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Upper Unidomination Number and Upper Total
Unidomination Number of a 3-Regularized Wheel
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ABSTRACT

The concepi  of anbdominaing  Foscdoen  osd  Loial
uiridominating function: ane imroduced in |3 and 4
respectively Minimal onidominating  function and  wpper
usldominanommimber ae imiroduced in (7] and minimal weal
uiddainiatieg function and upper iotal wmdeamdiion nenber
are introduced o [B], The mmidomdmibon sumber asd ozl
umidnminaticn number of & F-reewlorived wheel ore obtamed
im [Y) [10]. In this paper the sothors stody the minkmal
umidommatiese.  Mosclions.  mininal o] asdaminariie
fipctions of a 3-regalasized wheel amd deteemaned s upper
umidornination mamber. upper Okl unidemination mumber,
Farther the mmmber of mmimal mmidnminating  functioms,
imdiimal fdal wnsdemdnaog feiethons il maxinien weighe
anz Tiwane.

Keywords

Wheel, Fregulamzed wheel, miminal unidemimating funcios,
imdndmnal e wnkdominating function, upper unidomination
ninzher, dpper bl uikdombnalion pumlaer

L. INTRODUCTION

Graph Theory plave an mpertanl fode i several areds of
computer  science such as atificial  imdelligence,  formad
lampuages, computer graphics ese.  An imporant branch of
groph tbeory I8 domonation and s propenibos have beon
widely smmdied By TOW . Havnes and ofhers m 1,20
Hedetmemi [3] mrodoced the concept of domieatiag function
which Bas  many apphications. Zelinka, B [4] Bas given some
remarks & dominaiion in cebic praphs  In 3], [6] the
coppapts of wndominatmg fanetion sl ool uidommnaring
fupciion are miroduced by the sithors,  The cocept of
minimal amidaminaiing functiea and upper
umidnminaticmpumber e imroduced by the arthars in [7)
and nwnimal total wntdomimating fuscton aod opper ootal
umifomination are inroduced in [B]. = 9] [10] ihe
unidomination numher and seeal omidominagion namber of a
Fregolaneed wheel are obtsined.  In dos paper the upper
unidamination member and upper totul onidominatos number
of o 3-Regularized Wheel ane found,  Fusher the numbes of
mdmdmal - umdddmmating foocticns  dnd mooimal  eoEl
umidnminotiog functioes with maximum weight for this graph
o obtined and the nesubs obiaised are iHestraed,

2. DEFINITIONS

In this section ibe concepls of unbdominating Tunction,
minimal unidominsting  function, upper  unidominoton
ausher,  oal  unjdeminsing  Genction,  miniwel ol
umidoimimaticg  fusciien, and  upper  bola  umidomination
nunsber are defined as follows.

Defimizion 200 Let GV, E) be o graph. A funciioa

B. Maheswari
Professor, Depanimaent of Applied Mathamatics,
3. P.Mahila Visvavidyalayam, Tirupat-517502,
Andhra Pradesh, India

f:¥ = [0,1} i said i be snunidvaminasing functaon

if fluy 21 v € Vandfiv) =1,

wEN|r]|

Z fa) =1 ¥ e Vandf{v) =0
'F.'l'l.l|

where M| is the closed neighbourhood of ibe veries ©.

IDefintrlon 2.2 Let (V. E) be o graph. An ankdominsing
fimcrion foF = [0,1] 35 called a manimal ankdomissting
fumrion of For all g < £, g I5 nocan unidominoring funcion

Definifen 2,20 The upper usdonsiestion nsnber af a grapl
GV, E) i defined oK
o (V) F = a minimal unidomenating function ),

where (V) = Zrm
Al

The spper umicdnmination number af G §s denoted by T, (F)

Dafinition 240 Let G{F, E) be o conpecied graph.. A function
Fr¥ =+ {0L1] iz saxd tobe o ol uaidomanating faaction, i

-
l fluyz1¥reland fir]) =1,

EEWipl

flul=1¥reVand firl =0
EENEF]

where M) is the open neighbourhood of the vertex .
Definicem 25 Let (V. E) be a coanected graph. & total
mnideqminating function £V -+ ({1} s called & mimimal
total unadaminating funciian if for all g < £ 3 55 0ol a sdal
mnidonuinating function.

Definiress 200 The upper ool wmslominaion numir of a

comnecied graphis (¥, E] i% defined s
max [ {11/ f isa minimal total unidominating function},

It is dencted by T, ().

Dgfininon 1.7 A 3- Regulonized wheel is defined 5= “A graph
fommzzd fromm W 5 by replacing the center of W, by a oycle
Ty and each of the remaining o vertices in W, , ore reploced
by cyeles £

3. UPPER UNIDOMINATION NUMEBER

OF A .REGLLARIZED WHEEL

In this section the upper umidemination nember of a 3-
regilanised wheel ard the number of minimal wmidonmsing
functions with mazimuem weigbt sne siiained.
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Theorem 31: The upper umidomination sumber of o 3-
repislaried wheel Tomesd om W, s

i iIf niseven

z
Iﬁ?nl—l [ nis odd.

Prouf: Let W), be a wheel sud £, be the cycle replacing the
center of Wy, and O, CF, o CF ore the oveles replactng the
o vertices ia W, mespectively.

Lt | T —— iy be the Vet il
Coo a7 10y, g, oo B be the wertices  fm G, o, .. CF
resperiively  which  are  odjpcent o ang, W, ..o

respeclivily. Lt wiy, bWy, Wy ons Wag o Wogbe  he
remating venioes i £ CF, . CT respectively

Here diu ) =d{w]) = diwy) = diwy ) =3
for | = L& . n

The upper umidomination number of this 3-regularized wheel
i freuiad wn che followidg tweo cases

Case 1@ Lern be an even onmber.

Diefine o fmetion £ 3 ¥ = 0,18 by

whem ey, = L) e ey

]
flup= [ when j is an add mosber,
i}

W herwise
Seh case [ Lei § be aneven namber.

Then Z F10) = Flie) + U+ Fliar) + (00)
i
E'F Fld = ) + Fle)+ Flmgig) + F )
el =1+0+0+0=1,

Sy = Fiwg] + Find 4 Fivg ) 4 Flwg)
H ,'_l
e =04+0+140=1,

Flud = Flwgd + Flogd + Flwggd + Flwgiag)

L
=0+0+0+1=1.

Siek evave 2oLt be an odbd nambeer
Then E Flu) = fly) + Flw) + Fli ) + Flv)
weR]y |

=1+1+1+1=4>1

Flwd = Fragd + e 4+ F{wa o) # Flueg)
WEN il
=l+1+1+1l=4=1

Flu) = Flvgpag] + Fld+ Flugeg) + flwg)
T, ] |

=i+1+0+1=3>1,

Flud = Flwa )+ Flodd Fiwg g )+ flng )

FE P |
=14+14+1+0=3>1,

Therzfore [ is a unidominasting function,
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Mow (V) = Z flul= z:_]tﬂﬂ,l +Flud)

miZl

n 7l G

+EI_If['w_.':I =r:|+§+r| =T.
M we ol foar e mindmedine of
Mow we define o Tamction g such thal g < F. amd show that g
is nivl & unidominating fursction for all possibilines of defining
-
Cpee (i) ; Define s funchon g ¢ V= {1} by
glu) = flulforallu €V, u=w. 1w,

for same k € {12, .., n]

ard gl ) = g{lgeq) = I
Then obwicasly g < F.
Sarb v I0 Lt b he even.

Then givy) = giwg 1= giwy ) =0

Dt glul=glg) + gl ) + plwspay} + gl )

ueHi|
=0+04+04+0=0 =1
Sub case 20 List k be odd. Then k + 1 is even and bence
8P = 0(Wg ) = gyl =0
Bus Z glu) = gl e} + @ian) + glwaeend
T ptman =0e1
Thecefare i follows that gis ndd 2 unideminaiing Tumction
Case (i): Define ancither funcoongy: ¥ = (0011 by
m{u) = flu) foratlu € V.u = wigpoy, wey
for seme k & [1.2, ., 1], kizs odd,
and 55 g (Mae_ ) = glwg ) =10
Smee iz odd, k— 1 13 even so il
mivga) = miwgsd = glwgea) = 0,

Mo flul
wENW1g-1]

= ga{Waeas) + S10Weeca) + gilwag o)
+ i i=0=£1

Therefome g, is nal a unicminating function

Cos (1) Define anotler fumction gz: ¥ — [01] by
Salu) = flul foraluEV.u+

for same k € {12, _ r], kis odd,

And so galr, ] =0

How ga{u) = g3l ) + galvg] + galwaey)

wEF )
+@iwnl=1+0+1+1=3%1

Therefore g: 18 ol snidominssang finebon,
Caze (ivi: Dofine apother function gy ¥ — {001} by
A5iu) = fluyforall u € ¥ u 2 By, Wy, Wy

Bl



for gomek € {12, 0} Ekisodd

and w0 ga(vg) =0, gglwyoy ) = galwy ) =0

Then hy the some arpument for gyin Case (0], it follows
that gy i% not a unidomimating fonctiom.

Stz all these fupctoas ws delined arbduartly and as deere =
i ollver possabality of defining & fenckon < L a1 follows il
Fin o maniimal unidomianiing fenstion,

Thus (3 — reguiarizedwheel) = = — —— —(1)

Consider & minimal unldombnting fupcien f of o 3-

regulafsed wheel.  Then a1t muost sabisfy tbe followans

oonditions. otherwise it conmot be o minimal unidominating

Fupction,

L I flw)=1forallieil,...n] then all s
should ni ke sssipned | ond po two copsecutive
5 can leve funciienal value 1

2 If flu)=1and flw)=0 then
W2z} = Fiwn) =0
i If Flwd =1 then either

Flwyin ) = Flws) =Y orflwg o )= flwgd =0

4, ) Flagl=0  amd sy one  of
Flm_gbor Flugo dis ] then fle) mast be 0 and
ann v o of Pl b Pl ) s be ]

Otherwise  0f fla—d = flud= Flagd=0
e Pl ) st b 1oand Flwgo ) Flwy) aee 0

Let § be a minimal unidominsting Ffooctios of n
3 —regularized whiel.

Let k be the number of w5 which have fusctionz]l voloe 0,
Tlen Tar each such i,

_Ir[l.?l]' + _I'-[H'H.]}+ f{“‘_;.e:' =1
Thuefurezmlr.]- + [{Wamy )+ Fwa )
= k for these & sots of wertices
(17, Mgy — g, Wy howhere | B osuch that e ) = 0.

Suppose bt the nwmber of comsecutive 65 whseh have
furctional vales1 are &y, k5, o by respectively

Theaky + b+ =+ kg =n—k
I=<kik ke, = K -Ek{k
=R,y TR 'F_l -

Then wo lave

ki ky kg Ek
DU+ Flwna) + Flwad] = S+ 545 ==

ifky is ewen,

if kyis odd.

k1l kptl 1l 3k +1)
S LA Tlies B THN
Sienilar is the cass for kg, ky, o Ry

Withoun loss of generaliny sesurne that &y, ks, .o &, ore even
and k, 5. & 420 .k, 3re odd. Then

Tngermattonel Sommal af Compurar Applicationr ({075 - ERFT)
Valume [80 - Mo 51, Jume 2018

V=3 flw) + Emn.} + flwag) + flwg)] +
=1 i
+ZU{F'] + Flwgi) + Flors))

+ Zuw.; + fwsiee) + Flwgd]

Why + by + 4+ k&
E!‘F—E+ 1 2 r}

2
Ik o
i (ki +14 kras + 14 4 L-,+I'_i+k
z
_ 5{u—k+p—r]_5_n_3[k+r—p]_c5_n
- z N T -2

Therefors for any minimal wildominating functoa £ off &
3 —regularized wheed F(¥) < 2

Thied o IV 3/ Fir o mimmal umdeminating funciion; < =T"
“That is ', (3 — regularized wheel) 5 JT" ===
Therefone Froms the isequalities (1) and (2) we have
5
Myi3 — regularized whoel ) =Tn.when n ks cven

Case 2: Letn be an odd smmber.
Dl a fumction f= 1 — (011 by

fiu)
1 foru=w, i =12, . m—2,
1 Forn = v, wy,_ywhenfisanoddnumber. j = n,
—3 & | fﬂr U= Wen-ii
1 foru = wy when | iz an odd rumber,
a otherwise

This functina & similar o the fanction [ defined in Case |
ancapl for (s verthoes dn—q, Hne Py Wim =i Wey—1r

Ve can check the condilion of unkdaominating NinoGos in ke
closed netghboathood af the above vemices and see thar f s a
mnxloeinaiing fumcikm.

M we check for the minimality of f
Diefine a function g: ¥ — {01} by

giuy = fiu) forall vl w_s
Then obyveously g < F amd

; glu} = giwgn g3 + gl + glwg, )
®agail
i 4+l i=0+04+0+0=0=1

Therefors gis nof 2 unidominating function,

For all poesibdlises of defomng a function g - Faale can s
that gis pol s unidominasing function

Therefare [ 5 3 migioal inidomiresding fuscioo,

Now fi(¥) = Zr:uj

= E[fl;'u‘“,l + Fie) + flwgag) + Flwy]]

=1

3



m—1 w—=1 n—1
==ttt T

_5m-3 Sm—1
R B
Heowe iu follows thas

5n
1-I? i

3
[, (3 — regelarmed wheel) = |Tn| -1 ——— {1}

i f s o minkmal udosminating function then in Case 1w
have proved in general that fUF) = m + wm&
we hiave not taken im to corsiderntion thot n s even

An -k 3
Therefore f{F) =n+ alusatch e

=“3{{a-1]-u£1+r-p-1}}
_5n-3 Mk+r—p-1) 5n—-3 |50

F4 £ R

Naos for any minimal unsdoainsting fusctios |,

£V s[sT“_]— |

Hewde it folbiras thal

g
03 - regularized wheel] = lTﬂ

Theretore fomn the mmegualities () and {2 we Bave

g Tt

5
A3 —regulerized wheel) = |T"J -1lm

Theorem A2: The mumber of minimal  umdaminaking
furctinns wath measimam weiglt of 3 3 —regulanzsd wheel =
E‘i when 1 {5 even,

M when rig odd

Preof: Consider a 3 —regularized whee] formed from o
wheel W, ..

Cpse I Let n be on even number

Comsider b minmimal  unidediating  fenctionf  warh
fEAkmmin weighl 51—" ghven 1 Case | of Theorem 3.1, Thea
thet fumciomal viloes of fare

fl) =1¥ie{Ll, .. .n}
Flod = Flwyog) = Fluy) =1 foriisodd,
Flv = Flwgo ) = flwy,]) =0 Fforiis even
el
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Therefore ther= ure two minimal onidominsing fmctinns
with maximum weight %

MNow we dest whether there ae any  olher  mindmal
unadonuinating functions of weight ST"

Lt f  be sy mumimal unidoionating fusctioe of &
3 —ropubinzed wheel., Thin we hove proved i Case 1| oof
Thecrem 3] sl

lin—-k+p-r
- 3
Fe=0wepar=1 p=1 “‘“"]””r{p}=:.TH'

Fi¥i<n+

That 1= this function coincides wiib one of the above saad mwo
minimal aisdominating functions.

If k=1 then f cannot be o unidominating function.
Supposz A Z ZThenr =0, p = L, amd s
k+r—p =ik Then
Sn Mk 4+r-p) G
[ g M sl LY,
§ z z 3
Thes § has no masiosio weighe,
Therefore there s no other mimmnl snidominsimg fanction
with mudmum welghi %".
Case Z: Let it be an odd noimber

Let F ke o oommal oomxdommpiing funcios defined m Case 2
of Theomem 310 As in Case | by eotadng the funetional
vahss of the vemices mking o, ¥, Woop, Wy 05 o0E umit we
g m manimal umdominatmg functicns,

We now venfy that f there 13 amy. eiber mandmal
emidominating Function with maximum wdgj:ll-:-r.
Let § be a muimemal ensdonanating fenction of a 3-regularized
aheal. Then we have proved in Case 2 of Theorem 3.1 dhat
1=1 dk+r—p-1)
2 F
Mk =>0and1 then foam nen be o mmimaal okdoord eating
function, Therefore & musi be greober ihan or eguol o 2,

} b O L
Ik =2 then p=Lr=0 Now ¥y =22 = 2],
IfF k=2 then k+#r—p—12=1, s0iha

fm—3 AAk+r—-p-1) in—3 5n
V) e ——- 7 =3 _ITI_]'

oy <2

I wienfim] = fiwy_ 0= Fiwyi=1 . |
) ];.:df[u‘l?- 3 g Therefore there 2 a0 ather immmal ondosdsaing fascton

Flnd fled Pl Plwadas gy L sin ) o w1 = Fiw, ] = ) With maximum weight.@
me 4. UPPER TOTAL UNIDOMINATION

Therelure (he valoes of (e, wyopwy ) i =12 .. name
representedd by

1010 — — — 10 crealardy,

Taks ¢ — 180, Then the functional valies aof [ ooee i e
paiern of @@ .0 ciecalarly. These can be aranged m oaly

ame way. By the roiniion of these values afier the first roialioa
wi oblain the same unciinf.

NIUMEER OF A -REGULARIZED
WHEEL

I ihis section the upper total unidominatios sumber of o 3-
regularized  wheel and  the number of minimal - tedal
umaditisratbng funciiens with maimim weght are obdaimed,

Theerem 4.1; The upper sl unddomination nueher of o 3-
regulanized wheel formed from W 5 is

Iy (3 — reguiarized wheel) = 3n

EL]



Froof: Lot W, be s wheel Consider the I-repularized
wisel formed from W), which s defined m 2.7,

Defme a fuseten 8 — (01 by

_ A foru =y wegoa eyl =i
flul= n foru=u [ =13, ...m

Mow for i = L2, ... we have

Flud=Muo )+ M+ fll=0+0+1=1
WeTh)

Flud =)+ flwgiag) + fiwg]=0+1+1 =2
wENIE}

Flu) = flvd + Flwgg) + flwal=1+1+1
SRR g}
=3

Flul = e+ flwy, )+ flwypq)=1+8+1
MENw )

="
Therefore £ is a &xal nnidominabng functicn
Moo e cheek for thie manamaliiy of f

Mo wee define & funchion g swch that g < F, and show that g
15 aod o Wl unidoadnatiag lunction for all pogsababies of
defining g.

Define o fusciion g: ¥ — [0,1] by
gla)= fluNu eV for u=mn,
ke{12_ . .n} andglw) =0
Obvicualy g < f.
Now E glud = gl )+ gluge, )+ glm)
HERT,)
=0+0+0=0=%1L
Therefore ¢ @ oot a solal usddommnating fanction
Define another function k: 1 — {0L1] by
EBlu) = fluldu €V, foru = wyy-g,
kEE[LL .. n]l and hiws_g) =1,
Obviously & < f.
Pionw Z PCud = Blwegp ) + hiwsgg_y) + Ry )
WEN ]

=1+1I+1=3%1L
Thierzfore iz not 0 total unidominating function,
Define anocher fusetbon &y 1 = [T} by
By (ad = Fledvu € Vou = wypoowgy k€ [L2,.00n],
amd hyfwgy . q) = 0, b {wa ) =0
Obeogsly by < F,
Mo E hy (ud = hyfug) + by (wapa ] + yway )

WEN )
=0+0+0=0%1

Therelore fy is med o total unkdominatmg (o,
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Since g h hy are defined sbitearily, and shere 15 mo otlwer
possibility of defning 2 ola] unidminaling fusction < [l
fosllevwrs that [ 1% a mbicimal fotal usidasmanatiing fonction

Now fCF) = 3 [Ffen) + (0 + [(war) + (W)

i=1
=f+nt+nt+tn=23n

Therefare [, (3 — regulorized wheel) 2 3In— - - —(1]
Lea f be & minimmal vots] endoisisnstang funehoa,

Then Filu )= Flrmd = Fiwga) = Flwg) =1 is possihbe
oy for at mast two consecunive | 5.

Lt By b che muember of a8 such ihan

fla;) = Dand any one of Fa_, ) Flu,,)is1and k; be
the mumber of o5 suchthal ] = 0and

Fltls) = flgp) =0
Then % [F(u) 4 Fuyi) + )]

n=iky=kzh
<3 ( i kﬂ})

and FIV)<n—(k + k) + 2{n— (kg + ke)) o+ by + Tk

=3n—2k; = In
Sece f s arkirary, i Fidlorws thal
Iy (3 — regularized wheel } < 3m — — — {2

Thies Trom the megualifies | B and (2} we have
I {3 = regqulanized wheel) = In. B

Thearem 4.2 The number of mindmal total wndcamssting
funmctions of a 3-regularized wheel with maximum weighi is

{-‘c when 1= 0frad 3),
1 when n = 1,2{mod ).

Froof: Consider the minkmal o unsdomissing functon
with maximum weight 3n given by

fw={,

By ratating the Fanctional values of F wking w. 0, wa_q Wy
as e group we get the sane fuencton, Therefore ihere is one
amd oaly one minimal ol mideminating  funciion witl
muximum weight 3m

Fot b =1, g, Wyl = 130000,
Jjorw=m i=1LL R

Mow  we investigae o seme other  mingmal  todal
mileminating funciions with maximum weight 3n

Led f he o manimal toid anidominating fuactian, Then we
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If ky > hen FOF) < 3n— 2k < 3n. Therefore F snota

function with maxmmuam weight.
Itk =0then ky=mnark; =0

Suppose by =m. Then fiFl=3n  ond this Fonction
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Based an e condition
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as o groap we ged two otber ommmal o] axidominatiog
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ABSTRACT

Abundant and inexpensive ron, readily catalyeed the oxidative tandem reactions of
arvlalkylketones and bengylamines wsing molecular oxygen as the green oxidant in one-pot
solvent-free conditions. 2,4,6-Triaryl pyridines containing a wide variety of functional groups ire
synthesized from easily available starting matenals. The synthetic importance of this reaction
protocal has been demonstrated by preparing topoisomerase [ and 1T imhibitors, and other

valunble pyridine derivatives, Key intermediates are isolated and a plausible mechanism has

been proposed.
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Introduction

Transition metal catalyzed oxidative C-N bond cleavage and formation of C-N bonds have
attracted much attention becavse of their potential applications in organic synthesis.! In recent
vears, various transition metal catalysts such as palladium. ruthenium and rhodiom based
systems have been developed for oxidative transformations in which stoichiometne or large
amounts of morganic or orgamic oxidants were employed. However, molecular oxygen 15 an
ideal oxidant becanse of its abundance and low cost. and generates at best only water as the by-
product® Recently, researchers have made impressive advances in the iron-catalyzed oxidative
transformaiion of C-H bonds owing to their economic viability and environmentally friendly
features,” In this perspective, efficient iron-catalyzed aerobic oxidative annulation reactions for

symthesis of nitrogen-heterocycles have been developed by our group® and others ®

Pyridinge represents an important and abundant clags of N-heterocyeles found in bioactive
natural products and synthetic |:|hun'na-:»-:1.“:'19.;1.!5.ti In particular, 2 4.6-tnarylpyndine (Krohnke
pyridine) derivatives have been implicated in a large spectrum of biological activities including
anticancer, antidepressant, anfifungal, antibacterial, and antitomor activities (Figure 13" In
addition, 2 4.6-tmarvipyridines have been exploited as chemosensors.” ligands,”
photosensitizers,” and synthetic intermediates for the direct synthesis of therapeutic drugs,
herhicides, insecticides, and surfactants "' Despite their diverse applications, however, only 2
lmited number of synthetic routes are avalable o access these scaffolds. Most of the reported
methods relied on the classical cyclocondensation reaction of an aldebyde, an enclizable ketone
and an ammonium sall as the nitrogen source Using various catalysis."” Recently, some new
approaches were developed by emploving various staming matenals, which include

eyclocondensation of acctophenone oxime/oxime acctates with aldehydes'” or acetophenoncs

This article is protacted by copyright. All rights reserved.
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with benzyl halides", iodine-mediated catabolism and reconstruction process of amino acids
with ketones.”” oxidative cyclization of ketones with benzylamines using Cu(OTf): or HOTT or
iodine catalysts,'” and photoredox catalysis of amines with aryl ketones."” Although the above
reactions are conducive for constrection of 2,4, 6-triarylpyridines, however, continuous attempts

are bemyg made for more economical and practical methods 1o sccess these heterocycles.

AKT inhibdor topoisomerase 1 inhibitor
tantibacierdal and antifungal| (antiturnory

Figure 1: Representative examples of bioactive 24 6-tnarylpyndine compounds

In continuaton of our studies on the development of sustmnable and environmentally
benign methods for synihesis of azaheterocycles,*'™ herein we report an efficient iron-catalyeed
agrobic oxidative annulation of arvialkylketones with benzylamines for the synthesis of 2.4.6-
trisubstituted pyndine derivatives. This annulation reaction proceeds with imexpensive ron salt
as catalyst and molecolar oxygen as sole oxidant which makes the transformation more

practicable and highly sustainable.
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Results and Discussion

We bepan our study by atempting the reaction of acemophencne (la, 2.0 mmoly with
benzvlamine {2a, 1.2 mmol] in chlorobenzene at 110 *C under air atmosphere, and the results are
summarized in Table 1. Initiallv, when the reaction was conducted in the absence of catalyst, no
desired product 3a was ohserved (Table 1, entry 1) Next, several iron salts were screened for the
repction under sumilar reaction conditions. Iron catalysts such as FeS0y-TH=0, FeaOns, Fe(acac)s.
and Fe(NO:)s were proved to be ineffective for this transformation (Table 1., entmes 2-5)
FPleasingly, the product Ja was obtained i 17% and 26% vields when FeQ and Fe{OAc): were
used {Tahle I, entries 6 and 7). The reaction yields were further improved to 38%, 41%, and
55% when 10 mol% of FeCls, FeF: and FeCl;, respectively, were emploved (Table 1, entnies 8-
1. Among the vanous mon catalysts examined, FeBr: was found o be the most effective, and it
i% resulted the formation of 3a in 74% vield (Table 1. entry 11). We then surveyed the reaction in
toluene and polar solvents such as DMSO and DMA. The reaction was effective in toluene, but
ineffective either in DMS0 or DMA (Table 1. entries [2-14) To our delight, in the absence of
solvent, the reaction was accelerated and yield of the desired product was increased o §5%
(Table 1, entry 15). Further. on performing the reaction under molecular oxygen atmosphere
using FeBr: catalyst resulted in the formation of desired product 3a in 92% wicld (Table 1, entry
16). The reaction temperature is an important factor for vield of the product. The vield of 3a
decreased to 79% when the resction was carnied out at 90 "C (Table 1, entry 17). Thus, the

conditions observed in entry 16 of Table 1 were used as optimal reaction conditions.

This article is protacted by copyright. All rights reserved.
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Table 1. Screening of reaction conditions for Fe-catalyzed oxidative annulation®

3 il T calalyst
| + | —_—
5 ot | B
=
ia
Entry Catalyst Solvent Tirne {h) Yield (%"

1 - chlorobenzens 18 i}

2 FeS0y THLO chlorobenzene 18 trace

3 FexOq chlorobensenes 18 frace

4 Felacac); chiorobenzans 18 frace

5 Fa[MDa)y chlorabenzene 18 trace

& Fal chlorobanzene 18 17

T Fe{Ofg): chiorobanzens 18 26

8 Fell: chlarobenzens i8 ]

& FeF; chiorabenzene 18 41
10 FelCl chlorobanzens 18 i)
11 FeBr; chlcrobenzens 18 74
12 FeBr; toluane 18 &1
13 FeBr; DME0 18 trace
14 FeBr; (1 Y 18 traca
15° FaBry - LF a5
151 FeBra & 10 a3
| Pl FaBr, - 18 79

* Reactons were performed using ketone 1a (2.0 mmaol ), amine 2a (1.2 mmol), with
iron catalyst {10 mol%%) in 2 mbL solvent at 110 °C under air atmosphere, uniess
otherwise spacified, * lsolated yields. © Reaction was carmed out in neat condition.
U Reaction was performed under malecular oxygen (Oy balleon), ® Reaclion was

carried out at 30 °C,

This article is protacted by copyright. All rights reserved.
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Having the optimized reaction condinons in hand, we next explored the subsirite scope
with a vanety of substituted arylalkylketomes (Table 2). In all cases, arylmethylkeiones bearing
glectron-donating as well as electron-withdrawing groups on the aromatic rings were smoothly
transformed to the comesponding 2.4.6-triarylpyridines with good to excellent viclds (Table 2,
entries 1-8). However, the ortho-substituted arylmethylketones gave shightly lower yields than
that of the mreta and para-substtoted ketones due to the stenc effect (Table 2. entries 4 vs 2 and
3, and entry 7 vs 6} It 15 noteworthy that the halo-substituied aryimethylketones tolerated well,
leading 1 halo-substinoed 2.4 6-marylpynidines (Table 2, entries 6-8). which could he further
applied in conventional Pd-catalyzed cross-coupling reactions. Furthermore, the naphthyl-
substituted ketone viz.. |-acetonaphthone was also compatible under the reaction conditions,
affording the desired product 3§ in 81% yield (Table 2, entry 9). Besides these substrates, the
catalytic system was equally effective for aryleycloalkylketones such as 1-indanone and a-
tetralong, giving the corresponding prodects in hgh yields (Table 2. entries 10 and [1). In
addition, heteroaryl methy] ketones, namely, 2-acetylihiophene and 2-acetvlfuran were also good
substrates. 1w provide  d-phenyl-2,6-dii2-thienyljpyridine  (3m} and  2,6-dii2-furyl)-d-
phenylpyridine (3n). respectively in 82% and 67% yvields, respectively (Table 2, entries 12 and

13). However, phenylacetone gave the desired product in race amount (Table 2. entry 14).

This article is protacted by copyright. All rights reserved.
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Table 2 [ron-catalyred aermbie addative annulaten of & rangs of kebones 1 with 2a°

-
S

0
‘zz]/n-\_\_ | L B FaBry (10 mari)
o . :
= i ok, Oy, 10 °C i
neak, O, R‘H‘ "ET" M ﬁ-ﬂ
1 2 g 5 3 g
Eniry Hetone (1) Time (n) Frocuct 3] Wiedd [$"
1 R=4-kia 10 3k [z
2 R = 4-Cikde 12 -I*’“h in an
3 g R=3OMo 13 ;E A &0
4 ___%#_:L_h R=2.0Ma 12 | iy o 85
5 R {tﬁj R = &-NCH,); # o o g 3 78
A R= 4G 8 e ] 1 'j-n 39 £
; Bo= 240 0 o ~ an a7
| R =4.Br T 3 =]
gt
=
8 I 3 3 &1
[
11 @AH 10 3k TH
W]
PN N
1 | [ J 12 a T3
o
a]
12 r;.-;\/;l\ =35 k| 3m &2
13 oo =0 3 m ar
14 Ph A 24 Ifj%‘ io traer

Fh,_\_\___.-f'«_hr"I Ph

 Ranctions wora perlsrmed uging katana 1 (2.0 meal], aming 2a (1,2 mmel), sith FaBr J10 melt) i ihe
ouygen atmosphara (S balloon) ae 110 %2 wnder neat condtions. ? ofatod ylolds.
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The iron-catalvzed aemohic oxidative annulation was further extended (o a broad vanety
of substituted benzylamines 2 (Scheme 1). Benzylamines bearing electron-donating groups such
as —Me, -0OMe, and -OCH;0-, and electron-withdrawing groups such as —F, and —Cl on the
phenyl ring. reacted well with acctophenone to produce the desired products in 67-95% yiclds
(da-dh and 4j). Substitutions st the para, mea and ortho-positions of phenyl dng did noe show
much vanation on the reaction vields (4b-44d, 4f and 4g). However, benzylamine contaiming
strong ¢lectron-withdrawing group such as -CF: functionality at meta positions gave 57% wvield
of the desired product (4i). On the other hand, the fused ring system, l-paphthylmethylamine
was annulated well with acetophenone to afford 4-(1-naphthvl)-2.6-diphenyipyridine (k) in
B5% yield. Furthermore, heteroarylmethanamines wviz., 2-thiophenemethylamine and
Furfurylamine were also reacted with 1a o give the comesponding pyridine derivatives in 87%
and 74% yields, respectively (41 and 4m). All the products were characterized by 'H and "*C
NMR spectrs, and HRMS. In addition 1o the spectroscopic analysis. the structure of 2.4.6-
trisubstituted pynidines was further confirmed by studying the single crystal X-ray diffraction

analysis of 3m and 4g (Figure 2).

Figure 2. ORTEP drawing of compounds 3m (CCDC 1838029, left) and 4g (CCDC 1838030,

rightl: The ellipseids are drawn at 30% thermal probability level (see 51 for details).

This article is protacted by copyright. All rights reserved.
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Scheme 1. Iron-catalyzed aercbic cxidative annulation of 1a with a range of amines 280

| e g FaBr, {10 moi%
O~ ey e
~F neat, 110 °C, O =

®

1a 2 4
R 4
|’P: R = 4w, da, 11 h. 53% R'=4-F, 4e, & h, B4%
g R = 4.0Me, db,_ 12 h, B5% R'=4.Cl, 4f, 10 h, 88%

R=3-0Me, 4e, 11 b, 8d% R'=2-C1, g, & h, B8%

R' = 34-Ci, 4h, 10 h, 83%

4, R=2-0Me.4d. 12 h, 91%
; R' =3,5-(CF3). #, 10 h, 57%

4, 0°h, BT% 4k, DR, B X=15 41 9h 87%
X=0, 4m, 12 h, T4%

! Reaclions were performed vaing kelons 18 (2.0 mmol), amine 2 (1.2 mmed), with FeBr; (10 molih) in the
axygen atmogphara (O bafloon) at 110 °C under neat conditions, © isolated yialds

To examine the practicability and robustness of the synthesis, 2 4.6-triarylpyridines were
successiully scaled up 1w 10 wmol and i=selated 2.79 g of 3a wih 91% yield under the optimal
reaction conditions, Gram-scale synthesis of 2.4 6-trisubstituted pyridines 3i and 4b was also

performed (Scheme 2).
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Scheme 2, Gram-Scale Synthesiz of 2.4,6-Trisubstituted Pyridines 3a, 3i and 4b

HI
)
Q 4
s e FeBrs (10 mol%)
.-"'_H\'.:'_\\-\._L ., T m, £ o
HU ’ R f e L
e neat, 110 °C, Oy e
-l 2 F‘|. ._j_'_.: H
10 mmal soals = 34
I’__‘.lh'la
I
.--"-“.-gcL R
® ()
'\-.H'._-'.-" H_,_._-
' I
| ] [ g | j
Br = gy =
3a, 270 g, 91% 3, 4.28 ¢, 82% db, 3,03 g, 90%

To demonstrate the synthetic uthty of the present reaction protocol, several valuable
24 G-misubstimed pyridine compounds have been prepared. For example, 2.4 6-ini2-
thienylypyridine (Sa) and 4-(2-furyl)-2,6-di(2-thienyl)pyridine (5b), which are repored as
excellent inhibitors of topoisomerase | and 1l activities," can be easily synthesized by the
oxidative annulation of 2-acetylthiophene (Im) with 2-thiophenemethylamine (21} or with
furfurylamine (2m) respectively, under the optimal reasction comditions (Scheme 3). In addition,
marty of the syvnthesized  pynidine  compounds, namely  7-phenyl-5.6,8.9-
tetrabydrodibenzofc hlacridine (31 and 4-(4-methylphenyl)-2.6-diphenylpyridine (d4a) are usad
as precursors for the preparation of organic electroluminescent devices™; 2 6-bis(4-
bromophenyl)-4-phenylpyridine (3i) and 4-phenyl-2,6-di(2-thienyl jpyridine {3m) are emploved

as key precursors for the synthesis of photoluminescence polymer sensars,”™

This article is protacted by copyright. All rights reserved.
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Scheme 3. Synthesis of Topoisomerase Inhibitors

0
i e FeBrg (10 mal%s)
xl + l\'/':\,_l- T HH?
—5 ¥ meat, 110 °C, O,
1m 2:%=5 5a: X = 5 {87%)

2m X =0 5b: X = O (72%)

Some control experiments were performed to explore the possible mechanism for this
oxidative annulation, Initially, when benzylamine (2a) was treated with ron{ll) bromide and
molecular oxygen, resulted the formation of homo-coupled imine & in quantitative vield (Scheme
4, eq 1) In another experiment, the isolated imine 6 was treated with acetophenone (1a, 1 equiv)
under standard conditions, fortunately, a compound, 3-(benzylimino)- 1,3-diphenyl- | -propanone
(7)1 was fommed i 68% yvield, without the production of 3a (Scheme 4, eg 2). The desired product
Ja could be successfully obtained by the reaction of keto-imine 7 with acetophenone (1a, |
equiv) in the presence of gaseous ammaonia under the standard condiions (Scheme 4, eq 3). This

indicates that the compound 7 15 one of the key intermediates of the transformation.
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Scheme 4, Control Experiments

g T Fedir; |5 moH) g
o Sha®
= O, 110 %G P
L

I I :
@/\” :rx[nj X gi FaBr, |10 mafk | ﬁﬂg i %,L%] .
: E < 2 ) 0y, 110 5 et a @ (_,?

g FeBry {10 moi¥a)
TN ' @f‘k"\- *  HH, @)
Lk " | i} 0y 10T S L

On the basiz of the above experimental results, a plausible mechanism for the formation
of 24.6-trarylpyridines has been illustrated in Scheme 5. The first step involves the oxidative
self-condensanon of benzylamine {2a) in the presence of ron(ll) bromide catalyst and molecular
oxvgen, leading to N-benzylbenzaldimine (6) with the generation of ammonia."™® Subsequently,
the imine & reacts with enol of scetophenone to prodoce the amino-ketone (8), which on further
oxation gives imino-ketone intermediate (7). Next, the addition of second enol of acetophenone
to 7 leads to the formation of diketone 9. The intermolecolar condensation of 9 with ammonia

gives the cvclized intermediate 10, which is then aromatized to produce inarvlpyndine 3a.
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Scheme 5. Plansible Reaction Mechanism
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Conclusions

In conclusion, we have developed an efficient and practicable method for the oxidative tandem
C-C and C-N bonds formation by direct annulation of readily available arylalkylketones with
benzylamines/ heteroaryimethanamines to provide 2.4.6-trisubstituted pyridines. The reaction
was proceeded with wide funcrional group tolerance using inexpensive FeBrz as catalyst and
molecular oxyzen as green oxidant. Additionally, 1o highlight the advantages of the reaction

protocol, several important 2.4 6-tiacyl pyridine derivatives have been synthesized. Some key
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intermediates were isolated i establish a plausible mechanistic route for this oxidatve

anmulation reaction,

Experimental Section

Unless menticned specifically, all starting materials as well as solvents were procured
commercially and performed directly without further punfication Reactions were conducted in
an oven-dried schlenk wbes and round-bottomn fasks. Melting points were recorded on a Biichi
melting point apparatus and were uncorrected. 'H and “C NMR spectra were recorded on 400
MHz and 100 MHz spectrometers respectively. Chemical shalts (in ppm) were recorded with
respect to tetramethylsilane (6 = 0 ppm) internal reference standard in CDClL oat moom
temperaiure. Proton coupling patterns were labeled as singlet {2}, doublet (d), doublet of doublet
{dd). triplet {t), multiplet (m). Mass of the samples were recorded with High-resolution mass
spectra (HRMS) equipped with ES] source and & TOF detector. Column chromaography wis
petformed on silica gel (100200 mesh ASTM) wsing ethy] acetate'hexane as eluvents. Thin-layer

chromatography (TLC) was done on 4 « 15 cm plates with a layer thickness of 0.2 mm.

General Procedure for Svnthesis of 2,4.6-Trisubstituted Pyridines

Benzvlamines (1.2 mmaol), arylalkylketones (2.0 mmaol) and won(Il) bromide (10 mol%) were
milded into an oven-dried 10 mL Schlenk wbe equipped with an oxygen balloon. The tube was
mmersed m silicon ol bath placed magnetic stirrer and heated at 1 10 "C with constanl magnetic
stirring. The progress of the reaction was monitored with TLC at regular intervals of time. Afrer
completion of the reaction, the mixture was coocled (o room temperature, diluted with CH2Cl; and
dried over silica gel. The dried-up products were purified by silica gel (100200 mesh) column

chromatography employving hexane’ EtOAC as eluents,
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Characterization of products

2. 4,6-Triphenylpyridine (3a). Yield: 53%, white solid, Melting point: 129-130 *C
(Lit.: 130-132 °CY%: "H NMR (400 MHz, CDCl:) & 8.21-8.19 (m. 4H), 7.87 (s,
2H), 7.74-7.72 (m, 2H), 7.53-7.49 (m, 6H), 7.46-7.44 (m, 3H); “C NMR (100
MHz, CDCl;) 861574, 150.1, 1395, 1389, 1291, 129.0, 1289, 128.7, 127.1,
127.0, 117.1; HRMS (ESI, m/z): caled for CsHeeN [M + H]' 308.1426, found

3081425,

4-Pheny-2,6-bis(4-telyl)pyridine (3b). Yield: 92%. white solid, Melting point:
149-150 “C (Lit.; 148-150 °C)*%; '"H NMR (400 MHz, CDCl:) 6 8.10 (d, J = 8.4 Hz,
4H). 7.84 (s, 2H), 7.75-7.73 (m, 2H), 7.54-7.45 (m, 3H), 7.32 (d, J = 8.4 Hz, 4H),
2.43 (s, 6H); “C NMR (100 MHz, CDCl;) & 157.3, 149.9, 139.2,1389, 136.8,
120.4, 120.0, 1288, 127.2. 1269, 1165, 21.3: HRMS (ESI, m/z): caled for

CasHuN [M + H]" 336.1747, found 336.1748,

2,6-Bis(d-methoxyphenyl)-4-phenylpyridine (3c).  Yield: 90%, white solid,
Melting point: 124-125 °C (Lit.: 125-127 °C)*; '"H NMR (400 MHz, CDCl3) 6 8.17
(d, J = 9.2 Hz, 4H), 7.77 (s, 2H), 7.74-7.72 (m, 2H). 7.54-7.45 (m, 3H), 7.04 (d, J =

9.2 Hz, 4H), 3.88 (s, 6H); ""C NMR (100 MHz, CDCl:) & 160.4, 156.9, 149.9,

This article is protected by copyright. All rights reserved.



AsiEn Joumal Of Crganic Gremisiry 10 1 i0&apc 201800312

139.2, 132.2, 1289, 1288, 1283, 127.1, 115.6, 113.9, 55.3; HRMS (ESL, m/z):

caled for CssHy NO; [M + H]' 368.1645, found 368.1647.

2,6-Bis(3-methoxyphenyl)-d-phenylpyridine (3d).  Yield: B9%, white solid,
Melting point: 75-76 °C (Lit.: 76-78 °C)™; '"H NMR (400 MHz, CDCl;) & 7.88 (s,
2H), 7.82 (s, 2H), 7.78 (d. J = 7.2 Hz, 2H), 7.67 (d. J = 8.0 Hz, ZH), 7.47-7.37 (m,
5H), 6.99-6.96 (m, 2H), 3.83 (s, 6H); “C NMR (100 MHz, CDCl3) & 159.5, 156 .4,
149.4, 1404, 138.2, 129.1, 1289, 1285, 126.6, 1189, 116.5, 114.0, 112.2, 54.6,

HRMS (ESL m/z): caled for CasHyNO» [M + H]* 368.1645, found 368.1647.

2,6-Bis(2-methoxyphenyl)-4-phenylpyridine (3e).Yield: 85%, white solid, Melting
point: 151-152 °C (Lit: 152-153 °C)¥; 'H NMR (400 MHz, CDCl5) 6 7.99 (s, 2H),
7.97-7.94 (m, 2H), 7.74-7.72 (m, 2H}), 7.53-7.36 (m, 5H). 7.13-7.09 {(m, 2H), 7.03
(d, J = 7.6 Hz, 2H), 3.90 (s. 6H); “C NMR (100 MHz, CDCls} & 157.1, 1559,
147.7, 139.5, 131.6, 129.7, 129.6, 1289, 127.4, 1214, 121.3, 121.1, 111.4, 55.58;

HEMS (ESI, m/z): caled for CasHayNO:2 [M + H]™ 368.1645, found 368.1649.

2.6-Bis{4-N.N-Dimethylphenyl)-d-phenyvipyridine (3), Yield: 79%, reddish brown
solid, Melting point: 133-134 °C (Lit.: 136-135 “C)™; 'H NMR (400 MHz, CDCl3)
0 8.13(d, J=92Hz 4H), 7.75-7.73 (m, 2H ), 7.69 (s, 2H), 7.53-7.44 (m, 3H),

6.83 (d, J = 9.2 Hz, 4H), 3.03 (s, 12H); "*C NMR (100 MHz, CDCl;) & 157.1,
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150.9, 149.5, 139.8, 1289, 128.5, 127.%, 127.8, 127.1, 114 4, 112.2, 40.5; HRMS

(ESL mvz): caled for Ca:HyyN; [M + H]* 394.2278, found 394.2286.

2,6-Bis{4-chlorophenyl)-d-phenyipyridine (3g). Yield: 94%, white solid, Melting
point: 176-177 °C (Lit.: 178-180 °C)*; '"H NMR (400 MHz, CDCls) & 8.13 (dt, J =
9.2, 2.4 Hz, 4H), .86 (s, 2H), 7.74-7.72 (m, 2H), 7.56-7.52 (m, 3H}, 7.51-7.47 (m,
4H); “C NMR (100 MHz, CDCl:) 8 156.3. 150.6. 1387, 137.7, 1353, 129.2,
1289, 128.3, 127.1, 117.1; HRMS (ESI, m/z): calcd for CasHsNCl: [M + HJ

376.0654, found 376.06359.

2,6-Bis(2-chlorophenyl)-4-phenylpyridine (3h). Yield: 87%. Pale vellow solid,
Melting point: 146-147 °C (Lit.: 147-149 °C)*; 'TH NMR (400 MHz, CDCl;) 5 7 87
(s. 2H), 7.75-7.72 (m, 4H), 7.52-7.42 (m, 5H), 7.39-7.33 (m, 4H); “C NMR (100
MHz, CDCls) & 157.1, 148.3, 139.2, 138.2, 132.3, 1318, 130.1, 129.6, 129.1,
127.2, 127.0. 121.5; HRMS (ESl, m/z). caled for C::HisNCl: [M + H]® 376.0654,

found 376.0635.

2.6-Bizs{4-bromophenyl)-4-phenylpyridine (3i). Yield: 96%. white solid, Melting
point: 192-193 °C (Lit: 194-196 “C)=; 'H NMR (400 MHz, CDCl3) 6 8.07 (d. J =
a4 Hz, 4H), 7.87 (s, 2H), T.74-7.72 (d, J = 7.2 Hz, 2H), 764 (d, J = 8.4 Hz, 4H),

7.57-7.48 (m, 3H); “C NMR (100 MHz, CDCl;) & 1564, 150.6, 138.6, 138.2,
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131.9, 129.2, 128.6, 127.2, 123.6, 117.2; HRMS (ESI, m/z): caled for CzHisNBr:

[M + H]" 463.9644, found 463.9645.

2,6-Di{naphthalen-1-yl)-4-phenyipyridine (3j). Yield: 81%, vellow oil, '"H NMR
(400 MHz, CDCl;) 6 8.29-8.27 (m, 2H), 7.91 (d. J = 7.6 Hz, 4H), 7.86 (s. 2H).
7.78-7.75 (m, 4H), 7.59-7.55 (m, 2H), 7.53-7.42 (m, TH); "C NMR (100 MHz,
CDCl:) & 159.6, 149.0, 1387, 1382, 1339, 1313, 1292, 1289, 1284, 1277,
127.2, 1264, 125.8, 125.7, 125.4, 121.5; HRMS (ESI, m/z): caled for CyHyN [M

+ HJ” 408.1747, found 408.1761.

Phenyl-10H,12H-diindeno[1,2-b:2",1 ¢ pyridine (3K). Yield: 78%. vellow solid,
Melting point: 291-292 °C (Lit.: 293-295 °C)*"; '"H NMR (400 MHz, CDCl;) § 8.29
(d, J = 7.6 Hz, 2H), 7.57-7.55 (m, 4H), 7.53-7.48 (m, 4H), 7.42-7.38 (m, 3H), 3.84
(s, 4H); "C NMR (100 MHz, CDCl3) & 160.1, 144.0, 1433, 141.3, 137.3, 133.4,
128.8, 1282, 1282, 127.1, 124.9, 121.1, 33.9; HRMS (ESI, m/z): caled for

CasHisN [M + H]'" 332.1434, found 332.1442,

7-Phenyl-5,6,8,9-tetrahydrodibenzofe,h Jacridine (31). Yield: 73%, yellow solid,
Melting point: 161-162 °C (Lit.: 160-162 °C)*; '"H NMR (400 MHz, CDCl;) 6 8.57
(d, J = 8.0 Hz, 2ZH), 7.50-7.46 (m, 2H), 7.43-7.38 (m, 3H), 7.36-7.26 (m, 3H). 7.19

(d, J = 7.6 He, 3H). 2.84-2.80 (m, 4H), 2.66-2.62 (m, 4H); ""C NMR (100 MHz,
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CDCl:) & 150.0, 147.4, 137.9, 137.8, 135.3, 1287, 128.6, 128.6, 1285, 127.5,
127.4, 1269, 125.3, 28.1, 25.8; HRMS (ESI, m/z): caled for Cx:Hy N [M + HJ'

360.1747, found 360.1760.

4-Phenyl-2,6-dijthiophen-2-yl)pyridine (3m).Yield: 82%, white solid, Melting
point: 107-108 °C (Lit.: 108-110 °Cy*%; '"H NMR (400 MHz, CDCls) & 7.72-7.69
(m, 6H). 7.55-7.48 (m.3H), 7.43-7.42 (m, 2H), 7.15-7.13 (m. 2H); ¥C NMR (100
MHz, CDCls) 8 1526, 150.1, 1449, 1385, 129.1, 127.9, 127.8, 127.1, 1248,
115.1; HRMS (ESI, m/z); caled for CH;sNS: [M + H]* 3200562, found
320.0543.

2,6-Diffuran-2-yl)-4-phenylpyridine (3n). Yield: 67%, white sohid, Melting point:
102-103 °C (Lit.: 102-104 °C)y*%; '"H NMR (400 MHz, CDCls) 6 7.83 (s, 2H), 7.78
(d, F=7.2 Hz, 2H), 7.59-7.58 (m, 2H), 7.55-7.47 (m, 3H), 7.24 (d, / = 3.6 Hz, 2H),
6.59 (dd, f=3.2, 1.6 Hz, 2H); “C NMR (100 MHz, CDClz) & 1537, 149.6, 1433,
138.3, 129.1, 1289, 1269, 1147, 112.0, 109.1: HRMS (ESIL, m/z): caled for

CisHiaNO:z [M + H]" 288.1019, found 28,1022,

d-(4-Methylphenyl)-2,6-diphenylpyridine (4a). Yield: 93% white solid, Melting
point: 108-109 "C (Lit: 109-111 “C)™; '"H NMR (400 MHz, CDCl:) 6 8.19 (d, J =
7.6 Hz, 4H), 7.84 (s, 2H), 7.61 (d, J = 8.4 Hz, 2H), 7.51-7.48 (m, 4H)}, 7.44-7.40

(m, 2H), 7.29 (d, J = 7.6 Hz, 2H), 2.39 (s, 3H); "C NMR (100 MHz, CDCly) &
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157.3, 1499, 139.6, 1389, 1359, 129.8, 128.9,128.6, 127.1, 126,9, 116.8, 21.2;

HRMS (ESI, m/z): caled for CosHoN [M + HJ® 322.1590, found 322.1609.

4-(4-Methoxyphenyl)-2,6-diphenylpyridine (4b).Yield: 95%, pale vellow sold,
Melting point: 101-102 "C(Lit.: 103-105 °C)™; 'H NMR (400 MHz, CDCl:) & 8.26
(d, J=7.6 Hz, 4H), 7 88 (s, 2H), 7.71 (d, J = 5.8 Hz,2H), 7.57 (t, F = 7.6 Hz, 4H),
7.51-7.48 (m, 2H), 7.06 (d, J = 8.4 Hz, 2H), 3.86 (s. 3H); '*C NMR (100 MHz,
CDCl:) & 1603, 157.3, 1494, 1396, 131.0, 1289, 128.6, 1282, 127.0,
116.4.114.4, 55.2; HEMS (ESL mvz): caled tor C,,HoNO [M + H]" 338.1539,

found 338.1541.

4-(3-Methoxyphenyl)-2,6-diphenylpyridine (4¢). Yield: 94%, pale vellow solid,
Melting point: 124-125 °C (Lit.: 124-127 "C)*; 'H NMR (400 MHz, CDCl3) &
8.21-8.19 (m, 4H), 7.88 (5. 2H), 7.54-7.50 (m, SH), 7.46-7.42 (m. 3H), 7.33 (d, J =
7.6 Hz, 1H), 7.02 (dd, J = 7.6, 2.4 Hz, 1H), 3.90 (s, 3H); “C NMR (100 MHz,
CDClsy & 160.1, 157.5, 150.1, 1405, 139.5, 130.2, 129.0,128.7, 127.1, 119.6,
117.2, 114.2, 112.9, 55.4; HEMS (ESl. m/z): caled for CoyyHuwNO [M + H]

338.1539, found 338.1545.
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4-(2-Methoxyphenyl)-2,6-diphenyipyridine (4d). Yield: 91% . white solid, Melting
point: 119-120 °C (Lit.: 120-121 “C)*; '"H NMR (400 MHz, CDCls) 6 8.18 (d, J =
6.8 Hz, 4H), 7.86 (5, 2H), 7.52-7.48 (m, 5H), 747-7.41 (m, 3H), 7.12-7.05 (m,
2H). 3.87 (s. 3H): *C NMR (100 MHz, CDCly) & 156.7. 156.6, 147.9, 139.8,
130.5, 130.0, 128.8, 128.6, 1284, 127.1, 121.0, 119.7, 1114, 55.7, HRMS (ESI,

m/z): caled for CaaHioNO [M + H]® 3381539, found 333.1545.

