants, by rubbing gently
with cotton and carborandum powder (Umamaheswaran, 1985). After
the 1noculation, the carborandum power was washed off from the

cotyledons with distilled water using a wash bottle.

The plants were observed for symptoms of pumpkin mosaic

and yellow vein mosaic.
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RESULTS

Results of observations recorded from the present study are
presented in the forecoming pages. The experiment comprised of

two parts viz.

A. Assessment of varlability and divergence and grouping of geno-

types based on D2 values,

B. Evaluation of genotypes for resistance/tolerance to mosaic

diseases.

A. Assessment of variability and divergence and grouping of geno-

types based on D2 values.

1. Estimation of genetic variability, heritability and genetic advance.

The fifty pumpkin genotypes grown in a RBD with 2 replications
were subjected to variability analysis with respect to 20 gquantitative
characters (Appendix 2). Partitioning of total variance into its three
components viz. treatment, block and error indicated that the geno-
types differed significantly for all the characters studied except
for yield/plant (Table 3). The 50 genotypes exhibited wide range
for most of the characters studied (Table 4). The coefficients of
variation, heritability and genetic gain for the 20 characters indicated
that the variability existing 1n the population 1s mainly genetic (Table5).

Results of individual observation are presented characterwise below.
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Table 3. Abstract of analysis of variance for the different characters

Mean square values

Chiracters Rezlfl(::at1|ons Gedr}ot:yzgs dErEOZ9
Davs to first male flower anthesis 6.75 88.98** 5.70
Das to first female flower anth=sis 15.25 164.22%% 6.45
Node at which first female flower 1s formed 1.96 17.16%% 0.70
Female flowers/plant 0.02 0.74%* 0.18
Male flowers/plant 111.31 356.18%* 53.01
Sex ratio (male/female) 15.52 24.90%* 5.56
Node at which 1st fruit 1s retained 0.05 244,70%* 8.80
Main vine length (m) 28935.99 78331.10%* 22211.10
Nodes on main vine B6.56 567.28%* 113.53
Primary branches/plant 4.00 1.37* 0.76
Internodal length (cm) 5.29 17.51%x 6.76
Prcductive branches/plant 0.25 7.52% 2.74
Fruits/plant 0.01 0.73* 0.44
Average fruit weight (kg) 0.02 2.73%% 0.78
Fruit length (cm) 3.42 47.78%* 6.01
Fruit diameter (cm) 2,57 29.06%* 4,70
Flesh thickness (em) 0.32 1.13%* 0.22
Seeds/fruit 1282.00 53174,94% 2777.84
100 seed weight {g) 1.46 18.48%* 0.39
Yield/plant (kg) 0.02 10.79 6.80

* Significant at p - 0.05
** Gignificant at p - 0.01



Table 4. Range of vaiiab:lity for different characters among 50 pumpkin genotypes

Characters Range Mean + SE
Minimum Accession Maximum Accession
No Q
Days to first male flower anthesis 41 CM 192 73.00 CM 165 52.60 + 1,69
Days to first female flower anthesis 41 CM 135 84.50 CM 201 59.17 « 1.80
Node at which first femnale flower 1s formed 15.50 CM 188 29.00 CM 177 22.48 ¢ 0.59
Female flowers/plant 2.25 127(:, 106 5.00 CM 165 3.15 + 0.30
Male flowers/plant 32.50 CM 14 C 92.50 CM BB 54,66 + 5.15
Sex ratio (male/female) 11.93 CM 111 28.19 Ci™ 108 17.64 + 1.67
Node at which first fruit 1s retained 24.00 CM 120, 78.50 CM 134 36.A0 + 2.10
CM 189
Main vine length (m) 669 CM S5 13.99 CM 136 926.25 + 105.38
Nodes on main vine 45.00 C™M 180 117.00 CM 179 7671 + 7.53
Primary branches/plant 1.00 CM 125 5.00 CM 193 2.60 + 0.614
Productive branches/plant 1.00 CM 183 10.50 CM 131 4.45 + 1.17
Internodal length (cm) 10.50 CM™ 108, 21.50 CM 148, 16.64 + 1.84
CM 136 CM 165,
CM 185
Fruits/plant 1.00 CM 108, C™M 113, 4.0 CM 147 1.87 + 0.47
CM 136, CM 157,
CM 171, CM 182,
CM 185, CM 188
Average fruit weight ( kg) 0.90 CM 157 6.70 CM 177 2.80 + 0.63
Fruit length (cm) 12,25 CM 88 32.75 CM 154 19.26 + 1.73
Fruit diameter (cm) 9.75 CM 147 27.00 CM 177 17.53 + 1.53
Flesh thickness (cm) 1.45 CM 193 4.65 CM 188 2.95 + 0.33
Seeds/fruit 62.50 CM 185 717.00 CM 153 424,84 + 37.27
100 seed weight (g) 5.35 CM 107 18.90 CM 183 10.94 + 0.44
Yield/plant (kg) 0.90 CM 157 13.4 CM 177 5.10 + 1.84
Carotene content ( ug/100 g) 4.46 CM 108 215.00 CM 111 38.38
Iron content (mg/100 g) 0.51 CM 135, CM 148 2.74 CM 183 1.24




Table 5. Genotypic (g.c.v.), phenotypic (p.c.v.) ana environiiental {e.c.v.) coeffic.ont

Q

€ vamahian

heritability (B.S.), genetic advance and genetic gain (g.g.)

Characters g.C.Ve p.C.V. €.C.V. Hegéte;b)mty G.A. G. Gain
Days to first male flower anthesis 12.27 13.08 4.54 .88 12.47 23.70
Days to first female flower anthesis 15.01 15.61 4,29 .92 17.59 29.73
Node at first female flower formed 12.77 13.29 3.1 .92 5.68 25.25
No. femsale flowers/plant 16.82 21.66 13.65 .60 .85 26.91
No. ~ale flowers/plant 22.53 26.17 1532 J4 21.83 39.94
Sex ratio 17.63 22.12 13.37 e Soi 28.7
Node at which first fruit 1s retained 29.68 30.76 8.10 .93 21.59 58.98
Main vine length 18.09 24.21 16.09 .56 257.81 27.83
Nodes on main vine 19.64 24.05 13.89 .67 25.33 33.02
Primary branches/plant 21.28 39.62 33.42 29 6.12 23.54
Internodal length 13.93 20.94 15.62 A4 3.18 19.10
Productive branches/plant 34,72 50.89 37.20 47 2.17 48.81
Fruits/plant 20.44 40.89 35.41 .25 39 21.05
Average fruit weight 35.25 47.37 31.64 .55 1.51 54.03
Frut length 23.74 26,93 12,73 .78 8.29 43.09
Fruit diameter 19.91 23.44 12.37 g2 6.11 34.84
Flesh thickness 22.87 27.87 15.92 .67 1.14 58.67
Seeds/fruit 37.37 39.37 12,41 .90 310.35 73.05
100 seed weight 27.50 28.09 5.71 96 6.07 55.46
Yield/plant 27.71 58.17 51.15 .23 1.39 27.20

%7
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(a) Days to first male flower anthesis

Days to first male fliwer anthesis had a range of 41 to 73
days with a mean of 52.6. CM 192 was the earliest accession for
days to first male flower anthesis (41 days), followed by CM 135

(41.5 days). CM 165 produced male flowers very late (73 days).

The genotypic coefficient of variation (g.c.v) and phenctypic
coefficient of variation (p.c.v) of 12.27 and 13.08 respectively for
days to first male flower anthesis were the lowest among the 20
characters studied, Though the percentage of broad sense heritability
was high (88%), the genetic advance expressed as percentage of

mean (genetic gain) was low (23.70%).

(b) Days to first female flower anthesis

Earliness as indicated by days to first female flower anthesis
ranged from 41 days in CM 135 to B4.5 days in CM 201. Accession
CM 14 B, a selection from CM 14 which has been released as 'Ambilt',
and CM 188 also flowered early (435 days). Mean value for days

to flowering was 59.17 days.

The coefficients of wvariation was 1n general low as indicated
by low g.c.v. and p.c.v. (15.01 and 15.61 respectively). This also
recorded a high heritability of 92.4%. But the genetic advance expre-

ssed as percentage of mean was moderate (29.73%).
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() Node at which the first female flower 1s formed

d
On an average the first female flower was born on the 22"

node among the 50 genotypes though the values ranged from 15.50
in CM 188 to 29.00 in CM 177. Genotypes CM 14B and CM 113 also

recorded low values (17.5 and 18.5 respectively).

Node at which the first female flower 1s formed recorded the
second lowest values of g.c.v. (12.77) and p.c.v. (13.29) among the
20 characters. It also recorded a high heritability of 92.2% and a

genetic gain of 25.25%.

(d) Female flowers/plant

Mean number of female flowers was recorded as 3.15 with
a range of 2.25 to 5.0. Mimimum number of 2.25 was recorded by
CM 14 C, CM 106 and CM 157 and the maximum of 5.0 by CM 165.

CM 165 was closely followed by CM 147 and CM 177 (4.5 each).

G.c.v. and p.c.v. recorded were 16.82 and 21.66 respectively.
Female flowers/plant had a medium heritability of 60.00% and a

genetic gain of 26.91%.

(e) Male flowers/plant

Male flowers/plant had a wide range of 32.50 in CM 14 C to
92.50 in CM 88. The 50 genotypes studied gave a mean value of
54.66. Genotypes CM 106 and CM 180 also produced less number

of female flowers (35.83 and 40.25 respectively).
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The coefficients of variation were in general low (g.c.v.—22.52;
p.c.v.-26.17). Male flower</plant had a heritability of 74.1% and

a medwum value of genetic gain (39.94%).

