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ABSTRACT

Pollinaéion ecology of L0 Asclepiads viz. CJalotroplis procera
(Ait. oy Alt.f. ssp.  hamiltonii, Glassonema varians (Stocks: Hook.
£.. (xvstelms esculentum {(Linn. .53 R. Brown, Fentatropis nivalis
(Gmel, s Field and Wood, Pergularis Jdsemia (Forssk.) Chiov.,
Pergularia tomentess L. of tribe Asclepiadeas and Jaralluma
edulis (Edgew.) Benth., Caralluma tubercolata W.EBE.Brown, Ceropegia
bulboza Roxb. and Leptadenia pyrotechnica (¥Yorssk.) Decne. of
tribe Ceropegilese has been carried out from Parkistan. In  this
connection floral phenology and wmorphcelogy,. location of gdermina-
tion  locus, n-vitro pollinium germination, floral visitors and
their pollinium  load, level of pollinator activity in natural
populations, mechanism of pollinariuom removal and pollinium
insertion. pollen ovule ratic and ratic of pollen grains per
pollinium to ovules per carpel have been studied.

Andromonoecy is being reported for the first time in Glosso-
nems varians (Stocksy Hoolb . f. and in the family. Flower life of
the studied taxs 1s usually short ranges only from 1-3 days.

4 warilety of structural adaptstions hzve been revealed in
response te the mode of pollination, particularly in poliinium
merphology and corientation, stigmatic chamber. corconal elements,
nectaries and nectar location =nd presentation.

[t has been demonstrated that pollinarium removal and polli-
num insertion sre specialized procz=sses rather than a chance and
exhibit definite relatlonship with the speciaslized floral modifi-

cations. Apart from presence of residual corpusculum and narrow-
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nesn of stigmatic chambers, other thres Dactors like olosing ]
“tigmatic chawber, precence of glandulsy pepillus in the st.gmat-
i chambeg_and anther wings are reported to be responsible for
the proper and successful inserticon of the pollinium  i1ntoc  the

stigmatic chember. A correlation between poilinarium removal and

pollinium insertion exist and thus revealed that pollinium inger-

]

tion rates are the pogsitive function of removal rate:

.

al

joy

Follinators (inseets; are speciles as well as ftribe gpecific.
Jalotropis procera (Ait. ) Ait., f. ssp. hamiltonii (¥ight) Ali is
regarded as XYylcecopsa blossom (Melittophilous), Glessonema var-
ians (Stoeks) Hook., f. and Oxyst-Ima esculentum (Linm. £.3% R.
Breoewn as  bee and wasp blossom (Helittophilous), Fentatropis
nivalis (Gmel.) Field and ¥ood, FPergularia daemia (Forssk.
Chiov.. and PFPerguiaria tomentosa L. as bee and moth blossom
(Melittophilous and FPhalaenophilous), Ceropegia bulbosa Roxb. s&s
fly blossom (Mvophilous): and Leptadenia pyrotechnica (Forssk.)
llecne. B8 fly end beatle blossom (Mvaophilous and
vantharophilous),

The Zermination locus of the polliniun seems to be correlst-
£l with the flower struoture and pollinmation mechanism  of  the
spencies.  Pollinium of sach species reqguitred n  specific  sugsar
conentration tfor optimal germinaticn {in vitro - pollinium germi-
ration wnich 1% more or less similar to its floral nectar sugar
coneentration,

A relationship has also been obsgerved Dbetween pollinium
viger {in - vitroe), polliparium removal and pollinium  insertion

winhk resp:ct Ly flewer age. However, pollinium vigor and pistil

-



recoptivity did nos change significently with the flower zge.

Low pollen ovule ratios seems to be the characterstic fea-
ture of Agclepiads. Pollen ovule ratios have been correlated with
s number «¢f florsal charscters,. polilinstor type &and pollinator
activity.

Humber of floral and rarticularly reproduoective characters
such &5 pollinium orlentation and worrholegy. fermination  locus,
pollinator type, vpollinator activity and pollen ovele ratios
provide additional evidence in support of the tribal classifica-
tion,

It has been concluded that Asclepiads possess & high degree
of synorganizatiorn of variety of structural elaborations and

funetionzl process of pollination.
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CHAPTER 1

GENERAL INTRODUCTION

1.1 Introduction:-

The familiy Asclepisdacess is commonly hnown as  "Milkueed

family”. The oprosite exstipulat « leaves, gamopetalous corolla,
staminal c¢olumn, corona, gynostegium, pollinarium/tetrads, fol-
liculayr fruits., flattened , silky comose seeds are the charac-

terstics of the Ffamily.

1.2 Taxonomic History and Classification:

Linnaeus was the first to list a number of Asclepiads such
#as  dsclspias, Ceropegia. Cynanchum, Pergularia etec in his "Spe-
cies  Plantsrum” (1753) and "Genera Plantarum”™ (1754%. Jussien
(1739) placed all known Asclepiads with Apocynads under the natu-
ral order Apocyneme (family Apncyraceae). Brown (1810) separated
his natural order Asclepiadese from the Apocyneae of Jussieu on
the basis of the highly specialized pollinia of the former. He

divided the fsmily into the following three groups as “"subordo’™.

1. Asclepladeas verae
2. Secamone group
3. Feriplocene

Endlicher (1838) followed Brown (1810) and proposed a system
that rnow appears to reflect suprageneric relationships within the
Asclepladarcene more accurately than doses any other. However, he
rlaced the "Periploceae’ first, the "Secamonese’ second and the

"Asclepladese verae” third [Rosstti, (19BY9Y pointed out thst acc-

(E)
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Tumily U Asclepiadsoceas 7ointo Secononoidess”
and the "Azcleriadoidesze” . in later., o trihes were recognized and
Stamelisze wan including in the Ceropegieza.

A nmumber of worker 1ile Hutchinsen (019595, Sarntapan  and
ranil (1982), Riley (19330, Adry Shaw (19733, Huober (1973, 19832
ard Field (1930 ete, accepted Scehlehter s (18905 and Bullcek’'s
1083y trestment . However, Takhtaiar (189877, Crongoist  (18688%,
Markgrat (1972%, Rechinger £. (19729, Spellmen (1875, Stevens
Y7y smnd ALl (13833 have not recognized thece two jgronps  ss
sepatvate faeilies  ond congider them =3 20 subfamilies of  the
Fomi by Asclenindscesce . Whoereas FRooztbd 1209 Fadllowsd  Endlich-
vy ovasten 138330 of dividing the foelly dnto 30 eunfamilics,
Sesently,  Bravn e osnd Forcter {1491 ml=ao recefgnized o subfami-
1tes Following Bndlicher 019353 0 However troey proranesl 4 tribes
i osnhfamily Azclepizdoideae 1.e.  Aso lepiaddese, Gornolobeas,

P

Maradeniese and Stapliese (inaloadirg Cerapgiene .

1.% Evolution and relatiouship with oth:r Familics:

One of  the wmost significant Paniiices of [lowering plants



trem tlhe ecoluationsry point of view is the Agclepidscans Bentham
snd Hooker (12780 in their syatem of clzxemificstion placed the
Aselepiqd&ceae together with the Qleaceae, Selvadorzceas, Apocy-
naceae; Loganiacee and Gentianceas in  the ovdszr Gentianales,
Frngler (1887Y placed thig Fawily with Apocvnscess in Contorteas,
Hallier ©1925° included Asclepisdoceas with Apocynaceaes, driving
then  from Linscese. Huotcohinson (1989 epilit up the cvder Genti-
snales into 3 separate orlers, Gentianales, Logmniales and Apocy-
nales. In Apocynales, he recognized 4 families, Apocynaceze,
Aselepiadacese, Plocospermataceae and Periplocacesae, mainly on
their pollen characters. According to him, Avocynales sre more
advanced than Longanlales and treated Asclepiadaceae as g
"Climax” farily, in which the pollen has hecomne waxy and col-
lected 1into masses (Pollinia) as in Orchidacesae of the Monocot-
viedorns. Rosatti (1988 proposed s suborder Apocyninceae with in
Gentianales which includes Apccyniascesne and Asclepiadacerne only.

The Asclepiadacese iz most closely related to and is more
likely to be derived from Arpocynsceaec. Ay pointed cut ny Cron-
quist (1968), in various aspects of florzl morpholagy there are
evolutionary posrogressions from the Plumericidese to the Apney-
roideae of the Apocvnaceas, and trowm there into the Asclepiadac-
s>, in which the =eguence proceeds from the Periplocoideae to
the Secamonoidsae and the Asclepiadoideas.

The Apocvnaceae and Asclepiadaceae share 2 number of fe=-
tures including those having to do with morphology, esmbryology,
anatomy and chemisty: many of “he freguerntly cited differences

may not  hold after the plants are more thoroughly known. The
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arnpsvant lacsb o1 the Avocyrnsosas and univerual presence  in

pod
W
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wyepigdaceas of grecial cbtractnros for o the pod roroOrE

Penn Wwidely e deved to be the single moo? relisble difference

)
tetween the fanliles.
!4 Pollination History:
Fotlination in Asclepizdacese . ~pecis!ly in enbPamily Azscle.
vindoidess comprises some of the ezt ccorpelerw floval  wechanisns
iz anginsperms. The flower structure and mode of pallination in

Aanlepiadaceae  (Asclepias) have been studied by RKoelreuter and
Aprengel  in the eighteenth century snd Brown. Delphino, Hilde-
brand, Corry and HMullar in fthe ninsteenth century (Galil and
Zeranmi, 1965). BReexamination of floral morpholagy of Secamone sp.
and  AdAsclepias sp. by Safwat (1962) and CGalil and Zeroni (1965,
1969%, respectively, have dealt with the funetionsl and evolu-
tionary significance of the extremely complex floral modifica-
tinng in the Asclepiladiceas.

Quantitative studies of the reproductive bicology of Ascl-

rias were atttempted in 1940°s, when potential commercial uses of

1L

millhkweeds were investigated (Fiscohevy, 1841; Whiting, 18473: Ste-
vens, 194%5; Horrve, 18463 and b, 1947, Sparrow zand Pearson, 19420,

Prost (1965 and Macinr (149853 heve shown that srecies aof
dsclepias wmay differentisily attach pollinsria on various parts
of & wollinstar ' s hody and %wve suggested thzt this type of
mechanical isolating mechanism mazy play & role in speciation  in
the gdenns,

Analysis  of nector prodauction and polliczter bebaviocur was

o

done for several mpecies of Asclepias (Gslil and  Zerorni, 1965 ;

1]



Willson and Bertin, 1979; Willson, Bertin srd Price, 197%9; Bertin
and Willson. 1830; Wyatt, 1980b; Morse , 1981. 1982; Fritz and
Morse. 1931; Sounthwicl, 1983.: Sothwick and Soutwick , 1883 and
Kephart, 1983).

Nectaries of dsclepias and VYineetoxirum was studied hy
(Galil and Zercni , 1969; Schnephf and Chirst, 1980 and Christ
arct 3chnepf, 1935 while extraflorsl nectarice of Calotropis and
Wattakaka hy Arek=sl ond Ramskrighns (19303, Formetion {az a
senretion) of translater of dselepiss and Gonplicearpus was  stud-
ied by Schnepf, Witzig snd Schill 71973),

Petailed gtadies of spatial and temporal asepects of  the
floral displav and relative importance of pollen v recource
limitation in rzstricting froit level was =also completed  fox
several Asclepias species (Willson and Ratheke, 1374; WYyatt,
1978, 19802, 1981 and 1932; Lvnech, 1977; Will=on snd Price, 1977,
1980; Chaplin and Welhker 18982: Booknan, 1983; Shannor and Hyaté,
19495y,

The mechanics of pollinetion =snd the importance of mechani-
cal  ves,  phvsielcegical reproductive isclation were studised by
Wysit (1876, 1978%, Xephart and Heiser (13280Y, Reare and Perkins
(1932, Merse and Fritz (19895).

teformatioy  rogoyiding demngrapny (H1)oer ) 1OGYED Wysrr o e
A ornvics, 19y and hroeding ovetems (Wyeatr 14
1920 woe wlan Zatherred.

1

Horpho apesia nnd evrordanizstionr nf stomerns, warohoiacy gne

ettt o e An Moelapiadacon was oy ied by ¥anos 0 TGR1

sene s e e Loty o st ade iy el et e b e ey 8 s b



pollinis snd the translator apparatus of Acolepiads was studied

L}

by El-Gszzer. Hamzs and Badawi (19745, Vijav=raghavan and Shukls
(1978a, b; 1977 a.b): Vijavaraghavan snd Cherms (1977), Shill and
Jarkel (1978), Ras (1984, Rehman and Wilecock (1989) etc.

Volk (1950Y, Galil and Zeroni (1969, Linskenz =and Suren
114989), Jaeger (1971), Saojl and Chitaley (1975%. Rao nnd  Komari
(1979%, Srecedevi osnd Namboodiri (19832, Xhsteoon and 811 £1983),
Zerill zod Darmenbaum (19840 and Eieikowibtaol (189380 atadied  the
pollinium germination of some Asclepiads.

Although the prllination o rthe Asclepiads was  investigated
gince the 1st. trorough study by brown (1810%, but the study was
restricted only to few genera and by far tne most attention was
Ziven to the genus Adselepias.

Pollination ecolegy of Calotropis procers (Ait.) Ait. f. was
carried out by Jaeger (1871) in Senegal., Schremmer (1972 in
Egvpt, Eisikowizich (1988) in Isracl. Bhatnagsar (1988) in India
and  Al: and A11 (18838) in Pakistan, whereze & gigantes by Van
der P33l (1954 ir Java, Wanntorp (1974) in Ceyvlon and Ramukrish-
na et mi. (1973) in India.

From Indo-Pak sabecantinent morchology. ontogenv. histechem-
istry of twin pellinia. polliniom fermination and florsal morphol-
gy for several geners was carried out by Bhetnagsr 1875y, Vi-
Joyveraghavan  ard Shuklae (1976 & , b)), Viiayzraghavan snd Cheema
“1977), Deshpancre and Jonedja, (189£2). Sacji and Chiltaley (1975)%,
Ran and Kumari ¢1878), Sreedevi and NHamboodiri (1882) and Khatoon
and Al1 (1983).

Pollination ecoelogy pertaining te the pollinatnrs and  their

behaviour of tie genera like Celotropis. Oxystelma, Holostemma,



dacleplas, Marsdenie. Dvsmostigmea. Stapelia . Telosma, Fergnlar-
i, Cwvnanchum., Tvilophern, Leptadeniaz and Gyvanema won carried out
by Chaturvedd and Pant (1386, Chaturved: (14987, 1939% snd Bhat-
nEsar (iQSBF from India. Pollination of Ssrcostemma wezs  studied
bv Liede and Whitehead (1891) from S5. Africn and XKunze and Liede
(1991 from Mex:co.

Fioral morphology with respect Lo pollination of  seven
geners (Secamons, Tviophora, Leptadenia., Sisyranthus., Astephanus,
Microloms asnd Vineetoxicum) was studied by Kunze (1991},

The morphalogical studies and a&artifiral pollination (irn
grecen house ) of stapeliads was carried out by Beyer (1978a,b),
Barad (1978), vanders (1873, 19880) and Jahnke (1989). While the
pollinators of Ceropegia species were manalyvsed by Vogel (1981)
and Bayer (1978¢).

This sccoant shows that only few of more than 250 gdenera
have been analysed theroughly with respect ot their pollination
ecology. BSo  the present study is carried ocut from Pakistan to
analyze the different aspect of the prollinsiten ecclogy of the
tern specles., Delong to 3 pgenersa, reprecenting 2 tribes viz,

Calotropic FProcera  (Alt.) Alt. F. sup.hamiltonii (Wight) Ali,

Cerapegia  bulbosa Reoxb ., Glosscnews varisns (3tceks) Hook. 1.,
Caralluma edulls (Edgew.y Heok., £., Taralluma tuherculata N. E.
Br., Pentatropis nivalis (Gmel.} Field and Wight, Pergularia

desemia (Forssh.)Y Chilov., Fergylaria trmentoss L., Oxystelma
saenlentum (L. £.) R. Br. and leptadenia pyrotechnica {(forssk.)

Lene.



1.5 Geographical Distribution:

The Asclepiadaceas 1s falrly large farnily with more than 250
cenera and 3000 species (Resatti, 198395, principally distributed
in the ~tropical and subtropical regions of the world, with
considerable representative in more temparste regions notably  in
2euth Africa. Represented in Pakistan Ly 25 genera and 41 spe-
ciwe,  however ¢.10) species are zither under collected  or need

confirmation.

Distribution pattern of the stndied taxa ig as follows:

1. Calatropis procera (Ait.) Ait. £. ssp. hamiltonii (Wight) Al;:
1t 1is distributed in Pakistun ., India , Afghanistan ,Iran,
Iragq and Oman. It is present in tropilcal to dry sandy part of
Africa, extended the Mediterranian belt , Jorden, Arabia, Pales-
tine , Abu Dhabi and introduced intec the West Indies and tropical
South and Gentral America (a1i, 1930, 1282; Spellmosn, 157&8hY.

Tt 1is digtributed in all over the Pakistan with the =xcep-
tion of high sititudes and cold weather. It is ascoeisted with
high temperature and found in & variety of hablitats such as
desert., semi-desert, nesr water channelis. irrigsated Ffields,
setrlements, distorbed areas, olong rowdside, ruined lands,

sandunes 2te. According to Puri et =1. (19835

s

C. procera (Ait.)
sit f. 1s an indicator of lime or gypsumr in the so0il and in
Faiassthan 1its occurance 1s related fo caleium  content of the
soil. Gillet (1468) oslled it as anthrnrophilous, nitratophilous,
psammophyte and pointerd s close relationshir between its density

ard organic mat:er in the soil.



v Glossonema varians (Stocks) Hook. [

o variane Stoche) Hook. . 1s  distriboted  in Falistan.,

Fevein  and  Arrbis. In Poakistan it io pestricted to  2indh  and
Ystnehintan.,  In Sindh 1t is found in Karschi, Hyvdersbad and  in

Balochistan in Bela, FPaundgur, Kzlat oredl Guetos . Measlly foupd  in

zand . in crscks, in limestone and often on rocky elevated ground.

3., OUxystelma esvulentum (Linm. f.) R. Br.

0. esculentom (L. £.) R.Br. is distributed in Pakistan,
Irndonesia, Ceyv.on, Iraq and Egvpt. In Pokistan it is profusely
dense  1In the uvaterlogged aren along the canals and rivers of
53irdh and Punijab, however, it hss &lsc been reportaed from NWFP,

slung  the bank of Kakal and Swat rivers in Peshawar and Swuat

respectively and in dry bed of Bells river in Baloochistan.

W

v s on woterliogpged sid caline loving plent usuzally climbed
ot Poamarix indica, Prosapis glandulosa, Sslvadeore pursics and  on

s nnmber of halophvtio herhs.

4, Pentatropis nivalis (Gmel.) Field and Wood -

I« 9 disgtributed in Pakiastsn, Tndin, Afghanistor, Iram,
frobis and tropiczal Africa. In Peskistan. it ocenr in the rlains
ot Pundaty, Sipdb oaned Bealochistzn. 1t usua!lly found  twising and
corkscrewing  the Acecia. Prosopin. Salvadera, cultivated  hedges
s Dleradendram  philmoides, enitivated FPicus trers alorng  rosd

sades, and even gseeen 2limbing o the ws2l of houses. [t exhibit

variety of habi-at viz., iy near drv strean beds, saline ¢nil with



o lerblyt e plEante, clayevegravely  eail, el tivatadd Yands in
Jardens. and in diztrob oareas, .
. Pergularia daemia (Forssk.) Chiov.:

P, daemia (Forssk.) Chinv., 1s distributed in  Pakistan.
Tedis, Vevion. Buarms, Malasva, Afghsnistan throach Avashnis to Sonth
sl tropicsl fLfriecs. [n Pakisten widely Hdictvibmied From plains
npta 2000 ft. It is very commeon in Sindh and Punjab and particn-
larlv in Karachi, Thatta. Lahore, BRawalpindi., Jhelum alsc report-
vl from Kashmir snd Hazars (Al1, 1983). It is a common ainhabiltant
nf  clayzy-calcearious.saline soil, Found twining on hedges of

rultivated fields on Prosoris sp., Tamarix 5. in saline areas.

6. Perpularia tomentosa: L.:

It 1s disztributed in Pakiztan ,Afgh=znistan, Iran, Avabia,
Fgvet  and Libya., Tn Poakilsgtsn, 1Y occorancee 1s uore or  less  re-
stricted to  the sonthern Bslochistern. Particularly 1in  Makran
Division, Bells and Khnzder area. Howsever., also reported from
Tr=na Buallah Khan's hilly ares (Dadu Dist.: SindhY which 1s adja-
cent Lo Bells Dist. ond only once reportd from Thatta Dist, (Ali,
1v23%, It ocour in dey sreas with gravel sandy snd silty scil. In
e lociilstan hetuesn patches of Nannorfiops ©p. and occasinnly  on
the Kills slopes neay the ground level.,

Y. Caraliuma eadulis (Edgew.) look. f.:

I+ 15 Add=stritmted in Pakistsn and Indiz (Puniab). I Paki-

otan  reported  from Sincgh (kavachi), Puniab  (Rawalpindiy  and

Hiultony and Baloschistan. However., [T have collected it from Ghickh



Mgy Diwaslony aral Ahmron Diat ST EETRATE N0 WN IR Tr msnsily
aoormy an hard rocky-dravel dard. sl overwy 20 fficnle to find out
oo 4t grove und=r the boshs of devva =00, Feltophorum zp. . Rum=x
SRS o GIR

% (faralluame tuberculsxta N, E. BPr.

It 1s distributed in Pakistsn, Afghanistan, Persia and
Arabia (Hook, 1383). In Pakisten, reported from 2500-4000 ft, in
Swahb, Wazirstsn, Kurram, Peshawsr and 3alt range (Ali, 1883). It
15 usuoally found amongst large stones, in the clefts of rochks and
amorng  the roots of large bushes . However, I have collected it

Yvoam Balochistan (Kharsn Dist. ) found with . edulis with in  the

4 Ceropegia bulbosa Woxb.
It ig distributed in Pakietan snd Indis. In Pakistan, it is

reported from Purnisb (Jhelum, Multan snd Lshore) conly. However, 1T

[ R

have  found t in Sirdn also, particualariv  in Xarscehil, viz.
Kerachi University Camyonis, asnd Zuaper Highway sres (Angaco Goth)
oL 10-15% Km from Kavachl University Comrous, It vsaozally ocour in

the buashes of Sigiphes namularia. Lyeinm sdogerortii  oon sendy

Tt is distviboted in Pakistan, India. Tran, Arabis, Egypt,
Sodan . Somaliz. Chad, Libyvo snd AlZeria. It acccor in the desert

snd semidesert sres of Pakistoan and hes been reported from  Quet-



ta. Rikd, Mabkyasrn, Bells (Bxlochistany, DI . Khan, Multarn (Punjaby,
Suvageht, That.a, Gharo, Hyderosbad, Thsroorbzr (Sindby. Ir r=-
viires o pravaly subooll and found on low gandurnes or on lonse
Tashks of limestone. Acocording to Pari et a2l

ancdvoeoil oor o gandy F

19835y 1t 1w o=zn o indicstor of very hot, arid Zone.

1.5 Leconomic Importance:

1~

The Asclepisds acve usually considered to b of relatively

o

little economic importarce. Most species of Asclspiads are more
or less peoiscnous  and some have proved useful as medicinal
plants. The rocts of Azseclpias tuberess L. has proved eftficacious
in olenrisy =znd other chest compl=zints (Wrer, 1856). The roots of
droleplas ecursssaviea L. 1o used as a purgative in West Indies
wuhile 3o remedy in piles and ~onorrheces in India (Choprz et al.,

T

s

. lte seeds contaln o semi-drying oil, used in the manufac-
ture  of liguid scap and indigspensable in the textile  inclustry,
uwhiile the residinl cake from the o0ill extraction hes considerable
food valve (Pobedimova, 1952).

Calontropis specics have long been used ag a sonrce of  very
naetul  commercisl  Fibre (Mador™, The flogs from the seeds  are
need  for  etufiing fhe pillows srd msttrasses in India  (Ali,
1923y The latex, stem, leaves and root sutracts sre used medici-

nally for many curpoges .. ss pavgfatlive, sntispzsmodic,  chola-

gorne, cure of cough, nold  ssthma, cholers etoe, (Sastrs 18650
Bagoar, 1989%
2ome  spocier  of Marsdenia ace  compercially  valoaable, k.

cundurange yields the rondarango hwerk of 50 fAmeric. (usec iz &

my

stomschic) and condurcngo wine. The leuves of 4. ‘irnecforia yield

el



g ity dve kmowrn as Tnpdiccos Mo fensciszsisa vield oz valushle

vitbre “Haimohal hemp” . which i vsed o oacke boustrings. cordage
sl petting in Indis . Jaralluws odnlis 1o nsed an vepretable  snd
care  in blocd  disgesses (AL, 1983;  Sastri, 1350, Caralluma

taberenfats zalgo el 9s vegetsble =nd Juice of  the stem as
ek itngs . stomachico g onrminative CHognar, 19090 The tuberous
roots  and  leaves of Jeropegia bulbosa are alsc esten as  food
(ALY, 1933y, Thne follicles of &. wvarians are eaten and have cool-
ing properties.

Young twigs and fruits of L. pyrotechnica are used as food
and roots as vegetable (Uprhoff, 1968; Sastri, 18950, The plant
vields =z fibre used for rope moking. It also provide fodder for
cattles, horse and ramels (All, 1983, Different parts of the 0.
azenisantum sre used in throst and mouth infectilcns, jaundice and
an wash for ulcers (Choprs ot 2l . 1858 Bagosr, 1939y, P, niva-
lisg possess zmetic vropertles and olso used in gonorrhoez  (Ba-
guar. 1989, Deshaprabhu, 19887,

The plant extract of P, desemise i useful in inflamsatory

4

conditions, wierine and menstrasl disorders, leucoderma, urinary
JHgrharge, eve froubles, ete (Baguar, 939, Deshaprszbhu, 1968).
Gymnema syvlvestre has been used in the treatment of dishates.
Tvlophors Iindica is well known for the treatment of sasthma. The
large fleshyv rookts of Jdrachystelma buychanani are used in healing
wonnds in Central Afriosn.

Several plants sre used &5 nrnamentals and omong them  some
remarkable genszys are dselepias. Capralivms. Teropegia, Dischidia,

Hovs., Stapelis, Stemphanotis ote.



60

64

3

32

m

20

24 f---- -

'a“\'
Lt
N 3L ' '
i PO ' |
"v..:lf"u\-.n'\ _L_ PR -
YL, ] !
- * 1 , '
P A :
5 T ' '
- f_'. : ' |
i [
] ' H
. . )
' .
v ' :
= b eee-
s s et T j
' ’ '
' . '
| ’
. 1
1
i
e it
FR e i 0
. "
' "
' '
M :
. e ] H
Toriar : :
Guatin Fagar l‘ ;

Fig.1l-

. . .
Map of Pakistar and arid syscem (after ©
~ B -

(Ods_) ! LI.QEE__Qf r’ﬁkistan) . asir g 5.T. Ali



7 Study area:

Poliicgtean s «lituated in Souath Agio Tt lies higtwean  23° 307

A WT”.Jﬁi porth oand 617 and TH° 0300 soct Doangitade, Tta saximam
tergth f¥um royth to conth i nver 10990 1iios and fram cmsgt to
west apout 550 piles, Teotal ares of the country iz 3104073 <auare
tilee

Pakistsn bhoardered in the west by Iran , in the north west

by Afghanistanm, in the north by Chire and in the esast by Indis.

Southern boundsry is represented by the coast on the Arabisn sea

Gengraphically, it ig s=subtropical heowever, its greater part
has tropical conditions arnd the vegetstion resembles remarkbly to
tropicsl regilon rather than subtroplcal one.

Present shudy is carvied out from the southern part of  Paki-
t~n mainly frow Karachl (Kzrohel Dictrict), Ghara 7Thatts Dis-
trich, Sindh province) and Khuzde> (Shazdar Disorict, Balochigtan

kS

provipos (Fip 2. 33,
Koracht:

¥rarachil  lies in the gontrern part of Peohiztan between the
Penitude 24,507 - 25,197 north ond between *trhe longiruode B85 .51 -
B7 .40 eas=t. Tt iz boardored in the west hy Lashells district and
v rhe narth-east by Thatta Dist. Arabion =es 1 towsrdes  <oath
while swoampy asres of Indns delbta lier ip the =zouath - east ooorner.
cViae. 2y, The ares of Koveachi ig 1357 =2qusre miles and ocanparises
e odty af Ksrsohi (9BR zg milecy 91 vili=gee and 5 ialands

(Hesrain, 19340
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Aooseebigper s Mg h 0 PEEC Y el Tlianelt oty 1imzate  af
R v et yrenieal gperiftipe o0mert 0 ey 3 S LURT Y e e inerd
clos s timnamte of Kavoohd wrdor the astegory of 0 densrt o buooh

[ 3

pe cbimamte remsins noderate el plesosant cthronghoak bhe

A Ay to o bhe cwesencoe of aea. Froadly climsre of

K

rr bl ocan he dAivided into kwo distinct sesszons. i.e. winter asnd

n

augrner . Hot and humid period ig extremely varishle and unpredict-
at:le and ocecurs during fthe summer ‘rowm June Lo September.

The constzal regions and inland regions show a ronsiderable
variaftion in temperature. The sares vwoich are clese Lo sen have
maritime trend but inland regions chow continental  trend. The
hottest months are Hay ond June., whern the mean maximum  tempersa-
turve 1= 95.5°F and the mesn wminimun 1s 783 - 82 .4°F. Winter is
not very =zevere. The coldest manth ig Jarmary. with & normal
maximum Etempersture of 75.5%°F and normel wminimuw deilly tespers-
Lture of 57 . 4°F,

The average anmial rainfsll is 150-200 mm. most _af wkich
received during the monscon pericd  from June to September.
Beinfall &t Ksrachit ig net only scenty hbut zlso very variable.
There are vears where no rainfall oceonrs &t all and few years
have above sverage rainfall. The great fluctnations in the rain-
fall make plant life very difficnlt ond highly specialize

Far great part of the vyear the relative itmmidity around
Karachi is tigh. It ranges from 53-858% in the morning snd 53-81 %
in the afternocon

o

Strong  coastal wminds are the oharactrerstic feztnre of  the



o

Pt inn . Meoarn wind cpesd varies freow 5.7 moo h, 1 Hovember ta

190 m.ep. k. in July. Hemarkble etrong and  steady wind  blous

meest 1y Ffrom sonth - west or westward directicons from Msreh till
Netober., From Msy - September. 1t Liows with an average rate  of

T

12t mop.h, In Lhe cosstal regions, duee o dh wind velocities
R I 25 w.p.rk.). the crouns of tre<ece are nanclly oricnftated
towards the prevailing wind direction. The streng wind constantly
carries =sand particles and sodiuam chloride crystals from the
beach to the interior.

Karachi repraesents quite a varietv of habit sueh as islands,
sea ceast, salt swamps, sandunes, rocky pleces, semidesert,
spline soils, disturbed aress, cultivated fields, dry streans
beds, sandy plains, hillecks ete.

According to the physiographic features Karsachl can  be
divided into the tollewing three hroad catocfgories.

(1 Hilly region

Low detached calcareocus hille ar

a

guite common in this sarea.
Westrerao boarder of the vpper Sindh s zkirted Ly Kirther range
and Fab range. The shil range oxtends from Thpse Monze to Msngopir
which i3z & series of hills and ridges present in & parallel
manner, The hills are dry and the svailable water to the plant is
only due  to little aswounts of reinfall whickh collects in the
anderlving bed rocks, The charscteristic vegetavion orn the hills
ari  xXaerophvtie, growing on the slceres me well as on the hills,
The most commmen szecies which are “rund on the top of the nills

are fphiona granrvioides (Boiss. » A, Anderiere, Blepheris scindica

Ta

m m

(Aroekaey T And . tAristicds mutabilic Trin % Rapv.: wnd A, adreen-

.

siopnyx Lo While, Cosmmiphora wighti7 {Arny. DBhandav. Euphorbia



caducifolia Haines, Grepia tenax {(Yross Fiovi. 7. villoss
Willd., sare the meior constiftnent= of the wvegetstion on the
alopes.
£7y Alluvial plaing

301l between the hills is alluvial in nature anrl has  bheen
deposited by the Hab, Lvari and Moalir rivers and by the seasonsal
water flow, creating flat and sloping plain and low lying aress.
Except for the Hab, there are no perennizl rivers in the neigh-
bourtood and even the Hab farm a series of shallow peools for most
aof the year. Lyvari river with its tributaries flow through the
thicskly popilated parts of the city and ultimatelv falls inteo the
sen near femarl. Mallir river drzining fHthe Mol plateau in Xohistan

hes  the Mol snd Khadedii as ite chief frihutariles. After thin

)

£

conflvence the lnrge stresm of YMalir river o formed which uwlti-

matalv Falls inte Ghizri creek towsrds the ezct of Kemari. Rain-

fall Leing very seanty, these rivers are diy for Lhe majfor part

of the year but they arvre o pewerfufl vnderground scurce of  fresh

water supply. On the alluvisl plains ploneer plants are Corchorus

depressus (L.} Stocks, Leavnasn nudicaulis (L) dk, .7 Salvia
)

sgntolinifolia Boiss.; Sidae svata Forssii, ) alonfFwith the grasses

lik= Aristids mutsbilis Trin. & Rupv.; and Jehtioechlos compressa

{Forcak .Y Hilw fallowed by li:rbs of Cassia holuserjaces Fres.
Corwin sopna Loy ferve javesisca (Sarm. V% Joss . oand Indigof-
gra obhloneifolis Fovrassk, Thers linta ore sgeccceded Ly othrohg of

Copdia gharaf CVaorsslii. s Elrent . Gregis fenax (Forssk. ) Filori and
Conmiphora wighri1 (Arn. ) Bhandari.

