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SECTION I

Genaral Iptroductiag



General Introduction

Aerobiology is an interdisciplinary science which
deals with the study of transport of ofganisms and biologica=
lly significant materials in the atmosphere. The biological
components follow a definite aerobiological pathuay i.e.
source of organisms or a materials release, dispersion,
deposition anfl impact on animal, plant or human systems.
Environmental features affect each stage. Atmospheric pollen
grains and fungal spores surveys carried out in many parts of
the world provide wvaluable data on the pollen and spore types
and their frequency in the air during various seasons of the
year. This information is a must for forecasting any disease

in plants or human beings.

Researches on aerobiology are now gaining momentum (j
in India with the advancement of the knowledge on the air
borne agents like spores, pollen grains, fragments of differe=-
nt plants etc., uhichf?gsponéible as the causal agents of
cgrtain types of human allergic and plant diseases. Thus,
works on aerobiology have been initiated at few centres like
Delhi, Mysore, Waltair, Jaipur, Calcatta, Aurangabad, Lucknou;
Nagpur, Banglore and Gauhati. Houwever, no such studies have so
far been conducted in mountain or hilly regions such as
Shillong, except for a feuw scattered accounts( Singh and

Barvah, 1979 ).Keeping the importance of such studies in view,

the present study has been conducted.

The presént study has been carried out under the

seven sections. ¥ 3



first section deals with the climate, geography and vegetation
T T B —.

of this area, as these are of prime importance for Aercbiolo-

gical studies.

The study of pollen grains and sporss are covered by
the term palynology. Therefore, aerobiological studies uhen
confined to pollen,spores and associated plant materials are
known by the term "Aero-palynology" (Erdtman,1952). The pollen
flora and pollen morphology is taken into consideration in the

third and fourth section respectively.

The nsed for intensive aerobioiogical studies has
been emphasized by both clinicians and botanists during recent
yesarss. R knouwledge of diurnal and seasonal fluctuations in
the concentration of atmospheric pollen and fungal spores is
of paramount value in the diagnosis and therapeutic treatment
of human allergic and plant diseases. In an attempt to under-
stand how the atmospheric content of pollen grains and fungal
spores vary with weather, Aerobiological studies hae besgn
conducted in two parts, (1) seasonal variation and (2) diurnal

variation in the fifth section.

Sixth section deals with the comparative study of
air, leaf surface and soil mycoflora at different altitudes
with different crop plants. Attempts have been made to compare
the air, leaf surface and soil mycoflora to investigate the

origin of spores. Further, the seasonal variation of air,
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leaf surface, and soil mycoflora has also been studi%d.

ENVIRONMENTAL FCATURES
SRR E S T SR
Location and Physiography

Shillong, the capital city of Meghalaya and one of
the beautiful hill stations an India lies betwean 23054‘N
latitude and 91°56'E longitude in the North-Eastern India.
The altitude of the place varies from 1080 m to 1990 m, with

the highest peak lying in Shillong Peak.

Phys iographically the area is hilly with steep
gscarpments having shallow or deep valleys with swift flowing
rivers and streams. These floweither northuwards to the
plains of Assam or southwards to the plains of Bangladesh.
The physiography of Shillong consists of a big block of open
high land at the centre with series of smaller ranges of

hills and hillocks clothed with a luxuriant vegetation.

The area may be divided into 3 main physiographic

units namely:

(i) The low hills of the northern belt: This

comprises of the northern part of Shillong, ascanding
upwards from Barapani to Mawlai with an elzvation belou
1260 m. Here no steep escarpments zre found. The river Umtrew

takes its origin from the foot of Sohpetbneng peak by the



side of Berapani arca.

(ii) The central upland zone:  This unit comprises

of central Shillong from Mawlai eastwards to Mawpat; southe=
wvards to Nongthymmai, Happy valley; and then westwards tg
Upper Shillong, Shillong Peak and Laitkor Peaks. Many of
these péaks are above 1500 m«. A number of small rivers like

Umiam, Umkhen and Umngot arises from this zonas

(ii1) The hills and valleys of southern belt: This

zona comprises of southern Shillong (below 1350 m)s The hills
in this belt show north-south alippfment, and in many places
they slope steaply and abruptly. The rivers Kynshiang, Umisu
and Umngi flow towards south only cutting deep valleys through
the cretaceous sandstones on their way and in many .places the

archaesn shields have bzan exposead.

Constant erosion of the face of the escarps by wind
and rain waters hava led to the formation of many structural

platforms here and thare.

Climates
'//

Shillong is one of the healthy hill stations of
India with a2 cool climate. Based on climatic factors, although
4 seasons are racogniscd only 2 ssasons are evident. The 4

sSeasons ara.
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1. Spring season (From March-April)

2. Summer season (including rainy segasong

May—September)
3. Wutumn season (From October-November)

4. Winter season (From December-February).

Temperature

e

There is gradual increase in temperature from March.

The average maximum temperature recorded at Shillong for two
years is 23°C and average minimum is 7°C. There is gradual
decline in temperature from Novaember onwards, reaching its
minimum during Oecember-January, when it comes down to as lou
as 5°C. Sometimas during nights the temperature goes down to
sven belou 0°C. Though snouwfall is not experienced, there is
heavy frost during early mornings, and this kills most of the
herbaceocus vegetation and the arsa looks dry and barren.
Depression are frequent during this period when the cyclone

occurs over the Bay of Bengal.

Rainfall

Rainfall is spread over throughout the year except’
during November-January. But heavy precipitation occurs from
middle of May to end of September with June and July receiving
the highest dounpour. Though Shillong is situated just 40 Km

north of Cherrapunjee and M3wsynram which receive an annual



rainfall of 12000 mm, the rainfall in Shillong is conside-
rably less. The reason is that its hioher hills act as
barriers and lessen the intensity of rain bearing clouds.
The least rainfall recorded uwas in 1980 (32.5 mm) and 1981
(13.6 mm) and the highest rainfall recorded was in 1980
(408.90 mm) and 1n 1981 (586.1 mm). The diresction of the

monsoun in Shillong is mostly sauuth-westerly.

Humidity e
The relative humidity is constant throughout the
year owing to its experience of heavy rainfall. The weather

does not become dry 2xcept during the winter months when very

lou humidities are recorded (Tables 1).

GENERAL VEGETATION OF SHILLONG -
A knowledge of the ground vegetation and the Fac£ors
that influence the vegetation is of prime importance for
Aerobiological studies, specially for Acropalynology. There-

fore, a brief vegetational account of the area is given below.

The vegetation of Shillong can broadly be studied
under (a) sub-tropical pine forests, (b) the rolling grass-

lands, (c) mixad evergreen forests and (d) temperate forests.

sub-traopical pine farests:i- These forests are




Table 9.  Metecrologicel dota of Shillong (1980-1981). “

M Temperature Humidity Rainfall Duration of fUind vélocaity 1

4 {(Monthly average) (Monthly . Azoawjpw total dsunshine(monthly Azoaw:: mcmwmlM
Month mW nax O0 n1in o0 average in %) in mm average 1n hrs.) §ge in Km/hrs)

1980 ( 1981 1980 § 1981 1980 § 1981 1980 _§ 1981 1980 _§ 1981 1980 § 1981

January 1442 14.3 06.9 05.9 64 65 000 34.5 7.18 6.5 3.26 3.16
February 17.8 17.2 7.48 07.4 62.99 69 32.5 20 7.55 7.9 5.32 5.28
March 20.18 20.0 11.24 10.7 60.13 63 34.7 45.9 8.96 6.3 7.29 6.51
April 25.11 20.5 15.16 12.0 66 68.5 80.40 192.0 9.29 6.2 10 .1 6.88
May 22 .62 18.9 14.55 14 .4 79.5 84 .5 261.80 401.0 4.38 5.2 6.22 4.29
June 23.64 234 17.41 17 .1 88 85 408.90 263.4 3.24 4.3 B.55 3.3
July 23.74 231 18.91 177 87 88 312.9 586.1 4.08 3.1 1.77 3.41
rugust 24.21 23.8 17.59 17.6 86 B6.5 218.5 539.4 4.19 4e4 3.25 2.6
Szptember 22.55 23.5 16.71 16.3 88 B4.5 315.9 239.4 3.2 441 12.33 11.36
October 20.5 22.0 13.6 1347 82 80 224.3 13.4 6.0 744 M.gw 1.87
November 10.7 18.9 10.3 10.8 74 72.5 000 000 B3 8e2 3.56 3.7
December 13.70 15.4 7.98 07.0 78 78 7.5 87.2 7.5 7.6 2.87 3.83
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confined to elevations upto 1800 m in Shillong and are the
most dominant type of forests, although these forests do not
represent a climax typa. The predominent pine species here

is Pinus kesiya Royl. ax Gardon.

Ascended upwards from Barapani, the broad-leaved
forests are gradually replaced by these pine forests. These
pine forests in many places harbour some angiospermic trees
also, but their number and density is very negligible. Some
of the common trees balong to Schima wallichii (DC.) Choisy,

Willd-
Schima khasiana Dyer., Acacia mollissima,/EnqelEardtia

spicata Bl., Rhododendron arboreum Sm., Alnus nepalensis D-

Don, Rhus semi-alata Murr., Quercus spp., and Symplocos spp.

Among the shrubby species Lantana camara Linn., Eupatorium

spp.y and Pieris ovalifolia D. Uon are common. The floor

undarngath 1s covered with a thick carpet of pine needles
and support very little of herbaceous flora. The dominant

ones are fupatorium spp., Anaphalis spp., Artemisie parvi-

flora Cav., Cardamine hirsuta Linn. and members of Rosaceae

and Renunculaceae. Agginatia indica Linn., a curious member

of Orobanchacecaec makes its appearance in some forests among
pine litters during August-0October. Often the bhumus cover By

pine needles underneath is checked by artificial burning and

this has a devasting =ffect on herbaceocus flora.

Moderately shaded areas support grass-lcgume



association which are subjected to grazing and scrapping in
some places. The comman leguminous spscies are 1rifolium

repens Linn., Desmodium hzterocarpen (Linn.) OC., Crotalaris

ferruginea Grah. ex Benth. and Smithia spp. These are

associated with grasses like Panicum spp., Eragrostis nutans

Nees, Sporobolus fertilis, etc.

Rssociation of several terrestrial fern species
méts the ground vegetation markedly significant. Species
like Pteridium aguilinum (Linn.) Kuhn, Ptaris guadriaurita

4

Retz., P. wallichiana Ag., Dicranopteris lincaris (Burm.)

Underw., Onychium japonicum (Thunb.) Kurz and ssveral

species of Thelypteris and Cyclosorus form a close asso-

ciation with grasses and leguminous species. Epiphytic flora
is very poor in these forests dus to lack of mossy habitat.
However, certain xerophytic spaciess belonging to Polypodia-

ceae do occur here and there. Lepisorus excavatus (Bory)

Ching, Pleopeltis kashyapii (Meshra) Alston & Bonner, P

lo®Biformis (Wall. ex fett.) Moore, P. thunbergiana Kaulf.,

Pyrrosia manii (Gies.) Ching, P. mollis (Kuntze) Ching, etc.

are some such species.

During pezk- winter much of the herbaceous flora
is killed and only the hardier species manage to thrive. But
those species which grow near ravines and streams houwever

remain evergreen throughout the year. The common such species



are Lindsaya spp., DOryopteris spp., Lygodium spp., Onycnium

japonicum (Thunb.) Kuntze, Pteris spp., Selaginella spp., and

a few others.

The rolling grasslands i~ The grasslands in

Shillong represent only a seral condition and can be seen
around Barapani and above, Golflink, Laitkor peak, etc. The

dominant grasses in these grasslands belong to Eragrostis

tonella (Linn.) P. Beauv., E. coaractata Stapf., E.

unioloides (Retz.) Nees, Chrysopogon aciculatus (Retz.) Trin.,

Echinochloa colonum (Linn.) Link., Sacciolepsis indica (Linn.)

A. Chase, Paspalum distichum tinn., Oplismenus burmanni

(Retz.) P. Beauv. and Panicum spp. These grasses are associa-.

ted with sedges like Cyperus haspan Linn., C. difformis Linn.,

C. rotundus Linn., Fimbristyiwzs tetragona Br. and .

"

aestivalis Vahl. _

Rpart from giving a green look to these barren hills,
they also support other Angiospermic plants like Trifolium

repens Linn., Hypochaeris radicata Linn., Sgnchus oleraceus

Linn., Anaphalis spp., and LChrysanthemum spp.

|

Bes ides these anjospermic plants one can also
observe the scattered patches in these open grasslands '
formed by various fern speEies- There are associations of

Pteridium agquilinum (Linn.) Kuhn and Dicranopteris linearis




(Burm.) Underw. in open places. Along the road cuttings

Gleichenia longissima Bl. and G. volubilis Jungh are very

common and these two speciles are closely associated with

Brainea insignis (Hookf& Sm., Blechnum grientale Linn.,

Lindsaya cultrata (w1lld.) Sw., Sphenomeris chinensis (Linn.)

Max. and in some places Osmundd reqgalis Linn.

Much of these herbaceous species are either killed
or lie dormant during the severe winter months and this
coupled with grazing by animals and recurring annual fires
favour the growth of many grass species and checks the

grouth of other. plants.

Mixed evergreen forests:- These forests are

confined to very much restricted areas and are much disturbed.

The forests here are dominated by Schima wallichii (DC.)

Choisy, Alnus nepalensis D. Don, Quercus spp., and members

of Rosaceae.

The fern flora is quite diverse in species composi-

tion. There are scattered thickets of Gleichenia -

Dicrangpteris evecta (Forst.) Hoffm., Crypsinus hastatus

(Thunb) Copel., Arthromeris wallichianma (Spr.) Ching.,

~
Athyrium spp., Polystich um spp., Pteris biaurita Linn.,
o

P. cretica Linn., and among the fern allies Selaginella spp.

are some of the dominant terrestrial species which cover the
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rich humus floor of these forests. Among the epiphytic
species members of Polypod}aceae and Aspleniaceae top the

list.

Along the freshly turned cut slopes and road

cuttings Lindsaya cultrata (Willd.) Sw., Sphenomeris

chinensis (Limn.) Max., are the tuwc important early colonizers,

which are graduslly replaced by Dicrancpteris linearis (Burm.)

Underw., Brainea insignis (Hook.) Sm., and Blechnum orientale

Linn.

Temperate forests:- These are confined to sleva-

tions from 1800 m and above, chiefly in Upper Shillong and
Shillong Peaks. The 'Sacred grooves' in Shillong repregent the
true temperate vegetation. These sacred grooves are the virgin
forests and are untouched due to religious beliefs of the
local people, and thus represent the 'relict' flora and

gives us an indication of the‘type of vegetation that must

have prevailed in these area$ .

These forests are very dense and show clear strati-
fication. The branches and trunks of tress are heavily
plastered with epiphytic growth of lichens, mosses, ferns and

orchids+. The common epiphytic faerns are Asplenium nidus

Linn., A. normsle Don, Davallia spp., Drynaria propingua

J. Sm., L&xoqramme involuta (Don) Presl., Pleopeltis spp.,
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Pyrrosia spp., Polypodium argutum Walle ex Hook.f, B.

subauriculatum Bl., Vittaria elongata Sw., Lepisorus sppe.,

and among the fern allies Lycopodium setaceum Buch.-Ham.,

L. hamiltonii Spr., L. squarrgsum Forst. form the striking

feature of the vegetation. In general the polypodiaceous
members top the list of epiphytic ferns. These ferns have
seasonal growth, flourishing mainly during rainy months
(June-October) and undergo a period of dormancy during the

severe winter months (November-January).

Some of the rocks lying deep inside the forests
along the water course, are densly clothed with mosses and
provide a suitable habitat for the free growth of a few ferns

(1ithophytes?) chief among which are Egenolfia appendiculata

(Willd.) 3+ Sm., Elaphoglossum yunnanense (Bak.) C. Chr.,

Humata repens (Linn.) Diels, Mecodium spp., and Selaginella

repanda (Desv.) Spr. On some of the comparatively drier rock

surfaces species like Aleuritopteris spp., Cheilanthes spp.;,

Adiantum venustum Don, Asplenium cheilosorum Kuntze ex Mett.,

Diplazium lanceum (Thunb.) Pr., Pteris vittata Linn., and

Vandenboschia auriculata (Bl.) Cdpel. are VeBTry COmmOnN.

The forest floor is covered with a dense mat of
litter as there is no disturbance by way of forest fires,
etc. Some of the shade loving amgiospermic species like

Anemong sp., Potentilla mooniana Wt., Impatiens spp., etc.
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are closely associated with a large number of fern species

chief among which are Dryopteris paleacea Hand-Maz., Q.

nigra Ching, Diacalpe aspidigides Bl., Leptogramma pilesins~

cula (Wikstr.) Alst., Asplenium tenuifolium Don, Polystichum

lobatum (Huds.) Pr., Rumohra aristata Ching, Coniogramme

fraxinea (Don) Diels and species of Athyrium, Microlepia

and Lycopodium on the humus covered forest floor.




SECTION 11

Review of Literature




14

Review of Literaturs

The word 'Aerobiology' waes introduced by Fred C.
Meier of the United States department of Agriculture to
describe the microbial 1ife in the upper air. The committee
on Apparatus in Aerobiclogy (1941), has made a remarkable
review of our early knouwledge of aerobiology, from which
it is knouwn that Michell observed clouds of fungal spores
in the air, as early as 1729, and it was Micheli (1737) who
first illustrated in 'sseds' of many fungi including mush-
rooms, cup fungi, moulds and slime. Further by sowing spores
on fresh cut pieces of Melon and Pear, and reproducing the
parent mould for generations, he could show that the spores
of some common moulds were indeed seedé of the fungi. He
noted, houwever, that some of his control slices also become
contaminated, and he concluded that the spores of moulds are

distributed through the air.

The minute growth of fungi noticed for centuries on
mildewed or rusted plants wsre believed to be a consequence
of the diseases. Perhaps the first to give reasonably
affirmative evidence was Fontunab(1767), who examined and
described wheat rust with his microscope. He saw them as
a grove of parasitic plants nourishing themselves at the
expense of the grain. Largeg(1940) reported that in some

cases infection is acquired by planting in contaminated soil,



while others are carr and still others ars

spread in the wind by airborne fungus spores.

