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ABSTRACT
Two species of the genus Vicia L., namely V. hirsuta (L.) Gray and V. sativa L., forming allopatric as
well as sympatric populations in North-west Himalaya, have been investigated. Plants of both the
species reproduce only sexually and are prolific flower producers. They complete their life-cycle in a
short span of 3-3.5 months. Although flowers in both the species are papilionaceous, V. hirsuta has
small, dull white flowers while V. sativa has comparatively large and bright pink flowers. Flowering
phenology of the two species reveals V. hirsuta to be slightly protogynous and V. sativa to be
protandrous. However, lack of insect visits disables V. hirsuta to harvest the benefits of dichogamy.
On the other hand, V. sativa enjoys the benefits of both self- and cross-pollination. A common feature
favouring selfing in the species is the occurrence of in-situ pollen germination. The present paper
discusses multiple pollination pathways that these two annuals adopt in order to ensure reproductive
efficiency in their short life span.
Keywords: Herbivory, in-situ pollen germination, papilionaceous corolla, patchy distribution, protandry,
protogyny, stylar brush

INTRODUCTION
Though most hermaphrodite angiosperms have the
potential for self fertilization, many avoid selfing
through mechanisms such as self-incompatibility,
dichogamy and herkogamy (Richards 1997). The life
cycle of many plants has, infact, encouraged the
evolution of a mixed mating system (Richards 1997).
Outcrossing usually succeeds when reproductive fitness
is not limited by a paucity of visitors and where such a
limitation occurs, features that maximize autogamy may
be favoured (Koul & Sharma 2012 a & b). Failure of

