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Abstract: Reproductive biology provides information on life forms, rate of flowering, type of breeding system,
plant-pollinators interaction, fruit and seed output, overall fitness and survival of the species. The present
study was carried out to reproductive biclogy of Evelvulus alsinoides Linn. (Convolvulaceae) is a medicinal
herb of semi arid zone of Agra in North India. The study was carried out for a period of twenty four months to
observe the reproductive parameters of the E. alsinoides in the different places of Agra. The flowers appear
from February to June and attracted the vide variety of insects for the pollination. The fruiting nature mdicates
that maximum number of flowers set into fruit by xenogamy as compared to geitonogamy.
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INTRODUCTION

The reproductive biology of this plant species 1s
essential for developing effective strategies for their
sustainable utilization. This recognition has made
reproductive biology a frontline area of research.
Research 1n this area has shown profound changes from
the traditional methods as a result of mtegration of the
techniques of cell and tissue culture, cytochemistry,
physiclogy, biochemistry and molecular biology. Studies
of reproductive biology provide information about the
nature of species, adaptation, speciation, hybridization
and systematic (Anderson et al, 2002; Neal and
Anderson, 2005).

The knowledge of reproductive biology is a
prerequisite for attempting any breeding programme. Very
little is known about the reproductive biology of this rare
but important medicinal herb. Some workers paid attention
to the biology of reproduction in medicinal plants, it 1s not
adequate a little attention of biology of the reproduction
in medicinal plants. Recently, Wani et al. (2006) studied
the reproductive strategies of Inula racemosa
(Asteraceae). Moza and Bhatnagar (2007) made the
protocol for conservation of threatened and endangered
medicinal  plants  via, reproductive biology.
Raimundez-Urrutia et of. (2008) studied the reproductive
biology of moming glory Merremia macrocalyx. Studies
on ths line were also conducted in a number of medicinal
plants like, Safed musli (Geetha and Maithi, 2001),
Withania somnifera (Kaul et al, 2005) and Jatropha
integerrima Jacq (Gupta et al., 2006).

Evolvulus alsinoides 1.. (Convolvulaceae) known as
shankhpushpi is a perennial herb. Tt occurs during rainy
season n gardens, lawns, agricultural fields and on road
sides. It 15 a common wild weed but it 1s also cultivated
for medicinal purposes. The whole plant is used
medicinally and possesses antidysentric and antiseptic
properties. Shankhpushpi is also known as brain tonic,
increasing memory, reducing nervous debility and so on
(Chermexcil, 1992). Tts paste is applied externally in skin
diseases. The whole plant juice is traditionally used in
various mental disorders. In epilepsy and hysteria, the
fresh plant juice 13 recommended with kustha powder and
honey. Tt promotes intelligence, enhances memory and
retention especially of school going children. In spite of
these uses in medicines little attention has been paid to its
floral and fruit formation. These studies are essential to
understand the evolution and swvival of the species to
develop effective conservation strategies and optimal
utilization of the economic potential of the plant
resources.

Keeping the above facts in view a detailed study of
the reproductive biology of Evelvulus alsincides plant
growing at various places of semiarid regions of Agra has
been undertakern.

MATERIALS AND METHODS

The present study was carried out during 2008-2009
in the semiarid zone of Agra in North India. Flowering
phenology was observed at plant and inflorescence.
For the latter 20 inflorescences, selected at random from
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different plants were tagged before the initiation of
flowering. These selected plants were followed daily and
the number of open flowers was recorded. The tagged
inflorescences were followed until they ceased flowering.
Twenty-five flowers were sampled to record floral
The plant
produces bisexual flowers and on this basis flower ratio
calculated from the daily anthesis records
(Shivanna and Rangaswamy, 1992).

morphology and pollen characteristics.
was

The morphology of anther and pistil was studied by
scanning electron microscopy. Samples were fixed in 3%
glutarledehyde in 0.1 M phosphate buffer at pH 6.8. The
samples were dried with CO, at 1000lb per inch. The
samples were mounted on stubs with the help of both side
adhesive tapes and coated with gold 20 mm m a SCD 0.2
sputter coating unit (Polaron equipment Ltd., Walford,
England). Observation and photographs were taken,
using a Philips EM 501 SEM at All India Tnstitute of
Medical Sciences, New Delhu.