The discovery that microbes, can ,cause diseases in
human beings and animals came somewhat later, and the first
animal pathogens to be recognized as such were again fungi.
The idea that man, other animals and plants could become
infected by microbes which set up pathological changes had
been made acceptable by the analogy of sterilé organic
infusions that become seeded with putrefying microbes. The
observation made by Blackley (1873), is of particular
significance in the present context of aerobiology in
relation to allergy. He proved by inhalation experiments on
himself and others that this guess was correct, and
demonstrated by trapping methods that pollen uas at times
present in the atmosphere in large guantities. He a2lso showed
by means of his sticky slides that air contains enough
pollen during the grass-flouwering seasaon, for large quanti-

ties of pollen deposited on exposed surfaces.

AfteriBlackley's pioneering work no progress Jwas
made in this field until 1910-1916, when fresh interest was
aroused by the discovery of the fact that injections of
pollen extracts can be used to desensitize patients who are

allergic to pollen. Inhaled fungus spores uere recognized
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as allergens following the work of Cadham (1924) and

Feinberg (1935) in North America.

Salisbury9(1856) invented some form of the
aeroconiscope, but were developed and modified fully by
Maddox (1870) Cunningham(1773) in India and by Airy,
(1874) in England. The word ‘aeroscope' has been used with
some ambiguity, referring either to this type of instrument

or to bubbles of the type described by Rettger0(19101.

X
The various sampling techniques have different
advantages and limitations. Scheppegrelln(1922) used ordi-
nary microscopic slides exposed without protection from
rain. Blackley (1873); Wode-house (1945), Durham (1946),
Hyde and Williams (1950) and Hyre (1950), have advocated
the use of horizontal exposure of slide with the sticky
surface, facing upwards in some form of shelter, open to

the wind, but giving protection from rain.

* A few workers have exposed petridishes horizon-
tally to provide pollen deposits for visual examination
(Hesselman, 1919; Ludi and Vareschi, 1937). Gravity sedi-
mentation methods have been developed by Alvarez and Castrog

(1952) for the study of air borne fungi.

Vertical slide traps have also been sent fixed to

kites, first apparently by Blackley(§1873)- A variety of
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such devices were used by Mehta (1933) in his extensive

studies of rust dissemination in India.

The slit sampler uas designed primarily for indoor
studies of bacteria by Bourdillon, Lidwell and Thomas (1941).
The cascade impactor devised by May (1945), is a highly
efficient suction trap. The automatic volumetric spore trap
or Hirst trap devised by Hirst (1952),18 a pouwer-driven trap
des igned for operating continuously in the field. The
Andersen sampler can be regarded as derived from the so-~
called 'sieve device' of duBuy and Crisp (1944) and the

cascade impactor (Anderson, 1958).

+

From the results of the extensive aerobiological
surveys conducted in U.K. and U.S.A.,; specially by workers
interested in studies on respiratory allergy, dissemination
of plant pathogens and quaternary palynology. Houwever, it
is clear that the patterns in the incidence of air-borne
allergens differ considerably from place to place and season
to season. In their intensive studies, Hirst (1952);and
Richardsg(1954); Gregory and Hirst0(1957); Hamilton (1959),
Lacey (1962),and Davies (1963), they have discussed the
seasonal and diurnal periodicity of spores of some plant
pathogens and concluded that the air-spara of any locality
may come from local sources, Gordon (1957) has provided ample

evidence’ indicating the influence of locality on the
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variations in pollen and spore content of the atmosphere
which are of interest from an allergological point of view.
Harvey (1970), Walkey and Haruey (1968), Hodgkiss and Harvey
(1969, 1972),<Tarvey, Hodgklss and Leuwis (1969),in thelr
intensive stugies @EEE have shown the diurnal and seasonal
variation of air-spora in relaticn to climatic factors.
McbDonald (19?9)Jhas studied the effect of metersological
conditions on the concentration of air bo?ne pollen, and he
has shown that the mechanism of pollen ll@}ation dependp on
meteorological conditionsy and that high rainfall depressed
pollen dispersal. Further he has also shouwn that most species
of fungi release their spores only at certain temperature,

humidity and light conditionse.

Markgraf (1980) 6 has reported that the pollen

production decreased quantitatively with increasing elevation.

Pollen statistics, pollen analysis, and more
recently palynology ( 2 term introduced by Hyde and Williams,
1944), are names given to a group of studies, including
investigation of the ecology, vegetation and pre-history of
quaternary period by examining pollens preserved in peat
and other deposits. This is possible by virtue of the highly
resistant sporopolenin of the pollen exine (Brooké%%971)- A
heropalynology is reviewed by Hyde (1969, and p@lynologists

have contributed much to the development of aerobiology,
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being well aware of the complications introduced by the
occurrence of wind blown pollen from distant sources (Buell,

1947, Potter and Rowley, 1960).

Studies on pollen morphology virtually started with
the work of Pro. R.P. Uodé;house of U.5.A. and as embodied in
his book 'Pollen grains' published in 1935. His work on
pollen morphology was mainly a part of his aerobiological
investigation and thus he placed concentrated attention on
plants contributing to the air pollen flora. In India the
A%bpalynological studies can be said to date by the work of

Cunningham (1873).

Several decades after the‘momentous findings made
by Cunningham, Mehta (1933),recovered fungal spores from the
air on adhesive coated cellophane slips, attached to kites
at Agra. His findings on the incidence of the spores of
Puccinia, and of the transport of the respective spore from
the infected crop plants growing in Himalayan hills to the
wheat «crops of the Gangetic plains has tremendous importance
in relation to pyst disease in India. Within the life cycle
of the fungus hsve provided a permanent warning to cultivators
and agricultural scientists in other part of the country,
regarding the incidence and spread of the fungal disease.
Later same medi;al sclentists led by Kasliual%ﬁ%ljodhpur,

. gt al
(1955) and Kalra/at Pune (1957) made aerobiological investi-
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gations with particular reference to pollen allergens.

A new decade of aercbiclogical research in India
started with the studies made by Lokhanpal and Nair;‘1958)
at Lucknow and at Almora in 1958 and 1960. Following the
above studies elaborated investigation on the air born
microflora, and its relation to allergy have been made by
Shivpurig(1964) and his school in Delhi. Singh and Shigpuri
(1%§); Singh and Babuyp(1980) have studied the pollen
allergy in Delhi. They have shown the seasonal variation in
the pollen frequency of grasses in the astmosphere of Delhi

area.

During the last 1-2 decade aerobiclogical studiss
in India have been conducted at different placexsuch as Pune
by Kalre and Dumbrey (1957), Jaipur by Sanghvi et al (1957),
and -Kasliwal et al (1659), Pondicherry by Saha and Kalyana-
sundaram (1962), Pune by Pushpa and Deodikar (1964), Gauhati
by Baruah and Bora (1965, 1967), Mysore by Ramalingam (1971),

., Aurangabad by Tilak and Srinivasulu (1971), Nagpur

by Chitaley and Bajaj (1975), Bangalore by Agashe and Vinay

(1975).

In Eastern India systematic aercbiological studies
were initiated by Chanda and his co-workers (Chanda and

' .
Nandi, 19713 Chande and Sarkar,, K 1972; Chanda ,1973; Chanda
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and Mandal,1976; Mandal, Chande and Mukerjeez1977). Pollina-
tion calender for Calcutta, Falta and Kalyani uere published
(Chanda 1973; Mandal, Chanda and Mukerjee,1977). Chanda and
Sarkar (1972) have reported the incidence of air borne pollen

in Greater Calcutta,

Similarly Gupta gt al._ (1960) have reported the

fungal spores from the atmosphere of Jaipur. The spores of

Alternaria, Fusarium and Helminthospgrium were the common

spores. Chitaley and Bajaj (1973,1974,1975) carried out

aerobiological studies at high altitudes in Nagpur.

Rccording to Tilak (1974),Curvularla contributed 40;. of

the total air spora in Aurangabad. Vishnu-Mittre and
Khandelwal (1973), reported the occurrence of 18 types of
fungal spores in the air of Lucknow. Agarwal and Shivpuri
(1974))reported that the atmosphere of Delhi was never free
from fungal spores but their prevelence varied from hour to

hour, day toc day and mcnth to month.

The contributions of Sreeramulu (1964))and his group
in this field is quite significant. Their studies mainly
deal with fungal aerospora in reletion to plant pathology at
Waltair. Sreeramulu (1967), stressed the need for existensive
studies on air spora of out-door atmosphere which provides
useful information regarding the dispersal of plant pathogens,

allergens atc. Following this tha air spora of crop fields
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like rice, wheat, barley, sugarcane, groundnut, potato have
been reported from various places(Konger and Baruah 1958;;"°
Sreeramulu and Ramalingamj1966; Ra jkumar and Gupta,h1976,
Dixit and Gupta ,1980; Mallaizh and Rao, 1981).

1es
Some interesting studax on aerobiology in India uese

done by Sreeramulu and Ramalingam (1966). They reported on
the seasonal quantitative and qualitative changes in the air-
spora of a paddy field near Vishakhapatanam. They further
reported on th:z four types of diurnal periodicity patterns

of the fungal spore available iIn the atmosphere.

Ramalingam (1966-67) heg reported on the atmospheric
pollen over paddy fields. nccording to him an increase in
temperature and wind velocaty in the forenoon hours favoured
high pollen 1incidence while increase in relative humidity or
dew formation or cloudiness decreased ite. Similar results uwere

also reported earlier by Sreeramulu and Ramalingam(§1964).

Sreeramulu and Ramalingam (1963L'nad worked out on
the diurnal and seasonal periodicities in the air-borne
spores. Diurnal and seasonal periodicities of some dominant
constitutes of the air spora in India have been described
by Sresramulu and Seshavafaram_(1962)9and Sreeramulu and

RamalingamQF1961).
1

In the western countries normally an expensive
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instrument is used i.2. Hirsf spore trap, cascade imﬁactor
ext. To suit the Indian conditions, Ramalingam (1968) had
derived an air sampler for routine aerobiological survey and
reported his work done with this sampler; he recorded the
visual and colony counts and sstimated them to a number per
cubic meter of air using the wind run reccorded by an
anemometer. Further to this Tilak (1970) also had developed

a cheaper sampler to suit the conditions in India.

- It has begen suggested by different workers that an
active population of fungi exists on the surface of physio-
logically active grean leaves (Kerling}1958; Ruinen 1961;
Kendrick and Burges ,1962; Jickinson,1965,1966). [nformation
of these mycoflora during plant groutn, senescance and death ,
is important baecause of the role they play in leaf decompo-
sition in plant and animal disease, in causing allergies,
and in antagonism, to cite a few reasons. Detailed informa-

tion on the phylloplane is houwever, lacking (Dickinson ,1966).

Reports of the extensive investigations on the leaf
surface mycoflora are given by voznya wo b kdbsnrayaand
Khudyakofq§1960); LesanQ(1961); Rpinen%(1961); Last and
Deighton (1965); Sinhab(1965), Dickinson (1971). The popula-
tion of saprophytic lcaf surface propagules has drawn consi-
derable attention, it is also known that these organisms

play a significant role in the resistance mechanisms of
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plants from air borne plant pathogens. The air spora of

the diffarent crops, and phyllaplane flora of potatoes and
paddy field has been studied by’ various workers (Gregory

and Hirst,1857; Ramelingam 1971 Mishra and Srivestave,1971;,
Ra jkumar and Gupta,1976). Studies on the interaction between
varilous economically important plant pathogens and associated
saprophytic microbes have alsoc been done by different workers
(hka and Kuramato 1968, Kapooria and Sinha 1969, Mishra and
Tewari, 1976) but the exact mechanisms involved in such
saprophytic/pathogen interaction has rarely been elucidated.

Arlthough Bhatt and Vanghan (1962) reported that Cladosporium

herbarum controlled Bortrytis cinerca diseasa of strobarries

by increasing the pH of thae substrate, by myczlial growth and
by colonizing the available infection sites. The qualitative
and guantitative estimation of the total population of the
mycoflora in the soil andiﬁa?seasonal variation have bean
worked out by different workers (Dixon 1928, Waksman 1944,

Waid 1962, Rama Rao,1970).

Although the air-spora in phylloplane flora and soil
mycoflora of different ficld has been studied by various
workers (Gregory and Hirst 1957; Rajkumar and Gupta,1976,
Ramalingam 1966, Rama Rao)1970) a comparative study of air
leaf surface and so0il mycoflora is lacking and therefore needs

attention.
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Flowaring and Pollen Phenoleqy




FLOWERING ANO POLLEN PHENOLGGY

Introduct ion

Pollen grains constitute an important fraction of
the atmospheric biopullutants, and a majority of them are
responsible for causing various respiratory diseases in
human beings. Practical palynology in the form of pollen
calender is thersfore, of prime importance to physicians,
allergologists and others interested in the study of

pollinosis.

AR review of aerobioclogical studies in Shillong
(Section 3) reveals a conspicuous lack of work on pollen and
flouaring phenology. Nevertheless, the area being a part of
one of the richest Botanmical region in the country with a
dense and varied forest types ranging from broad leaved
evergrean forests to narrow leaved pine forests, makes the

study all the more necessary and important. Therefore, in the

present saction, flowering phenology of the most important



specles has been attempted and this is based on reqgular

vegetation studies in the areagfig 91).

Materials and Methods

A knowledge of the ground flora is very important
for any study conducted with Aeropalynology, specially for
preparing pollen calenders. Therefore, reqular field surveys
(from Novembar 1979 to Novemger 1981) were conducted in and
immediate vicinity of Shillong ( + 14 Km.), for collection
of flora and pollen of the plant species. Observation on
flowering phenoclogy were studied at fortnightly intervals.
The plants collected were preserved in the Herbarium of North-
Eastern Hill University following routine herbarium methads
(Jain and Rao, 1978), and correct identification of the
species waere made with the help of available floras
(Kanjilal et al., 1934-40, Hooker, 1872-97) and with the help
of the Herbarium of the Botanical Survéy of India at Shillong
(KSSHr) . Different sites representing different altitude and
furest types were scelected for field study and collection.

These are Upper Shillong (2000 m), Pologround (1300m) and

Happy Valley (1600 m){)}(fig-1).



FIGs 1 MAP OF SHILLONG SHOWING DIFFERENT FIELODS
AND SITES OF SAMPLING
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For collection of pollen and later preparation df
reference pollen slides, flouwers and flouwer buds were collec-
ted in 70% alcohol in field along with collection of the
plant species. The reference pollen slides were prepared
following Uodehouse@(1935) me thod and maintained in

glycerine jelly, as dascribed in section four.

For phenology 3 distinct stages waere marked for
2ach species i.e. beginning of flowering (bud stage), peak of
flowering and late flowering stage or end of flowering {after
fertilization) [—Flg.zla{.-Houever for Gymnosparm viz.

Cedrus, Cryptaomeria, Cupressus and Pinus observations on

initiation and maturation of male cone werec marked.

Results and Discuss ion

Pollen concentration in any atmosphere is naturally
dependent on the local vegetation, specially of the anemophi-
lous plants. The area baing a part of one of the richest
floristic province in the country, with a record of as many
as 1000 flowering plant species alone, in which about 40%
belang to monocots, predominantly by grasses. However, the
anemophilous species in dlcotyledons flora is meagre, except

a few families such as Betulaceae, Fagaceae, Juglandeaceae,etc.
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- o150
It has been noted that certain entomophilous plants;release

sufficient amount of pollen in the atmosphere and thus qualify

themselves being included in the list of pollen suspected for

allergenicity.

Insect and wind are the chief agents for cross

pollination of flowering plants. Other pollinating agents
that are effective i1in a far smaller number of speciles include
water currents and humming birds. The characteristics of

wind borne pollen become clear when contrasted with insect
borne pollen. Both anemophilous and entomophilous plants
often protect their pollen from rain, and many store them
within their flouers for some time after shedding from the
anthers. Anemophilous pollen is not generally shed during

~
Very calm or very damp air.

In case of gymnosperms, the pollen, instead of being
formed in stalked anthers like that of angiosperms, is
produced in two or more pollen sacs on the lowsr side of tha

male cone scales.

In pinus the erect male cone scale gets separated
as it is mature and pollens shed from the pair of sacs fall
into small hollows on the upper surface of the cone scales
below. From these hollows the pollen is blown away when the

wind reaches at gsufficient velocity. Here the pollen grains
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are large and often bear two canspicuous air filled bladders
which decrease the densi:; of the particle and retard its
fall under the influence of gravity; But in case of

Cupressus where the pollen is not winged, the expanded ends

of the cone scales interlock closely in damp weather and

separate again in dry air, allowing pollen to be blouwn out.

In case of angiosperms details of the pollen
dehiscence mechanisms are given by Maril@un0(1895); Erdtman ;
(1943,1952,1957), UodehouseQ(1945)- While Gregoryé)('lg'i?))
outlined the characteristics of anemophilous and entomophi~
lous pollens (Teble 2). The Gramineae and Cyi?aceae are
typically wind pollinated. From the raised inflorescences of
grasses and sedges, the anthers are extruded on long Filamenté
to which they are so lightly attached that they vibrate in

the slightest wind (versatile anthers).

Entomophilous herbs and low shrubs include some
specles 1in which a phase of insect visitation is followed by
an opportunity for wind pollination. In case of Urtica, the
anthers dry as they mature, tensions are set up, and suddenly,
as the pollen sacs burst, the filaments uncoil, throwing

pollen into the air. In species of Plantago, Rumex, and

Thallictrum the anthers which are exposed in cups, close

their slit in moist weather but shed their pollen in dry

weathere Other conspicuous pollen shedders occur in
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FlGe 2.2 PHENOLTGY CHART OF SDRME COMINANT SPECIES OF
SHILLONG
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Chenopodiaceae, Amaranthaceazs and also in some groups within
the Composit@a, especially Ambrosia and Artemisia which are

quite common in ths ground vegetatiaon.

In case of Alnus, betula, Castanza, and Quercus,

the male flowers are aggregated into pendulous catkins,
usually appearing shortly before the leaves expand, and the
pollen is protected from rain after shedding, while tempara-
rily stored on the upper scales of the flower standing

underneath until it is blown away.

The interaction between weather conditions in the
external environment and the libration mechanisms resul ts
into great fluctuation in the abundance of pollen of any

) _ andat
species at different times,, different places.

