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ACENOWLEDORERNT

Une day in late 1360, I happened to 1oy my hands
on twe hibiacus flowers (Hibiscus resasinensis}. The petals
of one aniformly veecred ilm & directisn opromite to that of

the ather, This, ae far as I know, we2 spn unredosded phenp-
menon. Then I showed the flowers Yo Prof, C.i. Heo, be %old

mo that nlthough X could report om this obesrvation lumediately,
it would be demirnble L I hed sxamined meversl other hibiseus
flowers boefore writing about them. This wes the birth of &

new branch of blology ~ mawerienl plent morphology. 1 thenk
Prof. C.R, Koo, F.E.S5., Director, Research & Training 3ohool,
Indion Statistieal Institute Yor hies combinued 1lnterest and
guidsnoe in my work.

I wish %o record my appreciation of the diligent mnd
the most cordial menner my eollengues Sarat Kumear De, Aftisnt
and Purna Chandrs Dutte, Stono=-Typliet bave bosn working with
pe during the past tenm ysars, 1 thank them for their constant
help including that I received for the prepecation of thie

trentisgs.
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BIOHETHICS OP BILATERAL SYMUETRY IF FL/TTS

1« INTRODUCTICH

Tamonpis @
During the pest ten deondes, observaiions relating %o

ayumetry, asynretry, dls-syomeiryy Fadisl syamstry, 1ototionsl
pymmetry, bileotern) aymmetry and agbidextry in the fislda of
botany, Boologys geologsys ehomiastey, crystalisgraphy, phycice,
astironony, engineering, mathematios, waslc, poelry and srd werw
regorded by various soicntileta, The presgenl trestise is a s
mary of an elaborute study oa bilateral spwseiey or mirsopeimage
symnetry oocurring in varioue plant orgens. Unlike most of the
onrlicr roporte, the jprodles heore hits baen isckied unifisd on &
quantitative bosis, thereby ereatisg situstiops whers sophistie
cated techmiques of statisties could be effsotlvely ewployed. A
a reault, meny unexpoeted fanis oams to light. The faeilitiea
and freedomn avnilable at the Indlan Statistioal Iamtltute for
the oollection and snslysis of drka on varied subjeois have i
e great extent ennbled the emergenes of & now brench of biology,
newely, numerliedl yplent morphelopys whioh hee brought forth the
following resultsa.

1. It hee becn rede pospible to reconetruct sccossafully
the sunflovwsr bhead {(copituluc). This probiem intrigued several
wethanaticisne nnd Sicluzlsts alike during the lost over onw
hundred yearsi

2. A strong avidencs has bheon pdduced for a posecible
existence of pgeo~phyaiesl influence on the zrowth of plante
{snd enimela)s
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3« Bilateral symuetry in mapy plante has been found to
be non~genctioal. But the discovery of its ssscelation with
an importent character like fruit.yield is biologieslly an
intriguing situation. Evidenoe for this hes been reporied
from the coconut and other orop plantas
4. The expression of saymmetry of leaves and sicmas a
morphologlionl chersater can hely to assign some doubtiul
specien of plants to thelr yroper poeitions in phylogenys
5« The leaven of mout species of palns are arrangzsd in
the crown in accerdanse with the Pibonseci angle which accounts
for difforent orcwns showing different musbsrs of spirale that
always aynchronise the terms in the Fibonasel Sequence. Astye
petry of pala leaves hak dbeen found o belp the distribution
of leaven on the stem more efficlentlys
6. The discovery of the dependerce of frult yield onm leaf
asymmeiry has enabled a detter statisticol eetimation of the
effect of manurial treatment on the cosonut;
Te A significant chenge ia the fruit/tuber yield has been
brought about by ohanging the direction of growth of stem -

twiners,.
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2e ARYMYETRY IE PLABETS

Life on earih miarted with epherlienl myssetry when
primitlve single«celled plants saud animsls floated aund tunbled
about 1n the water. When living forme setiled to the botionm
of the sea or olung to the shores, & peroanent up-down axis
was areated piving rlige to redisl symeetry. The early ochimels
that evolved Lrom primitive 1ife had their axis shifted from
the vertiesl to the horisoninl. Jo a glngle plane of symmefry
rosained dlviding the animal into right rnd ieft mides. locomge
tion crented & fundamentel difference betwnea front and beck.
Honges s bBilotered nymmetry is genorslly fomnd in the world of
enimele, DPllsteral symmetry of the above type in plants is
not very cotmon. The atems of oertain cectli sush se Opuntis,
the flattened phylloRedes of Hublonbes!
sope exsmples. The leaves of Jris and similer yplants are BHil-
lateral. All plenfs whioh nye $ruly dimtichoms, ea grmaces,
way be regarded ae bilaterelly symmefricei. The Dlowers of
Cruciforse, having $wo of thelr stamens diraetly cuvesite %o
anrh oihey which are shorter than the remaining four, show
bilateral “eymmetry. Noat flovering plants

show radinl eymme
etry which centres around sn axis of rodatlon. fIhe vertiesily
elonzated axde such as those of the main phen and prisapy
roots and many flowsrs and fruite in pariisular show Padisl
aymnetry.

The leaf of Begonin 1s olearly samuetric since the
tee halves of the laminma separated by the midrid sre mch
diesinilar in cres aml form. But if we comeider two conssovsw
tive leeven on the same shoot of Iegonis, the asymmeiric
leavas sesn to ocowplement each other. In one lesd the Ip7d
helf is larger, and in the other the »ight half is lopes
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The plant or its shoots mey s8tlil bB» cenoldered fo hove overall
gymmelry inepite of the asymmetric lesver. In marpgoss (Mells

and very such asymretric {(exgepting the singls terainsl lenf=
iat), BEut the oppusite leaflets compivment esch other. Spirale
ling otemn show typienl asyunetry. %Em sgsin while in zome
species ins ghoms coil olookwisely,/the others thoy move
eotnter-egloskwinely. In exmgeptionel fases, the soms opeciss
oAy show righte- ond lefistwining shocels within the same indie
vidual plant, 28 for exmmple, Riranis opeméonn, The tondrile
of many plents show righte end lefi-hended opiling within a
plant. In a darge nusker of flovering plants,; the leooves ape
profuced oxe at & (ne (Alternate phyllotexis] and ave ween
distrivoted om the stem apirally, cmuaing soymseiry. In oowm
planks (or shoote) the spiral iz right.hwrdsd snd in othors,
leftshopded. Since the axils of thse lsuvexs showimg spirel
wrronoement give rige o secondary bhranches, the produstion of
Jatoersl branchee {and their subdseguent erders of brenching) may
also e repardod na showipg righi~ ond left-linndednoms. Asymmetey
in the asstivation of corella 1s wiearly dleplaged in flowers
of ¥alvagene, Dombacaceas and & fow other fomillies, The petals
of » flewer of thess plants regularly twist elithar giockwinaly
or conversely. The arrangement of ibho rerisnth of pslim feaits
show either contorilon or imbrieation {rarcly valvate). Undey
theoe two nategories, right-bondsd snd left-honded indlividusnl

are n.ticed, The blletaral aymmctiy oited sbove are sompsrsdls

to the extermal symmotry ¢f humax body vwhere coogh helf 19 aofe
muetrioal by itself.

I was attracted Xy to this faceisaiing branck of i
in 1960 when I bepan collecting quantitativ: dsta o 'in

aun menlfestations. Sugh obsorvations mmde om Jore
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and anedireing the dote sfatietienlly hove unislded additlonal
veduable Information. A bolonist oo bus no pogard for nmeaboro
would hovs T2iled to notice the sevadnl varictions thod have
begoma obvious when gheervations on & nonerienl basls have
bsen siven Lavordancm.

Biiateral symotry as fouwnd in The feising stoms,
phyllotexis, ptyxis of laning, ssstivatlion »f oorolln sud
perianth, distribution of {lowers on (nfisreseunpes eto. hawp
besn reported in the sppended pap-re pabilshied during the pmas
decede, The topien that are smuserated or disoussed briefly
in this trostiss are ap follows 3

B G«qﬁﬁm‘mtmﬁ of the eunflower hoadi GOOUROTUNSS
sf Filbomeeol Rusbers in plsnie

by Global dotm om the folinr saymmotry of the
cogurmty presenting somo oooomuk dats throuvgh

Proaotile Cranhiag

¢ Aeymretry of paln lseves cnd pinmllox deta on

tro other apcoies;

4. Bileteral symzsetey fn the sestivation of corcils
end pale perianthy
te Apopaiation of fruld yiold with folier wpirsly

f+ EBEffect of hondedness ¢f sten growih oo fruit
Field ir cow pes and tuber yleld in a pomg
Ze Dintiatiecnl anadynis of bilaber}l symmeiry in
vlont syganpg
‘h. & 2! Confounded design for o mepurisl $risl om
eqoonut.
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Fo BILATEIAL SYMMRTRY 1F T AELTIVATION
GF GGRGLdG AR oW TARTH

Intraduction

If one losks at the flowers of gotion or the Familiaw
hibiscus oritieslly, ihe flvs fre: petals will b9 zeen portially
overlepring with one npother in an ordser lendizng o requlep
twisied pondition. All the five minis In one flower twiat
elockwinoly {lefi-harded) and in ancthor counterwelocimisely
{Pir.1}s Within 5 plant, the twp Kinds of flowers art E1atriliie
tod more or Jeasy agumally. This 2iiustion lo provelent in sivooh
all tho bpecien of ¥elveosae {ootion femily) and Bombuongese
{silxcotton trec fomily). OSuoh a pesuliarity begnm %o be knswn
from 1964 {(YATER Mo.1)s Volumismous dafte oollseted on several
gpenisn of these tue fanillies also showed that e $we kindse

of flowers in esch spooles are distriduted randemly {FAIBES,
2~4), Howover, [ihisoun rosasinonsic om the basis of 52,918
fiswers exmnined shoved en exosss of le fte, the difference

being statistionlly significent (X2 = 20.6263), The musbars
of ptanens per flowsr an well an o sizs of 42y and "Miere

soaxed pollen graina aecording fo the sestivalisa of Hhe dorollia
wers alse isomparsd (FAVERS, S=7). Sinilar biletersl eyssetry

of flowers ig potliceu in o few other famiilesn, the fmpordant

of them being Sterculiscans, Tilimesoe, Coohlcspermacgess
Paphorbiscens, Osricnosae, Linsesae, Mlunbsginsosne, Theedwos,
Palnovese, Troposciacens, Rutlaceas, Fepaversoons snd Oxaliduesess.

Pily porianth 3

Palm Flowera hove efch siz structuces known 685 peri-
otk segnments thot are conparsdlie o the sepals and pedels
ol other flowerm, The onter whorl ol 3 perisathes ro-rvessnding
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the seroln snd the three rerresenting the petala dieplay
varied kinde of overlapping. ke the femsle flow ra/fruits
are mors comvemient to muke secursfe ohmervndtionn, the aesdie
vation of perianth of ssvers) fruits  feom 23 spooles of
palwe wers etudled in defanll {PATRHS, 8-10). The salient
findipgn of the aiudy are glven belom.

