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POLLEN STUDY IN RELATION TO BEE PASTURAGE
BY R. RATNAM, B. A. '

Introdustion. The importance of a full knowledae of bee pasturage is
well knewn to the practical bee-keeper. Almost complete treatises about
be;.i fl-::trr_a exist in all the chief honey producing countries. So far as South
India is concerned, the industry iz still in its infancy. Except for the records
of Ramachandran (1937) and Venkatasubbayya (1938), no detailed informa-
tion appears to be available and the present study was undertaken to supple-
ment the information provided by them.

But the attempt to ascertain plant sources for honey and pollen has
in almost all studies reported in India, mainly been confined to the location
of flowers actually visited by bees. This method cannot be deemed satis-
factory, for it may be that plant sources growing at a long distance away
from the apiary are missed. Also the worker's personal prejudices as to the
usefulness or otherwise of a particular source may sometimes vitiate the
reliability or completeness of the list of plants arrived at.

The study of the external morpholegy of pollen grains has always
formed a subject of absorbing interest to botanists. Pope (1925) and Wode-
house (1928 and 19385) have studied the morphological features of pollen
arains which are characteristic of the several families, the genera and the
species of- plants. From their okservalions, it seems possible that such
characlers as' the size and shape of the pollen grains, the number and
arrangement of germ pores and furrows, the character of reticulations and of
spines, and the texture of the surface can be utilized in ascertaining bee
pasturage. The present author is not aware of any work in which the pollen
characters have been utilized for ascertaining bee pasturage in India. From
the abservations made on the pollen carried by the bees, the plants that are
visited by them have been located and the seasons and the hours during
which such visits are made have also been determined.

Material and Methods. Wodehouse (1935) has =xtensively used the
methyl green glycerine jzlly method for classifying pollen. His method has
been used in the present study. The method, brielly stated, consists of the
following processes. A small amount of pollen is placed on a micro-slide
and a drop or more of 95 per cent. aleohol is added, and the pollen stirred
with a needle. The alcohol removes the oily matter found on the surface
of th= pollen grains, and also the fluid used by bees for moistening the
pollen. The surplus alcohol is drained off by means of a bit of cotton wool
and before the slide is completely dry, the reqguired amount of warm methyl
yreen glycerine jelly (previously kept ready) is added. The slide is warmed
and covered over with a'warm cover slip and . examined after iwo or thres
{ays which period is necessary for the pollen grains.to be properly stained.
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Where absolule shape of lhe pollen grain 18 10 'De determined, ihe
methyl green glycerine jslly method wherein the pc:}]bn qﬂhin fet mmaiﬁn-ﬁﬂ.
is unsatisfactory according lo Ferguson and Ct}r:hlidgﬂ (1'332] Slnca it ig
not the aim of the present investigalion to determine the- abstﬂﬁf.e Ehﬂrje and
size of the pollen as may be necessary in bota nical mveshgnl‘mna and since
the pollen from both the sources, viz., directly from -iha“ pldn" em::l ihat
obtained through lhe bees, was moistened, the oi::ajectinns held by Farguson
and Coolidde (1932) do not apply to the present sludy. Rcccrcljng ‘to
Casteel (1912), Phillips (1926) and Parker (19 26) the bees'moisiens the
pollen before fransferring its load into the pollen bas}'eis . Smce it is practi-
cally impossible to obtain dry pollen from the bees, the axﬂminahan ':Jf dry
pollen as recommended by Ferguson and Coolidge (1932) is out of question.

The findings which were arrived at through the study of -hﬁllen borne
by the bees were checked by visiting the plants and observing ‘the bess at’
work on such plants.

Almost all flowers available in the locality were collected and their
pollen grains were mounied as above. Such slides from 64 species formed
the keys fm-_ identifying the pollen brought by bess.

