
Introduction
Cucurbits are an important group of vegetables belonging to the 
family Cucurbitaceae. This family ranks �irst in the number and 
percentage of species used as human food. Cucurbits comprise 
96 genera with approximately 1000 species. Out of the 1000 
species of Cucurbitaceae, 10 are of worldwide economic 
importance, cultivated globally, and are here considered major 
cucurbit crops and around 23 are of more local commercial 
importance, are often cultivated in their native range, and might 
be called 'minor cucurbits [1]. Cyclanthera	pedata	(L.) Schrad 
belongs to Cucurbitaceae is one of the minor cucurbit vegetable 
crops, commonly known as Pahadi Karela/ Ram Karela/ Meetha 
Karela in different states of India [6,9]. It is originated from 
South America, speci�ically from Andean region or Sierra where 
it was cultivated by Incas who used its fruits as food [3]. 
Currently C.	pedata	 is cultivated in various parts of the world 
where it was introduced in Africa, China, India, Bhutan, Nepal, 
and Europe as a food [12].
Genus Cyclanthera	is having 30 species that are native to warm 
temperate and tropical America, out of which C.	 pedata	 can 
withstand extreme temperatures (cold and hot) than any other 
species and usually free from foliar diseases and pests. 
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	ABSTRACT	
Cyclanthera	pedata	(L.)	Schrad	also	known	as	Pahadi	karela	reported	to	be	naturalized	in	hilly	states	of	India.	This	species	of	the	
Cucurbitaceae	family	has	medicinal	properties	like	anticholesterolemic,	anti-in�lammatory	and	hypoglycemic	properties.	Despite	
these	characteristics,	it	is	an	underexploited	vegetable	grown	in	the	wet	temperate	zones	of	Himachal	Pradesh.	In	the	study,	we	aimed	
to	investigate	the	morphological	variability	of	C.	pedata	fruits	and	their	locations	variability	grown	in	the	Seeraj	Valley	of	the	state.	
The	study	included	seven	locations	and	a	total	of	31	genotypes,	on	which	eight	fruit	morphological	traits	were	analysed.	The	highest	
fruit	length	(11.80	cm),	fruit	width	(3.84	cm),	average	fruit	weight	(360	gm)	and	fruit	yield	per	plant	(4.30	kg)	was	recorded	in	L2	
location.	Among	seed	traits,	L7	(16.18mm),	L4	(8.54	mm,	3.77	mm)	and	L2	(13.60	gm)	observed	the	highest	values	for	seed	length,	
seed	width,	seed	thickness	and	100	seeds	weight,	respectively.	The	highest	values	for	fruits	size	and	yield	traits	of	C.	pedata	were	found	
at	the	high	altitudinal	gradient.	In	most	of	the	hilly	states,	only	small	natural	populations	of	the	plants	and	self-supply	production	
with	 little	agronomic	management	can	be	seen.	This	neglected	and	underutilized	plant	 is	 likely	to	 increase	the	source	of	 food,	
nutrition	and	economic	growth	of	rural	areas	Collection	of	cultivars/landraces	by	surveying,	and	their	maintenance	could	aid	to	the	
genetic	 improvement,	 breeding	 for	 sustainable	 and	 commercial	 production	 and	 popularization	 of	 the	 underutilized	 yet	 very	
important	cucurbitaceous	vegetable	crop,	C.	pedata.
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It can grow upto an elevation more than 2500 meters [13]. It is 
an annual climbing plant that can attain height of 5 meters or 
above provided with tendrils, palmate leaves, and small male 
and female �lowers (monoecious species) at the leaf axil. The 
adult stem characterized with �ive prominent ridges. Leaves 
light to dark green, lobbed with �ive pinnati�id segments, oblong 
shaped, jagged edges and an acuminate apex. Male �lowers are 
borne on long stalks in the small racemes in a group of 15-20 
�lowers, whereas, female �lowers are borne on small stalks as 
solitary axillary or in pairs and found in smaller numbers 
compare to male �lowers. The fruit is a green-pale/green ovoid 
pepo is usually 10-15cm long and 5-10cm in width having soft 
spines with curved ends. The mesocarp is thin and succulent 
while the endocarp is white and �luffy when mature, the inside of 
the ripe fruit is hollow, and contains dark-brown seeds roughly 
quadrangular attached to a placenta (Figure 1). The roots are 
shallow and extensive. The taxonomical hierarchy is presented 
in Table 1.
 Fruits of this underutilized and neglected vegetable are edible 
both raw and cooked the mature fruits are cooked and can be 
�illed with any stuf�ing (meat, �ish or potato), while young and 
immature fruits are consumed raw as salads. The sprouts and 
the young leaves are edible as well [7]. C.	 pedata	 gained 
popularity in many developed countries due to its medicinal 
properties like anticholesterolemic, anti-in�lammatory and 
hypoglycemic properties [10]. Viewing the medicinal 
importance of C.	pedata	 in treating hypercholesterolemia and 
other high lipid related diseases, Diaz Rebolledo et al. [2]
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�iled a patent (Patent No.: US 10,967,027 B2, Date of Patent: 
April 6, 2021) with the objective of provide a method of 
extraction of active materials from C.	 pedata	 that have had 
therapeutic activity against hypercholesterolemia which 
decreasing cholesterol levels on treating with the help of easily 
digestible solid-form extract (capsules form) of C.	 pedata.	
Mineral content was reported for this vegetable by Oliveira et al. 
[8] as follows: 0.91 for sodium, 152 for potassium, 19.4 for 
phosphorus, 11.9 for calcium, 8.4 for magnesium, 0.074 for 
manganese, 0.21 for iron, 0.013 for copper, 0.13 for zinc and 
0.015 for vanadium (mg/ 100g). The plant chemical reported in 
C.	 pedata	 fruits include phenols, peptin, galacturonic acid, 
picrin, lipoproteins, �lavonoids, alkaloids and vitexin. It thus 
represents an example of a plant used for medicinal purposes 
and can appropriately be considered within the above - 
described context of food plant with health-giving effects. For 
this reason, C.	pedata	has a commercial interest in the functional 
food markets of different countries.
In India, it is mainly found in natural habitats of hilly states like 
Himachal Pradesh, Uttarakhand, West Bengal, Sikkim and other 
North East. Himachal Pradesh, it is known as Pahadi Karela/ 
Meetha Karela where it is found in various parts of the state, 
especially high and mid hill zone of the state growing in small 
farms/ home garden with little agronomic management. C.	
pedata	is considered less economically important among other 
main cucurbit vegetable crops and thus has often been 
neglected in scienti�ic research. To the best of our knowledge, 
there is meager/ no morphological study of C.	 pedata	
populations in the state. In order to assess the fruit and seed 
morphological variability, the present study was done in the 
form of survey to get insight into the morphological traits of C.	
pedata, to determine their inter- and intra-population 
variability and to establish the relationship between fruit 
characteristics and geographical and environmental conditions.
 The survey for morphological traits variability analysis was 
done in seven locations of Seeraj Valley of district Mandi of 
Himachal Paresh, India (Table 2). Data were collected from 31 
plants of C.	 pedata	 from different surveyed locations, then 
proceeded for phenotypic evaluation of morphometric and 
yield contributing traits.
The survey was carried out at seven different locations of Seeraj 
valley. Total 31 plants grown by rural peoples of the areas are 
located from seven surveyed villages for further study and seed 
collections. The vigorous growth of vines was seen in semi-
shady areas having rich and moist soils. Usually, single plant or 
two were planted together near apple trees or backyards. The 
planting time of this vegetable was recorded after interviewing 
the people in their local dialect. Most of the rural people 
propagated C.	 pedata	by seeds in the month of May (second 
fortnight). The harvesting of fruits can be done from September 
onwards which continue up to November. No evidence of any 
foliar disease and insect pest was recorded during the survey. 
Some fruits are left to mature in the �ield for collecting seeds 
which are later used to grow the crops for the next season.
The plant traits related to different fruit phenotypic traits viz., 
seed, yield and yield contributing characters were recorded. In 
total, eight morphological traits were examined. viz.,	fruit length 
(cm), fruit width (cm), seed length (mm), seed width (mm), seed 
thickness (mm), average fruit weight (gm), average fruit yield 
(kg), 100 seed weight (gm). Data for variability analysis were 
obtained from 10 random, unripe, undamaged fruits with stalks, 
taken from the initially collected 30 fruits from each plant. 

