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The authors have found that Evolvulus alsinoides and E. nummularius grow and flower throughout the year, if
the soil is wet. The pollen in both species is totally fertile and viable for 9-10 hours. This study has found that
both species are facultatively xenogamous and refutes an earlier report that E. nummularius is facultatively
autogamous. Furthermore, the flowers of these species resort to spontaneous autogamy during their closing
time, which benefits maximization of the fruit set, but increase in the seed set rate is constrained by free
styles and stigmas, which do not facilitate distinct contact with the anthers. According to earlier reports, E.
alsinoides seemingly does not produce nectar, while E. nummularius definitely does not produce it. However,
in this study it has been found that both species produce nectar and are pollinated by bees and butterflies,
contrary to an earlier report that E. alsinoides is pollinated only by honey bees and snails. An additional
finding is that both species display ballistochory, anemochory and hydrochory for seed dispersal; seeds have
dormancy, as they germinate only during the rainy season. The woody rootstock also sprouts back to life to
produce new foliage and reproduce sexually. These species have been found to be excellent sand binders as
they usually form large patchy populations on sandy soils.

Evolvulus alsinoides, Evolvulus nummularius, facultative xenogamy, bees, butterflies, ballistochory,
anemochory, hydrochory.

Introduction

mularius has spread across the tropics and subtrop-

Junquiera & Simao-Bianchini (2006) reported Evol-
vulus as a genus comprising about 100 species. Most
of these species are South American, and many of
them have extended into Central and North Amer-
ica. The genus is characterized by the presence of
malpighiaceous trichomes (two-branched hairs),
two free or basally-united styles, each with two fili-
form stigmas, and glabrous seeds. Austin (2010) re-
ported that E. alsinoides, a perennial herb, is native
to the Americas but it is now widespread across the
tropical and subtropical regions of the world. Schm-
elzer & Bunyapraphatsara (2001) noted that E. num-

ics, including much of tropical Africa, South Africa
and Madagascar. These authors also mentioned that
in Africa and Asia, E. alsinoides is widely used in
traditional medicine as laxative, to treat stiffness
of the limbs, sores and bleeding wounds, enlarged
glands in the neck, leprosy, asthma, chronic bron-
chitis, skin infections, menstrual problems, as sto-
machic, against diarrhoea, cataract, depression, and
for smoking. Austin (2010) noted that it is widely
used in Ayurvedic medicine for memory enhance-
ment, as antidepressant, antiepileptic and aphrodis-
iac, to cure syphilis and for hair growth promotion
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in India. Ketjarun & al. (2016) reviewed the reports
on the medicinal value of E. alsinoides and E. num-
mularius. These authors noted that E. alsinoides pro-
duces several chemical components which have me-
dicinal value. The plant is noted to be useful as brain
and memory tonic, as anti-asthmatic cure, for treat-
ing uterine bleeding, insanity, epilepsy and nervous
debility, for its antibacterial, antifungal, and antiul-
cer properties. E. nummularius is useful as a mild
sedative and has anthelmintic properties. It was not-
ed in the review that because of all these attributed
properties, the two Evolvulus species are sold com-
monly via Internet as a powder used for brewing
medicinal tea. Singh & al. (2010) provided some in-
formation on certain aspects of sexual reproduction
in E. alsinoides. Sarma & al. (2007) reported that E.
nummularius is facultatively autogamous and pol-
linated by snails and honey bees. Detailed infor-
mation on the reproductive biology of both E. alsi-
noides and E. nummularius is not available, despite
their medicinal importance and use as soil binders.
Reproductive biology information on all other Evol-
vulus species is not available too. Therefore, the pre-
sent study is aimed at providing details of reproduc-
tive ecology of these two species, discussed in the
light of relevant literature.