The pistillate {femle) Llowars, like the nalen,
fnvariably have Iinbrisate gelyx which slso zhow richte sad
left=hondindnens. The petals of ristillate flowers in apeaiss

SO
fruits hove imbriosting nnd the rest conlorting corolla. The
ratio of frults with contorting corelle o thoue with Smbrie
cating enes wmriss »ith syeeles, the fop nouldions deing soons
pied by Phosnix sp. Olockwise nud sounber~clsckwise rotating -
petalo are clearly dissernidle smong $lowern/fruits gﬁ

ff#"h]'-g\“uw it o p o ﬁ"m@, . Brttes GU-"! Epan, Vot Peacnss dpamn oF 4«»;:&&? ?y-ﬂwmm-{“%
the twu‘kgﬁﬁs of rotatiens are distriluted egually. Thors

axiata a striking asscolation bebweey the sostivativa of calyx
and that of corolle in the same frult. In opecles like kotinor
kitle endlepnrie and Zhopolestyils sspids wilthout an ezception,
all the frulte wvhiech chow left-bonded oelys hove right-handed

aphis mingoporonsis. In eeversl other speeies, such
an sacceintion is not peroeivable. In the Qaryotld amd Py

cerpate palms, flowers are seranged 1y clusters of Ehee

{2 males and a female) or two {(males). it rwelen o
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fubrioste gulyx and yalvebe coxello. The fiower at the
left end of a eluster in sowe srecies {(Aran:s pinnetn) is
leftuhnnded znd thad et the rizlt ond is right-handed, Put

in Caryote and athepn, a reversal of the hendednoews of the

malon is noticed. The flower glusters sre arranged spirally
on the apike, and aa, righte andlefi=bonded splies eon be
distinguisheds The sontlvation of ceiyx of the platlillsate
flovers in ths olusters dependa evneldercily on the splos-
1ity of the apixe.

fin somsoiation has bern foumd to exiot bedweon thw
Elrd of folisr spirel of a palm nnd $he acativation of ita
fruits. Aleo thore i3 no mezociation betwenw the asotivetion
of a fruit and the kind of folliar splzality of the seedling
that develops sut of 1t.

W chels AT Sl



4. ASTMHETRY OF THE LBAP

wiion 1 Fuyllotexim may be defined ng the arrapgenerst
of léaves on the stem in relation 1o one snother. From & nods,

pode, one meross the gther. Bush opposite pﬁguﬂm.s is of Ywy
kinds; opposite and decussate &¢ in m« REryiilors

miajority of the flowering plants, oniy ene laaf ls produced in
epoh node and this arrax

goment iz mown ao aliermte phyllo-
taj;j.a. In graoses, or more e£trikingly lo fdavshals podagsacs

nain, the leaves whioh are asltamate are distribtuted one
pborve another slong two opposite vertionl rows. Such fe $he
distickous arrengement. Bub ir ether specles, auy iwo commecn-
tive leaves are placed at an sngular doeflsction of obouk 137.5%,
gnd this arrangement leade to a apivel mochanism which is

slenrly sspyuvatries The youngsr ol any twoe leaves on a maln
ptem or on o lateral shood may be placed noarer to e older
lenf by ita lelt oids or ite right, In the former case, the
spiral will move left-banded {(clockwies) and in the lattor,
counter~dlockwige {PATER,11). Thus, bilateral symmotry eon be
ssen in plante where the phylliotaxim is sliernate, By effecting
oontrolled srossepollination between known coconmut palnm, ifhe
progeny of the four parentsl combimations (L x Ly L X Ry R x B3
R x 1) with regard to the follar srrangement showed & 1371 prow
porkion of lefteopiralled and righit-spirelied onas (PAFER, 12}.
Dato on several coaomut palmm from 36 m ox
reglons rownd the tropice Were collected. Im mome regions fiom
vhereé I could mot ayself oollect the dailm, colis~gues wele
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supplied with adequate explanation and illustrztions to
distinguish the lsft-spi:mllea ralms Lrom the right-gpiralled
ones. The globel data are given in Table 1. (Pago 11). Cut
of 45698 palms, 50.8 per cent wore lefite-herdeds. That is, the
lefte and rights are distributesd almost equally, the differcnce
not being statisticnlly significant. %The data have beon spiit
into twoe groups on the heslis of hemiuspheres. Statistical
irecetuent of the data indiaatQQ’an important sosociation
betwecn follar asyumeiry ond hemisprhers. That ls, ithe leits
are sigpificantly more in the northerm hemisphere, and righte
ere signifleantly more in the South, vide Tables 2 and 3 roac R,
That the unidireotionsl rotation of the earth cances opposing
¢ffects between the hemiapheres is well-known. Oune plante
d¢o demonstrate thie effeot, especially the twining plente
and others with splral phyllotaxin such as the coconub.

The technique of Praciile Graphicnl inalysis deve-
loped by P. C» Hahodanobis is being spplied more and more in
different fislde of studieo. This teghoique in the form of
bivariate graphs onn be uased for eny set of {not less than
four) observations on one «r more variates made in the
physical world provided the observatioms are gapable of
being ranked or arranged in some linear erder. Observations
on a single variate are also amenable to this type of ansly-
sis beocaune each observation has necessarily & time oowr o
asvociated with it in the form of the order of obrorv
The obgervations are made in the form of twe inde
interpenctrating sudb-samples which are atatist:
valent, or the availsble dats are subdivides

samples in & suitable rendom manner, Follewl:
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Tabh 1

{’Rggg meifers + Dlatribution of lefte mnd right-o,ir-dled palss

As Morihern heninphere

region Lefts Hirhia x ¥ B e E.
" : 520 30
2. FhiliyEMiiie T8 726 T4 1500 - 48
3« Forth Jorneo 244 b 3o ) HTh - B8
4y Sapael 275 325 600 = 50
Se South Vietnom 1833 1878 2511 by
6, Haloye su3 E5G 1139 27
T+ Bouthern Thailand 609 556 1145 %
iy Ap=am 254 252 500 #
9. Andamen Inee 658 505 1163 153
10s BastTakietmm tonle bk 439 G506 FO85 - BT
11 Do » Orisos & AndBral258 2084 4542 174
12, Ceyion 1803 1154 3557 49
13. Madraa 2042 20148 4060 24
14, Kerala 287 2722 8397 15%
i5. Bysore, Gularst & Maha- 99 uyo 10872 122
1. Dohomey 520 530 1030 10
18+ Ghemn ot 568 5457 1125 11
19, Ivory Cosst 505 G54 1059 - 49
20, Sierrn Jeoons T84 F49 1953 25
21, Surises 475 335 yi0 1408
22, British Cuians 416 2%9 655 T
23, Jumnion 467 £43 210 24
L . ! i et Lo _ §
Total for M.hemfaphere 19858 18707 28595 11861
B. Gouthern hemiophere
i i
1. Tongn 1=, 234 265 500 - 52
2« Weatern Samoa 96 104 200 - B
3¢ Ameriosn Samoh 516 484 1000 32
4a FAJ1 223 217 500 - 54
5+ Kew Rebridea 265 2355 500 30
64 Rsw Caledonia - 216 3354 550 - 118
‘?i MO%m‘ﬂ In'?mﬁﬁﬁﬁﬁ145.! 162% m&z - 1&;
8. Fapus & Bew GuinbB¥®  i06 LEE 504 8
9, Rathexlendo Hew Cuinea 414 S48 HEO - Y72
10 Centrnl Jave 220 249 459 - @9
11, Hauritioe 15 149 34 - &
12, Ssychelles la. 556 455 101 0%
1%.: fanmenia 728 785 1453 3
Tot%sl for 5. hewilsphere 5350 5753 11105 - 40%
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‘.’Eablﬁ 2. Tept fir hﬂﬁﬂgﬁmﬂity f populntion

Partlouloura i{f;’gi;fﬁ : wgiff;ﬁnm

o iumber of ecutvntries W 2% 1%

e Iefte & Rights LetE 385495 111503

3¢ lofte L 149888 BIBG

b Pramrtian ﬁf leftvr % U515 ad0i8

6, }: E__i_I{:" .u {Rw‘tl:?-}‘}} : e

= e TSI 57 « 1742 U5 . 5665

Ba I}Egr%ﬂ of fr&adum H=1 edes TR

Ts Level ~f sisnifioange ?,ﬁiﬁ e, 5,
8. Signifioant value of X° 33,98 21.03

9. Remark X% mignificantly I° sigaifioantly

difiers dif.” ra.

™= qwmll grapm’t* pa of 1e£t~a bared oh pooled dnia in eanch

fable %, Values of X <2

Nor cherm

Pariticularse nemisphere gﬁﬁﬁfggya
Yo Bumber of countrles ¥ 23 1%
ﬁo iafte & Kigb‘hﬂ T 385495 14103
;3; lefin 5L 15868 SR
. Righta , B 18707 5753
Be 8 _(L=1/2)%+ (B=1/2) ,
X g hy= 36 . 1364 1446274
$. Degroca of freedom 1 1
-'_.. level 51 aipnifloan- ,
oo - Euﬁ%" 5%? 5%
T Sipnifioant &7 velue 2 eld % a4
» Rerhris x? significently X° significantly

difievrs. dififers.
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1aid Sown in the technigue, the dats cn the {istrivotion of
l1ofte and right=spiralled gocorut paimu ere shown in ouch
Frantiles Grapls.

¥ith the Chl -~ tesd performed on the globnl data
ghown in Tohle 1, we only know that ¢he palas of & particulasr
folisr spirelity $= are signifioonily wors in ome honisphere
and. that the other kind 1s -amwmmmfﬁ bighsr proporticn
in the ether hemisphere., But we are wuable to get & measura
of how the waricue regions within s hemiephezrs eompsre with
thase of the other, The Fractile Graphlesl rradysis seewms o
take coars of this deficlenoy.