O the sol with good desth, betier rezture  and moisture



covclition large stmrbe lihwe JTisiphos numelarie (Burm.f.)y Wight &
Avr. ., and Fuphorhis caducifoliia Haines are <commmon, On the Ffine
rtexinred ooil Eupinorbia cardfucifolisa Haines, with Japparis de~idoaz
(Foomak, )y Pdsew.: which 1s leter dowinated by FProsopis cineraria
‘L. Druce ond Salvadora coleolides Doone, as olimax  species.  On
the sail with foad molsture contaony Acacia nilotica “L.) Delile
e Paivly copmaorn,

Along the gradunally sloping sress on sheores as well as  on
the inlands are found sarnd dunes formed by the ssnd blown  from
the ~nast. Sand dunes are particulsrly met with 1n the region of
Korongi Creek , Clifton, Sandspit, Paradise point, Hawksbay etc.
The height of the dunes reach upto fourty foet. Inland sand dunes

ars mostly found eon the piains of Pipri, Landhi, Mangopir areas.

8§

The common plants which are fournd on =znd dunee are Tpomeoea

pes-oaprae (LY Sut., Cvperos arensrius Heto.o, Crirullus coloeyn-

thisx JL.Yy Schard.. Holiotropinm corassavicll L., Atriplex

Stonksti (Wt .Y Baigsg ., Salsels baryvesmns (R, & 5.3 Dandy and Aerva

3

paando-tomentosa 3latt., & Hall., Phytogeapraonhicall the study

Y

arco lies in Seharo-sindian region TALL & Qaioser, 1886).
3. Coausztal Arean

¥arnchli has a tong coastline oarnd has gsowme “ine besches  1ike
Tlifton, Sandspit, Hawksbay, Parsdise Point,. Korangil Creek and
Chirnma  creek. These bernhies previde excallently calm water for
mangfrove vedetation. Arevs nesr the gses cozoi suffer from zhysio-
legiconl Arvrness dne to the salinity nf the «0il. Hain islands of
Kaveohl include Manora, Bhit., Baba ete. The mnst impourtant vege-
tat oo of this wrea is mangrove. Mozt comnorn plants among  these

mapgivove  vedetal Lon xre Aviceunia marinag (Forssk, Y Vierh. and

]

a



vere Gpdividuals af degicoras cornienlats (LY Blanco.

Towsrds  bthe ces cosot on the swompy, addy wnd wasterisgded
T oS Athrreencram  indicnm (Wild .o Moz o Drochandra sstulosa
ATy e DB Huthard, wnd Lo omenioan storkeil (Binga .y O, Kize,
srow  pare. Away from the saes aobther plonrs Iike Tamsriv  Indica
S Svacds frutlevosa (LY ¥oreas o oot Prcoopis dnliFlors

(Swartz.) DC., =zre found.

Gharo

Gharo lieg  in tke Southern part of Pakigtan betweeen  the
1stitude 24° .44° north and logitude 877 .37 enst. It is =situated
0. 50 km from Karachi on Indus highway in the Thatta District. It
i3 boardered in t=e Herth west by Karachi, in the West and South
by =awompy  area of indus deltz and Ly the Eaat by Thatta city
(Fig. 2.

LT
i

Tie c¢limste iy very hot and arid. The mean sunmer Sompers-

ture (Moy - Angust) ranges from 30 - 35°C while in winter (Decem-
ber - January) it ranges from 175 - ZU%0. The average rainfsll

iz below 125 wm.

A

b

r
I

Chara  represent a varliety of hsoit sosh o as inlands, =c
susups, s2line soils sanda dunes =znd onltivated ficlds.

Due to geepage of weter throvdn corsl onanks, larse area  of
Lhee  land 1s suffering {rowm woterlodgirg snd 2slivty. In weter-
logaed ditches, ponds and lskes Jannic poiustiris, Potanogeton
erispug, Vallisneria spicalis zve found st snomerde stages, while
amony Lloaking plants Mavrcielia minuta, lLemwnz polyriniza, Nelum-

Ling  speciosumn, Ipomarns aquativca, AZolls pinnaba and Fichornia



rrasselpes ure found,. asmong smyhibious plants Faspalum paspaloid-
ad . Hejrppns marivimus, Junons lsevipgotos, Fibwbhrystyliis dichoto-
ma. Polvioogen sp. ete. are fournd Cvreros kyilica, Tvpha ansusti-
fuidin,  Phrarmifes Karka ete. are ultimzte plants of ditches,
Fovide or lales befoare Shoy get Fillaed ap =l on drying Ssocharum
)

- e - - Tl P MR R T S =T
cocotaraun wnd Tamarix Jndice Yake vtk oleo

of evopotrsnapirvation on waterliogged  soll,

o
or
O

Due o high ra
croneentration of selts on the soill surface become very large. In
the saline area Salswula barvosma. Suaeda monoica, S.fruticosa.
Halvoxylon recurvam. Helictropinm rarifilcornwm, Aftriplex gorif-
Fithii. Tamarix 1adics snd Sslvadors persica are found,

On the ceoastal saline swamps common plsiits ore (Cressa creti-
o’.  Salsoela baryosna. Suaeds monoica, Tamarix indies., Salvadora
persicn eto.

Due  te zand borne wind., zand daneo are also formed in  this
aren,  Sonddanes  ave  colonized by Canicumn  antidotale, Asrva
Javarnica. Leptadenia pyrotechnicnr., Ziziphus nummularia, Frosoplis

glanduiosa and Saccharum henghalen:e,

Khurxdaor .

Ahuadur city o the head guorter of Krhuodae distriet  {(RKalat
Qiviciony, L lies in the wostern part of  HYalochiszctan  bhetween
latituche  27° 528 rorth aud leongstuds 8E°-3287 ensl Jat an height
of upro 1000 meter zhave oo laveld . T4 o bonrdered it the  oszet
by Sinadh Provinces (Larkans and Dorda NDictrictot, in the cast Liw
Kachhl Distrirt. in the movii by Kalot Districk. in the west by
Khzran end Panjgfor Digirict and in Lhe gouth by Lashels district

(Fic. 3y, Khmzdar 1o ipregnlsr v chepe and Charaterizned by low
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o Yigh weuntein ranges andd dry strosp bode and  Arainsd by
Nooteo b riveer,

Trhe  olimate of the area i clossifierd ae arid subtropical
continentalhigh land ochoractorized by very hot somnoer. The  mnean
spmmer  temperature (June - Augasty s ranges from 30 - 35°C and
the weni winter temperature (Decephor - Tobianeyy fron 75 - 10°C,
The aversge annual raint=ll is below 125 mm. The zres expaoriences
cold gusty winds during winter, which below fvom north and north-
west. The so0il is mixed calcereons allavium gdravelly derived
mainly from the sedimentary rocks of the wountsin ranges and
depasited by mountein streams and wershed from the ste=ep mountain
slopes by run - off. The moin rocks are limestone, shale and part
sandstone.

Vegetation 14 classified =»3 dry scernb 2y Hussain (18B4Y. The
desertic asnd senl-desevtic conditions five rise to - xerophytic
type of scrub vegetstion, which zre <oanty in most of the lccali-
ties., The tree species ara badly affected by felling and gcrazing.
Vegetation 1s mainly cornprises of Heloxvion griffithii, Salsola
Kali, Alhaii maurorumn. Tamarix cp.. Fughorbia caducifolia., Peri-
plocy apvlla, Namoerphs ritichians, Ziziphus numolaria ete.
Terminology:

& protusion of terminology hee develiopsd in the Asclepiad

iterature over time reloting to tlei: complicated floral struace-
tvre. Several sullors have proposed syaionym tsaems describing the

flors! structure, particularly in releticon to the pollinia  and

o

poellination mechsniasm. Boohkvwmn (19891 and Newton (1984) atttompt-

<0

et tu stondarizec vhe bterms nna Bockman’s (1920 nroposszls  are

-

gernarally sdopled here (Table. 1o,



Tabkle 1. Terms used in Asclepiads floral morpholagy witkh

SOUTCesS,

ot Jus i Brown, 1A10y Gelil ant 7e-oni, 194%; Ersikowitoh,
1986,
Bifit fleshy pad Galil onel ey, UT05,
Altermnating lobale Woodsor., 1754,
Gynos tegium Corery, 188%h; Woodson, 19924, Lynch, 19773

Eisikouoitoh, 19865 Ali, 1983: Wyatt, 1973; Beare
and Perkins, 1782,
Stigma bead Woodsen, 19547 Xunze, 1990; Kurnze and {iede ,

1974; Rozatti, 198%; Wyatt, 197467 Lynch 1977.

Stigma Ali, 1983,
Style table Corry, 88%b: Robrrisch, 18287a, 1837n.
Style—-stigma tead Rosatti. L1957,

Pollimaum lLegoett, 187723 Corry, J8BZ3, 18870, Rgbertcoon,

18RS 1R87a, 1087y Frye, 1501, 19027 Moore,
d&e, 19M6h, 1247 Spaceces snd Pearson, 17480
Mabezwor: Dovi., 19466: Wiltlzon arnd Ratboke, 19744
Wyatt, 19747 & zattty, 1709 Mewto, 1984 Kunze
1990 tLymrh 1w /7 Ficikmwar toh, 1984; Moree and

feitz, 1982,

Pollinium sac Weodeon, 1974,
Pollen wanr Maricr, 1945,

Pollen mang Steveng., 1945,



T tator arm

Staltlk

Ratiraculom

Connec tive

Caudiclo (ceaudicule)

—

Corposcalum

Poller carrier
Tarcier

Clim

Soarrcy ardt Dogreesn, 19208 Holm, 1950 Llenddson,
19548 Zatwat, 1947 Maraer, 1965 Oeare and Par-
Fans, (9877 Ualul and Teromy, 17897 Wyatt, 1974,
1978 tynch, 1$77: Qonew, 19745 All, 1983 Ros-
art i, 1957,

Hrown, 1987,

Robertuson, 1824, 1897a, 1887h; Moore, 1%4&6a,
1946b, 1947 Biswas, 19575 Mahwswari Devi, 19643
Vijavaraghavan and Cheema, 19773 Agnew, 19763
Proctor & Yen, 1973; Ali, 19935 Willis, 1925.
Dyer, 1971 & 76&.

Uorry, 1887%b: Aoberteon, 1837hs Frye, 1901,1902,
El-‘azear ano Hamze, 19730 leach, 197637 Lavram—
nos. 7977 Jackscn, 1953 dyer, (P71 %4 19763
RPullerk, 194s:c Bayer, 1978: hNewtos, 1984,

Boare and Perbkirs, 19823 Covrry, 1283h: Rabert -
son. 384 BH7a. 1887y Froye, 1901, 1902
Stevens, 19433 Safwat, 19627 Mabeswari Devi,
1964;  yate, 1§75, 19785 Aghew, 19764:  Kernere
and Dliver, 19083 Proctor & Yeo, 19735 Willis,
19253 Humze, 19903 Kunre and Liede, 19913 Rosat—
ti 15983 Lyneh, 1977; Vijayaraghavan ard Cheema,
1977; lz, 3%,

Breown, 19375 Pullock, 194665,

Dyer. 1971, 197&; Lavranos. 1977,

Kerrer and Cliver, 1904,



Legea Yator

Rt 1oraciryim

Cilgmrd

Corpustcle

Translator apparatus

Tranglator

Pollen carrier

Pl inarium

Poilima

Bi-pollinium
Twin pollinia
FPaired pollinia

enthes wings

Sotker Tlars

Slar fizoure

P76 0 g, (90T ey (V3781 b Liis,

SGacksmo, 190D,

Pothrock, 2 Morkpatrics,

fu—y

180y egquett, L1570,
Borse 1950 Macior, L9495 Will=eon and
Hathokm, 1974,

El-Gazzar ard tlamza, 1973; Bullocok, 196&; New-
ten, 1984,

Holm, 195035 Vijayvaraghevan and Cheesma, 1977,
Mategwari Devi, 196463 Procter & Yeo, 1973;
Regese. 19715 ¥unze, 19990,

Reese, 1973: Hailly, 1962,

Lynch, 17977; Wystt, 1978: Kephart and Heiser,
1980y WRosatty, 1969 Munze, 1990; Moore  and
Fritz, 1985 Upare aod Porkins, 19392,

Moore, 1904z, 1Y4&b, 19475 boodson, 19943 Will-
won ant Ratcie, 19747 Weatt, 197465 Willcon and
fFrrice, 159771 Peare & Porkine, 1992: plus others.
fNewtom, 15734,

ti-Garrair and Momea, 19715,

Eisikowitch, 19865,

oy, 18376y Wordson, 17943 Rosatti,  1989;

Kumze, 1990, lvart, 1976 Bear & Perkins, 1982;

Ga il and dreom, 1965,
Corry, rBAhy Boterlsss, 8R4 Poare ant Per-

Vime, U993y Moree © Fritz, 1965,



Slrgratic ohamber Wwroders, 15545 Romco, 1990 Aoagtis, 1087
Wyatt, 1974, 1979 Brare ¥ Perkino, 1732 Sigi-
Wwi iy, 1504,
Slar chamber Corrmy, 18830 Fryes, 190%.
Fagn and f.egnets, 1870,
ez lpwstt, 19775, 970,
Adoptod from (Bookman, 1981), rowever some recent references are incorporated.

Syncoyms are

indented bemneath

preferred terns.
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CHAPTER 2
FLORAL PHENOLOGY AND HORPHOLOGY

INTRODUCTTOR

signifivany flousring

Aeolapiadaceae g one ol Lhe was
plont family from the evolutinarvy point of view. The interest in
this group is dersived from the florsl structure of its members
which exhninit exbtreme adaptation to insect pollination. That's
whw 1ts floral stracture  and wede of pollinstion i the sobiect
of  mueh  interest earlier from tie =ighteenth century Sporengel
( 1793y, Brown (18837, Delphine (18685%, Corry (1883) ete. Safawat
(1922y  and Galil and Zeronit (1985, 1969 reexsmined the floral
norptology of  Secamone sud Ascleplss ocreci=g rezspoctively  and
highliented the Functional and ovelotilonsry gsignificance of their
extreme complex Tloral modificat Loms,

Arart  from mejor adaptations ovel the minor differences 1in
the arrangem=nt znd form of flor-l ravts paviticulaprly  of  those
invalvag  in the poallinmiztion mey ploy o inrporvtant rale o the
specification of the pollinators and pollination mechanisrn:  as
descrinved by Wanntorp (18974), Lvnch (1@??5 uand Kunce (39213,

I this family the structure ana pecularity of the androeci-
nm rearticularly the presentation of pollier groinsg as tetrads or
erolliniam:  number . orientation, lo otion and morphology of pol-
liniam, anther stricture ele. provide kev characters at z=ubfamil-
ital and tvibal classificatiorn "Brown, 1816: Hooker, 18385H; Ben-

Eham . 18R9; Schamonn, 18350 Teod, 1974 Bruyre and Forster, 1981,



n o Fermination of polliniam o the pollen tubes emerge from a
sresitfie reglon. This germiantiong Zene o She polliniow in desig-
mavedl oay THerwination locus” (Rao ownd Komoel, 1979 Xhetoon  and
51 1983%  or "Jerminction Fnrraw’  (Freedevi sand  Nemboodiri,

ey Lo distinguish it frow the gerr core of poallen grains. On

the sectionting of Lhe polliniva. tinvy nooobes,  pore:s and 21lits
in Asclepias curassavica, Pergularia dsewia {(Forssk.) Chiov,

snd Calotropis procera (A1t.) Ait. . have Lieen reported by Galil
grnd Zeroni (*968Y. Vidavaraghavan znd Shukls (12768s) and ¥Yhatoon
ard Ali (1983) respectively. Sreedevi and Hamboodiri (18827 dis-
cussed the non-visibility of germinatiaon locws  in ungcerminated
polliinie of Adsclepias and Calefropis in light milcroscope, appear-
anre of various sizes apertures in =scanning electron microscope
and a continuous slit on acetolysis, at the germiantion locus.

Althcugh, Craturved! (1987, 192G and Bhotnagar (1986)Y
studied the pollingtion erology of =2t least 10 genera of this
family frow Indiz but they mostly smphasized on the pollinustors
while information akout florval morphelogy pertaining to pollina-
tion 1s lacking.

Trhus in the present studv, morphology and phenology of  the
menbhers of subfamily Asclepizcoiloe helunging to tribe dsclepiad-
eae viz. Calotropis procers (At Alv. . ssp.  hamilfonii
(WightYy Ali, @Glossornems varians (Stocks)y Hool, ., Oxystelma
escnlentum (L. £ R, Br.. Pentstreosis nivalis (Gmel, ) Field and

wond . Porqanlaris daemia (Forvaslk, ) Chicv. srnl Fergularis towentosa

o
=2
o
~

L. =nd tribe Ceropegieae viz., Corall adplio (Edgew., ) Hoov., f.,
Carstiuama tuberculata W, E. Br.. Ceropegie bulbosa Roxx,  and

Leptadenia pyrotechnics (Yorssh. )y Done. is carvricd out, to under-



erand  the Tlosxl sdaptestions v roeponsc to their roliination

mecheanisn and pollinsiors hehevion

HATERIALS ANL HETHODS

Morpgology:

Fresh flcwers of all toae studied taxas {(except Caralluma
edulis (Edgew.) Hook. f.,; Carallima tuberculsta N. E. Br. and
Pergularia tometosa 1.y were collected from Karachi University
Cempus (KUH), Mslir (MAL). Darsancochino (DAR} and Mangopir (MAN)
while of Carasallums edulis (Edgecw.’ Hook. f. and C. tuberculata N.
Y. BR., from cultivated plantz [Stems purchased from local market
and planted at Dezpartment of Botany. Universituy of Karachi] and
preserved (in  50% alechol) flowers of Ferauvlaria tomentoss L.

~

(ecollected from  Khuzdar 3 werd

o

used tfor the morpholagical

<

studies
Phenology:

Hature florsl buds, Just prior to anthesis, were tagged at
the obove mentioned locslitiss and obgerved for phencological
changes.

Germination locuw:

Pollinia from fresh or presevved fin 50% alcohol) flawsrs of
the astudied taxa were scebolvsized according to the method of
Erdiman  (1952). The acetolyzizced pollinis were wounted on stubs
wity doohle adhesive tove, gold coated =25d viewved For germination

loci under a JEQL J3M-0F. Seanning Elwctron Micreoocope.

oA



ferar=Tlator

Ret1araculiyim

Glandd

Corpuscle

Translator apparatus

Translator

Pollen carrier

Poliinarium

Pgilina

Bi-pollinium
Twin pollima
Paired pollinia

Anther wings

Artber flaps

Alar fisoyre

{eerty, 1906 U v, YTV Player (19733 Willils,
19725,
Jack oo, U905,

Eothercl, WD M bpateiok, IRY05 Leougett, 16703
wheoeleni, 1974, Macior, 1945 Willson anc
Rathohke, 1774,

El--Gazzar and Hamza, 1977; Bullock, 196&; New-
tcn, 1984,

Halm, 19563 Vijayaraghavan and Cheema, 1977.
Maheswari Cevi, 1244; Procter & Yeo, 1973;
Reese, 1973: Kunze, 1990.

Reese, 1973; Bailly, 1962.

Lymeh,  1977; Wyatt, i970; Kephart and Heiser,
19807 Rosatii, 1%69; Kunee, 19903 Moore and
Fritn, 1785; Beare and Forkine, 19B2.

Moore, 1906a, 196460, 17475 Woodson., 19945 Will-~
won anet Ralcke, 19745 Wyatt, 19743 Willoson and
Frice, 1577; Feare & Perking, 19927 plus others.
Newton, 1534,

El1-Garecar and “amza, 1777,

Fisikowitch, (7iH6.

Corry, 102701 Woodsay.,  1754;  Rosatti, 19689
Kumze, 1990, wWyatt, 17746 Bear & Perkins, 1582;
Lynethy, 1977,

3aad amdd Teroo, 15965,

Comry, APDEEDy Fohertoo, (533457 Boeare and Per-—

wane, PNy Mheree & ezl 1955,



Flhigratic chamter

tlar chamber

Inarsrd

Fnes

Pl

Wocdeo, 1%S45 Kunoe, TR0,

Wyate, 1976, 1979 Poare 2
Kewitrly, 17845,

Corrmy, 1883h; Frve, 1901,
legoets, 1870,

Wyatt, 1774 T976.

Adopted from (Bookman, L1981),

however some recent

Synchyms are indented beneath oreferred terms.

Aosahtl,

Parkino,

references are incorpor-ated.



CHAPTER 2

FLORAL PHENOLOGY ARD MORPHOLOGY

INTRODUCTIONR

Agolepindeceas i ome of the  wogt sl

crnfireany flowering
pltant family from the evolutiosnary peint of view. The interest in
this group is derived frem the {lorsl structure of its members
which exhibit extreme adaptstion to insect pollinstion. That’'s
why its floral stroecture  and wmede of pollination ig the subject
of much interest esrlier from tre sighteenth century Sprengel

793y, Brown (1393, Delphinco (1865), Corry (1833) etc. Safawat
d the floral

(1932Y  and Galil and Zeroni (1985, 1989) reexsmin

(D
o]

Wl

morehology of  Secamone snd Ascleplias cpedin: respectively  and
highlignted the Tunetional =aud avolutionzry significance of their
extreme rcomplex Jloral modificaticas,

Apart  from mejor zsdaptations cven Lthe miror differenves  in
the arrangement snd form of [lor-dl varvts cavticularly of  those

invalvaed in the polliniation way ploy o Imeortant role  in the

cification of the pollinstors and nollination mechanisme &as

T

Sp
described by Wanntorp (1974 Lvnch (1@77) and Kanze {(38981).

In this family the structure =rna peculavity of the androsci-
nam  porticnlarly the presentation of pollen grsing as tetrads or
polliniam: number, crieststion, lo otion and morphology of pol-
liniuw, anther structure etc. provide key chsaracters at subfamil-
izl and tribsl classification {R2rown, 1318; Hooker, 1885; Ben-

thaw, 18E9; Schumsnn, 1825; Geod, 1874; Bruvns and Forster, 1991

5]



i gevaination of polliiniom . the pollern tnbhexs emzrge from @

auenitin reglon. This grermianticon 2one of the pollinivom is desig-

g

mated ss Termination looug” (Reao o osnd Rumordl, 1979 Khetoon  and

<

AT, 1833Y% or "Germinsntiorn furrow’  (fremdevi snd  Namboodirt,
Puiey Lo distinguish it from the garn vove of pollen grains.  On
the sectioning of the pollininn, tigy notobhes,  pores and alits
io Asclepias curassavica, Pergularia daemia (Forssk.) Chiov.

and Caleotropis preocera (Alt.) Ait. f. have been reported by Galil
and Zeroni (*969), Vijayaraghevan oand 5Shukla (1276s) and Khatoon
and Ali (1933) respectively. Sreedesvi and Hamboodiri (18825 dis-
cunased the non-visibility of germinotion lacus  in ungerminated
poliinia of dselepias and Calotroplis in 1ighl wmicroscope, appear-
ance of various sizes spertures in scanning electron microscope
and a continuous slit on acetolysis, at the germiantion locus.

Althcugh, Chaturvedi (1987, 1929 xnd Bhatnagsr (19886)
studied the pollination eralogy of at lessi 10 genera of this
family Tfrom India but they mogtly emphasized on the pollinators
while information ahout fleoral morpholegy pertzining to pellina-
tion is lacking.

Thus in the present studv, morphologvy and phenology of  the
members of subfamily Asclepizaollas belonging Lo tritbe Aselepiad-
eaa viz. Csleotropis procers (A t.Y) Alt. Y. ssp. hamiltonii
(Wight) Ali. Glossonema varians (3uecksy Heobv, £., Oxyvstelma
esvulentum (Lo £, R, By, Peptstronis npivalis (Gmel.y Field and
wond., Percauvlaria daemia (Forsshk. ) Uhioav, ond Fergularia tementosa
L. and trihe Cercpegizse vize, Czraliuma =dulic (Fdgew.) Hoov. .,
Caralluma tuberculata d. E. Br.. Ceropegias bualboss Roxb. and

Leptadenia pvrotechnica (Forgszk.) Dene. is zarriecd out, to under-



ctand the floral adaptatvicns in vrognqgnes fto their pollinetion

mechsniasm and pollinstnrs hehovicon
HATERIALS ARU HETHUDS

Horpgology:

Fresh flcwers of all tae studied taxs  (except Caralluma
edulis (Edgew.) Hook. f.; Caraliima fuberculata N. E. Br. and
Pergunlaria tometess L.) were collected from Karachi University
Campus (KUH), Malir (MAL). Darsancchino (DAR) and Hangopir (HAN)
whnile of Carallums edulis (Edgew.) Hook. £. and €. tuberculata N.
¥, BR. from cultivated plants [Stems purchased from local market
and planted at Department of Botany. Universituy of Karachil and
preserved (in 50% alcchol) flowers of Pergularia fomentosa L.
(nollected from Khusdar Y were used for the wmorphologiesl
studies
Phenology:

Mature flor=zl buds, Just prior to anthesis, uvere tagged at
tive ohove menticned locslities znd ohbzerved fur phenological
changes,

Germination locuas:

Pollinia from fresh or preserved (in 50% nlcohol) flowers of
the studied taxa were scetolvsized sceoording to the method of
Erdtwan (1852), The acetolysized polliniz were mounted on stubs
with douhle adhesive tapre, £old coated and viewed For germination

loci snder a JECL J3M--35. Secannming Electren Mizrozoope.



Fig. 4. Calotropis procera ssp. hawmiltonii: A, Habit : B,
Flower; C, Side view of gynoctegium and two corona lcbes; D,
Pollimarium; E, Fruit; F, Sced.

{ac, apex of corona lobe; af, anther wing; ¢, corpusculum;
cl, corona lobe; hc, hayiine outgrowth of connective; pa,
pad; po, pecllinium; sc, ustigmatic chamber; =d, stigma head;

ta, translator arm; v, vesicle)
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OBSERVATIONS ARD RESULTS

Tribe : Asclepiadene
1. Calotlropis procers (Ait.) Ail. . sop. hamiltonii (Wight) Ali:

It is an  creck shvaly oy comsll rrer urto 3m tall, e h
borove heel Prom Lhe baoe with with oot by bearele ol mi Ly
latex. Young stems and leaves are covered with white cottony
tomentum. Leaves are opposite , decussste, brondly ovate, ovete-
obleng, elliptic or aobvste, antire, with cordate hase and ecute
spex, subsecsile, somewhnzat fleshy. Flowers are arranged in termi-
nal and axillary umbelloid cymes (Fig. 4.

Flowers are perfect, actinomorrhin and pedicelate. Calyx 5
lobed, lobes green * rhomboidal. Corolla alse 5 1lobed, lobes
white with purple tips, campanulate, broadly cvate. The androeci-
nm  consists of five stamens, that adrste to the stigma head to
form the gynostegium. The filuamernts are fu=ed to form the stami-
nal column that surrournd but not Joined with ovaries mand styles,
The rorons is made up of five flezhy, purple,laterally compressed
lobes, origineting from the staminsl columr. Ezch lebe 15 consist
of 13 recurved vesicle at the base and a bifid spex with a cleft
putside. A bifid (V - shsped) Fleshy pad iz situated beluw each
stigmatic chamber, betweer tws corcna lobes (Fig., 4BY. The five
bilogeulsr anthers united and eXpand laterzslly to form santher
head. mostly concealing the luteral curfaces of stigms head. An
spreial  hyaline flap from esch srnither, cover the stigma head at
pevoerphery. Laterally, anther margins are  bosrdered by hard,

leathery santher wings that arranged parsllel with the wings of

4



Fig. 5. Germination loci showing slits, apertures and notch-
es. A & B, Calotropis procera ssp. hamiltonii: Exocentrolat-
eral; C, Glossonema varians: Exoproximolateral: D, Oxystelma

esculentum: Exosubdistolateral.

Scale bar: A & C = 100 um; B = 10 pm; D = 20 um.
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adincent snthers to form five olits or alsy Plissures over  the

0

five latersel vertical furrows of the =tl
in the fFormation of stigmatic chembers (Fig. 40, At the apex  of
each slit or alar fissure a dark brown 450 » 150um corpusculum is
present,  thae attached laterally to twe translator =rmg.  Each
tr=nelator =rm 15 o, 380 pm lons and zttached to & pollinium. The
corpuscuium, translator arms and the two attoched pollinia form a
pollinarium {(Fig. 4C, D3.

Each pollinium is a flat wing like body, 1407 x 600 um,
narrow 8t its base c¢losze to the trosuslater srm oand wide at the
apex, wWithout any extra pollinisl appendages. The pollinium 1is
rendulous in orientation arnd zitusited in the basal vart of the
anther (Fig. 4C, DyY. The germination locus of the pollinjum is

exccentrolateral and appesred as oz siih o after acetolysis

Gyneoecinm  consiste of two free, supnoricr aovaries ard  two
separate styles, united spically into otigdma  head. Styles o. 2800
i long, terete. Stigma heoad (50 onsd, o,.0107 pw diameter, pen-

Lagonal. Five stigmstice chombers are siituatzd below the lobes of

(v}

stizne head alternating the snthers. Stigmatis chambers are  beak
like, due co r. 1500 um long, hard, rsiszed, anther wings. Each
stigma"ic chamber enclozes the true receptive stigmatic surfaces
aof  the gvnoecium and the gecretory tissues 1.=. nectsries (for
detail see chaptexr 7).

Atigmatic chambers are conrectend to the corona  lobes by

deliczte spongy capliilary passades. Through vhis capillary svstem

the nectar secreted hy the nectoriss in thwe stigmatie ohruobers



fFlrows Anteo the corons lohes. Corona w2t 2w the rectar Noldsr  and
=11ows  the inconing insccts to suell Lhe s=soct=2v through the  paoare
At ils apex.

Polliclezs are prodiced =zingly oy paired pey flsver.- They are

inflated with zn alr sac round the soct prodeoing region, -
ooyt Aned Bl ox 3-8 omo ot ogmioce (Wia AW Teaddy Tlat 0 hoeaadly
ovate, 3.1 x 5,15 wmm, minutely tomentoce, counnse  (Fig,  d4F Yand

each weigh abont 1,15 mg.

The plants flewers all the vear round, hewever peak flower-
ing eccurs from May - August while maximuam  fruit formed from
Augn=t, - October. The flower anthesle usually occur in the early
morning or late evening. The fleower remain in blecom for abcocut 3
days, rarely upto 4th. day. Unpollinzted flowers soon droped
alcng with the pedicle, lezaving scarce of oedirle on the pedun-
cle. while in the pollinsted (fertilized) flowers, swelling  of
avaries ig evident within 3 - 4 deave of flower closing.

Generally  the structure snd ozcurence of  androecium  and
gynoecium and its componont pasts as described For Caletropis
are more or less similar throughout the stodied taxs so they are

not merntioned in foallowing text to svoid repetetion.

Glossonema varians (stocke) Hook. f.:

Glaossonema varians (srocks) Hook, £ in & perennial  herb,
breuched  from  the boge with milhky latex.
ascending. thinly-densely oubescont with ohite huirs, Leaves are
cpposite, petiolate, somewnst Pleshy. dreayv-Zfroosn, hrosdly ovate-

cironlar. pubssgscent with sacohe, cbbiuroe or wierciats, retuse  tip,

undnlate-weavy margin and obtuse to soheovdots buse. Flowers are



Fig. 6. Glossonema esculentum: A, Habit ; B & By, Inflores-
cence (arrow indicating ¢ flowers )}; A-G parts of o flower:
C, Gynostegium; D, Sepal; E, Petal; F, Corona; G, Pollinari-
um; H-L parts of 9 flower: H, Gynostegium; I, Sepal; J,
Petal; K, Corona; L, Pollinarium.

{c, corpusculum; p, pollinium:; ta, translator arm)
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The: plant i1g anfdrowonceciomis with ton cerffzot snd 2-8 stami-
nate flnwers per inflervrescence (Fig, BRy v

Staminate flowers:

Flowers are actinomorphic, ¢.2.0% rm dorng wish 3.2 v 1 am
pedicel . Calyx and corolls are mere or less gsimilar to  that  of
perfect flowers but relatively smallier in size 1.2, 4.94 x 0.986
mm and 5.04 x 2.13 mmn respectively (Fig. 8D, E). The corona lobes
are obtrull:te, 2.57 x 1.79 mm, and bifid (Fig. B6F). Staminal
column 1.12 mm long. The reniform anther flap 839 x B853 um,
covers the periphery of =tigma head but not the corpusculun,
Corpusculum dark brown, 250 x 117 pm , translator arms relatively
much elongated, 318 x 193 pm in size, ®ach polinium is 480 x 291
im, =imiler to the perfect flowers (Fig. 8G).

Stigma hesd is rvelazatively large 1.46 » 1.75mm, style absent
and ovaries rudimentry. Hectnries are siftuated in the interstaml-
nal portion where stigmatic chzmhers are Found in perfect flow-
ers. Detail of nectar secretion snd svailability is similair to
that ¢f rerfect flower.

Usually solitaryv follicle: sre produced per flower. They are
usuwaily inflated , 3-8 % 1-2 owm. ellipsoid. * attenuate at apex,

x 4.% mm. broar, hroadlvy ovate, flattensd,

&
en

gchinate. Reeds

conoze and each weigh sbhoot .28 ng.

Perfect flowrs:

Flowers  are sctincomorphic. ©.9.39 my long (excluding  pedi-

a

=y

oley with 3.8 x 1.87 mm rpedicle. Culvy S-lched, Tohes 5.24 x 1.1



nb.  green, trizngular-svbnlate, heiry 2nd wirh omcuts tips (Fig.

Sy, Corolla slsc S-lobed, yellow with purplish  *ing., campanu-

Lot fubhe  short. lohes 5,81 x 2010 mm. obhlong-ovats, obhtoce-
retuse, ohtusely keeled at hase (FiF. 813, The rorona is mzdes  up

of Five cresm. thin lobes., sttached to the corollsa and  surrcunds

o

Lhe syvnosteginm along with Lhe stoamins® cceiamr.. Each lobe is 3,14
x 2.07 mm, trullste, thin, entire, iabrous. smooth alternating
with the stigmatic chambers and corells lobes (Fig., BK)Y. Staminal
column  is short about 1.3Z mm long. An byaline, reniform, 723 x
1033 uym anther flap from each snther, cover the corpusculum and
periphery of the stigma head (Fig. BH). Corpusculum is black
brown, 269 x 147 um and translator arme 148 x'59 um in size.