Material and methods

Evolvulus alsinoides and E. nummularius grow-
ing in Visakhapatnam and its surroundings in In-
dia (17°42’N Latitude and 82°18’E Longitude) were
studied from June 2014 to June 2016. Field trips
were conducted to record the phenological aspects
of the species. Ten inflorescences on five plants pri-
or to flowering were tagged and followed daily to re-
cord the duration of flowering, anthesis schedule
and timing of anther dehiscence. Twenty-five fresh
flowers, five each from five plants, were used to re-
cord the floral morphological details. Nectar could
not be measured and analyzed due to its secretion
in minute quantity, further depleted by thrips in the
mature bud stage and after anthesis. The method-
ology described by Cruden (1977) was used to es-
timate pollen output and pollen-ovule ratio; twenty
mature, but indehisced anthers from ten plants were
used for this study. In vitro pollen germination rate
was observed using Modified Brewbaker and Kwack

media. The fresh pollen grains were collected from
virgin flowers after anther dehiscence and placed in
Petri dish in lab conditions. They were put on cavity
slides, added the nutrient media, covered with cov-
er slip, and observed at hourly intervals to record
the percentage of pollen germination. The method-
ology described by Dafni & al. (2005) was followed
for testing stigma receptivity. Ten flowers, each from
five plants, were used to test stigma receptivity. Fur-
thermore, stigma receptivity was also observed vis-
ually to note the physical state and colour appear-
ance. Twenty patches with two hundred and fifteen
mature buds for E. alsinoides and four hundred thir-
ty-five mature buds for E. nummularius were tagged
and followed for three weeks to record fruit and seed
set in open pollinations. A sample of 378 fruits of E.
alsinoides and of 373 fruits of E. nummularius was
collected randomly to record the seed set rate based
on ovule number per flower. The fruit and seed mor-
phological characteristics were recorded and meas-
ured to evaluate their adaptations for dispersal by
different vectors. Fields visits were made during dry
and rainy seasons to note the aspects of seed germi-
nation and production of new plants. Furthermore,
field observations were carried out on the produc-
tion of fresh growth and sexual reproduction from
the prennial woody rootstock of the plant.

Insect foraging activity schedule and foraging vis-
its of insects were recorded using a 2 X 2 m area of
flowering patch for 10 min each hour, for the entire
day, on four different days, and the data was tabu-
lated to record the foraging pattern and the percent-
age of foraging visits made. During that period, the
mode of approach, landing, forage collection behav-
ior, and contact of insects with the floral sexual or-
gans were carefully observed to note their role in
pollen transfer and pollination. Bees were identified
by the representative specimens available at the De-
partment of Environmental Sciences, Andhra Uni-
versity, Visakhapatnam. Butterflies were identified
by consulting the books of Kunte (2007). Ten spec-
imens of each insect species were captured during
peak foraging period and brought to the laboratory.
Each specimen was washed in ethyl alcohol, stained
with aniline-blue on a glass slide and observed un-
der microscope to count the number of pollen grains
present. Thus, the average number of pollen grains
carried by each insect species was calculated for the
purpose of pollen carryover efficiency.
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Results

Evolvulus alsinoides L.

Phenology: The plant is an annual prostrate, dif-
fuse, densely hispid, perennial herb with a woody
branched rootstock and many spreading and ascend-
ing branches (Fig. 1a). It is a weed of sandy, open, dry
and rock localities with variable soil moisture content.
The stems are 20-70 cm long, slender, reclining, erect
and deep-rooted. The leaves are sessile, simple, ovate,
lanceolate-linear to elliptic, with blunt apex and densely
clothed with appressed, white and silky hairs. The plant
re-grows from the perennial ground rootstock and also
from seed during rainy season. The plants, which grow
from the already existing rootstock, flower in July and
those growing from seed, in August. Duration of flow-
ering and life of the plant depend on the soil moisture
conditions. The flowering was profuse in July-October,
when the soil was sufficiently wet due to heavy rainfalls
(Fig. 1b). If the soil was sufficiently wet, even during the
summer season, the plant survived and produced flow-
ers depending on the soil nutrient status. In such plants,
the flowering occurs across the year.

