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ABSTRACT

The present paper deals with the study of pollination and pollen-pistil interaction in Pongamia pinnata L.
(Fabaceae). It is one of the few Nitrogen fixing trees (NFTS) to produce the seeds containing 30-40% oil.
The flowering occurs during the month of March to August. The flowers are purplish-white, bisexual and
nectariferous. The stigma is knob shaped, wet and papillate. The style is of solid (closed) type. The stigma
remains receptive during 06.00 to 11.30 am on flower opening day and loses its receptivity shortly before
the closure of the flower. The flower remains open only on the day of a thesis. For pollen transfer the
plant primarily rely on several bee species such as Apis dorsata, A. cerana indica, Amegilla sp. Megachile
sp. and Xylocopa sp. P. pinnata is found to be the excellent floral nectar source for honey bees to produce
honey during the summer period. Pollen viability percentage in TTC was found to be 82.98%. In- vivo
pollen germination was found to be 47.91% on the day of flower opening and 56.25 and 50% on the next
two days. After 72 hrs of pollination two to four pollen tubes were found traversing the stylar tissue with
3513 average length of pollen tube.
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INTRODUCTION

The reproductive biology of flowering plants is important for determining barriers to seed and fruit set,
for conservation and for understanding pollination and breeding systems that regulate the genetic
structure of populations. Pollination, a basic force for gene recombination in flowering plants plays a key
role in plant breeding programmes. In angiosperms the pollination mechanism is typically developed in
three phases, release of pollen from anther, transfer of pollen from anther to stigma, and finally successful
placement of the pollen on the receptive stigma surface, followed by germination of pollen grains which
begins the next phase of fertilization. Each of the three phases shows great diversity (Faegri and Van der
Pij, 1980).

P. pinnata (L.) pierre is an arboreal legume tree under family Fabaceae (Papilionaceae) and high potential
for oil. It is commonly known as karanj. This tree has a potential for the biological industry (Scott et al.,
2007). P. pinnata an untapped resource for the biofuels industry of the future? It is a medium size ever
green tree with a spreading crown and a short hole. The tree is planted for shade and is crown as
ornamental tree. It has been recognized in different system of traditional medicines for the treatment of
different diseases and ailments of human beings. It is green fuel; it has an 11% of oxygen, which is useful
to improve to combustion rate and reduce hydrocarbon emission, carbon-monoxide and perticular matter
in exhust fumes. Pongamia is a moderate or large tree and grow well in semi-dry lands. P. pinnata is
relevant for the planning of conservation actions to secure the maintenance of the species long-term
variability and viability (Gyana Ranjan Rout et al., 2009).

MATERIALS AND METHODS

Ten plants of the same species located at different places on University campus and in Amravati (M.S.)
city were selected. Floral biology, anthesis and anther dehiscence were observed in the field. Pollen grains
viability test was done by using TTC. Fresh pollen were collected in sterilized petridishes just before
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anthesis, 10% tetrazolium salt solution was prepared in 50% sucrose solution and added at the time of
preparation of slides for observations under microscope. In-vitro pollen germination assay was conducted
to determine the effect of different nutrients like sucrose, potassium nitrate, boric acid, calcium nitrate and
magnesium sulphate at various concentrations on pollen germination (Shivanna and Rangaswami, 1992).
Stigma receptivity was tested by pollinating flowers at different stages and also by observing the
stigmatic surface with the help of hand lens (10X). Pollen germination and pollen tube growth in pistil
were studied using the aniline blue fluorescence method suggested by Shivanna and Rangaswamy (1992).
For Scanning Electron Microscopy (SEM), stigmas were fixed in 2% glutaraldehyde for 12 hrs. The fixed
material was dehydrated through an ascending series of acetone (30-100% for 20 minutes), critical point
dried, mounted on aluminum stubs and coated with gold particles and studied under an LEO430 Scanning
Electron Microscope.

Flowers were surveyed for visitors at different times of the day, from early morning to late afternoon. The
behavior of visitors was notes and photographs were taken.

Observations

For the present investigation, we observed the primary parameters of the P. pinnata. Flowers developed in
axillaries recemes shorter than the leaves, pedicels 2-4 together, 4-6mm long, bractioles ovate 3-2.5mm
long acute. Calyx truncate or obscurely toothed, 3mm long brown pubescent outside corolla pinkish-
white, 10-12mm long. Pods woody, oblong ellipsoid 4-5 x 2-2.5cm, compressed, recurved mucronate.
Seed solitary, reniform, and brown.