(f)  Sex ratio (Male/female)

Range for sex ratio was from 11.93 (CM 111) to 28.19 in CM 108
with a mean value of 17.04. Othet genotypes with low values were

CM 165 (12.41) and CM 102 (12.92).

Sex ratio recorded low values of coefficients of variation
(g.cove 17.63, p.c.v. 22.12), a medium heritabihty of 63.5% and

a low genetic gain of 28.94%.

() Node at which first fruit 1s relained

Node at which first fruit is retained ranged from 24.0 (CM 126
and CM 189) to 78.5 in CM 136. On an average the first fruit was

retained on 36th node in the 50 genotypes studied.

Node at which the first fruit 1s retained estimated g.c.v. of
29.68 and p.c.v. of 30.76. It recorded the second highest heritability

(93.1%) and a hgh genetic gain (58.98%).

(h)  Man vine length (m)

Length of main vine ranged from 6.78 m (CM 95) to 13.98 m
(CM 136). Mean was recorded as 9.26 m. Genotypes CM 201 and CM 93

had a vine length of 13.6° and 12.35 m respectively.
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Coefficients of variaiion estimated were low (g.c.v. = 18.09;
peCeVe 24.21). It also recorded a moderate heritability (55.8%)

and genetic gain (27.83%).

(1) Nodes on main vine

The number of nodes on main vine had a wide range from 45
in CM 180 to 117 in CM 179 with a mean value of 76.71. Genotypes
CM 185 and CM 106 had low number of nodes on main vine (4B.0

and 52.0 respectively).

G.c.v. and p.c.v. for nodes on main vine were 19.64 and 24.05
respectively. It also recorded a medium heritability (66.6%) and

a genetic gain of 33.02%.

(1) Primary branches/plant

Average number of primary branches/plant for the 50 accessions
was 2.6 and the values ranged from 1.0 in CM 125 to 5.0 in CM 193,
The genotypes CM 106, 157, 177 and 176 produced four primary

branches each.

The coefficients of variation were 21.28 (g.c.v) and 89.62 (p.c.v).

The third lowest heritabihity value of 28.8% was recorded for this trait.

(k) Internodal tength (cm)

Internodal length ranged from 10.5 cm to 21.5 ecm. The genotypes
CM 10B and CM 136 recorded 10.5 cm each. The highest value was
for genotypes CM 148, CM 165 and CM 185. The mean length was

16.64 ¢cm among the 50 genotypes studied.
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The g.c.v. and p.c.v. were found to be low (13.93 and 20.94
respectively). Heritability was also low (44.8%). It also recorded

the lowest genetic gain (19.10%).

(1)  Productive branches/plant

Productive branches/plant ranged from 1.0 in CM 183 to 10.5
in CM 131 and the mean was 4.45 among the 50 genotypes. The
next highest value was recorded by CM 107 and CM 176 (9.5 and

9.0 respectively).

The coefficients of variation recorded were 34.72 (g.c.v) and
50.89 (p.c.v). It also recorded a low heritability of 46.60% and a

high genetic gain (48.81%).

(m) Fruts/plant

Fruits/plant showed a mean value of 1.87 with a range from
1.0 to 4.0. The genotypes CM 108, CM 113, CM 136, CM 157, CM 171,
C™M 182, CM 185 and CM 188 produced only one fruit each. The
genotypes CM 147 produced 4.0 fruits/plant. CM 95 and CM 135

recorded the next highest value of 3.0.

G.c.v. and p.c.v. for fruits/plant were recorded as 20.44 and
40.89 respectively. It recorded the second lowest heritability (25%)
among the characters studied. It also recorded a genetic gain of

21.05%.
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(n) Average frut weight (kg)

Average fruit weight ranged from 0.9 kg (CM 157) to 6.7 k3
(CM 177) with a mean ot 2,80 kg. The average frut weight was

also high 1n CM 153 (5.9 kgl and CM 171 (5.1 kg

Coeffictents of variation for average furit weight were 35.25
and 47.37 respectively for g.c.v. and p.c.v. It recorded a medium

heritability (55.4%) and a high genetic gain of 54.03%.

(o) Fruit length (cm)

Length of the fruit varied from 12.25 em 1in CM 188 to 32.75 cm
in CM 154, the mean value was only 19.26 cm among the genotypes
considered. Next lgngest fruit was observed in CM 183 (23 cm).

CM 183 had a fruit tength of 23 cm.

G.c.v. and p.c.v. for fruit length were 23.74 and 26.93 res-
pectively. Though this trait had only a medium heritabihty (77.7%),

the genetic gain recorded was high (43.09%).

(p) Frut diameter (cm)

Mean for fruit diameter was 17.53 cm, with a range of 9.75 cm
(CM 147) to 27.0 cm (CM 177). Genotypes CM 153 (25 em) and CM 14 B

(24.5) also recorded high \alues.

Coefficients of variation for drameter of fruit were low (g.c.v.
19.915 p.c.v. 23.44), It also recorded a moderate value of heritability

(72.1%) and genetic gain (34.84%).
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(q) Flesh thickness (cm)

The fifty genotypes had a mean flesh thickness of 2.95 cm
and 1t ranged from 1.45 to 4.65 cm. Flesh thickness was maximum
in CM 188 (4.65 cm), followed by CM 175 (4.5 em) and CM 109 (4.18 cm)

and was mintimum 1n CM 193 (1.45 cm).

The genotypic and phenotypic coefficients of variation were
22.87 and 27.87 respectively. Flesh thickness had moderate values

of heritability (67.4%) and genetic gain (38.67%).

(r) Seeds/fruit

Though the mean number for seeds/fruit was 424.84, the number
ranged from 62.5 in CM 185 to 717 in CM 153 among the 50 genotypes

studied.

Seeds/fruit recorded the maximum value of g.c.v. (37.37). It
also recorded a high value of heritability (90.1%) and the highest

genetic gain of 73.05%.

(s) Hundred seed weight (g)

Hundred seed weight ranged fiom 5.35 g in CM 107 to 18.9 g
CM 183 and the mean was 10.94 g. The genotypes CM 89 and CM 160

also recorded high values (16.8 g and 15.13 g respectively).

The g.c.v. for 100 seed weight was found to be comparatively

high (27.50) and the p.c.v. was 28.09. It also recorded the highest
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value of heritability (95.9%) along with a high genetic gain (55.46%).

(t)  VYield/plant (kg)

Yield/plant ranged from 0.9 kg in CM 157 to 13.4 kg in CM 177
with a mean of 5.10 kg. The genotypes CM 153 and CM 189 also

recorded high values (9.7 and 9.0 kg respectively).

Yield/plant recorded maximum value of p.c.v. (58.17) and
but the g.c.v. was only 27.71. Heritability for yield/plant recorded
the lowest value (22.7%), among the characters studied. It also recorded

low genetic gain of 27.20%.

(u)  Carotene content ( pg/100 g)

Among the 50 genotypes studied the carotene content ranged
from 4.46 pg/100 g n CM 108 to 215 }Jg/100 g mn CM 111. It had
a mean value of 38.38 pg/100 g. The genotypes CM 192 and CM 91

also recorded high values of 123.92 Hg and 120.4 Hg respectively.

(v)  Iron content (mg/100 g)

Iron content ranged from 0.51 to 2.74 mg with a mean value
of 1.24 mg/100 g. Lowest iron content was recorded by CM 135 and
CM 148 (1.24 mg). The high values were recorded by CM 183, CM 162

and CM 104 (2.74 mg, 2.61 mg and 2.36 mg respectively).
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2. Assessment of genetic divergence and grouping of genotypes

The fifty pumpkin genotypes included In the study were grouped
mto 5 clusters. Clusters I, II, IIl, IV and V comprised of 2, 7, 9, 12

and 20 pumpkin genotypes respectively (Table 6).

The intra and intercluster D2 and D values of the 5 clusters
worked out have been presented 1n Tables 7 and B8 respectively. From
the tables 1t could be observed that the intracluster D2 values were

lower than the intercluster D2 values,

The ntracluster distances in the 5 clusters ranged from 28.90
in cluster 1 to 39.17 in cluster IIl. The remaining ntracluster D2
values were n the order of 30.04, 35.29 and 35.80 in clusters 1V, V
and Il respectively. Cluster I was found to show the maximum average
intercluster distances with any other clusters and it was the cluster
having maximum distance in 3 out of the 4 combinations 1t could
make (D2 values 224,48 with cluster I, 128.56 with cluster Il and
95,85 with cluster V). Cluster 5 which comprised of 20 genotypes
showed the lowest intercluster distance with other clusters (D2 values

45,28 with cluster 11l and 48.63 with cluster IV).

Results pertaining to the extremes 1n means of genotypes and
overall mean for different characters of clusters [, I, UI, IV and

V are presented in Tables 9, 10, 11, 12 and 13 respectively.

The results of means and extremes of means In each cluster

are furnished characterwise below :
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Table 6. Details of pumpkin genotypes constituting different clusters

tal
Clu ter No. Cultivars included Nu:r?b:r
1 CM 136, CM 188 2
I1 CM 14C, CM 104, CM 106, CM 126, CM 147,
CM 167, CM 171 7
I CM 88, CM 91, CM 153, CM 154, CM 157,
CM 165, CM 175, CM 185, CM 201 9
v CM 14A, CM 14B, CM 102, CM 103, CM 111,
CM 135, CM 139, CM 149, CM 179, CM 183
CM™M 189, CM 192 12
% C™M 89, CM 93, CM 95, CM 107, CM 108,
CM 109, CM 113, CM 125, CM 131, CM 133,
C™ 148, CM 160, CM 162, CM 163, CM 176,
CM 177, CM 180, CM 181, CM 193, CM 201 20




Table

7. Average intra and inter cluster 02 values of five clusters of

pumpkin considering 20 characters

Cluster No. I II III v v
I 28.90
1I 224.48 35.80
111 128.56 64.05 39.17
v 48.85 141.77 75.37 30.04
v 95.85 75.50 45,28 48.63 34.28

Table 8. Average intra and inter cluster D values of five clusters of

pumpkin considering 20 characters

Clu ter No. 1 I I IV vV
I 5.38
Il 14.92 5.98
11 11.34 8.00 6.26
v 6.99 11.90 8.68 5.48
\Y 9.79 8.69 6.73 6,97 5.86
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Table 9. Extremes and mean of genotypes in Cluster I
Characters Maximum  Acce- Minimum Acce- Mean
sston sslon
Nao. No.

