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ABSTRACT : An investigation was conducted at Department of Horticulture, Agricultural
College and Research Institute, Madurai during 2016-2017 to study the per se performance of
pumpkin hybrids evolved with diallel analysiswith thirty hybridswere obtained through diallel
mating design with six parentsviz,, P;: Acc.No.MDU CM23 - Thirumangalam local, Madurai
district, P,: Acc.No.MDU CM28 - Oddanchatram local, Dindugul district, P,: (Acc.No.MDU
CM29- Harur local, Dharmapuri distict, P,: Acc.No.MDU CM 12, Department of Horticulture,
AC and RI, Madurai, P, : Acc. No.MDU CM1 - Attur local, Salem district, P.: Acc.No.MDU
CM31 - Rajapalayam local, Virudhunagar district for yield and quality traits in pumpkin
(Cucurbita moschata Duch. ex. Poir). The per se performance of parents and hybrids showed
that the parents P, (8.46), P, (9.36) and P, (4.55) were high yielding and bigger sized fruits.
Among thethirty crosses, six crosscombinationsviz, P, x P, (12.38), P, x P, (11.79) P, x P,(8.18),
P, x P,(11.66), P, x P,(8.55) and P, x P, (12.08) recorded higher valuesfor yield per vine, fruit
weight (6.13to 10.15kg), vinelength (6.54t0 8.22) , higher sexratio (17.05to0 24.06). Thesmaller
sized fruitswere obtained infive crosscombinationsviz., P, x P1(1.54), P,x P(1.78) P,x P,(1.79),
P,x P, (2.02) and P, x P,(1.68) withthefruit sizeranged from 1.54to 1.79 kg.
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n economically important cucurbitaceous
vegetable having diploid chromosome number of
2n=40. It isgrown throughout thetropics of Indiaandits
occupies aprominent position dueits high productivity,
nutritive values, good storability, better transport quality
and extensive cultivation in sub tropical and tropical
regionsof theglobe. It isused both immature and mature
stages as vegetable and consumed as processed
products.
In India, pumpkin occupies an area of 11,060
hectares with an annual production of 2.77 lakh tonnes
accounting to an average productivity of 25.10 tonnes

pmpkin (Cucurbita moschata Duch. ex. Poair) is

per hectare during 2014. In Tamil Nadu, pumpkin
occupies an area of 1,530 hectares with an annual
production of about 37,340 tonnes and an average
productivity of 24.41 tonnes per hectare during 2014
(Saxenaand Chander, 2015). Pumpkin hasreceivedlittle
attention in crop improvement, as compared to other
cucurbitaceousvegetables. Being across-pollinated crop,
development of hybrids is possible through heterosis
breeding. Further, the devel opment of hybridswill have
the advantage of higher productivity with uniformity in
size and shape. Pumpkin is nutritionally rich and its
medicinal properties, comparatively little attention had
been made for the improvement of this crop.
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Among the several biometrical methods available
to study the complex nature of yield and the influence of
environment on its expression, diallel analysis was
preferred asit has proved to be a successful tool in plant
breeding (Sirohi, 1994). Complete expl oitation of genetic
variation enablesto produce not only heterotic F, hybrids
but al so recombinants with desirabl e attributes.

Information on genetic association among
componentsof yield and itsattributesisinvariably useful
inimproving selection efficiency. Thedirect and indirect
effects of these different components on yield are
measured by path co-efficient analysis.

Further, the development of hybrids will have the
advantage of higher productivity with uniformity in size
and shape. Pumpkin, being a monoecious and cross-
pollinated crop, providesan ample scopefor exploitation
of hybrid vigour. The commercial exploitation of hybrids
iseasy in pumpkin dueto its high seed content and easy
seed extraction procedures.

Pumpkin, being a cross pollinated crop exhibits
considerable variation for different traits. So far only a
very few attempts have been made to improve the local
types and number of released varieties available for
commercia cultivationisalso limited. Hence, the present
investigation is undertaken To study the per se
performance of the parents and hybrids for to a hybrid
of early, small sized fruits with more carotene content
and highyield.