Flower morphology: The flowers are pedicellate,
solitary, borne in leaf axils and quite distinct against the
foliage. They are small (6.2+0.4 mm long, 9.6+0.6 mm
wide), pale- to dark-blue with a white throat, funnel-
shaped, odourless, actinomorphic, and bisexual. The
calyx has five free sepals, partially fused at the base;

the sepals are green, densely hairy, lanceolate, acumi-
nate, 2.6+0.4 mm long and 2 mm wide. The corolla
consists of five united blue petals forming a short tube
at the base, bell-shaped to rotate, 8-10 mm wide and
glabrous. The stamens are white, epipetalous, exerted
and glabrous; they are dimorphic (3+2) due to inser-
tion of their filaments into the corolla tube at differ-
ent lengths (Fig. 1f). The anthers are white, glabrous,
1 mm long and dithecous. The ovary (6.4+0.4 mm
long) is green and bicarpellary, bilocular, with two
ovules arranged on axile placentation in each locule.
The styles and stigmas are pure white; the styles are
two in number, short and each style extends into a
long 2-lobed minutely capitate stigma (Fig. 1h-j).
Floral biology: Mature buds open at 06:00-07:00 h
on clear sunny days and at 06:30-07:30 h on rainy days
(Fig. 1c). The flowers open completely on sunny days,
and remain partially open on rainy days. The anthers
dehisce by longitudinal slits during anthesis and the
pollen is presented latrosely (the split on the side of the
anther positioned towards the other anthers rather than
towards the inside or outside of the flower). The num-
ber of pollen grains per anther is 981.8+66.76 and per
flower is 4909+333.84. The pollen-ovule ratio is 1227:1.
The pollen grains are white, initially sticky, later pow-
dery, spherical, 5-zonocolpate, 27.39 x 31.42 um and
with smooth exine (Fig. 1g). In vitro pollen germination
tests indicated that the pollen grains are viable and have
the ability to germinate as soon as the anthers dehisce,

Fig. 1. Evolvulus alsinoides:
a & b - habit with flowering
phase; ¢ - maturing bud; d & e -
flower showing the relative po-
sitions of stamens and stailes;
f - stamens; g - pollen grain; h -
ovary with styles and stigmas; i -
ovary; j — ovules; k & m - honey
bee foragers; k & 1 - Apis cerana
collecting nectar; m — Apis florea
collecting pollen; n — Ceratina sp.
collecting pollen.
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and remain viable until 16:00 h, with a gradual decrease
in germination rate (Table 1). The stigma becomes re-
ceptive thirty minutes after anthesis and remains so un-
til 18:00 h of the same day. The stigma is shiny, dry and
non-papillate during receptive phase. A nectary is situ-
ated at the base of the flower; it is limited to the area of
the receptacle. The nectar is secreted in minute quanti-
ty during mature bud stage and is exposed on the an-
thesis. It is present in traces in open flowers due to feed-
ing by thrips in buds. Thrips use the growing buds for
breeding and emerge by the time the buds bloom. Dur-
ing mature bud phase, anthesis and post-anthesis, the
thrips continually feed on nectar and pollen. The corol-
la, along with the stamens and receptive stigma, clos-
es back by 12:00 h on the same day. The pollinated and
fertilized flowers remain in place, while in unpollinated
flowers the entire flower falls off on the third day.
Insect visitors and pollination: Thrips were found
to be contributing to primary self-pollination by feed-

Table 1. In vitro pollen germination in E. alsinoides and E.
nummularius.

E. alsinoides E. nummularius

§ ~ g § g

5% sgf g sgf %
Time (h) Eg ggoa ég 2?;?0 ég
0700 100 78 78 - -
0800 100 67 67 89 89
0900 100 53 53 78 78
1000 100 38 38 66 66
1100 100 36 36 54 54
1200 100 24 24 39 39
1300 100 20 20 37 37
1400 100 18 18 22 22
1500 100 8 12 12
1600 100 2 1
1700 100 0 0 0

Table 2. List of insect foragers on E. alsinoides and E. nummularius.