The fruit traits were recorded at a unripe, marketable stage and 
harvesting stage. The seed traits were assessed at the post-
harvest stage.
In order to determine the range of variation for each population, 
descriptive statistics, including arithmetic mean, standard 
deviation, minimal values, maximal values, and coef�icient of 
variation, were calculated for all of the studied morphological 
traits on individual population level. Furthermore, the 
differences in fruit traits between studied populations were 
carried out by the analysis of variance (ANOVA). Afterwards, the 
principal component (PC) analyses were conducted in order to 
reveal the interactions between the analysed variables, and to 
reduce all of the components to the lower number of 
factors.Fruit morphological data taken from different plants of 
C.	pedata	from different locations were characterized and listed 
in table 3 which was revealed to have yellow �lowers with light to 
dark green foliage, fruit surface colour varied from dark green to 
light green, small, medium to large fruits having spine to 
spinless fruits surface, ovoid and curved fruit shaped was 
noticed. The fruit endocarp and seeds of most of the C.	pedata	
populations were white and dark brown, respectively.
Variability in all the proximate traits of plant population under 
study was showed in �igure 2. The highest fruit length (11.80 
cm), fruit width (3.84 cm), average fruit weight (360 gm) and 
fruit yield per plant (4.30 kg) was recorded in L2 (Upper 
Mayadhar). Among seed traits genotypes viz., L7, Kiling 
(16.18mm), L4, Mughan (8.54 mm, 3.77 mm) and L2, Upper 
Mayadhar (13.60 gm) observed the highest values for seed 
length, seed width, seed thickness and 100 seeds weight, 
respectively. On the other hand, data based on locations (Table 
4) showed that L1 (Lower Mayadhar) recorded the lowest 
values for fruit length, seed length and 100 seed weight. 
Minimum values for fruit width, seed width and seed thickness 
were observed in L6 (Thunag main). Low average fruit weight 
and average yield per plant were found in L4 (Mughan) and L5 
(Thunag main), respectively. Results showed the greatest 
variability among traits in L2 (Upper Mayadhar). High 
morphological variability of C.	pedata	fruits was found, both on 
inter and intra-population level. It was further revealed that 
inter-population variability explains most of the total 
variability, indicating high morphological distinction between 
the genotypes of the
Principal  component  (PC)  analysis  based on eight 
morphological fruit and seed traits revealed that the �irst two 
principal components explained 69.00 % of the total variability 
(Table 5). Average fruit weight, fruit width and fruit length were 
in high positive correlation with the �irst principal component. 
Whereas, 100 seed weight and seed width was in positive 
correlation with the second PC.
As fruit size, fruit weight and yield per plant are most important 
factors in breeding, populations with the highest values for 
these above said traits (L2) and seed characters like seed width, 
length, thickness and test weight (L4 and L2) could be 
considered to have the fruit of the best quality. This information 
could �ind use in conservation-through-use approach, which is 
based on the premise that the conservation of the species could 
be achieved through its health and economic bene�it for local/ 
rural communities.
Hilly regions are considered as treasure trove of various wild 
and unexploited edible plant species. C.	 pedata	 is not been 
intensively exploited in the country as well in the state. In most 
of the hilly states, only small natural populations of the plants 
and self-supply production with little agronomic management 
can be seen. 
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This neglected and underutilized plant is likely to increase the 
source of food, nutrition and economic growth of rural areas. 
Ef�icient utilization of this crop may add to the available plant-
based drugs due to its anticholesterolemic, anti- in�lammatory 
and hypoglycaemic properties for present and future 
generation. Genetic variability in crops is of paramount 
importance in selecting the best genotypes for rapid 
improvement of yield and its related characters, and for 
selecting the most potential parents for a successful 
hybridization programme. Our results con�irmed high location 
variability in regards to fruit morphology and yield and yield 
related traits. In addition, we found out that altitude proved to 
signi�icantly in�luence fruit morphological and yield traits, as it 
was positively correlated to fruit size and yield and average fruit 
yield of the plant. Big sized dark green with soft spined fruits 
with high average yield and seed test weight was noticed in 
location having high altitude as compared to other locations 
under study. 