Days to first male folower anthests 53.00 CM 136 42.50 CM 188  47.75
Diys to first female flower anthesis 58.00 CM 136 43.50 CM 188 51.00
Nade at first female flower i1s formed  23.00 CM 136 15.50 C™M 188 19.25
Fe nae flowers/plant 3.75 CM 136 3.0 CM 188 3.38
Msle flowers/plant 89.00 CM 136 46,50 CM 188  67.75
Sex ratio (male/female) 23.79 CM 136 15.50 CM 188  19.65
Node at which first fruit is retained 78.50 CM 136 56,00 CM 188  67.25
Main vine length ( m) 13.99 CM 136 8.39 CM 188 11.19
Nndes on main vine 116.00 CM 136 75.50 CM 188  95.75
Primary branches/ plant 8.0 CM 136 3.0 CM 136 3.0

CM 188 CM 188
Internodal length (cm) 12,25 CM 188 10.50 CM 136 11.38
Pr>ductive branches/ piant 4.0 CM 136 2.50 CM 188 3.25
Fruts/plant 1.0 CM 136 1.00 CM 136 1.00

CM 188 CM 188
Average fruit weight (kg) 3.3 CM 188 1.3 CM 136 2.30
Fruit length (cm) 20.25 CM 188 16.5 CM 136 18.38
Fruit diameter (cm) 16.25 CM 188 13.25 CM 136 14,75
Flesh thickness (em) 4.65 CM 188 1.8 CM 136 3.28
Seeds/fruit 379.00 CM 136 186.5 CM 188 282.75
100 seed weight (g) 11.2 CM 136 8.2 CM 188 9.70
Yield/ plant (kg) 3.3 CM 188 1.3 M 136 2.30




Table 10. Extremes and mean of genotypes 1n Cluster Il
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Characters Maximum  Acce- Minimum Acce- Mean
ss1on ssion
No. No.
Days to first male flower anthesis 61.5 CM 106 43.0 CM 14C  51.21
Days to first female flower anthesis 74 CM 147 455 CM 14C 62,14
Noade at first female flower 1s formed 26.0 CM 147 20.5 CM 14C  20.07
Female flowers/piant 4,5 CM 147 2.25 CM 14C 3.07
CM 106
Male flowers/ plant 65.00 CM 147 32.5 CM 14C 5030
Sex ratio (Male/ female) 20.65 CM 147 14.46 CM 14C  14.41
Node at which first fruit 1s retained 55.00 CM 147 26.50 CM 14C  33.21
Main vine length (m) 10.49 CM 171 5.33 CM 14C 7.9
Nodes on main vine 103.00 CM 147 52.00 CM 106 70.43
Primary branches/ flant 4.0 CM 106 1.50 CM 104 2.57
Internodal length (cm) 17.5 CM 147 12.75 CM 106  15.57
Productive branches/ plant 5.0 CM 147 2.5 CM 106 3.79
Fruits/plant 4.0 CM 147 1.0 CM 171 1.80
Average fruit weight (kqg) 4.8 CM 126 1.2 CM 147 3.17
Fruit length (cm) 26.65 CM 106 13.50 CM 147  19.75
Fruit diameter (cm) 21.75 CM 14C 9.75 CM 147 17.52
Flesh thickness (cm) 3.80 CM 17 2.05 CM 106 2.74
Seede/fruit 661.5 CM 126 313.5 CM 147 545.7
100 seed weight (g) 12.2 CM 126 5.4 CM 147 9.04
Yield/plant (kq) 7.5 CM 126 2.4 CM 106 4.77
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Table 11. Extremes and mean of genotypes in Cluster IlI

Charccters Maximum Accl\ejsc,)s.lon Minimum ACC@Z‘?IOH Mean
Days to first male flower
anthesis 73.0 CM 165 45 CM™M 185 57.16
Days to 1st female flower
anthesis 84.5 CM 201 50.00 CM 175 65.66
Node at first female 26.0 CM 20 20.00 CM 153 22,17
flowe 1s formed CM 185
Fema e flower/plant 5.0 CM 165 2.25 CM 154 3.29
Male flowers/plant 92.50 CM 88 42.17 CM 157 59.94
Sex ratio (Male/female) 21.83 CM 201 12.42 CM 165 17 16
Node at which first 57.50 CM 20 30.00 CM 185 42.16
fruit s retained
Main vine length (m) 13,65 CM 165 7.74 CM 157 10.18
Nodes on main vine 110.00 CM 201 48.00 CM 185 80 83
Primary branches/plant 4.00 CM 157 1.50 CM 153 2.66
Internodal length (cm) 21.50 CM 165 14.50 CM 157 17.58
CM 183
Produ-tive branches/plant 6.50 CM 20 2.00 CM 175 4.05
Fruits/plant 2.50 CM 154 1.00 CM 157 1.82
Average fruit weight (kg) 5.90 CM 153 0.90 CM 157 2.84
Fruit length (ecm) 32.75 CM 154 12.25 CM 88 20.80
Fruit diameter (cm) 25.00 CM 153 10.35 CM 157 16.84
Flesh thickness (cm) 4.00 CM 153 1.90 CM 157 3.14
Seeds/fruit 717.50 CM 153 102.50 CM 201  345.50
100 seed weight (kg) 13.10 CM 153 6.45 CM 88 9.76
Yield/plant (kg) 9.70 CM 153 0.90 CM 157 5.10
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Table 12. Extremes and mean of genotypes in Cluster IV

Cha acters Maxtmum ACC&?‘O” Minimum ACCNeOS.S'OH Mean
Day, to first male flower anthesic  57.0 CM 183 41.00 CM 192 48.38
Day, to first female flower
anthesis 63.5 CM 183 41.00 CM 135 52.00
Node at first female flower
1s fcrmed 28.00 CM 103 17.50 CM 14B 21.83
Female flowers/plant 4.5 CM 103 2.50 CM 14B 320
Male flowers/plant 63.25 CM 183 41.75 CM 111 48.31
Sex ratio (male/female) 23.13 CM™M 103 11.93 CM 1M 16.55
Node at which first fruit is
retained 44,0 CM 183 24.00 CM 189 33.50
Main vine length (m) 11.79 C™M 179 7.17 CM 14A 9.26
Nodes on main vine 117.0 CM 179 57.0 CM 189 73.50
Primary branches/plant 3.0 CM 11 2.0 CM14A,CM148B,
CM 149 CM102,CM135, 2.30
CM179,CM 183,
CM 192
Internoadal length (cm) 21.0 C™ 103 11.50 CM 192  16.90
Productive branches/plant 7.0 CM 139 1.00 CM 183 4.07
Fruits/plant 4.0 CM 149 1.50 CM179,CM183, 2.16
CM 192 :
Average fruit weight (kg) 4.50 CM 189 1.55 CM 135 2.66
Fruit length (cm) 26.5 CM™M 183 11.50 CM 179 20,00
Fruit diameter (cm) 24,5 CM 148 11.75 CM 11 17.27
Flesh thickness (cm) 4.0 CM 103 2.15 CM 135, 8
cm 139 28
Seeds/fruit 573.0 CM 148 106.00 CM 183 332.00
100 s=ed weight (qg) 18.90 CM 189 10.90 CM 135 11.84
Yield/plant (kg) 9.0 CM 189 2.50 CM 192 5.33
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Table 13. Extremes and mean of genotypes in Cluster V

Charecters Maximum AC(;\(J?;S?IOH Minimum Achz?smn Mean
Days to first male flower
anthesis 62.5 CM 133 45.5 CM 180 54.05
Days to first female
flower anthesis 68.5 C™M 107 40.5 CM 193 60.33
Node at first female
flower 1s formed 29.0 CM 163 18.5 CM 113 23.60
Female flowers/plant 4,50 CM 163 2.42 CM 93 3.4
Male flowers/plant 84.00 CM 162 39.00 CM 182 57.01
Sex ratio (male/female) 29.19 CM 108 14.27 CM 193 18.38
Node at which first
fruit 1s retained 44,50 CM 176 27.00 CM 108 34,94
Main vine length (m) 12.35 CM 93 6.69 CM 95 865.30
Node on main vine 87.00 CM 125 45,00 CM 180 72.00
Primary branches/plant 4.00 C™M 177 1.00 CM 125 2.70
Iaternodal length (cm) 21.50 CM 148 10.50 CM 108 16.96
Productive branches/plant 10.50 CM 131 2.00 CM 95 5.23
Fruit /plant 3.00 CM 95 1.00 CM 108, 1.90
CM 113,
CM 182
Average fruit weight (kg) 6.70 CM 177 1.50 CM 193 2.87
Fruit tength (cm) 26.25 CM 131 13.25 CM 133 18.71
Fruit diam ter (cm) 27.00 CM 177 12,30 CM 107 18.26
Flesh thickness (cm) 4.18 CM 109 1.45 CM 193 2.99
Seeds/fruit 678.00 C™M 177 285.00 CM 193 469.83
100 seed weight (g) 16.80 CM 89 5.35 CM 107 11.31
Yield/plant (kg) 13.40 CM 177 2.60 CM 193 5.18




Fig. 1 Statistical distance (D2) among different clusters of 50 pumpkin
accessions
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(a) Days to first male flower anthesis

The two genotypes CM 136 and CM 188 in cluster 1 produced
first male flower 53 and 42.5 days after sowing with a cluster mean

of 47.75.