4-(4-Flourophenyl)-2,6-diphenylpyridine (4e). Yield: 4%, vellow solid, Melting
point: 136-137 °C (Lit.: 138-140 "C)*%; '"H NMR (400 MHz, CDCL.) & 8.19 (d, J =
8.4 Hz, 4H), 7.82 (5, 2H), 7.69 (dd, J = 8.4, 5.6 Hz, 2H), 7.53-7.49 (m, 4H), 7.46-
7.42 (m, 2H), 7.23-7.18 (m, 2H); “C NMR (100 MHz, CDClz) 8 163.3 (d, "Jer=
247.9 Hz), 157.5, 149.1, 139.4, 135.1, 129.1, 128.9 (d, “Jer= 8.6 Hz), 128.7, 127.1,
116.9, 116.1 (d, “Jor= 21.9 Hz); HRMS (ESI, m/z): caled for CosHisNF [M + H]*

326.1340, found 326.1364.

d-(4-Chlorophenyl)-2,6-diphenyipyridine (4f). Yield: 89%. vellow solid, Melting
point: 111-112 °C (Lie: 112-114 “C)*; 'H NMR (400 MHz, CDCl) 6 8.19 (d, J =
6.8 Hz, 4H), 7.84 (s, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.54-7.49 (m, 6H), 7.47-7.44

(m, 2H); '3C NMR (100 MHz, CDCl:) § 157.6, 1489, 139.4, 137.4, 135.2, 120.3,
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129.2, 1287, 1284, 127.1, 116.8; HRMS (ES], m/z): caled for Cu:HisNCI [M +

H]" 342.1044, Inund 342.1066.

4-(2-Chlorophenyl)-2,6-diphenyipyridine (4g). Yield: 85%, white solid, '"H NMR
(400 MHz, CDCl3) & 8.19 (d., J = 8.4 Hz, 4H), 7.78 (s, 2H), 7.56-749 (m, 5H).
7.46-7.42 (m, 3H) 7.40-7 .36 (m, 2H); “C NMR (100 MHz, CDCl:) § 156.9, 1485,
139.3, 138.5, 132.3, 130.9, 130.3, 129.7, 129.1, 128.7, 127.2, 127.1, 119.5; HRMS

(ESL m/2): caled for C:HNCL [M + H]" 342.1044, found 342.1066.

4-(3,4-Dichlorophenyl)-2,6-diphenylpyridine (4h). Yield: 83%, white solid,
Melting point: 95-96 “C; '"H NMR {400 MHz, CDCl:z) 6 8 19 (d. J = 8.0 Hz, 4H),
7.82-7.80 (m, 3H), 7.60-7.56 (m, 2H), 7.55-7.43 (m, 6H); "'C NMR (100 MHz,
CDCls) & 157.8, 1477, 139.1, 1389, 1339, 1334, 131.1, 129.3, 129.0, 1288,
127.1, 126.4, 116.6; HRMS (ESIL, m/z): caled for CyyH,«NCI; [M + H]|™ 376.0654,

found 376.0622.

4-(3,5-Bis(triflouro phenyl)-2,6-diphenylpyridine (4i). Yield: 57%, white solid,
Melting point: 149-150 °C; 'H NMR (400 MHz, CDCl) & 8.22-8.19 (m, 4H), 8.14
(s, 2HJ, 7.99 (s, 1H), 7.84 (s, 2ZH), 7.56-7.52 (m, 4H), 7.49-7.46 (m, 2H}; "'C NMR

(100 MHz, CDClLs) 6 158.1, 147.2, 141.4, 138.8, 132.7, 132.4, 129.5, 129.3, 1288,
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128.7, 127.3, 127.1, 124.5, 122.6, 121.8, 116.8; HRMS (ESI, m/z): calcd for

CasH,«NF, [M + H]" 444.1181, found 444.1193,

4-(1,3-Benzadioxal-5-yl)-2,6-diphenyipyridine (4j). Yield: 67%. pale vellow solid,
Melting point: 151-152 °C (Lit.: 152-153 °C)™; '"H NMR (400 MHz, CDCl3) &
8.21-B 18 (m, 4H), 7.82 (s, 2H), 7.54-749 (m, 4H), 7.47-743 (m, 2H), 7.27-T.23
(m, 2H), 6.96 (d, J = 7.6 Hz, 1H). 6.06 (s, 2H); “C NMR (100 MHz, CDCl;) &
157.6, 149.8, 148.6, 139.7, 1332, 1291, 1288, 1272, 121.2, 116.9, 108.9, 107.5,
101.6; HEMS (ESL m/z): caled for CHi:NO; [M + H|™ 3521332, found

352.1336.

d4-(1-Naphthaylenyl)-2,6-diphenylpyridine (4k). Yield: 85%, white crystalline
solid, Melting point: 133-134 °C (Lit.: 134-135 “C)*; "H NMR (400 MHz, CDCl;)
8 8.22 (d, J = 6.8 Hz, 4H), 7.96 (d, J = 8.4 Hz, 2H), 7.85 (s, 2H), 7.61-7.57 (m,
2H), 7.55-7.49 (m, TH), 7.46-7.43 (m, 2H); “C NMR (100 MHz, CDCls) & 156.9,
150.2, 1394, 138.0, 133.8,130.9, 129.1, 128.8, 128.7, 128.5, 127.1, 126.7, 126.6,
126.2, 125.4, 120.1; HRMS (ESI, m/z): caled for CHiN [M + H]* 358.1590,

found 358.1592.
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2,6-Diphenyl-4-(thiophen-2-yl)pyridine (41). Yield: 87%, white solid, Melting
point: 162-163 °C (Lit.: 162-164 °C)*% 'H NMR (400 MHz, CDCl:) § 8.29-8.26
(m, 4H), 7.94 (s, 2H), 7.67-7.66 (m,1H), 7.64-7.59 (m, 4H), 7.57-7.53 (m, 2H),
7.49-748 (m, 1H). 7.24-7.22 (m. 1H): "C NMR (100 MHz, CDClz) & 1575,
142.8, 1418, 139.2, 129.1, 128.6, 128.3, 127.0, 126.8, 125.2, 115.2: HRMS (ESL,

m/z): caled for CzHjsNS [M + HJ" 3140448, found 314 1000,

4-(Furan-2-yl)-2,6-diphenylpyridine (4m). Yield: 74%, white solid, Melting
point: 168-169 “C (Lit.: 170-171 “C)*; 'H NMR (400 MHz, CDCl) 5 8.21-8.18
(m, 4H), 7.94 (s, 2ZH), 7.59 (d, J = 2.00 Hz, 1H), 7.54-7.49 (m, 4H), 7.47-7.42 (m,
2H). 6.99-6.98 (m, 1H), 6.58 (dd, J = 3.6, 2.0 Hz, 1H): “C NMR (100 MHz,
CDCly) & 157.5, 1519, 1436, 1394, 139.0, 129.1, 1287. 127.0, 112.9,
112.1,108.5; HRMS (ESI, m/z): caled for CaHisNO [M + H]' 298.1226, found

298.1227.

2,4.6-Tri(thiophen-2-ylipyridine (Sa). Yield: 87%, white solid. Melting point:
128-129 °C; '"H NMR (400 MHz, CDCl3) 6 7.70-7.69 (m. 2H), 7.66 (s, 2H), 7.58-
7.57 (m, 1H), 7.43-7.42 (m, 3H), 7.18-7.13 {m, 3H); “C NMR (100 MHz, CDCl;)
3 1527, 1446, 1428, 1413, 1283, 127.9. 1279, 1270, 1254 1249 113.2;

HRMS (ESL. m/z): caled for Cy-H NSs [M + H|" 326.0126, found 326.0121.
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4-(Furan-2-yl)-2,6-di(thiophen-2-yl)pyridine (5b). Yield: 72%, white solid,
Melting point: 121-122 °C (Lit.: 120-122 "C)'*; '"H NMR (400 MHz, CDCls) &
7.71 (5, 2H), 7.69-7.68 (m, 2H), 7.57 (d. J = 2.0 Hz, 1H), 7.42-7.40 (m, 2H). 7.13-
7.11 (m, 2H), 6.94 (d, J = 3.2 He. 1H), 6.55 (dd, J = 3.2, 1.6 Hz, 1H); "C NMR
(100 MHz, CDCl3) 6 152.6, 151 .4, 144 8 1437, 1437, 1389, 1279, 1278, 124 8,

112.1, 110.9, 108.8; HEMS (ESL mv/z): caled for Ci7H,;NOS;: [M + H]' 310.0355,

found 310.0357.

N-Benzylidenebenzylamine (6). Yield: 89%, vellow oil,'™ 'H NMR (400 MHz,
CDCl:) 6 829 (5. 1H). 7.69-7.68 (m, 2H), 7.32-7.29 (m, 3H), 7.26-7.24 (m, 4H),
7.19-7.13 (m, 1H), 4.73 (s, 2H); “C NMR (100 MHz, CDCly) & 1619, 1392,

136.1, 1307, 1285, 128 4, 128.2, 127.9, 126.9.

3-{Benzylimino)-1,3-diphenylpropan-I1-one (7). Yicld: 68%, white semi sohid; 'H
NMR (400 MHz, CDCl;) & §.02-8.00 (m, 4H), 7.65-7.60 (m, 2ZH), 7.53-7.47 (m,
3H), 7.44-7.37 (m, 6H), 4.31 (s, 2H), 4.08 (s, 2H}); "C NMR (100 MHz, CDCl:) &
192.9, 144.8, 135.4, 135.3, 133.9, 132.7, 130.5, 128.9, 128.7, 128.5, 128.4, 128.4,
128.3, 125.7, 121.9, 60.9, 59.3; HRMS (ESI m/z): caled for Co;HioNO [M + HJ*

3141559, found 314.1535.
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Abstract; The Soluton of & Transportaion Problem is obtained in two phases. The frst phase is finding the
initial basie fepsibke solution by using varous methods, The optimal solotion is obtained either by using
stepping stone method or by MODI method m the second phase. Here we propesed the MODI methad wath
modifications o solve the degenerate wansportation problem. This is alse Hlustrated with numerical example.
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I. INTRODUCTION:

The Transportatson model 15 a special case of Lineor programming maodels, wedely vsed s the aress of
inventery contrel, emplovment scheduling, aggregale planning and personal assignnent ammong othee It can be
sodved by the regular saamplex metod. Due to s special structure of the madel, the siepping steme method
{charmes and couper . 1%954) ws developed for the efficiency reason, While the simplex method is not suitable for
ihe: transportation problem, especially for those large seale transperation peoblems,

Other research results can be foand from Ford and Fulerson ((1936), Balinski and Gomsory] | 964 5,
Muller-Blerback (1966, CGrponadis and Walker {1%68), Glover etal (1974), Shafoar and Goyal (1983 and
Arsham and EKahn {1989 A brief review on this area was presented by Gass (1595000,

The stepping stome methed s very popularky vsed i selve trms portidion problem, s a technigue for
moving from an initial feasible solubon o sn optimal solution by evaluating all non- basic cells that fe empty
cells, Tt adogis the path tracing approach o evaliate ao empdy cell, Abdother way 0 evalue emply cells 2 the
modification distribution metd (MODL MODI method i similar o the steppiag stoae method.

O serbous problem of the sieppang stone method s the depenerscy, that i oo few b cells ina
leasible soluion. Some rescarchers carried out w selve degenceracy problem ( Goval 1934 and Shafasr ansd
Geoval, 1985]

The simplex degeneracy docsn’t cause any serious difficukty, but i can cause compuiational problem in
transportation techmgue. In steppang stone method 10 will not be possible 1o make closed paths for each and
cvery vacant cell and bence nel evalustions of all the vacamt cells cannod be caloulated. 1IF MOD] method is
appiied, it will not be possible (o find all the dual vansbles w;, v sinee the number of allocited cells ol their o
valwes 15 mod enough, It 1% thus necessary 1o idenufy a degenerate iransponaton problem amd take appropriate
sieps 0 avold compuotational difficulty. Degeneracy can ocour in the initial solation or during some subscgoend
JLIS RS

Degeneracy kn the Indtial solution: MNormably, while finding the initial solution, any allecaton made cithes
sqtisfies supply or demand, bui not both. 1f however both supply and demand nre satistied simulancoosly row as
weldl o columes are cancélled simuliansoesly dmd the maiber of albocations bacome bess than

i+ -1

Digeneracy during subsequent Hercathom:

Sometimses even if the starting feasible solistion 13 none degenerme, degenerscy may devebop lager a1 some
subsequeent iteration, This happens when the selection of the entering vamable (least value in the closed toop that
has been assigned a megateve sign ), cankas 1wo or more current basic vanahbles to become zem.

Optimality test;

The eptimality test for given Basic feasible soluion of the tansportafion problem may be summarized as
Lollows;

1l [fall d; = 0 solution undes west 15 oplmal

il Alternate nptimal solution exists, if none is negative but any is 2erm
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i} Solution under test is not optimal, if any o, is segative, then further improvement is requined, Where
dy =cy —w -1

MODTs Algorithm:
1. Firsl, comstrict a ransportation table entering the orgin capacities a;.the destination requirements 5, and
the costscy,

2. Find an initial basic feasible sclotian.

3. For all the basic variables x,; , salve the system of equation
Cyp o+ l:m & 1.11-] = Dforall i,j for 1.Il-']'ni-:‘rl cell (0,7 i in the basis, sarting initially with some w; = =c; and
entenng successfully the valoes of 6, o 0 the trnsportation tikle

4. Compuie the cost differences d;; = .:,, M —

5. Apply tbe oplimslity s, if atleast ope d; < 0 {negative) select the vanable x, (havieg the mos1 negative
i ) o enter the bagis,

6, Let the vanablex x., enter the basis. Allocnte an unknown gquaniity 8 to the cell (r g). Then constract a
loop that starts and ends at the cell (7, 87 and conpects some of the basic cells. The amound § is added 1o amd
snbracted from the tronziton cells of the loop inosuch 8 monner that availabilities and requirements remasin
=atistied,

7. Asign the largest possible valoe to 8 in such o way that the valoe of sileast one basie variable becomes
#er0 and other hasic vanables remain non negative. The bisic cell. whose allocation has been moade 2em,
will leave the basis.

H. Mow retum to step 3 and then repeat the process until an optimum basic feasible solution s ohained,

In MO methcd, af degensracy oocurs, assizn £ 10 the empty cell To resolve the degenenacy, alkocste an

extremely small amount of goads to one or more of the empty cells 5o that 0 aember of occopied cells becomes

i+ 1t — 1. The cell comtming this estremely small allocation 15 conswdered to be an oceupied cell, subject 1o

the following assumgaions

ey oy >0iixy +e=x; —¢ flile+l=¢

Proposed Method:
I, Inihe case of degeneracy, we face the problem in two steps of MODI *s algerihm
i} In finding the dual varighles uy, v, swccessively in the transpostation table. In such a case we consider
by = =gy, 05 = 0 fow the basic cell,
iil  Construgt the loopstins ab the mast negative cell pnd ends with the some cell connectingsome basiccells in

such a way that a-least one of the basic cell should leave the basis in the MODI s alzorithm

MNumerical Example:
Tuhble 1
Sll'qu Dj 'D.l D'_.| D-I D_:l ECHINCE

5, [] T 3 il 3 4
3, 1 4 7 i ] 7
5, 7 2 4 7 7 49

4 ] 7 F 7 3
p 7Y

Desunation & 3 ) p 3

F-thlThe initial  feasible solution by Monh - West corner rule is in the fﬁﬁuwing table . Degeneracy occurs in
ihe initial swee. Now apply  Proposed method w find the oprimal solution. Mon —basic cells are denoted by ()

Tahle 2
5./D) D, D; Dy D, Dy n
5, Aid) (0 3i-1) [T -2) 4
5 lid) 4i3) T(h) -1} R{T) -1
5 7031 2(-5) 4(7) TZ) Ti3) %
4-3) di-2) 2(-3) 4{-6} THE) -7
5y
, i -3 i -3 0

The most aeganve cost difference is m ihe cell (4.4) Now construct the loop by using the cells (4.4),{4.5103,5)
and (34) and § = min{23) =2
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5.0, Dy b; Dy D D b
5 Al Y] 31 f{4) -5} -4
5 lid) 4(3) T (1) B4} -1
5; 73 2(+5) 4(7) (3} Tz} =
4t "l 2(=2) 42y T -
5y
7 1] -3 il L] -3
The most negative cost difference is in the cell §3,2) comsirugt the besp by wsing ahe  cells
(3D03501 S LD IN2.2) and (3.2). # = min(24.3) = 2
5/0, Dy L] Dy D, Dy U
5 A2} ELLE)] A(-f) B} 2] -4
S5y 1o dil) Til) k] k] -1
5y TiH) 23 407 TR} 1) I
401 Ay 2(-T) AT} TF) -
3y
W, 1] x| o5 ] 2
The most negative ditference is in the cell (4.3), construct the closed Foop (43503 4003.4) amd (4.3} 8 =
min(24,1=2
S0 Ih f; I D, D iy
5 4(2) EiLH J(-A) Bi-4) L) <4
5 (&) 4(1) T(1) 3(-6) B4 <1
T T 3(3) (3 T} T10) |
T HH) 202) 4-1} %) i
S“_ -
B ] -3 -5 - 2

The mast negative s o the cell (1,485 and comstmic the
14y @ =min{2,1,5) =1

oop wath the cells (LALL D0 TG 2003, 2003, Famd

5y L} ! by i Dy D5 i
&) 41} 706 3il) 82y H2) -4
5 1T 4(6) T 30} B9 -1
5 T3 23 4(4) ¥4 ) 5
41} Hif) 22 ETE T Tifi) -3
5y
T il 3 | 2 2

The most negative 15 in the cell (4,45 Construct the closed loop with the cells (4.4),04.3143.30(3.4) and (4.4)

8 =mm{id] =1

5/, Iy L I Iy o, 0y [T

5 dil) Ti6) 3il) B3} 2 -4

5, 17 4i6) 1M il B .

55 T2 213 406 (1) i) -5
401y BIE) i 41y ) -3

Sy

o, 1] 3 I <] i

Since all non basic cells have non pegalive oot differences | The oplmsl solildn is Xy = 1o = Liig =

2.13] = ?.13; = 3.11} = E,.EJ_'_J = D.I“ =2

The total cost 15 56,

H. CONCLUSION:

[n MO method if depeneraoy Gccurs, (hen we take the smiall number £ W avaid the two problkems
lineding the wp, v values sod constroction of boop for the most negative cost differeace. The suggesied metywed
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ensures improvement of the solution or recognition of s optimalay, thereby avording unnecessery erations
that resulting in shifting of the £ from an indepeadent cell to another.
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I. Intreduction

The very interesiing cluss of “allocation Methods™ which 1s applied o & 102 of very practical problems
generally called “Transportation Problems’ Transportation model was first introduced by F.L. Hicheogk |
1941[5]. The runspodation problems can be modeled as standsed Lnear programming problem which can be
srved by the simplex method. Later on, it was further improved by T.C, Koopmans in 1949 and G.B. Danizig
in 195 ] Charnes amd i‘.'l.'lupl.'r|E|] IJE'!'E!!I:IFHHJ. thi Hl.ll!FFiI]B atone methad  which l:m:rb'irlc's an albernative way of
determining the simplex melbod inlormation. An imitial bisic Peasible solution (IBFS) lor the transportation
problem can be oblained by usiag the nonb-west comer mle, row migima column aunie, least cost eniry
methastor Wogel's approximation methed [3] The modifed distoibuson method 15 useful for findmg the optimsal
serlutkon for the ramsportation problem.

Definmition: The tanspartation problem is to ranspon vaross amounts of singke homogenemes commndities that
are initially stored ot variows scurces, to different destinations in soch a way that she t1tal franspoctation cost is
TN AU

Reguirements Assomption:

Each source has a fixed supply of units whers this eniire supply must be distribuied io the destination (we let a,
denote the number af uniis being supplied by the source i,i = Tto m])

Similarly, each destination has & fized demand for units, where this entire demend muost be received from the
sowree, {We let by denote the number of units being received by destination j,j = 1 ton),

Cost Assumyption:

Thee cost of distributing units from any particular source (o any partcular destinotion 1= directly propectional w
the number of units distributed,

The Mecessary amd  Sullicient conditen Der o3 Tramsportation  peoblem 0 have  Teasible  sobition
FE =Ry

Mathematical Formation of Transportation problem:

Let a, = Cuentity of product available at soarce |

by = quantity of product required at destination |

o= Cost of transporting ane unit of product from source § to destination j

% =Quantity of product iransporied from source § 1o destination |

Then the trapsportition model woukl be i the form as Tollows;

Minimize Z=FIL, FU, ¢, x;

Swbjectto XL, x, = & i=1ltom

m

z:l-;.l =h j=lton

=1
Wisjxg =0
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Formation of Transpurtation Talbde:

/0, 0, Dy D, Availilehly
i LSTLEITY Eglma) SPLLITY iy
2 S LL AT Caaliing | Cxgl¥ap ] R
in Capliny) L Cypg {2y} —on
Diermand b by b, = 3y
imi o
Algorithm for Transporiation Method:
The Transportation Problem con be selved by the following steps:
Seepl: Formuline e given problem in the mairis form.
Seep I Obdnin an Initial feasthle solotion,
Seepd: Test the optimality of Intiad soduton,
Stepd:Update the solution sccordingly amnil epeal Step E| urtil ihe mist
feasihbe solutson 15 reached

Methodology for transportation problen:

The different metheds for findimg the imitial basie feacible colation ae:

I Morihwest Cormer method

2 Least cost method

3. Wopel's apprecomation method

4. Row Musimum Metld

5. Column Misimum Method

The Yopel's approximation method s an ferative method depends on penaliy costs, which gives ihe initial basic
teasible sofution nearer to optimal salation,

Adlvantages of proposed methaod:

The proposed method has the following advantages:

1) Inthe proposed method linear programmmng lechmgues ame nol osed

1] The proposed method is not an iterative method.

i) I8 epsy 10 inderstind anid W apply.

1w} The proposed method mkes less tme o comgaite.

The proposed {ADS imethod to find the initial feasible solution is:

Swep L construct the wansponation wble from the given Transporation Problem.

Seepld: Check whether the Tramsportation Problem is balanced or ndd, if pot make ithalance

Secp3: Select the minimam: znd mext & minimum cost in each row, I the mimimumyaloe repeated.then select b
agwin as the next to minimum vafue. Sometimes the next e mimimuem vahee repeats, inosuch o case select the cell
which hasmuximum sllecation. Az well os, check all the columns.if in sny one of the columes the cells are not
selecied then select minimmem and next omnimem of e comesponding column the columm then select the
minimum and mext to minimom cost in the Corresponding columm,

Seepds For each selecied cell, Compute the sum of supply apd demomd of the of thesebecid cells in the
correspoading cow and colomn excloding that cell and then divide with total number of selected cells in the
cortesponding row atdeolunin exclichng that cell, Let a0 call &8 Average Demanmd aind Supply (ALS),

Seeph: Mow choose the minimum average demand and supply (ADS) cell and Allocae the maxinum possible o
the ADS cell, 17 ADS i repeated twice then select the cell which has least cost i between twem,

Seepdc There may arise the [ollowing casesCase iy minimum (a_ib_ji=a_i , then allocass x_if=a_i, and cross
the vth row and reduce b_j by (b_j=a_1 ). Go tosep 5.0 i) mimimom @_th_j=h allocae then

%_ij=b_j, and cross the j“throw and reduce o_i by (a_i-b_j +. Go to step 5.Case iii} minimoum a_i=b_j . then
allocutes_ij=h_j. and cross either the [ il “throw or i*th maow but not bosh . Go e step 5
Seepl: Repeat step § ond step & until all the demands are sstisfied and all the
Supplics arcexhasied.
Seep 82 Coloulate the potal cost of the fransportation inbleMNumernical Example:

_ _ Tahle 1

¥ i [ [ b, AOICE

I I I £

i d ] k] b +K]

5 ] 3 3 3 B

Desiimuiioa | 230 EET] A0 B
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Solativm
Seep2: the (Griven Transporiation ishle is balanoed,
Swepds the minimwin amd next oo minimam Costin sech s ane showen i the Tolkowing gable ineach row,

Table 1
5/ oy Ik D Iy Baiery
Sy 3 I 7 i i
8, £ ] 5 ] £
5, ] 3 ] ] 300
Ll=szinizinn E-LI 3__ -14_:- J_I.Hl

Swepd:Calculsie the ADS for each selected cell. The comesponding ADS are 650, 700675,650,675 andi5(
respectively. Amaomg dhess G50 iz the minimmam ADS, which oceur for fwo cefls, select the minimnn cost gzl in
the comesponding row. | is minimumCest. Allocpie ming 300,3500=20) 10 the corresponding cell, Delese the
Fow amil redice the comesponding colunm demand by 50 Repeat the allocation procedun: for ADS cells until all
the demands are sat=hed and supphies are exhausted. The allocatson ransportatos table 15 presented inable 2.

Table 2
54T L My [y I,
5 El 1i, 3041y T 4
5 BRI I 5[50 | ©
5 5 EETI R

The todal Transportation oost is
1300+ 2% 250 45 2 150 + 3 % 50 4 3 % 250 + 2 x 200 =2350
The opumal soluton=2850.

II. Result Analvsis:

Tahble 3
Meletihind Total Trasapomanon cosi
Woaib: Wesi comer Bule A0
" Fvw Mnimem ke T
Codusen MEnimums Meibod 600
Lot Cost Mcdhod Tt
Wi s sgeprooyiwrealaon Micifaosd I&SD
[ Proposel MCDT Method 2850
E;h'r:rum LA LTI | I_E‘T.I

Az ohserved from Teble 3, The proposed ADS methed provides comparatively o better initial basic feasible
sasluteam than the result obtaned by the radibonal algonthms which are eber apmal or near o optimal

L. Conclusion:
The proposed method &5 very easy to anderstand and o apply to for transponiation problems with large
data. Smee i 15 not an ierative method like Yogel's approximation, computational cost s very less and also it
i5 casy o write compuier progeam For this proposed method
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UPPER UNIDOMINATION NUMBER OF A
PATH

"W, Anantha Lakshmi, B Maheswari
"Lecturer, “Professor,
Department of Mathematics,
P.R.Govt. College (A), Kakinada-5330(11, Andhra Pradesh, India,

Abstraci : The concept of unidominating function is  introduced and the anidominating functicn of a path is siudied n (], The
concepl of minimoal unidominating function and wpper unidomination number are introduced in [7]. In this paper the suthors
study the minimal unidominating functions of a path and determined its opper wnidomination number.  Further the number of
minimal unidominating functions with maximam weight 15 foend.

FrlenTermmy - Path, nnidominating fuoction, minimal unidominsting fonction, opper snidoination momber,

L INTRODUCTION

Graph theory is one of the most doeveloping branches of Mathematics with wide applications to vanipes branches of
Science and Technology, Theory of dominotion in graphs introduced by Berg] 1] and Ore [2] 15 o rapidly growing arei of rescarch
in Giraph Theory, Domimation and s properties have been extersvely studied by T.W Havoes and athers n [3, 2],

Hedeinremi etal.| 5 | introdaced the concept of deminoting funciion apd @l = attrmcted by many msearchers because of  its
applications. The concept of unideminating fusction is introduced by the authors and the unidemisating fonctions of o path ane
stdigd in [ The comeegd o minimal anidominating functicn aod wpper enidemination mamber are mtrodecsd in [7)

Ins thiz paper mmommal unidommating functions of a path are snslied and the wpper unidomination sumber of a path 15
foaenal, ks the resultom the mimber o miniogl enidomimting Nemcton:s with maximum weight are ciinined, Furher the esub=
el ned wre illustrsed,

IL MINIMAL UNIMOIAMINATING FUNCTIONS AND UFFER UNIDOMINATION NUMEER:

The concepts of unkdominating function, mintmal unidominating function, upper unidemination aumber are defined 4=

follows:

Definition 2.1: Let G{V, E} be a graph, A function f: ¥ - (0.1} is said w be a unidominating function

if flu) =1 yereVand flv) =1,
ua e
ful=1 vreVaud Fflri=0

ERMT,

where Nv] is the closed neighbourhood of the vertex v,

Definition 2.2: Let f ond g be functions from ¥ io {0.1], Wesaythat f< g

if flu) = glu) v u eV, with stict inequality for st kst one veriex w

Definition 2.3: A umidominating function f:V — [0.1] is called a minimal unidominating function if for all g = f. 5 is nod
umidominating function

Defimition 2 The upper umcimanation number ol & ;._.',,ruph G ['\I', E_] 1% dlafemed
as max {1}/ f is a minimal unidominating function).
whaers F{I7) = Fiaad.

T
The upper unsdominstion aumber of a graph G 1 deaoted by T, (GL
L. UPPER UNIDUOMINATION NUMBER OF A FATH
In this section the upper widomination number of o path and the oansber of - minimal unsdominating funciions with
nuximam weight of o path are found

Theorem 3,12 The upper umdomimation number of a path F‘ni:-ﬁﬂi.

Proof: Let B, be a path with vertex set V = {v .vs. ..o vg
To fipd upper unldominuion mumber of By, the following five cases arise
Case 1: Let n = 0(mod 3).
Define a function f:¥ — {0.1} by
Fli) = E | fori & 23.4(mod 5),
t 0 Jor § = 0.10maod 5),
Now wie check the condition of uidsminuting lanction @l every vermex,
Sub cpse 1: Lot i & Olmod 5) and § =n Then f{1] =0,
MNow Z f{u]‘ = e J+ s+ Mrv.)=140+0=1

T8k,

IJRARTI04935 | international Journal of Research and Analylical Reviews (IJRAR) www ijrar.org | 621



© 2013 JRAR NMovember 2018, Volume 5, Issue 4 www.ljrar.org (E{SSM 2348-1269, P- 155N 2349-5138)
Fori= n. Z ) =Flv,. )+ g )=1+0=1L
umile, ]

Subence 2: Lot 1 = Limod 5) md § = 1. Then fv,) =0.
Now ; Fl) = (o) % Flo) + o) =0 # 05 1= L
i ul

Fori= L flu) = Fle )4 Flenl=04+1=L
T T O

Bab cose 3 Let | EI 2imod 5). Them fr) = 1.

Now Flu) = Flvo )+ Fm) + Flvig,) =0+ 14+ 1=2> 1.
o i

Sob case 4: Let ¢ = 3imod 30.Then F) =1,

Now Flad = fle_ 4+ Flied + v, )=14+141=3>1,
uENir;]

Sub case 5: Let 1 = #{mod 5). Then fw) = 1.

Now fldd = flv D+ fle) + filnd=1+1+0=2> 1L
L _'[

Since Z Flu) 21 when flv,)=1 and fluw) = 1 when flv,) =0,
usile ] un¥lr]l

it follows that  is 2 unsdommating function

MNow we check for the minimality of F.

Define a function g: ¥ = {0.1} by

glvd=fly)vey, eV.i#k k= 2lmod 5) and glv,) = 0.
Then by the definrtion of F and g it 15 ohvious that g = f.

Suppose k= 2, Then
g gl =pglp )+ glr)=0+0=0=1

HE |'I-'|=
Suppose & 2= 1 Thea

F["} = gfu,r_=} + E[I.'*_L_}ﬂl- E{"'ﬁ] =0+04+0=0=1.

WEN ]
Since k = 2(mod 5). k=1= 1(mod 5}, Then gley_ ;)= flog_ ) =10
Again gle ) = fle ) =0,
That is 2 g{u) = 1 for which givl =0.

wshfr]
This conmradicis the defindticn of unideminaing Nmcrion
Therefore g i= not o unidominating function,
Similarly when k = 3.4(maod 3J, ther also it can be shown that g is not & unidominating function.
Swwe g 15 defised arbiwranly, it follows that there exists oo g = F such thal gis a undominatng fusciion,  Hesce for all
passibilities of defining a function g = f,it can be seen that g is not o unidominating function,
Hepce f is o minimal unidominating function,

n An
T

Therefore [(R) 27— - = (1)
If f 15 a ounimal wedominaing function of B, thens it can be seen thal smong=e five consecutive vestices i Fy at most

three consecutive vertices can have functional valee 1 and a8 least teo vertices muost hove functional value O

Therelore Firl:én'l o the functional values of Nive conseculive vertices is bess than or egqual 1w 3, That is
n

g
ZrmJgs. Zfru..‘:s.s. ._.,Zr{u.}sa.
)

[ E T ] izm—

-] iy B
in
'Hnrrl"nm_zf[ul =Ef{ﬁ'u}+2ﬁ*’:”'“+ Z flm) = “,3 o +35?
¥ Dl =& im =4 T-Tm

This i5 tree for any monimad umidomimating funstion

Therefure max{f(¥)/f s aminimal unidominating fanction} < =,
That s, (B) €5 —— = (2)

Thus from the inequalities(1) and (2), (&) == =[=].

Case 2: Letn = 1{mod 5).

Define a functioa f:17 = (0.1} by
1 fori =234 mod B)i®n-=2,

ril:‘:]:[ﬂ for i = 0.1(mod 501 = n,
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and v, -} =0, fley) = 1. Then this functicn is defined similarly as the function [ defined in Cose 1 excepl for the veriices
Vg and vy, S0 we check the comdition of unidominating Tunction in the closed neighbonrhood of v, s vy = vy, and 1,
Flud = fle, )+ Flo, )+ Ffle, 2 )=1+140=2>1
HENT ¥y 3]
Fled = Fle, 30+ v, )+ F e, d=1404+0=1,

Z Fld = flog )+ flog ) +F(e)=040+1=1.
il b B
fl) = flog_y )+ flw)=0+1=1.

Since ;' Flud z 1 when fly;} =1 and Z‘ flu) =1 when flvr,) =0
u |

it follows that f 15 2 unrdominating function.
Now we check for the mimmalay of f,
Define a function gV = [0.1]} by
glnl=finl vyweV, iznand gln)=0
Then by the definition of £ and g & 15 obviows that g < f.
Now glw, )} =0,but gl =glv, ) +gln)=0+0=0=1.
e i)
Theretore g 1= nol & unidominating fuschon,
Hence for all possibilities of defining a function g = f.if can be seen that g is not 0 unidominating function
Theretore f 15 a minimal unidominating function,

In—8 In -3 |3n
wZ,r[uj-u+11-1+1+n+---+n+1+1+u+u+1-~T~+z+1 = -i?J,

(We will 1ake 5 vertices as one group so that their funciional values sum is 3 aod there are "—g—' sich groups. The remaining
vertices are B and their functional values sumis 2 + 11,

Therefore T,(B) = |'T"] i)

Lat f be aoowrmal ansdormmating fonction of B,

Suppss n=46G  Thn e pessible assignoent of  fusctional  values w0 fhess six Vericesis
1.0.0.1.1.0 or I.'I.IID"IH or 0.1.0.01.0, so that f{V) = 3 and

-3 (o] - o}

Letm 2 11.
As oy Cose 1 lil-ﬂl.'l.ﬁ theorem we have 5 fli ) = 3 for any five consecutive vertices,

In—1)
1= 5 :

Now we assign the functiomal value w g as follows,
Suppose flv, ) =0,

usl

Therefare Z_ﬂv,! -

s 70 =760 +iﬂ=‘.] ; u+3{n5- 1 = In; 3 . l?nl

Supposef{e ) = 1,
I such case among the

'ﬂ:' seds of [ve consecutive vertices, (hare will be one w2 of fve consecutive vertoes whose funetiomal
values sum is 2 Otherwise the assignment of functional values makes § so more 3 minimal unkdominating function.
n

Therefare i) -ﬂﬂJ+Eﬂu,.l'+ E el

1=2 f=xA—d
3im —8) In—-3 3n
=l+—F—+2= 5 sk

(Here this set need oot be the kst set of five consecutbve vertices. [t con be between the set of venices: v, 1y, 0 ¥ oge POt
convenience we have taken the last set of five consecutive vertices).

Since f is arbitrary, it follows that T,(B) < [T -—— (2)
Therefore from the inequalities (1) and (2], we have T,(R) = [’ﬂ

Case}: Lot m = 2imod 3
Define a function fiV — (0.1} by
flu) = {1 for | = 2.3.4(meod 5),
1o fﬂr = ﬂ.l{mnd ﬂ-_]‘.
Oin similar lines o Case 1 we can show that f iz 2 minimal unidominating function.
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Now f(3) =Z Flu)=0+1+1+1+0+~+0 +1+1+1+0+0+1

el

=3{FI:5—2}+1= 3H5—1 =I3ﬁ‘

By the dtﬁgilinn of upper unidomination number,
n
A e

Let f be g imnimadl dnidorminating inction of 8.
Suppose n=2, Then the possibiuzes of assigning functicnal values w these two vertices 5 L0 or 01 50 that

o) =1= 3] =[]
Lot g = 7-
Now n = 2(mod 5) = n=1= 0(med 5), SobyCase 1l we have

— 3in = 2)
;mﬂﬂ 5

Then for the vertices vy, and g, we have
Flgd=00or1 and fle,_d=1lor 0. Sa flu,_, )+ fll=1
B2

There 3n-2) 3n—1 3n
hm;f{ul =§ﬂv.1+fﬂ:rn_ll+ﬂ-.r,]] P N
Thus l'.,iﬂ,JEl—?l———{g].

Therefore from the mequalities (1) and (21, o follows thm T8, ) =E'-’-]

Case 4 Let n = 3mad 5L
Define o function f:V = (0,1} by

11 fori= 234lmod Sland ( = n,
fiv) ‘[u for i = 0.1(mod 5).
and flis) = 0,

W can verily in similar Boes @ in Case 1 that § s o unidominating function
Now we check for the miniemaliny of £,
Define a function g: ¥ = (0.1} by
gly)=flrlvyev.izn—land glv, ;) =0
Then by the definrtion of £ and g i 15 obvious tat g < .
Now glv,_,)=0. but
glul=gle, Y4 plv, J4gln)=04040=0=L
HEN] My -]
Therefore g i= not o unidominating function,
It can be seca that for all possibilites of defimng a function g < F, g 15 0ol a undonunating function.
Therefore 15 a manimal unidomisaing function,
Huwzlﬂu}=ﬂ +1+1+1 404+ +0+1+141+0+0+1+0
uel’
3(n - 3] 1—3“ e inl
— $1= = =[5}
Therefore (8) = |2] - - (1),
Let £ be a munimal smidormmanng function of F,,
Suppose n =3, T‘heg T 'rfﬁw: Vgt Bave Tunctional values 0,10 and thiz s the only ome possilay. so that
L) =) =1= ==
Lt m 8.
As inCase | of this theorem we have ¥ fli) = 3 for any five consecutive vertices.

Therefore Z fly) = 3':"5_ s:l.

lal

Sinilar to Case 3, for the vertices v, and v, here also we have
fligy)m0orl and fleg )= lor0, sothat flug ;)4 flig) =1
MNow we aesign the functional values 1o 17 as follows.

Suppose flr ) =0,

in—3) _3::—*_13:}

Then F7) = flu)) + 9 Fln) + (Flvg_,) + Flw)) <0 4 —— 1=
[ E

Suppose fle )= L

Then as in Cise 2w have
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ﬂ..'.'

ln =
Zﬂil'z,rlir,]+ erL,JEEH H]
Therefore fIV) = f{:-'1J+Eﬂr|J' 4 (ligoyd + o))
3n _8) 3n
<14 $241= -5}

Since f is arbitrary, it fallows that T,(8) < |2 - - (2)

Therefore from the inequulities (1) and (2), it follows thm T8, ) —i I

Case 5 Lot n = 4lmod 5).

Defirie a function f:1 - {0,1} by
f[t‘;J'[l fori= 23, Hmod Sland i = n

Q atherwica.
aml fip) =0,
Then on simalar lines of Case 1 i can be shown that £ s a minimal unidomicating function.
Further,

Ilm -"H' An

Zfiu}=ﬂ+1+1+1+ﬂ+———+u+1+1+1+u+ﬂ+1+1+ﬂ= 5 = 1 I
ek

an
Therefore F,(2) 2 |5| - - - ()

Let f be a munimal anidominating function.
Supp

=2 =18 ==
thatf (V) = 2 = |2 = |2
letn =9,

oke n =4, Then the posabilines of asigmng funciinal values w these four vertices are 0L1LLD  or

1O,

Ele]

It F i any mimimal onidominating Tunction of B, then the pendem vertices v, and v, must satisly the following conditions,

Flo ) # Flevd =1 and flv,_ ;) + fln)=1.
Nq'w n = #mod 5 = n - & = 0(mod 51 Then asin Case 1,

— 3in - 4)
; fl) = —

Therefore (V) = Zf{ul = Flw) + fles) + E;{;-:J # (Ftoey) + £ls))

3 ~4) _In-4_pn -
=l+ 3 +1= = s
Since f is arbitrary, it follows that T, (F,) 5[ I— = = {2}

Therelure from the inequalities (1) and (2), T,(8) = |2,
Thus fior all possibilities of n, we have T,(8,) = |=].m

Thearem 3.1: The number of minimal umdommatng functions of B, watk

when n = 0lmod 5).
F‘E" when n = 1(mad 5).

muximam welght is 4 when n = 2imad 5).
H HH ,J when n = 3(mod 5).

LL}+1 when n = 4(med 5).

Prool: Let B, be o puth with vemex set. V= vyt i}

Norw we Tind the mumber of minimeal upsdominating funciions with maximwm weight in the following five cases,

Cise 1! Lei n= 0lmod 5).
The function F detued in Case 1 oF Theored 3.1 18 given by

- - - - - - - - - - ']
L 1 i 1 a 4 a 1 1 1 d
The functional values of fare 0111001110 — — —01110.

Take a - 01110, Then the functional valoes of f are in the pattern of oo oo (hene there are E a's These letiers aan ..o

can be pwanged moone and only one way
waight,

Case2: Letn = 1{mod 5).

The fimction § delused in Case Eof Thearem 3.1 15 given by

Therefiore ihene w one amd only ope minonal adomanating function with maximum
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- - - - - - - - - - -
a | 1 1 & - i i o o H

The hingtional valves of £ are PL11008110 = — = 01110011001,
Takea = 01110, & = 0110 Then the functional values of £ are in the pattern of - ety
|"_" H'-' -

we b0L iheTe I:t‘n‘::rearve—-:r:] ﬂslhmm-—nri.u:inuh thess letters can be arranged m-||‘i|=."— FE':F T

wavs,
Therefore thers are "T_I“ minimal wmdominating functions,
W furiher investigate some more manimal wnidominating functions of B, with maximuam weight in the following way.

Define o function fj: ¥ —= {0.1} by

fi"!_El far r-ﬂl-”mnn‘ﬁ]:*ﬂ
i [ fori = 2.3(med 4],

and filw) =0

First we show that £, is a unidominating fonction

Sub case 1: Lett = 0lmod 5land { =0 — 1. Theaff (1) = L

Now Z. flw) =Fiv 4+ (. d=1+14+1=3>1

walird

Fori=n-1. ; fld =f(v_d+ il )+ fln)=1+1+0=2 >1L
LEN |

Sub case 2: Lot Iri-:l.{..mpd' 5) and { £ Li#n. Thenf{»)=1L
Now ; f) = flw) + (o) Hfilna) =1+140=2

Fori= 1.} £l =file)+fln)=140=1
|E'|I

Fori=n, flul =f{vd+Rinl=1+0=1
RN,
Sub cnse 3t Let i & 20mod 5). Thea f{ (1) = 0.
MNow Fld=fiv_ )+ filv) +A(n)=1+0+0=1L
eyl
Sub case 4 Let 1 = 3(mod 5). Thea fi () = 0.
Now Ald =i + A0 +AM.)=0+0+1=1

Sub ense S Lot § = 4lmod 5). Then £ (1) = 1.
MNaw ﬂl.,:l.mp,_*}+mv.1+,rtu-,+,;|-n+1+1-::=~1.

(8 T, i o)

Thus ) flu) =1 whea fly) =1 and ; Flu) =1 when flv)=0
HEN |J Be
Then it follows that f 15 a undemipatiog fusction,
Now we check for the minimality of f
Define o function g: ¥ — (0.1} by
glvd = filw) for i=12,...mi =2k forsome k = ${mod 5).
and gleg) =0.
Obviously g = fi and
glu) =glyy b +glre_J+glrm)=0+040=0=1,
EENT - |_
Fork=n—1E e ol =glv, ;) + glo, o)+ gle, ) =04040=0=1

That is Z glu) = 1 for which g(s) = 0.
LA
Thas conmadict= the dEhntion of unidomniting [eaction
Therefure g i not a unidominating fuscton.
Stmilarly when & = 0.10med 5 then also we can show that g 15 ol a anidominating lunction,
Therefore for all possibilftics of defining a Musction g < §f, it can be seen thit g & 0o o unidominating function.
Thus f 15 a mummal uandominating fenction.

Further,
In=13 j3n
Zmu;u_1+u+n+1+1+1+n+--+u+1+1+1+u+n+1+1+u—-1+3{ $2m— =?1.
LEl

The functiomal valwes of f are given by
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- . 4 - + -+ - . a & - -
1 o [} i 1 1 i =i i 1 1 1 | i 1 1 0
The functional valwes of f ere 1001110 — —— 011160110,

Take o = 01110, b =0110.Then the functional values of f are in the pattern of 10oaa ...ab (here there are ?n'r}. In

airnilar lines as sbove itcan be proved that there exisi = mindool umadimnaiing functiceis.
Thuis there are == + == = -1:7— = 1-?] il unidominating functions with maxmum weight,

Cased: Lein = Ifm-ud =1
The functioan f definsd in Case 3 of Theoses 3.1 15 given by

L - L > > * & & & - - &
& t i 1 g ezt 8 1 1 1 3 8 i
The functional values of f are 01110 — — — 0111001,

Toke & — 01110, Then the fanctional values of fane in the paitern of aaa . a01.
As these letters foa .. a can be srmanged in only one way, there exist one and enly one minimal unidominating function.
Mow oz in Case: 2, we will get another minimal onidominating function with the came weight.
Define a function f: ¥ = (0,1} by
“u_]:[l for ¢ =0,14(mod 3},
e o otherwise.
O simnilar lines as in Case 2 of Theorem 3.2 we can show thit f 5 o minimal unidominating fenction,
Further,

Z,ﬂ{ujni-l-ﬂa-ﬂI-1+1+1+B+---+H+1+1+1+E| =14
usk

The functional values of f| are given by

in=2) -
3n5 Inl{l.

— —a + > e e
1 R ] 1 1 i e ] - § I -
The functional values of § are 1001110 — —— 01110,

Take g - 01110, Then the funcuonal values of f are 1o the pattern of 10zaa .0,
These ketiers asa ..o can be arranged in one and only one way, Therefore there exists only one fusction,
Thus there are two minimal onidominsting fonctions with maximem weight.
Case 4: Let n = 3(mod 5).
The function F defined in Case 4 of Theosem 3.1 is piven by
- - - - - - - L . . .
] i i i & i ¥ L ! L] L] i ¢
The Tinctioml vialwes of faré OLLL001 110 = = = D1110010,
Toke o = 01110, ¢ = OL0. Then the functions] valwes of fare inthe panern of gas . ec (here there are '—;: a's])s Then

as in similar lines of Case I can be seen that ihere are
? +1= ? = E] mziaimal unidonsinsting functions with asaximem wel ght.

Mo s i Case 2 and Case 3, we will gor some ofer minimal unidomisating functicns with maximum weight

Define another function f:V — (0,1} by

flvi)= fig) v eV . forign—=4n=12,

and filry_J=0 and flry.)=L nz 8

Then we can check easily the condition of unidominating function in the closed neighbourhood of e, _y, o0, _-and v,
and henee it follows that f) = a unideminating fumction and which is also minimal

Then

. An —8) En—
zﬁlu]=§l+|+l+l+n+---+u+l+1+1+D+u+l+1+u+u+l+l+=}= z +4 15|
el
The functionf, is given by
* s W oW - - &= - & & & .
8 i i L L B i 1 ] a ] ] [}

The functional values of f are 01110 — — — 0111001100110,
Take a — 01110, & —0110. Then the functional values of f; are in the pattern of aa...abb  (hene there are 1;—"1']': i
.-"|.~= there are — a's and two b's, these letters a's and b's can be arranged in

s S Y
T?’F e

Define another functionf : ¥ — (0. 1} by

"_i } = 5 E] EEWH:.IE. Therctore there exist i!ﬂ E[ minimal unidominating functions
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f{-,.]_{l Far i=0.1.40mod 5L =n—2,

Sl [ for 1 = 2.3(mod 5).1 = n,

ad fly, -)=0 fln)=1 nz8.

Kimilar to earlier cases we can show that the function £ i 3 minimal unideminating fusction. Farther,

n—Bl In—4
Z‘E{“] =1 +04+0+1+1+1+0+=+0+1+1+1+0+0+1+140+0+1=1+ z +2+1= 3
i
kE EHJ
==}

The fenctionf is given by

w - W . - L w & * . t ]

1 g a i | 1 a == i i | B 1
The functional values of £ are 1001110 — — - 01110011001,
Take g = 01110, & - D110-Then the functicnal values of £are inthe patiem of [0eaa ...ab01, (hers |ha'eme-r::—l as.

A thers are 11%. a's and one b, there l:!.ist'.t? +1= ? = Ejminiiml unidcuninating functions

Thus there ane EI-; Eﬂ !ﬂ +Ej minimal unidominating functions with maximum weighi.
Case 5! Lei n = 4lmad 5),
The lunctien f defined in Case 4 of Theorem 3.1 s given by

- -.- £ w * - - - « = = % & @&
d 1 1 1 g . . 8 ] 1

The T tiomal vislues of £ aee 01110 = = = QLLI0O0LLD,
Toke o — OL110. b — DLL10. Then twe functional values of £ are dn the pattern of o .. ab (hore there are "%J'u';]. Cin

similar lines to Case £ we con see thot there pre
? + 1= 1’;]' = Fﬂ aummmal unidompating fuscioss with maxinmum weight.

As i previous cases we lnvestigate Tor another mimimal snidominating function with meximum weight.
Define another function f : ¥ — {0.1) by

_fi for t = 0.1 4(mod 5],
'ﬁ'{n'-:l - [0 atheriaize.
aimilar o earhier cises we can show that 5 i a minimal unidomimating function
Now
Zﬂ{u.] =14+04+04+14+1+14+0+-40+14+14+14+0+0+1
wEr
3in —4) n-12 Iin
= 5 = % S ABF¥

The lumctivn £ % given by

& + & & s & - - & * - & & -

1 o 0 1 1 1 » == 9 1 1 1 0 @9 1

The functional values of § are 1001110 - - = 0111001,
Take & - 01110, Then the functional values of ff are in the paitern of 10aaa ... a0l.
Az thase letters as .., g can be arranged i oaly one way, there exicis one and oaly one misimal unidominating funcion.

Thusz there I:I:H:E] + L minimal unidominating functions with maximuem weight. B

IV. ILLUSTRATIONS

Example 4.1: Tet n = 15,

Obviously 15= 0{mod 5).

The funcrional values of 8 minimal wnidominating function £ defined in Case 1 of
Thoorem 3.1 are given at the corresponding vertices of P,

L ¥, L] W W L] W W,
b % Y £ £ % % ] B 18 11 13 i3 1% 15
- " - - - - - - - - - - - - L ]
4] i 1 i a b i i 1 a a i 1 i o

Upper unidomination number of Py is T lPg) = t%l =9

There 15 only one minimal smdominating lunction forP,, with masimam weight 9.8
Example 4, 2: Led m= 21,

Clearly 21= 1{mad 5).

The fencriemad values of o minimal ondeminating function £ defined i Case 2 of
Theorem 3.1 aré wiven of the cormesponding vertices of’ Fs, .
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& & . &

n i e

;| LI T b B t %W m o uw W e m W o
= =

1

- ®E

1
&
=
=

L

1 i i -] i i i & i i [ 1 x ]

Upper unidomination number of Py, is T R, ) = I%J = 12,

There are 4 minimal unidominating functions that exists from f with moximem weight 12, The functonal vilues of another

mirimal unidominating functuonf] defioed in Case 2 of
Theorem 3.2 are given at the corresponding vertices of F.,

Yy % Yo %

-
=
.
&
=
e
i
=
&
®
g
F
E
-
=
K
o
=
E

] ] ] i i i ] E ] (] B [ ] ] i i i i [ [ B B
There are foar swch minimal wnidomimating functions.
Thus there are [=-| = 8 = (4 4 4} minimal unidonsinating functivns with maximun weight 128
Example 4.3 Let n= 17
Clearly 172 2{mod 5).
The Tunctiomal values of o minimal unidemineting funchion fdefined m Case 3 of
Theorem 3.1 are given at the correspomding vemices of Pi.,
i 3 LI L . ¥ % " % "B % "B "k "= 3

- - - L 3 - ———% - -
g i 1 i L ! ] i k -] & E i 1 -]

“n
W
+-.:

Upper amdomanation number of F- is Ty (R-)= FH =10
There exists only one minimal unidomidating fncaon,
The Tunctiomal vialwes of awother minimal unidomimating function £ defined in
Case 3 of Theorem 3.2 are given at the corresponding vertices of Py, .
1 % L 5 "'i L]

L.
L - - * - - * * - * - - L - & - -
i a8 o i i 1 =] 8 | ]

FE
=
-
L- ]

There exists only oo minimal unidominacing fumction,
Thus there are two minimal onidominating functions for P, with maximam weight 10, 8
Example 4.4: Let n = 23,
We know ilsat 23= Jlmed 5).
The funcrienal values of a minimal tnideminating function f defined in Case 4 of

Theorem 3.1 are given at the cormespoading vertices of Pl
¥y T % o5y A ¥ o3 % % "w B "o e M x @ o W om g B om

H i | 1 ] L] ] i | b -] | i 1 ] H I ] 1 1 ] | I L]
Upper unidomination numbes of Py 8T, (Py) = [Z]=13.
There a:n:l?] = Jmirimzl unidominating functions with maxmmum weight 13,

The funcriomal valwes of another minmal unidomicating function £ defined in
Case 4 of Theorem 3.2 are given ot the corresponding verfices of Pag.