Species visited by bees. (a) Pollen species. Pollen loads brought by
bees were collected almost at weekly intervals. "To eriable the accurale
determination of the hour during which each spécies is visited by bees,
pollen was collected from the incoming beas every hour 1&k{ng at the rale of
about four bees per hour picked up at random. The pollen Grains were
separately packed in paper and taken:to the laboratory, and kept 'mr:-urgde-:i
for identification noting on the slide the date and hour at which the pollen
was ccllected. These were identified with the. help of the key slides and
full information as to the hours during which each pollen spécies was useful
to bees has been obtained. Plants like T'ribulus ferresiris, Leuccena glauca
and Psidium guajava are useful exclusively for pollen. A list of 17 such
species has been obtained.

(b) Necter spacies. The general ‘method of picking bees at random at
hourly intervals on particular days not mora than a fortnight epart. was con-
tinued in this case also. Parker (1926) states that pollen grains always
adhere to one part or the other of the body of the bees while they gather
nectar from flowers. In the case of the bee returning to the hive with nectar,
no pollen load is found in the pollen baskets, bui some guantity of pollen
adheres to some part of the body of the bes. This pollen was removed by
placing a bee on a slide and moeistening it~ thoroughly with a few drops of
95 per cent. alcchol. The alcohol washes down the pollen which is left on
the slide after the evaporation of alcohol: The ‘slide is then stained with
methyl green glycerine jelly as above and examined for 'the pollen. -Crily
those species. which have not been identified - as pollen .species as per tasl
(a) above are considered as useful exclusively for nectar. Plants like colton,
and Tamarindus indica belong to this category and 15 such species have
been identified as a result o} the present study,
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 There is, however, difficully in exaclly demarcating the hourly periods
during which particular species are useful for nectar. The position may be
more clearly illustrated with an example. During the months of December
and Ia:}uar}r, both pumpkin (Cucurbita maxima) and cotton were found use-
ful for méctar. While pumpkin is frequented by bees from early morning up
to about 10 a. m., cotton flowers are visitied only after 8 a. m. Pollen grains
adhering 16 the body of incoming bees may indicate that pumpkin is visited
only till @ a. m,, s the bee which was working till then on this source, may
afterwards turn ils atlention to cotton. Tests carried out after 9 a. m. will
reveal the presence of pollen grains from both sources. Hence it is difficult
{o state at what hour a particular species has ceased to be useful. Con-
clusions:in this regard were, however, arrived ot only alter actually visiting
the species in the field. In the above case, for example, very few bees were
seen inside the pumpkin flowers after 10 a. m., and absolutely none at all
after 11 a.m. It was concluded, therefore, that pumpkin flowers served as a
nectar source for bees, only till about 10 a. m.

(c) Species useful for both pollen and nectar. Dual purpose species
like agathi (Sesbania grandiflora) were identified in the following manner.
Using the method (a), the pollen loads brought by bees are identified as
those from Sesbania grandifiora. A test for the nectar gatherers as per
method (b) also shows that agathi is the source of the nectar, The point that
has now to be considerad is whether this test (b) is successful simply because
the bee has in-a previous trip visited Sesbania grandiflora. If the bees had
visited another species for nectar, then there would be pollen of that species
- adhering to itz body. The absence of such foreign pollen on a number of
“bees would prove that agathi (Sesbania grandiflora) is both a necter and
pollen source. And this point is further confirmed by field observations.

Only six species were found to serve a dual purpose of furnishing
necter and pollen. I a pollen geatherer collects both nectar and pollen from
one and the same srecies in the same tiip, it is likely that the fact regarding
nectar ulilization would be missed. Since all the species the pollen of which
was gathe-ad from the bees were visited by the author in the field, and since
every care was taken to cbserve whether pollen-collecling bees also gather
nectar from the flowers of the same species, it is likely that no dual purpose
species has been missed. Pollen collectors were not noliced to gather
neciar in the same trip. A bee engaged in pollen collecting continued to
do that work only. Fhillips (1926) cites the work of Bonnier® and states thai
there are separale pollen carriers and nectar gatherers in the hive.

Out of 64 species collecled to serve as a key for the identification of
pollen, only 38 have been found to be utilised Ly bees. The others are not
at all 'na ited Ly them.

