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SECTION I 

General Introductian 



General Introduction 

Aerobiology is an interdisciplinary science uhich 

deals with the study of transport of organisms and biologica­

lly significant materials in the atmosphere. The biological 

components follou a definite aerobiological pathway i.e. 

source of organisms or a materials release, dispersion, 

deposition anS impact on animal, plant or human systems. 

Environmental features affect each stage. Atmospheric pollen 

grains and fungal spores surv/eys carried out in many parts of 

the uorld provide valuable 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 

m plants or human beings. 

Researches on aerobiology are nou gaining momentum (̂  

in India uith the advancement of the knowledge on the air 

borne agents like spores, pollen grains, fragments of differe-

nt plants etc., uhich^responsible as the causal agents of 

Certain types of human allergic and plant diseases. Thus, 

uorks on aerobiology have been initiated at feu centres like 

Delhi, Hysore, Ualtair, Jaipur, Calcatta, Aurangabad, Lucknou, 

Nagpur, Banglore and Gauhati.-- Houever, no such studies have so 

far been conducted in mountain or hilly regions such as 

Shillong, except for a feu scattered accounts( Singh and 

Baruah, 1979 ).Keeping the importance of such studies in vieu, 

the present study has been conducted. 

The present study- has been carried out under the 

seven sections. ^;1J 
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first section deals uith the climate, geography and v/egetation 

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

gical studies. 

The study of pollen grains and spores are covered by 

the term palynology. Therefore, aerobiological studies uhen 

confined to pollen ,spores and associated plant materials are 

knoun by the term "Aero-palynology" (Erdtman^l952). The pollen 

flora and pollen morphology is taken into consideration in the 

third and fourth section respectively. 

The need for intensive aerobiological studies has 

been emphasized by both clinicians and botanists during recent 

years. A knowledge 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 hou the atmospheric content of pollen grains and fungal 

spores vary uith weather, Aerobiological studies hauff-baen 

conducted in two parts, (l) 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 investigat-e the 

origin of spores. Further, the seasonal variation of air, 



leaf surface, and soil mycoflora has also been studied 
e\ 

ENUIRDNMENTAL FCATURES 

L o c a t i o n and Phys iog raphy 

S h i l l o n g , t h e c a p i t a l c i t y of f legha laya and one of 

t h e b e a u t i f u l h i l l s t a t i o n s i n I n d i a l i e s between 23 54 N 

l a t i t u d e and 91"56 E l o n g i t u d e i n the N o r t h - E a s t e r n I n d i a . 

The a l t i t u d e of t h e p l ace w a r i e s f r om 1080 m t o 1990 m, u i t h 

t he h i g h e s t peak l y i n g i n S h i l l o n g Peak. 

P h y s i o g r a p h i c a l l y t he a rea i s h i l l y u i t h s teep 

escarpments hav ing s h a l l o w or deep v a l l e y s u i t h s u i f t f l o w i n g 

r i v e r s and s t r e a m s . These f l o w s i t h e r n o r t h w a r d s t o the 

p l a i n s o f Assam or sou thwards t o t h e p l a i n s of B a n g l a d e s h . 

The phys i og raphy o f S h i l l o n g c o n s i s t s o f a b i g b l o c k o f open 

h i g h l a n d a t the c e n t r e w i t h s e r i e s o f s m a l l e r ranges of 

h i l l s and h i l l o c k s c l o t h e d w i t h a l u x u r i a n t v e g e t a t i o n . 

The area /nay be d i v i d e d i n t o 3 main p h y s i o g r a p h i c 

u n i t s namely : 

( i ) The low h i l l s o f t he n o r t h e r n b e l t ; Th i s 

compr i ses o f the n o r t h e r n p a r t of S h i l l o n g , a s c e n d i n g 

upwards f rom B a r a p a n i to n a w l a i w i t h an e l e v a t i o n below 

1200 m. Htjre no s t e e p escarpments a re f o u n d . The r i v e r Umtrew 

takes i t s o r i g i n f rom the f o o t o f Sohpetbnang peak by the 



side of Barapani area. 

( i i ) The c e n t r a l up land z o n e ; Th i s u n i t compr ises 

o f c e n t r a l S h i l l o n g f r om P'laulai eas twards t o Plaupat; sou th . -

wards t o Nongthymrna i , Happy v a l l e y ; and then u a s t u a r d s t d 

Upper S h i l l o n g , S h i l l o n g Peak and L a i t k o r Peak* Many of 

t hese peaks a re above 1500 m. A number o f s m a l l r i v e r s l i k e 

Umiam, Umkhen and Umngot a r i s e b f rom t h i s zone* 

( i i i ; The h i l l s and v a l l e y s o f s o u t h e r n b e l t ; T h i s 

zona compr ises o f s o u t h e r n S h i l l o n g (be low 1350 m)• The h i l l s 

i n t h i s b e l t show n o r t h - s o u t h a l i ^ n ^ e n t , and i n many p laces 

they s l o p e s t e e p l y and a b r u p t l y . The r i v e r s K y n s h i a n g , Ufrieu 

and Umngi f l o w t owa rds s o u t h on l y C u t t i n g deep v a l l e y s t h r o u g h 

t h e c r e t a c e o u s sands tones on t h e i r way and i n many p laces the 

a rchaean s h i e l d s have been exposed* 

C o n s t a n t e r o s i o n o f t h e face of t he escarps by w ind 

and r a i n wa te rs have l e d t o the f o r m a t i o n o f many s t r u c t u r a l 

p l a t f o r m s here and t h e r e . 

Climate 
r^ 

Shillong is one of the healthy hill stations of 

India with a cool climate. Based on climatic factors, although 

4 seasons are recognised only 2 seasons are evident. The 4 

seasons arei 
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1. Spring season (From Plarch-April) 

2. Summer season I, inc lud ing rainy season^ 

f'lay-September) 

3 . Hutumn season (From October-November) 

4. L/inter season (From December-February) 

Temperature 

There is gradual i nc rea se in temperature from March. 

The average maximum temperature recorded a t Sh i l long for tuo 

years is 23 C and average minimum i s 7 C. There is gradual 

dec l ine in tempera ture from Nouamber onuards , reaching i t s 

minimum during December-January, uhen i t comes doun to as lou 

as 5 C. Sometimes during n igh t s the tempera ture goes doun to 

even belou 0 C. Though snowfal l i s not exper ienced , t he re i s 

heavy f r o s t dur ing ea r ly mornings, and t h i s k i l l s most of the 

herbaceous vege t a t i on and the area looks dry and ba r r en . 

Depression are f requent during t h i s period uhen the cyclone 

occurs over the Bay of Bengal. 

R a i n f a l l 

Rainfall is spread over throughout the year except' 

during November-January. But heavy precipitation occurs from 

middle of Hay to end of September with June and July receiving 

the highest downpour. Though Shillong is situated just 40 Km 

north of Cherrapunjee and Mausynram which receive an annual 



r a i n f a l l of 1200C mm, the r a i n f a l l i n S h i l l o n g i s c o n s i d s -

r a b l y l e s s . The reason i s t h a t i t s h i g h e r h i l l s a c t as 

b a r r i e r s and l e s s e n the i n t e n s i t y o f r a i n b e a r i n g c l o u d s . 

The l e a s t r a i n f a l l r e c o r d e d uas i n 1980 ( 3 2 - 5 mm) and 1981 

(13 .6 mm) and the h i g h e s t r a i n f a l l r e c o r d e d uas i n 1980 

(408 .90 mm) and i n 1981 ( 5 8 6 . 1 mm). The d i r e c t i o n of the 

monsojn i n S h i l l o n g i s m o s t l y s j u t h - u e s t e r l y . 

H u m i d i t y -''^ 

The r e l a t i v e h u m i d i t y is c o n s t a n t t h r o u g h o u t the 

yea r o u i n g t o i t s e x p e r i e n c e of heavy r a i n f a l l . The u e a t h e r 

does no t become dry excep t d u r i n g the w i n t e r months uhen ve ry 

l o u h u m i d i t i e s a re r e c o r d e d (Tab le l ) . 

GENERAL V/EGETATION OF SHILLONG^-

A knou ledge of the ground v e g e t a t i o n and the f a c t o r s 

t h a t i n f l u e n c e the v e g e t a t i o n is o f pr ime impor tance f o r 

A e r o b i o l o g i c a l s t u d i e s , s p e c i a l l y f o r A o r o p a l y n o l o g y . T h e r e ­

f o r e , a b r i e f v e g e t a t i o n a l accoun t o f the a rea is g i v e n b e l o u . 

The v e g e t a t i o n o'( S h i l l o n g can b r o a d l y be s t u d i e d 

under (a ) s u b - t r o p i c a l p ine f o r e s t s , (b ) t h e r o l l i n g g r a s s ­

l a n d s , ( c ) mixed e v e r g r e e n f o r e s t s and (d ) t empera te f o r e s t s . 

S u b - t r o p i c a l p i ne f o r e s t s ; - These f o r e s t s a re 
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c o n f i n e d t o e l u v a t i o n s upto 1800 m i n S h i l l o n g and a ro the 

most dominant t y p e of f o r e s t s , a l t h o u g h these f o r e s t s do no t 

r e p r e s e n t a c l i m a x t y p e . The p redom inen t p ine s p e c i e s here 

i s P inus kes i y a R o y l - ax Garden. 

Ascended upwards f rom B a r a p a n i , the b r o a d - l e a u e d 

f o r e s t s are g r a d u a l l y r e p l a c e d by these p ine f o r e s t s . These 

p i n e f o r e s t s i n many p laces ha rbour some a n g i o s p e r m i c t r e e s 

a l s o , bu t t h e i r number and d e n s i t y i s vory n e g l i g i b l e . Some 

o f t he common t r e e s be long t o Schima u a l l i c h i i (DC.) C h o i s y , 
Mi l i d -

Schima khas iana D y e r . , Acac ia m o l l i s s i m a , / E n q e l b 3 r d t i a 

s p i c a t a B l . , Rhododendron arboreum Srn. , A lnus ne pa lens i s D . 

Don, Rhus s e m i - a l a t a P l u r r . , Que reus s p p . , and Symplocos s p p . 

Among the shrubby s p e c i e s Lantana camera L i n n . , Eupa to r ium 

s p p . , and P i e r i s o v a l i f o l i a D. Don are common. The f l o o r 

unde rnea th i s covered u i t h a t h i c k c a r p e t of p i ne need les 

and s u p p o r t ve ry l i t t l e o f herbaceous f l o r a . The dominant 

ones a re Eupa to r i um s p p . , A n a p h a l i s s p p . , A r t e m i s la p a r v i -

f l o r a C a v . , Cardamine h i r s u t a L i n n , and members o f Rosaceae 

and Rcnuncu laceae• Ae9 i n e t i a i n d i c a L i n n . , a c u r i o u s member 

o f Orobanchaceae makes i t s appearance i n some f o r e s t s among 

p ine l i t t e r s d u i m g A u g u s t - O c t o b e r . O f ten the humus cover by 

p i n e need les unde rnea th i s checked by a r t i f i c i a l b u r n i n g and 

t h i s has a d e v a s t i n g e f f e c t on herbaceous f l o r a . 

(Moderately shaded areas s u p p o r t g rass - l egume 
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association which are subjected to grazing and scrapping in 

some places. The common leguminous species are Trifolium 

repens Linn., Desmodium haterocarpon (Linn.) D C , Crotalaria 

ferruqinea Grah. ex Benth- and Smithia spp. These are 

associated uith grasses like Panicum spp., Eraqros tis nutans 

Neas, Sporobolus fertills, etc. 

Association of sev/eral terrestrial fern species 

m̂ 'î e the ground vegetation markedly significant. Species 

like Pteridium aquilinum (Linn.) Kuhn, Ptaris quadriaurita 

Retz. , _P. uallichiana Ag«> Dicranopteris 1 inearis (Burm.) 

Underu., Onychium ja ponicum (Thunb.) Kurz and several 

species of Thely pteris _and Cy clos orus form a close asso­

ciation uith grasses and leguminous species. Epiphytic flora 

is very poor in these forests due to lack of mossy habitat. 

Houever, certain xerophytic species belonging to Polypodia-

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

Chmg, Pleopeltis kashyapii (Mehra) Alston &. Bonner, £, 

IcpOif ormis (Uall. ex f̂ ett.) Moore, £. thunberqiana Kaulf., 

Pyrrosia manii (Gias.) Ching, _P. mollis (Kuntze) Ching, etc. 

are some such species. 

During peak' winter much of the herbaceous flora 

is killed and only the hardier species manage to thrive. But 

those species uhich grou near ravines and streams houever 

remain evergreen throughout the year. The common such species 
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are Lindsaya spp., Oryopteris spp., Lyqodium spp., Onycnium 

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

a feu others• 

The rolling Qrasslands;~ The grasslands in 

Shillong represent only a serai condition and can̂  \Se seen 

around Barapani and aboue, Golflink, Laitkor peak, etc. The 

dominant grasses in these grasslands belong to Eraqrost is 

tonella (Linn.) P. Beauu., _E. coa ractata Stapf., _E. 

unioloides (Retz.) Ness, Chrysopoqon aciculatus (Retz.) Trin., 

Cchinochloa colonum (Linn.) Link., Saccioleps is indica (Linn.) 

A. Chase, Paspalum d ist ichum Linn., Oplis menus burmanni 

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

ted uith sedges like Cy perus ha span Linn., _C. d if f ormis Linn., 

_C. rotundus Linn., Fimbristyl is tetraqona Br. and £. 

aes tiualis Ua hi. 

Apart from giviing a green look to these barren hills, 

they also support other Angiospermic plants like Trifolium 

repgns Linn., Hy pochaeris rad icata Linn. ., Sonchus oleraceus 

Linn., Anaphalis spp., and Chrysanthemum spp. 

g 

Bes ides these an^osperm ic p l a n t s one can a l s o 

observe the s c a t t e r e d patches i n these open g r a s p l a n d s 

formed by v a r i o u s f e r n s p e c i e s . There are a s s o c i a t i o n s of 

P t e r i d ium a q u i l i n u m ( L i n n . ) Kuhn and D i c r a n o p t e r i s l i n e a r i s 
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(Burm.) Underu. in open places. Along the road cuttings 

Gle ichenia lonqiss ima Bl. and _G. volub il is Jungh are very 

common and these tuo species are closely associated uith 

Brainea ins ignis (Hook.*) Sm., Blechnum orientale Linn., 

Lindsaya cultrata (Ljilld.) Su., Sphenomeris chinensis (Linn.) 

flax, and in some places Dsmunda' reqalis Linn. 

Much of these herbaceous species are either killed 

or lie dormant during the seuere winter months and this 

coupled uith grazing by animals and recurring annual fires 

favour the grouth of many grass species and checks the 

growth of other- plants. 

Hixed evergreen forests;- These forests are 

confined to very much restricted areas and are much disturbed. 

The forests here are dominated by S chima uallichii (DC.) 

Choisy, Alnus nepalens is D. Don, Quercus spp., and members 

of Rosaceae. 

The fern flora is quite diverse in species composi­

tion. There are scattered thickets of Gleichenia -

Dicranopteris evecta (Forst.) Hoffm., Cryps inus hastatus 

(Thunb) Copel., Arthromeris uallichiana (Spr.) Ching., 
' ^ 

A thy r ium s p p . , Po l ys t i c h . u m s p p . , P t e r i s b i a u r i t a L i n n . , 
<^ 

_P. ere tica Linn., and among the fern allies Selaq inella spp. 

are some of the dominant terrestrial species uhich cover the 
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rich humus floor of these forests. Among the epiphytic 

species members of Poly podiaceae and Aspleniaceae top the 

1 is t. 

Along the freshly turned cut slopes and road 

cuttings Lindsaya cultrata (Uilld.) Su., Sphenomeris 

chmensis (Linn.) Hax., are the tuo important early colonizers, 

uhich are gradually replaced by Oicranopteris 1inearis (Burm.) 

Underu., Bra inea ins ignis (Hook.) Sm., and Blechnum orientale 

Linn. 

Temperate forests;- These are confined to eleva­

tions from 1800 m and above, chiefly in Upper Shillong and 
1 

Shillong Peak. Tt̂ e 'Sacred grooves' in Shillong represent the 

true temperate uagetation. 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 shoiJ clear .strati­

fication. The branches and trunks of trees are heavily 

plastered uith epiphytic growth of lichens, mosses, ferns and 

orchids. The common epiphytic ferns are Asplenium nidus 

Linn., _A. normale Don, Davallia spp.. Drynaria propinqua 

3. Sm., Loxoqramme involute (Don) Presl., Pleopelt is spp., 
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P y r r o s i a s p p . , Po lypod lum a rqu tum U a l l « ex Hool<«f, £ • 

s u b a u r i c u l a t u m B 1 . , \l i t t a r i a e l o n q a t a S u . , L e p i s o r u s s p p . , 

and among the f e r n a l l i e s Lycopodium setaceum Buch . -Ham. , 

!;.•_ h a m i l t o n i i S p r . , _L. squar rosum F o r s t . fo rm the s t r i k i n g 

f e a t u r e of the v e g e t a t i o n . I n g e n e r a l the p o l y p o d i a c e o u s 

members top the l i s t o f e p i p h y t i c f e r n s . These f e r n s have 

s e a s o n a l g r o w t h , f l o u r i s h i n g m a i n l y d u r i n g r a i n y months 

( 3 u n e - 0 c t o b e r ) and undergo a p e r i o d o f dormancy d u r i n g the 

seve re w i n t e r months (November -3anua ry ) • 

Some o f t he rocks l y i n g deep i n s i d e t h e f o r e s t s 

a l ong the u a t e r c o u r s e , are d e n s l y c l o t h e d w i t h mosses and 

p r o v i d e a s u i t a b l e h a b i t a t f o r the f r e e g r o u t h o f a f e u f e r n s 

( l i t h o p h y t e s ? ) c h i e f among u h i c h a re E q e n o l f i a a p p e n d i c u l a t a 

( U i l l d . ) 3»- Sm. , Ela phoqlossum yunnanense ( B a k . ) C. C h r . , 

Humata repens ( L i n n . ) D i e l s , Hecodium s p p . , and S e l a q i n e l l a 

re panda ( D e s v . ) S p r . On some of the c o m p a r a t i v e l y d r i e r r ock 

s u r f a c e s s p e c i e s l i k e M J e u r i t o p t a r i s s p p . , C h e i l a n t h e s s p p . , 

Ad ian tum venustum Don, Asp len ium che i l o s o r u m Kuntze ex H e t t . , 

D i p l a z i u m lanceum ( T h u n b . j Pr»> P t e r i s v i t t a t a L i n n . , and 

Vandenbosch ia a u r i c u l a t a ( B l . ) C o p e l . a re ve ry common. 

The f o r e s t f l o o r i s covered u i t h a dense mat o f 

l i t t e r as t h e r e i s no d i s t u r b a n c e by uay o f f o r e s t f i r e s , 

e t c . Some o f t h e shade l o v i n g a n ^ s p e r m i c s p e c i e s l i k e 

Anemonjg s p . , P o t e n t i l l a mooniana LJt . , Impa t i ens s p p . , e t c . 
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are closely associated uith a large number of fern species 

chief among uhich are Dryopteris paleacea Hand-Haz., _0. 

nigra Ching, Diacalpe aspidioides Bl., Leptogramma piles ins-

cula (Uikstr.) Alst., Asplenium tanuifolium Don, Polystichum 

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

f raxinea (Don) Diels and species of Athy rium, i^icrolepia 

and Lycopodium on the humus covered forest floor. 



SECTION II 

Rsvieu of Literature 
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Revieu of Literature 

The word 'Aerobiology' was introduced by Fred C. 

(̂ eier of the United States department of Agriculture to 

describe the microbial life in the upper air. The committee 

on Apparatus in Aerobiology (1941), has made a remarkable 

rexjieu of our early knoijledge of aerobiology, from which 

it is knoun that Micheli observed clouds of fungal spores 

in the air, as early as 1729, and it uas Micheli (1737) uho 

first illustrated in 'seeds' of many fungi including mush­

rooms, cup fungi, moulds and slime. Further by souing spores 

on fresh cut pieces of Nelon and Pear, and reproducing the 

parent mould for generations, he could shou that the spores 

of some common moulds uere indeed seeds of the fungi. He 

noted, however, 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 

mildeued or rusted plants uere believed to be a consequence 

of the diseases. Perhaps the first to give reasonably 

affirmative evidence uas Fontuna QJ (1757) , uho examined and 

described uheat rust uith his microscope. He sau them as 

a grove of parasitic plants nourishing themselves at the 

expense of the grain. Large,/) (1940) reported that in some 

cases infection is acquired by planting in contaminated soil, 



u h i l e o t h e r s are carrS^^-JiS-^e^eds, and s t i l l o t h e r s are 

spread i n t he uiind by a i r b o r n e fungus s p o r e s . 

The d i s c o v e r y t h a t m i c robes^can . cause d i seases i n 

human be ings and an ima l s came someuhat l a t e r , and the f i r s t 

an ima l pathogens t o be r e c o g n i z e d as such uere a g a i n f u n g i . 

The idea t h a t man, o t h e r a n i m a l s and p l a n t s c o u l d become 

i n f e c t e d by m ic robes u h i c h s e t up p a t h o l o g i c a l changes had 

been made a c c e p t a b l e by the ana logy of s t e r i l e o r g a n i c 

i n f u s i o n s t h a t become seeded u i t h p u t r e f y i n g m i c r o b e s - The 

o b s e r v a t i o n made by B l a c k l e y ( 1 8 7 3 ) , i s of p a r t i c u l a r 

s i g n i f i c a n c e i n the p r e s e n t c o n t e x t o f a e r o b i o l o g y i n 

r e l a t i o n t o a l l e r g y . He p roved by i n h a l a t i o n e x p e r i m e n t s on 

h i m s e l f and o t h e r s t h a t t h i s guess uas c o r r e c t , and 

demons t ra ted by t r a p p i n g methods t h a t p o l l e n uas a t t imes 

p r e s e n t i n the atmosphere i n l a r g e q u a n t i t i e s . He a l s o shoued 

by means o f h i s s t i c k y s l i d e s t h a t a i r c o n t a i n s enough 

p o l l e n d u r i n g t h e g r a s s - f l o u e r i n g s e a s o n , f o r l a r g e q u a n t i ­

t i e s of p o l l e n d e p o s i t e d on exposed s u r f a c e s . 

A f t e r B l e c k l e y ' s p i o n e e r i n g work no p r o g r e s s ruas 

made i n t h i s f i e l d u n t i l 1910 -1916 , uhen f r e s h i n t e r e s t uas 

a roused by the d i s c o v e r y o f t h e f a c t t h a t i n j e c t i o n s o f 

p o l l e n e x t r a c t s can be used t o d e s e n s i t i z e p a t i e n t s uho are 

a l l e r g i c t o p o l l e n . I n h a l e d fungus spores uere r e c o g n i z e d 

O^^' 
\V 
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as a l l e r g e n s f o l l o u i n g the work of Cadham (1924) and 

Feinberg (1935) in North Kmerica. 

Sa l i sbury (18S6) inv/ented some form of the 

ae rocon iscope , but uere developed and modified fu l ly by 

rOaddox (1870); Cunningham ŝ ( 1773) in India and by Airy. 

(1874) in England. The uord ' a e r o s c o p e ' has been use-d u i t h 

some ambigui ty , r e f e r r i n g e i t h e r to t h i s type of ins t rument 

or to bubbles of the type descr ibed by Ret tger^(191O) . 
^ ^ 

The various sampling techniques have different ' 

advantages and limitations. Scheppegrell.,(1922) used ordi-

nary microscopic slides exposed without protection from 

rain. Blackley (l873); Uode-house (1945); Durham (1946); 

Hyde and Uilliams (1950) and Hyre (l950), have advocated 

the use of horizontal exposure of slide uith the sticky 

surface, facing upuards in some form of shelter, open to 

the uind, but giving protection from rain. 

» A feu workers have exposed petridishes horizon­

tally to provide pollen deposits for visual examination 

(Hesselman, 1919j Ludi and Uareschi, 1937). Gravity sedi­

mentation methods have been developed by Alvarez and Castro,^ 

(1952) for the study of air borne fungi. 

Vertical slide traps have also been sent fixed to 

kites, first apparently by Blackley (1873). H variety of 
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such dev i ces uere used by (^ehta (1933) i n h i s e x t e n s i v e 

s t u d i e s of r u s t d i s s e m i n a t i o n i n I n d i a . 

The s l i t sample r uas des igned p r i m a r i l y f o r i n d o o r 

s t u d i e s of b a c t e r i a by B o u r d i l l o n , L i d u e l l and Thomas ( l 9 4 l ) . 

The cascade i m p a c t o r d e v i s e d by May ( 1 9 4 5 ) , i s a h i g h l y 

e f f i c i e n t s u c t i o n t r a p . The a u t o m a t i c v o l u m e t r i c spore t r a p 

or H i r s t t r a p d e v i s e d by H i r s t ( 1 9 5 2 ) , i s a p o u e r - d r i v e n t r a p 

des igned f o r o p e r a t i n g c o n t i n u o u s l y i n t he f i e l d . The 

Andersen samp le r can be rega rded as d e r i v e d f rom the s o -

c a l l e d ' s i e v e d e v i c e ' o f duBuy and C r i s p (19^14) and the 

cascade i m p a c t o r ( A n d e r s o n , 1 9 5 8 ) . 