% s i T W " W - i I - w o m;

There are é [?]EE‘*I = 10 minimal vnidominating functions with maximum weight]3,
The uncrienal values of anbher minimal unidomisating function £ defined in
Case 4 of Theorem 3.2 are given at the corresponding vertices of P,

There are t‘—:'f = 4 muinvimal winidominoing feectboms wits masimam weight 13,

Thus there ared + 10 +4 = 19 minimal unidominating fmctions for Sy with maximom weightl 3.8
Example 4.5: Let n = 19,

Clearly 19 = #(mod 5)

The: Tumetivmml vialues of o mindmal unideminating function £ defined in Case 5 of

Thearem 3.1 are given at the corresponding vertices of Pig.
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¥ L L) i L]

= o LA T T E . " wm "zm W O "p "\ M o om ¥ ow n
& =% = ¥ X W = g w g = = Ok = B - L L] -
8 i i i & e i i i &8 @& i i 1 6 @ i i ®

Upper usideminution number of Py i Ty (Rg) = [T =11,
There are i% = 4 munimal ynidominating functions with maximum weightl 1,

The lunctiomad values of another minimal unidomisting function f defined in
Cuse 5 of Theorsm 3.2 are piven at the comesponding vertices of Fig,

There 15 one and only one minimal unideminating fonction with maximmm weight 11,
Thus there are. [--] + 1 = 5 minimal unidominating functions for P, with maximum weight 11.m

¥. CONCLUSION: The upper unidominanon samber of a path 15 proved in five cases basing on the mumber of vertices,

wirk gives a scope 00 find apper unidomination oomber of 2 cvele and wpper toral enidemiration number of a path,
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Baby Kamble's The Prisons We Hroke: Breaking Free: Impacted
By Dr. B.R Ambedkar

Abstract

Ount of poverty, superstitions, oppression and caste system in India, enlightened people
like Baby Kamble have found a new way for self-assertion. Since the caste system denied
education to shudras and panchamas, anti-castc writing was a way in which the oppressed were
retahiating agmnst the oppressors. It was o psychological literature. Baby Kamble's work 15 an
autobiography. She portrays vividly the plight of her community, she also expresses her debt of
gratitede w Dr. Ambedkar for his efforts in opening the eyes of the people. He makes them
redlize their oppression and enlightens the Mahar community. He shows them the path of
liberty, equality and fraternity. He was the first Indian to break down the barriers in the way of
advance of women i India. The present paper 18 an attempt to hichlight how the Mahars were
delivered from the strongholds of evil customs through the mmpact of the great and noble

leaders like Ambedkar.
Key Words: Fratermity, Oppression, Superstibions.
Introduction:

In the words of Sharatchandra Muktibodh, “Dalit Literature s the literature produced

by the Dalit consciousness. (Mukabodh, 270) It gave a voice to the exploited and unraveled the
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caste politics in India. Tt very much differs from Main stream literature and this difference is
made consciously by the writers. Mainstream literature is not objective and neutral,
Muainstream literature includes voices of male upper class and upper caste only. Imitially the
Dalits felt very stifled with the way they were portrayed in upper cast works (While talking
about Dalits thev had a touch of sensibility ¢ g : Mulk Ray Anand’s Untouchables). Dalits were
agmnst such portrayals, when the upper castes wrote about the Dalits. they fmled to talk about
the realities of class oppression and used a sentimental tone, with no focus on a rebellion that

could arse and this called for the creanon of Dalit liverature.

Major focus of Dalit literature was on day to day wnting as opposed (o mainstream
writing (who wrote about spirital reality, love and so on). Their writing focused on close
portrayal of their social surrounding. The Dalits didn't wnite for entertainment or aesthetic
villues. They argue that mainstream writers were not visibly propagandist. They wanted w talk
aboul the things that concern rather than talking about spintual or philosophical things. They

were against established literary traditions,

Subjectivity 18 a concept related to conseiousness. personhood. reality, and truth.
Subjectivity could mean an individual who possesses COnsCIous eXperiences, viewpoinis,
feelings, beliefs, hopes, It could mean an entity that has agency. Subjectivity is the opposite of
Objectvity and Subjectivity 15 shaped by culture and 15 return shaped by it Just as how we all

have two eves but our view 1s ditferent, subjectivity difters from people to people.

The 25" of December 1927 is an important day for the Mahars as the speech given by
Dr.B.R. Ambedkar was followed by the burning of the Manusmiriti. It is celebrated 1oday as
Manavmukti din, This event is a symbolic event for the entire oppressed community. Many
times, the oppressed castes are oppressed by the higher castes and they still want to imitate

their oppressors, Take for instance the colonial hangover the people of India stll reels under.



LTELLH Volumie 6, Issae 12, December 2018 20

The oppressed people of the Mahar commumnity found their voice through writing,
Wniting can be seen as a record of the suffering and the release from the pain, Buddhist
literature. radical bhakt literature, writing of Phule awakened their sleeping conscience. Poet
Raja Dhale wrote in an article in a Pune socialist magazine, Sadhana that people are fined more
for “dishonouring the national flag” than for raping a dalit woman. The cra of litcrature writtcn
from 1960s to the mid 1980°s can be called the *golden age” of modern Marathi Dalit
literature. Many works have been translated, incorporated in syllabus and have received

recognition and fame,

In the book, The Pnsons We Broke, the author articulates her suffenings in these

wioTds:

“Hindu philosophy had discarded us as dint and thrown us into their garbage
pits. on the cutskirts of the village. We lived in the filthiest conditions possible.
Y et Hindu rites and rituals were dearest 1o our hearns. .. We desperately tned 10
preserve whatever bits of Hindu culiure we managed 0 lay our hands on. Amd
vet no one tried to understand us. Our minds somehow kept hoping against
hope-that we too would be able to hive hike the upper castes. The month of
Ashad was kept in full honor and reverence, but they were looking for help to
the same forces that oppressed them, they sought liberation and hope from the

same forces that tied them down and robbed them of their hope ™ (Kamble, 18]

Superstitions like offering the eldest son to the deity as a vaghya, child marmiages,
illiteracy amongst women eating the flesh of dead animals have been practiced 1gnorantl y and

ardently. Thewv lived literally in dirt and filth.

The Impact ofDr, Ambedkar:
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Mahatma Gandhi coined the term Hartjan which meant children of God. Thes word 15 of
Marathi origin and means “held under check’, “suppressed’. or “crushed’, or. in a looser sense
‘oppressed’ Maharashtrian Dalit Activist and poet Namdeo Dhasal made it a symbol of pride to
fight against social injustice.” {Prasad, ). The Hindus did not regard their own with homour;

they felt more affinity towards the Muslims than with the people of the lower class,

“Dalit 15 the latest and currently most politically correct of many terms used for the caste.
Otfensive terms used mostly in the past include chura, bhangi, neech, kanjjar and miras: ”
(Prasad . B). The Dalits sought for identity in the Hindu religion and when they developed a
crists when they were not able to get a place where they belonged, they turned (o Buddhism.
According to French Marxist theorist, Louis Althusser, Ideclogy is not really a set of paolitical

ideas but it otters us coherent subject positions {roles).

Some of the roles of a Hindu is to read Hindu texts, visit temples and pray to the idols
but these “roles” were not available 1o be performed by the Untouchable and hence they were

unable to fill this void that they felt gnawing in their hearts.

‘A fourteen-year old girl from one of Jotirao's schools for untouchables wrote an essay
im which she sad, The Brahmins say that other castes should not read the Vedas: this leaves us
without a scripture. Thus, are we without religion? Oh God, please (ell us, what 15 our religion?

[T (Joshi, 12)

*... Religion must have bribed vou quite well to do this... you kept stealing our fates

with your writings” (Kamble, 62)
The significance of the title comes in o play,

“Qr lives were governed by vanous calamitics. We were imprisoned in dark ¢ells, our

hoands and feet bound by the chain of slavery. Our reason was gageed. But it 15 becavse of us
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that the world stands. . Shallow water makes a lot of noise, but sull water runs deep! Like the
peean that covers mountains of sin under its huge expanse, we covered the sins of the high

castes That 1s why we, like the ocean, deserve the admiration of the whole world ™

From 1930 onwards. Baddhism started spreading its wings towards the Mahar
community. People were greatly taken up by the works and talk of Dr. Babasaheb Ambedkar,
Ambedkar was critical of the Hindu religion. He believed that education was a means of
triumph from the hife of poverty and ignorance. He wanted the caste system to be uprooted and
wanted equality among all castes not sympathy or tolerance towards each other {(promoted
through practices of inter dining and other such customs).Many people from the lower castes
were greatly token up by him. He opened the eves of the people to see their oppression and

their plight in the hands of the opper caste

Mahatma Jotirao Phule was a social reformer, hailing from Maharashira, belonging to
the 19" century, He worked for the education of women and Dalits and for the downtrodden.
He was radical in his thinking and was “one of the foremost exponents of moederm humanitarian
thowght " Joshi, 3) Jotirao realized that “though all Hindus followed one religion, Hinduism

had not succeeded in creating a spiritual life based on unity.™ (Joshi, 9)

Kabir was a bhakti who converted from Islam. He believed m the Nirguna form of
worship. In his poem Padas he compares God the creator to a pofter who has touched all

human beings when he created them with his own hands, writes:

Ak

we eal by touching, we wash
By wuching, from a touch

The world was born,

So, who's untouched? Asks Kabir.

Only she
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Who's free from delusion?(118)

Thus, with the influence of such radical minds the people of the Mahar community
started to open their eves and be aware of their subjugation. Ambedkar wanted (o raise the

educational standards of the untouchables so that they too can wield political power,

“Ambedkar planned his programmed to bring the Untouchable from a state of
“dehumanmization’ and “slavery”™ into one of equality through the use of modern methods based

on education and the exercise of legal and political nights ™ (Prasad, 2)

Ambedkar belonged (o the Mahar community, he was educated and came back 1o lead

his people from darkness (o light, from bondage to freedom. He rejected Hinduism and

embraced Buddhism,

“For Ambedkar, Buddhism represented the histonical revolutionary experience in India,

while Hinduism represented the counter-revolutionary experience secking to bring back an

orthodoxy founded upon the caste system ™ (Prasad, 1)

Ambedkar used concepts of Liberty, Equality and Fratemnity from the French

Revolution to justify eradication of untouchability.

The author's father was mspired by Dr.Babasaheb Ambedkar He enrolled both his
children into schools. In an education institution 100, that was supposed to enlighten people and
free them from superstition, caste practices were seen. The Mahar children had to sit ina
corner from where the board was not visible, The author had a group of seven to eight girls and
they felt umited for the first time, they would deliberately gang up on the upper caste girls,

touch them and beat them up, They no longer accepted their fates and no longer saw the higher
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caste groups as “god’s own people” They would insult Gandhi and the upper caste girls would

try to insult Dr. Ambedlkar,

Another wave of consciousness, the people decided not to celebrate Padva, the New
Year of the Hindus, but 10 celebrate 14" April, the birthday of Dr. Ambedkar as the New Year

keeping all the rituals and customs intact.

The two maovies, Sant Tukorama and Satti Savitn greatly impacted their lives. Alsa, in
the lives of the children of the author, they held family discussions on what to choose for their
career They didn’t just accept any 1ot that befell them, but were given the freedom of choice

While choosing a suitable groom for a girl, his educational gualification would come into play.

Secking to exert their nghts “as the sons of the so0il”, the Mahars forcefully entered the
Viththal temple and the author and her friends too decade to do the same. And this incident

made the author come 1o the conclusion that she would never think of those gods again.

Another event. the Mahar women were not given chair and Thakubai charged the Rani
saving, Y our women are not allowing our women to sit on the chairs. Our Ambedkar has told
us 1o demand our rights. I am going to forcefully remove your women from the chairs and seat

my women there | .. | (Kamble, 133) and immediately chairs were arranged for them

The author has educated all her children, the eldest son has done his M.Sc. in
Agnculure, second son 15 a clerk and s wile is a teacher. Their third son 15 an officer and has
marmed a teacher. Their daughter is a block development officer and her third daughter is

married to a rich farmer. Their fourth daughter 18 marmed o a doctor.

The fighter’s spint 15 seen in the author as she namates incidents from her school days
and also in her writing, She resolves to follow the path of Ambedkar, She shows the awakening

of conscrousness to a very large extent. The Hindu Code Bill helped the women break free



LTELLH Volumie 6, Issae 12, December 2018 25

from the nets that entrapped them She says that, “Veergaon has a hon's share in helping me
perceive the truth ™ (Kamble, 102)5he serves her community and uses her writing as a tool to
start her struggle agninst the oppressive forces and to articulate her suffermgs. “. it 15 because

of him that my pen can scribble out some thoughts "(Kamble, 102)

CONCLUSION

Dr, B.R. Ambedkar was against caste system and called it a many headed monster. He
targeted caste system and said that it was just a different type of class system. According to
him, caste is practiced, maintained and reproduced only through marriage. Caste determines
who we will marry and that practice is known as endogamy (all the people within your caste
you can marry). Exogamy on the other hand refers to all people in your caste you can't marry
due o clan or goira svstem. Ambedkar did not believe in inter caste dinning as all these
practices only reinforced the hierarchy, he believed that endogamy is the root of caste syslem
and one should target it from its roots. Exogamy 15 sinful as incest 1s frowned opon by society.
Endogamy has been created to promote caste system. There were four practices created to take
care of surplus men and surplus women- Sati, forced widowhood, celibacy and child marrage.
While San and forced widowhood were forced upon women, men could choose o become

cehibates or marry a young chald in case he becomes a widower.

Dr. B.R. Ambedkar believed that Brahmins started the self-enclosed system and they
did not allow inter caste marriage and one could convert to Brahmins, as Brahming werne
created by being born inio @ Brahmin family only. Other caste groups wanted o imitae the
Brahmins- Sanskritization means when you imitate the practices and rituals of the higher caste.
Shudras do not practice forced widowhood and San because they are farthest from the high

order. Kshatriyas practiced sati and forced widowhood was practiced by the Brahmins. Shodras
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praciiced neither sat nor forced widowhood. Vaishyas pracuced forced widowhood, but at a

small scale, Lower caste wanted to imitate the practices of higher caste,

Gandhi's understanding of caste was more humanistie. He called for a change of heart.
He didn’t say it on behalf of the rights of the Dalits, but to understand their religion. Ambediar
believed that it is the right of the Dalit. and that, they should have access to everything. He
wanted it as a Kind of civil right. He wanted legalistic jurisdiction to claim that caste system
should not exist, Gandhi believed that Varna system was intentionally good but had been
corrupted by men. Gandhn was not agaimst caste-based occupation. Shudras have a class called
Bhangi who deal with dead bodies and cleaned toilets. Gandhi said that there was nothing
impure about cleaning toilets, he was asking for wolerance. Ambedkar smd 1t 15 a very pitiful
way of talking, he wanted to completely eradicate caste system and hence he was more

practical,

“Both reformers (Gandhi and Ambedkar) had a vision of eguality, but for Ambedkar

equality meant not only equal status of the Varnas. but equal social, political, and economic

opportunity for all ™ ( Ambedkar and Indian Caste System Singh, Ravindra Prasad, 2)

Gandhiji called them Harijans, but they rejected this word and wanted to use the word
Dalits. For Ambedkar abolishing caste system was his first prionty whereas pushing the
colonial rule out of India was Gandhi’s first prionty. Nobody could address casie system in its
entirety unlike Ambedkar. For him Hindwism was an immoral religion, and he was very critical
of it. He used examples from Hinduism in his speeches to show itz pitfalls and this sets him
apart. He wanted a struciural reorgamzation of the Hinde society. Ambedkar was more
political and did not believe in the spiritual understanding of Hinduism. He did not believe in

Giod given power. He understood it for what it really was- a system that kept people anequal.
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Ahstract

The theory of Domination in graphs is a
rapidly growing arca of research in Graph
Theory. Domination in  graphs has
applications to several felds such as school
bis  routing, computer communication
networks, Facility location problems, locating
radar stations problem ete.  Recently
dominating funclions in domination theory
have received much altention. The concept of
fodal unidominating function was introduced
in [6], The total unidominating fonctions of a
cycle were studied in [TL In this paper the
anthors  define a praph  pamed a5 3
regnlarised wheel amd study  the  total
unidominating functions of this graph and
determined its  fotal unidomination number
and the nomber of tobal unidominating
functions with minimum weizht.

Key words: Wheel, 3-regularized wheel, total
unidominating function, total unidomination
GTHTTT] T

L INTRODUCTION

Graph  thesry  has 0 oumerous
applications in different areas such as Plivsical
Sciences, Biological Sciences and other branches
of Mathematics etc.  In addition, graph theory
plays an important role in several arcas of
compiler science such as switching theory,
fogical design efe,

Theory of domination is an importand
branch of graph theory that has applications in o
several fields such as School bus  routing,
Computer  communication networks, Facility
location  problems, Locating  radar  stations
problem eto. Domination and its properties have

been extensively studied by T.W Haynes et.al [1,
=

-E.

Eecently dominating functions in domination
theory have received much attention. Hedetniem
etal] 3 | iniroduced ihe concepld of dominating
function. The concept of total dominating
funciions was itrodeced by Cockayne e al, [4].
aome meguahties  relating o domination
parameters in cobic graphs were stadied in [5].
The concept of wial unidominating foncion is
intriduced and studied the total unidominating
functions of a path m [4], tofal unidominasting
functions of a cycle in [7].

In this paper we define a graph named as 3-
regulartsed  wheel  and  fnd  the  iotal
unidomination number of a 3-regulansed wheel,
the number of wotal unidominating functions with
minmmum weight, Further the resuliz obiained
are ilfustrated.

3- Regularized wheel is defined as A
graph formed from W, ,, by replacing the center
of Wy, by g eyele O and each of the remaining
n vertices in W, , are reploced by oycles € ™

z. TOTAL UNIDOMINATING
FUNUTIOMNS ANID TOTAL
UNIDOMINATION NUMBER

In this section the concepis of total
unidomanating function and total unidomination
number are introduced and defined as follows:

Defipition 2.1: Lel GiV.E) be a connected
graph, A function Fi V — [01] 1= said o be
total unidominating function, if

flu)21 ¥veEVand flv) =1,

LEN 8}
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flul=1vveV and flrir=0,

uEN e}
where N{v'] is the open neighbourhood of the
YEriex w.

Definition  2.2: The toial unidemination
number of o connected graph &V, E) 15 defined

il

mim FLV ]S 15 a total unidominating function},

It is denoted by ¥, (G).
Here f(V] = X,-p flu)is called as the weight
of the toral unidominating function f.

A, TOTAL UNIDOMINATION NUMBER
OF A 3- REGULARIZED WHEEL
Theorem 3.1: The wial unidomination number
of a 3-regulanzed wheel 15y {Cy ) + 1.

Proof: Let W, , beawheel and O, be the cycle
replacing ihe Cenier af
Wy, and €, C3, ..., Ci'are the cycles replacing
the n vertices in Wy, respectively.

Let el wnwii iy e the wvertices in
Coo and ¥4, W e, ¥y b the VErioes
inCy, €3, ... CF respectively which are adjacent
0 B Hasem s by fespectively, Let
Wy, W W Wt W WA he the remaining
vertices in €3 C¥, ..., CF respectively.

Here du;) =d(v ] =diwy) =diwy_ )=
Ifori=12..m

Let g be a unidominating function of C, with
minimum weight p,0C, ), where y, (C,) is the
unidominotion number of the cycle £, obtained
in [&],

Define o function f:V = [0,1] by

fie}

il wihen P = w i=13 .1
_ | when ¢ = vy ard glu) =1,
Tl whenw = wy Wy ond gl = gl ) =0,

1] atherwlie,

Mo we prove that |||" is a total unidnmimﬁng
function.
Case 13 =1 for
1.Z... . mThen it follows that
Fluy=1LI0w) = Lf(wg) =0, flwsi) =0
Then 3 f() = i) + Flikeer) /()
WEMT U]
zfe)=1
D RO = ) + Flwas) + Flwa)

WENFY]

some [ =

=1+0+0=1.

Flw) = Flvd+ Fiwe—ad + Fwe)

BEN Wy |

=1+0+0=1
Flud = Flugd + Flug ) + flwg )
uEN g
=1+0+0=1
Cage 2@ Lat giugl =0 and gl ) =

Oforzomei = 1.2, ...n. Then it follows that
flud =0, fle) =0, flws_g) =0, Flwy)
= 1.,?'{1"-"1-4'411} = |.f':“-'ai+z:| =0

D)= )+ [ ) + ()

MENR] ]

Then

=1+0+D0=1
Z Fi) = flugd + fwgeq) + Flwg)

MEN{F]
=0+0+1=1,

Fiuw) = Fiuge) + Fiwseq) + Fiwagg)
HEN[ 4}
=14+1+0k=1,
Fiu) = Fiwyd + Flvia) + Fiwgia)
LEN W4 )
; —1404+0=1
flu) = flwgie) +FF)

UEN Wy 2]

+I{WE|'+3} = -.I. 'I"I]'l' ﬂ = 1
Froon Case | amd Case 2 v follows that s a total
uridominating function
I rom the dv:ﬁmtmn of f,we hm'n:

zﬂuﬂ = z glu) = 7.6, Z v

=Zgiu.:u = nlcy)

iﬂ“‘ec—:} + i Filwag)
i=1 I=1

iﬂl{m]+ﬂ—2ﬂ{uu})

f=i =1

1
=_{E" _lru':.ﬂu.]l L ]"'IJ':-E 8

Therelore Z flul = Z Fl) + Z Flwg)

ueEw
i

£ flws)+ z;'rwm
=i

=1 =
= ?"u[ﬂn] + pallo) + 0 —vulCa) = vulCa) +
By the definition of total unidomination number, it
tollonark that
Yruld — regularised wheel)
=hlly)+n——=(1)
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Lat f be a total ynidominating function,

Then f has the following propertics,

Lo Ol =0and flu-q) =10r il =1
then Flo; ] must be 0 and
flwy) = 1 or f{wy4q) = 1 respectively.
Otherwise  if ) =0 and  both
of
Flt_ ). Flugay) are O then F{v,), Flwy_, ),
S 0w ) must be 1.

2, If f{u;) =1 and both of Flag_) flt.)am
0 then () must be 1,

Let &y be the number of &5 =uch tha

Flu) =
0 and any one of Fle—g ), Fluedis1 then
Ok <n-p(C)  amd  Zy flu)+

Fliig i)+ Flwy ) = k; for these k; seis of
vertices (¥, Woj_. W) where [ 15 such that
fl;)=0

and flu,_d=1 or flu,l=1L
Let by be the vomber of s such that Flu) =
1]
Hrbd f{u‘_J] = 1”“|+1] ='|.: then 'IJ 0 It{z cn
and X FO0) + Flwgi—id + Flwy) = 3k; for
these bo sets of vertices (0, Wy Wwe ), whers
i s osuch that flw)=0and fu)=
.IF{““-'E} = .
Then there are = (ky -+ k)08 such  that
flwd =1 and
EFu) + iy ) + flwgd zn—(ky +
ko] for these m—({k, + k) e of verces
{17, Wag_q. Wy Jwhere [ s such that fu,) = 1.

Therefare (V)

=i.rn:u.:|
=1

700 + Flwaima) + Flowa)

by

£ ) FOn) + Flwer) + Flwa)
kg

+ FOn) + flwgiq)
a4k
+ Flws)
2 =k i)+ ky + 3k + 1= (K, +ks)
=:|!ﬁ_kj +kz

= In—{n =y (0,0) + ky = n—p,(C,)
Since [ iz defined arbitrarily, it Follows  that
¥l 3 = regularised wheel)
2 Y (i) ¥ === [T}
Therefore from the inequalites 1) and (2), we get
Yeuld = regqularized wheell =y, (C,.] + n

Theorem 32: The nuomber of ol
unidominating  fonctions of a 3-regulanzed
wheel with minimum weight ¥, (C, ) + n ix the

number of unidominating functions of £, with
minimam weigh ¥, (0, ).

Proof: Consider the total unidominsting
function [ with minimum weight o (Co) +n
given in Theorem 3.1, As the function f s
given in terms of g, a unidominating foncion of
G i 18 glear that the nwmber of  iodal
unidominating functions of 3 - regularized graph
with minimum weight is equal o the number of
unidominaing functions of C, with minimmom
weight,

Therefore the number of fotal unidominsting

functions of a 3- regularized wheel are
3 when n = 0{mod 3),
n when n = 1({meod 3],
n[:i+|%” when n=2{mod 3, n=8,
12 when m=48.

Mow we verify that whether there is any other
total unidominating Function with mioimoum
weieght,
Let f be o tolal unidominating function. Then
we have provved in Theorem 3.1 that

V> 2n—k, + k,.
If By = k; = Othenf(}] 2 In > p(CH4+n
If ky = 0,k; = 0 then f{V) > 21 = %00 ) +
7.
If ky <n—y,(Cs) ks > 0 then f(¥V] = Zn-
ki +k: =23n—n+4+ ) = vl +m
In ihe sbove three cases we have f(V) =
¥ulCy]) + n. Therctore [ 15 not a function with
AT i wenghi,
If ky=n—plC . ka=0 then Ff(¥)=
¥u (05 4 m and this function coincides with one
of the shove said functions.
Therefore there 15 no other otal unmdominsims
funciion with minimum weighi,

4 TLLUSTRATIONS
Example 4.1:The functicnal values of a 1ol
undominaling functions of & 3- regularzed
wheel formed from W .,

are  piven ot the

3- regulanzed wheel formed from Wy gz
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Total unidomination number of 3- regularized
wheel formed from W0 s

¥u (3 = regularised wheel } = 3, (L, ) + 22
IZI

T +11 =8+ 22 =30

There are 22 tofal unidominating functions of the
J-regularized wheel formed from Waz having
the minimmum weight 30. =

Example 4.2:The functional values of o total
unidominating functions of a 3- regolanised
wheel formed from W, ¢ are denoted at the
corresponding vertices,

3-Regulor wheel formed from Wy 5

Total unidomination pumber of the regular wheel
formed from W, 5=
¥iu L3 — regular wheel ) = ¥, (C) + 15

= 2L
Number of total unidominating functions of the
J-regularized wheel formed from W 42 having
the miniivum weight 20 are 3, =
Example 4.3: The functional values of a toial
unidominating functions of a 3- regularized
wheel formed from Wy g are denoted ot the
cortesponding vertices,

3-Regular whesl formed from Wig

Total amdomimation nurmber of the regular wiheel
formed Trom W yis

Yuul3 — regular wheel formed from W)
= Yllgd+8=12

Number of wtal unidominating funciions of the

J-regular wheel formed from W 4 having the

madvi i wergln §2 are 12

SCONCLUSION
This work gives a scope o find wpper 1otal
unidcmination member and e sumber of
minimal total unidominating  function with
maximum weight of a 3-regularized wheel,
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ABSTRACT

Regraductive ecology of five carpel weed species Gilwns fotaldes L, (2 appasiifiodies (L)
Aug. DC., Mallege coerviena (L) Ser, M nedicestis Lam. and 4 periapipiia L
{Malleginacene | wos sudied Glinus species are prosmie, spreading, annes] herks that
carpet the ground m open smdy sedls md agrciahiesd bads, They kase a peraath af fie
or rarely six tepak i guincunciol armmgemenl. fanctional smmens, petaboid staminodes
amil mumerous ol The floewers sne weakly protandeoss, hedeogameias and Taculimvely
amtogemeaus. Hees, thrips., onds and lycaensd bubterflies pellinse the flowers. In both the
species, s frail iz & dehiscent capsule and dispeses serotdlonn stieephmled-seeds. Seed
dpemsal modes inchale apemochory, ombrobydrochory and Bydrochory

Weirliepn speewss are ansual hetbs which wsimlly prow throughout the year in open dry
sy arel suly and oy sodk hun alss ooour in messt hobiats, especally in culiivabed
lande, The flowers have a perinnth conssting of fve tepals in quincuncial sestiveton,
faitional stamens and several ovules, The ovary s e carpels and thaee siigmas, s
all, the flowers ore faculimtive aalognmous. M. ceridaga is never visived by any imsect
gprechizs whill AL nrdicardis amd M penimpiolla aso pollmated by meeeta, Cettakn percentape
af i sty pelen germinoton and the occurrence of polken tubes on the ssigme dunng the
process of anthess facibiates sclf-ndoead auiogainy. Spostimcous swognmy o dos
i edose praximicy of dchisced anthees of all five antiers to the stigmas in M. serviaea and
due to chise proximity of -3 dehisced amibers to the stigmas o W readione's and 5
Jenmple during Mower closire,

heed dispersel modes melude anemochaong, smbrohydrochery and hypdmocheny

Kovwords: Glinws letides, O oppositifolive, Wellige corvione, M. ewdicoulia, M,
peninpiviie, fculsiive autegany, ealomaphily, polychory.
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INTRODUCTIHON

In gereral, weeds are mestly anouals of bienngals and rarcly perennials, Weeds
are abundantly available, usually grow fast, and reproduce quickly and easily. Some
specics of weeds, called pioneer species, not only grow fast, but prodoce carbon quickly
as well, This carbon, when they die, lasts a long time o the soil, helps bmld structure,
and helps retain water. They have certain nutrients that they absark [fom the soil, bring
o the top, and release when they die, The weeds quickly colomze disturbed habitais
erealed by man and alse grow in areas far removed from their native ranges. They are
penetically labile and phenotypically flexible. such characters enable them to pass through
successfully the process of survival of the fittest under vaganies of nature such as
adverse weather conditions, soils eguipped with Fittle water and nuirient content, presence
of herbivores, predators, parasitoids, perasites and pathogens, and boild up their
populations very rapidly in many geographic regions (Mulligan and Kevan 1973
Andrewartha and Birch 1984}, The weeds are excellent suhjects for understanding
mechanisms of breeding systems. life-history evolution and adaptation (Baker 1965;
Stebbing 1989). The importance of understamding the biclosical requirements and
peculiarities of herbs has been emphasized by many writers (Harlan 1963; King 1966
Chancellor 1968, Hammerton | 968).

Maidu (2002) explamed the negative and positive effects of weesds, Weeds are
undesired plants in agricultural svstems as they deplete the nutrients, water and spage
allotted for the imended crop, and finally cause huge reduction in crop vield. Weeds in crop
ficlds reduce input elficiency. mterfere with agriculiural operations, impair guality and acl as
aliernate hosis for several insect pesis and discases. Some weeds relfease toxic sohstances
which affect the crop prowth. The obvicus effect of these traits is the hike mn cost of
cultivation by several folds, Along with thiz, wesds affect and interfers in the management
ofall the terrestrial and aquatic resources. T hey endanger the native biodiversily by choking
and deliberate takeover of the mative plants. The amimals which depend on this native
biodiversity for their survival are also affected.  As part of the primary producers within
farming systems, weeds are alse considered as important components of the agro-ecosystem.
Reductions in abundances of weeds which act as hosts may affect associated insects and
other taxs wich are beneficial. Thus, weeds have a role withm agro-scosystens in supporting
biodiversity moce senerally, Weed biology relates to the plant annbutes such as morpholoey.
seed dormancey and germination, physiology of growth, competitive ability and reproductive
biology, Knowledge of weed biokogy is exsential for the development of both economically
and environmentally acceptable weed management systems. [t 15 also essential to understand
and predit how weed species, their populations and biotypes evelve in response to the
selection pressurcs and play their role in 5ol conservation and cco-restoration. Yaidya er
al (1978) documented that weeds are penerally classified based on their habitat, Weeds of
cultivated crop fickds {agriculiucal kand) are called agrestals and those of non-agricultural
land iz fallow land, harvested fields, abong rail racks, road-zides, hedges, waste places, on
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old walls and roef wps ele, are called ruderals, There are some weeds which are nod
specific to any particular habatat Le. they act as both agrestals and ruderals. Weeds show
wite ecolozical amplitude by means of which they can resist the extreme conditions of
environment,

The database of Plams For & Foture (PEAF ) indicates that vhere i5 Bmited information
o wind-pollinaticn and this informaton shows that wind-pollination s not a significant life
history trait in flowering plants. Groasses are wind-polimated, this baas may cause an under-
estimate of wind pollination in weeds, Baker (1965) predicied that wind-pollination is ideal
for the repreductive success of weeds, but at the same he stated that generalized pollination
is imporiani over spectalized pollination o enable weeds o spread and wvade different
miches, PEAF database does not distinguesh between generalist insect pollination and specinlisi
msect pollination. Weeds and non-wesds show significant differences in their pollination
mades (Kartesz amd Chrstepher | 9993,

Invertebrate poflinators play important reles in the reproductive suceess of invasive
indigenous and non-indigerous pliant species, some or several of which threaten the native
commmunities | Pascarella er ol. 2001 |. Broeding systeny, flower morphology, pollinator trams,
biomass allocaed w vegetative versus reproductive tissees, all correlate with life history
such as growth form, pattern of development, time to first breeding, number of reproduction
events amd offspring characteristics (Damagaard and Abbotr 1995)

Molluginaceae 15 a small famaly in Carvephvllakes order of flowening plants. It has
10 perera with B0 known species distributed in tropical, sub-tropical and even warm temperate
regions oF the world {Bogle 1970, Endress and Bittdeh 1993} This family is coded as
polyvimcrphic and consists of taxa with uniserzote, undifferentintad peramth and wxa with
differentiaied perianth (Fonse De Cragne 2008), Centain important characiers in this family
in¢lude quincuncial acstivation, dual role of perianth, petalosd staminodes, varistion m stamen
numbser, carpels and stigmas, clesing of flowers and remiform seeds (Hofmann 1994), This
farmuly is of liile econcmie value, Mony species have a “weedy'” nature and frequenthy
invade disturbed places. Some species are impertant as forage plants while a fow specics
are edible and used as potherbs (Kirk 1975) In Glings and Mollvgo pewra, several
spocics are weody, and some specics are used as vegerables and in traditiona] medicine
{Bogle 1971); Endress and Bittrich 19931, The woedy Gl and Mofligo specics commonky
knoawn as carpel weeds are important i carpeting the soil 1 dey environments by ther
profuse prostrate growth and producing several batches of offspring in @ vear. But, there is
o information on the reproductive ecology of these weedy species which is required 1o
know how they are able to grow, thrive and carpet the sl

The present study was cortemplated 1o provide the datails of reproductive ecology
of five carper weed species, Glfnws loroldes L., G appasicifolivg (L) Avug, DC,, Molluge
cerviana (L. ) Ser., M. nudicauliz Lam. and M. pentaphyvila L. belonging 1o Molluginaceae
family.
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The following objectives were investigated: Mowering phenolegy, Moval struciural and
functional morphology, anthesia and anther dehiscence schedules, pollmation mechanism,
pudlingtton, pollinaters, sexual system, flower closing mechanizm, fruting ecology and seed
dispersal. This imformation is important o understand the efficiency of sexual reproduction
which crables them io be agrestals and ruderals as they ocenr both in maiural amd agriculiural
habitats, especially in dry environments, Thas study is wseful to evaluate the abalitics of these
weeds 10 use bocal insect fauna as pollinators to achieve genctic variation through which
they acquire adapiations to grow m different ecological niches and expand therr distribution
range, especially in open, dry soils which are devodd of any vepetative cover.

REVIEW OF LITERATURE

The Carvophyllales 15 a group long recognized by its distinctive placentation and
embryology, and 5 a major order of angicsperms representing abowt 3% of core cudicot
diversity. This order exhibits wide variation in pedanth structure and morpholoey { Takhtajan
1991, The perianth vanes from an undifferenmated to differentiated siructure with the
woncamitant evolution of petals from cither bracis or slamens, in varyving positions in the
fAower. Mere recently, molecular phyvlogenetics has mmproved the understanding of intra-
ordinal relationships within the Carvophyllabes (Cuenond er gl 20020, In this order, the
clade core cudicots characterized by tnicolpate pollen grains included Aizpaceae as a large
Farmdly i which the present Molluginaceae penera are imcluded.  In Atroacese, members
of the early-diverging subfamilies Sesuvioidese and Aizooidene possess o quinguncial
uniseriate perianth; it is petaloid on the adaxial surface while it is sepaloid on the abaxial
side. In the derved subfarmibies Mesembryanthemaideae and Ruschioideae commonly
referred to as mesenths, the petaloid staminodes are possibly stamen-derived as they possess
a singular vascular trace and a narrow point of inseriion. Both petals and stamens develop
from primordia iniliating in o centrifugal dirgction, Stamens and petals are linked by
intermediates, as foral organs developing closest 1o the feriile stamens are increasingly
flamentous while the outermost organs are increasingly petaloid (Hofmann 1994, Thieds of
al, 20110 Concomitanily, the outer quincuncial uniseriale perianth loses all petaloid characiers
and resembles only a calyx (Brockington 2009].

Ronse De Craene (201 2) reported that eudicots consist of 8 basal grade and a large
{core cudicot) clade, which comprises the majority of species.  Eudicots arc a highly
successiul proup of plants, cccupying almest all habitats on earth.  [n core eudicots, the
evolution of flowers is highly diverse and is driven by repeated diversifications of pollination
mechanisms,  Flowers of eudicots are mostly with parts in fve and with differentiated
perianth of sepals and petals, Specihic pollimation mechanizms have led (o groups with
specialized animal-pollinated zygomoerphic lowers {Leguminesae and Lamiales) or wind-
pollinated apetalous fowers (Fagales and Carvophyllales). Likewise, dispersal mechanisms
of codicods are also highly diverse.
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Cilowver (20010 reported that Aowering plants produce three classes of chemicals,
the flavonaids, the betalaing and the carotencids. The flavonoids are the major floral pigments.
They give rise W ivory and cream colowrs through Savonols and Navones, yellow and orange
eoleurs through aurones and chalcones and the red, purple and blue through anthosyanins,
The betalains are not meajor Noral pigments bul when prodeced give red colour 1o flowers,
The corotenoids are mone widespread in plamts but lbess significant as Moral pigments than
the flavonoids: they give yelbow and orange cobour to flowers. Rausher (20006) reported thar
anthocvamins color petals to atiract pollinators whike Gould (2004 noted that they provide
protection to vegelative tissues agamst uliraviolet, herbivores, and pathogens. Hatkesiad
and Liowd {201 5) mentioned that plants alse produce betalain pigments (o attract pollinaiors
to owers, Stafford (1994 ) stated that o given plant species produces either anthocvanine
ar betalains but not both, Clement and Mabey { 1996) stated that it is expensive for plants o
produce beth groups of pigments and perhaps the production of one group of pigments s
cheaper under some environmental conditions or preferable if their metabolic precursors
are limating for somse reason, Clement ef ol (1994] and Stafford (1994 reporied that in
Carvophyllales order, anthocyamins are found only i two families, Carvophyllaceas and
Molluginocene while this pigmentaison hos been replaced by betaluing m the rest of the
Carvophyllales. Glover (20115 mentioned that the bealains are found exclusively in
Caryophyllales, and nowhere clse in the plant kingdom.

Floral evelution often modifics the androecium, resulting in cither stamen loss or
transformation of stamen function from pollen production and presentation to alternate
functions. With the loss of their defining function as producers of viable male gametophytes,
stamens become staminodes. Commonly imphicated staminode roles include pollinater
attraction through visual conspicuousness and/or provision of attroctants and rewards,
avoidance of self-pollination, and facilitation of pollen remonval and receipt through various
trigger-mechantsms. Direet evalution from stamen to functional staminode hikely occurs
when sfamens initially serve purposes such as pollinator ariraction in addition o pollen
production and presentation. In this situation, functional constramts faver “dinvision of labor,”
which converts some stamens info staminodes specialized for the ancillary Tunction and
allows specialization of the remaining stamens on their primary role, With indirect evolution,
the nonfunctions] phase preceding adoption of a new funclion allows staminodes (o assume
movel famctions ol expected of stamens, Therefore, the taxonomic distedbution of stamanodes
refleet functional evolution and the varicty of functions served by staminedes reveal the
course of that evolution (Weberling 1989 Ronse De Craene and Smets 1993, 1995,

In amimal-pollinated plants, reduction of entire stamen whorls usually Ivalves
actinormorphic Nowers pollinated by diverse small insects with more than one whorl of
fertile stamens (Stebbims 1974; Ronse De Cracne and Smets 1993, 19955 Reallocation of
resources 1o more, smaller Aowers andfor adaprations that inerease efficiency of pollen
dispersal likely prompl reduced pollen production per Mower through stamen less, These
adaptations include pollen packaging and pollen-dispensing mechanisms that limit pollen



26

remowal by individual pollinators bat maximize polken dispersal, and more precise contact
between pollinators and fertile anthers or pollmators and stigmas. Both adaptations increase
the propoctions of pollen grains deliviered to stgmeas (Harder and Thomson 1959,

Ehrendocfer {1976 proposed that ancestral taxa m Carvophyllales occupied “open,
watm, dry and windy habitats with mineral sols”, Becavse, many of the Gmlies n
Caryophyllales currently inbrabat xersc, margimal covironments, B this open, pollinator-deprived
enviromment, wind pollinatson may have prevadled, and anthocvanm pigmentation was lost
a5 there was no need to attract pollinators. Subseguently, fdlowing the radiation of pollinaie
lincages and the colontzation of less marginal habitats, reversion to zeophily engendered a
refurn to pigmentation in the form of betalains rather than snthocyanins. Clement and Mabry
{19248} also argued that angmophily was the ancestral cendition in Carvophyllales becouse
the ancestral species in this onder have evolved in open, dry, manginal environments at a
tirrwe when pollinators were scarce, Strauss and Whittall (2006 noted that i i unreasonable
to explain the evolutionary changes in pigmentation as a resuli of the ahsence or presence
of pollinators alone because anthocyanins and betalains accumulate and function in both
veretative and reproductive tissues. Friedman and Barrett (2008 reported that there 15 a
strong correlation between the occurrence of open habitat and anemophily. These authors
also noted that this correlation may nod necessanly be due to pollinator scarcity but rather 1w
ihe selective advantage of ancmophily in an open eovironment,

Hutchinson (1926} recognized Molluginaceae as distinet from Aizoaceas,
Molluginaceac genera previously included in the barger family Aizoaceas have heen separated
o treated (hem under Maollugineceae Tomily i subsequent chassilicotions of Angrosperm
Piviogeny CGiroup (APG) 1998, APG TT of 2003, APG I of 2009 and APG TV of 2016.
APG IV classification is the modern molecular-based system of plant taxonomy for flowering
plants {angiosperms),  In this classificaton, 10 peners and 20 known species have been
assigned o Molluginaceae, The genera include Ademogranma Rehb,, Coclanthum E, Mey,
ex Fenzl, Glinus L., Glischrothamnus Pilg., Hyperelis B Mey, ex Fenzl, Mollpgo L.,
Pharnaoein L., Polpoda C, Presl, Prommotropha EcklL & Zevh, and Swessenguthiclia
Friedrich (Christenhusz and Byng 2016). The genus (linus has been assigned 11 species,
(% baimesii (Oliv.) Pax, & ferniarioides (Gagnep. ) Tardiew, € lotaides L., (& micraplyfls
Hauman, & oppositiiolns (L) Aug. DC., G oneieides F, Muell,, & pawli-wilhedmm
Hochst., & radiomy (Fuiz & Pav.) Bobheb., & raekewiizii Tackh, & Boulos, G sessiliffaras
P.S, Short and G setiforis Forssks all these have been accepted fo species level in this
penus exoept O pasdi=-willielmi which is vet o be resolved. The genus Mollugo Tas been
assigned Y3 species out of which only 18 have been accepted while others have been
constdered to be either synonyms of un-assessed. The accepled species include M.
angrstifoliac MG Gilbert & Thulin, M. caespitosa Scott-Elliot, M. cerviana (L.} Ser., M.
crockeri Howell, M. decandra Scot-Elliot, M. flavescens Andersson, M. foriana (B.L.
Rob.) Howell, M. fragilis Wawra, M. namaguensis Bolus, M. oudicaulis Lam., M.
penraphyilo L., M. pinesia Urh., M. puailia Adamson, M. seadgrasai B.L. Rob., M,
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stedicta Lo, M rewella Bolus, M overdeillang L,oand M walter! Friedr, Coenond e ol
{2002 reported that Mollugmaceae is polyphyletic and hence have diffierent lmes of evolution.

Hofmann (1994) documented that in Carvephyllaceae, the terms sepaloid “tepal”
and petaloid “tepal’ are applied to the quincuncial perianth parts that are present in the core
Carvophollales while petalosd stammnodes refer to penanth parts that are clearly androecium-
derivied, In Azoaceae, androccial development proceeds centrifugally, and the basipetal
memibers become progressively more stenle and petakoid wath imtermediates conceptually
limking the putermost petals toahe inner fertile stamens, This situation has been described in
Crlinus of Molluginaceae. Fonse Die Craene (2008) coded Molluginaceae as polymorphic
since this famaly exhibits taxa with wmsenate, undifferentiaied penanth and taxa with
differentiated perianth, Hofmann { [ 994 ) noted that Gliwes possesses pulatively staminodial
petals while Romse De Craene (2008) interpreted them as differentiated staminodial
SLTUGLINgS,

The genera Ooffous and Mofluro are commonly called carpet weeds and their
separation from cach other s primanily Based on seed characters, the former having
appendaged seeds while the latter having non-appendaged seeds. Literature records
comeerming these weods are limited 1o provide information on them. The genus Glines is
distnbuted m tropical and subtropical regions of the world. It origmated from the Greek
word “elinos” meaming a plant with sweet sap or juice, They are squint annuzl herbs with
fizzy to hairy green berbage, The fruit iz a copsule containing many kidney-shaped seeds
with a filiform appendaged anil and stellate hairs (Ronse De Cracne 20131 G fovoldes is
widely spread throughout the tropics and subtropics, especially in Afrca, Asia, Avsiraliaand
South Enrope. It is mafive to Eurasia and Africa and has become widespread in fropical,
subtropical, and warm-termperate arcas worldwide. The species mame “lofoides’ means
resembling the genus Lofus. It dg o spreading annoal herb distributed throughou Indis, The
fender shools and voung leaves are vaed as green vegetable and in the indigenous system of
medicine as antseptic, anthelmintic, against dizrrboea, bilious attacks and as a purgative for
curing boils, wounds and pains (Bhavamn 2001 5; Hamed ef al, 1996; Sasin 2002 ), Seeds arg
used for the treatment of tapewenn infections throughout Ethiopia, mainly among rural
populations. In Ethiopis and Tanzania, it &5 currently given threatened status due to its regular
harvest for medicinal purpose {Teshome and Feyissa 2013}, G oppositifeliuy 15 widehy
distributed in the Americas, tropical Asia, tropical Africa and Avsiralia; The species ame
“oppositfolies " B denved from the Latin word “opposine”™ meaning standing against or
apposed and "l meaning & Teaf, referring o the leaves ammanged opposite éach oiher
{Huang and Wu 1998; Sahu ef al. 2001). This species 18 widely used as a vegetable and in
traditional medicine o treat skin diseases, join pains, mflammation, diarrheea, miestinal
parasites, fever and malana (Dutta e gl 2012}

Cilirws species are gencrally charaeterized by herb life form with flowers i axillary
whorls or fascicles, isdumentum of stellate hamrs, presence of staminodes and by the filiform-
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appendaged aril on the seeds (Shor 2002). Among differemt specics of Gilirs, the stamen
number 15 unstable rangmg from five to several senies of stamens including outer staminodes
(HofTiman 1994 1o this penus, the sepals are five and display quincuncial aestivation
(Ronse De Craene 20000, The stamen loss 15 variable in different species, The gynoecium
and the sepals advancing cemripetally act as two separaie Torces on the inervening
androecium 10 canse stamen foss, The stamen Logs 15 hnked with a reduction of carpels
from five to three or two. A strong correlation exists between the niumbers of stamens i
the upper trer and mumbers of carpels. Lpper stamens always aliermate with carpels and an
inerease or decrease in the upper tier of stamens invarably affects the upper stamen whord.
In Mowers with three carpels, the allemisepalons stamens tend o comaerpge in pairs against
the flapks of the carpels and are protected 10 an extent from pressure by the sepals bul they
leave less space For the initiation of the antesepalows stamens, The ouler Slamens ane
replaced by petaloid siructares and the petaloid number fuciuates enormously and these
structures are cither antesepalous by replacing & fertile stamen or aliermisepalows as an
appendage of upper stamen (Brockington et ad, 20030 In Glines, a white anl of fumicular
origin develops o elongate, fliform strophoole (Bittrch 19900 [nde fovaides, the androeciom
iz extremely varioble and only the aliernizepalous whorl s complete with staminodes and
odd stamen is opposite to sepals (Ronse De Craene 20000, Bul, Sharma (1963 § stated ihai
this species shows rarely more than five stamens.  Bittnch {1990) noted that €& fofoides
fruit i= a capsule and opens when modstened with the aid of expanding keels. Sharma
(1963 ) reported that in (2 appositifolius, the stamens vary from 10 to 13 arranged in three
whetls indicative of a tendency For redoction sith the loss of the outer stamen whorl.

Erdimamn | |986) stated that Molluginaceae 15 a sienopalynous family because the
pollen morphology is umform among species indicating thot the pollen tvpe is characieristic
and constant. Perveen and Qaiser (2000) provided the details of pollen geains of this family
The pollen grains are radially symmetrical, isopolar, oblate- spheroidal to profate-spheroidal
ar sub-profate, tricolpate, and the colpal membrane is fincly-coarscly granulate, Sexine is
alightly thicker than nexine. Tectum is scabrate-spinulose. Ronse De Craene (2010} reporied
that in Molluginaceae, the ovary i isomerous with antesepalous carpels or is reduced 1w
three or two with evules amanged on axile placentation with narrow partitions and styles are
carinal. The fruit is a capsule with many sceds enclosed within persisient calyx. [t is
loculicidally dehiscent. Bittrich (1990} reported that in M verficillafe, the fnwil capsule
apens when moistened with the aid of expanding keels. Narayana (1962} and Hofmann
{1973} noted that Molluge species have a primordium-like swelling on the funiculus and it
i2 conspdered o be a vestigial anl. Binrich and [hlendfeldr {1984 mentioned that Molipge
secds perminale by meais of an operculuin,

The genus Mollugo 15 native to fropical to warm temperate parts of Morth and
South America bur it is distributed in Europe, Africa and Asia. The peneric name i5 derived
from the Latin word “wodlfs” meaming soft. Molfuge differs from other members of
Molluginaceae by the presence of a combination of keaves in false wharls without stipules.
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Mowers borpe in cymes or panicles and produce secds lacking a caruncle or having a very
amall caruncle lacking an appendage (Short 2002 ). M. vervicillata occasionally mtroduced
in Evrope, Africa and Asa. M dissicka 15 resteicted o Indio and S0 Lanka. M. brevipes,
M. cubemsiy and M. pinesia all are endemog to Cuba (Thulin ef al, 2006}, M. cerviana iz
mative to India, Sri Lanka, Pakistan and Bangladesh. The species name i derived from the
Latin word which means deer or fawn coloured. It iz an ancient medicinal plant kiown as
thread stem carpetweed. In India, it is widely used a5 a pot herb. Tt is also used in Asorveds
as an alternative ireatment for varous atlments such as skin diseases, rheumatism, pales.
fever and snake bite (Parvathamma and Shanthamma 2000). Further, the exwract of the
plant has been reported to be a geod inhibiter for the corrosion of mild steel (Arockinsanmy
el af 2014]. M. pentaphylla w distributed throughout India, Cevien, Malscea, China,
Japan and Fiji (Malarama ef ol 20012)  The species name relers to palmately compound
leaf with five leaflets. It is used in traditsonzl medicine as stomachic, anfiseptc and to treat
sore legs and promote menstrual discharge m women (Sahu er ad 20020 M. nedicawdis is
distrtbutied throoghout tropical Africa and Asis (Bormows and Willss 20051 The species
name 15 derived from the Latm word “muedicawis™ meamng maked or leafless stem. It s
used in Indian phiytotherapy for the ireatmend of inflammation, jaundice, urmary and kidney
disorders, wounds, cold, cough, fever and body pain (Rajamanikandan & ol 2001),

Ropse De Cragne (2010} reported that in Moflygo, (he pumber of stanwns ranges
from five (M. cerviana) to three (M. rudicawlis), Perveen and Qatser (2004} reported
that M. cerviang and M. pestapdivlla show a litile variation in the exme pattern of pollen;
the pollen grain is covercd with a scabrate tectum n the former and with spinulose tectum
in the latter.

