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Abstract
Solanum viarum Dunal (Solanaceae), is a prickly and economically important medicinal herb.
Alkaloid solasodine obtained from its fruits are used to synthesize medicinally much useful
steroid hormones. The present article recorded different reproductive parameters of this species
including floral morphology; anthesis; pollen production, germination, viability; foraging
behaviour of flower visitors and the meiotic system. The species generally flowers year-round
with the peak during March - April and mature fruits during May - June. Flowers open in
between 4.00 to 6.00 hrs One flower produces an average of 2,98,350 pollen grains. The
maximum (90 %) pollen germination along with 187µm tube development was found in 35 %
sucrose solution supplemented with 100 ppm boric acid. Pollen viability was determined by
using Tetrazolium test. Chromosome counts revealed that Solanum viarum is diploid i.e., n =
12.
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INTRODUCTION
Reproduction is a natural means of increasing the number of individuals of the same species
and is vital for its survival and evolution. For successful cultivation and conservation of plants
the detail knowledge of the plant’s reproductive biology is required (Moza & Bhatnagar 2007).
Reproductive biology mainly focuses on flowering phenology, floral biology, pollen-pollinator
interaction, pollen-pistil interaction, breeding systems and gene flow through pollens and seeds.
According to Shivanna (2003) pollen-pistil interaction is unique to flowering plants and it covers
all sequential events those take place in the pistil starting from pollination until pollen tube entry
into the embryo sac. The environment in which an organism live affects its reproductive success
of a plant (Sedgley & Griffin 1989). The physiology of reproduction in most of the flowering
plants is closely under the control of environmental factors (Taiz & Zeiger 2003). Environment
exerts considerable influence on flowering, pollen fertility, in vitro pollen germination and fruit
setting in plants (Shivanna 2003). The knowledge of floral biology, including pollination is
prerequisite for any rational breeding programme and determination of extent of seed and fruit
setting. Good fruit set and high crop yield generally depends on viable pollen grains. Seeds and
fruits are the economic products for more than 90 % of flowering plants.
Solanum viarum Dunal (Solanaceae), which belongs to the section Ancanthophora,
and subgenus Leptostemonum (Nee 1991), commonly referred as Tropical soda apple, is a
serious invasive weed for pastures, vegetable crops, row crops, forests, urban and natural
areas (Bryson 1996; Coile 1993; Hall et al 1998). This plant has invaded both agricultural
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and natural ecosystems (Mullahey & Colvin 1993; Mullahey & Akanda 1996). Though the
species is a native to Brazil and Argentina, but has become a weed of other areas of South
America, Africa, India, Nepal, West Indies, Honduras, and Mexico (Nee 1991). However,
Solanum viarum is an economically important medicinal plant with a rich source of solasodine,
an alkaloid used in thesynthesis of steroid hormones for treating cancer, Addison’s disease,
rheumatic, arthritis, and for producing contraceptives (Chandra & Srivastava 1978; Hendique
1986; Nayak & Patil 2001; Satyabrata et al 2000). According to Budavari (1989), the
glycoalkaloid present in the fruits of Solanum viarum is a precursor for the steroid diosgenin
and is used as contraceptive. In spite of its importance and wide distribution the reproductive
biology of Solanum viarum has so far not been worked out by any worker. The objective of
the present investigation is to understand the floral biology, anthesis, pollen production, pollen
viability, in vitro pollen germination and meiotic study of this important medicinal plant. The
detail insights on its reproductive biology will be helpful for the proper management of this
economically important as well as an invasive weed.
MATERIAL AND METHODS
Floral Biology: Two populations of Solanum viarum Dunal were selected for the present
investigation in their natural conditions. Ten healthy plants were selected from each population
and observations were made on a day-to-day basis on flowering phenology which includes
phenology, anthesis etc. Floral morphology was also studied in the laboratory. Flowering
period, flower colour, odour and other floral characters were visually observed through
extensive field exploration. Anthesis and other phenological characters were studied following
the method of Reddi & Janaki Bai (1981) and Mathur & Mohan Ram (1986). Foraging
behaviour of insect visits was recorded and observed visually at 2 hrs intervals every day
Shivanna & Rangaswamy (1993).
Pollen germination: In vitro Pollen germination was carried out in different concentration
of sucrose (2 %, 5 %, 10 %, 15 %, 20 %, 25 %, 30 %, 35 % and 40 %) alone and in
combination with Boric acid [100 ppm + 2 %, 100 ppm + 5 %, 100 ppm + 10 %, 100 ppm +
15 %, 100 ppm + 20 %, 100 ppm + 25 %, 100 ppm + 30 %, 100 ppm + 35 %, 100 ppm + 40
%]. The experimental set up was done as per the method of Shivanna & Rangaswamy