The number of pollen grains per flower was
determined from 25 flowers following by Cruden (1977).
The pollen size was measured with an ocular micrometer
under light microscope, following the procedure of
Mckone and Webb (1988). The number of pollen grains
divided by the number of ovules per flower yielded the
pollen ovule ratio. Pollen viability was checked by 1%
terazolium chloride in 0.15 M tris HCL Buffer at 7.8 pH as
per by Shivanna and Johri (1985). In vive pollen
germination was studied by amline blue florescence
microscopic method as described by Shivanna and
Rangaswamy (1992). Breeding behavior by geitonogamy
and xenogamy was tested through hand pollination
studies. In order to observe the rate of natural fruit set, 25
mnflorescences were tagged and flowed wmtil fruit
development. The foraging behavior of different insects
was studied and the pollination efficiency was checked by
observing the pollen load on different body parts of the
insects under a microscope, according to the procedure
given by Keamns and Inouye (1993). Fruit development
was studied from the day of pollination until maturation
and dehiscence type of fruit was also observed. The
number of fruits formed on an inflorescence was estimated
by randomly counting fruit formation per mflorescence.
For estimation of fruit set, few mflorescences were
selected at random, tagged and observed. The percentage
of fruit set and seed set were calculated by followmng
formula:

No. of fruit per inflorescence

Fruit set (%) = .
No. of flower per inflorescence
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No. of seeds per fiuits

Seed set (%)= —
No. of ovules per pistil

RESULTS

Evolvulus alsinoides 1.. is hairy perennial herb with
spreading prostrate branches arising from the small
woody root stock. The numerous branches are 20-30 cm.
long and leaves are small entire elliptic to oblong, obtuse,
apiculate base, acute and densely hamy with minute
petiole or nearly absent. The flowers are produced in the
month of February to June. However, maximum
flowering was recorded m the month of March, while
minimum  flowering was recorded in the month of
May. The flowers are funnel- shaped purple and white in
solitary
inflorescence (Fig. 1). The complete bisexual flowers

colowr and arranged in or aggregated
consist of accessory as well as reproductive parts.
The sepals are persistent in nature. However, petals are
white and purple. The bicarpellary ovary has two ovule in
each locule with a long style and a short bifurcated
stigma. The size of flowers 1s not much varied but stamens
are dimorphic (two types long as well as short) in nature.
The anthers

dehiscence.

are small showmng longitudinal slits

Flowers are 1.4 cm 1n size; consist of calyx (0.53 cm)
and corolla (0.68). The dimorphic stamens are variable in
size, the short stamens are 0.57 cm and long stamens are
0.78 cm. Stamens have 0.17 cm long anther with 0.54 cm
long filament. They are five in mumber, polyandrous,
epipetalous, staminal msertion near the base of the corolla
tube.
glabrous filaments.

oppositisepalous  with
tetrasporangiate,

They become exerted,
Anthers

are

Fig. 1: Evolvulus alsinoides plant with funnel shaped
flower
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Fig. 3: SEM photograph of pollen grain

dehiscing via longitudinal slits and pollen gramns are
tricolpate, rupate, psilate with long axis. The pistil 1s
0.66 cm long with 0.24 cm stigma and ovary 0.16 cm with
a long style.

SEM studies reveal that pollen grains are 30x40 um in
size and spherical and oval in shape and tricolpate (Fig. 3)
with reticulate exine sculpturing. Pistil has a long style
with bifurcated dry type stigma (Fig. 4) and stigmatic
surface consists of loosely arranged papillae. A very low
amount of pollen grains was also observed on the
stigmatic surface. Flowers open out in the early morming
during 5:30-7:00 am. and the anthers dehisce by
longitudinal slits (Fig. 2) at 6:30-7:00 a.m. Stigma becomes
receptive after anther dehiscence at 6:00-8:00 a.m. At the
time of receptivity stigmatic surface appears shiny and
sticky.

The pollen viability as tested by 1% TTC and
Alexander stam test, the pollen grains showed maximum
viability m Alexander stain (85%) However, the minimum
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Fig. 5: Honey bees (pollmators)

viability 18 recorded m 1%TTC test (80%). The number of
pollen grams/anther 1s 250, the number of pollen
grains/flower is 1000-1200. However, ovules per ovary in
flower are 8 and the pollen ovule ratio is calculated as
312,51,

Flowers are self as well as cross-pollinated as
confirmed by various hand pollination experiments. They
were visited by different floral visitors (Table 1) like,
honey bees (Fig. 5) 1e., (Apis dorsata, Apis cerana
indica), small bees (Melliopona sps.) Bumble bees, Black
compestris), Beetle (Coccinella
punctata), Butterflies (Colias earytheme), common wasps
(Polistes herbraeus) (Fig. 6). They visit flowers between
7:00-8:00 a.m. Tt is interesting to note that all of them are
not pollen- carriers. Honey bees, bumble bees and butter

ant (Componotus

flies are pollen-carriers as evident from the presence of
pollen on their body parts. On the basis of their visitation
rate and pollen load on their body parts, the bees are
found to be most efficient pollinators. Pollen-load on the
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Table 1: Insect visitors of Evedvlus alsincides 1.