Aizoaceae is closely associated wath Molloginaceae in several leaf, flower and frut
characters, The Aowers in these Families are vsually small or medivm-sized and show
adaprations todifferent categorics of insects for pollination. In this connection, the lileraturg
avatlable on pollingtion ecology of these two families has been reviewed and key aspects of
pollination and pollinators have been presented,

Little information is available on the pollination biclogy or related aspects of Alzoaceae
subfamilies Mesembryanthemoideae and Ruschoideae, commonly referred 1o as mesembs
{Hartmann 1991; Chesselet er @l 19%95; Jucrgens 2004; Peter er af, 2004; Thicde & af.
211y, The predominance of bright, showy petals and the presence of functional nectanies
in the flowers of this family sugpest insects as pomary pollen vectors (Hartmann 1991
Ihlendfeldr 1994), In a detailed stody, Chesselet ef ol (1995) explained the imporiance of
foral nectar as an atiractant o msecis i Aizoaceac species,  Further, these authors also
stated that the abundant pellen produced by many species is an mmportant reward for many
insects and insect pollination appears to be common in this famaly. On the contrary, Bittrich
{1987 suggested that abundant pollen might be an adapiation for wind pollinaton. Thienfelds
(1994} noted that many flowers within the Amosceas atiract a wide spectrum of {loml
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visitors and that most species are protandrous and self-sierile, Struck (1994 ) repored thai
the mesemb flowers are pollinated by masarid wasps m South Afnica. Hartmann (1991)
reporied that the presepce of prominent bright shiny petals and the open pollen presentatson
funetional in diumal Aowering species of this family suggest insect pellingtion. He also
stated that the flowers opening during the day are protandroes, with & very distinctive early
male phase, followed by a later femake phase. The flowers open repeatedly by bazal growth
of the androccial ciements. In melittophiloas flowers, the stigmas are at first sharter than
the stamens. Dunng the female phase, the stamens wither and collapse and the elongmied
stigmas become prominent in the middle of the Mower. Al this stage the sigmas spread and
start o produce a copiously papillate surface, which iz more intensively coloured than in the
un-receptive stage, Such a sexual function in the Oowers Geilitate and promote cross-
pellination by bees, Hammer (1995 eported that Aizoaceae members show synchrony
Aowening time within populations. The pertod of flowering usually short and the repeated
opening of flowers is uspally restricied 0 a certain penod of the day. Groen and Van Der
Maesen { 1999) reporied that the populations of Berceranthis, Paucaria and Cvthopterim
fower simulianeously. These anthors conssdered thas sitwaton of fower synchromy mdifferent
species collechively promotes Aoral anrmction 1o pollinafor insects, Peter of ol. (J004)
speculated that Bergevanhius flowers stay closed at low ambient remperature and vapour
pressure as 8 mechanism to protect the pollen from moisture because pollen fertility gets
alffected i i contacts with water, The Rower closure mechanism probably evolved w proect
pollen from water on cool humid days and from dew at night. Zictsman (2013 ) reported that
Stomativnr bolisice Qowers are hermaphrodatic, In some fowers there 15 almost complee
overlap of pollen presemtation and stigma receptivity, In others, this time lapse i nol more
than a few minutes and in some others, there is complete overlap of male and female
functions, The floral sexual function is indicative of facultative xenoganmy.

In Maolluginaceae, nectar secreting tissue is present in almost all species. In several
genera, showy sepals or petals have evolved, both of which strongly suggest entomophily
{Watson and Dallwitz 1992; Kubitzli ef ol 1993 ). Glirus lotoides 15 an important source
of pollen for boney bees in Badomares, South Darfur State, Sudan (Aldeen 2004), Hespeid
butterfly, Carcharadus alocae during its lTarval stage avoids & lotosdes i the latter is
present in the habitat (Bemyamini 2005). Zizeeria borsandra uses (3 loroddes amd 7
apposiiifolius as brval host plant in south Aostralia (Grund 1998y, Mollugo verticiilaig i3
pollinated by syrphid fly, Mesasgramma nrerginada (Robertson 1928). It is the larval host
plant for the Pierid butterfly, Marhalis fole m Alabama, USA (Keener ef al. 2007). The
most widely spremd, weedy species of Mollugo verticillata, M. mudicandis and M. cerviana
are seli- and insect pollinated (Pax and Hoffmann 1934; Bogle 19700, Tn Taiwan, M.
pemfapinlla 18 a4 minor pollen source for Apis meflffera (Lin ef ol 1993, In South Indi,
honey bees use Molluge species as pollen source and reciprocate the plants with pollination
(Ponnochamy of af. Z014). In South Africa, Andrenidae boes, MWelifurguia favide and
Meliiprguia aemaiospila use Molluro species a5 pollen and nectar sources; the former
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exhibits oligolecty by concentrating on Moflugo for forage collection while ihe Tamer exhibis
polvlecty by foramng on Modluge and also on other forage plants growing simultancously m
the habvgar

Gilinus loteides and & oppositifolins are C, specics (Rama Das and Raghavendra
1973; Christin ef al. 2000). The penus Mollnge comtains C3, C4 species and species with
Ch oand C4 mermediate chammactenistics (Edwards and Walker 19833 In Moliugo, W,
cerviena 18 0 C, species, M. nudicaulis C,-C, species and M. pemtaphyila C, species;
the first species is disiribued in hot and regions from paniropics i iemperate regions while
the other two specics are distributed from pantropical and subtropical regions (Christin ef
al. 20000, M. nudicawlis 15 a successiul cosmopolitan weed of disturbed areas in warm
climates {Vincent 2003), It produces some leaves with O, characteristics and some other
leaves with C, charscteristics according to their position on the stem. The leaves progress
from C, to C, a5 they age. This photosynthetic variation in a single plant, correlated 1o the
age of the leaf, indicates that C, phenotype is controlled by maore than just Mendelian genetics
(Raghovendra er al. 1978). The C, -C, photosynthesis is believed to be a relatively rare
conddition in plants, withonly a few dozen identified species, many of which belong to Flaveria
{Sage er al 1999), OF all C2-CH4 intermediates, M nudicawlis and M. verticillara arc the
imost widespread and abundant. Both are found in bot, ruderal habitais where competition
is Jow and the potential for photorespiration is high, Their ability (o survive on such sifes is
likety due 1o their C,-C, pathway, which improves carbon gain in the reduced atmospheric
C0, levels. The coological success of these C-C, Mollugo species demenstrates that C, -
L, imermediacy 15 a successful photosynthetic pathway in its own right and not merely a
transitional phase to C, photosynihesis ( Vogan ef al. 2007). M. cerviana is the enly known
C, species in the Molluginacese (Brockington ef af, 2009), C plants possess o charactenstic
Kranz ivpe of leal anatomy which imvolves ihe oceamence of a chlorenchymaious bundle
sheath in the leaves. These plants also consistently exthibit low carbon dioxide compensation
point, while the C, plants wsually compensate &t higher levels of carbon dioxide (Rama Das
and Raghavendra 1973} The general pattern of abundance of C, species in warm
envitomments indicates that C, pathway is phvsiologically advantageous for them to survive
and broaden their niche (Lundgren of al, 201 5),

Lumdgren and Christin (2017) reported that C-C taxa are remarkably widespread
across geographical and environmental space, mointaming the ability to exist in both typical
C, and C, niches. Thewr physiology does nod strongly restrict the migration of species
gengraphically or into new environments, These authors stated that C-C |, lincages converged
toward warm habitats, which may have facilitated the transition to C, photosynthesis,
effectively bridging the ecological gap between C,and C, plants. The miermediates retained
some precipitation aspects of the habitats of their C, ancestors, and likely transmitted them
to their C, descendants, cantributing to the diversity among C, lineages.
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MATERIALS AND METHODS

Five plant species, vamely, Glinws lofaddles, O oppositifolins, Mollege cenviana,
M pudicarlis and M. penrapliylla were selected for study during March 2014-May 2017,
Clinus specics were stedied at Paravada arca while Molluge species were studied in the
Andhra Uiniversity Campus and also at Paravads aren, These species are very small progtrale
annivals and grow throughoot the vear if the soal has itk moisture, They are called “carpet
weeds™ as they form huge populations carpeting the soil due to their very low prosirale
habit. OfF these plant species, M. cerwiang with its wiry stems and linear-lanceolaie Teaves
is mot promunent and usually goes unnoticed or overlooked whale all other plant species are
prominent and can be easily noticed despite ther low prostrate habi.

Ficld visits were made regularly to record the flowering season i the selected plant
species. The inflorescence type, the number of flowers produced per infloreseence and per
plant were noted. Twenty five fresh lowers were used for each plant species to record the
Moral detals such as Newer shape, colour, odour, sex, svmimeiry, Moral mechamsm, peranth,
stamens, staminodes and siyle and stigivs, d¢. The Aoral configucation and Moral rewards
presentation aspects were examuined in relation to the forage collection activity of msects

and the anendant pollination ¢ffecr,

Anthesis was innfially eeorded by obsarving marked masture bieds in the fiekd. Later,
the observations were repeated 3 1o 4 times on different days in ender o record accurate
amthesis schedule for cach plant specics. The same buds were followed for recording the
time of anther dehiscence. The pollen presentation pattern was also imvestigated by recording
how anthicrs dehisced. whether all anthers o a fower dehisee simullanconsly or not and the
sarme was confirmed by observing the anthers under a |0x hand lens,

In 2l five plann species, the fowers close back, The nme of flower closure was
recorded for cach plant specics. Field observations were also made to record whether the
stamens and stigmas stay ingide or not afier the flower closure.

Mectar secretion was observed from meature bad stage to the tinne of Bower closure
In all five plant spocies, the nectar traces appeared in mature bud stage itself and thers 15 no
firrther secretion during Mower life Since nectar s nod produced in measurable quantity, it
was nod analyzed for its sugar concentration and chemical constituents such as sugar types.
armind acids and proteins.  As the nectar was secreted arounsd the ovary base and enclosed
by connate staminal flaments, # was considered 1o be producing sucrose-rich nectar because
the nectar concealed in the flowers is usually sucrose-rich.

Pollen eutput was determined by taking 25 un-dehisced anthers from ten individuals
for cach plant species. The anthers collecied from the sample of Towers were placed ina
Petri dish,  Later, each ting a single anther was taken out and placed on a clean microscope
alide (75 x 25 mm) and dabbed with a needle in a drop of lactophenol-amiling blee. The
anther fissue wis then obgerved under the microscope for pollen. The pollen mass was
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drawn inio 3 band, and the 1oial number of pollen grains was counted under 3 compound
microscope {40k objective, 10x eye piece). This procedure was followed for counting the
number of pollen grams inesch anther collected. Based on these counts, e mean numbser
of pollen produced per snther was determined.  The mean pollen outpul per amber waz
mieltiplied by the number ol anthers in the Nower for obdaining the mean number of pollen
grains per flower.  Another 31 of dehisced anihers was colkected ina Petri dish for each
plant zpecics and the pollen removed from these anthers was examined under microscope
for recording the pollen gram features. The pollen-ovule ratio was determmed by divaiding
the average number of pollen prains per Mower by the average number of ovules per flower.
The value thus obiained was taken as polles-ovule matio (Cruden 1977) The pollen-ovile
ratios were calculated separafely for 8 to | 2-stamened Dowers in Glinuy fofoides, 4 10 6-
stamened Mowers in G oppositifolius, 3 10 S-stamened Mowers in M, muficandis and M,
penfaphilia. The pollen-ovule ratic was constant i M. cemiana as it produces a fixed
numbser of 5 stamens in all Mowers. fv viiro pollen germination was examined for the pollen
of G opposiifoling and M pensapindio. The pollen was collected from the anthers soom
after anther dehiscence and transferred to Petri dish for storage. The pollen thus collecied
wie placed in the cavity of slides, added modified Brewbaker and Kwack’s medium and
abserved after one hour under microscope for germination. This was repeated at each hour
from 1100 h to 1900 h to record the percentage of pollen germination m order to record the
duration of pollen viability,

Tea flowers cach from five individuals for each plant specics were used to test
stigma receplivity. [t was tested with hydrogen peroxide from mature bod stage to flower
closure and bevond as per Dafmi ef al. (20051 Hydrogen peroxide when applied to stigma
does mot stain bul produces bubbles a5 a result of catalase {peroxidase) presence. This tesi
is widely followed alihough it does not indicate the exact location of the receprive area, The
period of release of bubbles from the surtace of stigma following application of hydrogen
peroxide was faken a8 the length of stigma receptivity period during fower life and also
during closed state of flowers. Further, the receptivity was also observed visually whether
the stigmas are shiny, wet or withering,

Based on the timings of maturation of anthers and receptivity of stigmas, the sexual
svsiem was defined and slso elaborately explained its functionality to achieve sponfanseous
autogranyy;, pettonognny and xenogamy. The positons of stamens and stigmas dunng and
after anthesis were obzerved to evalunfe as to how they facilitale spontaneous autogamy
during anthesis and Aower closure, Funher, observations were also made 1o evaluate asio
how these positions preclude self-pollination when tlowers stay open.

After making preliminary observations on the foraging activitics of insects on the
plant species selected for study, a thorough knovwdedge of the local insect species was

obtained by observing the representative species available with the Depariment of
Environmental Sciences, Andhra University, Visakhapatnanm. All butterflies were identified
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1o species level by consulting the books of Kunte (20071 and Gunathilagaraj ef af, (1998)
while other insccts, some to species level while a fow others to genus level only. The
effons to pet the specimens identified o spectes level for the species which were identified
up 1o genus level by Zoological Survey of India, Government of India were not successful
during the study period. The insect spocies were observiad with the naked cye and by using
binoculars; the insect species that could nm be wemtified on spot were captured and later
identified with the help of the identified specimens available inthe Department. The foraging
activities of insects were recorded for 100 min at each bour dunng the open state of flowers
on 4 occasions and the data was tabulated 1o vse the same For further analysis, sspecially w
understand the foraging activity rate.  For each species, approximately fifty inflorescences
were sebected o recond the foraging visits of insects, The data thus ebiained was vsed w0
calculate the percemtage of Foraging visits made by coch category of insects per day to
evaluate their association and pollination rele in the studied plant species, The insects feeding
un nectar andfor pellen were carefully observed 10 assess their role o effecting pollination.
They were observiad on a number of occassons on each plant species for their foraging
behaviour such as mode of approachy landing, probing behaviour, coniact wath essential
organs fo result in pollination, iner-plont foraging activity in termes of cross-pollimation. Based
on this data, the association between Aoral rewards of the studied plamt species and insects
was asscssed,

All five plant species were used by thrps for breeding and feeding.  They were
collected from the flowers and identified vsing the key provided by Bhatti { 1980} for Indian
thrips. Ficld ebservations were made as to their mobility and foraging activity on flowers to
assess their role in podlinatton. Further, their body washings were made 1o count the number
of pollen groms mn order (o confirm whether they hove amy role in pollmation or pot,

Ten individuals of each insect species were caplured while collecting pollen andfor
nectar from the Dowers of all the siudied plant species; the collection was done during {heir
peak foraging activity period. The capiured specimens of insects were brought 1o the
laboratory, They were washed first in ethy] aleohol and the contends stained with aniling-
blue on a glass slide and observed under microscope to count the number of pollen grains
present and evaluate their relative pollen carevover efficiency and pollination role.

Ten intlorescences cach on ten indrviduals of each plant species were tagged poor
b arthiesis amd followed for fron amd seed set for two weeks. The resulting fruit amd seed
output were pooled up for caloulating frut and seed set rates. Fruit and seed set rates were
recorded separately for B to 12-stamened fowers in Gliows lotoides, 4 10 b-stamened
Nowers in O opposttifolis, and 3 w S-stamened Nowers in M sedicauliv and M,
penfapliplla. Fruit and seed sct rates were constant in W ceiviang as it produces a fixed
number of stamens and evules per fower.

Fruit and sced dispersal was carefully observed to draw practical inferences regarding
their success as weeds. The role of wind and rain water in fruit and seed dispersal was
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examingd in the studied plant species,  The frait and seed morphological characieristics
were observed in detasl as 1o their adaptations for dispersal by different means i order 1o
invade, colomize and establish populations in different arcas. Seed 13 the only mode of
propagation m all these plant species, Observations on seed germination were made in the
ficld o know whether seods germinate immmediately after their dispersal or nod, and if sa,
whether they form new plants or populations continuously o mol,

RESULTS
GLINUS LOTONDES L.

Phenology; It is & low-grovwang prostrate, spreading, annual berb that grows in open sandy
souls, cultivated Belds and open waste lands (Plate 2a,b), In soils with enough modsivee, it
prodeces well developed tap oot and swrvives throughewt the vear producing Mowers and
fruits simultancously or alternately. The stem is soft, succulent, pubescent and nmuch- branched
carpeting the soil with its foliage. Leaves are simple, hasal ones borne in a rosefte form
while the upper ones m verticillate form or rarely arranged opposite, and densely stellate
tomentose. The flowering s profuse when sodl 15 very damp which occurs durmg July-
Oetober doe o mensoonal rains, Flowers are borne on 1.3 mun fong stalks in axillary evmes
and each cyme congists of 4.72 £ 1.3 flowers and each plant produces B2.5 + 33,65 flowers
(Plawe 2e.d).

Flae i Spady msa o Anilse (schvs kel mrvermy, fo ile sy gpeoes b Audles sosinimny sivel
il il raeross e B

Flower marphology: The Aowers are small (6.1 £ 128 mm long, 742 £ 1.25 mm wide),
odoiirless, actinomorphic and bisexeal. The calvx amd corolla are represented by penanih
with 5 or rarely 6 topals. The tepals are succulent, free (6.02 + 0. 19 mm long, 4.05 £0.2 mm
wide), arranged in quincuncial scstivation, whitish green adaxially aimd green abaxially, ovate
oblong and covered with stellate hairs, The stamens are ¥ 0 12, free, white and arranged in
twi whorls, The stamens of inner whorl clese to ovary base are long and form a short tube
a1 the base around the ovary while those of the outer whorl are short, The stamens of both
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whorls are usually anti-tepalous and occasionafly alterni-tepalous. The flowers with 8-
stumens comstitute 14 2855, (hose with 9-stamens 21.42%, those with 10-stamens 42 85%,
11-stamens 19.04% and [2-stamens 2 38%. Anthers are H-shaped, white, dithecous and
versatile, Staminodes are 5-7, petalodd, white, bifid and usually altermi-tepabous bul occasionally
in between short stamens; they extend bevond the beight of long stamens (Mlate Je-¢) The
ovary {5 £0.23 mm keng and 2.03 £0.17 min wide] is green, pentacarpellary and pentalocular
syncarpous with variable mumber of ovules arranged n two rows i each locule on axile
placentation. The ovule number varied from 181.9 = 35,28 10 242.4 £ 35.14 in 3- and 12-
stamened flowers (Plate 3z). The ovule production trend showed that the number of ovules
produced gradually increased with o gradual increase in the number of stamens per anther
and pollen out per Mower but the variation is nod significant. The sty is absent and stignas
are five, greenish white, froe, spreading, papillate, wet and shiny [Plate 3e.d.f).

Floral biology: Mature buds open during [400-1500 h. Individual buds take 30 10 40

mimites from partial to full opening (Plate 3a,b, 4a-¢) The anthers dehisce by longitudinad
slits during amthesis (Table 1). The pollen antput per anther varied from [, 19385 £ 702510
1,371.85 £ 6576 and from 10974852 526,08 to 1432628 £ 343,03 per flower in 8- 1o 12-
stamened fowers {Table 23 The pollen producton trend showed that the pollen oulput rale
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gradually increased with a gradual deerease in the number of stamens produced per flower
but the variation 1s not significant. The pollen-ovule ratio vaned from 58; 1 o 61:1 m 8- to
| 2-starmened Oowers. The pollen graims are white, spleroidal, ricolporate, tr-zoncapertiurate,
eolpal membrone densely gramulated, 32,52 £ 428 um in size and tectum with scabrate
ormamentation. The stigma attains receptivity after anthesis and confinwous up o 2™ day
noes time (Table 1. The nectar 15 secreted in traces duning mature bud stage. The tepals
together with the staminodes; stamens and stignaa close back by 1 700-1800 b on the same
day and remann in place i fertilized Aowers until fourt dispersal (Takle 1), The un-feralzed
Aowers fall off after 7-10 days,

Flare 3 ol It o Bl by Floavar, o & o Esdanve IS O SRS Al S,
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Table |, Anthesis schedubes in the studied phat specices
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Table 2 Pollen aspecis in Glinas drides

Flower type Parcentape  Mean polien Mean polien Blean mo, aff Falien-
af atpialfaniher aulputs flowes drvta s Tlowior irviske
OOCKrTEnCe rad b
R-senmened 1420 137185 L6576 10974 85 4 526,08 1E1.9°& 25.28 Gilk: 1
Q-skpimined 2h2 133185 9146 11986.71 = 23,21 196.T £ 35.TH a1
10 starnered 4255 130457 & 6265 1314571 + 616,57 111.X = ML67 sS4
11-siamersd X 2218544136 344042 + 67400 2303 =34.13 Al
12-stmerned 238 119535 & WIS 14520 20 + B45.03 2424 £35.14 54

Pollination mechanizm: The fully open owers show different poesitions of the stamens
amdl the stigss. The stigmas are situated beyond the height of short stamens but helow the
height of long stamens. Further, both the sex organs are spatially separated and procludes
spontapeous autogany during open state of the flower. However, during the closure of the
fower, the closely spaced dehisced anthers of long stamens contact the stigmas facilitating
spontanecss autozamy but its occarrence 158 dependent on the availability of pollen in the
amthers (Plate 44).

Thrips breeding, fecding and pollination: Thrips species, Haplotkrps sp. (Thy sanoplera:
Thripidach ovi-posited during early stage of floral bud (Plaie 421, The larvac emerged from
the eges in synchrony with anthesis and nectar production in Oowers, The larvae and adults
foraped for pollen and mectar. Individual thrips were dusted with pollen during their movemenis
within the flowers. The pollen morphelogical characters facilitated the thnps to carry 428 o
635 pollen grains on their body setae, wings and legs. The thrips dispersed the pollen on free
spreading papiltate stigmas due (o their active mevement, rubbing the abdomen against the
stigmatic surface, cleansing of their body parts with their hind legs and alzo by their wing
eomnbing mwchanizm The near homogamous nature of the Qowers facilitate sell-pollination
within the same flower or different flowers of the same plant by thrips. As the plant occurs
as small or large populations, thrips could fly to mugrate to the fowers of other closehy
spaced plants and effect cross-pollination by feeding on the forage.
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Insect visitors and Pollinafion; The Mowers were foraged by bees Tor pollen and nectar,
ants and buiterfics for only pectar during 1400- 1 700 b with concentrated foraging activity
during 1500-1600 h (Figure 1,2). The bees were Apis cevana (Plate 4f), 4. Jorea (Plate
4g). Trigona iridipennis and Cerating sp. The ants included Camponones sp. (Plate 4h)
and Cremaregasier sp. The butterflies incladed only [vcaenids, nameiy, Zizula nvax, Zizeeria
karsandra (Plate 41), Zizina ous, Freveria frochylus, Chilades fains and Chilodes
perndove | Table 33 All these ingects approached the flowers in upright position, landed on
the tepals and then probed for forage collection. Bees first  acoessed anthers to collect
pollen and then moved to the flower base to collect nectar, if available m the same and/or
different visits. Ants were resident foragers and continuonsly erawled all over the plam and
accessed the floral base to collect nectar. Butterflies stretched their proboscis and msertod
inter the Aower base to collect nectar, All insect species collected forage from several
Mowers of different cvimes of e same or differem plants o collect the forage. The bees
during pollen collection hrushed against ihe stigmeas with their veniral surface effecting
stermotribic pollination.  Further, the bees and also anis during nectar collection brushed
against anthers and stipmas with their dorsal surface effecting nototribic pollination. The
butterflics duning nectar collection contacted the stamens and stigmas with their proboscis
and fromt side of bead and vemral surface of thorax and abdoimen effecting sternoiribic
pollination. Their wings never contacted the stamens and stigma duning oectar collection as
they kept them in vertical position.  Bees made 47%, ants 9% and Iveaenids 44% of total
foragng wisits (Figure 3. The body washings of inscets collected Trom the Qowers durimg
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peak foraging period revealed that all insects carry pollen but bees carry the highest number
af pollen grams.  Further, the mean mumber of pollen grains varied with cach insect species
{Table 41, The neclar secretion m traces amd its depleton by thrips during and after anthesis
appeared 10 be drving the insects to visil as many Towering ¢ymes as possible to guench
their thivst Tor nectar, Such a foraging behavior was considered 1o/be facilirating the promotion

of cross-pollimation,
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Takle 3. List ol inseet Toragers on Griiney Sakles

Oirder Family (remus Speciec Crammins nams Forape sought
Hymtenaptara  Apudos Aprs cerama F, Indian Honey Bee  Pallen + Meviar
Apis Mven F Dwarl’ Hooey Bee  Pallen + MNectar
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Trigena irifipeariy Soath Stingless Hemoy  Pallen + Mo
Bee
Ceranim sp. Small Carpenter Pollen + Neciar
Bes
Formicuktae L s D & Carpenter Anp Mectar
Crematogpaster 5. Cockiail Ant Mectar
Lepidoptera Lywcoemidee iz fplax F. Timy Orass Blee  Mectar
Lo tirvencdrg Moere Dok Oroed Bloe  Mectar
Zisinu otis F. Lessar Granss Blue  Mocuar
Freweria frockifns Frever  Crase Jewel Mectin
Chrladen faiuy Stoll Limi= Hiue MWectar
Chitadey pamdava Horsfeld Meins Cupid Mectar

Table 4. Pulien recorded in the body washings of insects on Gitens Josddes

Imsect speies Sammle slzeM) Mumiber of pollen grami

Rang: hean Qb
AFREE DT A L] ar-aaT 20K 2 445
Ay florea 1@ TR-252 1671 503
Trigooe ridipesnds 14 43214 1252 4426
Ceratir 5. L] 3504 .. 1 L7444
Lampowelury g L3 27-5H ELE g0
Cremaimgaster 59, 14 2148 4.5 43
Zirdli B L] B-31 14 [ ¥y,
Aireeris barsendra ] 1 5-40) iTH T.a0
Zirdne ouis L] 11-20 204 524
Frewerfa trockitus la 138 254 T
Chrlodex foiny 1a 12.34 213 63T
Chiluntes panduva 14 1142 284 g2y

Fruiting ecology and seed dispersal: The pollinated and fertilized fowers grow continually
and produce fruis within 8-12 davs, The stamens and stigmas are persistent and remain
inside dug to the closure of the flower (Plate 3h), The tepals bulge gradually and protect the
bulging ovary in which the seeds form and mature (Plate 3i,5). Natural fruit set rate vaned
from 88% to 92% while seed set rute vared from 85% o 93% in 8- o 1 2-stamened flowers
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(Table 5). Fruit iz & leculicidal 3-valved capsule, stalked, membranous, densely pubescent,
6.05 2 .75 mm long and 4.1 £ 0.64 mm wide. The seeds are small, rensform, smooth, 0.7
o Jong and 005 mmmowide, mntially red and Goally dack brown and have a white aril of
funicular orgin developed mto elongate filiform strophicle, They are amanged in two rows
in cach locule, Diry capsules break open when topals are wet amd cxpose ihe seeds. Bai the
seeds remain so amnd gradually separate and fall to the ground on their own due o thar
smooth and slippery nature on clear sunny days. In dry season, when the capsules ane ripe,
the plant dies, dries out and becomes brittle. In this state, the base of the stem breaks off
and it is more =0 when high winds prevail. Then, the plant parts roll readily and Froie and
seeds disperse wo other areas. On raimy days, drops of water falling on ihe distal opening
after the locules are Alled with ram water result in an explosive expulsion of water droplets
amd seeds, Further, water acts as an elficient dispersal agent for the dispersal of seods
fallen on the 201l during rainy season. Therefore, seed dispersal is charactenistically
anemechorous, ombrohydrechory and hydrochory.

Table 5 Matural o and seed sel mbe m Oifivas fo foicler

Flower 1ype Mumber ol lowess  Mamber of lowes Frunt a1 (%) Sead st )
sampled sei frait

K-cramened Sy 5 L 45

-aaimened &) 52 BE a7

10-smmered 110 oR EQ a0

11-siamered ek 41 oy 2

12-zamered 25 X3 LW ]

GLINUS OPPOSITIFOLIUS (L) AUG DC,

Phenology: It is o low-growing prostrate, spreading, annual berb that grows in open sandy
soibs, cultivard fields and open waste Tands (Plate 5a), In soils with enough moisture, it
produces well developed tap root and survives throughout the year producing flowers and
fruits zinmultancously or altcrmately (Plate Sh-d). The stem is 2oft, succubent, sub-glahrons
and much-branched covers the sail with s foliape. Leaves are petiolate, simple, arranged
inh peeudo-whorls of 3-6 or opposile o each other. Leal blade is spatulate-oblanceolae. s
matging are covered with sparse teeth. The Mowering is profuse when seil is very damp
which eccurs during July-Ohciober due to monsoenal rains. Flowers are borne one 3-7 mm
long pedicels in axillary fascicles and cach Rascicle consists of 7.5 £ |5 Mowers and cach
plant produces 6052 + 41.28 flowers.

Flower marpholagy: The flowers are small {3.51 = 0.5 mm long, 837 £ 0.7 mm wide),
odourless, actinomorphic and bisexual. The calyx and coralla are represented by a perianth
with 5 or rarely 6 tepals . The tepals are succulent, free (4.01 £ 0.2 mm long, 2,03 20.2 mm
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wide], arranged in quincuncial sestivation, creamy while adaxially and brownish orange
ahaxially, ovatc-oblong and pubescent. The stamen are 4 to &, free but connate at the base,
aml alermi-tepalous. The Qowers with 4-stamens constitute 5%, those with 5-stamens 50%
and those with b-stamens 15%, Anthers are H-shaped, white, dithecous and versatile,
Staminodes arc 3 or &, petaboid, white, bifid and ami-tepalous, The ovary (4.07 = 1 16 mm
lomg and 2 mim wide) 15 green, tn-carpeliany and trn-locular symcarpous with vanable number
of ovules amranged in two rows in cach lecule on axile placentation. The owale mumber
varied from 11552 7.1 b0 137.7 £ 9.9 in 4- and 6-stamencd flowers. The ovule production
trend showed that the number of ovules produced gradually inereased with a praduoal merease
ifh the namber of stamens per anther and pollen oul per Mower bl the variafion i ool
significant. The stvle is absent and stigmas are three, creamy white, free, spreading. papillate,
wel and shiny {Plate 6d),

Flaral balogy: Mature buds open during 1200- 1400 B (Plate 5a). Individual buds
take 100t 1 5 minutes from partial to full opening. The anthers dehisce by longitudinal slits
during anthesis (Table 1, Plate 6b). The pollen output per anther varied from 1,151 + 67.22
1095733 = 491 amd from 4,604 = 2689 w0 5,744 = 2951 per Mower in 4- w0 6-starnened
flowers {Table 6. The pellen production trend showed that the pollen output rate gradually
increased with a gradual decrease in the number of stamens produced per Rower but the
variation is nod significaot, The pollen-ovuls ratio 15 constant despate variation in the number
of stamens and ovules; it is 40: 1. The pollen grains are white, spheroidal, tricolporate, tri-
sonoaperiurate, colpal membrane densely gramulated, 29,34 £ 4.26 pm in size and tectum
with scabrate ormamentation (Plate & ). fn wrre pollen vizbility test indicated that the pollen
grains are viahle during the apen staic of Aowers only (Table 7). The pollen 1s available from
anthesis cowards and remamn so until the clasure of the flower; it is the kighest mmediately
afier anthesis and gradually decreases towards the time of closing of the Mlower, The stigma
attains receptivity affer anthesis and contmuous up to 2= day noon time (Table 1). The
nectar is secrefed inraces during mature bud stage: The tepals together wath the staminodes,
stamens and stigma close back by 1600- 1800 h on the same day and remain i place untl
fruit dispersal in fertilieed Aowers (Table 11, The un-fertilized Nowers fall off afier 6-8
davs,

Pollination mechamisne The Tully open Nowers show different positions of the
stamens and the stpmas, The stamens, staminocdes and sugmms are sioated at the same
height. But, both the sex organs are spatially separaied and precludes spontaneous autogany
during open state of the Mower, However, during the closure of the Aower, the anthers
contact the stigmas facilitatmg spontancous autogamy but its cccurrence is dependent on
the availability of polleén in the anthers,

Thrips breeding, feeding and pollination: Thrps species, Haplosheips ap.

{ Thysanoptera: Thripidae] ovi-posited during carly stage of floral bod. The larval emergence
from the ezes was i synchrony with anthess and nectar production in flowers. Both larvac
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and adubis foraped for pollen and neclar. Tndividual theips were dusicd with pollen during
their movements within the flowers. The pollen morphology facilitated the thrips to carry
157 100 253 pollen graies on thetr body setae, wings and begs. The thrps dispersed the pellen
an free papillate spreading stipmas due (o their agtive movement, rubbing of the abdomen
against the stigmatic surface, cleansing of their body pans with their hind legs and also by
their wang combing mechamsm, The near homogamous malure of the Gowers facilitate self-
pollination within the same flower or different fovwers of the same plant by thrips. As the
plant occurs as small ar larpe populations, thops could fly to migrate o the flowers of other
closely spoced planis and effect cross-pollination by feeding on the forage.

Flair" himiseppuniiiee o Halsd, b & . Bl slige, ol Flrmring phass

Inmect visitors and Pollingdion; The Mowers were foraged by bees for pollen and nectar,
ants and butterfics for only nectar during 1300- [ 700 b with concentrated foraging activity
during | 500§ 600 b {Figure 4,5} The bees were Apey cerana, A. forea (Plate 6 h), Cerating
sp. (Plate 6ij), Cerating smaragdula (Plaic 6k), Halicrns sp. and Megachile sp. (Plaie
6. The ants included Companaims sp. and Crematogacier sp. The butterflies included
anly lycaenids, namely, Zizule hvlax (Plate ém) Sizeevia bavsondra (Plate tm,0), Sizing
atis (Plate 6p), Freveria trochvius, Chilades faiws and Chilodes pandoava (Table 8] All
these insects approached the flowers m upnght position, landed on the tepals and hen
probed for forage collection. Bees first accessed anthers o collect pellen and then moved
to the flower base to collect nectar, of available in the same and'or different visits, Ants
were resident foragers and continuously crawled all over the plant and accessed the floral
base to collect nectar. Butterflies stretched out their proboscis and mseried o the flower
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hase to colleet neclar, All insect species collected forage from several Mowers ol differemt
fascicles of the same or different plants to colloct the forage. The bees dunng pollen collection
brushed against the stigmas with their ventral surface elfecting sternotnbic pollination.
Further, the bees and alse ants dunng nectar collection brushed against anthers and stigmas
with their dorsal surface effecting nototribic pollination. The butterilics during nectar collection
wontacted 1he stimens amd stigmas with their proboscs and front ssde of head and ventral
surface of thorax and ahdomen effecting stemotribic poliination. Their wings never comacted
the stamens and stigma during nectar collection as they kept them i vertical position.  Bees
made 60%, ants 3% and lveaenids 353% of fotal foraging visits (Figure &), T he body washings
of insects collected from the Aowers during peak foraging period revealed that all nsecis
carry pollen bt bees carry the bighest nomber of pollen grains, Further, the mean number
of pollen grains vaned with cach inseot species (Table 9% The nectar seorction in traces
and 1ts depletion by thnps dunmg and after anthesis appeared to be driving the insects to visit
as many fowering cymes as possible (o guench their thirst for nectar, Such a foraging
behavior was considerad to be Tacilitating the promotion of cross-pollination,
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Table & Pallen aspects in Gfivns appositiatio

Flower 1ype Perenlage ol Mesan paoiben Mlean palien Mbian no. of Pallen: avisle

D LT TETROE auntputdanther autputdfloower  ovul=s'flower el
d-sumenecd 5 1151 £67.2 Al 4 268.9 1135+7.1 40
S-mamened ] 1027 £ 55.5 SIF1+£23T0.3 1286+77 40: 1

f-aamened 15 95T zds.1 S7dd £ 2095, 1377 +98 40
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Table 7. fn wites pellen gormanation in Gl ooy

Timme (h Pollen samphe mip, of perminaied pollen Eraine Germination (%)
1 1) —_ = —

12041 F | Il L]

13 a7 k{1 34

14 il i T3

15041 1z 11% 51

16 &l L 47

17141 a5 & ik

18 34 3 g

1 - — —

Sinahified Brewbaker and Kwock's medinm

Table 8. Lt of insect Fomgers on Glivny apparinifedias

Onler Family henus Species Commen Mame  Fomge Soaghi
Hymenaplera  Apidae s cermen b lishian Honew Hee Pollen + Mectar
Apis Morea F Desard Honey Bee Pollen + Mectar
Cevarlig srvaragdain F Seall Carpenser Polien + Neciar
Bee
Lerating L7 8 Senall Carpenfer  Pollén + Mectar
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Habetsdis Halicties B Saval B Pallen + Mt
Megachilides  Megaohile A, Leafowtier Boe  Pollen + Neoar
Formicidae — Campeasms s Cameneer Ang Mectar
Cromarepasiar - 5p. Cockesil Ant Maciar
Lepidoplera Lycamidae Fizrly hvlax F Tiny Grass Blee Mectar
Eireeria turandra Moote  Dark Grass Bloe  Meciar
Lizina otz F Lissee Grass Blae Mectar
Freveria trarcieydims |"r1.'-:r|:| Liray  pewed Il
Chlades faiux Sl Lime Hhue hecmr
Chidades pardava Horsfield Flams Cupid Mectar

Table 9. Mallen recomled in the hody washings of insects pa Gitoes aprosinf s

Imseed species Sample sizefh) Murmbir of pallen grains

Hanps M B0
Ageli cerono 1 A7-I54 lel.3 4.0
Apis fewea i G214 1a1.5 429
Ceratinm smmegduk 10 b =1 b= 1159 24.E
Ceratim 5, 10 41-117 B2 216
Meyveckile sp. i d3-102 148 161
Haltivius s {[i] TR 441 F1
Camgimeodiy &, i} 12«5 i3 T4
Crenipmgasier &, i I5-54 il .4
Himilo hyfar ] I1-3% 268 T2
Fizeerin kriondra {1} Gl 25E 2
Lizina nife ] 14-30 21.1 51
Fraverta trochylus 10 T-2% 193 Gl
Chifadex s ] 1i-33 MK T
Chilades poncava 1 12-4i 251 T2

Fruiting ecology and seed dispsersal: The pollinated and fertilized Mowers prow
contirwally and produce fruits within 7- 10 dayz, The stamens and stigmas are persistent and
remin inside due w the ¢losure of the Mower, The tepals bulge gradually and proteet the
bulging ovary in which the seeds form and mature. Matural fruit set rate varied from 8% to
92% while seed set rate viried from 8% w0 91% in 4- 10 S-samenod Aowers (Table 10),
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Fruit is an ellipsoid localicidsl 3-valved capsule, short-stalked, membranous, densely pubescent,
5.5 = 0.5 mm long and 2.1 £ 0.2 mm wide. The seeds are small, sub-renitorm, pranulose,
0.9 mum long and 0.7 mm wide, reddish-brown and have o white anl of funicular origin
developed into extensively curved serotiform strophioke {Plate 6e, 0 They are armanged n
fwo rows in each locule, Dy capsules break open when fepals are wet and expose the
seeds. But the seeds remiain 20 and gradually separate and fall 1o the ground on ther ewnon
clear sunny days. In dry season, when the capsules are ripe, the plant dies, dries out and
becomes brittle. In thas staie, the base of the stem breaks off and 1 15 more so-when hgh
winds prevail. Then, the plant parts roll readily and Fruil and seeds disperse to other areas.
On rainy days, drops of water falling on the distal opening after the lecules are filled with
rain water result in anexplosive expulston of water droplets and strophiclaie seeds, Further,
wiler acts as an ¢lTicient dispersal agent for the dispersal of sceds fallen on the soil daring
ramny season. Therefore, seed dispersal is characteristically anemochorous, ombrotwdrochory
amd hydrochory.

Table F0. Matvral frun snd seed set mabe in Glinas opposimfolivs

Flower 1ype Mumher of Mowers Mumiber of flowgrs  Frub sen (%) Soad sen (%)
sampled set frit

d-sramened | 54 HE R

S-gamened 125 204 L | L]

fi-nmencd 15 o7 o 4]

MOLLUGO CERFIANA (L.) SER.

Phenology: It 15 small; glabrous. slender annual herb. 18 15 common i open dry sandy and
semii-dry soils along roadsides, wasie places, bare ground and dry river beds (Plate Ta). lis
presence is casily overlooked due o s very low ground habit, wiry reddish orange stemes
and thin linear leaves, The stems are numerous, upright, thin and stff, Leaves are sessile,
grey green and hngar with acule apex; they anse in whords on the stem bul some arg ina
resette at the base. The plant appears simultancously in vegetative, flowering and fruiting
phascs in differen populaiions growing in different habitats throoghour the year (Plate Th).
An indvidual plant, however, has a short life cycle of 3 months from seed germination to
seed dispersal. Although it appears throughout the vear, 1t shows robust vegetative growih
and profisse flowering and fruiting during July-Oclober when soil 5 damp due (o occurrence
af rains. The Mowers are bome on 7-8 mm long pedicels in dichoiomous and irichotomous
umbellate cymes produced terminally or in leaF axils.

Flower morphology: The Aowers are small (2,52 2 0.4 mm Jeng, 151 £ 0.5 mm wide),
whitish green on adaxial side and green on abaxial side, odourkss, actinomorphic and bisexual,
The zepals and petaks are represented by a monochlamydeous perianth of 5 herbaccous
scarious, ellipiic to oblong, 2.45 £ 0.4 mm long, 1.13 £ 0.2 mm wide leng free icpals witk
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white margins, The stamens are 5, anti-lepalows, free bt conmate af base, white, 1,22 0.3
mm long with dorsifined, golden yellow, less than | mm long and dithecous anthers. The
ovary 15 lght green, to-carpellary, ti-locular syncarpous with 58.2 £ 5. 16 D-shaped ovules
arranged on axile placentation { Plate $g.h). The style is absent but the ovary 15 terminsted
with 3 free stigmas (Plate 80, The stigmes are minutely denticolaie with membranons

Maps.

1aie T, Wil peorrovrver a | Ll b Ayl 8 Bl crvemana il ] masbrmaien, B & By corpee e {lowiemng | dviss

Floral bislogy: Mature buds open durmg 0700-0800 h. Individual buds ake 5 to 1) mimutes
from partial to full opening (Plite 84.b). The Movwers are homogamous as the anthers and
stigmas attain maturity at the same time during anthesis; the former dehisce by longitudinal
slits (Plate 8d) and the latter continue receptivity until the noon of the 2™ day (Tabke 1),
The pollen gutput i3 159,77 £ 14,5 per anther and 7985 = 69,5 per Nower, The pollen-ovale
ratio is 14:1. The pollen grains are pale yetlow, sphercidal, tri-colpate, tri-zoncapertorate,
pranulated, tectum scabrate, 21.9 4 4.12 pm (Plate 8c). The nectar 15 secreted in traces
during mature bud stage. The tepals together with the stamens and stigmas close back by
1000-1 100 b Table 1),

Pollination mechanism and Pollinators: In dehisced anthers collected during anthesis,
H1-35% of pollen grains were found with pollen fubes indicating in siny germunation. Further,
the pollen tubes were also found on the stigma. The pollen germination amd formation of
tubes hath within the dehisced anthers and on the stigma indicate that the presence of self-
induced autogamy., During and after anthesis, the dehisced anthers and receptive stigmas
contact each other doe to their close proximity and their position at the same height (Plae
Eci. With this situation, the anthers brush agamnst the stigmas causing autogamy. Further,
the stamens and stigmas contact each other very closely during the closing of the Dower
assuring autogamy il it did not eccur Juring open state of the Nower.
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Plabs k. Slaleges servire: s & b Flowenn g -opemig phass, o Moo of shgmats Il sl mvlvies
the s height combacting sach odber o anthesie. A, Defusced anithers. & Follen gramn, L Ovay
with thres sfiznee. . & K ult-canled ovary, 1 Mamoang nnt. g & ke Delosced frut capsule,
L Breala.

The floral characters such as radial symmnctry, whitish green adaxial surface and
it amount of nectar are considered as adaprations for insect-pollination.  But, insects
mever vistted the flowers during the study pericd,  In the habitats of M. cerviare, M.
nendicawliv and M pentapfyila also grow as pockets or a8 lares carpel populations; here
the insects visited e last two species for forage, In open habatais where M cerviona
alone oceurred, insects were not found and henee this plant is oblipately autogamous. However,
thrips feeding activity contributed 1o self- and cress-pollination.

Thrips breeding, feeding and pollination; The thrips species, fMuplothrips sp.
(Thysanoptera: Thripidac] used flower buds for breeding and flowers for feeding.  The
larvae emerzed from the czes m synchrony with anthesis and nectar production i flowers.
The larvee and adubis foraged for pollen and nectar. Individual thrips were dusted with
pollen during their movements within the fowers. They carried 87 o 176 pollen grains on
their body setae, wings and legs. The thrips digpersed the pollen on free denticulate and
membranous stigmas due i their active movement, rubbing of abdomen against the stigmatic
surface, cleansing of their body parts with their hind legs and alse by their wing combing
mechamsm. The homogamous flowers were found to facilitate self-pollinatvon in the same
o different Aowers of the same plant, As the plant oceurs as small or lorge popelations,
thrips coubd Oy to migrate o the Mowers of other closely spaced plants amd effect cross-
pellination by feeding on the forage,

Fruiting ecology and seed dispsersal: The pollinnted and fertibized Nowers grow
continually and prodisce froits within 8- 10 days, The stamens and stigmas ane persistent arxd
remain inside due to the closure of the flower. The tepals bulge gradually and protect the
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hidging pwary in which the seeds form and matre (Plate 8i), Nawral fruit set s 21.27%
and =ecd set is 61.94%. Fruit is a loculicidal 3-valved broadly-cliipsoid capsule. stalled,
membranous, densely pubescent, 2,35 20030 mmoand 185 £ 0.23 mm wide. The seeds ane
arranged n two rows in gach locule, They are tiny, brown, shiny, D-shaped and faintly
striate dorsally (Plate 813 The seed coat is studded with minute granular excrescences with
reticulate ornarmentation, Dy capsules break open when fruil pencarp and tepals are dry
and cxpose the secds (Plate §j k). But the seeds remain so and gradually separate and fall
to the sround on their own on clear sunny dayvs. On ramy days, the water droplets falling on
ihe debisced capsubes washout seeds o the ground. Furiber, water acis as an efficient
dizpersal agent for the dispersal of seeds fallen on the soil during raimy season, Seeds do nol
have sdapiations For wind dispersal. But, wind disperses the dry cymes wopether with dry
dehisced capsules to short distances and subsequently (e sceds Fall 1w the ground from
capsules. Thercfore, seed dispersal modes include ambrohydrochory, hydrochory and
amnemochery. The seeds produced from plants growing in cultivated lands have the potendtial
o b dispersed as a cereal gram confarmunant and in effect agriculiural produce movement
coniributes o seed dispersal and expanswon of its distribution.

Pl Sbilvrgs miuboan s i Halei - Peorwereng plese, b blivcudsal o i Elvssieng o & ol Peew pliais,

MOLLUGO NUDICAULIS LAM.
Phenology; It is a small acaubescent annual herb with a rosctte of prostrate leaves. [t is
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commimon in open dry sandy and mist soils along roadsides, wasie places, bare ground and
cultivated lands { Plate Ya,b). Leaves are sessile, succulent, glabrous, obovate to spathualate,
margin entire and apex rownded. The plant appears simultaneously in vegetative, lowerng
ard fruiting phases in different populations growing in different habitats throughout the year,
An individual plam, however, has a shant life cycle of 3 months from seed germination 1o
seed dispersal. Although it appears throughout the yvear, it shows robust vegetanve growih
and profise flowering and fraiting during July-October when soil i damp due to ooccumrence
of rains. The mflorescence 15 & polychasial cyme whach anses from the rosette of basal
leaves, The dichasial or trichasial eymes are common during dry season while polvehasial
cyimes are comimon during wel season, 1t is spreading, pedunculate (7-8 mm long) and
produces pedicellate (4 mm long) fowers, The peduncle and pedicel are wiry and siff. A
polyehasial cyme produces 7.5 £ 1.5 Mowers,

Flower marpholagy: The fowers are small (3,531 = 0.4 mm long, .03 £ 0.3 mm wide),
creany white on adaxial side and light green on abaxial side, odourless, actinomorphic and
bisexual. The sepals and petals are represented by a monochlammydeous perianth of 5 tepals.
The tepals are free bul commite at base, elhptic to oblong, 3 28 4 041 mm long, .82 +0_33
o wide and hooded. The stamens are 3 to 6, free, but connate at base, creamy white, 2.27
401,17 mim long with dorsifised, light vellow, dithecous anthers, The Mowers with 3-siamens
constituied 6000, those with 4-stamens 33% and those with S-stamwens 7%, All the three
types of flowers were found on the same plant. The flowers with b-stamens are very rare.
A simgle plant all with 5-stamened flowers was encountered dunng the study period and
these flowers are prominently larger than other types of flowers. In 3-stamened flowers.
ong stamen 15 aherni-tepalous while the other two are anti-tepalous (Plate 10b). In 4-stamened
flowers, three stamens are alterni-tepalous while the other one iz anti-tepalous. i 5-stamened
Mowers, two stamens are alterni-tepalous while the other three are anti-tepalous (Plae
l0c). In 6-stamened flowers. three stamens are alterni-tepalous while three others are ant-
tepalous (Plate 10d), The ovary is light green, oblong, mi-carpetlary, mi-locular syncarpoas
with [)-shaped ovules arranged on axile placentation. The ovule number varied with change
in stamen oumber (Plate 10h3 It 1s 17.45 + 3,51 0 3-stamensd Mowers, 199 + 288 in4-
stamened Mowers and 23,1 2 3,70 in S-stamened Mowers, The style is absent but the ovary
is termimated with 3 free densely papillose, shiny, spreading stigmas (Plate 10g).