(1993). Pollen grains, which had germinated and produced pollen tubes in the medium, were
recorded. Lengths of pollen tube in different concentrations were recorded 45 minutes after
the commencement of germination and percentage of pollen germination was calculated and
the average length of pollen tube was calculated.
Pollen morphology: Pollen morphology was studied following Acetolysis method as proposed
by Erdtman (1960). The size of the pollen grains (for radio symmetric ones the diameter in
the polar view, and for bilateral ones the polar and equatorial axes) was measured in glycerine
jelly (Wodehouse 1935) using standard ocular micrometer. For each taxon under study, pollen
grain size was measured for 50 randomly chosen grains. The terminology used is in accordance
with Erdtman (1952), Faegrie & Iversen (1964), Walker & Doyle (1975), Nair (1964).
Pollen Production: The pollen production study was carried out following the standard
methods (Nair & Rastogi 1963; Mandal & Chanda 1981). In determining pollen productivity
mature and undehisced anthers were collected while they were in peak blooming season.
One anther was crushed and dispersed it in 50 drops 50 % glycerine. One drop of the
mixture was put on a slide and covered with a 22 × 22 mm cover glass. The number of pollen
grains in this area was counted with an average of five drops for each species. This average
was multiplied by 50 to get the number produced per anther. The pollen count was made for
ten anthers randomly collected from different flowers and from different indivuals of Solanum
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viarum. Five countings were made, and the average number of pollen contained in an anther
was derived.
Viability of Pollen: The pollen viability was assed using 1 % TTZ test. In TTZ test, 1 g
triphenyltetrazolium chloride (TTC) and 1.5 g sucrose were dissolved in 100 ml distilled
water (Norton, 1966). One or two drops of TTC solution was put on a clean micro slide
and pollen grains were sprinkled on these drops with a brush. Then, the drop was carefully
covered by a cover glass without trapping air and kept for 2 h at ambient conditions. Pollen
grains were examined using a light microscope. The viability of pollen was scored according
to stainability i.e., pollen with bold red colour as viable and colourless as non-viable.
Reproductive Success: The pollen : ovule ratio is the more accurate measure of
reproductive success than the total pollen per flower or per plant (Shivanna & Johri 1985).
By dividing the number of pollen grains produced per flower by the number of ovules in the
flower, the pollen: ovule ratio was obtained (Cruden 1977). For determining the pollen-ovule
ratio, an average number of ten flowers were taken.
Meiotic chromosome study: Young flower buds were fixed in 1 : 3 acetic alcohol for 24
hours. Anthers were teased out on slides, stained with drops of 1 % acetocarmine and
smeared gently. Slides were observed under a compound microscope for chromosome counts
and meiotic configurations.
RESULTS AND DISCUSSION
Floral biology: Flowers open early in the morning from 4.00 – 6.00 hrs. (Table 1 and Plate
I, a & b) after that pollen presentation time starts and the cream coloured oblong anthers are
then dehisced by apical pores (Table 1).
Cymes in small extra-axillary clusters; pedicels 6.8 - 7.5 mm; flowers 14.2 ± 2.0 mm
in diameter, complete, actinomorphic, bisexual, hypogynous, pentamerous; sepals-5, spiny,
persistent, green; petals-5, white, recurved; stamens-5, filament short (1.0 – 1.5 mm), stout,
slightly swollen at the base, whitish, anthers more or less oblong (8 – 9 × 1 – 2 mm), 2-celled,
basifixed, dehisces by apical pores, creamish white; carpels-2, syncarpous; ovary (2.5 – 3.0
mm), style in two different forms, - long (9.0 – 9.5 mm), and short (2.0 – 2.5 mm), slender
stigma green, wet, partially lobed (0.5 – 1.0 mm),; ovary 2-chambered with many ovules in
each; berries globose with a persistent calyx, 20 – 30 mm wide, green with dark speckled,
when immature, dull yellow when ripe (Plate 1, e); seeds numerous, compressed, golden
yellow.
The biological potentiality of individual flowers in an inflorescence could be calculated
by counting the total pollen grains per flower, but it is very difficult to estimate absolute
pollen production (Mandal & Chanda 1981). Flowering and anthesis time [Table-1] may
depend upon physical, physiological and biochemical factors of a plant as well as on climate
conditions (Hamilton 1959; Davies 1969; Reis & Kostic 1976). A single flower produces
an average of 2, 98,350 (Table-1) pollen grains. After flower opening Xylocopa sp., Amegilla
sp., few thrips and some members of Diptera visit the flowers for foraging. The thrips are
capable to enter the flower even in bud stage (Plate I, d). They feed on pollen and stigmatic
exudates. They crawl through anthers to stigma and help in pollination. Amegilla sp. is the
main pollinator.
In vitro pollen germination: The effect of sucrose on in vitro pollen germination of Solanum
viarum showed that the taxa required comparatively high sucrose concentration (35 %) for
their optimal germination (Plate I, f) and boric acid to some extent also influence the percentage
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Table 1. Floral biology of Solanum viarum
Parameters

