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POLLEN MORPHOLOGY OF AQUATIC FLORA OF THE INDIAN 
BOTANIC GARDEN, HO WRAH, WEST BENGAL 

A B S T R A C T  

The paper presents pollen morphological study of the aquatic flora growing in the 
different pools and lakes of the Indian Botanic Garden, Shibpur, Howrah, West Ekngal. In 
the present study 64 species, comprising 4 Pterid~ph~tes, 23 Dicotyledons and 37 
Monocotyledons have been described with special notes andjor remarks, if any. This study 
will be helpful for correct taxonomic identification of the aquatic plants as well as correlation 
of the lake sediments. 

INTRODUCTION 

The Indian Botanic Garden, Howrah was 
established in I 787 covering an area of I I 2 

hectares on the West bank of the river 
Hooghly. Its unique landscape design initi- 
ated by Sir George King 1872 is. considered 
to be one of the best in the botanic gardens 
of the world with the undulated land sur- 
face, artificial lakes and moats. Twq century 
later now, this garden is a hidden treasure 
to the taxonomists and m~rphologists for 

&on on account studying hydrophvtic vegetc, 
of presence of sev& lakes and pools. Many 
plants of wide ecological groups from differ- 
ent parts of India and from other  continent^ 
are being introduced fro111 time to time in 
this garden for their taxonomical, and bicr 
systematical interests. Some of these are 
being well suited in this climate and 
flowered. 

Indian subcontinent is very rich with her 
fresh water aquatic flora for its tropical 
climatic condition and favourable edaphic 
factas which enable a very good place for 
"udying the biology of the aquatic plants. 
At present this aspect is becoming a fasci- 
nating field of botanical research for better - - 
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understanding of the adaptibility of the 
hydmphytes. In early days Arber (1920) 
made the most outstanding contribution to 
synthesise data on aquatic plants. Later on 
Biswas and Calder (1936, 1954) have describ 
ed r 7 r species from 91 genera. Subramanyam 
(1962) described I 17 taxa representing 32 
families. In the last decade Deb (1976) 
made a very informative survey on the 
aquatic vascular plants of India and he re- 
corded total 144 species from Pteridophytes, 
Monocotyledons and Dicotyledons with 
notes on distribution, endemism, indigemus 
and exotic elements. Mitra et aj. (1971) 
published a list of aquatic and semiaquatic 
plants growing in the Indian Botanic Garden. 
They listed 94 species in total. 

True hydrophytic habit is very much sensi- 
tive to temperature and water supply than 
the mlesophy~ic one. Phenotypic plasticity 
is very common in aquatics when subjected 
to stress and create a taxonomic problem for 
the correct identification of the taxon 
(Backer rg51). The range of tolerance to- 
wards the habitat, sensitivity, physical and 
chemical properties of water and other fac- 
tors are obviously reflecting on their pollen 
production, pollination, fertility and other 
reproductive factors. Sculthorpe (1967) made 
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a valuable contribution to the biology of the 
aquatic Flants. Pollen morphological infor- 
mation on Indian aquatics are very meagre 
and mainly contributed by Raj and Saxena 
(1966) and Raj and Sur~akanta (1973). They 
described only a few aquatic species common 
in Hyderabad. There are some stray pollen 
morphological descriptions of aquatic plant 
species published elsewhere in palynotaxo- 
nomical or phytomorphological studies by 
different authors like Erdtman (1g5z), Ram 
(1956), Maheshwari et al. (1956), Nair et al. 
(1963),' Nair ( I  9 6 ~ ) ~  Shanna ( I  g@), Mitra 
et al. (1982) and others. 

- !  

The concept of aquatic plants may be sub- 
jected to various interpretations. Plants 
normally grow and develop the seedlings in 
water and have at least a part of their life 
cycle in water are treated as aquatic plants 
in the present study. 

MATERIALS AND METHODS 

Pblliniferous materials of the aquatics were 
collected in different flowering seasons from 
the pools and lakes of the Indian Botanic 
Garden and sometimes from the culture pots 
of the Experimental Garden .' Distribution 
of plants in different lakes have been 
abbreviated after the name of the plants. 
Fresh, mature, closed flower buds were 
selecred. Pollen slides were prepared by 
Acaolysis method (Erdtman, I 960). Obser- 
vatiotu and measurements were based on the 
average of 2 5  readings of the pollen grains 
of each species. For palynological descrip- 
tion the families have been arranged in 
accordance with the Bentham and Hooker 
(I 862- I 883) as modified in Kew Herbarium 
and Herbarium of the British Museum. 
Pollen morphological terminology of Erdt- 
man (1952) and Faegri and Iversen (1964) 
has been followed. 

Pollen grains, being three diinensional in 
some monocatyledons, the measurenlents are 
r ~ m d e d  .as follows (Thanikaimoni, I 970). 

L= the longest equatorial axis [measured 
equatorial and polar (distal and proximal) 
view of the pollen grains]. 

1 =the short equatorial axis (measured in 
polar and lateral views). 

P=the polar axis (measured in equatorial 
and lateral views). 

Aperture-measure in distal polar view. 
The shape and measurements of the pollen 
grains are shown in Text Fig. I. Various 
pollen grains of the monocots are termed as 
convexwonvex, csncavo-convex and plano- 
convex in the lateral views and spheroidal, 
ellipsoidal etc. in distal view following Erdt- 
man (1952). 

A map of the Indian Botanic Garden 
showing the details of the position of the 
lakes (see, Map) is given which w'ill be help 
ful for the future research on the correlation 
of the lake sediment deposits. 

It should be mentioned here. thar besides 
the common water lilies and two giant water 
lilies (Victoria), the Indian Botanic Garden 
has to its credit a germplasm collection of a 10 

pot grown lilies belonging to 4 species and 
nearly 30 varieties including a number of 
hybrids. These have been excluded in the 
present study. 

The names of the lakes abbreviated are as 
follows : - 

DL-Diwan lake ; 1.G.-Introduction gar- 
den ; JL-Jamrdan lake ; KL-King lake ; 
KUG-Kunstlar lake ; L-Lake ; L L e r u m  
lake ; LP-Lotus pod; PG-Rain lake; 
PC-Pot culture ; SCL-Scortechini lake ; 
SL-4hadir lake ; Und. LUnnamed lake 
(number given against Und. L.-denotes lake 
in that division of the Indian Wanic 
Garden). 