Each pollinium is yvellow, ovate, 502 x 296 um, without any
extrs pollinial appendages (Fig., BL). The pollinium 1is pendulcous
in orientation and situated in the basal part of the anther. The
germination locus of the pollirnium 1is exproximolatersl which
appezred as s glit efter scetolysis (Fig. 5C).

Styless short, terrate. ¢. 1325 ym long. Stigmz head gdreen,
fleshy, coniecal, 1.36 x 1.27 mm, clavate or peltate. Anther wings
forming the slar Pissure are 525 pm long.

Nectaries situsted with in the ztigmatic c¢hambers secrete
nectar that accomulate below stigmatic chsmbers betweeen staminal
column and corona lobes( see chapter 7 for detsild. & noteh or
small gap 1s present between the ecorona lobes in front of the
stigmatic chamber, so that ingects could reach the nesctar.

i

G

A

varians (Stocka) Hook. f. regenerates from the perennat-

ing rootstock after rain. Plants usnally flowers conice =2 vear.



Fig. 7. Oxystelma esculentum: A, Habit ; B, Flower; C,
Gynostegium and corona lobkes (Petals removed); D, Pollinari-
um; E, Fruit.

{(c, corpusculum; p, pollinium; ta, translator arm)
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1florearernce of 1 sten and

Flawey asnthecis starts from hRhe bsssl i

rontinge  towards  apex, In sn o inflorescence first the perfect
flowrs open at c. 6.0 - 6.70 2.m., o next movning (after 24
houry the ng rerfect flower opens. Then the staminate flowers
opens regulasrly with an interval of 12 - 24 hours, wmestly one and

rarely two at a time.

The flower remain in bloom for an average three days (3-4
days) and on the 3rd. day of anthesis, the colour of corolla and
corona fades zmnd stigma head become dark brown. The plant remain
in bloom for sbout i% - 2 months. Usually not more than 3 - 4
fruits are produced per plant. After their dehiscence the Ileaves
and stems dry and wither and only the perennating rootstock

remains.

Oxystelma esculentum (L. f.) R. Br.:

0. esculentum (L. f£.) R. Br. i5 a twining perrenial herb.
Stem much branched, slender, glabrous with milky latex. Leaves
are peliolate, decidugous, pale green. glabrous, linear or linear
lsnceolate with aente tip. Flowers are arranged in  pedunculate,
lateral sub-umbellate or racemcid cymss (Fig. 7A).

Flowers sre perfect, actinomorphic and pedicelazte (Fig. 7B).
Calyx consists of five, green, glabrous, lanceolate lobes with
acute tip. Coroella shallowly cempanulste to almost rotate, dif-
ferentiated inteo & small, Bgreen tube with fark purple 1lines
oppnsing  the corone lobess znd into five broad lobes. Lobes =&are
glabrous outside, denssly pnbescrnt at margine, free at half way
of their length ., with white marging and tips and purple line

pattern on white bachkground. Corona are white and in twe series.



The  outer one Jorms a densely pabesoont ping or zunulus at the
bagse of the staminal column. The inner corens is made up of  five
ovate - lanceolste segmentz, attached fo the staminal column  and
their tipsfover grch  the stigma head (Fig. 7C). An hyaline flap
from each anther apex cover the periphr? cf stigma hesd. Corpus-

cuoinm brown. 280 x 100pwm, and rtrsnmostor orms o143 L in length.

Fach pollinium 1s vellow. 1430 x 250 upum, without any extra

]
)

ra-tinial  appendages (Fiz. D). Tre pellininn is lozzted in the
basal part of the anther ard pendul ous in orientation. The gdermi-
nation locus 1s exocentrolateral along with notches and small
slits (Fig. SDJ.

Stigma head iz ¢ . 1625 um in dismeter, * circular, styles are
comparatively long, o. 3000 um in length. Stigmatic chiambers are
bosrdered by ¢. 2062 um long anther wings and are continuous fto
the bass of the staminal column throagh the depression or  furrow
below them.

Rectar secreted in the stigmztic chambers, accumulates in
the staminal furrows between staminzl column and outer corona.

S5olitasry - palred follicles ore produced per fPlower. They
aree 3.8 - 7 cm leong, glabrous, oblong and obruse or lanceoclate,
gcote (Fig., 7ES. Seeds ., 3.5 mm long, broadly ovate, comose.

Plants usually flowers once a yoar during July - September,
whernn wWater stands in the area ( low lving snd saline) after the
rein or through the seepage of canals. Flower open early in  the
morring  ant remain in anthesic for 2 - 4 days. After the dehis-
cence of fruits in September - Octobeor, serisal parts of plant dry

and wither, only perennoting rootstocks survaive the winter sea-



Fig. 8. Pentatropis nivalis: A, Habit :; B, Flower; C, Gynos-
tegium and corona lobes (letals removed); D, Pollinarium; E,

Fruit; ¥, Seed.

(c, corpusculum; p, pollinium; ta, translator arm)
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Pentatropis nivalisz (Guoel.) Ficld nnd Wood:

EF. npivalis (Guel.Y Field and Mood, 18 2 twining perennial
heeiv.  vellowish green, glabrous or glohrescent ssp water  like,

T

older stems with rough corky bark., Leaves are opoosite, petio-
late, fileshy, linezr, oblong, ovate cr ellictic, glaﬁrous with
acute or obtuse , mucronsate tip, rounded or subcordate base and
entire margin. Flowers are arranged in few-flowered axillary
clusters (Fig. BA).

Flowers are perfect, asctinomorphie and pedicelate. Calyx 5-
lobed, lobes green, ovate-lanceclate. Corolls also 5-lobed, lobes
rale vyellow or pale greenish yellow with purple tinged at base,
spresding and spiralling, linear-oblong to linear-novate, glabrous
oltside, minutely puberulouns within (Fig. 58). Corona in  one
series, norsisting of five laterally compressed segments, alter-
nating with the stigmstic chambers and corolla  lobes, attached
towards the top of the staminal column. S5egments are with spread-
ing =purred base and acute incurved fip. An hyaline flap from
earh anther cover the periphery of stigms head (Fig. 8C). Anther
wings sare hard, straight, elongated, about 1375 pm in  length,
bosrdered the stigmatic chambers.

Corpusculum brown, B837 x 220 um and tvranslator arms are 105
ym long. Each polliniuvm iz vellow, 350 x 245 gm, without any
extra pollinial appendages (Fig., 8D, The pollinium is pendulous
in oriention and situsated o the basal part of the anther. A slit
like germination locus 1s situated irn exoproximolateral region of

the polliniom (Fig. 924).



Fig. 9. Germination loci showing slits, apertures and notch-
es, A, Pentatropis nivalis: Exoproximotrolateral; B & C,
Pergularia daemia: Exosubdistolateral; D, Pergularia tomen-
tosa: Exosubdistolateral.

Scale bar: A & D = 20 um; B & C = 10 um,



|
|




Stvies  tercte, oL 1875 or long. Stigms hend  greernich, f
ronnded, ©.1310 um in disneter. Stigmatin chaabers are much elon-
gated widest st the hasge. graduslly narrowing towards apex.

Mectar secreted in the stigmatic chambers, accumulates  in
the long narrow depression or Jurrow which is continuous from the

o 1

re b o the wass of the staminnl  col-

fadl

arex  of the stigmatic chamb
umn, cutwardly boarded by corolla.

Follicles are produced sélitery or paired per flower. They
ar= lsnceclste, glsbrous, 5-7.5 x 1 cm , rarrowed into a long
acuminate tip or beak (Fig. 8EY., Secds 5.5 ¢ 2.9 mm, ovate, flat-
tened, minutley irregularly crenste at the lower end, c¢omose
{Fig. 8F) and each weigh about 0.25 mg.

The plsnts usually flowers once 2 year after rain., The indi-
viduasl flower opens st 5.00 - 6,732 p.m i the evening, remain
open Lhrough out the night ond clused In the morpning at 5,30 -
6.0, 2.m, The {lower usuvally open on three continuous nights  and

drop on the next day if unpeollinated.

Pergnlaria daemia: (Forssk.) Chiov.
F. daemia (Forssk.) Chiov,, 1s & perennisl twining herb with

preading hairs and milky laztex. Leraves are nprosite, petiolate,

43

broadly ovate or suborbicuiar with aocote-sccuminate tip  and
:orrdate base, glabrous or shor:ly pnbessent atiove, usually vel-

v

o

tv pubescent below. Flowers ar- arvanged in lateral cymes (Fig.
1045,
¥Flowers are perferi, asctinomorphic and pedicelate. Calyx

conslists of five. green ovate-lunceoclate, hairy lobes with acute



Fig. 10. Pergularia daemia: A, Habit ; B, Flowe!’; C, Polli~
narium; D, Fruit.

(c, corpusculum; p, pellinium; ta, translator arm)
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tips, Caorolls is differen;iated into oo 200 omm o long besal  tube
that surrounds the base of corons ondd stasminsl column and into &-
lobes . PBach lobe 1s dull white or greenish white. spreading,
ovate - obiong, pubegscent and hairvy on the marging of the outer
surfasce, The corons is white, smooth, =hining =nd in twn series.
The onter one 15 membranzous,. formins o contivoous ring or annn-
itus ot the base of the staminal column, becore 3-lobed just be-
nesth each stigmatic chamber. The inrer corcons 1s consist of five
fleshy 1obes, attached to the apex of the staminal column. Esch
lobe haos Lwo spurs, one direccted cutward arnd downward, the other
upward with the tip over the stigma head. An hyaline flap from
each anther cover the periphery of stigma head.

Corpusculum  brown, 240 :» 15% um and translator arms  are
gnuite short only .50 um long (Fig. 10CY. Eoaeh pollinium i1s  *
nbhovate, noavrrow at the apex close oo the translator sra and  wide
at the base, 7hH x 255 pm, with a felse wing like extra - polli-
risl appendesge on exolatersl portion (Fig. 10CY. The germination
loeus  im exosubdistolateral with notches and an elongated slit
(Fig., 9B, CJ.

Styvles terete, ©.4475 mm long, the two styvles are united
halfwavy of their length and continue as a single style (i.e.
forming o« compltum) towsrd the arex 1.e¢. stigma head. Five verti-
czal furrows or depressions ruans along the length of th staminal
column . Fach furrow at its sapical portion ecconstitue true recep-
tive stigwmatic surface. bosrded by the anther wvings of twoe adja-
cent anthers forming & stignstic cheuber. Yhile the middle-basal

portion is overschils by the stsreingl ontgrowth, lesving s slot in

L



Fig. 11. Pergularia tomentosa: A, Habit ; B, Flower; C, Gynos-
tegium and corona lobes (Petals removed); D, Pollinarium; E,

Fruit; F, seed.

{c, corpusculum; p, pollinium; ta, translator arm)
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the s«tigmatic chamber,

Follicles are mostly produced in pairs per flower. They are
lanceclate, 5-8 x 1.2-1.3 cm, beaked, echinzte and puberulous
(Fiz. 100y, Seeds 7.2 x 5.7 mm, nvate, velvetv pubegcent, with
Lruncate tip and crenate margin., couwcose and each with an  average
weipght of 1.35 mg.

In dry areas, plants usually flower once = year after rain.
Where as  1in the well irrigated aresszs i.e. along the hedges of
cultivated fields and gardens, they may flower twice a  yesar,
firstly from March - June and seconcdly from Avgust - mid 3Septem-
ber,

Individual flower opens 3t 6 - .30 v.m. in the evening and
closrd in the morning. The flowsr usuvally oper on Lhree continu-
ous  aizghts. However the pollinated Flowsr doer not complete  its
gnthesis period and remain clase on the next nizht.

After fruit debiscence. aerial parts of the plant wither and
only perennating rootstocks remains vhroudh which plant redeney -

ste its=1f orn incocming favowrable =e- ion.

Pergularia tomentosa L.:

P, tomentosal., 1is & twinning rerennial herb, branches cov-
ered Wwith dense ash-¢oloured pubescence and anpressed hairs, with
milky 1latex. Lesves are cpposite, retiolate, ovate to almost
circulsr with acute-sccuminate tip, cordete bhsee and entire mar-

gin, ruabescent or velvety helow. Flowwers are srranded in  pedun-

culate,. axillary umbellate cymes (Fig, 1T1AY.



Fig. 12. Germination loci showing slits, apertures and
notches. A, Pergularia tomentosa: Exosubdistolateral; B & C,
Leptadenia pyrotechnica: Distal.

Scale bar: A = 100 pgm; B & - = 10 um.






Viocwers  oare perfect, pitinoeocphis o an? o long pedicelets,

ot
-
2
log
ol
4]

iyx congizto of five green, olliptic, a-outs, pubescend

Torolls iy gresnlich or oreddiszh browr o owhiito with mueoh elongasted

HESVE Dezmoriptions of coralle, corinne, «ndroeciumn 2and  gvnoecium
Ay owave ar less similar to that of Pergularis dazmia (T aresk )
Ttove Wi h the exception of cioes (WO 100 O Thue the ol -

iinium  is 883 x 257 pm, corpuscenliom 223 08 183 um in size while

Lranslator arms ¢.30 um long. The germinszticn locus is exosubdis-

("

tolateral with slit and rnictohes (Fig., 90, 12A%, The diame%er of
atigms  head is 1500 pm and anther wings =nd styles are 1230 um
and 4000 um in length, respectively,

Follicles are wusually preodaced in pairs, 5 - 7.5 x 1.2 -

1.30 em erect, ovold, grey - tomtose, softly spine -  echinulate,

9]

tarering towards the apex (Fig., 11EY, Sesds 2.9 2 6.9 mm. onvate,
Flattened, with minutely tuothed margin. velvety pubescent,
comose (Fig., 11F) and eoch with a weight of 1.4 mg.

Plant flowers once a year from March - July and in contrast
to F.daemia {(Forssk.) Chiov. its aserial parts do not die off
sFter fruit dehiscence. Other phenolcegicel aspects are similar to

F. daemia (Forssk.) Chiov,

Tribe Ceropegieaa:

Caralluma edulis (Edgew.) Hook. f.:

. edulis (BEdgew.) Hook. F. i3 2 small oucoulent, perennial,
branched herb. Stem 1z erect, branches sualtarate,. 4-gronved and

Y

with olear water 1like sap. Leaves (whepn vresent)  are swmall,

A



Fig. 13. Caralluma edulis: A,

Vegitative branch; B, Flower-
ing branch; ¢, flower; D & E, JSynostegium and cocrona lobes

(side and top view):; F, Pollinarium.

(¢, corpusculum; p, pollinium; ta, translator arm)
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Tihs Sraets in wairs or solitary (Figs 134, B
Flrwers are small, pedicelote perfoct ond actinemorvhic.

Totyx D-1nbed, lobes reenish ve'low, ovatz-linear, glabrous

S\l

re

jant

with aoubte tip, Corolls cszwpanulate, yellowich, conld ke distin-

sl antie x broaod tobe with vertics] rarplish 1inesz on vellowiah
bsckground and into S-lobes. Lobes arve cvate-lanceolate with *
cecnrved weute tips (Fig., 13Cy. Coronz in two series, attached to
the staminal column. Outer corcena is compoese of five deeply bifid

gegments forming the necta. holder or pouech belew the stigmatic

o

hambers. Inmer coron consists of five linear segments, incumb-
mernt on the anthers and the stigma hezd (Fig. 13D, E). Staminal
column 1is short =nd attached to the corolla. Anthers are short,
suhguedrate, 1lying horizontaliy in deep grooves on the stisma
hesd. without apical hvaline amewhronovs Flaps over stigmo  head.
Corpusculum 205 x 85 pum and trzanslster sarms are ¢ .80 um in size.
The pollinarium 1.e. corpussculum, translstor arms and pollinia
is not concealed by snther (Fig., 13D, E).

Ezch pollinium is yellow, 447 % 342 um, with extra pollinial
appendage on the distal end (Fipg. 13F). The pollinium is erect in
oricntation and located in the apicsl part of the anther. The
germination Jleocus of poliinium is distal and the extra pollinal
appendafge act as the site of germination.

Stigma  head is green. o£.16835 pm in diameber, anther wings
e, 200 pm in length while style is £ sbeont or very short.

Heotar is gecreted in the atigmatic chambers and accumlates

below in the nectar pouches formed by the oaktcr corona.



Fig. 14. Caralluma tuberculata: A, Habit: B, flower; C & D,

Gynostegium and corona lobes (side and top view); E, Polli-

narium.

(c, corpusculum; p, peollinium; ta, translater arm)
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Yootiy  paived follicice sre produced peer
pavcowly fasiform, 3.5 1) oml ommocth owit

TR oA om i size and eoch with sroaverage welght of 0,42 mg.

X

Flants nmuaily flowers from Jduly - September. Plower ocen 1in
Fhe morring and remazin in anthezis for 24 - 43 hours,

Carillumn tubercnfata N, E. Br.:

-

The morphology of . twberecpiata B, =, Br. ., i35 3imilar to C.

A

odulis (Eddew.) Honk f£. Howevsr it

I=]
i

differ from O, edulls Hook.
f. on the hasisz of angular ztew, bLterwinasl ovnose inflorescence
and flower colour (Fig. 144, B). Coronz, cornlla lobe and interi-
or of the tube are dark marvoon with =msll glandular surfacs while
the limb of tne tube is yellow with maroon glands {(Fig. 14B, C).

Pollinium i1s yeillow 337 x 280 pw (Fig. 14E), translator arms
c. 50 um and corpusculum 170 x B0 om in size.

The stigma head 1s whitish, c. 1250 um in dismeter and the
anther wings beardering the stigmotic chamber are . 275 um  in
tength.

Follicles are ususlly in pajirs. 8 - 10.5 om, fusiform smooth
and graduslly tapering tovard the tip (FiZ. 14F). Seeds 7.9 x
3.25 um,. ovate., flattenced with winged marging, comose and  each
with an averages weight of 0.8% mg.

Plants usually flowsers froem Vebrusry - Mey, Flower open  in

the morrning arnd cleoses abher 24 hoore oniy.

Ceropegia hulbosa Roxb.:

bulbosa Roxb. iz oa pervernial, tuberaus herbh, Tuber de-

[
n



Fig. 15. Ceropegia bulbosa: A, Habit; B, flower (cut open to

show the inner portion); C, Gynostegium and corona lobes

(side view); D, Pollinarium; E, Fruit.

(c, corpusculum; p, pollinium; ta, translator arm)
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pressed - flohogse, Stem 1o twining., =lenler, g2labrous or with few
srattersd haivrs. Leaves sre opposite, naprovly ovate Lo ovate -
blang  to broadly ovate, lancceolate - linesr. petiolate, green,

sometime  reddish tinged, flezshy glsbrous, with entire margin,

macronate apex and ohtuse subcordate bLboge., Flowers are arranged

]

betwesenn the petioles in - 7 flowered pedivculate ovnes (Tig,
1547 .

Flowers are perfect, pedicelate, erect and =ctinomorphie.
Calvx 5S5-lobed, lches are green, linesr-lancesolate with acute tip.
Corolla is distinguished into a long tube and five lobes . Corol-
la tube cunsists of a pole green globcese base and a long narrow
hairy (inside) tube which braaden into a funnel shaped top.
Corolla lobes are purple with green tip, linesr, fused together
at the tips to form & rcage, Wwith Iong purple hairs on reflexed
margins (Fig. 15B)., <Corona iz in two series sattached to  the
staminal column. Outer cocona consistss of five * long, erect,
filiform segments alternating fLhe stigmatic chambers. Staminal
column is short, located centrally in the inflated globose basal
section of the corolla. Anthers cie short, lying horizontally in
deer drooves on the stigma head, without spical hyaline flaps.
Pollinarium is exposed snd not corncesled by the anther (Fig.
15CY. Corpusculum is 1310 % 40 pm and transliatar arms zre ¢.50 um
in length.

Each polliniﬁm is yellow, 2057 » 237 pm , with exfra pollini-
8] saprendage at distal end (Fig. 1507, The axtra pollinial ap-
pendage acts as the germination site. =0 the fgermination locus is

distal. The pollinium is erect jn oricntation =nd located in the



Fig. 16. leptadenia pyrotechnica: A, Habit; B, flower; C,
Gynostegium and corcona lobes ; D, Pollinarium; E, Fruit.

(c, corpusculum; p, pollinium; ta, translator arm)
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of anther (Fig. 1004,
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Stigme head is swmall. green, o, 1437 a0 in dismelers, snther
wings oo tdd pmo i length sad esch style to 0250 um long.

Heoster 13 senrebed in the shifpatic chambers snd accumelates
in Lthe cnber corons (necltar pouches’.

Hostly paired follicles  ro pyedoceer oy Flesssy. Thay  ars
cylindrical, 10 x 0.4 ew, smooth with acnte tips. DSeeds are
ovate, brown, 807 x 3.0 mm. Zlabrous with paler margins, comnose
and each ©.0.34 mg in weight.

Tubers initiate aerial pa:rts of plent soon after rain.
Plants usually flowers within 15-20 days after rain. Flower
anthesis occur in late afternoon at ¢, 5.0 p.m. and 1t survive
only for 24 hours. Plant rewmsain in bloom for only 1-1% month &nd
after rdehiscence of fruits, serizl portion dry off and only

undergrcund tuber remains.

Leptadenina pyrotechnica: (Y¥orssk.) Dene.
L. pyrotechnica (Forssk.) Dene. 1 anm =rect, wmuch branched,

generally  leafless shrub with clear vellowlsh s2p. Branches are

wand like, ercct, grecn, slender =rd spinescent. Leaves (when
presenty are subsessile, linear Lo linear - lanceolate, glabarous

with scute tips and soon deciducus. FPlowvers ore arranfed in shovt
pediunculate, unbellate cyvmes (Fig., TCA),

Flowers are perfect, small., shtort pedicelste and actinomor-
phic. Calyx deeply five lobed. lobes zre ovate, fine tomentose
with subacute tip. Corcils greenish - yvellow, rotate or  funnel

shaped, with elliptic - trisngnlar zcute lobes. convex above,

'Kx]
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copveemgs and weskiv o vrevoalnte - oornmpoined sr b Jine  tomertame

=a lobs with o trianp#alisr 1ike soaion o othe heos (Fig

135, Tarons o In two ewpries, Onter o ooorvons congiots of fivae
Fleshy aegmdﬁts. attached o the hooe of the corolla altersating
with it lobhes ., incumbent o the otiswyg hessl ITrner eccrona iz
vecdeesd b osn oundutate ring or osnpvlus oo e teaee o f atnminzl
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CHAPTER 3

INSECTS (PULLINTORS ARD VISITORS).

INTRODUCTION

The entomophilous pollination of Ascleviads provides one of
the most Facinating chapters in biology (Woodson, 18%4). Appar-
ently, Sprengel (1873) was the first to cobserve the extraction of
pollinaria by insects. Pollination in Asclepiads is carried out
by butterflies and beez and hence the type gdgenus of the family
"Asclepias” is known ss butterfly weed. Followiig Sprendel, Brown
{1883), Treviranus (1845), Hildebrznd (1868), Delphino (1887),
Muller (1873, 1882), Robertson (18856, 1387) etc. studied the
pcllination behaviour a recorded the numnber of insects on Ascle-
pias species, Pollination mechanlism and the foraging behavionr of
the pollinsators (inseccts) of the American cpecies of Asclepias
was carried out by many woriers like Y¥Weoodson (1934), Frost
(1965), Macior (18964), Wyatt (1278), Lynch <(1977), Bookman
(1981), Beare and FPerhins (13982) etc.

From Indo-Pak subecontinent pollination ecology pertaining to
insect visitors (pollinators) of Calotropis species was c¢arried
out by Hamakrishna et al. (1879}, Pant et ol. (19832), Bha“nagsr
(1886) and Ali and Ali (198Y). Pergularia daemia (Forssk.) Chiaov,.
was pollinated by bee Apis dorsats (Vijavarsghavan and Shukla,
1980) whereas Cynanchum canes-ens (¥Willd.) Schuw. also by a bee
Campsomeris specles (Chsaturvedi, T387). Panl et wl. (1982) re-~

ported seventeen species of pollinctors including bees, 8 few
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ants, bLeetles s&nd nocturnel moths vn the Tlowers of Calotropis
procera, Leptadenla reticulata, sSarcostemma secsmene and Hattaka-
ka wvolubilis. According to Bhatnigar (1945), the members of the
tribe Asclepindesne 1.e. Calotroplis procera, Calotropls gigantea,
Oxystelma secamone and Holostemma adakodien (= H. annulare) are
pollinated by Xylocopa species (Caoarpenter hee, llymenoptera) , aof
tribe Harsdenieme 1.e. Marsdenia tenaclissima and Cosmostigna
racemosa and of tribe Stapelieae 1.e. Stapelia specles by Carrion
and dung flies (Dipters) with the e¢:ception of Pergularia daemia,
Telosma pallida (tribe Asclepiasdeze) pollinated by nocturnal
moths and dsclepias curassavieca (tribe Asclepisadeae) pollinated
by wasp and butterfly.

As 1t  is evident {rom the cited litersture that very few
reports exists on the foruging behaviour cf the pollinators of
the Asclepiads from this region particulsrly frow Pakistan., So
present attempt has been made to study the insect visitors and
rollinators of the following taxa viz., Calutropis procers (A1t .0
Ait. £. ssp. hamiltonii (Wight) AlLl, Clossonewa varlans (5tocks)
hook. £., Oxystelma esculentum (L. f£. 3 R. Br., Pentatropis
nivalis (Gmel.) Field oand Wood, Fergularia daemia (Forcsk,)
Chiov., Pergularia tomentosa L. (tribe Asclepliadese), Ceropegia
bulbeosa Roxb., and Leptadenis pyrotechnica {Forssk.) Dcne. (tribe

Ceropedieae) in their natural habitat.
MATERIAL AND HMY¥THODS

The insects thut visited the flowers were collected and

their foraging behaviour was noted. The study was made from



Table 2. Pollinaria load on Insects (Peliinators)

Taxon Inseets Sample Mouth part Claws  Tibilae Tarsi
stre B B B B D
Tribe Ascleptadeac
Calotropis procera Hymenoptera: Anthe phoridae
subsp. hamiltonii Xylocopa pubescens Spin. 5 - - 0 -
Xylocopa pulicscens Spin, 14 - - - 211
Xvlocopa fenestratu (F) 28 - 3 - 64 4
Apidac
Apis flarea (F) 1o 3 - 5 32 2
Total 57 3 3 5 147 7
Glossonema varians  Hymenoplera 1 Apidae
Apis florea (F) 6 G - -
Sphecidae
Bembix sp. B 4 - - - .
Scoludac
Scolia quadripustitlata
Fabr. 12 6 - - -
Vespidac
Polistes wattii Cam.? 5 2 - - - -
Coleoptera: Dernesiidae
Attagenus fusciatus (Thaumb) & 2 - -
Tolal 34 52 2 - - -
Oxvsteima esulennin Hymenopicrnic Apidae
Apis fiorea (F.}? 0 - 14 - - .
Anthophora sp. ? 2i - 20 - -
Vespidae
Polistes waitii cam. ? 30 - 35 - - -
Total 11 - &9 - - -
Pcittatropis nivalis Hymenopteva ; Apidac
Apis florea (1) 26 4 2 - - -
Lepidopteras Noctuidaz
Mythimna consanguis Guen., 13 7 - - - -
Total 54 12 - - - -
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Table 2. contd....

Taxon Insccts Sample touth part Claws Tibiae Tarsi
slze B B B B D
Perguiaria daemia Hymenoptera : Apidac
Apiy florea (F.) 6 - 8 - - -
Braunsapis cf, mixta
{Smith) 24 5 - - -
Vespidac
Ropalidia spatideta V. V. 14 - 10 - - -
Lepidoplera : Noctuidac
Thysanoplusia erichalcea Fab, 20 - 24 - -
Agrofis biconica Kollar 25 - 16 - - -
Total 37 - 49 - - -
Pergulariu tomentosa  Lepidoptera: Noctuidac
Helicoverpa anmiyera Heb, A - 10 - - -
Noctuidae sp, 20 - 6 - - -
Total 4) - 16 - - -
Tribe Ceropegicac
Cervpegiu bulbosa Diptera : Cerat ,pogenoudcac
Forcoponmiva sp. 108 ¥ - - - -
{ eptadenia Diptera : Otitidae
pyrotechnica
Fhysiphoru sp a0 35 - - - -
Calliphoridae
Cosminag prasina 3 2 - - - -
{Brarer + Berg)
Chinpsomya albiceps (Wind) 30 18 - - - -
Masquito like ily 5 1 3 - - -
Coleoptera ; Dermesiiaac
Attagenus fusciaius (Thumb) 21 7 - - .-
sHMtagenus 1 posticalis Fairm. 8§ i - - - -
Coccincllidac
Brimoides suturals (F). 20 8 - - -
Hymenoptera:
Crematogester sp.(Black sat) 100 - 8 - -
Winged Black Ant (Smull) i0 3 - - - -
Total 273 Yo 1 - -

Frequency and location of Busal (13) and Lastat (L) corpuscula on insacts.
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‘Table 3. Pollinating insccts

Taxa Tribe Asclepiavenc Tribe Ceropegicae
fnsects Calotropis  Glossonema  Oxystelma Pentowrepis  Pergtilaria Pergularia Cerapegia Lepiadenia
procera variamny escrdentum  nivalis daemia  fomentusa bulbasa pyrotechnica

Agrotis biconica - - - - + . . . .
Atithepkora sp. - - [ - - - - -

Apis florea + + + + + - -
Attagenid fascians - - - - - - . +
Attagenas of posticalis - - - - - - - +
cf.Crematogaster sp. - - - - - - - +

Black ent (winged) - - - - - - - +
fembix sp. - - - + - - . -
Draunsapis sp. - - . - + - . -
Brinnoides sturalis - - - . - - . +
Ctnsomya atbiceps - . - - - - - t
Cosmina prasing - - - - - - . +
Forcipormnyia sp. - - - - - . + .
Helicoverpa amvigera - - - . - + . ;
Myvihinima consanguis - - - + - - - .
Nocruidae sp. - - - . R + R .
Piysinpliona sp. - - - . - - . +
Patistes waliii - + + - - - - -
Ropalidia spardaia - - . - + - - .
Scoliaquadnipusnila - + - - - - . .
Tnysanoplusia arichalcea - - - - + - - -
Aybucupa fenesirata 4 - - - - . . -
Xylocopa pubescens + - - - - - - -

Iniormaiion about the pollinator of Caraifime cdilis and Carafinma iberenlata is not available.
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Darsanochino, Karachi University <Campus, Khuzdar, Malir and
Mangopir populations. The study was limited to the periods when
weather conditions were favourable [or the forzging activities of
the wvisitors. All the insects were taken between 8.0 a.m. - 7.0
p.m. for diurnel and from V.0 p m. - midnight for nocturnal taxa.
The number of pollinaria and ponitlion of corpuscula either di-
rectly (basal}) or indirectly (distal) attached to different parts
of the insect’s body was alsu determnined. The insects carrying
pollinarie were evalunted as pollinators.

The insects were get identified from Entomological Section

of British Huseum, Natrual History, London.

OBSERVATIONS ARD RESULTS

Floral wvisitors (inserts) in the studied taxa belorg to
order Hymenopters, Coleopters, Diptersa, Lepideptera and Hewmip-
tera. The Hymenoptera are represented by 6 families, 18 species
and 490 specimens, Colecptera by 6 families, 7 speciss and 100
specimens, Diptera by 4 families, 7 species and 236 specimens,
Lepidoptera by 7 fomilies, 14 species and 130 specimens while

Hemipters by 1 families, 1 species and 1 specimens (Table 2 - 4).

Tribe Asclepiadeae

1. Calotropis procera (Ait.) Ait. . sup.haciltonii (¥ight) Ali:

Pollinators:

Xylocopa prubescens, Xvilcecora fenestrata, and Apis Fiorea are

8.



Fig. 17. Calotropis procera ssp. hamiltonii: Insects visi-
tors. A & B, Xylocopa pubescens (d & 9); C, Xylocopa fenecs-
trata (?); D & E, Apis florea (9); F & G, Vespidae species;
H, Spilostethus pandurus.

5cale bar = 10 mm






the main pollinators
A. Xyvlocopa species (Fig. 174 - C):

The two Xyvlocopa species Aylocopa pubescens Spin. (¢ & @)
and Xylocopa fenestratas (F.) (@), altugether constitute 82.75% of
the totsl number of all the pollinaria bearing insects (Table 2).
Both the species of Xylocopa exhibit a diurnal foraging pattern.
The first visit to the plant start at zbout 7.30 a.m. and contin-
ue to sabout 7.0 p.m. Xyvlocopa species gradually incresse in
number from about 8.0 a.m., reaching peak frequency between 10.0
-~ 11.0 a.m., fluctuating at this level from 12.0 - 2.0 p.m. and
again reaching the pealk fregquency between 3.0 - 5.0 p.m. =and
declining slowly thereafter.

The Xvlocopa species land on the flower particularly on  che
broad stigma head. Front legds usually grasp the corona lobes from
the base whilz milddle and hind legs ofton rest over the s&anther
wings and stigmatic ehambers. Particularly tarsal segments of
legs frequently come in contsct with the corpuscula during foreg-
ing (Fig. 18A - C). As the result, the corpusculum gets attached
to a leg hair and remcval of pollinarium cccurs. When phe insect
(carrying pollinarin) visit another {lower the pollinium can be
loddged in the stigmatic chanber.

The emphasis seems to be on nectar gathering. The insect
inssrts its proboscis in the opening at the arex of the corona
lobe to suck the nectar (Fig. 18C). Xylocopa ususlly exploits one
corcna  lobe of & flower, but sometimes alsoc two or three. It
prefer to fly from one plant to ancther naking sngling flights
and aiso to another inflorescence of the seme plant, very rarely

1t changes to other flowers of the come inflorescence.