Observations

Flowering period

Throughout the year

Flower shape

Regular

Flower colour

White with cream coloured anthers

Odor

Present

Nectar

Absent

No. of Stamens

5, creamish white

Flower opening time

Early morning (4.00 – 6.00 hrs.)

Number of pollen per flower

2,98,350

Anther dehiscence time

Just after flower opening

Mode of anther dehiscence

By apical pores

Stigma

Simple, Wet

Style

Long and short, Terminal

Ovary

Superior

No. of ovules/flower

Numerous

of pollen germination. But, the best result was obtained in 35 % sucrose solution supplemented
with 100 ppm boric acid. In vitro pollen germination method is rapid, reasonably simple and
most commonly used for assessing pollen viability (Bhowmik & Datta 2012). In the present
study, it is observed that the addition of boric acid and sucrose solution results in the increase
in the rate of pollen germination as well as pollen tube development. In Solanum viarum, the
germination percentage was 57.5 % in 100 ppm boric acid with 35 % sucrose solution and
maximum tube length was 187µm (Figure 2) but it was also observed that both germination
percentage and tube length decreases at 40 % sucrose solution alone as well as in combination
with boric acid (Figure 1 and 2). This is attributed to the fact that sucrose is necessary for
proper pollen nutrition, osmotic control and in combination with boric acid promoted pollen
germination. According to Gauch & Duggar (1953) boron combines with sugar to make a
Table 2. Values of different floral attributes of Solanum viarum determining its absolute
and ecological reproductive potentials
Floral Attribute

Value (Mean ± SD)