OBSERVATIONS 
Pollen grains of aquatic plants are normal 

monad type. Pteridophytic spores are main- 
ly represented by the trilete tetrahedral or 
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Text Fig, 1 : Diagrammatic representatiorl of the ahape and measurements taken of the pollen grW 
[Based on Erdtman (1960) and Thanikairnani (1970) 1. 

rounded triangular types. Monocotyledonous 
aquatics represent a broad spectrum of pollen 
morphoforms ranging from inaperturate, 
monoaperfurate (monoporate or monosulcate) 
to pantoaperturate types. Biaperturate con- 
dition, -though rare, is also recorded in some 
monocots. Dicotyledonous pollen grains 
are either. triporate or tricolpora te type 
except in the primitive family Nyrnphaea- 
ceae. Aeschynomene aspera L. is very 
interesting having 3-colporate-diorat e type of 
aperture condition, also reported earlier by 
Sharma (1968). Specific palynological des- 
cription in details have been described 
below : 

PTER~DOPHYTB 
PARKERIACEAE 

w e  tlul*tni*r (Cl.) Brongn. PI, JL. 
Spores rounded-triangular, trilete, 2-4 

CQS~W arise frog near the end of the trilete 

mark and pass on to distal surface, diameter 
69 m, (range : 68-79 p m). Exine f 8 p  xn 
thick, striate, homogenous. (Fig. 1, 2). 

MARS1 LEACEAJl 
M a r s h  quddf* (L.) IVilld. Und. L 2, 3, 

8, 13, 16, 18. 
Spores trilete, tetrahedral, globose on 

maturity, diameter ranging from 43-76 m, 
~erisporate. Megaspores within gelatinous 
sheath and with a beak. Erine & 7 p 'm 
thick, liomogenous. Spores borne within 
hard stony sporocarp. 

SALVINIACEAE 
Azolla p h a b  R. Br. Und. L 13, 16, ~ t ,  21, 

KL, PL, JL. 
Microspores in groups of 8-12, called mas- 

sulae. surrounded by spongy tissue with 
peripheial anchor shaped projections .called 
glochidea. Individual sfores trilete, rwnd- 
ed-triangular, with straight aperture-lamura. 



Figs, 1-6 : 1. Ceratofilevis thal icl~oidcs - Distal view showing striate exine ornamenta- 
tion. 2. Proximal view showing trilete aperture and striate exine ornamentation. 3. Azplla 
pinnata - Microspore in optical section. 4. Saine showirlg exine ornamentation. 5. Astia 
stratiotes - showing faint a rture and fainlly striated exine ornamentation. 6. Ottrlia 
alismoides - showing spin$= exine ornamentation and LO pattern. 

DiPmeter ranging from 18-28 pm. Exine borne in different sprocarp. Micmspes 
-f: 3 pm thick, pitted. (Fig. 3, 4). rounded-triangular, trike, diameter raneng 
hhhia autkula41 Aubl. Und. L 8, 10, 12, from. 2939 pm. Exine f 6 p  m thick, homo- 
16, 18, 21, KL, PL. genous, psilate. Megaspores are very large, 
Micrwprangia and megasporangia are diam. 58-62 p m. 



DICOTYLEDONS FABACEAE 

NY MPHAEACEAE 
Emysle femx Salisb. Und. L 20, 24, IG-PC. 

Pollen grains 1 -colpate, rarely 3-colpate, 
biconvex in lateral view, size 42 x 38 x 3 5 ~  m 
(range : 39-44 x 37-39 x 3+36 p m). colpus 
extending upto poles, end rounded. Exine 
I .S p m  thick, punctate reticulate. Sexine 
thinner than nexine. 
NdlMbO EUW&&I Gaertn. KL, DL, LP. 

Pollen grains 3-colpate, spheroidal, dia- 
meter 52 pm (range : 48-55prn). Colpus slit 
like, faint, and rounded. Exine 3 m thick, 
punctate reticulate, lumina 0.5-1 pm, irregu- 
lar in shape. Sexine thinner than nexine. 

N p p h a  mucbd B u m .  f. Und. L 8, 19, 
24, JL, DL. 
Pollen grains I -colpate, rare1 y inaperturate, 

spheroidal, diameter 37 p m (range : 34- 
39p m). Colpus operculate, operculum pro- 
vided with spinules. Exine very thin, 0.5 pm 
thick, spinulose. Sexine and nexine equally 
thick. 
N. #eWa Willd. IG-PC. 

Pollen grains ~colpate, rarely a-colpate, 
spheroidal, equatorial diameter 3 I pm (range : 
25.5-35p m). Colpus opercula te. Exine thin, 
f 0.5 p m thick, spinulose, some sparsely 

distributed warts also present. Nexine layer 
not distinguishable. (Fig. I 3). 
Victoria aammdm (Poepp.) Sow. Und. L 8, 

16, SL. 
Pollen grains 3-colpate, rarely 4-colpate, 

united in tetrahedral tetrads, 35 x 72.5 x 64 
fi m (range i 3 I -36.5 x 67 4-75 x 60.5-66 p m). 
Some free gcolpate spheroidal pollen also 
observed. Diameter 61 pm. Exine f 1.5 ~m 
thick, spinulose or with small warts, Sexine 
and nexine equally thick. 
V, cramam Orbigny, IG-PC, SL, Und. 16. 

Pollen grains gcolpate, rarely 4-colpate, 
free, epheroidal, diameter 42 pm (range : 36.5- 
47 pm). Exine thin, 0.75-1 pm thick, 
spinulose. Sexine and nexine equally thick. 

Aeechy~~nene aqem Linn. Und. L3. 
Pollen grains 3-colporate, colpus extended 

from pole to pole, endoaperture two (diorate) 
per colpus, circular, prolate, 25 x zo p m  
(range : 22-29 x I 8-2 I pin), contour ,elliptic 
oval (Mitra et al. 1.c.). Exine 1 .g p q  thick, 
reticulate, homobrochate. Sexine thicker 
than nexine. 
A. iDdica Linn. Und. L3. 

Pollen grains 3-colporate, prolgte-prolate 
spheroidal, 19 x I 7 p m  (range : I 7-2 I x 14-19 
pm), contour elliptic oval, colpus extending 
upto poles, endoaperture single, circular, 
diameter =f: 6 pm. Exine I p m  thick, reti- 
culate, homobrochate. Sexine thicker than 
nexine. 

MIMOSACEAE 

Neptmb &mea b u r .  Und, L I ~ ,  12, KL. 
Pollen grains 3-colporate, subprolate, 55.5 x 

45 pm (range : 4 8 b  x 33-53 p). C o l p ~  
long, tapering, endoaperturg lalongate, 8 x . 
65 pm, sometimes circular, diameter 6 )c m, 
granulated. Exine 4-4.5 /-l m thick, exine thin- 
ner towards aperture, striato-reticulate at 
mesocolpium, reticulate at poles. !!kine 
and nexine equally thick. (Fig. 7a-c). 