Ha‘!racfmn of bees to [loral colours.  Von Trisch (1937) stales that bees
do not distinguish fine shades of colour and are in a sens2 calour-blind

* Bonnier, Gaston, 1906, Sur la division du fravail ches lcs ahbeilles. Comptes
rendns hobdomadaires des seances de I aeademie des sefences, Cx LI, pp. 941-940.
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particularly to red blossoms to which bees are, however, aﬁracted -on agcoun:
of the reflection of ullra-violet rays. In Table I the cclours ofthe: varibuf
{lowers are grouped :(—

TABLE 1

Number of species grouped as per floral colours.

Key slides - Beeflora =

Flower colour.

. Number Fercentage q. .  Percentage

of total . ; nf'mtall

White - 27 42 17, - 44
Yellow 21 32 415 .39
Total 48 74 37 B3
Fed 3 5 2 5
Blue 3 5 1 3
Fink 3 5 1 3
Rose 2 3 1 3
Green 2 3 2is e
Orange 2 3 e
Grey 1 2 1 3
Grand Total G4 100 38 100

In assessing the colours of such flowers as Tamarindus indica which have
two or more colours on their calyx and corolla, the predr.xminant colour, viz.,
yvellow, has only been taken into conmderahﬂn

From Table I it will be seen that out of 64 species which formed the
keys, 74 per cent, have white and yellow flowers. Out of the 38 speciss
utilised by bees, B3 per cent. possess yellow and white flowers. In the loca-
lity under study, therefore, the flora appears to consist of a large population
of white and yellow flowered species and it is seen ‘that out of 48 such
species, as many as 32, or 67 per cent. are utilized by bees.. But of the re-
maining 16 species hdving colours other than yellow and white, only 38
per cent. (6 species) are made use of by the bees. Itlooks as though bees
show a particular preference to vellow and white colours. This point, how-
ever, requires further study.

It is relevant at this stage to mention a few cbservations made in regard
to the colour sense in bees. Many bees working on the yellow flowers of
Tribulus terrestris were seen to alight on similar coloured (though of a
different shade) flowers of Cleome viscosa apparantly by mistake, and then
perhaps after detecting the scent, immediately leave the latter without colle-
cting any pollen. Similar observations were made on- bees visiting the

- white and two-lipped flowers of Justicia tranquebariensis and the flowers in
heads of Lagasca mollis. These observations go to show that bees do not

recognise shades of colours. Thev also suaaest that even chapes of flowers
are missed.



Explanation of Figures.

The diagrams are freechand drawings of pollen grains mounted in methyl

gzreen glycerine jelly.

N

Justicia tranquebaricnsis.
Trichodesma indicunt,
Cereus paruvianus (2).
Cleome viscosa-

Ipomoca carnca.
Euphorbia heterophylla.
Ricinus comminis.
Calophytium nopliyliunt.

9.
10.
11.
12.
13.

© 14,

15.
16.

They are not drawn to scale and in some cases are slightly
diagrammatic for purposes of clarity in print,

Octmum canuni.
Dolichos biflorus.
Seshania grandifiora.
Moringa olifera.
Psidium guajava.
Argemone moxicand.
Coriandrion sativum.
Tribulus terrcstris.
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Shape of the flower in relation to the method of pollen collection.
low congidering the shape of the flower, Parker (1926) classifies flowers
thich are useful to bees into four groups, viz., open type, tubular type,
losed’ type and spike type. This classification, of courze, does not strictly
tonform to the method generally followed by botanists in describing the
thape of flowers. For example, the flowers which are said to be tubular
ind funnel shaped by botanists have all been classed under the tubular
ype by Parker (1926). In discussing the utility of flowers for nectar and
sollen, it is convenient to group them under varicus types, and it seems
easible to adopt Parker's method of classification.

In the present study, the Ipomoeas and some of the cucurbitaceous
olants can be classed under the tubular type, and they are useful chiefly as
nectar sources. The papilionaceous and the labiate flowers such as Leucas
aspera, Ocimum canum and Dolichos biflorus belong to the closed type and
they are usesful chiefly for nectar although Sesbanic grandiflora and
Qecimum ‘canum are also equally useful for pollen. These observations
generally confirm Parksr's (1926).