Fig. 18. Calotreopis proceri ssp. hamiltonii: Showing the
foraging behaviour of insects. I. - C, ¥ylocopa pubescens
farrow indicating the inserted proboscis of insect in the
opening at the apex of corcna lobe); ©, Apis florea,

Scale bar: = 5 mm;
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¥. pubescens (9 & ¢ carried 17.5% and 14.3% while X. Ffenes-
trata (97 42.5% of the pollinaris (cut of the total pollinaria
corried by all insects). X. pubescens (?) carried not a gsingle
indirectly attached corpusculvtm. 81.8% directly and 8.3% 1indi-
rectly sattached corpusculs Were corricd by X, pubescens (%),
94.3% and 5.6% respectively by X. feiestrata (9) (Table 2). The
maximum pollinaris are located on teorsal segdments and fewer on
tibiae and e¢laws while non on the month parts ( Table 2; Fig. 18,
20,

B. 4pis florea F. (Fig.l7D, E):

Apis florea workers visit the flowers wnole day and land on
the flower particulsarly on the stigma head. The insecit insertis
its probogcis in the opening at the apex of the corona lobe to
suck the nectar, sometinmes the insect tries to suck the nectar
from the recurved vesicle and boarders of fleshy pads also (Fig.
18D). but without any success. During fosaging, the body of the
insect rests on the stigma hesd while ils legs particularly the
middle and hind legs rest over the stigratic chambers. Tibial and
particularly tarsal segments of leds of inserts freguently come
in contact with the stigmatic chambers and cerpucscula.

Adpis florea carried 20% of the pollinaria counted for all
ingsects. 95.2% pollinarisa were sttached directiy and 4.7% indi-
rectly with most of them on the tarsal segment (Table, 2; Fig.

18D).



Fig. 19. Calotropis procera ssp. hamiltonii: Xylocopa
pubescens. A, Pollinaria attached oa front and widdle legs;
B - ¢, Pollinaria attached on the tarsal segment of leg.

Scale bar: A& = um:

86






Fig. 20. Calotropis procera ssp. hamiltoni i: A - C, Xyloco-
pa fenestrata. A, Pollinaria attached on front legs; ¢,
Pollinarium attached on the tarsal segment of leg; D, Apis
florea, Pollinaria attached on tarcal and tiablal segment of
legq.

Scale bar: = 5 mm
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Non - pollini ting insects:
&. Amegilla comberi (Ck1ll.):

A. comberi (Ckll.) @& rare visitor, has two types of foreging
behaviour. Firstly it does not land on the flower but remain in
tiie wuir by vigorous wings movement and cucek the nectur from  the
opening at the apex of corona lobe through itz long proboscis.
Secondly, it lands on the flower between the two petals, front
and middle legs grip the petals From asbove and hind 1legs from
below and suck the nectur from the spical opening of the corona

lobe.

B. Vespidae species (¥ & &) (Fig. 17F, G):

Vespidae species have been obzerved on plant all the year
round. They are mlso found on the plant during the (dry) winter
season. It land on = petel of the flower and try to suck
nectar from the base of the pads. It vwsuslly found on both the
surfaces of the leaves. The plant act as the site for their

copulation also.

C. Spilostethus pandurus (Scopoli) (2 & %) (Fig. 17H):

5. pandurus (Scopoli) is quite common on the plant. Like
Vespiduae species, 1t also copulate and found on the plant all the
year round, particularly sbundant in fruiting pericd.

Rare visitors were Diptera (snall flies? and Lepidoptera
(smail butterfliies). All these 1insects; muy be regarded as oppur-
turiste that mwerely exhavust the florcl rewards without providirg

pollination.



Fig. 21. Glossonema varians: Insects visitors. Ay _ o, Apis
florea (9): A5 _ 4, Scolia guadripustulata (¢ & ¢); B & C,
Scolia quadripustulata. Pollinaria attached on mouth parts.

Scale bar: = 10 mm.
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Fig. 22. Glossonema varians: Insectus visitors. Ay Bembix
sp.(dY)i A,, Tachysphex sp. (¢); Ag, Anthophora sp. (d): A,
Rhyncomya nigripes; Ag, Mecia sp. (o). Oxystelma esculentuw:
Insects visitors. B,, Polistes wattii (Q):; B,, Anthophora
sp. (o), By, Xylocopa sp. (), B,, Junonia almana, Bg, Nomia
sp. (d), Bg, Tachysphex sp. (d).

Scale bar: = 5 mm.






2. Glossonema varians (BrocHs) ook, .
A variety of insects vigit Glossonema varians (Stocks) Hook.

f. flowers (Fig. 21A, 2245,

Poilinators:
A. Apis florea (F.) (%) (Fig. 21Aq - Agp):

A, florea (F.) consti‘uvte sbout 18.7% of the total number of
all the pollinaris bearing insects. The visit to the plant start-
ed at sbout 9.0 a.m. and continue to sbout 5.0 p.m., however the
maximum number was observed between 11.0 a.m. - 1.0 p.m.

It 1lands on the flower with front and middle legs rest on
the coronsa, hind legs on petals while thorax and abdomen on the
stigma head (Fig. 23A - B). The emphasis seems to be on nectar
gathering from the base of the staminal column and during nectar
sucking ccorpusculum get attached Lo the mouth marts and removal
of pollinsrium occurs. When this insect visit another ¥lower the
poiliniom can be loged in the stigmatic chamber.

A, floea (F.) nusually exploits all the unectaries of a
flower by moving in a c¢circle on the Plower. 1t also visit all the
flovers of an inflorescence and watked towards other inflores-
cence of the same plant. lts inter-pimnt wovement is rather slow
and spend much of the time on a flower/sinfloresence/plant  than
the other pollinstors,

About 350% of the captured individuals carried pollinsaris
with an average of 3.33 wer ingsect. Insects carried 47.62% of
the pollinaria counted for sll ingects and all of them were

directly attached te the mouth parts only (Table 2 ).

1



Fig. 23. Glossonema varians: Foraging behaviour of insects.
A - B, Apis florea, € - D, Scolia quadripustulata,

Scale bar: = 5 mm.
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B. Scolia quadripustulata Fabr. (¢ & ©) (Fig. 21Ag - 84 »:

5. gquadripustulata Fabr. constitute abcut 50% of the totsal
number of all the pollinaria bearing insects. Their behaviour 1is
more oY leﬁs similar to that of Apis florea F. (Fig. 23C, D ),
However, thelr intra and inter plant movements are quite fast and
they visit more flowers as compare to other insects., They ountnum-
ber the other insects in frequency and constuncy on flowers.
About 75% of them (of captured individuals) c¢arried pollinarisa
with &an &average of 0.75 per in=sect. They carried 38.1% of the
pollinaria rounted for all insects and &#ll of them were directly

attached to the mouth parts (Table 2; Fig. 21B, C ).

C. Bembix species (%) (Fig. 224, ):

Bembix species constitute about 22.2% of the total number of
8ll the pollinaria bearini insects. Their behaviour (Fig. 244, B)
is also similar to 4pis fiores Y. However, after visitind Ffew
flowers, they usually rest on leaves, stems or even on  ground
and gZroom their mouth with leds in ovrder to get rid of tht at-
tached pollinaria. About 50% of thew (of captured individuals)
carried pollinaris with an average of 0.0 per insect. They car-
ried 9.52% of the pollinaris counted for all insects and all of

them directly sttached toc the 'wout.. parts (Tehiie 2 ).

D. Polistes wattii Cam. (%)
F. wattii Cam. are less frequent visitors and constitute
only 11.1% of the toitel number of all the pollinaria boaring

insects. Thelr inter-plant movements are more frequent as compare



Fig. 24. Glossonema varians: Foraging behaviour of insects.
A - B, Bembix sp., C - D, Polistes watti.

Scale bar: 5 mm.
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to intra-pleant cones. Their foraging behaviour is also similar to
Apis floresa ¥. (Fig. 24C, D 3. About 40% of the captured individ-
uals carried pollinaris with an averagde of 0.4 per insect. They
carried oni& 4.75% of the pollinaria counted for all insects and

85ll directliy attached to the mouth parts (Table, 2 ).

Non - pollinating insects

A wvariety of insects visit flowers of &lossonema varians
(Stocks) Hook. f. that do not carry pollinaris (Table 4 ).

A Attagenus Fasciatus (Thaumb. ):

A small beetle, suck th: nectar while sitiing in between
petals and corons segments. Due to their small size &snd beha-
viour, they are net able to act ss pollinators, however pollinar-
ia are lorcated on the nlaws (legs) of two individuals out of
¢lght exsmined.

Other 1insects like, Taachysphex species (Fig. 224, ),
Anthophora species (Fid. 2283 ), Rhyuccmya nigripes Segny. (Tig.
22A4 ), Meria species (Fig. 2245 ). Hombylisoma species,
Lasioglossun species, are common visitors. These insects land on

the petals and suck the nectar without touching the corpuscula.

3. Oxystelma esculentum (L.f.) R. Br.:
A variety of insects visit Ox;stelma esculentum (L.f.) R.
Br. flowers (Table 2 - 4.
FPollinators:
A.Polistes wattii Cam. (%) (Fig. 2284 )

P, wattii Cam. constitute about 52.17% of the total number



Fig. 25. Oxystelma esculentum: Foraging behaviour of in-
sects. A - C, Polistes watti; D, Nomia =p.; E, Hive of
Polistes watti.

Scale bar: = 5 nmm.
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of =ll the pollinaria bearing insects. The visit to the plant
started at about 9.0 a.m. and continue to about 5.0 - 6.0 p.m.

insect wsuaily fly over maay flowers sand land only on the
selected ones. As insect alight, the flower £ilt downward due to
its weight so insect firgt hold the petals with ite legs (Fig.
Z20A ; snd tnen grasp the coronal segments by 1te Yore and middle
legs while hind legs mtill holding the peisls, and suck  the
nectar from the base of staminal column (Fig. 25B, € ). DNuring
nectar =ucking, its legs particulrly claws come in contact with
the ccrpuscula and removal of pollinaria occurs. Later when this
insect visit another flower the attached wpoilinaum may rewain in
the stigmatic chamber and insertion occurs. (bt has besen observed
that insects legs seem to be stuck in the stigmatic chambers and
forece is applied by them to get free.

Insects usuzlly rest on leaves or brenches safter visiting
the flower, may be scared of previons treping, aofter visiting 1 -
3 flowers, they fly towsrds their hive, built in the same local-
ity near the Oxystelma wopulation (EFig. 25E ).

About 80% of the ceptured individusls c¢srried pollinaris
with an &average of 1.2 ver insect. They carried 50.72% of the
pollinsria counted for all insects. All the pollinaria are di-
rectly attached on the claws with 71.42% on micdle and 28.357%X on

fore legs (Table 2 ).

B.Apis Fflorea (I'.) (%):
A. rlorea (F.) constitute apout 21.74% of the total number

of ali the pollinaria bearing insects. Thelr tehaviour is more or

R/



less similor to FPolfistes wattil Cam. However, they directly land
on the flower and settle on the stipgma hesad, holding the corvona
segments with all the three pairs of legs. They usually move in a
circle within the flower in sesrch of nectar. Their inter-plant
movement is slow as they vigit severul flowers cof a plent either
by flying or walking on stems.

About half (50%) of them (captured) carried pollinaria with
an average of 1.2 per insect. They csrried about 34.78% of the
pollinaria counted for all insects. All the pollinaria are di-
rectly attached on the claws ol all three pairs of 1legs (Table

2).

C. Anthophora species (Fig. 22*2 33

dnthophora species constitute about 28.08% of the total
namber 0f 8ll the pollinaria beuring insecis. Its behaviour 1is
different from two above merticned pollinators (insects);. It
nsually hover sround the Flower ~nd from time to time become
still in air (by vigorous wings movement and making sound) and
then land on the flower. During nectar sucking, its middle legs
come in contact with corpuscula while front and hind legs rest on
the corona segments. It vsually visit 1 - 2 flowers of a plant
and then move towards the other plant.

About 57.41% of the captured individuels carried pollinaria
with an average of 0.83 per inscect, It carried abont 28.98% of
the pollinaria counted for all iasecis. All the pollinaria are

directly attached on the claws of Lhe middle legs (Table 2 3,



Fig 26. Pentatropis nivalis: Insects vigitors. Ay, Apis
florea; A,, Rhopalomeliossa sp.; Ay _ 4, Lasioglossum sp.;

B, Apis florea. Pollinarium attached on the claw of leq.

scale bar = 5 mm.
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Non - pollinating insects:
A& number of insects visit Oxysielma esculentum (L. f£.) R,

Br. flower without performing pollination.

A. Xylocora species (9 (Fig. 22B4 ):
It iz guite rare vigsitor and similar in behaviour to Po-
listes wattil Cam,
B. Junonia almona (Fig. 22B4 ):
It is very commom, land on the petals and suck the uectar
by its long proboscis without touching the cormuscula.
C. Nomia sprcies (9) (Fig. 22Bg ; 23D )
D.Tachysphex species (Fig. 22Bg )
E. Fhynecomya species:
These 1insects are very common on the flowers and suck the
nectar without touching the corpusculs. Thus, due to their <mall

size and behaviour not sble to act as poliinators,

4. Pentatropis nivalis (Gmel.) Field and Wood:
A variety of both diurnal and necturnal inects visit FPenia-

tropis nivalis (Gmel.) Fieid and Wond flowers (Table 2 - 4 ),

Pollinating insects:
Diurnal:
Apis florea(fF.) (%) (Fig. 28A1 Y

A florea (F.) constitute sbout G2.18% of the total number
of all the pollinaria bearing inszeivs. Its visit to the plant
started at about 5.30 p.m. and conitnue till 7.30 p.m. It land

directly on the flower nand grasp the coronal segments with the

i



legs &and suck the nectar from the base of the staminal column.
During necstr sucking, legs contacted the corpuscula and polli-
naria removel occur as insect lesve the flower, when same insect
visit anotﬁer flower, rthe pollinium attached to 1its leg get
inserted into the stigmatic chamber.

A. Fflorea (¥, usually visit many flowers of & plant so
inter - plant movement is less. About 30.77% of the captured
insects carried pollinaria with an average of 1.25 per insect. It
carried about 68.18% of the pollinaria counted for all insscts.
All the pollinaria are directly attached tc the claws of legs

(Table 2; Fig. 25B ).

Rocturnal:
A. Mythimna consanguis Fab.:

M. consanguis constitute about 36.84% of the tctal numler of
all the pollinaria bearing insects. It starts visiting the plant
at about 8.0 - 8.30 p.m. and observed till 12.0 a.m. [observa-
tions confined upto midnight onlv,]J.

It =alight on the hengind (i, verted) [lower and grasp the
corona segments with thorax resting onn the stigma head and pro-
boscls 1inserted at base of the staminal column to suck the nec-
tar. During nectar sucking, corpuscla get attached to the legs
and poliinaria removed when insect leave the Flower. Insect with
attached pollinarivom, when visit another flower, the pollinium
get inserted into the stigmatic choamber arnd in this way inseur-

tion of pollinium occurs.

w1



Fig 27. Pentatropis nivalis: Insects caught by the corpuscu-
la of flower. A, Common housc fly; B, a small ant.

Scale bar = 5 mm,.
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It frequently wmove between plants zand visit only 2 - 3
flowerg of = plant. About 46.87% (csptured individusis) comrried
pollinaris with an‘average of 1.0 per ingect. It carried about
31.82% of the pollinaria counted for all insects. AIl the polli-
naria are Jdirectly attached to the <luws of legs, particulasriy of

middle leg {(Table 2.

Non - polliinating insects:

A wvariety of 1nsects visit its flowers without performing
pollination. Among them Rhopalomeliossa sp. (Fig. 264 ), Laslio
glossum sp. (Fig. 2043 - 4 ». Most of the small irnsects are
caught on the flower by corpuscula (Fig. 274, B ) and become the

food of spiders.

5. Pergnlaria daewmia (Forssk.) Chiov.:
FP. daemia (Forssk.) Chiov. is visited by 8 number of bot!

diurnal and nocturnal insccts (Table 2 - 4; Fig. 28, 30 ).

Pollinating insects:
Diurnal:
A. 4pis florea (F.) (¢) (Fig. 28A4 ):

A. florea (F.) ccnstitute about 13.64% of the total numbe
of all the pollinaria bearing invects. It started visiting th
plant at about 5.30 p.wm. and conlinue to about 7.320 r.m. 1
directly lund on invertly hanging flower, grasp the eccorons
segments with all three pairs of legs with thoraxlresting on th

stigmma head snd probosvis is inserted at the base of the stani



Fig 28. Pergularia dacemia: Inuccts visitors (diurnal). Ay,
Apis florea, A, _ 3, Ropalidia spatulata, A,, Polistes
watti; B, Ropalidia spatulata. Pollinriumm attached to the
claw of leg.

Scale bar = 5 mn.






nal column to suck the nectar (Fig. 29A, B . During nectar suck-
ing, corpuscula get attached t£o the leds and pollinaria removed
from the flowers as insect left the flower. When the same insect
(with atta;hed rollinaria) visit ancther flower the whole process
is repeated and pollinium may be inserted in the stigmatic cham-
ber of the flower.

It is less freguent between plants as it spend much time on
the flowers of n plant. All the captured individuals carried
pollinaria with sn average of f.33 per insect. It carried about
13.56% of the pollinaris countea for all insects. all the polli
aria are directly attached'én the claws of middle and hind legs

(Table 2 ).

B. Ropalidia spatuvlata V. V. (9) (Fig. 28A, . 3)

Ropalidia spatulata V. V. is active in only Malir population
and constitute sabeut 22.73% of the :total number of all the polli-
naris bering insects. They usually touch the flowers of many
inflorescence and land on the selected ones. They explore only
single nectary of a flower. aaAlthough their movement is slow but
they wusually check or touch most of the flowers of & plant as
well as population, Teir furaging behaviour is similar to that of
Apis florea (F.).

About 71.43% of the captured insects carried pollinaria with
an &average of 1.0 per insect. They carried about 16.95% of the
pollinaria counted for al the insects. All of the pollinaria sare
directly attsched to the claws of the leds, particularly middle

leg (Tsble, 2; Fig. 28B).
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Fig 29. Pergularia daemia: Foraging behaviour of insects. A
- 3, Apis florea:; C, Amerila rhodopa; D, Raparna conciepha-

la; E, Triphassa macrarthralis; F, Spilostethus pandurus.

Scale bar = 5 mm.
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C. Braunsapls mixta (Smith} (%)

Braunsapis mixta (3mith) i3 tne most common insect on Pergu-
lgria daemia (Forssk.) Chiov. flouwers but constitute only 11,36%
of the total number of =ll the pollinaria bearing insects. They
sre of small size &s compared to other pollinators. They general-
iy, enter into the flower, such the nectar from the base of the
stigmatic chamber while grasping the coronol lobes. The hind leg
get into the stigmatic chamber =nd as insect pull that led,
corpusculum get attached to its ¢law and pollinarium removed from
the filower. Similarly, the pollinium get 1inserted when this
process is repeated by pollinsarium baering insect on other flow-
er.

Only 21.0% OY the captured individuals carried pollinaris
with an average of 1.0 per insect. They carried only 8.47% of the
pellnaria  ccunted for all the insects. All the pollinaria are

directly attached on the c¢laws of hind legs.

Nocturnal:

A. Thysanoplusia orichalecea Fabr. (Fig. 30A, ):

T. oxrichalcea Fabr. constitute about 34.08% of the total
nunmber of all the pollinaria bearing insects. Its wisit to the
plant started at 8.0 - 8.30 p.m. and continue to about 12.0 a.m.
[observations confined to this tiwme only).

It lands on inverted hanging flower in such a way that front
and middle ieds grasp the coronno segments, hind legs rest on  the

petals, stigma head comes underneath of thourax and proboscis
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Fig 30. Pergularia daemia: Insects visitors (nocturnal). A,,
Thysanoplusia orichalcea; A,, Agrotis biconoca; A,, Amerila
rhodopa; A,, Mythimna consanguis; Ag, Raparna concicephala;
Ag, Triphassa macrarthra'is; B, Thysanoplusia orichalcea.
Pollinarium attached on ihe claw of leq.

Scale bar = 5 mm.
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inzerted at the base of the staminsl column to suck the nectar.
During this process3. the corpuscula get attached to the legs  and
pollinaria removed from the flower along with the leés of the
ingects. whén this insect {with asttached pollirnsria) visit anoth-
er flower, the whole process is repeated and pollinium  may be
inzereted in the stidmatic chamber of the Plouer.

f. orichalcea Fzbr. is very frequent in inter - plant move-
ments. It 15 very eagile and quick, usuaslly wvisit 1 - 2 flowers
of a plant, and come back to the first plant after visiting
several plants of the population. About 75% of them (captured)
carried pollinaria with an aversge of 1.6 per insect. It carried
about 40.68% of the pollinaria counted for all insects. All  the
pollinaria sre directly asttached to the claws of front and middle

legs (Table 2; Tig. 30B ).

B. dgrntis hiconice Kollar (Fig. 30A2 3
Agrotis biconlieca Rollar constitute akbout 18.18% of the
total number of ali the pollinsris bearing insects. Their visit-

ing time and behaviour is similar teo that of T. orichalcea Fabr.

Non - Pollinating insects:
Diurnal:

Folistes watti Cam. (¥ig. 28A, ¥ and Muscidse sp. (Dipterw)
visit the plant ba2tween 5.0 - 7.30 p.w. They usually suckh the

nectar without providing any penefit i.e. pollinatvion Lo the

o]

plant. Spilostethius pandurus CScegny. is also pre=ent on the plant

particularly in fruiting sesson on fruits.
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Fig 31. Pergularia tomenltosa: Insects visitors (nocturnal).
Aq, Helicoverpa arwigera; A,, Noctuidae sp.; A4, Duzulla

subhyalinalis; B, Helicoverpa armigera. Pollinarium attached

on the claw of leq.

Scale bar = 5 mn.
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Nocturnal:
4. Amerila rhodopa Aalker (Fig. 30A3}

Amerila rhodopa Walker is quite common on the flowers. They
land con tﬁé inflorescence rather on the flower., The prasp the
cther flowers of an inflorescence with middle and hind legs,
while the visiting flower with the fore legs. Insert its probos-
cis &t the base of stigmsatic chamber and suck the nectar (Fig.
29C . HNon of its leg come in contact with thecorpusculum sa
removal of pollinarias not cccur,

B. Mythimna (Adletie) consanguis Fabr. (Fig. 3044 )
C. Rapaena conicephala Staud. (Fig. 29D; 30Ag)
D. Triphassa macrarthralis Heawp. (Fig. Z8E; 30Ag )
E. Agdistis sp.
F. Noctuidsae
All these insects visit flowers regularly but none of them

carry pollinaria.

6. Pergularia tomentosa
It has also been visited by a number ¢f insects particularly

by moths Table 2 -4; Fig. 31, J3¢;.

Pollinting insects:
Hocturnal:
A Helicoverps armigera Hubner (Fig. 731A¢ ):
Helicoverpa armigers HUbner constitute sbout €2.5% of the
total number of nll the pollinaria bearing insects. Generally,

the insect land on the stem or l=aves nesar the visiting Fflower

il



Fig 32. Pergularia tomentosa: Foraging behaviour of insects.
A - B, Helicoverpa armigera: C, Noctuidae sp.; D, Duzulla
subhyalinalis.

Scale bar = 5 mnm.
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and then pull the flower towsrds i1tself by drasping the coronal
lobes with the front leg and then insert ity proboscis &t the
base of stigmatic chamber (Fig. 324, B ). During grasping, the
legs slipﬁed intc the stigmatic chambers and contacted the cor-
puscolun, After nectar suckinyg, when insect pull its leg from the
stigmatic chamber, the corsusculum get attached to it and come
out along the leg. When this process is repeated by the pollinar-
ia bearing insect, pollinum get inserted into the stigmatic
chamber.

They usually visit 1-2 fliower on a plant and their inter-
plant movements are frequent than the itra-plant ones. About 50%
of the captured insects carried pollinaria with an sverage of 1.0
per insect. They carried about 62.55% 0f the pollinaria counted
from all the pollinators. All the pollinarisa are directly &st-

tached to the claws of front legs {(Fig. 31B ).

B. Noctuidae sp. (Fig. 3145 ):

It constitute about 37.5% of the total number of all the
pollinaria bearing inseccts. Generally, insect directly land on
the flower, grasp Lhe corona lobes with front and middle legs and
petals with hind legs, insert the proboscis at the base of the
stigmatic chamber and suck the nectar (Fig. 32C ). The rest of
the process of pollinarium removal and pollinium insertion is
similar to that of H. armigers HUbncr.

They are also common and about 30% of the captured idividu-
als carried pollinsria with =n everage of 1.0 per insect. They

carried about 37.5% of the pollinaria counted on all the pollina-



Fig. 33. Ceropegia kulbosa: Forcipomya sp. carrying polli-
narium (arrow) on the mouth part.

Scale bar = 0.5 nm.
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tors. All the pollinaria ere di-ectly attached on the eclaws with

30% on front and 4C% on middle leds.

Non - Polliﬁgting insects:
fuzulla subhyalinalis Hampson (Fig. 3143 )

Duzulla subhyvalinalis Hampgon wsuaily lend on the petals.
Legs grasp the petals while rest of the body rest on the n7etal
tips. Inser 1its long proboscis at the base of stigmatic chamber
and suck the nectar (Fug. 32D ). Legs riever touch the corpusculunm

S50 no removal of poullinarium occur.

Tribe Ceropegieae
7. Ceroregia bulbosa Roxb. (Fig. 33):
Ceropegia bualbosa Roxb. 1s visited and pollinated by single

o

insect Foreepomnya sp. Insect hovered avround the flower, alight
onn the perianth lobe and slipped intu the trap where it prisoned
for about 18-24 hours. In prison insects get the nectar from the
stigmatic chambers &nd the coronal cups below it, and in this
process the corpusculum get attached on lower side of the mouth
of the insect. When this process repeated on Lhe other or same
flower, the removed pollinium may be inserted inte the stigmatic
chamber.

About 25.93% of the csptured ingects carried pollinaria

directly on the mouth parts with an average of 1.0 per insect.
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Fig. 34, Leptadecnia pyrotechnica: Foraging behaviour of

insects. A, Physiocphora sp.; B, Chrysomya albiceps; C & D,

Attagenus cf. posticalis; P, Black ant; E, Fly {(Unidenti-
fied).

5¢ale bar = 5 mm.






8. Leptadenia pyrotechnica (Forssk.) Dene.
leptadenia pyrotechnica (Forssh.) Dene. 14 visited by =&
number of insects. Host of thewr are Dipters und Coleoptera, which
are smaller in size as cowmpare to the visitors of sbove mentioned

taxa. (Fig. 34, 35).

Pollinating insects
A. Physiophora sp. (Fig. 34A ):

Physiorhora sp. constitute about 33.33X%X of the totzl number
of all the pollinarig bearing insects. They vist the plant conti-
nously whole the day long from 8.0 a.m. - 7.0 p.m. The insects
does not land directly on the flower instead it land on the stem
near the flower than walk towards the the visiting flower. Insect
alight on the flower with its legs resting on petsls, thorax and
abdomen on the stidma head while probouscils inserted in the nector
pouch located below stigwatic chamber (Fig. 34A) During nectar
sucking, the fine hairs on the mouth parts brush eadgainst the
corpuscuium and a5 & result corpusculum get attached to  these
hairs. W®hen insect lesave the flower, the removal of pollinarium
occur as corpusculun also recved from the flower along with the
insect’'s mouth. Similariy when thils process 1s repeated the
insertion of pollinium occur.

Inseet 1 sually rest on the stem after visiting s flower, It
visit nearly 8ll the flowers of an inflorescence and then walk on
stem towards the other inflorescence. Insects are more active
between 1inflorescence of 8 plant rather than between plants.

Plant mct az & site for their copulation also. Insects are often



Fig. 35. Leptadenia pyrotechnica: Insects visitors. A, _
3. Attagenus fasciatus; A, _ g, Spilostethus pandurus; B, .
Attagenus fasclatus. Pollinaria (arrow) attached on the
mouth part.

Scale bar = 5% mn.
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obaerved to brush their mouth part. with legs and may resalt  in
brushing of attached pollinaria alsc. Apnurn 27.5% of the captured
insects carried pollineria with s average of 1.0 per insect,
They earriéd 33.25% of the pellinarie ccunted tor all pollinating
ingects. All the pollin®ria are attached directly to mouth parts.
8. Jhryvsemya albiceps (Widemanny (Fig. S4B): .

its foragding behavicur ig siwiler to  Fhysiphora sp. 1t
cunstitute about 17.14% of the tctal nuwber of 311 the pollinsria
besring insects., Abcut 8S0%Z of the coptured insects curried polli-
naria with an avervage of 1.0 per ing2ct. Tacy carvried 16.07%  of
the pollinaria counted on alli insecets, All the pollinsris are
attached directly on the mouth parts.

C. Cosmina prasina (Br. + Berg.) (Vig. 34D):

It constitute sabout 20% af Lhe total number of &all the
pollinaria Dbegring ingects. About 70% of the captured insects
carried vpollinsris with sn average o) 1.0 per ‘nsecti. They car-
ried 18.7%5% of the polilinaris courted on ali ingects. All  the
pollinaria are esttached directly on the mouth parts.

D. Attagenus fasciatus (Thunb.) (Fig. 25A;_ g):

Tt 1is quite ssall beetle and costitute about 8.87% of the
total number of all the pollinsria bearing insects. About 33.33%
of the captured insects coarried polilinsaris with an aversge of 1.0
per insect. They carried 8.25% of bthe poullinaria counted on &lil
insects. All the pollineria are abtached direcily on  the wouth
parts {(Fig. 358 ). It usually coiired on & 3i2ngle plunt onlvy  as
their iter-pliant movement iz negligible.

E. Altagernus cf. posticeslis Fairn., (Filg. 24C, D ¢



Its behaviour is simitar to A. Ffasciatus (Thunb.). It con-
stitute about 2.86% of the total number of ull the pollinaris
bearing insects., About 37.5% of the captured insects carried
pollinaria with an average of 1.0 Ler insect. They csrried 2.68%
of the pollinsria counted onn all insects. All the pollinaria are
attached directly on the mouth parts.

F. Brumolides suturalis {(F.):

It constitute about 7.82% of the total number of &l the
pollinaria bearing insects. About 30.77% of the captured insccts
carried pollinaria with an sversade of 1.0 per insect. They car-
ried 7.14 % of the pollinaris counted on all insects. All the
pollinaria mre sattached directly on the mouth rarts.

G. cf. Crepatogaster sp. {(Black ant) (Fig. 34K ):

1t 15 very cormmon and forsaging belwviocur is similar Lo other
pollinators. It constitute about ¥.687%% of the total number of all
the pellinaria bearing insects. Abult 8% of the captvured insects
carried pollinaria with &n average f 1.0 per insect. They car-
ried 7.14% of the pollinaris counted on all 1nsects. All  the
pollinaria are attached direcctly on tihe mouth pavts.

H. Winged Blach Ant (small};

It constitute about Z2.586% of the total numker of- all the
pollinaris bearing insects. About 30¥ of the captured insects
carried pollinaris with &% average of 1.0 per insect. They cur-
ried 2.88% of the pullinaria counted on all insects. All the
pollinaria are attuched directly on Lhe moutiy parts. Apart from
walking, it slso flv from inflorescence to inflorescence on  same

85 well &8s on plants.
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Hon - Pollinating Insects:

A number of small insects vigit flowers including, Lepidop-
tera (Noctuidae sp., Gelechoides sp., Fretmocers sp., Utethelisa
sp.), Diptera (unidentified, Fig. 34F;, Coleouptera (Mordellidsae

sp.,Bruchidae sp., Curculionidae sp., and Spilostethus pandurus

Segny. Fig. 33A4“5 Y.

DISCUSSION

Calotropis procera (Ait.) Ait. . ssp. hapilitonii (Wight) Ali:
According to Van der i3l (1854) rflowers adapied {or polina-
tion by Xylocopa (Xylocwupa vlossom) should be spacionus, solid
with Thidden nectar whicnh iz mostly acecessible oniy by force,
strong walled nectar room separatec from anteroom, nototribie
pollien spplicaiton and nectar not apundant. He wonder why (Calo-
truoplis flowers so diffevent from vsual Ayviceops blossoms  are
exlu=ively visited by Xyioecpe . However, if one regapds  {(accord-
inrg to Schick snd Remus, 18340 Lue five sectors of Lhie flowers as

meranthia, Sc witn the exXrepllor of noivotribic coudition, the

P

ar and fulfill =1l the esssential

deviation 1is not s> spectacu
characterstics atateo oy Van der Drjl.

The genus Calotropis is reported Lo be malnly pollinated by
Avlocopa zpecies, Culotropis procera 19 polliaated by Xylocha sp.
in Senegsal (Jaeger, 1871, by X i=cucotiorax in Fgypt  (Schnrecmer,
1872), by X. pubescence unid X, zulcarizes in 1sesael  {Eisikowitoh,
1986) and Calotrozis gigasentea hy X.ilatipes in Java (Van der

Piji, 18543 by X. tenuiscaps in Ceylon (Wennteorp, 1974), by



X, collaris and X, Jdissimilis in Jndizr (Hemekrishno and  Aerekal,

1979, However, in contrast teo abov. reports, Panl et al (1982

f]

has reported X, fenestrata wz the wminor pollinater of  C.procera
in India.

In Lhe present study, X. puyvbescence (§ & ¢y and X.fenestrata
{(¥) are the mailn pollinrtors and thelr behavioor of neétar co1-
lection by inserting the protogcis in the slit or pore at  the
apex of cvoronal segemts is in accordance with Schremmer (1972).

Fresent study confirwed Schremmei s (1272) opinion  that
C.procera can be redarded as Xylocopa flower., It 1o slso  evident
from the present study and availlsble literature that 8 certain
association exists between Ayvilocops sind Calatropis. 1t seemns that
calotropis depend for its pollinatiouwn on Xyiocops, however, the
exclusive dependence of Xyioecopa on Calotropis can’t be acertain
as 1% also visit o numbec of other plant wspecies (Van der Pijl,

1354) .

Glossonema varians {(Stocks) flook. .-

G.varians (Stoeks) Hecoh., £, is visited bty & variety of
ingects may be dus its sowmewhzt open nectar presentation i,e.
easily asccessiole. Apis florea snd Scolia guaoripustulata the
major while Polistes wattil snd Bembix sp. are the minor poilina-
tors. Pollinaris are l1ocated only on mouth partzs of 8ll  the
pollinators. Although, llpis Flores cvarries an average of 3.3
poilinaria per individual tnt it is more or less restricted to =

gindle plant and tihus mey perform more deitonogamy than Xenogamy.

b

Where naus Secolia guadripustplats cacrics only 1.3 poliinari.. per

individuoal but i1 15 guite ective betvecn plants, so appurcntly

Ly



perform more Xencgamy,
Thuas S, guaadripustulata moy ve rogarded au the main pollina-

vor ol J. varians a% it is confine. tc Lhils species only.