ONAGRACEAE 
LwMgh a d s e m b s  (Linn.) Hara Und. L16, 

KL. 
Pollen grains 3-colporate, spheroidal, dia- 

meter 68 p m (range : 59.5-77 p m). Colpus 
long, slit like, ends pointed, endoaperture 
circular, f 14 pm, margin irregular. Exine 
3 p m  thick, granulose. Sexine and nexine 
equally thick. Amb circular in polar view. 
Some dimorphic pollen grains with 4-colp+ 
rate apertures and abnormal aperture posi- 
tions were also observed. 
L* perads Linn. Und. LIZ, 24, PL. 

Pollen morphology similar to L. adscm- 
dens (Linn.) Hara except pollen grain size 
comparatively smaller in this species, dia- 
meter 66.5 p m (range : 5674 p m). Exine 
2.5~ m thick. Dimorphic abnormal pollens 
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I ,  I :  /a. Neptunra oferucea Meridlonal view showing aperture and exine orna- 
mentation. 7b. Exine stratification in optical section (diagrammatic). 7c. Polar view 
showing aperture and exine ornamentation. 8a. Tyfiha elephants - aperture and exine 
ornamentation. 8b. 8- 8c. Exine stratification and OL pattern (diagrammatic). 9a. Tena- 
gocharis latifolia - distribution of aperture and exine ornamentation. 9b. Exine stratifica- 
tion (diagrammatic). 10. Cyperus compressus - aperture with margo and exine. ]la. Pas- 
palum scrobiculatum - aperture and exine. l lb .  Aperture in details (diagrammatic). 12a. 
fpomoea aquatica - aperture distribution and exine ornamentation. 12b. Exine stratifica- 
tion (diagrammatic). 1 5. Nympha~n st~llfltfi  - Aperture (slightly oblique) and exine orna- 
mentation. 
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as observed in L. adscendens (Linn.) Hara 
are absent in this species. 

TRAPACEAE 
Linn. var. b i i  (Roxb.) 

Makinc, Und. L16, IG-PC. 
Pollen grains 3.colpate, oblate spheroidal, 

76 x 83 p m (range : 7 1-77 x 79-84 pm). Exine 
3.5 p m  thick. Sexine thinner than nexine. 
Pollen grains provided with meridional 
crest. 

GENT1 ANACEAE 

N~I@BOM~IS eristsk~ (Roxb.) 0. Kuntze 
Und. L3, 10, 18, KUL, SCL, JL. 
Pollen grains 3-colpate, spheroidal, dia- 

meter 31 pm (range : ~ 8 - 3 6 ~ m ) ,  parasyncol- 
pate, each colpus bifurcated in the polar 
region and fused with eeighburing two 
colpi. Exine 2 pm thick, coarsely rugulate. 
Sexine thicker than nexine. 

CONVOLlrULACEAE 

Ipomjea qmtica Forsk. Und. L 12, 13, 24. 
Pollen grains pantoporate, spheroidal, dia- 

meter 75.5 pm (range : 70-77 pm), some 
giant pollen grains also observed, f 105 p m 
in diameter. Pore circular, 7 pm, inter 
poral distance 3.5 pm. Exine f g pm thick 
including spines, spines thin, pointed, f 3.5 
pm long, spines sometimes bifurcated, basal 
cushion present. Sexine thicker than nexine. 
(Fig. I za-b). 

LENTIBULARIACEAE 

U t & h h  dellarb Linn. f .  var. &f&xa C1. 
Und. L28, IG-PC. 
Pollen grains polycolprate, spheroidal, 

diameter 36 p m (range : 30-40.5 rm). Colpus 
long, slit like, extending upto poles, f 18 
in numbers, endoapertures synorate, form an 
equatorial girdle. Exine very thin, 0.5 p m 
to 0 . 8 ~  m thick, psilate. Sexine and nexine 
equally thick. Amb circular in polar view. 

0. tlexuaPrr Vahl, Und. Lig, 20, IG-PC. 
Pollen grains polycolporate, spheroidal, 

diameter 35.5 p m (range : 28.5-39 p m). 

Colpus long, slit like, f 18 in numbers, 
synorate, as in U .  stellark Linn. f. var. 
inflexa C1. Exine 0.75-1 pm thick, sexine and 
nexine equally thick. 

ACANTHACEAE 
A c d h ~ l e  itichEdiua Linn. Und. L2. 

Pollen grains 3-colpate, prolate, 52.5 x 31 
p m (range : 49.5-55 x 27 . ~ - 3 z  pm). Colpus 
long, extending upto poles, tapering, cdpus 
membrane granulated. Exine f 4 p m thick, 
reticulate, homobrochate, retipilate at poles, 
sexine thinner than nexine. 
Hygmpbb di81onmfs (Linn.) B1. Und. IS, 18. 

Pollen grains 3-colporate, prohtespheroidal, 
70.5 x65 p m  (range : 64-73~62.5-66.5 )*rn). 
Colpus long, slit like, tenuimarginate, endo- 
aperture lalongate, equatorial margin indis- 
tinct. Exine 1.92 pm thick, reticulate, 
ornamentation finer towards aperture. 

POLY GONACEAE 
P d y w m  Maturn Linn. Und. L3, 13, 20, 

21. 

Pollen grains pantoporate, spheroidal, dia- 
meter 49 pm (range : 46.5-51 pm). Pore 
circular, f 7 pm, intruded. Exine 6 prn 
thick, reticulate, heterobrochate. Sexine 
thicker than nexine. 
P. g3ebrurn Willd. Und. L3, 8, 16, 18. 

Pollen grains pantoporate, spheroidal, dia- 
meter 43 pm (range : 39-46 pm). Pore small, 
circular f 5 pm. Exine 5.5pm thick, reticu- 
late, hornobrochate. Sexine thicker than 
nexine. 
P. odedale Linn. Und. L2, 5, 10, 13, 16, 

LL. 
Pollen grains pantoporate, spheroidal, dia- 

meter 39.5 pm (range : 34.5-43 pm). Pore 
small, circular, & 5 pm. Exine 5-5.3 ,U m 
thick, reticulate, homobrochate. Sexine 
thicker than nexine. 
R P ~ X  ndtbm Linn. Und. L8, KL. 

Pollen grains 3-colporate, oblate spheroidal, 
26.5 x 31 m (range : 24.5-28 x 28-33 pm). 
Colpus long, extending upto poles, slit like, 



endoaperture lalongate, I .5 x 4.5 p m, some- 
times circular. Exine I .8-2 pm thick, granu- 
lose. Sexine thinner than nexine. Pollen 
grains circular in polar view. 

CEKATOPHYLLACEAE 

Ccrrrte11um demersum finn. Und. L I ~ ,  
2 I,  19, 2 I .  KL, PL, JL. 
Pollen grains inaperturate, spheroidal, 

diameter 38 4 (range : 35-5-96 Exine 
very thin, less than I prn, psilate/obscure. 
Sexine ;tnd nexine equally thick. 