The maximum and mimmum values for the trait in cluster I
were 51.5 (CM 106) and 43.0 (CM 14-C) with a cluster mean of 51.21.
The corresponding values 1n cluster III were 73.0 (CM 165), 45.0
(CM 185) and 57.16 and that 1n cluster IV were 57.0 (CM 183), 41.0

(CM 192) and 48.38 respectively,

Days to first male flower anthesis for the 20 genotypes included
in cluster V ranged fiom 62.5 (CM 133) to 45.5 (CM 180) with a cluster

mean of 54.05.

Maximum mean value for days to first male flower anthesis

was shown by cluster III and minimum by cluster I,

(b) Days to first fermale flower anthesis

Mean value for the two genotypes included in cluster [ was
51.0. CM 14-C produced female flowers very early (45.5 days) and
CM 147 was very late (74 days) among the 7 genotypes in cluster II

and the cluster mean was 62.14.

CM 201 recorded the maximum value (84.5) and CM 175 showed
minimum value of 50 1n cluster III which had a cluster mean of 65.66.

The corresponding values in cluster IV were 63.5 (CM 183), 41.0 (CM 13)
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and 52 and that in cluster V were 68.5 in CM 107, 45.5 in CM 193

and 60.33 respectively.

Minimum mean value for days to first female flower anthesis

was exhibited 1n cluster I and maximum 1n cluster Il

(L) Node at which first female flower 1s formed

Mean value for the trait ranged from 15.5 to 23.0 in cluster I,
20.5 to 26.0 n cluster II, 20.0 to 26.0 in cluster III, 17.5 to 28.0 In

cluster IV and 18.5 to 29 in cluster V.

Maximum mean value for node at which the fust female flower
1s formed was shown by cluster V (23.6) and mintmum by cluster I

(19.25).

("  Female flowers/plant

In cluster T number of female flowers produced by the two
genotypes were more or less equal. In cluster II maximum female
flowers were born in CM 147 (4.5) and mimmum in CM 14 C and
CM 106 (2.25) and the corresponding values were 5.0 (CM 165) and
2.25 (CM 154) respectively. In cluster IV and V lhe maximum value

for number of female flowers was same (4.5).

Out of the 5 clusters, cluster I had the maximum female flowers

and cluster II, the mintmum
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(e}  Male flowers/plant

Cluster 1 showed the maximum mean value (67.75) followed

by cluster I (59.94) and cluster V (57.01) and cluster IV had the

minimum mean value (48.31).

(f) Sex ratio (male/female)

The highest cluster mean of 19.65 was observed 1n cluster
I which was closely followed by cluster V (*8.38). The mean of male

to female ratio was minimum 1n cluster II (14.41).

{g) Node at which first fruit 1s retained

The first fruit was retained at the lowest node 1n cluster II
(33.21) which was on par with cluster IV. In cluster II the maximum
mean value of 55.00 was observed in the genotype CM 147 and minimum
in CM 14-C (14.46). In cluster IV the mean values ranged from 24.0

in CM 189 to 44.0 in CM 183,

(h) Main vine (m)

The mean values for length of main vine for the two genotypes
in cluster I were 13.99 m (CM 136) and 8.39 m (CM 188). A range

from 5.35 (CM 14 C) to 10.49 m (CM 171) was noticed in cluster Il
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The corresponding values were 7.74 and 13.65 m n cluster IlII and

7.17 and 11.79 m 1n cluster IV.

Among the five clusters maximum mean value for length of

main vine was for cluster I (11,19 m) and the mimmum was for

cluster II (7.91 m).

(1) Nodes on main vine

The highest cluster mean of 95.75 was recorded by clustes
I (95.75) and lowest by cluster II (70.43). The remaining clusters viz.
cluster 1II, IV and V had cluster means of 80.83, 73.50 and 72.0

respectively.

(3)  Primary branches/plant

Primary branches/plant had its maximum mean value 1n cluster 1
(3.0) and cluster IV had the mimimum mean (2.30). The cluster mean

in the remaining 3 clusters were 1n between these extremes.

(k)  Interncdal length (cm)

Cluster Il had the highest cluster mean value of 17.58 m which
was closely followed by cluster V (16.96 m) and cluster IV (16,90 m)

The cluster mean was mimimum 1n cluster I (11.38 m).
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(1) Productive branches/plant

Cluster V had the maximum mean values (5.23) for productive
branches/plant and the minimum value was shown by cluster I (3.25)

The means of genctypes included in clusters III and IV were on par.

The productive branches/plant of the 20 pumpkin genotypes had
a very wide range (2.0 - 10.5). The maximum productive branches

were born 1n the genotype (M 131,

(m) Fruits/plant

Both the genotypes 1n cluster [ produced only a single fruit/plant.
In cluster II the trait ranged from 1.0 1n CM 171 to 4.0 in CM 147,
Among the 9 genotypes in cluster III maximum fruits/plant was only
2.5, In cluster IV the maximum number of fruits (4.0) was borne
in CM 149 and minimum of 1.5 1n three genotypes viz. CM 179, CM 183

and CM 192. In cluster V maximum fruits were produced by CM 95,

The cluster mean for fruits/plant was maximum 1n cluster 1V
(2.16) and minimum 1n cluster I (1.0). The remaining three clusters

had more or less equal cluster means.

(n) Average fruit weight

The two genotypes included in cluster 1 had an average fruit

weight of 3.3 kg (CM 188) and 1.3 kg (CM 186). The average fruit
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weight for the 7 genotypes included in cluster II had a wide range
of 1.2 to 4.8 kg. In cluster III also a wide range of 0.9 to 5.90 kg
was observed. In cluster Il the fruit weight was maximum i CM
153. The maximum and mimmum values were 4.5 (CM 189) and 1.55 kg
(CM 139 in cluster IV ard 6.70 (CM 177) and 1.50 kg (CM 193) n

cluster V

Among the five clusters, cluster II showed maximum mean

value (3.17 kq) and cluster | had minimum mean value (2.3 kg).

{0)  Frut length (em)

Among the five clusters, cluster III had the maximum mean
value (20.80 em) and cluster 1 had the minimum mean value (18.38 cm)
In cluster 1II the genotype CM 154 had the longest fruit (32.75 cm)
and the fiuit length was mimimum 1in CM 88 (12.25 cm). Length of
fruit 1n cluster IV ranged from 11.50 em in CM 179 to 26,50 cm In
CM 183 with a cluster mean of 20.00 cm which ranked second in

length of fruit.

{p) Fruit diameter (cm)

Among the five clusters maximum cluster mean of 18.26 cm
was shown by cluster V and minimum of 14.75 cm by cluster 1. Cluster V

was followed by cluster II (17.52 cm) and cluster IV (17.27 cm).
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A range from 1230 (CM 107) to 27.00 cm (CM 177) was noticed
in cluster V and that in cluster II was from 9.75 (CM 147) to 21.75 cm

(CM 14-C).

(g)  Flesh thickness {(cm)

The highest cluster mean of 3.28 cm was recorded in cluster |
and was lowest 1n cluster II (2.74 cm). Cluster Il had a mean flesh

thickness of 3.14 cm.

The two genotypes comprised in cluster I, CM 188 and CM 138
had 4.65 cm and 1.8 cm respectively. The maximum and minimum
values were 3.80 (CM 171) and 2.05 cm 1n cluster II, 4.0 (CM 153)
and 1.90 em 1n cluster III, 4.0 (CM 103) and 2.15 cm in cluster IV

and 4.18 (CM 109) and 1.45 cm 1n cluster V respectively.

(r) Seeds/fruit

Among the five clusters, cluster II recorded the maximum mean
value 545.7 followed by cluster V (469.83) and cluster III (345.9).

The lowest mean was for cluster 1 (282.75).

(s) 100 seed weight (g)

Cluster IV showed the highest cluster mean (11.84 g) and cluster 11

the lowest (9.04 g). The 12 pumpkin genotypes included in cluster IV
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had a range of 10.90 (CNIl 135) - 18.90 g (CM 189). In cluster V the
maximum value of 16.8 gry was recorded for CM 89 and the minimum

value of 5.35 g in CM 107.

(t)  Yield/ptant (kqg)

The two pumpkin genotypes, CM 188 and CM 136 constituting
cluster I showed wide variation 1n yield - 3.3 and 1.3 kg respectively.
In cluster II maximum vyield was obtained in CM 126 (7.3 kg) and
mimmum 1n CM 106 (2.4 kg). The range for the trait in cluster III
was from 6.45 in CM 88 to 13.10 kg in CM 153, The highest and
lowest yield was in CM 189 (9.0 kg) and CM 192 (2.5 kg) in cluster IV

and CM 177 (13.4 kg) and CM 193 (2,60 kg) In cluster V respectively.

Out of the five clusters maximum cluster mean was for cluster IV
(5.33 kg) and mimimum was for cluster [ (203 kg). Clusters V and

Il had mean values 5.18 and 5.10 respectively.

B. Evaluation of genotypes for 1esistance/tolerance to mosaic

diseases

The seventy one pumpkin accessions were screened for resistance/
tolerance to pumpkin mosaic and yellow vein mosaic during June -
Oclober 1988 under natural field conditions. The genotypic differences

for the expression of mosalc diseases were evidenced by the wide
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variation 1n the intensity of mosaic symptoms and stage of the plant

for the appearance of the disease.