ing on both pollen and nectar since the beginning of
anthesis. The flowers were foraged by honey bees, small
carpenter bees and lycaenid butterflies during daytime,
from 08:00 to 11:00 h, with concentrated foraging ac-
tivity between 09:00-10:00 h (Fig. 3). The bees included
Apis cerana (Fig. 1k,1), A. florea (Fig. 1m) (honey bees),
Ceratina sp. (small carpenter bee) (Fig. 1n), while the
lycaenid butterflies included Zizeeria karsandra, Zizi-
na otis, Chilades laius, and Chilades pandava (Table 2).
Of the total foraging visits recorded during the observa-
tion period, bees accounted for 59 % and lycaenids for
41 %. The bees approached the flowers in upright posi-
tion, landed on the corolla and probed for pollen and/
or nectar. To collect nectar, they inserted their hairy
tongue (proboscis) into the corolla throat to access the
available nectar; in so doing, the ventral as well as dorsal
side brushed against the dehisced anthers and the stig-
mas effecting both sternotribic and nototribic pollina-
tion. To collect pollen, the bees approached individual
anthers and then only the ventral side and the stigmas
brushed against the anthers effecting only sternotribic
pollination. During most foraging visits, the worker
honey bees and female small carpenter bees probed for
nectar and pollen, while during other visits, both cat-
egories of bees (workers and females) collected either
nectar or pollen. The butterflies approached the flowers
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Fig. 3. Hourly foraging activity of insect foragers on Evolvulus
alsinoides.

Order Family Genus Species Common name E. alsinoides  E. nummularius Forage sought

Hymenoptera Apidae Apis cerana E. Indian Honey Bee + + P+N
Apis florea E. Dwarf Honey Bee + + P+N
Trigona Iridipennis STINGLESS bee + P+N
Ceratina sp. Small Carpenter Bee + - -

Lepidoptera  Lycaenidae  Zizeeria karsandra Moore ~ Dark Grass Blue + + N
Zizina otisE Lesser Grass Blue + + N
Chilades laius Stoll Lime Blue + + N
Chilades pandava Horsfield Plains Cupid + + N
Euchrysops  cnejus E. Gram Blue + N

P = Pollen, N = Nectar
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with a head facing the corolla throat; then they inserted
their proboscis to collect nectar and their head and ven-
tral side brushed against the anthers and the stigmas ef-
fecting sternotribic pollination. The bees and butterflies
visited 8-10 flowers consecutively and in some cases up
to 18-23 flowers, depending on the flower density, be-
fore leaving the flowering patch. As the nectar was con-
sistently collected by thrips, the insects made multiple
visits to the same flowers in quest of nectar and/or pol-
len. The pollen carrying efficiency evaluated by body
washings of captured insects indicated that the hon-
ey bees were more efficient in carrying pollen than the
small carpenter bees and butterflies; the average num-
ber of recorded pollen grains varied from 71.3 to 58.8
for honey bees and 27.5 for small carpenter bees, and
from 19.1 to 12.4 for butterflies (Table 3). The insects
foraged the flowers in quick succession from one flow-
er to another, in the same and/or different plant popu-
lations, in order to collect as much pollen and/or nectar
as possible; this inter-plant foraging activity was con-
sidered to be promoting cross-pollination.

Fruiting ecology: The pollinated and fertilized
flowers grow continually and produce fruits in three
weeks. The natural fruit set is 87.90 % and the seed set
is 68.25 %. The fruit is partly enclosed by the calyx. It is
a capsule, initially yellow-green and brown when ma-
ture; it is stalked, non-fleshy, non-hairy, 3-4 mm long
and 2-4 mm wide. A single fruit produces one to four
seeds and, accordingly, the fruit shape varies from glo-
bose to subglobose; 1-seeded fruit set is 3 % and 2-seed-
ed - 22%, 3-seeded - 36 %, and 4-seeded - 39%. The
seeds are brownish-black, smooth, reniform, glabrous
and 2-3 mm in diameter. The fruits dehisce loculicid-
ally to disperse seeds. The dispersed seeds fall to the
ground quickly due to the low height of the mother

Table 3. Pollen recorded in the body washings of insect foragers
on E. alsinoides and E. nummularius.