The flowering phenclogy of the species are directly
dependent on the seasons and weather conditions of the area
and are more or less constanrt for individual species.
Therefore, the atmosphere during different seasons is pollu-
ted by pollén of specific species depending upon thes ground
flora of the region. It has besen possible in this study to
correlate the prevalence of a specific pollen in the
atmosphere to the flowering period of that particular species

in the ground flora. For example, Pinus, Betula sp., ARlnus sp.,

Cedrus sp. which have a peak flowering periocd during the
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month of March, September, November,K respectively, have also
been recorded maximum in the atmosphere during théf%onths.
Similarly no pollen of these species were trappsd during
December and January when there uas no flowering. The three
stages of flowering namely, the beginning" the peak and
the end of the flouering are given in Fig. 2.2. It is
edident from this Fig. 2.1 that mast of the species in
Shillong flower during March to September when the tempera-
ture is very high and the flowering of the species comes
down during December to February, which are the winter
months with least temperature. However, grasses and sedges

which flower most part of the year follow an altogsther

different pattern of phenology.



Table 2.
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Entomophilous Plants:

Flowers

Flowsr

position

Prevention
aof self

fertilization

Wind pollinated

Pollen

Ltack conspicuous and
attractive petals,

scent and necter.

Projectaing into air:
hainging from bare
branches before leavas
open (Catkins); on erect
stalks (grasses, etc) or
at ends of branches

(conifers)

Male and Female organs
often in separate flowers

or on
If flo-

or inflorescence,
separate plants.
vers hermaphrodite,; one

sex commonly matures be-
fore the other, or if
sexes are in separate
inflgorescences, the

female is often above

the malex

Often shed into the air
in vast gquantities. Shape
rounded, often nearly
spherical or ellipsoidal.
Size range narrower than
gentomophilous pollen and
seldom less than 15 wum.
Surface typically smooth
non sticky, easily separa-
ting into single grain

in air.

Typical characteristics of Anemophilous and

Insect pollinated

Often with bright
colours scent; necter

attractive to insects.

Tend to be exposed to
view, but not exposing
anthers to wind.

Flowers wusually maturing
when plant in full
grouwth and insects

abundant

Flouefs usually
with

structural or genetic

hermophrodite,

barriers to selfing.

Usually restricted
pollen productiaon
little shedding. Shape
very variable 300

350 u but often less
than 15 wum.

Surface typically rough,
spiqy or warted, often

oily or sticky, tending

to adhere in clumps.
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POLLEN MORPHOLOGY

Introductian

Palynology the science of pollen and spores has
virtually started with the work of Prof. R.P. Wodehouse of

U.S.A. In his book Pollen Grains (lodehouse,1935) . he has

outlined the history of pollen morphology. Since then signi-
ficant contributions have been made in this field mainly by
E£dtmanc(19ggﬁfgbz), Ikuse (1950); Sellinga(‘lgaﬁ); Baker ,
(1954); Cranfﬁéflll,(waz,wsz) and in India by Ngir,(wgaoa,b)',
Rao ,(1975); Thanikaimoni,(1966) and Vasanthy (1976). Thani-
kaimoni (1969) and Nair (1960) have given a detailed account
of early history of pollen in India and a bibliographic
account of Palynology.sﬁpuever, so far there are no published
account on pollen morphology of plants of Narth-tast India

in general and - Shillong in particular. further, a
knowledge of pollen morphology is a prerequisite for
identification of air-bogne pollen. Therefore in this section

brief morphological description of the more common species

of the area are given.

Materials and Methods

Flowers and flower buds were collected in 70% alcohaol
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for preparation of pollen slides. In some cases, where the
flowers could not be collected (as in the case of large
trees) herbarium specimens deposited in the herbarium of
North-£astern H1ll University (NEHU) were made use of for
collection of pollen. Glycerin jelly method (wodehouse
method, 1935) was followed for preparing the reference pollen
slides and the morphological description of the pollen is

based on unacstelysed grains.

Preparation of reference pollen slide: (Glycerine jelly

method) (modehouse)1935)

From ground flora: Flowers and flower budswere

collected and kept in 70% alcohol for making reference pollen
slides of the local vegatation. Small amount of pollen are

kept in the centre of slide and a drop of alcohol was added

and allowed to spread. This leaves the oily and resinous
substance of the‘pollen depcsited in a ring, the o1ly ring

was then removed with cotton moistened with alcohol. Small
amount of glyceraine-jelly was added to this and the pollen

is stired with a needle. During this process the jelly is

kept hot by passing the slide over a flame. The cover glass wu:«

was then placed over the pollen and then the slide was gently

heated and pressed. The slide is now ready for observation.

From Herbarium specimens: A few anthers are crushed




on the slide; mo}sten with alcohol followed by a drop of
From

water and heated. The pollen was then teased out _a the

anthers and other debris were removed leaving the pollen

in water. Water 1s then drawn qout with blotters and the

jelly was added as described in the previous method.

Preparation of Glycerine jelly: (~Nqir,61970):
Llycerine jelly was prepared by soaking one part of gelatine
powder in seven parts of warm distilled water for 24 hrs, or
t111l it completely dissolved. To this is added glycerine and
this mixture was melted in water bath. Then little pghenol

crystals were also added and mixed with glass rod-.

The glycerine jelly was then filtered through a
fine muslin cloth in test tubes, which were kept on water
bath to remove the air bubbles from the jelly and then the

solution is transferrad to a petridish and solidifisd.

For measurements of size, 5-10 grains have been
taken into account in each case. The terminology followed

for the morphological characters 1s after that of Nair (1965).

Key toRidantifiicstiian af Rolisn

'

The following kesy is purely artificial. Only

important morphological characters are used and these

refer to the pollaﬁ stﬁdied from the anthers collected



from the ground vegstztinnlof Shillnnggand its environs.
Where it is not possible to ksy out up to the species level
in certain families such as Poaceae and Cyperaceze, the key

refers to the group as a whole.

1a. Pollen Grains 1in Polyads
2a. Exine Ps1ilate

Acacia dealbata

2b. E£xine granulose
albizia sp.
1b. Pollen grains in tetrads
33. Pollen agrains 54 u in diam.

Rhododendron arboreum

3b. Pollen grains 725.5 u 1n diam.

Gaultheria fragrantissima

3c. Pollen grains 30 4 in diam.

Lyonia ogvalifglaa

de Pollen grains 44 o 1n diame.
Vaccinum sp.
1c. Puollen grains free
4a. Inaperturate

Cupressus torulosa

4b. Aperturate
oL

Sa. Aperture saimple



pa. 1-Colpate
72. Pollen grains saccate
Ba. Marginal crest well developed

Pinus kesiya

8b. Marginal crest not well developed

Cedrus desgdara

7b. Pollen grains non saccate
9a. nperture papillate

Cryptomeria japonica

Sb. nperture non papillate

Disporum pullum

6b. 3-Colpate
10a. Exine psilate
11a. Pollen grains subprolate
12a. Pollen grains 36 o in-diawm.

Brunella wvulgaris

12b. Pollen grains 44 u in diaw

Fucalyptus olobus
12c. Pollen grains 72 u in diamm,

Schima khasiana

Schima wallichii

12d. Pollen grains 84 u in diam

Fagopyrum esculantum

11b. Pollen grains oblate

Callistemon lanceolatum
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11c. Pollen grains prolate

Ranunculus contoniansis

10b. Exine reticulate
13a. Pollen grains spheroidal
T4a. Pollen grains 50 u in diawm,

Lantana camara

14b. Pollen grains 50 u 1in diaws.

UDuranta plumeri

13b. Pollen grains subprolate

Corylaopsis himalayana

10c.. Exine granulose
15a. Pollen grains spheroidal

Symplocos spicata

15b. Pollen grains prolate spheroidal
Fumaria sp-.
10d. Exine spinose

fbutilon indicum

10e. Exine spinulose

Clarodendrum serratum

6c. Pantocolpate; Exine foveolate

Anemone rivularis

6d. Porate
16a. Pollen grains 1-Porate — -~
17a. Exine granulose ... Gramineae

17b. £xins psilate ..... Cyperaceze
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16b. Pollen grains 3-Porate
18a. Pores aspidote
1%a. Aspis high
Oenocthera sp.
19b. Aspis low

20a. pollen grains circular to
subtriangular

betula sp.
20b. Pollen grains rectangular
slnus sp.
18b. Poregs not aspaidote

27%a, Exine reticulate

Urticaceas

21b. Exine Psilate

Eleocarpus accuminatus

16c. Pantoporate

Z22a, Exine psilate
23a. Pollen grains prolate

Thalictrum sp.

23b. Pollen grains spheroidal

Engelhardtia spicata

2za. txine granulose-spheroidal

24b. Pollen grains 23 w in diawm,

Alternanthera sp-.
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24b. Pollen grains 35 u in diaws,

Chenopodium sp.

22c. Exine reticulate
25a. Pollen grains 32 u in diawn.

Amaranthus spe.

 25b. Pollen grains 45 u in diawn.

Polygonum hydropiper

25c. Pollen grains 36 a in diewm

Daphne shillong

22d. E£x1ine Pilate

Sarcococca sp.

22e. Exine spinose
26a. Exine with columella

Convolvulaceae

26b. Exine without columella
Malvaceas
St. Apperture composite - colporate
27a. Exine psilate
29a. Pollen grain subprolate
29a. Endocolpium lalongate
30a. Flowering period in Sept-Nov.

Castenopsis sp.

30b. Flowering period in April-3June

Castanea sp.
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30c. Flguering period in Jan-fFeb.

Quercus dealbats

30d. Flowering period in June

Quercus griffithi

29b. tndocolpium circular
31a. Pollen grains 44 u in diaw.

Photenia notoniana

31b. Pollen grains B8t u in diawm

Prunus domestica

31c. Pollen grains 80 u in diawm.

HFrunus nepalens.is

31d. Pollen grains 76 4 in diam

Prunus cerasoides

396. Pollen grains 15 u in dia.
328. fFlowaring period in. Rug-Oct.

Rubus acuminatus

32b. Floweraing period in Sept-Nov.

Rubus assamensis

31f+ Pollen grains 22 a in dia'.

Rubus ellipticus

28b. Pollen grain spheroidal
3%a. Pollen grain 33 u in dia'm.
34a. Flowering period feb-=March

Pyrus communis

34b. Flowering period June-July

Rubus micropatalous




33b. Pollen grain 44 u in diaw

Prunus accuminatus

33c. Pollen grain 24 w in diaw.w.
Osbeckia sp.
27b. Exine reticulate - sphercidal
35a. Pollen grain 18 p in diawm

Ardisia macrocarpa

35b. Pollen grain 14 g in diawm.

Neillia thrysif@iga

35c. Pollen grain 44 u in diasw,

Rhus khasiana

35d. Pollen grain 22 u in diaw.

Glochidion sp-

27c. Exine spinose
36a. Pollen grain spheroidal

ARgeratum conyzoides

36b. Pollen grain prolate spheroidal
Anaphalis sp.
27d. Exine granulose
37a. Pollen grain sub oblate
38a. Endocolpium circular -

Macropanax spe.

38b. Endocolpium not circular
39a. Pollen grain 27 4 in diawm.

Panax spe.
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39b. Pollen grain 20 a in diam.
Ambrosia sp.

37b. Pollen grain prolate spheroidal

37c. Pollen grain subprolate

Erigeron spe.

DESCRIPTIUNS OF AIR-BORNE POLLEN

The following is an enumeration of some important

species which are dominant pollen shedders in Shillong.

The families, genera and species under cach family are

arrangad alphabetically. Vouchar specimens of these
plants are deposited in the Herbarium of North-

Eastern Hill University Shillong, following routine

herbarium procedures.

The dominant pollen flora of Gymnosperms

are placed first, followed by Angiosperms. In the
description of pollen grains the polar diameter(P) is
followed by the equatorial diameter (E). The period of
catches for the atmospheric pollen grains, is also

givengheye — wmeon AiL).
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GYMNOSPERM

Cupressaceae

Cupressus torulosa D. Don (Pl.2, Fig.1)

Pcllen grain in aperturate, spheroidal, contours
circular., gxine ~ thin faintly granulose, intine‘extremely
thick.

Size @ . P =1 u, E = 14.6 wu.

Period of catches : Feb-June.

PINACERE

Cedrus deodara Loud. (Pi.2; Fiy.2)

Pollen grains are 1 - aperturate (colpate,aperture
indistinct), 2-winged .saccate, marginal crest not uwell
developed. gxine - thick, intine - thick and reticulate.

Size : 72 X 32 X 81 pu.

Period of catches : Sept. - Dec.

_Pinus kesiya Royle ex Gardon (Pl.2, Fig.3)

Pollen grains are .j« aperturate, 2-winged, or

saccate; Marginal crest well developed. gxine thick, Intine



thick and reticulate.
Size ¢ 3z X 96 X 71 u.

Period of catches : Feb-lMay.

TAXOUDIACEARE

Cryptomeria japonica (Linn. £.) 0. Don (Pl1.2, Fig.4).

Pollen grains are 1 aperturate, aperture area marked
by a papillate projection, spheroidal . Exine thick, psilate.
Size ¢ P =17 »uy, E = 16 u.

Psriod of catches : pet —pNov-

ACANTHACEAE

Hypoestes triflpra R. & S. (P1.2, Fig.5).

Grains 3 - zonoporate, circular to sub triangulary
prolate, gndocalpium circular, zxine thick reticulate,
intine thin.

Size : ca P = 50 u, E = 40 u.

Feriod of catches : August.

Strobilanthus extensus Ne=2s (Fl1.2, Fiy.6)

Grains 3 - zonoporate, prolate, gxine thick, faintly
grenulose, gndocalpium lalongate. Brochi in 2-3 rows on the
longitudinal ridge. |

Size s ca P =84 &, € = 55 M.

Period of catches : Sept-Nov.



AMARANTHACERE

Alternanthara sessilis br.

Grains - Pantoporate, spheroidal, circular. exine
thick , granulose, intine thin.
Size ¢ ca - P = 12 u, £ =12 y.

Period of catches : November.

Amaranthus gracilis Desf. (Pl1.2, Fig.7)

Grains pantoporate, spheroidal circular. Exine
thick, reticulate, intine thin.
Size : ca - P =16 y, E =16 w.

Pariod of catches : June.

ANACARDIACEAE

Rhus khasiana Hk.f.

Grains 3 - zonocolporate, sub prolate, Exinas - thick,
Striato reticulate, reticula faint. €ndocalpium lalongatc.
Size ¢ ca - P =26 y, E = 21 K.

Period of catches : June.

Rhus ssmialata Murr. (Pl.2, Fig.8)

Grains 3 - zonocolporate, Sub prolate, Exine thick,
reticulate, intine thin. :
Size ¢ ca - P = 25.2 uy E = 22.4 pu.

Period of catches : May.

~
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APOCYNACEAE

Melodinus khasian- Hk.f. (pl.3, F1g.9).

Grains 3 -~ zonoporate, sphemidal pores are vasicale
type, gxine tnick,psilate. gndocalpium circular.
Size s ca - P = 27.5 u, £ = 27.5 u.

Period of catches : June:

ARALIACEAE

Macropanax undulatum Seem. (Pl.3, Fig.11)

Grains 3 - zonocolporate, sub-oblate, subtriangular,
@#xine thick, granulose, intine thin. gndocalpium circular.
Size : ca. P =22.4 4y, £ = 28 u.

Period of catches : Oct-Nov.

Panax pseudoginseng Wall. (Pl.3, Fig.10)

Grains 3 - zonocolporate, sub-oblate, circular.
nxine thick granulose, intine thin.
size ¢ ca - P =21 u, E = 25 we

Period of catches : November.

ASTER_ACEAE

Ageratum conyzoides Linn. (Pl.3, Fig.12)

Grains 3 - zonocdporate; sub-prolate, triangular.

gxine spinose, intine thin.


http://Fig.1l
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Size ¢ ca - P =17.5 4, E = 15.0 u.

Period of calches : Major part of year.

Ambrosia artemisifolia Linn. (P1.3, Fig.13)

Lrain 3 - zonocolporate, sub-oblate Hsrﬁ$her01dal,
circular to sub-triangular, gxine thick granulose,,very short
spines, intine thick.

Size ¢ ca - P = 18.5 u, E = 10.5 we.

Period of catches ¢ August-October.

nnaphalis contorta Hk.f.

Grain 3 - zonocolporate, prolate, spheroidal,
triangular. gxine thick ; spinose, 1intine thick.

Size ¢ ca - P = 32 u, E = 30 u.

Period of catches ¢ Auqust.

hrtemisia vulgaris Linn.,

Grains 3 - zonocolporate, Prolate spherifdal, sub-
triangular, g@xine thick , granulose, intine thin.
Size ¢ P = 11.5 4, E = 11.5 u.

Period of catches ¢ September.

Chrysanthemum cenerarifolium (Tnerv.) vis. (Pl.3, Fig.14).

Grains 3 - zonocolporate, prolate spheroidal, sub-
triangular, éxine thick ; granulose, intine thin.
Size ¢ P = 25 4, E = 25 4.

Period of catches ¢ July.
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Erigeron linifolius Willd.

Grains 3 - zonocolporate, subprolate, €x1ne thick
granulose, intine thin.
Size ¢ P = 17 w, £ = 16 u.

Period of catches : August.

Eupatorium adenophorum Spreng.

Grains 3 - zonocolporate, spheroidal. gxine thick,
granulose, intine thin.
Size ¢ P = 22.4 0, t = 22.4 .

Period of catches § ——

Eupatorium riparium Regel. (P1.3, Fig.15)

Grain 3 zonocolporate, spheroidal, gxine thick
granulose, intine thick
Size ¢+ P = 20 p, E = 20 w-.

Period of catches : —

Inula cappa OC.

Greins 3 - zonocolporate, prolate spheroidal.
gxine thick spinose; spines shorty, 'ntine thick; reticulate,
Endocalpium lalongate.

Size.: P = 33 u, £ = 30 u.

Period of catches : Oct-Nov.

Verngnia cinerea Less. (Pl1.3, Fig.16).

Grain - 3 zonocolporate; oblate spheroidal,



aperture elomgated erf@s rounded,narrow in middle., gxine,
lophate - spinose, lacunae 23 in number.
Size : P = 15 4, E =15 uo

Period of catches ¢ Sept-Nov.

BALSAMINRCERE

Impatiens chinensis Linn. (P1.3, Fig.17)

Grain 4 - zonocolpate, spheroidal, rectangular,
£Exine thick, reticulate, intine thick.
Size ¢+ P = 37 u, E =19 u.

Period of catches ¢ September.

BETULACEAE

Alnus nepalensis D. Don (Pl.4, Fig.18).

Grain 3-4 zonoporate, spheroidal, rectahgular.
txine thin, psilate, intine thin.
Size : P =10 w, E =10 w.