HYDROCHARITACEAE 

Blyxa aaberti- Rich. Und. L3, 21, SCL. 
Pollen grains in tetrads, very rarely free. 

When tetrads, pollen grains are arranged in 
a bilateral manner. Aperture faint. Exine 
spinulose, spines f 0.5 pm high. Sexine 
thicker than nexine. 
riyddlh vertjdllato (Linn.) Royle JL, KL, 
PL, KUL. 
Pollen grains inaperturate, spheroidal, 

diameter 104 pm (range : 99-107 pm). Exine 
1,s-1.8 rm thick, granulose. Sexine and 
nexine equally thick. 
Ottelia dimmddm (Linn.) Pers. LL, KL, JL. 

Pollen grains inaperturate, sometimes with 
very faint sulcus, spheroidal, diameter 62 pm 
(range : 55-68 p m), sometimes prolate 59 x 
56 p m. Sulcus when present faint, tenuimar- 
ginate, ends rounded. Exine spindose, 2.5 
r m thick, including spines, s~inules f I .5 p m  
high, tips pointed. Sexine thicker than 
nexine. (Fig. 6). 

VPlliswria sph& Linn. Und. L2, 10, I 3, 18, 
19, 20. 

Pollen grains inaperturate, sometimes with 
very faint sulcus, spheroidal, diameter 45 -5 
pm (range : 4 1 - ~ o . ~ ~ m ) ,  rarely prolate, 495 
x 38 p m (range : 43-.q2 x 34.5-44.5 pm). Sulcu~ 
when present margo sulcate. Exine 1-1.5 
p m  thick, areolate, areola 1-2pm wide. Sexine 
rhicker than nexine, 

PONTEDERCACEAE 
Eicb)bonrle cwdpes (Mart.) Solms, Und. Lq, 

5, LL. 
Pollen grains r -sulcate, rarely 2-sulcate, 

eliipsoidal, ' plano-convex, 31 x 24 x r 8.4 p m 
(range : 43-61 x I 8.5-32 x I 6-19 p m), rarely 
spheroidal, diameter 41 pm (range : 36.5-46 
,urn). Sulcus tenuimarginate, margin wavy. 
Exine very thin, less than 0.5 m thick, 
granulose. Sexine and nexine equally thick. 
1)2- maha (Ljnn.) Solms. Und, L16, 

18, 19, 24. 
Pollen grains I -suIca te, rarely 2-sulcate, 

ellipsoidal, planol'convex, 46.5 x 27 x I g pm 
(range : 40.5-52 x I 9-40 x I 4-26 pm). Sulcus 
tenuimarginate, margin wavy. Exine 1.5 pm 
thick, granulose, Sexine thicker than nexine, 

TYPHACEAE 
TypbP a-stata Bory et Chaub. Und. L3.4. 

Pollen grains I-porate, spheroidal, dia- 
meter 32 m (range : 23-35.5 ,A m). Pore 
circular, 4.5 p rn, operculate, margin faintly 
defined, uneven. Exine 2.5 pm thick, retipi- 
late, thicker around pore, rt. 3 p m  thick, 
sexine thicker than nexine. 

To d e j h d m  Roxb. Und. L24. 
Pollen grains I porate, spheroidal, diameter 

30 p m  (range : 25-32 pm). Pore circular, 
diameter 4 pm, sometimes lalongate, 5.5 x 
4.5 pm, margin clearly defined. Exine 2.5 
pm thick, reticulate, retipilate towards the 
apirtural area. Sexine and nexine equally 
thick. (Fig. 8a-c). 

ARACEAE 
Acorn calamus Linn. Und. LS. 

Pollen grains I-sulcate, ellipsoidal, plano- 
convex, 20.5 x I I .5 x 9.5 m (range : I 7-29 x 
p I 4.5 x g-I 2 m). Sulcus ten'uimarginate. 
Exine very thin, & 0.5 p m  thick, spinulose, 
spinules less than 0.5 p m high. Sexine thic- 
ker thau nexine. 

Cdocd. e~c.hatum (Linn.) Schott. Und. 
L2, 8, 16, LL, DL. 
Pollen gqips ipaperturate, spheroidal,. dia- 
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meter 20 p m (range : 16.5-2 I .5 pm). Exine ALI SMACEAE 
~pinuloae, 1.5 p m  thick including spinules, m~ phat- Linn. Und. L8. 
spinules 0,s p m high. Sexine thicker than Pollen grains pantoporate, spheroidal, dia- 
nexine. meter 29 p m (range : 25.5-32 m). Pore 

m r y a e  eUht. Fisch Und. L I ~ ,  JL. 
Pollen grains inaperturate, ellipsoidal, 72 x 

24 p m  (range : 59-78.5 x 19.5-29 pm). Exine 
2.5-3 pm thick, psilate. Sexine and nexine 
indistinguishable. 

LariP orubta Lour. Und. L24. 
Pollen grains I -sulcate, spheroidal, dia- 

meter 24 pm (range : 2 3 I m )  Sulcus 
tapering, membrane granulose. Exine I .z- 
r .5 p m thick, reticulate. Sexine and nexine 
equally thick. 

PMh dndide~ Linn. Und. Lz, 5, 8, 16, I 8. 
Pollen grains inaperturate, very rarely I- 

sulcate, spheroidal, diameter qq pnl (range : 
p47.5 pm), some comparatively small grains 
also present (range : 2 1-31 p m). Exine I .S 
pn thick, very faintly striate. Sexine thin- 
ner than nexine. (Fig. s). 

LEMNACEAE 

Leima mhor Linn. Und. L8, so, 12, 18, 24, 
SL, JL. 
Pollen grains ~sulcate, spheroidal, diameter 

I 4 p m' (range : I I -1 6.5 m). Sulcus long, 
tapering, tenuimarginate. Exine very thin, 
& 0.75 pm thick, spinulose, spinules minute, 
f 0.25 pm high. Sexine thicker than 
nexine. 

L.parp&Torr.Und. Lro, 12, 14, JL. 
Pollen morphology similar to L. minor 

Linn. except thicker exine (I .5 pm) and spinu- 

circular, 4 pm. EX& 1.5 pm thick, thinner 
towards pore margins and coarsely granulose. 

!h#kis saghtitolia Linn, Und. LI 2. 

Pollen grains pantoporate, spheroidal, dia- 
meter 23 p m (range : I 9.3-26.5 pm). Pore 
circular, 4-5.5 pin with irregular margins, 
operculate, operculum provided with spiriu- 
les. Exine spinulose, 1.5-2 pm thick includ- 
ing spinules. Spinula mixed type, 0.5-1 pm 
high. Sexine thicker than nexine. 