From t h e r e s u l t s o f t he e x t e n s i v e a e r o b i o l o g i c a l 

s u r v e y s conduc ted i n U.K. and U . S . A . , s p e c i a l l y by u o r k e r s 

i n t e r e s t e d i n s t u d i e s on r e s p i r a t o r y a l l e r g y , d i s s e m i n a t i o n 

o f p l a n t pathogens and q u a t e r n a r y p a l y n o l o g y * However, i t 

i s c l e a r t h a t t he p a t t e r n s i n the i n c i d e n c e of a i r - b o r n e 

a l l e r g e n s d i f f e r c o n s i d e r a b l y f rom p lace to p l a c e and season 

t o s e a s o n . I n t h e i r i n t e n s i v e s t u d i e s , H i r s t ( l 9 5 2 ) - a n d 

R i c h a r d s ^ ( l 9 5 4 ) ' , Gregory and H i r s t r v ( l 957) , H a m i l t o n ( 1 9 5 9 ) ; 

Lacey ( 1 9 5 2 ) , a n d Dav ies ( 1 9 5 3 ) , they have d i s c u s s e d the 

s e a s o n a l and d i u r n a l p e r i o d i c i t y o f spores of some p l a n t 

pathogens and conc luUed t h a t t h e a i r - s p o r a o f any l o c a l i t y 

ay come f rom l o c a l s o u r c e s , Gordon (1957) has p r o v i d e d ample 

ev idence ' i n d i c a t i n g the i n f l u e n c e o f l o c a l i t y on the 

m 
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v a r i a t i o n s i n p o l l e n and spore c o n t e n t o f the atmosphere 

wh ich are o f i n t e r e s t f rom an a l l e r g o l o g i c a l p o i n t o f u i e u . 

Harvey ( 1 9 7 0 ) , Ualkey and Harvey ( l 9 6 8 ) , Hodgk iss and Harvey 
^ • '• 

( 1 9 6 9 , 1 9 7 2 ) , / H a r v e y , Hodgkiss and Lewis ( 1 9 6 9 ) , i n t h e i r 

i n t e n s i v e s t u d i e s (theV) have shown the d i u r n a l and seasona l 

v a r i a t i o n of a i r - s p o r a i n r e l a t i o n to c l i m a t i c f a c t o r s . 

McDonald (1979)^ has s t u d i e d the e f f e c t o f m e t e r e o l o g i c a l 

c o n d i t i o n s on the c o n c e n t r a t i o n o f a i r borne p o l l e n , and he 

has shown t h a t t h e mechanism o f p o l l e n l i b e r a t i o n dspenc^i on X 

m e t e o r o l o g i c a l c o n d i t i o n s ; and t h a t h i g h r a i n f a l l depressed 

p o l l e n d i s p e r s a l . F u r t h e r he has a l s o shown t h a t most s p e c i e s 

o f f u n g i r e l e a s e t h e i r spores o n l y a t c e r t a i n t e m p e r a t u r e , 

h u m i d i t y and l i g h t c o n d i t i o n s . 

H a r k g r a f ( I9a0)_^has r e p o r t e d t h a t the p o l l e n 

p r o d u c t i o n dec reased q u a n t i t a t i v e l y w i t h i n c r e a s i n g e l e v a t i o n 

P o l l e n s t a t i s t i c s , p o l l e n a n a l y s i s , and more 

r e c e n t l y p a l y n o l o g y ( a te rm i n t r o d u c e d by Hyde and U i l l i a m S j 

1 9 4 4 ) , are names g i v e n t o a g roup of s t u d i e s , i n c l u d i n g 

i n v e s t i g a t i o n o f t he e c o l o g y , v e g e t a t i o n and p r e - h i s t o r y o f 

q u a t e r n a r y p e r i o d by e x a m i n i n g p o l l e n s p r e s e r v e d i n peat 

and o t h e r d e p o s i t s . Th i s i s p o s s i b l e by v i r t u e o f the h i g h l y 

r e s i s t a n t s p o r o p o l e n i n o f the p o l l e n ex ine (B rooks " / ! 971) . / 

A e r o p a l y n o l o g y i s r ev i ewed by H y d e . ( 1 9 6 9 ; , and p'^ly no log i s t s 

have c o n t r i b u t e d much t o the deve lopment of a e r o b i o l o g y , 
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be ing u e l l auare of t he c o m p l i c a t i o n s i n t r o d u c e d by the 

occu r rence of u i n d b l oun p o l l e n f rom d i s t a n t sou rces ( B u e l l , 

1947, P o t t e r and R o u l e y , 19&0) . 

S t u d i e s on p o l l e n morphology v i r t u a l l y s t a r t e d w i t h 

the work o f P r o . R.P. Uode-house of U.S.A. and as embodied i n 

h i s book ' P o l l e n g r a i n s ' p u b l i s h e d i n 1935. His uork on 

p o l l e n morphology uas ma in l y a p a r t of h i s a e r o b i o l o g i c a l 

i n v e s t i g a t i o n and thus he p laced c o n c e n t r a t e d a t t e n t i o n on 

plants contributing to the air pollen flora. In India the 

J" 

Ae^opalynolog ical studies can be said to date by the uork of 

Cunningham (.1873). 

Several decades after the momentous findings made 

by Cunningham, Mehta (1933)_, re cove red fungal spores from the 

air on adhesive coated cellophane slips, attached to kites 

at Agra. His find.ings on the incidence of the spores of 

Puce inia, and of the transport of the respective spore from 

the infected crop plants grouing in Himalayan hills to the 

wheat .crops of the Gangetic plains has tremendous importance 

in relation to rust disease in India. Uithin the life cycle 

of the fungus have provided a permanent uarning to cultivators 

and agricultural scientists in other part of the country, 

regarding the incidence and spread of the fungal disease. 

Later some medical scientists led by Kasliual^at 3odhpur, 

(1955J and Kalra/at Pune (1957) made aerobiological investi-
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g a t i o n s u i t h p a r t i c u l a r r e f e r e n c e t o p o l l e n a l l e r g e n s * 

A neu decade o f a e r o b i o l o g i c a l r e s e a r c h i n I n d i a 

s t a r t e d u i t h the s t u d i e s made by Lokhanpa l and N a i r ' ( l 9 5 8 ) 

a t Lucknou and a t Almora i n 1958 and 1960. F o l l o u i n g the 

aboue s t u d i e s e l a b o r a t e d inv/est i g a t i o n on the a i r bo rn 

m i c r o f l o r a , and i t s r e l a t i o n t o a l l e r g y have been made by 

Shi\ypur\';?j(l 964) and h i s s c h o o l i n D e l h i . S ingh and ^U^SJ^Ujri 

(195'§:)', S ingh and Babug( l980 ) hawe s t u d i e d the p o l l e n 

a l l e r g y i n D e l h i . They have shown the s e a s o n a l v a r i a t i o n i n 

the p o l l e n f r equency o f g rasses i n the a tmosphere of D e l h i 

area . 

D u r i n g the l a s t 1-2 decade a e r o b i o l o g i c a l s t u d i e s 

i n I n d i a have been conduc ted a t d i f f e r e n t place'-:, such as Pune 

by K a l r a and Dumbrey ( 1 9 5 7 ) , D a i p u r by Sanghu i _ejt _a_l ( l 9 5 7 ) j 

a n d ' K a s l i u a i et_ a_l ( 1 9 5 9 ) , P o n d i c h e r r y by Saha and K a l y a n a -

sundaram ( l 9 6 2 ) , Pune by Pushpa and Oeod ikar ( 1 9 5 4 ) , G a u h a t i 

by Baruah and Bora (1965 , 1 9 6 7 ) , Mysore by Ramalingam ( T 9 7 l ) , 

. , Aurangabad by T i l a k and S r i n i v a s u l u ( l 9 7 l ) , Nagpur 

by C h i t a l e y and B a j a j ( 1 9 7 5 ) , Banga lo re by Agashe and V/inay 

( 1 9 7 5 ) . 

I n E a s t e r n I n d i a s y s t e m a t i c a e r o b i o l o g i c a l s t u d i e s 

were i n i t i a t e d by Chanda and h i s c o - u o r k e r s (Chanda and 

' w a n d i , 1 9 7 1 ; Chanda and S a r k a r , , 1972 ; Chanda ,1973 ; Chanda 
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and P1andal^1976; f l a n d a l , Chanda and r iuker j ee j 1977) . P o l l i n a ­

t i o n c a l e n d e r f o r C a l c u t t a , F a l t a and K a l y a n i uere p u b l i s h e d 

(Chanda_^1973; N a n d a l , Chanda and Huker joe j 1977) . Chanda and 

Sa rka r (1972) have r e p o r t e d the i n c i d e n c e of a i r borne p o l l e n 

i n G r e a t e r C a l c u t t a , 

S i m i l a r l y Gupta e_t _a_l . _ ( l 960) have r e p o r t e d the 

f u n g a l spores f rom the a tmosphere of J a i p u r . The spores of 

A l t e r n a r i a , Fusar ium and H e l m i n t h o s p o r i u m uere the common 

s p o r e s . C h i t a l a y and B a j a j ( 1973 ,1974 ,1975 ) c a r r i e d ou t 

a e r o b i o l o g i c a l s t u d i e s a t h i g h a l t i t u d e s i n Nagpur . 

A c c o r d i n g t o T i l a k (1974) C u r v u l a r i a c o n t r i b u t e d 40>,. of 

t he t o t a l a i r spo ra i n Murangabad. \y i s h n u - n i t t r e and 

K h a n d e l u a l (1973)^ r e p o r t e d t h e o c c u r r e n c e o f 18 t ypes of 

f u n g a l spores i n the a i r of L u c k n o u . A g a r u a l and S h i v p u r i 

(1974)^ r e p o r t e d t h a t t he a tmosphere o f D e l h i uas never f r e e 

f rom f u n g a l spo res b u t t h e i r p r e v a l e n c e v a r i e d f rom hour t o 

h o u r , day t o day and month t o mon th . 

The c o n t r i b u t i o n s o f S ree ramu lu ( l 9 6 4 ) _ a n d h i s 'group 

i n t h i s f i e l d i s q u i t e s i g n i f i c a n t . T h e i r s t u d i e s ma in l y 

d e a l u i t h f u n g a l ae rospo ra i n r e l a t i o n t o p l a n t p a t h o l o g y a t 

U a l t a i r . S rae ramu lu (1967 ) , s t r e s s e d the need f o x e x i s t a n s i v e 

s t u d i e s on a i r spo ra of o u t - d o o r atmosphere w h i c h p r o v i d e s 

u s e f u l i n f o r m a t i o n r e g a r d i n g t h e d i s p e r s a l of p l a n t pa thogens , 

a l l e r g e n s a t e . F o l l o i J i n g t h i s the a i r spora o f c rop f i e l d s . 
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l i k e r i c e , whea t , b a r l e y , s u g a r c a n e , g r o u n d n u t ^ p o t a t o have 

been r e p o r t e d f r om v a r i o u s p l a c e s (Konger and Baruah^1958j>j * 

S ree ramu lu and Ramal inganij 1966", Rajkumar and G u p t a , 1 9 7 6 , 

D i x i t and Gupta ,1980 ; P l a l l a i a h and Rao, 1 9 8 l ) . 

Some i n t e r e s t i n g s t u d ^ on a e r o b i o l o g y i n I n d i a u9S« 

done by S ree ramu lu and Ramalingam ( l 9 6 6 ) . They r e p o r t e d on 

the seasona l q u a n t i t a t i v e and q u a l i t a t i v e changes i n the a i r -

spora of a paddy f i e l d near V/is hakh'apa tanam. They f u r t h e r 

r e p o r t e d on t h s f o u r t ypes of d i u r n a l p e r i o d i c i t y p a t t e r n s 

o f t he f u n g a l spo re a v a i l a b l e i n the a tmosphe re . 

Ramalingam (1966 -67 ) he% r e p o r t e d on the a tmosphe r i c 

p o l l e n over paddy f i e l d s . H c c o r d i n g t o him an i n c r e a s e i n 

t e m p e r a t u r e and w ind v e l o c i t y i n the f o renoon hours f a v o u r e d 

h i g h p o l l e n i n c i d e n c e u h i l e i n c r e a s e i n r e l a t i v e h u m i d i t y or 

deu f o r m a t i o n or c l o u d i n e s s decreased i t . S i m i l a r r e s u l t s were 

a l s o r e p o r t e d e a r l i e r by S ree ramu lu and Ramal ingam/v( 1 964) . 

S ree ramu lu and Ramalingam ( l 9 6 3 ) nad uorked ou t on 

t h e d i u r n a l and s e a s o n a l p e r i o d i c i t i e s i n the a i r - b o r n e 

s p o r e s . D i u r n a l and s e a s o n a l p e r i o d i c i t i e s o f some dominant 

c o n s t i t u t e s o f the a i r spora i n I n d i a have been d e s c r i b e d 

by S ree ramu lu and Seshavai:aram ( 1 9 6 2 ) * a n d S ree ramu lu and 

Ramalingam , ( l 9 6 l ) . 
kj 

In the western countries normally an expensive 
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i n s t r u m e n t i s used i . e . H i r s t spo re t r a p , cascade i m p a c t o r 

B x t . To s u i t t he I n d i a n c o n d i t i o n s , Ramalingam (1968) had 

d e r i v e d an a i r samp le r f o r r o u t i n e a e r o b i o l o g i c a l survey and 

r e p o r t e d h i s work done w i t h t h i s s a m p l e r ; he r e c o r d e d the 

v i s u a l and co lony counts and e s t i m a t e d them to a number per 

c u b i c meter o f a i r u s i n g the u i n d run reco rded by an 

anemometer. F u r t h e r t o t h i s T i l a k ( l 9 7 0 ) a l s o had deve loped 

a cheaper sampler t o s u i t the c o n d i t i o n s i n I n d i a . 

I t has been sugges ted by d i f f e r e n t u o r k e r s t h a t an 

a c t i v e p o p u l a t i o n o f f u n g i e x i s t s on the s u r f a c e of p h y s i o ­

l o g i c a l l y a c t i v e g reen leaves ( K e r l i n g ^ l 9 5 8 ; Ru inen 1 9 6 1 ; 

K e n d r i c k and Burges^1962 ; D i c k i n s o n J 9 5 5 , 1 9 6 6 ) . I n f o r m a t i o n 

of t hese m y c o f l o r a d u r i n g p l a n t g r o u t n , senescence and dea th 

i s i m p o r t a n t because o f the r o l e they p lay i n l e a f decompo­

s i t i o n i n p l a n t and an ima l d i s e a s e , i n caus ing a l l e r g i e s , 

and i n a n t a g o n i s m , t o c i t e a f e u . r e a s o n s . D e t a i l e d i n f o r m a ­

t i o n on the p h y l l o p l a n e i s h o u e v e r , l a c k i n g ( D i c k i n s o n ^ 1 9 6 6 ) ^ 

Repor t s o f the e x t e n s i v e i n v e s t i g a t i o n s on the l e a f 

s u r f a c e m y c o f l o r a a re g i v e n by vozwya Ko fi'KoWJffl^ayaand 

Khudyakof r^ ( l96D) ; LQsan(\( 1 96 1) ; Rpinen K( 1 961) ' , L a s t and 

De igh ton ( 1 9 6 5 ) ; S inha ( 1 9 6 5 ) , D i c k i n s o n ( l 9 7 l ) . The p o p u l a -

t i o n of s a p r o p h y t i c l e a f s u r f a c e p ropagu les has draun c o n s i ­

d e r a b l e a t t e n t i o n , i t i s a l s o known t h a t these organ isms 

p lay a s i g n i f i c a n t r o l e i n the r e s i s t a n c e mechanisms of 



24 

plants from air borna plant pathogens. THG air spora of 

the diffarent crops, and phylloplane flora of potatoes and 

paddy field has been studied by'various workers (Gregory 

and Hirst,1957, Rama 1 ingam _̂1 971', Hishra and S riuastava _, 1 971 ; 

Rajkumar and Gupta^1975). Studies on the interaction betueen 

various economically important plant pathogens and associated 

saprophytic microbes have also been done by different uorkers 

(aka and Kuramato 1968', Kapooria and Sinha^1959', Nishra and 

Teuarij19?5) but the exact mechanisms involved in such 

saprophytic/pathogen interaction has rarely been elucidated. 

Although Bhatt and Uanghan (1962) reported that Cladosporium 

herbarum controlled Bortrytis c inerea disease of stroberries 

by increasing the pH of the substrate, by mycelial growth and 

by colonizing the available infection sites. The qualitative 

and quantitative estimation of the total population of the 
C :i7 

m y c o f l o r a i n t he s o i l and-tKeir s e a s o n a l v a r i a t i o n have been 

worked o u t by d i f f e r e n t u o r k e r s ( D i x o n ^1928; Uaksman ^1944; 

Wa id .1962 ; Rama R a o , 1 9 7 0 ) . 

A l t h o u g h the a i r - s p o r a i n p h y l l o p l a n e f l o r a and s o i l 

m y c o f l o r a o f d i f f e r e n t f i e l d has been s t u d i e d by v a r i o u s 

workers (Gregory and H i r s t 1957; Rajkumar and Gupta_,1976i 

Ramalingam 1956; Rama Rao 1970) a c o m p a r a t i v e s t u d y of a i r 

l e a f s u r f a c e and s o i l m y c o f l o r a i s l a c k i n g and t h e r e f o r e needs 

a t t e n t i o n . 



SECTION III 

Flousrinq and Pollen Phenolsgy 
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FLOWERING mo POLLEItJ PHENOLOGY 

I n t r o d u c t i on 

P o l l e n g r a i n s c o n s t i t u t e an i m p o r t a n t f r a c t i o n o f 

t he a t m o s p h e r i c b i o p u l l u t a n t s , and a m a j o r i t y o f them a r e 

r e s p o n s i b l e f o r caus ing v a r i o u s r e s p i r a t o r y d i seases i n 

human b e i n g s . P r a c t i c a l p a l y n o l o g y i n the fo rm of p o l l e n 

c a l e n d e r i s t h e r e f o r e , o f p r i m s impor tance t o p h y s i c i a n s , 

a l l e r g o l o g i s t s and o t h e r s i n t e r e s t e d i n the s t u d y of 

p o l l i n o s i s . 

A r e u i e u o f a e r o b i o l o g i c a l s t u d i e s i n S h i l l o n g 

( S e c t i o n 3) rev/ea ls a consp icuous l ack o f uork on p o l l e n and 

f l o u s r i n g p h e n o l o g y . N e v e r t h e l e s s , the a rea be ing a p a r t o f 

one o f t he r i c h e s t B o t a n i c a l r e g i o n i n t h e c o u n t r y u i t h a 

dense and v a r i e d f o r e s t t y p e s r a n g i n g f rom broad l e a v e d 

eve rg reen f o r e s t s t o nar row l e a v e d p i n e f o r e s t s , makes the 

s t u d y a l l t h e more necessary and i m p o r t a n t . T h e r e f o r e , i n t h e 

p r e s e n t s e c t i o n , f l o w e r i n g pheno logy o f t h e most i m p o r t a n t 
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spec ies has bean a t t e m p t e d and t h i s is based on r e g u l a r 

v e g e t a t i o n s . tud ies i n t he a r e a ^ p i g -2-lJ • 

r ^ a t e n a l s and (Methods 

A knou ledge o f the ground f l o r a i s ve ry i m p o r t a n t 

f o r any s t u d y conduc ted u i t h A e r o p a l y n o l o g y , s p e c i a l l y f o r 

p r e p a r i n g p o l l e n c a l e n d e r s . T h e r e f o r e , r e g u l a r f i e l d su rveys 

( f r o m November 1979 to November 1981) uere conduc ted i n and 

immedia te v i c i n i t y of S h i l l o n g ( j t 14 Km.)» f o r c o l l e c t i o n 

o f f l o r a and p o l l e n of t he p l a n t s p e c i e s . O b s e r v a t i o n on 

f l o u e r i n g pheno logy were s t u d i e d a t f o r t n i g h t l y i n t e r v a l s . 

The p l a n t s c o l l e c t e d uere p r e s e r v e d i n t h e Herbar ium o f N o r t h -

E a s t e r n H i l l U n i v e r s i t y f o l l o w i n g r o u t i n e he rba r i um methods 

( J a i n and Rao, 1 9 7 8 ) , and c o r r e c t i d e n t i f i c a t i o n o f the 

s p e c i e s uare made u i t h the h e l p o f a v a i l a b l e f l o r a s 

( K a n j i l a l e t aj. . , 1934 -40 , Hooker , 1872-97) and u i t h the h e l p 

o f the Herbar ium uf t he B o t a n i c a l Survey o f I n d i a a t S h i l l o n g 

( A S S A I ' I ) . D i f f e r e n t s i t e s r e p r e s e n t i n g d i f f e r e n t a l t i t u d e and 

f o r e s t t ypes uere s e l e c t e d f o r f i e l d s t u d y and c o l l e c t i o n . 

These are Upper S h i l l o n g (2000 m) , Po log round ( l300m) and 

Happy U a l l e y (1600 m)Q(F . "g - l j . 
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For c o l l e c t i o n of p o l l e n and l a t e r p r e p a r a t i o n o f 

r e f e r e n c e p o l l e n s l i d e s , f l o u e r s and f l o u s r buds ue re c o l l e c ­

t e d i n 70% a l c o h o l i n f i e l d a l o n g u i t h c o l l e c t i o n o f t he 

p l a n t s p e c i e s . The r e f e r e n c e p o l l e n s l i d e s uere p repa red 

f o l l o u i n g Uodehous eQ,( 1935) method and m a i n t a i n e d i n 

g l y c e r i n e j e l l y , as d e s c r i b e d i n s e c t i o n f o u r . 

For phenology 3 d i s t i n c t s t a g e s uere marked f o r 

each s p e c i e s i . e . b e g i n n i n g o f f l o u e r i n g (bud s t a g e ) , peak o f 

f l o w e r i n g and l a t e f l o w e r i n g s t a g e or end o f f l o u e r i n g ( a f t e r 

f e r t i l i z a t i o n ) / ~ F i g . 2 - Z ^ » -Houeuer f o r Gymnosperm \y i z . 

Cedrus , C r y p t o m e r i a . Cupressus and P inus o b s e r v a t i o n s on 

i n i t i a t i o n and m a t u r a t i o n of male cone were marked . 

R e s u l t s and D i s c u s s i o n 

P o l l e n c o n c e n t r a t i o n i n any a tmosphere i s n a t u r a l l y 

dependent on the l o c a l v e g e t a t i o n , s p e c i a l l y o f t he anemoph i -

l ous p l a n t s . The area b e i n g a p a r t o f one of the r i c h e s t 

f l o r i s t i c p r o v i n c e i n t h e c o u n t r y , u i t h a r e c o r d of as many 

as 1000 f l o w e r i n g p l a n t s p e c i e s a l o n e , i n wh ich abou t A0% 

b e l o n g to monoco ts , p r e d o m i n a n t l y by g r a s s e s . However, t h e 

anemophi lous s p e c i e s i n d i c o t y l e d o n s f l o r a i s meagre , e x c e p t 

a few f a m i l i e s such as B e t u l a c e a e , Fagaceae, J u g l a n d e a c e a e , e t c . 
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Ok 1 so 

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 uind are the chief agents for cross 

pollination of flowering plants. Other pollinating agents 

that are effective in a far smaller number of species include 

water currents and humming birds. The characteristics of 

wind borne pollen become clear uhen contrasted with insect 

borne pollen. Both anemophilous and entomophilous plants 

often protect their pollen from rain, and many store them 

Uiithin 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 gymnospsrms, the pollen, instead of being 

formed in stalked anthers like that of angiosperms, is 

produced in tuo or more pollen sacs on the lower side of the 

male cone scales. 

In pinus the erect male cone scale gets separated 

as it is mature and pollens shod from the pair of sacs fall 

into small hollows on the upper surface of the cone scales 

belou. From these hollows the pollen is blown away uhen the 

wind reaches at sufficient velocity. Here the pollen grains 
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are large and often bear tuo conspicuous air filled bladders 

which decrease the density of the particle and retard its 

fall under the influence of grauity. But in case of 

Cupressus uhere the pollen is not uinged, the expanded ends 

of the cone scales interlock closely in damp ueather and 

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

In case of angiosperms details of the pollen 

dehiscence mechanisms are given by Har ilt̂ un«(1 895); Erdtman; 

(1943,1952,1957)5 Uodeh OUSBj^ (1945). Uhil e G regory (1 973) 

outlined the characteristics of anemophilous and entomophi-

lous pollens (Table 2). The Gramineae and Cypraceae are 

typically uind pollinated. From the raised inflorescences of 

grasses and sedges, the anthers are extruded on long filaments 

to uihich they are so lightly attached thpt they vibrate in 

the slightest wind (versatile anthers). 

