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Abstract

The Pongamia pinnata is being an important biofuel plant which is distributed in the tropical and
subtropical areas of the world, pod yield of this plant is very much negligible due to scarcity of
information on the floral biology and the flower visitors of P. pinnata. The present study was undertaken
at the UAS, GKVK, Bengaluru to document its floral biology and the flower visitors in the South Eastern
Dry Zone of Karnataka. Flower structure, anthesis, anther dehiscence and pollen to ovule ratio, pollen
germination, stigma receptivity and flower visitors were documented and studied in detail. The results
revealed that the flowering (acropetal) period was observed between first fortnight of march to first week
of May month with a peak period of 20-25 days. It has a unique floral architecture with bisexual,
zygomorphic and have one large standard petal, with two light-purple wing petals and two white keel
petals. Anthers and stigma are enclosed but separated in the boat-shaped keel petals. Anthesis was
observed at 0830 h and reached peak at 0900 h and started decreased at 1000 h. Anther dehiscence was
noticed 1 or 2 hours prior to anthesis. Pollen to ovule ratio was 15125+1375.63: 1. The Pollen
germination was 92.28 to 94.21% and stigma receptivity was 77.03 to 85.82% was maximum between
1000 to 1200 h. During the study the major flower visitors were Megachilid and Honey bees followed by
Thrips and Syrphids.
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Introduction

The Pongamia pinnata (L.) is often known by the synonym Millettia pinnata and it is native to
India (Sujatha et al., 2008) [l. Pongamia is a genus consists of about 150 species, which are
distributed in the tropical and subtropical regions of the world (Scott et al., 2008) 2. P.
pinnata (L.) is commonly known as Karanja, Indian-beech, Poonga-oil-tree, Pongam tree,
Karum and Kanji in India. The species thrives in areas with an average rainfall of 500-2500
mm and a temperature range of 1-38 °C. It can withstand drought and waterlogging and a
slight frost. It can be grown in water logged, saline and alkaline soil, waste land and can resist
harsh agro climates. It grows about 15-20 meters in height with a wide canopy that spreads
equally wide. Flowering starts after 4-5 years of planting and the productivity per hectare
varies from 900 to 9000 Kg per hectare. The seeds contain about 30-40 per cent oil. The major
fatty acids in crude oil of P. pinnata are palmic acid, stearic acid, linoleic acid and ecosenoic
acid, these fatty acids exhibited good physio-chemical properties and could be used as a
biodiesel feedstock and industrial application (Bobade and Khyade, 2012) [l Other than
biodiesel, it can also be a source of raw material for the bio-pesticides, biologically dried
leaves are being used as an insect repellent in stored grains. The press cake, when applied to
the soil, it has a pesticidal value, particularly against nematodes and conventional medicines
(Danial, 1997) M. This species has a lot of potentials to be utilised as biofuel plant but the
major limiting factor is scattered knowledge available on floral biology, flower visitors and
pollination of Karanja (Kaushik et al., 2021) . Hence, the aim of this study is to document
the floral biology and flower visitors of P. pinnata which in turn helps to overcome the yield
constraints.

Material and Methods

The present investigation was carried out at the University of Agricultural Sciences, Gandhi
Krishi Vignana Kendra (GKVK), Bangalore located in North part of Bangalore in the south
eastern dry zone of Karnataka state. The observations were recorded from Karanja plants with
six year old trees.
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Flower structure

Fully opened flowers were brought to the laboratory and
examined for their structure under microscope. The floret
parts such as sepals, petals, stamens, anther lobes were
measured (n = 10) using a stereo binocular microscope (Leica
M205C with auto montage and Leica DFC 450 camera)
(Revanasidda and Belavadi, 2019 8, Veereshkumar et al.,
2019) 1,