Out of the seventy one accessions evaluated fifty were susce-
ptible to both pumpkin mosaic and yellow vein mosaic viruses (Table 14).
Based on the intensity of disease the genotypes were classified into
highly susceptible, susceptible, tolerant and resistant. CM 214, a
collection from Nigeria was found to be completely free of diseases
and was resistant. Fifteen accessions, CM 97, CM 106, CM 130, CM 131,
CM 132, CM 153, CM 154, CM 160, CM 164, CM 171, CM 176, CM 177,
CM 186, CM 197 and CM 198 were less affected by yellow vein mosaic
virus and were treated as tolerant. All the remaining sixty eight
genotypes were either susceptible or highly susceptible to yellow
vein mosaic virus. Typical vein clearing appeared at very early stage
in twenty nine pumpkin accessions and resulted 1n poor growth of

the crop.

All the pumpkin accessions were affected by yellow vein mosaic
earlier than pumpkin mosaic. Out of seventy one genotypes twenty
two were affected by yellow vein mosaic virus within fifteen days
of sowing. In CM 154 and CM 197 vein clearing was noticed in the
60th day after sowing. In all the remaining genotypes yellow vemn
mosaic disease was expressed either at the vegetative phase or the

early flowering phase.

Based on the ntensity of light green banding, blistering and

distortion of leaves, mottled yellow patches and other symptoms the
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lable 14. Incidence of pumpkin mosaic and yellow vein mosaic disease in different

varieties of pumpkin during June - October 1988 under natural condition

Accession Pumpkin Yellow Accession Pumpkin vellow
Number mosaic vein Number mosaic ven

mosaic mosalic
CM 14A H.S. S CM 147 H.S. H.S.
CM 148 H.S. S CM 148 H.S. H.S.
CM 14C H.S. S CM 149 S S
CM™M 39 H.S. S CM 150 S S
CM 85 H.S. S CM 153 S T
CM™M 88 T H.S. CM 154 S T
C™m 89 H.S. S CM 155 H.S. H.S.
CM™M 90 H.S. S CM 157 H.S. H.S.
CvM 9N H.S. S CM 158 H.S. H.S.
C™ 92 H.S. T CM 159 H.S. H.S
CM 93 H.S. T CM 160 S T
CM 94 H.S. S CM 162 H.S. H.S.
CM 95 H.S. H.S CM 163 H.S. S
C™m 97 T ) CM 164 S T
CM 101 S H.S. CM 165 S S
C™M 102 S S CM 167 H.S. H.S.
Ci 103 H.S H.S. CM 171 S T
CM 104 H.S H.S CM 175 H.S H.S.
CM 105 S S CM 176 S T
CM 106 T S CM 177 S T
CM 107 H.S. H.S CM 179 S S
C™M 108 H.S. H.5 CM 180 S S
CM 109 H.S. S C™M 182 H.S. H.S.
CM 111 H.S. H.S. CM 183 H.S. S
CM 112 H.S. H.S. CM 185 H.S. S
CM 113 H.S. T CM 186 S T
CM 125 H.S. H.S. CM 188 S S
CM 126 H.S. H.S. CM 189 S S
CM 130 S T CM 192 H.S. H.S.
CM 131 S T CM 193 H.S. H.S.
CM 132 H.S. T CM 197 S T
CM 133 T H.S. CM 198 S T
CM 135 S H.S. C™M 201 H.S. H.S.
CM 136 S H.S. CM 210 H.S. S
CM 138 H.S. H.S. CM 214 R R
CM 139 H.S. H.S.

H.S.  Highly susceptible T - Tolerant
S - Sust eptible R - Resistant
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accessions were classified into highly susceptible, susceptible, tolerant
and resistant as in case of yellow vein mosaic virus. The only accession
resistant to both pumpkin mosaic and yellow vein mosaic was CM 214.
But this Nigerian local failed to produce mature seeds. The fruits
were knobed and did not reach the maturity stage. In accessions
CM 97, CM 106 and CM 133 only a lLight green banding was noticed
on the leaf lamina and the symptoms were not conspicuous and were
treated as tolerant. All the remaining sixty seven accessions including
CM 14-A, CM 14 B, CM 14-C, selections from CM 14, were highly
susceptible or susceptible to pumpkin mosaic virus and the typical

green and yellow mottling was much pronounced.

None of the pumpkin accessions were affected by pumpkin
mosalc virus during the early vegetative phase, that 1s within fifteen
days after sowing. Mosaic symptoms appeared only on the 45th day
after sowing and its occurrence was noticed upto 75 days after sowing.
In CM 97, CM 130, CM 131, CM 132, CM 153 and CM 154 the expression
of pumpkin mosaic virus was observed only very late 75 days after

sowing.

Based on the yleld and tolerance Lo yellow vein mosaic and
pumpkin mosalc twenty six supellor accessions were selected and
were further grown during December - January 1988-89. To confirm
resistance or tclerance, these lines were grown when there was very

high incidence of mosaic in the adjacent fields. Artificial noculation
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was also carried out. When the artificial inoculation was done at
the three leaf stage symptoms of pumpkin mosalc appeared 15th
day onwards 1n the newly emerged leaves. All the accessions except
CM 214 was found to be susceptible to yellow vein mosaic and pumpkin
mosaic (Table 15). CM 97, CM 106 and CM 133 which were found
to be tolerant to pumpkin mosaic during the first season was severely

infected with the virus under artificial inoculation.

Simtlarly tolerant accessions CM 92, CM 130, CM 131, CM
132, CM 153, CM 154, CM 160, CM 164, CM 171, CM 176, CM 177,
CM 186, CM 197 and CM 198 during the first season became highly
susceptible to yellow vein mosaic under artificial 1noculation. During
this season also, the resistant genotype CM 214 failed to produce

mature fruits and seeds.
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Table 15. Incidence of mosaic diseases 1n selected varieties of pumpkin

under artificial inoculation during December - January 1988-89

Accessiin Pumpkin fellow Accession Pumpkin Yellow
Number mosalc m\c/)z;[;c Number mosalc veln

mosalc
M 14B H.S. H.S. CM 133 H.S. H.S.
CM 85 H.S H.S. CM 148 H.S. H.S.
CM 88 H.S. H.S. CM 154 H.S. H.S.
C™M 92 H.S. H.S. CM 160 H.S. H.S.
M 93 H.S. H.S. CM 164 H.S. H.S.
ZM 95 H.S. H.S. CM 171 H.S. H.S
CM 97 H.S. S CM 176 H.S H.S.
CM 106 H.S. H.S. CM 177 H.S. H.S.
M 113 H.S. H.S. CM 186 H.S. H.S.
CM 126 H.S. H.S. CM 197 H.S. H.S.
CM 130 H.S. H.S. CM 198 H.S. H.S.
CM 131 H.S. H.S. CM 214 R R
CM 132 H.S. H.S. CM 153 H.S. H.S.

H.S.  Highly susceptible 5 - Sus eptible

T - Tolerant R - Resistant



Plate 10. Yellow vein mosaic disease
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DISCUSSION

Pumpkin (Cucurbita moschata Poir) 1s one of the popular cucurbitaceos

vegetables grown 1n Ind a. Low cost of production, long keeping quality
of fruit and comparatively high content of carotene, a precursor of
vitamin A 1n fruits, point to the potentiality of the crop. Irrespective
of the popularity and importance of the crop, very little effort is

made to upgrade the geretic make up of pumpkin in India.

In any plant impiovement programme, the main abjective 1s
the development of elite varieties through production breeding. The
basic Information a breeder usually requires as a pre-requisite to
any breeding programme 1s the extent of variability in the available
germplasm and gene action of the characters to be 1mproved. Basic
information on genetic variability, heritability and genetic advance
that could be achieved 1n the next cycle of selection are of vital

importance to the breeder for formulating appropriate breeding strateqgy.

Large showy flowers, monoecious and cross pollinated nature
and more seeds/fruit offer greater potentiality for exploitation of
hybrid vigour 1n pumpkin. Importance of genetic diversity of parents
In hybridization programme was emphasised by many workers. The
more diverse the parent,, with 1n a reasonable range, the more would
be chance of improving characters 1n question. Mahalancbis D2 statistic

is a powerful tool in the hands of plant breeders to assess degree
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of relationship among the genotypes and to group them based on

their phenotypic expression.

In India, breeding of vegetable crops as a conscious effort is
hardly of three decades old and that too for resistance to diseases
1s still of recent origin (Swarup and Seshadhri, 1986). In a crop like
pumpkin, production breeding and resistance breeding should go side
by side. Due to heavy incidence of mosaic diseases, particularly pumpkin
mosalc and yellow vein mosaic, the area under pumpkin In the state
15 getting reduced day by day (Balakrishnan,1988). None of the pumpkin
varieties or i1mproved lines 1n the country have tolerance to mosaic

diseases.

The present investigation deals with collection of basic information,
as a pre-requisite to production and resistance breeding programmes,
in pumpkin and the results obtained during the entire study are discussed

in the following pages.

Success of any breeding programme depends primarily on the
extent of variability in the base population. Evaluation and estimation
of gemetic variability, heritability, expected genetic advance etc.
are primary pre-requisites for all the crop improvement programmes
(Johnson et al. 1955), In the present investigation, the genetic contri-
bution 1n the phenotypic  expression was studied to realize the
performance of pumpkin genotypes. Among the 20 quantitative

characters studied, the 50 pumpkin accessions exhibited significant
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difference for all characters except for yield/plant. Solanki and
Seth (1980) also observed the least vartation for fruit yield in cucumber.
The accessions showed significant variation for days to first female
flower anthesis, days to first male flowers anthesis, node at which
first female flower 1s formed, node at which first fruit 1s retained,
main vine length,nodes on main vine, primary branches/plant, productive
branches/plant, internodal length, male flowers/plant, female flowers/
plant, sex ratio,fruits/plant, average fiuit weight, fruit length, fruit
diameter, flesh thickness, seeds/fruit and 100 seed weight. In pumpkin,
Gopalakrishnan (1979), Rana (1982) and Doijode (1983) also observed
wide variation for all the characters studied. Studies by Thakur and
Nandpuri (1974) and Rajendran (1989) in watermelon, Srivastava and
Srivastava (1976), Ramachandran (1978) and Vahab (1989) in bittergourd
also found significant variation for all the quantitative characters

studied.