Oxystelms escolentozn (I..F.) R. Br.:

O.eseulentuw (LoF.)y Ro dr. 13 awlse vizised by o vallety of

insects, however, only Hymenopterz oarry the pollinaria 0 fo-
listes wafttil is the major collinunter slongwith Apis florea and
Anthophora go, FPolistes wattil (Masp)y carried pollinaric on
claws of middle and for legs whereas Apis Flores carried pellini-
aria pollinairn on eclnws of aiddle leps while sAnrhophorra sp.  on
claws of middle leds onlv., £, wafbtii maske 1ts Live near 0. excu-
Ien tum population snd are the regualar and avbondent visitors thaun
other inserts., On all the thros pollinstors pollinuaria are locst-
2d on the nlaws only.
Pergularia daemia (Forssk. ) Chiov.:

Vijuyaraghavan and chuitla (1836 reported P.desewia ss  diur-
nal and Apis dorssta Felbr. as the noaldcre pollilnator. However, 3t

ig noctornal i.e. 1te flower opon i the evening and cloge in the

movtiing . Flowers scems to be partly adapted ror the day (evening;

pollination by Hywenopter . (Bevs; and poertly 1Tor the night
poilinmtion ny the Lepidopies {(Motthisy, In the evening it has
been pollinated by Apis Flores. FRopalidia zspatulsts and Brauns

apis mixta, R.spalular iz sonive only in Mulir populstion where
as othner twe are found in mll the studlsd ropviastions, Pollinaris
are loecatag on the olsews of middie and niod fews 28 these incecis

ne Fforaleds sre usuaslily used te Jregp the coronn segaeals of  the



inverted flowers, The characters of flowers 1.e,  opening in
evening and  closlng  in dsy light, white-green colour, faint
fruoity smell are predeimnasntly moth poilinates. A number of moths
vigit tne flowers ut nicht. Thysanopluszia crichalcesa Talb. saems
to be the main pollinator alongwith Agrotis bliconics Kellar. ALl
the pollinaria are 'ocated on the claws of mniddle sand front ledgs.

It has been noted that both Ayveencpters and Lepidoptera of
fairly Jlarge size act as vollinators while small insects do not
oarry pollinaria and regared as nectar thelvers.

Cur study also confirm the Pinding of Bhatnsgar (1386 that

P.daenin is pollinai.ed by moths.

Pergularia tomentosa L. :

F.tomentosa L. iz also a 1ccturnal and its flowers also open
in the evening and zloased in the morning It i1is also visited by a
nunber of insecty Hut only Hellcoverra armigera (motny and BRoco-
tuidar sp. (moth) act as tne pol.inators. All the pollinsria are

iocated on the claws of front and ~iddle legs.

Pentatropis nivalis (Gmel.) Field sond Rood:

't 1 also noctrumnl ard vigited oy ooth dicrnal  (in Lhe
evening and nuchturnsl {ino night) 1asects. In che sverning only
Apis {lorea ceiry pollinaris und cout o2 pollinstur while at night

Aythiagms cansaae? iz 1wy the waioy posdlinantor. bebh Snsscts carried

pollinavia on the claws of lego, porticnigry of middle leds

Ceropegia bulbosa loxb. :

L] N

Forcepomys sg.  (Diptern, Jeratoupogenoidae)y 1s  the only

i
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vizitor and pollinstor of C.bulbosa. Herberas o  Cueratcopogonoidse
{biting wmidges) has alsc been reporte by Fasgryi and Van der Pijl
(1971 , Percival (186G), Preouetur and Yeo {1973) for- Ceropegia
specivs. Bayver (18768) reportd four types of swmall fliecs (Diptera)
visitors of Ceropegia amplicateg E Mayer.

Foreepomya sp. trapped (or prisovped: i the flower for about

18 - 24 hours and cerried peollinaria on moutin parts.,

Leptadenia pyrotechnica (Forssk.) Dene.:

Pant et &i. (1982) peinted out Cremategaster sp. (Black
ant), Fvylaes sp. and Micrapis Florex 85 the pollinaria carrving
insects of L. reticulfata. They have also sugdested that small
size of its flower favour pellination by black sn%. However, in
the present study, Diptera like, Fhyvsiophcola sp., Cheoysomia albi-
ceps, Cusmingy presina and unidentified moesquitoe like fly, Coleop-
tero like, dttagenas fasciatos . Urumpeolides suturalis and Hymenop-
ters like Crematogaster 3p. and wingded znwall viack ant are  found
to varry pollingria of L.pyrotechnica. Pollinurla are located on
the mouth paris of sll these inscects The Diptera, FPhysiophora
Sp. Cosming presing and Chrysomys slblicops are Lhe main pellina-
tors.

The major poallinstors Jinscecto ) seems Lo be specles specific

Table 3). Apis florres (. ) 13 the comwon polliinatuy of Calotro-
pls procers (Ait.) Ait. . spp. hamillionli (Wigh-y Ali, Gilogsso-
nema varians <{(5Loeks) Hocok. ., Oxystelwma esculentum (1.T.)
R.Br., Fentatropis nivalis (Gm-1.: Field and Wood, and Pergularia

daemis (Fourssk.) Chilov.., It .5 note worthy that Aris Florea (F.)



vigsit and pollinate members uf  tribe Agclepiadeae. FPolistes
wattiili Cam. is  the comnon rollinztoer of Glossonema varians
{(5tocks) Hook. f. and Cxystelma esculsptum (L.E.) R.Br., wheresas
Attageonis Ffaseigtus act svs the minor pollinstor of Glossonena
varians {S3tocks) Hock. . and Ileptadenia pyroteciinice (Furssy.)
Dene. Meost  of the corguscols are dirvectly witached to the 1in-
secils, without forwing chsins or cviusters as repoted frow Ascle-
piss species.

Leng santher wings and staninsl coinmn sre related to led-
pollination i.e. corpuscula are stlacned cn fthe leds of insoets,
particnlarly obh tearsi oand claws, wheresns short anthor wings  snd
staminal coluamn to mouth-porlination 1.c. corpuascula atteched Lo
the mouln parts of insects.

Follinators also seemg Lo be tir.be specifin. Hymenoptera snd
Lepidoptera sre tLhe sole pollinators of the mewmbers of +tribhe
Asclenisdacese while Diptera and Colcuptern arce the pollinators

of tribe Ceropegicae.
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CHAPTER 4

POLLINATOR ACTIVITY AND POLLINATION SUCCESS

INTRODUCTION

Le  gtated earliies the Asvlepizds povrsess a  mechanlsm for
rollen tranzfer which reonlress insecrs to remove Lie pollinaris
B larter to insert Lihese pollinia into the recepbtive sStlematic
chanbers on ocher Clowers., tollinarvinm remeva!l (extractiony rate
gllouws  an estimste of i13ects achivity in Asciaplads (Willson &
Kathke, 1974%. However, for he eohimaticr of 23ilinostion suecess
the rate of pol . inla inserticn has Lo be vev-rmined . Leve. of
pollivnstory  acstaivity and poloinolon suoocess vdetevainaed on Lhe

nasis of rane ol pollinarls tenaval wna polilinils 1nsart

h
o
=
-
N)

veen cartied onn by meny workers oaobh o se dysib, fwU76 and 1975

s e omind Poraira:, IHUY oy dse Tepde s taperesa Lo Wyvart snd Snan-

FrL, T o Jdnedep far o esslitols Lo Lunoi, LET o degiopras
Fosnnens  Woods: ¥Willweon & Rethke, 1987460 fr itz and Horss, 1951,
Mo s VerLs Youho oo o tepdiy cyrziesd oo dlhinturvedi, 1987

o Llrianoy croosoends oy Did D sham s Khivose ang Lied=, 1990 on
Suaprcodteding Clanmam Cdacy . Y osohuates and Saroos t@mne DRIOSUN

Decone. and Liede ard Whitene od.iofil on S coderas vimina o Bofa .

i e prosernl srady, lowve ] o sl rinu R AacbLiviLy 1l
Pl i inatlen SucoesSS gy Well o af rogastionchip of 0 pollinie inser-

Foonps rnt o atrpgat ie o chonbers ot or o withyut cemevel of residual



onllinarvia (pollinaria present  abtove stigonatlc  chambers)  in
different pevoulations of Jalctropis procers (A3L0)Y Alt. £, s3sp.

hamiltanil (¥ight) All, Jeropecia bulboss Rowxb., Glos=sonems

varinns {Stocksy Hook.[., Leptadenia pyrotechnics (Forssk.)
Dene. Oxvstelma esculentum L.Y. . B.Br.. FPentstroplis nivalis

(Gmel) Field & Wood, FPergulsria Jdoermils (Forssk.) Chiov., and

Pergiilaria tomenteoss L. has been corried out,

MATERIAL AND HETHOLS

Flowers (N=100) of ebove the wentionod cight species were
randomly collected from differrm,t populations (Table %) sand pre-
served in  50% ethyl alcohal. Later the precerved f(lowers were
dissected and Lhe number of pollinaria removed {extracted) and
t.he number of pollania ingserted inte the stigmatic chambers were
scored unde) the dissecting microccope. Presence or absence of
residusal pelilinarie sbove the inscried polllinia were also record-
ed. Data was statisticaly analveaed on Prrsonzi Computer (PCY by
Statistical package “COSTAT” wversion 3.03 {(CoHort Software,

Berkeisy, Californis, D3A) and according Lo Soial & Rolhf (1981),



Table 5. Poliinaria removal 1ate

Taxa Population Nocf flowers Flowers with Pollinaria removed
studied examine.’ reaoved
poltinariy 3 par flower
%
Tribe:
Asclepiadeae
Calotropis procera DAR 50 86.0 44.4 2.22
ssp. harriltonii KUC M) 140 36 0.18
MAN 45 24.44 7.1 035
NED 125 0. 18 0.09
NIPA 50 18.0 6.0 0.30
SUP 50 340 108 004
Tuotal 370 PASWEN 885  0.04
Glossonemu varians KUC {(:)1 #5.32 6220 3.1l
(7)58 86.21 5724 2.86
Total 167 35.63 8048  3.02
Quxysteima escufentunt GHA 4l 475 40 u.70
KUC 23 0565 5739 287
sAl 36 5.55 111 G065
Total 134 A1) 1882 0.89
Pentatropis nivalis KucC 3 45,00 1423 071
MAL 110 2418 &0 .46
Total 414 40.43 1261 0.63
Pergilaria daemia KUC 231 3600 1327 O.nd
MAL 16463 1385 361 Q8
Tuotal 7 AEAVE Y5 (a8

ya
~)
2




Table 5. contd....

Taxa Populition No.of llowers Flowers with Pollinaria removed
studicd examined removed
pollisaria o per Mower
7B
Peryudaria tomentosa KHZ 184 67.59 3565 178
Trihe:

Ceropegicac

Ceropegia bulbosa KucC 56 57.14 16571 33
sup 44 750 Moo 17
Total/Average 109 05.0) 51.80 2.59
Leptadenia DAR 100 76.0 4240 212
pyrotechnica GliAa 2848 9201 5729 280
KuC 224 754 30,17 151
MAN 100 80.0 4480 224
Total/Average 712 B2.86 4491 225
Abbreviations:
Yo = Pereentage
DAR = Darsano Chino
GRHA = Gharo

NED = NED University

SUP = Super Highway

KUC = Karachi University Campus
NIPA = Neur NIPA round ahout
MAN = Mangopir

KHZ = Khurdar
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Tuable 6. Pollinia insertion rate

Taxa Populution No.ol nowers Flowers with Palnia inscrted
studied examined inscried
poliinia <. per flower
Yo
Tribe:
Asclepiadeae
Culotropis procera DAR 50 43.0 164 082
ssp. hamiltonii KUC 50 2.0 0.4 0.2
MAN 45 4.4 088 033
NED 125 2.4 048 009
NIPA 50 8.0 2.0 0.30
SUP 50 20 0.4 (04
Tetal 370 246 2860 014
Gloysonemna varians KUC 1 5.5 1.65 0.08
Ovystelma escidetum GHA Lt 23,75 6.25 0.31
KUe P 78.206 269 133
SAL 30 11.11 »22 .11
Total 129 3003 a0 057
Pematropis nivalis Kud UM H.1 1.04 0.10
MAL IBM .30 218 (.11
Total 414 6.75 179 0.16
Pergularia daentia KL 31 11,69 3.03 .15
MAL 1606 542 1.68 (.05
Total 397 9.07 222 011

-
L
R



Tuble 6 contd....

Tl Populition No.of flowers Flowers with Pollinia inseried
studicd gxamined mserted
pollinia 2 per flower
f%.
Pergriluria tomentosa KHZ 184 w3 1185 059
Tiibe:
Cerupegieac
Cerepegia bulhosa KUC 5n 4280 1321 0.66
SUP 44 0.0 227 o1
Total 100 28.0 8.4 0.42
Lepiudenia pyrotecinica DAR 104 220 5.0 0.25
GHA 23 §.68 215 011
KUC 224 12.5 3.21 0.16
MAN 100 230 3.6 0.28
Toral nz2 1276 3.37 0.17

For abbreviations sce Tahle 5

At



OBSERVATIONS AND RESULTS

Tribe Asclepiliadeae

1. Caleotropis procers (A3t.) Ait. f. swp. hamiltonii (¥ight) Ali:

The six populations wers studisu which exhibited  considera-
ble varistion in pollinaris removal and pollinis Znsertion rate
(Table 5, 8). Iln KRUC population, 3.9% poliinaris (nf  the total
pollinAarie available) were removed i 14% flowers with an  aver-
agde of $.18 poliinuria per flower wheress 0,45 pollinia {of the
total pollinia svoilable) were tfound Lo be inserted in 2% flowers
with an average of 0.92 pollinia per flower. In NED population,
1.8% pollinaria were removed 1 6.4% flowesrs with an average of
0.99 pollinaria per filower and U.48% poliinis were I1nserted 1in
2.4% flowers with an average of 0,024 poliinis per flower. In
NIPA population, 6% pollinaris wore removed wn 13% flowers with
an averade of .30 pollinaria per flower and Z#4 pollinia were in-
serted 1n 4.44% Tlowers with an werags of .1 pollinia per
flowar. In MAYN populiation, 7.1% poilinaria woce removed in 24 .44%
flowers with an average of 0.3% pollynaris per Zlower and U.88%
pollinia were inserted in 4% Yiowers with an average of 02.04
pollinia per fPlower. ITn DAR porulstion, 44.4% polliinaria were
removed in 8B% {lowers with azn averuge orf ¢ 22 pollinaris  per
filower  and 16.4% pellinis were insertod in 487 Vlewers with  oan
aversge of 0.82 pollinis ver fleovwer. In SUP population, J.3%
poliinarin  were razanovea in 44 Flowers with an aversge of  0.04

poiiinaria per flowsr and U.4% polilinius were ingserted  1n 2%
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Fiower with 0-5 pollinaria removed (R)

Fig. 36. Calotropis procera ssp.
hamiltonii: Flower (%) with 0-5
pollinaria removed and pollinia
insertion in relation to pollinaria

removal.
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Flowers with an aversds of .02 pollinia por Ylower Uoble o, o).

CUverall in all the six populatlons .58 pollinaria (of  the
total poilinaria aveailable) were removed in 21.6Z2% flowers with
an sverage ot 0.44 pollinsria per flower. Host of the flowers
(57.50% of the flowers with riomoved vwollinaria) were with one ancd
two pollinaria removals (Fig. 30) Wheress 2.38% pollinia (of the
tonal polliinia svailable) were inserted in 9.46% rClowers with an
average of 0.14 pillinia ger flower., Most of the pollinia 1.e.
57% (of the inserted pollinis) were ifuserted in fliowers with cone
and twe pollinaria removed (Fig., 38y, The nrobability cf venoval
was more than twice thut of an insertion.

Significantly  higher number of insertions (68 %, ¢ =
37.52, P<«0.001, Table 7 were fiund in the stigmatic chambers
with residusl pollinaria present as cowmpsred to stigmatic oham-
bers (34%) witn residusl volliinaria (removed) sbsent.

Multiple insertions (lnsertions into move than one stigma*ic

chambers of a flower) werc only 22.384% of all insertions. Of

which 53.33% wore aouble (insertioe .n two cut of five stigmatice
chamnbers nf a flover), 33.33% btrigle (rneertion 1n Lhree stigmat-
ic chambers of o flewer; aid 2.73% with insertions in Tour stig-

(i}

matic chambers of o flower (Tahie 8.

2. Glossonema varisne (Slocks) Hou. .
Removal and insertiorn. rates for ¢, varians (Stoeks) Hook. T
were studied froum KUC poru_aticn oanly (Tuble ). In male flowers,

57.24% pollinaria in 88.21% rlovers with an average of 2.38 wer

flower were removed (Yable 5%, OV the flowers with removed polli-



Tablc 7: Pollinia inscruon into stigmatic chatbers with und without residual poliinaria

Taxa Poilinia imuttion with resioual pol!innrin' x> Probability
Prusent absenr
No/% No. /50
Tribe:
Asclepiadeae
Calotropis procera 35 / o6.04 18/ 33.96 3752 P < 0.001
ssp. hamiltonii
Glossonema v: rians 6/ 66.66 3/3333 312  ns
Oxystelma esculenium 38 /6333 22 7 36.66 1255 P <001
Pentatropis nivalis 22 /5946 15 / 40.54 249F P <0001
Perguinriag daemia 337750 i1 /250 1257 P < 0.001
Pergulariu tonentosa 62/ 56.88 47 /43.12 346 ns
Tribe: Ceropegicac
Ceropegia bulbosa 1 /20,19 31 /7381 506 P <005
Leptadenia pyrotechnica 87 /723 33 /2750 1327 P <0001
Total of all taxa 315/41.76 165/38.23 3L59 P < 0004

* Pooled data from all population of each taxon

ns = non - significant
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Table 8: Multiple Tnscrtion

Taxa Total No.of Muluple insertion

Pollinta Total

inserted insertion 2- 3- 4- 5-

% insertion insertion insertion  insertion
Y& Go % Y

Tribe:
Asclepiadeae
Calotropis procera 55 22,64 58.33 3333 833
ssp. hamiltoni
CGlossonema varians 9 1111 100 - -
Oxystelma gsculentiun 'l 2667 0375 .25 - -
Pentatropis nivalis 37 2432 100 - -
Ferpularia daemia 4 15.01 85.71 i4.25 - -
Penaduda tomentosa 598 284 87.0m 9,68 a2z
Tribe: Ceropegicac
Cempegia bulbusa 42 33.33 100 - - -
Lepradenia pyrotechnica 120 16.66 % 0] - -
Key: - = absent {or not inserted)
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naria. 32% flowers were nith three and 3C% with four removals
(Fig. 37). In nermaphrodite flowers, 52,20% pollinaria in 85.32%
flowers with an avevrage of 3.1l per flower wore removed (Table
53, 0f the flowers with removed pollinaria, $5.43% fluwers were
with Five and 22.59% with three rermcvals (Fig. 37). Altopgether in
toth type o Pluwers. 680.432% pollinaris in 25.83% flowers with an
aversge of  3.U2 per flower vere rewnovesd (Talile 5, Irn 72.0353%
T

flowers (of total flewers with remonls) thrves - five pollinar:a

were vemoved (Fig. 377,

About  33.33% pollinia (ol total  ingserted pollinla) were
inserstcd  in flowers with three, Z20.22% in flowers withn two  and
none. 11.11% in flowers with four and fFive sna not & single
pollinium in flouwers one pollinarium removed (Fig., 37). In herwa-
phrodite flowers only 1.65% pollinia 1n 6.5% F[Flowers with an
average of .1 per flower were inssrt=d (Tabie 8. The probabili-

ty of removal was four tiwes than that of an insertion.

2

Although nigher number of ingerticons {(G32.6BX) were in tig-

siatic chambers with residoal pollinaria present tha, absent but
. . Lo . . R L, .

statlisticaliv the difference was insignificant (x* = 3.123, ns,

Taule 7). Only a single double inoertion (11.11%Y wa; observed

{(Table 8).

3. Oxystelna escuientnoplL . ¥.) R.Br.:
hemoval esnd imserstion rates vapried greatly in ail the chree
stundlied populations (Table &, 6. Ir GHA poruletion, 14% polli-

naris were removed in 47.5% fluwerys with an average of 0.7 per

flower while 6.25% pollinia werg i1userted in 73.75% flowers with



Percentage

40

30

[ o]
[=]
I

10

E| Flower Q” |:| Flower ¢ E Insertlon % o Flower

=

M)
7_
—_ ]
—
o
— |-
— ]
= e
—| E
— ? —
— 4
—_— 1
] e e N g
e - = ]
L~ | =3 | 1 =
g I A O % S R % O
= —| =
— L1 - — 4 L P )
I I g N g [ S R e S R =
I N R T g [ T R s S g [
L ./: — ——K-/‘ = i 11
1 ] — L A A .
T N R 1 T R B A
T e — 1 L L
I R I P T P B P A
b sl = s I 1
0-R I-R 2-R 3-R 4-R 5.R

Flower with 0-5 pollinaria removed (R)

Fig. 37. Glossonema varians: Flower
(%) with 0-5 pellinaria removed and
pollinia insertiorn in relation to

pollinaria removel.

139



an  average of .31 per flower. In KUC populetiaon, 57.39% polli-
naris were removed in 95.00% {lowers with an sversge of 2.87 perv
flower while 26.96% pollinia wer. inserted i 72.28% flowers with
an average of 1.35 per flower. In SAJ population, 1.11% pollinar-
is were removed in 5.553% flowers with an sverage of .05 per
flower while 2.22% pollinia were inserted in 11.11% flowers 1ith
an average of 0.11 per flower (Table 5, B).

Overall in all the three populstions, in 44.80% flowers only
18.82% poliinaria with &an average of G.88 per flower were removed
{Table 5). In 46.77% flouwers (of flowers with removed pollinaria)
one, in 24.18% flowere two and in rest of the flowers Lhree
pollinaria were removed (Fig. 38). Whereas in 3u.83% flowers
about 8.63%4 pollinis with an average of 0.57 per flower were
irserted (Table 6). About H0U% pollinia (of total pollinis insert-
edy were inserted in flowers with one snd three while 30X in
fiowers with none mnd two pollinario removal (Fig. 38). The
probability of removel was 1.5 times than that of an insertion.

Significantly higher number of insertions (63.33%, x2 =
12.55, P<0.001, Table 7) were in stigmatic chambers with residual
pollinaria present than in stigmatic chambers with removed
(absent ) residual pollinaric. Multiple insertions were 26.67% of
the total 1insertions, of which 93.75% were double and 6.25%

triple (Tsble B).

4., Pentatropis pivolis (Gmel.) Field and Wood
Two populaticns of P. nivalisz (Gmel.) Field and Wood ‘were
studied (Table 5, 6). 1n KUC population, 14.28% pollinaria were

removed in 45,064 (lowers with an aversge of 0.71 pollinaria per

e
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fiower while 1.84% pollinia were inserted in 6.91% flowers with
an  average of U.08 per flower. In HAL peopulation, 8% pcllinaria
in 28.184%4 flocwers with an average of 0.4 per flower were renoved
while 2.18% pollinia in 8.36% flowers with an average of 0.11 per
flower were inserted (Tatle 5, B).

Altogether in both the populations 12.61% pollinaris in
40.48% Tlowers with an savevrage »f U.B7 per 1llouwer woere removed
{Table o). One pollinarium was removed in 6Z.5% flowers (of the
flowers with removed poilinaria), two in 25.77% while three -
five 1in rest of the remaining flowers (Fig. 2%). Whereas 1.78%
pollinia in 8.75%% flowers with an aversage of 0.10 per flower were
inserted (Tubvle 8). Hearly helf {(43.24%) c¢f the inserted pollinis
were found in flowers with one pellinarium remcved and not s
single pollinium was inserted i1nto flowers with five pollinaria
removed (Fig. 39). The pobability of removal was more than six
times that of an insertion.

insertions (59.50%, x2 =

»

Sigriificantly higher number of
24 .914, P<0.001, Teble 7) were in the siigmatic chambers with
residual  pollinaria present than in stigmatic cliambers with
removed  (absent) residual pollinaria. Hultiple insertions were

24

b
L

sy
oy

of  the total insert:ions {(Tatlie 8% evud 2il of them were

(8]

doubis.

3. Pervularia daerpia (Forusk.) Chinv.:

Iv two punuletiors of Podaeniy (Fovrasy.) Chiov, the vate or
roliinaria removasl and pollinia inserticr was deteruwined (Table
5, By, in KUC population, ©,.27% pollinaria (of the aveilshble

IR T Y S

pollinarise) weve removed in U3.76

bt

owers with an  average of
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0.84 pollinaria per flower while 3.U3% pollinia (of the available
pollinia)y were found inserted in 11.89% flowers with an  average
of 0.15 pollinia per flower. Whercas in MAL population, only
3.61% pollinaris were remove? in 13.85% flowers with an average
of 0.13 pollinarin per [lower and in $.42% {lowers, 1.08% pollin-
ia were found inserted witlh an average of 0.05 pollinia per
flower (Table 5, B).

Altogether in both the populstions. 9.15% pollinasria were
removed in 27.20% flowers with an average of 0.45 pollinaria per
flower (Table 5). 0Of the flowers with removed pollinarias, 58.08%
flowers were with one, 23.71% with two, while 16.81% were with 3-
5 pollinaria removals (Fig. 40). Whereas 2.22% pollinia were in-
serted in 9.07% flowers with an average of 0.11 per flower (Table
6. ©Of the inserted pollinia, 22.73% were inserted in flower
with ne pollinaria removal, 20.45% in flower with 1 & 3 polliner-
ia removal, 15.91% in flower with 2 & 4 pollinaria removal and
4.54% in flower with a1l 5 pollinaris removai (Fig. 40). The
probability of removal was maovre then three times that of an
insertion.

Significantly higher number of insextions (75 %, xz = 12.57,
P<«0.001, Takle 7) were in the stigmatic chambers with residual
pollinaris present than 1in stigmatic chembers wWith residusl
pollinaria (removed) absent., Multiple insevtions were only 15.91%
of the total insertions, nf which 35.71% were double und 14.28%

triple (Table 8).
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6.fPergularia tomentosak.:

Removal and insertion rate for F.fomnentoss were studied from
KHZ population oniy. In 67.38% flowers 3L.B85% pollinaria with an
averzge of 1.78 per flower were remcved mbole D). 1n 27% flowers
{of the totsal flowers } one, in 20., flovers two, in 24% flowers
threce., in 198 flowers four and in 1190 flcowers =ll five pollinoria
were removed (Fig. 41). While 11.85% pellinis were inserted in
39.13% flowers with an averadge of 0.58 per flower <{(Table 8).
About 51% of the inserted pollinia were in fliowers with two -
three and 3C% with four - five pollinaris removal (Fih. 41).

Bumber of insertions in the stigmatic chambers with and
without residual ponllinaria were insignificant (Table 7). Multi-
ple insertions wers 28.44% of the total insertions, of which 87%
double. ©.68% triple and 3.22% were with five insertions (Table

8).

Tribe Ceropegiene

7. Ceropedgia bulbosa Roxb.:

From two populations of . bulbosa Roxb. rite of pollinsaria
removal and pollinia insertion werve studied (Table 5, B8). In EUC
population 65.71% pollinsrta in 87.14% {lowers were removed with
an average of 3.2 per flower while [3.21% polilinia in 42 8B%
flowers were inserted with sn aversge of 0.6 per flouwer. In  SUP
population, 34.09% pollinaria in 75% flowers were removed with an

average of 1.7 per Flower, while 2.27% poliinis in 8.08% flowers

were ingserted with an average of 0,11 wer flower (Table 5, 6).

teh



»
th

30 7

25

[ ]
(=]
|

Percentage

—
(%3
| S

10

D Flower Zhnsertlon

\
|

AR
|

DIVTYPNPRRIRRRRRRRRERARRRAN
EUNTIUNRRAMRIANVEREAA

*\\\&\N\@\\X\

e
L Lol

4-R 5.-R

l_‘

12
-
w !
=

0-R I.R

Flower with 0-5 pollinaria removed (R)

Fig. 41. Pergularia tomcntosa:
Flower (%) with 0-5 pellinaria
removed and pollinia insertion in

relation to pollinaria removal.

147



Altogether in beoth the populsations, 51.8% pollinaris in B65%
floviers were removed wWith an zverade of 5.0 per flower. In 33.88%
flowers (of total Zlowers with removal) five asnd in 21.54% flow-
#rs two pollinarias were removed (Fig., 42). Whevcas 8.4% pollinis
in 23% flowers were ilnserted with an aversge of G.4Z per flover.
Z2lightly more thar half (43.84% ) of ingerted pollinia were in
flowers with four -~ five pollinaria removed (Fig. 423).

It is the only case where number of insertions significantly
exceeds (73.817%, xz = 5.0B8, F<0.05, Table 7) in stigmatic cham-
bers with residusl pollinaria (removed) =absent than present.
Hultiple insertions were 33.33% of ihe total ingertions and =&ll

aof them were double (Tsble B8).

8. Leptadenia pyrotechnica (Forssk.) Dene.:

Four populsations of Leptadenis pyrotechnicsa {(Forssk.) Tene.
were studied for pollinis insertion and pollinaria removal rates
{Table &, B6). In DAR population, 42.2% pollinaria in 78% flowevs
were removed with an average of 2 12 per flower, while 5% pollin-
ia in 22X flowers were inserted vith an sverage of 0.2% per
flower. In GHA populstion, 57.29% pollinaria in 92.01% flowers
were removed with an average of 3.0 per flower, while 2.15%
pollinia in 8.68% flowers were inserted with an average of 0.11

-

per flower. In KUC population, 75.45% pollinarias in 30.17% Fflow-
f 1.91 per flower, while 3.21%

ers were removed with an aversge o
pollinia in 12.50% flowers were inserted with an average of 0.16G
per flower. In MAN populatiion. d44.8% pollinariz in 80% flowers
were removed with an average of 2.24 per flower, while 5.B6%

pollinia in 23% flowers were inserted with an average of 0.28 per

1#3
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flower (Table 5, B).

Overall in all four populatiors, 44.91% pollinarin in 82, 86%
flowers were removed with an aversge of 2.25 per flower. In
nearly nalf of the flowers(49.49% of total Flowers with removal)
one - two pollinsris were removed (Fig. 43), Whereas 3.37% pol-
finia in 13.706% flovwers were insczrted with an average of 0.17 per
flower. About 4B8.8% of the inverted pollinis were in Plewers with
one - two pollinaria removal (Fig. 43). The probability of remov-
#l 6 - 13 times than that of an insertion.

Significantly higher number of insertions (72.5%, xz =
14 .27, P«<0.001, Table 7% were in stigoatic chambers with residual
pollinaria present than {(removed) =bsent. Hultiple insertions
were 16.75 of the total insertions, cof which 30% were double and

10%¥ triple (Table 8}.

DISUSSIOH

A considerable variation has been observed among populations
of the studied taxas 1in the level of rpollinator activity and
pollination success. The highest level of pollinateor activity and
pollination success hes been detected in DAR population of (Caleo-~
tropis procera, in XUC population of Pergularia daemia,Oxystelma
esculerntun and Ceroredia bulbosa as compare Lo other populations.
Pollinstor asctivity was high in KUC population while pollination
success is nearly equal in both the studied populations of Penta-
tropis nivalis. Similarly for Leptadentes pyrotechnieca pollinator
activity was highest in GHA population and pollination success 1in

MAN pcopulatien. Sucn wast differcnces have salso heen reported
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smoeng  populations  of dselepias species by Willson and Rathke
(18745, Wystt (1976 & 1978, Lynch (1977), Wystt and Shannon
{1988)Y and for Sarcostemms species by Runze and Liede (1991) snd
Liede and Whiteheud (1981}, According to Wyatt (1876). differ-
gnces among different populations in pollimstor activity and
pollination success may be cwue Lo the nvailability of the polli-
natcrs, coliony size, nearest colony and nearest neighbour dis-
tances, inflorescence size, forw and cue to some other parame-
ters.

Present study s&also indicates that different taxa exhibit
different rategc ¢f pollinaria removal and pollinia insertion.
Whereas on the tribal basis thezse differences were insignificant
(Table 9. Two groups ceould be recognized of the studied taxa on
the basis of attachment of pollinaria on 1insects (pollinators)
body. The first group comprised of C.procera. F.daemia, F.tomen-
toss. F.nivalis und O.esculentum where pollinaria were attached
on legs of insects, wheress secoend group comprised of (C.bulbosa,
G.varians. and L.pyrotechnica vhere polliinaria were attachad on
mouth parts of insects. First group has significantly low polli-
naria remcval rete than cecond group while sate of pellinis
insertion was non-significant in both groups (Table 10).

This factor (i1.¢. attachment of rprollinaris on different body
parts of 1insects) may even be responsible for interspecifice
differences in rewoval and inserticn rates. For instance, Kunze &
Liede (1391) reportad high remecval and inserticon rates far Sar-
costemma clausum (Jacqg.) Schu.es and S.panncsum Decne. (in  both
species pollinaria attoched on mouth parts of insects) fromw

Mexico, whereas low rates of —olliyvaria removel and pollinis



Table 9. Student’s t - test between Tribe Asclepiadeac (1) and Tribe Ceropegicae (2)

Parancters Tribe Mean No.ol t - value Probability
samples

%o of flowers with 1 47.73 + 2435 6 141 ns
removed polinaria 2 7393 + 12.65 2

% of flowers with 1 18.19 + 1713 6 0.20 ns
inseried pollinaria 2 2085 + 10.07 2

% of pollinaria 1 2407 + 2026 6 1.59 ns
removed 2 4835 + 487 2

% ol pullinia 1 494 + 254 o 0.26 ns
inscricd 2 583 1 356 z

Pollinaria removed 1 L19 + 101 6 1.01 ns
per flower 2 242 + 0.29 2

Poilisia inserted i 027 + 025 O 0,126 ns
per flower 2 0.29 ~ (s 2

+ = Standard deviation

ns = non - sigaificant ar 5% level
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Table 10, Poilinaria removal and pollinia insertion rate between Group 1 (pollinaria attached on legs
of'in cets) and Group 2 ( pollinaria attached on month parts of insects).