Entomophilous herbs and low shrubs include some 

species in uhich 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 Plantaqo, Rumex, and 

T hallictrum the anthers which are exposed in cups, close 

their slit in moist weather but shed their pollen in dry 

weather* Other conspicuous pollen shedders occur in 
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GYMNOSPERM 
CUPRESSACEAE 
Cupressus toruloso 
PINACEAE 
Cedrus deodoro 
Pinus kesiyg 
TAXODIACEAE 
Cryptomerig loponicj 

ANGIOSPERM 
ACANTHACEAE 
Hypoestes t r i f lora 
Strobilonrhus extensus 
AMARANTHAACEAE 
Alternonthero sessilis 
Amgronthus groci l is 
ANACARDIACEAE 
Rhus khosiono 
R_ tenmr'Ttg 
APOCYNACEAE 
Melod' i i js knasiona 
ARALIACEAE 
Mocropgnox undulgfum 
Panax pscudoginseng 
ASrE^RACEAE 
Agergtum conyzoides 
Ambrosio gr temesi fo l ia 

cantgr fg 
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BE i l l 

Anophalis 
Artemisia vulgar is 
A_ pc rv . f lo ra 
Chrysonth e Tium c ineror i fo l ium 
Erigeron Ig t i fo l ia 
Eupotor ium odenophorum 
E_ riporium 
Inula = ^ £ 0 ^ 
Vernon,0 ciner io 
BALSA'vilNACEAE 
impe l l e r s khasiang 
BETULACEAE 
AInus nepgiensis 
Be1u_]_o o h o i d ^ 
BIGNONIACEAE 
Jocronda mimosifolio 
CAPY0P1^YLLACEAE 
Ste l ic r i a media 
CAPPTFOLIACEAE 
Viburnum khasianum 
y f 0 e j_i d u Ti 
CHE TOPODiACEAE 
Chenopodiun oibum 
CONVOLVULACEAE 
Argyreig cop i ta to 
Ipomoeg l^ederoceo 
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ELAEGNACEAE 
Eloegnus latifolia 
ELAEOCARPACEAE 
Eloeocorpus ocuminotus 
ERICACEAE 
Goultherio frograntissimo 
LyonJQ ovolifolio 
Rhododendron arborium 
EUPHORBIACEAE 
Glochideon occuminqto 
Poinsettio pulcherrimo • 
Ricinus communis 
Sorcococco pruniformis 

Erythrino orboresceps 
Trifolium repens 
Dumqsio villoso 
FAGACEAE 
Costoneo sotivo 
Costonopsis tribuloides 
Quercus dealbota 
Quercua qriffithii 
Quercus semiserrota I 1 
HEMAMELIDACEAE 
Corylopsis himalayang 
JUGLANDACEAE 
Engelhordtig spicoto 
CTf^ACEAE 
Brunellg vulgaris 
Elslioltzig pilgsg 
Plec U ĝ njji u s mgcrgnthus 
LAURACEAE 
Cinngmomum glanduliferum 
Linderg pulcherrimg 
Litseo elonggtg 
LOGANIACEAE 
Buddleig osioticg 
B. mgcrostgchyg 
MALVACEAE 
Abutilon indicum 
Hibiscus rososinensis 
MELASTOMACEAE 
Os be c k i 0 eg pi tato 
Osbec k i g crinitp 
MIMOSACEAE 
A c g c i g d e g l b o t a ^ ^ = i i 
Acacia moliissimo 
Albizzio slipuloto 
MYRICACEAE 
Myrico esculonto 

Hit : 1=1 

i n 

M M 



MYRSINACEAE 
Ardisio mocrocorpg 
Myrsine semiserrota 
MYRTACEAE 
Collislimon lanceolatum 
Eucolyptus globulus CII 
OLEACEAE 
Ligustrum robustum 
ONAGRACEAE 
Oenothera roseo 

Polygoio oriHato 
POLYGONACEAE 
Fogopyrum esculontum 
Polygonum chinensis 
P; hydropiper 
P punctotum 
Rumex nepolensis 
PLANTAGINACEAE 
Plontogo mojor « 
RANUNCULACEAE 
Anemone rivulqris 
Ranunculus contoniensis 
Thoilictrum foliolosum 
ROSACEAE 
Doc y mo indico 
N e 1U10 t̂ " yrsifloro 
HI 01 irujo d^Joji10nq 
PotentillQ mooniono 
Prunus occuminoto 
P̂  domestico 
P_ persica 
P. nepolensis 
P_ cerosoides 
Pyrus communis 
Roso indicq 
Rubus ocuminatus 
R ossamensis 
R ellipticus 
R micropelolous 
RUBIACEAE 
Coffio Khosiono 
Gordenio florido 
Luculio pinciona 
Qldenlondeo herboceo 
Rubio cordifolio 
Wendiendio peniculatq 
RUTACEAE 
Toddolio Qculeato ^=^, J 

M M J J A S O N 0 



SOLANACEAE 
Qestrum nocturnum 
Doiuro strotnonium 
Nicondro physo^o'ides 
Solonum khosignum 
§L- nigrum 
SYMPLOCACEAE 
Symplocos ^picoto 
THEACEAE 
Schimo khosionq 
Ŝ  wol l ichi i 
THYMELEACEAE 
Daphne shillonq 
URTICACEAE 
BoehmerJQ plotyphyllo 
MoutJQ puyg 
pguzolzio hirtq 
VACCINACEAE 
yaccinium qrif f i thionum 
y. serrgtum 
VALERINACEAE 
Volo.rino wollichii 
VERBENACEAE 
Clerodendron serrotum 
Duronto plumgr' 
Lontanq comaro 

M A M J J A S O N O 
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Chenopodiaceae5 Amaranthaceae and also in some groups uithin 

the Campos itaa-, especially Ambros ia and Artemis ia which are 

quite common in the ground uegetation. 

In case of Minus, betula, Castanaa, 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 tempora­

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 results 

into great fluctuation in the abundance of pollen of any 
awi'at 

species at different times, different places. 

The flowering phenology of the species are directly 

dependent on the seasons and weather conditions of the area 

and are more or less constant for indiv/idual species. 

Therefore, the atmosphere during different seasons is pollu-

ted by pollen of specific species depending upon the ground 

flora of the region. It has been 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., Alnus sp., 

CedrUQ sp. which have a peak flowering period during the 
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month of Flarch, September, November, r e s p e c t i v e l y , ha\/e a l so 

been recorded maximum in the atmosphere during thsjj^months. 

S imi la r ly no pol len of these s p e c i e s uere trapped during 

December and January when the re was no f lower ing . The th ree 

s t ages of f louer ing^namely, the beginning the peak and 

the end of the f lowering are giwen in Fig« 2-'Z. I t i s 

ev iden t from t h i s F ig . 2.1 t h a t most of the spec ies in 

Sh i l l ong flower during March to September when the tempera­

t u r e i s very high and the f lowering of the spec i e s comes 

down during December to February , which are the winter 

months with l e a s t t empera tu re . However, g ra s ses and sedges 

which flower most pa r t of the year follow an a l t o g e t h e r 

d i f f e r e n t p a t t e r n of phenology. 
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Table 2. Typical characteristics of Anemophilous and 
Entomophilous Plants: 

Flouers 

Flouer 

pos ition 

ItJind pollinated 

Lack conspicuous and 

attractiwe petals, 

scent and nectar" 

Projecting into air: 

hainging from bare 

branches before leavos 

open (Catkins).; on erect 

stalks (grasses, etc) or 

at ends of branches 

(conifers) 

Prevention Male and Female organs 

of self often in separata flouers 

fertilization or inflorescence, or on 

separate plants . If flo­

uers hermaphrodite, one 

sex commonly matures be­

fore the other, or if 

sexes are in separate 

inflorescences, the 

female is often above 

the male^ 

Pollen Often shed into the air 

Insect pollinated 

Often uith bright 

colours scent; nectar 

attractive to insects. 

Tend to be exposed to 

vieu, but not exposing 

anthers to uind. 

Flouers usually maturing 

uhen plant in full 

growth and insects 

abundant 

Flouers usually 

hermophrodite, uith 

structural or genetic 

barriers to selfing. 

Usually restricted 

in vast quantities. Shape pollen production 

rounded, often nearly 

spherical or ellipsoidal. 

Size range narrower than 

entomophilous pollen and 

seldom less than 15 xim. 

little shedding. Shape 

very variable 3DC 

350 u but often less 

than 1 5 jjm. 

Surface typically rough, 

Surface typically smoo.th spiny or uarted, often 

non sticky, easily separa- oily or sticky, tending 

ting into single grain to adhere in clumps. 

in a ir. 



SECTION 11/ 

Pollen.ngrpholoQV 
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POLLEN î ORPHOLOGY 

In t roduc t ion 

Palynology the sc ience of pol len and spores has 

v i r t u a l l y s t a r t e d u i t h t h e uork of Prof. R.P» Wodehousa of 

U.S.A. In his book Pol len Grains (Uodehouse,1935).he has 

ou t l i ned the h i s t o r y of po l len morphology. Since then s i g n i ­

f i c a n t c o n t r i b u t i o n s have been made in t h i s f i e l d mainly by 

Erdtman., (19^;Sl9^2) , Ikuse , ( 1950) ; S e l l i n g „( 1 946) ; Bake r , 

(1954) ; C r a f ^ l l ^ ( l 9 4 2 , 1 9 5 2 ) and in India by Nair , ( 1960a ,b) ' , 

Rao, (1975) ; Thanika imoni, (1 966) and Uasanthy (1976) . Thani-

kaimoni (1969) and Nair ( i960) have given a d e t a i l e d account 

of ea r ly h i s to ry of pol len in India and a b i b l i o g r a p h i c 

account of Palynology .•"^tjpuever, so far the re a re no published 

account on po l l en morphology of p l an t s of North-East India 

in general and - Shi l long in p a r t i c u l a r . F u r t h e r , a 

knowledge of po l len morphology i s a p r e r e q u i s i t e for 

i d e n t i f i c a t i o n of a i r - b o t n e p o l l e n . Therefore in t h i s s e c t i o n 

b r i e f morphological d e s c r i p t i o n of the more common spec ie s 

of the area are g iven . 

T'laterials and Methods 

Flowers and f louer buds were c o l l e c t e d in 70% alcohol 
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for preparation of pollen slides. In some cases, uhere the 

flouers could not be collected (as in the case of large 

treesj herbarium specimens deposited in the herbarium of 

North-Eastern Hill Uniuersity (IMEHU) were made use of for 

collection of pollen. Glycerin jelly method (L/odehouse 

method, 1935j uas followed for preparing the reference pollen 

slides and the morphological description of the pollen is 

based on unacetalysed grains. 

Preparation of reference pollen slide; (Glycerine jelly 

method) (Wodehouse,1935) 

Fro'm ground flora; Flouers and flouer buds were 

collected and kept in 1D% alcohol for making reference pollen 

slides of the local wegatatdon. Small amount of pollen are 

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

and alloued to spread. This leaves the oily and resinous 
« 

substance of the pollen deposited in a ring, the oily ring 

uas then removed uith cotton moistened with alcohol. Small 

amount of glycerine-jelly uas added to this and the pollen 

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

kept hot by passing the slide over a flame. The cover glass t.. 

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

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

From Herbarium specimens; A feu anthers are crushed 
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on the slide; moisten with alcohol folloued by a drop of 
from 

water and h e a t e d . The p o l l e n uas t hen t e a s e d o u t -/»- the 

a n t h e r s and o t h e r d e b r i s u e r e removed l e a v i n g the p o l l e n 

in w a t e r . Ljater i s then d raun out u i t h b l o t t e r s and the 

j e l l y uas added as d e s c r i b e d in t h e prev-ious method . 

P r e p a r a t i o n of G l y c e r i ne j e l l y : (.M d,i r , 1 9 7 0 ) : 

C l y c e r i n e j e l l y uas p r e p a r e d by s o a k i n g one p a r t of g e l a t i n e 

pouder in seven p a r t s of .warm d i s t i l l e d wate r f o r 24 h r s , or 

t i l l i t c o m p l e t e l y d i s s o l v e d . To t h i s i s added g l y c e r i n e and 

t h i s m i x t u r e was m e l t e d in wa te r b a t h . Then l i t t l e phenol 

c r y s t a l s were a l s o added and mixed wi th g l a s s r o d . 

The g l y c e r i n e j e l l y was t h e n f i l t e r e d t h r o u g h a 

f i n e mus l in c l o t h in t e s t t u b e s , which were k e p t on wa te r 

b a t h t o remove the a i r b u b b l e s from the j e l l y and t h e n the 

s o l u t i o n i s t r a n s f e r r e d t o a p e t r i d i s h and s o l i d i f i e d . 

For measurements of s i z e , 5-10 g r a i n s have been 

t a k e n i n t o a c c o u n t in each c a s e . The t e r m i n o l o g y fo l lowed 

for t h e m o r p h o l o g i c a l c h a r a c t e r s i s a f t e r t h a t of Na i r 1,1965; 

Key to'TiidslntOifyUcafaCan aS Rolgan 

The f o l l o w i n g key i s p u r e l y a r t i f i c i a l . Only 

i m p o r t a n t m o r p h o l o g i c a l c h a r a c t e r s a r e used and t h e s e 

r e f e r t o t he p o l l e n s t u d i e d from t h e a n t h e r s c o l l e c t e d 
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f rom t h s ground v e g s t c t i r ^ n C o f S h i l l n n g ^ a a d i t g e n v i r o n s . 

Uhsre i t i s n o t p o s s i b l e t o key ou t up t o the s p e c i e s l e v e l 

i n c e r t a i n f a m i l i e s such as Poaceae and Cyperaceae, the key 

r e f e r s t o t he group as a who le . 

1a . P o l l e n G r a i n s i n Po lyads 

2a . Ex ine P s i l a t e 

A cac ja d e a l b a t a 

2b . Exine g r a n u l o s e 

rtlb12la s p . 

1b. P o l l e n g r a m s i n t e t r a d s 

3a. Po l l en g r a i n s 54 M i n d i a m . 

Rhododendron arboreum 

3b. P o l l e n g r a i n s 35.5 xx. i n d i am. 

G a u l t h e r i a f r a g r a n t i s s i m a 

3c . P o l l e n g r a i n s 30 ja. i n d i a m . 

Lyon ia o v a l i f o l l a 

3 d . Po l len g r a m s 44 AX i n d i a m . 

Uaccmum s p . 

1c . P o l l e n g r a i n s f r e e 

4 a . I n a p e r t u r a t e 

Cupres sus t o r u l o s a 

4 b . A p e r t u r a t e 

5 a . Mpe r tu re s imp le 
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6 a . 1 -Co lpa te 

7a . P o l l e n g r a i n s sacca te 

8a. r i a r g i n a l c r e s t u e l l deve loped 

P inus kes i ya 

8b. M a r g i n a l c r e s t no t ue . l l deve loped 

Cedrus dsodara 

7 b . P o l l e n g r a m s non s a c c a t e 

9a . a p e r t u r e p a p i l l a t e 

C r y p t o m e r l a . japonica 

9b . a p e r t u r e non p a p i l l a t e 

P is porum p u l l u m 

6 b . 3 - C o l p a t e 

I D a . Ex ine p s i l a t e 

11a. P o l l e n g r a i n s s u b p r o l a t e 

12a . P o l l e n g r a i n s 35 ju in-dia»vv. 

B r u n e l l a v u l g a r i s 

12b . P o l l e n g r a i n s 44 u i n d i a v , 

E u c a l y p t u s g l o b u s 

12c. P o l l e n g r a i n s 72 p. i n d iasv . 

Schima khas lana 

Schima w a l l i c h i i 

12d . P o l l e n g r a i n s 84 ^ i n d i a t ^ 

pagopyrum e s c u l a n turn 

l i b . P o l l e n g r a i n s o b l a t e 

C a l l i s t e m o n l a n c e o l a t u m 
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11c. P o l l e n g r a i n s p r o l a t e 

Ranunculus c o n t o n i a n s i s 

10b . Ex ine r e t i c u l a t e 

13a . P o l l e n g r a i n s s p h e r o i d a l 

14a. P o l l e n g r a i n s 50 u i n d i a w , 

Lantana camara 

14b. P o l l e n g r a i n s 50 u i n d iavn. 

Dura n ta p l u m e r i 

13b. P o l l e n g r a i n s s u b p r o l a t e 

Cory l ops i s h ima layana 

10c. . Exine g r a n u l o s e 

15a. P o l l e n g r a i n s s p h e r o i d a l 

Symplocos s p i c a t a 

15b. P o l l e n g r a i n s p r o l a t e s p h e r o i d a l 

Fumar ia s p . 

l O d . Ex ine s p i n o s e 

A b u t i l o n i n d i c u m 

1 Oe . Exine sp inu l ' ose 

C le rode ndrum s e r r a t u m 

6 c . P a n t o c o l p a t e ; Ex ine f o u e o l a t e 

Mnemone r i v / u l a r i s 

6 d . Po ra te 

15a. P o l l e n g r a i n s 1-Porate^,,-- ' 

17a . Ex ine g r a n u l o s a . . . Gramineae 

17b. Ex ine p s i l a t e Cyperaceae 
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16b. P o l l e n g r a i n s 3 - P o r a t e 

18a. Pores a s p i d o t e 

19a . ftspis h i g h 

Oenothera s p . 

1 9b . Asp i s low 

20a. P o l l e n g r a i n s c i r c u l a r to 
s u b t r i a n g u l a r 

b e t u l a s o . 

20b . P o l l e n g r a i n s r e c t a n g u l a r 

rilnus s p . 

18b . Pores no t a s p i d o t e 

21a. Ex ine r e t i c u l a t e 

U r t i c a c e a e 

21b. Ex ine P s i l a t e 

E leoca rpus a ccumina tus 

15c . P a n t o p o r a t e 

22a . Ex ine p s i l a t e 

233 . P o l l e n g r a i n s p r o l a t e 

T h a l i c t r u m s p . 

23b . P o l l e n g r a i n s s p h e r o i d a l 

E n q e l h a r d t ia s p i c a ta 

22a , Ex ine g r a n u l o s e - s p h e r o i d a l 

24b . P o l l e n g r a i n s 23 ju i n d i a^ i . 

A l t e r n a n t h a r a s p -
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24h. P o l l e n g r a i n s 35 sx in diaif»\. 

Chenopodium s p . 

2 2 c . Exine r e t i c u l a t e 

25a . P o l l e n g r a i n s 32 M in diatrr;. 

Amaranthus s p . 

25b . P o l l e n g r a i n s 45 xx in d i a w . 

Polygonum h y d r o p i p e r 

2 5 c . P o l l e n g r a i n s 36 ju in dia>n 

Daphne s h i l l o n q 

22d. Lxine P i l a t e 

Sa rcococca s p . 

2 2 e . Exine s p i n o s e 

26a . Exine u i t h c o l u m e l l a 

Conwolv/uia ceae 

2 6 b . Exine u i t h o u t c o l u m e l l a 

r i a lvaceae 

5b . A p p e r t u r e compos i t e - c o l p o r a t e 

27a . Exine p s i l a t e 

2Ba. P o l l e n g r a i n s u b p r o l a t e 

29a. Endocolpium lalongate 

30a . F l o u e r i n g p e r i o d in Sept-Now. 

C a s t e n o p s i s s p . 

30b . F l o u e r i n g p e r i o d in A p r i l - 3 u n e 

Castanea sp« 
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30c. Flouer ing pericti in 3an-Feb. 

Quercus dea lba ta 

30d. F louer ing period in Dune 

Quercus q r i f f i t h i 

29b. Endocolpium c i r c u l a r 

31a. Pol len g ra ins 44 u in diavi-

Phot-rnia notoniana 

31b. Pol len gra ins 8b ju in d ia v̂  

Prunus domestica 

31c. Pol len g ra ins 80 M in diav^. 

Prunus nepa lens i s 

31d. Pol len g ra ins 76 /^ in diajoi 

Prunus ce raso ides 

31&. Pol len g r a i n s 15 /i in d i a . 

32a. F louer ing period in. A.og-Oct. 

Rubus acuminatus 

32b. Flouer ing period in Sept-Nov 

Rubus assamens is 

31f. Pol len g ra ins 22 ix in dia-'^i-

Rubus e l l i p t i c u s 

28b. Pollen g ra in s'pheroidal 

33a. Po l l en g ra in 33 u. in dia-/v,. 

34a. F louer ing period Feb-flarch 

Pyrus communis 

34b. Flouering per iod June-July 

Rubus micropeta lous 
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33b. P o l l e n g r a i n 44 xi i n d ia VAT 

Prunus accumina tus 

33c . P o l l e n g r a i n 24 iJ i n diaTV<. 

Osbeckia s p . 

27b . Ex ins r e t i c u l a t e - s p h e r o i d a l 

35a , P o l l e n g r a i n 18 ju i n d iaw( 

A r d i s ia macrocarpa 

35b. P o l l e n g r a i n 14 M i n dia^-.>. 

N e i l l i a th rvs i f r3aHa 

35c . P o l l e n g r a i n 44 ja i n dia>T', 

Rhus khas iana 

35d . P o l l e n g r a i n 22 jd i n dia»i.,. 

G l o c h i d i o n s p . 

27c. Ex ine sp inose 

36a. P o l l e n g r a i n s p h e r o i d a l 

Aqeratum conyzo i des 

35b. P o l l e n g r a i n p r o l a t e s p h e r o i d a l 

A n a p h a l i s s p . 

27d . Ex ine g r a n u l o s a 

37a. P o l l e n g r a i n sub o b l a t e 

38a . Endoco lp ium c i r c u l a r -

f lacropanax s p . 

38b. Endoco lp ium n o t c i r c u l a r 

39a . P o l l e n g r a i n 27 XJ i n d i ayn . 

Panax s p. 
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39b. P o l l e n g r a i n 20 i i i n d i a m . 

Amb r o s i a s p . 

37b. P o l l e n g r a i n p r o l a t e s p h e r o i d a l 

^ r t e r n j L j i a s p . 

37c. P o l l e n g r a i n s u b p r o l a t e 

E r i q e ron s p . 

DESCRIPTIONS OF AIR-BORNE POLLEN 

The f o l l o u i n g i s an e n u m e r a t i o n o f some i m p o r t a n t 

s p e c i e s which are dominant p o l l e n shedders i n S h i l l o n g . 

The f a m i l i e s , genera and s p e c i e s under each f a m i l y are 

a r ranged a l p h a b e t i c a l l y . Voucher specimens of these 

p l a n t s are d e p o s i t e d i n the Herbar ium o f N o r t h -

Eaa te rn H i l l U n i v e r s i t y S h i l l o n g , f o l l o w i n g r o u t i n e 

he rba r i um p r o c e d u r e s . 

The dominant p o l l e n f l o r a o f Gymnosperms 

a re p laced f i r s t , f o l l o u e d by Ang iospe rms . In the 

d e s c r i p t i o n o f p o l l e n g r a i n s the p o l a r d i a m e t e r ( P ) i s 

f o l l o u e d by the e q u a t o r i a l d i a m e t e r ( E ) . The p e r i o d of 

ca t ches f o r t.he a t m o s p h e r i c p o l l e n g r a i n s , i s a l s o 

giv/enCcoKt-re — TY\eiXYi M i t j , 
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GYi-̂ lNOSPERn 

Cupressaceae 

CL;pres3US torulosa D. Don (Pl.2, Fig,l) 

Pollan grain injaperturate, spheroidal, contours 

circular. £xine - thin faintly granulosa, intine extremely 

thick. 

Size : , P = 14 u, E = 14.6 ju. 

Period of catches ; Feb-June. 

PINHCLHE 

Cedrus deodara Loud. {H1,2, Fiy.2; 

Pol len g r a i n s are 1 - a p e r t u r a t e ( c o l p a t e , a p e r t u r e 

i n d i s t i n c t ) ' , 2-LJinged . sacca te , marginal c r e s t not well 

developed- fx ine - t h i c k , i n t i n e - t h i ck and r e t i c u l a t e . 

S ize : 72 X 32 X 81 M« 

P e r i o d o f ca tches : S e p t . - Dec. 

Pinus kesiya Royle ex Garden ( P l . 2 , F ig .3 ) 

Pol len g ra ins are ^| • a p e r t u r a t e , 2-uiinged, or 

s a c c a t e j t l a r g i n a l c r e s t u e l l developed, gxine t h i c k , i n t i ne 
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t h i c k and r e t i c u l a t e -

S i ze : 32 X 95 X 71 M. 

P e r i o d o f ca tches : Feb-l^iay. 

TAXaOlMCEAE 

C r y p t o m e r i a . jappn ica ( L i n n , - f . ) 0 . Don ( P i . 2 , F i g . 4 ) . 

P o l l e n g r a i n s are 1 a p e r t u r a t e , a p e r t u r e area marked 

by a p a p i l l a t e p r o j e c t i o n , s p h e r o i d a l . Ex ine t h i c l i , ps i i a te • 

S i ze : P = 1 7 ; u , E = 16 M. 

P a r i o d of ca tches : oct-/«4oV.-

ACANTHACEAE 

Hypoestes t r i f l o r a R. & S. ( P l . 2 , F i g . 5 ) . 

Gra ins 3 - z o n o p o r a t e j c i r c u l a r t o sub t r i a n g u l a r , ' 

p r o l a t e , gndoca Ip ium c i r c u l a r , £ x i n e t h i c k r e t i c u l a t e , 

i n t i n e t h i n . 

S i ze : ca P ~ 50 /a, E = 40 / J ^ 

P e r i o d of ca tches ; A u g u s t . 

S t r o b i x l a n t h u s e x t e n s u s Nees ( P l . 2 , F i g . 5 ) 

G r a i n s 3 - z o n o p o r a t e , p r o l a t e , e x i n e t h i c k , f a i n t l y 

g r o n u l o s e , g n d o c a l p i u m l a l o n g a t e • B r o c h i i n 2 -3 rous on the 

l o n g i t u d i n a l r i d g e . 

S i z e : c a P = 8 4 j j , E = 5 5 ^ . 

P e r i o d o f ca tches : Sept-Nov/. 
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AP-IARANTHACEAE 

Alte rnan thera s e s s i l i s b r . 

Grains - Pan topora t e ; s p h e r o i d a l , c i r cu l a r . , ex ine 

t h i c k , g r anu lo se , i n t i n a t h i n . 

Size : ca - P = 12 >j, E = 12 ^ . 

Period of ca tches : Nouember. 

Amaranthus g r a c i l i s Desf. ( P l . 2 , P ig . ? ) 

Grains pan topo ra t e , s p h e r o i d a l c i r c u l a r . Exine 

t h i c k , r e t i c u l a t e , i n t i n e t h i n . 

Size : ca - P = 16 ;u, E = 16 ju. 

Period of ca tches : Dune. 

ANACARDIACEAE 

Rhus khas iana H k . f • 

Grains 3 - zonoco lpo ra t e , sub p r o l a t e , Exine - t h i c k , 

S t r i a t e r e t i c u l a t e , r e t i c u l a f a i n t . Endocalpium l a l o n g a t e . 

Size : ca - P = 26 M, E = 21 M' 

Period of ca tches i J u n e . 

Rhus semia la ta Plurr. ( P l . 2 , F ig .8 ) 

Grains 3 - zonoco lpo ra t e , Sub p r o l a t e , gxine t h i c k ; 

r e t i c u l a t e , i n t i n e t h i n . 

S i z e : ca - P = 25 .2 M , E = 2 2 . 4 x i . 

P e r i o d o f ca tches : Play. 
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APOCYNACEAE 

n e l o d i n u s k h a s i a n ' H k . f . ( p l . 3 , F i y . g ) . 

G ra i ns 3 - z o n o p o r a t e , sphendda l pores are u a s i c a l e 

•typSt B x i n e t n i c k , ps i l a te . g n d o c a l p i u m c i r c u l a r . 

S ize s ca - P = 27 .5 u , E = 27 .5 y . 

P e r i o d o f ca t ches : Dune'. 