Flowers belonging to the open and spike types are generally pollen
species only. FPsidium gugjava and Leucaena glauca, for example, belong
to the open type while Sorghum vulgare and Pennisetum typhoides belong
to the spike type. The method of collecting pollen from these types vary.
In gathering pollen from flowers of the open type, the bees bite the anthers
with their mandibles and pull them towards their bodies with their forelegs
while at the same time they run rapidly over the flowesrs packing the pollen
in'the pollen baskets. A slightly dilferent method of gathering pollen from
Cereus (psruvianus ?) which belongs to the tubular type has been noticed.
In these flowers the bees first get to the botiom and walk upwards along
each filament of the stamens towards the tip where the anthers are fixed.
Here the bess bite the anthers and at intervals suspend  themselves in the
air for a few seconds collecting the pollen grains in the pollen baskets. On
the spike type of flowers, the bees were seen to run over them from bottom
to top and then tise in the air packing the pollen into the pollen baskets.
The above cbservations appear to be generally in conformity with Parker's
(1928).

Flowering periods. The present study was commenced in August 1937
and extended almost to the end of July 1938 and so covers a period of
about 12 months. During this period, pollen study was carried out almost
at weekly intervals except during six weeks. Even on these six occasions
the interval between two days of study did not exceed a fortnight. It is well
known that the flush of flowers of almost all South Indian flora lasts for
more than a {ornight and it may, therefore, be taken that this investigation
covers almost all flora available in the vicinity of the apiary.

In Table II the number of species in flower during the respective months
is summarised.
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TABLE II
Number of species in flower during the vespective months

No. of species

Months - — i

Nectar Pollen ' Dual purpose’
January 11 4 -3
February G 1 2
March 3 1 2
April 5 5 5
May 5 5 5
June i 3 2
July 4 1 1
August 3 2 1
September a 3 (5] Z
October 8 12 2
Novamber 10 13 3
December -~ 11 11 3

Total No. of species 15 17 6

It will be seen from Table II that during October to January the largest
number of species are in flower. Again in April-May there is-a second
season. There appears to be a dearth of pasturage during March and June-
September. Particularly the month of August seems to be a very “dry"”
month. Such species as Cocos nucifera, Tridax procumbens and Antigo-
non leptopus are in flower almost throughout the year. "But no pollen spe-
cies are in bloom all round the year. Other species like Moringa oleifera,
cotton and Psidium guajava are in flower during two seasons in the year.
Such species, however, are only few. In fact out of 15 nectar species only
three, and out of 17 pollen species only four, have two flowering seasons.

Bees were examined for pollen at hourly intervals so as to obtain infor-
mation as to the hours from which or up to which particular species were"
visited by bees for one purpose or ancther. The information so obtained
has been presented in Table IV. In Table Il the total number of species
which are utilised by the bees for pollen or for nectar at the various hours
of the day when such species are in flower is furnished.

TABLE 111
Number of species visited by bees at various hours of the day.

Mo. of species

Hour .

MNectar Pollen Dual purpose
Sa.m. 4 4 3
6 5 [ !
7w 6 9 5
8 B - 13 [+
T e 1z 15 (5]
i, 13 = 16 6
11 L] wEn 13 ]4 3‘
12, 11 12 3
1p.m. 10 i 3
2 . “10 3 2
3, 8 1 2
4 7 3
S5 4 2
6 ,, 3 2
? £l L L] 3 EE z
Total No. of species _ 15 17 [
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' TABLE 1V. SPECIES OF PLANTS VISITED BY BEES

References:
g—gréy;

c—closed type;

o—open type;

s —nectar ; —pollen ; % nectar and pollen.

w—white; y—yellow; p—pink; b—blue; r—rose;
t—tubular type;

rd —red ;
e—spike type;

MName of Plant

Floral colour

IFlower type

January

Months of flowering

Time of visit

February
March
April

May

June

July
August
September
October
Movember
December

. T.

p- m.
e
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Argmnmm THEX 1 COMNT

Calapliyllum
snehlhiylinm

Cercns fernvionus (7)