Anthesis, anther dehiscence and pollen to ovule ratio

The time of flower opening was observed and recorded by
tagging a set of flower buds (n=90). The tagged buds were
observed at a half an hour interval from 0500 h to until all the
flowers were opened. A set of flower buds were tagged
(n=90) and observed for anther dehiscence at different times
of the day from 2h before anthesis by using hand lens. After
anther dehiscence, flowers (n=10) were brought to the
laboratory and counted the total number of pollen grains by
extracting all pollen into glacial acetic acid in 1 ml plastic
vials and counted using haemocytometers (Kearns and
Inouye, 1993) [, The number of ovules per ovary was
recorded by longitudinally dissecting the ovary (Kaushik et
al., 2021) 51,

Pollen germination

Pollen germination test was by collecting fresh flowers at two
hour regular intervals from 2h before anthesis to 8h after
anthesis and brought to the laboratory. In vitro study was
done by transferring pollen onto separate cavity slides
containing 10% sucrose solution, Ca (NOs), (164.08mg),
H3BO;3 (61.83 mg) and MgSO4 (120.36 mg). After 24 h,
pollen germination was recorded to work out the peak pollen
germination period (n=10) (methods adopted from Belavadi

and Ganeshaiah, 2013 ®: Revanasidda and Belavadi, 2019
(61,

Stigma receptivity

To study the stigma receptivity, a set of flowers were
emasculated at 0600 h and were bagged to prevent the flower
visitors. For every two-hour interval, one set (n=10) was hand
pollinated. After 24 h, pollinated stigma was preserved in
Carnoy’s fixative (absolute ethanol: chloroform: acetic acid;
6:3:1). Pistils were softened with 16 M NaOH for overnight.
Pistils were stained with aniline blue (1%). Samples were
viewed through a Leica DM2000 (HI PLAN 100X/1.25 DIL)
with a fluorescent filter I3. Per cent of germinated pollen grain
was scored as receptive (Huang et al., 2004) [2],

Flower visitors

All insects visiting flowers of Karanja were recorded by
following methods: Visual counting and Ad-libitum visual
counting of flower visitors were recorded from 1000 h to
1200 h on a given sampling day with a recording time of
fifteen minutes and a time gap of five minutes between two
observations. (As per the method adopted by Revanasidda and
Belavadi, 2019 [l; Veereshkumar et al., 2019 [),

Results and Discussion

The flowering period of P. pinnata observed in between first
fortnight of march to first week of May, some of individual
plants extended their blooming up to first week of June. The
total flowering period took almost one month, with 20-25
peak flowering days. Flowers remained open only for a single
day in P. pinnata. The flowers begin to senescence slowly
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from 1700 h onwards on the day of opening and close
completely at 1800 h. During senescence, standard petal come
in contact with the wing and keel petals completely indicate
closure of the flower.

Flower structure

Pongamia flowers are bisexual, purplish white in color. The
anthesis within an inflorescence followed acropetal opening
over a period of 8.58+1.16 (MeantSD) days. Individual
flowers measured 15.90+0.21 X 7.42+0.15mm. The standard
petal was large (15.96+0.10X17.50+0.21mm), light purple,
with a patch of charter use green at 1/3 above the base. The
two wing petals were purplish white and streaks on the petals
which measured about 14.43+0.14 X 5.34+0.24 mm. Two keel
petals are boat-shaped and measured 12.78+0.11 X4.44+0.24
mm. Unfolding of the standard petal indicates flower opening.
The calyx of the flowers is cup-shaped, truncate and dark
brown in color. The corolla is white to pink and brownish-
veined on the outside. There are ten stamens, each filament
(10.64+0.17 mm long) bearing small anther lobes (0.77+0.03
mm long and 0.39+£0.03 mm wide). Stamens are diadelphous;
with nine stamens united into one bundle and the tenth one in
free condition. The bundled stamens form staminal tube at the
base and become free towards the apex. In comparison, the
style was longer (13.61+0.41 mm long and 0.86+0.13 mm
wide) bearing stigma lobe (0.32+£0.02 mm long and 0.27+0.02
mm wide). Flower description was presented in Table 1 and
Fig.1.

