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INTRODUCTION C. grandis (Cucurbitaceae),  commonly known as  

Ivy Gourd,  is a dioecious vegetatively propagated 

species, distributed widely in the tropical and subtropical 
Angiosperms combine several reproductive modes, 

regions of the world (Renner and Pandey 2013).  This 
and one of the striking features of plant reproductive perennial climber occurs as wild and cultivated forms on 
system is the diversity that can occur among related the plains of India. The species is important as it  
species, and among populations within a species (Barret possesses a pair of  sex chromosomes and exhibits both 
2011).  Plant mating systems range from complete sexual and asexual modes of reproduction. Dioecy, in the 
outbreeding to complete self-fertilization, including all species is confirmed by the morphological and 
possible intermediate systems (Waser 1993).  Studies on cytological investigations carried out as part of the 
sexual polymorphisms, such as separate sexes and present study as well as from previous reports (Guha et 
heterostyly, can provide important insights into the al. 2005,  Sinha et al. 2007) i.e. male and female flowers 
evolution of floral form and function (Karron et al. on different plants and the presence of distinguished X 
2012).  and Y chromosomes in the females and males 
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ABSTRACT

Coccinia grandis, a dioecious cucurbit, is characterized by the presence of a pair of sex chromosomes. It 

exhibits both sexual and asexual modes of reproduction. Phenological observations  revealed that production 

of flowers and fruits occur throughout the year, although the highest rate of production was noticed during the 

summer. Flowering pattern showed a staminate biased ratio typical of dioecious plants. Pollen 

characterization of male accessions revealed numerous viable pollen grains while anthers of morphologically 

perfect flowers possessed malformed pollen grains clumped together in the sporangium. The presence of 

rudimentary stamens at various stages of development was also observed during morphological 

characterization of the accessions.  These characteristics may reflect an intermediate stage in the evolution 

from hermaphroditism to dioecy, suggesting that sexual dimorphism may be a relatively recent phenomenon 

in C. grandis.  The study of breeding systems revealed that open pollination was the most effective method in 

terms of fruit set and seed set both in the cultivated  and wild accessions. Fruit set observed in the unpollinated 

flowers indicate the apomictic nature of the species. Occurrence of apomixis along with sexual reproduction 

suggests the operation of facultative apomixis in C. grandis.
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given by Kearns & Inouye (1993) were used for the respectively. Understanding the reproductive biology of 
study of number of pollen grains/flower. The total organisms which display sexual dimorphism is of much 
number of pollen grains/anther and pollen grains/flower significance in view that such organisms may shed light 
was measured by a hemocytometer (Barret 1985).  One on the evolution of sexual systems.  Present paper is 
mature anther per flower was removed from each flower based on the studies on phonology, floral, pollination 
bud of the five accessions.  The anther was gently biology and breeding system in Coccinia grandis. 
squashed in 2 ml of 0.5 M sucrose solution. The pollen 
suspension was injected into a hemocytometer and the 

MATERIALS & METHODS
total number of grains within the 25-square counting 
area was determined.  The number of pollen grains per 

The study was conducted on five male accessions, anther was calculated using the formula (Tel-Zur & 
five each of cultivated and wild female accessions Schneider 2009) 

4including an accessions with morphologically perfect Mean number of pollen grains per square x 10  x 2
flowers. Male accessions include flowers with Mean value of five flowers of each accession is 
synandrous stamens and flowers with free anthers.  The represented in the data.  To estimate the number of pollen 
study was conducted in accessions collected from grains per flower, the number of pollen grains per anther 
different districts of Kerala. was multiplied by the average number of anthers per 