P. pinnata is a dieocious species. Plant start blooming from the first week of March and reach the peak in
May. Mature buds open during 07.00 to 09.30 am. The stamens are ten, diadelphous with nine stamens
united into one bundle and the tenth one in free condition. All the ten anthers dehisce during mature bud
stage, approximately 3 hrs prior to anthesis. The stigma becomes receptive at 06.00 to 11.30 am on the
flower opening day and loses its receptivity shortly before the closure of the flower. The flowers stay
open only on the day of anthesis and remain closed for the other two successive days of flower life. The
stigma is wet, papillate and knob shaped. Length of long and short stigmatic papillae at 400 X was found
to be 369 and 147.6u. Non- specific esterases were active in the papillate areas. The style is solid.

Pollen viability percentage in TTC was found to be 82.98 % (Table 1). The percentage of in vitro pollen
germination in different concentration of sucrose solution i.e. 10, 20, 30, 40, 50% was found to be 41.45,
28.45, 54.38, 21.84 and 15.89% with average length of pollen tube 59.04, 177.13, 44.28, 118.08 and
59.04u respectively. Boric acid and Calcium nitrate of different concentrations showed poor germinating
ability whereas potassium nitrate and Magnesium sulphate did not show any effect (Table No.2).

Table 1: Pollen viability (TTC) in Pongamia pinnata

No. of viable No. of non- Total no. of % of viable
S. No. ] ) Mean
pollen viable pollen pollen pollen grain
1. 507 94 601 84.35
2. 498 85 583 85.42
82.98
3. 450 67 517 87.04
4. 491 86 577 85.09
5. 268 99 367 73.02
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Fig.1. Stigma receptivity. Fig. 2. T.S. of style.
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Fig.3. Fluorescence micrograph of in vitro Fig. 4. SEM pollen grains deposit on stigma

pollen germination in 20% sucrose solution. surface.

Fig. 5. In vivo pollen germination on stigma. Fig.6. Pollen tube growth in style.
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Table No. 2: In vitro pollen germination in P. pinnata.

0] [0) 0,

Conc. of % of_poll_en gef)moigg?ilc!inin % of_poll_en ge?m%g'?ilc:?]nin gef)moiag‘?iginin
" germination . germination - -
media in SUCrose Potassium in Boric Acid Calcium Magnesium

Nitrate Nitrate Sulphate
10% 41.45 0.0 2.00 0.00 0.0
20% 28.45 0.0 2.00 0.00 0.0
30% 54.38 0.0 0.00 1.00 0.0
40% 21.84 0.0 1.00 0.00 0.0
50% 15.89 0.0 0.00 0.00 0.0

In vivo pollen germination and growth of pollen tubes were studied in P. pinnata. Large number of pollen
grains were adhered and germinated on the surface of stigma. The percentage of pollen germination was
found to be 47.91% on the day of flower opening and 56.25 and 50% on the next two days. After 72 hrs
of pollination two to four pollen tubes were found traversing the stylar tissue with 5313 average length

of pollen tube (Table No.3).
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Graph No. 1: In vitro pollen germination in P. pinnata.

Table 3: In vivo pollen germination in P. pinnata.

Period after flower opening Firstday  Second day Third day
Total no. of stigmas observed 5 5 5
Total pollens on stigma 48 57 52
Pollen grains germinated on stigma 23 27 26
Percentage of germinated pollen 47.91 56.25 50
Pollen tubes traversing the style - 2 4
Average length of pollen tube in style (um) - 2656 5313
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@ Average length of pollen tube on stigma
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Graph No. 2: In vivo pollen tube length in P. pinnata.

The observations on flower visitors in P. pinnata were carried out during the month of March to August.
For pollen transfer the plant primarily rely on several bee species such as Apis dorsata, A. cerana, A.
florea , Amegilla sp. and Xylocopa latipes. Among bees, Apis and Amegilla made most of the visits.
Wiasps also cause keel explosion and pollination, but they are occasional visitors only. Other bees and
thrips also collect pollen. All visitors foraged throughout the day with more foraging activity during the
forenoon hours. Bees and waps were found collecting floral rewards from different individuals and
contributing to both self- and cross-pollination.