Table 1: Morphometric features of P. pinnata flower (n=10)

Features MeanxSD
Pre-anthesis bud (L) 9.90+0.27
Pre-anthesis bud (W) 3.71+0.10

Flower (L) 15.90+0.21
Flower (W) 7.42+0.15
Style (L) 13.61+0.41
Style (W) 0.86+0.13
Stigmatic lobe (L) 0.32+0.02
Stigmatic lobe (W) 0.27+0.02
Anther 10™ filament (L) 10.64+0.17
Length up to 9 filaments united 10.08+0.10
Anther lobe (L) 0.77+0.03
Anther lobe (W) 0.39+0.03
Standard Petal (L) 15.96+0.10
Standard Petal (W) 17.50+0.21
Wing Petal (L) 14.43+0.14
Wing Petal (W) 5.34+0.24
Keel Petal (L) 12.78+0.11
Keel Petal (W) 4.44+0.24

No. of anther/flower 10+0.00
Flower width at base 6.72+0.21

Note: L-Length; W-Width

Anthesis, anther dehiscence and pollen to ovule ratio

The anthesis began in the morning 0830 h (16.66%) and peak
flower opening was seen at 0900 h (47.44%) and it was
reduced at 1000 h (11.11%) and there was no flower opening
after 1030 h. There were 9 to 10 flowers opened per
inflorescence per day. All flowers were opened in an
inflorescence within 8 to 10 days (Fig. 2). All the ten anthers
dehisced by longitudinal slits in mature bud stage, 1 or 2 h
prior to anthesis. Anther dehiscence started at 0630 h
(11.11%) and reached peak at 0700 h (37.77%) and then
started decreasing after 0830 h and there was no anther
dehiscing after 0930 h.
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Fig 1: Floral structure of P. pinnata

Pollen germination

The number of pollen grains present per flower ranged from
25000 to 32500 with a mean of 30250.00+2750.12 and the
number of ovules per flower was two. Pollen grains per ovule
of flower ranged between 12500 to 16250 with a mean of
15125+1375.63. Pollen to ovule ratio was found to be
15125+1375.63: 1. Pollen germination was observed in
flowers of Karanja from 0600 to 1800 h (Fig. 3). Pollen
germination was started raising from 0800 h (35.06%) and
peak germination was recorded from 1000 to 1200 h (92.28 to
94.21%) and started decreasing from 1400 h and very low
germination per cent recorded at 1800 h (5.78%) (Fig. 3).

Stigma receptivity

Stigma receptivity was recorded from 0800 h to 1800 h. The
peak stigma receptivity was observed between 1000 to 1200 h
(77.03 to 85.82%), after started decreasing. There was no
stigma receptivity after 1600 h (Fig. 3).

Flower visitors

Flower visitors recorded were mainly belonging to order
Hymenoptera, Thysanoptera and Lepidoptera group.
Megachilid bees (11.4 bees/ 15 min) and Honey bees were the
major flower visitors as compared to other groups. However,
thrips and syrphids were also visited plants frequently next to
Bees (Table. 2).

Pongamia pinnata is a species of family Leguminosae, which
has unique floral architecture. Bisexual, zygomorphic flowers
have one large standard petal, two light-purple wing petals
and two white keel petals. Anthers and stigma are enclosed
but separated in the boat-shaped keel petals (Aronne et al.,
2012) [, The Pongamia initiated flower buds in the month of
First week of April. The flowering period was between first
fortnight of march to first week of May month. The present
findings are corroborated with the previous reports mentioned

that P. pinnata initiated flower buds from mid-April to mid of
May in Tamil Nadu (Srimathi et al., 2013) 2, the first week
of March and May in Maharashtra (Kukade and Tidke, 2013)
1231 April to the first week of June in Andhra Pradesh, first
week of May and lasted till the first week of June in Uttar
Pradesh (Kaushik et al., 2021) Bl The inflorescence of P.
pinnata is a long raceme, anthesis occur acropetally over a
period of 11+4 days (Raju & Rao, 2006) 4. The flowers
begin to senescence slowly from 1700 h onwards on the day
of opening and close completely at 1800 h. The results are in
line with the observations made by Raju and Rao (2006) (41,
The anthesis began in the morning 0830 h and peak flower
opening was seen at 0900 h. All flowers were opened in an
inflorescence within 8 to 10 days. Similar observations were
made by Raj and Rao (2006) [, Kukade and Tidke (2013)
(231 Ni Luh et al. (2014) %, who have reported the time of
anthesis during 0700 to 0930 h.