Gﬂmmt?m three regions (Jorhad, Aganmy Gale,
Ceylons Sonthern New Suléisa) are considersd for the Puuhe
Thore is aome Gifferance In the mode of reoording obsesvaiions
{1 these eentris, I waa goving through different Jields apd
aroumd houses in Jorhed and recorded the kind of mpiraliiy of
ths paln that omme %0 my eight ¥n ¢ tiee ssries. IThe entire
dnte relating to 598 polme {(Table 4) are split up inte groupsd

totle 4 (pege 19R)

of 50 gontimasus observetions each. Every gdd-pumbered group
forsed mub-pample ¥, and eyery even-mumbered sroup,sube-szmple
P« The proporiions of left-spiralled palme im each grouvp
wepra calounleted and plotted. Thr graphe ot the ivo sube
momplies are sbown in Pig.2 (top). The dnbn Irom Ceylom were
from a repulerly planted garden. The pouime ware observed row
by row in a regular orders The lofte and rightespirslled
palas of &sta from ¥ew Guines ere narked on o plan {Fig.3)
sooording hew they are distribuied within s lung strlp of
1ond. Thiz plan wae divided inte esqual recionglen and the
lafts and righta in each were counied. The propovtl o o
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Table 4 . Cucon pueifern: Splrslity of Jeaves{Data from Jorhat,Ansam)
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lefta woe ocaloulated for each group,

The thres sete of graphe shown in Plgs, 1 & 2 relating
to the three muntrieahm similar in one Yop8et. The graphe
ropresenting the two sub-semples in sach group interpsnefrais
gt intervalco, theroby suggsaiing that the teo kinds of puims
are distritmted uniforely throusghout the nres of ochoervailon.
Ano ther fact obvious from thoepe grayhs is thut while the
‘graphe on date from Ceylen muve around the SU per ceny lins,
those of Joxhat and New Culnwa remnln much above and bdelow the
%0 per esont level respeatively.

The grephs in Pig«d show snother airiking rhesonenon.
I have roported elwewheres in pr‘ggégﬁ treatice {page23) thad
rightenpiralled ¢oconut pelsg on 4n aversse woTe meabsr of
fruits than x left-spirelled ones. The § teod resuiis have
shove that the visld aifisrence hetwesn tns twe kincs of palas
. ia stetisblosilly significant for the healthy palws, more algnie.

fieontiy for the post-treatment pariod. ﬂ%w, this Gend
sould not reyesl) whather the significanon/dlfierence wae

- brouchd about by he difference im o fow paims or the entire
popmletion. The graphe in Pig.d were proposed by arrenging
the mean fralt yield per palm in an gwesnding order boih Lo
the leftesplralled and rightespiralled pedns. Shene grophs
do ot oerops each other and thelr sepnration from saoh other
sugpents that the $we groups of palms 4Alffer prenily hefwecn
thezpclvea with regard to fryuit produstion. Thle situaltlon
is in werked contrast with the graphe iligstreting the 4l
tritation of left-hunded and righi=tanded coeomuts.

Ay S
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5. BILATERAYL SYMMETRY OF THE LAMINA

“he gpiinl arrsngenent of leaves in the atem leads
to on esyumetry in the shape of the leaf (FAFER, 13). In palm
leaves, the ¢entral rachis (akin to the miderib) toudn to

ivide the leaf bisde into two linear halves, and one holf
appears %0 be the nirror imagzs of the other, Bven the mmber
of leaflets on onc half 4differs fLrom that of the other, the
diffsrence becoming statistically significant im npecies which
hear sunller numders of grecn lesaves in the crown. In orded
to memmure the degree of this agynmetyy, fifteon species of
waleh eight belonging to ths pinnate $ypey, five to the palme -
ate typa and the last twe to & type having bLiplnnate lemves
wore selecied. 54 of the individusl palms thus selected wero
left-spiralled and 53 righteapiralled. The nunbers of leafe
- lets from the left and right halves of 453 leoves from lefim
spiralled palmns and 457 Mav;es fmﬁ right-apiralled palms were
counted and the differenas betwecn halwves oaloulntisd.

The pinnate palms showed & higher degree of asymme try
in the leaves. Hare the leit balf of leaves from lefim
spiralled palms and the right bhalf of thoss Liom righte
spiralled palms bore excess leaflsts thsn thelr cownterpard: .
The two species of Leryots bearing bipinnate leaves dbore
almost equel rumbers of the primery ileaflsts (rachisce) on
Yoth the halves, but the ultimate sceond @rdisr leaflets in
Sorvota mitis chowed on eppreciable diflerence betweon helvon.
Tae paimate polme showed the lesst variation between hnly:
of leaves. Though belonging to the pelmete group, yowng
Rhepis sxoelsa behavea like s pinnate palm by chowl
paximim dissimilsrity between halves of leaves.
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Piyxig 1

The term piyxie relates to how the lea? diade (laming)
i3 folded, mMlled or pachdd at ihe ghooteavex during the bud
atage. For oxamyli#, the jemive of the banena Isal i rolled
frot marsin to marging and the rolling ie alweys OOUBLOY=
glockwire. But in grasszes, while sows lesven toll clockwisely,
othera move omuntel-clockwisely. The losine of o mong

ila neither relled mor folded, The lomine of most pelms ia

folded like o faxs The lewf of weter-lily iz rolled from ite
two longer margins towards the uiderib, If both the sorgion
- roll along the upper esurfecs of the lomd, it is mnown as 1o
wolate 2g in Jolwispous affioinalls,

and 1f slong the lower

T™his orpshental plsnt vears loternd brzoches, ol
ench shost benrs a orown of leavess ¥hns lesvos are mrrarged
in v olear stirnetive spirals es in bencra. In bapoan,
Bowever,; the twe spirals alweys mowe righitebonded in ell the
verietice ol all the speoles exsmnmiped, But in fordylin }whsle
in sowe shoobs the iwe splrsle uwve ¢lookwisely, in olbherw
Way veor sounberwolockwisely. The twe kimds of shuots ave
distributed rendomly in any lorge porulation, The lomina
- pewains rolled 1n bod stege and the diresilon of coiling 1o
-oithey left-hnndsd or right=handed, Thers iz & streng pomilive
assgociation beiwsen the Airestione of the lewf arrangeseng srd
relling of lomina, (FAFER, 74). The kind of dsia gathewed from
only six shuots ls shown bolow.
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Table Y. Gordyline rubcs + Date om foliur oplrnl & piyxis

Egﬁﬂi Canvelution ﬁiﬂm%ﬂﬂﬁﬁivﬁﬁﬁ”ﬁ‘
e PR A S . -
Bight ﬁh?ﬂ@ﬁﬁﬁ;i_ﬁﬁfﬁ'ﬁﬁﬁ&MEI: 5 13
Right B RH A LEGTHREA D W AKD R 1 1%
Right RLARAERLLEALLERRBEER 5 15
- Yotel Ay o
left RLLELELEBREREREMLLLLELLL Ll I
W LILALALERLLBLLELBLELILLEL i1
Isft LLLLLUREBLLLLBLEG 2 2
Totsd  TIEMD

The laninn of this wesh-etowmesd clinbiszg ornsmeninl

plant rolls in nne of threc waye, lefi-bonded convolntion, righte
honded eonvolubion and ;.n#&};ﬁtiﬂﬂ' A rightetonvoiution i
wesually foliowed er preosded by & left-oomvolution and the oooe
Franos of thip frogucney bhas boen found to be sisbtintionlly sips
niftennt, Pub vhen a lsminm shows ifmvolution, itheve is & high
‘probability thot the next one also will show imveludion (PavERr,
15). Dets from rive shovde fie given im Toble 2,

teble 2, Scindapags

5 A— 4
Shook 1t Pt yx Lt v oif sucoondive lawmliu e

* ® L % I 1 L R I TIILTIITLEL 3 41%
e §L R L R L IR IITZIXLREIR:E 5 8 %
3 P R OF R LR LB OLELXR & & Ao
4 R LEL R LRDLRBRBRELII 6 6 2
§ ® L L I L ¥ B R BRELRELR 76

e P
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6. HAEDEREBSS IV THR STLY
Stem tminora o
Varions kinds of stems slso dlepley bilistersl geyumetry.
Teakeaten-ed twiners coll srcund a support elther clockwisoly
or conversely. In and wround Bxmmpporiveiibaselesimiselyy

Csloutia, about 95 percent of the sizn twinera heve been
cheéervad to move somntore-olockwine and only the ressinins smell
rercontage of species arve lefbehandedms The direstion of
twlning ernenre {6 bo gunetiosdl with mont speolies. Howevor, in
Hikania noandens or Sencelg sonfaw

gy within the ssme plsnt aome
shootn twine clochkwlisely snd others counterfetlociwisely. With

depn forther interssting results wors eobtained.
HESIC PLABTE smenbises that thie
speocien twints clookwisely end also says that it e satresely
S1tfieult to ocome aoross the tws kinde of Ywining
ppegies. However, e&s an szeeptlion, Dorwiy sentlons theat Frits
Ruller in South Prazili recorded Mikanis twinine counted-ciock
wissly, This South Afriern weed belonging to the munflower
fanily is a serdous menage %o Agrionltorel land in wany poris
of India, more oo in Bengal. Oboerviiions werv wade on this
sproles ot Culowtia during different sessons. Akoud 6746 of the
stems twined clockwisely snd the rest svunterssiookwisely, X
m able 4o exbound ths obaervations {o Jortamt (Asopm), Froaws
¥ulsn (Kerala), Cale (Gsylon) end Jogjukartn {Indonesie)
eovering a reglon betwesn 24°N to 10%3. It weas fownd that the
pereentage of ledts prosregsively incrcaped from 48 per oend
&t Jogjakarts (10°3) %o 70 per vemt et Jorhmt (24°N}. This
is snother clear indloation that some plants drmonstrsie the

influence of geophysical forees on fhon mors wiTidly oo
others.
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Under the heading ¥o.8, resulis of nn oxperiman? are
raporied in ohiloh ¥igms

mven counter-ciockwinely and Diogce

ANensing A stem twiner that alweyo

et alware
mevon oloockwisely wore sublected to three pomditione of rrowth,
By changing the normsl direotlion of twinlng, uietioticelly
sicnificant aifference in the Lruit tader yleid wss browght
aboud In these tw sroclas.