Mean, range and variation around the mean are the various estimates
of quantitative variability. In the present 1nvestigation, wide range
of variation was observed for all the characters studied. In CM 135
the first female flower opened 45 days after sowing and was the
earliest accession. CM 207 took 84.5 days for the anthesis of first
female flower and was very late. Node at which the first female
flower 1s formed ranged from 15.5 in CM 188 to 29.0 in CM 177,
Female flowers/plant had a narrow range of 2.25 - 5.0. The ratio

of male and female flowers was as low as 11.93 n CM 111 and as
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high as 28.19 in CM 108, Though the mean number of nodes for the
emergen e of first female flower was 22, the first fruit was retained
only on 36th node, on an average. CM 147 produced a maximum of
4 fruits/plant. Average fruit weight ranged from 0.9 kg in CM 157
to 670 kg in CM 177, The longest fruit (32.7 cm) was born on CM
154, Fruit diameter in CM 177 (27 cm) was three times as that of
CM 147. Flesh thickness was more in CM 182 (4.65 em). Yield/plant
was maximum 1 CM 177 (13.4 kg) followed by CM 153 (9.7 kg) and

U us
CM 189 (9 kg) and\mimimum 1in CM 157 (0.9 kg).

Importance of pumpkin as a possible supplier of carotene has
not been much emphasized. The present study brought out considerable
variability 1n pumpkin genotypes with respect to carotene content.
Kubiaki and Walezak (1976), Gopalakrishnan (1979) and Doijode (1983)
also reported considerable variability with respect to carotene content
in Cucurbita spp. Iron content 1n fruit also exhibited a wide range

of variation (0.51-2.74 mg/100 g).

Estimates of quantitative variations like range, standard error
around the mean etc. do not indicate the relative amount of variability
for which coefficients of variation appear to be a better index, when
the characters with different units of measurement are to be compared.
Phenotypic coefficient of variation was maximum for yield/plant
(58.17) followed by productive branches/plant (50.89), average fruit

weight (47.37) and fruits/plant (40.89). Ramachandran (1978) and Vahab
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(1989) observed high values of pev for yield/plant n bittergourd.
Chaudhari (1987) also reported higher pcv value for yield/plant, fruits/
plant and fruit weight i1n bittergourd. Days to first male flower anthesis,
node at which first female flower was formed and days to first female
flower anthesis had only low values of pcv (13.08, 13.29 and 15.61
respectively). Mangale\{1\981), Chaudhar1 (1987) and Vahab (1989) also
observed lower pcv estimates for node at first female flower was
formed and days to first female flower anthesis in bittergourd. Pheno-
typic coefficient of variation was between 20% and 40% for the
remaining characters. The higher magnitude of phenotypic coefficient

of variation than the genotypic values indicated considerable influence

of environment on the expression of characters.

The plant 1mprovement programmes like selection and hybridization
cannot be undertaken based on the phenotypic performance alone
since it 1s the sum total of genotypic effect and environmental influence.
Genotypic coefficient of varitation was maximum for seeds/fruit (37.37),
closely followed by average fruit weight (35.25) and productive branches/
plant (34.72). As in case of pcv, lower values of gcv were observed
for days to first male flower anthesis (12.27), node at which first
female flower was formed (12.77) and days to first female flower
anthesis. Thakur and Nandpuri (1974) in watermelon and Singh et al.
(1985) 1n pointedgourd also reported maximum valtie of gcv for seed

elol

volume. Srivastava and Srivastava (1976), Mangal (1981) and Chaudhari

{(1987) also observed lower values of gcv for days to flowering and

node at which first female flower was formed n bittergourd.
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A character can be 1mproved only if 1t 1s highly heritable. The
magnitude of heritabiity indicates the effectiveness with which the
selectior of genotypes can be made based on phenotypic performance
(Johnson et al., 1955). The highest heritability estimate in the study
was observed for 100 seed weight (95.5%). Similar results were recorded
by Thakur (1970), Thakur and Nandpuri (1974) and Rajendran (1989)
in watermelon. High hentabihty resulting from high gev and low ecv
were also observed for node at which first fruit 1s retained (93.1%),
days to first female flower anthests (92.4%), node at which the first
female flower 1s formed (92.2%) and seeds/fruit (90.1%). This indicates
low 1mpact of environment on expression of these characters. The
sjmpact of environment was evidenced by low values of heritabihity
for yield/plant (22.7%), fruits/plant (25.0%) and primary branches/plant
(28.8%,. Vashista et al. (1983) reported low heritability estimate
for yield/plant in watermelon. Indiresh (1982) in bittergourd and Joseph

(1978) n snakegourd also got the same result.

Eventhough heritability values give an indication of effectiveness
of selecticn based on the phenotypic performance, 1t does not necessarily
mean a high genetic advance for a particular character. Heritability
along with estimates of expected genetic advance should be considered

while making selections.

In the present investigation genetic advance was estimated in

absolute values and also In percentage of mean (genetic gaimn) for
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comparing the different characters. High heritability along with high
genetic gain was observed for 100 seed weight (95.9% and 55.46%,
seeds/fruit (90.1% and 73.05%) and node at which first fruit 1s retained
(93.1% and 58.98%). High heritability coupled with high genetic gaimn
indicates additive gene action while high heritabihty with low genetic
gain Indicates non addictive gene effects which includes dominance
and epistasis (Panse, 1957). The involvement of additive gene effects
for the above three characters suggests improvement through selection

(Burton, 1952).

Though heritability was high for days to first female flower
anthesis and node at which first female flower 1s formed, the gentic
gain was of low magnitude. Non-additive gene action for days to
first female flower anthests was reported by Srivastava and Srivastava
(1976), Ramachandran (1978) and Vahab (1989) in bittergourd. This
implies great scope for development of early varieties by utilizing
transgressive segregants 1n the heterosis breeding programme. Pumpkin,
thougk a highly cross pollinated crop, because of the hermaphrodite
origin does not exhibit inbreeding depresston and the production of
Inbreds 1s thus a practicable task. In pumpkin, the monoeclous nature
and large flowers make the emasculation process simple. Large number
of seeds/fruit and the availability of successful selective gametocides
are added advantages for the exploitation of hybrid vigour and F1

seed production on a systematic, effective and commercial scale.
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Though the potentiality of heterosis was realized as early as
in 1763, its commercial utilization 1s yet to be tested in India. Inbreed
ing depression and laborious process of hand emasculation due to
hermaphrodite nature are the major bottle necks i1n the massive F1
seed production programmes. Absence of inbreeding depression, presence
of monoocious caondition and coleurful, long and showy flowers In
pumpkin point to the suitability of this crop for F1 production. More
over standardisation of selective gametocides like 2,4-D, MH etc.
makes the cammercial F‘I seed production more easier, As many

as 500 seeds with a single act of pollination 1n pumpkin makes the

F’I seed production, even by hand pollination, profitable.

Selection of parents for hybridization programme 1s mainly based
on genetic diversity. More divergent the parents, the more will be
the expression of heterosis, Mahalanobis D2 statistics 1s a powerful
tool for measuring genetic distance in plant breeding experiments.
It permits precise comparison of all the genotypes by considering

large number of charackrs simultaneously.

Main objective of the present study 1s to assess genetic diversity
among 50 pumpkin genctypes and to group them into clusters based
on genetic distance. On the basis of genetic distances compared
with reference to 20 quantitative characters, the 50 genolypes were
grouped into 5 clusters. The distribution of genotypes Into clusters
showed no regularity. Cluster V was the largest containing 20 genotypes.

Cluster IV containted 12 genotypes, cluster Il contained 9 genotypes
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cluster I and I contained 7 and 2 genotypes respectively. Such an
irregular pattern of distr bution was reported by Sukhija et al. (1982),
Sidhu and Brar (1985) in watermelon and Kalloo et al. (1982) n

Cucumis melo.

Out of five clusters, cluster [ which comprised of only two geno-
types, showed high mean values for 8 characters - female flowers/
plant, male flowers/plant, sex ratio, node at which the first fruit
1s retained, main vine length, nodes on main vine, primary branches/
plant and flesh thickness (Table 16). Cluster 1 had the lowest mean
values for rest of the characters viz. days to first male flower anthesis,
days to first female flower anthesis, node at which the first female
flower 1s formed, internodal length, productive branches/plant, fruits/
plant, average fruil weight, fruit length, fruit diameter, seeds/
fruit, 100 seed weight and yield/plant. Invalvem=nt of either maximum
or minimum cluster means 1n this cluster may be due to the inclusion
of only two genotypes which showed wide range of variation for

all the characters.

Cluster II showed superiority for only two characters viz. average
fruit weight and seeds/fruit. At the same time it was inferior to
the rest of the clusters for fernale flowers/plant, sex ratio, node
at which the fust fruit is 1etained, main vine length, nodes on main
vine and flesh thickness, Cluster III exhibited highest cluster means
for days to first male as well as female flower anthesis and fruit

length.
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Increase in fruit yield i1s the primary objective of any breeding
programme. Amang the 5 clusters, cluster 1V had maximum mean
values for fruits/plant, yield/plant and 100 seed weight. This indicates

the 1mportance of cluster IV for further improvement.

Cluster V which contained maximum genotypes of 20 was inter
media~y for most of the characters except node at which first female
flower 1s formed, productive branches/plant and fruit diameter for

which it had maximum cluster mean.

