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                                                                        ABSTRACT

Viola canescens (Violaceae) a medicinal herb is widely distributed in the temperate forests of Uttarakhand (India). The 
combination of chasmogamous and cleistogamous flowers in the plants of this species exhibiting mixed mating strategy makes its 
reproductive biology more relevant. Chasmogamous flowers appeared during March–May, were violet-white, pedicellate, 
pentamerous, zygomorphic, hermaphrodite and hypogynous, while cleistogamous flowers were born on the same plant in late 
summer on short horizontal peduncles close to the soil. The floral nectaries present only on chasmogamous flowers were 
examined for their structure, and nectar production. Several insects were observed to visit flowers and ants were found on the 
entire surface of plant during fruiting period indicating their role in seed dispersal.
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The family Violaceae consists of about 22 genera and 900 receptivity using a hand lens. The number of pollen grains/ 
species distributed all around the world. The members of the anther and per flower was recorded by Heamocytometer. 
family show great diversity in growth forms, morphology, Mature dry fruits were collected in polythene bags.  
floral structure, and fruit and seed morphology.  They mainly For studying the anatomical details of floral parts, fixed 
comprise annuals and perennials herbs, shrubs and small trees. material was processed through 2-methoxyethanol, ethanol, 
Viola is the largest genus with 525-600 species. They are n-propanol and n-butanol series for 24 h each, infiltrated and 
native of Europe and are widely distributed in temperate and embedded in a monomer prepared from glycol methacrylate, 
tropical regions of the world especially in northern parts of PEG and azoisobutyronitrile. The embedded plant material 
Asia and in North America (Clausen 1964, Ballard 1996). was then serially sectioned at 3 µm using glass knives and then 
Three genera and nearly 41 species are found in India stained with 0.05% toluidine blue O prepared in benzoate 
(Banerjee and Pramanik 1983). Viola canescens commonly buffer (pH 4-5). The observations were recorded with the help 
known as “Banafsha'' or “Himalyan violet” produces a of Trinocular Primo star Zeiss; Canon power shot G10 camera. 
combination of chasmogamous and cleistogamous flowers on For scanning electron microscopy (SEM) material was 
the same plant (Culley et al. 2007). This makes the species subjected to critical point drying, mounted on aluminium 
relevant for studies on the reproductive strategy. In the light of stubs, coated with gold palladium alloy and scanned using a 
this, present study has been undertaken on phenology, carl Zeiss EVO 40 Scanning Electron Microscope at 20 KV.
reproductive biology and breeding system in Viola canescens 

RESULTS AND DISCUSSION
with chromosome number (2n = 12) in different periods.

Habit—Plants of Viola canescens are annual herb and 
MATERIAL AND METHODS

occur mostly in clusters. Perennial creeping roots originate 
The plants of Viola canescens were collected from from the stem approximately 1 to 1.5 mm. It may occur as 