ARALIACEAE 

l''lacropanax undu la tum Seem. ( P l . 3 , F i g . 1 l ) 

G ra i ns 3 - z o n o c o l p o r o t e i s u b - o b l a t e , s u b t r i a n g u l a r , 

g x i n e t h i c k , g r a n u l o s a , i n t i n e t h i n . Endoca lp ium c i r c u l a r . 

S i z e : c a . P = 22 .4 ju, E = 28 ju . 

P e r i o d of ca tches : O c t - N o u . 

Panax pseudoqansenq U a l l . ( P l . 3 , F i g . l O ) 

G r a i n s 3 - z o n o c o l p o r a t e , s u b - o b l a t e , c i r c u l a r . 

• 7x ine t h i c k g r a n u l o s a , i n t i n e t h i n . 

o i z e s ca - P = 21 JU, E = 25 ja-. 

P e r i o d o f ca tches : Nouember. 

ASTER^ACEAE 

Aqeratum conyzo ides L i n n . ( P l . 3 , F i g . 1 2 ) 

G r a i n s 3 - zonocojporate *, s u b - p r o l a t e , t r i a n g u l a r , 

g x i n e s p i n o s e , i n t i n e t h i n . 

http://Fig.1l
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Size : ca - P = 17 .5 M , t- = 15.0 ^ . 

P e r i o d of ca tches : Ma jor p a r t o f y e a r . 

Mmbrosia a r t e m i s i f o l i a L i n n . ( P i . 3 , F i g . 1 3 ) 

b r a i n 3 - z o n o c o l p o r a t e , s u b - o b l o t e to s p h e r o i d a l , 
u i t h 

c i r c u l a r t o s u b - t r i a n g u l a r , EX irve t h i c k g r a n u l o s e , ^very s h o r t 

s p i n e s , i n t i n e t h i c k . 

S i ze : ca - P = 18.5 u , E = 10.5 jj. 

P e r i o d of ca tches i A u g u s t - O c t o b e r . 

A n a p h a l i s c o n t o r t a H k . f . 

G r a i n 3 - z o n o c o l p o r a t e , p r o l a t e , s p h e r o i d a l , 

t r i a n g u l a r , c x i n e t h i c k ; s p i n o s e , i n t i n e t h i c k . 

S ize : ca - P = 32 iJ, E = 30 j j . 

p. i ' r iod of ca tches : A u g u s t . 

A r t e m i s ia v u l g a r i s L inn ._ 

G r a i n s 3 - z o n o c o l p o r a t e , P r o l a t e sphe r\i/5>dal, s u b -

t r i a n g u l a r , Q x i n e t h i c k , g r a n u l o s e , i n t i n e t h i n . 

S ize : P = 1 1 . 5 > j , E = 1 1 . 5 / j . 

P e r i o d o f ca tches : September . 

Chrysanthemum c e n e r a r i f o l i u m ( T n e r v . ) u i s . ( P I . 3 , F i g . 1 4 ) . 

G ra ins 3 - z o n o c o l p o r a t e , p r o l a t e s p h e r o i d a l , s u b -

t r i a n g u l a r , fexine t h i c k ; g r a n u l Q s e , i n t i n e t h i n . 

S i ze : P = 25 M, E = 25 J4. 

P e r i o d o f ca tches ; J u l y . 
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E n q s r o n l i n i F o l i u s U i l l d . 

Grains 3 - zonoco lpora t e , s u b p r o l a t e , £xine th ick 

g r anu lo se , i n t i n e t h i n . 

S i z e ; P = 17 XI, E = 16 x j . 

Period of catches : August. 

E u p a t o r ium a d e n o p h o r u m S p r a n g . 

Grams 3 - zonoco lpora te , s p h e r o i d a l , gx ine t h i c k , 

g r anu lo se , i n t i n e t h i n . 

S i z e : P = 2 2 . 4 j u , L = 2 2 . 4 ^ . 

Period of catches : — 

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

Grain 3 zonoco lpora t e , s p h e r o i d a l , £xine th ick 

g r anu lo se , i n t i n e thick 

Size : P = 20 ^ , E = 20 >j. 

Period of catc'lSes : — 

I n u l a cappa DC. 

Grains 3 - zonoco lpo ra t e , p r o l a t e s p h e r o i d a l . 

£xine t h i c k , s p i n o s e ; sp ines s h o r t j ' n t i n e t h i c k ; r e t i c u l a t e . 

fndocalpium l a l o n g a t e . 

Size .: P = 33 JU, E = 30 p. 

Period of ca tches : Oct-l\iav. 

Uernonia cinerea Less. (.Pl.3, Fig.15). 

Grain - 3 zonocolporatej oblate spheroidal, 
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a p e r t u r e e l o n g a t e d e n ^ s rounded ^ na rrou/ i n m i d d l e , $ x i n e , 

l o p h a t e - s p i n o s e , lacunae 23 i n number. 

S i ze : P =, 15 ,u , E = 15 juo 

P e r i o d of ca tches : S e p t - N o v . 

BALSnPIINMCEKE 

I m p a t i s n s c h i n e n s i s L i n n . ( P I . 3 , F i g . 1 7 ) 

G r a i n 4 - z o n o c o l p a t e , s p h e r o i d a l , r e c t a n g u l a r , 

E x i n e t h i c k , r e t i c u l a t e , i n t i n e t h i c k . 

S i ze ; P = 37 M, E = 19 > i . 

P e r i o d o f ca tches : Sep tember . 

BETULACEAE 

Alnus n e p a l e n s i s D. Don ( P I . 4 , F i g . 1 8 ) . 

G r a i n 3-4 z o n o p o r a t e , s p h e r o i d a l , r e c t a n g u l a r , 

^"xine t h i n , p s i l a t a , i n t i n e t h i n . 

S ize : P = 1 0 ^ , E = 10>u. 

Period of catches : Oct-Jan. 

Betula alnoides Ham. (P1.4, Fig.19) 

Grain 3 - zonoporate, spheroidal, circular to 

s ubtr iangular c £xine thin_, smooth to scabrrate, intine thin 

uith an oncus beneath the pore. • 

Size ; P = 20 M, E = 20 ju. 

Period of catches : Sept-Oct. 
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CHENOPODIACEAE 

Chenopodium albuin L i n n . 

G r a i n s p a n t o p o r a t e , s p h e r o i d a l , c i r c u l a r , porea 

many, v x i n e t h i c k , g r a n u l o s e , g r a n u l e s be ing l e s s dense a t 

pore m a r g i n s , i n t i n e t h i n . S i z e : P = 27M , E = 27 M.. 

P e r i o d of c a t c h e s s n a y . 

CUNUOLUULriCErtE 

A r q y r e i a c a p i t a t a , Kurz . ( P I . 4 , F i g . 2 3 ) 

Gra in p a n t o p o r a t e , s p h e r o i d a l , po re s c i r c u l a r , 

g x i n e t h i c k , s p i n o s e , s p i n e s end p o i n t e d , c o l l u m e l l a c l e a r . 

S i z e : P = 89 .6 i j , E = 89 .6 u . 

P e r i o d of c a t c h e s ; O c t o b e r . 

Ipompea hede racea r J a c q . ( P I . 4 , F i g . 2 4 ) 

Gra in p a n t o p o r a t e , s p h e r o i d a l c i r c u l a r , f-xine t h i c k 

i n t i n e s u r f a c e d i v i d e d i n t o r e t i c u l a t e i s l a n d s , each b rochus 

u i t h a pore p l a c e d in t h a c e n t r e and s p i n e s a t the p e r i p h e r y 

S i z e : P = 62 ,u, E = 62 ^ . 

P e r i o d of c a t c h e s : O c t o b e r . 

\ 

ELMErtGNhCEr-iL 

Elaeqnus'-^ l a t i f o l i a L inn . ( P I . 4 , F i g . 2 5 ) 

Gra in 3 - z o n o c o l p o r a t e , o b l a t e , ^ndoca lp ium 
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BIGNOMIACEAE 

Jacrand'-a m i m o s i e f o l i a D.Don. ( P 1 . 4 j f i g . 2 0 ) 

G r a i n 3 - z o n o p o r a t e , s p h e r o i d a l , ^ u b t r i a n g u l a r ^ 

g x m e t h i c k r e t i c u l a t e , i n t i n e t h i c k . 

S ize ; P = 24 j j , L = 24 p. 

P e r i o d o f ca tches : 3 u n e - J u l y . 

CflRYQPHYLLACEAE 

S t e l l a n a media L i n n . ( P l . 4 , F i g . 2 1 ) 

. G r a i n s p a n t o p o r a t e , s p h e r o i d a l , t r i a n g u l a r , f x i n e 

t h i c k , p s i l a t e , i n t i n e t h i n . 

S i ze : P = 37 AJ, E = 37 i j . 

P e r i o d of ca tches : — 

CAPRIFOLIACEAE 

Viburnum khas ianum C I . ( P l . 4 , F i g . 2 2 ) 

G ra ins 3 - z o n o c o l p o r a t e , p r o l a t e , c i r c u l a r t o 

s u b t r l a n g u l a r , i^x i n e - t h i c k - r e t i p i l a t e , i n t i n e t h i n , n o t 

c l e a r • 

S i ze s P -̂ 30 j j , E = 20 p. 

Period of catches i June. 
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l a l o n g a t e , e x i n e v/ery t h i n , f a i n t l y r e t i c u l a t e . 

S i ze 5 P = 32.5 M , E = 4 5 - ^ -

Pe r i od oF ca tches : F a b r u a r y . 

ELMEOCARPhCEhE 

r 

L laeoca rpus acumina tus U a l l . ( P I . 4 , F i g . 2 6 ) 

Gra ins 3 - z o n o p o r a t e , o b l a t e , s p h e r o i d a l , g x i n e 

t h i c k , p s i l a t e , i n t i n e t h i n . 

S i ze ; P = 8 .4 jm, E = 8.4 ju . 

P e r i o d of c a t c h e s i November. 

ERICrtCEriE 

G r a i n s u n i t e d i n t e t r a d s . 

I n d i v i d u a l g r a i n s 3 - z o n o c o l p o r a t e , g x i n e p s i l a t e 

G a u l t h e r i a f r a g r a n t i s s ima U a l l . 

T e t r a d d i a m e t e r i s 35 .5 ju 

"Per iod o f ca tches : A u g u s t -

Lyon ia o v a l i f o l i a U a l l . ( P I . 5 , F i g . 2 7 ) 

T e t r a d d i a m e t e r i s 30 ju. 

P e r i o d of ca tches ; S e p t - O c t . 

Rhododendron arboreum Sm. ( P I . 5 , F i g . 2 8 ) 

T e t r a d d i a m e t e r i s 58 >u. 

P e r i o d of ca tches : l ' ' larch-nay. 
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EUPHORBIhCEhE 

G l o c h i d i o n accuminatum l l u e l l . ( P l . 5 , F i g . 2 9 ) 

Gra ins 4 - z o n o c o l p o r a t e , s p h e r o i d a l , c i r c u l a r . 

g x i n a t h i c k , r e t i c u l a t e , i n t i n e t h i n . 

S i ze : P = 22 .3 j j , E = 22 .3 ju. 

P e r i o d o f ca tches : O c t - N o v . 

R i c i n u s communis L i n n . ( P l . 5 , F i g . 3 0 ) 

Gra ins 3 - z o n o c o l p o r a t e s p h e r o i d a l , ( f x i ne t h i c k 

g r a n u l o s a , i n t i n e t h i n . 

S i ze i P = 25.5 j j , E = 25 .5 jj.. 

P e r i o d o f ca tches : — 

P o i n s e t t i s p u l c h e r r i m a R. G rah . 

G r a i n s 3 - z o n o c o l p o r a t e , s u b - o b l a t e c i r c u l a r , 

r x i n e t h i c k , a r e o l a t e , endoca lp ium l a l o n g a t e j 

S ize : P = 25.5 j u , E = 25 .5 >u. 

Period of catches : — 

Sarcococca pruniformis T hu. 

Grams pantoporats, spheroidal, pores occur as 

foveolate areas, gxine thick, foveolate. Bndocodpium faint, 

lalongate. 

Size ; 55.5 u, E = 35 fj. 

P e r i o d o f ca tches j Sep tember . 
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FnBACEnE 

E r y t h r i n a a r b o r a s c e n s Roxb. ( P l . 5 , F i g . 3 l ) 

G ra ins 3 - z o n o p o r a t e , s u b o b l a t e , s u b - t r i a n g u l a r , 

porss r e s t r i c t e d t o ona face o c c u r i n g near the p e r i m e t e r 

o f the e q u a t o r . Lumina of v a r i o u s shapas . 

S ize : P = 24 ju , E = 37 ju . 

P e r i o d of ca tches : June-Sep tember . 

i T r i f o l i u m repens L i n n . ( P I . - 5 , F i g . 3 2 ) 

G r a m s 5 - z o n o c o l p o r a t e , s p h e r o i d a l , s u b - t r i a n g u l a r , 

f x m e t h i c k , ps i l a t e , gndoco lp ium c i r c u l a r , i n t i n s t h i n . 

S i ze i P =- 30 j j , E = 21 iJ. 

P e r i o d of ca tches : Feb - I ^a r ch . 

Fr>GACEAE 

C a s t e n o p s i s t r i b u l o i d e s A .Dc . ( P l . 5 , F i g . 3 3 ) 

G r a i n s 3 - z o n o c o l p o r a t e , s u b p r o l a t e . gndoca lp i um 

l a l o n g a t e . Ex ine ve ry t h i n , p s i l a t e . 

S ize : P = 14 AJ, E = 11 ju . 

P e r i o d of ca t ches i S e p t - N o v . 

Cas tanea s a t i va r\ii(€y 

G ra ins 3 z o n o c o l p o r a t e , s u b p r o l a t e , fgndocalp ium 

l a l o n g a t e , e x i n e ve ry t h i n , p s i l a t e . 

S i z e : P = 1 3 j j , E = l O x i . 

P e r i o d of ca tches : A p r i l - J u n e . 
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Quercus qriffithii Hk.F & T^ lPl.5, Fig.24) 

Grains 3 zonocolporate, subprolate, endocalpium 

lalongate, £xine thin, granulose. 

Size : P = 12.5 u, E = 1 0 . 0 u . ^ 

Period of catches : June. 

Q_. dealbata Ua 11. 

Period of catches 5 Jan-Feb. 

_Q. semiserrata Roxb. 

Period of catches i Sept-Oct. 

_Q. s picata Sm. 

P e r i o d of ca tches : Ap r i l -P ' t ay . 

FUnARIriCE.iE 

Fuma r i a parw i f l o r e Lamk. 

G r a i n 6 - p a n t o p o r a t e , s p h e r o i d a l , pores c i r c u l a r . 

e x i n e t h i c k j gra nulose . 

S i ze : P = 21 u , E = 21 u . 

P e r i o d of ca tches : O c t o b e r . 

HMMAMELIOnCEnE 

Co ry l ops i s h ima layana G r i f f . ( ,P1.5, F i g , 3 5 ) . 

G r a i n s - z o n o c o l p a t e , s u b p r o l a t e , . £ n d o c a l p i u m 

l o l o n g a t e , Ex ine t h i c k , f a i n t l y r e t i c u l a t e , l um ina be ing 
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s m a l l . 

S i 2 e : P = 2 7 . i j , E = 23 jj-

P e r i o d o f ca tches : June , /August. 

JUGLANDflCEAE 

E n q e l h a r d t i a s p i c a ta B l . 

Gra ins p a n t o p o r a t e , s p h e r o i d a l , g x i n e t h i n ; p s i l a t e ^ 

i n t i n e t h i n . 

S i ze ; P = 43 ^ , E = 42 ju . 

Period of catches ; —-

LAI^IflCE/nE 

B r u n e l l a yyu lqar is L i n n . ( P l . 5 , F i g . 3 6 ) 

G r a i n s 3 - z o n o c o l p a t e , s u b p r o l a t e , Ex ine t h i c k , 

t h i n n e r towards c a l p ; marg ins g r a n u l o s e . 

S ize : P = 20 ; j , E = 18 .M* 

P e r i o d of ca tches i D u l y . 

LAURACE/,E 

Cinnamomum qlanduliferum Neissn. 

Grain 3 - zonocolpate, spheroidal, gxine thin 

psilate, intine thin. ^ 

Size : ca P = 20 xi, E = 20 xi. 

Period of catches ; -
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LOGaNInCEhE 

B u d d l e i a a s i a t i c a L o u r . ( P l . 5 , P i g . 3 7 ) 

Gra ins 3 z o n o c o l p o r a t e , s p h e r o i d a l , g x i n e t h i c k 

p s i l a t e ^ g n d o c a l p i u m c i r c u l a r , i n t i n e t h i c k . 

S i ze : P = 12 ^ , E = 12 ^ i . 

Pe r iod of ca tches : June . 

Budd ie ia macros tachya B e n t h . 

G r a i n s 3 - z o n o c o l p o r a t e , p r o l a t e , findocalpium 

c i r c u l a r , g x i n e t h i c k , p s i l a t e , i n t i n e t h i n . 

S ize : P = 1 6 ; j , E = l 5 i j . 

P e r i o d of ca tches : Septeg iber . 

PlALUACEAE 

M b u t i l o n i n d i c u m G. Don ( P l . 6 , F i g . 3 B ) 

G r a i n s 3 - z o n o c o l p o r a t e ' , s p h e r o i d a l j c o l p i n a r r o u , 

marg in s l i g h t l y t h i c k . Ex ine t h i c k ' , s p i n o s e , i n t e r s p i n a l 

area f o v e a l a t e . 

S i ze ; P = 36.5 ,u, E = 36.5 i j . 

P e r i o d o f ca tches ; J a n u a r y . 

H i b i s c u s r o s a - s i n e n s i s L i n n . ( P l . 6 , F i g . 3 9 ) 

G r a i n p a n t o p o r a t e , s p h e r o i d a l , g x i n e t h i c k , s p i n o s e 

I n t e r s p i n a l a rea p u n c t a t e r e t i c u l a t e . 

S i z e : P = 56ju, 55 ju . 

Period of catches % October. 
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nELASTONnCEnE 

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

Grains 3 - zonocolporate, spheroidal, gndocalpium 

lalongate. exine''thick . Psilate. 

Size : P = 12 ̂ , E = 12 ̂ . 

Period of catches : Oecember* 

Osbeckia crinita Benth. 

Gram - 3 z onocolporate, spheroidal. Bndocalpium 

lalongate. Exine thick Psilate. 

i)ize i P = 11 ̂ , E = 11 >u. 

-Period of catches : October. 

(̂ lIMGS/.CEnE 

/ i cac ia d e a l b a t a L i n k . ( P l . 6 , F i g . 4 1 ) 

16 g r a i n s fo rm p o l y a d . I n d i v i d u a l g r a i n possess 

6 i n d i s t i n c t p o r e s . Exine t h i c k , p s i l a t e . 

S i ze : Po lyad d i a m e t e r 43 >u. 

P e r i o d o f ca tches : 

Acac ia m o l l i ss ima U i l l d . 

16 g r a i n s forms p o l y a d s . The a p e r t u r e r i n 1 j j Po lyads 

i n c o n s c i c u o u s . Ex ine t h i c k . g r a n u l o s e . 

Size ; Polyad diameter 40 J J . 

P e r i o d o f ca tches : -—~ 
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H l b i z ia s t i p u l a t a Boiv/. 

15 g r a i n s forms po lyads . The a p e r t u r e s i n the , 

po l yads i n c o n s c i p i c u o u s , Ex ine t h i c k , f a i n t l y g r a n u l o s a 

S ize : Po l yad d i a m e t e r 71 fj. 

P e r i o d o f ca t ches : P'larch. 

nVRSINHCEME 

Hrd i s i a macrocarpa L j a l l . ( P I . 5 , F i g . 4 2 ) 

G r a i n 3 - - z o n o c o l p o r a t e , s p h e r o i d a l , c n d o c o l p i u m , 

s l i g h t l y l a l o n g a t e . Exine t h i c k ^ r e t i c u l a t e . i 

S i z e : P = 17.5 u , E = l 7 u . 

P e r i o d of ca tches : June -Sep tember . 

r̂ y r s ine s e m i s e r r a t a U a l l . ( P l . 5 , F i g . A 3 ) 

G r a i n - 4 z o n o c o l p a t e , s p h e r o i d a l . Ex ine t h i c k , 

p s i l a t e , i n t i n e t h i n . 

S ize : P = 22 ju , " E = 22 AJ. 

P e r i o d of c a t c h e s : A u g u s t . 

nVRIChCEHE 

H y r i c a escul-enta Ham. ex D. Don 

G r a i n 3 - z o n o c o l p o r a t e , s u b o b l a t e . Ex ine t h i c k , 

' ' i 'n t ine t h i n . 

i3ize : P = 19 JU, E = 29 j j . 

P e r i o d o f ca tches i 
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nVRTACEAE 

Call istsmon lanceolatum DC. ( P l . 6 , Fig.44) 

Grain 3 - zonoco lpa te , o b l a t e . Exine t h i c k , P s i l a t e , 

-intine t h i n . 

Size : P = 19.6 ,u, E = 19.5 xi. 

Per iod of ca tches : — 

Eucalyptus g lobulus L a b i l l . (P1 .6 , F ig .45) 

Grain 3 - zonoco lpa te , subpro la t e ^ s u b t r i a n g u l a r , 

endo calp ium l a l o n g a t e . Exine th ick _, r e t i c u l a t e , I n t i n e t h i n . 

S i z e i P = 2 g > j , E = 2 5 x j . 

Period of catches : Oct-Oec. 

OLEMCEHE 

liqustrum robustum Bedd. (PI.6, Fig.45) 

Grain - 3 zonocolporate, spheroidal, gndocolpium 

faint. Exine thick, thinner touards colpi margins, 

re tipilate. 

Size : P = 35 jj, E = 35 ju. 

P e r i o d o f c a t c h e s : . J u l y - A u g u s t . 

ONAGRACEAE 

Oenothera rosea Soland. ( P I . 5 , F ig .47) 

Grain 3 - zonopororats» s u b - o b l a t e , ectoporium 
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circular, crassmarginate, aspidote- ^xine thick, reticulate 

intine gradually thinner touards the tip of the apertures. 

Size : P = 100 u, E = 110 ij. 

P e r i o d o f c a t c h e s : Play. 

POLYGnLflCEftE 

P o l y q . a . l . a a r i l l a t a b u c h . Ham. ex 0 . D o n . ( P 1 . 5 , F i g . 4 8 ) 

G r a i n - 17 z o n o c o l p a t e , s u b - o b l a t e * E x i n e t h i c k , 

g r e n u l o s s j ' i . n t i n e t h i n . 

S"ize : P = 2 8 , i J , E = 3 5 j u . 

P e r i o d o f c a t c h e s :•- —— 

P O L Y G O N M C E M E 

F a q o p y r u m e s c u l a n t u m P loench . ( P 1 . - 5 , F i g . 4 9 ) 

G r a i n 3 - z o n o c o l p a t e , s u b - p r o l a t e , p x i n e t h i c k , 

r e t i c u l a t e , e n d o c a l p i u m c i r c u l a r j , i n t i n e t h i n n e r t o w a r d s 

t h e p o r e . 

Size i P = 50.-4 M^ E = 42 M-

Period of catches : October. 

Polygonum chinensis Linn. (Pl.5, Fig<50) 

Grain 3 - zonocolporate, spheroidal, endocolpium 

faint. Exine thick, reticulate. 

Size : P = 22 AJ, E = 22 ij. 

Period of catches 5 nay. 
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Polygonunr h y d r o p i p e r L i n n . ( P I . 6 , F i g . S l ) 

G r a i n p a n t o p o r a t e , s p h e r o i d a l , t x i n e t h i c k 

r e t i c u l a t e , m u r i i r r e g u l a r s h a p e d . 

S i z e : P = 47 u , 47 u . 

Period of catches ; September. 

Polygonum punctatum Royle 

Grain - 3 zonocolporate, spheroidal, gndocolpium 

circular , gxine thick, reticulate. 

Size : P =. 33 M, E = 33 M-

Period of catches : Aug-Sept. 

Rumex nepalens is Spreng.. 

Grain 3 - zonocolporate, spheroidal, gndocolpium 

lalongate, gxine thin', granulosa. Intine thick. 

Size :• P = 18.5 -u, 19.5 ju. 

P e r i o d of ca tches ; A p r i l - J u n e 

PLANT/'iGINACEAE 

P l a n t a g o ma j o r L i n n . 

G r a i n - 6 p a n t o p o r a t e , ' s p h e r o i d a l , ' c i r c u l a r , 

t e n u m a r g i n a t e . Ex ine t h i c k ; g r a n u l o s e , i n t i n e t h i n . 

S i z e : P = 28 ; j , E = 28 u . 

P e r i o d o f ca t ches i J u l y . 
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RhIMUNCULACEAE 

Anemone r i v u l a r i s B u c h . ( P I . 7 , F i g » 5 2 ) 

G r a i n s p a n t o c o l p a t e , s p h e r o i d a l , c u r c u l a r , a x i n e 

t h i c k ) f o u e o l a t e . i n t i n e t h i n . 

S i z e i P = 30 j ^ £ = 30 AI. 

P e r i o d o f c a t c h e s i r l a y . 

R a n u n c u l u s con t o n l e n s i s ( P I . 7 , F i g . 5 3 ) 

G r a i n - 3 z o n o c o l p a t e , p r o l a t e , c i r c u l a r , e x i n e 

t h i c k ^ P s i l a t e i i n t i n e t h i n t 

S i z e .: P = 30 > i , E = 27 M « 

P e r i o d o f c a t c h e s : 

T h a l i c t r u m f o l i o l o s u m DC. ( P l . 7 , F i g . 5 4 ) 

Gra p a n t o p o r a t e , s p h e r o i d a l , T}on c i r c u l a r , 

t e n u i m a r g i n a t e . E x i n e t h i c k . P s i l a t e . 

S i z e : P = 16 j u , E = 16 i i . 

P e r i o d o f c a t c h e s : S e p t e m b e r . 