Period of catches : Oct-Jdan.

Betula alnoides Ham. (Pl.4, Fig.19)

Grain 3 - zonogporate, spheroidal, circular to
subtriangular. gxine thin,smooth to scabrrate, intipe thin

with an oncus bensath the pore.

Size ¢ P = 20 uy E = 20 p.

Period of catches : Sept-Jct.
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CHENORPODIACEAE

Chenopodium album Linn.

Grains pantoporate, spheroidal, circular, pores
many, «xine thick, granulose, granules being less dense at

pore margins,; intine thin. Size ¢ P = 27u , E =27 u

!

Period of catches ¢ May.

CUNVOLVULACEARE

Argyreia capitata, Kurz. (Pl.4, Fig.23)

Grain pantoporate, spheroidal, pores circular,
Exine thick, spinose, spines end pointed, collumella clear.
Size ¢ P = 89.6 u, E = 89.6 un.

Period of catches i October.

Ipomgea hederacear Jacq. (Pl.4, Fige.24)

Grain pantoporate, spheroidal circular. gxine thick
intine surface dividad into reticulate islands, each brochus
with a pore placed in thz centre and spines at the periphery.

Size ¢ P =62 p, E = 62 y.

Period of catches : October.

ELAEAGNACEARE

tlaegnusd lataifolia Linn. (Pl.4, Fig.25)

Grain 3 - zonocolporate, oblate, ¢ndocalpium
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BIGNOMIACEKE

Jacrand~h mimosiefolia J.Don. (P1.4, F1g.20)
s

Grain 3 - zonoporate, spheroidal, gubtriangular(
gxine thick reticulate, Intine thick.
Size ¢ P = 24 yu, € = 24 pu.

Period of catches : June-July.

CARYOFHYLLACEARE

Stellaria media Linn. (Pl.4, Fig.21)

.Greins pantgporate, spheroidal, triangular, fxine
thick, psilate, intine thin.
Size ¢ P = 37 u, E = 37 u.

Period of catches : -—

CAPRIFOL IACEAE

Viburnum khasianum (1. (Pl.4, Fig.22)

Grains 3 - zonocolporate, prolate, circular to
subtrlangular,¢;%ine—th1ck—ret1pllate, intine thin,not
clear.

Size ¢ P = 30 pu, E = 20 u.

Period of catches ¢ June.
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lalongate, exine very thin,faintly reticulate.
Size ¢ P = 32.5 ), E = 45.p4.

Period of catches : Fabruary.

ELAEOCARPHCERE
Y

tlaeocarpus acuminatus wall. (Pl.4, Fig-26)

Grains 3 - zonoporate, oblate, sphercidal.

thick, psilate, intine thin.
Size : P = 8.4 u, E = B.4 u.
Period of catches: November.

ERICHCEAE

Grains united in tetrads.

Individual grains 3 - zonocolparate, gxine psilate

Gaultheria fraqrantissima \Wall.

Tetrad diameter 15 35.5 w

‘Period of catches : August.

Lyonia ovalifolia Wall. (Pl.5, tig.27)

Tetrad diameter is 30 wn.

Period of catches : Sept-0Oct.

Rhododendron arboreum 5Sm. {(Pl1.5, Fig.28)

Tetrad diameter is 58 w.

Period of catches : March-May.

Exine
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EUPHORBIACEARE

Glochidion accuminatum Muell. (P1.5, Fig.29)

Grains 4 - zonocolporate, spheroidal, circular.
gxine thick, reticulate, intine thin.
Size ¢ P = 22.3 pu, E = 22.3 u.

Period of catches : Oct-Nov.

Ricinus cgmmunis Linn. (Pl.5, Fig.30)

Grains 3 - zonocolporate spheroidal. gxine thick,
granulose, intine thin.
Size ¢ P = 25.5 py, E = 25.5 w..

Period of catches : —

Poinsettia pulcherrima R. Grah.

Grains 3 - zonocolporate, sub-oblate circular,
gxine thick, aresolate, endocalpium lalaongate,
Size ¢ P = 25.5 u, E = 25.5 u.

Period of catches : —

Sarcgcocca pruniformis Thue -

Grains pantoporate, spheroidal, pores occur as
foveolate areas, gxine thick, foveolate. andocodpium faint,
lalongate.

Size ¢ 35.5 u, E = 35 w.

Period of catches : Scecptember.



FrBRCERE

Erythrina arborescens Roxb. (P1.5, Fig.31)

Grains 3 - zﬁnoporate, subablate, sub-triangular,
pores restricted to one face occuring near the perimester
of the eguator. Lumina of various shapas.

Size ¢ P =24 p, E = 37 u.

Period of catches : June-September.

"frifolium repens Linn. (Pl..5, Fig.32)

Grains 3 - zonocolporate, spheroidal, sub-triangular,
gx1ne thick, psilate.gndocolpium circular, intine thin.
Size s P = 30 u, £ = 21 n.

Period of catches ¢ Feb-March.

FiGARCEAE

Castenopsis tribuloides +~.Dc. (Pl.5, Fig.33)

Grains 3 - zonocolporate, subprolate. gndocalpium
lalongate. Exine very thin, psilate.
Size ¢ P =14 u, E =11 w.

Pgriod of catches . Sept-Nov.

Castanea sativa mMiney

Grains 3 zonocolporate, subprolate, gndocalpium
lalongate, gxine very thin, psilate.
Size ¢ P =13 u, t = 10 w.

Period of catches : April-June.



Quercus griffithii Hk.f & T (Pl.5, F1g.34)

Grains 3 zonocolporate, subprolate, endocalpium

lalongate, gxine thin, granulose.
Size ¢+ P =12.5 u, E =10.0 u.

Period of catches : June.

Q. dealbata Wall.

Period of catches : Jan-Feb.

Q. semiserrata Roxb.

Period of catches : Sept-Uct.

4. spicata Sm.

Period of catches ¢ April-May.

FUMARIACEAE

fumaria parviflora Lamk.

Grain 6 - pantoporate, spheroidal, pores caircular.
¢xine thick,granulose.
Size ¢ P =21 u, E = 21 u.

Period of catches ¢ QOctober.

HAMAMELIDACERE

Corylopsis himalayana Graff. (Pl.5, Figy35).

Grains - zonocolpate, subprolate. . gndocalpium

lolongate, txine thick, faintly reticulate, lumina being
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small.
Size ¢ P = 27 wy, E = 23 wu.

Period of catches : June, Kugust.

JUGLANDACERE

Engelhardtia spicata &1,

Grains pantoporate, spheroidal. gxine thin; psilate.,
intine thin.
Size : P = 43 ny E = 42 L.

Period of catches ; -—

LAMIACERE

Brunella vulgaris Linn. (P1.5, Fig.36)

Grains 3 - zonocolpate, subprolate, Exine thick,
thinner towards calp; margins granulose.
Size ¢+ P = 20 p, E = 18 u.

Period of catches ¢ July.

LAURAMWCELE

Cinnamomum glanduliferum Meilssn.

Grain 3 - zonocolpate, spherocidal.gxine thin
psilate, intine thin. -
Size : ca P =20 u, E = 20 w.

Period of catches o - —.
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LOGANINCERE

Buddleia asiatica Lour. (Pl.5, Fig.37)

Grains 3 zonocolporate, spheroidal. Exine thick
psilate, Endocalpium circular, intine thick.
Size ¢+ P =12 u, E = 12 M.

Period of catches : June.

Buddleia macraostachya Benth.

Grains 3 - zonocolporate, prolate. gndocalpium
circular. gxine thick, psilate, intine thin.
Size ¢ P =16 u, E = 15 wu.

Period of catches ¢ Septempber.

MALVACEAREL

wbutilon indicum G. Don (P1.6, Fig.38)

3
Grains 3 - zonocolporate; spheroidal, colpi narrow,

margin slightly thick. Exine thick), spinose, interspinal
area fovealate.
Size ¢ P = 36.5 u, E = 36.5 w.

Period of catches ¢ January.

Hibiscus rosa-sinensis Linn. (Pl.6, Fig.39)

Grain pantoporate, spheroidal, gxine thick, spinose.
Interspinal area punctate reticulate.
Size ¢ P = 56u, E = 55 u.

Period of catches ¢ October.
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MELASTOMARCERE

Osbeckia capitata Benth. (Pl.6, Fig.40)

Grains 3 ~ zonocolporate, spheroidal. Endocalpium
lalongate. gxine’thick . Psilate.
Size ¢+ P =12 m, £ =12 .

Period of catches : Oecember.

Osbeckia crinita Benth.

Grain - 3 zonocolporate, spheroidal., endocalpium
lalongate. Exine thick Psilate.
Size ¢ P =11 M, E =11 u.

-Period of catches : Uctober.

MIMOSHCERE

incacia dealbata Link. (Pl.6, Fig.41)

16 grains form polyad. Individusal grain possess
6 indistinct pores. Exine thick, psilate.
Size : Polyad diameter 43 u.

Period of catches ¢ -——

Acacia mollissima Willd.

16 grains forms polyads. The aperturerin 1 g Polyads
inconscicuous. Exine thick,granulose.
Size . Polyad diameter 40 4.

Period of catchses § -
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Hlbizia stipulata Boliv.

16 grains forms polyads. The apertures in the .,
polyads imconscipicuous, Exine thick, faintly granulose
Size ¢ Polyad diameter 71 pu.

Perigd of catches ¢ Marche.

MYRSINACEKE

nrdisia macrocarpa Wall. (Pl. 6,Fig.42)

Grain 3-- zonocolporate; sphem 1dal. gndocolpium,
slightly lalongate. Exine thick,reticulate. .
Size ¢ P = 17.5 u, E = 17 u.

Period of catches ¢ June-September.

Myrsine semiserrata Wall. (Pl.6, Fig.43)

Grain - 4 zonocolpate, spheroidal. Exine thick,
psilate, intine thin.
Size : P = 22 1m, ~E = 22 m.

Period of catches: August.

MYRICHCERE

Myrica esculenta Ham. ex 0. Dan

Grain 3 - zonocolporate, suboblate. Exine thick,
Yntine thin.
Size ¢+ P =19 u, E = 29 j.

Period of catchess § ~—
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MYRTACEARE

Callistemon lanceolatum DC. (Pl.6, Fig.44)

Grain 3 - zonocolpate, oblate, Exire thick, Psilate,
intine thin.
Size : P =19.6 by, E =19.5 u.

Period of catchgs @ -

Eucalyptus globulus Labill. (Pl.6, Fig.45)

Grain 3 - zonocolpate, subprolate subtriangular,

b
endocalpium lalongate, Exine thick reticulate, Intine thin.
Size ¢« P = 29 m, £ = 25 w.

Period of catches : 0ct-Dec.

OLEHKCERE

ligustrum robustum Bedd. (Pl.6, Fig.46)

Grain - 3 zonocolporate, spheroidal, gndocolpium
faint. Exine thick, thinner towards colpi margins,
retipilate.

Size ¢ P = 35 u, E = 35 u.

Period of catches : .July-August.

ONAGRACEAE
< o A

Oenothera rgsea Soland. (Pl.6, Fig.47)

Grain 3 - zonopororais, sub-oblate, ectoporium
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circular, crassmarginate, aspidote. mxine thick, reticulate
intine gradually thinner towards the tip of the apertures.
Size ¢ P = 100 u, E = 110 we.

Period of catches ¢ May.

POLYGALACERE

Polyg@lté arillata buch. Ham. ex D. Don. (Pl.6, F1g.48)

Grain - 17 zonocolpate, sub-oblate. Exine thick,
grenulose, tntine thin.
Size ¢ P = 28 u, E = 35 u.

Period of catches 3+ —~—

POLYGONARCEAE

Fagopyrum esculantum Moench. (Pl.6, Fig.49)

Grain 3 —“zonocolpate, sub-prolate, exine thick,
reticulate, endocalpium circular, intipe thinner towards
the pore. -

Size 3 P = 5044 3, E = 42 pq.

Period of catches : October.

Polygonum chinensis Linn. (Pl.6, Fig.:50)

Grain 5 - zonocolporate, spheroidal, gpndocolpium
faint. £xine thick, reticulate.
Size 3 P = 22 p, E = 22 u.

Period of catches ¢ May.
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Polygonum hydropiper Linn. (Pl.6, Fig.51)

t

Grain pantoporate, spheroidal, gxine thick
reticulate, muri irregular shaped.
Size ¢ P =47 u, E = 47 wu.

Period of catches : September.

Polygonum punctatum Royle

Grain - 3 zonocolporate, spheroidal, Ehdocolpium
circular, g€xine thick, reticulate.
Size : P = 33 i, £ = 33 M.

Period of catches : Aug-Sept.

Rumex nepalensis Spreng..

Grain 3 - zonocolporate, sphercidal, gndocolpium
lalongate, &xine thin, granulose. intine thick.
Size ¢+ P = 18.5 4, £ = 19.5 u.

Period of catches : April-June.

PLANTAG INACEKE

Plantago ma jor Linn.

Grain - 6 pantoporate, spheroidal, circular,
tenumarginate. Exine thick; granulose, intine thin.
Size : P = 28 u, E = 28 u.

Period of catches : July.
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RANUNCULACEAE

finemone rivularis Buch. (Pl.7, Fig.52)

Grains pantocolpate, spheroidal, curcular, gxinse
thick , fovesclate. intine thin.
Size ¢ P = 30 kn, £ = 30 u.

Period of catches : iiay.

Ranunculus _contoniensis (Pl.7, Fig.53)

Grain - 3 zonocolpate, pm late, circular. exine
thick, Psilatey i1ntine thin.
Size ¢ P = 30 m, E£E = 27 u.

Period of catches : ———

Thalictrum foliolosum DC. (Pl.7, Fig.54)

Gra pantoporate, spheroidal, RBon circular,
tenuimarginate. Exine thick. Psilate.
Size ¢ P =16 u, E = 16 .

Period of catches : September.

ROSACERE

Docynia indica (wall.) Decne., (P1.7, Fi1g.55)

Grain 3 - zonocd%orate, prolate, spheroidal, Exine
thick, reticulate, intine thin.
Size 3+ P = 35 4, E = 35 m.

Period of catches : February.



Neillia thyrsifilSta D« Don

Grain 3 - zonocolporats, spheroidal, gndocalpium
lalongate. Exine thick , reticulate.
8ize ¢ P =P = 30 pu, E = 30 py.

5 Period of catches : Jul. - 5S¢

Potentilla mooniana Wt. (Pl.7, Fig.56)

Graan - 3 zonocolporate, subprolate. Exine striato

reticulate, Intine thin.

' Bize : P =264, E =21 u.
Pariod of catches : ﬁak:- Nov,

"
Photinia notoniana Wt & Arn. (Pl. 7, Fig.57)

Grain 3 - zonocolporate, subprolate, circular to
trianqular, endocolpium lalongats. Exine thick,Psilate.

Size ¢+ P = 22.4 u, £ =19.6 U
Period of catches : May - June.

Prunus acuminata Hook

Grain 3 - zonocolporate, spheroidal, @ndocolpium
lalongate, gxine thick, psilate

Size ¢ P = 40 pu, € = 20 yu.

Perind of catches ¢+ ——

Prunus domestige (P1.7, F1g.58)

Grain 3 - zonocolporate, subprolate. endocolpium
circular, @xine thick, psilate.
Size ¢ P = 36.4 u, E = 44.8 u.

Period af catches §¢ ——

°

sub-
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Prunus persica Benth. & Hk.f. (Pl1.7, Fig.59)

Grain 3 - zonocolporate, sub-oblate. Exine thick,
psilate.
§ize ¢+ P = 25 4, E = 30 u.

Period of catches § ~—-

Prunus nepalensis Kaoch.

Grain 3 - zonocolporate, subprolate. gndocolpium
circular. @xine thick , Psilate.
Size ¢ P = 35 u, E = 40 u.

Period of catbhes : Novemper

Prunus cerasoides D. Don. (Pl.7, Fig.60)

Grain 3 - zonocolporate, subprolate. &ndocelpium
subtriangular, gxine thick psilate.
Size ¢ P = 35y, E = 38 u.

Period of catches : -

Pyuvas communis Linn. (Pl1.7, Fig.61) /

Grain 32 - zonocolporate, spheroidal., Bxine thick,
Psilate.

Size : P = 336 y, £ = 33.6 we.

Rosa indica Linn. (F1.7, F1g.62)

Grain 3 - zonocolporate, prolate, circular. exine
thick Psilate.
Size ¢+ P = 28 nu, E = 28 w.

Period of catches ¢ —
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Grain 3 - zonocolporate; subprolate;, subtriangular,

Size : P = 21.3 u, E =15.2 wu.

Period of catches % September

Rubus accuminatus Sm.

gxine thick , Psilate.
1

Rubus

assamensis focke.

Grain 3 - zonocolporate; éubprolate, subtriangular,

@xine thick , Psilate.

Size ¢ P = 20.5uwu; E = 16.8 w.

Period of catchess -—

Rubus ellipticus Sm. (Pl.7, Fig.64)

Grain 3 - zonocolporate, subprolate, €xine thick,
psilate.

Size ¢+ P = 31w, £ = 23 n.

Period of catches ¢ Qctobker
Rubus micropetalons Gard. (Pl.7, Fig.63)

Grain 3 ~ zonocolporate, spheroidal, subtrianguler,
£xine thick, Psilate. .

Size ¢ P = 33.6 y, E£E = 33.6 w.

Pericd of catches : 8e pPtewmdber

RUBIHCEAE

Cof fea khasiana Hk.f. (P1.7, Fig.65)

Grain - 3-gzonocolporate, spheroidal, circular,
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gxine thick , reticulate.

Size ¢ P = 25 y, E = 25 4.

Period of catches ¢

Luculia pinceana Hook.g¢ (Pl1.7, F19.66)

Grain 3-zonocolporate, spheroidal. gndocolpium

circular. gxine thick,reticulatse.

Size ¢ P = 22 u, £ = 22 u.

Period of catches : ——

Uldenlandia herbacea 0OC. (Pl.7, F1g.67)

Grain 3-zoncocolporate; spheroidal. Endocolpium

lalongate, Exine thick, reticulate.

Size : P =18 wy, E = 18 u.

Period of catches: Rug, nov, Dec -

Rubia cordifolia Lipn. (P1.7, Fig.68)

Grain 5-zonocolpate, subprolate, subtriangulars,

exine thick,grenulose.

Size ¢ P =18 py; E =15 p.

Period of catches : July — Hug-

Wendlandia paniculata OC.