RESEARCH METHODS

A field experiment was conducted at the College
Orchard, Department of Horticulture, Agricultural
College and Research Institute, Madurai, during 2016-
17 the research arealocated at 09°58' 30.5" N latitude,
078°12' 27.4 E longitude and at an altitude of 158 m
above the mean sea level.

Theclimate at the experimental locationisgenerally
warm. The hottest period of the year is between the
monthsof March to August 2016, reaching the maximum
temperature recorded upto 41.9°C in April (2017). The
temperature dropsin December and the low temperature
continues upto January, reaching the minimum of 21°C.
Thedistrict receives an average annual rainfall of 620.5
mm.

Parental materials :
Six genotypes of pumpkin viz., P, (Acc.No. MDU
CM23, Thirumangalam local, Madurai district), P,

(Acc.No.MDU CM 28, Oddanchatram local, Dinddugul
district), P, (Acc.No. MDU CM29, Harur local,
Dharmapuri distict), P, (Acc.No. MDU CM12,
Department of Horticulture, AC and RI Madurai), P,
(Acc.No. MDU CM1, Attur local, Salem district), P,
(Acc.No. MDU CM31, Rajapalayamlocal, Virudhunagar
district) were used as parents for crossing programme
inall possible combinations adopting full diallel mating
design (Doijode and Sullamath, 1983).

Selfing and crossing techniques:

All the six parents were selected based on the
performance in the germplasm screening. The seeds of
these six parentswere sown in pits at aspacing of 2x 2
m either way during August 2016. The recommended
horticultural practiceswere adopted uniformly in all the
parents under study.

The crossing of parents attended in full diallele
mating design. Pumpkin is monoecious in nature
producing staminate and pistillate flowers separately on
the same plant. For hybridization, the solitary staminate
and pistillate flowers of all parents were covered
separately with butter paper covers on the previous day
evening prior to opening. On the next day morning as
soon asthe flowers opened the pollen from the staminate
flowers were collected 5.45 - 7.15 A.M) and the same
was dusted on the stigma of the pistillate flower of the
bagged female parent. The pistillate flowers were
rebagged and tagged for identifying the cross-
combination.

For selfing, the pollen grainsfrom the bagged male
flowerswere dusted on the pistillate bagged flowers of
the same plant. The pollinated parental lines were
rebagged and tagged.

The seeds were extracted from the fully ripened
fruits and thoroughly washed to remove mucilaginous
coating. The seedsweredried at eight per cent moisture
level. All the 30 F, seeds along with their parents and
standard check hybrid CO 1 wereraised in Randomi zed
Block Design (RBD) with three replications during
December 2016 to evaluate the hybrids. A spacing of 2
X 2 m was adopted. Recommended cultural practices
and plant protection measures were followed to al the
plants. Five plants were tagged in each hybrid and
parentsin each replicationsand biometrical observations
were recorded from the tagged plants. The b-carotene
content estimated in thefruits by following the procedure
given by Ranganna (1979) and the dry matter content of
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thefruits measured by following the methods described
by AOAC (1975). The data recorded were statistically
analysed by using the methodology of Panse and
Sukhatme (1967).

RESEARCH FINDINGS AND DISCUSSION

Thefindingsof the present study aswell asrelevant
discussion have been presented under following heads:

Analysis of variance :

Analysis of variance of parents and hybrids for
guantitative traits showed highly significant difference
for thetraitsviz., daysto first male flower, daysto first
femaleflower, nodesto first maleflower, sex ratio, days
to first harvest, number of fruits per vine, average fruit
weight, fruit length, fruit diameter, flesh thickness, number
of seeds per fruit, fruit yield per plant and thetraitsvine
length, number of primary branches and nodes to first
femaleflower showed significant variability among them,
hence, the essential pre- requisite for studying the
genotypes can be satisfied. Analysis of variance of
parents and hybrids for quality traits viz, total soluble
solids, b-carotene and dry matter content showed highly
significant variability.