Floral biokgy: Mature buds open durimg O700-0900 b (Plate 10a). lsdividual buds take 3
o 10 minutes from partial 1o full opening. The Mowers are homogamous a8 the anthers and
stigmas attain maiurity at the same time during anthesis; the former dehisce by longiindinal
slits {Plate 10¢) and the latter continue receptivity until the noon of the 2™ day (Table 1).
The pollen output is varied with change in stamen number. It vaned from 2096 £17.12 w
171.4 £ 1244 per anther and from 6288 £ 5136 to B57 £ 67.2 per flower in 3- to 5-
stamened fowers (Table 11 The pollen production tremd showed that pollen output rate
gradually increased with a gradual decrease in the nember of stamens produced per Mower
but the variation is slight significant. The pallen-ovule ratio is 36:]1 o 3-stamened flowers
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while it is 37:1 in 4- and 5-stamened fowers, The pellen grains are pale vellow, spheroidal,
tri-colpate, tri-zonoaperturate. granulated, tectum scabrate, 25.3 = (1.5 pmon polar axis. The
mectar 15 secreted in traces duriog mature bud stage (Plate 100, The tepals together with
the stamens and stigmas ¢lose back by TOT-] 200 b Table [},

Flaba 18 Alalloge usshingke: g Tod, b & ostamossd (o, o Toabumanssd oswer, 0 bosbamessd foser, & Debaaced]
il 1 Folle gromn, g, Ovay Wl duse sivles b Ofles i Maiuing Soes, § Deluscs] inil capsale,
Dielluncw | brvmi sogpemale il |y ssiba it L Sesila,

Takls 1 Poller aspacts in Meduge omalicralis

Flawer 1ype Percentape of  Mean polien Meam polkn hean mo, of Pallen: vaule
CHOURIT TETICE npulisnther wutput’'flawer ol flower rali
Hegramened hik el R O AIREE 518 1745 +3.51 L1
L-sraimened 13 184421302 76 £ 5244 10090 £ 2 88 ¥l
S-mnmened 7 174 = 1344 E Rl i | I5 =50 F:

Pollination mechanism; In dehuzced anthers collecied durng anthesis, 11-21% of pollen
grains were Ffound with pollen tubes indicating fe sine germination, Further, the pollen tubes
were also found on the stigma, The pollen germination and formation of ubes both within
the dehisced anthers and on the stigma indicate that the presence of self-induced autogamy.
During anthesis, one anther in 3-stamencd flowers and 2-3 anthers in 4- and 3-stamencd
Mowers comtact the stigmas due o their chose proximity and their position at the same
height. With ihis siluation, the anthers brush against the sbigmas causing amoganmy, Afler
anthesis, all anthers move awvay freim the stigmas but both the sex organs ane situated an the
samw height Bacilitating vector-mediated seli- or cross-pollination. Further, the stanmens and
stigmas contact cach other very closely during the closing of the flower assuring autoganmy
if it did net occur dunng open state of the fower,

Thrips breeding, feeding and pollination: The thrips species, Haplorhrips sp.
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(Thyzanopiera: Thripidae] wsed Mower buds for breeding and Aowers for feeding.  The
larvae emerged from the egos i svachrony with anthesis and nectar production in flowers.
The larvee and adubis foraged for pollen and nectar. Individual thops were dusted with
pollen during their movements within the flowers, They carried &9 to 158 pollen grains on
their body sefac, wings and legs. The thrips dispersed ihe pollen on free densely papillose
spreadimg stigmas dwe o iheir active movement, rubbing of abdomen againat the shigmatic
surface, cleansing of their body parts with their hind legs and also by their wing combing
mechansm. The homogamous flowers were found to facilitate selt-pollmation o the same
of different Towers of the same plant.  As the plant oceors as small or large populations,
thrips could My to migrate to the Mowers of other closely spaced plants and effect cross:
pollination by feeding on the Forage,

Insect visitors and Pollination: The Mowers were foraged by bees and Mies for pollen
and nectar, amd butterflies for only nectar during noon fine from DE00-1100 h with
comcenirated Foraging activity during (F08- 1006 h (Figure 7,8). The bees were Apis covana
(Plate 11a), A. forea (Plate 11b), Trgong iridipennis {Plate 11c), Ceranina sp. (Plaie
T1dy and Hadicouy sp (Plate 1lel The hes incloded Eriviadinas spe (Plae 110 and Wusea
sp. {Plate 11g). The butterflics included only lycacnids, namely, Zizuwla bvlax, Zizeeria
Erzandra (Plate 11h), Zizing ofis (Plate 1HL Freverfa prockylus and Chilades pandava
{Plade 111 Table 123 All these insects approsched the Mowers in upright position, landed on
the tepals and then probed for forage collection. Bees first accoessed anthers to collect
pollen and then moved to the flower base to collect nectar, if available m the same and'or
different visits. Flies and buticrflies stretched out their proboscis and inserted into the flower
base to collect neciar. All insect species collected forage from several Howers of different
eyimes of the same or different plants 1o collect the forage. The bees duning pollen collect:on
brushed against the stigmas with their ventral surface effecting sternotribic pollination.
Further, these insects during nectar collection brushed ngamst anthers and stigmas with
their dorsal surface effecting nototribic pollination. The flies and butterflies during nectar
collection contacted the stamens and stigmas with their probosciz and occasionally front
spde of head and veniral surface of thorax and abdomen effecting sternotabic pollination.
Their wings mever contacted the stamens and stigma during nectar collection as they kept
them in vertical position, Bees made 49%, fiies 11% and Iycaenids 40% of tomal foraging
visits (Figure 91 The body washings of insects collecied from the fowers during peak
foraging period revealed that all insects carry pollen but bees carry the highest nomber of
pollen grains.  Further, the mean number of pollen gruins varied with cach insect specics
(Table 13). The nectar secretion in traces and its depletion by theips during and after
anthesis appeared o be doving the insects 1o visil a3 many fowening cvimes as possible o
gquench their thicst for neciar, Such a foraging behavior was considered 1o be facilitating the
promotion of eross-pollination,
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Tiukle 12, Listof insect formpers on Molupo srdicenfis

a7

Oinder Famaly Ciemis Species L omamaon fame Forage Sraaght
Hymenoplera  Apidae Apiz cerwmn b Indian Haney Bee Pallen + Mectar
Apis fhiven Dward’ Homey Bee Pallen + Megte
Triama fenlipennds Smath Stmgless hongy Hee  Pallen + Mectar
Cerabing Ep Small Campenter Bee Pollen + Neclar
Haolictidas  Holiows B Sweal Bee Pallen + Megta
Syrphsdas FErrennd s o Hiower Ty Meimr
Muscidag Masca ip. Houge Fiy Megiar
L*:pil.klplv.‘.u Liwacaidic  dizule frekax F Timy Girass Bhic P lar
Fizpprig wirnanaden hMoore  Dark Goss Bloe Mecmr
Lizima iwdir F, Lizseer Cimss Blue Mectar
Freveria rrochplien Freyer Grass jewel Mectar
Chilmeles pandeva Hombeldl  Flains Cupad Meclar
Takle £ DMallen recordid m b boady washings of msects m Mollege swoficanii
Imseet apecics Sminple sloe{N) Wuimber of pellen grams
Kange Mean 5.0
Apis covana 1] 73-204 335 15
Agray flowen L] 6il-1%3 1261 i1yl
Trogen g radipesniy L] 785 i} .4 Id.4
Leratina &, L] 32-63 ATH 327
Halicius g L1 41-87 [ |22
Eristalimn sp 14 200 iz T
Musrca sp. o 11-38 o 15
Zirula bvlax 1] 0-28 213 547
Alzevrin karsonddra o 13-32 g 557
Hizinm adix L] Tt 281 AN
Freyerte rochylus L] #-31 244 T8
Chidadtes pandavg in 13-30 B3 [ )
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Frulting ecology and seed dispsersal: The pollinaied and fenilored Nowers grow
contmually and produce fruits within 8- 10 days. The stamens and stigmas are persistent and
remuin inside due to the closure of the Qower. The tepals bulee pradually and protect the
bulging ovary in which the seeds formoand matre, Matural fruit set varied from 56 10 $89%
while seed et varied from 88 10 92% in 3-, 4- and 3-stamened flowers (Table 14). Fruit is
a kocubicidal 3-valved broadlv-ellipsoid capsule, stalked, membranous, denselyv pubescent,
3.4 + 0.4 mm long and 2.33 + 0.39mm wide. The seeds are arranged in two rows in each
locule. They are tiny, black, shightly shimy, reniform and concentrically ridped. The seed coat
iz closely packed with uniformly disiributed, pebble-like, Iyrate and chipped areoles. Dey
capsiles break open when fruit pericarp and fepals are dry and expose the seeds (Plaie
1K) But the seeds remain so and gradually separate and fall fo the grownd on thetr o on
elear sunny days. Onrainy days, the water droplets Galling on the dehisced capaules washout
soeds to the ground.  Further, water acts as an efficient dispersal agent for the dispersal of
seeds fallen on the soil during rainy season. Seeds de not have adaptations for wind dispersal.
But, wind disperses the dry cvimes together with dry dehisced capsules to short distances
and subsequenily the seeds fall to the ground from capsules. Therefore, seed dispersal
modes include ombrobydrochory, hydrochory and anemochery,  The seeds prodoced from
plants growwing in cultivaied lands have the potential to be dispersed as a produce contaminam
and in effect agricultural produce movement contributes to seed dispersal and expansion of
its distrbution (Plate 9c,d; Plage 100).

Takle 14, Maivral frud ond seod a0t rate m Mol e modicauliy

Fliwer 1vpe Mumber of Mewers Nomber of fewers Froule set (%) Sead setf®)
samplod el fruit

J-gamined X0 IhE L EE ]

4-sramensd i3 73 Hix 41

Sesramened =0 15 LT 9z

MOLLIGO PENTAPHYLEA L.,

Phenology: 1t iz a small much-branched anmaal herh with a thin ap oot Tt s
common in open dry and moist sandy and sandy loamy soils along roadsides, waste places
and cultivaied lands (Plate 128 The stem s thin, angular, plabrous and timged with brownish
red when old. Leaves are petiolate, unequal. succulent, glabrous, obovate to spathulate,
margin entire and apex muocronate. The basal leaves are 5 or more in rosette form while
those upwards vary from 4 (o 1, The plant appenrs simultanesusly in vegetative, lowering
an fruiting phases in different populations prowing in differcnt habitats throughout the yvear
{Plaic 12b). An individual plant, however, has a short life cycle of 3 monihs from seed
germination to secd dispersal. Althowgh it appears throughout the vear, it shows robust
vegetative growth and prefuse flowenng and fruting durimg July-October when sodl 15 damp
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dug w occurrence of rains, The inflorescence & a polyvchasial cyme which arises firom leafl
axils and termunally during wet season while it 15 usually di- or tri-chasial cyme during dry
season. It i spreading, pedunculbate (5-8 mm loag) and produces pedicellate (2-4 mm long)
fAowers, The peduncle and pedicel are wiry and stiff. An polychasial produces 13,83 £ 4.9
Mowers,

Flower morphology: The Nowers arc small (2,75 £ 0.4 mmn long, 1.8 £ 004 mm wide),
white on adoxial and abaxial side, odourless, actinomorphic and bisexnal. The sepals and
petals are represented by g mopochlamydeous perianth of 3 epals, The tepals are free, 2-
3 mum long, but connate at base, elhiptic to oblong and hooded. The stamens are 3 @0 5, free,
bui connate at base, white, 1.8 £ 0.1 7 mm long with broadly Aat flaments but dilated at base
and dorsifixed, white, dithecous amthers, The Nowers with 3-stamens constituted 91%, those
with 4-stamens 7% and those with S-samens 2% All the three pypes of flowers were
Foumnd on the same plant, Tn 3-stamened Nowers, one stamen 5 allerni-tepalous while the
ather twa are anti-tepalous. In 4-stamened flowers, three siamens are alicrnd-tepalous while
the other one 15 anti-tepalous. [n 5-stamened flowers, two stamens are altermi-tepalous
while the other three are anti-tepalous. The ovary 1§ white, ovaid, 1,16 0,24 mm lomg, 1.5
mm broad. tr-carpellary, tri-locular synearpons with reniform ovules arranged on axile
placentation. The ovule number varied with change in stamen number, [1is 16,02 £4.0in 3-
stamened flowers, 18.44 £ 2,0 i 4-stamened lowers and 20,11 2.6 in 5-stamened flowers
{Plate 12i). The style is absent but the ovary 15 ferminated with 3 free densely papillose,
shiny, spreading stigmas {Plate 12h),

Mate b2 SolTage pestophlle; o Hadui, By Plowsng ploss, oo Difwon sbages of anilienis, 1 Posttom of antlers )
whigonan vl Hie wune heigli, g Follen graom b Oy wiiy ihires angess, o Creles



Floral biology: Mature buds open during 0700-0800 k. Individual buds 1ake 5 1o 10
mimutes from partial to full opening (Plate 12¢-¢). The flowers are homogamons as the
anthers and stizmas atiain matorty ot the same tme during anthess; the former debisce by
longitudinal 2lits and the Btter continue receptivity until the noon of the 2™ day (Table 1),
The poilen output varked with change in stamen number. Tt varked from 277.2 £ 134 o
213.4 & 12.9 per anther and from B31.6 £ 0.2 o 1067 & &5 per flower in 3- to 5-
stamened flowers (Table 15). The pallen production trend showved that pollen output rate
gradually slightly increased wath a gradusl decrease m the number of stamens produced per
fower. The pollen-ovule ratio is 32:0 m 3-stamensd Bowers while it s 53:1 in 4- and 3-
stamened Moswers, The pollen grains are pale vellow, spherowdal, tr-colpase, ri-zonoaperiurate,
eranulated, wetum scabrate, 26,4 £ 0,5 pm (Plate 12g) fn vidro pollen viability test imdicated
that the pollen grains are viable from anthesis onwards and remain sooeven afier the closurg
of the flower [Table 16]). The neciar 1z seereted in traces during mature bud stage. The
lepals topether with the stamens and stigmas close back by 1000-1100 b (Table 1),

Table 15, Polbkin aspoctz m Mollego perdapbhydls

Flower type Perncemaps of Mean policn Pdcan podicn Pcan no, of Fallen: ovele o
ocourrenice cubpatfanthee vat pat Tawer ovules! awer

I-gramened a1 ITT1+134 4306 +40.2 I6.02 +4.0 5211

4-gumened 7 2426 £ 196 WHI4 £ THA 15,44 £2.0 5311

S-stamiencd 2 2134 £ 128 1067 + 64 5 2011 £2.8 53]

Takle 16, [ sins podlen gemmuation m daliege peossphuits

Time (h) Pollcn sample Mo, of germinated pollen groins Ciemaination (%3]
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Pollination mechanism In dehisced anthers colleciad during anthesis, F8-26% of pollen
grains were found with pollen tubes indicating in site germination. Further, the pollen tubes
were abso found oo the stizma. The pollen germination and formation of twbes both withim
the dehisced anthers and on the stigma indicate that the presence of self-indueed awtogamy,
During anthesis, one anther in 3-stamened Towers and 2-3 anthers in 4- amd 3-siamencd
Mowers comnfact the stigmas due to their chose proxirmity and their position at the same heighi
{Plare 12). With this sifwation. the anthers brush against the stigmas causing autogamy.
After anthesis, all anthers move away from the stigmas but both the sex organs are srtuated
at the same height facilitating vecior-mediated seli- or cross-pollination. Further, the stamens
and stigimas confact each other very closely during the closing of the Rower assuning aulogany
if it did ned occur during open state of the Jower,

Thrips breeding, feeding and pollination: The thrips species, Haplothrips sp.
{Thyzanopiera: Thripidas] vsed Mower buds for breeding and Mowers for feding.  The
larvae emerged from the eges in synchrony with anthesis and neciar production in flowers.
The larvae and adults foraged for pollen and nectar. Individual thrips were dusted with
pollen during their movements within the fowers. They carried 89 w 217 pollen grains on
their body setac, wings and legs. The thrips dispersed the pollen on free densely papillose
spregding stigmas due 1o iheir active movement, rubbing of abdemen against the stigmatic
surface, cleansing of their body parts with their bind legs and also by their wing combing
mechanism. The homogamous flowers were found to facilitate self-pollination in the same
or different flowers of the same plant. As the plant occurs as small or large populations,
thrips could fly to migrate to the fowers of other closely spaced plants and effect cross-
pollination by feedmg on the forage,

Insect visitors and Pollination: The flowers were foraged by bees for pollen and nectar
while butterflies for only mectar during noon e from 0B00-1100 b with concentraied
foraging activity during 0900-1000 h (Figure 10,11} The bees were Apds cevana (Plale
13a), 4. foveq (Plate 13b), Trigona ividipennis (Plate 13¢), Cerating sp. and Thprens
Risteio (Plate 13¢), The butterMics included only Tycacnids, namely, Castalins rosimon
(Plate 131), Zizula Flax (Plate 13g), Zizeeria kavsandva (Plate 13h), Zizing otis and
Chilades pardava (Table 17). Al these insects approsched the Rowers in upright positton,
lamded on the tepals and then probed for forage collectron.  Bees hirst accessed anthers 1o
eollect podlen and then moved o the fower base w collect mectar, f available i the same
amdlor different visits, Butierflies siretehed cut their proboscis ond inserted info the fower
hase o collect necar. All insect species collected forage from several Mowers of different
cymes of the same or ditferent plants to collect the fornge. The becs duning pollen collection
brushed against the stigmas with their ventral surface effectmg sternotribic pollination.
Further, these msects during nectar collection brushed agamst anthers and stigmas with
their dorsal surface effecting nototribic pollination. The butterflies during nectar collection
eontacied the stamens and stignwas with their proboscis and occasionally front side of hend
and venral surface of thorax and abdomen effecting sternotribic pollination. Their wings
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nevier contacted the stamens and stigma during nectar collection as they kept them in vertical
position. Bees made 56% and lycacmds 44% of total foraging visits (Figure 12} The body
washings of msects collected from the fowers during peak foraging peried revealed that all
insects carry pollen but bees carry the highest number of pollen grains. Further, the mean
mumber of pollen grains varied with cach insect specics (Tabke 181, The mectar secretion in
traces and its depletion by thrips during and after antbesis appeaned o be driving the maecis
to visit as many flowering cymes as possible to quench their thirst for nectar. Soch a foraging
behavior was considered to be facilitaning the promotion of cross-pollination,
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a Ages e, b Agas farew, o Togooe oidigvmne, L Coimlids s e T idabees, |

Oinler Family Genus Species Camimon mame Forage sangh
Hymenaptera  Apidas Apis cévana b Iodian Honey B Pallen + Mactar
Api farea F Drvard Honey Bee Pallen + Mectar
Trigoan iradfipemnis Smith  Siingless Homey Bee  Pallen + Seciar
Cleritan sp Small Carpenter Hee  Pallen + Nectar
ety hiviria F irie= 11y Palken + Meciar
Lepidaprers Lycaenudns Casfaliug ervidmsan P Comman Permnd Mpciar
Lizarka fviex E Tiny Grass Blag Meclir
Lizeera draardry Moore  Dark Grass Blae Mecir
Lizimg aris F Lesser Grass Bl Mecu
Chifirdfes pamdave Horsfield Plains Cupad Meciar
I ow
b -a
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Takls 18, Pollen meeonded i the body washimgs of nsects on Melbige pertginila

Imsecy gpecies Sample sire (W) Mumber of pollen praims

Hange Wlean 5D
Apds cerana I E2-2dfi 1592 S1E
Aty fewen {1 6R-217 145.1 431,56
Trigomg iridipesenis 1] RN E 1 A2l 13.5
Cerutima s, I 24-51 2 207
Flwreies histede i i9-43 S0 T
Casialivg rasimon ¥ 1541 5 haR
Hirnla liviax 1 GL3 2k 527
Lineerin farsoacnag TH L3=d35 T8 949
Aizinm eits I -3 iy 6,63
Chiladen poandirva 1 B4 0.9 b4

Fruiting ceology and seed dispersal: The pollinated and Fertilueed fowers grow comtinually
amd produce fruits within 8-12 davs (Plate [4a), The stamens and stigmas are persisient
and remain inside due to the chosure of the flower. The tepals bulge gradually and protect
the bulging ovary in which the secds form and mature (Plate 14bL Natural Truit sel vaned
from 83 1o 8% while sced set varied frome 83 to 86% in 3-, 4- and 5-stamencd flowers
(Table 193, Fruitss o loculicidal 3-valved broadby-cllipsond capsule, stalked, membranous.
plabrous, 2,67 + 0.4 mm long and 197 + |4 mmn wide, The seeds are arranead in two rows
in each bocule. They are tiny, black, slightly shimy, reniform and concemtrically ridged (Plate
[4e), The seed coat is closely pocked with uniformly distributed, pebble-hike, Ivrate and
chipped areeles, Dy capsules break open when fruid pericarp and fepals arg dry and expose
the seeds (Plate 14c). But the seeds remain so (Plate [4d) and gradually separate and fall
1o the ground on their own en clear sunny davs. On rainy days, the water droplets fulling on
the debiseed capsules washout seeds fo the ground, Further, water acis as an efficient
dhispersal agent Tor the dispersal of seeds fallen on the soul dunng miny season. Sesds do nm
have adapiations For wind dispersal, But, wind disperses the dey cymes together with dry
dehisced capsules o short distances and subsequently the seeds fall 1o the ground from
capsules. Therefore, seed dispersal modes include ambrohydrochory, hydrochory and
anemochory. The seeds produced fromn plants growing in cultivated lands have the potential
to be dispersed as a preduce contaminant and in effect agricultural produce movement
contributes 1o seed disperzal and expansion of its distribution {Plate 14020,

The sty shows that all Frve plant species stsdied display cenain commeon characters
such as homogamy, sponfancous auioganyy, briel perod of open state of Mowers, Mower
closure and Frcultative antogamy. These species serve as broeding and foeding host plants



G5

for Haplothrips specics which in turn reciprocate pollination service, MW cervigng s
never foraged by any insect specics. The other four plant species are pollinated by bees and
Iycaenid butterflies. & oppositifoliuy 15 al=o pollinated by ants whike M. nedicanlis 15 also
pollinsted by flies (Table 207,

Plase bl N :I'IIIIFII ¥ ﬂlllll*h‘llllll. i F'|1.|.1I||1E_ Plll'-l"', [ :'il'.ltu|.1n|\'_l|.1.l.|h. oo Dl il -\.uliﬂll.l'c'. L Dhelirseasld
frvial cagmide with seeds intal, o, Seeds, L & g New plants,

Takle E9. Malural frie and sead sel e m Mollagra pemtapfinils

Flower ype Mumber ol lowers Wamiber of flowers  Frudl sel %) Swed ful (o)
sampled we it

T-mnmiened 250 et ] A 3

A-ppamiened 140 134 H? %4

S-gnmened 73 . H3 i

Table 2. Consobafaeed lisi of imsect fomgers oo the studied plant species

Oirder! Fanmnily Insecl §pecned {ilimms rlmy Ml Tragr HWoalluga  Foroge sorghl
oppasii- nadic- paritan- - P Pallen
foalaen iy At B Neitar

Hy memopicra

Apidae Apis cerann B + + + + PF+N

Apis fovwa F + + + 4+ P+HM




Trdeomn fridipemeic 1 t ' P+M
Smith
Ceraing swaragaduln F. - + - . F+HM
Leraling j. + + + + T+M
flrprenas feiadria - < = + P+H
Hinls: tiid e Halwenis =, - + - 5 P+
Mg bl Meguchile sp, - + * - F+HM
Formicidae Crmpaaras sp : 3 : : B
Cremuigesier 5. + + i = il
Diptera
Syrphidac Ercuindirars 5o - - t M
Sluscidas Muscwr sp. - - + - b
Lepidapiers
Lyveaeruick Caataaliug rorioion F - - - 4 M
Ziza byl F + + + + I
Aizevria barsamdra - + - +
M
Zizina viit F + 4 i -
Freveria snokidus + + + - H
Freyer
Cileates fairs Stoll + + - - i
Ciitedles pasdava : 4 + 1 N
Harsliebd
DISCUSSION

Pollination ecolopy of Glinus foteddes and @& opposiifolins

Crlirus forpidey and & oppositifoliuy are prosirate, spreading, anmual berbs that
carpet the ground m open sandy soils and agricultural lands. They ocour throughout the
wear and show vegetative, Oowering and Fruitmg phases in different areas. But, their robust
growth, profisse Aowering and Fruiting s confined (o wer season. The Mowers bome in
axillary cymes in {2 loroddes and axillary fascicles in &2 oppasitifolivg stand erect above
the foliage and display therr prominence. In both the species, the stems produce mamy
branches and cach branch produces several cymes or fascicles. Since the plants usually
eraow 5 green carpets, the simubtancous display of several flowers from individual plants
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and from the entire populationis) enhances their attraction w inseet pollinators,

Several anonymeus authors provided the Moral descriptions of Glimes species, Ronse
D Craene (2010) stated that CGilires species have five sepals in quincuncial aestivation. In
the present study, & loroides and & opposivifolivg have been found to have five tepals as
common and six tepals as rare. The swdv also indicates that the word “1epal™ 15 the
appropoisic word since il acts as petal adaxially and sepal abaxially, This is furiher
substantiated by two different colours displayed on adaxial and abaxsal surfoce. The tepals
are whitish green on adaxial surface and green abaxial surface in G bedoddes and ereamy
white on adaxial surface and brownish orange on abaxial surface in G oppesitifolius.

Heffman {1994 stated that the stamen number is unstable among different specics
of Glinus and the number varies from five to several senies which incledes outer staminodes.
Brockington &7 al. (2013 ) used the word “petaleid” for “staminode™ in {rffmis. These authors
reparted that in this genus, petalod number can fuctvate enormously and can either be
antisepalous replacing a fertile stamen or allernsepalous as an appendage of apper stamen.
They also stated that the outer stamens are replaced by pelakoid structures, Webcrling
(1989} noded that the stamens that lost their function as producers of viable pollen have
hecome staminodes or petaloids in this genus. Bonse De Craene (2010} reported tha the
androecium of (i lofoides 15 extremely vanable. Further, he reported that the flower matenial
e examined showed that the aliernisepalous whorl 15 complete with staminodes and odd
stamen opposite to petals, Sharma (1963 ) mentioned that & feteddes Mowers produce arely
mwore than five stamens while & apposinfodies produce 10-13 stamens in three whorls, He
also suggested a tendency for reduction with the loss of the outer stamen whorl inandroscivm,
In the present study, 2 Jofoides flowers have B-12 functional stamens arraniged in two
whorls and thoy are usually antiiepalous. The flowers also have 5-7 stanunodes armranged m
outer whod and they are usually alternitepalous. In & oppositifolivs, the fowers have 4-
b Tuncticial stamens arranged in one whorl and they are alicrmicpalous; (he staminodes arg
5-b grranged in outer whorel and they are antitepalons, In both the species, the siaminodes
arg pelaloids indicating the fusion of two adjacent stamens thad lost the function of producing
viable pollen in course of the evelution of flowers. These staminodes are imegral features of
floral morphology and appear to have evolved to serve as attractants to pollingtors, reduce
sell-pollimation rate and optimaze the available nutrents for enhanced reproductive cutput m
water and nutrient deficient kabimts, Further, the product:on of stanunodes appears to bean
adaptation 1o reduce pollen production per Mower, incresse efficiency of pollen dispersal by
limiting pollen removal by individual pollinators and enable precise contact between pollinators
and pollen presenters or pollinators and stigmas. Therefore, the petaloid stamimodes are
evilved 1o perform difTerem roles i the Nowers and are unigque Tor Glicus within
Molluginaccae (Stebbins 1974; Ronse De Cracoe and Smets 1993, 1995; Ronse De Cracne
2013

Hammer (19945 reported that difTeremt populations of Amcaceae growimg i the
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same abitar exhibit synchrony in fowering fime, The period of flowering is usually short
and the flowers show repeated opening but this phenomenon is restricted to a certain penod
of the day. Groen and Van Der Maesen (1999) observed that the mixed populations of
Adzoacene peners, Bergeranthus, Fawcaria and Ortheprerem Nower simultaneously, These
authors suggested that such a synchrony in flowering in these genera in the same habitat
wollecnvely enable them to enhance their Noral attraction 1o pollinators, In the present
study, it is found that Gieer species form mixed and distinet populations in the same and
different habitats depending on soil mosture and motnent conditions. These species exhibit
synichrony in Aowering by opening Aowers i the afternoon. Funber, the Dowers are o0
small, lack corolla, tepals ast sividly coloured and stay open for a briel peried, for threg
howrs in & Jofodder and four hours in & oppositifodins for visitation by insects, Therefors,
the synchrony in anthesis schedule and massive Moral display appear 1o be imperative for
them to attract pollinators during the bref peried of open state of lowers.

Peter ei al. (2004 reported that the temperature and relative homidity are probably
important cues determming flower opening in the afternoon. The specific tming of anthesis
in the late afternoon is a lkely mechanism o filter out generalist pollinanors most active at
midday, rather targeting specific group of msects, primarily bees, still active in the lae
afternoon. The present study indicates that afternoon anibesiz in Gliney species 15 probably
evolved in course of Gime fo avoid competition for pollinaiors in pollingior-deprived
environment, especially in habutats where other herbaceous plant species flower
simultancously, show anthesis during forenoon period and attract insect pollinators with
their vivid floral colours. Glfews species provide sufficient forage for insect pollinators m
the afternoon period and accordimgly bees, ants and bycacmid butierflies collect forage and
pollinate Aowers. Bees and butterflies are generalists which visit o wide ramge of flowers
and Tence are polylectic.  Since they are active throughout day, they soon switch o fresh
forage available m the habitat. Glinus species with afternoon anthesis readily provide
forage, and bees and butierflies begin to shift to these floral sowrces and concentrate on
forage collection from them. Theretore, afternoon anthesis in Gilinus species ensures insect
podlination and reciprocate the insect pollinators with pollen and’or neciar

Watson and Deallwite (1992 stated that Molluginaceae members are entomophilous.
These anthors considered nectar secreting tissue and showy tepals i several species as
adaptations for entomophily. In Glimy species, the floral charscters such as the erect
position of flowers above foliage, adaxial surface of the tepals, pefaloid saminodes and
mectar seereling tissue between the ovary base, connate part of staminal Alaments and
scabrate ornamentation of pollen grains appear to be adapiations for insect pollination. The
bees while collecting pollen and butterflies while collecting nectar effect stemotnbic pollimation
Further, the bees and ants while collocting nectar effect nototribic pollmation. In both &
fotafdes and (& oppesitifolins, the pollen output per anther varies with the number of
fuunc tional stamens present in the Mowers: i neneases with a decrease in the stamen namiber,
The pollen ouspaut per flower in @2 fofoddes is more than deuble the amount produced per
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Mower in G appesiiifolivs, The variation in pellen production in these plant species is partly
attributable to the number of stamens produced. The vanied amount of pollen output i the
Aowers of the same and difTerent inflorescences on the same plant drves the pollen collecting
beas to visil the flowers across populationds} in search of more polken collection and such e
foraging activity comtributes ta both sclf- and cross-pallination. The nectar seereted in traces
ini both the species and nectar removial by thrips species, Haplothrips also drives the nectar
collecting bees, ants and Iycaenid bumerflies to visit flowers across populationis) due 1o
which both self- and cross-pollmetions occur. Clins species appear to be important sources
of pollen for bees, especially for honey bees. Aldeen (2014) also noted that G fefoidey 15 an
imgporiant polken source for honey bees in Radom area, South Darfur State, Sudan. Further,
these plani species in the study ares are imporfant neciar sources for amts and Iveaensd
butterfies.  Among butterflics, Ivcaenids are the smallest, Jlow-fiving and appropriate
poilinators for prostrate herbs such as Gl gpecies.  Grund (1998) reported that the
Iycaenid butterdly, Zizeeria barsandra uses both & Jowides and G oppositifolius as
larval kost plams in South Austcalin,  This report sugmests that this butterfly uses Glings
species as both lurval and mectar bost plamts. Studies on the Life cycle of other ycaemd
butterflies vigiting Climus species may throw more Light on the relationships between Glinus
species and lycaenid bubterflies.

In both Glinus specics, the Mowers are weakly profandrous because there is a el
gap between anther dehiscence and commencement of stigma receptivity.  Since both male
and femak: sexes mature almost at the same time, the flowers in these plant specics can be
stated as homogamows, Further, the stamens and stigmas are spatially separated in both the
species; such a situation suggests that the flowers are also berkogamous. Herkogamy does
mot facililate the occumence of spontanecas autogamy despate the Nowers bame homogamous
Hewever, ihe thrips emerging from ihe Moral buds during anthesis and their movemems in
the tlowers atter anthesis for pollen and nectar collecton result in amoganmy.  They also
bring aboul geitonogamy dug o (heir migration W different inflorescences on the same plant
for forage collection and xenogamy due to ther nugration to other conspecific plants for
forage collection. Further, the movement of tepals fogether with stamens wwards the pistl
during fAewer closure facilitates contact between the sex organs and elfects spontancous
autogamy if polien is still available in the dehisced stamens, & virs pollen germination test
fior O epposiifolin indicated that pollen s viable for a bricf peood only from the time of
anther dehiscence to the time of flower closure suggesting that there is no pessibility for the
occurrence of spontancous autogamy after flower closure. However, the tiny thrips have
the possibility to carry pollen from other fowers, enter the closed flowers from the apical
portion and laterally, and depesit the same on the stigmas effecting cither geitonoganmy of
xenogamy, fr vipo pollen germination test For o foraddes was nol done.  Singe it is an
allicd species of G apposiiilus, it is possible that its pollen also displays the same duration
of viability and thrips may effect pollination in the closed flowers, Therefore, (& foroides
amd (& apposiaifeling while keeping the options open for spontancous or vector-mediated
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selfing exhibit polyphily insolving bees, ants, Berilies and thrips as pollinators,

In the presend sudy, Clines specics show variation in the mumber of carpels and
ovules per flower. The flowers of G Jotoides produce five carpels while those of
appasitifolies produce three carpels. Likewise, the number of ovules also varies depending
on the aumber of stamens and pallen outpot per flower; the ovules are more in & fofoides
than in & epposiifiin, Ths ovale production trend mdicares that e pollen culpul increases
with an ipcrease m ovile number in order to provide suflficient polken to Tertlize o5 many
ovubes as possibie through sponianeous autegany or vector-mediated pollitation, This siluation
is reflected in the natural fruit and seed sot rates in both the plant species. The kighest fruit
and seed set rates and the lowest pollen-ovule ratios recorded 10 & lodfoides and @2
oppoxitfolss indicate that they are faculiatively auloganmwous,

Bittrich { 1990) reported that there i only onc genus, ddenogramima whach has
une-seeded nutlet n Mollogimaceae.  All other genera produce capsules with many seeds
and the capsules defsce loculicidally 1o expose seeds. In Oilivas fodordes, 1he capsules
open when modstened with the aid of cipanding kecls, In the presemt study, m G fofovdles
and G opposilifeldius, the ferfilized flowers produce fruits within a week or two. The fruit
is a capsule but it is 3-valved in & Joroddes and 3-valved in O oppesinfolies, In dry
season, plants with ripe and dry capsules break off winch are then dispersed by wind. Dry
capsules break open loculicidally when tepals become wet and then expose (he seeds.
Hewever, the seeds remain attached 1o the base of the perianth. In both the species, the
seeds exposed from the capsules fall o the grownd on clear sunny days. On rainy days,
water drops find their way imo the fron through the distal operning and the Fruit Glled with
water expels both water and seeds explosively. Forther, seeds fallenon the ground disperse
through surface water runod? durimg ram fall. Therefore, (G foroides and & apposisifalfius
exhibil aremochory, ombrobvdrochory and hvdrochory.

Maravana ( [962) and Hofmann (1973} ooted that (fines species produce seeds
with a white oril of funiculr origin which develops into elongate, filiform strophiole. Fonse
D¢ Croene (200 3) reported that Glines genus 15 well chamacterized morphologically by is
seeds with a fliform oppendaged anl and indumentum of often stellate hairs, In the present
study, it is found that &2 fvaides prodoces small reniform, smooth and dark brown seeds
with a white anl of funicular origm developed o clongate fildorm strophicle,  In
appositifoiins . the seeds are small, sub-remform and reddish-brown with a white anl of
funicular origin formed into extensively curved scrofiform strophiele. The presence of filiform
af serodiform strophiobe in Glimes species appears 1o be an adaplation for seed dispersal by
ants. But, aimts have ool been found to use the strophiole as food and carry seeds of these
species. However, further studies if taken up on this aspect may throw more light either 1o
comfirm or refute this ohservation.

Balcha (200%) reported that Cilines fofoides has short sced viability period. Teshome
and Feyissa (2015} also reporicd that this species propagancs by seed but short perind of
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seed viability and poor sead germination percentage are the limiting Bsctors for its imasivencss
The present study showed that both (& foteides and & oppositifolius produce several
batches of populations in a vear wnd their seeds perminate as soon as ey are dispersed but
their germination is related 1o sodl moisture which plavs an important robe in breaking the
seed coat, Therefore, Giines specics appear 1o have short period of seed viability and also
the viability may also be attcibutable to the extent of genetic vamation achweved through
vector-mediated pollimation.

Pollination ecology of Molluge corviane, M, nudicaulis and M. penaphyila

Mellugo species are anmmial herbs which usuadly grow i open dry sandy and sandy
and lcamy snils but also eccur in moist habitats, especially in cultivated lands. In this study.
it 15 found that M. cervianma, M. nudicawlis and M. penraplndla with their low ground
habet populate the soil and for this reason, they are oficn called as carpet weeds. OF these,
M. cerviang does not cover the soil extensively due to its wiry stems and thin, linear leaves.
M. nudicandis withsul any stem covers the soil with a rosetle of prosteate leaves. W,
penfapindic with branched slens carpets the soil with s basat rosetic form of kaves and
upper spathulate leaves. All the three plant species grow throughout the year displaying
vegetative, Mowering and fruiting phases in different populations, However, ther robust
growth, profuse flowening and frustiing is confined to wet season. Individual plants complete
their Hiffie cyele within three months from seed germination o seed dispersal. Similarly, Owens
and Lund {(200%) reported that M cervlana is a berbaceous ephemeral species and completes
its life cvele in a very short time, In the present study, it is found that the inflorescence is a
dichotomsis or tnchodcmons wimbellate cyme in M cemdane while it is di- ar iri- or poly-
chasial cyme in W, pudican!iz amnd M. penraphylifa. 1o the Last two specics, di-‘tri-chasial
cymes are common during dry season whale polv-chasial cymes are common during wet
season, suggesting thot the branching of inflorescences and the production rate of Aowers is
repulated by the soil medsture and outrient eovironment, M cerviana and M penfaphilia
produce inflorescences in leall axils and terminally while M. nwdicaulis produces
inflorescences from the axils of rosette of leaves due 1o lack of stems. Since all the three
plant species usually grow as green carpets, the simultancous display of several flowers
from individual plants and from the entire populationds] enhances their attraction to insect
pollinators.

The Moral descriptions of Aoffees species provided by different authors are sot
accurate, The present study provides details of the floral descriptions, especially of perianth,
androecium and gyooecium in M cerviang, M medicaulic and M, pentaphylla as these
arg impertant from the pollination of point view, [ these species, perianth iypically consists
of Five tepals which serve the function of calvx {sepals) and corolla {petals). In M. cerviana
amd M. mudicondis, the abaxial surface of the perianth serves the role of calvs while the
adaxial surface of the perianth serves the role of corolla due to display two different oolours
on cach surface. Buot, in M, pesrapaiyiia. the perianth 5 white on both abaxial and adaxial
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surface, The susdy shows that M, cervigng with perianth acting as both calyvxs and corella is
unable to atiract any msect pollimators i pollimator-deprived habitat or pollinator-available
habitat. Such a situation explains that M. cerviang 15 nod dependent on insect foragers for
pollination. M sedicawlis with penianth displaving light green on s abaxial surface and
creamy white on its adaxial surface, and M. perrapfifla with perianth displaying while
wolour on both adaxial and abaxial surface attroct insect foragers. Eckardi { 1974) and
Stannard (i 988 reported that the sister genera of Moliegs, Cortdchionia and Lophiocarpus
have only four stamens of which three alternate with sepals and one 15 opposiic a scpal.
Batenburg and Moeliono [ 1982) reporied that the presence of ome slamen opposile a sepal
i3 unusal 10 these peners and indicate that this stammen is derved From an original condition
with five alternisepalous stamens by a fusion of iwe stamens under the influence of a
reduced tetramerous ovary which is similar (o a process cecurring in Molligo, Ronse De
Craene (2010) reported that 1 Mol luginaceae inclhuding Melago, the androccium consists
of penerally of five stamens alternasting with the sepals. In Moffeeo, the nomber of stamens
ranges from five i M cerviome 1o three in M. mwdicoelis. The present study shows that
M. cerviena flowers produce a fixed number of 3 stamens and all are opposiie o tepals
suggesting that there is no process evelving (o produce fowers with 3 or 4 gdamens, M,
nidicaulis produces Mowers with 3-6 stamens while M penrapivlls produces Aowers
with 3-5 stamens on the same plant. In these species, 3-stamened flowers have one stamen
between two tepals and wo sfamens opposite to tepals, the 4-stamened Mowers have three
stamens alicrnate to tepals and onc stamen opposite to a tepal, and the 5-stamened flowers
have twio stamens aliermate o repals and three stamens opposite totepals. In A redicaulis,
the G-samened Nowers have three stamens alternate o wpals and three stamens opposile
to tepaks. The study indicates that all the three plant specics produce rimerons ovary with
three stigmas irrespective of the number of stamens produced m the flowers. In M. pedicandis
and M. pentapivila, the production of 3-stamened flowers appears to be a residual trait
still functional becuuse these owers are occasionally or rarely produced. In M nedicaulis,
the rarty of 6-stamened Towers may be o imil of polvpleidy. In M. nedicanlis and M,
penfapinddla, the two stamens opposite w0 igpals in J-stamened Mowers appear 1o be derved
from the pair-wise fusion of four stamens (Ronse De Craene 2000 and the stamen opposite
a tepal i A-stamened flowers appear o he derived from the fusion of fwo stamens as in
Corhichonia and Lophiocarpus, sensi Batenburg and Mocliono (1982). In M. nudicoudis
amd M pentaphyila, the varation in potlen omput kevels due to variation in stamen number
i 3-506) stamened Oowers make bees and/or lies o My from Jower 1o fower in quick
succession o colkect pollén from the same or different conspecific plants and effect ol
self- and oross-pollmation.

Hammer {1995) reporied that different populations of Alrcaceas growing in the
samee habitat exhibit synehrony in Aowering time, The period of Mowering is wsually shoet
and the flowers show repeated opening bat this phenomenon is restricted to & certain period
of the day. Croen and Van Der Maesen (1999 observed that the mixed populations of
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Aizoaceae geners, Bevgeranhis, Faicaria and Orthoprerien Aower simultaneously, These
authors sugpested that such a synchrony in flowering m these genera in the same habatat
collectively enable them w enhance therr foral attraction o pollinators.  In the present
study, 16 is Found that Melluge species form mixed and distinet populations in the same and
different hahitars depending on soil moistare and outricewt conditions, These species exhibit
synichrony in Aowering by opeming flowers dunng maorming Gime, Further, the Bowers are too
small, lack cornlla, tepals not vividly coloured and stay apen far a brief period of three hours
for visitation by mnsects. Therefore, the synchrony n anthesis schedule and massive floral
display appear 1o be imperative for them to attraet pollinators during the briel period of open
state of Mowers,

Peter of al, (2004) reporied that the temperature and relative humidity are probably
rportant cues determining Mower opening in the afternoon. Tnothe present study, the anthesis
during morming tme in Moliuge species 13 altributable o ther predominance m open, dry
habhétats where herbaceous flora usually do not grow. 'With symchrony in anthesis schedule,
these species provide sufficient forage but insect foragers collect forage only from AL
nedicawliv and W penfapindflo, Bees and veaenid butterflies visit and pollmate both the
plant specics while flics additionally visit and pollinate M. nudicaulis, Bees and butterflics
are peneralisis which visit o wide cange of Mowers and henee are polvlectic. Since Molluge
species keep the Mowers open only For & bricl period, the polyleciic Foragers soon swilch
over to ather plant species which provide forage in the nearby habitats. The morning anthesis
in Molluge specics ensurcs inscct pollination and reciprocate the insect pollinators with
pollen and'or nectar. The total absence of insect foraging activity on M. cemiana could be
attributable 1w 1ts common occurrence m pollinator-excluded or deprived habitats and
produciion of tiny owers which can be overlooked or unnoticed by forapers,

Watson and Dallwinz {1992 ) stated that Molluginaceae members are entomophilows,
These anhors considercd neclar secrcting lissue and showy epals in several specics as
adaptations for entomophily. Robertson {1928 ) reporied thot Mollngo verticillata & pollinated
by syephid My, Mesogromma morginofa, Pax and Hoffmann (1934} and Bogle (1970
stated that the showy sepals or petals evelved in several genera of Molluginaceae suggest
entemophily. Melfugpo verticillata, M. cerviana and M. midicandis are the most widely
spread, weedy species and adapted For self- and mnsect-pollination, In the present study, o
1& found that in Mollnge species, the floral charactess such as the erect positien of Mowers
above foliage, adaxial surface of the lepals and neclar secreting Lissue betwesn the ovary
hase and connare part of staminal filaments appear 10 be adapiations for insect pollination.
In Af. mudicaulis, the bees whale collecting pollen, and flies and buttertlies while collecting
nectar effect sternotribic pollinaton. Further, the bees while colbecting nectar effect nototribic
pollination. In M. pemraphyila, the bees while collecting polien effect nototribic pollination
The bees and also butterTies while colbecting nectar effect sterpotribic pollinaton.  In M.
ncdicawiis and M. pestaphriia, the pollen output per anther varies with the number of
stamens presend i the flowers: it increases with a decrease o the stamen number. The
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pollen output per flower in M. pearaphvila is more than in M sidicaulls, The variation in
pollen production in these plant species 15 partly attnibutable to the number of stamens
produced. The varying amount of pollen owtput in the Aowers of the same and different
inflorescences on the same plant drives the pollen collecting bees 10 visil the lowers across
populationis) in scarch of more pollen amd such 3 foraging activity confributes 1o boih seli
and cross-pollinaton. The nectar secreted m traces in both the species and nectar removal
by thrips species, Haplotlirips also drives the nectar collecting bees, flies and lycacnid
butterflies to visit flowers across population(z) due to wiach both self- and cross-pollinations
occur. M. pudicanlis and M. pentaphylle  appear (o be important sources of pollen for
bees, especially for honey bees, Further, these pland species in the study anea are important
pectar sources for [veaenid butterfles, Among butterfles, ecasnids are the smallest, fow-
Aving and appropriate pollivators for prostrate herbs, M nodfcanlis and M. pensapliella,

Dhpterans imostly lake nectar with & preponderance of sucrose (Geldblatt e ol
1997). The nectar wsed by most flies is characteristically hexose-rich and of relagively high
sugar concentration (Kevan and Baker 1999). The supers in nectar may crystallize, but
many generalist Mes are able 1o re-liquily the nectar with saliva aml then imbibe 5 (Willmer
2011y, Both sexes of most flics use the carbobydrates in nectar for shorit-term energy
needs | Downes and Smith 1969, especially during periods of peak activity such ag swarming,
(rding and oviposition, dispersal, and sogration (Willmer 20010, Several authors have indicated
that nectar can contain amino acids and they have a nutritional role for flics (Kathman et al.
1994); Crardener and Gillman 2002; Vizal e al. 20100, Inthe present study, nectar analysis
was not done for Wellugo species bul it 15 most likely that their flowers produce sucrose-
rich mectar with lagh sugar concentration and the planis prow in arid areas. Since fles m
penveral hmve the abality 1o re-liquify the nectar with therr saliva and then imbabe i1, they use
the traces of nectar present in M. sadiconlls without any difficulty o meet iheir short-term
encrgy noeds. Therefore, the interaction between M. nudicaulis and fliss 15 motualistic, the
former achieves pallination while the Tatter obtains the food,

Bliargava (1934} and Kshivsagar (1960) reporied fn sifw pollen germiation m M,
nudicaulis and M. pesraphivila. Johri et al. (1992} noted that self-pollination seems to
oceur in these species as polken twbes reached the ovules of ovaries in un-opened Aowers
and pollen grains with pollen wbes occur both inskde the anther and on the stigma of the
spme Oowers,  But, these authors did oot mention the tme of the occurrence of these
eveniz in unopened Mowers,  In ihe present study, all the three Mollipo species show
cortgin percentage of pollen permination only in the dehisced andhers and also he poellen
tube formation on the stigma during anthesis process which occurs in individual flowers
over g period of five o ten minutes, Such iz sife pollen permination and the occurrence
pollen tubes on the stizma during the process of anthesis facilitates sclf-mduced autogamy
to somme extent. In M cerviana, the close proximity of dehisced anthers of all five anthers
to the stgmas facilitate the occurrence of sponfancous autogamy. In M, rudicanlis amd M.
penrapirlia, the close proximity of one dehisced anther in 3-stamened flowers and 2-3
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dehizeed anthers in 4- and 3-stamened flowers Facilitaie the cecurrence of sponiancous
autogamy. The munutely denticulate stigmas with membranous flaps m AL cerviang and
denzely papillose spreading stigmas in M. pedicewliy and M. penrapindla capture pollen
easily from the dehisced anthers o result in pollination.  Further, in all the three Molfupe
species, the thrips emerging from the Aoral buds dering amibesis and their movemsents in e
Mowers after anthesis for polien and nectar collection result in amogamy. They also bring
about geitonogamy due o their migration 1w different inflorescences on the same plant for
forage collection and xenogamy due to their migration to other conspecific plants for forage
collection. In these plant species, the movement of wepals topether with stamens towards
the pistil during the Qower closure faciliaies contact between the sex organs and effects
spontapecus autogamy if pollen s sl available in the dehisced stamens. o viteo pollen
germanation st For M. perfapdella indicated that the pollen is viable from (e time of
anther dehiscence and until three hours after flower closure suggesting that there is a
possthility for the occurrence of spomtancous autogamy even after flower closure. Further,
the tiny thrips have the possibility to carry pellen from cther lowers, enter the closed Mlowers
from the apical portion and laterally, and deposit the same on the stigmas effeciing enther
peitonogamy or senopamy. Therefore, all the three Mollupe species hove specialized Aoral
structural and functional behaviours for self-induced and spontancous pollination while kesping
the options open for vector-mediated pollination during the open state of flowers.

In the present study, all the three Mollugo species have three carpels with variation
i ovule number per flower which iz highest in M cerviana and lowest in the other two
Molluge species.  In M nedicaulis and M. perfaphviia, e ovule number also varies
depemding on the mumber of stamens and pollen output per flower,. This ovule production
trend indicates that the pollen outpul incresses with an inereass m ovuke number i order 1o
provide sufficient pollen 1o feriilize as many ovules as possible, This situation is reflecied in
thie natural fruit and sced set rates in both the plant species. The highest fruit and seed sot
raies and also the Jowest pollen-ovule ratios recorded in Moflugo species now studied
indicate that they are facultatively autopamous.

Bittrich {1990} reported that in Molluginaceae, Adenogramma 5 the only genus
which produces one-seeded nutets. All other genera produce capsules with many seeds
which become exposed by loculicidal dehiscence. Soerjam er of (19E7) reported that
Mollugo pentaphy-iio is hydrochorous, In the present study, the Wollupeo species produce
fruits wathin o week or shightly more than a week From the fertilized flowers, The frum s a
I-valved broadly ellipsoid capsule which breaks open and exposes the seeds on clear sunmy
days; the seeds subsequently fall to the ground. On rainy days, water drops find their way
into the fruits which are then filled with water, In effect, the Fruits expel both water and
seeds explesively. Further, wind disperses the dry ovimes together with dry dehisced capsules
to short distances and subsequently the seeds fall w the ground from the capsules. The
seeds that reach the ground through these modes are Turther diszeminated through surface
water runafT during rain fall. Therefore, Malingo species now sidied exhihit anemnochaory.
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ambrohydrochory and hvdrochory

MNarayana {1962) and Hofmann (1973) noted that Molfuge species produce secds
with a primordium-like swelling on the funiculus and this structure is considersd 10 be a
vestigial aril. In the present study, it is found that A cerviana produces timy, brown, shiny,
De-shaped seeds with faimily strate dorsal surface, The seed coml = studded with minome
granular excrescences with reticulate ornamentation, M neafiogeds and W penfopindfio
produce timy, black, shghily shiny, reniform and concentically ridped seeds. The seed coat 18
closely packed with uniformly disiributed, pebble-like, Ivrate and chipped arcoles, Since the
speds of these plant species lack any anl or strophiole-like structure that wsually serves as
food for ants, the possibility for mymmecechory s ruled out, Wagner ef ol {1999 noted that
Mollugo species produce frunt capsules and inside seeds that lack means of external
attachment for dspersal by animals, The present study B also in agreement with (this report
as all the three Wolligo specics now studied do not have external structures that aid m the
dizpersal of seeds by animals. Therefore, secd dispersal by animals is wally ruled oot

Bittrich and Thlendfelds (1984 reported that Mollvge sceds gamminate by means of
an operculum. M. cerviana and M. pewsaphvila propagate by seeds and reseed themselves,
aften forming celomies, The present suwly showed thar Molluge specics produce several
batches of populations in a vear and their seeds germinate as soon as they are dispersed but
their germination is nelated 1w sodl moedsture which plays an important robe i breaking the
seed coat, As therophytes, these species are best adapted 1o survive in open dry habitals as
they take advantage of any sign of remporary humidity that- allows them o complete their
life ¢ycle quickly. Jurada er al. (1991 reported that M cervane does not form dense
cowver that inhibits other vegetation and compete well in erowded conditions, The present
study also mdicates that all the three Mollpgo speces do not grow in shaded habitats or
form dense populations that inhibin other vegetation but M. sedicoelis and M. pentaphylia
share insect pollinators along with siber simultaneously Mowering herbaceous taxa m certam
habitats,

Rama Das and Rapghavendra (1973) noted that Glingy foroides and &
oppositifolius are C, specics,  Brockington of af, (2009) reported that Mellwgn cerviana
i5 the only known C, specics in the family Molluginaceae.  Edwards and Walker (1983
noted that the genus Malluga contains C,. C, and C.-C, species. Christin ef al. (2010)
reported that M cerviang being a C, species is distributed in hot arid regions of tropical and
temperate latitudes. M. nudicaudis 1s a C.-C, species while M. penraphidia is a C, specics
bt both are distribited in tropical and subtropieal regions of the world. Eaghavendra ef af.
(1978) repotted that M, sudicandis produces some leaves with O, characteristics and
soame other leaves with C ) characteristics according 1o their position on the stem. Sage ef
al. (1999) documented that C,-C, photosynthesis is believed to be a relatively rare conditicn
in plants and only & few doren species have been identified 50 far, many of which belong to
Flaverio {Asteraceac). The present study shows that rfinns species and M pendapindia
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with C, photesynthesis usually oceur in dry habitats displaying the sparse growth of a few
other prostrate or ercct herbs and the presence of inscct pollinators although they grow n
cultivated lands that enable berbaceous fora, especially weeds and insect pollinators thrive
well. Their occurrence in habitats with scanty or robust vegetation indicates that C,
photosymihesis does ot facilitate them to grow in habitais withowt any vegemtion or inseet
pollinators. On the contrary, M. cerviana with C, photosynihesiz grows only in diy habitais
which are almost devoid of other vegetation and also devoid of pollinator fauna. This finding
is in line with the statement by Lundgren er al. (2015) that C, species are usually abundant
i warm but oot cool enviconments and this photesynibetic pathway is physiologically
advantageous for their niche broadening in warm environments, Williams ef ol (2013
explained the advamtages of C, photoswnthesis, C, plants grow faster than C, plants. and
they regquire less wader, Ina bot climate, however, a plant can lose a ot of water through the
pores in its keaves: closing these pores allows the plant to retain water, but thas also reduces
the supply of carbon dioxide. Under these circumstances this causes problens because
REuBisCO wses oxyveen (o break down FuBE, instead of creating sugars, when carbson dioside
is et repdily available. C, photcsynthesis prevents wastage of a lot of energy and resources
but it is more complex than C, photosvnthesie. In C, plants, the mesophyll which s the
region that is associated with the capiure of carbon dioxide by RuBisCO in C, plants, contains
high levels of an alternative enzyvme called PEPC that converts carbon dioxide mobecules
it an gcid that containg four carbon atoms. To avodd carbon dioxide being captured by
both eneymes, C, plants cvolved to relocatc RuBisCO from the mesophyll to a sccond sct
of cells inoan airtight structure known as the bundle sheath. The four-carbon acids prodused
by PEPC diffuse 1o the cells in the bundle sheath, where they are broken down into carbon
dinxide molecules, and photosynthesis then procecds as mormmal. This process allows
photosynthesis to contmue when the level of carhon dioxide i the leaves 15 low due to
closure of pores to retain water inthe plant. This specialored photesynthetic pathway allows
M. cervianu to survive and build up is populations in wanm and dry habiais or envionments,
M. nudicaulis wath C -C, photosynthesis i versatile to Nourish well both in diy habitatz
and cultivated arcas with scanty and robust vegetation comprising of herbaceous flora that
support insect pollinators. The C,-C, photosynthetic pathway enables this species to grow
im warm and cool habitats which in twm enables it to be widcspread and abumdant, Vogan e
al. {2007) reported that of all C -U, mtermediates, M. nudicawlis and M. vervicillata are
the st widespread amd also abundart. These species are found i het, roderal habitats
where commpetition s low and the potential for phoiorespiration is lgh Their ability to sumave
in such hahitars is ikely due 1o their C-C, pathway. Their ccological success demonsiraies
that C,-C, mtermediacy 15 a successful photosynthetic pathway in its own right and not
merely a transitional phase to C, photosynthesis. Lundgren and Christin {2017) also reporiod
that C,-C, taxa are remarkably widespread across geographical and environmental space.
maintaining their ahility to exist in hoth typical C, and C niches. Because, the physiology of
C,-C, species does not sirongly restrict the migration of species geographically or imto new
environiments and 18 o hneage that cooverges towards warm habitats 1o facilitate the
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transition o C, photosynthesis, effectively bridging the ecolagical gap herween C, and C,
plants. Glinus and M. pentaphvila with C, photosynthesis. M. nudicaulis with C -C,
photosymthests and M. cerviana with C, photosynthesis have developed different pollmation
mechanisms o maximize fruil amd seed set rate, Genetic variation achieved through insect
pollination in all these specics, cxcept M. cervigna, is essential o broaden their ecological
nichies simce they grow both in dey and moist habitats. In M. cerviona, penetic variation
achieved through thrips pollination is important to expand and invade dry habitats.