outcrossing because of limited insect visitation occurs in
inimical environment (arctic, alpine or arid) where
animal visitors are few or uncertain. Similar
environment is offered by patchy distribution of a
species and herbivory (Hamal & Sharma 2012).
Genus Vicia is considered to be well placed to help
meet the increased global demand for animal feed and to
provide crops for a diversity of farming systems (Francis
et al. 1998). In this context, it assumes importance that
its genetic resources be explored, screened and
conserved for further crop development. During the last
few decades, the conservation of Vicia germplasm has
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been given priority by the International Board for
Plant Genetic Resources (IBPGR 1985).
Several species of genus Vicia have been studied
world over from various perspectives but studies on their
pollination and breeding system are confined mainly to
V. faba (Drayner 1956, Hanelt & Mettin 1989, Musallam
et al. 2004) and V. villosa (Schelhorn 1946, Wojtowski &
Mlyniec 1964, Pritsch 1966).
The present investigation has explored pollination
mechanism in two widely distributed species of the
genus Vicia, i.e., V. hirsuta (L.) Gray and V. sativa L.
Both the species are annual, climbing herbs with a short
life span of 3-3.5 months and reproduce only sexually.
Yet they exhibit variation in reproductive efficiency. The
communication presents different mechanisms that the
two species have adapted to ensure reproductive
success.
MATERIAL & METHODS
STUDY AREA — Present study was undertaken on
plants growing wild and forming natural populations at
Jammu (32.73ºN,74.87ºE, elevation-327m) J&K, India.
Some of the plants were also raised from the seeds sown
in pots filled with sand, soil and manure in the ratio of
1:1:1 and maintained with regular spray of insecticides
in order to avoid any insect infestation. The study spans
over two flowering seasons. Most of the morphometric
data was collected in the field. Details of floral
morphology were, however, obtained under the
stereomicroscope SMZ- 800 (Nikon).
POLLEN-OUTPUT, OVULE-COUNT AND
POLLEN-OVULE RATIO — The pollen-output per
flower was determined by estimating the number of
pollen grains in one mature undehisced anther, squashed
in a drop of 1% acetocarmine. The count, thus, obtained
was multiplied with number of stamens per flower to
obtain pollen output per flower.
The estimation of the number of ovules per pistil, was
made from carpels excised from mature flowers, and
kept in carnoy's fixative for 24 h. These slides were then
observed under the compound microscope to count the
number of ovules per pistil. From the data, thus obtained,
pollen-ovule ratio was calculated using the following
formula.
Pollen Output per Flower
P/O Ratio =
Ovule Output per Flower
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POLLEN – VIABILITY — Percentage viability of
pollen-grains per flower was estimated by enzyme-assay
(0.5% of 2, 3, 5 – triphenyl tetrazolium chloride)
(Shivanna & Rangaswamy 1992).
FLOWERING PHENOLOGY — Flowering
phenology was recorded in both the species as per Hamal
& Sharma (2012).
POLLINATION STUDIES — The plants of the
species studied were observed in the field during the
peak flowering period for the presence and type of floral
visitors, if any. The frequency of insect visitors to the
plants was recorded at regular time intervals. The
behaviour of insects, such as time of visitation, duration
of their visit to the individual flower and their foraging
behaviour were recorded. Regular and frequent visitors
were trapped, etherized and scrutinized for pollen load
on their body parts. These were also identified up to
order level.
FRUIT AND SEED SET — Plants of each species
(N=25), tagged in the field were used to estimate the fruit
set per plant. Initially, these plants were monitored for
number of flowers differentiated and later for number of
fruits. The pods were collected and studied for number
of seeds. The values are expressed as percentage.
To ascertain the nature of breeding system, 25 floral
buds were randomly selected in the pots and bagged to
allow auto-selfing. The percentage fruit and seed-set
from the bagged flowers was computed.
OBSERVATIONS
Vicia hirsuta — The flowers of this species are typically
papilionaceous, white in colour, averaging 4.0mm +
0.028 (3.5 – 4.5) mm in length, and borne in clusters of 26, on 8-10 mm long peduncle (Fig. 1a). The average
length of mature androecium is 2.92±0.007 (2.5-3.0)
mm. The pistil, 2.0±0.0 mm long, bears very small,
terete and slightly deflexed style, (Fig. 1b), which
terminates in a wet and papillate stigma that is positioned
just below the anthers. A small nectary is present inside
the receptacle beneath the ovary.
Anthers, present in 9+1 arrangement, vary in their
pollen output. The anther of the free, tenth stamen has the
lowest pollen output averaging only 79.8. On the other
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Fig. 1. (a) A branch of V. hirsuta with cluster of small, inconspicous flowers arising in the axil of the leaf.