RESULTS AND DISCUSSION

Anthesis and anther dehiscence is most important event in the process of flower development. Solomon
Raju and Rao (2006) recorded that in P. pinnata mature buds open during 0700-1000h with peak anthesis
at 0800 h and all the ten anthers dehisce by longitudinal slits in mature bud stage. Whereas during the
present investigation timing of anthesis in P. pinnata was observed from 07.00 to 09.30 am. The anther
dehiscence was approximately 3 h prior to anthesis. The process of anthesis was delayed by an hour
during rainy days. Delay in flower opening and anther dehiscence due to weather conditions in other plant
species is also reported by Tidke and Dharamkar (2003), Tidke and Gawande (2005) and Tidke (2005).
The environmental factors such as temperature, relative humidity (R") and rainfall influences the time of
anthesis.

Stigma morphology of each plant species has attained much significance in taxonomy (Heslop — Harrison,
1975). The structural and physiological features of the stigmatic surface vary considerably between
families and these even within families and sometimes these characteristics are related to the operation of
the breeding system. The comparative morphology and physiology of the stigma can throw light on the
important aspects of reproductive biology (Heslop-Harrison and Shivanna, 1977). During the present
study, the stigma is wet, papillate and knob shaped. Length of long and short stigmatic papillae at 400X
was found to be 369 and 147.6u. Owens and Kimmins (1981) reported variations in length and width of
papillae as well as number, distribution, shape and cellular composition.

In p. pinnata the style was found to be solid with central core of transmitting tissue. According to Johri
(1984) and Shivanna (2002), the solid type of style mostly present in dicotyledons with a core of
transmitting tissue traverses the whole length of style.

Stigma receptivity is an important stage in the maturation of the flowers which may greatly influences the
rate of pollination success at different stages in the flowers life - cycle (Galen et al., 1987). The stigma
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receptivity of flower varies from few hours to few days (Dafni, 1992). Solomon Raju and Rao (2006)
reported that in P. pinnata the stigma attains receptivity one hour after anther dehiscence, but strong
receptivity occurs during 0900-1600 h. During the present investigation in P. pinnata the stigma becames
receptive at 06.00 to 11.30 am on the flower opening day and loses its receprivity shortly before the
closure of the flower.

According to Bandyopadhyay and Mukherjee (1977) pollen grain remains viable in a wide range of
temperatures, and the wall of the pollen grain is capable of withstanding severe osmotic imbalance. Low
temperature induces spherical swellings at the tips of the pollen tubes, followed by accumulation of a
hyaline plug. In vitro germination can be used to assess pollen vigour (Shivanna and Cresti, 1989).
During the present study in P. pinnata, the percentage of pollen germination in different concentrations of
Potassium nitrate, Boric acid, Calcium nitrate and Magnesium sulphate was found to be very less or nil.
Pollen germination studies involve assessment of role of Potassium nitrate, Boric acid, Calcium nitrate
and Magnesium sulphate which are the stimulants for pollen germination and pollen tube growth
(Brewbaker and Kwack, 1963). Apart from the role of these stimulants in in vitro pollen germination,
there was no response after using these stimulants during this investigation.

Pollen germination studies throw light on breeding behavior and the compatibility problems (Kulkarni et
al., 1987). In general, the pollen tubes develop and deposit a considerable amount of callose along their
wall during elongation, which is a pre-programmed step in the development of pollen tubes (Shivanna and
Johri, 1985). According to Taylor and Helper (1997) pollen tube growth requires a highly active and
polarized secretion at the tube apex. In the in vivo process, pollen surface molecules interact with pistil
factors that facilitate pollen tube growth towards the ovary (Cheung et al., 2000).

P. pinnata is an important bee-forage tree species during summer season (Solomon Raju and Rao, 2006).
In the present investigation, the observations on flower visitors were carried out during the month of
March to August. The plant primarily dependent on bee species such as Apis dorsata, A. cerana, A.
florea, Amegilla sp., and Xylocopa latipes. According to Solomon Raju and Rao (2006) in P. pinnata,
only long-tongued bees such as A. dorsata, A. cerana indica, Megachile sp., Amegilla sp. X. latipes and
X. pubescens are found to have access to nectar and in the process causing keel explosion and pollination.
The above views more or less corroborate with the findings of present investigations.
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