R O S H C E M E 

D o c y n i a i n d i c a ( W a l l . ) D e c n e . , ( P l . 7 , F i g . 5 5 ) 

G r a i n 3 - z o n o c c v p o r a t e , p r o l a t e , s p h e r o i d a l , E x i n a 

t h i c k , r e t i c u l a t e ^ i n t i n e t h i n . 

S i z e : P = 35 j j , E = 35 ^u. 

P e r i o d o f c a t c h e s : F e b r u a r y . 
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N e i l l i a t h y r s i f j l ^ f a D. Don 

G r a i n 3 - z o n o c o l p o r a t e , s p h e r o i d a l , e n d o c a l p i u m 

l a l o n g a t e . Ex ine t h i c k ^ r e t i c u l a t e . 

S ize : P = P = 30 My E = 30 >j. 

P e r i o d o f ca tches : j uL • - Se]^ ^ 

P o t e n t i l l a mooniana Wt. ( P l . 7 , F i g . 5 6 ) 

G r a m - 3 z o n o c o l p o r a t e , s u b p r o l a t e . Ex ine s t r i a t e 

r e t i c u l a t e , I n t i n e t h i n . 

S i ze : P = 26 JU, E = 21 ,u. 

Per iod of catches : D^JJ. — K o v , 

• 
P h o t i n i a n o t o n i a n a Ut & A r n . ( P l . 7 , F i g . 5 7 ) 

G r a i n 3 - z o n o c o l p o r a t e , s u b p r o l a t e , c i r c u l a r t o sub-

t r i a n g u l a r . f ; ndoco lp ium l a l o n g a t e . Ex ine t h i c k , ' P s i l a t e . 

S i ze : P = 22 .4 ju, E = 19.6 u . 
P e r i q d o f ca tches : Hay - J u n e . 

Prunus acuminata Hook 

G r a i n 3 - z o n o c o l p o r a t e , s p h e r o i d a l , endoco l p i um 

l a l o n g a t e , ex i ne t h i c k , p s i i a t e 

S ize : P = 40 j j , E = 20 j j . 

Peri'Dd of ca tches j —"̂  

Prunus doinesti\pe (.P1.7> F i g . 5 8 ) 

G r a m Z - z o n o c o l p o r a t e , s u b p r o l a t e . endoco l p i um 

c i r c u l a r , e x i n e th ick_, ps i l a t e * 

S i z e : P = 36 .4 u , E = 4 4 . 8 u. 

P e r i o d of c a t c h e s : —— 
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Prunus p g r s i c a B e n t h . & Hk.f . ( P l - 7 , F i g . 5 9 ) 

G r a m 3 - z o n o c o l p o r a t e , s u b - o b l a t e . Exine t h i c k , 

ps i l a t e • 

Size : P = 25 1̂, E = 30 u. 

Period of catches : 

P runus nepalens is Koch. 

Grain 3 - zonocolporate, subprolate. endocolpium 

circular, exine thick , Psilate. 

Size 5 P = 35 jj, E = 40 ju. 

P e r i o d of c a t b h e s : f^^MB^V^h^^ 

Prunus c e r a s o i d e s D. Don. (P1.7,_ F i g . 5 0 ) 

G r a m 3 - z o n o c o l p o r a t e , s u b p r o l a t e . S-ndocolpium 

sub t r i a n g u l a r . £x ine t h i c k ,ps i l a t e • 

S i z e : P = 35 i j , E = 38 >j . 

P e r i o d of c a t c h e s : — 

Pyujs communis L i n n . ( P l . 7 , F i g . 5 1 ) / 

Gra in 3 - z o n o c o l p o r a t e , s p h e r o i d a l , g x i n e t h i c k » 

" P s i l a t e . 

S i z e : P = 3 3 . 6 | j , E = 3 3 . 6 j u . 

Rosa i n d i c a L i n n . ^ , H . 7 , F i g . 5 2 ) 

G r a m 3 - z o n o c o l p o r a t e , p r o l a t e , c i r c u l a r , e x i n e 

t h i c k P s i l a t e . 

S i z e : P = 28 >j, E = 28 AJ. 

P e r i o d of c a t c h e s ; — 
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Rubus accumina tus Sm. 

G r a i n 3 - z o n o c o l p o r a t e J s u b p r o l a t e ' , s u b t r i a n g u l a r , 

fixine t h i c k , P s i l a t e . 

' S ize : P = 21 .3 u , E = 15 .2 u . 

P e r i o d o f ca tches : 5efle.«ib€.r 

Rubus assamens i s Focke . 

G r a m 3 - z o n o c o l p o r a t e ; s u b p r o l a t s , s u b t r i a n g u l a r , 

e x i n e t h i c k , P s i l a t e . 

S i z e : P == 20 .5 J J , E = 1 5 . 8 >u. 

Period of catches: 

Rubus ellipticus Sm. (Pl.7, Fig.54) 

Grain 3 - zonocolporate, subprolate, €̂ xine thick_, 

psilate. 

Size : P = 31 >u, E = 23 ju. 

P e r i o d o f ca tches : "" O c t o b e r 

Rubus m i c r o p e t a l o n s C a r d . ( P l . 7 , F i g . 5 3 ) 

G r a i n ' 3 - z onoco lpo ra t e , s p h e r o i d a l , s u b t r i a n g u l a r , 

^ x i n e t h i c k ^ l ^ s i l a t e . , 

S ize : P = 33.6 u, E = 33.5 u . 

P e r i o d of ca tches : 3e.ptcvr»be-T 

R U B I M C E A E 

Cof fee khas iana H k . f . ( P L V , F i g . 5 5 ) 

G r a i n - 3 - 2 . o n o c o l p o r a t e , s p h e r o i d a l , c i r c u l a r , 
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Bx ine t h i c k ^ r e t i c u l a t e . 

S i ze : P = 25 >j, E = 25 u-

P e r i o d of ca tches ; 

L u c u l i a p inceana Hook, f ( P l . 7 , F i g . 6 6 ) 

G r a i n 3 - z o n o c o l p o r a t e , s p h e r o i d a l , endoco lp ium 

c i r c u l a r , s x i n e t h i c k ^ r e t i c u l a t e . 

S i ze : P = 22 i j , E = 22 ; j . 

Period of catches ; - — 

Uldenlandja herbacea DC. (,P1.7, Fig.67) 

Grain 3-zonocolporate, spheroidal. Endocolpium 

lalongate. gxine thick,reticulate. 

Size : P = 18 >j, E = 16 ju. 

P e r i o d o f c a t c h e s : Oug^,^ioVJ a>ec-

Rubia c o r d i f o l i a L i n n . ( P l . 7 , F i g . 6 8 ) 

G r a i n 5 - 2 o n o c o l p a t e , s u b p r o l a t e , s u b t r i a n g u l a r e , 

Px ine t h i c k j g r e n u l o s e . 

S i z e : P = 1 8 ^ , E = 1 5 p . 

P e r i o d o f ca tches ; j i n y _ R U Q . 

Uend land ia p a n i c u l a t e DC. 

G r a i n 3 - z o n o c o l p o r a t e , s p h e r o i d a l , g n d o c o l p i u m 

l a l o n g a t e . Ex ine t h i c k , r e t i c u l a t e . 

S i z e : P = l 5 i j , E = 1 6 A J . 

P e r i o d of c a t c h e s ; ottobejs"-
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S H X I F R M G H C E H E 

Parnass i a mysorens i s Heyne ex y t . & K m . ( P I . 7 , F i g . 6 9 ) 

G r a i n 3 - 2 o n o c o l p o r a t e , s u b p r o l a t e , g n d o c o l p i u m 

c i r c u l a r i fixine t n i c k , f a i n t l y r e t i c u l a t e , l u m i n a s m a l l . 

S i ze : P = 24 i J , E = 24 ju. 

P e r i o d o f ca tches : 

SDLHNMCEAE 

Cestrum noc tu rnum L i n n . ( P l . 7 8 , F i g . 7 0 ) 

G r a i n 3-2 o n o c o l p o r a t e , s p h e r o i d a l , c x i n e t h i c k , 

r e t i c u l a t e . 

S ize J P = 30 ,iJ, E = 30 AJ . 

P e r i o d o f ca tches : •• 

Da tu ra s t ramon ium L i n n . 

G r a i n 3-2 o n o c o l p o r a t e , s p h e r o i d a l , i : ;ndocolpium 

l a l o n g a t e . Ex ine s t r i a t e , s t r i a t i o n s c o v e r i n g a t the po les 

S ize ; P = 31 u , E = 31 y . 

P e r i o d of ca t ches : — 

N i c a n d r a p h y s a l o i d e s feoettn 

G r a i n 3 - 2 o n o c o l p o r a t e , s p h e r o i d a l , g n d o c o l p i u m 

c i r c u l a r , p x i n e t h i c k p s i l a t e . 

S i z e : P = 40 XJ, E = 40 xi« 

P e r i o d of ca t ches : 
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Solanum khas ianum C l a r k e . 

G r a i n 3 - z o n o c o l p o r a t e , s p h e r o i d a l - Endoco lp ium 

c i r c u l a r , , iSxine t h i c k , r e t i c u l a t e * 

S i z e : P = 2 1 ; U t j E = 18 jL i . 

P e r i o d of ca t ches ; 

Solanum ind icum L i n n . 

G r a i n 3 - z o n o c o l p o r a t e s p h e r o i d a l , e n d o c o l p i u m 

c i r c u l a r , jsx ine t h i c k , r e t i c u l a t e . 

S i z e t P = 1 8 > i , E = 1 8 > i . 

P e r i o d o f ca t ches : 

SYI^PLGCACEAE 

Symplocos s p i c a t a Roxb. ( P l . 8 , F i g . 7 1 ) 

G r a i n 3 - z o n o c o l p o r a t e , s p h e r o i d a l , t r i a n g u l a r , 

sx ine t h i c k j r e t i c u l a t e . 

S i z e : P = 2 b j j , E = 25 ju . . 

P e r i o d of ca tches : June 

THEhLErtE 

Schima khas iana Dyer ;«t Schima u a l l i c h i i C h o l s . ( P l . 8 , F i g .72) 

G r a i n 3 z enoco l ] ^a te , s u b p r o l a t e , g x i n e t h i c k , 

1>s i l a t e . 

S i z e : P - 44 .8 i J , E = 36 .4 i j . 

P e r i o d of ca t» t i e s : riav/ - JiH-t a-nd (V r̂o-i i. - ("V ri] . 
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THYMEUtiACEAE 

Daphne s h i l l o n q Banergee- ( P l . 8 , F i g . 7 3 ) 

G r a i n p a n t o p o r a t e , s p h e r o i d a l . Ex ine t h i c k , 

r e t i c u l a t e . 

S i z e ; P = 1 8 ^ , E = 1 8 ; j . 

P e r i o d o f ca t ches : ser t f iT^ l t ^ 

URTICACEhE 

Boehmeria p l a t y p h y l l a D. Don. 

G r a i n 3 - 2 o n o p o r a t e , o b l a t e , s p h e r o i d a l , e x i n e t h i c k 

F s i l a t e . 

S ize : P = 23 j j , E = 25 j j . 

P e r i o d o f ca tches ; 

f i s u t i a puya J J e d d . ( P l . 8 , F i g . 7 4 ) 

G r a i n 3 - 2 o n o p o r a t e , s p h e r o i d a l , «x ine t h i c k , 

P s i l a t Q > 

S i z e ; P = 14 u, E = 14 u« 

^ e r i o d of ca tches : -— 

P a u z e l z i a M r t a Hassk. ( P l . 8 , F i g . 7 5 ) 

G r a i n 3 - c o l p a t e , c o l p i n a r r o u o b l a t e , s p h e r o i d a l -

Ex ine t h i c k ; f ^ s i l a t e . 

S ize : P = 14 J, E = 14 u . 

P e r i o d o f ca tcher j 
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UACCINACEAE 

Uacc in ium g r i f F i t h i a n u m U i g h t . ( P l . 8 , F i g . 7 6 ) 

G r a i n u n i t e d i n t e t r a d s . I n d i v i d u a l g r a i n 3 - zonoco l -

p a t e , Ex ine t h i c k ^ ^Ps i l a t e . 

S i z e : P = 22 ^ , E = 22 iJ . 

P e r i o d of ca t ches : •— 

V/accinium se r ra tu rn U i g h t . 

G r a m u n i t e d i n t e t r a d s . I n d i v i d u a l g r a i n - 3 -2ono -

c o l p a t e . Exire t h i c k ^ P s i l a t e . 

S ize : P = 21 ju, E = 21 i J . 

P e r i o d o f ca tches : oc-t-ofcev 

l/ALERIIMACEAE 

V a l e r i a n a u a l l i c h i i DC. 

G r a i n 3-z o n o c o l p o r a t e , s u b p r o l a t e , gndoaolpium 

ve ry f a i n t . p x i n e t h i c k , s p i n u l o s e . 

S i z e . ; P = 52 u , E = 43 u . 

P e r i o d of ca t ches : ft\->cjust 

V^RBENACEAE 

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

•Grain 3-zonocolpate, spheroidal^ fixine spinulose, 
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sp ines long. 

Size : P = 70 >j, E = 70 J4. 

P e r i o d of ca tches i — 

Duran ta p l u m i e n Ja c q . vPl«8> F i g . 78) 

G r a i n S - z o n o c o l p a t e , sphere id a l , ^ x i n e th i cJk , 

r e t i c u l a t e . 

S i ze : P = 27 .5 xi, E = ' 2 7 . 5 u . 

P e r i o d o f ca tches : -SefHr--/^|<5v • 

Lan'tana camara L i n n . 

G r a i n 3 - z o n o c o l p a t e , s p h e r o i d a l . Ex ina t h i c k j 

r e t i c u l a t e . 

S i ze : P = 25 ^ , E = 25 > j . 

Period of catches : 

LILIACEAE 

Disporum pu l l um S a l i s b . ( P I . 8 , F i g . 7 9 ) 

Gra ins 1 - c o l p a t e , co lpus u i de i n the m i d d l e , reaches 

t h e ends of the l a r g e r a x i s . E x i n e t h i c k , f a i n t l y r e t i c u l a t e . 

S i z e : P = 28 JU, E = 52 JU. 

Period of catches i -

POACEHE 

Paspalum d i l a t u m P o i r . ( P l . 8 , F ig .SO) 

Gra ins 1 - p o r a t e , s p h e r o i d a l , pore marg in t h i c k 
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Forming an aHnuiar t ihgi* -Exine t h i c k , p s i l a t e . 

Size : P = 30 At, E = 50 ju* 

Period of ca tches ' ' : - " 

Discuss ion 

Present study covers the morphological description 

of pollen of 135 species belonging to 53 families based ..flight 

microscope studies• Different types of pollen grains ranging 

I'rom maperturate to colporate, and exihe lacking distinct 

columellar stratum to exines uith columellar and tactal 

complexities ( Arqyrea sp» ) have been examined* It is 

round that pollen are unique and typical for a family, genus 

or species. For example^ pollen of Pinus and Cedrufl are 

winged (Pl.2, Fig,2 a Z); uhile pollen of Cryptomeria 

j3 Donica shows the aperture represented by papilla (Pl.2 

Ffg-^^' Pollen of CuprRBsus are inaperturate type ((Pl«2, 

Fig. 1) . 

Similarly marked size variations of pollen have also 

been observed uith 16.4 U diameter in ElsocarpUs accuminatus to 

179 u diameter in A r^V ^̂ f̂ .̂  capitata. 
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The pollen of uarious species are marked by 

differences in the type of apertures and exine ornamentations. 

Further, on the basis of exine character, the anemophilous 

and entomophilous pollen can be easily differentiated. In case 

of anemophilous pollen the exine surface is smooth, non-

sticky; uhile in entomophilous pollen the exine surface is 

rough, spiny and sticky. 

It is knoun that the pollen grains possess sev/eral 

structural characteristics each of which 

is shoiJn to throu light on the taxonomy of the various genera 

and species. These structural features are of the pollen uall 

uith 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 uorks, particularly th&se of Erdtman (1952 

and 1959) and others (Faegr i ,1 956; Na ir , 1 958-62) gives a 

detailed account of the pollen morphology of several 

angiosperms. In the present uork amr'a'cc.&î 'A't / of the 

angiosperm and gymnosperm species of Shillong have been 

provided uhich furnishes a diversity of pollen morphological 

daf;f̂ r̂ences in these plants. This pollen morphological 

study has brought out a variety of sporomorph hitherto not 

described from Shillong (Pleghalaya) • 

Pollen grains are the male reproductive units of 
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the f l o u e t i n g p l a n t s . Uhen the p o l l e n g r a i n s a re mature and 

ready f o r p o l l i n a t i o n , they ge t l i b e r a t e d and a re c a r r i e d by 

u i n d , wa te r o r i n s e c t s t o r each t h e d e s t i n a t i o n f o r e x e c u t i n g 

f e r t i l i z a t i o n . The anemoph i lous ' ' p o l l e n a re g e n e r a l l y 

l i g h t and a re produced i n l a r g e q u a n t i t i e s whereas the 

e n t o m o ' p h i l o u s p o l l e n a re r e l a t i v e l y h e a v i e r and are produced 

i n l e s s e r q u a n t i t y . Air-feov^ie p o l l e n a re nou r e c o g n i s e d as one 

of t h e p r i n c i p a l cause^o f r e s p i r a t o r y a l l e r g i c d i seases l i k e 

s e a s o n a l r h i n i t i s , asthema e t c . I t i s t h e r e f o r e , e s s e n t i a l 

f o r t he t r e a t m e n t o f a l l e r g i c d i s e a s e s t o i d e n t i f y and know 
O f P o l l i ' j r 

the different types^avaliable in a particular area and in 

its a tmosphere^jto know the types responsible to cause aller­

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

Therefore a knowledge of the iocaLvegetation and pollen type 

is an essential prerequisite and was successfully attempted. 
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AEROBIOLOGICAL SURUEY 

Introduction 

A uide variety of organisms constitute the air-

spora of any region (5reeramulu_, 1967) and these biological 

components follou a definite pathuay, starting from the 

source of organisms to their release, dispersion, deposition 

and finally their impact on the plant or animal systems, 

including human beings. Uhile the kind and the concentration 

of the atmospheric pollen depends on the ground vegetation 

and their phonological behaviour, the concentration of fungal 

spores 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 uell 

as allergenic diseases in human beings. The pattern of 

incidence of their air borne biological particles differ 

considerably from piace to place and season to season and 

this knowledge of seasonal variation of these atmospheric 

pollen/spores is of prime importance for forecasting and 

controlling a disease. 

Concentration of spores of a single species or a 
« 

group of related spepies, often shou diurnal rhythms uhich 
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means t ha t a t a r egu l a r in terwal- throughout the day, the 

mean spore concen t r a t i on shous f l uc tua . t i ons . 

Gregory and S reeramulUf. (1 958)', Sreeramulu /(1 959) ; 

Paddy et a l ^( 1 962)', *Kramer et alJ^(1963); Adams îsC 1 964) , 
— U — U C/ 

Pau9ay^(l964) have reported a minimum of spore concen t ra t ion 

occurred a t about noon. Sreeramulu (1964) and Sreeramulu and 

Seshyaiaramp(l962) a l so repor ted s i m i l a r r e s u l t s . Gregory 

(1961) c l a s s i f i e d the d i f f e r e n t types of d i u r n a l p e r i o d i c i t y 

p a t t e r n found in the a i r - b o r n e b a c t e r i a and fungal spores 

i n to the f o l l o u i n g f ive groups; B a c t e r i a l , Noc tu rna l , 

Forenoon, Afternoon, and Evening. This c l a s s i f i c a t i o n was 

found on the pa r t of the day a t uhich the da i ly maxima 

recover r e g u l a r l y . 

Kurkela -(1973) d i scussed the d i u r n a l p e r i o d i c i t y of 

spore d i s p e r s a l in ' r u s t s . According to him aec io and 

uredospibre usua l ly had maximum a t about noon. Rajkumar and 

GuptaN(l976) a l s o repor ted t ha t maximum number uas i n t e r -
u 

cepted either in afternoon, or at noon hours, uhile the 

lowest population was 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 (Ingoldj1955). The periodic rhythm in the spore 

catches in the trap may be conditioned by periodic conditions. 
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D e s c r i p t i o n o f the a i r sampler ( ae roscope ) 

The aeroscope f a b r i c a t e d by Lakhanpa l and N a i r • 

(1958) has been(7used as a sampled on wh ich the appa ra tus f o r 

the p resen t s t u d y has been f a b r i c a t e d u i t h m ino r m o d - i f i c a -

t i o n s . The m o d i f i e d v e r s i o n c o n s i s t s o f a c i r c u l a r - h e a v / y 

base ( d i a m e t e r 15 cm) he ld on rubber r e s t i n g nobs p laced 

e q u a l l y a p a r t a t the p e r i p h e r y o f the base p l a t e , and •; 

s u r r o u n d e d a t the c e n t r e by a c y l i n d r i c a l v e r t i c a l s h a f t 

( h e i g h t 32.5 cms. d i a m e t e r 2 cms. ) Fas tened i n t o a s o c k e t 

( h e i g h t 4 cms. ) o f t h e base p l a t e and sharpened i n t o a f i n e 

p o i n t a t the t i p s l i d i n g over the s h a f t i s a moving assembly 

u i t h a square shaped (4 cm each s i d e ) b a s a l r e g i o n ( H e i g h t 

27 .5 cmsj l y i n g l oose around t h e uho le l e n g t h o f the c y l i n ­

d r i c a l s h a f t , c a r r y i n g a h o r i z o n t a l r e c t a n g u l a r cover 

(18 cms X 10 cms) and a l a r g e t a i l shaped u i n d - u a n e (38 X 28 

cms l o n g e s t e x t r e m i t i e s ) r i v e t t e d a l o n g u i t h l e n g t h o f the 

b a s a l r e c t a n g u l a r r e g i o n o f the w ind wane a s s e m b l y . B a l l 

b e a r i n g s are p r o v i d e d be tueen the v e r t i c a l s h a f t and the 

c y l i n d r i c a l b a s a l r e g i o n o f the moving a s s e m b l y , one each a t 

the base , a t near t he j u n c t i o n betuieon the h o r i z o n t a l cover 

and the v e r t i c a l c y l i n d e r . The h o r i z o n t a l cover has t h u s 

a wind wane end and an open e nd~. A removable s l i d e c a r r i e r 

i s s l i d e i n t o a g roove i n s i d e the h o r i z o n t a l c o v e r . The 

s l i d e c a r r i e r s u r f a c e (8 cms base X 9 cms h e i g h t ) i s s l a n t i n g 
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Identification of Fungal Sporesj 

For identification of fungal spores three petri-

dishes containing Czepek's culture medium were exposed for 

seuen minutes near the spore trap. The exposed plates uere 

then incubated at 27°C -i 1°C for six days and the fungal 

colonies that appeared in the plates were examined, isolated 

and identified. Some of the unidentified air borne spores 

uere later identified by matching uith the spores of pure 

cultures. Spore identifications uere also made uith the 

help of standard literature (Burnett^1955; Subramanian^ 

1971; Gregory, 1973) . 

The meteorological data of the area was obtained 

from the Central Seismological Observatory, Shillong. 

Res ults 

The con ten t of a i r - s p o r a in the atmosphere of 

Sh i l l ong is r i c h both q u a n t i t a t i v e l y and q u a l i t a t i v e l y . I t 

is seen tha t hardly any per iod is free from the atmospheric 

b i o p o l l u t a n t s , and these e x h i b i t d i s t i n c t seasona l p e r i o d i ­

c i t i e s in t h e i r day to day i n c i d e n c e . 

A. Seasonal v/ar ia t ions 

Of the t o t a l a i r - s p o r a , pol len g ra ins c o n t r i b u t e 
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21.G9/U, fungal s p o r e s ; 72.59>c and o ther b i o l o g i c a l components, 

6.96>L, ( F i g . 3 . 1 ) . Daily auerages for each month for the 

var ious kinds of a i r - s p o r a (po l l en g r a i n s , fungal spores 

and o ther p a r t i c l e s ) i d e n t i f i e d in the catfches are given in 

the Tables 3 . 1 , 3 .2 , and 3 . 3 , to i n d i c a t e t h e i r monthuise 

i nc idence . The r e s u l t s of t o t a l po l l en , fungal spores and . 

o ther ca tches in var ious month a re giv€n in F i g . 3 . 2 y / 3 « 3 and 

3 . 4 . Daily average in each month of tha a tmospher ic incidence 

of some dominant pol len and fungal spores are represen ted 

g r a p h i c a l l y in F i g . 3.5 and 3 . 6 , pol len Qcalender of 

predominant t r e e spec ie s a re given in F i g . 3 . 7 . 

I t can be seen from the F i g . 3 . 2 t h a t pol len g ra ins 

dominate the atmosphere during the month of February-i'lay, 

a f t e r t h a t the fungal spores became predominant and 

cont inued to be so u n t i l the month of January . The 

b i o p o l l u t a n t ca tches o ther than pol lens and fungal spores 

were p resen t but found to be very i n s i g n i f i c a n t throughout 

the year ( F i g . 3 . 2 ) . 

Seasonal v a r i a t i o n s in po l len content of the a i r 

Pol len g ra ins are comparat ively e a s i e r to iden t i fy 

because of t h e i r s i z e . In a l l 57 a i r borne po l l en t y p e s , 

which c o n t r i b u t e about 21.09% of t o t a l a i r - s p o r a have been 

recorded in the p re sen t s t udy , nonthuiise a n a l y s i s of po l len 



F I G . 3 i 1 AIR SPORA OF SHILLONG ( 1980-81 ) 
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FIG. 3.2 TOTAL POLLEN, FUNGAL SPORES AND OTHER PARTS 

IN DIFFERENT MONTHS ( 1980-81 ) 
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FIG. 3.3 SEASONAL VARIATION OF POLLEN CONCENTRATION 

IN SHILLONG ATflOSPHERE 
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Seasonal variation (Feb -Jan'80-81) 



F I G . 3 i 4 SEASONAL VARIATION OF FUNGAL SPORE CONC^NTRA* 

TION IN SHILLONG ATnOSPHERE IN RELATION TO 

WETtOROLOGICAL CONDITIONS 
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F I G . 3 .5 SEASONAL VARIATION OF AIR BORNE POLLEN 

Of SOME DOmWANT SPECIES IN THE ATP10SPHERE 

OF SHILLONG 
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F I G . 3 .6 SEASONAL VARIATION OF SOP\Z DOMINANT FUNGAL 

SPORES IN THE ATnOSPHERE OF SHILLONG 
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FIG. 3.7 POLLEN CALENDER OF PREOORINANT TREES OF 

SHILLONG 
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grains are shoun in the Table 3.1 and it is clear that 

specific pollen dominate the atmosphere in any given ti.ns 

(Fig. 3.7). 