Grain 3-zonocolporate, spheroidal, gndocolpium

lalongate. t£xine thick, reticulate.

Size ¢ P = 16 p», E = 16 w.

Period of catehes: ge4ober.
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SHXIFRAGHCEAE

Parnassia mysorensis Heyne ex Wt.& hrn. (Pl.7, Fig.69)

Grain 3-zonocolporate, subprolate, §ndocolpium
cir:ularé 8xine tnick, faintly reticulate, lumina small.
Size ¢+ P = 24 u, E = 24 u.

Period of catches 3 .__

SOLANACEAE

Cestrum nocturnum Linn. (pP1.78, Fig.70)

Gr;in 3-zonocolporate, spheroidal. gxine thick,
reticulate.

Size ¢ P = 30 uy, £ = 30 w.

Period of catches :

Datura stramonium Linne.

Grain 3-zonocolporate, spheroidal, gndocolpium
lalongate. Exine striate, striations covering at the poles.
Size ¢ P = 31 u, E = 31 u.

Period of catches ¢ —

Nicandra physaloides faoevtn

Grain 3-zonocolporate, spheroidal, @ndocolpium
circular, gxine thick} psilate.
Size ¢ P = 40 w, E = 40 u.

Period of catches ¢ -~—-u
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Solanum khasianum Clarke.

¥ 8f2in 3-zonocolporate, s pheroidal. Endocolpium
circular, &xine thick, reticulate.
Size ¢ P = 21 Ay, E =18 u.

Period of catches § —m—-

Solanum indicum Linne

Grain 3-zonocolporate spheroidal, gndocolpium
circular, gxine thick, reticulate.

Size s P =18 4, E =18 u.

Period oF.catches .

%

SYMPLOCACERE

Symploccs spicata Roxb. (Pl.8, Fig.71)

Grain 3-zonocolporate, spheroidal, triangular,

ax1re thick, reticulate.
Size ¢ P = 20 pn, E = 25 M.

Period of catches : June

THEALERE

Schima khasiana DOyer x Schima wallichii Chols. (P1.8,Fig.72)

Grain 3 zenocolRate, subprolate, gxine thick,
Psilate.
Size . p = 4408 Fo E = 3604 e

Pe;iod of catehes & Muay - dulv cond Moo -, ol
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THYMELACACERE

Daphne shillong Banergee. (Pl.8, Fig.73)
Grain pantoporate, spheroidal. Exine thick,

reticulate.
Size ¢ P =18 y, E =18 u.
Period of catches § ¢epgenitey

URTICACERE

Boehmeria platyphylla D. Don.

Grain 3-zonoporate, oblate, spheroidal, exine thick
Psilate.
Size ¢ P = 23 u, E = 25 u.

Peri1od of catches

{
|

Meutia puya Wedd. (P1.8, Fig.74)

Grain 3-zonoporate, spherocidal, exine thick,

Psilates
Size ¢ P =14 u, Lt =14 4.

Period aof catches ¢ -

Pouzelzia Firta Hassk. (Fl.8, Fig.75)

Grain 3- c¢olpate, colpi narrow oblate, spheroidal.
Exine thick, Psilate.
Size : P =14 4, E = 14 u.

Period of catcheg § ——
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VACC INACEAE

Vaccinium griffithianum Wight. (Pl.8, Fig.76)

Grain united in tetrads. Individual grain 3-zonocol-
pate, Exine thick 6 Psilate.

9ize : P = 22 pu, E = 22 u.

Period of catches § —-

Vaccinium serratum Wight.

Grain united in tetrads. Individual grain - 3-zono-
colpate. Exire thick , Psilate.
Size ¢ P =21 u, E = 21 u.

Period of catches octobey

VALERINACEAE

Valeriana wallichii DC.

Grain 3-zonocolporate, subprolate, gendomlpium
very faint.gxine thick, spinulose.

Size.: P =52 u, E = 43 u.

Period of catches : Pugus t

VERBENACEAE

Clerodendrum serratum Spreng. (Pl.8, Fig.77)

Grain 3-zonocolpate, spheroidal, Bxine spinulose,
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sSpines long.
Size : P = 70 my, E = 70 un.

Period of catches : ..

Duranta plumier: Jacq. \Pl.8, Fige 78)

Grain 3-zonocolpate, spheroidsl, xine thick,
reticulate.
Size e p = 2705 )J, E =I2705 e

Period of catches 3 SePt—~ NoV -

Lantana camara Linn.

Grain 3-zonocolpate, spheroidal. Exine thick,
reticulate.
Size ¢ P = 25 u, E = 25 u.

Period of catches ¢ —-

LILIACEAE

Disporum pullum Salisb. (Pl.8, F1g.79)

Grains 1-colpate, colpus wide in the middle, reaches
the erds of the larger axis. Exine thick, faintly reticulate.
Size ¢ P = 28m, E = 52 w.

Peripd of catches : -

POACEARE

)

Paspalum dilatum Poir. (P1.8, Fig.80)

Grains 1-porate, spheroidal, pore margin thick
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Forming an annular tihgs -Exine thick, psilate.
Size ¢ P = 30 y, E = 50 M,

Period of catches’ 3§ -

Discussion

"Present study covers the morphological description
of pollen of 135 species belonging to 53 familiss basediglght
microscope studies. Different typss of pollen grains rahging
i'tom 1naperturate to colporate, and exihe lacking distinct
columellar stratum to exines with columellar and tactal
complexities ( Argyrea sp. )} have been examined. It is
found that pollen are unique and typical for a family, genus
or species. for example, pollen of Pinus and Cedrug are

winged (Pl.2, Fig.2 & Z,; while pollen of Cryptomeria

japonica shous the aperture represented by papilla (P1.2
Fig-4). Pollen of Cupressus are inapsrturate type ((Pl.2,

Fig.1).

Similarly marked size variations of pollen have also

been obszrved with 16.4 y diameter in Eleccarpus accuminatus [

179 4 diameter in ArQ@[rgfa capitata.



The pollen of various speclegs are marked by
differences in the type of apertures and exinse ornamentations.
Further, on the basis of exine character, the anemophilous
and entomeophilous pollen can be easily differentiated. In cass
of anemophilous pollen the exine surface is smooth, non-—
sticky; while in entomophilous pollen the exine surface is

raugh, spiny and sticky.

It is known that the pollen grains possess several
structural characteristics each of which
is shown to throw light on the taxonomy of the verious genera

and species. Thess structural features are of the pollen wall
with its stratified layers and surface ornamentation, the

appertures on the wall, size and shape of the grain, the
arrangement of individual grain in the tetrad or in the
anther etc. The works, particularly thase of Erdtman (152
and 1959) and others (Faegri,1956% Nair,1958-62) gives a
detailed account of the pollen morphology of several
angiosperms. In the present work anraccdunt . of the
angidgsperm and gymnosperm species of Shillong have been
provided which furnishes a diversity of pollen morphological
diffgrences in these plants. This pollen morphological
study has brought out a variety of sporomorph hitherte not

described from Shillong (Meghalaya).

Pollen grains are the male wxeproductive units of
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¢

the flakering plants. When the paollen grains are mature and
ready for pollination, they get liberated.and are carried by
wind, water or insects to reach the destination for executing
fertilization. The anemophilous ¢’ pollen ars generally
light and are broduced in large quantities whereas %he
entomqrbhilous pollen are relatively heavier and are produced
in lesser quantity. Air-bcﬁk pollen are nouw recognised as one
of the principal causesof respiratory allergic diseases like
seasonal rhinitis, asthema etc. It is therefore, essential
for the treatment of allergic diseases to identify and knou

OF Polerr
the different types,available in a particular area and in

and @lso
its atmosphere,to know the types responsible to cause aller-

gic reactions and to find a possible remedy for the same.

Therefore a knowledge of the loeal vegetation and pollen type

is an essential prerequisite and was successfully attempted.



SECTION V

Rerobinloegical Survey
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REROBICOLOGICAL SURVEY

Introduction

R wide variety of organisms constitute the air-

spora of any region (Sreeramulu)1967) and these biological
components follow a definite pathway, starting from the
source of organisms to their release, dispersion, deposition
and flnally their impact on the plant or animal systems,
including human beings. While the kind and the concentration
of the atmospheric pollen dependson the ground vegetation
and their phenological behaviour, the concentration of fungal -
sporeé in the atmosphere is mostly determined by the local
weather conditions like rainfall, humidity, temperature,
etc. Some of these pollen and fungal spores are seriously
pathogenic causing various diseases in crop plants as well
as allergenic diseases in human beings. The pattern of
incidence of their air borne bioclogical particles differ
con;iderably from place to place and season to season and
this knowledge of seasonal wvariation of these atmospheric
pollen/spores is of prime importance for forecasting and

controlling a disease.

Concentration of spores of a2 single species or a

group of related spe%ies, often show diurnal rhythms which
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means that at a regular interval- throughout the day, the

mean spore concentration shows fluctuations.

Gregory and Sreeramul%9(1958); Sreeramuludf1959);
Paddy et _a__;9(1962)', ‘Kramer et 9_18(1963); Adams%{._wsa),
Pausay®(1964) have reported a minimum of spore concentration
occurred at about noon. Sreeramulu (1964) and Sreeramulu and
SesH@aiaramﬁ(1962) also reported similar results. Gregory
(1961) classified the different types of diurnal periodicity
pattern found in the air-borne bacteria and fungal spores
inta the following five groupss: Hacterial, Ngcturnal,
Forenoon, Afternoon, and Evening. This classification was
found on the part of the day at which the daily maxima

recover regularly.

Kurkela@(1973) discussed the diurnal periodicity of
spore dispersal in rusts. According to him aecio and
uredospore usually had maximum at about noon. Ra jkumar and
Gupta@(1976) also reported that maximum number was inter-
cepted either in afternocon, or at noon hours, while the

louest population wes observed at night or morning hours.

The periodic appearance of spores on a spore trap
does not mean that they have been sat free in a periodic
manner (Ingold,1965). The periodic rhythm in the sporea

catches in the trap may be conditioned by periodic conditions.
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Description of the air sampler (aeroscope)

The aeroscope fabricated by Lakhanpal and Nair-
(1958) has beenpused as a sampleyon which the apparatus for
the present study has been fabricated with minor modifica-
tions. The modified version consists of a circular-heavy
base (diameter 15 cm) held on rubber resting nobs placed
equally apart at the periphery of the base plate, and =
surrounded at the centre by a cylindrical vertical shaft
(height 32.5 cms. diameter 2 cms.) Fastaned into a socket
(height 4 ecms.) of the base plate and sharpened into a fine
point at the tip sliding over the shaft is a moving assembly
with a square shaped (4 cm esach side) basal region (Height
27.5 cms) 1lying loose araound the whole length of the cylin-
drical shaft, carrying a horizontal reétangular cover
(18 cms X 10 cms) and a large tail shaped wind-wane (38 X 28
cms longest extremities) rivetted along with length of the
basal rectangular region of the wind wane assembly. Ball
bearings are provided between the vertical shaft and the
cylindrical basal region of the moving assembly, one each at
the base, at near the junction betwecn the horizontal cover
and the vertical cylinder. The horizontal cover has thus
a wind wane end and an open end. A removable slide carrier
is slide into a groove inside the horizontal cover. The

slide carrier surface (8 cms base X 9 cms height) is slanting
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Identification of Fungal S9pores:

For identification of fungal spores three petri-
dishes containing Czepek's culture medium were exposed for
seven minutes near the spore trap. The exposed plates uere
then incubated at 27°C + 1°C for six days and the fungal
colonies that appeared in the plate; were examined, isolated
and identified. Some of the unidentified air borne spores
wvere later identified by matching with the spores of pure
cultures. Spore identifications were alsoc mede with the
help of standard literature (B@rnett,1955; Subramanian,

197%; Gregory, 1573) .

The meteorological data of the area was obtained

from the Central Seismological Observatory, Shillong.

Results

The content of air-spora in the atmosphere of
Shillong is rich both quantitatively and qualitatively. It
is seen that hardly any'period is free from the atmospheric
biopollutants, and these exhibit distinct seasonal periodi-

cities in their day to day incidence.

A. Seasgnal variatiaons

0f the total air-spora, pollen grains contribute
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21.09%, fungal spores; 72.69% and other biclogical components,
6.96% (Fi1g.3.1). Daily averages for each month for the

various kinds of air~-spora (pollen grains, fungal spores

and other particles) identified in the catthes are given in
the Tables 3.1, 3.2, and 3.3, to indicate their monthwise
incidence. The results of total pollen, fungal spores and. .

Scasonal wvaniallieon of poflen and £y m?«f Spore a FLVevin
other catches in various month are given in F1g.3.2,/3.3 and

A
3.4. Daily average in each month of ttrz atmospheric incidence
of some dominant pollen and fungal spores are represented

graphically in Fig. 3.5 and 3.6, pollen {Qcalender of

predominant tree species are given in Fig.3.7.

It can be seen from the Fig.3.2 that pollen grains
dominate the atmosphere during the month of February-ilay,
after that the fungal spores become predominant and
continued to be so until the month of January. The
biopollutant catches other than pollens and fungal spores
were present but found to be very insignificant throughout

the year (Fig.3.2).

Seasconal variations in pollen content gf the air

Pollen grains are comparatively easier ta identify
because of their size. In 2ll 67 air borne pollen types,
which contribute about 21.09% of total air-spora have been

recorded in the present study. Monthuise analysis of pollen



FIG. 3:i1 AIR SPORA OF SHILLONG ( 1980-81 )






FIG. 3.2 TOTAL POLLEN, FUNGAL SPORES AND OT HER PARTS
IN DIFFERENT MONTHS ( 1980-81 )
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FIG. 3.3 SCASONAL VARIATION OF POLLEN CONCENTRATION
IN SHILLONG ATMOSPHERE
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FIG. 3:4 SEASONAL VARIATION OF FUNGAL SPORE CONCENTRAS
TION IN SHILLONG ATMOSPHERE IN RELATION TO
METEOROLOGICAL CONDITIONS
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FIG. 3.5 SEASCNAL VARIATION OF AIR BORNE POLLEN
- OF SOME DOMINANT SPECIES IN THE ATMOSPHERE
OF SHILL ONG
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FIG. 346 SEASONAL VARIATION OF SOME DOMINANT FUNGAL
SPORES IN THE ATMOSPHERE OF SHILLONG
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FIG. 3.7 POLLEN CALENDER OF PREDCMINANT TREES OF
SHILLONG |
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grains are shown in the Table 3.1 and it is clear that
specific pollen dominate the atmosphere in any given tine

(Fig. 3.7).

Fige 3.3 clearly reveals three peak periods in the
pollen concentrations and these correspond to March, May
and September respectively. March is mainly predominated by
the pollen of pinus as well as grasses (Fig. 3.5 A & B),
which rather form a conspicuous featbre in the vegetation
of éhillong. May 1is also predominated by pine pollen and

pollen of angiospermous species like Schima wallichii,

Quercus qgriffithii,Viburnum sp. and members of Rosaceae and

Compositae. This also 001ncides.uith the phenology of these
species (Fig. 2.1). Very negligible counts during June tao
August is mainly due to high rainfall, which the area
recelves. Again the atmosphere in September is dominated

over by the pollen of Cedrus deodara and {Juercus spe.

November to January being the severe winter months supports
only a few ground spzcies and therefore low concentration of
pollen is observed in the atmosphere. During this period
much of the ground vegetation is either-killed or lie

dormant.

Seasonal variations in the Fungal spores content of the air

Air borne fungal spores belonging to 36 types (72%



of the total spora) present altogether a different picture
in their seasonal concentrations (Table 3.2). Unlike polien
grains, the fungal spores exhibit two distinct peak periods
with 18r and 24% (Fig. 3.4) in June and September respect-

ively. Cladosporium sp., Alternaria sp., Humicola sp.,

Streptomyces sp. are dominant in "June,while Cladgspgorium sop.,

Aspergillus sp., Curvularia sp., Torula sp., Arthinium sp.,

Pullularia sp. are dominant in Septempber.

In respect to the spore concentration of
individual species alsa,a marked seasonality has bean

observed. Cladosporium sp., Alternaria sp., Torula sp.,

At
Aspergillus sp., Helminthosporium sp., occured more or less

throughout the year (Fig. 3.6). Tha genus Cladosporium

forms most distinctive conidia uhich are merphologically
easily recognisable. Its significance in allergy has been
pointed out by different workers and one of the reasons for
causing allergic problems is surely its high abundance in

air (C:jt:i;::j Gregory ,1973) . Cladgsporium is the dominant

fungal SPo¥e M Fhe. gir.spora and spread over

throughout the year with its seasonal maximum occuvéh&tin

June, July and December. Alternaria sp. which is known to

cause allerginic respiratory troubles in man as uwell as
diseases in various crop plants, also exhibits a marked

; " 7 periodicity. The highest concentration of this



Table 3.2

Monthly freqguency

of fungal spores

in the air (Feb.'80 to Jan.'81).

Name of months _____ Feb Mar Apr May Jun ~Jul .Aug Sep 0Oct Nov Dec Jan Total Dm<m Catch UmaomamN
No.of exposures _._ 24 28 30 31 30 31 31 30 31 30 31 30 356 mmmnu mwmam wmgomH w
rrence flora
Name of species n ﬁ
Absidia sp. - - - - - - 2 30 - - - - 032 6 5.33 0.12
Acmwmonyaliq xo - - - - - ~ 38 - - - - - 38 1 38 0.14
Alternaria spo 37 11 27 38 32 39 85 12 10 4 1 1 307 95 323 1.15
Arthrinium sp. - - - - - - ~ 62 10 ~ - - 72 6 12.00 0.27
Aspergillus.sp. 23 - 14 14 4 4 - 48 - 2 - - 1059 28 3.89 0.40
~nsterosporium sp. - - - - - 5 - - - - - - 5 1 5 0.018
Bipolaris sp. - - - - - - 18 10 12 2 5 - 47 25 1.88 0.176
Boletus sp. - - - - - - 39 - - - - - 39 1 39 0.146
brachysporiella sp. - - - - - - 24 - - 1 - - 25 4 6.25 0.094
Cercospora spe - - - - - - - - 1 - - - 1 1 1.00 0.0603
Chastomium sp. - - - - 2 2 ~ - - - - - 4 2 2.00 D.DAm
Cladosporium spe. 45 19 86 17 4092 1902 1492 4404 3536 2470 545 153 18761 205 91.52 qo.mu
Curvularia sp. 9 - 2 8 6 14 2 3 19 1 - - 64 21 3.05 o.ﬁpo
Epicoccum spe. 4 - 13 7 - - 41 7 9 1 - 2 84 21 4.00 o.w;m
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fungus has been observed in Fabruary (19.89%) Apral
herbarum .