(b) Relative placement of anthers and stigma in flowers of V. hirsuta. (c) Flowering buds of different stages
in V. hisuta. (d) A portion of anther magnified to show in-situ pollen germination in V. hirsuta. (e) Pollen load
on stigma of V. hirsuta.
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hand, the average pollen count per anther in the group
of 9 fused stamens averages 191.4 ± 7.35. That
approximates the pollen output of 9 anthers of the united
staminal tube to be 1722.6 ± 65.7. Hence, the pollen
output per flower averages 1802.4 (1722.6±79.8). With
the number of ovules per pistil as invariably 2, the polleno v u l e
r a t i o
per flower approximates to be 901.2:1
As revealed by tetrazolium chloride test, the pollen
viability averages 84.3% ± 0.9 (80.9 – 88.7) %.
Flowering initiates during the last week of January
and the bloom peaks during second week of February
(Temperature-5.4ºC (min.) and 28.6 ºC (max), relative
humidity: 20–100 percent). Blooming can be divided
into 5 stages, with the events occurring at each stage
varying with the size of the bud (Fig.1c) (Table 1). Onset
of stigma receptivity (evident by the appearance of
exudates on its surface, Stage 2) precedes initiation of
anther dehiscence (Stage 3) by 2 days. Dehiscence in the
united group of 9 stamens, is staggered and occurs over a
period of 4±1 days. By the time, the bud turns 4mm in
size (Stage 4), only 5-7 anthers have dehisced but 3-5
anthers surmounting the stigma have either just initiated
dehiscence or are still undehisced. In 16 percent flowers
(n=50), at this stage the pollen grains present inside these
anthers and/or, the ones present just outside the
dehiscence slits in groups, show in situ germination
(Fig.1d). If precipitation occurs at this stage, i.e. the
temperature lowers and the air becomes humid, the
frequency of flowers showing in-situ pollen germination
can be as high as 80.85 percent (n=50). At this stage,
anthers are seen clouding the stigma which show a high
pollen load of 37.66 of which 77.61 percent pollen grains
were observed to be germinating (Table 1) (Fig.1e). The
mature flower remains open for the next 2 days and
thereafter, the petals close and their withering gets
initiated. Simultaneously, the stigma starts turning dark
and loses its receptivity. No insects were seen visiting
the flowers of this species.
The percentage fruit set in the field is high on openpollination, approaching 80 percent in the field and pots
both (Table 3). On unassisted selfing, it declined
drastically and averaged 39.13 percent in the field and
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40.22 percent in the pots.
Percentage seed set however did not differ
significantly between open pollinated pods (80.7%) and
the pods developed after unassisted selfing (83.1%;
Table 3).
Vicia sativa—The papilionaceous flowers, 14.7mm
long (14.0 – 15.0) mm, are borne in a raceme; 1-2 in the
axil of a leaf (Fig.2a). The flowers display a colour
pattern of dark pink and white. The androecium and
gynoecium are equal in length, averaging 10.16±0.07
(10.0-11.0) mm. The style is long, tapering and bends at
an angle of 80˚ to the plane of the ovary. It bears
numerous long, unicellular hairy outgrowths near the
base of the stigma, which act as pollen holders (Fig.2b).
The stigma is wet and papillate. A small nectary is
present beneath the ovary and on the adaxial surface of
stipules. All the anthers in a flower of V. sativa produce
approximately same amount of pollen grains with
number differentiating per anther averaging 1058.44
±16.2 (938.0-1245.0). The pollen output per flower
comes out to be 10584.4. Single carpel per flower in the
species, has the number of ovules, varying from 6-12 per
ovary. The pollen- ovule ratio per flower is 1091:1. The
pollen viability as determined by tetrazolium test is
88.59% ± 0.21 (86.3 - 92.3) %.
Flowering in V. sativa initiates during the last week
of February and peaks in the second week of March
(Temperature- 10.8°C (min.) and 36.4°C (max.), relative
humidity: 18 to 100 percent).
Anther dehiscence initiates in buds measuring 9.0
mm in length (stage 4). Most of the released pollen gets
trapped in the stylar brush, while some remains
suspended in groups just outside the dehiscence slits.
No pollen load is observed on the stigma till the bud
attains a size of 12 mm (Stage 6). Maximum number of
pollen grains germinating (37.65%) (Fig. 2d) on stigmatic
surface are observed in a 13.0 mm long bud (Table 2).
In about 36 percent buds (n=25), varying number of
anthers (1-6), either fail to dehisce or their dehiscence
starts very late. In these anthers, pollen grains may
germinate in situ (Fig. 2e). On a rainy day, the incidence
of in situ pollen germination, in such flowers, was
recorded as high as 56.67percent (n=60). Flowers of this
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Table 1— Phenology of flower in V. hirsuta (n=25).
Stage Bud size
(mm)