Phenology- flower. Direct monthly counting of flowers at 
anthesis were carried out throughout the first year in The measurements of pollen grains viz., polar 
samples of both the sexual morphs. Phenological studies diameter (P), equatorial diameter (E), exine thickness 
among wild and cultivated accessions were also and length of colpi were based on light microscopic 
conducted.  Averages and standard errors were plotted to observations. Pollen fertility was determined using the 
compare the dynamics of production of flowers in acetocarmine glycerin staining technique (Shivanna & 
anthesis. Rangaswami 1992) and pollen viability was evaluated 
Floral Biology- Anthesis, anther dehiscence and floral using the fluorochromatic (FCR) test as described by 
longevity (from opening to withering) were considered Heslop-Harrison & Heslop-Harrison (1970).  Two to 5 
for the study of floral biology.  The flower buds that ml of 35% sucrose solution was added to stock solution 
would open in the next morning were tagged and those of fluorescein diacetate (FDA) prepared in acetone 
flowers were monitored at 30 min intervals from the next (2mg/ml) until the resulting mixture showed persistent 
day 0800 h onwards till their senescence.  Observations turbidity.  Sufficient pollen was suspended in a drop of 
were conducted for three days in both floral morphs. this mixture on a microslide and incubated in a humid 
Observations were also made in wild and culivated chamber for 5 to 10 min and observed under an Olympus 
accessions as well. (BX51) fluorescence microscope under UV excitation.
Pollination Biology In vitro pollen germination- Brewbaker's medium 

(Brewbaker & Kwack 1963) modified by the addition of Pollen Grains- Pollen grains and the entire anthers of 
5–50% sucrose was used for in vitro pollen germination male flowers and morphologically perfect flowers were 
studies. Ten flower buds were collected prior to anthesis.  viewed under Scanning Electron Microscope.  Anther 
A sitting drop method was used for culturing pollen samples were fixed in FAA. Customary methods of 
grains (Shivanna & Johri 1985).  Pollen grains were dehydration in ethanol series were followed by critical 
incubated in a drop of culture medium in humid point drying. Materials were mounted on  almunium 
germination chamber for 2 h, after which the germinated stubs and coated with gold-palladium (Jeol JFC-1200) 
grains were stained and fixed using acetocarmine (1%).  and examined under a JSM-5600LV SEM (Jeol).  For the 
Three slides of each replicate were prepared for pollen morphological studies, acetolysis  methods 
monitoring.  For each slide, 100–200 grains from 10 proposed by Erdtman (1952) and modified by Nair 
randomly selected fields were counted at 100X (1970) were followed.  Acetolysed pollen grains were 
magnification using a light microscope.  The procedure mounted on stubs and coated with gold.   The methods 
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Seed Germination—Germination test was carried out was repeated thrice using different concentrations of 

in laboratory condition at room temperature.  Each sucrose in the medium.

Stigma Receptivity— germination experiment included seeds obtained from Stigmatic receptivity was 

determined by the peroxidase activity technique (Kearns pollinated and unpollinated (apomictic) flowers of both 
& Inouye 1993), between 0900 and 1500 h, from wild wild and cultivated accessions.  Four replicates per 
and cultivated accessions each (n = 5).  Intact styles of treatment with 10 seeds in each replicate was 
emasculated flowers were placed on a glass slide in a considered.  The experiment was left on the germination 
drop of 3% hydrogen peroxide and put a cover slip.  stand for seven days after which the sprouted seeds were 
Stigmas that produced bubbles within 2–3 min were counted and recorded.  The sprouted seeds were 
considered receptive (Dafni & Maues, 1998). expressed as a percentage of total seeds sown for each 
In vivo pollen germination- To determine in vivo pollen accession.  Effect of growth regulator, GA , (100 ppm) 3

tube growth, flowers that had been tagged and pollinated on the rate of germination of apomictic seeds of wild and 
in cultivated and wild accessions were collected at 1100 cultivated accessions was also recorded.
h after each flower had become receptive.  Open Statistical Analysis—Means were calculated for all the 
pollinated and hand pollinated pistils were recovered measurements using SPSS vs7.5.  Analysis of Variance 
and incubated in a humid chamber for 24 h. They were (ANOVA) was used to assess the variations between the 
transferred to 2 N NaOH for 12 h and washed thoroughly accessions.  Duncan's new multiple range test at P < 0.05 
in distilled water.  Squashed flowers were used to assess was used to compare the means and to determine the 
pollen tube germination and growth, following significance of differences between variables. 
incubation  with 0.1%  decolorized  aniline  blue for 12 h 

(Martin 1959).  Observations were noted and RESULTS
photographs were taken under a fluorescence 

microscope.
Phenology—Phenological observations showed 

Breeding System—The wild and cultivated accessions 
simultaneous blooming peaks for both the morphs with a 

were subjected to both artificial and natural pollination 
conspicuously higher amount of blooming for staminate 

to determine the breeding system in C. grandis. 
flowers compared with that of pistillate flowers.  