Nagdev forest, Pauri (Garhwal) (N 30'.08.188'; E 078.46.666') caulescent or acaulescent. Stem is short light green, straight, 
from an altitude of 2000m, during March and April, 2015. glabrous or pubescent. Leaves are cordate to oblong with long 
Field observations on the phenology and pollination were petiole ranges from 2 to 6 cm. Lamina is 1 to 5 cm long and 
made in their natural habitat. Flowering phenology, floral width of 0.5 to 2.5 cm wide. Leaf margins are slightly serrate. 
visitors and the pattern of seed dispersal were recorded in field Linear stipules fused with petiole are present which may be 
by camera.  Sixteen flowers four from each population were entire or laciniate. Plants produce both Chasmogamous and 
selected for recording their morphological details (sizes, cleistogamous flowers on the same plant but in different 
shape, and number of floral parts). Vegetative plants, young seasons.
floral buds, open flowers and fruits at various stages of Flowering phenology—Chasmogamous flowers 
development were collected and fixed in FAA (5% formalin, appeared during March–May are violet-white, pedicellate, 
5% glacial acetic acid, 50% ethyl alcohol) for 24 h and then pentamerous, zygomorphic, hermaphrodite and hypogynous, 
transferred to 70% alcohol. These were also fixed in 3% while cleistogamous flowers showed their appearance in late 
glutaraldehyde for 24 h and transferred to 0.2 M phosphate summer on the same plant. Flowers started opening in the 
buffer for scanning electron microscopic (SEM) studies. morning at 06:30 to 07:30 h with sun rise.  
Approximately 200 flowers were observed for the details of Floral biology—The chasmogamous flowers were open 
floral development, time of anther dehiscence and stigma and showy and the cleistogamous flowers were closed. 
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Flowers were zygomorphic, pentamerous, spurred and (Figs. 2a, b) projecting into corolla spurs. The projections of 
measure 12±3 mm in diameter (Fig.1a). Sepals are 5±2 mm in the superior and lateral stamens (2±1mm long) formed a 
length. The corolla tube was 3±1 mm long and 2±1 mm near hollow cone around the style. The projections of the inferior 
the throat. Petals were 10±2 mm long, smooth and possessed stamens were joined to the lateral ones through papillae in 
tufts of hairs that were also seen in other species of the genus. their proximal part. The inferior projections were especially 
The spur of the inferior petal was short 2±1 mm in length. The elongated, ending in a hook shaped 1±0.5mm long tip (Fig. 
petals were violet in colour, with distal parts being pale violet 2c). Each anther opened longitudinally and the fusion 
or white and with dark violet ribs forming nectar guides. The between anthers led to present pollen at the basal portion of 
petals gradually lose their colour, becoming completely white pistil. Dehiscence of the anther valves began at the distal end; 
or pale lilac by the end of anthesis. It was observed that flowers the suture then opened up, like a zip, and finally down at 
were horizontal, at the beginning of anthesis, then gradually anthers base. Each anther contained 7000±250 pollen grains. 
the pedicel elongated and after anthesis it was 6±1 cm long, The 3-aperturate pollen grains were spheroid and small 
changing the position of the flower so that young fruits were (20±5µm in diameter), with a smooth and non-reticulate exine 
placed on the ground. Each flower lasted by 6±1 days. (Figs.2g, h, i).

Fig. 1– a. Chasmogamous flower, b. Cleistogamous flower, c. insects 

visiting to the nectar, d. ants visiting flowers, e. emergence of pod on 
Fig.2—a. dehisced anther attached with small leafy connective 

long peduncle, f. pod dehisced by  tri radial valves, g. immature seeds 
appendage, b. Fluorescent micrograph of anther, c. SEM micrograph 

inside pods, h. mature germinating seeds in the laboratory, i. ants seen 
of anther with spur, d. pistil of flower, e. scoop like truncate stigma of 

around the plant after fruiting, j. scanning electron micrograph of seed 
flower, f. pollinated stigma, g. fluorescent micrograph of pollen grains 

showing smooth surface with caruncle attachment.
with smooth intine and exine, h. SEM of pollen grain showing smooth 
surface, i. acetolysed pollen with 3 colpi, j. flower with prominent Androecium—Consisted of five stamens with short and 
nectar, k. SEM micrograph of nectar, l. surface view of nectary broad filaments. Anthers (2±1 mm) were introrse and fused 
parenchyma, m. section of nectary with secretory cells, n. resin section 

longitudinally through many papillae, in such a way that they 
showing vascular elements in central region, o. epidermis of nectary 

formed a cuff around the ovary. The basal parts of two inferior with papillae like structure at the boundary and below that parenchyma 
anthers consisted of 1±0.5 mm long connective appendages cells.
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Gynoecium—Gynoecium was syncarpous, superior and possibilities for seed–ant interactions (Riddley 1930). The 
tri-carpelary, with an unilocular ovary and the mean number of seeds were small with minimal energetic rewards and an 
18±2 ovules. The style was 2±1mm long and tubular with a approx. equal chance of discovery by ants or permanent 
lumen, filled with mucilaginous substance that was concealment in substrate for further germination.
continuous with the cavity of the ovary. The stigma was simple Breeding system—Cleistogamous flowers (Fig 1b) arise 
and truncates (Fig.2d, e, f) and   its borders were covered by from the horizontal peduncles close to the soil and produced 
the mucilage. viable seeds without opening, which were outcome of selfing. 