Taxa % ol Nowers with Y of Lotal Per flower
pollinaria pollinia poilinaria Pollinia Pollinaria  pollinia
removed  inserted rermoved  inserted removed  inserted

Group 1

Calotropis jrocera 21.62 0.46 8.8 230 0.44 .14

ssp hamiltonii

Oxysteima esculenann 44.60 30.92 18.82 8.63 0.89 0.57

Pentatropis nivaiis 40.48 6.75 12.61 179 0.63 0.10

Pergiiluria daemia 27.20 9.07 %15 2,22 0.45 0.11

Pergularia tomentosa  17.39 39.13 35.65 11.85 1.78 0.59

Mean .26 19.06 17.01 547 0.84 0.30

1763 + 1785 + 1079 +475% +054 + 026

Group 2

Ceropegia bilbosa 5.0 280 51.80 B4 2.59 (.42

Gliossonema varians  85.63 5.5 6(0.48 1.65 3.02 0.08

Leptademia pyrot- 82.86 13.76 4491 3.37 2.25 0.17

fechnica

Mean 71.83 15375 52.40 4.47 2.62 0.22
+ 1119  + 1138 + 7.80 +3.51 + 0.38 + 0.18

t - value 3.27 0.43 4492 0.35 4.96 (.49

Probability 0.05 ns 0.0 ns 0.0t ns

1+ = Standard deviation

ns = non - significant



ingertion Were reported in S.viminale (L. B, Br. (pollinaria
attached on legs of ingeo ta) frow S Afrizz Ly Liesde & Whitehead
(1821Y,  One may argued as Liede o Wioitehesd J1991Y did  that as
both studies were carried out in diffcrert reglons so low venoval
snd  insertion rotes from 3.AFrics wight be due to low  abundance
of anthophil insectis in arid area=s. llowever, tihis may not be the
case 1n the present stody as all the taxa were stodied from the
same reglon.

The taxa with pollinaria attached on legds of pollinators
tend to have more effective pollinstor service iL.e. low recmovals
and high insertions of the removed pollinaria as coumpared to texs
with pollinsria attached or wouth parts of oollinators. Wyatt
(1978) also pointed out that in Asclepias tuberosa L. attschrent
of pollinaria on mouth parts of pollinators may lead to more
wastage o©of pollinia am compare Lo pollinaria attached on thelr
legs. Thus, the florsl streecture in respoans2 to Lhe attachment of
rpolllipnaria on different parts of lusects pody and the difference
and specificity of pollinaters seemz to be the paliusible cause of
differenre in pollinaria removal wnd pellinis  insertion rates
among the two Zroups.

3ignificant correlation has ocgurred hetween number of

pellinaria removed wund number of peollinisa inserted at a1l the

three levels (1) per flower (r = O.085, P4, Gi. Fig, 44y, ily ¥
of pollinariasprollinia v = 0,000 -0, 01, Fieg 4%y ang 7iii) % of
flower (r = 0.573, P<0.01, Fig. 49 Thug oresent ctuedy  suvpports

Wyatt 1870 & 1978, Lynch (1977 and 3eare % FPerkins (1882) toat

insertion rateg are the positive Tunciion of vemovel rates.
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Wystt (1976% proposed a hvpothesiz that successful  wpollinia
insertions are primarily 1nto sLifmstic chawbers with residual
pollinaris still present (intact). Hig hyeothesils was  supported
by number of workers viz. Lyneh (1977), Wyaltn (1978),.Beare and

Pevking (1382, Ali arnd Ali (1389 s&snd Liede and Whitehead

(1agLy, In tie present study, out of ¢ in 7 taxa significantly
(x2 = 31.99 , P<0.001, Table 7) more insertinne were into  stig-

matic chambers with residual pollinaria still present. Thus our
data also supports Wyatt’'s (1878) hypothesis. In  his opinion,
this process may effect some dedree of temporal separation of the
male and female function of the flower. As the probsbility of
insertion 1is greater for flowers with residual pollinaria still
present, outcrossing is encgouraged since insertions are likely to
be from flowers from which pollinaria have been removed to other
flowers with residual pollinaria present.

The onl: excestion is Ceropegis buiboss, where insertions of
pollinia significantly exceeds (x2 = 5.06, F«<0.05, Table 7) in
stigmatic chambers wWith residual pollinaria  (removed) absent,
This can be explsined in view of Wyatt's (1876 suggestion that
pollinsrium removal may occcur after a successtul insertion. Thus
as  1n C.bulbosa pollinators priconed in {lowver for 19-20 hours,
so there were more chance: of pollinariz remcvals after success-
ful insertions.

Hultiple insertions were rare and exhibited only 20.14% of
the total insertions. OQur findings alsu coincide with most of the
earlier observations viz. 10% in 4.s50lonans by Lynch (1977), and

21% in S.vimipale by Liede & waiteliead (1891), except Cynanchun



canescens where 93% multiple insertions has hbeen reported by
Chaturvedi (1937, Double inoesrtion (1.&. Lwo separste pollinia
inserted in two stigmatic chamber out cof five of a8 flower) seems
to be the dominsnt 1.e. 99% of &ll tne multiple inserticons. Liede
% whitehead (18991) also reported double inscrtion (B81%) as the
majdor multiple insertion in S . viminale wuhiie accorcding to Chatur-
vedi (i987) triple insertion (44%) was highest in C.canescers.

About 8,3% triple and 0.35% each 4 & 5 insertions have also
been observed. However, Wyatt and Stannon (1986) and Liede and
Whitehead (1991 have not reported « -5 insertions while Chaturve-
di  ¢1987) found them in 11w s8nd 6% flowers, respectively.

Chaturvedl (13987 in C.canescens alzo reported more than ene
pollinium insertion in single stidmatic chsmbear in 8% flowers.
Iin the present study caly in twao flowers of O esculentum 5-4
pollinis were inserted in  single stigmatic chawmber. In P.oivalis
a unigue situstion egxists, s part frew 2inglsr pollinium  inser-
tion, sometimes 1 85H% of total inse-tions) entire pollinarium
{(i.7. two pollinis with arms znd gland) wags inssried in cingle
stigmatic chamber.

The probsbility of removal was more than 8 times (pooled

e

value of all taxs) that of an incertion. Thusz high number of
removals and relstively low number of iusertions seems to be the
characteristic festure of the Ascleplads as nesrly all the
stedies on the members cof this fawmily reported similar results.
Wystt (1978) suggested thst it might be due (o that certain
florasl wvisitors functioned primarily a5 non-inserters. While

.

according to Beare wund Perkins (14882 due to such a narrow

mechanical marxkin of errer, 1nzerticns are zimply rare events



compared to pollinaria removals or perheps larfde number of remov-
#ls are necessary in crder to increace the probability of  @sue-

v

cessful insertions.



CHAPTER 5

POLLINARIUM REMOVAL AND POLLINIUM INSGERTION MECHANISHM

INTRUDUC T LON

It was generally believed that nmo specific mechanism is
employed by Asclepiads for pollinaria removal amd pollinia inser-
tion. The insect merely places its legs In anthEr slit and by a
chance process the pollinium is ieft there and no spcecial pol-
linia ingsertion mechanism operates other than the compatible
dimensions of pollinia and stigmatic chambers.

Wyatt (192748) was the first to explain the mechanism of
poliinia 1inmsertion. Acccording to him, the corpusculum of an
intact pollinarium play an {pportant rale In pollipium insertion.
The girocove of an intact pollinsarium located at the apex of the
anther slit {stigmatic chamber) act as the point of resistance
for the translatocr arm of the inserting pollimium ang this result
in  the breakage of translator arm at knee bend leaving the poli-
linium inserted 1n the stigmatic cliamber. Wyatt's (19748) hypothe-
sis  was tested and verified by himselt (Wyatt, 1978) and others
(Bookinan, 1981; Beare and Ferkins, 1982 ete,. ).

Funze (19921) peinted cut the adaptat:icn of seoveral floral
structures in relation to pollimaticon. Accorcing te him pollinar-—
ia remcval and poilinia insertion by the inpsects (pollinators) is
aitded by various structural devices zuch as hair, Ccorona 2le-

ments, anc position of nectary all guiacing the proboscis (er leg)



towards the entraace of Lhe anther siit, Ever anther siit oftern
displays structural differentiation o adaptation to pollinium

insertion and guiding cf the insect = probacis or leg.

MATERIALS AND METHODLS

Insect behaviour an relation to pellinaria removal and
pollinia insertion of Calotropis procera (ALt.,) Alt., f. ssep.
hamiltonii {Wight, Ali, Glossonema varians (Stocks) Hook. f.,
Oxysteima esculencum (L.f.) R.Br., Pentatropis nlvalis ({(Gmel.)
Field and Wood, FPergularia daemia (Fforssk.) Chiov., FPergularia
tomentosa L., Ceropegia bulbosa Roxb. and Leptadenia pyrotechnica
{Forsik.) Dcne. was studied as described in chapter 3.

Follinated flowers of +the above mentioned species were
selected from the flowers used tor the study of poullinator activ-
ity {cee Chapter 4)., Floral samples were exwamined in  Scanning

Electron Microscape asz well as in lLight Microscope.

OBSERVATIONS AMD RESULTS

Tribe Asclepladeae
L. Calotropls procera (Alt.) Ait., . ssp. bamiltonii {Wight) Alil
Follinarium Removal Mechanism:

In C.procera  (Ait.) Alt. f. ssp. hamiltonii (Wight) AlLl the

nectar is of concealed type and as already mentioned presented inv

=
[
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Fig. 47. Calotrornis procera ssp. hamiltonii: A, Open stig-
matic chamber with intact corpusculum and an inserted pol-
linium, note the position of the broken translator arm
(arrow) in nature it fit in the grocve of corpusculum, here
the original position is altered; B, Anther wings with
striae and nectaries (glands) within the stigmatic chamber.
Glossonema varians: C, Anther wings with striae; D, nec-
taries (glands) with 1n the stigmatic chamber.

Scale bar: A = 10 pupum; B - D = 100un.

164






-~

the staminal segments. The ansect (Foliinatcy) lanmd on the stigma

heard and 1nsert its proboscais in the opening at  the apex of
coronasl segment to suck the nectar. During nectar sucking, the
irigect press the roronal segment and the fleshy pads in order to
get more nectar. 1t aleo rotate on toe stigma "ead to exploit all
the coronal segmente o7 a flower, The prassing and repressing of
thie pads and rotatiocn on the stigma head involves the movement of
lege over stigmatic chambers. In these prooessess tarsal  and
tibial s=segmernts af the insect’'s lag fregquentiy come 1In contact
with the co~pusgula. Thus a corpusculan gets attached to a leg
hair and alcngwith the leg the corpusculum with the attached
poliinarium 1s pulled upward freeing the pollirmia from  their
anther sacs.

Pollinium Inserticn Mechanisms:

The stigmatic chamber i1c beak like anog tightly closed by
thick and nard anther wirgs, =g that the opering of the stigmatic
chamber must be the first step in the proces:s of pollinium inser-
tion, Observations revealed that during the pressing of the pads
by the imsect, th=2 portion above the pade and below the anther
wings of the stigmatic chamber (arrow in Fig. 40) is also
pressed, as a result anther wings get apart {are separated) and
stigmatic chamber apen (Fig. &7R}. The previcusly removed polli-
narilum become posationen on rhe Huar of  insects’'s legs  through
the curvature of the translatcer arm so that the oxolateral sur-—
face of the poll:pium with the germinaticn locus extends away
from tnhe nsect’'s log. The striag runming Jdiagonally along  the

edges of anther slatb are vbservou (Fig. 47, that act as guid.ng



structure to keep iLhe clenched insect parl i1.e. hair of tibiae or
tarsl1 inside the stigmatic chamber. The pollinium {  pot  the
translator arm) eniters into the stigmatic chamber and the trans-
lotor arm bireaks at the bend below the coirpucculum as the insect
litts its leg, leaving the pollinium within the stigmatic cham-

ber .

Two factors seems to be responsible for the breakage of the
tranzlator arm at the Knee bend.

(1) Presence of an intact corpusculum:

When the trenclator arm of an inserting polliniumm comes in
contact with fhe intact coerpuscotum, the groove of the intact
corpusculum acts avw a point of recistance (F19.47A) and the break
at tne knee bend occurs, 35 the ipsect pull ite leg (Wyatt, 19763
Beare and Ferkins, 1982).

(ii) Closing of the stigmatic chamb=r:

In the absence of intact pollinarium, mnovement o7 the
anther wings may also provide succcesstul pollainium  ipsertion.
Thus, az an insect stops pressing ine pads, anther wings come
back to their original position ard the stigratic chamber is
closed, grasping the inserted pollinium. When insect pull its
leg, the break cccur at the knee neno.
(i1i) Presence of glandular papillase:

ihe 1nner surface of the antbher wings are provided with
glanduiar papillae (Fig. 87B}), These papillae apart from secre-
tion oi nectar may alszoc grasp or hold the inserting pollimium  as
the s=stigmatic chamber closes, and resulis in the breakage of

translator arm,



2. Glossonema varians (Stocks) Hook., f.:
Pollinarium Removal Mechanism:

In G,varicns {(Stocks) Hook., f. the nectar is of semi-open
type 1.e. nectar is secroeted with in the stigmatic chamter in
hermaphrodite flowers and tetween anther g below corpusculum
(where stigmatic chamber 1s present an hermaphrodite flower) in
male flowers, HNectar 31s then accumulates at the base of the
staminal columr in a ring or annutus formed by thz inner corona
segments through a wide gap or opening of anther slit at the base
of stigmatic chamber. The annulus is surrounded by the outer
corornal segments, leaving only a small gap between them in front
uf each stigmatic crhamber for The ipsects to reaech the nectar,

Insect {pollinator) uscally land on the stigma head and
insert 1i1ts proboscis into the gap belween the corona segments.
Its front and somelimes middle legs press the corona segments  to
widen the gap and reach the base of the annulus. During this
process, the proboscis {lower or vertical side) come in contact
with the corpusculum which get attached to the proboscis. After
nectar sucking, insect withdraw i1ts proboscis from the coronal
gap and thus alorgwith proboscis the corpusculum with the at-
tached pollinarium i1is pulled upward and so removed from the
flower. Sometimes, insect (particularly, Scoila gqQuadripustulata,
land on the petals instead of stigma bhead and insert its probos-
cis into the gap while widening the gap with the help of front
legs. this time, the corpusculum get attached Lo the dorsal side

of proboscis instead of veniral side,



Pollinium Insertion Mechanism:-

The attached pollinmarium on ingect s probuscis, positioned
itself through thea curvature of tramslatocr arm inm such a way that
the exvolateral surface of the pollirnium with germination locus
ertentds away from the imsect’'s proboscis. Purirmg nectar sucking,
the pollinium of a attached polilnarium on i1nsect’'s proboscis may
get inserted into the bascel opening of anther slit., As  insact
pull its proboscis upward in crder to leave the flower or coronal
gap, the pollinium alongwith the probeoscis also pushed upward

into the stigmatic chamber guided by the striae present on  the
edges of anther wings (Fig. 47C) and thus a break occur at Knee
hend of translator arm and pollipium is successfuly inserted into
the upper portion of stigmatic chamber. The groove of corpusculum
of an intact poliparium at the aper ovf the stigmatic chamber may
act as the point cf resistance as well as the narrowing of the
stigmatic chambers and glandular papillae (Fig. 47D) may be re-
sponsible for the treakage of the translator arm.

The long translator armed pollinaria of male flower seems to
have advantage over short avemed pollinaria of hermaphrodite
flower as long armed pollinaria attached to insect’'s proboscis
positioned farthest away from proboscis due to curvature of arms
than the short armed pollinaria and thus have greater chances of
being inserted first into the stigmnatic chamberc. Thus lengrt of
the translator arm is an adaptat:on to promote insertion of male
flower's pollinia es compare to hermaphrodite ones.

Wnole of the pollipium is inserted in the stigmatic chamber

and »not a single case of more than one pollinium insertion in  a

12t



Fig. 48. Oxystelma ccculentum: A, Stigmatic chamber with
inserted pollinium, note the position of pollinium quite
below and not the intact corpusculum; B, Anther wing with
striae and inner portiorn of stigmatic chamber with glandular
nectaries. Pentatropis nivalis: C, Anther wings with striae.
Pergularia daenmnia: [, Stigmatic chamber with inserted pol-
linium, broken translator arm of pollinarium fitted in the
groove of intacc corpusculum; E, Inner portion of the stig-
matic chamber and striae at anther wings. Pergularia tomen-
tosa: F, Stigmatic chamber with inserted pollinium, note the

attachment of inserted pollinium to the intact corpusculum.

Scale bar: A, D & ¥ = 1000 um:; B, C & E = 100 um.
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stigmatic chamber is aobserved.

5. Oxystelma esculentum (L.f.) R.Br.:

In J.esculentum (L.f.) R.Br. the nectar is of mare or less
concealed type. Nectaries are located within the stigmatic cham-
bers  and  may be extended helow into the Turrow of two corona
segmetns. The ainzter caronal furrow form continuous depression
along the length of staminc¢i column, narrowing towards apex into
stigmatic chamber, which is bounded by anther wings and broaden-—
ing towards the base., bounded by the margins of coronal segments.
Thus a coptinuous slit alongwit!y anther slit is formed on the
inter courornal turrow. The base aof the staminal column is bounded
by the outer corona in the form of a rimng or annualus. The nectar
is stired or presented in the inlor coronal furrow which is cov-
ered by the anther wings and margins of corcnal segments and by
annulus at the base, leaving only a iong marruw slit for insects

to yet the nectar.

Pollinarium Removal Mechanism:

The flowers are not i avnraight position on inflorescence but
rather at an angle of 1BCY ta that of staik. As insect land an
the flower, it tiit downward gdue to i1nsect’'s weight. So insect
first try to bold its grip on the flower by holding the petals
with legs. After holding the flower, it move into the flower and
try to hold or grasp the coronal segments, with 1its  fare and
middle legs and insert the probuscis in the slit below the stig-
matic chamber to suck nectar; however , due Lo smooth, shiny and

siipery surface of coronal segments, legs slipped into the slits

1T



located on inter coronal furrows., The legs arwe then held into the
anther siits due to narrowing of the furrow, thus insect get hold
on the flower. Atter nectar sucking, when imsect pull its  legs
out of anther slit {stigmatic chamber)}, the corpusculum at thg
apex of anther slit attasched to the claw, and so along with leg,
the pollinarium is removed from the flower.

Pollinium Insertion Mechanism:

Mo movement of translilator arm of the r emoved pollinarium has
been observec. After removal of the pollinarium the two pollinia
tilt downward and =imply hangdown on their arms from the corpus-
culum and in this way the exclateral {germinaticon locus) surtace
extends away frum insect’'s leg.

when an Insect, with pollinarium attached to its leg, visit
another or same flower, one of the pelilinium of +Lhe attached
poilicarium, get inserted into the stigmatic cohamber alongwith
the lwg. Diagonally running striae are present at the edges of
anther wings (Fig. 48B) which directed the insect leg into the
anther slit. It has been observed that wupward mcvement of insert-
ed polliimium is stoped below the apex of stigmatic chamber, and
seems that insertsd polliniun fits at this mnarrow portion of
stigmatic chamber (Fig. 48BA). fAs _nsect null its leg, the trans-
lator arm break, leave the pacllini. In the stigmatic chember,

Thus, intact corpusculum do not play any role, rather the
narrowness of stigmatic chamber is responsible for the breakage
pf Ltranslator arm of inserted pollinium {Fig. 48RY,

Whole pollinium 1 inserted 1n tha stigmatic chamber and in

contrast to above three species, 1n only 2 flower 2-3 pollinia

ivl



are found to be inserted in a stigmatic chamber.

4., Pentatropis nivalis {Gmel.) Field and Wood
5. Pergularia daemia (Forssk.) Chiov.
6. Pergularia tomentosa L.

The flower of all these three species are in inverted posi-
ton i.e. hanging upside-down on inflorescensce, The mechanism  of
poallinarium removal and pollinium inserticn 1n relation to flower
structure is more or less sisilar to that of Oxyslelm esculentumm
{(L.f.) R.Br. {Fig. 48C-F). However, in  fepiatropis npivalis
{Gmel.) Field and Wood and in both Forgulo-Ia snecies two factors
may be responsible for the brezkage of translator arm of insert-
ing pellinium.

(1) Presence of intact corpusculum:

Intact corpusculum work in similar fashion (Fig. 48D, F) as
described for C.procera {(ARit.) ALt.f. sop. hamiltonii (Wight)
All.

(ii) Narrowness of stigmatic chamber:

Marrowress of the stigmatic chamber toward the apex also
resist the inserting pollinium to remain in the stigmatic cham-
ber, similar te Oxyvstelma esculentum (L.f.) R.Br. (Fig.48D, F).
However, in Fentatropis nivalis (Gmel.) Field and Wood, apart
from single pollinium, scmetimes whal=z of the pollimarium (i.e2.
Corpuscualum with ~ranslator arms and both pollinia) is alsu
inserted in a stigmatic chamber may be due to the loose attach-

ment o) corpusculum on insect leg {(claw),

ra



Fig. 49. Ceropegia bulbwusa: A, Inscxted pollinium; B, Inner
portion of stigmatic chamber with glandular nectaries.
Leptadenia pyrotechnica: €, Inserted pollinium (double).
Carallura edulis: D, Inserted pollinium, E, Glandular nec-
taries at the base of stigmatic chamber. Caralluma tubercu-

lata: F, Inserted pollinium (double).

Scale bar: A & F = 1000 um; C & D = 500 um; B & E =fapm.






Tribe Ceropegieae

7. Ceropegia bulbosa Roxb.:

In C.bulbosa Roxb. the nectar is of open-tyne thowever,
flower itself is closed type with a tube ard Lraping mechanmism.
The nectar iz secreted 1in the stigmatic chamber and  accumulates
in the cups tormed by outer corona just below each stigmatic
chamber (Fig. 6BA). Like Glossnema varians {Stocks) Hook.f., a
wide opening is present at the base of stigmatic chamber from

which nmnectar flow towards the coronal cups.

Pollinarium removal mechanism:

The inctects are trapped in the flower for 18-24 hours,
Insect usually sit on the stigma head and from there try to suck
the mnectar from the open base nf the stigmatic ¢hamber ard also
from the coronal cups bhelow stigmatic chembers. During this
Process, the lower portiorn of the mouth parts come in contact
with the corpusculum present at the ape» af anther slit (stigmat-
ic chamber}. Thus the corpusculum get attached to the mouth parts
and as insect lift its head from the stigmatic chamber, pollinar-

ium due to attached corpusculum also removed from the flower.

Pollinium insertion mechantism:

The two pollinia of a po linarium attached to the insect’'s
mouth part ti1lt downward and come in hamglng position so that the
external appendage of pollin.um (I.e. germination locus) can
catch the anther slit like a hook. When irmsect with attached

pollinarium visit a flower. The above menticned process 1is re-



peaitrd. Hut mow thiz timz, ong o1 the poliliaium ot the attached
poliinarium get caught inm the basal open portion 0f the anther
slit (stigmatic chamber) angd a= i1nsect pull ity heed, bhreak ocour
at the tramslator arm and the pollirmium 1a l1e2frt in the stigmatic
chiamber (Fig. 49A). The size of the coxternal potlinial appendage
18 such that it fi1t into the bhasa: c2en poction ol anther slitg
Further, upward movement of inserting polliinwum 1s stoped due to
narrowness of stigmatic chamber, duc to contact of broad portion
of poiliniun with the anther wsings and may be alsoc due to  the
presence of glandular wspillae cn the inner surtace of anther
wings f(Fig. 49B). 1t my also be possilbe that ciandular pspillae
fit in the ridges and furrows of the inserting extra " pollinial
apendage, thus resist upward movement and result in the breakage
of translator arm,

Thus only the external pollinial appencdage is  1nseried in

the stigmatic chamber {Fig. 49A4).

g, leptadenia pyrotechnica (Forssk.) Done.:
F.Caralluma eduiis (Edgew.) Hook.f.
10. CLaralluma tuberculata N.E.Br.

In L.pyrotechnica (Forssw. ) Done. the mectlur is also of open
type and from the stigmatic rnazmber flow and accumulates in the
coronal cups located below sach stigmatic chamnber. The mechanism
of pollairarium reroval and polilcioem insertiorn 15 more  or e

similar as described tor {ercpegic ullbosa FHosn, (Fig. 49C),

it



Al though, the behaviosr of insecis (pollinators) could not
be studied 1 C.roulls {Edocew. ) Huok.f. ang . tuberculata N.E.Dr.
but on the basis of morw o less simnilar pollinarium morphology,
nectar system and Jjynostegiunm =tructure, it can be predicted thet
Caralluma species may alzo have similar pollinarium removal and
poilimivm insertion mechonism (1. &Sl -FY az described for Cero-
pegia  bulbhoss Roxo. and L.pyrotecrsnica and may be  evident from
the presence of similar glandular papilae on the inner surface of
anther wings of .edulis (Edgew.) Hook.f. (FIG. 49E} ss observed
1in [erooegla buibosa Roxb. ard 0 .pyrotechsica (Forosk,) Derwe,

Howover, 1n cantrast to Ceropegiae bulisoosa Roxb. the external
polltiniai appendage of a2bove 7 species enter properly  in uoper

portion of the stigmatic chamber ‘Fing, 472C, D & &),

DISCUSYINN

Precont Study has revealed a verxzety or siructural adapta-
tions to highly specialized Tunctions pertalning to pollinsticon,
such as:

Stigmatic chambers:

Stigmatic chambers show different siructural modifications
in response to the mode o7 poliipation. For anstance, in the taxa
live Oslotropis procers (ARrb.) Altof, ser, Aamiltonii (Wight) 811,
Oxvstelma psculientum {1.5.) M. P Pentatiroplis nivails (Gmal.)
Field and Waood., Pergularia dacmla (Forssk. ) Chiov., Pergularia

tomentnsa L., whern eptire poilanicm o collinarium 1S o be

inserwed, the sticmatic chambers Secome wulle Jeep, elongatied,

Lit



gradually nawrrowing towards apex  and posses diagonally running
striae at the edges of anther wings as an guiding structure to
keep the 1nsect leg or proboncls 1nsi1de the anther slit. Simalar-
ly striae on the anther wing eages are also reported in  Astepha-
nus tritlorus Ychlir., Microioma calyvoipum E.Mey. and several
species of Sarcostemma by kunze and  tisde {(1991) and Kun:ze
(1921).

Whereas in the tarxa like, Carallume edulis (Edgew.) Haook.f.,
Caralluma tuberculata N.E.Br., Ceropegla bulbosa Rosb. and Lepta-
denia pyrotechnica (Forssk.) Done., where only the germination
locus (Extra pollipial appendage) is to inserted, the stigmatic
chamber become shallow, short i.e. matches with the gize of
germinatian locus, without striae on edges of anther wings and
with glandular papilliae on the inner surfaces of anther wings
which not only secerete nmecta- but also hold the germination
locus of the inserting pollinium.

Coronal segments:

Coronal segments also show great deal of modifications.
Apparaently they seem to provide foot hold te  insects, however,
they actually guide the ipzect’'s leg or proboscis  towards the
entrarnce of anther slits by their smooth, shiny, slippbery surtace
and ridges or furrows pointing towards anthier slits. Coronal
segments mainly act as the nectar reserviours or storage  and
provide access to it. Delphino (1B&4TY has wiready related the
asttachment of pollinaria on i1nsect' s body parts (i.e. leg or pro-
buscis) with the tocation and access Lo nectar. According to him,

taxa with nectar stored :in corcnal segments located at the back

1



af arnther nave leg~pollimation while fasz with cation andg
soceeE2:s to nectar directiy below the 2ntronces of antier siit have

proboscis-pollination.

Present stucy also stow and support this type of relation-
ship in several tara but few exceptions are also observed. For
instance in Oxystelma esculenntum (L.f.} R.Br., Pentatropis niva-
l11s, {Gmel.) Field and wWood, FPergularia daemia (Forss k.) Chiov,
and FPergularia tonentosa L. although the nectar and its access is
lorated below the anther slit but still they are leg-prnllinated.
It seems that thesse taxa have adapted to this way {on ileg of
insect) of ppllinaria removal in several structural aspects. Not
pnly 1s the entrance to anthier slit becocme farther away but  also
the access to the nectar has shiited laterally towards the side
of the stamens and at the base of the staminal cslumn. The inter-
staminal fur row (nectar rese-viour) ihtself is  covered by the
inflexed run or margins of corcmal segmenis. Thus the pollinatcr,
clingimg with ity leys to the gynostegium, is forced Into  an
obligque peosition towards fhe anther Siit which favours the legs
getting caught rather than the proboscic.

The Ffollaowing facltors are found to bBe responsible for the
breakage of the transloacor arm of an wncerting pulltinium:

1) Presence wi v antact corpusculum

11} Narrownsss of the stigmatic chamber towards apex

i1i) Ciosing of the stigmatic chamber

1v) presence of glangular papillae within the stigmatic chamber
V) Arither wings may act as the moint ot resastance For the

broaden portion of inaserting 2olilinium



First facto~ has been reported by Wyatt (1976, 1979) and
Brare and Perkaing (17327) in Asclenias species, the second by
Kuemze (19%91) in Sisyranthus species, however rest of the factors
are reported Tor the first tine. These factors operate singly or
in comuination of twp o~ three, may depend and vary from speries
to species as described im resulis.

Thus it could be concluded that Asclepiady possess special-~
ized mechanism of pollimarium removal and pollinium insertion due
to a high degree of synorganizatiorn of wvarliety of structural

elaborations and functional! process :f poilinatian,
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CHAPTER G

THE EFFECT OF SUGAR CONCERTRATION ON POLLINIUM GERMINATIOR

INTRODUCTION

As steted earlier the pollen greins in the members of sub-
family Asclepiadoidese (fFamily Asclepiadacese) are produced in
paired packsges kaoown &3 "Polliria”. These pcellinia are removed
from the flowers by the pollinating insects. 0On & subsequent
visit to ansother flower, a pollinating insect inserts the pollin-
ium into a stigmatic chamber where it may remain und so effect
pollination (Wyatt, 197G; Ali and ALll, 1389 etc.).

The pollinium normally Eersinate in o solutien of nectar,
which 13 rroduced by the nectaries located in the stigmsatic
chamber (Corry, 1324; Gotil and Zeronl, 1985; HEisikowitch, 1986;
Shanrnon and Wyatt, 1983; Kevan et al., 1439 and Eisikowitca et
al., 1990). In Asgclepisads, & wide renge of fiorsal nectsar sugar
concentration has been reported by Willson and Bectin (1879),
Morwve and Fritz (1983), Scuthwick (1983), Southwick and Southwick
(14983, Punchihew= {1484, Eisikowitaeh (3195805, and ¥yatt and
Shanneon (1338670,

As 1t has been krown that each taxon required a  specific
sugar concentrstion for its pollen germinution snd in Asclepiads
nectar schbs as the natural Herminating mediaom 50 the varistion in
its sugar concentration kay eflTect the pelliniam germination.

Thes  in-vitro polliniom germination ofF the follewing  spe-

cies viz. Cslotropis procers (A:t.y ALt. ©. &sp. hamiltonii,



(Wight)y Al11, Caralluma edulis (Edgew.) Benth., Caralluma tubercu-
lata L., Cercpegia bulbosa Roxb., Glaosspoanems varlians (5tocks)
Hook. f£., Leptadenia pyrotechnica (Forusk. ) Decre., Pentatropils
nivalis (Gﬁel.} Field and ¥Wood, and Perguniaria daemia (Forssk.)
Chiov., has been carried out to study the =ffect of sugar concen-

traticn on pollinium germinaticn.

MATERIAL ARD METHODS

Nectar Sugar Concentration:

ZH mature floral buds {(just prior Lo opening) were bagged
{nyvlon-nested/mashed) and tagged in early morning (6-7 a.m.) &and
afternoon (5-8 p.m.y for «daiurnal and nocturnal speciles re-
spectively. Dagged were removed at the ftime of maximum 1insect
activity and nectar was withdrawn with microcupillaries and  its
sugar concentration immediately assessed with a hand-held refrac-
tometor (Bellingham & Stuinly. U.k.)» from the concentraticn of

equivalent sucrose solution.

Pollinium Germinntion:

Pollinium gdermination wacs carried out under laboratory
conditions by the method of Khate-n & Ali (1933), bnt instead of
using agar and glucoge, sucrose alone was used. As nectar is  the
natural germinating medium for pollinia and it is dominated by
sucrose  (Percival, 1961; Willson and Bertin, 1979; Southwick,
1983; Wyatt and Shannon, 1986c), 3u liguid medium of the suerose

was used in order te remain close to the natural oconditions for



germination. A series of suecrose solution ranging from 5-40% w/v,
along with G.003% Ca(logl)p, 0.002% Mg3o, . 0.001% RKNog and O0.0U1X
boric acid were prepared.

Twenty.  pollinia (two / flower) from fresh flowers of each
species were transferred to each sucrcse solution at room temper-
ature (30-35°%) in a moist chamber for 12 hours. Pollinia of
nocturnal species i.e. Pentatropis nivalis (Gmel.) Field and Wood
end FPergvlaria dasemia (Forssk.) Chiov., were inoculated at 8-9
p.m. whereas of diurnal species at 8-3 a.m. Percentage of
germinated pollinia w&as calculated, and from emch germinated
pollinium the number of germinated pollen grains (assessed by
counting the number of pollen tubes grown from the pollinium) and
the length of the longest pollen tube was measured
microscopically. Changes in the sucrose concentration of the

medis Were assessed by a hand-held refractometer.

OBSERVATICKNS AND RESULTS

Nectar Sugar Concentration:

In Calotropis procera(fAit.) Ait. £. ssp. hamiltonii (Wight)
Ali florsl nectar sugar concentration ranged from 30-52% with an
average of 37%. In Pentatropis nivalis (Gmel.) Field and Wood and
Pergularia daemisa (Forssk.) Chiov. sverage nectar sugar concen-
tration was 24% and 17% which ranged from 20-32% and 15.8-18.3%
respectively. Sugar concentration 1in rest of the studied species

was not dectected, due to very small samount of nectar production.



Fig. 50.. In - vitro pollinium germination and germination
loci. A & B, Calotropis procera ssp. hamiltonii: Exocentro-
lateral: C, Glossonema varians: Exoproximolateral; D, Oxys-
telma gsculentum: Exosubdistolateral; Pergularia daemia :
Exosubdistolateral.