Peltogharum

SJerruginenm

. Poinciana regia

24, Trilnilus tervestris

. saecharm
offfcinariii

26. Trichodesma indictim

27. Cleomo viscosa

. Lagasca mollis

29, Ricinus comimiunis

30. Tragus bijflorus

31. Sorglucin vnlgare

32, Fenniselum

typhoides

Pollen and nectar
speacies
3'
34.
as

Ihonmoes carnea
Sesbania grandiflora
. Cocos nueifera

36, Cucumis sativus

37. Odina wodier

38, Ofnntin dillendi

e e E
(n ol o Mo B v ]
'

WS S E N

wIZziweo® w4 =22 w23

M
wr

e

D000 -

Coono

20

mwooood O00

Q=00

x

XX

o X
=

XX K

¥RHERNK
x =
XX

xR
“

I

XX
w A

o X

E
® X
XX

-
AN AR

L

X
*

-

KH XA

- A S

F At
XX AKX
Ha XX
n X
s
HoH

=

HHEMNEXXH
x

HE XA RN
HEX KX HX
X AKX KX

X
A

—

N

b i i .

e e i, —

— o S

“

xR

= KX AX

b
R

MMAAX XK
KX HX

w

AR AXAXK X XK

XX x]=|=




428 The Madras Agricultural Journal:  |[Vol.savi, No. L L

It will be seen from table III that the greatest number ot species ‘are “visited
by bees between 9 and 10 a. m. either for nectar or. fc::-r‘pullen The number.
of species that are so visited increases as the day advances’ frt:-rh Sa.m. to
about 10 a. m. and then steadily falls. Out of a total of 15 nectar species
only three are visited by bees throughout the day and out of six species
serving a dual purpose only one is similarly utilised. There'is rict ‘a single
pollen species from which pollen is collected by bees throughout. the day.
Invariably most of the pollen species are not visited by bees in the after-
noon. Although pollen is available in the flowers after certain hours, bees
were observed not to gather them after those hours. This ma?-_ perliaps be
due to some changes in the pollen grains themselves on account of environ-
mental factors. What exactly those factors are, it is at present unknown.

Discussion. The pollen study of ascertaining bée pﬂst!_.lfage which has
1ot so far been attempted in India, indicates that this method is a very use-
ful appreach for collecting the list of bee flora of each locality. - The method
gives the clue as to where exactly to look for the bees in the field. The.
usefulness of this method is demonstrated by the fact that 20 species hitherto
not reported in India were discovered as being useful. It.is here that the
personal prejudices of the workers as to the usefulness or otherwise of parti-
cular species are eliminated and the results arrived at :are checked by
visiting the plant sources in the field. By this method a confirmation as to
the utilization of the species by the bees for one purpcse or another is
readily obtained with information as to the time of visit by bees. Such weeds
as Leucas aspera, Tribulus terrestris and Ocimum canum’ were (at least by
the present author) least suspected pasturage crops, and a study of pollen
grains has definitely indicated that even weeds which are ordinarily eradi-

cated by agriculturists as being a nuisance, have their own status in provid-
ing bee pasturage.

Generally there are two seasons in the year when plants are in bloom
when the apiculturist can expect a surplus crop of honey. One season
commencas from November and continues up to the end of January while
the cther season commences in March and lasts only for about two months.
The former season comprises a large number of annuals like cotton and the
cucurbitacecus plants, while in the latter season chiefly Tamarindus indica
and the second crop of flowers in cotton are useful. Most of the species
are visited by bees in the forencon only.

That the proximity of flowers facilitates the performsnce of a larger
number of trips by bees in a given interval ~of time is easily recognised.
This is no mean advantage for the apiculturist in gefting a surplus erop of
honey. While records about the range of flight of some of the European
bees indicate that bees visit flowers situated even two miles away from the
apiary (Eckert, 1933), Ramachandran (19237) reporis that in South India the
range of flight of Indian bees is only about three furlongs. The present
study, however, indicates that bees fly a distance of even six-furlongs pro-
vided a good pasturage, for example, Cucumis sativus, is available.. Although
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the range of flight may be extensive, it should be emphasized that the loca-
tion of nectar species situated far away from the apiary is uneconomic. Of
the 38 species recorded in the present study, excepting one (Cucumis safivus)
all else were situated within a radius of 500 yards from the apiary.