E. alsinoides E. nummularius

Sample Number of pollen Number of pollen
size grains grains
Insect species (N) Range Mean S.D Range Mean S.D

28-113 71.3 24.3337-142 90.8 28.82
Apis florea 10 34-80 58.8 13.94 28-93 56.4 20.10
Trigona iridipennis 10 - - - 10-47 25.6 9.84
16-43 275 9.15 - - -

10-28 19.1 5.62 13-28 20.5 4.65

Apis cerana 10

Ceratina sp. 10
Zizeeria karsandra 10

Zizina otis 10 11-25 185 4.05 11-25 15.6 5.08
Chilades laius 10 7-21 124 458 8-25 145 574
Chilades pandava 10 9-25 13.9 5.04 10-31 20.6 7.48
Euchrysops cnejus 10 - - - 6-23 134 4.36

plant. They are further dispersed by wind and rainwa-
ter. The seeds are dormant and germinate only during
rainy season, which starts in June. Erratic rainfalls and
long dry spells during rainy season were found to be
terminating the growth and development of seedlings.
The old plants with their robust underground root sys-
tem grow continually and sequentially display pheno-
logical events. However, the aerial plants wither away
under extreme dry soil conditions occurring during the
dry season only.

Evolvulus nummularius (L.) L.

Phenology: Evolvulus nummularius is a weed of
sandy, open dry localities with variable soil mois-
ture content. It is an annual prostrate, creeping herb
(Fig. 2a). It roots at the nodes and produces extensive
branching. It is multi-stemmed and propagates through
seeds, as well as vegetatively. The leaves are orbicular,
with retuse apex, a rounded or slightly cordate base,
and are alternately arranged on the stems. The plant
re-grows from the perennial ground rootstock during
rainy season. Individual plants occurring close to each
other form expanded mats with overlapping stems due
to their profuse growth. The plant is conspicuous dur-
ing flowering period. The flowering occurs early in in-
dividuals emerging from rootstock, and late in those
emerging from seed. The plants, which grow from the
old rootstock, flower in July, and those growing from
seed in August. Duration of flowering and life of the
plant depends on the soil moisture. Thus, flowering
is profuse in July-October, when the soil is sufficient-
ly wet due to heavy rainfalls. If the soil is sufficiently
wet, even in the summer season, the plant survives and
produces flowers depending on the soil nutrient sta-
tus. In such plants, the flowering occurs across the year.
The flowers are pedicellate, solitary, densely villous and
borne in leaf axils. They look quite distinct against the
foliage. The plant with its extensively spreading branch-
es and scattered solitary flowers is quite attractive dur-
ing flowering season (Fig. 2b).

Flower morphology: The flowers are small
(8.3+0.6 mm long, 9.5+0.4 mm wide), white, campan-
ulate, odourless, actinomorphic and bisexual. The ca-
lyx has five free sepals partially fused at the base; the
sepals are green, densely hairy, lanceolate, acuminate,
3.4+0.4 mm long and 3 mm wide. The corolla consists
of five united white petals forming a short tube at the
base, 8-11 mm wide and glabrous. The stamens are
white, epipetalous, exerted, glabrous, 3.4+0.4 mm long;
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they are dimorphic (3+2) due to insertion of their fil-
aments into the middle of the corolla tube at different
lengths (Fig. 2f). The anthers are white, glabrous, 1 mm
long and dithecous. The ovary (6.4+0.4 mm long) is
green and bicarpellary, bilocular, with two ovules ar-
ranged on axile placentation in each locule. The styles
and stigmas are pure white; the styles are two in num-
ber, short and each style extends into a long 2-lobed mi-
nutely capitate stigma (Fig. 2h-j).

Floral biology: Mature buds open complete-
ly at 07:00-08:00 h on clear sunny days and partially
at 07:30-08:30 h on rainy days (Fig. 2c-e). In mature
buds, the corolla is slightly twisted and attains subrotate
shape after complete opening. The anthers dehisce by
longitudinal slits during anthesis and the pollen is pre-
sented latrosely (the split on the side of the anther is po-
sitioned towards the other anthers rather than towards
the inside or outside of the flower). The number of pol-
len grains per anther is 885.4+46.96 and per flower is
4427+234.81. The pollen-ovule ratio is 1106.75:1. The
pollen grains are white, initially sticky, later powdery,
spherical, 6-zonocolpate, 35.69+5.31 pm, and with
smooth exine (Fig. 2g). In vitro pollen germination tests
indicated that pollen grains are viable and germinate af-
ter anther dehiscence and remain viable until 16:00 h,
with a gradual decrease in germination rate (Table 1).
The stigma becomes receptive thirty minutes after an-
thesis and remains so until 17:00 h of the same day. The
stigma is shiny, dry and non-papillate during receptive
phase. Nectary situated at the base of the flower secretes
nectar in minute quantity during mature bud stage and

