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Abstract

This paper presents atmospheric pollen concentrations of fifteen entomophilous trees of Eastern India. The period
of anthesis and anther dehiscence varied from morning to evening. Insects and other flower visitors were found to
accelerate the mechanism of pollen dispersal. The highest pollen concentration was férigg¥gie marmelos
followed in decreasing order biucalyptus globosu€07/n?), Cassia siamed186/n?), C. fistula(180/n¥),

Delonix regia (171/n?), Butea monospermél59/n?¥), Bombax ceiba(156/n?), Tectona grandis(144/nv),
Terminalia arjuna(138/n¥), Moringa oleifera(126/n7), Anthocephalus chinens{@14/n?), Syzygium cumini
(96/n?), Dillenia indica (30/m?), Syzygium jamba@7/n?), andKleinhovia hospitg2/m?).

Introduction The present paper presents atmospheric concentra-
tion of pollen of fifteen entomophilous trees of East-
ern India. The selected plants arkegle marmelas

Pollen grains can cause allergic disease in humansAnthocephalus chinensBombax ceibaButea mono-

and animals and there is an increasing awarenesssperma Cassia fistula C. siamea Delonix regia

of the importance of bioparticles. In contrast to the Dillenia indica, Eucalyptus globosuleinhovia hos-

common belief that entomophilous pollen does not pita, Moringa oleifera Syzygium cuminiS. jambos

become airborne, there are some reports (Mandal andTectona grandisindTerminalia arjuna.

Chanda, 1981; Tilak, 1984; Agashe, 1989) of aero-

palynological survey in which such pollen has been

detected in various parts of India. Clinical investiga- Materials and methods

tion of certain entomophilous pollen showed allergic

responses from which it is evident that even an insig- Anthesis was studied using the methods of Reddi and

nificant emission of entomophilous pollen in the air, JanakiBai (1981) and Mathur and Mohan Ram (1986).

can potentially cause an allergic reaction in a sensitive To study pollen release, ten flowers/inflorescence were

individual (Tilak, 1984). Agashe (1989) studied air- tagged and observed every 2 hr during a 24 hr period
borne entomophilous pollen with its potential source for 10 days on different plants. Dehisced anthers
of allergy. McCartney (1994) reported about the dis- were counted using a hand lens. The pollen released
persal mechanism of entomophilous pollen of some for each hr was expressed as percentage of the total
crop plants. Ong et al. (1995) showed the occurrence number of anthers dehisced for that day (Reddi et
of some entomophilous pollen in atmosphere. Mondal al., 1988). Pollen production was measured using
et al. (1992, 1997) observed the distribution of ento- the method of Mandal and Chanda (1981). Accord-
mophilous pollen of some tropical plants in Eastern ing to this method fully developed and undehisced
India. anthers were collected from flower buds. Then a single
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anther was taken on a microscopic slide with a drop
of 10% glycerine and was crushed and covered with
a cover glass (2% 18 mm). Then it was scanned
thoroughly under microscope and the pollen grains
were counted. Ten observations were made taking the
anthers of different flowers from different plants of
same species to get an absolute average number o
pollen grains per anther which was multiplied by the
total number of anthers of a flower to get the absolute
average number of pollen grains per flower. Atmo-
spheric pollen concentration was measured using a
‘Rotorod’ sampler (Perkins, 1957). The battery oper-
ated ‘Rotorod’ sampler relies upon the high efficiency
with which small airborne particles are deposited on
narrow cylinders oriented at right angles to high velo-
city winds. Collecting arms of the model are made
up of 0.159 cm square section brass rods slightly
bent inwards. The vertical arms are 6 cm long and
4 cm from the axis and it rotates at 2500 rpm. The
sampling rate of the sampler is 120 litres/min with its
conversion factor 3. The total catch of pollen grains
for each specific taxa were multiplied by 3 to get the
number of pollen grains/of air. The sampler was
operated for 10 days for 15 minutes at every 2 hrs
interval one metre above the inflorescence or flower
during peak flowering period. Pollen grains were col-
lected on safranin stained glycerine jelly coated cel-
lotape (300 mrfy) attached to the rotorod. The tape
was removed and mounted on a microscope slide and
covered with cover glass, it was scanned thoroughly
using light microscope and the pollen grains were
counted. The scanning width was 2@Qvith number

of scan 20 and total scanned area was 55.2fslide.
Then the total concentration of pollen grains for each
taxa on the slide was calculated (Mondal et al., 1992,
1997).