Crossing among divergent paients 1s likely to yield heterotic
hybrids. In the present study, maximum genetic distance was exhibited
between clusters [ and II (D2 = 224.48, Table 16). Clusters showing
the largest genetic distance show the maximum divergence. Cluster |
1s constituted by CM 136, a collection from Cheruthuruthr (Trichur
Dist.) and CM 188, a collection fiom Valiyakunnu. CM 136 15 chara-
cterised by more female flowers/plant and vegetative growth. CM 188
bears fruits having high flesh thickness. Cluster I is comprised of
7 genotypes having medium or large fruits. In future programmes,
selection of parents from Clusters [ and Il for hybridization 1s likely

to give heterotic hybrids.

The intercluster distance (DZ) was also high between Clusters
I and 1II (128.56) and Clusters II and IV (141.77). The minimum inter
cluster distance was observed between Clusters 1V and V. This indicates
the unsuitability of selecting male and female parents for hybridi-

zation from these two clusters.
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Table 16. Cluster means of 20 quantitative characters

Characters

Mean values of clusters

I i1 11 v Y
Days to first male flower anthesis 47,75 51.21 57.16 48.88 5005
Days to first femmale flower anthes s 51.00 62.74 65.66 52.00 60.33
Node at first female flower 1s formed 19.25 20.07 22.17  21.83  23.60
Female flowers/plant 3.38 3.07 3.29 3,20 3.4
Male flowers/plant 67.75 50.30 59.94  48.31 57.01
Sex ratio (male/female) 19.65 14.41 17.16 16,55 18.38
Node at which first fruit 1s retained 67.25 33.21 42,16 33.50 3494
Main vine length (m) 11.19 7.91 10.18 9.26  B.65
Nodes on main vine 95.75 70.43 80.83 73.50 72.00
Primary branches/plant 3.00 2.57 2.66 2.30 2.70
Internadal length (em) 11.38 15.57 17.58 1690 16.96
Productive branches/plant 3.25 3.79 4.05 4.07 5.23
Fruits/plant 1.00 1.80 1.82 2.16 1.90
Average fruit weight (kqg) 2.30 3.7 2,84 2.66 2.87
Frutt length (cm) 18.38 19.75 20.80 20.00 18.71
Fruit diameter (cm) 14.75 17.52 1684 17,27 18.26
Flesh thickness (cm) 3.28 2,74 3.4 2.81 2.99
Seeds/fruit 282.75 545,70 345,50 332.00 469.83
100 seed weight (g) 9.70 9.04 9.76  11.84 11.81
Yield/plant (kg) 2.30 4.77 5.10 5.33 5.18
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The maximum Intracluster distance was shown by cluster IlI
(39.17) followed by cluster II (35.80) and cluster V (34.29). High intra-
cluster distance 1n the clusters indicated high degree of variability
within the clusters offering scope for improvement by various selection

methods.

Evaluation for resistance to mosaic disease

Vegetables are facing serious problems due to outbreak of newer
strains of virus. Existence of a host-host-parasite Interaction makes
the breeding programmes for virus resistance all the more complicated
and the development of virus resistant varieties 1s still in infancy

except in okra.

Due to severe incidence of mosaic diseases, pumpkin cultivation
has faced a serious set back during the last 10 years in Kerala.
Normally, the local cultivars are highly susceptible to the disease
and yield loss upto 100% has been noticed. Development and cultiva-
tion of mosalic resistant pumpkin is the one and only way of combating
this disease. As a preliminary step, the available lines were evaluated

under natural field condition as well as under artificial inoculation.

In the screening of accessions carried out during June-October
1988, it was found that 70 out of 71 varieties were susceptible to
pumpkin mosaic and yellow vewn mosaic. There was varitation 1n the
intensity of the disease. Moskovets and Fegla (1572) while working

with watermelon mosaic \irus arrived at similar conclusion and reported
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that none of the watermelon and pumpkin varieties tested were immune
to the wirus. Varietal screening studies by Umamaheswaran (1985)
and Balakrishnan (1988) against pumpkin mosaic also revealed that

all the varietiestested were susceptible to PMV.

When the tolerant and high yielding genotypes were artificially
inoculated with the virus, none of the accessions except CM 214
was free from virus infection. It 1s probable that these lines might
have escaped virus Infection in the field evaluation. Symptoms of
PMV and yellow vein mosaic disease appeared 15 days after inoculation.
The same were also observed by Umamaheswaran (1985). In all the
susceptible pumpkin accessions, the 1ncidence of YVM was earlier

than pumpkin mosaic.

The accessions CM 214 (Nigertan Local) which did not exhibit
mosaic symptoms under artificial inoculation could be rated as resis-
tant. In the screenming for resistance conducted by Provvident: et al.
(198}) Nigerian Local was found resistant to cucumber mosaic virus,
papaya ring spot virus (formerly known as watermelon mosaic 1),
watermelon maosaic virus-1, and zucchint yellow maosaic virus. Nigerian
Local was also resistant to viral infections occuring in Australlia,
Taiwan, China, Japan, France, ltaly, Egypt, Israel and Turkey. Munger
and Provvident: (1987) obtained some success in transfering resistance
from 'Nigerian Local' to Cucurbita pepo. Seed germination, frut
setting and fruit development of Nigerian Local 1s quiet erratic and
fruits are warty and knobbed. This necessitates the need for improving
this variety by crossing with the locally adapted and high yielding

varieties available 1n the country.
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SUMMARY

The present studies were conducted at the Department of
Olericulture, College of Horticulture, Vellanikkara during June 1988
January 1989, The experimental material consisted of 71 pumpkin
genotypes collected from different parts of India as well as some
exotic accessions. Of this, 50 selected pumpkin genotypes were grown
In a randomized block design to assess the extent of variability and
divergence among the genotypes and to group them accordingly based
on D2 values. The carotene and iron contents present i1n the 50 geno
types were also estimated to find out the extent of variability.
Studies were also made to screen the 71 genotypes for resistance/

tolerance to pumpkin mosalc and yellow vein mosaic diseases.
The findings of the study are summarized as follows:

The 50 genotypes differed significantly for all the characters
except yield/plant which clearly indicates existence of abundant

variabthity among the genotypes selected for the study.

The coefficients of wvariation, heritability and genetic gain
for the 20 characters indicated that the variation existing i1s mainly

genetic.

Genotypic coefficient of variation was maximum for seeds/
frut (37.37), followed by average fruit weight (35.25) and productive
branches/plant (34.72) and 1t was minimum for days to first male
flower anthesis (12.27) and node at which first female flower is

formed (12 77).
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The highest heritanihity estimate in the study was for 100
seed weight (0.96) followed by node at which first fruit s retained
(0.93), days to first female flower anthesis (0.92), node at which

the first female flower 1s formed and seeds/fruit.

High heritability coupled with high genetic gain was observed
for 100 seed weight, seeds/fruit and node at which first fruit s

retained.

The carotene content 1n 50 pumpkin genotypes ranged from
4.46 pg in CM 108 to 215 ﬁg/?DU g in CM 111, Iron content in

the genotypes showed a wide tange (0.51-2.74 mg/100 g).

The genotypes were grouped into 5 clusters based on Maha
lanobts D2 statistic and the clusters [, I, 1II, IV and V contained

2,7, 9,12 and 20 genotypes respectively.

The intracluster distance (DZ) was maximumn tn cluster Il

and minimum in cluster I,

Cluster [ showed the maximum average intercluster distance
with any other cluster. Intercluster distance (Dz) was maximum
between clusters I and II {(128.50) and was minimum between clusters

III and V (45.28).

Out of five clusters, cluster I showed high mean value fot
8 characters out of 20 characters studied. It had the lowest mean

value for 12 characters.
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Cluster IV had the maximum mean value for fruits/plant, yield/

plant and 100 seed weight.

Screening studies carried out with 71 genotypes revealed that
all the genotvpes except CM 214 were susceptible to Pumpkin mosaic

and yellow vein mosalc diseases.

Artificial 1noculation studies confirmed the immunity of CM
214 (Nigerian Local) to pumpkin mosaic virus and yellow vein mosaic

VITUS.



Plate 11. CM 214 immune to pumpkin mosaic and
yellow vein mosaic
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Appendix - 1. Meteorological data during the cropping period (month-wise)

Months Temperature (°C) Mean relative Total rainfall No. of Mean sunshine
Maximum Minmum humiditv (%) (mm) rainy days hours
1988
June 30.0 23.7 86 632.1 25 t2
July 29.0 23.2 88 545.0 26 3.0
August 29.2 24.3 86 507.8 25 3.7
September 29.9 23.2 85 700.0 24 5.1
October 31.7 23,3 8 116.6 9 7.1
November 32.6 22.9 68 11.0 1 7.9
December 32.6 223 57 14.9 2 9.0
1989
January 33.4 22,2 54 - - 8.1
Februarv 3653 21.2 45 - - 9.8

March 36.5 23.3 58 31.3 2 9.5



Appe 1x 2 Mean perf rvarce of 501 mpk  pdtyjes witt resp t t 20 characters

A Y ysto frst (Day t frst N d f s enale fl wers/ M™Mal fl wrs/ exrto N a4 w te gttt f N 15 fr ayta / Inter da
N mile flow r female fl wer fe ac fl we p ant plant n lef f s fut s T vne ma v pl nt lengt m
(M 7 thes s anthes s sf md fernale) e a ned (m)

CM 14 A 43 50 44 00 21 00 315 45 50 14 45 27 5) 717 7 5 2) 15 00
M 148 42 00 43 50 1 50 20 46.25 18 50 2 7 58 6€ 0 20 16.00
M 14C 43 00 45 50 50 225 32 50 14 45 26.5¢ 533 57 50 50 15 50
™M 88 €150 72 00 2100 350 92 50 26,71 54 50 11 74 83 50 25 160)