LI MNOCHARI TACEAE 
Tamgocharis IatWoh (D. Don) Buch.-Ham. 

Und, LIQ. 
Pollen grains pantoporate, spheroidal, dia- 

meter 25.5pm (range : 23-30 pm), sometimes 
ellipsoidal, 30.5 x z I p m (range : 28-33.5 x 18- 
23.5 p m). Pore circular, tenuimarginate, 
operculate, opercuhm provided with spinu- 
les. Exine spinulose, r .rj p m thick incIuding 
spinules, spinules 0.73 p m high. In some 
ellipeuidal pollen grains exine is coarsely 
granulose. Sexine thicker than nexine . 
(Fig. g a-b). 

APONOGETONACEAE 
Apomgeton cr jqwf~ Thunb. Und. L8, 10, 16, 
KL, KUL. 
Pollen grains I-sulcate, rarely trichotomo- 

sulcate, ellipsoidal, convexocconvex, 2 I .5 x 
r r x 10.5 ,A m (range : 19-8-26 x 9-1 4.5 x g-r 2 

pm). Sulcus tapering, with margo. Exine 
r p m thick, reticulate, hamobrochate, lumina 
circular. Sexine and nexine equally thick. 

les f 0.5 p m high. A. ndmm (Linn.) Engl. et Krause, KL, 
W d 6  a m l h  (Linn.) Hork. ex Wimm. Und. KUL. 

h r .  Pollen grains I-sulcate, ellipsoidal, convex* - - 
Pollen grains inaperturate, sometimes faint- convex, 19.75 x 1 I .5 x 9 p m (range : 18-22.5 x 

ly I-sulcate, spheroidal, diameter 22 pm 9-13.5 x 8-1 I p m), occasionally spheroidal, dia- 
(range ; 19.5-23.5 pm). Exine spinulose, meter 16.5 p m (range : 13.5-18.5 pm), some 
I p m thick including sfdnules, spinules & joint abnormal pollen alaooccur. Exine I p 
0.5 p m  high, thick, reticulate, heterobrochate, lumina 
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hner%enous. Wine  and nexine equally axes = 30 x lg.5 pm (range : 24.5-32 X 1645-2 1 

thick. I. 4. 
POTAMOGETONACEAE M d ~ w  sde- Nees Und. L16, PL. 

Mmw@m c- Linn. KL, PL. Pollen grains panto-aperturate, spheroidal, 
Pollen grains l-sulcate, spheroidal, dia- diameter 22.5 m (range 19-5-25 

meter 30 pm (rangc : 26.5-355 r m )  Or $lip Apertures indistinct. Exine r p m thirk. 
soidal. 31 -5 X Q*5  P" (ran@ : 2737.5 12.5- obscure/granulose. Sexine and nexine equally 
23,s p m). ~ulcus tenuimarginate, margin thick, 
im@ar, exine 0.75 p m thick, reticulate. 
Sexine and nexine indistinguishable. Sdrpus artlrulatusl Linn. Kl, P1. 

P. laocbeue Poir Und. L8, 10. 
Pollen grains r -sulcate, ellipsoidal, 36.5 x 

Pollen grains I-sulcate, $heroidal, dia- 23 pm (range : 29.5-39.5 p m x 18.5-26.5 m). 
Sulcus faint, tenuimarginate. Exine I .5 + meter a3 p m (ranp : 18-295. pm), sometimes 

ellipsoidal and inapenurate abnormal pollen thick, microreticulate. Sexine and nexine 

gains also observed. Sulcus tapering, mar- equally thick. 

gin irregular, tenuimareate. Exine very POACEAE (GRAMINEAE) 
thin, 0.5 pm thick, reticulate. Sexine and B d i y l .  muHp (Forsk.) Stapf Und. L2, 3, 
nexine indistinguishable. 13, 21, LL, KL. 

CYPERACW Pdlen grains ~porate, spheroidal, dia- 
(Pdlen grains of Cyperaceae in general is meter 43.5 p rn (range : 36.5-48 pm). Porn 

called Pseudomonad for its typical develop circular, with annulus 7-10 pm. Exine very 
meat). thin, 0.5-0.75 ~ r n  thick, psilate. k i n e  and 

Cypslnvs ccphPlotea Vahl LL. nexine indistinguishable. 

Pollen grains I-porate, spheroidal, diameter I). mptla (Linn.) Gard. et. C. E. Hubb. Und. 
25 p m (range : 23-26 m) Pore circular, L2, 10, 13, 18, zqKL,JL. 
diameter 4-6 p m. Exine I pm thick, granu- Pollen characters similar to B. M&a 
lase. Sexine and nexine equally thick. (Fotsk.) Stapf. except pdlen size 39.5pm &a- 

meter (range : 35-45.sPm) and pore diameter C. compre#sos I,inn. LL, SCL. 
4-7 -5 p m with annulus. 

Pollen grains rsulcate, ellipsoidal, convex@ 
convex, 36 x 22 x 22.5 m (range : 33-45.5 x coloap. (Linn.) Link Und. L I ~ ,  
15.5-31 wIrpnq.5 pm), sometimes spheroidal, r6, 18, 24, DL, KUL. 
diameter 30.5 pm (range : 2632.5 P m) Sul- pollen grains I-prate, spheroidal, diameter 
cus tapering, with margo. Exine 1.5 p * 45 p m (range : 40.5-5 I m). Pore circular, 
thick, granulose/obscure. Sexine thicker provided with annulus, operculate (opaculum 
than nexine. (Fig. lo). ~bsnvcd in fresh and unacetolysed pollen 

eo-lurh Linn, und. L 24. only), diameter 4 p m, 10-1 I p m including 
Pdlen grains i-sulcate, ellipsoidal, 28.5 x annulus. Exine thin 0.5-0-75 pm thick, oh- 

18 prn (range : 21-3 1 14.5-19.5 cm). Sulcus cure. Sexine and nexine equally thick. 
tapering, margin irregular. Exine f I am P&um Line. Und. L ~ ~ ,  zq. 
thick, micmreticulate. Lumina 0*5-0*75 P * pollen pains ,-prate, sphemidal, diameter 
Sexine and nexine equally thick. 29.5 P m (range : 2a36.5 pm). Pore circular, 
F. (Linn.) Vahl Und. L24. diameter 4 rm, including annulus 7.5 ~ r n .  

Pollen morphology similar to F. compla- Exine thin, f 0.5 pm thick, psilate, Sexine 
nata Linn. except size, longest x shortest and nexine equally thick. 
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~ ~ r n  fladdum (Retz.) A. Camus Und. 
L I ~ ,  24. 
Pollen grains- r:porate, spheroidal, diameter 

43.5 p m (range-! 38.5-47-5 pm). Pore circu- 
lar, diameter 3.5pm including annulus. 
Exine j-- 0.5 pm thick, obcure. Sexine and 
nexine ind?stinguishable. 