Homt palmo and nany obther tre:s sghow thae agars of
shed lsaven or benr leaf bases om the stem. Tuere the phyllioe
taxy is alierasta, ariral paticrng eon Do 416l ouf and a stom
may opresy t fwist $o0 the ledt and arother fo $the rigis. In
eoma ienporote timber tracs such 88 JUsTeus, fians, SR
8 az well 25 the troplesd fooncrine. the stom sotuplly

twinta. A esurvey wode in mome forents of Corchoslowskiag
TudadeBey Borwny, Swoden and Jeotlund, 1t wua found thot e
‘pajority of thmze spocles twisted evunlereclsckwisely. fauife

s ggpdsctiifolls in the tropics alre inverliebly twisia
manmrwlwwd UL v

In the resim of emcti ome oomse anrren bosutiful

twisting stemn. Tho presence of peversl clucters of spines
at gpecific positiona on the olecodic miewe rnkwes the twist
more obvicusly £¢lit whioch in edditlion efd Beruly to the pland.
Datn ware obtoined on $he dircotion of stem twist in
two spegles of Euphorbia (E. sublouer TAtiolls
guticuerug hey three wings on the stum on whose morgin
palrs of thorme are distributeds IThe msin atem glives ridss
o latersl ohoota ai the nodes. Ths muim odon &s woll ag s
sifeghoots twiat clookwianly or counterwai o
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found that the main stem contirmes to show the same kind of
tristing however €all 1% may grow. Put all the offw.shoots of
& safie main stem do not ehow the same kind of twisting., There
is a positive assocliation detween the twist of the main gtem
and that of off~choots. In any plant, about twoe-thirds of
the first crder offe-sheots twist like that of the main stem
and the rest unlike 1t,

Euphorbia naciifolls hes & oylindrieal stem with five
slanting rows of spinsa, From eaoch node, upte five offe~shocts

may dovelop. Like E. antiounyum, thers existe s positive
ganooiation beitween the twist of the main stem and that of Liret

ordor sif-shocta,

off-ghoots ware collected from Peatislava {Osechoslovakia) om
four temporate frult trecs such eés Aremenicca yulsaris, Framps
gerssus, P. aviug and P. domestign. Only yowng planis wers
geleoted whieh produced lateral branches from every leafl axil.
Jor each apecies deta on abdut S0 plonts were recorded. The
spirality of ithe mein stem end that of the of Zwshoote {commenocs
ing fogularly from tho lowest one) were resorded fo. eorh

Dali e covded on Aveimioea vulgandy sne britdly memdioned el .
Pant. L’.i*tm runber of off-choots exanmined per plant ranged from
11 t0 35, All plauts bore lofte and right-spiralled off-shoots.
Bowaver, it is clear from & the data that the It mméxihex
pgtangizaielonaex lofi-spirnlled trurks bYore more righte
spiralled off-shoots, and the right-spirallel ones an excens
of loft-mpiralled dranches. Ohi square snalysis wos perfor—ad
on the condensed data given in Teble 1 to tesat the devendovow
of the trunk and offe-shoots. Thie velue at 1 d.f, turas o
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b6 be 72.125 shilobk moans that B Trvnks ond olf-shionts ors
plearly mpsotiated for the Lfolisr spirslity stalistlonlly
pignificnntly. Howvaver, here ths pesuliiscily lotwrs thad
ehen the trunk is leftespiralled, vsfority of the offechants
are rirhl-apiralled, snd vige-voras when the trumdy in righie
spirelled.

Teble 1. Armonioss yolenris mumg of éata on feliny
By

xf 78,126

Faying rogorded e eplrslidy of the offesmhootas in an
ssganding ceder, Vhe sreletiopship of any two zdjoining off«
Wta gor the syirnlity wes exemined. They are sither similar
o disaimilax for the handednesa, Thus, the 1ike and unllie
Ml {15, IR, i, ED} wers veooedsd for &1l the plants im a
wpecles. The date for ks LD and ER peivrs wers poslad. Also
Wﬁ sf B and RL were pooled asvaratelys. The frequenty dise
Srddution of like and unlike yolre are plottod, wnd Figs.t
m 2 ghow the resultsfor Apswonises yulgard
iEeyss The grephe ehow nirrer imge aliuati mw the firsd
M‘iﬁ, the unlike poirs howe a wider dlstritation than ths
iSke poirs,. This situation iz just reversed for Frnrus oefae
Bige It fo further interssiing that fwv speciec of the samw

Pronug, sersous and F. gidun) behave opponitelse Thus.
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he blomotrios on the worphology of these Iruad trens have
evenled omnther inherent difference bafwrcen tvo cloaely

esembling arcoicn £ the enma pomma.

o - i ik el



EPFEQT OF PHYLLOTAXIS OX FRUIT FEODUCYION
IF GoNS fROIIC.YL CHOP TPLAYDS

Introduction

Koek specles of plesnts with alterunts phyllofaxis show
fiw and righi-hondednoss in the arrangeuent of their leovas
 the individual members. Althongh this amymmotry i3 70% gentde
ally determined (PAFPER KO, 18); fruiteyield wss found to be
msoiated with folier arrangement in & fsw epsclss.

In the most useful treo, facts puelfors, thosze indivi-
wis with righte-handed folilar spirals produse smignifiecantly a
mater nunber of fruiis then the left-handed oes. Praiteyisld
iz on the cocomnt ottalned from Jameles, Tangania snd the Trusi
erritory of the Pasifis Islands support those ¢ellected from
ﬂh« Aloo in two more speciss of palme (Zormssus {lebaliiinr

mﬁwyiei& t:i.w&. smﬂm‘: uhmrmﬂmﬁ were &19@ oxtendsd
g (Deoonn hampl.

ik the tmat fidre erop, Hibliseus sennabi
Statlsticnlly designed exmrimmm wore pondnchbed with

ginermis whose stom normally twines counter-alookwisely,
o um the effeot of artifieislly changing the direetion of
&air twining. The method of the experiment and remulis nre

mrﬁnﬂ under the next agotion,

The phyllotaxis of palms is elways alternatey and in mood
ppecies, two consesutive leaves ure plreed at so wngular defles

mion of 137.5%. Thiz leads fo & spirsl scohanism in the arrangew

ment of leaven.
% codplete one full revolutlon, a proporiion {(0.693) which ia

“spoken of as Goldem Proportica. The Fibonasel Sequencs

Thig sngzle maes with the remnining angle{R24,5°%)
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(131523395953515521334 vune ) aloo beers this Golden Proporiien
“between two concecutive stages (ercepiing the few lower onss).
Because of such a situsntion, the number of foliar spirsds in
g palm species alwaeys synchronises s Fibonanecci Humder (Davias,
1970, 19712 (¥AiERS, 16, 17). Thus, therc are paims having a
single foliar spiral sn-m-ped waye (Arecn catachul,
two (Arcngn goocherifera), three (Borassua flabellifer), five

(Cocos mueifera) end eight spirals (Blseis guinecpsis). Fibo-
paecl system ean be seen also in pine cones, Anthuriums(PAPER,

18), pine-apples, cycas cones etos

fo en observer viewing from the base of any lsef, if
the immediately younger leaf is nearer by the clhaerver's lefi-
hand side, this palm 4is yregarded ss leftespirelled, and Iif
rearer to the righi-hend, the palm is considered right-handed
(pavis, 1971b, PAFER, NMPY.

The foliar spirals are none-genetie in their inheritance
a5 evidenced by the results of artificial bdreeding followed in
Socos nueifers (Davis, 1962). But surprisingly, sn importent
oharaoter like fruiteyicld was found ¢o depend cn the diregtion
of folisr aspirals (Davis, 1963, PAFER KOs 19). Data from
Gocos mueifera, Borssgup fisbellifor end Arses sateghy are
presented $o substantiate the above faot.

A. Qocor nuclfera Linn.
1. Dasn f-om Indis 1

Prom 1953 to 1960 I was in chargze of s nisroe-mmitrient
menurial experiment on a 8«heotare coconut plentation st the
Central Ooconut Resesarch Station, Kayengulam, Kersla (India).
128 of the 384 experimental panlms were healthy, another 128
were in the sarly stage of & contsgious disease known 28 Root
(%11t) and the remt were scverely affected by the disesse.
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me trees were chosen without regerd to thelr splr:dity. But as
mt data on muit-gicld were mvailable for these pslms, I decided
B sce whether the non-inherited asymmetry had anything to do
Bth the yield., Each palm was subsequently classifisd for ite
Baf spiral apd 1 found %o my great surprise the larse oiieccta.
I of the 384 palms were rightespiralled (according vo single
piral)e

The swmmary dnta givem in Tadle | showe the mean fruit
peld Hr the leiteapiralled and rightespirelled pelms under the
hres categories according to thoir condition. The sigaificance
if these figures is givem in Tadle 2,

lble 1. Cocos mucifergsAnmual yields of fruits (Dota from
Kerals, India)

a tegor yt Rubersy —E
lealthy R 58 * 65,60 61646
L 70  49.82 66478 54428 455,17
R 2] 32.95 292,12 6,54 523.24
Barly disensed ‘ /
L 66 30455 375,34 33410 524,72
late dincmsed & 56 22,05 266,56  23.63 314468
I 64  20.04 186.59  20.33  239.12

¥.B. Spiral determination made on the basis of pealtions
pf two comseomtive leaves

sable 2. Oogos nugifers t Significence of Rightelert
yisld auiamma(fﬁam from Kersla}

onparson w of h 4 P
Renltly 12 yoars 126 2422 0,18

" 6 year: 126 277 0.0041
Early diseased 12 years 124 Ce T35 0.234

v 6 years 124 0933 0e18
late disesped 12 years 118 QeT36 Ce21

" 6 yeare 118 1.09 014

The velues for the § test show tuat tie righteleft yield
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difference is significant in thce case of {the bhenlithy palmd The
dnto for the dinsonsed tre.s are not In themselveos sipnificang,
but are in the expeeted direcoiion, and considerobly enhinge th
significance of the dnta on the healthy tress. In fact, the
svereall prcsbnb_ﬁ.lity that tha%ﬁisgm produte a8 nsny or more
nuts as the, Teft» is about .00014. Thus, there ls ms doubt of
the sizsniflesnce of the result, ond it is more Important to shs
that righte yield more then lefts in othsr species and olimmger
iatyabalen and others (1964) could not, howover, observe any
significent difference in the yleld betweon the two types of
coconut in another population from Kerala.
2. Deta from Temganip

Pre« AsRe Arthur-torsopy Chisf of the Const Agricultursl
Jtation, Govermment of Tansania, hed kindly sent me datn on the
friit-yield in cocomut. Those on 481 psins subjected %0 a Cula
tivation Bxperiment for the periocd from 21,1.60 to 22.12.65 are
summariged in Toble J.