Different authors reporied that Gllwaes Toroides and G opposivfoliy are commaonly
used as vegetables. Further, these species and all three Mellugo species now studied are
used m iraditional medicine and I recent times used 0 Avurvedie system of medicine to
treal different disenses and ailments, In Ethiopia and Tanzania, G lofoddes is given threafened
status due to its regular barvest for medicmal purpose. M. ceniana s widely used as a pot
herh in India and 012 extract is useful as mhibitor of corrosion of mild steel (Hamed ef al,
1996; Parvatharmma and Shanthammea 2000; Sastri 2002; Rajamanikandan ef af. 201 1; Dutta
eral. 2012; Sahwer al. 201 2; Arockiasamy f af. 201 4; Bhavani 2015; Teshome and Feyissa
HI15). These varous uses mdicate that Gfivey and Wollueo species can be promoted as
vegetables or medicime. M. cerviane can be commercially promoted as a pot herb. Further
studies on the steel corrosion inhibition properties of this plant may provide more concree
information For iz potentiality as inlubitor of stegl corrosion. Excepd M, corviang, all ciher
plant species are useful as important nectar seurces for almest throughout the year for the
low flving lycaenid butterflics. It appears that there 15 a close relationship between these
plants and lycaenids, and both benefit from this relationship. Bees also use these planis as
a major source of pollen and & minor source of nectar. These planis m general form
important forge sources dunng dry season. Therelore, all these plant spacies are acologically
and medicinally usefl, Further, they are imporeant in soil erosion control and in the initiation
of eco-restoration process in dry aress where there is no vegetation and in areas where soil

usseally contains very lilfle moisiure,
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Resumen

Biologia foral y polnizaciob de las malas verbas Glinus lokoides L,
y Glinua oppositifolius (L) Aug. OC.

Glinus loloides ¥ G. oppositifolivs son hierbas rastreras, esparci-
das, anuales, En ambas, las fores son muy pequeiias, acting-
morfas, bisexuales, protandradas, herkogamosas y facultativamen-
te autdgamas Ambas especies exhiben antesis sincrdnica v flores
masivas para alreer a los polinizadones, Las abejas, hormigas, ma-
ripnsas y trips polinizan las flores. La hercogamia excluye la aulo-
gamia esporanca, pero el evento de clerre de la for faciita esta
autegamia. En ambas especies, el frulo es una clpsula con
semillas escrofiformes con estroficl; anemocornia, ombrohidrocoria
e hadrocona son funcionales. Las semilas garminan nmediatamen-
te =i 2l suelo iene humecad. Las especies Glinus con fofosinkesis
3, auiogamia facultativa y polfika son capaces de crecer en habi-
tats secos y himedos.

Palabras clave: Autogamia facultatva, Polinzacén por Insechos,
Anermacaria, Qmbrahadoconia. Hdroogia

Abstract

Glinus lofoddes and G, oppositifolivs ans prostrate. spreading, an-
nual herbs. In both, the flowers are vary small, actinomorphic, bi-
sexual, profancrous. berkogamous and facullatively autopamous.
Both species exhibit synchronous anthesis and dispiay flowers en
masse o aliract pollinators, Bees, ants. bullerflies and thrips polll-
rate the flowers. Herkogamy pracludes spontanecus autogamy but
flewer closing event fachilates aulogarmy. In both species, the fruld
i% 2 capeuke with scrobiform strophisled seeds; anemoachaory, ombea-
hydrochory and mydrochory are funciional The seeds germinaie
immediately i soil has moisture, Glres species with C3 pholosyn-
thesiz, faculiative auiogamy and polyphily are able to grow in dry
and moigt habdtats

Hey words: Faculiative auiogamy, Insect pollinaton, Anemochory,
Omizratydrochary, Hydrochary.
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Introduction

Little is known aboid the pollimaiion ecology of
Molluginaceae. In this family, mectar secreting tis-
s 13 present m almost all species. In several gen-
era, showy sepals or petals have evolved, both of
which strongly sugpest entomophuly (Watson &
Dallwite 1992, Kubitzki er qf 1993). There &
some information on pollination ecology of Mo-
Mige L, species bul nol on Gl L genus
(Robertson 1928, Pax & Hoffmann 1934, Bogle
1970, Lin ef of, 1993 Ponnuchamy #f @l H114)
Heénce, the present study was confemplated fo pro-
vide detadls of polhration hology of Glimur fo-
fdes Lo oand Gilinns oppesitifolivs (L] which
usually grow in open babitats with [ittle moisture
and agricultural areas Sastn {1956) reported thai
(1. dotoides 15 widespread throughout the tropics
and subtropics, especially m Africa, Asia, Aus-
tralin and South Evrope Teshome & Feyissn
(2015) reported that . fofoides is eurrently given
threatened status due to s regular harvest for
medicinal purpose in Ethiopia and Tanzania. Sahu
er ol (2001} reponed that & opposiifoling &
wilely distributed in the Amencas, tropacal Asia,
fropical Afniea ond Australin. The objective of the
present study s to provide. details of phenology
and floral biology of O, lefoddes and (5. opposin-
Sfendiaey 1o understand their reproductive aspecis

Materials and methods

Wild patches of G foroides and (7. oppositfodiug
growing in open habiats of Visakhapamam and
its swroundings o Andhra Pradesh,  India
(17°42°N, 82°18°E) were selected for study be-
tween March 2005 and May 2017 Field trips
were conducted w0 record phenological aspects
Ten mflorescenees which were not mituted flow-
ering on five plants were tagped and followed 1o
record anthesis schedule and the fiming of anther
dehiscence. Twenty five fresh flowers were wsed
it record the floral morphological characters such
a5 petals, stamens, ovules and relative positions of
sex omzans. Nectar could not be measured and an-
alyred due o its secrefion m mnole  quantity
which was further depleted by thrips during ma-
fure bud and flower life, Twenty mature, bul un-
dehisced  anthers,  (two  anthers  cach  per
flower/plant from ten plants) were collected and
examined for pallen owfput as per the protocol de-
scribed in Dafni ¢r ol (2005) The caleulation of

pollen outpug per flower and pollen-ovile ratio
was done as per the formulas described in Cruden
(19771 Ten Nowers each from five mdividaals
were used to test stigma receptivity. It was tested
with hydrogen peroxide from mature bud stage to
flower closure’drop as per Dafo er al (2005)
Sevenly miflorescences were @aped prior © the
initiation of their fowering and followed for three
weeks o record frunt and seed sel mile in open-
pollinations. The frut and seed morphological
characteristics were observed in detail to evaluate
their adapdatsons for dispersal by different means
Fields visils were made dunng rany season Lo
note the aspects of seed germination and produc-
pon of new plants Anther dehiscence schedule
and stigma recepiivity period, and herkogamous
pature of stamens and stigmas were used o omfer
the sexual system. Further, how the sexual system
facilitates both self- and cross-pollination was ex-
plamed. Further, observations were also made o
evaluste ag to how these positions prechude self-
pollination when flowers stay open

Insects foraging ai the flowers were ohserved
from moming o evening on four different days
for ther mode of spprosch, landing, probing
behavior and contact with the floral sexual organs
Boes and ants werne identified with the representa-
tive specmmens available with the Depariment of
Ermvironmental  Sewnces,  Andhra  University,
Yisakhapatnam, Butterflies were idenfified by
consalting the books of Kunte (2007) and
Gunathilagarag ef al (1998}, For coch species, an
area of 1 x 1 m of flowering individuals of a am-
gle specites conssbing of approximately 430 flow-
ers was used for foraging achivity, The foragmg
visats of msects were recorded for 10 mm at each
hour for the entire day and the data was tabulated
to record the foraging poattern and the percentage
of visits made by different insect calegories. The
pollennectar collection behavior of insects was
carefidly observed to assess thewr role in effecting
pollination. Ten specmmens of each inszcl species
were captured between 1401600 h and taken to
the laboratory. Each specimen was washed in the
drop of byl aleohol on o glass shide to separate
pollen, then it was stamed with anhne-blue and
observed under microscope 0 count the number
of pollen grams present From this, the average
number of pollen grains camed by each insect
species was caleulated to know the pollen carry-
over efficiency

Frunt set rate was calculated by dividing the
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todal number of fruis set with the otal number of

fMowers sampled and then value obiained was
cxpressed in percentage by multiplyving i with ene
hundred for cach flower twpe separately for both
Cr. lotoudes and O aposiiifolins. The sample sre
used for 8-12-stamened lowers in & foroides and
for 4-f-stamened flowers in O, apposiifodig was
provided in Table 4. Beed set rate was calculated
by deviding the total number of seeds set with the
svernge number of ovules per fower multiphied
by the total number of fruns set and then the value
obtaned was expressed in percentage by mulii-
plvimz it with one hundred for each Hower fype
separately for both the specias.

Results

The Plant

7. foroddes and G. oppositifolius are low-growing
prostrafe, spreading, annual berbs which grow in

open sandy sodls, cultivated fields and open waste
lands. In soils with encugh moisture, they produce
well developed fap root and survive throughout
the vear producing flowers and frunts simultane-
osly or aliernately. In both the species, the stem
15 soft, succulent, pubescent and much-branched
carpeting the soil with us folisge In O lotsides,
the basal leaves are borme in a rosetie form while
the upper ones in verticillate form or rarely ar-
ranged opposite, and densely siellate tomentose,
In 7 opposinfoline, the leaves are arranged in
peendo-whorls of 3-6 or opposite to each other

Flowering

In . forerdes and . eppositifofins, the lowering
is profuse when sed iz very damp which occurs
during July-October due o monsoonal rns (Firgs.
la, 1) In &5 lotoedes, the flowers are borme on
1.5 mm loog stalks in oaxillary cymes and sach
cyme consists of 4. 72 + 1.3 (mean + S0} flowers
und each plant produces B2 5 £ 1365 flowers. In

Figmra I. &2 {alnner deoldes B Fase de flormcmn, be Flor completameme abienac oo Estambres v estipma; o Cierre de Sor @ ks 1800 b del
dia de la antess: e Capsda del frere con cstsmines v estigea in@cios s marchitorse. B Gl sppoonifoln. © Fose de flocacion;
ge Fliowr, e Esmanhees dehiscentes: iz Gaunos de polen; j@ Ovacis con tres estipmes koo Cifeus favtaids B Mogaithegu sp, alisentindise de
nectar; I Apar cerana recoziendo polen; m: Ages corana recogeendn nectar; nz Compoooies spo recogiendo nectar; oo Lycénide, Seera
barguidrn, mecogiendn necnar

Figmre I. mee Calimmes fofockes. w Fhowering phase, bo Fully open flover, o Stamens and stigma; oz Flower closure 2t 1800 & on the day of
mnthesis; e: Frut capsule with stamens and stipma miact in withered "aie £j Ciows oppooig@iine. B Flesering phise: g2 Flower
I Debissced wamens; & Pollen groans; | Ovary swiih three sigoras. k=n Ciivmay fooides. ke Slaplotpr sp. feeding on mectar 17 A oevou
callectmg pallen; s Apr corong collecing nectar o Casgnoscing spocollecing necton, o Lyveaenasd batierdly, Ziceerin farsondnn codlecimg
(LT AT
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O oppasiiifolive, the flowers are borme on 3=7
mm long pedicels in axillary fascicles and each
Fascecle consials of 7.5 £ 1.5 Mowers and each
plant produces 64,51 & 41.28 flowers.

Flower morphology

In both the species, the flowers are small, odour-
lesz, actinomorphic and bisexual (Figs Ih, 1g)
They are 6.1 £ 128 mm long, 742 £ 125 mm
wide m Or. lefordes and 3 51 = 0.5 mm long, 8§57
£ 0.7 mm wide in 0 oppositifolies, In bodh the
speoies, the colvx and corolla are representsed by
perianth with 5 or rarely 6 tepals. The wepals are
succulent, free and arranged m quineuncial assti-
vation in both the species but they arg 6,02 = 019
mm long, 405 £ 0.2 mm wide, whitish green
adaaally and green abaxially, ovate-oblong and
covered with stellate hairs in 5 Joroddes while
they are 401 £ 0.2 mm long, 203 £ .2 mm wide,
creamy. white adexially and brownish orange
abaially, ovawe-oblong ardd pubescent in & o=
positifolms. The stamens are 8 (o 12, free, white
and wrromgted in bwo whorls (Fig. 12). The stamens
of inner whorl close to ovary base are long and
form a short fube at the base aroumd the ovany
while those of the owler whorl are short In O fo-
fndes, the stamens of both whorls are usually
anti-tepalous and occasionally  alterni-tepalous,
The fewers with 8-stamens constmute 4. 28%,
thase with 9-stamens 21.42%, those wath 10-sin-
mens 42 83%, [l-stamens 1904% and 12-sta-
mens 2.38%. In O opposiiifodieg, the stamen are 4
o 6, frew bul connate al the base and allesm-
tepalous. The flowers with 4-stamens constitute
5% those with S-stamens 80% and those with é-
stamens | 5%, In both the species, the anthers ane
H-shaped, white, dithecous and versatile (Fig. Th),
In &, lodoides, the staminodes are 3-7, petaloid,
white, bifid and usually aliermi-tepalows but ocea-
siomaliv in between short stamens, they exiend be-

vond the height of long stamens. In O apposin-
folius, the staminodes are § or 6, petaloid. white,
bifid and anti-lepalous, In & fofoides, the ovary
(3 & 023 mm long and 2.03 & 00T mm wide]) is
green, pentacarpellary and pentalocular syncar-
pous while in . opposiffolis, the ovary (407 &
016 mm bong and 2 + 001 mm wede) 15 green,
tri-carpellary and tri-locular syncarpous, In both
the species, the ovules m each locule are arranged
on axile placentation The ovule number vared
from 18194 3528 to 2424 + 3514 in 8- and 12-
stamened flowers in (. Joraides and from | 155 =
T 1o 1377+ 99 in 4- and H-stamened Aowers in
(7. oppasitijolius (Table 1). In both the species, the
ovule production trend showed that the number of
ovules produced gradually increased with o grad-
el merease in the number of stamens per anther
and pollen out per flower but the variation is not
significant. The stvle is absent in both the species
bul & lefoides has five greemsh white shigmas
while . opposififelius has three creamy white
stigmas {Fig. 11}, In hoth the species, the shigmas
are free, spreading, papillate, wet and shiny

Floral biology

Mature buds open during [400-1500 ki (= lo-
nides and during 1200-1400 h in G, apposin-
Joliws, Individuat buds open gradually over a du-
ration of 30 6o 40 mimutes 0 O, fotoides and 10 o
15 minutes i 7. appositifeling. In both species
the anthers dehisce by longitudinal slits during an-
thesis. In G, fovoddes, the pollen oulput per anther
varied from 1,193.85 £ 7025 w 1,371.85 £ 6576
and from 1097485 & 52608 to 1432628 £
84303 per flower in §- to 12.stamened flowers re-
spectively (Table 13 In & epposigoloe, the
pollen outpet per anther varied from 1,151 2
67 22 10 937 33 £ 491 and from 4,604 £ 2689 1w
5,744 £ 295 ] per flower in 4 1o B-stamened flo-
wiers { Twhle 11 In both the species, the pollen pro-

Paro=riage of Mbzan & S0 Mean & S0 Mean £ S0 Prllen: owule
Glinns lodoides
B-stamened 14.20 137185 « 6676 1874 65 + B26.08 181.8 £ 3628 01
G-stamaned 2142 133LE5 £+ 81 .46 198571 + 88321 1967 £ 25,78 i
10-skamerad 42 85 130467 + G265 13045.71 & BB 5T Z1.8 2 067 =M |
11-glamened 1804 1221.85 & §1.36 13440 42 & 67498 2302 4 34 .23 5E
12-=tamened 234 118386 + 7026 1432620 & B43 00 2424 536 14 Ba
GNnus apposdioings
4-stamened 5 1151 1 &7.2 4604 + 268 5 1185271 40:1
S-alamaned B0 027 & 555 132 2776 1238677 401
fi-= b ne ned 15 GST 2 481 SFdd + 2651 1977409 419: 1

Tabls 1. Aspecios del polen v fvalos de Clinne Aasdies ¥ Ol apposirieal
Table 1. Polen and arvule aspects in Celima Joropder and Gl appasrgialns
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duction trend showed that the pollen output rate
gradually mereased with a gradual decrease in the
nuinber of stamens produeced per Oower, In @, o=
toices, the pollen-ovule ratio varied from 58; 1 io
Gl m 8- to | 2-stamened flowers respectively. In
Cr. appasifolins, the pollen-ovule tabo 1= 401
and it 1% constant despite varation n the number
of stamens and ovules. In both the species, the
pollen graina are white, spheroidal, tncolporate,
tri-sonoaperiurate, colpal membrane densely. gran-
ulated, and techum with scobrale ornsmentabon
(Fig, 1) bat the prom size 15 3252 = 428 pm
7. fotordes and 29 34 + 4 26 pm in O, opposin-
fodiues. In both the species. the stigma 15 receptive
from anthesis onwards and remains receptive until
the moan of the fallowing day. Funher, the nectar
is secreted in traces during mature bud scage. The
tepals together with the staminodes, stamens and
stigma £lose back completely by 1800 h on the
same day (Fig. 1d) and remain i place in fertal-
ized Howers until frunt dispersal. Bub, the un-fer-
filized Nowers fall off after 7-10 days in & o=
torictes ared after -8 davs in G, oppositfolinr,

In €. letoides, the fully open flowers show dif-
ferent positions of the stamens and the stigmas,
The stgmas are siaied beyvond the hewght of
short stamens bul below the height of long sia-
mens In O apposiifolius, the siamens, stamin-
odes and stigmas ore siuated ot the same height,
But, in both the species, the sex organs are spa-
tially separated and precludes spontaneous auto-
gamy during open stabe of the flower, However,
durivgg the closure of the fower, the closely
spaced dehisced anthers of long stamens contact
the stigmas facilitiing sposansows autogamy but
s nocumence 1 dependent on the avaalability of
pallen in the anthers.,

Foraging activity of insects

In a3, fedoides and G, opposiifolivs, thrips species,
Hopdothrips  sp. (Amyvot & Senalle, 1843)
i Thysanoptera: Thripidae) ovi-posited  during
early stage of flomal bud (Fiz. 1k). The larvae
emerged from the ezes m synchrony with anthesis
and nectar production in Aewers The farvae and
adults orged for pellen and nectar, Individual
thrips were dusted wath pollen during ther move-
menis within the flowers and carried 428 o 635
pollen grams of G fodosdes and 157 1 253 pollen
orams of O opposififolas on their body setae,
wings and legs In both the species, the flowers
were foraged between 13001400-1700 h with
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concentrated foraging activity between 1300 F&00
h (Figs. 2-31. The foragers included bees which
visiled Gor pollen and nectar, ants and butterlies
which visited fior ondy nectar

On G Jotoides, the bee foragers were Apis cer-
ana (Fabricius, 1793) (Figs. 11, 1m), Apis forea
(Fabricius, 1793}, Trigoma iridipennis (Smith,
1834} and Ceraiing sp, (Latreille, 1802) The an
foragers included Caomporois sp. (Mayr, 1861)
(Fig In) and Cremarogasier sp. (Lund, 1831).
The butterfly foragers meluded only Iveaenids,
namely, Ziznple kvlax (Fabricws, 1775), Zieeria
karsandra (Moore, 1B53) (Fig o), Zizing onls
(Fabricius, [1787L Freverta srochins  (Forster,
1980), Chilades fains (Sioll, 1780 and Chilades
preandeva { Horsetfield, 1829) (Tahle 2). On (7 -
positifaling, the bee foragers were 4. cerama, A
Morea (Figs 6a, 6h), Ceraring sp. (Figs. 6, 6d),
Ceratirn smargediia (Bingham 1897) [Fig. &),
falicius sp, (Cockerell, 1897) and Megachule sp
(Latriglle, 1B02) {Fig. &0, The ant foragers mn-
cluded Campomots sp. and Crematepasicr sp
The hatterfly foragers mcluded only Ivezsemds,
namely, £ fviax (Fig 6gh, 2 kEwsandrea (Figs &h,
fi), £ ofs (Frz ), F frochdus, O laowy and O
poandeva (Table 2). In both the species, these in-
sects approached the flowers i upright posiiion,
londed on the tepals and then probed for forage
collection Bess first aceessed anthers o collect
pollen and then moved to the flower base 1o col-
lect nectar, i available in the same anddfor differ-

ent visits. Angs were resident foragers and contin-
wously crawled all over the plant and accessed the
Moral base to collect nectar. Butierllies stretched
out their proboscis and msened into the flower
base to collect nectar, All msect species collected
fornge fromi several fowers of different cvmes of
the same or different plants W collect the forape
The bees during pollen collection brushed against
the stigmas with their ventral surface effecting
stemotnbic pollination, Further, the bees and also
ants duning neciar eollection brushed apainst an-
thers and stigmas with their dorsal surface effect-
ing netotribie pollination. The butterflies during
nectar collection covacted the stamens and stiz-
mas with their proboscis and front side of head
and vendrol surfoce of thorax and abdomen effect-
g stermnatnibie pollination. Their wings never
contacted the stamens and stigma during nectar
collection as they kept them mn vertical position
Om &, fovondes flowers, bees made 47%, anis 9%
and lveaensds 44% of total foraging visis, On 07
oppositifolivs flowers, bees made H0%, anis 5%
and Ivesenuds 353% of total forsging visss. The
body washmes of inscets collected from the flow-
ers of both @, feteides and G, sppositifolins dur-
ing peak foragmg penod revenled that all insects
carry pellen but bees carmy the highest number of
pollen grains. Further, the mean number of pollen
grains varied with each insect species (Table 3)
The nectar secreton in traces and 1is depletion by
thrips duning and after anthesis in both the pland

Figura & @<l (luroy oygoemfsinir. s ol Torer recogiendn podenc b Apus Saren iecogiendn séctar: o Cermting sp recogienda polen; d:
Cormias sprepogiende néctar, € Coranmy saragniahe recogiendo pocar; § begacokile spo moogiendn: nectar; p=j Liconidos. g1 Zioule
hviar b Frovera tarsandn i Soreno karmmrs enestado de copale j: Aovae anr, k Semilkas de Siluns deinder: £ Semillas de Gifeas
r:!':,ﬂr_ln'ﬂ'lh'rllr

Figure 6. sl G oppooiufiniue o dmy Toeee colbooing pollen, b Apin Torer collecting mectar, eF Cenntar sp callecting pollon
& Cermiing sp onllecimg neclar, e Coratme swrvagdula collectng nectar, T Mepackile sp. colleciing neclar, g<j Lycaenid Buterflies
g Zrzala hylar: be Sizeersr borsandra i Zececrva karaamdnd i mmting stabe: i Sz ot ki S fododdes seeds: b Sl opperiyiadas
wreds
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Cirder'Famiy Insact speoes Ginus datondes  Ghus opposinfoles  Forage soughl
Hy PSR
fpdae Apis carana F. + + Polien + Meckar

Apis forpa F * + Piodign + Nactar
Tngona indkpennis Smih F . Prodlign + MNectar
Cerafing smavajikils F - * Puodlen + Mectar
Carafina sp + * Polien + Mectar
Halictdas Hedcdiis ap. - * Pedlen + Medar
fagachilidas fegachie 5p - + Pofien + Mectar
Formicatae Camparadl g 8p * . Meactar
Cremangasler ap - L4 MNaciar
Thy=anaphers
Thripidac Haplodtfrips sp. 22 + Podlen + Mectar
Lepidaptera
Lycaoridas Zizufa hyaz F + + Madiar
Zirgaria karaandra Moans + t M ciar
Lirina alis F ¥ £ Mariar
Frepena ¥ochyus Freser * * heaclar
Chlades faus Sholl + + Madar
Cinladles pandewa Horsfield * * Meclar
Tabka 2. Lian de insecion palinizadores de G Drosites v Qi epposin S,
Tahle & List of inseer pollinaior on Cilises dotobobee ard Gfave aggeoeinfaine
Ingect species Sample size (M) Giinug lofeides Glinus %#ﬂﬂrﬂ
MNumber of polen graing  Number of polen graing
Range Mean 5D, Range Mean S0
Apis cerang 10 92-307 2B2 BE45 AT-Z36 1618 46845
Apis flarea 1o 78-262 871 S883 B6-214 1405 4240
Thigona mdipennis 1t 43214 122 48205 -- -- -
Cerating sraragolia 10 s us m BH-164 1158 248
Cerating 5, 10 2504 841 1744 4117 BA2 2186
Hachirs 5. o] - - - 281 441 49
Meagachis ap. -- - - 43-102 748 161
Camponafus sp gl £1-58 3894 8589 2545 N3 T4
Crematogasher sp 10 FiH6 ME 643 13-34 251 G4
Zizule fylax o #- 214 629 1138 2W\E T2
Zizeena karsandra 10 1840 27B 740 0-46 288 B2
Zizing otis 10 11-2¢ 208 524 14-340 231 51
Freyena rachylus 1o 10-38 254 T4 7-28 183 &A1
Chilades lafus 10 13-4 233 68317 10-35 248 T.O0
Chilades pandava 10 1042 284 827 12-41 281 7.2

Tabka 3. Polen regisimado en lavades & cotrpo (8 wmscotos obaenidos en (il dadler v Ol oped i
Tubke 3, Potlen seeonded o che boaly washings of insece en (il foreddles amd £ i oyt fidas

species appeared o be drving the inseécts fo visit
as many flowering cymes as possible o quench
their thirst fiv nectar Such a foraging behavior
was conskdered to be facilitating the promotion of
cross-poll s,

Fruiting ecology and seed disparsal

The pollmated and fertilized flovwers grow contbin-
ually and produce fruts within B-12 days m O fo-
ficdes and 7-10 davs in O, opposiifolies, In both
the species, the stamens and stigmas are persistent
and remain nside due to the closure of the fower
(Fig. le), The tepals bulpe graduatly and protect
the bulgimg ovary i which the seeds form and
mature. In €7, Jovordes, miural frunl set mle vared
from 88% to 92% while seed set rate varsed from

5% to 93% in 8- to 12-stamened flowers respec-
tively {Table 4}, In & oppasitifeling, natural fruit
sef rate vaned from B8% o 92% while seed set
rate varied from 88% to 91% in 4- o 6-stamened

flowers respectively {Table 43 Frudt is a loculics-
dal F-valved capsule, 605 = 075 mm fong and
d.| £ 064 mm wide in & foraides while i i an
ellipsoad locubicidal 3-valved capsule, 35 £ 0.5
mm long and 2 1 £ 0.2 mm wide m {5 opposifi-
dofius In both the species, the fol 5 stalked,
membranous and densely pubescent. In (7 fo-
icles, the seeds are small, reniform, amooth, 0.7
mm long and 0.5 mm wide, mtally red and fi-
nally dark brown and have a white anl of funicu-
lar origin developed into elongate filiform siro-
phicle (Fig. 6k}, In &, oppositifolius, the seeds are
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Fiowar type Mumber of flowess sampled  Mumber of flowess 5ol fut  Frnlset (%) Seed sat (%)
Glimua Modoides

f-stamered 50 &E B 1]
F-slamansd an 53 B &7
10-stamened 110 a8 a8 1]
11-slamenead 45 ai B az
12-ztamened 26 23 g2 a3
Glinws opposiifolius

4-slamerm 61 54 ae B
S-glamenad 2 206 i aa
F-glamanad 1105 a7 B3 g1

Tabla 4. Picpswcion emtre lis conjuntes de B v sennillas de Enfis Foreiokes v Cailiaes opyrsitifaliug
Table 4. Wanwn] fret and seed =21 e = Clions fodostes ond Glines oppouiiyfoling

small, sub-remform, granulose, 0.9 mm long ond
017 mm wide, reddish-brown and have a white aril
of funicular ongin . developed into extensively
curved scrodiform strophiole (Fig. ol). In both the
plant species, the seeds are amanged in two ows
in ¢ach locule: Dey capsufes of both the species
break open when tepals are wet and expose the
sreds Bt thee seeds remaim sooand grodually sspa-
rate and fall o the ground on their own on clear
sunny days. In dry season, when the capsules are
ripe, the plants die, dry out and become brittle. In
this state, the base of the stem breaks ofT and o 15
maore 50 when high winds previal Then, the plant
parts mdl readily and fruit and seeds disperse o
other arcas. On rainy days, drops of waler falling
on the distal opening after the locules are filled
with ram waser result in an explosive expulsion of
water droplets and seeds Further, water also dis-
perses seeds fallen on the spdl during raimy season
Therefore, seed dispersal 05 characteristically
anemochorous, ombrohvdrocherows and  hvdro-
chorous in both G fosmicdes and 5. opposinfolis,

Discussion

O Inoddes and G, opposiiffolivs are prosirate,
spreading, annual herbs that carpet the ground n
open sandy soils and agricultural lands. They oc-
cur throughout the yvear and show vegelabive,
Aovwering and fruiting phazes in different areas
But, thewr robust growth, profuse flowenng and
fruiting 5 confined 10 wet season. The flowers
borne m axillary cymes in G Jotorder amd axillary
fascecles in & opposinfolics stand erect above the
foliage and display their prominence. In both the
species, the stems produce mamy brunches and
cach bramch produces several evmes or fascicles
Since the plants usually grow as green carpets, the
simultaneous display of several Dowers from mdi-
vidual plants and from the entire populationis)
could enhance their attraction to msact pollinators

Romse D Crocne (2000) stated that Celivms
species have five sepals in quincuncial aestiva-
pon In the presemt study, Or Josfoides and O
cpposififolius have been found fo have five tepals
as commen and six wpals & rare. The study also
indicates fhai the word "tepal® is the appropnate
word since d acts as petal adaxially and sepal
abwerdly. This a5 further substantiated by fwo dif-
ferent colours displayed on adaxial and abexal
surface. The tepals are whitish green on adaaal
surface and green abaxial surface i . lotaides
and creamy white on adaxand surfoce wmd brown-
1sh orangre on abaxil surface in O oppesitifofing.

In Cilinus species, the stamen number is unsta-
ble and varies from five to several series which
include outer stamnsdes also (Hoffman 1994 )
The stamunodes are petalowd, represent the sta-
mens that lost their function as producers of fertile
pollen and antisepalous replacing a fertile stamen
or allermisepalous as an appendage of wper sia-
men {Weberling 1989, Brockington & &f 1013)
Rosise De Craene (2010) reported that m &
fotoides the alfermisepalous whorl 15 complete
with staminodes and odd stamen is opposite to
petals. Sharma (1963 ) mentioned that O Jofofdes
flowers produce rarely more than five stamens
while O opposiufoling produce 10-13 stamers in
three whorls. He also suggested a fendensy for
reduction with the loss of the outer stamen whaorl
in androecium. I the present study, (. Jotarides
flowers had B-12 antitepalous funciinal stamens
in two whorls and 3-7 aliemitepalous staminodes
in outer whorl . oppoesitifofius flowers had 4-6
alternitepalous functional stamens in one whorl
and 3-6 antiepalous staminodes i outer whaorl. In
both the species, the staminodes are petalmds
indicating the fusion of tao adjacent stamens that
Iost the Tunction of producmg siable pollen an
course of the evolution of Qowers. These stamin-
odes are mtegral features of floral morphology
and appear to have evolved 1o serve as attractants
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o pollinators, reduce self-podlmation rate and
cptimize. the available nuirienis for enhanced
reprodechive oupul in water and nutoent deficent
habitats, Further, the production of stamimodes
appears to be an adaptation to reduce pollen pro-
duction per flower, merease efficency of pallen
dispersal by lomting pollen removal by individual
pollinators gnd enmble precise contact between
pollimators and pollen presenters or pollmators
and stigmas Therefore, the petalod staminodes
are evolved to perform different roles in the flow-
ers and are wnigue for {flimes within Mollugi-
naceae (Stebbing 1974 Ronse De Craeme & Smels
1993, 1995, Ronss De Creene 200 3)

Hammer { 1995] reported that different popula-
tions of Awoaceae growing in the same habitat
exhibit synchrony in flowering time. The penod
of florwening 15 usually shorl and the Nowers show
repeated  opeming  but  this  phenomenon s
restricted w0 a cenam peniod of the doy. Groen &
Van Der Moesen (1999 observed thal the mixed
populations of Alsoacese genera. Berperantins
Schwantes, Fawcara  Schwanies and  Orfio-
previen | Bolus flower simultaneously.  These
suthors sugeesied that susch a synchrony in fow-
ering in these genera in the same habitat collec-
tively enable them to enhance their floral attrac-
tion (o pollinators. [n the present stody, it 15 found
that Celienr species form mosed and distingt popu-
fatiens in the same and different habitais depend-
ing on soil moisture and nutrient  conditions,
These species exhibit syochrony in fowering by
opening  flowers i the afternoon Further, the
fNowers are too small, lack corolla, fepals not
vividly coloured and stay open for 2 brief peniod,
fior theee hours 1o, forordes and four hours o
cpposiifodiees for visstation by insects. Therefore,
the synchrony in anthesis schedule ond massive
RAeral display appear 1o be imperative for them o
attract pollinators during the brief period of open
state of flowers

Peter ef @l (2004] reported that the fempera-
furg gnd relative humidity are probably important
cues determming fower opening in the afternooen
The specific timing of anthesis i the late after-
noon 15 8 likely mechansm to filler out generalist
pol hinators most getive at madday, rather fargeting
specific group of msects, pomarily bees, still
active in the lale afternoon, The present study
indicates that afternoon anthesis m Ol specics
15 probably evolved i course of Bme o avoid
competiion  for  pollinators n & pollinator-

deprived environment, especialiy in habikats
where other herbaceous plant species fMower
simulianeously, show anibesis durmg Frenoon
peried and attract insect pollimators with  their
vivid floral colors. Glinus species provide suffi-
ceerd fornge for msect pollinators in the aflernoon
perisd and wecordmgly bees. ants and bycaenid
butterflies collect forage and pollinate Nowers.
Since bees andd butteries are active throughout
darv, they soon swatch o fresh forage available an
the habitat (Glinne species with afternoon anthesis
readily provide forage, and bees and hubierfires
begin o shift o these Horal sources and concen-
trate on forage collection from them. Therefore,
afiernoon anthesis in Gleews species could ensure
insect pollination and reciprocate the msect polli-
nators with pollen andlor nectar

Watson & Dallwatz (1992 stated that Maollugi-
naceaie  members  are  entomophilous.  These
authors considered neclar secretng tssue and
sherwy tepals m several species as adaptations for
entomephily, In Glimes species. the Moral charag-
ters such as the erect posmon of flowers ahove
foliage, adaxial surface of the fepals, petaloid
staminodes and nectar secréling Lissue beétween
the ovary base, connate part of stammal filaments
gnd scabrate omamentation of pollen grains
pppear to be adoptations for insecl pollinabon.
The bees while collecting pollen and butterfhes
while coflecting nectar effect slemotribic polfina-
tion. Furher, the bees and ants while collecting
nectar effect nototribic pollination. In both G,
dovoicen and G oppositifoling, the pollen output
per anther varies with the number of functional
stemens present in the fowers, it inereases with a
decrense in the stamen number The pollen output
per Dower in G fokofdes s moee than double the
amount produced per flower in G oppoesitifalin,
The vanation in pellen production @ these plant
species s partly attmbatable 1o the number of sta-
mens produced, The varied amoent of pollen out-
pul m the lowers of the same and different inflo-
rescences on the same plant drives the pollen col-
lecting bees to visit the flowers across population
(5] i search of more pollen collection and such a
foraging - activity confributes o both seli- and
cross-pollination. The neclar secreted in races in
both ihe species and pectar emoval by thnps
species, Haplothrps also drives the nectar collect-
ing bees, ants and lvcaend busterflies to visit
flowers across popidation(s) doe o which both
sielf- and cross-pollinabions occwr. CAlinus Species
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appear o be important sources of pollen for bees,
especially for honev bees. Saad-Aldeen (2014}
also noted that O lodoides B oan imiportant pollen
source for honey bees m Radom arce, South Dar-
fur State, Sudan. Further, these plant species in
the study area are mportant nectar sources for
ants and lyeaenid butterflies. Amonz butterilies,
lycaemids are the smallest, low-flving and appro-
prisfe pollinators for prostrate herbs such as G-
HIS SPeies

In both Crlires species, the lowers are protan-
drous because there s o briel gap between anther
dehiscence and commencement of stigma recep-
mvity. Since both male and female sexes mature
almiost al the same time, the Bowers m these plant
species can be stated as homogamous: Furiher, the
stamens and stigmas are spatally separated in
both the species; such @ situation suggests that the
Aowers are also herkogamous. Herkogamy does
not facilitate the occwrrence of spontaneous aubo-
gamy  despite the fowers being homogamoues
However, the thrips emerging from the floral buds
during anthesis and thewr movements i the flow-
ers after anthesis for pollen and neciar collection
could result in autopamy. They also bring abowt
geitonogemy dee to ther migraton (o different
inflorescences on the same plant for forage collec-
ton and xenogamy due to their migration to other
conspecific plants for forage collection. Further,
the movement of fepals together with stamens
iwands the pistl during Dower closure facilitates
comtact between the sex organs and effects sponta-
neous autogamy iF pollen is still available in the
dehizced stamens, Further, the tmy thrips by mov.
ng nto the closed flowers [rom apical portion
and  from  sides may effect peitonogamy  or
senogamy. Therefore, & lodeides and . oppoxin-
Sodtir while keeping the options open for sponia-
neous o veeior-medisted selfing exhibit polyphily
involving bees, ants, butterfhies and thrips as polli-
nators

In the present study, (iR species show var-
atbon in the dumber of carpels and ovules per
Morwer. The Aowers of & lotoides produce five
carpets while those of 7. opposiafoliny produce
three carpels. Likewise, the number of ovules also
varies dependmg on the number of stamens and
pollen output per flowsr, the ovules are relatively
moie i G lefordes tham i O opposiifaling. This
ovube production trend indwates that the pellen
output ineresses with an mcreass in ovobe number
in order o provede sufficiend pollen io fertilize as

many ovules as possible through spomdaneous
aurogamy o vector-mediated pollination. This sit-
wation i3 reflecied in the natural fouil and seed sel
rates in both plant species The highest fruit and
seed set rawes and the lowest pollen-ovule ratios
recorded m . Movordes and O appasinifalin indi-
cate that they sre fcoltstively autogamows but
breeding lest is required for confirmation

Bittrich (1990} repored that Mollugmacese
members produce capsules with many seeds and
the capsules dehisce lecubisdally o expose seeds
In & lotoides, the capsules open when moistenad
with the aid of expanding keels In the preseni
siudy, in (7 foroudes and O apposinifolis, the fer-
tlwed Mowers produce fruds within a week or
two. The frust is a capsule but it 15 S-valved in (7.
forgrdes and 3-valved i G, appositfohins. In dry
season, plants with npe and dryv capsules break ofT
which are then dispersed by wind. Dy capsules
break open loculicidally when tepals become wet
and then expose (he seeds. However, the seeds
remain attached o the bose of the perianth. In
hoth the species, the seeds exposed from the cap-
sufles fall to the ground on clear sunny days On
rainy dovs, weter drops hnd their way into the
frust through the distal opening and the frut filled
with water expels both water and seeds explo-
gively. Further, seeds fallen on the ground disperse
through surface water runoff dunmg rmn fall
Therefore, . Mofoiddes and G opposififoling
gxhibit anemochory, ombrohydrochory and hydro-
chory

Cilinus species produce seeds with a while anl
of funicular origin and the lafter develops into
elongate, filiform  strophinle  {MNarayvana 1962,
Haofmanm 1973). Ghimss genus 15 charactenzed by
its seeds with a Aliform appendaeed aril and indu-
menium of ofien stellate hairs (Ronse De Craene
20013). In this study, €. lorides has been found to
produce small reniform, smooth and dark brown
seeds and s seeds have o white anl of furewlar
origin developed inte elongate filiform strophiole
In & epposiifolivs, the seeds are small, sub-reni-
form and reddish-brown with a white anl of fume-
ular onigin formed into extensively curved scroti-
form strophiole. The presence of filiform or sero-
tform srophoole n (rlines species appears o be
an adaptation for seed dispersal by ants (Costes ef
d, 2003). Bust, ams bave nod been found w use the
sirophicde o5 food and carry seeds of these
species. However, further studies of token up on
this aspect may throw more hight either fo confirm
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o refute this ehservation

Balcha (2009} reported that & Idoides has
short seed viability period. Teshome & Fevissa
(2013} also reported that this species propagates
by seed but short period of seed viability and poor
sepd permmation percentage are the limiting fac-
tors for g invasiveness, The present  study
showed that both G foroides and OF, appvasingioding
produce several baiches of populations in a vear
and their seeds perminate as soon as they are dis-
persed bad ther germumstion could be relsted 1w
soil mosture which plays an important role n
breaking the seed coat Therefore, Gl species
pppear to have short period of seed viabihity as
reported by Balcha (2009 and Teshome &
Fevissa (2015 and also e viability may also be
attributable to the extent of genetk varemion
achieved through vector-mediated pollination

Rama Das & Raghavendra (1973} noted that
Cr. fovaides and €5 opposinfolies are U3 species
Crifmus with C3 photosynthesis have developed
different pollination mechanisms 0 maximize
frunt and seed set rate. Genetic vanation acheved
through macct pollination would enable to extend
their distribution range bv producing populations
especially i dry and mosst habitats, Since Glinns
species grow well in these habitats and carpet the
soil, they ¢an be considered as important candi-
date specics m soil erosion control and 10 eco-
restorabion pregrams
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INTRODUCTION

Hutchinson  (19268) recognized  Molluginaceas
as distinct from Azcacsae.  Molluginaceze genera
prevtously incliedied in the larger farmily Alzoaceas have
been separated and treated vnder the Molluginaceas in
subsequent classifications of the Anglosperm Phylogeny
Group (APG) 1998, APG | of 2003, APG lil of 2008 snd
APG IV of 2016, APE IV classification |5 the modern
malecular-based system of plant taxonomy for flowenng
plants [angiosperms). Tha genus AMolluge s distributed
iy trogpiced to warm temperate parts of Korth and South
Ammerica, Europe, Africa and Adia. The genede name 14
dheriwid from the Latinward “mollis” meaning soft {Shost
2002) M. cerviang ls native 1o Indla, 5l Lanka, Pakistan
and Bangladesh (Parvathamima & Shemthamma 2000}
M. pudicawls s distributed throughout trepical Africa
and Bsia (Burrows & Wilis 2005). M cerwians is a C,
spedes, M. redicouls C-C, species and M. pentopiylio
C, speces; the first species is distributed in hot arid
regions from pantropics to temperaste reghons while
the other two species are distributed from pantropical
and subtropical regions {Christin et al. 2010}, These
three species are walusbie In traditional medicine for
treating different diceages and ailments | Parvathamma &
Shanthamma 2000; Rajamanikandan et al 2011; Sahuw et
al. 2012).

Litthe is known about the pollination ecofopy of
Molluginaceae, where nectar secreting theswe is present
in almest all specles. In several genera showy sepals
or petais hawe evolved, both of which stronghy suggest
eptomophily (Watson & Dalhwitz 1992, Kubltzkl et
al. 1993).  Melluge werticllote i@ polinated by the
ayrphid fly Mesogromma marginate (Robertson 1908|
The most widely spread, weedy speces of Molugo
verticillgte, M. nudicouls and M. cenviong are self- and
insect-pollinated (Paw & Hoffmann 1934; Bogle 1970
In Taiwan, M. pentaphplla & a minor pallen sowrce
for Apis meflifers (Lin et al. 1993), In southem |ndia,
honey bees use Mollugo specles as pollen source and
reciprocate the plants with palliraten [Pennuchamy et
al. 2014). The present study examines how M. cervans,
K. pudicouils and M. pestaphylle are able 1o reproduce
in semi-dry and dry hebitats where pollinators are
usally scarce. The principal ebjectve of this study s
to understard how flaral blolegy, sesual and breeding
systems, pollination mechansms, frulting ecalogy and
sead dispersal collectively contribute to the success of
sexual reproducton in these three specles growing in dry
habitats,
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MATERIALS AND METHODS

Wid patches of Maliuge cerwiona, M avdicaulis
and M. pentephylla growing in open dry and sem-dey
areas of Visakhapatnam and it surroundings (17 688N
& B3I218°E) were selected for study during March
201 5=-hay 2017, Flald trips were conducted to record
phernological aspects. Ten Inflarescencas which hewe
not initated Aowering an five plants were tagged and
followed to record anthesis schedule and the tming of
anther dehlscence. Twenty-flve fresh flowers were wsed
to recard the floral morphalogical details. Mectar eould
nat be meatared ond analyzed due ta 15 decretien in
minute quanfity which was further depleted by thrips
durieg mature bud and flower life. Twenty mature,
But un-dehisced anthers, bwo anthers each per flower/
plant from ten plants were collected and examined for
pallen ouiput as per the protocol describes in Dafni et
al. (i005), The calculston of pollien output per flower
and poBen-ovule ratie was dons as per the foomulas
degeribed in Creden [1877). Ten flowers sach from five
individuals were used bo test stgma receptivity, It was
tested with hydrogen peroxide from mature bud stage to
flower closure/drog as per Dafni et el (2005). Seventy
infloreccances were tagged prior te the inldation of
their Aowering and fallewead far three weeks o record
fruit and seed set rate in open-pollinatans. The fruit
and seed morphologicel characteristhes were observed
in detpil te eveluate thelr adaptafions for dispersal
by different mears,  Flelds wisits were made during
rainy season to note the aspects of seed germination
and producton of rew planis. Based on the timings
af maturation of anthers snd recoptihdty of stpmas,
the sexual fystem was defined and also elaborately
explained ity furctionality to achieve seff-nduced
autogamy, spontaneous autogamy, geltonogamy and
senogary. The positions of stamens and stigrmées during
and after anthess were obgerved Lo svalwate ac to how
they facilitate spontanesus autogamy during anthesis
and flower choswre. Further, obsapvations were also
made to svaluste as to how these positions preclude
self-pollination when fowers stay open,

Insects foraging at the fowers were observed
from morning to evening on fowr different days for
their mode of zppeoach, landng, probleg behewvicr
and esntaet with the floral sesual ergans. Bees were
identified from representative specimens  available
with the Department of Emvironmental Sciences,
Andhra Unlwersity, Visakhapatnam. Butterflles were
ifentted by consulting the books of Kunte |2007)
and Gunathilagara] et al. (1948}, The faraging wisits af
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insects were recorded using Imalm area of flowering
patch for 10min at each howr for the entre day on four
different days and the data were tabbulsted to record the
foraging pattern and the percentage of wisits made by
different inseet categories The pallen/nectar eallectian
behavicur of insects was carefully observed to assass
their role in effecting pollination, Ten specimens of each
insect speches ware captured during 0800-1100 h and
brought to the laboratory.  Each specimen was washed
in ethyl alcohol, stained with aniline-blue on a glass siide
and observed wnder microscope to count the number of
pollen gralns present. From this, the average numbes
of pollen graing carrled by each insect specles wad
caleulated to know the pollen carryover efficiency,

RESULTS

Phenology

Molluge cerviang 15 a small, glabrows, sleader annual
herb. bt is common in open dey candy and semi-dry sodls
aleng roadsdes, waste places, bare ground and dry river
beds {image 1a). Its presence s usually overlooked due
o Its wery low ground habit, winy reddish orange stems
and thin limear beaves. The stems are numeraus, uprght,
thin and sHf Leaves are sessile, grey green and |mnears
with scute apex; they arise i whaors an the stem but
some are in arosette at the base. M. noafcoults B 2 small
acaulescent annusl berbwith a resette of prostrateleaves
while M. pentaphplla i small much-branched annoal
hert with a thin tap root M. pudicouifs (Image 2a.b)
and M. pentaghyila (Image 42) are common in open dry
sandy and molst 1oils alang roadaides, waste places, bara
ground and cultivated lamda. In M. avdicowlis, the leaves
are sessile, succulent, glabrows, obovate to spathulate,
margin entire and apex rounded. in M. pentapiiyila, the
stem s thin, angular, glabrous and doged with browmish
red when ald. Lesves are petiolate, unegual, susculent,
glabrous, obowvate to spathulate, margin entire and apex
mucronate. The basal leaves are 5 or more in rosette
formwhile those upwards vary fram 4 te 1. All thres
ipecles appear simultanecusly in vegetatve, flowering
and frudsting phases in different populations growing
in different habitats throughout the year {Image 1b,
Ab). Individual plants, however, have & short life cpcle
of 3 months from seed germination o seed dispersal
Although they appear thioughout the year they show
robust wegetative growth and profuse fiowering and
fruiting during July=-Octaber when sol 5 damp due to
occurrence of rains.  In AL cerviong, the flowers are
barne on 7-B mm long pedicels in dichotamous and
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trichotomaus umbellate cymes produced terminally or
in leaf axils. The inflorescence arises from the rosefte
of basal leaves in M. sudivawls and from leafl axils and
terminally in M. pentaphplfa. o A audicoulls, the
dichasial ar frickagial eymes are comman duting dry
season while paolychasial cymes are common during
wet sezson. in M. pentaphylio, polychasial oymes are
common durlng wet season while di- or tri-chasial cyrmes
are camman during dry season Further, the eymes are
af spreading type, pedunculate and produce pedicellate
flowers; the peduncie ks 7=8 mm kong pedicel 5 4mm
torgin the farmer whibe the earresponding measuras for
the latter are 58 mim and 2-4 mrm, fecpectivily In Bath,
the peduncle and pedicel are wiry and stff, A pobyehasal
cyme produces 7.5 £ 1.5 flowers in M. peaicowls and
1383 £ 4.9 in M. pentophylis.

Flower morphaology
in all three species, the flowsrs are small, odourtess,

actnomuerphic and bisesal They ere 2.52 + 004 mm
fomg, 1.51 2 0.5 mm wide, whitlsh green on adasial gide
and green on abaial slde In AL, cerviong; 351 £ 0.4 mm
forg, 4.03 20,3 mm wide, creamy white on-adaxial side
and light green on abaxial side in M. nudicaulls; and 2.75
+ 0.4 mm long, 1.8 £ 0.4 mm wide, white on both adaxial
and abaxial side in A, pasfaphpile. In &l the sepals
and petats are represented by a monochlamydeous
perianth of & elliptic to oblong free tepals. They are
2,45 2 0.4 mm bong, 1.13 £ 0.2 mm wide with white
mmargkns in M. cerviong; 328 & 0,41 mm long, 1.82 £
0.33 mm wide, connate base and hooded apicalty n
M. nudicauds; and 2=3 mm fong but connate at base in
M. pentophyla. The slamen: ars S antl-petalous aad
1.22 + 0.3 mim lang in A cervians; 3-8 and 227 + 017
mm lang In M. nudicoalis; and 3-5 and 1.8 £ 0.17 mm
forg in M. pentophylia. in 2l the Rlaments are free,
connate at base and tpped with dorsifized dithecous
anthers. In & penfaphglls, the flowens with 3-starmens
eonstiuted BO%, those with 4-stamens 33% and those
with S-stamens 7%, these three types of flowers occur
an the same plant. The Howerss with B-stamens are very
rare. A single plant all with S-stamened flowers was
encountered during the study period and these flowers
are prominently largar than other types of flowers. In
I-stamened fowers, one stamen s alterni-tepalous
while the ather bwe are ant-tepalous (Image 2e), I
d-starmened fowers, three stamens are altermi-tepalous
while the other one is anti-tepalous. In S-stamened
flowers, two stemens are alteni-tepalous while the
ather three are anti-tepalous (kmage 2). In G-stamened
flowers, three stamens are aliecnl-tepalous while three
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others are anb-tepalous (fmage 2g). In M pentophyila,
the flowers with 3-stamens constituted $1%, those with
d-stamens M5 and those with 5-stamens 2%; all theras
typirs of flowers accur on the same plant. In 3-stamened
flowers, one stamen is alierni-tepalous while the other
two are anti-tepalous. 'n d-stamened fiowers, threg
itamens are aitemi-tepalaus while the other one |8
anti-bepalous. |n S-stamened flowers, bwe stamens are
aiterne-tepalows while the other three are ant-tepaloas
In all three specles, the ovary Is light green, tri-carpellary,
tri-locular syncarpous with oveles arrarged on axile
placentabon (Image 10, 2k, d5). The ovules are 582 =
8,16 In A, cerviama but the ovule numbser varied with
change instamen number in the other tao specias. [nkd
nwdicawlis, they are 17.45 + 351 n 3-starmened flowers,
189 2 2.88 in d-stamened Powers and 23.1 £ 3.70 In
S-stamened flowers, In M, peatophylia, they are 16.02
+ 4.0 in 3-stamened flowers, 15,44 + 2.0 in 4-stamened
flewers ard 20,11 £ 2.6 in S-stamened flowers, The
oviiles are D-shaped in M corviena and M audleaulls,
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and reniform in M. pentaphylio. Inzll, the style iz abzent
but the ovary s terminated with 3 free stigmas (Image
1k, 2§, ah). The stigmas are minutely denticulate with
membranous flags in ML cerviame while they are densely
papillose, shiny and spreading in the other two spacies.