Per se performance of parents and hybrids:

The success of any breeding programme depends
upon the choice of elite genotypes based on the mean
performance. While eval uating the genotypes, high mean
value is considered as the acceptable procedure for a
long time among the breeders. Parents with high order
of performance would be useful in choosing better
genotypes. Parentswith good per se performancewould
results in good hybrids. Good hybrids are generally
identified based ontheir high per seperformance (Gilbert,
1958).

Vine length :

Vinelengthisayield contributing trait in pumpkin
whichisconsidered asimportant for growth and vigour
of the plants. Among the six parents, P, (8.14m) produced
longest vine length followed by P, (8.01m). The hybrid
P, x P,(8.71m) significantly recorded the highest value
for this trait followed by P, x P, (8.22m) and P, x P,
(8.13m). The present results are in agreement with the
report of Kumar et al. (2005) in pumpkin, Aravindakumar
et al. (2005) in musk melon and Josephin (2008) and
Manikandan (2012) in ash gourd.

Daysto first female flower:

Earlinessisconsidered as one of the most important
charactersin any crop improvement programme and most
of the genotypes or accessions are preferred when high
yield is coupled with earliness. The parent P, (51.85)
and the hybrids P, x P, (47.61), P, x P, (48.82) were
early with respect to daysto first femal e flower opening.
It might be due to the expression of dominance allels
present in the female parent. The results are in
accordance with the reports of Aravindakumar et al.
(2005) in muskmelon and Tamilselvi (2010) in pumpkin.

Nodes to first female flower :

Thefirst female flower inthe parents P,(21.16), P,
(21.33) and P, (22.16) appeared in lower nodes, while
higher nodes in hybrids P, x P, (22.00), P, x P, (20.00)
and P, x P, (20.00). It may be due to the non additive
gene action of the male parents. This was supported by
Josephin (2008) in ash gourd and Kumar et al. (2005) in
pumpkin.

Sex ratio :

Ingeneral, narrow sex ratio ispreferablein cucurbits
cropimprovement programmes, which could befavorable
for the production of more number of fruits and higher
yields. The parents P,(13.50) P, (16.50) and P, (17.05)
recorded lowest values for sex ratio and the hybrids P,
x P,(14.36), P, x P (14.87), P, x P, (14.87) also recorded
the lowest values. It may be due to the presence of
dominant genes expression. Similar observationsin ash
gourd were made by Tamilselvi (2010) and Manikandan
(2012).

Days to first harvest :

The daysto first harvest waslessin the parents P,
and P, and also in hybrids P, x P, and P, x P, Similar
results were also reported by Rana et al. (2016) in
pumpkin and Kumar et al. (2017) in cucumber.

Number of fruits per vine:

The parents P, (2.17) P,(1.98) P, (1.82) and P,
(1.80) and hybrids P, x P, (2.66), P, x P, (2.15) and P,
X P, (2.12) recorded more number of fruits per vine.
The dominant non additive genes might be involved.
Similar pattern of results was reported by Bahari et al.
(2012) in water melon and Manikandan (2012) in ash
gourd.
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Tablel: Per se performance of parentsand hybridsfor quantitative traits of pumpkin

_ Vine Da_ysto N(t)ges Days Numt_)e’Avergge Fruit _Fruit _Flesh Number F_ruit Total  beta Dry matter
Hybrids/ length first first Sex 'to of frqlts fr_wt length diameter thickness of seeds/ yield/ solgble carotene content
parents (m) femal_e female ratio  first pervine weight (cm) (cm) (cm) fruit plant solids (mg/ (%)