Fig. 3.3 clearly reveals three peak periods in the 

pollen concentrations and these correspond to March, May 

and September respectively, flarch is mainly predominated by 

the pollen of pinus as uell as grasses (Fig. 3.5 A & B ) , 

uhich rather form a conspicuous featUre in the vegetation 

of Shillong. Hay is also predominated by pine pollen and 

pollen of angios permous species like Schima uia 11 ichii. 

Quercus griffithii.Uiburnum sp. and members of Rosaceae and 

Compositae. This also coincides uith the phenology of these 

species (Fig. 2.1} . Very negligible counts during June to 

August is mainly due to high rainfall, uhich the area 

receives. Again the atmosphere in September is dominated 

over by the pollen of Cedrus deodara and Quercus sp. 

November to January being the severe winter months supports 

only a feu ground species and therefore lou concentration of 

pollen is observed in the atmosphere. During this period 

much of the ground vegetation is either-killed or lie 

d o r ma n t. 

Seasonal variations in the Fungal spores content of the air 

Air borne fungal spores belonging to 36 types (72% 
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of the t o t a l spora) p resen t a l t o g e t h e r a d i f f e r e n t p i c t u r e 

in t h e i r s ea sona l concen t r a t i ons (Table 3 . 2 ) . Unlike pol len 

g r a i n s , the fungal spores e x h i b i t tuo d i s t i n c t peak per iods 

u i t h 18>L and Ih^/o ( F i g . 3 .4 ; in June and September r e s p e c t -

i u e l y . Cladospor ium s p . , A l t e r n a r i a s p . , Humicola s p . , 

Streptomyces s p . a re dominant in ' 3une^uh i le Cladosporium s o . , 

Asperq i l l u s s p . , Curwularia s p . , Torula s p . , Arthinium s p . , 

P u l l u l a r i a s p . a re dominant in Septerpber. 

In r e s p e c t to the spore concen t r a t i on of 

i n d i v i d u a l spec i e s a l s o , a marked s e a s o n a l i t y has been 

observed. Cladosporium s p . , Al terna r i a s p . , Torula s p . , 

As p e r q i l l u s s p . ^ Helminthosporium s p . , occured mors or l e s s 

throughout the year (F ig . 3 . 5 ) . The genus Cla^os por ium 

forms most d i s t i n c t i v e conidia uhich are marphological ly 

e a s i l y r e c o g n i s a b l e . I t s s i g n i f i c a n c e in a l l e r g y has been 

pointed out by d i f f e r e n t workers and one of the reasons for 

causing a l l e r g i c problems is su re ly i t s high 'abundance in 

a i r ( C I Z _ 3 H ^ - V 3 ? '^^^9°'^y «''^'''3) • Cladosporium is the dominant 

fungal 3po'e-. ' ^ -lV̂ e_ a i r - spo re , and spread over 

throughout the year uiith i t s seasona l maximum occui'Y^nt^ in 

June , 3uly and December. Alte rnar ia s p . which is knoun to 

cause a l l e r g i n i c r e s p i r a t o r y t r o u b l e s in man as u e l l as 

d i s e a s e s in var ious crop p l a n t s , a l s o e x h i b i t s a marked 

' " _, ' p e r i o d i c i t y . The h ighes t c o n c e n t r a t i o n of t h i s 



m 
D 
h' 

n 
• 
n 
n 
c 
3 

0) 
TD 

n 
c 
I-) 

c 
c 
h-' 
CO 
•-J 
I-"-
QJ 

en 

n 
1—' 
Q) 
Q . 

o 
CO 
D 
O 
t-l 
H-
c 
3 

n 
zr 
0) 
CD 
r t -
O 
3 
H-
C 
3 

CD 
• D 

O O 

CO 
•a 

n 

cr 

a 

w 
TO 
o 
1-1 

CD 
h--

Q) 

CO 
13 

CD 
O 
h-' 
CD 
r t -
C 
cn 

Cfl 
TD 

• 

CD 
p -
o 
o 
l - -
Q) 
1-) 

H 
Cfl 

CO 
X) 

• 

3 
cn 
(-1-
CD 

•-) 
o 
CO 

n 
o 
1-) 

H-
c 
3 

T -
CO 
TD 
CD 
I-) 
£3 
H-
I—' 
M 
C 
CO 

CO 

3> 

>-( 
c+ 
zr 
t-) 
H 
3 
H-
C 
3 

CO 

TD 

J? 
1-^ 
r t -
CD 
I-) 
D 
Ĉ  
1-) 

(-•• 
Q) 

cn 
u 

I I UD I 

CD 

I I I 

CJJ K ) CTi I I I I I 

~J cn -J I 

1 

1 

4:̂  

-a 

CD 

1 

ro 

CD 

-(̂  

M 
_A 

cn 

—» 
4 ^ 

iNJ 

m 

—i. 

<o 

1 

1 

a\ 
-CS 

rv i 
—i 

o 

fs:) 

VD 
O 

-t̂  
I D 

o 

LA 

cn 
LA 
cn 

-0 

o 

cn 

cn 

cn 
LA 

CD 
- 0 

cn 

o 
cn 

ro 

K3 

1 

1 

1 

1 

1 

1 

f > 

fO 

CD 
-P- LJ ->• K) 

CD CD cn a CD IN3 
o cn M o CD cn 

o 

I I 

LA 
cn KD 

CO 
CD 

a o CD o 

en 
TD 

-(i- CD cn I I I i I I 

I I I I I 

I I I I I 

cn 

K ) CJ —^ 
•(^ UD cr I 

I I I O I 

I K ) I 

I N3 I 

I I I cn I 

I I I I I 

K) CJ ^ 
cn vD -o cn 

cn 

cn 
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fungus has been obse rved in F e b r u a r y (19.895^]^ A p r i l 
herbartUB . 

( I 3 . 2 3>u) and August (3 .97> . ) . T o r u l a / (TTTsS^'O in 

Augus t , He lmin thospor ium s p . (3.10>i,) in A p r i l , A s p e r g i l l u s 

s p . ;.3.40X; in F e b r u a r y , and {2^^^%) in A p r i l , ue re some 

o t h e r dominant a i r - b o r n e f u n g i in t h e a i r u h i c h f o l l o u a 

s e a s o n a l p a t t e r n (Fig« 3 . 5 ) . 

Out of 36 t y p e s ' l ^ f u n g i , C l adospo r ium s p . , 

Al t e r n a r ia s p . , Asperg i l l u s s p . , C u r v u l a r i a s p • o >"\ ' 

He lmin thospor ium s p . occur t h r o u g h o u t t h e y e a r , w h i l e 

c e r t a i n f u n g i l i k e Epicoccum s p . , i^ucor s p . , Tr ichoderma 

s p . , S t rep tomy ces s p . , P ithomy ces s p . , S t i q m a t i a s p . (V,J 

Chaetomium s p . o c c u r only in t h e summer s e a s o n ( n a y - 3 u n e ) , 

y e t o t h e r . ' . l i k e P u l l u l a r i a s p . , P a p u l a r i a s p . , Sa rdon ia s p . , 

0, ,. ., M\a. ^ ^ 'fere ob f̂eey{u^d m S-eM:evv>i,e* 
Hbs i d i a s p . , HCvovT̂ bwVtusp • , B r a c h y s p a r i e l l a s p . , b t empnyr l lum -. \ 

arvd 

sp . , P s e u d o t o r u l a s p . , l i e n t u r i a s p . Urocys t i s sp . , ue re 

o b s e r v e d in w i n t e r ( N o v - O e c ) b u t some s p e c i e s l i k e 

P e n i c i l l ium s p . , b o l e t u s s p . , Humicola s p . , B i p o l a r i s sp.£>y>£A 

A r t h r i n i u m s p . u e r e r e c o r d e d in r a i n y s ea son only ( J u l y -

Augus t ) (Tab le 3 . 2 ) . 

Other components ( e x c l u d i n g p o l l e n and f u n g a l s p o r e s ) 

B e s i d e s p o l l e n g r a i n s and funga l s p o r e s , a l a r g e 

number of components of b i o l o g i c a l o r i g i n a r e a l s o r e v e a l e d 

from the a t m o s p h e r e . These i n c l u d e p t e r i d o p h y t i c s p o r e s , 
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p l a n t p a r t s , e p i d e r m a l p e e l s , i n s e c t s c a l e s , h y l i n e r o d s , 

s t e r i l e hyphae and a l g a l p a r t s . These occur i n very l o u 

c o n c e n t r a t ionr-and c o n s t i t u t e abou t 6.73/o o f t o t a l a i r spora 

( T i g . 3 . 1 ) . Houewer, these b i o l o g i c a l components a re 

t r a p p e d t h r o u g h o u t the y e a r , bu t t h e i r maxifnum d e n s i t i e s 

occur d u r i n g December, J a n u a r y , - A p r i l . a n d nay ( T a b l e 3 . 3 , 

( F i g . 3 . 2 ) . 

Spores o f p t e r i d o p h y t e s uere more abundant i n the 

a tmosphere d u r i n g June ( 3 4 . 5 2 % ) , u h i l e minimum percen tage 

occu red i n the month o f November ( 0 . 2 7 ° ' D ) . ( Tab le 3 . 3 ) . 

P l a n t p a r t s , e p i d e r m a l p e e l s , uere t r a p p e d 

t h r o u g h o u t t he yea r bu t the maximum d e n s i t i e s found i n the 

month of A p r i l , J u n e , December and January ( T a b l e 3 . 3 ) . 

I n s e c t s c a l e s and a l g a l p a r t s a re a l s o p r e s e n t i n 

the a tmosphere b u t the pe r cen tage occu r rence i s very 

n e g l i g i b l e . S i m i l a r l y h y l i n e rods and s t e r i l e hyphae uere 

more abundant i n the month of A p r i l , August and September 

(Tab le 3 . 3 ; . 

B. D i u r n a l ( p e r i o d i c i t y ) v a r i a t i o n 

The d i u r n a l ( p e r i o d i c i t y ) f l u c t u a t i o n of t o t a l 

a i r spora was s t u d i e d by u s i n g the a e r o s c o p e , and f o r a i r ­

bo rne f u n g a l spo res by p e t r i d i s h exposure me thod . 
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P o l l e n and spores uere counted a t f o u r hour 

i n t e r n a l s f o r the p e r i o d r iay, 1981 t o Oecember 1 9 8 1 . T h i s 

p e r i o d uas chosen because i t i n c l u d e d ue t and dry d a y s . 

The sc'ieme wh ich f o l l o w s d i f f e r s s l i g h t l y f rom 

g r o u p i n g d e s c r i b e d by I '^eredi th ( 1 9 5 2 ) , S ree ramu lu and 

Ramalingam ( 1 9 5 6 ) , and Gregory ( 1 9 7 3 ) . Group I o r p re -daun 

p a t t e r n and Group I I or p o s t - d a u n p a t t e r n . 

Group I : A group u h i c h occurs i n the e a r l y p a r t o f the day 

l i g h t h o u r s . Group I a g a i n i s d i v i d e d i n t o tuo p o r t i o n , v i z . , 

e a r l y morn ing and f o r e n o o n t y p e s . 

Group I I : A g roup wh ich occu rs i n the l a t e r p a r t o f t he day . 

T h i s a g a i n was d i v i d e d i n two p o r t i o n s , v i z . , even ing t ype 

and n i g h t t y p e * * . 

The number o f p o l l e n and spores v a r i e d g r e a t l y f rom 

day t o day and t ime t o t i m e . Mon th ly d e t a i l o f the a tmosphe­

r i c i n c i d e n c e o f t o t a l p o l l e n and f u n g a l spo res a t d i f f e r e n t 

t imes are p r e s e n t e d g r a p h i c a l l y ( F i g . 3 .8 ) t o show t h e i r 

d e n s i t y o f i n c i d e n c e a t d i f f e r e n t t i m e s - D a i l y averages a t 

d i f f e r e n t t i m e s , i n each month f o r the v a r i o u s k i n d s of 

p o l l e n and f u n g a l spores were i d e n t i f i e d i n the ca tches 

are g i v e n i n the A p p e n d i x . * * The i n c i d e n c e o f some 

•**See Appendix 



FIG. 3.8 MONTHLY DIURNAL PERCENTAGE OCCURRENCE OF 

POLLEM AND FUNGAL SPORE INCIDENCE 
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î 

IJ I 
6AM I0AM2PM 6PM 

JULY 

ill I 
6AM I0AM2PM 6PM 

NOV. 

6AM I0AM2PM 6PM 
AUGU~5T 

i 1 

1^ 
I i ^ 

6AM iOAM 2PM 6PM 

DEC, 

MONTHS AND TIME HOURS 
Monthly diurnal percentage occurrence of Pollen and Fungal spore incidence 



89 

dominant pollen grains are giuen in Fig. 3.9, uhich shous 

their day to day fluctuation in different times and 

occurrence of some dominant fungal spores are also shoun 

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 kes iya, Cupressus torulosa, Cladosporium sp., 

Alte rnarla s p., Chaetomium sp., Pestalot iops is s p., 

Aspero illus sp., Helminthosporium sp. and some others among 

fungal spores. 

flay to August are considered as u'et days while 

September to December are dry days. The number of pollen 

grains are more in uet days than during dry days. 

As is evident from Fig. 3.8, significant 

fluctuations in the concentration of atmospheric pollen can 

be observed. The maximum catch uas usually observed between 

0.6 and 10 hours. Pollens uere very lou 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 Clados porium sp., Chaetomium sp. uere observed 

maximum in day time uihile species like Alte rnar la jp 
5(,, omcf 

SP 
Helminthosporium Jorula^ were observed in the afternoon or 

evening times. 



FIG. 3.9 DIURNAL VARIATION OF SOME PREDOMINANT POLLEN 

IN THE ATPIOSPHERE (MONTHLY AVERAGE) 
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F I G . 3.10 DIURNAL UARIATIQN- OF SOME DOPIINANT FUNGAL 

SPORES IN THE ATnOSPHERE (MONTHLY AVERAGE) 
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Lulture plate surveys 

Daily awerages in d i f f e r e n t times in each month for 

the var ious types of fungal spores by p e t r i d i s h exposure 

method, a re recorded (Appendix^). During the p resen t 

i n v e s t i g a t i o n about 55 types of fungal spores have been 

i s o l a t e d . Tota l a i r - b o r n e fungal spores are given in F ig . 

3.11 to i n d i c a t e t h e i r day to day percentage occurrence a t 

d i f f e r e n t t imes , u i t h d i f f e r e n t ueather c o n d i t i o n s . Some 

dominant fungal spores are s t u d i e d a t f o r t n i g h t l y i n t e r v a l s 

throughout the year a t d i f f e r e n t times are given in F ig . 

3 .12 . Cladospor ium herbarump Al t e rna r ia a l t e rna ta , r PiQieNO'ai''p»j>a-'̂ J 

Al t e r n a r ia s o l a n i . Aspe rg i l lu s n i q e r . P e n i c i l l i u m implicatum, 

P e n i c i l l i u m cyclopium. Trichoderma u i r i d e , Hucor hiemal is ,OYV<JL 

Fusarium s p . uere 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, t h e r e i s 

no r egu la r p a t t e r n of d i s t r i b u t i o n of fungal spores in a day. 

Some spec ies l i k e Cladosporium s p . , Aspe r q i l l u s s p . , Absidia 

s p . , Gliocladium s p . , Papu la r i a s p . , Pe r i con ia s p . , 

Curvular ia s p . , Mycoqyne s p . . G1iomastix s p . uere observed 

in mornings, u h i l e A l t e r n a r i a a j t e r n a t a , P e n i c i l l i u m 

implicatum, Helminthosporium s p . , Rhizopus s p . , Nucor s p . , 

Phoma s p . , Cephalosporium s p . , Wer t i c i l l ium s p . uere observed 

during noon t ime, but some spec ie s l i ke Humicola s p . , 



FIG, 3.11 DIURNAL VARIATION OF TOTAL FUNGAL SPORES IN 

THE ATMOSPHERE BY PETRIOISH METHOD (A TO H) 
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F'jsarium sp., Penicill ium cyclop ium, Trichoclad ium sp« ,[p)ate'̂ °'3 P'̂ 6J| 

gpicoccum sp., B ipolaris turc ica, Gliocladium sp are mostly 

present in evening time. Further, it is noticed that some 

pathogens of rice and potato also uere present in the 

atmosphere, like Pestalot iops is, Helminthosporium, Bipolaris, 

Py t hium, Alterna r ia solani and some others. 

It can be seen from -Fig. 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 a definite morning and evening pattern. 

The diurnal periodicities of the predominant air­

borne spores i.e., Cladospor ium .he_rb_a_r_um, Alte rna ria alterna ta , 

Fusarium ros eum, Pe nicillium implicatum, and Tr ichoderma 

yir ide ̂  in particular uere studied for one year by petridish 

method (Fig. 3.12). Spores of Cladospor ium herbarum and 

X* '̂'Ĵr ide shou morning pattern but in winter months _C. 

herbarum occur in the evenings also. Alternaria alternate and 

Penicillium implicatum showed a definite afternoon pattern 

uhile Fuse rium roseum shou a distinct evening pattern. 

DISCUSSION 

A. Seasonal variation 

Seasonal fluctuation in the population of air-spora 



FIG. 3.12 DIURMAL VARIATION OF SOWE DOmNANT FUNGAL SPORES 

AT FORTHNIGHTLY INTERVALS (I98l) 
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in the a tmosphe re were s t u d i e d d u r i n g Februa ry 1980 t o 

J anua ry 1 9 8 1 . M su rvey employing t h e s i m p l e g r a v i t y s l i d e 

s a m p l e r uas conduc t ed to d e t e r m i n e hovj t he c o n c e n t r a t i o n 

of a i r spo ra of S h i l l o n g v a r i e s wi th s e a s o n t o season and 

wi th wea ther c o n d i t i o n . I t i s r e v e a l e d from t h e d a t a t h a t 

t h e a tmosphe re of S h i l l o n g uas n e v e r f r e e of p o l l e n and 

funga l s p o r e s . Though t h e f l o r a of S h i l l o n g i s very r i c h 

and d i v e r s e , the p e r c e n t a g e o c c u r r e n c e of t h e p o l l e n g r a i n 

i s r a t h e r l e s s . Th i s may be due to , e s t a b l i s h e d f a c t t h a t 

t he p o l l e n p r o d u c t i o n d e c r e a s e s q u a n t i t a t i v e l y w i t h i n c r e a s e 
QYicJVorescKi, 

in e l e v a t i o n ( L u d i i ^ l 9 3 7 ; Harkgra f . 1 9 3 0 ) . The c o n c e n t r a t i o n 

of p o l l e n in t h e a tmosphere v a r i e s no t only d u r i n g the same 

day b u t i t a l s o f l u c t u a t e s from day to d a y . These v a r i a t i o n s 

a r e mainly governed by c l i m a t i c f a c t o r s , p a r t i c u l a r l y 

t e m p e r a t u r e , r e l a t i v e humid i ty and uind s p e e d . 

The e f f e c t of wea the r c o n d i t i o n s on the i n c i d e n c e of 

p o l l e n and f u n g a l s p o r e s in a i r i s a u e l l e s t a b l i s h e d f a c t 

( H i r s t 1953 , S r e e r a m u l u and Ramalingam 1954, E b e l l and 

Schmidt 1964, Ramalingam 1 9 6 7 ) . In S h i l l o n g t h e r e a r e t h r e e 

peak p e r i o d s i n the p o l l e n c o n c e n t r a t i o n and t h e s e c o r r e s ­

ponds to March, May and S e p t e m b e r . March i s mainly p r edomi ­

n a t e d by p ine p o l l e n and g r a s s e s . F u r t h e r , d u r i n g t h i s p e r i o d 

t h e t e m p e r a t u r e r e c o r d s in t he r ange of 20 C t o 22 C and 

r e l a t i v e humid i ty 60% which f avour t h e r i p e n i n g and opening 
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of the stamens and also dissemination of pollen. Similar 

result uas also found bv Hamilton (1959), Sreeramulu and 

Ramalingam 1964). The month of Nay uas predominated by 

pollen of angiospermous species like Schima uallichii, 

Uuercus sp., Uib urnurn sp. and member of Rosaceae and 

Compositae. This also coincides uith the phenology of these 

species, riost of these species which lie dormant during 

severe winter, start flushing and flowering with the early 

heat of spring and pre-monsoon showers. During 3une to 

August with very heavy rainfall the diss4mination of spore-

is prevented, and the concentration of pollen in the air 

approaches almost to zero. Heavy rainfall not only lowers 

the pollen production in a species but also washes^ down 

the pollen (;'f»owittweijatmDŜ "ert3̂ ;)i;]Hyde and Williams 1945, 

Sreeramulu and Ramalingam 19645 Ramal ingam ̂ 1 967/kOonald 

1979). Again the atmosphere in September is dominated over 

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

Ard is ia macroca rpa, and Quercus griffithii. Further, the 

wind direction, its velocity, etc. are greatly responsible 

for fluctuations in pollen catches. Uind being the sola 

dispersal agent also regulates tha rate of deposition of the 

pollen. A wind speed during Harch and September (5-1Ii Km/h) 

brings out high pollen catch (Table ] and Fig. 3.3). 

Ramalingam (1966) has also reported that a wind speed of 

8-20 Km/h favours the pollen catches. November to January 
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being the severe winter months uith lou temperature records 

experience lou concentration of pollen m the atmosphere. 

Fungal spores: 

The fungsl spores exhibit two distinct peak period; 

in June and September. Meteorological factors like heav/y 

rainfall and high humidity during this period mainly influence 

the prevalence of fungal spores in the atmosphere. It is seen 

that Dune and September months record the highest percentage 

of humidity (83%) with gradual decrease in these factors 

from October onuards. The concentrations of the fungal spores 

also become lou. Least concentration of the fungal spores 

uere observed in the month of March uhich is comparatively a 

dry month uith 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 uorke»s (Ramalingam^ 

1966; Agarual & Shivepuri 1969; Singh and Baruah,1979). 

Cochrane (1958) stated that a temperature range of 20 to 

30 C is optimum for fungal growth. 

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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f l u c t u a t e s f rom t ime t o t i i r ie u i t h i n the day . These ••' 

v a r i a t i o n s are m a i n l y gouerned by c l i m a t i c f a c t o r s , p a r t i ­

c u l a r l y t e m p e r a t u r e , h u m i d i t y , and s u n s h i n e . The p o l l e n s i n 

S h i l l o n g e x h i b i t an e a r l y morn ing p a t t e r n w h i l e f u n g a l spores 

a re even ing p a t t e r n , houever f o r e n o c n p a t t e r n uas observed 

i n Pantapadu and Uisakhapatnum i n South I n d i a by Ramalingam 

( 1 9 6 6 - 6 7 ) , S ree ramu lu and Ramalingam ( 1 9 6 3 ) , S ree ramu lu and 

Sheshvataram ( 1 9 6 2 ) . P inus kes i y a . A lnus nepa lens i s , B e t u l a 

a l n o i d e s . Lupressus t o r u l o s a . Aqera tum conyzo ides and g rass 

p o l l e n observed i n morn ing t i m e , w h i l e Cry ptomer i a ^ japonica, 

E leoca rpus s p . , E u c a l y p t u s s p . shou n i g h t p a t t e r n and 

Chrysanthemum s p . , A r t e m i s i a s p . , Pruns s p . , G l o c h i d i o n s p . 

f o l l o w noon p a t t e r n . I t i s l i k e l y t h a t t he d i f f e r e n t p a t t e r n s 

of d i u r n a l p e r i o d i c i t y a re i n f l u e n c e d by m i c r o - c l i m a t i c f a c ­

t o r s t h a t c o n t r o l t h e t ime o f a n t h e s i s , deh iscence o f a n t h e r s 

and d i s c h a r g e o f the p o l l e n i n t o a i r . I t has a l s o been 

observed t h a t t he d i s c h a r g e and d i s p e r s a l o f p o l l e n and 

spo res are g r e a t l y i n f l u e n c e d by t e m p e r a t u r e , r a i n f a l l , 

h u m i d i t y , arid sunsh ine h o u r s . ( : H a m i l t o n 1959,' 

Ramal ingam^1966; Dav is 1969, Re iss and K o s t i c , 1 9 7 6 ) . 