(13.23%) and August (3.97%). Torula/ (11.35%) in

August, Helminthosporium sp. (3.10%) in April, Aspergillus

spe. (3.40%) 1n February, and (2.41%) in April, were some
other dominant air-borne fungi in the air which follou a

seasonal pattern (Fig. 3.6).

Out of 36 types Mg fungi, Cladosporium sp.,

Alternaria sp., Aspergillus sp., Curvularia sp. an

Helmintheosporium sp. occur throughout the year, while

certain fungi like Epicoccum sp., Mucor sp., Trichoderma

sp., Streptomyces sp., Pithomyces sp., Stigmatia sp. (vd

Chaetomium sp. cccur only in the summer season (May-June),

yet other,like Pullularia sp., Papularia sp., Sardonia sp.,

. i wlere obgeryved In septe
Absidia sp., Hcvomwo‘“sap., Brachyspariella sp.iegtérgokyflﬁtmﬁkf

and
sp., Pseudotorula sp., Venturia Sp.A‘UrOCXStlS Sp., were

‘observed in winter (Nov-Dec.) but some species like

Penicillium sp., boletus sp., Humicola sp., Bipolaris sp.ond

Arthrinium sp. were recorded in rainy season only (July-

August) (Table 3.2).

Other components (excluding pollen and fungal spores)

Besides pollen grains and fungal spores, a large
number of components of biological origin are also revealed

frem the atmosphere. These include pteridophytic spores,
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plan% parts, epidermal peels, inssct scales, hyline rods,
sterile hyphae and algal parts. These occur in very low
concentrationcand constitute about 6.78% of total air spora
(Fig. 3.1). Houever, these biological components are
trapped throughout the year, but their maximum densities
occur during December, January,-April_and May (Table 3.3,

(Flg- 3-2)0

Spores of pteridophytes uwere more abundant in the
atmosphere during June (3&.52%), while minimum percentage

occured in the month of November (0.27%). (Table 3.3).

Plant parts, epidermal peels, were trapped
throughout the year but the maximum densities found in the

month of April, June, December and January (Table 3.3) .

Insect scales and algal parts are also present in
the atmosphere but the percentage occurrence is very
negligible. Similarly hyline rods and sterile hyphae were
more abundant in the month of April, August and September
(Table 3.3).

i

B. Diurnal (periodicity) variation

The diurnal (periodicity) fluctuation of total
air spora was studied by using the aeroscope,\and fo¥ air-

borne fungal spores by petridish exposure method.



‘

Table 3.3 Monthly frequancy of other components in the zir (excluding pollen and fungal muowmmv.
(Feb.'80 to Jan. '81) .
Name of months Fab Mar npr zmz Jun Jul A UQ mm.mio% Nov Dec Jan Total wwwm N_MMMJ wmwnmi
No.of exposures—— 24 28 30 31 30 31 34 30 31 30 31 31 35  occu- No/ !
e e rrence slide {(cm)
Name of components
Pteridophyte spore 20 - 19 154 107 18 15 26 9 1 6 5 380 115 3.30 17.30
Plant parts 16 6 14 23 162 11 7 30 124 71 80 60 604 120 5.03 27.50
Epidermal peel ~ 6 7 5 3 - - 2 6 4 - - 33 17 1.94 1.50
Insect scale 5 4 35 20 4 3 5 1 - 6 3 2 88 54 1.80 4.0
Sterile hyphae - - - - - - 57 131 290 21 35 10 734 3.2 22.94 33.42
Hyline rods - - 13 - 26 66 - 5 90 75 9 ~ 284 30 9.47 12.93
Fern parts - - - - - - - - - - - 4 4 1 4 g.18
Algal parts 8 8 8 13 8 - 14 14 10 - 6 - 69 32 2.16 3.14
Total 49 24 96 215 310 98 88 199 529 368 139 81 2196 i
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Pogllen and spores were counted at four hour
intervals for the period May, 1981 to U=cember 1981. This

period was chosen because 1t included wet and dry days.

The sgneme which follows differs slightly from
grouping descrited by Meredith (1962), Sreeramulu and
Ramalingam (1966), and Gregory (1973). Group I or pre-daun

pattern and Group Il or post-dawn pattern.

Group I ¢ A group which occurs in the early part of the day
light hours. Group I again is divided into two portion, viz.,

early morning and forenocon types. N

Group II ¢ A group which occurs in the later part of the day.
This again was divided in two portions, viz., evening type

and night type¥*¥.

The number of pollen and spores varied greatly from
day to aay and time to time. Monthly detail of the atmosphe-
ric incidence of total pollen and fungal spores at different
times are presented graphically (Fig. 3.8) to shou their
density of incidence @t different times. Daily averages at
different times, in each month for the various kinds of

pollen and fungal spores were identified in the catches

are given in the Appendix.¥*¥ The incidence of some

*¥Sge Appendix.



FIG. 3.8 MONTHLY DIURNAL PERCENTAGE OCCURRENCE OF
POLLEN AND FUNGAL SPORE INCIOENCE
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dominant pollen grains are given in fFig. 3.9, which shouws

their day to day fluctuation in different times and
occurrence >f some dominant fungal spores are also shown

in Fig. 3.10+. Altogether 85 different pollens and 28 fungal
spores type were identified from gravity slide method,during
this period. The dominant pollen and fungal spore types are

Pinus kesiya; Lupressus torulosa, Cladosporium sp.,

Rlternaria sp., Chaetomium sp., Pestalotiopsis sp.,

Aspergillius sp., Helminthosporium sp. and some others among

fungal spores.

May to August are considered as wet days while
September to Becember arse dry days. The number of pollen

grains are more in wet days than during dry days.

As 1is evident from Fig. 3.8, significant
fluctuations in the concentration of atmospheric pollen can
be observed. The maximum catch was usually observed betueen
0.6 and 10 hours. Pollens uere very low in number or not at
all encountered during night, but occured in lou concentra-
tion in the evenings. In case of fungal spores some species

like Cladosporium sp., Chactomium sp. were observed

maximum in day time while species like Alternaria ¢p

. sp and fry
Helminthosporlum‘torulaAuere obsegyed in the afternoon or

evening times.



FIG. 3.9 DIURNAL VARIATION OF SOME PREDOMINANT POLLEN
IN THE ATMOSPHERE (MONTHLY AVERAGE)
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FIG. 3.10 DIURNAL VARIATION OF SOME DOMINANT FUNGAL
SPORES IN THE ATMOSPHERE (MONTHLY AVERAGE)
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Lulture plate surveys

Daily averages in different times in each month for

the various types of fungal spores by petridish exposure
mA-@ -

method, are recorded (Appendix, ). Ouring the present
investigation about 65 types of fungal spores have been
igolated. Tctai air-borne fungal spores are given in fig.
3+171 to indicate their day to day percentage occurrence at
different times, with different veather conditions. Some
dominant fungal spores are studied at fortnightly intervals

throughout the year at different times are given in Fig.

3.12. Cladosporium herbarum, Alternaria alternata,[p“ﬁehwy%%aiu‘

Alternaria solani, Aspergillus niger, Penicillium implicatum,

Penicillium cyclopium, Trichoderma viride, Mucor hiemaliS,;pwnd

Fusarium sp. were found to be dominant spp. The maximum
spores were observed in the month of October and November
and minimum spores in August and September. However, there is
no regular pattern of distribution of fungal spores in a day.

Some species like Cladosporium sp., Aspergillus sp., Absidia

spe., Gliocladium sp., Papularia sp., Periconia sp.,

A

Curvularia sp., lMycogyne SPea LGliomastix spe. were observed

in mornings, while Alternaria alternata, Penicillium

implicatum, Helminthosporium sp., Rhizopus sp., Mucor sp.,
and

Phoma sp., Cephalgsporium sp-{AVerticillium sp. were observed
{

during noon time, but some species like Humicola sp.,



FIG. 3.11 DIURNAL VARIATION OF TOTAL FUNGAL SPORES IN
THE ATMOSPHERE BY PETRIDISH METHOD (A TO H)
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Fusarium sp., Penicillium cyclopium, Trichocladium sp-dfmfeNW9ﬁ3QJ

Epicoocum sp., Bipolaris turcica, Gliocladium sp are mostly

present in evening time. Further, it is noticed that some
pathogens of rice and potato also uwere present in the

atmosphere, like Pestalotiopsis, Helminthosporium, Bipolaris,

Pythium, Alternaria sglani and some others.

It can be seen from .Fige. 3.12 that there is a
definite diurnal fluctuation in the percentage occurrence of
fungal spores in the air. Further, . the predominant

fungal spores show @ definite morning and evening pattern.

The diurnal periodicities of the predominant air-

borne spores i.e.,Cladosporium herbarum, Alternaria altsrnata,

Fusarium roseum, Penicillium implicatum, and JTrichoderma

(Plateno-3/ig-3)
viride,in particular were studied for one year by petridish

method (Fig. 3.12). Spores of Cladosporium herbarum and

JT. viride shou morning pattern but in winter months C.

herbarum occur in the evenings also. Alternaria alternata and

Penicillium implicatum showsd a definite afternoon pattern

while Fusarium rgseum show a distinct evening pattern.

DISCUSSION

A. Seasonal variation

Seasonal fluctuation in the population of air-spora



FIG. 3.12 DIURNAL VARIATION OF SOME DOMINANT FUNGAL SPDRES
AT FORTHNIGHTLY INTERVALS (1981)
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in the atmosphere were studied during February 198C to
January 1981. A survey employing the simple gravity slide
sampler was conducted to determine houw the concentration
of air spora of Shillong varies with season to season and
with weather condition. It is revealed from the data that
the ?tmOSphere of 5hillong was never free of pollen and
fungal spores. Though the flora of Shillong is very rich
and diverse, the percentage occurrence of the pollen grain
is rather less. This may be due to established fact that
the pollen production decreases guantitatively with increase
andvareschi,
in elevation (Ludii 1937, Markgraf .1980). The concentration
of pollen in the atmosphere varies not only during the same
day but it also fluctuates from day to day. These variations

are mainly governed by climatic factors, particularly

temperature, relative humidity and wind speed.

The effect of weather conditions on the incidence of
pollen and fungal spores in air is a well established fact
(Hirst 1953, Sreeramulu and Ramalingam 1964, Ebell and
Schmidt 1964, Ramalingam 1967). In Shillong there are three
peak periods in the pollen concentration and these corres-
ponds to March, May and September. March is mainly predomi-
nated by pine pollen and grasses. further during this period
the temperature records in the range of 20°C to 22°C and

relative humidity 60% which favour the ripening and opening
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of the stamens and also dissemination of pollen. Similar
result vas also found bv Hamilton (1959), Sreeramulu and
Ramalingam 1964). The month of May was predominated by

pollen of angiospermous species like Schima wallichii,

Quercus sp., Viburnum sp. and member of Rosaceae and
Compositae. This also coincides with the phenology of these
species. Most of these species which lie dormant during
severe winter, start flushing and flowering with the early
heat of spring and pre—monsooh showers. During June to
Rugust with very heavy rainfall the diss4mination of spore-
is prevented, and the concentration of pollen in the air
apbroaches almost to zero. Heavy rainfall not only louers
the pollen production in a species but also washes doun
the pollen Cf&ouﬂmﬁﬁﬁfggggﬁ;raQQHyde and Williams 1945,
Sreeramulu and Ramal%ngam 19645 Ramalingam 1967 Donald

1979). Again the atmosphere in Scptember is dominated over

by the pollen of Cedrus sp., Betula alnoides, Glochidion sp.,

Ardisia macrocarpa, and Quercus griffaithii. Further, the

wind direction, its velocity, etc. are greatly responsible
for fluctuations in pollen catcheg. Wind being the sole
dispersal agent also regulates tha rate of deposition of the
pollen. A uind speed during March ard September (5-12 Km/h}
brings out high pollen catch (Table j and Fig. 3.3).
Ramalingam (1966) has also reported ttat a wind speed of |

B-20 Km/h favours the pollen catches. November to January
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being the severe winter months with louw temperature records

experience low concentration of pollen 1in the atmosphere.

Fungal spores:

The fungal spores exhibif tuoc distinct peak pericd:
in June and September. Meteorologic;l factors like heavy
rainfall and high humidity during this period mainly influence
the prevalence of fungal spores in the atmosphere. It is seen
that June and September months record the highest percentage
of humidity (88%) with gradual decrease in these factors
.From October onwards. The concentrations of the fungal spores
also become low. Least concentration of the fungal spores
vere observed in the month of March which is comparatively a
dry month with a higher temperature record and with lowest
humidity. Too hot and too cold seasons were found to be quite
unfavourable for the concentration of the furgal spores in
the atmosphere as reported by earlier workemss (Ramélingam,
1966, Agarual & Shivepuri)1969; Singh and Baruah,1979).
Cochrane (1958) stated that a temperature range of 20 to

30°C is optimum for fungal grouth.

B. Diurnal variation

The concentration of pollen and fungal spores in

the atmosphere varies not only during the same day, but also
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o

fluctuates from time to time within the day. These .-
variations are mainly governed by climatic factors, parti-
cularly temperature, humidity, and sunshine. The pollens in
Shillong exhibit an early morning pattern while fungal spores
are evening pattern, however forenocn pattern was observed

in Pantapadu and Visakhapatnum in South India by Ramalingam
(1966-67), Sreeramulu and Ramalingam (1963), Sreeramulu and

Sheshvataram (1862). Pinus kesiya, Alnus nepalensis, Betula

alnoides, Lupressus torulosa, Rgeratum conyzoides and grass

pollen observed in morning time, while Cryptomeria _japonica,

tEleocarpus sp., Eucalyptus sp. show night pattern and

Chrysanthemum sp., Artemisia sp., Pruns sp., Glochidion sp.

follow noon pattern. It is likely that the different patterns
of diurnal periodicity are influenced by micro-climatic fac-
tors that control the time of anthesis, dekiscence of anthers
and discharge of the pollen into air. It has also been
observed that the discharge and dispersal of pollen and
spores are greatly influenced by temperature, rainfall,
humidity, and sunshine haurs.(’ : Hamilton 1959,
Ramalingam 1966, Davis 1969, Reiss and Kostic,1976).
Probably these weather conditicns influence shedding of the
pollen by inhibiting or accelerating anthesis which reflects
in the result with the increase in temperature, there in
increasing in pollen counts. Similar results were also

obtaimed by Davis (1969), Rosan (1965) and Singh and Babu
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(1980). Further, théy considered a positive correlation
between atmospheric pollen concentration and temperature
inversion. Rain affects pollen concentration in the air both
indirectly in preventing or delaying the dehiscence of
anthers by decreasing temperature and increasing the
humidity and directly by washing down pollen which is
already in the air (Rosen)1965). Rainfall has effect on
pollen concentration counts for late July and August, coin-
cides with the higher recorded levels of rainfall &t these
times. Concentration appeared to be greatly influenced hy
"sunshine and relative humidity, especially during the peak
hours. As the interpretation of the diurnal periodicity of
fungal spores is not always c{i@ar, to analyse the variations
in the times at which daily peak concentrétions occurred in
the day, the data in wet days aﬁd dry - days were examined.The
daily peak concentration for the total fungal air-spora
occurred in the svening and relatively higher number
occurred throughout the day in the wet days. This type of
periodicity for the total air-spora in the wet days was due
to the dominance of the wet-spora types. Even if the number
liberated per four hours remains constant throughout the day
and night, concentration of fungal spores will tend to be
greater at the night, because an average of the spore cloud
will suffer less dilution due to the combined effect of

slower winds, decreased turbulance, absence of Qconvection
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and presence of a temperature inversion at night (Gregory
1973) « In dry days the concentration of fungal spores was

low because high wind speed and low temperature decreased

the growth and dispersal of the spores. In dry days certain
typically afternocon types occurred in the’:}apgeépoon. Similar
results are also observed by Cammack (1955). Some species like

Fusaraium, which belong to the night spora in the wet days

also appeared in day time in dry days. Similarly Cladosporium

w,ich belong to the day time spora appeared in night time

‘

also. Conidis of Alternaria and Asperqgillus were found almost

all through the period. They occurred in very low concen-
' trations during the night and from 6.00 hrs (A.M.) they
began to appear in greater number till noon. Their concen-
tration %radually fell to a minimum in the evening. This
shifting in the time at uwhich daily peak concentrations
recurred was found to be associated with the daiurnal

variations in the weather conditions.
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A comparative study of the air, leaf surface and soil
mycoflora of A Fotato field, B. Paddy field, C. Peach

(fruit garden)

Introductign

s

It is an established fact that not only pathogenic
micro-organisms, but also populations of nenpathogenic micro-
corganisms can develop on the surface of living leaves and
other aerial parts of plant. It is known that air components
and nutritional status of the plants are the dominant factors
determining the gqualitative and gquantitative picture of the
ieaf—surface micro-~organisms. The population of saprophytic
micro-organisms in soil, leaf surface and air borne propa-
gules has drawn attention by various workers (Rajkumar et al
1976; Dixit and Gupta,1980). The nutritional status of the
plant and consequently the mineral and organic constituents
of its leaf exudates are largely determined by the soil type.
The so1l must therefore be included as a factor imfluencing
the properties of the phyllosphere as an environment for the
phyllosphere population (Last ,1955; Ruinen, 1956 and Gregary,
1961). Leaf surface organisms play a significant role in the
resistance mechanisms of plants from air-borne plant pathogens,
while so0il micro-flora is knouwn to play a significant role in

root infection (Garrett,1970) and in other microbial activity.
° /
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several forms of pathogenic and nonpathogenic microbes are
found in the air, leaf-surface and soil. As a layer in
contact with the soil and the atmosphere, the phyllosphere

is.subject Lo have a combined influence of both

Davenport (1673) defined the zones in vineyard
habitat, an ecosystem forming part of the biosphere thence
divided into three zones (1) Atmosphere - the air wind borne
particles, (2) The phyllosphere, all aerial plant parts,

(3) Rhizosphere - the soil.