Number of inflorescence per plant

8.2 ± 0.68

Number of flowers in an inflorescence

3.2 ± 0.75

Number of fruits per plant

21 ± 5.83

Number of seeds per fruit

179.6 ± 18.64
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sugar-borate complex which is translocated with greater facility rather than non borate sugar
molecules. The role of boron has been confirmed in germinating pollen and growing pollen
tubes by Sidhu & Malik (1986). Boron may enhance the sucrose uptake and stimulate
germinating ability. This observation gets support from Pal et al (1989), Gupta et al (1989),
Mandal et al (1982), Bhattacharya et al (1997), Mohi-ud-din et al (2007), and Biswas et al
(2008). Several workers also supported the fact that boric acid in combination with sucrose
enhances both germination as well as pollen tube development (Mandal et al 1982; Pal et al
1989). Dafni et al (2005) also stated that germination success in sucrose medium might
depend on the humidity at which the pollen grains were exposed prior to the germination test
and on the age of pollen grains.
Pollen viability: All the dyes used in the experiment for pollen viability of Solanum viarum
showed good colour to differentiate between fertile and sterile pollens viz., Muntzing’s mixture
(61.15 ± 10.55) and Acetocarmine (48.96 ± 7.50). In the TTZ test the percentage of viable
pollen was 73.20 ± 6.28 (Plate I, c). Nyine & Pillay (2007) also found similar results in their
experiments, emphasizing that pollen grain viability assessment through the staining method
seem to express the germination potential, but not its occurrence. It may be explained by the
fact that this technique overestimates the percentage of pollen tubes formed. Pollen viability
is considered as an important parameter of pollen quality (Dafni & Frirmage 2000). Pollen
size and viability are good markers of the course of microsporogenesis. Normal meiosis
produces pollen grains regular in size and highly viable, and disturbed meiosis reduces pollen
viability and causes variability of pollen grain size (very small and giant pollen are formed in
addition to those normal in size); the latter can result from inbreeding depression, autopolyploidy,
segmental allopolyploidy, hybridization, mutations, and also environmental effects (Stace 1991).
Pollen morphology and pollen production: Pollen grains radially symmetrical, heteropolar,
prolate. Polar axis P (37.62-) 33.96 ± 1.25 (-34.52) µm and Equatorial diameter E (24.12-)
25.36 ± 1.47 (-26.12) µm.Pollen grains tricolpate, colpi (29.23) 30.25 ± 1.79 (-31.42) µm.
Exine (1.85-) 2.17 ± 0.76 (-2.54) µm thick.
The number of pollen produced per flower varies from 2,96,700 - 3,00,000 (Mean: 2,98,350).
It is evident that pollen production in terms of number per anther varies rather widely from
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Fig. 1. Pollen germination and tube length at different concentration of sucrose
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PLATE – I: Solanum villosum Dunal: (a) Flower opening, 4.00 hr.; (b) Full bloom flower,
6.00 hr.; (c) Pollen viability; (d) Pollinator; (e) Dissected fruit; (f) Pollen germination at 35
% sucrose solution; (g) Metaphase II; (h) & (i) Metaphase II showing irregular chromosomal
division. [In a & b arrow indicates: down- short style and up-long style]
family to family; genus to genus; species to species; even within the different flower of the
same plant. The pollen production is a characteristic of all plants, and is by definition, an
integral part of the pollination process. In Solanum viarum, anther dehisces by means of
apical pores and facilitate the pollinators to come touch with their body. Nair & Kapoor
(1973) stated that the studies on pollen production helped to locate the differences in the
biological potential of individual flower in an inflorescence. Smart et al (1979) showed that
variation in pollen production could be related to the mode of reproduction.
Reproductive Success: The mean Pollen: Ovule ratio (P/O) is 2984 : 1. There was a
significant effect of taxonomic position (genus), reward type and pollination mechanism on
P/O. Species offering only nectar as a floral reward (where species with brush mechanism)
had a significantly lower P/O than species offering pollen or pollen and nectar. Species with

264

Reproductive biology of Solanum viarum

100+40%

100+35%

100+30%

100+25%

100+20%

100+15%

100+10%

100+5%

200
180
160
140
120
100
80
60
40
20
0

100+2%

G e r m i n a ti o n ( % )
T u b e l e n g th ( µ m )

Concentration of sucrose+ Boric acid
Fig. 2. Pollen germination and tube length at different concentration of
sucrose and boric acid

the brush pollination mechanism had the lowest P/O, while species with valvular and pump
mechanism had the highest P/O. However, pollen presentation (primary and secondary) and
flower size did not have a significant effect on P/O. The high P/O ratio along with high pollen
production in Solanum viarum attributes to its high seed set.
Meiotic study: The chromosome number of Solanum viarum is counted to n = 12, i.e. with
12 bivalents. Different chromosomal stages were observed during meiotic division. In Solanum
viarum, the normal pollen meiosis (Plate I, g) is indicating the normal pollen development,
however, in some cases though the frequency is very low they show some meiotic abnormalities
in anaphase I, viz., abnormal separation of the bivalents and irregular distribution of
chromosomes (Plate I, h and i).
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