Apomictic type of reproduction was also assessed 
Synchronous blooming was observed in wild and 

during the study.  The treatments (T) were conducted as 
cultivated accessions.  Flowering phase was nearly the 

per the following manner.  For “natural pollination,” 
same in both the male and female (cultivated and wild) 

(T1) the floral buds were left naturally exposed, 
accessions and had a continuous production throughout 

whereas, each bud was protected by a paper bag for 
the year with a peak flowering during May- July.  It was 

“artificial pollination” (T2). Ten healthy flowers in the 
observed that fruits attain maturity in 27–30 days after 

bud stage from each of the five female plants (both the 
pollination, and are highly predated by birds as soon as 

wild and cultivated), were enclosed in paper bags for 
they ripen.  No significant differences were found in the 

controlled crosses. Prior to anthesis, the bags were 
number of flowers between the cultivated, and the wild 

carefully opened to allow manual pollination with the 
accessions (F= 3.172. P= 0.097), however, flowers of the 

staminate flowers, after which the pollinated flowers 
male and female accessions differed significantly at 

were rebagged.  To examine the apomictic type of 
P<0.05.

reproduction (T3) the floral buds were bagged without 
nd rd Floral Biology—Floral biology was similar in both the pollination.  All the bags for 2 and 3  treatments were 

wild and cultivated C. grandis as well as in the male retained until the flowers senesced or the initial fruit set 
accessions.  Flowers have diurnal anthesis and starts was observed (i.e., when an ovary recommenced 
synchronously at 800 h and they were completely open growth).  Finally, developing fruits from T2 and T3 were 
at about one hour and remained for 1600 h. Slight released from their bags to provide similar 
variation was observed in the time of anthesis with environmental conditions as that of T1.
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differences in the seasonal conditions.  In hot and dry 88%  viability (Fig. 2.E).

seasons anthesis started earlier (800 h) compared to cold In vitro pollen germination— In vitro germination 

season (900 h).  But the duration of anthesis remained studies revealed that pollen germination in C. grandis 

the same.  Anther dehiscence was synchronous in the was enhanced (95%) with an increasing concentration of 

flower and occurred at the time of anthesis, dehising the sucrose, up to 35% (Fig 2.C,F).  A steady increase in 

pollen grains in mass.  Stigmatic receptivity was also germination was observed from 5% to 35% sucrose 

synchronous with anthesis and anther dehiscence in both solution and then a decline was noticed up to 50% 

wild and cultivated accessions. Receptivity of stigma sucrose solution.

lasted for nearly 8 h.  Flowers remained fresh until 8 h Stigma Receptivity— Stigma receptivity examined 

after anthesis and started senescence by 1600–1730 h. periodically using the stigmatic peroxidase activity test, 

showed maximum receptivity between 1000 h and 1200 h Pollination Biology
by rapid bubbling of oxygen in the presence of H O .  2 2

Pollen grains—Scanning Electron Microscopic 
Maximum receptivity was observed an hour after anthesis 

analysis of the anther at the time of anthesis showed that 
and continued up to 3 h and was gradually declined. The 

pollen grains were produced in enormity from male 
receptivity of the stigma was lost by 1600 h.

accessions (Fig. 1.A) while anthers of morphologically 
In vivo pollen germination—In vivo pollen 

perfect flowers had malformed pollen grains clumped 
germination on stigmatic surface has revealed a large 

together  within  the sporangium  (Fig. 1.B).  Pollen 
number of pollen grains with considerably elongated 

grains of the male accessions were 3- zonocolporate, 
pollen tubes both in the cultivated (Fig. 2.G, H) and  wild 

prolate spheroidal, and hetero- brochate with reticulate 
accessions (Fig. 2.J, K) of C. grandis to accomplish 

exine (Fig. 1.C-G) whereas vivid structure of the pollen 
fertilization.  Pollen tubes reached the base of the style 

grains was not observed from malformed pollen grains 
and entered the ovule both in cultivated and wild 

(Fig. 1.H).  Characteristic features of the pollen grains of 
accessions (Fig. 2.I, L) indicating effective fertilization.