Ioble 3 (noee2f)

A righy-apiralled palm, on mn average, produced 00,32
nuts per yesr, while a leftespirslled one produced only 64.77
nuts per pulm, the difference being 24.01% which is highly
significent. Thie figure is even greater than that (20.9%) I
rot from the pulms in Eerala.
3. Data from Jemaica, Yest Indige ¢

Dre Re¥e Omith, Agronomind of the Coc¢nnut Industyy Boal
Jamaicn suprlied me with yield data on the Jamuips Tall Varied:
of cocomut. Among ithe sets of data, the one rwlating o the
ficld /2 Boston (8te Ann. elay Ioam To.78) is the largest
ond relating to a 10W duration {(f{rom 19611965}, The doia
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Table 3. Uooog nuelfers @ fut-yicld dsta frowm Tanganial 1060w69)
Eréaﬁm&nt ARE | b WAANG  BpiTal - @ﬁ&ﬁdgﬁiﬁﬁi
eylicntion o ERREY Dot viekedr No.pelma  pute wiokad
u%ﬁ % gi}'ﬁ
G413 T 477
Eﬂ?ﬁ & 325
_ 9 it
gﬁi‘; 31 . -
Y & 55
274 7 Iu%
149 1§ %??
T 3 LN
&1% $1 b Pl
256 a5 230
269 T 628
et paT
2768 35 a8z
G&5 G £71%
279 9 640
T00 B ﬁgg
680 7 1
2204 3 1953
£17 s E{rid
§oag 5 207
362 14 T
510 T 134
2381 P L. 2nTe
673 11 HE'T
71 & 45
T4 g 013
1032 6 397
BTa0 5% 2764
& 404 8 S40
| 8 314 8 A30
" ] 5 8 TG % 529
" " & 7 305 9 597
24 THu% 23 2917
4 Treat Fo.4 Replic.t 6 228 1 113
. b 2 9 632 & 11
* * > 1 T8 8 £73
b " 4 5 274 5% 3T
R 55 1552
LSrand totals 224 Cyfmen 2RT 16646
T mean/pelw  §0.32 [T%

Difference Right - Lelt » 24.00%
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on the 130 peinme of whigh 60 are lefteupliolled afe swmmpioe
fable 4.
Table 4. Coens mucifern: Yield dabtn onlafbe and rightespizslled pulima
WPntsn fgos Juanien)
Ay Rightwpplrnlled palims
T TuteFyodds TR VA S R
PR Tl B0-031 GIebhs BhmB5T Bomiit  GL-ily  GE-FETEG-G] 1
26 1650 2170 2385 2725 2039 end SIPG BISY D0N4R
5 T4 2195 2374 3007 2969 856 IGO0 Iues  2VIo%
19 1363 1686 602 2136 2766 S8BT 2497 16785
?ﬂ 4747 60B9 6551 TesB 0174 ?ﬁ?a Eh Y 5T SRS
P@r ?ﬁlﬂtﬁ?naii 65144 95.?3 112 25 111‘5&7? %1?&%5 12%.57 124,080 106,14
3. Lol teapir: 1188 mlma
26 170 241 2411 2650 27T HTES  2U4Y PeAB 20289
9 4618 1u04 2301 IBE0 2692 ZuON NGNS 2ULD 20140
8 45 6oz 598 608 oss a5 1S @i9 s
& Jazg 4647 5310 5898 6355 6337 ?%3a' £740 46340
lhr wxhnﬁaﬁ?@ Tied5 8050 98430 1ﬂa,;% 105462 025G iéggﬁs 9% ﬁﬁé

"~ Hote 1 Spirslity ::sf nhoits deternined cm the hasis of the
- posliions of twe consegutive lenves

4:%;1

L]

rj ¥

E:Gf
,&:

It 1y alear from &ata glven In Toable 4, that the right-
spirelled palme produced more f£ruits per tree during emch yesr of the
m&w periog. Un the sgeregate, & righi-opiralled pals produdsd
94345 fruite in sxcess of a laltwspiralled oue.

Dre .M. Uproat, Dirsotor of ﬂ@iw&mw, Trust Territory
%&i@}wiﬂa Telands st ny reguoat woigbed &he oonve from the frulis
1 100 leftwopiralied and 100 rightespiralled cocomut palms durlag
e ¢alender year 19635. ihc right-lefs €iffsronoe of kexnel yivld
me gnite highy being 13.48 per eemt {thad la, 21,24w27.53 lbo. of

itnel per trec per year ). Davis, 1944 a).
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B, BORASSUS FLABELLIFER LINN.
The palayre’fiowers only omee every year in Indis.

%en female palme from & village 60 km north of Caloutts whese
foliar spirals were known were harvsested of all the fruits.
Five of them were left-spiralled snd the rest rightespiralled.
On an average, & right-spiralled pslm producsd 150.20 fruits
while a lefi-npiralled one produced only 114.20 fruits, the
difference being 68.3 per ceni,

Pruite of another set of 31 palme were ecunted ot
Srikekulsm (Andhra Pradesh) during the 1966 fruiting ceason,
and the date relating to the 14 leftw-apiralled =2nd 17 righite
spiralled pelms ers presented in Table 5.

Tadle 5. Boragsus st Poliar spiral and frult-yisld

-k
¥

t Pelm
3 19 308 | 11 146
2 18 136 2 5 52
3 7 60 3 15 108
4 9 i) 4 21 58
5 11 118 5 8 91
6 18 142 6 i 7
7 12 121 7 14 133
8 37 208 8 32 179
9 14 128 9 23 159
10 22 118 10 23 191
11 36 279 11 10 100
12 14 106 12 8 61
13  not recorded 111 13 13 90
14  not recorded 159 14 16 102
Total 217 ~2065 15 17 141
™M am 1509 875D 16 not regorded e
il 20k recorded 28
Total 223 16844

Mean 1487 108.47
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A right=spiralled palm produced on an average 147.50
frulte, and a left.spiralled pelm only 108.47 fruits. The exoeas
for the rights turns upto 35 per cent. Thus, the two populations
show the similar trend,

0, ARECA CATECHU LINN.

Arsom patechu shows only a single foliar spizral. Pig.i
shows leftespirslled and rightesplrallied pslms. Under Coloutis
conditions, it flowers mainly im Mercheiprii. 4 palm produces
generally 25 spadices in the year, of whioh one or two may be
sterile or pertially develuped. All the bunches produced in 54
niddle~aged paims wore marked during 1967 ent the fruite from
sach bunch were oounted separately. 32 of these palms were lefite
spiralled and 22 righhspi{nlled‘ The lef+s produced, on an
average, J.14 produotive gpudices and the righis produced 2.59
yx‘oduatm bunchen as mm in Table 6. |

Tadble 6. Areca geiepghy Yinn. : Follar spiral and
frulteyicld

,’m . Eean per

cotoriie frults’ pslm

Rightespiralled |
(22)

2.59 053 4104 186455
left-spitalled 344 0.86 4305 134.53
Toted g .3;' m m 1 W

Excess (number of) nuts for the Rightes38,67%

& leftespirelled palm on an average produged 134.53
fruits vhile a right-spiralled palm produced 186,55 fruils.
™his means that the rights produced 38.67 per cent in expess
of the lefts.

Hibisous W! W?ﬁl&r&y known as the Deeeosn
hemp has beenm in cultivation for oeriuries in India as a bast

fitre orop. It is & tall erect annual :lant snd the e
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are diatinotly olternata. From the loaf arrangenenty, Lofbe
snd right-honded plants oan be distinsuished and $ne iwo kinds
of plants are distributed almost equnlly in any Jorpe pooiloe
tizn. However, the varlous broamches show clockwice and couniers
olackwise arrongement of leaves. The {lowers ave usurlly soli-
tary, nxillary and conspleououn, Jeing & Malvnoooun specisn,
the patale ore contorted and the directiion of contordien in &
flomer may vo clockwise or aanutar-eﬁlmlmia@, the two $yyes of
flowers ocoenrring 2rually in large poyniationn {(Davie,1964%).
Lefte and righi-twinting flowors are shown La EIgsZ, on rrged,
There ie an assoelation botween the direvolion of the
folinr spiral of 8 shoot and the sestlestlon of the Nowers. £
plant/shoot vhose leavss are srranged closhwissly, produces a
greater mumber of flowers heving sounter-clochwise contortion.
Alse rleants with counter-glockwise loafl csrrorngovent produes o
pepondernnes of {lowera with eloclkwise sontortisn.
Ubservatlons were mads oo & pist of Hliblacus seanss
binus at the Indian Statistical Inaiifube. ALY the wolle
developed fruits from 49 loft=spifsiled and 50 right-opivrslled

plente were osunted and the 4dnte progsentod in Yable T.

Table T, Hibloous gopnabirus 1 Folier spirsl & frultweyield
Firel of Wo. of , HOmBercr Liaftsn

g;@tu 1 n;angz rotal @ laan per wiang

Left 4S9 1347 215

Right 50 15548 3.6

Total 39 2ETH 2504

[

Right ~ Left = 4.28 fruido/plant
L right-ppiroiled plant produgely OB B8R AVEDAES,
4228 fruits (.. 15,92 per cenit} moro tham +int of

spirelled plant. Thease results are in conforciiy
£
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pituntion prevulent inm the three pelm speciss wmonklons:

already.

Eesulits of observations made on the fruiterisld snd
i1tn sanoelintlon with follar eoymmetry in thres polnm opocles «

Cocnys rmeifera, Dovansus flabellifsr ond Ar g zalsohy as woll

as the Zibre erop, Ribisous surlebinvy are reported.

Ada Yhe phylletazy of a palas iw E&‘Eﬁi‘nﬁ‘tﬁ; 1elta mnd
right-spiralled palas eon e made cub by fraelng out the poei-
tion of o lesf in relation to that of lts ifmnediaste older sne.
However, aomec specios of palms show threo, five of morTe OL¥iw
" pusly visidle spirals shlen are not zives sny ispordsnce in
this payer. Shusg, all specles of palme are regarded an baviag
& single feliar spilwali.

Frult-yield data on the coconmu® oolilzeisd in India
and those received from Fanpania, somnies and Trust Qerrilory
of Pacifio Islands showed uniformir tnadl a righteapiralled
eooonut {according to the single spirnl; yields significantly
more fruits than o left=spimdisd ocnwe. JHorasoug Iiobeiidfes

el Arsen gmtechn #lsoe show this trend mor: clearly.

In Bibisous granabinus there ia & negatlive asscelatlon
betwoon the foliar apirsl and the aestivation of sorolla. In this
specise too, e rirhimspizelled plants produce mors fruite
then the Lofdespirslled ones.

Davis, T.4. {3062)« The non-inhoritance of asymmeiry in
Cocon megifern. . Gonti., 58 @ 42-50.

Davie, T«ha (1965}, The dependence of gicld en zoymmeiry in
ooconut pRime. Je S8R b.y L1 106aDTL

pavis, T.A. {1964n). Teaf opiral ond gleld
204+ A96-=497 .
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Davis, T.h. (1954%). Aestivation in Unlvncese. Hafurs,
201 1 515516,

Davis, TuA. (1970). Pibopseci numbers for pula foliar
spirals. Agke Soilnnios Heerienmdiga
18 1 249256,

Bavia, T.A, {1971r}. ¥hy Pibonsccl Heguence for palm leef
epirals ? Fibonsoc) Unard., § @
ol y e Y 4 _

Davia, T.A. {1971b). Rigfh*b—hamﬂﬂﬂ “leftuharded and nﬁu’m

- £Lineivess 4« Falp Sogey 15 0

Satyabalan, Ki Ninan, O.i.p and Krishne Earar, Yi.(1964).
- Foliex spirel spd yield in coconuis.
Ratuges 202 3 927-320.
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8. REFFECT G¥F CUANGIRG THL BIS -’-G’II{ ﬁ i} e i{s"i'.‘-‘,{i&’. GE o AW-YIOLD TH

Hany flowering pisnte 4ioploy bilunderel ammetrr in fhelir
varizus offans end the slgnifigonco of oome guch oliustions ware
statintlenily analysed {Davio and Ramonulncb=coplug 1978« A% Ym
mpedry in o plani ovgen ip effegded by verione causes, end apmte
tizes it helps ke o compote with othor planss mf‘t"iaﬁﬁlﬁ’ in
prder to attein spoential reguirasents for 149 goowih. A weake
ntenmrmod linno,for inotange, IR & tropleosl fosest would flng
tteelf éifficull Lo expoae ids leaves o e sum¥a oys unlesy
it bas the oapaoity to prow feotar ond produed o nooh longer
stom that would Huine over other traes, ond apresd iks lecves
above the eanopy of the forest trecs. Ine stem of puch @
“glimbor has o wmove olookwiselys countar-clockwisely or iPresne
larly. UPor moat specles, the dirsctiosn of Swliring of the show

L2

foems Yo be gemetiecalldy eontrolled althoush planks Like Blwonr

&

gy 2B hove sowe of tholy shoolts deining
‘elockwisely and the othors couhilore-alcoobwlisely. Over 40 var
eent of Hhe oltomeiwinoss in ond arcimd Caleulis s0ve aounbole
Sockwiscly. It was propossd %o sve ohother a siznificent
Cghange oonld Lo brought ebout in thedr produstize oapseity Yy
reveroins the naormsl direoti s of 2wininy zoms o%on fwinera.
Jor this puricee, one set of experlimsnis wan sonduoted on eowpemn

pnd profucen frulis and seodse The other set of sxporiments

Srdle} which mormally twlinse countar-aloehwioely

was covdueted on Dloctsres poculents Durklil whose oten moves

sloekwioely and sroducen tubersde rostu. Yhils sreoles doas Aod

fiover under Colontits gonditisng. The resulbto om $ho s

et

o R < L T R T L e T o
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" Diosgoren briefly reported.