Fig. 2. Evolvulus nummu-
larius: a & b — habit with
flowering phase; ¢ — matur-
ing bud; d & e - flowers;
f - stamens; g — pollen grain;
h - Gynoecium; i - ovary;
j — ovules; k - 3-seeded fruit;
1 - 4-seeded fruit; m - Apis
cerana collecting nectar; n —
Apis cerana collecting nectar;
o — Apis florea collecting pol-
len; p - Zizeeria karsandra
collecting nectar; q - Chilades
pandava collecting nectar.

is exposed upon anthesis. Nectar is present in traces
in open flowers, due to feeding by thrips since the be-
ginning of anthesis. Thrips used the growing buds for
breeding and emerge when the buds open; they contin-
ually feed on both nectar and pollen. The corolla, along
with the stamens and receptive stigma, closes back by
12:00 h on the same day. The pollinated and fertilized
flowers remain in place, while in unpollinated flowers
the entire flower falls off on the second day.

Insect visitors and pollination: Thrips were found
to be contributing to primary self-pollination by feed-
ing on both pollen and nectar after anthesis. The flowers
were foraged by honey bees, stingless bees and lycaenid
butterflies at daytime, from 08:00 to 11:00 h, with con-
centrated foraging activity at 09:00 h (Fig. 4). The bees
included Apis cerana (Fig. 2m), A. florea (Fig. 2n,0)
(honey bees) and Trigona iridipennis (stingless bees),
while the lycaenid butterflies included Zizeeria karsan-
dra (Fig. 2p), Zizina otis, Chilades laius, Chilades panda-
va (Fig. 2q), and Euchrysops cnejus (Table 2). Of the total
foraging visits recorded during the observation period,
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Fig. 4. Hourly foraging activity of insect foragers on Evolvulus
nummularius.
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bees accounted for 55% and lycaenids for 45%. The
bees approached the flowers in upright position, land-
ed on the corolla and probed for pollen and/or nectar.
To collect nectar, they inserted their hairy tongue (glos-
sa) into the corolla throat to access the available nectar;
in so doing, the ventral as well as dorsal side brushed
against the dehisced anthers and stigmas effecting both
sternotribic and nototribic pollination. To collect pol-
len, the bees approached individual anthers and then
only the ventral side and stigmas brushed against the
anthers effecting only sternotribic pollination. The but-
terflies approached the flowers with head facing the co-
rolla throat; then they inserted their proboscis to col-
lect nectar, during which their head and ventral side
brushed against the anthers and stigmas effecting ster-
notribic pollination. The bees and butterflies visited 12—
14 flowers consecutively and in some cases up to 20-23
flowers, depending on the flower density, before leaving
the flowering patch. As thrips were using nectar, the in-
sects made multiple visits to the same flowers in quest
of nectar and/or pollen. The pollen carrying efficiency
evaluated by body washings of captured insects indicat-
ed that honey bees were more efficient in carrying pol-
len than stingless bees and butterflies; the average num-
ber of recorded pollen grains varied from 90.8 to 56.4 in
case of honey bees and 25.6 in case of stingless bees and
from 20.6 to 13.4 in case of butterflies (Table 3). The in-
sects foraged the flowers in quick succession, from one
flower to the other, in the same and/or different plant
populations, in order to collect as much pollen and/or
nectar as possible; this inter-plant foraging activity was
considered to be promoting cross-pollination.
Fruiting ecology: The pollinated and fertilized
flowers grow continually and produce fruits in three
weeks. The natural fruit set is 85.74 % and the seed set is
58.85 %. The fruit is partly enclosed by the calyx. It is a
capsule, initially yellow-green and brown when mature;
it is stalked, non-fleshy, non-hairy, 3.4+0.4 mm long
and 4.5+0.4 mm wide. Each fruit produces one to four
seeds and, accordingly, the fruit shape varies from glo-
bose to subglobose; 1-seeded fruit set is 9%, 2-seeded
is 34 %, 3-seeded is 31 % (Fig. 2k), and 4-seeded is 26 %
(Fig. 21). The seeds are brownish-black, smooth, ovoid-
trigonous, glabrous, minutely tuberculate, and 1-2 mm
in diameter. The fruits dehisce loculicidally to disperse
seeds. The dispersed seeds fall to the ground quickly,
due to the low height of the mother plant. They disperse
further by wind and rainwater. The seeds are dormant
and germinate only during rainy season, which starts in