Scale bar: A = 100 pm; B - D = 200 uym.
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Fig. 51.. In -~ vitro pollinium germination and germination
loci. A, Caralluma edulis: bistal; B, Cercopegia bulbosa:
Distal; C, Leptadenia pyrotechnica; Distal.

Scale bar: A & C = 200 um; B = 100 umn.
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Germination Locus:

i germination of pol'lnium, the pollen tubes emerge from a
specific region known as “Germination locus”. In Calotrocis
procersa  {A84it.) Alt. £, sgo. hawmiltonii (Wighty Ali the devwina-

tion locus is exocentrolaterai, in Glossoncia varians (Stocks)

Hook .t und Pentatroplis nivalis (Gmel,d Firld and ¥Wood exoproxim-
clateral, in Pergularia daemia (Forussk.) Chicy. exodlistolateral,
in Caralluns edulis (Edgew.) Benth., Carallumsa tukerculata L.,

Ceropegia bulbosa Roxb. and Leptadenia pyrotschnices (Forssk.)

Decne. distal (Fig. 50, 51).

Pollinium Germination:

Tribe Asclepiadesne

In Caloftropis procersa (Ait.) Alt. £. ssp. hamiltonii (Wight)
Ali, 30% sugar (Sucrose) concentration was tound to he optimal
for pollinium germination 1.e. poller germination (manimum number
of germinated pollen greins/polii.ium) snd pollen tube growth
(healthy and longest pollen tube, Fig., 52). lrom 5-20% sugar con-
centration, pollinium gdermination started with in ist. hour of
inoculation, whereas at high sugar concentration 1.e. 25-40%,
late germination was observed. At 5% and 30% sugar conéentration,
100% vpollinia were germinsted. At low suder cornicentrations 1i.e.
5-15%, pollen tubes little bit coiled and become beaded whereas
at high concentrations 1.e. 20-40%, pollen tubes elungate normal-
ly but very best snd straight at 25% snd 30% concentration.

In Glossonema varisns (Stocks)y Hook. £., in  hermaphrodite

flowers best pollinium gZervmination in 15% sugsr concentration and

10k
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Fig. 52. Calotropis procera ssp.
hamiltonii: In - vitro pollinium
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centration.
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Fig. 53. Glossonema varians (¢): In
- vitro pollinium germination |
average number of germinated pollen
grains / pellinium and average
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in male flowers in 20% concentriation was observed (Fig., 53, 54).
Similsr to the above species. polliniom germination starced
earlier in lower sugar concentrations with maiformation of the
pollen tubes.

In Pentatropis nivalis (Gmel.) Field and %wood, at 10% sugar
concentraetion best pollen dermination and poellen tube growth  waes
observed (Fig. 58). Similar tu & .procera (Ait.; Ait, f. ssp.
hamiltonii (Wight: Ali germination started earlier at 1lower
concentrations as compared to higher ones. Al 5%, 10% and 25%
sugsr concentrations 100%, at 15% and 40% congentration 60%
pollinia and at 20% and 30X concentration §O0Z pollinia were
germinated . From 5%-20% concentration normal gerwmination whereas
from 25%-40% concentration e¢o1liig snd bheaded formation was
observed.

ln Pergularia daemia (Forssk.) Chiov., best germination and
pollen tube growth was observed ut 168 sugar concentration (Fig.
56%. Al &8ll the sugar concentrations 100% pollinic were germinat-
ed. Pollen tubes elongstes normally from 5-10% sugsar concentra-
tions  while from 20-4907% concentrsiions elither the pollen  tubes
failed to emerged from the poliinivm or if emerged than did ot

elongate much, coiled and vitimately bursiad.

Tribe Ceropegieuae:

In Caralluman edulis (Edgew. ) Benth., Cearnilupa tuberculats L.
and Ceropegis bulbcsa Roxb. best po’len germinastion was  observed
at 20 and 25% sugsr concentration, cespectively (Fig. 57, 58 &

549). In =l]l the Ltnree species 1004 pollinis were germinated in

a1l the suder concentrations with slight malformation of pollen
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tubes in lower rnoncentrations.

In  Leptadenia pyrctechnica (Forsw, ) Decne, at  23% sugar
concentration, hest pollen germinaticn and pollen tube. growth was
obgerved (Fig. 80). At all the sugsr concentrations, 100% pollin-
ig were germinated, Pollin.uom germination in 5-15% concentraticon
started within 1st. hour of inoculoation but simost all of the
pullen tubes coiled and burzted while in  20-40% concentrations

late gerwination with normsl pollen tube growth was observed.

DISUSSION

The position of germinatiocosn loci on the pollinia of the
studied taxa are simlilar to our findings =sssesied by acetolysis
method {(Chapter 2).

The effect ol sugar (sucrose) concentraticns on polliniun
germination was marked., Althcough, pollinisa of all the eilght
species studied can germinate in a wide range of sugar concentra-
tion but each speecies required s specific sugar ooncentration
for optimal pollinis gerwination. Thus, maximum pollinium germi-
nation (highest ¥ of germinated pollinig), pollen grain germina-
tion (maximuw number of germinated pollen grains/pollinium)  and
pollen tube growth (longest pollen tube) 1in Calotropis procera
(Aiv.) Ait., P, ssp. hamiltopii (Might) ali was st 30%, in Glos-
sonema varians {Stocks) loow. f. at 15% (in hermaphrodite “low-
ers) and at 20% (in mele flowers), in Pentatropis nivalis (Gmel.) Field

Wood
at 10% sand in Pergularia daemia (Torusgk.) Chiov., at 15% sugar
concentration, in Caralluma =2dulis (Eddew.) Benth. st 20/, in

Caralluma tuberculata .., Cercpegii bulboss Boxb. and Leptadenias



pyrotsennica (Forssk. ) Decne, at 22%,

Our results coincides with Kewvan et al., (1988) and Eisiko-
witeh et al., (1980) who reported that germination of pollinium
was started earlier at lower sugar concentrations as compared to
the higher ones. Like Asclerpiss syriaca L. (Eisikowitch et al.,
19390 in (Calotropis procera (Ait.) AMAit. £, ssp. hamiltonii
(Wight, Ali, CTarsalluma edulis (Edgew.) Benth., Caralluma tubercu-
lata L., Ceropegis bulbosa Rexb., Glossonema varians (Stocks)
Hook., f. and lLeptadenia pyrotechnics (Vorssk.) Decne. pollen
tubes bursts st 5% sugar concencration while in Pentatropis
nivalis (Gmel.) Fiecld and Wood and FPergularia dremia (Forssk.)
Chiov. abnormality and bursting of ;5}len tubes was observed
above Z20% sugar concentration. In Adselepias syeriacs L. inhibition
of pollinium germination was repocted above 30% sugar concentra-
tion by Eisikowitech et al., (14987, 1780). however 1in the present
study similar to Eisikowitceh et al., (1926) pollinium gderminated
even at 40% sugar concentration in zll the studied species,
although percentage of pollinlum dermination was reduced and  in
Pentatroplis nivalis (Gmel.) Field and Wood and Pergularia dJdaemia
{Forssk.) Chiov. even pollen tubes burcted at this concentration.

The optimal sugar c¢onicentration required for in-vitro
pollinium germination was more or less similar to the sugsr
concentration observed in the floral nectar. Thus in the florsil
nectar of Caleotropis procera (Ait.) Ait. §f. ssp.  hamiltonii
(Wight) Alil sverage sugar concentration was 37%, whereas in-vitro
its pollinia germinuted best in 30% sugar concentration. Similar-

ly, in Pergularia daemia (Forssk.) Chicv. filoral nectar sSugar

!



concentration was 17% ann ite pollinisa best germinated at  15%
sugar  concentration. Thiz similarity in sufair concentratior. of
artificial medio (that gave best germination) and floral nectar
have also been reported by Shannon and Wyatt (1986) for 4dsclepias
exaltata L. and bisikowitch et al., (1980) for Asclepias syriaca
L. Hrowsver., the case of Fentatropis nivalis (Cmel.) Field and
W oo is exceptiornal, in which its pnlliinia btest germinated at
10% sugsr concentration while on aversge Z47% sugey  concentration

w85 found in ftoral nectar.



CHAPTER 7

EFFECY OF FLOWER AGE OR POLLINIUM VIGOR AND PI5TIL RECEPTIVITY

INTRCBUCTIOR

In meny plant species including Asclepiads, a large number
ot overies and initiated frults fall to form fruilt as a rezult of
several ecological and proximate factors {(Keplisrt and Heiser,
188¢: Willson and Price, 19830; 3tephenszon, 1831; Wysatli, 1982).
Among meny, pistil receptivity and pollen vigosr slso seems to the
important factors at the time of pollination anc as obvious these
two factors may likely bhe changed with the onge of the flower
{(Morsge, 13987

Although, the effect cof [lower sge on polien viembility and
pistil receptivity have been studied on a number of plant species
(Karaal, 1982; Linskens,1963; Frankel and Galun, 1%77; Stephenson
and Bertin, 1983; Primack, 1985) but unfortunately, very few re-
ports are available on Asclepiads e.g. o Asclepias speciossa
Torr. Bookman, 1883), on Aselspias exaltsta L. (Shannon  and
Wyatt, 198BL), on Asclepias syrisca L. (Eisikowitch et =l., 1937;
Horse, 1887;.

However, thre unique morphology of Azclepisds flowers par-
ticulariy the transfer of pullen betveen plants in the form of
polliniwe, makes it possible to guantiryy the sopects of pellina-

tion that are difficult to study in other plants without pollini-



um. For instance, pollinatlon rates can be scored easily in the
laboratory and Tield by examining the [lowers and recording the
number  of pollinarina removed and pollinia inserted. Thuos, fune-
tionnl sexuﬁlity of the plants can alsc be determined as  removal
rates give some indication of relative male success and insertion
rates ol relative female success (Hystt and Shonnon, 198680),

Bookman (1983) and Morse (1987) used rate of pellinarisa
removal and pollinia insertion not only for sex determination of
flower but also for the study of -changes in pistil receptlivity
and poliinium vidor with respect to the flower age.

In the present study, an attempt has been made to determine
the pollinium viger with respect to flower age by in vitro pol-
linium germination and both pollinium vigor and pistil receptivi-
ty by eslculating the frequency of pollinsris removed and pollin-
isa inserted in different aged fluwers of Calotroplis procera
(Ait.) Ait. f£. ssp. hamiltonli (Mighty Ali, CGlossonesa varlians
(Stonka) Hook., f£.. Leptacdenia pyrotechinica (Foresk., ) Decne. and

P

Fergularia daemia (Forssk.) Chiov.

HATE[IAL ARD METHODS
Flower age:
pescribed 1n detall in Chapter Z.
Pollinium germination:
In-vitro pollinium dermination was carried out in  sucrose
solution of particular concentration, that give best resulis for
euch species (as observed in chapter §3). Germination of poilinium

{(N=20) from each 1-3 days uged flowers of each studied species

o



Tabl: 11. One - way ANOVA of mean number of germinated policn grains/pollinium of 1 - 3 days old

flowers

Taxa Davs One - way ANOVA
SVar 88 df My F Probability
Calotropis prbc.era
s&p. ramiftonii Al 3. days Days 10757 2 33785 0.0097 ns
Error 664508 12 533757
DyvsD, Days o722 1 672.2 0.355 ns
Error J481685.2 8 (21010
D vs D3 Days 19.6 1,196 0.005 ns
Error 338187 g 422734
Dyvs Dy Days
Erro.
Glossonema varians (7) Al 3-days Duays 807.6 2 403.8 6.11 P<0.025
Error 798 12 66.067
DyvsDy  Days 7569 1 156.9 9.20 P<(.025
Error 6534 8 1.7
DyvsD,y  Days 3969 1 3965 4.84 ns
" Eror 656 5 817
D, vs D3 Duys 576 L 576 167 ns
Crior 276 a4 3s
Glossonsma varigns (1) AlL3- days Days 7340 2 3020 5340 P<0401
tirror 364 i 47
DyvsD,  Days 670l { 6700 118.59 P
Frrer 456 8 57
DyvsDy  Days 4840 1 a5 25474 P<000
" Frror 132 8 1
Error 520 b 09




Table 11. contd....

Taxa Days One - way ANOVA
S.Var 5§ df MS F Probabilitly
Leptadeniu pyrotechnica  All3- Days Days 9209 2 460.43 13.11 P<0.005
Error 4214 12 35112
DyvsD, Days 01 1 .1 0.053 ns
Error 2884 ] 36.05
DyvsD;  Days 06852 1 635.2 23.0 P<(.005
" Error 2382 ] 2977
Dyvs Dy Days 6975 1 697.5 16.56 P<0.005
"~ Error 285.2 8 35.65
Pergularia daeniia All3-days Days 68364 2 34182 31.26 F<0.001
Error 1312 12 10933
DyvsDy  Days 13689 1 1368.9 10.438 P<0.025
Error 1049.2 8 13113
Dy viDy Days 26736 1 2076 58.82 P <0.001
© LErrer 282 8 3:.25
D2 vs Dy Days 68121 1 G312.1 42.15 P<0.001
" Error 12928 8 1616

202



Table 12, One - way ANOVA of mean polien tube lenath (um) of the germinated pollen grains/pollinium
of 1 -3 days old Dowers.

Taxa Days Ons - wuy ANQVA
S.Var 58 dv MS B Probability
Calotropis procera ' T
ssp. hamiltonii AllZ- days Duays 12420253352 2 6210126.65 330 ns
Error 2256+920 12 1850410
Dyws Dy Dags 1953 2 1 10330640 380 ns
Error 4243520 3 330615
DyvsDy  Davs 4422250 1 22250 1.59 ns
© Error 33187 8 422734
Bovally  Days 12254450 1 12283490 5.26 ns
T Error 18651920 8 2321492
Glossonema varians (?)  All3- days Days 48136333 2 24068166 16.4 P<0.001
Error 175842 12 14653.5
DyvwD, Days 2560 1 2560 0,13 ns
Error 159i04 8 12495
DyvsDg  Days 3900625 1 3ANM2.5 19.64 P«0.005
" Error 158882 8 19800.23
DaviDy Days 32604225 1 3296422 5 783.88 P<0.001
T Emor 33642 8 420025
Glossonema varians (7Y All 3-doys  Days 1353813533 2 07740667 Wit P <i.001
tirror 1361643 12 11345.07
DyvsDy  Days 967210 1 Ga7210 60.89 P<0.001
Error 115683 b T46{0
DyvsDy  Days 1062760 1 62760 32.16 P <0001
© o drror 303480 4 12035
Dyvs Dy Days 2250 1 2250 (.33 ns
Lrror 33160 3 it

[
o
L)



Table 12, contd....

Taxa Days One - way ANOVA
Svar SO df MS F Probabilit Ly
Leptadenia pyrotechnica Al 3- Days Days 2001526 2 02260 14.98 P <0.00!
Error 502520 12 668767
Dyvsb,  Days 38440 1 3K0 1.21 s
Error 234520 ® 31835
DyvsD; Days 12460% 1 12460%) 1516 F<0.005
" Enor 637520 8 2150
Dyvs Dy Days 0727230 1 1722250 1148 P <0.i45
Vireor 693000 ] HO75
Perguinra duemia All3- days Days 203434583 2 27127206 2486 LES TN
Error 5140320 7 ASIRQ
DyvsDy  Days 492340 1 492540 1029 P<0.001
Brrar 38300 2 47575
D,vsDy  Days 13306250 ) 13806250 14 F-0.005
Error 3408440 8 436033
Dyvsdy  Days  19510U82 1 195310082 568 P <G08
Error 205308 R EXIWITY
Abbreviations:
D 1= Pay one
Dy = Day two
Dy = Day three

S. Var = Source of veriation

S8 = Sum of squares

di = Degiee of frovdom

MS = Mcan ol sum of squarcs
F = Value of F ratio

as = non sigaiicant



wss carried out as described in chapter 6.
Pollinarium removal and pollinium iunsertion rate:

At leas. Z95 mature buds (Just prior to opening) were tagged
on cach of the & ndividuals of ezch svecies in Karschi Universi-
ty Population (KUH). After every 24 hours {(in morning for diurnal
snd  in evening for nocturnal species) the nonber of pellinaria
removed and pollinia inserted on eanch (tagged) flower was countoed
with the help of 1U0x hand lens in the field through the life of

the flower,

OBSZERVATIONS ARD RESULTS

in Calotropis procera (Alt.) Alt, £, =zsp. hamiltonii (Wight)
Ali, 1in vitro pollinium viab.lity de not change significantly
over the 3- day life of the ficwer (Table 11, 12). However, the
maximuam vigor {(i.e. maximuwm ~umber of germinated pollen
grains/pullinium and longest pollen tube length) was observed on
day 2 of the flower anthesis (Fig. 61).

Similarly, maximoem pollinaris removsel {i.e. 0.08Z per flower
and 70.45% of the total removed pollinaria on =1l three davs) snd
pollinia  insertion (i.e. O.03¢ ver flower and 90% of the total
inserted pollinia on all three davs) was obhserved on 2nd. day of
flower anthesis {F:ig, 62). Thog, tne maxisuwn nomber of pellinar-
ia removed and pollinis were inseriad on doy 2 of flower anthe-
sis.

in Glessonems vearisns (Stocks) doexk., ., rollinium vigor of

botn termaphrodite and wale Flower vhanged significently with the



\\]

(2]
h
[}
1
Y N
2N

;' \
DR

N

T

200+

y—

tn

<
!

\
A
LY

T

100

X No. of Germinated Pollen Grains/Pollinum D

-1
50 t;;
ZRN=
=
0

D D D

T
W

-+
[
[ 3]
N

Days

Fig. 61. Calotropis procera ssp.
hamiltoni: In - vitro pocllinium
germinaticn {( average maximunmn
number of germinated pollen grains
/ pollinium and average maximum
pollen tube length) over the life

time (days) of flowers,

200

i
“ A
[}

N
=
) A

Pollen Tube Length (um in thousands



X No. of Pollinaria removed -+

0.7 —w—TaI
+
0.6
F0.0S
X
0.5 5 {
o
[+
/ 0. 06g
0.4 et
<z
£
3
=9
0.3 - [
o
I 0.04 g
Z.
wd
0.2 5
r0.02
0.1
0 0
Day 1 Day 2 Doy 3
Doys

Fig. 62. Calotropis procera ssp. hamil-
toni: Mean number of pollinaria removed
and pollinia inserted per flower for

each day after flower opening.

207



age of  iLhe flower (Teoble 11, 123, Yor |hermaphrodite flower,
average number of germinated pollen grains/polliniamn significant-
ly decreazed between sges - & 2~ dovs  and non-significrntly
inntreassd bﬁtween 2~ & 3- davs, while volien tube length in-
creased significantly only between 2- & 3- days (Table 11, 123,
For maie flower, both =verzle rumsber of gelminaced pollen
grains/polliniem and pollen tube L ngth decreased significantly
only between sges 1- & 2- days of flcewer snthesis (Table 11, 12).

Thus for both hermasphrodite and male flowers meximum  vigor
was observed on 1- day of snthesis (Fig. ©63).

In hermaphrodite flowers, maxlmuw pollinaria removal (i.e.
3.96 per Flower angd 45.73% of the total removed pollinaris on all
three daoys) was observed on 3rd. davy while maximum pollinia
insertion (i.e. 0.12 per flower and 43% of the total inserted
polliinis on all three davs) on lst. day of Tlouwer anthesis (Fig.
4.

In male flowers, waximam pcilinrsria removal (i.e. 4.25 per
flower =wnd 53.48% of the totsl removed pollinaria oo all  three
davss took wlasce on 3rd. day of flower ovening (Fig., B84).

Ia Lepbadenia pyrateciimics (Fore k. ) Decne., pollinium vigor
aluo did not changed significantly wiilh the {lower age (Table 11,
123, Only the poller. tube length decressed significantly between
2- & 3- day of flower opeuing (Table 12). Hence, he pollinium
Vigor Was more or less remsin unchanged over Lthe 3- dav 1life  of
flower (Filg. B85 ).

Howdever, the maximum pelilivoris remcoval (i.e. 2.1 per flower

and 42.721% of the totsl remrved pollinasris on 9ll three days) and
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inis insertion (i.e. 0.08 poilinia rer flower sgnd 80.32% of

bt

pol
the total iloserted pollinio on all the three davs) was  observed
ort 3rd. dey of flower anthesis (Fig. 057,

in Pergulsris daemia (Fouvssh.) Chiov., like rlossonema  var-
lans (Btocks) Hook, £., poliininm vigor changed significantly
with reupect tou the flower age (Table 11, 12%. The mzan nusber of
germinated pollen grains per pollinivm and pollen tube length
increased significantly between the ages 1- & 2- days while
decline significently betwoen 2- & 3- dayvs of flower anthesis.
Hence, the maximum polliniam wvigor wes observed on 2nd. dsy of
flower opening (Fig. B7).

The maximum pollinajis removal (i.e. .70 per flower and

38.25% of the toutel removed wollinaris on &ll thiee days) and

on

pollinis insertion (i.e. 0.'3 per Ylower and 45% of the totzl
inserted pollinia on &1l three day3) was ohsevved on Znd. deay of

flower ogening (Vig. S8,

DISCUS5TI0N

The opollipium vigor has nubt een cffected witih respect 40
lower age in (aloiropis procers (ain.) Ain. §. ssp hamiltonil
(Wighty All and ILeptadenia pyroliechales (forssi. ) Decne. Similar
resulits hevs also Lean reported for dacliepias exsitata L. 'Sha -

non and Wyatt, 1988h} end Ascleplas syriacvae L. {(Elsikowitocn st

al., 149827, HMorse, 1887%. houwever, 1. accovdonce with Bookman
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(1987 for Adsciepiss specioss Torr.. the pollinium vigor has

ignificantly altered with respect to the flower age in Glossone-

W

ma varians (Stocks) Hook. f. and Fergularia daemia (Forssk.)
Chiov.

In both Calotropis procera (Ait.) Ait. £f. ssp.  hamiltonii
(Wight) Ali and Pergularia daemie (Forssk.) Chiov. maximum pol-
linium vidor wsas observed on 2nd. day, in Glossonema varians
(StocKsY Hook. f. on 1st. day while in Leptadenia pyrotechnica
(Forssk.) Decne. equally on both 2nd. and 3rxd. day of flower
anthesis.

Pollinaria removal and pollinia insertion by insects were
highest on 2nd. day in Calotropis procera (Ait.) Ait. f. ssp.
hamiltonii f‘¥Wight) Ali sand Pergularia dsemia (Forssk.) Chiov.,
on 3rd. day in lLeptsdenia pyrotechnica (Forssk.) Decne., thus
similar to the period of greater vigor in vitro. However, 1in
Glossonema varians (S5tocks) Hook. f. a different pattern was
observed, i.e. maximum pollinaria removed on 3rd. day and maximum
pollinia inserted on lst. day of flower opening. The maximunm
pollinaria removal and pollinia insertion in the middle period of
flower age was also reportecd for Asclepias speciosa Torr. (Book-
man, 1983) and for Asclepias syriaca L. Morse, 1987). However,
the maximum pollinaris removal and pollinia insertion on thu last
day of flower life in Leptadenia pyrotechnica (Forssk.) Decne.
and Glossonems varians (Stocks) took. f. is being reported for
the first time.

Thus similar to Adsclepias cyriaca L. (Bookman, 1983) =

relationship between pollinium vigor, pollinaria removal and

e



pollinias insertion has been existed in all the three species with
the exception of Glossonema varians (Stocks) Hook. f., where
relstionship has bzen noted betweea pollinium vigor and pollinia
insertion only. In Glessonema varians (5tocks) Hook. f., maximum
pollinaria removal on 3rd. day and maximum pcllinia insertion on
1st. and 3rd. days, corresponding with in-vitro drop in pollinium
vigor sugdgests that the decline in pollinium vigor with flower
age is probably of less importance in the field than indicated
experimentally.

Dur results also corroborate with Kephart (1881) for dscle-
pias inecarnats and Bookman (1983) for Asclepias speciosa Torr. as
present study also provide evidence of hemogamy since synchrony
of sex functions was indicated by the approximate synchrony of
pollinaria removals and rollinia insertions with respect to
flower age. However. in Glossonema varians (Stocks) Hook. £.
female {function ©precede in hermaphrodite flowers as in these
flowers pollinis insertion was greuatest on 1st. day of anthesis
while pollinaria removal on 3rd. day in both hermaphrodite s&and

male flowers.

The non-synchrony in sex functions of (Glossonema varians
(Stocks) Hook. f. may be on cone hand, due to the andromoncecious
conditicon of plant as compared to the hermaphrodite of other
studied species and on other hand due to flower phenology as
within &an inflorescence hermaphrodite flowers open earlier than
the male flowers. However the reason of this phenomenon is remain
to be tested on experimental grounds.

It has been concluded from the present study that generally

a



polliniem vigeor and pistil receptivity have not been effected
with tha floewer age, However in-vivo pistil receptivity as well
a5 pollinium vigor with respect to flower age must be studied

before deriving any conclusion.
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CHAPTER 8

THE POLLEN TUBES PATH AND THE RELATIONSHIFP BETWEEN FIVE
STIGHATIC CHAMBERS AND TWO OVARIES OF A FLOWER.

INTRODUCTION

The Asclepindaceae is an interesting family from the view
point of floral structure.The structure and mode of fertilization
of the flower in the genus Asclepias have received attention of
many botanists including Sprengel (1793), Brown (1833), Delpino
(1865),Darwin (1677), Corry (1883a,b), Frye (1901,1902), Moore
(1846a,b; 1947), Sparrow and Pearson (1948), Woodson (.8954),
Macior (1965), Bookman (1881) and Kunze (1981).

An important festure of this family is the presence of a
gynostegium, Generally, two free superior ovaries are jointed by
their styles to form = gynostegiur with five latersl =stigmatic
surfaces.These surfaces are enclosed by wings of adjacent anthers
to produce five stigmatic chambers. The relationship bhetween
these five stigmatic chambers and two ovaries is the most impor-
tant factor in fertilizatilion and fruit set determination. Ac:zord-
ing to Corry (1883sa) all the pollen tubes from a single pollirnium
enter the same (single) ovary. Later, this observation was con-
firmed by Frye (1902), Moore (1947), Woodson (1954), Wyatt (1876)
and Bookman {1981, 1984). Sparrow and Pearson (1948) stated that
for the fertilization of both the cvaries of s flower the two

pollinia must be located in the stigmatic chzmbers in such a  way
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that the pollen tnbeg frow one pollinium will be directed towards
one carpel and those from the other pollinium towsrds the second
narpcel g2iven that the twe adjacent chambers belong to one carpel
and the cther three to the second carpel. Sage et al., (1890) are
the first”-to confirmed Sparrow & Pearson’s observation anato-
miaclly in Asclepias amplexicanlis Sm.

Unfortunately, most of these studlies are confined to the
genus Aselepias, whereas path of the pollen tubes has been
investigated in very few members of this family (Kunze, 1881).
Calotropis procera(Ait.) Ait.f.ssp. hamiltonii (Wight) Ali,

Glossonema varians {Stocks) Hooh.f. Oxystelma esculentum (L.F.)

R.Br., Pentatropis nivalis (Gmel.) Field & Wood Pergularia
daemia (Forssk.) Chiov., Pergvlaria tomentosa L., Caralluma
edulis (Edgew.) Hook.f., {eropegia bulbosa Rox.., and Leptadenia

pyrotechnica (Forszk.) Dene. are selected for the present study
as no published information is mveilable on these aspects of

these taxs.

MATERIAL ARD METHODS

Pollinated flowers of sll the taxa (except C(aralluma spe-
cies) were selected from the flowers used to study the pellinator
sctivity (see chapter 4), While pollinated flowers of both Caral-
luma species were collected from cultivated (Depatrment of Bota-
ny, University of Karaschi) plants.

Three types of pollinsted flowers were selected:

1. Flowers with single insertions i.e. insertion of a single pol-

linium in any one of the five stigmatic chambers of a flower.
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2. Flowers with double adjacent 1insertions 1.e. insertiom »f two
pollinia into two neighbouring stigmatic chambers of a flower.
2. flowers with double opposite insertion i.e. insertion of two
pollinia irito two opposite stigmstic chambers of a flower.

The gynosteg.a of the flowers were stained in Aniline blue
stain by the modified method of Lewis(1979). These gynostegia
were fixed 1in 1:1:8 mixture of Formalin : 80% Acetic acid
Alcohal for 24 hours. They uwere then rinsed in water and c¢leared
in 8M NaOH solution for 24 hours. Then they were rinsed with
water and stained with 0.01% of water soluble aniline blue 1in
0.14 K3PO, for 10 minutes. Gynostegia were then slightly squashed
and mounted on the gless slides in few drops of Aniline blue
stain, observed and photugraphed with a Zeiss U.V. photomicro-
scope using blue filter.

The gynostegia of Calotropis procera(fit.) Alt.f. ssp.
hamiltonii (¥ight) Ali, Pentatropis nivalis (Gunel.) Field & Wood
Pergularia daemia (Forssk. Chiov., were fixed in Karnovosky's
fixative (4% Paraformaldehyde and 3% gluteraldehyde in 0.05H
phosphate buffer, pHy ) for 4 hours, dehydrated in acetone and
embeded in Epoxy resin (Spurr,19869). 3ections of 2um thickness
were cut on & Reichert-Jung Ultratome using glass knives and
stained with 0.2% toludine blue buffered with benzoate buffer at
pHy 4 (O'Brien & McCully,1881). Sections were attached to the
glass slides by drying them at 50° for st lesst 3 hours and
slides were then made permanent. 3lides were observed and photo-

graphed with Zeiss photomicroscope.
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Fig. 69. Calotropis procer:. ssp. hamiltonii: Stigma hecad
dissected from the wmiddle into two havles. A, first half
with two lobed inner portion of stigma head, two adjacent
germinated pollinia and pollen tubes entering into a style;
B, Second half with three lobed inner portion of stigma head
with a germinated pcllinum and pellen tubes entering into a
style; €, T.S. of the middle portion of the stigma head
shoving two arc shaped vascular bundles surrounding the two
stylar canals, stylar canals are filled with parenchymatous
cells; D, T.S. of stigma head showing two separate rigs of
vascular bundles and both stylar canals filled with pollen
tubeé (black dots):; E, T.S. at the junction of styles and
stigma head-showing enterance of pollen tubes from two
opposite stigmatic chambers.

Scale bar: A & B = 1000 um; € - E = 200 um.
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OBSERYATIONS AND RESULTS

1. Calotropis procera (Ait.) Ait.f. csp. hemiltonii (Wight) Ali:

I Calotropis procera (&it.) Ai..f, wsp. hamiltonii (Wight)
Ali. & furrow is present on the dorsal surface of the gynoste-
gium. This furrow divides the gynostegium into two halves. Three
stigmatic chambers (out of five) are associated with one half and
remaining two stigmatice chamberS to the other half of the gynos-
tegium. Transverse sections through the gyncstegia and longitudi-
nal sections through the furrow revealed that all the three
stigmatic chambers belonging to the one half of the gynostegium
transmits wollen tubes to one carpel while the remaining two
stigmatic chambers belongs to the other half transmits pollen
tubes to the second carpel of the flower (Fig. 69A, B).

Serial transverse sections of the gyvnostegia revealed that
near the dorsel surfasce. the vasscular bundles are arranged in the
form of a ring. At a lower level (towards ovarv), the vascular
bundles become two semi-circular or arc shaped with encurved
nargins towards the centre. Each of these semi-circular wvascular
bundles encircled the stylar canal of one of the two carpels
(Fig. B88C). Each style is of open type and surrounded by stylar
canal cells which are different from the surrounding cells. Fur-
ther lower (towards ovary), the vascular bundles bercome rounded
in shape, thus no longer surrounding the stylar caznals which are
now lying on their inner side cleose to the centre of gynostegium

(Fig. 89D).



Fig. 70. Calotropis procera ssp. hamiltonii: A, Pollen
tubes from the twoe opposite inserted {germinated) pollinia
entering into their respective stylzs from the lower surface
of stigma head; B & C, Pollen tubes from a single pollinium
entering into a single style only; D, Pollen tubes from two
pollinia inserted into adjacent stigmnatic chambers entering
into single style only.

Scale bar: A & B = 1000 p; C = 100 um; D = 300 um.
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Pollinium germination tvpically occcurs within 12-24  hours
sfter pollination After germinatlion, pclien ‘tubes enter the
gvnostegium  at the junction of stigwatic hesd and styles (Fig.
704%. Pollen tubes grow laterslly, penetrating the stigmatic
cells. Upon remching the stylar canal, pollen tubes change their
direction of growth and grow basipetally towards the ovary (Figd,
70B, C). As pollen tubes grow downward into the stylar canal,
they displace the stylar canal cells.

Serial sections and Anili;g hlue stained material of Single
insertion of pollinium indicate that pollen tubes arising from
this pollinium always enter the style of a carpel belonging to it
(Fig. 70B, C). S8imilarly, pollen tubes from both of +the Double
adjacent inserted pollinis always enter into the style of its
corresponding (single) carpel (Fig. 70C). In both these cases
pollen tubes were never observed to cross over into the other
adjacent style as Lhey grow basipitally towards the ovary. Where
as in Double opposite insertions, the pollen tubes from one
rollinium enter :nto the style of one carpel snd pollen tubes
from the other pollinium enter into the =style of the other
(second) carpel (¥F=g. 70D, D) Thus both the cvaries of a {lower
are fertilized. It is als> evident from Fig.70D that the stylsar
region of the two carpels sterts separsting from each other at

the centre and from the periphery of the gynostegium,.

2. Glossonema varians (Stocks) Hook. f.
3. Oxystelma esculentum (L.f.) R.Br.
In beoetn these species pollen tube path is similar to that of

Calolropis rocera (Aivy Ait. Y. ssp. hamiltonii (Wight) Ali

25



Fic. 71.Glossonema varians: A, Pollen tubes from a pollinium
entering into a single style; B: Two ovaries of a f _ower cne
receving pollen tubes from a pollinium. Pentatropis nivalis:
C, T.S. showing 2 slit in the middle of the upper portion of
stigma head; D, T.5. of the stigma head showing anthers with
pollinia, stihmatic chambers and wvascular bundles in the
middle; E, T.S8. of stigma head showing wvascular bundles

surroynding the styler canals.