P r o b a b l y these weather c o n d i t i o n s i n f l u e n c e shedd ing of the 

p o l l e n by i n h i b i t i n g or a c c e l e r a t i n g a n t h e s i s wh i ch r e f l e c t s 

i n t he r e s u l t w i t h t he i n c r e a s e i n t e m p e r a t u r e , t h e r e i n 

i n c r e a s i n g i n p o l l e n c o u n t s * S i m i l a r r e s u l t s were a l s o 

o b t a i n e d by Dav is ( 1 9 6 9 ) , Rosen (1965) and S i n g h and Babu 
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(1980). Further, they considered a posi t ive cor re la t ion 

betueen atmospheric pollen concentration and temperature 

inversion. Rain affects pollen concentration in the a i r both 

indi rec t ly in preventing or delaying the dehiscence of 

anthers by decreasing temperature and increasing the 

humidity and d i rec t ly by uashing down pollen uhich is 

already in the a i r (Rosen,1955). Rainfall has effect on 

pollen concentration counts for l a te 3uly and August, coin­

cides ui th the higher recorded levels of r a in fa l l st, these 

t imes. Concentration appeared to be greatly influenced by 

sunshine and r e l a t i ve humidity, especial ly during the peak 

hours. As the in te rpre ta t ion of the diurnal per iodici ty of 

fungal spores is not aluays c l ' e a r , to analyse the var ia t ions 

in the times a t which daily peak concentrations occurred in 

the day, the data in uet days and dry • days uere examined.The 

daily peak concentration for the t o t a l fungal a i r -spora 

occurred in the evening and re la t ive ly higher number 

occurred throughout the day in the uet days. This type of 

per iodic i ty for the t o t a l a i r -spora in the uet days uas due 

to the dominance of the uiet-spora types. Even if the number 

l ibera ted per four hours remains constant throughout the day 

and night , concentration of fungal spores wil l tend to be 

grea ter at the night , because an average of the spore cloud 

u i l l suffer less d i lu t ion due to the combined effect of 

slower uinds, 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 uas 

lou because high uind speed and low temperature decreased 

the growth and dispersal of the spores. In dry days certain 

typically afternoon types occurred in the CJjî 't'aF.noon. Similar 
o 

results are also observed by Cammack (1955). Some species like 

Fusarlum, uhich belong to the night spora in the uet days 

also appeared in day time in dry days. Similarly Cladosporium 

u'.ich belong to the day time spora appeared in night time 

also. Conidia of Alternaria and As perqill us uere found almost 

all through the period. They occurred in very lou concen­

trations during the night and from 6.00 hrs (A.n») they 

began to appear in greater number till noon. 1 heir concen­

tration gradually fell to a minimum in the evening. This 

» 

shifting in the time at which daily peak concentrations 

recurred was found to be associated with the diurnal 

variations in the weather conditions. 



SECTION V/I 

Coroparati>/e-s±udy of t h a ^ a i r . , l e a f sur face 

.and s o l i mvcoflora of (f\) Po ta to f i e l d , 

(B) Paddy f i e l d and (C) F r u i t garden 
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A comparativ/e study of the a i r , l ea f surface and s o i l 

mycoflora of A Pota to f i e l d , B. Paddy f i e l d , C Peach 

( f r u i t garden) 

In t roduc t ion 

I t is an e s t a b l i s h e d fac t t ha t not only pathogenic 

micro-organisms, but a l so popula t ions of nonpathogenic micro­

organisms can develop on the su r face of l i v i n g leaves and 

o the r a e r i a l p a r t s of p l a n t . I t is knoun t h a t a i r components 

and n u t r i t i o n a l s t a t u s of the p l an t s are the dominant f a c t o r s 

determining the q u a l i t a t i v e and q u a n t i t a t i v e p i c t u r e of the 

l e a f - s u r f a c e micro-organisms. The popula t ion of sap rophy t i c 

micro-organisms in s o i l , l ea f su r face and a i r borne propa-

gules has drawn a t t e n t i o n by var ious workers (Rajkumar _£_t _al. 

1976; Dix i t and Gupta .1980) . The n u t r i t i o n a l s t a t u s of the 

p l a n t and consequent ly the mineral and o rgan ic c o n s t i t u e n t s 

of i t s l ea f exudates are l a r g e l y determined by the s o i l t y p e . 

The s o i l must t he r e fo re be included as a f a c t o r in f luenc ing 

the p r o p e r t i e s of the phyl losphere as an environment for the 

phyl losphere popula t ion (Last ,1955' , Ruinen^1956 and Gregary^ 

1961). Leaf su r face organisms play a s i g n i f i c a n t ro l e in the 

r e s i s t a n c e mechanisms of p l a n t s from air-rborne p l an t pa thogens , 

uh i l e s o i l m ic ro - f l o r a i s knoun to play a s i g n i f i c a n t ro le in 

root i n f ec t i on (Gar re t t , 1970) and in o the r microb ia l a c t i v i t y . 
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Sev/eral forms of pathogenic and nonpathogenic microbes are 

found in the a i r , l e a f - s u r f a c e and s o i l . As a l a y e r in 

con tac t u i th the s o i l and the atmosphere, the phyl losphere 

i s sub jec t to have a combined in f luence of both 

Davenport (1973) defined the zones in vineyard 

h a b i t a t , an ecosystem forming par t of the b iosphere thence 

divided in to t h r ee zones ( l ) Atmosphere - the a i r uiind borne 

p a r t i c l e s , (2) The phy l lo sphe re , a l l a e r i a l p l a n t p a r t s , 

(3) Rhizosphere - the s o i l . 

The a e r i a l sur faces of higher p l an t s growing under 

n a t u r a l c;onditions are usual ly covered u i t h l a r g e and var ied 

popula t ions of micro-organisms. A feu of these organisms are 

ab le to grow e x t e n s i v e l y on the su r face of heal thy p l a n t s , 

o the r s appalrently blow off in the a i r and t h i r d group of 

organisms haying been depos i t ed on the s o i l do not grou. In 

a c l a s s i c account of the a i r - s p o r a , Gregory (1973) descr ibed 

the f e a t u r e s of above ground atmosphere which i s the 

e s s e n t i a l medium for the d i s p e r s a l of many of the organisms 

i n h a b i t i n g a e r i a l p lan t s u r f a c e s . The occurrence of many 

fungi on a e r i a l planx sur faces may be d i r e c t l y r e l a t e d to 

inocuJa t ions from the atmosphere, which in tu rn are r e l a t e d 
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t o t h e i r s u c c e s s f u l r e l e a s e i n t o t he atmosphere and t o t h e i r 

s u r v i v a l and d i s p e r s a l i n the e n v i r o n m e n t . The te rm 

" e x o c h t h o n o u s " uas used by Park (1957) t o d e s c r i b e a group 

of f u n g i found i n s o i l u h i c h uas no t t h e i r h a b i t u a l s u b s t r " . t e 

and u h i c h d i d n o t m a i n t a i n themse lves i n an a c t i v e s t a t e i n 

s o i l . There i s ev i dence t h a t a i r borne p r o p a g u l e s a c t as 

i n i t i a l sou rce of i n o c u l a f o r the a e r i a l p l a n t p a r t s , b u t 

t h e r e i s l i t t l e i n f o r m a t i o n on the types of f u n g i i n the 

a i r , p h y l l o s p h e r e and s o i l o f t h i s r e g i o n . A l t h o u g h the a i r -

spora of the p o t a t o c rop and l e a f - s u r f a c e f l o r a o f po ta toes 

and paddy has been i n v e s t i g a t e d by v a r i o u s u o r k e r s (Rajkumar 

and Gupta^1976, ' Ramalingam^ 1971) b u t l i t t l e i n f o r m a t i o n i s 

a v a i l a b l e f rom S h i l l o n g (Konger and Baruah . 1 9 5 8 ) , and a 

c o m p a r a t i v e s t u d y of a i r , l e a f - s u r f a c e and s o i l m y c o f l o r a 

i s s t i l l l a c k i n g . T h e r e f o r e i n the p r e s e n t s t u d y a compar ison 

of t he a i r , l e a f s u r f a c e and s o i l m y c o f l o r a o f t h r e e f i e l d s 

a t d i f f e r e n t a l t i t u d e s has been made. S e c o n d l y , t h e s e a s o n a l 

v a r i a t i o n i n t he f u n g a l p o p u l a t i o n , i n r e l a t i o n t o c o r r e s -

i jond ing changes i n the c l i m a t i c f a c t o r s and v e g e t a t i o n over 

a p e r i o d o f season have been uo rked out and d i s c u s s e d . 

P l a t e r i a l s and Hethods 

M y c o f l o r a o f a i r , l e a f - s u r f a c e and s o i l over a 



€tuit garden (peachjs potato and paddy fields in Shillong 

uere recorded during llarch ' 8D to Feb. '81 at fortnightly 

intervals. For air mycoflora culture plate method as adopted 

by Hyde and Uill iums (1 945) , Rajan_e_t^ (1952), Satyprakash 

(1966), and Sharma (197l) uas adopted. Five petridish contai­

ning Czepek's dox culture media (Dohnson & Curl, 1972) uere 

exposed for seven minutes at the canopy level. The exposed 

plates uere then incubated at 27 C (_+1 C) for six days and 

fungal colonies that appeared in plates uere counted separate­

ly, examined, isolated and identified and % occurrence uas 

calculated by the formula: 

/L occurrence = 
No. of colonies 
Total No. of all colonies 

X 100 

For leaf surface mycoflora a modified leaf washing 

technique adopted by Burri (1902), Dick ins on^ ( 1 971) , and 

Oiem (1974) uas folloued. Leaves of approximately same age 

uere randomly collected in sterilized polythene bags, uith 

the help of a sterilized scissors and forcepts and carefully 

brought to the laboratory. Disks (5 mm dia.) uere cut at 

random from five different leaves uith sterile cork-borer. 

Fifty disks uere taken in 100 ml. of sterilized distilled 

uater and uere hand shaken for 20 minutes to get homogenous 

spore suspension. 1 ml. suspension per plate uas poured in 

five petridishes of 9 cm. diameter containing sterilized 

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

\^ 
\(p^\ 
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p l a t e s uere i n c u b a t e d a t 27°C (_+ 1°C) f o r f i u e d a y s . The 

t o t a l m y c o b i a l p o p u l a t i o n uas c a l c u l a t e d by the f o l l o u i n g 

f o r m u l a : 

T o t a l number o f m ic robes per cm 

_ T o t a l Number o f m ic robes i n 100 ml» 
T q t a l a r e a o f l e a f 

( T o t a l a rea o f l e a f = a rea o f l e a f X No. of d i s k X 2) 

For s o i l m y c o f l o r a a m o d i f i e d s o i l d i l u t i o n p l a t e method 

as adopted by D u t t a and I s s a c (1979) uas emp loyed . 10 gm. 

o f s o i l uere t a k e n i n 100 m l . o f s t e r i l i z e d d i s t i l l e d wate r 

and shaken f o r 20 minu tes and t h e n the d i l u t i o n uas made 

1:10jD00. 1 ml s u s p e n s i o n per p l a t e uas poured i n f i u e 

p e t r i d i s h e s o f 9 cm d i a m e t e r c o n t a i n i n g m o l t e n Czepek dox 

media and uas t h o r o u g h l y mixed by s h a k i n g . The p l a t e s uere 

then i n c u b a t e d a t 27°C ( j ; 1°C) f o r f i v e d a y s . The t o t a l 

m y c o b i a l p o p u l a t i o n and pe rcen tage o c c u r r e n c e uas c a l c u l a t e d 

by the f o l l o u i n g f o r m u l a ; 

T o t a l Number o f m i c r o b i a l p o p u l a t i o n 

No. o f c o l o n i e s X d i l u t i o n f a c t o r 
Dry u t . of s o i l per grams 

( D i l u t i o n F a c t o r = D i l u t i o n X Amount o f i nocu lum t a k e n ) . 

The i d e n t i f i c a t i o n o f f u n g a l spores uas made on t h e bas i s o f 

m o r p h o l o g i c a l and c u l t u r a l c h a r a c t e r i s t i c s ' u h i c h uas l a t e r 

c o n f i r m e d u i t h the he lp o f a u t h e n t i c i d e n t i f i e d c u l t u r e s and 
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pertinent literatures (barnett 1955, Gilmen 1957, Subramanian 

197t). 

Result 

The c o m p a r a t i v e s tudy o f t he a i r , l e a f s u r f a c e and 

s o i l m y c o f l o r a o f p o t a t o , paddy and peach uere s t u d i e d i n 

d i f f e r e n t s t ages of g r o u t h of t h e p l a n t s and i n r e l a t i o n to 

d i f f e r e n t c l i m a t i c c o n d i t i o n s . I t i s s v i d e n t f r om the r e s u l t s 

t h a t t he m y c o b i a l p o p u l a t i o n o f the a i r , l e a f s u r f a c e and 

s o i l i s g r e a t l y i n f l u e n c e d by t h e c l i m a t i c c o n d i t i o n s , l i k e 

r a i n f a l l , t e m p e r a t u r e , h u m i d i t y , e t c . F u r t h e r , a d i s t i n c t 

c o r r e l a t i o n between t h e number o f p ropagu les i n the a i r , 

l e a f s u r f a c e and s o i l m y c o f l o r a i n r e l a t i o n t o c l i m a t i c 

c o n d i t i o n s uas a l s o obser l t /ed. 

Kly CO f l o r a o f p o t a t o f i e l d : - I n S h i l l n n g the p o t a t o 

i s c u l t i v a t e d i n t u o seasons v i z . , summer and u i n t e r c rop 

{latjle^^) . Summer c rop i s sown i n the month o f March and 

h a r v e s t e d i n t he month o f O u l y - A u g u s t , w h i l e u i n t e i c rop i s 

sown i n t he month o f August and September and h a r v e s t e d i n 

t h e month of December-January ( T a b l e 4 .2^ • 

From the r e s u l t i t i s c l e a r t h a t the s o i l ha rbou rs 

g r e a t e r m y c o f l o r a than l e a f s u r f a c e and a i r ( T a b l e 4.1 -x 4 . 3 ) ^ 
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ĉ  

o 
o 
o 
o 
a 

CN 

VD 

cr\ 
CN 

in 

CO 

CN 

CM 

CD 
CO 

o 
a 
CN 
CN 

M (-1 
jp CL 

* 
in CN cn 

cn o to 
co CN 

o 
cn C--

CD 

CO 

cr> 
CO 

CO 

CO 

o 
ID 

CO 

to 

CN 
IX) CO 

CD 
O 

LO 

CO 

CO 
C-J 

CM 

CTi 

cn 
CO 

vX) 
CO 

CN 
CN 

CO 
CO 

cn 
CO 

cr> 
Csl 
ro 

o 
CO 
CN 

iX) 

co 
CD 

CN 
O ID 

O 

CD 

cn 

ID 
CO 

CD 
ID 
cn 
ID 

>X) 

CD 

ID 
CO 

ID 

cn 

CO 

CN 
CO 

CN 

cn 

o 
rsi 

CN 
UD 

CN 
CN 

O 
CTi 

a 

o 

CT) 

a 

CO 
CO 

co 
a 
CN 

CO 
CO 

CM 

CD 

o 

CM 
CO 

a 

co 

CN 

CO 

CN 

CN 

cn 

ID 
CM 

cn 
CN 

CO 

cn 
ID 
c^ 
CO 
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Table 4 . 2 

Stage o f c rop and c o n d i t i o n o f the f i e l d 

a t s a m p l i n g t ime ( P o t a t o F i e l d ) . 

Sampl ing month C o n d i t i o n o f c rop 

S 
U 
n 

E 
R 

C 
R 
0 
P 

U 
I 
N 
T 
E 
R 

C 
R 
0 
P 

Inarch 

J A p r i l 

J June 

I July 

/ August 1 

\ August I I 

i S e p t . I & I I 

I Oc tober 
I 
\ Nov/ember 
I 
I Decamber 

I 
January 

J February 

S ou ing 

S e e d l i n g s t age 

Young l e a f ( b e f o r e f l o u e r i n g ) 

Leaf mature 
F l o u e r i n g 

A f t e r f l o u e r i n g 

ha r v e s t i n g 

F e l l o u p e r i o d 

F a l l o w p e r i o d and Sowing ^ 

S e e d l i n g s t age 

Young l e a f 

Leaf mature (flouering) 

Harvesting 

Fellou period 
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Funga l f l o r a o f the a i r ; - The f u n g a l p o p u l a t i o n i n 

a i r uas found t o be g r e a t e r d u r i n g the w i n t e r c rop season 

than the summer c r o p , a l t h o u g h the t ype of f u n g a l spores 

uere more d u r i n g t h e summer c r o p . I n summer c r o p , maximum 

a i r m y c o f l o r a was observed i n the sowing t ime when t h e r e was 

no l e a f , and minimum m y c o f l o r a was observed w i t h the l e a f j ^ a t u -

r a t i o n . F u r t h e r the m y c o f l o r a had i n c r e a s e d i n the h a r v e s t i n g 

t i m e w h i l e i n w i n t e r c rop the a i r m y c o f l o r a g r a d u a l l y 

i n c r e a s e s f rom sowing t o h a r v e s t i n g t ime ( F i g . 4 . l ) . 

C ladospo r i um herba rum , A l t e r n a r i a a l t e r n a t a , As p e r -

q i l l u s n i q e r , P _ e j i c i l l i u m imp l i c a t u m . Fusar ium ro,seum are 

p r e s e n t t h r o u g h o u t the y e a r . The l o w e s t p o p u l a t i o n o f f u n g i 

was counted i n t he summer s e a s o n . I n the subsequen t season 

w i t h a g r a d u a l f a l l i n t e m p e r a t u r e and r i s e i n r e l a t i v e h u m i ­

d i t y the t o t a l p o p u l a t i o n of a i r enhanced c o n t i n u o u s l y . U i t h 

t he season changed w i t h warm t o c o l d , A1 t e r n a r ia a l t e r n a t a , 

P ^ n i c i l l ium i m p l i c a turn. T r i choderma v i r i d e , Cepha lospor ium s p . 

and some o t h e r s , decreased i n t h e i r p o p u l a t i o n s , w h i l e the 

p o p u l a t i o n of F usa r ium roseurn, C ladospo r i um he rba rum, 

A s p e r q i l l u ? ' s p . , C u r v u l a r i a l u n g t a and i'lucor s p . i n c r e a s e d 

as the season advanced f rom warm t o c o l d ( T a b l e 4 . 3 ) . 

Funga l F l o r a o f the Leaf s u r f a c e ; - An a n a l y s i s o f 

t h e l e a f s u r f a c e f u n g a l f l o r a o f p o t a t o l e a f r e v e a l e d t h a t 

the summer c r o p ha rbou red g r e a t e r m y c o f l o r a t h a n t h a t of 
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winter c rop . I t uas f u r t h e r i n t e r e s t i n g to note t h a t the 

number of fungal spec ies i s o l a t e d from leaves in s eed l ing 

s t age uas lower than the mature l e a f . The fungal populat ion 

reaches tit iU-tO maximum during p r e - h a r v e s t ing s t age of the 

c rop . 

The spec ie s l i k e A s p e r g i l l u s n i q e r , Llados porium 

he rbarum, A I te r n a r i a a l t e i n a t a , Fusor lum roseum, Pen ic i l l i um 

implicatum. P e n i c i l l l u m cyclopium, Curvular ia luna ta were 

more or l e s s spreaded throughout the yea r . 

A l t e r n a r i a s o l a n i occurs only in July and November 

and B o t r y t i s s p . only m 3u ly . Gllocladium s p . and Gliomast ix 

s p . were r e s t r i c t e d only to winter c rop . Papu la r i a a rund in i s 

and Phythium s p . were observed in the month of Apr i l and May 

(Table 4.3) . 

Fungal Flora of the S o i l ; - I t is seen t h a t the 

s o i l fungal popula t ion of po ta to f i e l d i nc r ea se s cons ide ra ­

bly from s e e d l i n g to senescence s t a g e . K g r e a t e r number i s 

recorded from the s o i l of winter crop than t h a t of summer 

crop (F ig . 4 . 1 j . 

T richoderma v i r i d e , A I t e r n a r i a a l t e r n a t a ; Asperq i l lue 

f l a v u s , Cladosporlum herLarum, F usarium roseum, Pen i c i l l i um 

implicatum e t c . a re common to both summer and winter c rops , 
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u h i l e G l i o c l a d ium s p . , G l i o m a s t i x s p . , F usar ium s o l a n i , 

r us a r i um m o n i l i f o r m e , Cepha lospo r i um r o s e o - q r i s u m . H e l m i n -

t h o s p o r i u m - o r y z a e , Ac t i pomucgr e leqans , h l t e r n a r l a s o l a n i , 

rtsperq i l l u s nanus , P e n i c i l l i u m s p . , _P« cy c l o p i u m , Humicola 

s p . , Phoma s p . , Papula r i a a r u n d i n i s , uas r e s t r i c t e d t o 

u i n t e r c rop o n l y . 

Spec ies l i k e V o l u t e l l a s p . , I ^ o r t i e r e l l a s p . , 

P e n i c i l l i u m l o t u m were p r e s e n t d u r i n g h a r v e s t i n g s tage of 

the c rops a n l y ( T a b l e 4 . 3 ) . 

i ^ y c o f l o r a o f Paddy f i e l d ' . - In S h i l l o n g paddy i s 

c u l t i v a t e d o n l y i n one s e a s o n , i . e . f rom A p r i l t o December. 

The c rop i s soun i n the month o f m i d - A p r i l t o May and 

h a r v e s t e d i n t h e month or December (Tab le 4 . 4 ) . The r e s u l t s 

a re p r e s e n t e d i n the Tab le ( 4 . 5 ; , shous the s e a s o n a l v a r i a ­

t i o n i n a i r , l e a f , s u r f a c e and s o i l m y c o f l o r a o f the paddy 

f i e l d . 

Funga l F l o r a of the A i r ; - The maximum percen tage 

o c c u r r e n c e o f a i r m y c o f l o r a uas found i n the paddy f i e l d 

d u r i n g 'Oc tober (22.785;) f o l l o w e d by December ( 2 1 . 7 8 % ) , 

November ( l 2 . 9 9 % ) and f l a rch ( l 2 . 9 9 % ) . 

C ladospo r i um herbarum uas p r e s e n t t h r o u g h o u t t h e 

o b s e r v a t i o n p e r i o d . The pe rcen tage o c c u r r e n c e o f t h i s 

fungus uas found t o be the h i g h e s t i n the month o f A p r i l . " 
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Asperg i l lus n iqer was p resen t throughout the year but the 

percentage occurrence increased from Apri l to September 

and then g radua l ly decreases from October to Dgcember« 

Fusarium roseum uas recorded in the month of Plarcti and again 

from June t o October where the percentage occurrsnce i n c r e a ­

sed p r o g r e s s i v e l y . Helminthosporium oryzae was pyejent only in 

October and November. A l t e r n a r i a a l t e r n a t a uas r e s t r i c t e d 

to n a r c h - A p r i l , 3une, August and September, u h i l e A l t e r n a r i a 

humicola was recorded only in the month of J u l y , August and 

November (Table 4 . 5 ) . 

Fungal Flora of the Leaf s u r f a c e ; - The l e a f - s u r f a c e 

of r i c e p lan t s harboured h i c h e s t populat ion of fungal f lora 

a t the time of boothing (August) and lowest dur ing t r a n s ­

p l an t ing and t i l l e r i n g time (June and Ju ly ) (Tab le 4 . 4 , 

F i g . 4 . 2 ) .-• 

Aspe rg i l l u s n i q e r , Cladosporium herLarum. Pen ic i l l i um 

impl icatum, Tnchoderma v i r i d e , Curvular ia luna ta , _Fusarium 

roseum was observed throughout the cropping season . But the 

percentage occurrence of CJradosporium herbarum and Asper-

g i l l u s n iger i nc reases from t i l l e r i n g to f lower ing s tage 

and decreased a t r ipen ing t ime . But spec ies l i k e A l t e r n a n a 

s o l a n i j Per iconia s p . wa-̂  p resen t only in s e e d l i n g s t a g e , 
A 

whereas Vo lu te l l a s p . Actmomucor e l eqanus , Aspe rg i l l u s 

vers i c o l a r , Phoma s p . , Gliocladium s p . were observed uniformly 
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between F l o u e r i n g t o h a r v e s t i n g s t a g e . P e s t a l o t i o p s i s s p . 

and Cephalospor ium r o s e o - q r is um were observ/ecl be tueen 

b o o t h i n g and head ing s t a g e s . P l e o s p o r a s p . was observed o n l y 

i n the t i l l e r i n g t i m e (Tab le 4 . 5 ) . 

S o i l Funga l F l o r a ; - The f u n g a l p o p u l a t i o n of t he 

s o i l o f paddy f i e l d i n c r e a s e d g r a d u a l l y a t d i f f e r e n t s tages 

of paddy. A s p e r g i l l u s n i q e r , A s p e r g i l l u s f l a v u s . A l t e r n a r i a 

h u m i c o l a , C ladospo r i um herbarum, ^ u r v u l a r ia l u n a t a , Fusar ium 

roseum. nucor h i e m a l i s . P e n i c i l l i u m i m p l i c a t u m . T r i choderma 

V i r i d e , are t h e dominant s p e c i e s observed t h r o u g h o u t the 

y e a r , Clados por ium c l a d o s p o r i o d e s , Fusar ium roseum, Asperq i -

l l u s sy^dpu i i , Pen ic i l l ium c y c l o p ium uere observed i n the 

t i l l e r i n g t ime o n l y . Cephal os por iujn r o s e o - q r i s um, P a p u l a r i a 

arund i n i ^ . P e n i c i l l i u n i m i n i o l u t e o m . A l t e r n a r i a a l t e r n a t a uere 

restricted to boothing to f l o u e r i n g s tage of the crop, uhereas 

Humicola s p . , H e l m i n t h o s p o r i u m oryzae , C l i o c l a d i u m , 

A s p e r g i l l u s vers i c o l a r vrQ̂ yvg found i n h a r v e s t i n g t i m e on l y 

( T a b l e 4 . 5 ) . 

r - l yco f lo ra o f Peach( f r i;- it g a r d e n ) ; - On the b a s i s 

of local cliivatic c o n d i t i o n s , the e n t i r e p e r i o d o f i n v e s t i -

g a t j o n uas d i v i d e d i n t o f i v e seasons i . e . r a i n y season 

( J u n e - J u l y , , m o d e r a t e l y uarm ( A u g u s t - O c t o b e r ) , mode ra te l y 

c o l d humid (November-December) , . c o l d humid ( J a n u a r y -

F e b r u a r y ) and warm season (Pla r ch -Hay ) . 
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Fungal Flora oF the A i r ; - The maximum spore >..'!-

concen t ra t ion appear ing in the per iod from i^arch-Apri l , i*S'f 

in uarm season and lowest spore concen t r a t i on was observed 

in rainy season i . e . June and July/ijCT'*^'^'^'-^ ' 

Cladosporium herbarum^ F'̂ ucoi: hiemal i s , i^sperq i l lus 

n i q e r , Trichoderma v i r i d e , Penici l l iu jB s p . , and Fucarium 

roseum uere observed more or l e s s throughout the yea r , while 

spec ie s l i k e Cladosporium v a r i a b i 1 e , Aspe rg i l l u s nanus. 