June. Erratic rainfalls and long dry spells during rainy
season were found to be terminating the growth and
development of seedlings. The old plants with their ro-
bust underground root system grow continually and
display sequentially phenological events. However, the
aerial plants wither away during extremely dry soil con-
ditions, which occur in the dry season only.

Discussion

This study indicates that Evolvulus alsinoides and E.
nummularius display similar phenology in vegeta-
tive, flowering and fruiting events. In these species, the
flowers stand out above the foliage and look attractive,
especially in July-October, when flowering is very in-
tense. Allard (1947) stated that E. alsinoides is easy to
spot in the field with its twining habit and large bright-
ly coloured and funnel-shaped flowers, with twisted
corolla and clockwise in bud, and strongly plicate. In
this study, it has been found that E. nummularius is al-
so easy to spot in the field, since it is also similar in
habit and floral characters.

Sarma & al. (2007) noted that a small percentage of
pollen is sterile and fertile pollen grains are viable for
about five hours only in E. nummularius. The present
study showed that all pollen is fertile and viable for ten
hours in E. alsinoides and nine hours in E. nummular-
ius. Sarma & al. (2007) reported that E. nummularius
is facultatively autogamous. But, in the present study,
the pollen-ovule ratios and the spatial separation of
stamens and styles delaying the occurrence of auton-
omous autogamy until the close-back of the flowers
in both E. nummularius and E. alsinoides suggest that
these species are facultatively xenogamous. Insects pol-
linate the flowers when the latter are in open state. The
flowers resort to spontaneous autogamy during their
closing time (at noon) due to contact between recep-
tive stigmas and anthers. The extended period of stig-
ma receptivity after the closure of the flower increases
the chances for occurrence of spontaneous autogamy.
In this breeding system, autogamy is delayed to pro-
mote cross-pollination, but in reality, both geitonoga-
my and xenogamy occur due to insect activity during
the open state of flowers. Delayed autogamy brings an
advantage for the plant, because it does not reduce the
amount of pollen that could have been exported for
outcross siring, nor does it cause seed discounting by
reducing the number of ovules available for outcross
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fertilization (Lloyd 1992). It also is a fitness benefit in
habitats, where there is much spatial and/or temporal
variation in the availability of pollen vectors (Morgan
2006). This means that when the pollinator availabili-
ty is constant and adequate, plants can maximize their
out-crossed seed set and then use delayed autogamy to
fertilize any remaining ovules, while if pollinators are
absent, the ovules may still be fertilized by autogamy
and still retain a high relative fitness, if inbreeding de-
pression is low (Pannell 2006). In a review on under-
standing plant diversity, Barrett (2010) explained why
selfing evolves and what the advantages are. Selfing in-
dividuals have the advantage over outcrossers, when
pollinators or mates are scarce. They also have a genetic
transmission advtange through pollen that selfing var-
iants experience, because selfers are both maternal and
paternal parents of the seed they produce. These advan-
tages confer reproductive assurance to the plants that
have the ability to reproduce through selfing and out-
crossing in the habitats, or in times when pollinators are
scarce. In this study, the facultative xenogamous breed-
ing system functional in E. alsinoides and E. nummular-
ius is substantiated by the highest fruit and seed set in
open pollinations. However, the seed set rate is signifi-
cantly low, as compared to the fruit set rate in both spe-
cies. This state of the seed set rate could be attributable
to the free styles and stigmas, due to which their con-
tact with the pollinators during flower life and closing
time of the flower is not absolute; such situation would
reflect on the fertilization rate of ovules of individual
flowers, which characteristically produce four ovules.
Therefore, it can be said that delayed autogamy in these
species facilitates the production of 3-4 seeds per fruit,
mostly from open pollinations and 1-2 seeds per fruit
from selfing due to flower closure.