flowering flower harvest (kg) (kg) (TSS) 100g)
P. 814 5185 2433 17.05 8904 156 893 2956 65.35 254 34189 846 627 074 1.00
P, 4.38 53.67 2216 1817 8530 182 155 17.87 53.67 2.35 26030 254 764 0.90 0.87
Ps 375 5433 2116 1938 8884 198 155 1663 4433 214 33539 356 844 079 0.79
Py 801 5567 2133 2231 9204 141 503 2272 6054 262 34963 936 897 074 0.80
Ps 395 5500 2250 1650 8800 217 310 2633 6322 255 32810 312 970 0.73 0.76
Ps 481 5217 2517 1350 9387 180 377 2083 5872 3.20 37656 455 7.01 0.86 0.66
P1xP, 813 4761 2033 17.05 8904 150 7.86 29.76 65.73 286 34845 1179 665 0.73 1.00
P1xPs 7.83 48.82 2267 17.75 8993 122 1015 29.70 66.49 256 35153 1238 6.32 0.73 0.93
P1xPy 7.84 5210 2267 1785 8966 081 758 30.82 66.57 2.59 336.25 818 7.32 0.73 0.94
P1xPs 656 5139 2200 1790 8893 159 758 3154 6569 237 32493 1049 649 0.82 1.00
P1xPs 8.22 5433 2250 18.00 8947 140 6.13 3088 67.37 258 35585 855 6.11 0.80 0.89
PxPy 4.45 5350 2288 1838 8546 181 154 1797 5448 2.38 26843 162 7.38 0.85 1.03
P>xP; 467 5283 2445 1837 8750 198 178 17.94 5437 236 28921 351 731 093 0.91
PoXPy 4.21 5332 2316 1804 8699 144 179 1805 53.77 253 280.96 332 7.55 0.86 0.96
P,xPs 449 5533 2156 1847 8512 204 202 1807 54.88 241 28284 414 739 076 0.92
P,xPs 4.60 53.67 2367 1828 8586 141 168 1823 5344 2.90 26244 232 7.67 0.87 1.01
P3xPy 3.67 5433 2517 1998 8868 199 332 1797 4479 275 33580 715 804 093 0.77
P3xP, 320 5400 2016 1885 8856 195 219 17.74 45.03 217 33873 457 923 093 0.75
PsxPy 4.02 5533 2067 1932 8894 148 233 17.08 44.23 2.52 34094 36 9.13 0.91 0.95
P3xPs 397 5233 2083 1906 8912 199 282 17.03 4539 223 34219 525 829 090 0.76
P3xPs 340 5294 2267 1871 8952 189 244 1743 4461 229 34245 537 831 084 0.85
PsxPy 8.12 5210 2133 2406 8859 145 833 2400 6126 2.96 35191 1208 9.35 0.79 0.92
PxP, 871 5167 2000 2349 9226 141 333 2376 6248 268 39812 792 944 074 0.82
PaxP; 6.54 5183 2000 2220 8953 160 319 2251 60.86 264 35260 169 913 0.76 0.81
PsXxPs 6.80 51.89 2233 2268 9043 212 545 2378 6358 2.69 355.38 11.66 8.98 0.79 0.86
P4xPs 6.88 5478 2350 2358 8984 161 537 2414 6178 268 35007 867 899 0.80 0.86
PsxPy 394 5322 2083 1984 9105 202 324 2724 6862 279 35060 356 835 0.73 0.81
PsxP2 3.83 5433 2400 1965 8936 266 3.08 2645 659% 270 32811 333 945 0.72 0.75
PsxPs 3.55 5516 2266 17.72 8828 202 321 2721 6343 2.28 36198 340 925 0.75 0.78
PsxP;4 351 5233 2250 1766 8819 215 356 27.04 64.80 294 33711 346 892 0.72 0.77
PsxPs 354 5184 2083 1622 8821 161 355 2733 63.82 260 34055 299 968 071 0.78
PsxPy 578 5288 2633 1487 9123 180 370 2745 59.03 310 37820 435 665 090 0.64
PexP; 5.74 5433 2350 1487 9255 182 428 2297 6198 3.30 380.84 413 761 0.85 0.64
PexPs 459 5216 2533 1683 9373 181 290 2113 57.33 354 37417 418 712 091 0.67
PeXPy 5.67 5511 21.00 1579 9334 170 348 2118 5892 3.27 37832 492 718 0.85 0.65
PsxPs 460 5350 2400 1436 9387 199 409 218 6178 323 38035 435 712 089 0.69
Check (CO1) 775 5506 2560 2372 9389 137 773 3594 6895 333 39712 866 7.30 0.67 0.84
Mean of parents  5.51 53.78 2277 1782 8951 179 399 2232 5764 2.56 33198 6.56 8.00 0.79 0.81
Mean of hybrid 5.37 5296 2245 1866 8944 176 398 2327 5875 2.69 34064 6.63 801 0.81 0.84
SE+ 0251 0.858 1642 0816 153 0152 1353 0718 1411 0.166 73 0181 022 0.03 0.03
C.D.(P=0.05) 0509 1741 3331 1655 310 0307 2744 1456 2.863 0.337 14807 0367 045 0.07 0.05
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Average fruit weight:

Fruit weightisamajor yield attributing character in
many vegetable crops. The lowest average fruit weight
was observed in the parents P, (1.55 kg) and P, (1.55
kg) andinhybridsP,x P, P,x P,. Thiswasin aconsonce
with the finds of Josephin (2008) in ash gourd,
Kothainayagi (2013) and Ranaet al. (2016) in pumpkin.
The parents P, (8.93 kg) and P, (5.03 kg) recorded the
highest fruit weight whereas, the hybrids P, x P, (4.28
kg), P, x P,(4.09 kg) recorded medium sized fruits. It
might be under the control of non additive gene action
and partial dominance nature. Similar results were
obtained by Manikandan (2012) in ash gourd.

Fruit length:

The less fruit length among the parents were
recorded in P, (17.87 cm) and P, (16.63 cm) and the
maximum fruit length in P, (29.56 cm) and P, (26.33
cm) In hybrids the maximum fruit length was recorded
by P, x P,(31.54 cm) followed by P, x P, (30.88 cm)
and the minimum length of the fruit in P, x P, (17.03
cm). This was in accordance with the results of
Umamaheshwari and Haribabu (2005) in pumpkin.

Fruit diameter :

The shape and compactness of the fruit is
determined by the diameter of fruit. Thistraitsindirectly
increases the yield and is considered important in
selecting pumpkin genotypesfor higher yield. The parents
P,(44.33 cm) and P,(53.67 cm)and hybrids P, x P, (44.23
cm), P, x P, (44.61 cm) recorded lower diameter of the
fruit. The parents P, (65.35 cm) and P, (63.22 cm)
recorded the maximum fruit diameter while in hybrids
P, x P, (68.62 cm) was recorded highest diameter of
thefruit. This present result isin accordance with Nisha
(1999); Singh et al. (2002) and Umamaheshwari and
Hari babu (2005) in pumpkin.

Flesh thickness:

Fruit flesh thicknessisessentia to decide the quality
of edibleportion of pumpkin. Further, morefleshthickness
favours better keeping quality and transportability than
the less thick fruits. The highest flesh thickness was
observed in the parent P, (3.20 cm) and in hybrids P, x
P,(3.54 cm), P, x P, (3.30 cm), P, x P,(3.27 cm). This
might be due to the presence of both additive and
dominance nature. This result isin corroboration with
the findings of Singh et al. (2002); Tamilselvi (2010);

Manikandan (2012) in ash gourd, Kothainayagi (2013)
in pumpkin and Muthaiah et al. (2017) inridge gourd.

Number of seeds per fruit:

The hybrid seed production requires more number
of seeds per fruit as it would reduce the cost of seeds.
Moreover, seedsof pumpkin are also used after roasting
for medication and hence more number of seeds would
be preferred. The highest mean value for number of
seeds per fruit was recorded in the parents P, (376.56)
and P, (349.63) and inthe hybrids P, x P,(398.12), P, x
P, (380.84), P, x P, (380.35). It may be due to the
expression of non additive dominant gene action. It might
due to dominant non-additive gene expression of the
parents. The present results are in conformity with
findings of Nagaragju (2014) in ash gourd, Rana et al.
(2016) in pumpkin, Kumar et al. (2017) in cucumber
and Muthaiah et al. (2017) in ridge gourd.