Table 2: List of flower visitors recorded on P. pinnata flowers in
GKVK, Bengaluru

Pollinator Family Order Mean v'fr']tiﬂrs per 15
Megachilidae bees [Megachilidae) 11.44397
Apis florea 7.444117
Apis cerana . Hymenoptera 7.193625
Apis mellifera | /\Pidae 5.004129
Apis dorsata 5.255373
Thrips Thripidae [Thysanoptera 5.094129
'Yellow jacket wasp| Vespidae |Hymenopteral 3.863703
House fly Muscidae . 4.381341
- - Diptera

Syrphid fly Syrphidae 5.094129
Skippers Hesperiidae 3.346065
Lycanids Lycanidae |Lepidoptera 3.863703
Monarch butterfly [Nymphalidae| 3.346065

SEm 0.1500

CD @ 5% | 0.4302

~553%


https://www.thepharmajournal.com/

The Pharma Innovation Journal

https://www.thepharmajournal.com

50 sl Anther dehicscence s Anthesis of flowers
45
E 40
£ k.
=
—
= 1)
-
s
25
0
15
10
]
0 0 T 0
OO (i 300 0700 0730 0800 0530 0 30 1000 1030
Time (k)
Fig 2: Time comparison between anthesis and anther dehiscence in P. pinnata
£ 100.00
B
=9 Q000
5
= 8000
| 70,00
2 s
m —
&% E 50,00
g = 4000
&=
é 30.00
E 20.00
= 10,00 I
k)
= ww il =
R H L 500 10200 12:0) 14:00 16: 04 18:00
Time (h)
B Pollen germination B stigma receptivity

Fig 3: Comparison of Pollen germination and stigma receptivity in P. pinnata

All the ten anthers dehisced by longitudinal slits in mature
bud stage, 1 or 2 h prior to anthesis. Raj and Rao (2006) 14,
Kukade and Tidke (2013) [*31, Ni Luh et al. (2014) [ have
reported that all the ten anthers dehiscing approximately 3 h
before anthesis in Karanja. Pollen to ovule ratio was found to
be 15125+1375.63: 1. Similar observation was made by
Arathi et al. (1999) reported that the P. Pinnata ovary
contained two ovules (95.04% of the flowers) and
occasionally three (4.96%), with a mean of 2.05+0.22 ovules
per ovary [6],

Pollen germination was observed in flowers of Karanja from
0600 to 1800 h. Kukade and Tidke (2013) reported that pollen
viability percentage in P. pinnata with TTC was found to be
82.98%, whereas, it was found to be 41.45, 28.45, 54.38,
21.84 and 15.89% with different concentration of sucrose
solution i.e., 10, 20, 30, 40, 50%, respectively 3. In vivo
pollen germination, the per cent 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. Stigma receptivity was
recorded from 0800 h to 1800 h. The peak stigma receptivity
was observed between 1000 to 1200 h. The results are in
conformity with the observations made by Raj and Rao
(2006), they reported that stigma achieves receptivity one
hour after anther dehiscence, peak receptivity was between
0900-1600 h in P. pinnata [*4],

The major flower visitors are belonging to Megachilidae and
Apidae of order Hymenoptera. Present findings were in line
with earlier reports where Megachilid bees were found to be
the most abundant and contributing for pollination in Karanja
flowers (Kaushik et al., 2021) B, Further, Dhillon et al., 2009
also observed that bees and thrips are the major flower
visitors of Karanja and they contribute significantly in
pollination (271,

Conclusion
Pongamia pinnata is one of the important bio-fuel tree
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species in India. The floral biology of Karanja plants is
important for determining yield constraints. As Karanja is a
cross pollinated plant, pollinators activity, pollen viability,
stigma receptivity and nectar availability are major impact on
pod set and oil production. Further, there are many insects
which visit the flowers but Megachilid bees are the one which
visit more frequently and they could be the major pollinators
of Karanja. Floral biology is the base to study the pollinators
and their role in pod set and this knowledge will help us to
overcome Yyield constraints and increase the biofuel
production.