- The species of plants now found useful to bees may be classified as in
Table V.

TABLE V
Stalus of the species in the field of agriculture.
Nectar Pollen Dual
species species purpose
Class i ;
Percenta Percent P t
M ge ercentage ercentage
umber of total Number of total N“’Fh“ of total
Weeds E 27 7 41 1 17
Cultivated ;—
Ornamental plants 3 20 2 13 1 17
Economic plants 6 40 4 23 1 17
Treas 2 13 4 23 3 49
Total 15 100 17 100 6 100

From Table V it will be seen that of the nectar species 40 per cent. are culti-
vated plants of economic importance while weeds and trees contribute 27
and 13 per cent. respectively. On the other hand cultivated plants are
less useful for pollen, and the largest share (41 per cent) of the pollen
species is provided by weeds only, Next in importance, the cultivated
plants contribute a total of about 36 per cent. of the pollen species followed

by trees. Forty-nine per cent. of the species serving a dual purpose are
trees. '

Mention may be made of the most important species useful for bees:—

Nectar species: Tamarindus indica; cotton, Cucumis sativus
Pollen species: Sorghum vulgare, Penniselum typhoides,
PEsidium guajava, Cereus peruvianus (2 )

The above species have made themselves important by sheer numbers, that
is by the availability of a large population of flowers over a compact area of
field. Most of these are cultivated plants. It may be concluded, therefore,
that relatively speaking, cultivated plants are more economic from the api-
culturist's point of view than wild weeds. It is by no means the intention to
under-estimate the value of some weeds. Especially in November—January
season a large majority of the pollen species comprise of weeds only and
but for them, there would have been a dearth of pasturage during these
months. ’

Summary and Conclusions. In respect-of information so lar available
in India as to bee pasturage, the method of ascertaining species has been
confined to locating in the field the flowers actually visited by bees. Key
pollen slides from known plants growing in the locality under study have
heen prepared in methyl areen glycerine jelly, and the pollen actually
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brought by bees, and the pollen adhiering 1o the body ot .nectar; gatherers
have been identified. A list of 38 species useful for nectar, for pbl}an, and
{or both has been oblained and. as many as 20 plants in the list argé :eporiecl
for the first time in India. Analyzing the colour of the flowets. visited by
bees, it is obssrved thal a majority of bee flora possess vihile .a'rida-‘i{é}]]dw
flowers. The shape of the flowers in relation to their utility by bees is indi
cailed, and the method of collecting pollen from the various ﬂbri."jl types is
discussed. There are two seasons in the year during which plants come o
bloom, one in October-January and the cther in April-May, the former com-
prising mostly of weeds and annuals, and the latter of perennials. - A majority
of flowers are visited by bees in the forenoons only. Althcugh pollen is
available after certain hours, bees are found not to gather them, and why this
is 5o, it is not at present definitely known.
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APPENDIX

EXTERNAL MORPHOLOGY OF THE POLLEN GRAINS OF THE BEE FLORA

Kote :— The description of pollen grains relate to specimens mounted in
methyl green glycerine jelly. In the case of spinous pollen grains, the diameters
of the grains furnished exclude the length of the spines. For the sake of con-
venience in reference the species are grouped according to their families and
arranged alphabeticully.

Acunthaceas.

1. Justiciq tranguebariensis, L. f. (Fig. 1)—Egg shaped with poles more flat-
teped. 34'5—20'7 /4. Smooth and clear with one furrow.
Anncardiaceae,

Z. Odina wodier, Roxb.—Yellow. Spheroidal. 20--214, Exine 35/4. Sur-
face smooth and clear. ‘Three furrows each containing one germ pore. Furrows
gape widely in stained specimens giving almost a triangular appearance.
Boraginncene.

3. Trichadesme indicten, R, Br, (Fig. 2)—Smnll ond generally spheroidal. 20
=216, Three spindle shaped furrows.

Cactaceac.