Average
duration in
hours/days

Average
pollen load
on stigma

Mean %age pollen
germination

Phenological event

1.

2.0 – 2.5

48h/2 days

Nil

Nil

2.

2.5 – 3.0

48h/2 days

Nil

Nil

3.

3.0 – 3.5

72h/3 days

X = 15.66
(12 - 35)

X = 53.49%
(37.14% - 88.33%)

4.

3.5 – 4.0

74h/3 days

X = 25
(18 – 50)

X = 60.68%
(58% - 80.6%)

5.

4.0 – 4.5

48h/2 days

X = 37.66
(14 – 120)

X = 77.61%
(24.16% - 100%)

6.

4.0 – 4.5

96h/4 days

Nil

Nil

Floral bud small, corolla within
calyx
Petals emerging above calys but
still closed, slight secretion of
stigmatic exudates initiates.
Corolla emerges above calys,
moves away from calyx lobes
and petal opening initiates;
anthers dehiscence initiates,
exudates being secreted in
copious amounts, pollen grains
germinate on stigmatic surface.
Standard and wings open out
further and the floral bud starts
securving backwards, receptivity
of stigma increases.
Flowers mature, standard open,
wings bulged out and flowers
pendant; stigma highly receptive;
in-situ germination
Petals wither

Table 2—Phenology of flower in V. sativa (n=25).
Stage

Bud size
(mm)

Average
duration in
hours/days

Average
pollen load
on stigma

Mean %age pollen
germination

1.

6.5 -7.0

14h

2.

7.0 – 7.5

10h

3.
4.

7.5 – 8.0
8.0 – 10.0

15h
10h

Nil

Nil

5.

10.0 – 12.0 15h

Nil

Nil

Phenological event

Floral bud small, calyx lobes
closed.
Calyx lobes open and petals
become evident.
Petals start emerging.
Petals slightly longer than calyx
but standard closed – anthers
start dehiscing in buds > 9mm
Petals much longer than calyx,
standard still closed.
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Fig. 2. (a) A portion of branch of V. fativa with conspicous bright pink flowers in the axil of the leaf.
(b) Essential organs of V. sativa (x 13.50). (Arrow indicates the stylar brush present beneath the stigma.)
(c) Floral buds of V. sativa at different stages of development(x 2.28). (d) Germinating pollen grains on the
stigmatic surface of V. sativa. (e) A portion of anther magnified to show in-situ pollen germination in
V. sativa. (f) & (g) Visitors to flowers of V. sativa - Camponotus ligniperda (f) and Syrphid fly (g).
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12.0 – 14.0 32h

> 14.0

.
X = 66.33
(53 – 98)
(Bud size12mm)
.
X = 63.42
(17 – 95)
(Bud size13mm)
.
X = 47.6
(38 – 63)
(Bud size14mm)

.
X = 26.92%
(1.88% - 54.54%)

Standard begins to open and
wings start bulging out, stigma
turns receptive, secretion of
stigmatic exudates starts here.

.
X = 37.65%
(8.86% - 74.7%)

Anthers shriveled and dehisced.

.
X = 34.21%
(15.87% - 65.9%)

In situ germination present.

56h

Flower closes & petals start
curling & withering.

Table 3—Fruit and seed set
S.No

Species

Fruit-set (%)
Open Pollination
Bagging

Seed-set (%)
Open Pollination
Bagging

1.

V. hirsuta (n=25)

79.94 ± 1.44*
79.86 ± 1.06**

39.13 ± 2.05*
40.22 ± 2.12**

80.7 ± 2.63

83.1 ± 0.11

42.68 ± 1.67*
83.33 ± 0.21 **

60.8 ± 0.97*
70.1 ± 0.08**

65.56 ± 3.02

25.77 ± 0.32

2.

V. sativa (n=25)

* Open fields, **Pots
flies (Fig.2g) and thrips. Pollen load was observed on
the bodies of thrips (15-20) and Syrphid flies (69-146).
The frequency of Syrphid flies around the flowers of
V.sativa, was maximum during the month of February
with 1-3 individuals visiting a flower per minute. Their
frequency, gradually decreased towards the month of
March (0-2 individuals per flower per minute).
However, the time period (20-25 sec) for which the
Syrphid fly remains on a flower was constant. By the
end of March (2nd last week), the frequency of Syrphid
flies got reduced to 0-1 individuals per flower per
minute. In the last week of March, no Syrphid fly was
observed to visit the flowers of V. sativa.
Percentage fruit set on open pollination in open field
is low and averaged only 42.68 percent (Table 3). On