Penic i l l jum s p . uere r e s t r i c t e d only in rainy season . Species 

l i k e Asperq i l l u s f lavus , A l t e r n a r i a _humicola , Papular ia 

arund in i s , Fusariuin monil if orme , Asperq i l l u s vers i c o l o r , 

were observed in moderate warm season- Species l i k e 

Gliocladium roseum, Phoma s p . , Pen ic i l l i um luteum. Gliomastix 

s p . was observed in moderately cold season . Gliomastix s p . , 

Absidia sp• , Aspe rg i l lu s p r o l i f e r a n s , P e n i c i l l i u m decumbens , 

Humicola s p . , Pythium s p . were observed only in cold humid 

season and the spec ies l i k e Sclerot ium s p . , Stiqmina s p . , 

Epicoccum nigram, Helminthosporium orVzae, Rhizopus s p . , 

A l t e r n a r i a humicola, I'lort i e r e l l a s p . , Cladosporium 

sphaerospermum are r e s t r i c t e d only in uarm season (Table 4.6) 

Fungal Flora of Leaf s u r f a c e : - In the warm season 

s i g n i f i c a n t l y h igher number of fungal popula t ion was ob­

served as compared to o ther season . Species l i k e Mlternar ia 
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a l t ^ r n a t a , P e n i c i l l i u m c y c l o p i u m , C u r v u l a r i a l u n a t a vere 

dominant f u n g i i s o l a t e d t h r o u g h o u t the y e a r . Spec ies l i k e 

U o l u t e l l a s p . , G l i o c l a d i u m s p . , Ac t i nomucor e leqanus 

Monilia./^^t'^;^ y-iuere found to be r e s t r i c t e d on l y i n r a i n y 

s e a s o n , u h i l e the o t h e r f u n g i l i k e Cepha lospo r i um s p . , 

P a p u l a r i a s p . , P e n i c i l l i u m decumbens uere observ/ed i n 

Q 

moderate uaxm season. The species Like Paciliomyces sp* , 

Aspergillus vers icolor, Curvularia lunata. Penicillium 

chrysoqenum, F̂ ort ierel la sp. uere observ/ed in moderately 

cold humid seasons. Since there uere no leaves in peach 

plant in January and February, no isolation from leaf 

surface w>as possible. In • warm .season the number of species 

uere more and, as perqillus proliferens, Helminthosporium sp., 

Clados porium s pha ros permum , Humicola qr isea , St iqmina L,"̂. 

maculata, Sclerotium sp., Rhizopus sp. ,/£__, ~ .P-:::̂ ^ 

were observed (Table 4.5). 

plycoflora of the Soil:- There is no regular 

distribution of mycoflora in the fruit garden soil, but it 

U3S observed that the population uas higher in uarm season 

9nd lê st population in moderately cold humid season^ C^^ti^ ̂ '' J 

The dominant fungal species observed in the peach 

garden soil uere jĵu m i c o 1 c sp-, nl ternari?^ alterna ta , 

Fusarium roseum, Hucor hd.e.mal is , Penicillium sp . , hsperq i-

llus sp., Cephalosporium sp., Phoma sp. and some other fungi. 
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AND SOIL RYCOFLORA OF PEACH (FRUIT GARDEN) 
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Ths spec ies l i k e G l i o m a s t i x s p . , r ^ o r t i e r e l l a " s p . , A c t i n o -

mucor e leaqanus and G l i o c l a d i u m s p . observed i n r a i n y season 

bu t the pe rcen tage o c c u r r e n c e oT f u n g a l - s p e c i e s uere very 

10 uj. P a p u i a n a s p • 5 T r i choderma v i r i d a , n l t e r n a r ia humico la , 

C u r v u l a r i a l u n a t a , Py th ium s p • , Phoma s p . , H e I m i n t h o s p o r i u m 

sp . , h l t e r n a r i a s o l a n i , P a e ' ^ l l a myces sp• , Pan ic i l l ium 

ch rys oqenum uers mos t l y obser l /ed i n mode ra te l y uarm and 

m o d e r a t e l y c o l d s e a s o n . 

Dis c u s s i o n 

The f u n g a l p o p u l a t i o n o f t he a i r , l e a f s u r f a c e and 

s o i l l-s found to be g r e a t l y i n f l u e n c e d by the e n v i r o n m e n t a l 

f a c t o r s l i k e l i g h t , t e m p e r a t u r e h u m i d i t y and r a i n f a l l * The 

l o u t e m p e r a t u r e and h i g h h u m i d i t y i n the a i r a d v e r s e l y 

a f f e c t s t he a i r , l e a f s u r f a c e and s o i l m y c o f l o r a , but 

c o m p a r a t i v e l y h i g h t e m p e r a t u r e and l o u h u m i d i t y f a v o u r s the 

p o p u l a t i o n of s a p r o p h y t i c m i c r o - o r g a n i s m s , h c c o r d i n g t o 

Gregory and h i r s t ( 1 9 5 7 ) , and Sharma and I ' l u k e r j i (1972a') 

the season i s d o m i n a t i n g f a c t o r d e t e r m i n i n g t h e q u a l i t a t i v e 

and q u a n t i t a t i v e c o m p o s i t i o n o f the l e a f s u r f a c e m i c r o f l o r a , 

and f u r t h e r v a r i a t i o n i n the t o t a l number o f i s o l a t e s 

i n d i c a t e s changes i n the d e n s i t y o f the a c t i v e p o p u l a t i o n s . 

D i x i t and Gupta (1980) have a l s o conduc ted a compa ra t i ve 

s t u d y of p h y l l o p i a n e and a i r - s p o r a o f b a r l e y and found t h a t 
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the fungi impe r f ec t i uas the most dominant group in both 

a i r and phyl lop lane in t h e i r s t u d y . They have a l so co-

r e l a t e d the c l i m a t i c cond i t ions with the prevalence of 

the phyl lop lane and a i r - s pora .These r e s u l t s are s i m i l a r 

to the r e s u l t s obtained in the pregent work* 

I t i s known tha t a i r borne propagules a c t as i n i t i a l 

source of inocula for the a e r i a l p lan t p a r t s * I t i s a l so 

ev iden t from the p re sen t r e s u l t t h a t phy l lop lane i s o l a t ^ ^ 

uere a l so p resen t in the a i r and s o i l and v ice v e r s a . In 

a d d i t i o n , n o t i c e a b l e d i f f e r encesue re recorded in the 

seasona l occurrence of micro-organisms in the a i r and on 

the su r face of p o t a t o , paddy and peach l e a v e s . 

From the comparative s t udy , i t i s c l ea r t h a t 

a l though a i r - b o r n e prxjpagules ac t as i n i t i a l source of 

inocula for the a e r i a l p l an t p a r t s , but the q u a n t i t a t i v e 

composit ion of the th ree popula t ion is found to be very 

d i f f e r e n t . The p resen t r e s u l t does not suppor t" the gene ra l ly 

accepted vieu t h a t a i r - b o r n e spores o r i g i n a t e from 

vege ta t ion only r a t h e r than from the s o i l . Although i t has 

been suggested by d i f f e r e n t uorkers t h a t a i r /mycof lo ra i s 

e i t h e r con t r i bu t ed by s o i l or from vege ta t ion (Paddy ^1967', 

Gregory ^ 1 971) , r e s u l t ^ o b t a i n e d in the p re sen t work show 

s i m i l a r i t y of a i r and s o i l mycoflora a l though some of the 

organisms uere p re sen t in the l ea f surface as u e l l . I t i s 
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knoun that certain air spora are liberated to the atmosphere 

from the particular type of vegetation i.e. Cladosporium 

herbarum is mainly from grass spp. (Sreeramul u ̂ 1958; Pausay 

and Heath 1964). Therefore it can be suggested from the 

present comparative study results that air mycoflora is 

either 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 

follows:-

/' Air mycoflora 

' 41 

Leaf sur face 
my coflora 

,̂ \ 

\ 

t/ 

'"̂  So i l mycoflora 

Although the a v a i l a b i l i t y of the a i r - s p o r a may vary 

according to the weather c o n d i t i o n s , as well as according 

to the presence of the p a r t i c u l a r p l a n t s p . c o n t r i b u t i n g to 

the a i r mycoflora. Oransf ie ld (1966) a l s o ha5 suggested t h a t 

the s o i l fungi which are a c t i v e in a p a r t i c u l a r season may not 
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be a c t i v e d u r i n g o t h e r seasons . 

A s e a s o n a l f l u c t u a t i o n i n the p o p u l a t i o n o f the 

a i r , l e a f s u r f a c e and s o i l m y c o f l o r a i s a l s o observed wh ich 

seems t o depend upon the c l i v w a t i c c o n d i t i o n s such as tem­

p e r a t u r e , h u m i d i t y , u i n d v e l o c i t y , phenology o f the l o c a l 

v e g e t a t i o n and i t s a s s o c i a t e d f u n g i and r a i n f a l l (.Table 1 

F i g . 4 . 1 - 4 . 3 ) . I n I n d i a s t u d i e s o f a i r - s p o r a r e l a t i n g t o 

s e a s o n a l and d i u r n a l v a r i a t i o n s have been conduc ted by 

s e v e r a l worke rs (Rajkumar and G u p t a , 1 9 7 8 , Sharma , 1 9 7 1 , 

S reera fnu lu ' .195g , 1954, 1962, S ingh and b a r u a h , 1 9 7 9 ) and 

r e s u l t s o f the p r e s e n t i n v e s t i g a t i o n are a l s o i n ^ a r v u - l i n e 

w i t h the above s t u d i e s . 

T h i s s t u d y a l s o shows t h a t the s e a s o n a l v a r i a t i o n s 

of the f u n g a l p o p u l a t i o n s do e x i s t i n the s o i l . The f u n g a l 

i s o l a t e s were m o s t l y d e u t e r o m v c a s . The q u a n t i t a t i v e and 

q u a l i t a t i v e v a r i a t i o n of t h e t o t a l p o p u l a t i o n o f t he 

m y c o f l o r a may be due to i n a d e q u a t e s o i l m o i s t u r e and 

n u t r i e n t s , wh i ch a f f e c t the p o p u l a t i o n ( D i x o n , 1 9 6 1 , Uaksman 

1959 , Rama Rao,197D) and a c t i v i t i e s o f the m i c r o - o r g a n i s m s . 

Uaid (1962) has sugges ted t h a t f e r t i l i t y o f t h e s o i l a f f e c t s 

t he t o t a l p o p u l a t i o n of m y c o f l o r a , w h i c h seems t o be a more 

l o g i c a l c o n c l u s i o n . 
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GENERAL DISCUSSION 

I t is knoun t h a t the- p a r t i c l e s of b i o l o g i c a l o r ig in 

c o n s t i t u t e an important f r a c t i o n of p a r t i c u l a t e loading of 

the atmosphere. Usually such p a r t i c l e s are i n v e s t i g a t e d in 

r e l a t i o n to human a l l e r g i c d i s e a s e s and phy topa tho log ica l 

problems (.F inke l s te in ^ 1959, Oav/is and Smith,1973', Uaggoner^ 

1974) . Pol len and spores c o n s t i t u t e an important f r a c t i o n of 

the t o t a l p a r t i c u l a t e l eve l of the atmosphere. Concentra t ion 

of pol len in the atmosphere i s usua l ly determined by the 

s tage of f l oue r ing and meteoro log ica l cond i t ions of the a r e a . 

Di f fe ren t s i t e s a t Sh i l l ong , v i z . Upper Sh i l long (1951 m), 

Polo Ground (1300 m) and Nongthymmai (1800 m) ^^0*^ coe '̂e 

s e l e c t e d in order to ob ta in a comparative account of the 

fungal spores of the atmosphere and t h e i r seasona^l ity_. The 

f loue r ing phenology of the spec ie s is d i r e c t l y dependent on 

r'the season and uea ther cond i t ions of the a r e a . Plost spec ies 

fff Shi l long come to bioom during inarch to September and 

f louer ing frequency comes doun dur ing December to February, 

uhich are u i n t e r months {Pig. 2 . 1 ) . For i d e n t i f i c a t i o n of a i r ­

borne p o l l e n , . po l l en morphology i s very impor tan t . Therafore , 

p re sen t study covers the morphological d e s c r i p t i o n s of po l len 

of 125 spec ie s belonging to 52 f a m i l i e s . I t i s found t h a t 

the pollq'ns are unique and t y p i c a l for any family , genus or 

,species (Nai r , , 1960) . On the ba s i s of exine c h a r a c t e r the 
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anemophilous and entamophilous po l lens can be e a s i l y d i f f e -

r e n t i a t a d . . ' ' . 3>ifferent types of pol len g ra ins 

ranging from i n a p e r t u r a t e t o c®lporate and exine lacking 

d i s t i n c t columal lar s t ra tum to exines u i t h columel lar and 

t e c t a l ^complex i t i e s ( e . g . Mrqy re ia sp .) / 5 i m i l a r l y , marked 

s i z e v a r i a t i o n s of pol len have a l s o been observed (16.4 u 

- 179 XI d iam.J . The var ious po l l en s are found to be marked 

by d i f f e rences in the types of a p e r t u r e s and exine ornamen-

t a t i ons . 

The study of the pol len morphology of Indian p l an t s 

has a t t r a c t e d the a t t e n t i o n of ra search workers in recen t 

years (Nair j1965; Nair^1970, T hanika imoni, 1 976 , Viasanthi^ 

1976) . Although, po l len g r a i n s of feu f ami l i e s haue been 

descr ibed and i l l u s t r a t e d , t h e r e is as ye t no comprahansive 

account of the pol len f lora of any uega t a t i ve un i t (iMair^ 

1965) . In t h e p resen t u o r k i d e s c r i p t i o n s and some i l l u s t r a ­

t i o n s from 1S5 predominant s p e c i e s belonging to |f3^'famil ies 

have been provided . 

I t is seen t h a t hardly any period of the season 

i s free from the atmospheric b i o p o l l u t a n t uhich i n d i c a t e s 

the r i chness of the a i r - s p o r a in the atmosphere (S reeramulUj 

1964) . Seasonal v a r i a t i o n s in the popula t ion of a i r - s p o r a in 

the atmosphere uere s tud ied during February 1980 to January 

1981, u i t h the help of simple g r a v i t y sampler ( a e r o s c o p e ) . 
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Though the flora of Shillong is v/ary rich and diverse, the 

percentage occurrence -of pollen in the atmosphere is very 

less {2.^%) . This is due to uell established fact that the 

pollen productivity is very less in hilly regions. Similar 

observations uere also made by I'larkgraf (1980). The highest 

counts of total pollen uere recorded in the months of March, 

I'^ay and September* In the month of l̂ arcn, pina pollens" are 

predominant, uhich form a conspicuous featute . in vegetation 

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

uell knoun fact, as during this period, temperature records 

range from 20 C to 22,C uhich favours the pollen production 

and spread. Subbareddy (1970) also observed similar results. 

nay is predominated by the pollen of angiospermic species 

like, Schima uall ichii. Quercus sp., \J iburnum sp. and 

members of Rosyaceae and Compositae. V/ery negligible counts 

of pollen uere observed in the month of 3une to August, 

uhich is due to heavy rain the area receives. Heavy rainfall 

not only louers the pollen production in a species, but also 

washes doun the pollen from the atmosphere (Ramalingam 1964^ 

.Oonald ̂ 1979; . The atmosphere in September is dominated over 

by the pollen of Cedrus spp., Betula alnoides, Glocnidion spp., 

rtrdisla macrocarpa and Quercus griffithii. November to 

January being the severe winter months uith lou 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 lia dormant during the sewere winter months. 

Fungal spores on the other hand exhibit tuo distinct 

peak periods in the month of June {8%) and September (24^o). 

Clados porium s p. , Alternana s p . , Humicola sp . , Streptomy ces 

sp., Asperqill us sp« and T orula sp. are dominant, lleteorolo-

gical factors like heavy rainfall and high humidity mainly 

influence the prevalence of fungal spores in the atmosphere 

(Singh & Baruho^1979). It is observed that June and Septem­

ber shou the highest percentage of humidity (B8%) uith the 

gradual decrease in these factors from October onuards. The 

concentration of fungal spores also reduced uith the 

lowering of humidities. In the month of March lowest per­

centage of spore was observed, possibly because of the 

high temperature and low humidity observed in this month 

Diurnal fluctuation in pollen and fungal spores 

uere observed in the atmosphere of Shillong (Nay '81 to 

December '81). Host of the pollen was observed in day time, 

while -pollen of some species like C ryptbme ria .ja ponica , ' 

•SP-

Eleoca-rpus sp., Eucalyptus ĵ oere observed in night time. 

Pollen concentration appeared to be greatly influenced by 

s'unshina and relative humidity as reported by earlier 

workers (Singh & Bab\4',1980, Ramalingam 1966). The results 

of pre'dominant fulgal spores and thet-»! diurnal .variations 

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

evening. 

The comparative study of air, phyllosphere and 

soil uere carried out in three different crops viz., 

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

mine the source and origin of the aerospora in relation ti 

soil and It̂ af surface micro-organisms. It is observed that 

ttie a,r-borne propagules act as one of the sourtes of 

inocula for the aerial plant parts, while some fungi 

or iginate-prom soil. In addition, noticeable differences 

were recorced in the seasonal occurrence of the air, leaf 

surface and soil mycoflora. Gregory (1951) has explained 

that the soil does not make any substantial direct contri­

bution to the furgal spore content of the atmosphere; 

atmospheric moulds are derived mainly from fungi growing on 

vegetation. Paddy '1957) considered that most of the fungal 

spores in the atmosDhere ccme from the soil. A similar 

condition can be observed by comparing the air, leaf surface 

and soil population in different crop fields at Shillong. 

As specias like Fusar ium r jseum, Kbs id ia sp., Papularia sp., 

Llados porium herba rum, Peni;illium implicatum are present 

ft 

b o t h i n s o i l as u e l l as a i r t D r a n s f i e l d (1955J r a p o r t f e j , i t 

seems more l i k e l y tVa t t h i s a i r - s p o r a i s d e r i v e d p redominan -

t l y e i t h e r f rom moJ;d.^, p l a n t pa thogen and o t h e r f u n g i 
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grow ing on v e g e t a t i o n , or f rom s u r f a c e g row ing f u n g i , 

equ ipped u i t h mechanism u h i c h l i b r a t e t h e i r spores i n t o the, 

f r e e moving t u r b u l a n t a i r l a y e r . I t i s a l s o knoun t h a t xv\pG 

ore 

s o i l , b a c t e r i a . p a n i c i l l i , and A s p e r q i l l i p r e d o m i n a n t ; 

bu t C ladospo r i um p redomina tes i n the a i r , '^sf fcovvded by/ 

bas i d i o s p o r e s . S i m i l a r i t y be tueen the s o i l and a i r - s p o r a 

i s ma in l y due t o the s o i l b e i n g the u l t i m a t e ' s i n k ' t o 

w h i c h most o f t h e a i r - s p o r a i s d e s t i n e d and a u a i t i n g 

e x t i n c t i o n ^G r e g o r y > 1973) or f o r a hos t p l a n t t o cause 

d i s e a s e i f i t i s a p a t h e g a n i c s p e c i e s . 

The need f o r i n t e n s i v e a e r o b i o l o g i c a l s t u d i e s has 

been emphasized by b o t h c l i n i c i a n s and b o t a n i s t s d u r i n g 

r e c e n t y e a r s . The r e s u l t s o f t h e p r e s e n t i n v e s t i g a t i o n can 

be a u s e f u l t o o l f o r f u r t h e r r esea rches towards u n d e r s t a n ­

d i n g o f the i m p l i c a t i o n of the a i r - b o r n e p o l l e n and spores 

i n r e l a t i o n to human a l l e r g i c d i seases and a l s o i n 

f o r e c a s t i n g d i s e a s e s i n crops p l a n t s o f t h i s r e g i o n . 

However, much remains t o be done i n t h i s d i r e c t i o h b e f o r e 

we are ab le to a c h i e v e t h i s f i n a l g o a l . 

I t has bean r e p o r t e d by K e r l i n g (1964) t h a t the 

deve lopment o f s a p r o p h y t i c f u n g i on rye l eaves shows a 

sudden i n c r e a s e s h o r t l y a f t e r f l o w e r i n g and t h i s i n c r e a s e 

a c c o r d i n g t o him i s due t o the p resence of p o l l e n t h a t has 

f a l l e n on l e a v e s a f t e r f l o w e r i n g . FoKkema (1968) a l s o had 



121 

demonstrated that pollen added to the inocule of Cladosporium 

herbarum enhanced colonization of the leaves by this fungus. 

He 'further demonstrated that the infection of rye leaves by 

Septoria nodorum and Helminthosporium sativum uas stimulated 

by pollen ( Fokkema, 1971 ). 

The interaction betueen pollen and fungal spores in 

the atmosphere houever, could 'not be attempted in this project 

due to ex>3gencies of time. Neverthless, this survey is arte of 

"the important aspects in plant Pthological and human allergic 

disease, and offers a promising field for future workers in 

the field of Aerobiology. 
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PLATE NO. 

The asroscope used at different sites of 

Fig. A Asroscope (General Vieu) 

Fig. B Asroscope a-g University Building (ft meter) 

Fig. C Aeroscope at Departmental garden (3 meter) 



PLATE .1 



PLATE NO. 2 

Fig. 1 Cupressus torulosa 

^ig* 2 Cedrus deodara 

Fig., 3 Pinus kesiya 

Fig. 4 • Cryptomaria laponica 

Fig.. 5 HypoBstes triflora 

Fig. 6 Strobilanthus axtensus 

Fig. 7 Amaranthus ̂ gracilis 

Fig. 8 Rhus aemialata 

NOTE : All microphotDQrapha are at a magnification 

X 400. unless otharuisB mentioned. 
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PLATE NO. 3 
t 

F i g . 9 Welodinua khaaianua 

F ig .10 Panax psgudoqinsenq 

F ig .11 Macropanax undulatum 

F i g . 12 Aqeratum convzoides 

F ig .13 Ambrosia a r t e m i s i f o l i a 

F ig .14 Chrysanthemum c e n e r a r i f o l i u m 

F i g . 15 Eupatorium r i p a r i u m 

Fig. '16 Uernonia c inerea 

F ig .17 Impattons ch inans is 
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PLATE NO. 4 

f̂ iQ* 18 Ainus nepalensis 

fig» 19 betula alnoidas 

Fig. 20 Jacrandra mimosisfolla 

Fig. 21 Stellarla media 

l/lburnum khasjanum 

Arqyreia capltata X 100 

Ipomee^ haderacaae X 100 

£Iaeqnu8 latifolia 

£Iaocarpus acumlnatui 
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PLATE NO. 5 

F i g . 27 L v o n i a o v / a l i F o l i a 

F i g . 28 Rhododendron a r b o r i u m 

F i g . 29 G l o c h i d i o n accuminatum 

F i g . 30 R i c i n u s communia 

F i g . 31 C r y t h r i n a agborescens 

F i g . 32 T r i f o l i u m repens 

F i g . 33 Cas tanops is t r i b m l o i d a g 

F i g . 34 Quarcus o r i f f i t h i i 

F i g ; 35 C o r y l o p a i s h ima layana 

F i g . 36 B r u n e l l a v u l g a r i s 

F i g . 37 B u d d l a i a a a i a t i c a 
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PLATE NO. 6 

F i g . 38 A b u t i l o n ind.icu4ii 

F i g . 39 Hibiscus rosas inens is 

F i g . 40 Osbackia c a p i t a t a 

F i g . 41 Acacia dealbata 

F i g . 42 ^Ardisia macrocarpa 

F i g . 43 Piyrsine semiser ra ta 

F i g . 44 Cal l i s temon lanceolatum 

F i g . 45 Eucalyptus g lobu lus 

F i g . 46 L iqustrum robustum 

F i g . 47 Oanothsra rosea X 100 

Fig« 48 Po lyqa l la a r i l l a t a 

F i g . .̂9 Arpyra ia c a p i t a t a X 100 

Fig•, 50 Polygonum ch insns is 

F i g . 51 Polygonum hydrop iper 
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PLATE NO. 7 

Fig. 52 Anemone rlvularls 

Fig. 53 Ranunculus contoniansis 

Fig. 54 Thalictrum foliolosum 

Fig. 55 Docynia indica 

Fig. 56 Potentilla mooniana 

Fig. 57 Photinia notoniana 

Fig. 58 Prunus domestica 

Fig. 59 Prunus persica 

Fig. 60 Prunus cerasoides 

Fig. 61 Prunus communis 

Fig. 62 Rosa li\/iqata 

Fig. 63 Rubus micropBtalous 

Fig. 54 Rubus Bllipticus 

Fig. 65 Coffee khasiana 

Fig. 66 Luculia pinceana 

Fig. 67 Oldanlandia herbacea 

Fig. 68 Rubia cordifolia 

Fig. 69 Parnassia mvsorensie 
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PLATE NO. 8 

Fig. 70 Cestrum nocturnum 

rig« 71 Svmplocos spicata 

Fig. 72 Schima vjallichii 

Fig. 73 Daphne shillonq 

Fig. 74 nautia puya 

Figi 75 Ppufalzia sp. 

Fig. 75 Vaccinium qrifFithianum 

Fig". 77 Clarodandron serratum 

Fig. 78 Duranta plumari 

Fig. 79 Qisporum pullum 

Fig. 80 Paspallum dilatum 

Fig. 81 Monocot pollen 
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PLATE NO. 9 

F i g . 1A Curv/ular ia luna ta . 

F i g . 18 Curvu la r i a sp* 

F i g . 2 A l t e r n a r i a sp» 

F i g . 3 Tr ichoderma. j^ i r ide 

F i g . 4 Cladosporium jtBrberum 

F i g . 5 P e s t a l o t i o p s i g sp . 

F i g . 6 Tr ichocladiuf f l sp 

F i g . 7 Polychaet ep. 
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