P. m u l a  (Forsk.) Stapf. Und. L3, 10, 1-6. 
Pollen morphology similar to. P. flavidurn 

(Retz.) A. camus except size, diameter 41 p m 
(range : 32.5-45.5 p m). 

Paspalm a d h d a t u m  Linn. KL. PL. 
Pollen grain I-porate, spheroidal, diameter 

31 pm (range : 25.5-34.5 p m), some larger 
pollen grains also observed having f 42 pm 
diameter. Pore circular, diameter 4.2 ~ 1 1 1 ,  

9,s-10 pm including annulus. Exine very 
thin, o.5pm thick, pattern obscure or finely 
granulose. Sexine and nexine equally thick. 
(Fig. I 1 a-b). 

tifaih Linn. and gradual drought lowers 
down the fruit set ratio of Eichhornia crassi- 
@s (Mart.) Sdms. I p o v e a  aquatica Forsk. 
on the other hand shows zo0/,-30% higher 
pollen production rate per anther as well as 
higher flower primordia production in lakes. 
with less humus deposits and direcr sunlight 
fed water. Victoria amazonica (Poepp). 
Sowerby and V. cruzeana Orbigny-the 
giant glory lilly flower well in sunny lakes 
with abundant humus deposits. It shows 
about 63% fertile pollen production. Fruit 
set rate is seen to be higher when grown in 
cultuxe pot and this is probably due to the 
interference of the aquatic insects and lake 
tortoise which might cause damage to the 
carpel heads and the ovules. It has also been 
observed that Victoria amazonku (Poepp.) 
Sowerby, grown in the lakes having abun- 
dant humus content and little bit acid soil- 
the flowers turn deep crimson within short 

Wda*glauca (Linn.) Beauv. Und. LI 2, 16, 
time span than the plant grown in lakes 

18, zr, KL, PL. having conlparatively less humus coitent 

Pollen grain r -para te, spheroidal, diameter and less soil acidity. However, pollen pro- 

39.5 p m (range : 35-46 p m). Pore circular, duction ratio and pollen fertility of this plant 
diameter 3 pm, 8 p n  ihcluding annulus. do not interfere for these edaphic and pH 

Exine thin, 0.5-0.75 pm thick, psilate. Sexine factors. It is evident from the above obser- 

and nexine indistinguishable. vation that the members of the family 
Cypers-ceae and Poaceae (Graminme) are 

From the foregoing observations it is quite very to palynologically 
clear that pollen morphological variability, upto species 
dimorphism and sometimes pollen abnorma- 
lities with infertile abortive pollens are com- ACKNOWLEDGEMENTS 

man in aquatic angiosperms. It is evident Author is thankful to Dr. R. K. Chakra- 
that environmenta1 stress sometimes cause verty, Joint Director, Indian Botanic Garden 
lowering of pollen production per anther. In for his personal interest, encouragement and 
Eichhornia crassipes (Mart .) Solms., gradual facilities provided in this work. Thanks are 
drought lowers down the pollen production aIso due to the Joint Director and Keeper, 
upto 40% of the normal aquatic condition. Central National Herbarium for the facilities 
It has also been observed that presence of ad- of consultation of type specimens and micro- 
equate humus in the lakes' sediments induce fiches and to Mr. Saibal Basu, Indian Botanic 
30% more pollen production in Eichhornirr Garden for his help in collection of the 
crassipes (Mart.) Solms., and Sagittaria sagit- sampks. 



Nameorthe family Distribu- Shape Diameter L. I p- s- Ihit- Aperhe  Remarks 
and species tion in % mean mean mean mean a a s  neas 

lakes of pm ~ m .  length- ~rm 
IBG @'.I 

- 0 ' 9  
Irm - 

1 2 3 4 5 6 7 8 9 10 

PARKERIACEAE 
Cndopkrk t l i a l i c t ~  PL, JL 

(GI.) Brongn. 
&8 Stri. Trilete 

7 - Trilete 

Cortae arise from 
near the end of the 
trilete mark. Exine 
homogeneous. 

MOT& q u u d r i ~ i  (L.) Und. L2, Sph. 
Willd. 3,8,13, 

16,lS 

Spares borne within 
hard stoney sporo- 
WP. 

A&pbmo& R. Br. Und. L13, 
16,11.21, 
KL,PL& JL 

3 Psi Trilete Spores in groups 8- 
12-celIed massulae 
provided with glo- 
chide. 

Exine vmy thick, 
homogenous. 

6 Psi. Trilete &&ink mnicnkaio Aubl . Rounded 
triangular 

EvrJob &m Salisb. Und. L20, Ellip. 
24, IG-PC. - 1.4 Punt.- I-colpate 

ret. 
Earely 3-colpate 
pollen pains abo 
available. 
,. . 
Cplpq s!itlikc-@it, 
-end rounpd 
--- ---,- - - 

Ndmnbo +a =,DL, Sph. 
caatn. LP. 

&- nowhati Und.LB, L9, Sph. 
Burm. f. 24, JL, & DL 



T . 1 :  w- 
L 

t 2 3 4 5 6 7 8 9 10 

-s*lblo 1C.E.  Sph. 25.555 
Wiltd - 2  - - - - 3~0.5 Spinul. I d p a t e  Cdpu opaculate, 

31 some sparsely dist- 
t r~k ted  warts also 
ptesent. 

V~vrnicmnazarircl Und,L8, Sph. 59-63 
16, SL. - -  - - - - 1.5 Spinul. 3-eolpate Pollen grains usually 

61 in tetrads. Ex. some- 
times with small 
warts. 

V. cm- Orbigny IG, SL, Sph. 36.5-47 
Und, 16, - -  - - - 0.75-1 Spinul. 3-eolpate Rarely h l p a t e .  

A9 
7- 

FABACEAE 22-29 182t 
-aspa Und L3 Pw-Sph.,! - - - - - 

Pro 
1.5 Ret. B-oolpor. Colpus diorate. 

Lm. 25 28 

A. h d h  Lim. Und. L3 Pro-Sph.! - - - 17-2t f4-19 
Pro. -- 

I9 I f  
MI MOSACEAE 
wnirr &(IWP Lour. Und, LIB; Subpro. - - - 48-61 53-53 

12, KL. -- - 
55.5 45 

QNAGRACEAE 
L~~ Und.Ll6, Sph. 59.5-77 - - - - 
(Linn.) Hara KL. - 

68 

L. psmrdr Lim. Und.LI2, Spk. 56-74 - - - - 
24, PL. - 

6 6 6  

1 Ret. 3-coIpor. Col us with single 
en&. 

4-4.5 Str.-ret. Soolpor. En*. gmnulath, 
Ex. Sir. re. at mew- 
colpiwn and rct. at 
poles. 