Results and discussion

Circadian periodicity of anthesis

The periodicity of anthesis of the plant taxa were

categorised as follows (Gregory, 1973).

(i) Post middle of the night (1.00—4.00 hrs) e.g.
Bombax ceibd.inn.

(iiy Early morning (4.00-6.00 hrs) e.dAnthoceph-
alus chinensigLamk.) A. Rich.

(iif) Forenoon (6.00-10.00 hrs) e.fleinhovia hos-
pita Linn., Delonix regia (Boj.) Raf., Cassia
siamealamk., Aegle marmelogLinn.) Cor-
rea.,Butea monospermiamk. (Taub.),Tectona

grandisL.f., Moringa oleiferaLamk., Terminalia
arjuna (Roxb. ex DC.) Wt & Arn. andDillenia
indicaLinn.
(iv) Middle of the day (10.00-12.00 hrs) e.Buca-
lyptus globosusSmith. and Syzygium jambos
(Linn.) Alston.
Evening (17.00-20.00 hrs) e.gcassia fistula
Linn. andSyzygium cumir(Linn.) Skeels.

)

Pattern and periodicity of pollen release

Anther dehiscence took place prior to anthesis in
Eucalyptus globosuysButea monospermaAntho-
cephalus chinensiand Syzygium jambosin Aegle
marmelosandKleinhovia hospitaanther dehiscence
coincided with anthesis. In remaining 9 taxa anther
dehiscence took place after anthesis. Two types of
anther dehiscence, i.e. poral and longitudinal slit were
observed. Anthers o€assia fistula C. siameaand
Dillenia indicahad poral as well as longitudinal dehis-
cence while the remaining 12 taxa had longitudinal
dehiscence. Thus, it can be stated that duration of
anthesis, anther dehiscence and pollen dispersal var-
ied from plant to plant. Bhattacharya and Datta (1992)
showed the variations of anthesis and pollen release in
some angiosperms.

Different types of insects, for examplapis
Xylocopa Cerating Danus Thrips and some other
members of Lepidoptera, Coleoptera and Hymen-
optera and birds visited the flowers to collect pol-
len, nectar and flower petals. These visitors acceler-
ated pollen dispersal by making rapid movements of
flowers/inflorescences.

After dehiscence, the pollen grains were found in
clumps on the surface of anther or in some cases pollen
clumps released into atmosphere by insects activity
which was observed visually. Most of the studied
plants had pollen clumps due to the presence of sticky
substances and/or rough surfaces.Dielonix regia
Moringa oleifera Aegle marmelgs Butea mono-
sperma Bombax ceibaand Tectona grandigpollen
clumps adhered to insects body surface.

Productivity and atmospheric incidence of pollen

The highest number of pollen grains per flower were
produced byBombax ceiba(8,863,000) and max-
imum atmospheric incidence was 156/at 10.00 hrs,
following in decreasing order:Syzygium jambos
(1,825,850) and 27/fat 14.00 hrs Aegle marmelos
(613,150) and maximum atmospheric incidence was



Table 1. Pollen incidence of the investigated plant taxa.

Name of the plants ~ Family Pattern of Name of the Maximum Time of
anthesis flower visitors ~ atmospheric maximum
pollen pollen
concentration  release (in
/m3 hrs)
Aegle marmelos Rutaceae Forenoon  Apis, Vespa, 267 12.00
Butterflies
Anthocephalus Rubiaceae Early Apis 114 10.00
chinensis morning Megachile
Thrips,
Butterflies
Bombax ceiba Bombacaceae Post middle Apis Birds, 156 10.00
night Squirells
Butea monosperma Fabaceae Forenoon Birds, Thrips, 159 13.00
Butterflies
Cassia fistula Caesalpiniaceae  Evening Thrips, 180 10.00
Xylocopa
Eumenes
C. siamea Caesalpiniaceae  Forenoon Xylocopa 186 12.00
Ants, Thrips
Delonix regia Caesalpiniaceae  Forenoon Thrips, 171 14.00
Butterflies
Dillenia indica Dilleniaceae Forenoon  Apis 30 12.00
Megachile
Eumenes
Eucalyptus Myrtaceae Middle day Apis, Vespa 207 14.00
globosus Ants
Kleinhovia hospita  Sterculiaceae Forenoon Apis 2 12.00
Cerating
Butterflies
Moringa oleifera Moringaceae Forenoon  Xylocopa 126 12.00
VespaThrips
Syzygium cumini Myrtaceae Evening Apis 96 20.00
Megachile
Butterflies
S. jambos Myrtaceae Middle day Apis 27 14.00
Megachile
Ceratina
Tectona grandis Verbenaceae Forenoon Apis 144 11.00
Megachile
Ceratina
Butterflies
Terminalia arjuna  Combretaceae Forenoon Apis, Vespa 138 12.00