the male accessions are given in Table 1. Pollen 
Breeding system—Fruit set initiation and maturation in 

characters of the five accessions showed significant 
open pollinated flowers of the wild and cultivated 

differences except in the total number of pollen grains.  
accessions were noticed to be 100% (Table 2) with 

As per the estimates obtained in the present study, the 
cultivated accessions showing slightly higher 

number of pollen grains/ anther and the total number of 
percentage of seeds per fruit (84.91±0.57) than the wild 5 5 

pollen grains/ flower ranged from 1.71×10 to 1.94× 10
accessions (71.31±0.57) (Table 3).  On the other hand, 5 5

and 5.13×10  to 5.82×10 .  The range of pollen fertility 
percentage of fruit set initiation by artificial pollination 

(Fig. 2.A) and viability (Fig. 2.B) was 89.98% - 97.91%  
was seen reduced both in the wild (54 %) and cultivated 

and 87.43% - 95.59%  respectively at the moment of 
plants (50%) (Table 2).  In unpollinated flowers, fruit set 

anther dehiscence. Pollen grains from free anthers 
was 36% in the wild accessions with 35±4.07 seeds per showed 53.75±1.83 % fertility (Fig. 2.D) and 45.67±1. 
fruit and 69% in cultivated accessions with 45±2.00 

Table 1 — Pollen characters of five male accessions

Acc. No. No of .pollen
per anther No. of pollen  % % length

1 1.92x105a 5.77×105a 97.48c 95.59ab 75.39a 54.17a 2.75a 43.32a
2 1.74x105a 5.22×105a 97.91c 92.62a 60.70c 35.30d 2.70a 43.18a
3 1.71 x105a 5.13×105a 94.6b 93.39b 57.38d 42.79c 2.08b 32.92b
4 1.91 x105a 5.73×105a 89.98a 87.43c 66.54b 46.44b 2.10b 43.91a
5 1.94 x105a 5.82×105a 94.82b 93.17b 61.83c 45.53c 2.45a 41.06a

P- polar diameter, E- equatorial diameter 
Values in the same column followed by different superscripts are significantly different (P < .05) as  determined by DNMRT

per flower Fertility Viability P E Exine Colpi 
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Fig. 1—Scanning Electron Micrographs of anther and pollen grains—A- Transverse section of anther showing ollen 
grains in male accessions. B- Transverse section of another from morphlgically perfect accession showing defective 
pollen grains. C-G- Pollen grains of normal male accessions. H- Defective pollen grain.
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Fig. 2— Reproductive features of C. grandis—A- Acetocarmine stained fertile pollen. B-Fluorescence micrograph 
of viable pollen grains. C- In vitro pollen germination. D- Pollen grains of free anthers showing fertile and  sterile 
pollen grains. E- Fluorescence micrograph of viable and non viable pollen grains of free anthers. F- In vitro pollen 
germination of pollen grains of free anthers. G-I- In vivo pollen germination on the stigmatic surface and entry of 
pollen tube in to the ovule of cultivated accession. J-L- In vivo pollen germination on the stigmatic surface and entry 
of pollen tube in to the ovule of wild accession.



potentially an important food resource for the insect seeds per fruit.  Though percentage of fruit set in the 
community in the area, either for pollen or nectar, or for cultivated accessions was significantly higher than the 
both.The study revealed diurnal anthesis, synchrony in wild accessions in the unpollinated flowers (P <0.05), 
anthesis, anther dehiscence and stigma receptivity in the difference in the number of seeds in the two groups 
wild and cultivated accessions of C. grandis.  Slight were not significant (F =0.12, P = 0.741). 
seasonal variations observed in anthesis indicate the Seed germination-Significant difference was observed 
influence of temperature on flowering of the species.  in the germination of seeds between the cultivated and 
Temporal variations in anthesis have also been observed wild accessions (P <0.05) of open pollinated plants 
in other species like Polaskia chichipe and (Table 3) with higher germination rate in wild 
Myrtillocactus schenckii (Otero-Arnaiz et al. 2003, 

accessions.  Germination was initiated after four days of 
Ortiz et al. 2010).  Flowering pattern showed a staminate 

incubation in seeds obtained from pollinated flowers.  
biased ratio typical of dioecious plants.  Vasiliauskas & 