- 3 Gr. 3-colpar. Dimorphic ppllens 
like 4LcoIpaate with 
abnormal ap. ~0Si- 

. tion also available. 
- 2.5 Gr. 3-coIpr. Dimorphic abnormal 

pollens absent. 
--.- 

TRAPACEAE 
TM@ n&iu Linn. Und. L16, Ob-Sph. - - - 11-77 79& 3.5 Oh. 3.cdpate Pollen grains pro- 
v*. k#+m (Roxb.] IG-PC. - - vided with meridi- 
Makiio 76 83 onnl marts. 

GENTIANACEAE 
N-* Und.LS, Sph. 28-36 - - - - - 2 Rug. h l p a t e  Parasyndpate. In 
!Rod,.) 0. Kuntzt 10,18, - our Indian flora this 

KUL, SCL, 31 gQw w wider the 
JL. nrme- 



7 8 b b I :  add - 
f 2 3 4 5 6 7 8 9 10 

DONvOLWLACEAE 
%- Ud. L12, Sph. 70-77 - - - - - f 9 Echinate Pmtop~- Sone giant pollen 

13.24 rate of 105 pm dim. 
4Alamd.Some b i b  
ate.rpine~ with basal 
4xsFmnl Jso evident. 

um"IBuLARIACEAE 
Und. L. Sph. 28.539 - - - 

Ukido*- 19,20, 
- - 0.75-1 Psi. M y  col- E+mp. b e  qua- 

vatu - porate. t a d l y  to form an 
IGPc. 35.5 cqueahl girdle. 

lauen grains cit. in 
pd. view. 

U. Linn. f. w. Und. L28, Sph. 30-40.5 - - - .- - 0.54.8 Ps;. Poly 001- -dc- 
a. IC-PC. - parate. 

36 

ACMPIHACEAE 
A c 8 a f k  i6*$ks Linn. Und. L2 Prolate - - - - 49.5-55 27.5-32 4 Ret. 3 4 -  Exine retipilate at -- pda. Sex thinner 

525 31 tlrpr nex. 

Und. LLI, Pro-Sph. - - - - 64-7362.5-56.51.5-2 Ret. h d p ~ .  
18 -- rate 

10.5 65 

tina towPnL aper- 
m e .  

POLYCONACEAE 
P Und. U, Sph. 46.5-51 - - - - - - 6 R&. h t -  Reticukton hetero- 13,20,21. rate cir. breebatc. 

49 7 elm. 

P. WilM. Und. L3, Sph. 39-46 - - - - - 5.5 Ret. h t o p b  Rct.homokochate. 
8,16,18. - rate cir. 

43 Jcwn 
Sph. Ws.43 - - - - - homo- - 5 Ret. Pal* Rericululoa 

h d e t e ,  pora run- 
39.5 =" ,. 

Wna rirku Lim. Und. L8, Ob. Sph. - - - - 24.528 2833 1.8-2 Cir. -e. m, lahgate, 
KL -- m9rckcutt. 

a6.5 31 



C m & j + b n h ~ ~ ~ )  Und. Ll3 Sph. 35.546 - - - - - k 1  Psi./&. Imp. 
&inn. 21, 19,2f, - 

KL, PL,JL. 38 

HYDROCHARITACEAE 
B!ma +ti Rich. Und. L3, in tetrad - - - -  - - - Spinul. Ittdistinct. Poikn v a  rarely 

21, &SCZ. ~ e c ,  tetrad iihteraly 
=-J3=d. 

HWkilbuhlli(lotcr JL,KL, Sph. 99-187 - - - - - 1.5-1.8 Gr. Inap. Sex. = Nex. 
(Lim.) Rq le  PL, KUL. - 

184 

OudJirr a l h e k b s  LL, KL,JL. Sph. 55-68 - - - - - 2.5 Spinul. Ioap. Srmnimes very faint 
(L*m.) Per.. -- ~~~present. 

62 
Y ~ s p i r o l i c  Und.L2. Sph. 414.5 - - - - - 1-1.5 A m .  Insp. Sannir&s vny faint 

Lhn. 10, 13, 18, - colpud seen. 
19,20. 45.5 

PONTEDERIACEAE 
Ekhbmh crassips Und. L4, Ellip. - 43-61 18.5-32 16-19 - - 0.5 Gr. 1-sulcate Pollen grains rarely 

(,Mart.) Solms. 5, LL. --- sph., d c u s  tenui- 
51 24 I8.4 -inate, wavy. 

-+ Ibrhlcl Und. L16, Ellip. - 40.5-52 19-40, W-26 - - 1.5 Gr. I-sulcate Rarely 2-Sulcate pol- 
(Linn.) Sol=. 18% 19,24. --- lens available. Ssrine 

46.5 27 19 thicker than Nexine. 

1"YPHACEAE 
Tjpha 48u(tata Bory Und. L3,4, Sph. 23-35.5 - - - - - 2.5 Retipilate I-porate. Ex. thicker around 

k Chaub. - cir,4.5 pm, the pore, f 3 .pm, 
32 operculate pore margin h t l y  

defined. Sexine th i i -  

7. d+nh Roxb. Und. L24. Sph. 2532 - - - - - 2.5 Ret. I-popate Ex. ornamentation - retipilate towards the 
30 e l  arm. Sex. = 

ARACEAE 
&.nu & Lim. Und. L 8 Ellip. - 17-29- 9-15.4 942 - - 0.5 Obs. l-sulcate Aperture tenuimar- --- ginate. 

20.5 11.5 9.5 



Gh+ucsnJMh Und.L2, Sph. 
(b.) Sehon. 8,16, LL, 

DL. 

C-yn cilioro Fisch. Und. L19, Ellip. 
JL 

Inap. - - - &0.5 Spinul. 

- - 2.53 Psi. Imp. Sex. and Nex. indistin- 
guixbble. 

LPdo crnJuJa Lour. Und. L24 Sph. I-sulcate Sulc~~s tapering, mem- 
brane granulose. 

Rdk stratiotcs Linn. Und. L2, Sph. 
5,8,16,18. 

- - 1.5 faintly 
stri. 

Inap. Rarely 1-sulcate pollen 
abo peen, some com 
pnrahvelv smaller pollen 
(2131) p k  also available. 

LEMNACEAE 
hm# minor Linn. Und. La, Sph.. 

10,12,18,24. 
SL, JL. 

L. pmpYril& Torn. Und. L10, Sph. 
12,14, JL 

- - 0.75 Spinul. 

- - 1.5 Spinul. 

- - 1 Spinul. 

l-sulcate Spiules minute, 0.25 pm 
hipa. 