bagging i.e., unassisted self-pollination, 60.8 percent
fruit set was observed. In plants grown in pots and
carefully nurtured, fruit set on open-pollination was
found to be quite high (83.33%). On bagging also, it
averaged 70 percent.
Percentage seed set per fruit averaged 65.56 percent
on open pollination. In bagged flowers, it declined
considerably and averaged only 25.77 percent.
DISCUSSION
Flowers of V. hirsuta are small, dull white and with
low nectar production. Although present in groups of 26, they are unable to attract any visitor at the time when
some other weeds including Trifolium fragiferum some
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Mazus japonicus and also Vicia sativa that form
sympatric populations with this species, received regular
insect visits (pers. obs., Dhar 2004, Koul & Sharma
2012a,b).
Non-exposure of reproductive organs (enclosed
within the keel) and lack of insect visits leaves selfing as
the only option for Vicia hirsuta. The positioning of
anthers (length of androecium, x = 2.92mm) slightly
above the stigma (length of pistil, x = 2.0mm) (Fig.1b)
and the slight curvature of the style at its apical part
makes reception of self-pollen easy for the pistil. This
assists in autogamy. Flowering phenology of V. hirsuta
reveals that although the species is slightly protogynous
(Table 1) pollen load and pollen germination on stigma is
observed only after the pollen are released from the
anthers (Table 1). The species is, thus, unable to harvest
the benefit of dichogamy as a contrivance for
outcrossing (Richards 1997, Kudo 2006).
Autogamous nature of the breeding system of V.
hirsuta is also indicated by low pollen - ovule ratio. Low
P/O ratio of the magnitude of 901:1 indicates facultative
autogamous nature of the species (Cruden 1977).
The occurrence of in-situ pollen germination in a
proportion of flowers and clogging of stigma by pollen
tubes also reveals autogamous nature of breeding system
(Dhar et al. 2005). The species practising it are normally
high seed setters (Connor & Mathews 1977, Lord 1979).
In V. hirsuta also, good reproductive potential is
observed (Table 3). Although open-pollination in V.
hirsuta shows adequate fruit-set (65.90-91.60 percent,
x=80%), a decline in fruit set was observed on unassisted
selfing (39.13 percent). This contradicts its apparent
selfing nature and negates a recent report about
pollination treatments in V. hirsuta. Khajuria (2009) has
reported very high fruit-set (95 percent) in bagged
cluster of flowers (2-6) in V. hirsuta. The drastic
difference in the present observation from that of
Khajuria (2009) could be attributed to only one reason.
While Khajuria (2009) bagged complete inflorescences
(consisting of 2-6 flowers per head), during the present
study, only one flower per inflorescence was bagged; the
remaining flowers were clipped off. This may have
affected the sink drawing ability at the point of fruit
formation (Ganeshaiah & Umashankar 1988). Seed set
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in developed fruit, however, remains high and averages
83.1percent (Table 3).
Vicia sativa, the second species investigated
presently differs from V. hirsuta in having comparatively
large and brightly coloured flowers (Fig. 2a), high pollen
and nectar production and frequent insect visits. The
flowers are protandrous with the ♂ phase initiating 22h.
before the ♀ phase, the two overlapping for about 6h.
While anthers start dehiscing in buds beyond 9 mm,
secretion of stigmatic exudates and pollen germination
on stigma begins in buds ≥ 12mm (Table 2). Some
pollen grains on release remain available in suspended
form in and around the dehiscing anthers for a long time
(even at the time when stigma receptivity is at its peak).
A specialized method of secondary pollen presentation
through pollen holders (stylar brush) (Fig. 2d) present
just beneath the stigma is a characteristic feature of the
flowers of V. sativa. This along with dichogamy,
comparatively larger and brightly coloured flowers,
suggests entomophilous strategy of pollination.
Entomophily has infact been reported in several species
of Vicia including V. sativa (USDA (Schoth) 1942;
Hanelt & Mettin 1970).
Flowers of V. sativa were observed to be regularly
visited by ants, thrips and Syrphid fly. Present
observations revealed that insects (in particular Syrphid
fly) facilitate self- as well as cross-pollination. When a
Syrphid fly lands on the wing petals of V. sativa, it forces
its proboscis down the corolla, exerts pressure on its keel
which in turn forces the stylar brush and anthers out of
the petals. Since anther dehiscence occurs before flower
opening, pollen is presented to the insect visitor on stylar
brush (personal observation, Lavin & Delgado 1990).
The secondary pollen presentation is associated with
anther dehiscence before flower opening in many taxa
practicing entomophily (Lavin & Delgado 1990 and
Galloni et al. 2007). The pollen presented on the stylar
brush gets rubbed off onto the body parts of the insect
visitor which then transports it to the other flowers where
it is utilized for cross pollination. As insects fiddle with
the flower, the suspended pollen mass in the anthers also
gets released and becomes available to the self-stigma.
Insect visitation, thus, brings about cross pollination as
well as facilitated autogamy by shaking out the
suspended pollen mass onto the stigma.
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Other visitors, in particular thrips, which have the
capacity to fly small distances, bring about geitonogamy
particularly where 2 flowers are borne per inflorescence.
Such small distance geitonogamous pollinations have
also been recorded in species of Capsicum (Chibber
2007).
The flowers of V. sativa are self-compatible and are
able to set fruit without insect intervention also. An
average of 60 percent fruit set was observed in bagged
flowers in the open field (Table 3). The foregoing
discussion reveals that flowers give insects the first
choice, to pollinate them, in the absence of which they
ensure seed set by autogamy.
Selfing in this species is further authenticated by the
occurrence of in-situ pollen germination, observed in 36
- 56.6 percent flowers. Presence of both inbreeding and
outbreeding suggests that the species has a mixedmating system (Sharma et al. 1992, Kaul et al. 2002). In
protected environment, the fruit–set on open pollination
exceeded that on bagging (Table 3). Moreover, the seedset on open-pollination was significantly higher (x =
65.5 percent, Table 3) than on unassisted selfing (x =
25.7 percent). Both these observations indicate that
cross pollen contributes more to seed formation than
self-pollen. Although, the species has potential for both
selfing and outcrossing, on the basis of floral make up
and other features, it is apparently more outcrossed.
High pollen production and pollen-ovule ratio in the
species is also indicative of facultative xenogamy
(Cruden 1977).
Comparison of the fruit set on open-pollination and
on bagging (in open-fields, see Table 3), however,
negates the conclusion reached on the basis of all other
observations. Most of the observations reveal V. sativa
to be more outcrossed than inbred. However, the plants
in open fields were observed to set less fruit on open
pollination than by bagging, even in presence of
pollinators (Table 3); a feature contradicting the
predominant outcrossed nature of the species.
Investigations into the causes indicate patchy
distribution pattern of the species in the area under study
and prevalence of herbivory to be the two major reasons
of this anomalous behavior; while the former affects the
pollinator visits to the species, the latter results in
damage of leaves, flowers, anthers, stigma, fruit and