Grote Rebexr, an eminent setro-physicist of the Commone
wealth Scientiﬂu and Industrisl Rescorch Orgasisation, Toomoe
nle (Australia) reported in 1960 zome most siriking results
on hio experiments with nine verieties of btean vlanis by
reversing the direction of the sten from countereclockwiss
(normal direction) to clockwiage (lefi-handed) aireetion. He
planted these pole beams in rows of abouts L£ifty hilis esach, The
vires on evenwnumbered pol.s of three yows wers carefully e
wound and twired veckwerd. ALl vioes and peds welre oliowed $o
ripen, %@ﬁ%ﬁh&f and dry on the poles. Then the plante wire bare
vected end woighed., In al} cases Leber foumd an appreecisbly
better rotio of ounces of beens/ounces of shucks, and to a
legzer ratio of ownces of beans/ounces of vines for the reverw
ged vines compared $o the normsl onos. Ths sume experinent
was ropeated by him with Hawellon beans and he obtained similar
regults. Through the findings of anotnsr experiment with a
Bewaiian bean as well as e difforent apecies (Fhaseolns malidi~
Dorus}, isber confirmed in 1964 that artificinl reversal of
the direction of colling of bean vines osused en incremse in
the weizsht ratle of beans o shucks.

Since Reder's experimentc were not bosed on purious
statistical conelderations, 1i wam decldod to repeat the oxpoe
rinents. %he fact that the frulteyield in the ooeomut palm wse
found o be dependent on the direstion of folisr spiral (Davis,
1963) eloo prompled the conductiion of the prescnt investigation
with cowpea ol the gardens of the Indian Statistical Intitui-
Calentta, o
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Three wvarictise of cowpea populirly culitlveted in South
India were ohbicined from the Madras Agrioulturcl Research Insti-
tute, Coirvbatere. They are i

I. %.0.455 { 8 greqn vegetable type with long podn and
bearing medivmesiged secdo. It is a good yislder;

1I. New Era { a seed typsd with medium-siged podoe Its
seuds are lergs and I8 a pood yielder).

111, 0.521 (a geed tyre with medium-aized pods nnd on
avernge ylelder).

Yhe threc methods tried were : (1) ¥ (or R}j plants wors
allowed o twine by the normal direction which iz countede
clockwise (right-hented), (2) Y3 Flante were forged to grow
verticelly, and (3) ks Plants wcre forced ¢8 twine clockwisely
(leftehendod)s Figure 1 i1lluctrates the throc methods.

‘ 20 fect long, more or less unifem bamboo poles (bese
dismeter about 4 inches and %apering to 2«3 inchas at Lthns top)
wvere nscd @8 supports. The bauboos were buried in the soil

to & depth of two feet. The design of the expériment chosen
ms Latin Square Design, end the experimentol plot messwrsd

90 £3 x 45 £t. kach of the nine plots contalned nine rows, end
one variety cocupisd three rows of vhich in one the growth was
vertioni, in another, cicokwise end im the $hird, counterwclock
vises Undoxr each row, throe poles were fLixed and ome plant

ws elloved {0 twine or grow om cach of them.

Pive secds were sown &t the base of eash pole on Moroh
25, 1966 and the seedlings were thinncd to % eaoch ten daye
later, They woere further thinned to 2 seedlings per polc un
April 16, and finully only ané seediing wrs allowed por oo
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sxnotly «une month altey sowing. Variely I wes o foat-grovwse
whiech started twining on the poles within & monith o sowing.
Tying of tbe vines on the poles with naviow cotlion topes oot
wenesd from April 27 with this varkdy. e other teo tories

tlea tnd gtiffer and sturdler slalks, bul mroingsd tender ¥ineuw
iz & further fortulght vhen they wers ¢ied i accordanes wilh

the deaipn. Uniform tying wves adopted alse fuy the plente
fwining by the normsi way (counterwolockwine). Whenever the
twiners grew thres {nohes or more nbove the laobt $ie, the fresh
groviks were tied egnin. Hence, for some polus, Lying wes eusiie
$ial once overy throo daye durding ceriain pericds. Aw may be
presunad, the free tipsa of {he vines forced to move alookwimely
pnd verlisslly slways showed thelr uwirpe o f

wiscly. Tying was discontiosued oo June 10 vhen flowering bsd
alrendy commensed, snd thersafter the shoots crowded at the
distal end of the polen.

Veriety 1I vas the firat to comn

sane l.oowellag on May 10,
Yariety I1I flowered firad on Jume 5 vhich woa ful&;fmﬂﬁ_ Ingodlae -
$ely by Variety I, Beomuse of 1is suseeptibility o a virus
‘ﬂiaa;ﬁa, Yarlety I was badly dsmsged end rmozd pleante booomd
stunted and produced orinekled awnd oblerstic loaves. In addiilon,
‘mites alno ntarted Infesting sume plants, Varlety I baing most
pusoepiible ta it. Yoriety II waz clese sparingiy stincksd. The
xites ware, howover, doetroyed by hend as and whon detooted.
¥tk the keavy rains in July-August, the miies totally dlsap
ode

The planbte frulted in edsges and henoe the zipe (&rv}
pode were collected once every three dejyr and steped in o
bugs. Prult-yisld from the threc vl
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end the numbers of sood and shriveliod seels were weiimobed
for esch trecinent.
the

lioweyer, the welighte offetups, roods and 18nves wers
mt recorded. As the ripe lsaves shed ef interenls, 00ilech
ing and asai;ning Shem to the respecilive plunt: was almoed
izpopsibla. Tho rostn of practioally =33 the disecwed plonts
sherted rotting sven btafore mﬁ: shoots withergd fuily. Tois
disgouragoed the dvllecilon of reots of even the hesliby oree.
Fowever, the stems alonz with thelr varicys off-shoots could
have bean snlleeted and welgheds T 34 was ot sany Lo Depsw
rate the individual plents sinee the Lranches of ithe throe
plants of the same troatuent interiwined doeply.

Tablea 1=3 glve dade on the mmbor of {ruiis, weight
of fruite snd numbora of good end shriveliled pesde raopeciives
1y for sach variety under each treatuent for nll the nine
ﬁl&ts; Variety I performed badly ond feiled o produte any
froit in meny vlote. Aleo the Tertility stolus (§ Se erporls
sintel plot was not anifnrm since ihe plote T« gave woor
ylelds eompured to the others as ovidenced Lrom dato glvem in
Table 4. From the figures of this {tadhls, the msas yield per
plant i caleulated an 43 frulle, wolphing $6.2 gme and bearing
454 good escdes These dnfa alse Include the plantes that predue.
ged po frulite. THe rezpsotive fimures foy varieties II and
i1 neturally chould be higher.

Table 5 gives detsile’ yleld Ligures individusily for
the threc verieties. The treatmente differ ceocidlivantiy I
oxe another. Heg-rding ¢he owarsll coon 00 o7 77
of a treainent, the 1@%«&3@1@&&& SGRET N
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Hicok totals

pio% § wh. af"%irum 1 HiLB P BT $1ult ¥ Ho bor o7 Swad

1 18615 1364 13609
2 208041 1502 16514
3 £72549 2107 82375
4 2535.4 2108 224%1
5 1858.4 1545 15287
5 1267 4% 524 10223
7 75247 516 5554
) 465,46 559 L0t
g

459k 42 346

Tls6s2.3 10467 410430
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handeds by 27.03%, ond tho vertlesls over the rigbis by
14.23%. The numbers of fﬁzﬂn produged dy The lafits amd
vartissdn ore betier than thed of Phe right-hordodn by 42.89%
and 20.92% respcotively. In the productien of wseds alss, the
lefte and the verilenls are supordisr to the rizbite by $1.808%
and 16,107 respoptively. Cleaviy, the lefts produosd siightly
Jghter £ ults and lighter sesds thon thome of the rights. Howe
ever, whon the varielies e&re conmidered individwslly, Vapiety ¥
414 not show any significant differsmee betwsen treatments,
fhe vertionl vines of veriefy IXI gave a Boitor peardformance
thoe oither the lefts or the piphts, The ststiztical smalrwis
of the data are glvsn under,
Htatintiond Aanlvais

Jet the three variediss of dowpen o dumoted by Iy LI
sod JII ned 4ue Yhres ponditions of growih by § (Formal): %
(teft=twining) end ¥ {(Vertioel). Coudinatien of any verlety
with rny condition of growih is congidered %o he & trentment.
Mms, we have T diflerent treatments demvted By {1}y (8)svse
{9) so followe t-

(1) 1 &, {2) 11 ¥, TSL. 1% B,
(4} T %, {8} 11 %, (6} 18 3y
{1y 2 ¥ 8y 11 v, {9} I7Y ¥,

To tept the affect of the U treafoends, s 9 x % Istis
Squnrs Deaizn wes oonducied using 81 ploks and the dats wro
apalysed &a chown below 3
() Pradteyield & Mumber of fruits.

Lot ¥4 denote the yleld {eiti-» o
or the wi. of L:ults) im the plot sltusic. .

aﬁ{ lem; i i 1:‘2’ -lii* E‘; 55 = ‘g ‘;:'-::Q: I U
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Xk {G if kt treatment is not aprlied in{i, H%‘
ue

Let 514 th plok.
1 4f 1" ¢reat-ent is zspplied in ‘3.,*; JEh

E?l{?'ﬁ&
Let r = numbor of rowe = muaber of oolumns = musboer of

treat-ents = 9. Vo assume the linear aﬁdmiw fixed offeots

wdel X 3
y - 4 48 + % r 8k + © where
& EEE S B ST B 13

« th
i = effect of % row
p ;= efrect of 3 colum

*th <
%, = offect of k" greatment 1S i, Jo &k = T and

[ )]
ey 8 (0,57 Blogy, o®prg S1v4%)m0 4f 1450 or 337,

ve want to test the mull hypothesis Eg R LY
the computations and the AROVA $able are given below.