1-sulcate Spinules comparatively 
loaga than L. minm L. 
f 0.5 mn high. 

Wd ra mhza (Lim.) Und. L21, Sph. 
&k. cx wimm. 

Inap. Sometimes faintly I d -  
pkte pollen grains seen. 

ALISMATACEAE 
Alimrcl pbntogo Linn. Und. L8 Sph. - - 1.5 g. 

I 

- - 1.5-2 Spinul. 

Pantopor. Exine thinner towardr 
cir. 4 pm. pore margin. 

Sabi#srio &tifdio Und. L12 Sph. 
Li. 

Pantapor. Pore m e i n  irregular, 
cir. 4-5.5 o p e r e t e ,  operoperdum 
PUI prondcd. with spmules, 

sex, thicker than nex. 

LIRIMKHARITACEAE 
&wio Und. L13 Sph. 

(D. Don) Buchm. 
Py~topor Pore operedate, & 
at. d l i i d a !  pollen grains 

PbO avoilobk. oper- 
Cuturn 7- with spi- 
nulone. 



T d X :  

1 2 3 4 5 6 7 8 9 10 

A f x m m m o N W  
U'"d.I.8, E W i  - 19=6 9-14.5 9-12 - - 1 Ret. 
10,16 KL, --- h u b s c  xtc"""thomP 
d. 21.5 11 10.5 

A. (Linn.) Engl. KL, KIL. Ellip. - 18-22.5 9-13.5 8-11 - - 1 Re. l+@ Wctcdadute. --- dKmac 
19.75 11.5 9 

m A M O G m N A c E A E  
m+ KL & PL Sph. 26.5-35.5 - - - - - 0.75 Ret. 1sJeate Samc cllipmidd pollen 

aLo rcn, dcy '4nuim- 
So -e, "i$"?T'!- 

hr, S u .  and ex.-- 
l&&sble. 

P. rakvvs Poir. Und.I.8, Sph. 18-B.5 - - - - - 0.5 Re. 1 4 ~ ~  ScrmedliprOid.l&din, 
10. - v t e  pdl- m=m 

23 Jlo l&n. Sulcu apmio&, 

and Nex. lrPrlin =&Me. iw t61ui- 

C m m A m A E  
* # k s  Vahl LL. Sph. 25-26 - - - - - 1 gr. 1-pauc, Pdlen grains of Cyprra- - cir. 4 4  ccpc in g e n d  is a l l d  

25 ~r pdomoaadtiuitr typi- 
cal cievelapment. 

C.mm#mmsLinn. LL,SCL Ellip./ 2652.5 - - - - - 1.5 gr./obs. l-sulcate - 
30.5 

w b m m & a &  Und. L24. Ellip. - 2131 14.5-19.5 - - - 1 Microref. l-sulente ~conumentationvery 
Linn. -- %t. 

28.5 18 
1F. diddoma (Linn.) Und. L24 Ellip. - 24.532 16.521 - - - 1 Micmret. 1-sulcate -- ,> 

VPhl 
30 19.5 

Mimimu siderams N n s  Und. L16, Sph. 19.5-25 - - - - - 1 gr./oLm. Panto- Apaturcs indistinct. 
PL - apertware 

22.5 
&dutss Linn. KL & PL Ellip. - 29.539.5 18.5-255 - - 1.5 Micnrrt. 1-sulcate Sulw faint tenuinmrgi- - -- n*. 

36.5 28 
POACEAE (GRAMINEAE) 
&dimisnrdico Und.I.2, Sph. 36.54% - - - - - 0.50.75Psi. 1-mate, Pom with annulus. 

( p a d . )  S-f. 3 13 21 - cir. 7-10 A, 'h' 43.5 *m 



Btdiorio nprcmc (Linn.) Und. L2, Sph. 
Gad. ct C. E. 10,13,18, 
Hubb. 24 KL, JL 

- - 0.5-0.75 Psi. I-pomte, Pores with annulus, other 
47.5 pm cha. same as B. mtim. 

- - 0.5-0.75 obs. 1-porate, Annulate, pore diam. 10- 
cir. 4pm 11 pm including annulus, 

operadate. 

EchhachloacdoRwn Und. L13, Sph. 
(Linn.) Link. 16, 18,24, 

DL, KUL - - 0.5 Psi. I:porate, Pore annulate, diam. 7.5 
clr. 4pm pm including annulus. 

Paninon repens Linn. Und. L12, Sph. 
24 

Pa.spolidium aridurn Und. L12, Sph. . a m  24 
- - 0.5 obs. I-porate Pore Annulate. 

ch. 3.5 
Ccm. 

- - 0.75 obs. I-porate, Pore annulate. 
cir. 3.5 pm 

2'. gmimtrn (Forsk.) Und. L3, Sph. 
Stapf. 10, 16. 

- - 0.5 f. gr./obs. I-porate Pore annulate, 9.510 pm 
cir, 4.2pm including annulus. 

~~ scrobicu&tm KL & PL Sph. 
hnn.  

.Sctaria glauca (Linn.) Und. Ll2, Sph. 
Beauv. 16,18,21, 

16,18,21, 
KL & PL 

- - 0.5-0.75 Psi. Pantopb Pore annulate, 8 pm 
rate, cir. including annulus, Sex. 
3 w Nex indistinguishable. 

Abbrcuintiotrr used : 
Arm.-Areolate ; Cir.-Circulat ; Colpr.-Colporate ; DL-Diwan Lake ; diam.--diameter ; Ellip-Elliptic ; 

Endo-ap.-Endoaperture ; Ex.-Exine ; f. gr.-finely grandme ; gr.-granulose, I. B. G. Indian Botanic Garden; 
I. G.-Introduction Garden ; Inap.inaperhlrate ; J.L.-Janardan Lake ; K. L.-King Lake ; KUL.-Kunstlar 
Lake ; L.-Lake ; L. L. Lerum Lake ; L. P. Lotus pool ; Mi-ret. -Microreticulate ; Nex.-Nexine ; obs. Obscure ; 
Ob-sph.--oblate spheroidal ; 0rna.--ornamentation ;Panto -Panto porate . P. L.-Prain Lake ; P.C.-Pot 
4 - e  ; pro.-Prolate ; pol : -polar ; pro+.-Prolate -=id$ ) Psi-Psilag ; Punc. ret. Punctatc reticulate ; 
Ret.--Reticulate ; Rug.-Rugdose ; Sex.-Sexine ; SCL.- L& ; Sph.-Sphhoidal; S. L.-Shadir Lake ; 
Spinul .Spinul~~e ; Str.-Striate ; Str.-ret.-Striatoreticulate ; .-Subprolate ; Und. L.-Unnamed lake 
(Number given against Und. L.-denotes lake in that division of the :."B% 
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