hence reduces fruit-set (Hamal & Sharma 2012). The
herbivores also contract the number of available mates
required for successful outcrossing (Escarre et al. 1999).
Thus, both these factors, viz., the patchy distribution of
the species and sparse occurrence of reproductive
individuals due to herbivory leads to limited insect
visitation that ultimately manifests itself in the form of
low fruit set in open field. Reduced pollinator service
leaves the plant with no option other than to follow
selfing through spontaneous autogamy, facilitated
autogamy or in-situ pollen germination.
Precocious germination of pollen inside the anther
sac is a mechanism that augments selfing in both V.
hirsuta and V.sativa. Christened as “in-situ pollen
gerination”, the phenomenon was first observed in
cleistigamous flowers of Viola (Sablon 1900) and has
subsequently been reported in several taxa including
legumes (Dhar et al. 2005, Koul & Sharma 2012 a& b).
CONCLUSION
The ongoing discussion reveals that lack of insect
visits disables V. hirsuta to harvest the benefits, if any, of
weak dichogamy. The flowers of this species, thus,
receive self-pollen and the same ensures high seed-set.
On the contrary, in V. sativa, both the options self- as
well as cross-pollination are available. The slightly
dichogamous flowers of the species keep crosspollination as the first option by inciting insect visits. In
the event of the failure of the same, self-pollination takes
over.
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