4. Opnntia dillenii, Haw.—Yellowish white. Spheroidal. 120/t Seven to
nine pores, dia.. 256, Surface finely pitted.

Reported previously by Romachandran (1937).

5. Cereus (peravianus ?) (Fig. 3)—White. Spheroidal. 694, Three spindle
shaped furrows. Surface finely frothy. Exine (hin and striated.

Previovsly reported by Ratnam (1938), There is some doubt regarding the
nomenclature of this plan Confirmation is being made.

Capparidaceae.

6. Cleome viscosa, L. (Fig. 4),—Yellow. Spheroidal. 27—30/. Furrows wide
and spindle shaped. Exine striated and rather thick. Surface smooth and clear.
Cnﬁpnailae.

7. Lagasca mollis, Cav.—Whitish. Spheroidal. 24—31/4. Spines 3 M long
and do not take in stain. Surface clear. Reported previously as a pollen source
by Ramachandran (1937).

8, Tridax procumbens, L.—Spheroidal and spinous, 24—28fF, Spines 355/
long and distributed about 4 /£ apart and do not take in stain. A few large pores
about 6 in diameter. Exine [aintly strinted.

Convolvulaceae

9. Ipomoca batatas, L.—Spioulose (Gamble, 1923). Spheroidal 12048, Spines
10/ long and 10,% apart, and do not take in stain.

10. Ipowraca carnea, Jacq. (Fig. 5).—White. Spheroidal. 75/, Spinous. No
uniformity in distribution of spines. A few spines appear a little booked at the
tip. Spines do not toke in stain,

11. Ipomoea purpures Roth.—Exnctly like 1. cornea. 116 M,

12, Merromia dissecta, Hall, f.—Spheroidul. 83/ Exipe striated and 6—8 M
thick. Surface finelv frothy. Three furrows spindle shaped. No furrows.
Cucurbitaceae.

13. Benincasa eerifsra,—Savi—Nearly spheroidal 63/,  Surface finely

reticulate.
14. Cucnmis sativns, L.—Yellow. Spheroidal. 42—455M. Surface smooth
nnd clear. Three [urrows.
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15. Cuenrbite surxima, Duch.—Spheroidal, 158/% Smnnus .- Spines 710/t
long. Distribution of spincs not regular. Seven to nine ]}liﬂ"!:!l dmrnetu- 35—35!-"’.

Ramachandran (1937) refers to cucurbitaccous plunts as being useful for bees,
Euphorbincene.

16. Euphorlia heteropiyila, L. (Fig. 6)—Mounted s pecimens, three lobed
31—35/%. Exine stout and strinted. Surface possesses .E]_i]_hn'rutp_-sl_:_ul_ilf_._ur_ing. N

Georgia (1914) states that honey gathered from the flowers of - this ‘plant it
"aerid ' and emetic and unfit for vse. This does not seem to obtain confirma
tion under South Indian conditions.

17.  Riginus communis, L. (FFig, 7),.—Spheroidal or nearly so.. zﬂﬂ' Exine 33/

Three furrows separate the exine which have knob-like ends.. Finely ret:tu]ntl
surface.

Graminoe.

18. Tragus Ubiflorus, Schult.—Light yellow. Spherical. 24—30/¢. Surlace
granular, Single germ pore diameter 3 /1, ju

19. Serghum vulgare, Pers—Yellow. 45—48fF . Spheroidal. Sing’l“e germy
pore 35/t diameter. Surface smooth and finely granular, Lxme slightly striated

Previously reported by Ramachandran (1937).

20.  Pennisstum typhoidas, bmpf & Hubbard—Grey. Mournted grains examinec

within a week after mounting do not appear perfectly spheroidel, Diametes
varies from 41'4—34'5 ¢, Surface coarsely granular,

Previously reported by Ramachandran (1937).

2. Saccharum officingriom, L.—Spheroidal. 31—34'34. Surlace smooth anc
lightly granular, Exine thin and striated.

Guttiferae.