Future	scope	of	study: There is a need to promote the use of 
this neglected yet important cucurbitaceous crop by carrying 
out research on identi�ication, collection, and conservation of an 
elite genotypes from different locations of Himachal Pradesh, 
also very little scienti�ic attention has been received on 
particular crop therefore, collaborative germplasm exploration 
and exchange program needs to be conducted to better 
understand the potential opportunities. The popularization and 
characterization of C.	pedata	would help to generate scienti�ic 
documentation, it would help create awareness about health 
bene�its and importance of sustaining food and nutritional 
security among the rural people and farming communities of 
hilly regions of Himachal Pradesh.

Table	1:	Botanical	classi�ication	of	Cyclanthera	pedata	(L.)	Schrad
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Table	2:	Name	of	locations,	number	of	samples,	acronyms,	altitude	and	geographic	coordinates	of	Cyclanthera	pedata	L.	populations

Table	3	Evaluation	of	Cyclanthera	pedata	L.	genotypes	collected	from	different	locations	for	morphological	traits
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Table	4	Mean	values	of	different	horticultural	and	yield	traits	of	Cyclanthera	pedata	(L.)

*SEM:	Standard	Error	of	Mean

Table	5	Pearson	correlation	coef�icients	between	horticultural	and	yield	traits	of
Cyclanthera	pedata	(L.)	and	scores	of	the	�irst	four	principal	components	(PC)

A B

C D E

Fig.	1	Cyclanthera	pedata	(L.)	Schrad	plant	growth	at	Seeraj	valley	(A),	male	&	female	
�lower	(B),	Fruit	(C),	T.S	of	fruit	(D),	mature	seeds	(E)
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Figure	2	Arithmetic	means	for	analysed	horticultural	and	yield	traits	in	Cyclanthera	
pedata	 (L.).	 Locations	 L1	 (Lower	Mayadhar),	 L2	 (Upper	Mayadhar),	 L3	 (Joodh),	 L4	
(Mughan),	L5	(Thunag	lower),	L6	(Thunag	main),	L7	(Kiling)
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