Seeds from unpollinated flowers from both the groups 
Aarssen (1992) had noticed similar pattern of flowering 

did not germinate even after three weeks of incubation in 
in Juniperous viginiana.  According to Montesinos et al. 

the germination chamber.  However, incubation of those 
(2006) males incur their maximum reproductive effort at 

seeds for half an hour in 100 ppm GA  was an efficient 3 the time of flower production in dioecious species.  Once 
way to initiate germination in both cultivated and wild pollen is shed, males do not invest more resources into 
accessions, with cultivated accessions showing higher current reproduction.  In contrast, the main reproductive 
germination rate (p<0.05) than the wild (Table 3)  effort for females starts once the ovules are pollinated as 

fruit maturation and ripening is a costly task when 
compared to flower production.  The sexual selection DISCUSSION
hypothesis for the evolution of dioecy predicts a male 
biased sex ratio, as well as the production of more 

Phenological observations revealed that production flowers by males and a longer male flowering period 
of flowers and fruits of C. grandis occur throughout the (Willson 1983).  Higher rate of blooming of staminate 
year, although the highest rate of production was noticed flowers than pistillate flowers observed in C. grandis 
during the summer. A pattern of continuous blooming may be a factor pointing towards the evolution of dioecy. 
and frequent visit of the insects belonging to the order 

The time between 1000 h and 1200 h appeared to be 
Apidae during the day suggest that the species is 

crucial for pollination since blooming of flowers, 

Table 2 — Percentage of fruit set in wild and cultivated accessions in different experimental testing

Percentage of successful fruitsTreatment Number of flower 
buds per population Natural pollination Hand pollination Without pollination

Wild 50 100 54 36
Cultivar 50 100 50 69

Table 3 — Number of seeds/fruit and percentage of seed germination in wild and cultivated accessions

Treatment Number of Percentage of seed Percentage of  
seeds/fruit germination after germination after

7 days GA  treatment3

Natural Without Natural Apomixis Apomixis
pollination pollination pollination

Wild 71.31±0.57 35±4.07 56.85 0.00 90
Cultivar 84.91±0.57 45±2.00 31.85 0.00 50
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receptivity of stigma, production of nectar, activity of potential of the pollen grains effecting fertilization.  The 

flower visitors, and pollen release overlap was found fluorescence microscopic studies on pollen germination 

high at this time.  No differences were detected either in revealed high incidence of pollen tubes entering the 

the events of anthesis or in the pattern of flower visitors ovule which substantiate that no inhibition to sexual 

among the wild and cultivated accessions.  Activity of reproduction occurs.  Besides, seeds produced under 

pollinators accounted for the effective pollination intense pollen-tube competition have significantly better 

observed in the species. germination, seedling growth, and seedling survival 

than those produced with little or no pollen-tube Pollen characterization of male accessions revealed 
competition (Mulcahy & Mulcahy 1987).  numerous viable pollen grains while anthers of 

morphologically perfect flowers possessed malformed The study of breeding systems revealed that open 

pollen grains clumped together in the sporangium.  pollination was the most effective method in terms of 

Numerous pollen grains observed in the male accessions fruit set and seed set both in the cultivated  and wild 

of C. grandis may account for the effective pollination in accessions.  Percentage of fruit set in the unpollinated 

the species.  The presence of rudimentary stamens at (apomictic) treatment  of cultivated accessions was 

various stages of development was also observed during higher (69%) than the wild (36%).  Fruit set observed in 

morphological characterization of the accessions ( the unpollinated flowers indicate the apomictic nature of 

Shaina and Beevy 2013).  These characteristics may the species. Occurrence of apomixis along with sexual 

reflect an intermediate stage in the evolution from reproduction suggests the operation of facultative 

hermaphroditism to dioecy, suggesting that sexual apomixis in C. grandis.  Pangsuban (2009) reported 

dimorphism may be a relatively recent phenomenon in more fertilized ovules in manually pollinated flowers in 