The aerial surfaces of higher plants growing under
natural conditions are usually covered with large and varied
populatiors of micro-organisms. A few of these organisms are
able to grov extensively on the surface of healthy plants,
others apparently blow off in the air and third group of
organisms haysing been deposited on the soil do not grow. In
a classic account of thé air-spora, Gregory (1973) described
the features of abgve ground atmosphere which is the
essential medium foxz the dispersal of many of the organisms
inhabiting aerial plant surfaces. The occurrence of many
fungi on aerial plant surfaces may be directly related to

inoculations from the atmcsphere, which in turn are related
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to their successful release into the atmosphére and to their
survival and dispersal in the environment. The term
"exochthonous" uas used by Park (1557) to describe a group

of fungi found in soil which was not their habitual substr~ate
and which did not maintain themselves in an active state in
soil. There is evidence that air borne propagules act as
initial source of inocula for the aerial plant parts,but
there is little information on the types of fungi in the

air, phyllosphere and soil of this region. Rlthuugh the air-
spora of the potato crop and leaf-surface flora of potatoes
and paddy has been investigated by various workers (Rajkumér
and Gupta,1976, Ramalingam;1971) but little information is
available from Shillong (Konger and Baruah,1958), and a
comparative study of air, leaf-surface and soil mycoflora

is still lacking. Therefore in the present study a comparison
of the air, leaf surface and soil mycoflore of three fields
at different altitudes has been made. Secondly, the seasonal
variatign in the fungal population, in relation to carres-
ponding changes in the climatic factors and vegetation over

a period of season have been worked out and discussed.

Materials and Methods

Mycoflora of air, leaf-surface and soil over a



tuit garden (peach), potato and paddy fields in Shillong

were recorded during March '80 to Feb. '81 at fortnightly
intervals. For air mycoflora culture plate method as adopted
by Hyde and Williums(1946), Rajan et al (1952), Satyprakash
(1968), and Sharma (1971) was adopted. Five petridish contai-
ning Czepek's dox culture media (Johnson & Curl, 1972) uwere
exposed for seven minutes at the canopy level. The exposed
plates were then incubated at 27°C (:1DC) for six days and
fungal colonies that appeared in plates were counted separate-
ly, examined, isolated and identified and % occurrence uwas

calculated by the formula:

No. of coclonies X 100

o =
/o occurrence = Total Mo. of all colonies

For leaf surface mycoflora a modified leaf washing
technique adopted by Burri (1902), Dickinson’ (1971), and
Diem (1974) was followed. Leaves of approximately same age
were randomly collected in sterilized polythene bags, with
the help of a stevilized scissors and forcepts and carefully
brought to the laboratory. Disks (5 mm dia.) were cut at
random from five different leaves with sterile cork-borer.
Fifty disks were taken in 100 ml. of sterilized distilled
water and were hand shaken for 20 minutes to get homogenous
spore suspensién. 17 ml. suspension per plate was poured in
five petridishes of 9 cm. diameter con%aining sterilized

Czepekdox Agar media (Johnson and Curl 1972) for fungi. The

yoteh
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plates were incubated at 27°C (+ 19C) for five days. The
total mycobial population was calculated by the following

formula:

Total number of microbes per cm2

- Total Number of microbes in 100 ml.
Total area of leaf

(Total area of leaf = area of leaf X No. of disk X 2)

For soil mycoflora a modified soil dilution plate method

as adopted by Dutta and Issac (1979) was employed. 10 gm.

of soil were taken in 100 ml. of sterilized distilled water
and shaken for 20 minutes and then the dilution was made
1:1000C. 1 ml suspension per plate was poured in five
petridishes of 9 cm diameter containing molten Czepek dox
media and was thoroughly mixed by shaking. The plates were
then incubated at 27°C (+ 1°C) for five days. The total
mycobial population and percentage occurrence was calculated

by the following formula:

Total Number of microbial population

No. of colonies X dilution factor
Dry wt. of soil per grams

(Dilution Factor = Dilution X Amount of inoculum taken).

The identification of fungal sporeswas made on the basis of
morphological and cultural characteristics which was later

confirmed with the help of authentic identified cultures and
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pertinent literatures (barnett 1955, Gilmen 1957, Subramanian

197¢) .

Result

The comparative study of the air, leaf surface and
soil mycoflora of potato, paddy and peach were studied in
different stages of growth of the plants and in relation to
different climatic conditions. It is =2vident from the results
that the mycobial population of the air, leaf surface and
soil is greatly influenced by the climatic conditions, like
rainfall, temperature, humidity, etc. Further, a distinct
correlation between the number of propagules in the air,
leaf surface and scil mycoflora in relation to climatic

conditiors was also obserbede.

Mycogflora of potatoc field:- In Shilleng the potato

is cultivated in twec seasons viz., summer and winter crop
(Tab1e™2). Summer crop is sown in the month of March and
harvested in the month of July-Auqust, while wintei crop is
sown in the month of August and September and harvested in

the month of December-January (Table 6-2)-

From the result it is clear that the so0il harbours

greater mycoflora than leaf surface and air (Tatle 44 % 4.3).
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Table 4.2

Stage of crop end condition of the field

at sampling time (Potato Field).

Sampling month

Condition of crop

g March
5
U ( Aprll
M k
M May
e |
R — June
c |
R q July
0y
P ﬁ August 1
) August 11
W §5ept. I& II
1
N } October
LI |
£ __ I November
R}
C { Decamber
g g January
P ] February

Sowing
Seedling stage
Young leaf (before flowering)

Leaf mature
Flowering

After flouwering

Harvesting

Fellow period

Fallow period and Sowing ¥
refio

Seedling stage

Young leaf

Leaf mature (flowering)

Harvesting

Fellou period
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Fungal flora of the air:- The fungal population in

air was found to be greater during the winter crop season

than the summer crop, although the type of fungal spores

were more during the summer crop. In summer crop, maximum

air mycoflora was observed in the sowing time uwhen there uas
no leaf, and minimum mycoflora was observed with the leafpggtu-
ration . further the mycoflora had increased in the harvesting
time while in winter crop the air mycoflora gradually

increases from sowing to harvesting time (Fig. 4.1).

Cladosporium herbarum, Alterpnaria alternata, Asper-

gillus niger, Penicillium implicatum, Fusarium roseum are

present throughout the year. The lowest population of fungi
was counted in the summer season. In the subsequent season
with a gsadual fall in temperature and rise in relative humi-
dity the total population of air enbanced continuously. With

the season changed with warm to cold, Alternaria alternata,

BPénicillium implicatum, Trichoderma viride, Cephalosporium sp.
7
and some others, decraased in their populations, while the

population of Fusarium roseum, Cladosporium herbarum,

Aspergillys sp., Lurvularis lunagta and jlucor sp. increased
7 o -

as the season advanced from warm to cold (Table 4.3).

Fungal Flora of the Leaf surfagg:i~ An analysis of

the leaf surface fungal flora of potato leaf revezaled that

the summer crop harboured greeter mycoflora than that of



FIG. 4.1 SEASONAL VARIATION OF AIR, LEAF SURFACE AND
SOIL MYCOFLORA OF POTATO FIELD DURING WINTER

AND SUMMER CROP
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winter crop. It was further interesting to note that the
number of fungal species 1soclated from leaves in seedling
stage was louer than the mature leaf. The fungal population
reaches @ ﬁta maxaimum during pre-harvesting stage of the

Crop.

The species like Aspergillus niger, Lladosporium

herbarum, Alternaria alternata, Fusarium roseum, Penicillium

implicatum, Penicillaium cyclopium, Curvylaria lupata uere

more or less spreaded throughout the ysar.

Alternaris solani occurs only in July and November

and Botrytis sp. only in July. Gliocladium sp. and Gliomastix

sp. were restricted only to winter crop. Papularia arundinis

and Phythium sp. were observed in the month of April and May

Fungal Flora of the Soil:- It 1s seen that the

so1l fungal population of potato field increases considera-
bly from seegllng to senescence stage. A greater number is
recorded from the soil of winter crop than that of summer

crop (Fi1g. 4.1).

Trichoderma viride, Alternarila alternata; Aspergillus

flavus, Cladosporium hertarum, Fusarium roseum, Penicillium

implicatum etc. are common to both summer and winter crops,
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while Gliocladium spe., Gliomastix sp., Fusarium soclani,

Fusarium moniliforme, Cephalosporium rosep-grisum, Helmin-

thosporium-oryzae, Actimomucor elegans, Rlterparia solani,

Aspergillus nanus, Penicillium sp., P. cyclopium, Humicola

sp.y Phoma sp., Papularia arundinis, wds restricted to

[

winter crop only.

Species like Volutella sp., Mortierella sp.,

Penicillium lutum were present during harvesting stage of

the crops only{Table 4.3).

Mycoflora of Paddy field:-= In Shillong paddy is

cultivated only in one season, i.e. from April to Descember.
The crop is soun in the month of mid-April to May and
‘harvested in the month ot December (Table 4.4). The results
are precented in the Table (4.5), shows the seasonal varia-
tion in air, 1leaf, surface and soil mycoflora of the paddy

field.

Fungal Flora of the Air:- The maximum percentage

occurrence of air mycoflora was found in the paddy field
during "October (22.787) followed by December (21.78%),

November (12.99%) and March (12.99%).

Cladosporium herbarum was present throughout the

observation period. The percentage occurrence of this

fungus was found to be the highest in the month of April.:



Table 4.4

stage of the crop and condition of the field
at sampling time (Paddy Field)

Sampling month Condition of crop

e P I

April ﬁg;lou period
May Sowing
June Transplanting
July Tillering
August Boothing
September Head ing stage
October Ripening stage
November

+ Harvesting
December

January fellow period.
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Rsperqillus niger was present throughout the year but the

percentage occurrence increased from April to September
and then gradually decreases from October toc Dacember.

Fusarium roseum was recorded in the month of March and again

from June to October where the percentage occurrence increa-

sed progressively. Helminthosporium oryzae was pyegent only in

October and November. Alternaria alternata was restricted

to March-April, 3June, ARugust and September, while ARlternaria

humicola was recorded only in the month of July, August and

November (Table 4.5).

fungal fFlora of the Leaf surface:~ The leaf-surface

of rice plants harboured hichest population of fungal flora
at the time of boothing (August) and lowest during trans-

planting and tillering time (June and July)(Table 4.4,

Flg-4-2) 'y

Aspergilius niger, (Lladosporium hertbarum, Penicill ium

implicatum, Traichoderma viride, Curvularia lunata, Fusarium

roseum was abserved throughout the cropping season. but the

percentage occurrence of CYradosporium herbarum and Asper-~

gillus niger increases from tillering to flouering stage

and decreased at ripening time. But species l;ke Alternaria

solaniy Periconia sp. was present only in seedling stage,
AN

whereas Volutella sp. Actlnomugor eleganus, Aspergillus

versicolar, Phoma sp., Gliocladium sp. were observed uniformly




FIG. 4.2 SEASONAL VARIATION OF AlR, LEAF'SURFACE AND

SOIL MYCOFLORA gF PADDY FIELD
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between flouwering to harvesting stage. Pestalotiopsis sp.

and Cephalosporium rosen-qQrisum were observed betueen

boothing and h%ading stages. Pleospora sp. was observed only

in the tillering time (Table 4.5).

Spoil Fungal Flora:- The fungal population of the

soil of paddy field increased gradually ot different stages

of paddy. Aspergillus niger, Asperqillus flavus, Alternaria

humicola, Cladosporium herbarum, Curvularia lunata, Fusarium

roseum, Mucor hiemalis, Penicillium implicatum, Trichoderma

viride, are the dominant species observed throughout the

year, Cladosporium cladosporiodes, Fusarium roseum, Aspergi-~

llus sydowii, Penicillium cyclopium were observed in the

tillering time only. Cephalosporium roseo-grisum, Papularia

arundinis, Penicillium minioluteaom, Alternaria slternata were

restricted to boothing to flowering stage of the crop, whereas

Humicola sp., Helminthosporium oryzae, LGliocladium,

hspergillus versicolsr rerefound in harvesting time only

(Teble 4.5).

fMycoflora of Peach(fruit garden):- On the basis

of lgcal climatic conditions, the entire pe%iod of investi-
gation was divided intd five seasans i.e. rainy season
(Jude-July,, moderately warm (August-October), moderately
cold humid (November-December), .cold humid (January-

February) and warm season (March-May).
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Fungal Flgra of the Air:- The maximum spore o "i-

|

concentration appearing in the period from Merch-April, i.e#

in warm season and lowest spore concentration was observed

in rainy season i.e. June ang July@(jﬂwe‘443'

Cladosporium herbarum, Mucor hiemalis, hspergillus

iter, Trichaderma yiride, Penicilliuym sp., and fusarium

s

roseunm were observed more or less throughout the year, while

species like Cladosporium variabile, Aspergillus nanus,

Penicillium sp. were restricted only in rainy season. Species

like Aspergillus flavus, Alternaris humicols, Papuleria

arundinis, Fusarium moniliforme, Asperqgillus versicaolgr,

vere ogbserved in moderate warm seascn. Species like

Gligcladium roseum, Phoma sp., Penicillium luteum, Gliomastix

sp. was obssrved in moderately cold season. Gliomastix sp.,

Absidia sp., hspergillus proliferans, Penicillium decumbens,

Humicola sp., Pythium sp. were observed only in cold humid
segason and the species like Sclerotium sp., Stigmina sp.,

Epicoccum nigram, Helminthosporium gryzae, Rhizopus sp.,

hlternaria humicola, wvortisrella sp., Lladosporium

sphaerospermum are restricted only in warm season (Table 4.6).

I

Fungal Flora of Leaf surface:- 1In the warm season

significantly higher number of fungal population was ob-

served as compared to other season. Species like #lternaria
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alternata, Penicillium cyclopium, CLurvularia lunata were

daminant fungi 1solated throughout the year. Species like

Volutella sps, Gliocladium sp., Actinomucor eleganus

sitopkla : : :
Moniligsxfeg wwere found to be restricted only in railny

season, while the other fungi like Cephalosporium spe,

Papularia sp., Penicillium decumbens were observed in

. . e ... )
moderate warm seasons. The species like Paciliomyces sps,

hsperqgillus versicolor, Curvularia lunata, Penicillium

chrysogenum, floriierella sp. were observed in moderately

cold humid seasons. Since there were no leaves in peach
plant in January and february, no isolation from leaf
surface was possible. In'warm .season the number of species

were more and, #spergillus proliferens, Helminthosporium sp.,

Cladosporium spharosparmum, Humicola grises, Stigmina Qf

maculata, Sclerotium sp., Rhizopus sp. 423 ey
were observed (Table 4.6).

Mycoflora of the Spil:- There is no regdlar

distribution of mycoflora in the fruit garden soil, but it
was observed that the population was higher in warm season

and léét population in moderately cold humid seasonDthbﬁlq"J-

The dominant fungal species observed in the peach

garden soil were Humicolc sp., rnlternari= alternata,

Fusarium roseum, Mucor hi@malis, Penicillium sp., Aspergi-

llus sp., Cephalosporium sp.y, Phoma sp. and some other fungi.




FIGe 4.3 SEASONAL VARIATION OF AIR, LEAF SURFACE
AND SOIL MYCOFLORA OF PEACH (FRUIT GARDLN)
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The species like Gliomastix sps, fMortierslla sp., Actino-

mucor eleaganus and Gliocladium spe. observed in rainy season

but the percentage occurrence of fungal=speciss uwere very

low. Papularia spe., Trichoderma virids, nlternaria humicgla,

Curvularia lunata, Pythium sps, Phaoma sps, Helmipnthosporium

sps, hlternaria solani, Pea ¢ilo mytes sps, Penicillium
N

chrysogenum were mostly observed in moderately warm and

moderately cold season.

Discussion

The fungal population of the air, leaf surface and
soil }s found to be greatly influenced by the environmental
factors like light, temperature humidity and rainfall. The
low temperature and high humidity in the air adversely
affects the air, leaf surface and soil mycoflora, but
comparatively high temperature and low humidity favours the
population of saprophytic micro-organisms. hccording to
Gregory and hirst (1957), and Sharma and Muker3§i (1972a)
the season is dominating factor determining the gqualitative
and quantitative compositionnof the leaf surfaece microflora,
and further variation in the total number of isolates
indicates changes in the deasity of the active‘ﬁopulations-

Dixit and Gupta (1920) have also canducted a comparative

study of phylloplane and air-spora of barley and found that
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the fungi imperfecti was the most dominmant group in both
air and phylloplane in their study. They have also co-
related the climatic conditions with the prevalence of
the phylloplane and air-spora.fhese results are similar

to the results obtained in the pregent works

It is known that air borne pro pagules act as initial
source of inoccula Fo; the aerial plant partss It is also
evident from the present result that phylloplane isolated
were also present in the air and soil and vice versa. In
addition, noticeable differences wuere recorded in the

seasonal occurrence of micro-organisms in the air and on

the surface of potato, paddy and peach leavese.

From the comparative study, it is clear that
although air-borne pquagules act as initial source of
inocula for the aerial plant parts, but the quantitative
composition of the three population is found to be very
different. The present result does not support- the generally
accepted view that air-borne spores originate from
vegetation only rather than from the soil. Although it has
been suggested by differant uorkeré that air/mycoflora is
either contributed by soil or from vegetation (Paddy,1967;
Gregoryl1971), resulksobtained in the present work show
similarity of air and soil mycoflora although some of the

organisms were present in the leaf surface as well. It is
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known that certain air spora are liberated to the atmosphere

from the particular type of vegetation i.e. Cladosporium

herbarum is mainly from grass sppe (Sreeramulu 1958, Pauwsay
and Heath 1964). Therefore it can be suggested from the
present comparative study results that air mycoflora is
geither contributed by vegetation or from soil. In fact it
seems more logical that there is a continuous process of
distribution of the mycoflora from soil, leaf surface and
air and vice versa. This situation can be explained as

.followss-

~- Air mycoflora

- // A3 }
- ,/~ // }
///
g
Leaf surfacetf
mycoflora ~. |
AN :
‘\\ \\\\
AN !
\ BRYy
\'\
~a

Spil mycoflora

Although tnhe availability of the air-spora may vary
according to the weather conditions, as well as according
to the presence of the particular plant sp. contributing to
the air mycoflora. DOransfield (1966) also has suggested that

thée soil fungi which are active in a particular season may not
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be active during other seasons.

A seasonal fluctuation in the population of the
air, leaf surface and soil mycoflora is also observed uwhich
seems to depend‘upon the cliwatic conditions such as tem-
perature, humidity, wind velocity, phenology of the local
vegetation and its assgciated fungl and rainfall (Table 1
Fige 4.1-4.3). In India studies of air-spora relating to
seasonal and diurnal variations have been conducted by
several workers (Rajkumar and Gupta 1978, Sharma 1971,
Sreeramulu’,1959, 1964, 1962, Singh and Baruah:1979) and
results of the present investigation are also in sami line

with the above studiss.