In their report on the reproductive biology of E.
alsinoides, Singh & al. (2010) have not mentioned
whether this species produces nectar or not. Sarma
& al. (2007) mentioned that E. nummularius does not
produce nectar. The present study shows that both spe-
cies produce nectar. Thrips feeding on nectar prior to
the commencement of stigma receptivity prevents au-
togamy, but facilitates self-pollination after anthesis.
However, self-pollination by thrips is limited by the di-
vergent stamens situated far away from the styles and
stigmas. Pollen feeding by thrips indirectly promotes
flower visitation rate by pollen-collecting bees. Trac-
es of nectar present in the flowers of both species pro-
mote flower visiting rate by nectar-feeding bees and

butterflies and, in effect, cross-pollination rate is en-
hanced. This finding is in agreement with a note by
Hodges (1995) that overabundance of nectar may have
a detrimental effect on the seed set by increasing the
intra-plant pollinator movement.

On the basis of reports by various authors, Veron-
ica et al. (2009) stated that the study of factors that in-
fluence the adjustments of floral traits among the spe-
cies is a central issue in comparative plant ecology. In
this context, these authors noted that many floral traits
are related to the pollination and fertilization process-
es. Floral traits displayed by plants are products of se-
lection to ensure reproductive success and, hence, col-
lectively as components of a floral integrated design to
maximize pollination and subsequently fertilization
rate. Floral integrated designs vary and show adapta-
tions for different classes of pollinators. Austin (1997)
reported that pollination in Convolvulaceae is primar-
ily effected by bees, but there are instances of pollina-
tion by moths, birds and bats. Singh & al. (2010) report-
ed that E. alsinoides is pollinated primarily by honey
bees and beetles, although other insects also pollinate
this plant. Sarma & al. (2007) reported that E. nummu-
larius is pollinated by the honey bee, Apis cerana, and
the snail, Lamellaxis gracile. The present study indi-
cates that snails have not been found in the habitats of
E. alsinoides and E. nummularius; hence, snail-pollina-
tion is totally ruled out. The funnel-shaped blue flow-
ers with white throats in E. alsinoides, and the campan-
ulate, white flowers in E. nummularius, displaying the
stamens and stigmas directly to the sunlight, project
out against the foliage and their attraction is amplified
by the patchy form of the growth habit. Despite such an
abundance of flowers, especially during rainy season,
the flowers are pollinated by a few bee and butterfly
species only. Therefore, the pollinator guilds recorded
in the study indicate that both species of Evolvulus are
principally melittophilous and psychophilous.

Saharan & al. (2001) and Todd & al. (2002) stated
that seeds of E. alsinoides are physically dormant. In
this study, both E. alsinoides and E. nummularius dis-
play seed dormancy by germinating only during the
rainy season. This dormancy enables these species to
colonize the areas during rainy season, though errat-
ic and long dry spells during the rainy season exercise
an impact on the seedling establishment rate. Howev-
er, re-growth from the well-established old rootstock
withstands rain deficit and produces new plants, thus
alleviating to some extent the loss of seedlings from
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seeds. Therefore, seed dormancy and production of
new plants from the old rootstock enable the plant
to occupy various habitats and to extend and expand
its distribution range. In this context, it is appropriate
to mention that the fruit capsule dehisces loculicidal-
ly facilitating seed dispersal to different distances on
the ground (ballistochory) and the smooth and reni-
form seeds subsequently disperse by wind and rain wa-
ter which is characteristic for anemochory and hydro-
chory. These three modes of seed dispersal benefit the
plant in invading and colonizing new areas.

Knapp & Rice (1996) noted that there is a wide-
spread interest in native herbs, partly due to recent
availability of plant material, as well as to recognition
of the role of native herbal species in restoration of bi-
ological diversity. The present study suggests that Evol-
vulus species are promising candidates for restoration
of the ecological niches, where they successfully grow
and colonize. With their clustered root system and
spreading form of multi-stemmed branching pattern
they are effective soil binders. Therefore, these species
are important herbs in the natural and artificial res-
toration of habitats, which are either destroyed or de-
graded, or damaged.
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