Butterflies
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267/m? at 12.00 hrs,Cassia fistula(148,345) and
180/n? at 10.00 hrsC. siameg130,400) and 186/f
at 12.00 hrsEucalyptus globosud 08,720) and max-
imum atmospheric pollen incidence was 20%/at
14.00 hrs, Dillenia indica (106,584) and 30//mat
12.00 hrsButea monosperm(®9,960) with 159/ at
13.00 hrsTerminalia arjuna(57,658) and 138//ypol-
len incidence at 12.00 hr§yzygium cumini54,965)
and 96/m pollen incidence at 20.00 hrdDelonix
regia (30,000) and 171/mat 14.00 hrs,Moringa
oleifera (23,525) and 126/fhatmospheric incidence
at 12.00 hrsTectona grandig7,500) and 144/fhat
11.00 hrs, Kleinhovia hospita(6,790) and 2/m at
12.00 hrs andAnthocephalus chinensig,566) and
maximum atmospheric pollen incidence was 11%/m

Table 2. Pollen biology of the investigated plant taxa.

Average

number of

absolute pollen
Name of the plants Flowering Pollen character productivity

period Aperture Shape Sizaif) per flower

Aegle marmelos May—July  3-colporate  spheroidal 47:540.6 613,150
Anthocephalus chinensis July—Sept. ~ 3-colporate  spheroidal 1%30.2 4,566
Bombax ceiba Jan.—Mar. 3-colporate triangular 64 8,863,000
Butea monosperma Feb.—Apr. 3-colporate  spheroidal  2323.4 59,960
Cassia fistula Mar. July 3-colporate  spheroidal  33x734.9 148,345
C. siamea Sept.—Dec.  3-colporate  spheroidal 32B2.4 130,400
Delonix regia Apr.—June 3-colporate  spheroidal 6256.7 30,000
Dillenia indica May—Sept.  3-colpate spheroidal  26x223.1 106,584
Eucalyptus globosus Dec.—Mar.  3-colporate triangular  21.7 108,720
Kleinhovia hospita Aug.—Nov.  3-colporate triangular 28.7 6,790
Moringa oleifera Feb.—Mar. 3-colporate  spheroidal 4741 23,525
Syzygium cumini Mar—May  3-colporate triangular  23.5 54,965
S. jambos Dec.—Apr. 3-colporate  triangular  25.8 1,825,850
Tectona grandis July-Sept.  3-colpate spheroidal  3%531 7,500
Terminalia arjuna Apr.—June 3-colporate  spheroidal 2%119.1 57,658

at 10.00 hrs (Tables 1 & 2).

Pollen production may vary from plant to plant

grains and that is concomitant to the findings of Reddi
and Reddi (1986). Vaish (1973) reported that pollen
productivity also varies among different flowers of

same plant. Beside that, regarding pollen productiv-
ity the present investigation is in accordance with the
data found by Subba Reddi (1976), Obtulowicz et

al. (1990), Mondal et al. (1992) and Bhattacharya et
al. (1997) who showed the variation of pollen pro-

duction among different members of angiosperms.
Besides, the occurrence of some entomophilous pol-
len in the atmosphere found in the present study is in
full accordance with the findings of other researchers.
Tilak (1987-1988) and Sathes et al. (1993) showed the
distribution of entomophilous pollen in different parts

of India. Ong et al. (1995) suggested that a consid-

erable amount of pollen of Myrtaceae occurs in the
atmosphere. Actually, no direct correlation between

and within the different species of same plant. It may pollen production and atmospheric pollen concentra-
be due to different anther length and size of pollen tions could be found in the present observation. An
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explanation could be found in the fact that some plants Agrawal M: 1996, Biomonitoring of air pollutionvasundharal,
produce high guantities of pollen per flower and con- _ 55-63.