Flaral bialagy

In all thies species, mature buds open during 0700
08040 b and extend until 500N in M, pentaghyiio (Image
2d). Indhvidual buds take 5 to 10 mintes from partizl
to full opening [Image lcd; de=e). The flowers are
hamogamess 25 the anthers and sHgmas attain maturity
at the sarme tire during anthesis: the former dehisce by
torgitudinal slits [Image 1f 2h} while the latter contnue
receptivity until the woon of the second day. In A
ceviane, the pollen output I 1597 2 14.5 per anther
and 798.5 1 655 per flower. The pollen-ovule rtio is
14:1. Im W nodicooeis, the pollen output varied with
charge |n stamen number, |t varbed fram 2096 £ 17.12
ta 171.4 + 13 44 per anthes and from G288 £ 51.36 to
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Table 1. PFolen aspeci in MoVespo nudtcouiis and Wollseo pendapibriio

sl Ty P-:nr:t-:rr:.nr hhm-mwunf HHﬂI:’::':JH‘IW Fesn n;:imll:.f R R P

Moo rudicawiin

St i Pl :14] HHEE4 1701 6l19:& +51.35 |' 1745 3.5 £

S fazd 33 SR d 13.02 7175+ 5148 | 1950 £ 1.9 371

BT o Fadod T ITlds 1344 REF D4 E7 ! 13 K+330 ar:i

Mndlugn perdgnivhe

Fetamernes 41 Il IR | 1662+ 40 121

-zt ares 7 IR LT LI EE R | 1344 200 551
I__!_-abrren-eﬂ Fd 1383119 6T £ Y | Mil: i 53:1

A57 £ 672 per flower im 3- to 5-stamened flowers [Tzble
1}. The polien-ovule rate is 36:1 in 3-stamened fliowers
wihile it & 37:1 In 4- and S-stamensd flowers, In &
pentaphylo, it varied from 27722134 10 21342129
per anther and from B3L6 + 402 to 1067 + 645 per
flower in 3- to S-stamened flowsrs (Table 1). The pollen-
ovule ratho 5 52:1 in 3-stamened flowers while it is 53:1
in d- and S-stamened lowers. Inboath M avdicowlis and
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f. pertagphyiio, the pollen production trend showsed that
pollen cutput rate gradually increased with a gradual
decrease in the number of stamens produced per lower.
The pollen grains are pale yellow, sphermedal, tri-colpate,
tri-zonoaperturate. granulated, tectem scabrate, 219
4+ .12 pm (image 1g; 21, 4l Im all three spacies, the
nectar is secreted bn traces during mature bud stage.
The tepals togathor with the stamens and stigrmas elose

Journal of Threatened Tas | wwivthreatenaitexeong | T6 Febnany 1013 | 11651 13334-13340



Poiinigan eodogy of Wellepo Spetai

banck by 10001100 b but thic event extends unill 1300k
ir L TS,

Pollination mechanism and Pollinators

In all three ipecies dehicced asnthers oollected
during anthesis showed some percertage of pollen
formed tubes indicating in sty germination. It varied
frorm 20 ta 25% in M. cervione, from 115 te 21% in M.
nudicawlis and from 18% ta 26% In M. pentaphylia. In
all, the pollen tubes were also faund on the stigma. The
pallen germination and formation of tubes Both within
the dehisced anthers and on the stipma indicate that
the presence of self-induced sutegamy In M. cervians,
during and afler anthesis, the debisced anthers and
fecepive stigmas contact with each other due 0o thedr
tlose promimity and their position at the same beight
due te which autoparny ocours {image 1a). In the other
twa species, during anthesis, ane anther in 1-stamened
fiowiars and 2-3 anthers in 4- and S-stamened flowers
contact the stigmas due to their close proximity and
thelr position at the seme height (Image 47, With this
abtuatian, the anthers brush against the stigmas caising
autogamy. After anthesis, all anthers move away fram
the stigmas bul both the sex crgans are situated a1 the
sarme heipht focilitating vector-mediated self- ar eross-
paollination. in all the three species, during the closing of
the flower, the stamens and stigmas contact each other
viery chosely assuring autogarry I did not ogcur dusing
open state of the flowern

Thrips pollinatian
Hoplothrips  sp,  (Thysanoptera: Thripidae) used
the flower buds of ol three species for breeding and
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Sulakslara b Raju

flowers for feeding, The landae emerged from the
egEs in synchrony with anthesis and nectar prodsction
i Mowers. The larae and adults loraged for pollen
and nectar. Individual thrips were dusted with polkn
dufimg thels movements withdn the lowers. Thay carried
pallen an their body setae, wings and legs. The pollen
carrigd by them varied from 87 to 176 polien grains in
M. cervioma, from 6% to 158 in M. nudicews and 89 to
217 in M. perntaphelia. The thrips dispersed the polien
on free denticulate snd membranous stigrmas of M,
cerwame and on free dendely papidose spreading stamas
af & nudicaulis and M. pentophylio due to their active
movement, rubbing of abdemen against the stpmatic
surface, cdeanting of thelr bhody parts with thelr hind
legs and 3is0 by their wing combing mechanizm, In all,
the homogamous flowers were found to facilitate seli-
pallinaton i the <ame ar different lewers af the same
plamt. As the plant ocewrs as small or large populations,
thrips couid fiy to migrate to the Rowers of ather closely
spaced plarts and effect cross-pollination by feeding on
the forage,

Insect poliination

The Nowers of &4, cerviano were never visited by any
inzectd. The flowers of M. puedlcaulls were foraged by
bees, flies and butlerfies while those of M. pentaphdlo
by baes and butterflies, Bees and flies foraged for pollen
and nectar whike butterfiies far nectsr anly during DEQD—
1108 b with concentrated foregmg activity during 0500-
10060 b (Flgs. 1-4). The bees, Apis cerong (Image 3a, Saj,
A, flaren (Image 3b, 5b). Trigana ridipennis (Image 3e,
Scl, Cerobing sp. {Image 3d, 5d) visited the Nowers of
both M. nudicowls and &, pentaphyila; the former was

——Apis ceramT

== Auid Tpren

—i— Tngonairidipenmns
et MG TR

s Wl P

== Frickalinug sp

e LA )51 B,

FPF PO PSS S

Tirme 1)
Figpere 1, Miourdy foragieg visits of bees and fies on Molfoge nudioeulis
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Imags 1. Madlbge noakeauls . Apis cerand, B, ApH farea, ¢, Trigan ridipens, o, Ceratisa sp,, 8, Holiotes sg., 1. Ervitalings 5p., § Mason ip.,
b1 Lycaenids - & Dineenio korsamdre, L frimo obis, | Chilodes pandowe. £ &) Solemos Raju.

also visited by Holictus sp. |Image Je| and the latter also
by Thyreus histrig (Image 5e). The flles recorded on M.
mudicawlis were Erlstaiinug spo {ireage 31) and Musco sp
{irmage 3g). The butterflies represented anly lpcaenids
- Zirula hylax {Irmage 5g), Jreera karsandea (Image
3k, 5h), Zizino ons (Image 36 and Chiodes pondova
[lrnage 3|} (Table 2} foreged on the flowers of both
plant species. M sudiceulis was alsa visited by Freyeria
frachplus and M. peataphpla also by Costelius rosimon
{image 5f]. All these insects approached the flowers in
upright position, landed on the tepals and then probed
for forage colleetion. Bees first accessed anthers to
calleet pollen and then moved to the fiower hate to
collect nectar, if availzble in the same andfor different
visits. Flies and butterflies stretched out thelr proboscls
and Inserted into the flawer base te collect nectar. Al
insect cpecies collected forage from several Rowers of
different cymas of the same or different plants to collect
the forage. The bees during pollen collection brushed
apninst the sHpmas with their ventral surface efecting
aternotrible pollinaden. Further, these insects during
nectar collection brushed against anthers and stigmas
with thebr dorsal surface effecting nototriblc pollinaton.
The flies and butterflies durimg nectar collecton
contacted the dtamens and shigrmas with thelr prabosels
and occasicnally front side of head and ventral surface of
thorax and abdomen effecting sternotribic pollingtion.
The butterfly wings never contacted the stamens and
itigma during nectar collecton as they kept them in
vertical position. In M. aodicaulls, bees made 49%, flies

Table 2. List of insect Toragers an Mofugs sudieoulis snd

Mallugs parinpinie
Ovserffamidy | Insoet dpoci "“'TI: ""! """"'""I
Hymiasa o |
Egiriac Aaix pereran W *
iz florea B 4 +
Frgosa iwidipeank Smith - +
Cerptan smaropiuly & -
Cevpiieg ap £ +
Thyrius Asnis . "

Halezdas :'muzu.' 38 4

Supachiidis | MspaCie 8. &

Formickdas Componuiu ap E
CrenaTopasier s =

Disters

Spphdag EAErE s S i

Aunphs flaErs o= -

Lapdnpiers

Ivrmard g Enplziias rowman F - +
vk e F - +
Fippasis kersander Mosea i ¥
Jried ems F i i
TR IAoCTpias Fapar i
O s, R0 B
Chides pandites Harshel : '
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Tahlz 4. Pollen recorded in the body washings of ineects an Motago nodbcoulls and Mollsgo pentopiale
Mndfuga sadicauls Maluga peroahpis
Isect spacies '-"r’;"" Kumber of pollen graim Mammber af polen grains
Aenge e LY v Range Weaw bo
ApH DRIy 10 el 13315 31.5 Bi=I8E 1583 E1E
A Mares 10 Ei=-133% tied 3331 BE=ILT a2 1 LER)
Trigoven chbDERaE 13 hend 44 La Hi=35 £33 138
Crmaiiro . 1 ey £7.8 H27 A=A w3 w07
Faiicras 1p. 10 41-E7 . k2 = = ==
1;““ h_sm s Pt I e e i = = I =
Erisabnig oo 1a =50 =1 706
Murca = 1 13-im e 7.d o ot =
C=rmiue rosmng 1 —_ _ — 1541 4 Lan
Sirvin mwiny m . L b —u ma LW r
Fpmeriy brmoro 10 13-3 rof 347 1945 & L g
ZEping O 10 15-40 .1 g48 13=36 a7 EEZ
Frapered Irochiis 10 Bl § .4 7.8 - —_ —_
Ehimdes BOAdeva 10 15=38 4.5 Bd? d-a3 .7 &

11% and caenids 40% of total foraging wisits. In M.
pentophplo, bees made 56% and Iycaenids 44% of total
foraging visits, The body washings of insects collected
frorm the flowers during peak foraging pesiod revealed
that all insects carry pollen but bees carry the highest
number of pollen grains, Further, the mean number of
pollen grains varied with each insect speces [Teble 3
The nectar secration in traces and its depletion by thrips
during ard after anthesks appedred to ke driving the
INSECES 10 visit a5 many flowerng cymes as possible to
gquench their thirst for nectar, Such g foraging behavior
was considered to be fatilitating the promotion of cross-
paillinaticn,

Fruiting vcology and seed dispsersal

In all threa species, fruits mature within 3-13 days
(irnage Ga). The stamens and stigmad are pérabstent
and remain inside due to the closure of the Nower. The
tepals bulge gradually and pratect the bulging ovary in
which the seeds form and mature (Image 1k, &k). The
natural frule set is 81.27% 0 M. cendana, BE5-H9 % in
M. pudicoufls, and 83—-88 3 in M, pentophylio. Seed set
fale is B1,949% in ML cervimnno, B892 % in M, nudicoulls,
and 83-86 % in M. pentophplio (Table 4). Fruit is a
lnculieidal Jvalved broadh-ellipsoid capiule, stalked
and membranous and densely pubescent in all three
spEcies but it is densely pubescent B M, cenaigng and M,
mdicawdlis while it is glabrows im M, pemtaghyle, 1tis 2,35
40,36 mmi and 1.85 £ 0.23 mm wide in M. cerviang, 3.4
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0.4 mmlong and 2.33 £ 0.39 mm wide in M. nudicouls,
and 267 £ 0.4 mm long and 1.57 = 1.4 mm wide in A4,
pentaphylia, Inall three species, the secds are armnged
i bwe raws n each locube, bn M. cervang, the seeds ars
tiny, Brawn, shiny, D-shaped and faintly striate dorsally
{(frmage 1n}. The seed coat is studdec with minule
granualar excrescerces with reticulate omamentation
In M, nedicaulis and M, pentophyla, the seads ana tiny,
Black, slightly skiny, reniform and concentrically ridged
(image 2o, Bej). The seed coat is closely packed with
uniformiy distributed, pebble-like, Wrate and chipped
arecies, [y capsules break open when fruit pericarp
and tepals are dry and espase the seeds (Image 1Lm;
2i,n; 6] But the seeds remain 50 and gradually separate
and fall tor the groend on their owre on clesr sunny
days. On rainy days, the water droplets falling an the
dehisend expaules widheut seeds to the ground  Water
also acts as an efficient dispersal agent for seeds that fal
during the rainy seasan, Seeds do not have adaptations
for wind dispersal, but wind disperses dry cymes and
dehilscad capsules chost distances amd cubsequently
fall to the ground from capsules. Thus, seed dispersal
modes  include ombrohydrochory, hydrechory - and
anemaochory, The seeds produced from plants growing
in cultivated lands have the potertial ta be dispersed
a5 a cereal grain contaminant and In effect agricultusal
produce movement contribules o seed dispersal ard
expansion of its distibution (image 2c; 6Fgl.
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Tabile 4. Matursl fruil and cosd 181 rate in Mobuge mebeasiic and
M. penraphylia
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DISCUSSION

Malluge species are annual herbs which usually
grow (noapen diy sandy and sandy and leamy salls but
also pocur tromioist habitats, especially in cultveted
lends. 1n this study, it 5 Tourd that M. ceniong, M.
nudicawlls and M, pentaphyla with thelr lew ground
habit populate the sodl and For this reason, they are
often called as carpet weeds. OF thess, M. cerviono
does not cover the soll extensively due to ks wiry stems.
amd thin, linear leaves, M. ardicasls without any stem
covers the <ol with & rocette of progtrate leaves. &4

Jeurnal of Threatened Taxa | wownwthreatenedtaxearg | 26 Febeuary 2035 | 11030 1333413344

pentaphyla with branched stams carpats the soil with
its basal rosette form of leaves and vpper spathulate
leaves. Al the three plant species prow throughowt
the year displaying vegetative, flowering and frulting
phases in different populations. Their robest. growth,
profuse flowering and fruiting, however, & confined to
the wet saason.  Individusl plants complete their life
cycle within three manths from seed germinztion to
soed gispersal. Similarty, Ohwens & Lund [(2009)] reported
that M, cenvignp is 3 herbaceous ephemeral species and
completes its life cycle ina very short time. In the present
study, it is fownd that the inflorescence s 2 dichotomous
ar trichotomous umbellate cyme in M. cerviana while
it is di- or tri- or poly-chasial opme in M, Aedicowlis and
M. pentaphyiio. In the [ast two species, di-fori-chasizl
Ccymes are common during dry season while poly-chasizl
Cymes are common during wet seasen, suggesting that
thie branching of inflorescances and the production
rate of flowers is regulated by the soil moisture and
nutrient environment. M. cenviong and M. pentophlio
produce inflorescences in keaf axlls and termirally while
M, nudicowlis produces inflorescences from the axils
of rosette of leaves due to lack of sterms.  Since zll the
three plant speces usually grow as green carpets, the
stmultanecus display of several flowers from individual
plants and from the entire population(s) erhances thair
atiraction to insect pollinators,
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The floral descriptions of Mollugo species provided
by differert authors are mot accurate. The present study
provides details of the foral descripbions, especially of
perianth, andraecium and gyroedum in M. cerviana, M.
nudicawlis and M. pentaphyfioc as these are important
from the pollination of point wiew. |n these species,
peranth byplcally consists af five tepals which serve
the functien of calyx (sepals) and coralla (petats). In
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M. cerviang and M. nedicowdis, the abaxial surface of
the perianth serves the role of catyx while the adaxzl
surface af the perianth serves the role of corofla due
to display two different colours on each turface. But,
in %L pentaphylla, the penanth is white on both abaxizl
and adaxial surface. The study shows that M. cerviono
with perlanth acting &s both calyx and corolla is unalble
ta attract oy indect pollingtors bn pallinstor-deprved
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habitst or pollinator-aveilable habitat. Such a situation
explaing that M. cerviang is not dependent on insect
foragers for pollination. M. nudicoulis with peranth
displaying light green on its shaxial surface and treamy
white on its adaxial surface, and M. pertophylio with
perianth displaying white colour on both adaxial and
abagial surface attract insect foragers.  Eckasdt [1974)
and Stannard {1988) reported that the sister genera
of Mollugo, Corbichkoniz and Lophiocarpus have only
tour stamens of which three aiternate with sepals end
one is opposite a sepal, Batenburg & Moeliono [1982)
reparted that the presence of one stamen oppasite a
sepal is unuswal in these penera and indicate that this
stamen is derived from an original conditbon with five
alternisepaious stamens by a fusion of two swmens
under the influence of a reduced tetramerous ovary
which is similzr to-3 process occwrring in Malluge
Ronse-De-Creene  [I0d0] reported that in
MoBuginaceae Including Mallugo, the androecium
consists of genarally of five stamens alternating with
the sepals. In Mollugo, the number of stamens ranges
from five in M. cenviong to three in M. nudicoulis. The
present Study shows that M, cendana Rowers produce
a fied number of 5 stamens and all are opposite to
tepals suggesting that there is no process evolving to
produce flowers with 3 or 4 stamens. M pedicowis
produces flowers with 3-b stamens while M. pentophylio
produces flowers with 3-5 stamens on the same plant.
In these species, 3-stamened flowers have one stamen
between two tepals and two stamens opposite to
tepzals, the d-stamened flowers hawve three stamens
attermate to tepals and one stamen opposite to a tepal,
and the 5-stamened flowers kave two stamens altarnate
to tepals and three stamens opposite to tepals. n M
nudicawis, the 6-stamened flowers have thres stamens
attermate to tepals and threem stamens opposite to
tepals, The study indicates that all the three plant
speries produce trimerous ovary with three stgmas
irrespective of the number of stamens produced in
the fiowers. In M. nudicowis and M, pentophyiia, the
production of S-stamened flowers appears to be a
residual frait soll functions! becavse these flowers are
occasionally or marely produced. |n M. nudicoulis, the
rarity of &-stamened flowers may be a trait of pohyploidy,
In M, mudicowlis and M. pertaphplia, the twe slamens
opposite to tepals in 3-stamened flowers appear to
be derived from the pair-wizse fusion of four sEmens
{Ronsa-Oe-Creene 2010) and the stamen opposite
a tepal in 4-stamoned flowers appear to be derived
fram the fusion of two stamens as in Corbickonio znd
lophiscarpus. sensy Batenburg & Moeliono {1982],
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In M. nudicoulis and M. pentophylle, the veriation in
pallen putpat levels dee 1o variathan in stamen number
in 3-5(6) stamened flowers make bees andfor flics to
fiy from flower to fower in guick succession to collect
paollen from the same or different conspecific plants and
effect both self- and cross-pollination.

Hammes (1995] reported that different populations
of MAizoacese growing in the same habitat exhibit
synchrony in flowering time. The period of flowering is
ususlly short and the fiowers show repeated opening but
this phenomenon is restricted toa certain period of the
day, Groen & van der Maesan (1%99] observed that the
mimed populations of Aircaceas peners, Hergeranthis,
Foucario and Orthopterum flower simultanecusly. These
authory suggested that such a symchrony i flowering
in these genera in the same habitat collactively enable
them to enhance their floral attraction to pollinators. In
the present stwdy, it is found that Aelivgo species torm
mimed and distingt populations in the seme and different
habitats depending on soil maisture and  nutrient
conditions, These species axhibit synchrony in flowering
by opening flowers during moming Gme. Further, the
fowers are oo small, lack coralla, tepals nol wividly
coloured and stay open for a brief period of three hours
for visitation by insects. Therefore, the synchrony in
anthesis scheduls and massive floral display appear to
be imperztive for them to attract pollinators during the
brief pericd of open state of flowers

Peter at al, [2004] reported that the temperature
and relative humidity are probably important cues
determining flower opening in the afternoon. In the
present study, the anthesis during moming time in
Mollego species is stiributable to their predominance
in open, dry habrtats where herbaceous flora wsually
do not grow.  With synchrony in anthesis schedule,
these species provide sufficient forage but insect
toragers collect forage only from &, medicaels and A
pentapiytla.  Bees and Iycaenid butterflies wisit and
pollingte both the piant species while flies addibonally
visit and pollinate M. nudicows. Bees and butterflies are
generalists which visit 3 wide range of flowers and harce
are polylectic, Since Mollugo spacies keep the flowers
apen orly for a brief period, the polylectic foragers soon
switch over to other plant species which provide forage
in the nearby habitats. The morming anthesis in &Molflugo
spacies ensures insect pollingtion and reciprocates the
insect pollinators with pollen and/for nectar. The total
absence of insect foraging actvity on #. cenviono could
be attributable to #5 common occurrence in pollinator
exclieded or deprived babitats and production of tiny
flowers which can be owerlooked or unnoticed by
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foragers.

Watson & Dallwinz (1992] stated that Mobluginaceas
mambers are entomophilows. These avthors considered
nectar secrefing tssee and showy tepals in several
speries as adaptations for entomophily.  Robertzon
(1928} reported that Mollugo werticilota i pollinated by
syrphid fiy, Mesogrammo morginate, Pax & Hoffmann
{1334} and Bogle [1970) stated that tha showy sepals
or petals evolved in several ganera of Molluginaceas
suggest entomophily. Mollugo werticiioto, M. cerviono
angd M, nudicoulis are the most widely spread, weedy
species and adapted for self- and insect-pollinstion, in
the present study, it is found that in Molluge species,
the flaral characters such as the erect positon of fiowers
above oliage, adaxial surface of the tepals and nectar
secreting tissue between the owvary base and connate
part of staminal flaments sppear to be sdapiations
for imsect pollination. In M. nedgicoolis, the beas while
collecting polfen, and Mes and buttarfies while collecting
nectar effect sternotribic pollination. Further, the bees
while collecting nectar effect notetribic poflination. In
. pentophyilao, the bees while collecting pollen effect
motatribic pollination, The bess and abo butierllies
while collecting nectar effect sternotribic pollination
In M. mudicowlis and M. pentophpllo, the pollen output
per anther varies with the number of stamens present in
the flowers; it Increases with 2 decraase in the stamen
number. The pollen output per flower in M, pentophylio
is morg than in &, nedicowlis. The varaton in pollen
production in these plant species is partly attributable to
the number of stamens produced, The varying amount
of pollen output in the fiowers of the same and different
inflorescences on the same plant drives tha pollen
collecting beas to visit the flowers across population(s)
in sezrch of more pollen and such a foraging achivity
contributes to both seff and cross-pollination.  The
nectar secrated in traces in both the species and nactar
removal by thrips species;, Hoplothrigs also drives the
nectar coflecting bess, flies and lycaenid butterfliies to
vizit Flowers across population(s) due to whick both
salf- and cross-pollinations occuer AL pudicoulis and M.
pentophyllo appear to be important sources of pollen
for bees, espacially for honey bees Further, these plant
species in the study ares are iImportant nectar sources
tor pcaenid butterflics. Amaeng butterflies, lycaonids are
the smazlkest, fow-flying and approprizte pollinators for
prostrate herbs, M. nudiceulis and M. pentapbplio,

Bhargave [1934] and Kchirsagar (1960) reported
in situ polben gormination in M, nedicoulis and M,
pentaphplia, lohriat al, {1992] noted that self-pollinatian
seams to oocur in these species as pollen tubes reached
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the owvules of ovanes in un-opened flowers and pollen
grains with pollen tubes occur bedh inside the anther
and on the stigma of the same flowers.  But, these
authors did not mention the time of the occurrence of
these evants inunopened flowers. |n the prasent study,
all three WMoldugo species show certain percentage of
pallen germination only in the dehisced anthers and aiso
the pollen tube formation on the stigma during anthesis
process which aocurs in individual flowers over 2 period
af five to ten minutes. Such i site pollen germination
and the pecurrence of pellen tubes on the stigma during
the process of anthesis fadlitates salf-induced autogamy
to some extent  In M cerviong, the close prowimity
of dehisced anthers of all five anthers to the stigmas
facilitate the ogourmrence of spontancows aviogamy, In
M. nudicoulis and M. pentaphyila, the close prowimity
of one dehisced anther in 3-stamened flowers and 1-3
dehisced anthers in 4- and S-stamened flowers facikitate
the ocourrence of spontaneeus Jutogamy. The mimddtely
denticulate  stigmas with membrancuz flaps in M
cerviane and densaly papilose spreading stgmas in A,
nudicowdis and M. pentaphelio capture pollen easily from
the defiscad anthers 0 resull in pollination, Further, in
all the three Mollwge specics, the thrips emerging from
the fioral buds during anthesis and their movemeants in
the fiowers atter arthesis for pollen and nactar coliection
result in autogamy. They also bring about geltonogamy
due to their migration te different inflorescences on the
sami plant for forage collection and senogamy due to
their migration to other conspecific plants for forage
collection.  In these plant species, the movement of
tepals together with stamens towards the pistil during
the flower closure facilitates contact betwean the sex
organs and effects spontaneous autogemy it pollen is
still available in the dehisced stamens. Further, the tny
thrips have the possibility to carry pollen from ather
flowers, enter the closed fliowers from the apical portion
and lzteralty, and deposit the =ame on the- stigmas
effecting either geitonocgamy or xenogamy. Therefore,
all the three Mollugo species have specialized floral
structural and functional behaviours for seff-induced
and spontaneous pollination while kesping the options
apen for insect pollination after anthesis.

in the present study, all three Noluge species
have three carpels with varation in owule number per
flower which is highest in M, cerviana and lowest in the
ather twao Molugo species.  In M. nudicowlis and M.
pentzphpiia, the cvule number zlso varies depending
on the rumber of stamens and pollen output per flower
This ovule production trend indicates that the pollen
output increases with an increase in oyole number in
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order to prowide suthcient polien to tertilize as mamy
ovules &5 possible.  This sineation s reflected in the
natural fruit and seed set rates in both the plant species.
The highest fruit and sead sat mtes and alse the lowest
polter-ovele ratios recorded in Molluge speces now
studied indicate that they are facultaovaly autogamous.

Bittrich (1990] reported that in Molluginaceae,
Adenogramma is the only genus which produces one-
seaded nutlets.  All other genera produce cepsules
with many seeds which become exposed by loculicidzl
dehiscence, Soerani et al (1987) reported that AMoflugo
partaphiio i hydrochorous. Inthe present study, the
Mollugo species produce fruits within 2 week ar slighthy
mare than a week. The fruit 5 3 3-valved broadiy
ellipsoid capsule which breaks open and esposes the
seads on clear sunny days; the seeds subsequently fi
to the ground, On raimy days, water drops find their
way inta the fruits which are then filled with water. In
eftect, the fruins expel both water and seeds explosively
Further, wing disperses the dry cymaes together with dry
dehisced capsules to short distances and subseguently
the seeds fall to the ground from the capsules. The
seeds tha reach the ground through these modes are
turther disseminated through serface water runoff
during rain fall. Therefore, Molluge species now studiad
axhibit anemochory, ombrobydrochory and hydrochory,

Marayana [1%62) and Hofmann [1973) noted that
Molugo species produce seods with a primordium
lika swelling on the funiculus and this structure is
considered to be & westigial aril. |m the present stwdy,
it ts fousmd that AL cerviena produces ting, brown, shirmy,
D-shaped seeds with faintly striate dorsal surface. The
sead coat is studded with minute granular axcrescencas
with reticulate ornamentation M nudicoutis and M
pentophpiio produce tiny, black, shghthy shiny, renifarm
and concentrically ridged seeds. The seed coat is closely
packed with unifermiy distributed, pabble-like, lyrate snd
chipped areales, Since the seeds of these plant species
lack any aril or strophiole-fike structure that usuzliy
serves as food for ants, the pessibility for myrmecochory
is ruled out, Wagner et al. [155%9) noted that Mollugo
species produce fruit capsules and inside seeds that lack
maans of external attachment for dispersal by animaks.
The present study s also in agreement with this report
asall the three Maollvge species now studied do not have
axternal structures that aid in the dispersal of seads by
amimais. Therefore, seed dispersal by animals is totally
ruled put,

Bittrich & Ihlendbeldy [1984) reporied that Molugo
segds germinate by means of an eperculum. M, cerviana
and M. penfophyilc propagate by seeds and reseed
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themselves, often forming colonizs. The present study
showed that Mollugo species produce several batches of
populations ina year ang their secds germinate as soon
as they are dispersed but thair germination is related to
soil ministure which plays an fmportant rode in breaking
the seed coat. As therophytes. these species are best
adapted o survive in open dry habilats as they take
advantage of any sign of temporary humidity that allows
them to complete their life opcle quickly. Jurado et al
{1951} reported that M. cenaano does not form dense
cover that mhibits other vegetation and compete well
in crowded conditiens. The prasant study alse indicates
that zll the three Mallugs species do not grow in shaded
hahbdtats or form dense populstions that inhebit other
vegetation but M, pedicowis and M, pentaphyla share
insect pollinators alopg with other simuBaneously
flowering herbaceous taxa in certain habitats,
Brockington et al. [2009) reported that Molugo
cerviang is the only known Cspecies in Molluginaceae.
Edward: & 'Walker [1983) noted that the genus Molugo
contzing L, L, and C-C species. Christin et 3l | X010)
reported that M. cerviana being & , species is distributed
it hot wrid regions Of (ropical and temperate atftudes
M. mudicowlis s a C-C, spodes while M. pertapilie
is 3 C, species but both are distributed in tropical and
subtropiczl regions of the world,  Baghawendra et al
{1978} reported that M. rudicoulis proeduces some leaves
with C characteristics and some ‘other leaves with £,
characteristics according to thair position on the stem
Sageetal. {1999} documented that C -C, photosynthesis
5 beleved to be 3 relatwvely rare condition in plants
and only a few dozen spedes have been identified so
far, many of which befong to Floveria (Asteraceas)
The present study shows that M. pentophylln with C,
photosynthesis usually occurs in dry habitats displaying
the sparse growth of a few other prostrate or erect herbs
and the presence of insect pollinators although they
groww i culdvated lands that enable herbaceous flora,
especially weeds and insact pollinatars thrive well, Their
ocrurrence in habitats with scanty or robust vegetation
indicates that L, photosynthesis does not faciftate
them to grow in habftats without any vegetation or
insect pollinztors. On the contrary, M. cerviono with
C, photosynthesis grows only in dry habitats which are
almeost deveid of other vegetation and also devoid of
pallinator fauna. This finding is in Bnewith the statement
by Lundgren et al {2015} that C, zpecies are usually
abundant in warm bt not in coof emdronments and this
photosynthetic pathway is physicfogically adwantageous
for their niche broadening in warm environments
M. nudicowlis with C-C, photosynthesis is versatile
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to flourish well both in dry habitats and cultivated
argas with scanty and robust vegetation compeising of
herbaceous flora that support insect pollinatars.  The
€, C, photosynthetic pathway enables this spacies to
grow im warm and cool habitats which in turn enables
it to be widespread and abundant., Vegan et al. [2007)
reported that of all C-C intermedistes, M. nedicoulis
and M, verticilfata are the most widespread and also
abundant. These species are found m hot, reders|
hebitzts where competibon 15 low and the potental
for photorespiration is high, Their ability to survive in
such habitats is likely due to their C-C pathway. Their
ecological succass demonstrates that C-C intermediacy
is @ successful photosynthetic pathway in its own right
and not merely a transitional phase to C, photosynthesis

Lundgren & Christin { 2017) alse reported that C,-C, taxa
are remarkably widespread across geographical and
environmental space, mamtainmg thair ability bo exist in
bath typical €, and C_ niches. Because, the physiology
of L -C, species does not strongly restrict the migration
of species geographically or into new enviranments znd
it is & lineage that comverges towards warm habitats to
facilitate the transition 10 'C. phatasymthesis, eMecively
bridging the ecological gap between C, and C, plants

M. pentaphylio with T photosynthesis, M nodicoulis
with C-C, photosynthesis and M. cerviona with C,
photosynthesis hawe developed different polfinaoon
machanisms to maximize frisit and seed set rate, Genefic
variation achieved through insect pollination n all thess
speries, except M. cerviana, Bs essential o broaden their
ecological niches since they grow both in dry and moist
habitats. In &, cendong, genetic varation achieved
throwgh thrips pollination is important to expand snd
invade dry hahitats.
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ABRSTRACT

Mollugo cendana is an annual herb which vsually grows throughout the year 1n open
diy sandy and sandy-loamy soils, but alse ecours in moist habitats, especially in cultivated
lands. Haplothrips uses the flowers for breeding and feeding: the feeding activity affects
pollination. The Dowers have specialized floral struciural and functional behaviours for s=10-
induced and spomanecsiss awtogamy while keeping the options open for insect pollination after
anthesis; it is facultative sutogamous which is reflected in pollen-ovule ratio and natural fruit
and seed set rates. Seed dispersal modes include  anemochory, ombrohydrochory and
hvdrochaory

ZUSAMMENFASSUNG: Bestiubungsikologie von Melluge convdana (L) Ser.
i Moluginacese }

Motligo cerviana ist ein einjihriges Krout, das in der Regel das ganee Jahr diber auf
offenen trockenen, sandigen und sandig-lehmigen Boden wiichst, aber auch i feuchren
Lebensriumen, vor allem in Kulturlandschaften, vorkommt. Haplothrips verwendet die Bliiten
aur Aulruchl ol Filiterung: die Nahrungsaufnahme beeinffusst die Bestiubung. Dhe Bliiten
haben sich aufl ein foral stwukiurelles und funktionelles Verhalten selbstinduzierer und
spontaner  Autopamie  sperialisiert, wihrend die Mighchkeiten fiir Insektenbestivbung
nach der Anthese offen bleiben; die Pllanze dst fakultativ auogam, was sich im Pollen-
Samen-Verhifinis und den  paticlichen  Frocht- und  Samensateraien  widerspiegelt
Ihre  Samengusbreitungsmodi  umfassen  Anemochorie,  Ombrohydrochorie  und
Hydrochore.

REZUMAT: Ecologm polemizir la Molluge cerviana (L.) Ser. (Molluginaceae).

Molligo cerviana este o planti anuald care creste in mod normal pe soluri uscate,
misipoase 51 msipo-argiloase, pe ot parcursul anului, dar s¢ dezvoltd 51 m habitate umede,
special in locuri coltivate, Haplodfiripy folosesie Nonle pentru reproducere s hrdnire, Aporiul
alimentar afectenrd polenizarea Florile se specializeari in comportamentul structural si
funciional Horal pentru autogamia suto-indusd §1 spontand, in timp ce posthibitifile de
polemizare a imsectelor rman deschise dupd aniezd; este autogamd faculialivi, ceca oo s
reflectd in roportul dintre serminfele de polen s1 rota naturald o mtelor de fructe 5
seiminje, Modunile de propagare @ semunfelor includ asemochoria, ombrohidrochoria g
hidrochora.
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INTRODUCTION

Pollination is an important part of plants” life (Solomon Raju, 1998}, a key element for
mangrove o ecology and conservanion {Alur, 20003). I s a successiul tool for maximinng
ihe gene Mux (Almeids-Soares er-al, 2010), The penpus Mollugo is native 10 tropical and a
warm temperate part of Morth and South America, but it is also distributed in Europe, Africa
and Asia, The aame derives from the Lann word “mollis” meaning soft (Shorl, 2002), M,
cerviang is native o India, Sri Lanka, Pakistan and Bangladesh (Parvathamma and
Shanthamma, 2000). It is a C; species distributed in hot ard regions from pantropics (o
temperate regiops (Chostin et al, 2010} It s valuable in medicine for reating different
diseases and ailments (Parvathamma and Shanthamma. 200; Rajamanikandan et al., 2001;
Sahuw et al., 2012).

Scientists know hittle about the pollinaton ecology of Molluginaceas. In this Tamaly,
nectar-secreting tissue is present in almost all species. In several genera, showy sepals or petals
have evolved, botl of which strongly suggest eniomophily (Watson and Dalladve, 1992;
Kubitzki ¢l al., 1993). Syrphid fly, Mesogrammna margingto pollinates Mollnge verticillora
{Robertson, 1928). The most widely spread, weedy species of Mollugo verticillors, M.
mudivomlis, and M. cerviana are self- and insect-polhnated (Pax and Hoffmann, 1934; Bogle,
FOT0), In Taivean, M. pearaplvila is a minor pollen source for Apds mellifera (Lin et al., 1993)
In South India. honey bees use Molluge species as a pollen source and reciprocate the plants
with pollination (Ponnechamy et al,, 2014}, This smdy was dope (o mvesiigate how M,
cerviang is able o reproduce in semi-dry and dry habitats with scarce pollinators. The
objective of the present study is to know how varioos aspects pollination ecology contributes
for the reproductive success through seed mode in dry habatais,

MATERIAL AND METHODS

Molfugo cerviana wild patches grow in open dry and semi-dry areas of Visekhapsinam
amd itz surroundings {17742°N Tatiiude and 22°18°E longitude) were selected for study during
March M0 5-May 2017, Feld nps were conducted to record phenological aspects. Ten
inflorescences which have not intated fowering on five plants were tazeed and followed 1w
recond anihesis schedule and the timing of anther dehiscence, Twenty five fresh flowess were
used to record the floral morphological details. Mectar could not be measured and analysed due
o il secretion o minute quantity which was further depleted by thaps during mature bud and
Moweer life, Twemy msture, but un-dehisced anthers, two ambers each per Dower/plant from
ten plants were collected and examined for pollen output as per the protocol described in Dafni
et al, (20053, The calculanon of pollen outpiat per Mower and pollén-ovale rabio was done s
per the fommmlas described in Cruden (1977). Ten flowers each from five individeals were used
to test stigma receptivity. It was tested with hydrogen peroxide from mature bud stage to
Mower closure/drop as per Dalfnd et al, (2005), Seventy inflorescences were tagped prior io the
initiation of their Mlowering and followed for three weeks o record fruit and seed sef rate in
apen-pollinations. The fruit and seed morphological charscteristics were observed in detail o
evaluate their adaptations for dispersal by different means, Fields visiz were msde during
rainy season to note the aspects of seed germination and production of new plants. Based on
the tmings of matwration of anthers and receptivity of stizmas, the sexual system was defined
and also elaboraiely explained itz functionality w achieve self-induced autogamy, spontaneous
autogamy, geitonogamy, and xenogamy. The positions of stamens and stigmas during and after
anthesis were observed o evaloate how they facilitate spontaneous autogamy during anthess
and ower closure, Further, chservations were also made 1o evaluate as w how these positions
preclude self-pollination when flowers stay open. The flower buds were used by thrips for
breading and feedng and n this comtext their mibe in polhnaton was observed.
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RESULTS

Phenology. The spectes is a small, glabrows, slender annual herb common in open dry
sandy and sermi-<dry sols along moadsidas, waste pliaces, bare ground and dey niver beds (Fig
Fa), Due w its very low ground habdin, wiry reddish orange stems and thin limear leaves s
presence is usually overlooked. The stems are numerous. upright, thin and stiff. Leaves are
sessile, grev-green and linear with acute apex: they arise in whorls on the stem, bul some ars in
a rosette af the base, The plant appears simultanecusly in vegetative, flowering and fruiting
phases in different populations growing in different habitats throughout the year (Fig. 1b). An
individual plant, however, has a short Life eyvele of three months from seed germination Lo seed
dispersal. Although it appears throughout the vear. it shows mobost vegetative growth and
profuse flowering and fruiting during  July-October when the soil is damp due to the
occurmence of rns. The flowers are bome on seven-eight mm long pedicels in dicholomons
and trichotomous nmbellate cymes produced terminally or in leaf axils.

Figure Ta-ni: Molluge cenviana: 4. Habital with Molluge cerviana and M. needicanfis,
b, Mellugo cerviong in Mowering phase, ¢, and . Flowering-opening phase,
¢. Position of stigmatic lobes and anthers at the same height contacting each other at anthesis.
1. Dehisced anthers, g Pollen grain, b, Ovary with three stigmas, i.oand ). Multi-oveled ovary,
k. Maturing fouit, 1 and m, Dehisced it capsule, n, Seeds,
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Flower morphology. The flowers are sasall (2,52 = 0.4 mm long, 1.51 = 0.5 mm
wide), whitish green on adaxial side and green on abaxial side, odourless, actinomorphic and
sexual. A monochlamydesus penanth of fve herbaceows scanous, elhpine o oblong, 245 +
04 mm long, 113 = 0.2 mm wide long free tepals with white margins represent sepals and
petals. The stamens are five, anti-tepalous, free but connate at base, white, 1.22 + 0.3 mm long
with dorsifised, golden vellow, lesc than ope mm long and dithecous anthers. The ovary s
light green, iri-carpellary, wi-locular syncarpous with 58,2 + 8,16 D-shaped ovules arranged on
axile placentation {Figs. 1i-j}. The stvle is absent but the ovary 15 terminated with three free
stigmas (Fig. Th]. The stigmas are minutely denticulate with membrancus flaps,

Floral bislogy, Mature bixls open durng 07,00-08,00 h. Individual buds take five o
10 minutes from partial to a full opening (Figs. 1e-d). The flowers are homogamons ax the
anthers and stgmas altain maturity ab the same dme during anthesis; the lormer debisce by
longnudinal slits (Fig. [T}, and the Iatter continue receptivity until the noon of the 2nd day, The
pollen output is 1597 = 14.5 per anther and T98.5 + 649.5 per flower, The pollen-ovale ratio is
14:1. The pollen grains are pale vellow, spheroidal, in-colpate, tri-zonoapefurate, granulated,
fecium scabrate, and 21.9 £ 4,12 pM (Fig, 1g), The nectar secretes in traces duning mafure bud
stage. The tepals with the stamens and stigmas close back by 10,001 1,00 h.

Pollination mechanism and pollinators. 20-35% of pollen graims found i dehisced
anthers collected dunng anthesis possess pollen tubes indicating i sitn germination. Purther,
the polien tubes are also present on the stigma. The pollen germination and formation of wbes
both within the dehisced anthers and on the stigma indicate the presence of self-induced
avtogamy, Duning and after anthesis, the dehisced anthers and receptive stigmas contact with
gach other due to their close proximity and their position at the same height due to which
autogamy occurs (Fig. le). Further, the stamens and stigmas contect each other very closely
during the closing of the Mower assuring autegamy iF it did oot oecur during the open 2tate of
the flower. Any insects never visited the flowers, Haplothrips sp. (Thysanoptera; Thnpidae)
msed Nower buds Tor breeding and owers (or feeding. The larvae emerged from the eges in
syanchrony with anthesis and nectar production in flowers. The Tarvae and aduliz foraged for
pollen and nectar. Pollen dusts individoal thrips during their movements within the flowers.
They carried 87 w 176 pollen grains on their body setae, wings and less, The thrps dispersed
the pollen on free denticulate and membrapous stagimas doe o their active movement, rubbing
of abdomen apgainst the stigmatic surface, cleansing of their body parts with their hind legs and
also by therr wing combing mechamsm. The homogamous lowers were found to faciliate
seli-pollination in the same or different Dowers of the same plant, As the plant ocowrs as small
or large populations, thrps could fly to migrate to the flowers of other closely spaced plants
and effect cross-pollination by feeding on the foliage,

Fruiting ecology and seed dispersal. Fruits mature within 8-10 dayve, The siamens
and stigmas are persistent and remain inside due o the closure of the flower, The tepals bulge
gradually and protect the bulging ovary in which the seeds form and mature (Fig. 1k). Natuml
froon sed 15 91.27% and seed sef iz 61.94%, Fruit 15 a logulicidal three-valved broadlv-ellipsomd
capsole, stalked, membranoos, and densely pubescent, 2.35 = (1.36 mm and 1.85 + .23 mm
wide, The seeds are arranged in iwo rows in each locule, They are vuny, brown, shiny, D-
shaped amd fontly striste dorsally (Fig, In}, The seed coat is studded with minwte granular
excrescences with reticulate ornamentation. Dry capsules break open when fruit pericarp and
tepals are dry and expose the seeds (Figs. L-m). But the seeds remeun anid gradually separate
amd fall 1o the groumnd on their own on clear sunny davas, On rainy days, the water droplets
falling on the dehisced capsules washout seeds to the ground. Further, water acts as an efficient
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dispersal agent for the dispersal of seeds fallen on the soil dunng rainy season. Seeds do nol
have adaptations for wind dispersal. But, wind disperses the dry cymes together with dry
dehisced capsules 1o short distances and subsequendly the seeds fall o the ground From
capsules, Therefore, seed dispersal modes inclode omboobydrochory, hydoochory and
anemochory. The seeds produced from plants growing in cultivated lands have the potential to
be dispereed a5 6 cereal grain contaminant and i effect agnculiural produce movemend
contributes o seed dispersal and expansion of its distribution.

DISCUSSION

This study finds that Mellugo cerviana wath its low ground habit populates the soil
and for this reason i often called carpetweed, The plant grows throughout the year
displaving vegetative, flowenng and freiting phases in different popaclations. However, the
wet season confines its robust growth, profuse flowering and fruiting individoal plangs
caomplete their life cycle within three months from  seed germunanon W seed dispersal
Similarly, Owens and Lund (2009 reported thar M. cenvdona is a herbaceous ephemeral
species and completes its life cvele in a very short time. This study finds that the inflorescence
15 o dichotomous or tncholomoos umbellae cyme in M. cerviana suzeesting that the soil
misture and nurrient envirenment regulate the branching of inflorescences and the production
rate of flowers,

The foral deseriptions of Molluge species  provided by different  suthocs
(Goncalves, 1978; Matthew, 1995 Pullaigh. 2000; Pullzizh and Mohammed, 2000, Bom
and Kumar, 2003} are not accurate and'or complete. The present study provides details of
the Moral descripions, especially of perianth, androecium and gynoecium in M. cerviona
as these are important from the pollination of point view, In this species, perianth
typically consists of five lepals which serve the function of calyx (sepals) and corolls
(petals). The abaxial surface of the perianth serves the role of calyx while the adaxial
surface of the penanth serves the mie of corolla due to the display of two different colors
on each surface. However, the perianth acting as both calyy and corolla 15 unable to anract
any  insect pollinators  in pollinatee-deprived  or  pollinator-avanlable  habitat. Such a
situation explains that M. cerviana is not dependent on insect foragers for pollination. Ronse
De Craepe (20010) reported that 1o Mellugo, the andreecium generally consisis of five stamens
alternating with the sepals. M. cervigng Nowers produce a fixed number of five siamens, and
all are opposite to tepals suggesting that there is no process evolving to produce flowers with
three or four stamens. Further, the plant produces trimerous avary with three stemas; each
carpel with a variation in ovale number. Despite the absence of vector-mediated pollination.
the plant produces high fruit and seed set matcs indicating that this plant is faculintive
AWCHEAMOS,

Peter ef al, (2] reporied that the tempersture and relative homidity are
probably imporant cees determining flower opening in the afternoon. In the present study, the
anthesis during morming time in M. corvigng 15 atinbutable 1o s predominonce in open, dry
hahitats where herbacenus flora usnally does not grow, The absence of insect toraging activaty
on M. cerviang could be atmbumble to iE common ccourrence o pollinator-exciuded o
deprived habitats and production of tiny lowers which can be overlooked or unnoticed by

foragers.



i3 5 Modolade woad 25 R Alwrd = Moflggo corvies pollietms ecology (13 = 32)

Bittrich (1990 veporied that in Molluginaceae, Aderogrommmn 15 the only zenus
which produces one-seeded nutlets. All other genera produce capsules with many seeds
which become exposed by locubicidal delnscence. Soecjam et al. (1987) reported  that
Molluge pertaphivlla s hydrochorous, In the preseni study, M. cerviana produces fruits
within or slightly more thon a week time. The fruit is an ellipsoid 3-valved copsule and
it breaks open to disperse seeds during sunlight davs, But, on rainy days, the fnnts when
filled with water expel seeds and water violenily. Wind also disperses dry cymes along
with dry dehisced capsules 1o short distance and then seeds find their way into the ground. The
seeds  disseminaded  (heough  these modes further dispersed by main water dunng
rainfall. Theretore, M. cerviara species is  anemochorous, ombrohydrochorus  and
hydrochonous.,

Maravann (1962) and Hofmann (1973) noted that Molluge species produce seeds
with a primordinm-like swelling on the funiculus and this structure 15 considered o
be a wvestigial aril: M. cerviama prodoces uny, brown, shiny, D-shaped sesds with a
Faintly. stiate dorsal surface. Minuie granular excrescences with reticulale ornamentation
stud the seed coat. Since the speds of these plant species lack any aril or
strophoole-hke  siruciure  that  vseally  serves as food for ants, the possialiy §or
myrmecochory is ruled out, Wagner er al, (1999) noted that Molluge species produce
fruit capsules and inside seeds that lack means of external sttachment for dispersal by
animals, This study agrees with (this report because M. cerviamn lacks external struciures
10 aid seed dispersal by animals and hemce there is no possibility of seed dispersal by
animeals.

Bittrich and Thlendfeldi (1984) réported that Molluge seeds germinate by means of an
operculum, M. cerviana propagaies by seeds and reseeds itself, often forming colomies. Tt
produces several baches of populations in a year, amd the seeds germinate os soon as they
disperse, but their germination is relaed (o so] moisture which plays an important mole in
breaking the seed coat.

As o therophyie, this species 11 15 best adapted o survive in open dry habitas as o
takes advantage of any sign of temporary humidiny that allows it o complete s life oyvcle
guickly, Jurado et al. {1991) reported that M. cerviana does not form a dense cover that
inhibits other vegetation and compefe well i crowded condiions, The present study also
indicates that M. cerviang does not grow in shaded habitats or form dense populations hist
inhibit other vegetation.

Brockington el al. {2009} reporied thalt Molluge cerviuna is the only known C
species in Molluginaceae, Christin et al, (20100 reporied that M, cerviana being a Ca species
is distributed in hot. arid regions of tropical and temperate latitndes. The present study
also shows that M. cenviama with C; photosynthesis grows only in dry habitaizs which
are almost devodd of other vegetation and also devoid of pollinator fauna. This finding 15
in line with the statement by Lundgren et al. (2015) tha Cy species are usually abundant
in warm bl opel cool  environments  and  this  phodosynibetic  pathway s
physiologically advantageous for their niche broadening in warm environments. [n
M. cerviana, penetic varation achieved through thops pollination 15 essential to expand and
invade dry habitats,
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CONCLUSIONS

Mollugn cerviana as an annual  facultative awtogamous therophyte  grows
throughout the vear in open dry sandy and sandy-loamy soals, and also i most habataes
The fowers have speciglized Moral siruciral and functional behaviors for self-induced
and spontonecus autogamy while keeping the options open for insect pollination ofter
anthesis but the insects never visited the flowers. Seed dispersal is polvchorous involving
anemochory, ombrohydrochory and hydrochory, The seeds germinate immediately after
dispersal, but soil moisture is required 1o rupture the seed coat. The plant 13 best adapied o
survive in open dry habitats as il akes advaniage of any sign of remporary humidity o
complete its life cyvcle guickly and acts as a soil binder and also moisture accumulator in the
o0l FOnE.
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Abstract

Development of shrimp farming in the state of Andhra Pradesh, India grew at a phenomenal rate duning
the years 1990-1995, In 19490, o total of 6,000 ha was under shrimp farming and this rose o 88,300 ha during
[997-98. Presemly abow 78 70 ha is under culiure which accounts for more than 30% of the brackish water
areq potentially available in the state, East Godavari district has an area of 10,807 sq. km, with a population of
51,54,296 (2011 census). It 15 8 maper fwe producmg district with 52% of the total area of the distnct under
rice cultivation. This district ranks fourth in shrimp farming with o production capacity of 40368 wnnes.
Generally, farmers culture tiger shrimp (Penaenus monodon) because of its high market value,

In Andhra Pradesh, India the shimp farmers [acing a challenge continuously to improve farm efficiency.
The key parameter here 1= water quality, and that 15 a big challenge to moamntain the right balance of pond
environment. It requires an accurate estimation of inputs such as feed, algal production, waste effluemt and
environmental impacts of aquacaltune operations. The farmers need to minmmize the release of waste output by
making improvements in feed quality as well as feed efficiency with better feed conversion ratios (FCR).

Managing the rekease of feed waste into the pond i also through better farm production practices and feed
management, The goal 15 good margins through optumal survival rates and reduced disease-related losses.
When we cannol manage a balanced pond environment, disease outbreaks occur, The worse scenario is high
shrimp mortality. But first, it & important to understand the farm environment- from how much water
exchange is required and probiotics 1o use, and how to control the feeding program (feeding rate and
frequency). Probiotics can be apphed directly into the pond water or supplemented in feeds.