Nectaries and Nectar—In chasmogamous flowers, Such flowers were observed to be more in number in the plants 
nectar was produced at the distal parts of the basal connective in dry habitat. Chasmogamous flowers opened at maturity, 
appendage (Figs.2.j, k, and l), therefore; it is called as 'nectary exposing stamens and style to allow pollinators and to 
appendages'. Nectar production was low and due to which promoted cross pollination and subsequently heterozygocity. 
direct nectar measurement was not feasible and nectar was Selfing in chasmogamous flowers might also be delayed. 
secreted deep in concealed flower structure that limited the Cleistogamy (CL) is believed to be condition derived from the 
visits of pollinators also, it might have served as secondary 

ancestral chasmogamy (CH), which is believed to be the result 
attractant for the pollinators. Surfaces of nectaries bore minute 

of heterochory (Gallardo et al. 1993, Lord and Hill 1987). The 
stomata with apparently crystalline secreted structures (Fig. 

mature CL flower looked like a young bud of a CH flower. CL 
2m), supporting the secretory function. Nectary consisted of 

flowers occur in many angiosperm species, usually on the 
three layers, a single layered epidermis, nectary parenchyma 

same individual and often on the same inflorescence as CH 
and sub-nectary parenchyma (Fig.2o). The epidermis was 

flowers. CL flowers are often regarded as a progenetic dwarf papillate, the nectary parenchyma consisted of small densely 
derived from CH flowers (Gould 1988), but various stained cells. The sub nectary parenchyma consisted of larger, 
developmental pathways can result in the production of CL loosely packed cells. In the central region vascular bundles 
flowers. The majority of violets produced both floral types but were present for transport of water/nutrients to other parts 
some may lack, the CL flower production and are completely (Fig.2n) Some of the floral visitors were seen at the nectaries 
chasmogamous e.g. V. tricolor. Disappearance of CL flowers (Fig.1c) and they were observed to spend considerable period 
in Viola and other similar taxa e.g. Impatiens may affect the of time, but their role was not studied in detail. Lack of 
rates of out-crossing within between populations, and thus, nectaries in cleistogamous flowers in Viola is an example of 
have the potential to even alter population genetics. Such coordination of plant activity towards energy saving. 
studies of reproductive biology will help our understanding of Fruits— Fruiting was recorded during July to September. 
floral evolution that could be useful to characterize the distinct The fruits were greenish–pale pods containing numerous tiny 
clades of this family for future taxonomic recognition.(2 x1.2mm) brownish seeds. Seeds were smooth, 

  On the basis of the observations recorded presently it is endospermous and with a caruncle (Fig.1e). 
concluded that mixed chasmogamous–cleistogamous Seed dispersal—The plants usually possessed strong 
breeding system affects the pattern of reproduction and long peduncles that carried capsules away from ground at the 
distribution of genetic variation in populations and it is time of dehiscence (Fig.1e), and in many cases elevated them 
considered to be highly successful strategy. Such mixed above the foliage of parent plant. The walls of capsule valves 
chasmogamous – cleistogamous breeding system is likely to were somewhat woody after ripening (Fig. 2h) being 
enhance the chances of seed production and establish an strengthened and thickened by the presence of sclereids. 
example of evolutionarily successful reproductive strategy Probably these hard tissues afford some protection against 
(Masuda et al. 2001). Chasmogamous (CH) flowers were pre–dispersal predation. During dehiscence, the seeds were 
comparatively larger in size use the greater investment of enclosed by valves (Fig. 2f, g), protecting them from foraging 

ants (Fig. 1c) and seeds are dispersed up to 4±1mm away from energy for reproduction (possess nectary also), while 

the mother plant. Ants were seen regularly moving on the seed cleistogamous (CL) ones requires less energetic cost due to 
caruncles (Fig. 1j). Seeds were dispersed on the ground and lack of nectar production. Phenological response of CH and 
frequently lodged deep in litter or soil fissures. CL flowers is greatly influenced by environmental conditions. 

Diplochory is exhibited by majority of the Viola species Although CH flowers are usually self compatible but in 
and also found in Viola canescens, however, myrmecochory general seed production through CH is also depend on 
seems to be a selective mode. Myrmecochory in Viola may be pollinator visits. On one side out-crossing can produce seeds 
adapted for dispersal and predator avoidance by rapid and with novel genetic combinations for adaptation ability 
monopolistic exploitation of their seeds by specific ant promoting gene flow among different populations and on the 
species. In a closely coevolved relationship, the Diplochores other side selfing maintain successful genotypes for survival 
achieves the same ends by their effecting ballistic dispersal in relatively stable microhabitats. Many plants with 
that minimizes contact with predators while retaining some cleistogamous flowers also produce open and potentially 
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