(™M 89 57 00 61 00 ~ 0 TN 47 6. 3 79 &7 0 39 16.00
M 91 53 00 61 50 22 00 285 44 25 1597 42 50 12 08 97 50 1 21 25

C™m 93 49 00 59 00 24 50 242 46.00 18 99 37 00 1235 84 50 15 16.00

CM 95 56.50 60 50 24 00 275 56.50 20 57 33 00 6 69 53 50 20 20 50

CM 102 44 50 5500 72 00 350 45 25 12 92 2 00 944 62 50 20 1650

CM 103 S4 00 60 00 28 Q0 275 & 00 2313 3 00 1155 80 50 25 21 00

CM 104 57 50 65 00 2250 2 80 50 0 1801 29 00 8 00 52 50 15 1375

CM 106 61 50 63 50 24 O 225 3583 16.07 41 50 6 80 52 00 40 127

CM 107 62 00 68 50 600 3 50 66.00 18 88 48 9 8 83 74 00 5 13 25

CM 108 53 50 63 00 9 0 258 72 S0 2819 27 50 777 77 00 25 10 50

CM 109 51 50 55 00 750 3 s0 51 00 14 92 40 00 12 0 79 50 15 17 50

™M 11 49 50 4 00 19 00 350 4175 1193 2% sn R a4r &7 S0 30 2( 00

CM 113 55 00 48 50 18 50 300 44 50 14 83 29 0O 10 64 76 50 17 50

M 2 8 00 59 00 27 00 310 65 00 21 04 500 933 87 00 10 1 50

CM 12¢ 46.00 62 00 21 00 3 00 62 00 20 &5 24 00 6.83 81 50 20 15 50

CM 131 5500 67 50 2 S50 255 47 50 18 65 32 00 8 82 70 00 25 16 50

™M 133 62 50 61 00 23 00 375 7500 0 02 38 0 9 90 64 00 30 1600

CM 135 41 5C 41 00 19 50 425 58 75 13 85 34 00 7 8 86. 0 20 00

CM 36 3 00 58 0 300 375 89 00 2379 7 50 13 99 116.00 30 05

CM 139 52 50 61 00 23 00 300 45 00 1500 59 C 10 63 82 50 2 8 00

CM 147 51 50 4 00 2 00 4 50 €5 00 14 28 55 00 974 103 00 5 17 0

CM 148 54 50 62 05 22 00 275 44 50 1633 34 00 12 06 74 50 20 21 0

CM 149 50 50 50 00 950 283 44 50 15179 32 00 933 95 00 20 1175

C™M 153 50 50 6 0 20 50 3 00 4217 14 00 42 50 914 67 00 15 1300

C 415 S4 00 66 00 20 00 4 00 71 08 17 84 3700 8 45 73 50 35 1600
/15 58 00 61 50 2200 225 43 €7 1943 5 0 774 95 0 40 14

cM €0 52 50 65 00 21 00 300 8 50 1617 34 50 10 5¢ 85 00 15 19 0

C™M 1¢2 5 00 61 0 23 00 380 61 50 16.21 34 0 929 80 50 20 2075

LM 1643 52 50 62 50 23 00 4 00 84 00 2100 260 6.75 60 50 30 0o

CM 15 75 00 78 00 23 00 5 00 €2 50 12 42 49 00 12 03 99 0O 20 21 50

CM 1¢7 48 00 6#C 00 24 00 325 61 0 18 97 27 00 814 71 00 25 17 00

v 7 00 59 00 22 00 300 475 14 91 2950 10 50 76.00 25 17 00

CM 5 150 50 00 19 00 3 00 517 17 25 30 0O 930 83 50 395 17 00

™M 7 50 63 50 27 00 37 S 00 17 28 a4 018 9 00 4 00 1375
M 1797 00 €0 50 29 00 4 50 7125 1578 34 (0 710 4 50 40 16.00

CM 179 48 00 57 50 27 50 325 53 25 16.56 38 00 1179 117 00 30 14 50

C v 180 45 50 61 50 2500 275 40 25 14 67 76 50 8 50 4500 35 18 00

CM 182 55 00 59 50 23 00 275 59 00 2183 28 00 8 95 78 50 35 13 50

™M 183 57 00 63 50 21 50 275 €325 2277 44 00 10 47 75 50 20 16 50

Cv 18 45 00 7 00 2000 300 48 00 16.00 (0 77 48 00 30 21 50

C™M 188 42 50 43 50 1550 3 00 46.50 15 50 ( 839 75 50 30 12 25

C+ 189 56. 0 59 50 2100 3 00 44 50 14 83 24 00 9 67 57 00 20 20 25
v 192 41 00 44 00 20 00 2 67 49 00 18 70 3150 7 90 87 00 25 18 25

C™M 193 48 00 45 50 1950 275 39 00 14 27 32 © 6.81 77 50 0 16.7
v 201 68 00 B4 O 2 00 300 65 50 2183 7 0 13 65 110 0G 20 11 50
M 21 58 50 6 0 2 00 255 49 0 19 25 30 0 78 € ) 25 177




fr ductive MMruts/ Average frut  Lengtt of tte (D1a neter of flest S eds/ 100 seed Yield/

br  tes/plart plant wergtt (k 3) frut (cm) tte fruit (cv)  thickness fruit woaght fIa 1
() (kq)
15 25 2 40 20 25 17 0 27 33, 00 1110 5 €0
10 20 330 14 50 24,0 2 45 $73 00 14 45 6 60
35 15 2 85 1625 217> 2 50 649 00 705 390
45 20 34, 12 25 16.7 3 50 350 00 € 45 6 90
30 20 3 ¢0 2500 1630 305 631 50 16 80 7 20
35 20 2 €0 28 75 17 00 375 381 50 12 6> 420
35 20 225 15 25 1875 2 90 565 00 14 90 450
20 30 245 24 25 16.25 315 495 00 12 40 7 40
40 20 290 17 50 1675 385 255 00 1130 S 80
50 20 T 75 20 50 2100 4 00 205 00 15 20 7 50
30 25 250 2625 1875 275 86 50 7 60 6 50
25 15 1 60 20 50 1213 2 05 432 50 975 2 40
95 25 155 16795 12 30 255 380 00 535 3 80
60 10 3 40 1525 2175 355 365 00 1110 3 40
35 15 255 13 25 19 00 418 401 50 5 63 3 60
40 20 170 20 00 1175 2 00 317 00 12 65 3 40
A5 10 4 20 19 25 14 00 305 516.<0 7 00 473
50 20 210 14 00 19 00 325 $14 00 12 20 420
40 15 4 80 24 00 2125 310 661 50 12 20 7 30
105 20 235 26.25 14 00 335 218 50 10 65 470
45 20 245 13 25 22 25 2 45 392 00 11 55 S 00
35 30 155 1975 17 25 2°5 422 00 10 90 4 80
40 "0 130 16 50 1325 180 379 00 1120 130
70 20 2 20 1575 1625 215 332 50 1130 4 40
50 40 120 13 50 975 285 313 50 540 4 80
70 20 375 21 50 19 50 315 504 S0 1135 7 50
25 20 335 20 00 1525 2 65 484 00 975 6.70
35 15 590 22 50 2500 4 00 717 50 1310 9 /0
30 25 3 00 3275 16.25 320 450 00 9 53 870
55 10 0 %0 22 08 1035 190 202 50 6.25 090
60 25 197 1875 15 50 210 607 S0 1513 510
75 25 180 15 50 19 00 195 360 00 "010 4 50
35 20 330 17 50 1975 235 448 50 10 26 6.60
45 20 200 18 75 13 25 195 277 50 875 4 00
40 15 £10 14 50 2100 215 526 00 10 45 3 40
45 10 510 23 55 18 00 3 80 653 50 10 93 510
20 20 245 15 00 23 00 450 566.00 1210 490
90 15 235 14 7> 2190 350 624 50 9 98 320
30 20 670 21 50 27 00 4 08 678 00 13 43 13 40
50 15 210 11 50 16.50 300 106.00 13 14 290
40 25 3 30 26.00 17 25 320 418 00 13 58 8 60
35 10 3 20 1525 2075 2 95 350 00 13 95 320
10 15 310 26 50 16.00 270 536 50 18 90 4 80
35 10 270 1,25 18 25 310 62 50 6 60 270
25 10 330 20 25 16.25 4 65 186 50 8 20 330
50 20 4 50 26.00 18 7, 7 65 439 00 13 38 ° 00
40 15 17 14 50 16.25 2 50 339 50 810 2 50
35 15 150 15 GO 13 00 145 285 00 830 2 60
65 20 210 20 00 175 3 102 50 10 40 4 20
35 15 270 25 ,0 18 00 335 662 50 14 48 4 00
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ABSTRACT

The present Investigation on "Divergenre studies 1n pumpkin

(Cucurbita muschata Poir) was conducted at the College of Horti-

culture, Vellanikkara, Trichur during June 1988 - March 1989.

Seventy one pumpkin genotypes collected from different parts
of India and abroad were utilized for the study. The extent of varia-
bility and divergence among 50 selected genotype. were assessed
and grouped into 5 clusters based on Mahalarobis D2 statistic,
Cluster I, II, III, IV and V contained 2, 7, 9, 12 and 20 genotypes
respectively. Intercluster distance was maximum between clusters |
and Il and wa* minimum between clusters Il and V. Cluster | showed

maximum average intercluster distance with any other cluster.

Screening 71 genotype. for resistance/tolerance to pumpkin
mosaic and yellow vein mosaic discases revealed that all genotypes
except CM 214 were susceptible. Artificial tnoculation studies
confirmed i1mmumty of CM 214 (Nigerian | ocal) to pumpkin mosaic

virus ar i yellow vein mosalc virus.