Vector order and family Comimon name Scientific name Syndrome term Nature
Hymenoptera (Apidae) Honey bee Apiy cerana indica Melitophily PC
8mall bee Meliopona sp. Melitophily PC
Bumble bee Bombus lapidarus Melitophily PC
Honey bee Apis dorsata Melitophily PC
Hymenoptera (Formicidae) Black ant COmMpOoRoLs CoOMpestris Formicophily PV
Cloeoptera (Carabidae) Bettle Coccinglla punctata Canatharophily v
Lepidoptera (Piepridae) Butterfly Colias earytheme Phycophily PC
Isoptera (Kalotermitidae) Termites Zootermopsis angusticollius Formicophily v
Hymenoptera Wasp Polistis herbraecus Melittophily v

Fig. 6: Common wasp (floral pollinators)

bees 13 distinctly observed on the lower side of the
abdomen of honey bees, a higher amount of pollen load
than that of other insects. The fruit set percentage is
calculated as 63%. The fruits are 6.00 mm in diameter; they
are oval and spherical in shape. The type of fruit is
capsule non-fleshy, non- hairy, dehiscent, a capsule long
loculicidal. Fruits are usually 2-seeded. It is clear from the
present observation that the average number of
fruit/mflorescence 1s 6-8. Unripe fruits are yellow green
blotched in color which becomes browmish yellow at the
time of maturity. The total number of seeds/fruit 1s 2-4 and
seed set percentage 1s 96.4%. Seeds are smooth, reniform,
glabrous and black in color with 0.16 cm length. These
seeds are hard under normal conditions. The weight of
100 seeds measured 1.2 g.

DISCUSSION

The observations indicate that Evolvulus alsinoides
is an important medicinal perennial woody root stock
herb and well-developed in semi-arid zone of North
India. It produces white and purple coloured flowers
from February to June. Flowers are wlite funnel shaped
by
Allard (1947) showed that moming glory 1s easy to
spot in the field with their twimng habit and generally

with twisted corolla. Similar observations made
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large, white or brightly colored and funnel-shaped with
twisted corolla and clockwise in bud and strongly plicate.

Anthesis took place around 6.00-8.00 am. with
anthers already opened at the same time. Stigma becomes
receptive at the time of anther dehiscence. But, it 1s
receptive for a very short time. The results obtained are
similar to those found by Maimoni-Rodella and Rodella
(1992) and Maimoni-Rodella and Yanagizawa (2007) in
Ipomea species (Covolvulaceae). Sarma et al. (2007) and
Terada et al. (2005) have also supported the observations
of the present authors. The present authors recorded
higher pollen ovule ratio in F. alsinoides 1.. Such an
investigation was also suggested by Sarma et al. (2007) in
Volvulopsis mummularium,  while, (1976)
reported that higher pollen ovule ratio is unportant as
out-breeding nature. A large number of msects visit the
flowers of E. alsinoides L. and they play a significant role
i the diffusion of pollination The most efficient
pollinators were observed honey bees and  beetles.
Austin (1997) has observed pollination in the family
Convolvulaceae primarily by bees, although there are few
instances of pollination by moth, birds and bats.
Maimoni-Rodella and Rodella (1992) reported that various
msects of the orders (Lepidoptera, Coleoptera and

Cruden

Hymenoptera) are the floral visitors m Ipomoea
accuminata a member of the family Convolvulaceae.
Ushimaru and Kikuzawa (1998) studied primary pollinators
in Calystegia species (Convolvulaceae). According to
them, several kinds of msects were observed but out of
them, 50% were honey bees.

Sarma et al. (2007) have found that snaisl as well as
honey bees were responsible for pollination during the
rainy season weed Volvulopsis nummudarium, a member
of family convolvulaceae. However, snails are more active
than honey bees for pollination. Tn most surveys, the
group of bees that visited the largest number of plant
species was considered to be the most important
pollinators. The floral features are fairly homogeneous in
Comnvolvulaceae and most of them show a melittophilous
syndrome (Faegn and van Deer Pyjl, 1979; Austin, 1998).
Gottsberger et al. (1998) suggested that bees are potential
pollinators. Pollination 1s a sigmificant process and one of
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the perquisites for ensuring fruit and seed set in all
sexually reproductive seed plants (Richards, 1986;
Keams ef al., 1998; Corlett, 2004). The 60-65% fruit set
percentage was observed in E.alsinoides. It 1s nteresting
to note that seed set percentage 1s higher than the fruit
set percentage. The higher fruit and seed set percentage
were also recorded in Calystegia by Ushimaru and
Kikuzawa (199%).

Thus, on the basis of the present observations and
discussion it is clear that Evolvulus alsinoides is a cross
as well as self-pollinated medicinal herb and exhibits
xenogamy and geitonogamy. Therefore, the present study
suggests that this herb
reproduction mn semi-arid zone of Agra. The population of
this medicmnal herb 1s slightly decreasng due to
urbamzation, expansion of road network, industrialization
and low rainfall in the Agra region and requires cultivation
i herbal gardens so as need to conserve ex situ and
in situ.

shows various ways for
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