Acknowledgments

Authors thankful to Late Veereshkumar, B., Scientist, ICAR-
Natioanal Bureau of Agricultural Insect Resources, Bangalore
for his valuable guidance during the experiment.

Conflict of Interest
Author declares that there is no conflict of interest

References

1. Sujatha K, Panda BM, Hazra S. De novo organogenesis
and plant regeneration in Pongamia pinnata, an oil
producing tree legume. Trees. 2008;22:711-716.

2. Scott PT, Pregelj L, Chen N, Hadler JS, Djordjevic MA,
Gresshoff PM. Pongamia pinnata: An untapped resource
for the biofuels industry of the future. Bioenerg. Res.
2008;1:2-11.

3. Bobade SN, Khyade VB. Detail study on the Properties
of Pongamia Pinnata (Karanja) for the Production of
Biofuel. Res. J Chem. Sci. 2012;2(7):16-20.

4. Danial JN. Pongamia pinnata - a nitrogen fixing tree for
oilseed, NFT Highlights, NFTA, Fact net, Winrock
International; c1997.

5. Kaushik SK, Rajarajan K, Kumaranag KM, Uthappa AR,
Sridhar KB, Alam B, et al. Pollination biology of
Pongamia pinnata (L.) Pierre: a potential biodiesel plant.
Genetic Resources and Crop Evolution. 2021;68(1):59-
67.

6. Revanasidda, Belavadi VV. Floral biology and
pollination in  Cucumis melo L. a tropical
andromonoecious cucurbit. J Asia Pac. Entomol.

2019;22:215-225.

7. Veereshkumar BV, Revanasidda TK, Srinivasa YB.
Stamen elongation in sunn hemp appears to allow
delayed self-pollination in the absence of pollinators a
case of bet-hedging. S. Afr. J Bot. 2019;127:110-116.
https://doi.org/10. 1016/j.sajb.2019.08.052

8. Kearns CA, Inouye DW. Techniques for Pollination
Biologists. University Press of Colorado, Niwot; ¢1993.
p. 559.

9. Belavadi VV, Ganeshaiah KN. Insect Pollination Manual.
Indian Council of Agricultural Research, New Delhi;
c2013. p. 42.

10. Huang Z, zZhu J, Xijin M, Jinxing L. Pollen dispersion,
pollen viability and pistil receptivity in Leymus chinensis.
Ann. Bot. 2004;93:295-301.

11. Aronne G, Giovanetti M, De Micco V. Morpho-
functional traits and pollination mechanisms of Coronilla
emerus L. flowers (Fabaceae). Sci. World. J; c2012.
https://doi.org/10.1100/ 2012/381575.

12. Srimathi PN, Mariappan L, Sundaramoorthy, Sudhakar
K. Studies on floral phenology, fruit and seed maturation
and harvest index based. Sust. Energy. 2013;4:111-133.

13.

14,

15.

16.

17.

~ 5557

https://www.thepharmajournal.com

Kukade SA, Tidke J. Studies on pollination and
reproductive biology of Pongamia pinnata L. (Fabaceae).
Indian J Fundam. Appl. Life. Sci. 2013;3(1):149-155.
Raju AJ, Rao SP. Explosive pollen release and
pollination as a function of nectar feeding activity of
certain bees in the biodiesel plant, Pongamia pinnata (L.)
pierre (Fabaceae). Curr. Sci. 2006;90(7):960-967.

Ni luh A, Guij un Y, Elizabeth LB, Julie AP. Phenology,
pollination and seed production of Pongamia pinnatain
kununurra, northern western Australia. J Biologi.
2014;1:19-23.

Arathi HS, Ganeshaiah KN, Shaanker RU, Hedge SG.
Seed abortion in Pongamia pinnata (Fabaceae). Am. J
Bot. 1999;86:659-662.

Dhillon RS, Hooda MS, Ahlawat KS, Kumari S. Floral
biology and breeding behaviour in karanj (Pongamia
pinnata L. Pierre). Indian Forester. 2009;135(5):618-28.


https://www.thepharmajournal.com/