Scale bar: A = 1000 gm; B = 200 um; C - E = 100 um.
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Fig. 72.Pentatropis nivalis: A, Single insertion of a polli-
narium germinated at the base .of stigma head lobe; B, T.S.
of stigma head showing pollens tubes from a germinated pol-
linium entering inteo a style only; ¢, Double insertion of
pellinaria; D & E, Follen tubes from two inserted pollinaria
into opposite stigmatic chambers entering ito both the
styles of a flower.

Scale bar: A & C = 1000 um; B = 100 pum; C & D = 200 um.
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(Fig. 71A, B: 7Z). However, in Uxystelma csculentum (L.f.) R.Br.
pollen  tabes do not enter into the stigma head, rather directly

enter into the styles (Fig., 724, B).

4, Pentatropis pivalis (Gmel.) Field and HWood:

Like Caleotropis procera (Ait Y Ait.f. ssp. hamiltonii
{Wight) All in Fentatropis nivslis (Gunel. ) Field snd Wood also
the gynostegium is divided into twec halves by the longitudinal
furrew on the dorssal surfarce (Fig. 71Cy. Cne half of the gynoste-
gium has three stigmatic chambers which sre associated with one
carpel and other healf has the remaining two stigmatic chambers
which &are associated with the second carpel of the flower (Fig.
71D). Transverse sections through the gynostegia and loagitudinal
sections through the furrow revesled that all the three stigmatic
chambers belongs tc one haif of the gynostegium transmits pollen
tubes to one carpel while the remaining two stigmatic chambers
belocngs to the other half transmits pellen tubes to the second
carpel of the flower. Serisl transverse sections of the gynoste-
g2is shows that the vascular bundles are arranged in a ring (Fig.
71Ey. As we go lcwer towards ovary, they divides into two and
become rounded in shape. Each of these vascular bundles occupy
place in one of the gynostegium half. On inner side{towards the
centred of each vascular bundle lies the styl.r canal. Stylar
canal is of close type and filled with transmitting tissue (Fig.
71E}.

Germination of peilinium and psth of the pollen tubes of
Single, Double adjacent and Double opposite incertions of pollin-

ia are similar to thst of C.procera (Ait.) Ait.f. =ssp. hamiltonii

o



Fig. 73. Oxystelma esculentum: A, Single pellinium inser-
tion; B, Double pollinium insertion, both photographs show-
ing enterance of pollen tubes directly into the styles
rather than from the base of stimga head; C, Pollen tubes
from two pollinium inserted into adjacent stigmatic chambers
of a flower entering into a style only: D, Pollen tubes from
two pollinium inserted into oppecsite stigmatic chambers of a

flower entering into both styles.

Scale bar: A & B = 1000 um; C = 300 pgm; D = 200 um.
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(Wighty Ali (Fig. 71EY. Tre only dirference is that in natursl
populations in C.precera (Ailt.) Ait.f. ssp. hamiltonil (Wight)
Ali single pollinium is inserted into a stigmatic chamber while
in Pentatropis nivalis (Gmel.) Field and Wood apart from inser-
tion of a single polliniuam, in about 55% cases whole of the
pollinarium 1i.e. corpusculam with two arms and two pollinia, is
inserted by pollinators into & single stigmatic chamber and both
of these pollinia germinste (Fig. 73A, B). Pollen tubes from a
single stigmatic chamber o” both of these germinated pollinia
follow the similar path and enter into a single style only (Fig.
73BY. 1t has never been observed that vollen tubes of & prir of
pollinia from a single stigmatle chamber enter into both the

styles of a flower (Fig. 73C-E).

5. Pergularie daemia (Forssk.) Chiov.:
6. Pergularia tomentosa L.:

In F.daemia (Forssk.) Chiov. and the gynostegium is devoid
of elongated furrow, instead a conical depression is present in
the middle on the dorsal surface. thus gynostegium is not divided
into two halves. Serial transverse sections of the gynostegium of
F. daemia (Forssk.} Chiov. shows that vescular strands are
arranged in & ring form (Fig. 74A) and further down towards
ovary, they divides into two and become rounded 1in shape. In
FP.daemia, unlike other two taxs only a single stylar canal is
present in the middle of the gynostegium Jjust below the conical
depression (Fig. 74A). The stylar canal is of close type and
filled with transmitting cells. Nearly halfway below the stidmat-

ic head towards ovary, the style alongwith the stylar cansal
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¥ig. 74. Pergqularia daemia: A, T.5. of stigma head showing
vascular bundles surrounding the stylar c¢anal region; Bj;
Germinated pollinium at the base of stigma head and style
bifercating into two; Perqgularia tcmentosa: C;Two germinated
pollinia and style bifercating into two: Pergularia daemia:
D - E, Pollen tubes from style distributing inte bifercating
portieons.

Scale bar: A, D - ¢ = 100 um; B & € = 1000 pum.
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divides into two (Fig. 74B-D). NHow esach style with its own vascu-
lar strands and stylayr canal, Jjoint with its respective ovary.

Pollinium gerxination starts within 12-24 hours after polli-
nation. Pollen tubes from the germinasted pollinium enter into the
styvle at the Junction of stigmatic head snd style (Fig. 748, C).
Pollen tubes enter into the stylar canal and grow towasrds ovary
as & single cord. At the point where tyle bifurcate, pollen
tubes distributes and grow into both the stvles (Fig. 74D, E)
and fertilized both the ovaries.Thus pollen tubes from a single
inserted pollinium in any one of the five stigmatic chambers
always enter into both the stvles and fertilized both the ovaries
of a flower. So the result of single, double opposite and double
adiscent insertions of pollinia 1s the same 1.e. fertilization of
both the ovaries of a flower.

Similarly FPergularia tomentosa L., has same pollen tube path

as described for Pergularia daemia (Forssk.) Chiov.

7. Caralluma edulis (Edgew.) Hook.f.:
8. Caralluma tuberculata N.E.[r.:
8. Ceropegia hulbosa Roxb

in 8ll these three species like Pergularia daemia (Forssk.)
Chiov. pollen tubes from singl:z inserted pollinium enter into
both the ovaries of o flower snd “hus ftertilized both the carpel
(Fig. 75A-C). However, in contrast to Pergulsaria daemia (Forssk.)

Chiov. in these species style is either very short or % absent.

10. Leptadenia pyrontechnics (Forssk.) Dcne.:

in Leptadenia pyrotechnica (TForssk.) Dene. similar to

A7
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Fig. 75. Caralluma edulis: A, Pollen tubes from a single
p2llinium entering inte both the ovaries. Caralluma tubercu-
lata: B, Pollen tubes from a two pollinium ent:ring into
both the ovaries. (Ceropegia bulbosa: C, Pollen tubes from a
two pollinium ~ntering into both the ovaries. Leptadenia
pyrotechnica: D, Pollen tubes from a single pollinium enter-
ing into single ovary only,.

Scale bar: A ~ C = 500 um; b = 1000 um.
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C.procera (Ait.Y Ait.f. ssp. hamiltonii (Wight) All pollen tubes
from single pollinium insertion enter ( fertilized) single ovary
of & flower (Fig. 75D) while from double opposite insertion

enter into both the ovaries of & flower.

DISCUSSION

This study supports the spatial relationship between the
five stigmatic chambers snd two ovaries of Calotropis procera
{(Ait.) Ait.f. ssp. hamiltonii (Wight) Ali, Gilussonema varians
(Stochs) Hook. f., Oxystelma ezculentuin (L.f.) R.Br., Pentatropis
nivalis (Gmel.) Vield and HWond and Leptadenia pyrotechnica
(Forssk.) Dene. flower as described by Sage et al., (1980) and
Woodson (1804) for Asclepias flower 1.e. three stiguatic chsambers
transmits pollen tubes to one ovary and the remaining two cham-
bers transmits them to the second ovary.

On the dorsal surfuce of the gynostegium of Calolropis
procera (Ait.)Y Ait.f. ssp. hamiltonii (Wight) Ali, eand Pentairo-
pis nivalis (Gmuel.) Field sbd Wood, a furrow is present. This
furrow divides ths gynostegium into tuec halves. Three stigmatic
chambers associated with one style/ovary are on one side of this
furrow and the two stigmatic chembers associated with the secund
style/ovary are on the opposite side. Thus presence of this
furrow enables workers to predict which stigmatic c¢hambers trans-
mits pollen tubes to the particular styles and ovaries., Similar

type of furrow on the upper surface J0 the gyroztegium is report-



ed by Sage et 51.(1990) in 4. amplexicaulis Sm., 4. exaitata L.,
A. Purpurascens L., A. speciosa Torr., A. syriaca L., A. viridi-
Flora Raf., and A. asperuls (Dcne.)¥oods. In P. daemia instesd of
a furrow, & conical depression is present in the middle of the
gvnostegium. Thus gynostegium is not divided and all the five
stigmatic chambers trensmits pollen tubes to both the ovaries.
The conical depression has alsco been reported by Sagde et
21.(1990)Y in A. tuberosal..but it is not certzin that the coniecal
depression divides the gynostegium of the [lower of this taxon.
In €. procera ssp. hamiltonii and P, nivalis two sepsarate
styles are present. The styles of . prccers ssp. hamiltonii are
of open type with open stylar canals, wheresas the styles in P2,
nivalis sare of close type with c¢lose stylar canals filled with
transmitting tissuz. FP.daemia has single style whieh bifurecate
more or less half way down towards ovaries. The style is of close
type with close stylar canal filled with transmitting tissue.
Single insertion and dcuble adjscent insertion of pollinisa
in flowers of C. procera ssp. hamiltonii snd P, nivalis results
in the fertilizatin of a single oveary. In both the cases pollen
tubes were never ovserved L3 cross over during the growth down
the stylar canal. Kunze(1981) sugdfested that as the two stylar
canals sre clenrly separated “rom each other, pollen tubes from
one pollinium could not cross over and fertilized only one ovary.
According to him the strategy of these Asclepisds may be de-
scribed as structursl defined pcllen tube allocation, since nall
the pollen tubes of one polliniur swre guided to fertilized only
one carpel. However, Sparrow and Pearson(l948) in 4. syriascs and

Broyles(1988) in 4. exaltata, both workers observed one case each



in which pollien tubes Wwere transmitted from a single pollinium to

both ovaries.

Double opposite insertion in . procera ssp. hamiltonii and
P. nivalis results in the fertilization of both the ovaries of a
flower.In natnral populations Asclepieds rearely mature follicles
from both the ovaries of a flower. Sparrow and Pearson(1948)
estimated only 5.4% and Hoore(lyd7) ceported B.0% to 24.4% tuin
fruits in A. syriacae.S5age st &l1.{1380) has reported less than 5%
twin fruits 1in A. exsltatsa and A. tuberosa.ln natural popula-
tions. opposite dsuble insertions occur more frequently than
adjacent ones and twin Truits aore 1nitisted twice as. frequent
from opposite double inscertions (Sparrow ond Pearson, 1948;
Wyatt,1976). Our study of relaticnship between stigmatic chambers
and ovaries of & flower supgorts YWystt s(1978) prediction that
the probability of twin fruits is twice as great for opposite

double insertions as for adjacent ones.

In FP. daemia the pollen tubes from all the three +types of
pollinium insertions 1.e. single, double oppousite and double
gdjacent insertions, s&always fertilized both the ovaries of =&
flower. Thus P. daemia unlike other two studied taxa, possesses a
compitum due to which pollen tubes are distributed to both the
ovaries of = f{lower. Compitum has also been reported by

Kurnze(18491) in Secamone aipinil 3ahultes and Ivlophora sp.

i
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CHAPTER 9

POLLEN - OVULE RATIOS

INTRODUCTION

The pollen - ovule ratio (p/o} is the ratioc of pollen grains
produced per ovule. Cruden (1877) reported that the members of
family Asclepiadacesne hsve low pollen - ovule ratios (p/o’'s) as
compared to the other xXenogamous species. As the pollen grains
are incorporated in pollinia so the important comparison is not
the p/o but the ratio of pollen grains in & pollinium to the

number of ovules per carpel.

Reproduction of Ascleplads hag been named as  "Sweepstakes”
by Cruden (197%) as they invest minimal energy in pollen
production (i.e. pollinium}, exhibit low fecundity but relatively

high reproductive return when pollinatlion is successful.

Cruden (1877) for the f{irst time proved p/o’s as the
relisble indicator of breeding systewm. Later his work was tested
and verified by s number of workers viz. Spira (1980) and Lord
(1980) in Labiatase, Short (1981) in Compositae and Preston (1986)
in Cruciferse. Further, pollen - ovule ratio is related te the

pollinator type a&and pollinator sctivity {(Cruden,1977), to the
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pollen - collecting arez of the body of pollinstor, to the ares
of the polien grsin surface and the =ztigmua surface (Cruden &
Jensen, 1979 Crucen & Miller - Ward, 1981 and Wyatt,1884). Small
(19338 gtudy pollen - ovule ratios with respecht Lo mechanical
rollination system (Explosive tripring arrangement) in comparison

with other porllinstion systems in Leguminosae.,

As very little (or scanty) data on pollen - ovule ratios of
&sclepiads (Cruden,1877) has been available, so present attempt
been wmade to study the pollen - ovule ratios 1in  relation to
tribal classification and other aspects of pollinetion systems of
the following taxa viz. Tribe Asclepideae: Calotropis procera
(Ait.) Ait.f. subsp.hamiltonii (Wight) Ali, Glossonema varians
(Stocks) Hook.f., Oxysteima esculentum (L.)Y R.Br., Pentatropis
nivalis (Gmel.) Field & Wood, Pergulariz daemia (Foresk.) Chiov.,
Pergularia tomentosa L.; Tribe Ceropegiear: (Csralluma eduiis
(Edgew) Benth., Caralluma tuberculata Brown. Ceropegia bulbose

Roxty. and Leptadenia pyvrotechnica (Forssk.) Deoue.

HATERIAL AND HMETHODS

The number of pollen grains in a pollinium was determined
mostly from preserved (in 80% Alcohel) flowers (N=10) of the
above mentioned species. The pollen grains were first separated
by tessing the pollinium with disgsecting needles on a glass
stide in few drops of Safaranine or Acetocsemine and then ccounted
under compound microscope. Likewise, the numbher of ovulesz wsas

determined by dissecting the ovarias {under disserting
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microacorey of the sanue flnwers uwnd for pollen grains count.

Potlen - ovile ratics {or the hermaphrodite spenies were
determined by muliltipliving the number of pollen grains in o pol-
liniom with the total npomber of pollinisz (1.2.30) in & flowsr and
dividing it by the number ol ovules it an ovary multiplied by the

total number of ovaries (1.e.2) in a flower.

To determine the pollen - ovule raticv of andromonceciocus
species (G.varians), 1t 1s essential tc determine the ratio of
male to hermaphrodite flowers (Cruden,1978 & GShort,1881). To
sccecewplish this,  the numher of male ond hermsphrodite flowers
were counted in 100 inflorescences of 10 indivicauls from Karachi
University Campus {(KUCY populztion. Thus the average percentage
of male and lLermaphrodite flowers for the population wes
calculated. The pollen - ovule ratio was determined according to
the following formuls of Craden (1376).

F/Q = A/BXC
Where

A& = Total numb=r of pollen greins / flower (Average of both

¢ & & flowers).

B = Torval namber of ovules / flowver X %4 of ?hflowers in the

population.

C = 7% of ffflouers in the population.

Methods for determination of pollination efficiency, polli-

nator type and measurements of floral parts lhiave teen described



in previons chapters. Statistics] snalvsis like Froduct - Moment

GCorrvelstion Coefficient and Student’ s t - teuvt etce. was perflormed

on personal computer (PCY with statistical paclage "COSTATY .

RESULTS AND DISUSSION:

The polien - ovule ruatlos wn the studied taxs found are Lo
be low and ranges from 5.88 - Z6.5 while the ratic of vrpollen
grains per pollinium to the number of ovules per carpel ranges
from 1.2 - 5.3 (Table 13, Thus our data is in accordance with
Cruden’'s (1977) observution that family Ascleopiadaccase has l1ow

pollen - ovule ratios,

ITn sandromonocecious species 1.¢. Glossonema varians{Stoucks)
Hook.f. the pollen - ovule ratioc i1s 95.89 and the ratic of pollen
grains per polliniawm to ovules per carpel is 1.18 {(for calcula-
ticn see poge 241). The to.al number of flowers per inflorescencs
varies from 4 -~ 3 with 2 hermpphrodite and 2 - 85 aale fiowews,
However, aversge {lowers per inflcrescence were 5 with 2  herma-
rhrodite and 2 male flowers, whereas on average 0% hermaphrodite

flowers were produced in the populstion.

Cruden and Hiller - Ward (19281) and Cmall (1988) pointed
out that fpollen - ovale ratios hsve been inversely correlated
with pollen grain size and stigmatic surface arefa. 3imilar corre-
lastions have also been cbserved in the present study, but instesd
of the ahove parameters polien - ovale ratios found to be  in-

versely correlated with pellinium length {(r = - 0.8327; P< 0.09),
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talocalztion

{ Ulossoneina

of  Pollen - ovale ratia of andromoncecicous  species

varims),

Hean Ho. of FPollen grams @ Pollinlom in ? flower = 1685.0
Mesn Ho. of Follen groins / Folliniuwm in 7?7 {lower = 163.0
Mean Ho. of Pollen draivs © tollinivom {in both flovers) = 1t4.0
Hesn No, of Owales 7 Ovary in ¢ lower = 139.0
S0.

Total no. of Pollen gdrains / flower = 14 x 10 = 1640
Total no. of Owles / fiower = 138 x 2 = 278
% of 7 flowers in the popalakion = 40

Now according o formala

Tortal Ho. of Pollen grains/flover
PAO= —mmm s s o s » 4 of ? flowers in populasticn
Total no. of Uvuley /7 flower x 0 of ¥ Flowers in population

g/ = 5H.88

[aHS

ey AN

276 x40

Wheress, ratico of pollen grains per poliinion / oveles cor carpel =

154,338 =

1

A
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Table 14, Product - moment linear correlation between floral parameters (X - variable)
and P/O (Y - variable).

Parameters Correlation (r}  Slope (b} Y intcrscepl df Probability
SE ofr S.E. ofb (a) (n-2)  level

No.of policn 0.490627 -0.014502 13261292 8 ns

grains/pollinium 0.308075 U.a2106

No. of ovules/ -0.563714 -0.018585 14.920944 3 ns

ovary 0.292024 000628

Anther wing -0.805840 -0.007222 18.97722 8 P>0M

length (um) 0.2078%% 0.001836

Style length -0.71784%6 -0.002611 117.183817 8 P > 0.05

(um) 0.246126 0.000089

Pollinium length -0.632730) -45.7118833 12112.562987 8§ P > 0.05

(ui) 0.273782 19.7825211

Pollinium -0.2.3220 -0.0110715 15.727694 8 ns

breadth (um} 0.34611753 0.018252

Stigma head 0.2.3220 -0.010715 1572769 8 ns

digmeter {um} 0.346173 0.018252

Ratio of paoliinium -.585136 -2.550n27 18.138716 8 ns

icnpth/breadth 0.286708 1.25271]

Sced length 0140820 0060418 8.254042 7 ns

(mn) 3.373868 1747923

Sced breadth -0.345085 1571803 204325248 7 ns

(mm) 0.3547Mo 1.515803

Sced welght 0.396183 -0.002402 16.19195% 8 ns

{mg) 1.324621 11.00.640

Cfhcicney -0.165235 2034170 13935284 8 us
0.343693 42303170

Key: ns = non-signiticant.
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Anther wing length (r = - (G.8088; r«<0.01; and =tvle length (r = -

O.7178; B< 0.05; Tuonl

-

= 1470,
Aimilarly, negative correlations have also been found he-

tween pollen - ovule ratios and stigmatic disc diameter (r = -

0.2032%, Pollinium breadth (r = - ©.2032), 1lcngth and breath
ratio of pollinium (r = - 13.5852), seed breadth (r = - 0.3450),
seed welight (r = ~ 0.3981) and positive correlztion with seed
length (r = 0.148)Y, but these vrelstionships are insignificant

at 5% level (Table 14).

According to Cyrudens (1977 and Cruden & Hiller - Ward (1931
rollen ovule ratios exhibit negative correlation with the polli-
naztor Type and pollination efficiency. Qur study 23lso  support

r = - 3.87%, slthough insignificant at 5%

—~

their suggestions
level) as 1in  the taxs with low pollen - ovule ratios (8.0 -
11.79), rpollinators are uzvally Hymenopiera (Bees) and Lepidop-
tera (Moths) which =zeems to be compavativeliy of large sizes, more

reliable and efficient 1.c. sbhout Z2.685% of pol inia have been

removed by them of which 33.031% pollinie were inserted,thus more
economic 1.e. lesse wastage of pollinis as cowmpare tc  the taxas
with hizh pollen - cvule ratios (15 - 25.5) where pollinators sre
usually Diptera (Flies) of comparatively smaller sizes, less
reliable and efficient 1.e. about 48.35%% pollinaria are re-
moved and out of which only 10.35% pellinia have been inserted,
thus less economic 1.e. more wastage of pollinia (for detail see
chapter 4 7,

A positive correlation have slso been established between
rollen - ovule ratins and mode of poliinium ingerticon. Taxa ino

which entire polliniam was ingerted in vhe stigZmutic chamber tend

Sp
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Table 15. Policn - ovule ratios aad tribal classiiication

Paramelers Tribe
Meun Variance No.ol samples Studeat’s t-Tesl
(-value Probability level

No.of Pullen 1 247,333 63290667 fi 1.492 ns
giuins /pollinium 2 00.0 e70.667 4
No.ol ovules 1 193.167 48370707 6 1.861 ns
per ovary 2 251 76.0 4
P/O 1 8712 5.121 6 3372 P> 005

2 18.40 2.607 4
Pollen grains /pollinium 1 1.543 0.146 6 3,759 P > 005
per ovules fovary 2 3.675 1.189 4
Style length 1 28625 14760875 6 5.511 P> 001
(um) 2 106.25 15489.583 4
Stigmatic chamber 1 1334 244504.4 b 5.499 P > 0.01
length (Lm) 2 211 3800.7 4
Pallinium 1 846.007 217943 6 2.673 P > 005
length (&m) 2 322,75 8415017 3
Pollinium 1 316.667 19628.267 6 12.673 P > 0.05
breadth (um) 2 257.25 521017 4
Ratio of Polliinium 1 2,776 2.447 6 (.878 ns
length/breadth 2 1.250 0.027 4
Stigmatic dise 1 2157333 2193761007 6 1.408 ns
diamcter (wm) 2 1265.5 141544333 4
Secd length 1 5867 14131 6 1398 s
{inm} 2 7.5 0.9 4
Seed breadth 1 4.117 5.689 6 0.685 ns
(mm} 2 3425 0.281 4
Seed weight 1 0.735 0.399 6 0.562 RS
(my) 2 0.573 .058 4

Key.: 1 = Tribe Asclepiadeac
2 = Tribe Ceropegicac
ns = non - sigmiicant
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to have  low poller - oviale ratios whereas toxa 1n which only

germinstion  locus (exXterrnal aprpendages)y was  inserted i the
atigmetic chamber btendd to have high pollen - ovule ratios.
Folien - oviole ratlos ana the ratic of pollen grains per

polliniuw to the ovales per carpel seems Lo be specific at tribal
level (P< 0.05; Teble 15). Although the nunber of spevies studied
in esch tribe is relatively small bul the tvend iz oleay. The
average pollen - ovale ratic is §.71 ¢ (.89 - 10.0) and 18.4 ¢
(15 - 26.5) and thz ratic of wllen grains per polliniuvm Lo the
ovules per carpel is 1.54 = (1.2 - 2.0) &and 3.67 2 (3.0 - 5.3)
in the tribe Asclepiadese and tribe Cercpegieae respectively
Table 153. It 1is &also ncteworthy that floral parameters
like length of pollinium, style and stigmatic chamber that shows
negative correlation with pollen - ovele ratioco &also exhibit
significant tribal specificity (Table 153,
intra &and inter generic differences in the pollen ovule
ratios way reflect differcnces in the kind and levels of activity
(or efficiency) of their pollinateors sz segdested by Crudsen
(18781,
Cecurrence of low pollen - ovile ratiocz in the family Ascle-

piadacesne may be explained in the light of Gueller’s (1884)

hypothesis. According te him locsl mate competition muy be the
reason for low pollen - ovule ratlos in the rpollinaria bearing
taxa. In these taxa, pellen grains are transferred as a8 unit

called pollinicm to a stigmatic surfaze (i1.e. chambes ) where they
compete with wach other for the uviillable owules. Thus, this
local mate competition should select for fewa2i drains per anther

gac than is usual in non - pollinlal taxu.



CLAPTER 10

GENERAL DISCULS10R

Generslly the studied taxs sre found In stress habitats 1.e.
in deserts, sandunes, gealine and dry rocky aresys etho. All of them
are perennials, obout hell of them survive unfsvourable season as
the rperenating rootstocks or tuber, Mozt of them bloom for a
short period after rain with the exception of Calotropis procer
(Ait.y Ait. f. ssp. hamiltonii and Leptadenia pyrotechnica
{Forssk.) Dene . which flower all the vear round.

The Fflower life of the studied taxs ranges from 1-3 days,
and seems to be quite short ss compare to 3-7 days of Sarcostemma
and Ascieplias flowers. Pentastreopis nivalis (Gmal.Y Field and Wood
and both the Pergularia scecileg sre nocisrnal, there flowers orpen
in the night and closee 1in the dsy light, whervas other taxa are
dinrnsl with flowers remain cven throughout their life.

Andromonoecious condlition 1s being reported for the first
time 1in Glossonema varians (otocks) Haok. f. s&and in the family.
In &. varians (Stochks) Hook., f. twou hermaphredite und 2-5 male
flowers are borne on rthe sanme i9florescence, Floral parts of the
hermaphrodite flower &ave usnally of large sice ag  compare to
floral parts of males flower, however the Lranslator arm of male
flower s pollinarium 1is long than the hermaphrodite one.

& variety of inseects visit Ac:clepisds flowers, however the
Hymenoupters, Lepidopters and Dirters 2are regarded ay  the major

while Cnlecptera A< minoer pollinators. The major pollinators



seems to be speclies specific. Calotropis procera {(Ait. ) Alt. f.
ssp. hamiltoniz (Wight) A1 1s polilnated by Xylocopa species. Tt
may be regarded as "Xylocopa bloussom. Pentatropis nivelis (Grel .
Field sand Wood. wund Pergularis dJdaemias (Forsskh.,: Chiev., are
mainliv moth pellinsted flowers., haowever, they are adapted tc b=
rollinated by Hvmencoptera (bees and wanps), Givssanema  varians
{Staocks) Hook. f. and COxysteelma esculentum (1..£.) R. Br. are
also pollinated by bees snd wasps. Teropegia bulbosa Roxb. 1is
pollinated by flies while Leptadenia pyrotechnica (Forssk.) Dene.
by both [lies and beetles.

In Caloptroris procera (Ait.) 4&it. f. ssp. hgmiltonii
{(#¥ight) Ali, pollinaris zre attached on the tarsal and tibisal
segments of insects legs, in Oxystelma eéesculentum (L.f.) R. Br.,
Fentatropls nivalis (Gmel.) Field and Wocd and both FPergularia
species on the claws while in rest of the taxa on the mouth
parts of ths insects. MHost of the corpuscula are directly at-
tached to the insects, without forming chains. .

In the l1ight of the generalizstion made by Wyatt (1976), it
is concliuded that populations of all the taxa have low levels of
pollinator sctivity. A& considersable inter - population and inter
- species variaticn has been observed in the level of pollinator
activity and pollination success. Present study salso support
Wyatt (1975, 1973), Lynch (1977) &nd Beare and Perkins (1982)
that insertions rates asre the positive functicen of removal rates
as significant corralation has been cbserved between pollinaria
removal and pcllinis ingsertion rates. Our study also provide

evidence 1in support o2f Wy=ztt’'s (1973) hypothesis that successful
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rollinis  insertions are praimwarily into stigmatico  ohemberss with
residusl (dintact) pollinaris still present.

In Calotropis, Glossonema, Oxystelma. Pentatropis and FPergu-
laria entire polliniuvm (Pollinarium in Pentstropis) is inserted

into the stigmatic chamber while in  Caralluma. Ceropegia and

Leptadenia only extrsa - polliniz™ appenduage i.e. germination
locus ., is inserted znd rest of the pollinium remsin ountside the

stigmatic chamber.

ITn - vitro pollinium germinetion studies revealed & marked
effect of warious sugsar (sucrose) concentration, as in low and
high concentrations, germination was abnormal i.e. coiling,
besding, malformation and even bursting of pnlien tubes occured.
Thus, ppllinium of &ll the taxa can germinote in a wide range of
sudar concentrations but each taxen reguired a specific sugar
concentration for optimal pollinium germination. In  aceordance
with Shannon and Wyatt (1985c), it has bheen observed that optimal
sugar concentration required for in - vitro germination is more
or less similar to the average floral nectar sugar concentaration
of that particular taxon with the exception of Pentatropis niva-
1is (Gmel. ) Field snd Wood.

Germination 1ocus of the psllinium of each taxon has been
charuacterized by notches, slits and spertures of various sizeg as
reported by Galil and Zeroni (1988) and Sreedevi and HNamboodri
(18982, In - vitro pollinium germinaticn studies also confirmed
the lozation of germinsticn loous on the pollinium of each spe-
cles as obgeved after acetolysis. It zlsc observed that two  or
more species or geners have similar germination locus on  their

respective pollinium. Thus beth Glossonema varilans (Stocksy Hook.
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f. and Pentatropis nivalis (Gmel.) Field and Wood have exoproxi-
mal. Oxystelms esculentum (L. £. Y K. Br., Pergolaria daemia
(Forssk.y Chiov., and Pergularia tomentoss L. exosubdistolateral
and Carallumna edulis (Edgew.) Hook. {., Caralluma tuberculata N,
E. Br. and Leptadenia pyrotechnica (Forssk.) Dcie. have distal
germirration locus.

The pollinium vigor has been net effected with flower age in
Calotropis procersa (Ait.) Ait. f. ssp. namiltonii (Wight) Ali and
Leptadenia pyrotechnica (Forssk.) Derne. while gignificantly
altered in Glossonema varians (Stocks) Hook. f. and Pergularias
daemia {(Forssk.) Chiov. In response to flower age a relationship
has been existed between polliniam vigor, pollinsria removal and
pollinia insertion. Uur recults alsc provide evidence of homogamy
since synchrony of sex functions was indicated by the spproximate
gsynchrony of pollinaria removals and pollinia inserticons with re-
spect to flower age.

Polien - ovule ratio data support Cruden (1877) that Ascle-
piads have low pso's. P/so s show significant inverse correlation
with pollinium length, anther wing lendth and style length. 1t
hus also correlated with poliinstor type and mode of pollinium
insertion. For irstance, taxa pollinated by Hvmenopters and
Lepidoptera exhibit low p/c¢ s while taxa pollinated by Diptera
and Coleoptersa huve high pfo’w. S5imilarly, taxa with entire
pollimivm 1userted into stigmatic chamber possess low p/o’s  and
taxa wilh only germninetion locus insertion have high p/o’s.

P/o’s and the ratio of pollen grains per pollinium to the

number of ovules per carpel also seems to be tribe specific. In
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tribe Asclepiadears p/o 15 upto 1.0 and in tribe Cercpegiene it
is more than 15.0 while ratio of pollen grains per pollinium to
the number of ovules per carpel in tribe Asclepiadene 1s upto 2.0
and in tribe Ceropegieae it 1s more than 3.0.

Present study has rcveasleaw a varilety of structural sadapta-
tions to highly specialized functions pertzining to pollination.
Such as: -

St . hambers:

They show different structural modifications in response to
mode of pollinaticn. Thus in the taxs where entire pollinium is
inserted, the stigmatic chambers hbenome desp, elongated, gradual-
ly narrowed towards apex oanhd possess diagonally runnung striae at
the ed@ges of anther wings to guide the insect’s leg or proboscis
into the stigmatic chamber. Whereas in taxa where only germina-
tion locus is inserted, the stigmatic chambers become shallow,
short, matcres with the size of dgermination locus and with basal
opening at santher =lit for guiding rurposes.

Nectaries:

Hectarie; are located within the stigmatic chambers in  the
ferm of glendular papiliase. Hectaries perform two functions,
Tirstly 1t =zecrete nectsr snd secondly glandulsr papillae help in
the proepr adjustment of inzerting pollinivm and also grasp it in
order to be remzin inserted within the stigmatic chamber.

Corounal _scaments:

Coronal segments alsc show great deal of modifications. They
perform two functions. Firstly, they guide the insect’'s leg or
proboscis towards the stigmatic chambers by their smooth, slip-

pery surfaces and ridges and forrows pointing towards the stig-
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matic chambers. Secondly, they mci 35 nectar reserviour and pro-
vide insects assess to 1t 1.e. guide the insects towards nectar
and nectaries.

Thus faétors like intact corpusculum, narrowness of stigmat-
ic rchambers, moverment of anther wingsz, glandular nectaries and
even anther wings are responsible for the proper ingsertion of
pollinium into stigmatic chambers.

Reproduetive characters provide evidence in support of the
tribal c¢lassifiction. Tribe Asclepiadese iz characterised by
pendulous pollinivm, with exolstersl germination loens which is
not surrounded by external appendages. The entire pollininm 1is
inserted inside -the stigmatic chamber with the exception of
Pentatropis nivslis (Gmel.) Field ard wood, where entire polli-
narium et insertec. The ratio of pullen grsins per pollinium to
the ovules per covary ranges from 1.0-2.0 and p/o is upto 10.0.
The floral morphology particularly, pollinium orientation seems
to be sdepted for pollination bv strong and large insects (mostly
Hymenoptera and Lepidopters), as the removal of pendulaus pollin-
inm is not easy and force ig required for its removal. Whereas
the tribe Cercpeglese is charscterised by erest pollinium, with
distal germination locus which is surrounded by external append-
ages. Only the germination lorus iz inserted in  the stigmatice
chamber. The ratic of pollen grains to ovules per carpel is5 nmore
than 3.0 and pfo 15 more than 15.0. As pollinia are located in
the apiecal portion of the anther, therefore they can be removed

easily by small insects (mostly Dipters and Coleoptera).
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