Keyvwords: Probotics, Photosynthetic Bacteria, Um Light, Feed conversion ratios

Introduction

PSB (Photosyntheric bacteria), just as the name suggests, are a special and unigque class of microorganizms that
has the abdity 1o convert light energy into chemucal energy using thew hghi-absorbing pizments and reacion
centres. These bacteria contain a compound known as bacteriochlorophyll which works similarly as
chlorophyll in planis amd enables them o perform the process of photosynthesis, Scientists are putling great
importance in the study of these intriguing PSB (Photosynthetic bacteria) as they believe that the study of their
photosynthesis and evolution might unleck zome of the locked mysteries of how the world evolved and might
help understand the process of potential life survival in umnhabitable,
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There are mainly three types of photosynthetic bacteria; Chlorobiacae, Chromatiacae and Rhodospirillacae

We can say that the process of phomsynthesis in PSB (Photosynthetic bacteria) resembles the photwsynthesis
of plants as not everything s konown and discovered by the scientists about PSB yet. In the photosynthesis
process, the light energy from the sun 15 converted into chenmcal energy on the cell membrane of bactera that
acts as @ shield 1o protect and cover the bacteria. Depending on the surface arca, the reaction centres are
available on cell membranes in the form of rubes, sacs or sheets. These are used to absorb light energy. The
energy iz used to produce Carbohvdrates for the bacteria as their food source which later on coniributes o afl
the materwls of the microorganism,

Chlorobiacae bacteria are green bacteria and also sulphur bacteria that perform anoxygenic photosynthesis. It
works as an obligate phowautomroph and uses reduced sulphur species as electron donors. Rhodospirillacae is
purple bacteria in rod-shape, whose length can vary, These purple colour Rhodospirillacae bacteria are eye-
cafching and easily identitiable, Hydrogen pas 1= used as an electron donor by these purple bacteria and can
also use malate or succinate. There 1= another purple microorganism known s Chromatiacae which are short
eram-pegative rods, These bacteria use sulphide and sulphur as their electmon donor.

Review of Literature on  Photosynthetic Bacteria:

Photosynthetic features were found n purple bacteria before the |9th century a5 they showed movement and
growth when it came into comtact with light. A German botanist 5, Winogradsky found that some purple
bacteria used hydrogen sulphide 1o sulphate with intracellular deposition of sulphur. In 1930, C.B. Van Niel
demonstrated anoxygemic photosynthesis s the primary mode of énergy-releasing metabolism in green and
purple hacteria.  On the other hond, 5. a German botanist observed that some purple bacteria can utilize
hydrogen sulplade to salphate (1930) defned various metabolbic versions of and demwonstraved thae i i3 the
characteristic mode of energy-vielding metabolism in both purple and green bacterin. Hydrogen is used as
donors in place of water which helped to reduce CO2 to NADPH2 and atmospheric nitrogen is also reduced 1o
ammonia. In 1975, Parson and Cogdell isolated functional complexes from photosynthetic bactena. It was
found that the reaction centre from the: purple and non-sulphur bacteria contains 4 molecules of chlorophyll, 2
molecules of bacteriopheophytin, | or 2 molecules of ubiquinone, and 1 atom of ferrous iron along with three
polypeptides. The various photosynthetic bacteria are further claseified nto 35 different groups wherein group
10 eonsists of anoxypenic phototraphic bacteria (purple and green bacteria) and group 11 consists of oxygenic
phototrophic bacteria (cyanobacteria). There 15 another kind of oxvgenic bactena was discovercd recently
which was place under Prochlorophyta that is like a bridee between Chlorophyta and Cyanophyia,

Application of PSB (Photosynthetic Bacteria)

When it comes to man-made ecosystems like tanks, ponds or aguariums, in order to have control over the
processes and procedures of the aquatic life, PSB is used, It belps in the health management of the aquaspace
and benefits the aguatic life like shrimps, or fish. It also helps degrade organic waste and keeps the aquarium
clean. Due to the tropical weather of Asia, the purple non-sulphur bacteri are normally preferred to be used in
hot spring environmenis, marine, freshwater, and soil,

The bactertal cell wall of these bacteria 15 more dipestible. Also, vitamins, proteins, biological cofactors, and
carotenoids are found in abundance in these bacteria. A little addition of these PSB helps stimulate the growth
of fish and shrimp. Tt also improves the production of scallop seed and increases the fish larvae survival rate
Different experiments were performed which shows that using PSB reduces the damage to larvae production
and their survival rate is much higher. Many PSB produects claim 1o have multiple effects such as improve
witer quality, prevent diseases and increases growth rate, all the same time. The use of PSB can help maintain
an aquarium or pond m better condition and can merease shrimp production (oo,

Materials & Methods

The key target of the rescarch on probiotics for aguaculture 15 to cnhance the cnvironmental
conditions in a farm, towards a balanced pond condition for the best growth of fish and shoimp. PSB
is very efficient and has the following features For aquaculture. It can live and work very well in
pond scdiments. enhancing decompaosition of organic matier and reducing mtrogen compounds, It
easily removes hydrogen sulphide (H25) in pond sludge. The bacteria only requires sunlight for
energy and carbon source to eliminate nitrites. Products from organic waste decomposition are
suitable for algae growth and facilitate stable water conditions in ponds. It inhibits proliferation of
microbes and pathogens, altering the pond microbial populations when it becomes the dominamt
species in the pond water.
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Resulis
Changes in nitrite, ammonia and Vibrio levels

Tnals were conducted in the Laboratory [ Three tréatment and three contral ponds, each
of 3.000m2 at the farm in Sakhineptipalli having coordinates 16.4243° N, 81.7185° E

were used. Stocking density was 220 post larvae (PLYm?2 and the duration of the trial
wias D davs.

For the first 2 months, the probiotic dosage was AL/ 1,000mS (20L/acre)/ week, applied at a
frequency of twice a week. Therefore, each reatment pond used 91 week of the probiotic.
Direct application into pond water was at 8- 10am during sunny mormings. After the second
month, the probiotic was incorporated into the feed at IL PSB/30kg shrimp feed and fed
twice/week, The pond water parameters studied were temperature, salinity, dissolved
oxygen, ammoma-nitrogen (NH3-N), mitrate (NO3), H25. zooplankion, phyiloplankion,
benthos and pond botiom conditions. Shrimp growth performance parameters included
growth rake, survival rate, FORE and harvest vields.

Measurements of H25, NH3-N, and NO3 in treatment ponds after 90 days of culture wers
30% lower. This demonstrated the efficiency of the probiotics to maintain good water quality.
However, the critical issue was to have a stable environment as a large algal bloom would
cavse A huge difference in the day and night levels of ammonia and pH. After 3 days, pond
water was lighter, and algae density

became more stable. A companzon of the pond bottom sludge also showed an improvement.

Sheimp Pond in Sakhinetipalli Village

Probiotics can inhibit Vifrios. The changes were shown over the 90 days of culture with 20
times lower density of Vibrios in the treamment ponds as compared to that in control ponds
{Table 3). We know that early mortality syndrome (EMS), white faeces syndrome (WFS) and
running mornality syndrome (RMS) will likely occur when density of Vibrio spp, rises. If we
can control the Vibrie populations to a stable level, we can avoid WFS etc. With regards to
survival rates, it was 10 higher in the treatment ponds as compared to that in the control

ponids.
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Figure. 1 A B

Figure 1. Changes in pond water colour and guality, before and afler 3 days of PSB application.
meeasured at 15,30 pm.

A. Before probiotic application-deep green colour; pH 9. 0and amonial ppm.
B, Three days after probiotic application, light green colour; pH 8.5, ammonia (pppm

S| 862] 003[ 815860 e
rR i8] 1021 1] 1170058 [ 1251 1.08] 1.55]128:0.240

Superscripts with different letters within rows are significantly differem (p<0.05)

Table 1. Improvements in survival rate and feed conversion ratio (FCE) with application of
Uni Light PSB in the treatment ponds
However, pond and farming condiions wiall vary from one location to another, depending on
whether there are constraints with water exchange and weather conditions. For example, water
turbidity is higher with adverse conditions such as during the rainy season. Therefore, we need 1o
develop suitable protocols for the probiotic for all culture systems and provide the best solutions for
farmers.

Drays of culture 90 )
(Harvest size (g) 15.85 14.24
Survival (%) E6% 7820
FCR 1.17 1.28
Vibrio (CFU/mL) 1.2x102 3 8x103
Income from sales 227,159 1,83,113
(LISD)
Probiotic cost (LJSD) 574 0
Margin (%) 56% 43%
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Table 2. Comparison of pond parameters in the weatment of ponds with Uni Light PSP applicati ons
and controlled ponds at a famm in Sakhinetipalli

rprem——— 1dx162 | 10x102| l1x 1.3%
102 102 12 1402
A0 Preudomanas IZx 1.8 = 102 1:1 x 1.3 x LS I
Vibrin 102 1062 I 2 102 12
idx 38 x 102 25% 1.3 x 20x 43 %
102 102 102 103 103
Acromonas | 25,7 x 102 315 % 27.1%x |57.8x% 57 % B5.3 x
162 102 102 1103 162
680 | Prewdomonas | 214 x 40.1 x 296 x 728 x 312x 547 x
Vikrio {1 7.5 B I 10233 x 0220 | 102 4.8 M3is = | 233 x
12 102 12 x 102 103 103
Aercpmomaxs | 34.3x 102 | 57.2x 102 45.0 x 9.5 x 253 Hl.8 x
102 102 1.2 x | 103 2
35.22 103
102
a0 Psetdamianas 372 % 434 x 1.2x A5 x 745 x H1 B x
Vikria 102 1.2 x 102 2. 7= 102 I3 102 2.7Tx | 102 3.2 %
i ed 102 1403 1603

Table 3. Inhibition of Vibrio spp. with application of PSB probiotic over the S0-day production cycle

Discussion

When faced with an environmental imbalance, PSB probiotics can help improve and maintamm water
gquality and solve some of the disease and quality 1ssues. For example, shrimp with vellow or black
gills will command a lower market price. The application of the PSB probiotic improved pond
bottom conditions and matigated such problems. The benefits are 10% higher margins than from a
pond without the use of the probiotic. This is the result of better harvest with higher growth and
survival rates and mmprovements in FCE.
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Al ron-renewabds energy sources have greal wmpact on Envirgnment,  Mon-Renowabde
energy sources (fossil fuel, Patrol, Ceal, naturel gas, oil, stz | will became greal threat to us n
e Future. We have 10 expiore snother altemativa o produce elecinaty. Renswable enengy
souifces [soiar, wind, Geotharmal Bicersess, Hydrotharmal, Deean, e () wil ba thai prabiem
Witk glecticity became a basc reguinement from day i day, erevable sources will bocome
a good solution not ondy for cur requiremant but alea 1o the emviorment. This review paper

briefly describes, Why should we nive o preler renewable enengy Souces ihan non-
maewable enargy Sources?. The eflacts we will face in the lulume by Using Ron-rencwable
sources and how we will be benefited by renewable energy Sources,

1. Introduction

Carbon & the mam elemeant in fossl feels. For thig rmason,
fhe fime penod that fossil fuels fonmed (about 360300 milion
years apgo) s called the Carboniferous Pedod. Over fime, ihe
desd plants wera crushed under the sesbed, Rocks and
othar sadimen piled on too of them. cresling high heal and
pressure undergrownd, In this envionment, the pand and
animal ramains evantusly furned into fossdl fuels 8. coal,
malural gas, petroeum. These are abounded and inexpensive
Bul mposaible s reuse. When they are buml, thay produce
anpe amound of camban dioddes inlo the atmosphens. Thin gas
is tha greates! defaufler n producing glotal warming. The
carbon dicaide keaps the kaal in the atmosphere of the earth.
Thizs process is called the “greenhouse efiect” Life on Earth
requires heat o serdiva, but it i based on s balanced carbon
budget To proteci Emvironmant, cordrol pollution and the
potential for global warming may encourage Wider access 1o
allermafive anergy sources such as renewable snergy sounce
[0 Al thess sources ame renewable process
ol engrgy generation and do nod cause emnaronmental polluln,

. Environmental impact of non-renewabls enargy source

There are two types o sources for producing electrc
pPowar arangy
s Comnerlional Sources (Non rengwable Sources)- fossil
{ual, Petrol, Coal, natural gas, il
& Mon Convantional Sources (renewabla sources)- soiar,
wind, Hydro. Geothermal! Biomeass, Hydrothesmal,
Ocean, Tolal Energy

For impusiriaized nations Wke the Unfed States, withou
fosall fuels, we can not imagine modam life. The majority of our
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transpori and heating, and the power stalions we use 10
generate elecinicity depand on burming coal, 0d or natural gas..
However, lozeil fuel production aso cames sewire aoonomes,
environmenta and social costs.. Whenaver wa burn a fossii
fuel, we are progducing more carbon dicxide, loxic gases into
the etmosphers, resulfng in potentially devastaiing long-term
coramanalion of iand, ai and sEter resources,

Agid rain relers to precipdation that cames sulfur and
nifragen compounds o the almospherse 1o the
ground, Megalive  efvifonmental  consaguances  include
damape o wegelaion and dedining aguatic populations.
Decraased agricultural production is alzo ikely, since acid ram
daplates the soll of nuttlents that crops need Lo grow.

The temperature in the atmosphere increases duse o the
gragnhousn effect The result iz an increase i global
temparafures, the LS. EBrvironmenta' Protaction  Agency
stanes. Thes phenomenin of cimate change s associated with
fioeds and heavy rain falls in many regions. as well as more
freguent droughls and sesere heal waves

Foasll fusle are a major contiisuter 1o hea'th-karming ale
pluticn, The combustion process also creates nitrogen oxidas
thal iead 1o the creation of smog, These materas can cause
bronchitis and prewmonia, decrease resstance o respiratony
infections and Imtate the lungs. Power plasd  and
transporiation-related aclivities are about equally resgonsible
fior nEFDDEn oxce em Ssions

CoaHired powed plants also release poilulants  thal
cortaminate nearhy solls. The transportation of ol falses the
risk of spils that leave oceans and waterasys uninhabitable for
years o corme [2]
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To profect the emdronment from  thess  dangerous
polutants, we nesd chaap, natural and friendly emdironment
production of Eleciricty resources are required. For this
ressson, the impontance of renewable resounces has increased,
Renawable anargy sources arp sources thal constantty renem
fhraughoul the human lifespan,

Thiey are ato refered to as Green Energy of Clean
Energy as they do not emit carbon-di-oods or  ofer
gieerhouse  gases. The megps sources ol enswable energy
source  are  Solar, Wind, and Biomass Hydropower,
Geothermal, and Tida anergy

Al Ingia the iotal instaled capaciy odue 10 renewake
SEfgy SOUrceEs = E2E46 90MWH on 30-12-2078 [1].

While thene Gre no global warming emissions associaled
wilh oeneraling electncily from solar energy, there are
emissions associsgted with other stagas of the sodar life-cycle,
imciuding manufactenng, matenats transporiation. insta lation,
maintesnance, and decommissioning and dismantiement,

The wird & one of the Cleanss awd most suslainabie
ways to generate clectnoty as it produces no fouic polhtion or
giobal  warming  emssions. Wind I8 aiso  abundant,
imgxhauslible, and affordable, which makes il a viable and
large-acals alternatlive to foss] fusts.

34, Nuglear Power

Muciear poweris energy released from the radioactive
cecay of slements, such as uranium, which releasss lamge
amaunts of anargy. Muclear power plants producs no carbon
dioxide and. Iherefore, are offen considamd an allemalive
fugl (luels other than foss Tuels), Guimently, wirld proshuction

Nallumgl S
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of eleciricity lrom nuclear power ks abowt 1901 milon KW, with
tha United States producing and congurming about 22%, of that,
Muclear power provides about 9% of the electricity in the
United Stabes (Figure T},

Thene are amdrenrmental challenges wilh AUCIEST DOWer
hsndng and refinlng uraniurn ore and meking reacio: fue
demands & lot of energy. Ao, nueear power plants are wery
expansive and require large amounts of metal, concrete, and
enargy b buikd. The main environmental challengs lor nuclear
power is the wastes including uranium mill tailings, spent
{usad) reactor fuel, and other racscactve wastes. Thase
matanals have long radicactvve half-lives and thus remain a8
thresl o human health for thoesands of years, The haif lite of a
radicaclive element is the lime it 1akes fof S0% of the malerial
to  radioactively decay. The U5, Nucear Regulalory
Commigsion reguiates the oparabon ol nuclear power planis
and the handbing, tranapodalion. storege, and disposal of
radicactive materials to protect human heakh and the
ENvIranment.

By wolume, tha waste produced from mining uranium,
caled wranium mill tailngs, 15 the largest waste and conkaens
the radioactive element radium, which decays to produce
radoq. a radioactive gas. High-leve! radioactive waste consists
of used nuckar reacior Tuel This fuel B in a solid foem
corgisling of amall hesl pailets in long matal tubes and mual be
stored and handled with muitps containment. first cooled by
waler and later in speda ouldoor concrete or sleel containers
that are codied by air, There s no Iong-term siorage faciity for
this fugl in the Uinted States.
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Therm are many other reguiatory precaulions goverming
permiting, constreclon operaton, and decommissioning of
nclean power [as dug o isks g an uncomirolied midear
reaction. The polantisl lor contamination of alr, waber snd food
is high should an uncontrolied reaction occur, Even when
planning for worst-case ecenarios, there are always risks of
unexpecied svanta. For example, the Mardy 2011 earthquake
and subsequent Isunami that hif Japan resulied in reactor
meltdowns at the Fukushima Dabchl Muckar Powear Siation,
causing massive damags to the surrounding area

The repor ouiined three broad simtegies ko shifl to a
clreular economy, The use of products should be maxenized,
such as ihrough car-shanng of keeding vehices 10r onger, o
zald. Recyelng and reducing wasle ars alag key, as s wsing
matuiral, Iow-carbon raterlals in constucton, ke bambos and
wood instest of cement, 1 said.

4, Green ambitions — on renewable gnergy targeds

In @ surprising statement this month, Union Poeer Minister
R K Singh said india would overshood its target of installing
1TE gigawans of capacity ffom renewable enargy sounces by
2022, Indis was an lrack, ke aaid, to kit 225 GW of renewahle
capacilty by then, This i a tall cam, considering Indla has
missed sewvaral interm milestones sinca it announced 48 175
G targed in 2015, The misses happenad deapile renewable
capacity baing ausgmenied at a blstenng pace. highighting
how ambitiows the inifial targel was, Techooogoal and
financial chalenges remain: both wind and solar gensration
could be erralic, and India's creaky electricity grid meest be
muodemised to dstinbule such power efficiently. Meanahile,
witnd @nd solar farfls have hit such low levals thal suppliers ane
working with waler-thin marnging. This mears small shocks can
kncck these seclors off their growth trajectarias. The obelacles
have capped capacity addition 1o 69 GW il date. with India
missing its 2016 and 2017 milestones. To hit ks 2022 targe: of
175 GW, 106 GW will have to be addad in four years, more
than twca thae capacity added n the 'ast four.

In the solar sector aone, which the governmant s
pricrilisng, polcy uncerainbes loom large. Manufaciurers of
pholowolaic (PY) cels have demanded a 7% sadeguard dufty
an Chinese PV mposts, and the Directorale General of Trade

Naliongl Seirear @n “hhily on Iremcion e Fuman Seaany ang Mahaw £l
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Remedies will sopn ke a cal on this, But any such duby will
dieal A body Biow to sodar-power suppllers, who ey headly on
Chinese handware, threaiening ie growth of the seciorn, Tham
iz aimo the probdem ol ihe roofop-solar segment. Of the currend
goal of 100 GW from solar energy by 2022, 40 GW is to come
from roofiop nstalalions, and B0 GW from |arge solar parks.
Cwoaplte being the fasiest-growing renewable-anergy aegrmesst
=0 far — roofiop solar clocked a8 compound ennual growth @AE
of 197% between 2013 and 2017 — India only hit 3% of s
goal by the and of 2017, according 1o & Bloombang Mew
Energy Finance repot The reasen? Homeowners aren'l
wanming up o the idea of nstaling pholovaltasc panels on their
terraces Because he aconomics does not work oul for thim
Compareéd 10 ndsimies and commesca estabishments, a
hoere typleally needs leas povwer and will nod usse averything i
generates So, homeowners nead 10 be able o sell &actciy
back to the gnd, which in tum needs a netiorsds net-
metaring” policy. A5 of today, only a fow States have such
policias, discouraging users alsswhers. Such challenpas can
ber overcome with the right incentives, but they will take time 1o
kick in. Tha good news i that aven if India hits the 175 GW
target, |l stancis o meel S greenhouse-gas emission goal
under the Pars clmale agreement. This in #eell wil be &
warhy achievament. Chenshooling this larget will ba a plus,
but until the government tackles the policy challenges, It musi
hizid off on implausible claims.

3. Conclusion

Buming fossil fuesls gives oul tomic gases like carbon
dicide. Trees, eco life, nfrastruchwe and monumeants gat
damaged due to pollubon cresed by this foxic gases, Buming
fessil fuels also increases the greenhouse efect hecause of
increased camon dioxide emissions, SCentists ane increasingly
worned aboud giokal warming and the melting of polar ice-
Caps. nsing sea leve's, and changing westhar patterns around
the world. ¥ milion psope die evany year dus to pollution. We
arguad that clean and fow carbon enargy is the on'y lagical
choice for our futers Renewable snergy sources play & major
e 1o mexlify thess deficGercies. Due io s, There is o
poilution or acologica balance probeem. Several rerewable
energy sources ame Meancially and economically competiive
for cerain apphications.
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Abstroct

Carangid, any fish of the family Carangidac (order Perciformes), which contains more than 200 specics of
marine fishes, including such well-known forms as the jacks and pompanos. Carangids are swilt, predatory,
wsually silvery fishes found throughout the world in warm and tropical regions. They are primarily marine, but
some live m brackish water or may invade fresh water

The members of the family vary greatly in form. from elongated and streamlmed to very deep-bodied and thin
from side to side. In general, however, they bear the following features in common: two dorsal fins, the first of
which may be reduced to a few small spines: anal and second dorsal fins wsually high in frong first two anal
spines separated from the third: pectoral fins slim and often sickle-shaped: tail base very slender: tail strong.
either forked or crescent-shaped; scales small; and a lateral line {a senes of small sense organs along the sides
of the body) often partly or wholly covered with large, hard, keeled scales (scutes),

In the present study, 68 fishes were infested out of 544 specimens examined from six different species of
Carangid fishes which were ¢collected from Manginapudi coastal waters. Eight species of parasitic copepods
were found on gill filaments, body surface and nasal capsule regions, The maximum prevalence was recorded
in Carangoides malabaricus (22,5 % 1 and minimum was noticed in (2.4 %) Selaroides feprolepis, The intensity
of infection ranged from 1 to 1.2, Thos, considerable vanation in the respiratory area was observed owing o the
attachment of parasites in the infected fishes. Caligus sp. and C. epidemicus parasites were attached to body
surfece and only one Sphyriid sp. parasites were found in nasal capsule region. It is very difficult to estimate the
actual harm to fish caused by the presence of parasites: if this is uneasy in cultured fish, it 15 almost impossible
in feral fish populations. It should also be emphasized that the presence of 4 parasite does not necessanly imply
manifestation of a disesse. In aquacnliure, some paragites are able o reproduce rapidly and heavily infect a
large proportion of fish which may lead to diseases with significant economic consequences.

Keyvwords
Carangoides, Copepod parasites. Mode of attachment, Respiratory surface area, Gill rack count, Manginapudi
Introduction

Many of the carangids are small, but some grow to a large size. The greater amberjack (Seriola dumerili), for
example, reaches a length and weight of about 1.8 m (6 feet) and 70 kg (150 pounds). The members of the
family are known by various common names. There are the moonfish, pompano, pilot fish, runwer, jack {gg.1.),
and others. One of the most unusual-looking carangids 1s the lookdown (Selene vomer), with an exceptionally
thin body and high “torehead.” The first ravs of the second dorsal fin extend into filaments that reach to the tal.
Many of these fishes are valued for food or sport. Certain species. however, such as the greater amberjack and
several jacks, may at fimes carry & toxic substance in thewr flesh and. when eaten, cause ciguatera, a form of
polsoning.
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Carangoides malabaricus

The diversity of parasitic copepods reported from deep mesopelagic and bathypelagic fish hosts i1s extremely
low. Parasitic copepods are commaonly found m cultured and wild marine fishes. In the aguaculiure mdustry
throughout the world, these parasitic copepods, particularly the family Caligidae, arc important as pathogens
causing heavy monality or acting as disease inducers, by creating a portal for entry of bacierial or other
pathogens (Johnson et al. 2004),

The gills are a favourite site for the attachment of several parasitic copepods. They damage the gills by feeding
on the delicate tissue of the gill lamellac or on the blood circulating within the lamcllae, leading to a loss of
respiratory surface area (Lester and Havward 2006). There 1s extensive gill damage and severe haemorrhage,
with inflammation and exsanguinations associated with the attachment and feeding of the copepod (Lester and
Hayward 2006). This, nowadays. has become a major problem in identification and weatment of parasites and
diseases in the rapidly developing maricalture industry (Roza et al. 2002). More recently (Anil et al. 2019)
recorded 16 species of parasitic copepods from the gill region of Sea bass in Manginapudi estuarine waters. But
there is no detailed study on the infestation of copepod parasites in Carangid fishes of Manginapudi waters, The
present study is the investigation on occurrence and infestation of copepod from Carangid species from
Mangimapudi coast,
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Manginapudi Coast Coordinates: (16°13'34.3"N 81°12'15.87E)
Materials and methods

During a routine observation of the Carangid fishery in the Manginapudi (16713 34.3"N 81°12'15.8"E} an
mteresting incidence of parasitisation in Carangid fishes was observed, Fishes were thoroughly checked for
parasitic infection in the body surface, fins, head, gill filaments, oral cavites and other tssue also examined.
Each fish was examined microscopically for the presence of parasine crusiaceans bazed on a method described
by (Kahata 1985; Anil et al. 2019}, The collection and preservation methodology for crustacean parasites was
followed by Prtchard and Kruse (1982). Copepod dentificabon was based on morphological features
according to Yamaguti (1963), Kabata (1979), Pilla (1985), Sirikanchana (2003), Ho and Kim (2004),
Prevalence and mcan intensity of cach parasitic specics were determined as in Margolis ot al, (1982).

Respiratary surface area

The inflecnce of infestation in respiratory surface arca of the gill arch of infected and uninfected fish were
carefully dissected out and blotted o remove the moisture, The imprint drawing of each gill arch on millimeter
graph was used to calculate the surface area of the gl arch. The surface arca of each racing was determined by
counting the number of smill squares and the total area was obtained. The value was taken and doubled to
consider the total functioming of the gill arch. The total surface area of the @ill arch of both infected and
uninfected fish was compared and then area was considered as reduction of respiratory area due to infestation,

Citll rack coumt

The average gill rack count of the 1st, 2nd and 3rd gill arch of infested fishes were taken. The data collected
were tabulated and variation in the gill mker count as a function of infestation was recounted Results

Infestation of fishes

In the present study, 68 lshes were mfested out of 544 specimens examined from six different species of
Carangud fishes which were collected from Manganapudi coastal waters (Table 1). Eight species of parasitic
copepds were found on gill filaments, body surface and nasal capsule regions. These eight species belong 1o
three genera Bomolochidae. Caligidae and Sphyriidae. Caligus sp. (26) was found in highest number followed
by O, epidemicus (17), Holobomolochus  chilensis  (13), Parabomolochusbellomes (10) and Bomolochis sp.
(8) which infested 23, 16,11, 7. 8 species of Carangid fishes respectively (Table 2). While Nothobomolochus
sp., Poocuneatus and Sphyrid spowere found in mimmmum (1) of Carangnd fishes. The prev- alence and intensity
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of copepod parasites on Carangid fishes are presented in Table 3. Maximum prevalence was recorded in C
malabaricies (22.5 % ) and mamomum of (2.4) was noticed i Selareides leptolepis (Fig. 1).

Mode of atachment of parasitic copepods

The distribution of copepod parasites in different species of Carangid fishes was reported. Maximum infection
was recorded in C. malabaricus in the gill region and mini- mum was recorded in Carangoides sp. (gill region)
and 5. feproafepis in the nasal capsule Respiratory surface

Vanation in the resparatory surface area of fish owing to the infestation of copepod parasites (Caligus sp., C
epidemi- cus, Bomolochus sp., H. chilensis, P. bellones, P.ecuneamus, N sp. and Sphyriid sp.) were studied (Fig.
2). Detailed study of respiratory surface anea due to the infestation of copepods in Carangid fishes was carmned
out (Table 4). The maximum numbers of copepads (38) was noticed 10 the first gl arch and aunimuom oumbers
of copepods (5) was found in the fourth gill arch and 16 numbers of copepods were found in the second il
arch and seven numbers of copepods were found in the third gill arch. Thus, considerable vanation in the
respiratory area was ohserved owing to the attachment of parasites in the infected fishes, Caligus sp. and C.
epidemicus parasites were attached body surface (100 and oaly one Sphyriid sp. parasites were found 1n nasal
capsule region.

The infested fish had extremely pale gills, indicating the gill rakers were seriously lost, apical damage and out
off gill lamellae were deployed. Some secondary gill lamellae were fused or thickened. Gill lamellae of the
first and second arches of gl were found to be eroded due to parasites and the damage was found 1o be

concentrated towards posterior position, Several damage have observed in the host of fishes. gill damage was
major elfect when a large section of [ilaments was destroyed and gill srch broken.

Dhscussion

Caligus foriis was first reported by Kabata (1965) from  the nostrils of a yellow spotted trevally C
fulvoguttaius (Forsskal) reported as C. emburyi (Whitley) by Kabata (1965) canght off Green Island,
Queensland, It was sub- sequently found in the nasal cavities of an unidentified jack (Caranx sp.) collected
from Trivandrum, India by Prabha and Pillai (1986).

Table.1 Parasitic copepods in Carangid fishes

5 Mo Name of the Host No of Copepods No of
Fishes parasites
Infested Collecied

1 Carangoides malabaricus 23 Caligus sp. 26
3 5
7 10
1 1

2 Alepes sp. b Bomolochus sp. H

3 Crrarfiaiodon speciosus 11 Herlohormalochis 13

chilensis

4 Carangoides sp | Nothobomolochus sp. |

5 Selaroides leptolepis 1 Sphyritd sp. 1

@ Parasrromateis niger 11 Caligns epidenticus 12

JETIR1905U30 | Jeurnal of Emerging Technologies and Innovative Research (JETIR) www letiorg | 2341



S 2019 JETIR May 2013, Yolume &, Issua S

www. jetir.org (1ISEM-2349-5162)

Table.l Attachment site of parasite in carangid lshes

Selaroides leprolepis

Splvyrivd sp.

S.Mo | Host Parasites Site of attachment
1 Carangoides malabaricis Caligus sp. Gill, body surface
Caligus epidemicus Gill. body surface

Parabomalochis bellones | Gill

Parabomolochus coneatus | Cnll

A Alepes sp. Bomolochus sp. Call

3 | Gnathanodon speciosis Holobomelochus chilensis | Gill

4 Carangoides sp Nothobomolochis sp. Caill

e’

Nasal capsule

Parastramatens niger

Caligus epidemicus

(Gill, body surface

Carangmdes malabanicus

(Bloch & Schneider 1801}

Caranpomdes sp

Parastromateus mper

~ :'.r'::.ﬁ‘;_,
O ——

i o

Alepes ap.

il

Selarmdes leptolepis

Gmathanodon speciosus
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Table.2 Oceurrence of Copepod parasites in carangid fishes

Noof
No ol Fish | Noof Fish | Parasites | Prevalence Mean
5.MNo | Name of the Host examined Infedted (%) (%) Intensity
| Carangoides malabaricus | 650 if 42 225 1.2
2 | Alepes sp. a4 ] 8 8.5 1
3 | Gnathanodon speciosus 124 11 13 8.9 1.2
4 | Carangoides sp 16 | | 2.8 ]
5 | Selarodes leptolepis 42 | I 2.4 1
6 | Parastromaieus niger KY 11 12 12.5 l.1
Total 544 (5} 77 125 Ll
25
4
1%
10 -
3 == fiean Intemnsity
- = T T T T T —f=—Provalence [%)

ﬁf ﬁ'ﬁ ﬁ;{”‘}iﬁ’ dad
Var A

Fig. 1 Prevalence and mean inensity of copepod parasites in carangid [ishes

In this smdy, Sphyriid sp. was found in the Nasal capsule of 8. feprofepis. Caligus robusius was circums-
global in distnbution, occurring on the curangid fishes in the opical and sub-  tropical oceans (Cressey
1991). However, it seems (o be rare off Taiwan, C. robustus has a broader  distribution than C. forrs. It has
been reported from off Sn Lanka by Bassen-Smith (1898) and Kirtisinghe { 1964), from Jamaica by Wilson
(1913}, from off Mauritania by Brian (1924), from the Gulf of Mexico by Bere (19360) and Causey (1953).
from off India by Pillai (1985), and from off Bomeo, the Celebes and the Fhilippines by Cressey (1921 ). The
present study has reponed the infestation of parasitic copepods on gills and Nasal capsule of Carangid fishes
from Manginapudi coastal environments. Parasitic copepods especially C. epidemicus having a broader
distrnibution than Caligus spp. were reported in the Manginapudi waters. According to Boxshall and Halsey
(2004). Calignd, Ergasilid, and Lernanthropid copepods are known as commaon parasites of shallow water
fish. Copepods of the family Ergasilidae are mostly known as freshwater parasites, and only few species are
known from the brackish water or marine environment (Boxshall and Halsey 2004). The other collected
copepind  famihes (Bomolochadae, Cahgdae, Lemanthropidae, Lemaeopodidas,  Pennelhdae,
Siphonostomatoida and Tetraodontidae, ) are mainly or exclusively known as marine [ish parasites (Hallet
and Roubal 1995; Baxshall and Halsey 2004: El-Rashidy and Boxshall 20125 Ho and Lin 2002; Ozak et al.
2012y Sinergasiluy pofveolpuy and Strergasilus meajor are over distniboted on thear respective hosts. Other
parasitic copepods, such as Caligid copepods (Hallett and Roubal 1995) have been reported to be over
disposed in thewr host populations. In this study, € epidemicus were found in maximum number of
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C.malabaricuy and Poniger [1shes. Three species of parasitic copepaods, one cach from the Siphonostomatond
farmbies Lernanthropidae and Lernacopodidae and one from the Cyclopomd family Bomolochidae, are
redescribed based on material collected from the gills of four fish species belonging to the family Clupeidae
caught from coastal waters off Alexandria, Egypi (El-Rashidy and Boxshall 2010).

Caligidae currently accommodates 33 genera, 445 species, more than 75 % are members of Caligus (239
spp.) and Lepeophtheirus (107 spp.} (Ho 2000). Caligus spp. 15 dominant on marine teleost fishes (Kabata
1979). In the present study, Cabhgdae has been found on body and glls of Carangad fishes. Many hish genera
i this stdy had same parasites as found i India (Pillan 1985). Many factors have been sugpested to
influence the aggregation of parasite burdens (Quinnell et al. 1995). However, host resistance and behaviour
are considered as important in generating variable parasite burdens (Tanguay and Scott 1992), and host
susceptibality 15 proposed to explan the higher infection levels of E. briani in bream Abramis brama and
tench Tinca tinca (Alston and Lewis 1994). Comalabaricus was infested with 4 copepod species and showed
the highest percentage parasitic infestation followed by other Carangid species of parasitic infestation,

respectively.
I I
C. epidemicus Caligus sp Bamaolochus sp.
Nothobomolochus sp, P. cumemius Sphyriid sp.
. l
H. chilensis P. bellanes

Within the present study two species of Caligidae copepods were recorded from Manginapudi; five of them
belonging to Bomolochidae and one species probably represents a Sphyriidae genus. Yuniar et al. {2007)
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reported Mugil cephalus, Scarophagus argus, Elentheronema tetradactylum, and Johmins cottor had a
species-rich copepod fauna  Six parasitic  copepods  were  recorded from M. cephalus. Even though
this fish species has a wade distribution and has been well studied for copepod para- sites {e.g., Papemna and
COwverstreet 19815 El-Rashidy and Boxshall 1999), several copepods from the study repre- sent new host
records. Parasitic copepod Pseudocyenus appendiculatus at their gill filaments and this report doc- wments
a new record of the Andaman Sea, Thailand Purivirojkul et al. 2011). Six species of copepods
belonging to the Lernanthropdae were lound parasitic on the mll filaments of six species of manne fishes of
Tarwan (Ho et al. 2011). A new species of Ergasilus boleaphthalmi parasitic on the gills of two gobnd
fishes Boleophthalmus dussumiert and Bathyvgobrus fuscus from Shatt Al-Basrah Canal, Irag, was described
(Thamir et 2. 2011). In the present study eight species of parasitic copepods were recorded from Carangid
fishes.

A parasitic copepods study of Algenan teleost lish, report 25 copepod species belonging to eaght famalies
harvested from the gills of 14 fish species (Boualleg et al. 2011).C, elongatus has been recorded from more
than 100 host species. both teleosts and even elasmobranchs, belonging to 47 families (Williams and
Williams 1996). Yuntar et al. (2007) reported, seven out of eight fish species were intested with Caligus spp.
The results of the present study also agree with the earlier works. In the present study it is reported that eight
out of six fish species were infested belonging to three genera of copepods. According to Moller and Anders
( [986), pranza stages were recorded 1o infest a high number of different fish species. Most copepods from
Segara Ana- kan were host-specihic, with 19 species infesting only a single host fish species (Yuniar et al
2007). The present study result also shows that C. epidermicir have the char- acter of broad host specaficaty.
It infects two different Carangid fish species but the host speaificnty of Bomolochus sp., H. chilensis,
Nothobomolochus sp. and Sphyrind sp. was very nammow. Both the species are found to mmfest only the host
fishes of Alepes sp., Grathanodon speciosus, Caligus sp. and 5, leptolepis. Host parasite relation is the
outcome of the interaction of three factors: the host, the parasite and the environment (Moller 1985},
Prevalence and intensity of parasitic copepods on fish can vary with habitat, season, and host size (Hudson et
al, 1994), The prevalence of infection in Saginaw Bay was not as high as in the Alabama ponds, where 100
% of the fishes were infected (Hayden and Rogers 1998). Mugridze et al, (1982) found 50-230 parasites/Tish
in British ponds and suggested that the reduced growth rate of roach may be caused by Neoergasiluy
fapemicus. Ponyi and Molnar (1969) noted severe infections of N, japonicus in Hungary but provided no
details on the intensity or effects. Effects of a parasitic copepod on the larval growih of the Chilean triplefin
H. chilensis (Tripterygiidae) based on the micro- structure of the sagittal otoliths (Palacios-Fuenles et al.
20012), There are reports that the low prevalence of L. branchialis in offshore areas might be attnbuted (o the
fact that infected fish remain close 1o shore (Sproston and Hartley 1941, Kabata 1958). In this study it is
reported that the prevalence was maximum in C madabaricas and minimum was noticed in 8. feprodepis and
mean intensity of parasitic copepods on fish vary from 1 to 1.2,

First gill arch preference has been previously reported for microcotylids (El Halidi et al. 1998), as well as nao-
hranchiids (Roubal, 1999, and it is known that abiotic factors affect the abundance of some monogeneans and
copepods (Barker and Cone, 20000, Although less oxy- genated and less ventilated than the posterior arches
(Hughes and Morgan 1973), gill arch | is where the current flow is minimal (Paling, 1967) and thus, where
monogeneans may be the least precanously attached as suggested by El Hafidi et al. (1998). The parasitic
copepod Haemoba- phes diceraus was found localized on the isthmus of two specimens of the walleve pollock
Theragra chalcogramma. In both cases, the parasite directly penetrated the heart, without entering the blood
vessels (Yu and Poltey 20009, In the present case, maximum reduction in respitatory surface area was noticed
in the first gl compared to other gill arches. The explanation should be consideéred with caution, since
specimens of Meta microcotyln macracantha can secure them by coiling around gill Dilaments (Baker et al
2005). Further, some other microcotylids do not exhibit such a preference for the first arch (Lyndon and Vidal-
Martinez 1994; Geets et al. 1997). A preference for gll arch | among naobranchuds has neither been
investigated nor explained in previous studics. Kabata (1988) rcported the adult nao- branchiids display a
secure mode of aitachment, by firmly ¢mbracing the individual gill filaments using their modified second
maxillae, it is not excluded that larvae are precari- ously attached when they lirst settle on the gills. In the
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present investgation highest number of copepods was attached in gill filament. These parasitic copepods with
neutral interactions have occurred in the first two arches and have decreased in the third and fourth gill arches.

Fish parasites are an integral part of water ecosystem and they are common in natural and cultured popuolations
of fish. In natural conditions. maost parasites do not tend to severely injure their hosts and cause mortalities
which atfect the population size at detectable levels. It is very difficult o estimate the actual harm to fish
caused by the presence of parasites; if this 15 uneasy in cultured fish, it 15 almost impossible m feral fish
populations. It should also be emphasized that the presence of a poarasite does not necessarily 1mply
manifestation of a disease. Diseases caused by parasites are much more frequently mamfested in culwared fish,
which suffer from artificial conditions and numerous stress factors that influence their sbility o effectively
protect themselves against parasitic infections. In aguaculmire, some parasites are able o reproduce rapidly and
heavily infect a large proportion of fish which may lead 1o diseases with significant economic consequences.

References

Alston 5, Lewis JW (1994) The ergasilid parasites Copepoda: Poecilostomatoida of British freshwater fish. In:
Pike AW, Lewis JTW (eds) Parasitic diseases of fish. Samara Publishing, Dyfed, pp 171-188

Baker TG, Viricel A, Meraziz L, de Buron [ {2005) Size variation of adultipolyvopisthocotylid Metamicrocotvla
macracantha (Mono- genea) in relation 1o host size. Comp Parasitol 72¢2): 179182

Barker DE, Cone DK (2000) Occurrence of Ergasilus celestis (Copepoda) and Psendodactylogyrus anguillae
wild eels (Anpgu- illa rostrata) n relation o stream flow, pH and temperature and recommendations for
controlling their transmission among captive ecls. Aquaculture 187(3—4):261-274

Bassett-Smith PW (1898) Some new or rare parasitic copepods found on tish in the Indo-Tropic Region. Ann
Mag Mat Hist 7{1):357-372 Bere R (1936) Parasitic copepods from Gulf of Mexico fish. Amer Mid Natu
17:577-625

Boualleg C, Kaouachi N, Seridi M, Ternango 8§, Bensomlah MA (201 1) Copepod parasites of gills of 14 eleos
fish species caught in the Gulf of Annaba (Algeria). Afn ] Microbiol Res 5{25):42535-4259

Boxshall GA, Halsey SH {2004} An introduction to Copepod diversity. Roy Society, London, pp 1-966

Brian A {1924) Parasitologia Mauritanica, matelrienx pour la faune parasitologiqueen Mauritanie
Arthropoda ( ler partie), Copep- oda  Bulletin du Comitel 4"ED tudes Historiques et Scientifiques de 1" Afrique
Occidental Francaise 9364427

Causey D (1953) Parasitic Copepoda of texas coastal fishes, Publ Inst Mar Sci Univ Texas 3:6-16

Cressey RF (1991) Parasatic copepods from the Gulf of Mexico and Canbbean sea, II: Caligus. Smith Contri
Zoo 497:1-53

El Hafidi F, Berrada-Rkhama O, Benazzou T, Gabrion C ( 1998) Microhabiiat distribution and coexistence of
Microcotyhdse (Monogenea) on the gills of the sinped mullet Mugil cephalus: chance of competition. Parasitol
Res 284:315-320

El-Rashidy H, Boxshall GA (1999} Ergasihd copepods (Poecilosto- matoida) from the gills of primitive
Mugilidae (grey mullei=). Svat Parasitol 42: 161186

El-Rashidy H, Boxshall GA (2010} Parasitic copepods on immigrant and native clupeid fishes caught in
Egyptian coastal waters off Alexandria. Syst Parasitol 76(1); 1938

JETIR1905U30 | Journal of Emerging Technologies and Innovative Research (JETIR) www elrotg | 2346



S 2019 JETIR May 2013, Yolume &, Issua S www. jetir.org (1ISEM-2349-5162)

El-Raslady H. Boxshall GA (2012) A new Copepod (Siphonosto- matoida: Lernanthropidae ) parasitic on a Red
Sea immagrant dragonet {Actinopterygn: Calhonymidae), with a review ol records of parasitic copepods from
dragonets, Syst Parasitol 81(2):87-96

Geets A, Coene H, Ollevier F (1997) Ectoparasites of the white spotted rabbitfish. Siganus sutor (Valenciennes,
1835) off the Kenyan Coast: distnbution within the host population and site selection on the gills. Parasitology
115:69-79

Hallent SL, Roubal FR (1995) Experiments on the infection dymamics of Caligus epidermicus Copepoda:
Caligidae on the small manne fish Ambassis maranus gunther. 1 Fish Dis 18:59-66

Hayden KJ, Rogers WA (1998) Neoergasilus japomcus (Poe-cilost- omatowda: Ergasihidae), a parasitic copepod
new o North America. J Parasitol 84:88-93

Hao JS (2000) The major problem of cage aquaculture in Asia relating to sea hice. In: Liao I, Lin C {(eds) Cage
aquaculture in Asia. Proceading of the First International Symposium on Cage Aquaculture in Asia, Asian
FisheriesSociety, Manila and World Aquaculture Society, SoutheastAsian chapter, Bangkok, pp 13-1%

Hao JS. Kim TH (2004) Lernanthropid copepods (Siphonostomatoida) parasitic on fishes of the Gull of Thailand.
Syst Parasitol 58:17-2 1

Ho 18, Lin CH (2012) Cirracanthus longus sp. nov. (Taemacanthi- dae), a Copepod parasitic on seabats
(Ogcocephalidae: Halieu- taea) from Taiwan, with a key to 23 Taeniacanthid species known from Tarwan. Zool
Stud 51(4):548-555

Ho JS, Liv WC, Lin CL {2011} Six species of the Lemanthropidae {Crustacea: Copepoda) parasitic on marine
fishes of Taiwan, with a key to 18 species of the family known from Tarwan, Zool Stud 50{5):611-635

Huidson PL. Bowenii CA, Stedman BEM (1994) New récords of Ergasilus (Copepoda: Ergasilidac) i the
Lavrennan great lakes, including a lakewide review of records and host associations, Can Journ Zoo 72 102—
100G

Hughes G, Morgan M (1973) The suuctare of fish gills in relation o their respiratory function. Biol Rev
45419475

Johnson SC, Treasurer JW. Bravo S, Nagasawa K, Kabata Z (2004) A review of the impact of parasitic
copepods in marine agquacul- ture, Zool Stud 43:229-243

Jones SR, Prosperi-Porta G, Kim E (2012) The diversity of microsporidia in parasitic copepods (Caligidae:
Siphonostomato- ida) in the Northeast Pacific Ocean with description of Facil- ispora margolisi n, g., n. sp. and
a new farmly Facilisporidae n. fam. J Eukarvot Microbiol 5%9(3):206-217

Kabata Z (1958) Lernaeocera oblusa n. sp.; it8 bi-ology and its effects on the haddock manne research, Dept
Agric Fish 3:1-26

Kabata Z (1965) Copepoda parasitic on Australian hishes. IV, Genus Caligus (Cahgidae). Ann Mag Nat Hist
13(8):109-126

Kabata Z (1979) Parasitic copepods of Brinish fishes, Ray Society, London, pp 1-46%
Kabata £ (1985) Parasites and discase of fish cultured in tropics. Taylor and Francis, UK, USA, pp 242-246

Kabata Z (1988) Copepoda and Brachiura, In: Guide to the Parasites of Fishes of Canada Part [I-Crustacea, L.
Margolis and Z. Kabata (Eds. ). Fish Aqu Sci 101:53-127

JETIR1905U30 | Journal of Emerging Technologies and Innovative Research (JETIR) www elrotg | 2347



S 2019 JETIR May 2013, Yolume &, Issua S www. jetir.org (1ISEM-2349-5162)

Kirtisinghe P (1964) A review of the parasitic copepods of fish recorded from ceylon with descriptions of
additional forms. Bull, Fish Res 5ta Ceylon 17:45-132

Lester RIG, Hayward CJ (2006) Phylum Arthropoda. In: Woo FTK (ed) Fish dizseases and disorders vol 1:
Protozoan and Metazoan infections, 2nd edition. CAB international. London, pp 466-565

Lyndon AR, Vidal-Martinez VM (1994) The microhabitat and morphology of Grubea cochlear on the gills of
mackerel fromLyme Bav, southern England. J Mar Biol Ass UK 74:731-734

Muargolis L, Exch G, Holmes JC, Kuns AM, Schad GA (1982) The useof ecological terms in parasitology. J
Parasitel 68(1):131-133 Moller H (1985) Fish disease in coastal waters: indicator of marme pollution. Ani Res
Dev 22:106-115

Moller H. Anders K (19806) Diseases and parasites of marine fishes. Verlag Moller, German Federal Republic, p
365

Mugridge RER, Stallybrass HG. Hollman A (1982) Neoergasilus japonicus (Crustacea: Ergasilidac). a parasitic
copepod new to Britain. J. Zoo London 197:551-557

Ozak AA, Demirkale I, Yanar A (2012) First record of two species of parasitic copepods on immigrant
Pufferfishes (Tetraodontifor- mes: Tetraodontidas) caught in the Eastéern Mediterranean Sea. Turk J Fish Aquat
Sci 12:1-2. doi: 10.4194/1303-2712-v12_3_17 Palacios-Fuentes P, Landaeta MF, Mun“oz (i, Plaza G, (hjeda FP
(2012)

The effects of a parasitic copepad on the recent larval growth of a fish inhabiting rocky coasts. Parasitol Res
111i4):1661-1671

Paling ER (1967) A method of estimating the relative volume of water flowing over thedifferent gills of
freshwater fish, ] Exp Hiol 48:533-544

Paperna |, Overstrect RM (1981) Parasites and discases of mullets (Mugilidac). Aguaculture of grey mullets. In:
Oren OH {eds) International biological programm 26, Cambndge University Press, USA, pp 4114493

Pillai NK (1985) The fauna of India: Capepod parasites of marine fishes. Zoo Sur India p $00

Ponyi M, Molnar K {1969) Studies on the parasite fauna of fish in Hungary, pant 5. Parasitic copepods Parasitol
Hung 2{2).137-148

Prabha C, Pillai NK (1986) Additions to the copepods parasitic on the marine fishes of India. 4. on twenty-six
species of Caligidae, Rec Zoo Sur India 79:1-139

Pritchard MH, Kruse OW (1982) The collection and preservation of animal parasites. University of Nebraska
Press, USA, p 318 Punivirojkul W, Chaidee P, Thapanand-Chadee T (2011) New record of Pseudneyenus
appendiculatus Heller, 1868 parasites of yellowfhin tuna Thunnus albacares (Bonnaterre, 1788) i the Andaman
Sea, Thiland, Walailak J S¢1 & Tech B(1)3:B1-25

Cuinnell B, Graffen A, Woolhouse EJ (1995) Changes in parasite aggregation with age: a discrete infection
model, Parasitology 111:635-644

Rameshkumar G. Ravichandran S (2013) Lermacenicus sprattac (Crustacea: Copepoda) on Hemiramphus far.
Mid East J Sci Res 13(2)1: 183186

Ravichandran §, Ajith Kumar TT, Ronald Ross P, Muthulingam M (2007 Histopathology of the infestation of
parasitic isopod Joryma tartoor of the host fish Parastromates niger. Res I Parsitol 2(1):68-71

JETIR1905U30 | Journal of Emerging Technologies and Innovative Research (JETIR) www elrotg | 2348



S 2019 JETIR May 2013, Yolume &, Issua S www. jetir.org (1ISEM-2349-5162)

Roubal F (1999) Extent of gmll pathology in the toadfish Tetractenos hamiltom caused by Naobranchia
vanablis (Copepoda: Nao- branchudae). Dis Agu Org 35:203-211

Eora D, Johnny F, Kawahara 5. Hanafi A (2002) Penyakit pada budidaya ikan kerapu dan upaya
penanggulangannya. Kumpulan Makalah Seminar PengembanganTeknologi Budidayva Kerapu, Balai Budidaya
Laut Lampung p. pp 75-86

Simkanchana P (2003) Parasites of aguatic animals, Sky Word Advertising Lad, Bangkok 270

Sproston NG, Hartley PHT (1941) The ecology of some parasitic copepods of gadoids and other fishes. J Mar
Biol Ass UK 25:361-392 Tunguay GV, Scont ME (1992) Factors generating agoregation of Eligmosomaondes
polygyrus Nematoda in loboratory muce. Pamsitology 104:519-529

Thamir K, Adday. Atheer H. Ali (2011) Ergasilus boleophthalmi sp.n. (Copepoda: Ergasilidae) parasitic on
eobiid fishes from Shart Al-Basrah Canal, South of Irag. Wiadomooeci Parazytologiczne 5733 137-142

Vinoth R, Ajith Kumar TT, Ravichandran 5, Gopi M, Rameshkumar G (2010} Infestation of Copepod parasites
in the food fishes of Yellar estuary, Southeast coast of India. Act Parasitol Glob 1(1);1-5

Williams EH Jr, Williams LB (1996) Parasites off shore. big game sport hishes of Puerto Rico and the Western
Morth Atlantic. Puerto Rico Department of Natural and Environmental Resources/Department of Biology,
University of Puerto Rico, San Juan, Puento Rico/Mavagoez, Puerto Rico, p 384

Wilson CH (1913) Crustacean parasites of Wedt Indian fishes and land crabs, with descriptions of new genera
and species, Proc Unit States Nat Mus 44: 189-277

Yamaguti 5 {(1963) Parasitic Copepoda and Branchiura of fishes, Interscience publishers, A Division of John
Wiley & Sons, New York. p 1104

Yu N, Peltev (2010) An unusual localization of the parasitic Copepod Haemobaphes diceraus Wilson, 1917
(Copepoda: Penncllidac) on the walleye pollock Theragra chalcogramma, Rus J Mar Biol 36(2):154-156

Yumar A, Palm HW, Walter T (2007) Crustacean fish parasites from Segara Anakan Lagoon, Java, Indonesia.
Parasat Res 100: 11931204

JETIR1905U30 | Journal of Emerging Technologies and Innovative Research (JETIR) www elrotg | 2348