C. grandis.  According to Bawa (1980), dioecy may Garcinia atroviridis, a facultative apomictic tree, than in 

evolve directly from hermaphroditism or via open pollinated and unpollinated flowers.  However, in 

gynodioecy, androdioecy and monoecy.  In several plant the present investigation more seeds were produced in 

groups, gender dimorphism is purported to have evolved the open pollinated flowers.

from self compatible hermaphroditic ancestors, as a  Seed germination studies revealed significant 
mechanism to promote outcrossing and to avoid self differences between wild and cultivated plants of C. 
fertilization and the resulting negative consequences of grandis. It was observed that though the number of seeds 
inbreeding depression (Sakai & Weller 1999).  produced were higher in cultivated accessions, the rate 
Therefore the occurrence of different floral morphs in C. of seed germination was significantly higher in wild 
grandis indicates hermaphroditic ancestry of the accessions.  This is contradictory to the views of Rojas-
species. Archiga et al. (2001), that cultivated plants had 

Pollen viability is considered as an important significantly higher seed germination than the wild ones.  

parameter of pollen quality (Dafni & Firmage 2000).  Since C. grandis is most commonly propagated by 

High percentage (87.43 to 95.59%) of pollen viability vegetative means, modifications of germination 

was observed in all the male accessions. According to behaviour could be irrelevant which explains the low 

Sanzol & Herrero (2001) successful fertilization in percentage of germination as observed in the cultivated 

sexual reproduction depends on factors such as stigma accessions.  In the present investigation it was observed 

receptivity, pollen germination, pollen tube kinetics and that pollination influences the rate of seed germination 

ovule longevity.  Pollen germination studies, both in as seeds from pollinated flowers of cultivated and 

vivo and in vitro, as well as stigma receptivity confirmed wild accessions germinated without the influence of

sexual reproduction in the species.  High percentage of any external agents, while the same was not seen in  

germination (95%) and the presence of large number of seeds from unpollinated flowers. Lack of germination 

pollen grains with considerably elongated pollen tubes observed in the latter and an increase in the rate of seed 

in the in vitro and in vivo germination studies indicate the germination from those of the pollinated flowers suggest 
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that pollination process may induce some chemical environments.  While viable seed production is essential 

changes which enhance seed germination.  However, in for long distance dispersal, and colonization of new 

apomictic seeds, germination was initiated by sites, survival of established populations in the face of 

gibberellic acid (GA ).  The role of GAs and auxins in disturbance may be enhanced by ability to reproduce 3

fruit development is widely accepted (Pharis & King vegetatively.  A particular advantage for dioecious 

1985).  It is a fact that successful fruit set and subsequent facultative apomicts, in contrast to dioecious obligate 

developments in seeded plants are dependent on apomicts is that, in a population, the female plants can 

pollination and fertilization, because fertilization outcross and thus genetic diversity can be maintained.  

activates cell division and triggers fruit growth by The extent of apomictic and sexual reproduction in 

producing hormones, principally GAs and auxins individual plants and populations is also likely to have 

(Hedden & Hoad 1985). Ben-Cheikh et al. (1997) have important implications for a species' conservation, 

observed that gibberellic acid is actively involved in this levels of genetic diversity, and reproductive ability. 

process in Citrus and pollination increases GA levels and Further studies including apomictic and sexual seed 

reduces ovary abscission. Therefore, it seems reasonable development and molecular characterization of sexual 

to assume that the paternal genomes from pollen grains and apomictic progeny will be of great advantage in 

improved seed quality in C. grandis because the understanding the molecular traits associated with 

apomictic seeds required incubation in exogenous apomixis in C. grandis.  Besides, clarifying the exact 

hormone for germination than did the zygotic seeds.  roles of bioactive GAs and their interaction with other 

Pangsuban (2009) observed that although the fruits from hormones would be of use to understand the roles of 

unpollinated flowers in Garcinia atroviridis were hormones during fruit growth and seed germination in C. 

capable of asexual seed formation, they produced fewer grandis.

seeds and had poorer seed quality in terms of average Acknowledgement—The authors thank Dr. Asha Latha 
fresh weight and germination rate than those from the S. Nair Head, Department of Botany for the facilities 
other treatments.   Scott et al. (1998) pointed out that provided. 
variations in the ratio of maternal to paternal genomes 

could produce a spectrum of phenotypes in the embryo 
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