Yield per plant :

The fruit yield per plant in the six parents ranged
from 3.31to0 11.76 kg. The parent P, recorded the highest
yield (11.76 kg) per plant followed by P,(8.10kg). The
parent P, (2.90 kg) recorded lower fruit yield per plant.
Three parentsin the present study recorded significantly
higher values than the grand mean (6.56 kg). The fruit
yield per plant in the thirty hybrids ranged from 3.32 to
12.38 kg. The hybrid P, x P,recorded the highest yield
(12.38 kg) per plant followed by P, x P, (12.08 kg). The
hybrid P, x P, (3.32 kg) recorded low fruit yield per plant.
Fourteen hybridsinthe present study recorded significant
higher val ues than the grand mean (6.63 kg/plant). This
wasin accordance with result of Pandey et al. (2005) in
ash gourd and Veerendra et al. (2010) in ash gourd.

Total soluble solids :

The mean value of six parentsranged from9.70 to
6.27 °Brix. The parent P, recorded the highest value
(9.70°Brix), followed by P, (8.97°Brix) and P, (8.44°
Brix). The parent P, (6.27°Brix) recorded low total
soluble solids. Two parentsin the present study recorded
significant higher valuesthan the grand mean (8.00%brix).
Thetotal soluble solid content inthe hybridsranged from
6.32t0 9.68°Brix. Thehybrid P, x P, recorded the highest
value (9.68°Brix) followed by P, x P, (9.45°Brix). P, x
P, recorded thelowest value (6.11°Brix). Totally eleven
hybridsin the present study recorded significantly higher
values than the grand mean (8.01°Brix). This present
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results are in accordance with the Bahari et al. (2012)
in water melon.

b- carotene content :

The B-carotene content among the parents ranged
from 0.73 to 0.90 mg/100g. Maximum - carotene
content was recorded in the parent P, (0.90 mg/100g)
followed by P, (0.86 mg/100g) and the minimum 3-
carotene content was recorded in P, (0.74 mg/100g).
Two parents recorded significantly higher values than
the grand mean (0.79 mg/100g) for this character. The
mean performance of -carotene content varied from
0.93 to 0.71 mg/100g.The hybrid P, x P,and P, x P,
recorded the highest 3- carotene content of 0.93mg/100g.
The hybrid P, x P, (0.71 mg/100g) recorded the lowest
- carotene content. The grand mean of 0.81 mg/100g
was observed for this trait. Eight hybrids recorded
significantly higher values than the grand mean (0.81
mg/100g). This was in accordance with result of
Tamilselvi (2010) in pumpkin.

Dry matter content :

Anaysisof dry mater content infruit would be useful
in the sel ection of vegetableasasource of dietary fibre.
Crudefibre content in diet playsamajor rolein preventing
constipation and smoother bowel movement. Among six
parents P (1.0) and P,(0.87) recorded favourable high
per se values of dry mater content and in hybrids P, x
P, (1.0), P, x P, (1.0) and P, x P, (1.0) recorded the
higher values. The results are in accordance with the
Tamilselvi (2010) in pumpkin and Ranaet al. (2016) in
pumpkin, Kumar et al. (2017) in cucumber, Muthaiah et
al. (2017) inridge gourd.

Based on the per se performance of 30 hybrids, six
cross combinations viz., P x P,, P, x P,, P, x P, P, x
P, P,xP,and P, x P, recorded hrgher frurt y|eId per
vine. Th@e hybrrds recorded larger size fruits ranging
from 6.13 to 10.15 kg. The vine length was found to be
more (6.54 to 8.22 m), higher sex ratio (17.05 to 24.06)
and lesser number of fruitsper plant (0.81t0 11.59).The
large sized fruits are not preferred in the market by
nuclear families. The bigger sized pumpkin fruits are
preffered only by the hotels and social events, whereas
the smaller ones are much suitable for the nuclear
families. Such smaller fruitswereidentifiedinfivecross
combinations viz,, P,x P, P, x P,, P, x P, P, x P, and
P, x P, with thefrurt size varying from 1 54 to 1 79 kg
and yreld per plant varying from 1.6 to 3.5 kg. These

hybrids had narrow male to female ratio, more number
of fruits per plant and shorter vinelength. Thevinelength
of the smaller fruited plants were found to be fifty per
cent lesser than that of the bigger fruited crosses. Hence,
the yield per unit area can be increased by increasing
plant popul ation.
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