: : . .. Bhattacharya K.N. and Datta B.K.: 1992, Anthesis and pollen
Sequemly hlgh concentration of airborne poIIen IS release of some plants of West Bengal, InBaana31, 67-71.

to be monitored. Other _p|ant3 instead produce |_0W Bhattacharya A., Mondal S. and Mandal S.: 1997, Anthesis, pol-
amounts of pollen, but still the concentration remains  len production and Release of some Angiospermic Plant Taxa.
high. As a matter of fact the atmospheric pollen con- _ Environment and Ecology5(2), 283-287.

. . Gregory P.H.: 1973The Microbiology of the Atmospherk. Hill,
centration depends on the pollen production of an London, pp. 1-377.

entire plant and on different pollen behaviour. Agashe Linskens H.F.: 1992, Mature pollen and its impact on plant and
(1989) reported about the distribution of pollen grains ~ man. In M. Cresti and A. Tezzi (edsjexual Plant Reproduction
in the air of Western India pointing out no relevance __ Berlin. Springer & Verlag, pp. 203-218.

bet I ductivit d incid . t Mandal S. and Chanda S.: 1981, Aeroallergens of West Bengal in
etween polien productvity and inciaence in entomo- the context of environmental pollution and respiratory allergy.

philous trees. Even, Singh et al. (1996) carried out  Biol. Mem.6, 1-61.
the work to know the incidence of pollen and revealed Mathur G. and Mohanram H.Y.: 1986, Floral biology and pollina-

h llen or ion and incidence were not rel tion ofLantanacamarg. Phytomorpholo®#(1,2), 79-100.
that pollen production and incidence were not related McCartney H.A.: 1994, Dispersal of spores and pollen from crops.

directly in entomophilous trees. Grana33, 76-80.

Mondal S., Bhattacharya K.N. and Mandal S.: 1992, Floral bio-
logy, pollen production and dispersal Morus indica L.and
Peltophorum inerméRoxb.) L. LanosJ. Palynol 28, 137-142.

Mondal S., Bhattacharya K.N. and Mandal S.: 1997, Observations
on pollen anthesis and dispersal of certain angiosperms. In S.N.

From present investigation it can be concluded thatthe  Agashe (eds)Aerobiology Oxford & IBH Pub. Co. Pvt. Ltd.,

biological rhythm of anthesis, anther dehiscence and  pp- 401-405.

. Obtulowicz K., Szczepanek K. and Szczeklik A.: 1990, The value
mode of pollen release differ from each other. Some of pollen count for diagnosis and therapy of pollen allergy in

entomophilous taxa produce huge numbers of pollen  pojand.Grana29, 318-320.
per flower consequently releasing a considerable num-Ong E.K., Singh M.B. and Knox R.B.: 1995, Seasonal distribution
ber of pollen grains in the air. By contrast some plants of pollen in the atmosphere of Melbourne: an airborne pollen

. . calendarAerobiologiall, 51-55.
prOduce a lower amount of poIIen grains but its atmo- Perkins W.A.: 1957, The rotorod sampler. 2nd. Semi-annual report,

spheric incidence is still high. This high incidence pp. 66, Aerosol. Lab. Dept. of Chemistry. Chem. Eng. Stanford
might be due to a widened dehisced surface or colo-  Univ.,, CML, 186.
nial release of pollen from the anther by the activity Reddi C.S.: 1976, Floral mechanism, pollen productivity and pollen

. . . incidence inMadhuca indicaGmelin. with remarks on the mode
of insects. Besides, it may be due to the fact that most ¢ ination. New Botanistil (1&2). 11-16.

of the investigated plants are avenue trees growing on Reddi C.S. and Janaki Bai A.: 1981, Floral biologyMimusops
road sides, gardens, etc. During their flowering period  elengiL. J. Bomb.Nat. Hist. Soc77(3), 471-475.

Qi ; Reddi C.S. and Reddi N.S.: 1986, Pollen production in some
pollen emission may occur in the atmosphere may be anemophilous angiosperm&rana2s, 5561,

due to strong air currents. Reddi C.S., Reddi N.S. and Janakai Bai A.: 1988, Circadian pat-
tern of pollen release in some species of Poadeae. Palaeobot
Palynol54, 11-42.

Sathes H.R., Rao G.R. and Nair P.K.K.: 1993, A study on the incid-
ence of pollen grains in the atmosphere of Tiruchirapalli, Tamil
Nadu (1987-88)Acta. Bot. Indica25, 74-77.
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