- ¥ 3%
Let 2, % i3 Eas - 1,?1 i = 3 13 i3
w .= P T
00" ymt 10
240 = 1225 5?50 = 556 '3360 = 1316 f ,

!70 n 1709 Ta@ = 1240 igg - 1162 iwt 910u1295521f

’01 = 1364 Typ = 1602 QOE = 2107

!04 = 2108 ‘3705 = 1475 105 m §24 g )

!07 = 516 %a = 359 509 = 542 = ‘3033167’55?315
,1l 121 352”1953 Ta = T73

!‘!} 7 Tt 5 = 2817 Qé w 1277 g i

E,I s 126 9% 8™ 1626 Qg = 1757 = 1 T;‘wﬁ’ji‘

1,3 73y = 333412500  Toge 10497

CuFa = 13’5‘03330“



45

fable 6 ¢+ Analysis of Variance

Tource of . NN CRLRaQaLt o)
llariﬁtgaﬁ daf’r stﬂm ﬁwﬁm)n ? gﬂbg@ ‘3.!,@'
Rows 8 75245,56 9G05.69%0

Colusne 490257 ,11 6240713588 903988 Pl
freatrents BAGOBS .11 105760.6388 10,784 2.164

708422.89 3542114450 364117 30166

B

8

8) Varietics. 2
b) Conditions of 2 28204474 14102.3700 1.438 B3.166

4

56

growth
o) Intarnetion 10945748 27364.5T00 2.791 2.546
Error 5493’03 o?a 93@? e 100
Total 80 1973791.56
gonclugiong :

(1) The 9 dreatments differ significantly in thelr fruiteylelds.

(2) The 3 varietiss of cowpes chow significunt differences in
their frulteylelds.

(3) The three ecnmiitions of growth show o significant differe
ences in their fruiteyields.

(4) There is a significant interactiion betwoen the efisots of
varieties and of growth conditione.

A1l these conclusions are valid at 5% level of significence.

(B) ¥te of Lrulkay
madle 7 s+ Anslysis of variance :
e ot auf.  8.5.  N.5.8, b, ceitel nenis
Bown 8 145&38’9005 ?353&051
Oolumns 8  T26521.74 90815.22
freataents 8 1485699.,24 186212.45 12,0705 2.164
s)Varicties 2 1214907.59 60745580 39.2455 3,166
h)ﬁmg%&ana of 2 36811.75 1840%5.88 1.1891 3,166
o) Ihtoraction 4 257979.90 59494.07 3.5438 2.546
Brrox 58 B66TBS.22 15478.31
Total 80 5229586.206
8 &

The ¢ sreatoents differ significantly in thelir efiecis on
the weight of frulitn.

(2) The 3 varieties of cowpea differ significanily in ilwiv
ef’aets on the weight of frults.

(3) There are no asignifieant differemces mmong the 3 cond .
tions of growth as regards their cffeets on the wels
of- the frulte,.

(4) There is a significant intersetion belween *the o7
varieties &‘tﬁﬁ effscots of the conditions ol joo

o A iy e



411 these conclusions are made b 5F Jovel of aisnlficance,
{0) Effegts 5l 1

1w

TITN =2529¢6 Dyqy & 3443 Tppe ©1065.4 11 wEA%G S

: pi_growih gm dndivitusd vooislleny
Flakh Uy w213 'ﬁﬁ; v L0 *:s:‘X = 558,7

é
-3

ﬁliliﬁ = ffﬁgmg ‘Eg-l:r} ﬂi-ﬁ-ﬁﬁ.ﬁ ﬁf

1 1y 1074 Ty pymA3B0.0
Gy = Eiﬁf i%& . Tj‘:‘&“ s ﬁf: LB TS5 P
BBy 136957 T4 B3, TTI34470
Py = 0.048 Pyg m 6337 Fooy = 24497

Critlenl repion at 5% level of slznificonse in ¥ w 3,196

givalong ¢ {1) In varieties I omd I1I, e § sonditlions of
grawih do not howe sipnificemdly differsnt offeota sn the
woirht of frults.
(2} In the variety 1Y, howsver, ius I sonditlons
of growth differ significantly in itheir effcota.

It way Bbe remailed that warioty I hed o vory posy peritre
nmance aa 1Y was sussertible 4o 8 virss diseass. Thy tresieenis
Vertiool end left of veriety LII produced elznificsntly fore
yield than the Hormel wettod. Bot the fwo babisr troatoente
UA rot differ by ihemselves signlfliesntlye Uherefore, e
% throe treatmente of this varlely 4id wot show a signifie
m gifforenne. Inoplie of thise 4% is clewr {hat the artle
flelal phoige In the dircobions of growih in varieuy LI snd
ﬁ‘mﬂ ptrikingly variety I1 produced exeess Ireliy by weolgd
@ mmber than the mormel methed of twiming. These romulls
e in conformity with thoas seporbed by Hebar. Howews:, 4w
Biwge Tor thin changs in the yield notenticls Lz not bnowna
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y eseulento s
The gemus 1]

pinpes inoludes wposolys which o prsdotle
nontly atem twiners. Soms of them tvine cisdewlazly ond
stbers cowntereslockviscly (Brain end Snrkils, 1058, 15799)e
Atleapt five species &I thie proup ol yoms ars gul™ yoled

in ¥epede Indis fo1 thelr edivle tabers. ILiciwozesn somlopts
which produces wodlum~sized fubsrs is popelerty eultivated iu
tarnla and 9w horvest maturss during the ooldor ponths of
Fovembepw-Pebruary. The giom eof ihis vipgescus twiner alwars
moves olockwissly {loft-harded} swd 14 dose nad flower in
Indim. Thus, thia Disseyl

eg, speelies differs Tiow Pigns
333 by twining oppositely snd by produeing ot tubers
rathar thon frulis.

Flanting moterdsls from ome of the w03% compws VRrise
ties of D sagulents were obialned {rom Kerals in 1067 apd
miltipdded ot Coloutias. From the yisid of 1263489 grop, unds
form tnbers, esch welghing bebwesn 125 gh and 175 gm vere of-

lested snd cown in twy spesisl plots of lend ni Yhe premises
of the Indicn Btatistiond Instiftuie on 12.3:1909 socrding %o
latin Square desimm. Bach plot ssorured Tém x 3 .
411l the trentnonity followed with Yipre sinopaia

~adopted for Digacores alte, and the twinawe wore gade 46

goil on similav-sised, 15 foet Jomg bamboo polec. Only a
sinzle tuber was plamted per pole, and the tuders ware Jopd
Jmffiotenily molets They sprouted within a period of -4

wezkd, 3ix wecks alter plasbting, tying of he fwinors wan
mreneed with ootton tupe {ﬁ:&ﬂﬁkﬁﬁ. aalyy OO leies. oo T
pnd vertlanlly) accowding W the desizp. DHlogroas pes w0 o

J‘"! Sy

et Taster rade than ¥igns end produced nowme teno o

e length of the bankeo pole wao wo oo oo o






rines under the Yeriignl $reanitzent. In thie omsey mher the
tip af the vines reacned the teramizus of the hanboo, the
sntire choot was wpwound and the older rozion lovered o
enable the growlsg tip %o prow slong ths owion thus olesred.
Ae the plante poiured, their lesves wumsd rolliovw snd withered.
They ware niceoded and the tubals tollested on 17,3.1976, ihat
18 cne year aitsr souing. The nonber and wol 2%t of tubers pow
plant wers recondcd aeparniely.
The sverage wolighd of tuler yisld per plunt Jor the
various treatnonte ip given below »
Te Mormal vines (Gefi-honded twiminmel = %4 e
«

2. Revesmed winge (Right.hmnded twininge To6 gam
3y Vorsiced vines {neutral ones) a 1161 fme
Thus, the lefi-bended vines wre Ledler than ths righte

handed ones by T«675, and the verticol vnee sre Miter then

mﬁ lefss uy éﬁméﬁf’i’g apd over the fi{mtﬂ hﬁ' !iﬁ#ﬁmu iﬁ!ﬁmy
e regailed that with the triale on Ylgnes siponsls alev, aue

variety {Var,Ill) responded more fevourably with ths vertinel
treatment by yielding fimits sore then thoss for the ether
two irostsente.

Eyanthough the ohove (we apperimonts regnide 4o be
ropeatod for sonlfirmative resulte, it iz ¢iesr that when 1
morsel kind of asyrcolry of the stem i eldered, 1t affeets
signifioantly $he fralteyielding eapscity oe woil.

1 thank Z.0. Probhakor for Lol iag in the omelysis of
the data.

Bupnory

A Latin Squere desigh experisent was pownioale

premigen of the Indiisn Steatistdesl Iagtliuie, Sils

ABAE 4 atnde tha offent af shemeine tha 403



teine on the yleld of fruidts in thoes vyaoledisop of suvvesn

{(Yima sinensin}. Formally il thope vartedioe, Beling woolke

piemmod plents and daysid of {emdrils. 4vine counber-clooh
wisely (rizht-honded) om 8 suppord. The thres wmathods adop-
ted wero 3 F (allowing the plante $0 twine by He wousl |

- right-handed directioniy L (forsing them o fvime %o the
Jlef4); snd ¥ (meking thom grow weritloslilys net allewing %o
twine along ane dlrsotion oy the other). Thus, the three
varietles and the three methods comstituie in all nine treate
- mentn. These wers replliested nine tives.