This study also shows that the seasonal variations
of the fungal populations do exist in the soil. The fungal
. ke e
isolates were mostly deuteromvces. The guantitative and

SN
qualitative variation of the total population of the

mycoflora may be due to inadequate soil moisture and
nutrients, which affect the population (Dixon,1961, Waksman
1959, Rama Rao, 1970) and activities of the micro-organisms .
Waid (1962) has suggested that fertility of the soil affects
the total population of mycoflora, uhich seems to be a more

logical conclusion.



SECTION VII

Gensral Discussion
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GENERAL DISCUSSION

It is known that the  particles of biologicsl origin
constitute an important fraction of particulate loading of
the atmosphere. Usually such particles are investigated in
relation to human allergic diseases and phytopathological
problems (Finkelstein, 1965, Davis and Smith,1973;, Wwaggoner,
1974) . Pollen and spores constitute an important fraction of
the total particulate level of the atmosphere. Concentration
of pollen in the atmosphera2 is usually determined by the
siage of flowering and meteorological conditions of the area.
Different sites at Shillong, viz. Upper Shillong (1951 m),
Polo Ground (1300 m) and Nongthymmai (1800 m) B were
selected in order to obtain a comparative account of the
fungal spores of the atmosphere and their seasgnality. The

\ —_
flowering phenology of the species is directly dependent on
éhe season and weather conditions of the area. Most species
?F Shillong come to bloom during March to September and
flowering frequency comes down during December to February,
which are winter months {Fig. 2.1). For identification of air-

borne pollen, .pollen morphology is very important. Therefore,

pregent study tovers the morphological descriptions of pollen
fofphoiogilcal descri

of 125 species belonging to 53 families. It is found that

the pollgns are unique and typizal for any family, genus or

species (Nalr{,1960)- On the basls of exine character the
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anemophilous and entamophilous pollens can be easily diffe-
rentiated. . . b . Pifferent types of pollen grains
ranging from inaperturate to ce®lporate and exine lacking
distinct columellar stratum to exines with columellar and
Puve beunw Lound o
tectal complexities (a.g. Argyreia sp.){‘Similar y, marked
s1ze variations of pollen have also been observed (16+4 w
- 179 u dlam-). The various pollens are found to be marked

by dif ferances in the types of apertures and exine ornamen-

o’
tations.

The study of the pollen morpholegy of Indian plants
has attracted the attention of ré:%earch workers in recent
years (Nair, 1965; Nair 1970, Thanikaimoni,1976, Vasanthi,
1976). hlthough, pollen grains of few families have beean
described and illustrated, thare is as yet no comprehansive
account of the pollen flora of any vegatative unit (Nair,

bt
1965). In the present uordeescriptions and some illustra-

tions from 185 predominant species belonging to ﬁgffamilies

have been providad.

It is sez2n that hardly any period of the season
is free from thz atmospheric biopollutant which indicates
the richness of the air-spora in the atmosphere (Sreeramuluy,
1964) . Seasonal variations in the population of air-spora in
the atmosphere were studied during fFebruary 1980 to January

1981, with the help of simple gravity sampler (aeroscope).
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Though the flora of Shillong is very rich and diverse, ths
percentage occurrence .of pollen in the atmosphers is very
less (21%). This is due to wall established fact that the
pollen productivity 1s very less in hilly regions. Similar
observations were also made by rlarkgraf (1980). The highest
counts of total pollen were recorded in the months of March,
May and September. In the month Ef_ﬂifEEL.EifE_Eﬂiifps are

predominant, which form a conspicuous featute. in vegetation

of Shillong. The effect of weather condition in air is a

well known fact, as during this period, tempasrature records
ranga from 20°C to 22°C which favours the pollen production
and spread. Subbareddy (1970) also observed similar results.

May is predominated by the pollen of angiospermic species \

like, Schima wallichii, Quercus sp., Viburnum sp. and

members of Rosgaceae and Compositaes. Very negligible countA
of pollen ware obscrved in the month of June to August,
which is due to heavy rain the area receives. Heavy rainfall
not only louwers the pollen production in a species, but also
washes down the pollen from the atmosphere (Ramallngam)1964;
1

.Donald)1979). The stmospherz in September is dominated over

by the pollan of gedrds sppe., Betula alnoides, Glochidion spp.,

Ardisia macrocarpa and Quaercus griffithii. November to

January being the severz wintar months with low temperature
records show lou concentration of pollen in the atmosphere.

It is mainly due to the fact that ground vegetation is either
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killed or lie dormant during the severe winter months.

Fungal spores on the other hand exhibit two distinct
peak periods in the month of June (8%) and September (24%).

Cladosporium spe,Alternaria sp., Humicola sp., Streptomyces

spe., Aspergillus sp. and JTorula sp. are dominant. leteorolo~

glcal factors like heavy rainfall and high humidity mainly
influence the prevalence of fungal spores in the atmosphere
(Singh & Baruha,1979). It is observed that June and Septem-
ber show the highest percentage of humidity (&8%) with the
gradual decrease in these factors from October onuards. The
concentration of fungal spores also reduced with the
louvering of humidities. In the month of March lowest per-
centage of spore was observed, possibly because of the

high temperature and low humidity observad in this month

Diurnal fluctuation in pollen and fungal spores
vere observed in the atmosphare of Shillong (May '81 to
December '81). Most of the pollen was observéd in day time,

: . ! . . .
while -pollen of some spacies like Cryptomeria j8ponica, !

Elococarpus spe., Eucélxgtusi%ére observed in night time.

Pollen concentration appearad to be greatly influenced by
sunshing and relative humidity as reported by earlier
workers (Singh & Babw,1980, Ramalingam 1966). The results
of predominant fulgal Sporés and thew¥ diurnal .variations

are not similar. The fluctuation was found to vary day to day
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and even uith time. The highest percentage occuééd in the

gveninge.

The comparative study of air, phyllosphere and
soil were carried out in three different crops viz.,

potato, paddy and peach (fruit garden) in order to deter-

mine the scurce and origin of the aerospora in relation te
soil and leaf surface micro-organisms. It is ebserved that
the é,r—borne propagules act as one of the %ourzes of
inocula for the aerial plant parts, while some fungi
originate from soil. In addition, noticeable differences
were recorced in the szasonal occurrence of the air, leaf
surface and soil mycoflora. Gregory (1961) has explained
that the soil dses not make any substant{él direct contri-
bution to the furgel spore content of the atmosphere;
atﬁotheric moulds are derived mainly from fungi growing on
vegetation. Paddy‘;1967) considered that most of the fungal
spore: in the atmosshere cecme from the soile. A similar
conditlon can be observed by comparing the air, leaf surface
and soil population in different crop fields at Shillong.

As speciss like Fusarium raseum, Absidia sp., Papularia sp.,

Cladosporium herbarum, Penizillium implicatum are present

4
both in soll as well as airs Dransfield (1966) raport&i,‘it

seems mora likely ttat this air-spora is derived predominan-

)

tly =2aither fraom m&kfa s plant pathogen and other Fungi)



growing on vegetation, or from surface growing fungi,
equipped with mechanism which librate their spores into the

free moving turbulant air layer. It is also knoun that inte”

ore )
soil, bacteria, panicilli, and Asperq}lli predominant;

but Cladosporium predominates in the air, secovded by

basidiospores. Similarity betueen the soil and air-spora
is mainly due to the soil being the ultimate 'sink' to
which most of the air-spora is destined and auwaiting
extinction (Gregory,1973) or for a host plant to cause

disease if it is a pathegenic species.

The need for intensive aercbiological studies has
been emphasizzd by both clinicians and botanists during
recent years. The results of the present investigation can
be a useful tool for further researches towards understan-
ding of the implication of the air-borne pollen and spores
in relation to human allergic diseases and also in
forecasting diseases in’crops plants of this region.

However, much remains to be done in this directioh before

ue are able to achieve this final goal.

It has bean reported by Kerling (1964) that the
development of saprophytic fungi on rye lecaves shows a
sudden increase shortly after flowering and this increase
according to him 1is due to the presence of pollen that has

fallen on leaves after flowering. FoKkema (1968) also had
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demonstrated that pollen added to the inocule of Cladosporium

herbarum enhanced colonization of the ;ga@és by this fungus.

e ————

He further demonstrated that the infection of rye leaves by

Septoria nodorum and Helminthosporium sativum was stimulated

by pollen ( Fokkema, 1971 ).

’The interaction between pollen and fungal spores in
\the atmosphere however, could ‘not be attempted 1n this project
due to excgencies of time. Neverthlzss, this survey is arne of
“the important aspects in plant Pthological and human allergic

disease, and offers a promising field for future workers in

the field of Aercbiology.
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7
8

Fige Strobilanthus axtensus

Fig-
Fig-

Amaranthus gracilis
Rhus semialata

NOTE ¢ All microphotographs are at a magnification
X 400, unless otherwise mentioned.
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PLATE NO. 3

1

Fig. 9 Melodinus khasianus

F1g.10 Panax pseudoginseng
Fige11 Macropanax undulatum

Fig. 12 Ageratum conyzoidss

Fige13 Ambrosia artemisifolia

Fig.14 Chrysanthemum cenerarifolium
Fig.15 Eupatorium riparium
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Fig«16 Vernonia cinsrea

Fig.17 Impatiens chinensis



PLATE. 3




Fige
Fig.
Fig.
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Fige.
Fig.
Fige

18
19
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PLATE nNo. 4

Alnus Depalensis

Betuls alnoides
Jac;and;a mimggiafg;la
Stellaria Media
Viburnum khagianum
A;gz;gia Lapitata X 10p
Iggm!uagedggacga! X 100
E;aogng! gatgfclia
E;oocargus aguminatg!
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PLATE NO. S

Fig. 27 Lyonia ovalifolia
fig. 28 Rhododen@ron arborium

tig. 29 Glochidion accuminatum

Fige 30 Ricinus ccmmunis

Fige 31 Erythrina arborescefs
Fige 32 Trifolium repens

Fig. 33 Castenopsis tribuloides

Fig. 34 Quercus griffithii
Figs 35 Corylopsis himalayana

Fige. 36 Brunella vulgaris
Fige. 37 Buddleia asiatica
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35

30

34




Fige
Fige.
Fige
Fig:
Fig:
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Fige
Fig;
Fig:
Fig;
Fige
Fig;
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39
40
41
42
43
44
45
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PLATE NO. 6

Abutilon indicum

Hibiscus rosasinensis

Osbackia capitata

Acacia dealbata

Ardisia macrucarpa

Myrgine semiserratsa

Callistemon lanceolatum

——————

Eucalyptus globulus

Liqustrum robustum

Denothera rosea X 100

Polygalla arillata

Argyreia cggitata X 100

Polygonum chingnsis

Polygonum hydropipsr
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Fige
Fige
Fige
Fige
Fige
Fige
Fige
Fige
Fige
Fig.
Fige
Fige
Fige
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Fig.
Fige.

PLATE NO. 7

Anemone rivularis

Ranunculus contoniansis

Thalictrum foliolosum

Docynia indica

Potentilla mooniana

Photinia notoniana

Prunus domestica

Prunus persica

Prunus cerasoides
Prunus communis

Rosa livigata

Rubus micropetalous
Rubus gllipticus

Coffea khasiana

Luculia pinceana

Oldenlandiza herbacea
—-——-————I :" R
Rubia cordifolis

Parnassia mysorensis
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PLATE NO. 8

Fig. 70 Cestrum nocturnum

Fig. 71 Symplocos spicata
Fig. 72 Schima wallichii

Fig. 73 Daphne shillong
Fig. 74 Mautia puya
Fige 75 Poufalzia spe.

Fige. 76 Vaccinium griffithianum

Fige 77 Clerodendron serratum
Fige 78 Duranta plumsri
Fige. 79 Oisporum pullum

Fige. 80 Paspallum dilatum
Fige 81 flonocot pollen
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PLATE NO. ©

Fige 1A Curvularia lunata

Fig. 18 Curvularia spe.:

Fige 2 Alternaria sps

Figs 3 Trichode;ma,giride

Fige 4 .Q;gdoggggium"he;QFrqmvH
Fige 5 ~ Pastalotiopsis spe

Fig. 6 Trichocladium sp

Fig. 7 Polychast sp.
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Table 1] --A  (Cenld.)

|
1 Yol 30 afsfer 7 sl oo 1o 13]14 ﬁmﬂmmﬁ%mhﬂwoGémmﬁu@bﬁimmﬁqﬁmﬁ@ﬁomﬁﬁmuﬁﬂ

Viburnum sp 12 0 001 1 - - 1 12 41112520531 -2 31 371 2 11
Wendenlandia 1 2 0 0 1 1 = = 0 C 1 0 = ~ 1 = = 5 = 4 = 1 = 1 = = =« - - - . .
sSp. ~
Asteraceae e e T S P
pollen I
Malvaceae 0 & 0 0 = 1 = = o =« o o = « o o «a ;o o a = e mm e e e - o -

pollen

Grass pollen 4 3 0 1 4 - 1 =15 2 2 1 2 2 1 1 = = = « = 4 4 4 -4 0 3 = 0 - 1 =




Appendix Tatle I1-8 Diurnal variation of air spora i.e. pollen grains, fungal spores and other plant
parts in the Shillong atmosphere /September '81 - Dacember '81 (Dry months)_ 7.
(Data based on the total number of air-spora 1in =zach month, =211 counts are from
25 X 50 sg.cm. exposed slid2 area) !

» ~

e s b o - o srnmaw

Month—

. o s v+ o ——— 1-..:.".;;..11.. x e ww

... _ September Octobter 7777 November .~y ___ Decsmber ]

w
[ . e L e . i
! "Total No-.of iTotal No.of}

1

i

1

o e

M4

ITotal No.of {Total Nb.of!
jexposure in lexposures 1dq lexposure in lexposure in!
i
iwhich spe-

jwhich spe- | juhich spe- juhich spe~-

- . o = =0 o,

o 1t D . ot ey ot = o

1
1 !
No.of exposure427 27 27 27 ,cigs occur (25 25 25 25, c1es occur 126 26 26 26 icies oceur 127 27 27 27:cies_occur |
Time—— 16 11072 {6716 11042 16 16 {1072 {6 16 {1042 {6 6 {1042 16 {6 110{2 {6 & 11072 16 16 {10{2 {6
R 21 .g_zaum_ﬁmz,w;z:_‘3"uzﬁnfrsr.‘g 1PM “mzm;.“\’_,r,g?z.ﬁz w.;iiimimz w‘,,zu.;,sué_ﬁmz 70 “.__,,.3mm_imz?i,ﬂ.ﬂa“mfnf
YO P 120 31 4T 56T By 90 T2 15304 115316 117.{18319 720721 {22 1231747125 176 127 128,79 130137 132 133
Name of speecies - -
nlternsriasp 0 2 3 0 - 1 1 - 1 4 3473 1 1 1 1 2 1 1 6 1 1 1 3 0 4 6 4 - 1 1 2
hrthinium sp- 0 0 6 0 -~ - 1 = & @« = = - = - - o - - 4 - - ~ -« 0 0 0 5 - - - -
nspergillus sp 35 0 0 0 1 - = 1 = = = = = = =« - =~ « & 4 4 4 4 4« 4 = =4 4« - - - =
bipolaris sp g 2 3 3 1 2 1 1 3 2 2 1 2 1 1 1 0 0 « 1 = = =« « =4 4 « e = - - =
Lercospora sp - = = = = = = =« 0 0 5 4 = =« 1 2 2 « . e a4 e e e e e e e e e e -
)
Lhaetomium sp 548 303458199 10 6 4 3 MO33% 4 3 3 3 1 1 0 027 0 - = 2 = - = =« = = = - =
v
» 9 S
Cladosporium " w2 878 21 16 16 12 P &N O 1511 13 13 191515382179 5 3 6 5 12 15 47 168 3 1 4 5
Sp. ‘r v _.
Curvularia sp 3358 018 4 3 - 19 0 0 0O 1 - - - 1 1 117 0 1 1 1 0 0 0 6 0D 0 0O 2 O
Epicoccum sp 211511 3 4 1 3 1 = = = = = 4 e o o e e e e e e e e e e e -
Helminthos- 3 0 0 31 - - 2 3 0 4 0 2 =1 =23 400 2 1 ~ =17 4 0 7 1 24 1
Borium sp |
Pestslptiopsis 0 0530 0 - 2 = - 0 0 0 1 = = = 1 = = = = o o o = = o =& = = = e -
Spe
Pithomyeces sp - - - - - - - - 3 0 1 2 1 = 1 1 0 0 1 1 = = 1 1 = = = =~ = = '= =

|
|

(contd. on next page)
j
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_zuumjapx Table II-B (contd.)

1. .. Y 2V 3% 41 57 6] qw.m 94 ENF AALJM Aubéb Am am JQ Am A@ 203 m; 22123124125126127128) mm 301 u; N.MML
pullularia:sp. = =- = =- = - = =0 0 0.4 = 2= ¢ 1 0..0. 0.4 = = = 2, = =" = =« .= = ="-=
pythium sp. - 0 0 0O 5 T I L .-
wmﬂooodm Sp-. T T Muww.me - = e =l = e = = = B S R -
Smut spore = g0 * 3 1 - 1 1 0 0 5.4 - .- 1 2°0 2 010; - 1°*=:2 0 0 012 =-.=-:- 2~
)
Torula sp 70 4% %615 S 3 4 1 9 17 825 2.1 2 2 1.0 5 0 1 =2 = =. = = = = = =" "=
- |
‘AWWOJOOMmcha - - - = - - - T T 0. 1.1-0. « 1.1 = ~. .= =.== - =
T — T Tl “
Other Uwozd e , . ,
parts ‘ R |
Pteridophyte 4 2 5 0 2 1 2 = = = = = == = == = = =/=-:= = -8 22 1241 17 W -6
spore : m
Insect scale 2 4 1 0 1 1 1 = = = = = = = = = = = .=/ =i=/=i= .= “=:.=.=°%7 7°7 Lo

plant parts



Appendss Yatle 111.A  Oluensl periadleity {percentage occurrence) of fungal epatds by patvidish molhed (Rey 1981).
(Qata bsscd on three repilcotes) .
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Appsndix Table 111-€

Oturnsl Puriodisity (percentsge occurrence) of Fungel epores by Petridish expossd asthod {September 1981)
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