22, Calophyllum inophiplium, L. (Fig. 8).—Bright yellow: Sphcroidal. 38/t
Exine 3'5/ und striated. Surface smooth and clear.
Labiatae.

23. Leucas aspera, Spr.—Spindle shaped. Polar diameter 21—24 /L. Surface
smooth and clear. Three furrows,

24, Qcimum canum, Sims (Fig 9).—Spheroidal. 55—604 Six furrows, Sur
fuce characteristically reticulate,

Lepuminosae,

25. Poltophorum ferrugineum, DBenth.—Spheroidal. 48/¢. Reticulate. nlmos
amounting to pitted appearance. Three furrows.

Previously reported by Ramachandran (1937).

20. Poinciana rvegim, Boger.—Spheroidal. 43—55K4. Three furrows. Exin
6'5/ and striated, Surface clear and reticulute.

Previously reported by Ramachandran (1937).

27. Tamarindus indice. L.—Spheroidal. 34538, Exine 2/'. -Surface smooth
Three furrows. . - :

FPreviously reported by Ramachandran (1937) and Ratnam (1938

28. Lencacna glauca, Benth,— Almost spheroidal, 41—43/%, Sru_rl'ﬂc_é: smooth
exine thick. Fointly frothy. Three furrows, _

29. Dolickos bifiorus, L. (Fig. 10).—Egg shaped with one pole rather pointec
The length from pole to pole varies rather widely in mounted gruins from 60-85 /4

and width from 45—6046. Three [urrows, Fine bristles scattered over the
surface,

30. Sesbania grandiflora, Pers. (Fig, 11).—Spheroidal. 34'54. Surfacesmoot’
and slightly granular,
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Malvncoae.
) 31. 'U{TSSJ“‘M'?H" fndicuim and G. lirsufwm.—Spheroidal or nearly so. Spinous.
95—97 M. Spines 7/ long and toke in stain.
Previously reported by Ramachandran (1937) and Rotnam (1938). Banerji (1929)
has studied in detail the pollen of the various Gossypium species,
Moringaceasn.

32. Moringe oleifara, Lam. (Fig. 12).—Spheroidal, 30—38/¢. Three furrows
; each containing a germ pore. Surface elear and smooth. .

Reported previously by Ramachandran (1937).
Myrtaceas,

33. Psidium guajava, L. (Fig. 13).—Very small. From the polar view nlmost
exactly triangular. Width 12—16/¢, Surface smooth and clear. Exine striated,
Three linear furrows.

Previously reported by Ramachandran (1937) and Ratnam (1938),

Palmaceae.
34, Cocos nucifera, Linn.—Mounted specimens irregularly round with

flattened margin ot one portion, having one furrow. 35—41J¢. Surface smooth
and exing thick.

Ramachandran {1937) states that this isa useful pollen source during May
and Jupe. Narsyana (1937) and Patel (1938) have reported that coconut (lowers
are always visited by bees.

Papaveraceae,

35. Argemone mexicans, L, (Fig. 14)—Spheroidal. 3454, Exine thin. Surface
smooth anud clear. Three {urrows gape widely.

Polygonaceae.

36. Auﬁgaucﬁ lepfofus, Hk & A.—Almost spheroidal. 52/, Texture granular.
Surface characteristically pitted.

_ Ramachandran (1937), Ratnam (1938) and Venkatasubbayya (1938) have =ll
reported about this plant previously.

Umbelliferae.

37. ' Coriandrum sativum, L. (Fig. 15)—Egg shaped with flattened poles.
Length 32/ and width 105 ¢, At the equatorial region, the exine has a ridge
rinpipng all round. Surface clear and smooth.

Ramachandran (1937) states that Coriander is also suspected to be a pasiurage
crop but that its status is not known.

Zygophyliaceae.

38. Tribulus terrestris, L. (Fig, 16).—-Spheroidal. 40—454. No furrows. Sur-
face characteristic with line reticulations. The lacunae are not divided by solid
continuous ridges, but only coil-like partitions which under the lower powers of
the microscope appear like a chain of dot-like structures. Lacunae are clear and
contnin Eerm pores.