The plants wars wsde o grew op ioly toaboo polop. The
treatments were contianed H111 the plante Llowared. The ripe
frulis ware harveated, counved and welighed soporsbely foy esch
treatuonts The suabers of good end shrivaiied seeds for cach
treatment wore alse recorded,

Yarioty I perfommed very bedly so 4% woo alveotsd By o
virug €lonase and the date obBuined om this vwnwiciy wern wot
givem cuch lmpoartapce. The 4w abonorsped Sreateents (L& ¥) of
varieties 11 & Iil gove elpmdficanily Bilgher ieldn compared
to thot of the normal (R) methed. For voriety #3, the met
5L pave o bottar yield than wethod ¥V, and ali toe thves methods
of this varisty diflerss slpgnifioantly. Bowevar, for varledy
111, the method ¥ prodooed more fiuits {(by mosber snd weight)
than the method L which 1o of eowrse, aignificuatly more than
. for method X,

pegulte of sn experiment with Digpcorss gsonleom i are

© alse vrilefly reporied.
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Davis, Teh. {1963) 1 Depentense of yiecld on szymmetsy in
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whieh twine o Lo 1ﬁ§%ﬁ.&ﬂ&h B ye
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Prain, De and Burizilly I.He {1‘355} ¢ An aocowndt of the genus

Disseoran In the sasi. Ll. The sgpesiaes
whioh twine to the right. dnne Raysl Fni
Bpxd., Salontin. 1§ ¢ 211520,
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snraugy bBelomgling to o family Compositos is fwmportant both for
tts hugze, eitrsstive flover hesdu e woll s Lor the edlinle oll
that is z@ﬁm@mﬁ from the iwa&a {bhotuoioully fyulis). The leaves
of tirdla plant sre produced wne after ancihor {slternste phylletaxis;,
in e single sripsl, running elockwlse o counter-cl.ockwies, any tws
sonmaucutlive loovdsd muking an anguler deflection of elout 137,5%.40
the plomt wmaltares, the sipe of the later formel losves gpeds reducsg
ghen bhe Lip of the maln stem fla%tm&ﬁn‘%ﬂ the flowar~bearing diuo
Eaovn 82 ¢ pibuinmn, A% the base of the dise, there are mony reduc.
laaves ¢21lou inveluneol brsets whiech alss show spirsd) patterne. On
the top of the dise too, mumersofis hlphly reduced, closely-gol
leeves (Sreais) ’zwae nreuent, eoch sublending o smell flewer Ain its
axdl. Alilough thess bracts are also M'mﬁfiﬁm alter anether,
{;w Yhime betwwen She formetion of mny t#gﬁgﬁi&% {and banee

flovers! iz conaidersdly reduecsed, The oldest flowers ore ciatrie
buted at the perlohery of the dlse, a2d youpgsy and younger

:-i’E,:;ﬁfz.a:ﬁra aye med with as ono roeesds from the weriphe:y to the
g&ﬁé‘a’f& noing wilch rerresentes the $ip of the compressed malnm stenm.
Eaﬂ} af the pelad~ils sirveturss ween &t ihe pexlphery of the

gise Tvpresenis & femedo Tlower of elerile ome knowa as yay floret.
Bordured by ko yar floreds on the dlise ore the nuparous, lsse pro-
minend, regular, bipexusl flowers gullsd dise flsreds. IF & porfegi-

iy &v develoning eopliulue do Lbookved, 18 wlll be sean that the
fiowers efads blowilng eng by oney o Dlopuad flowsy appesving at

g pluce upprominodaly 137,59 awey from ity lmosvalists oldey one in
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o

s gentrol point. In peture puch an idesl head in
RN | come AROsige Thus, the gupliuiups of the sumflows:

g
Pk

conpRessed slen vhoes launves aye reduged o gmnll

4

s supperting & fiower In L3 sxll. The development,

g st waturity of tﬁéﬁ%ﬁ%a fallow the sequUones OORIIE I
shi, vPow fhe oldest woed ond wmoving upaepds (fuwards the

cnets sdpleaidlon for the assthetic value of sunflowar hesd
ﬁa?zgmgaﬂargﬁamﬁa_taa ngohaniem involved in (e srringesendy of
the ladividual 20 siore un b Spirels oFr uyon in apeoliln
maabore see foresd meourding $o certeln vathomatiesal laws. From
17545 sereral bisloolobe and asthenntloizns vere atiragted by

Sbe ﬁ@ixe&,yﬁﬁﬁﬁﬁﬁﬁ in najure sugh af in SPhe leal-aprangeaent,

serapssnent of ilumw ra on $.8 euallover hood and similar oiner
plagt wegson,oho gAte wosalible explansitione for e esamge {Boanet,
17543 ﬁwaﬁﬁﬂ 1831y Sealuper, 18363 Bravala, 1037 Hofmedster, 188
Brishd, BTE3 Sobwendonsr, (18783 De Cundolle, TGEty Velese, 1597
SrmTu, 915 ‘ife??% Thompoons 19173 Chureh, 1904, 19293 Calmen
Brd Cotme 10007 Hivmer, 19223 Crow, 1928y Qoubel, 14283 Bnow end
Soowe 10741 Planbefol, 19483 Waxdlaw, 19495 Richerde, 1948,1950;
£ﬁ%ﬁﬁfg‘¥ﬁabi Srarwy 1959593 Dmoker % pl., 19603 Slmmotl; 19603
Fpank Tond, 1960y Osxstarg 19613 Lepplk, 1961, 1970 Bergeming,
1985y Dopiner, 100U Davis, 1870, 1071y Ellmer, 1971).  Howover,
tone af them gould snnlolin fully welld the diffsrent rhepoowns
maniiaated oy the sopltnlen of Compositse. Figuresd V1 and 2 ave
g expnpies of sunlowsr beade constiunted by beo of thage
woriers ln YT apd 003

e af dbe lovestigosers referred e shove had pesileed



R s T Ay

5

3 orirA

BRI o E R

s

d s A




with o fired dievedor Lo doops dewshiies A0 0% G0 A aseand odreln
of the proe disseter is doown pb oen wagaine Sofleetion of 107,50
from the Line eomwniiug Sha aoubrs af i Diead eirels and 0.
The second eirede =hich Mued denebag 3he Jired on oon b
plagad olther fo the dnfi of $he fired ooe or o s pghk.
Thig-deoiden wvhether e oorltnlan bepomwe Latiebaried or righiw
handed,  In rmeture the 1olia and riskds ace dintrilated rondone
1. In the presont cese the sooayt sirels luo chown on the
1aft e#ide of the first, Susogesivae oleclos of the mywe dlometer
hate Lmen drasn ons alier snedhed om $he leit of ths vragsding
oped &% the gase exgonlas deflisedion 2f 19V7 % Homo of the
godegquont cireles sverday sy of thelr soirhburs, hut they
ey touwch $he sepgln of sne or dwo seighloure which 1ie on
fhe Line pror2sding to $he gnnlre.  Althounh the mubseguently
formed oirclum in the i"im'im?? nean o mave sesy from the goatre
thun the serly formed oran, » Peyerae guurpy takén olsoe ol
the head. That Ls, Ilowar Hold% Lo 3he oldent and To.l the
yoomgsats A% $he i when the madond Fiaowsr {(airels) da
fiffexentioted 6% the $ip ;¥ e ztem, the first oho polates
peay fven ite orizined weitian by 157.5°%. Thus, #aen Bore awd
e flowers are farsad; the alrspdy forsad onoe are purhed
$wupds by paripbery wiih pimlmom spage belweon them. Some of
fw eaxilegt fosmed flowers tern inte the vapy floredsz and dhe
1at2er swes 1nte diss IloTots. Oare was tekem Shat ) (P Sirede nues
%&m e othe sonlrs han aay of the olrolas slroedy dpmen,
Bt oun be vhows thetl the sonfismwaiiom in the sucitulum dose not
kw oh the sige of the alreles s lowg sa overy eiroles has
“W pant dievmber. Flg.” eshibite the following propesiy.dtord
Sk auy edvele st wie pEZirhery znd foin e aEnires @f 8830 Lk
girelisn whose nuabers differ Ly 1. shen, the contliamons-
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ling radin) ares are oblained, Similseriy starting {rowm sny
tirele 8%t the periphery, the eircles whose mumbers 4iffer by
% are connected. The dotivd«~line sres which move opposiis
t the 2% arce sre obtained. The oo kinds of sris neas
tirough all the aireles,

The overall pattern of Plgdd is slishtly modified as
& bring forth the individual sesds on the gapituive boldly,
md the result is seon in Fig.dhe As the radisl ares sxe drswn
just bordering ihe circles, the srage svailable for o sesd is
reprasented by each oircle (perallelegrsm). 34 elockw! e and
21 counterwalockwiss arce ars clearly seun st the periphery.s
fhe 54 ares{esch after passing through 4 or 5 secin) merge
vitk the get of 13 ares moving slomg the game directlon bud
thowing greater degrec of survature. From whers the 13 arce
tske over from the 34, the originsl 21 aros are seen moving
gpposite to the 13 ares. 7Thus, mﬁf end 21 ares scen at the
prighery of the entire hesd get reduced to 21 and 15. At some
jevel still oloser to the centre, ares 13 and 8 ore secn and
#is combination progressively gets roduced to 8 and 5, 5 and 3,
mi finally ¢o 3 and 2. It is striking that in a naturel caple
fulun one oan see & alwnilar mnﬂgwatiai;%bﬁ is, tmerefora,
sphasiszed that all the arcs which start from the periphery 4o
et reash $he centre as many eariier workers hed erroneously de-
ploted, Richards (1948, 1950) seemn to be the only worker whoua
{llustraticons on the phyllotaxis may be connidersd throwisg some
lght on this pecnlierity.

I+ ean be inferred from Pir. “hat in eepliviume beorin-
squal sized secds or :flwera; the numbers of vislblyr eyer
vary with the dlameter of the nead, o emelisr ome sho



56

msbers and larger ones higher numbers, all mstohing with

#eges in the P. Sequence. The oldest seed/flower of the ocapi-
flm in Plg.d is just older to 237 members. 237 is s F. muhe

Wy, Henee a heed having 233 to 144 (next lower F. number)
weds/flowers will show 34 snd 21 ercs at the periphery. Another
wving 89 secds/flowers will show 21 and 13 spirsis, one with

5% secda wﬂi show 13 and 8 spirals, and s0 on to smaller

muders ag gres as the momders of individuel flowers pexr hesd
{oreane. On the sams sunflower plant, the terminal head which
{s gencrally the largeed will show the highest number of arcs

it the periyhery. Pat the heads produoced on sseondary and

frther orders of dranchap beoome smaller and emaller, and they
fhow lepser and lesser mumbern of ares. Another lndloation for
i deorsuse 9nn be had from the mmber of ray floreds seces on
s eopitulum, The perirhery of the oapitulum in Fig.} has 21
wojeotions. The flower at each projectiom develbpe into &

my floget which imcreases the sttrsaiiveness of the flower hesd,
s device to fecilitate eross pollinntion. In a samller w.tho
mder of projestions is reduneed to 13, 8 und perhaps 5 and may
fow an ¢qual mumber of ray florets. But in neture econsiderable
yrintion is obmerved. However, if &ata are obtained on a large
mmber of hemds, the numbers of ray florsts will sluster W
wts torms of the Plbonmeci Sequence. Another striking similee
rity heﬁmm thie reconsiruotead ploture snd A natural cspdtulun
is the following., If any arc is followsd from She pariphery,
the sood at ﬁm junction where three or four kinds of sros meet
u;@m trraguler in shape, Such irregular *junction seeds®
san be picked out from any large eapitulum with developed seeds.
it the centreimops port of the head, it ls often possidle to
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b very lerge and h&amy irrezular seeds.

Akp—one ?mcaeép\ from the periphery, the 34 spm:,u nove
bekwigely and them join the 13 spirals whioh slse move ¢locke
lely. They are followed by the 5 apirsis whioh wltimately
in the 2 epirels (marked within ecircles 1,3,5) both moving
hog the meme directions The spirals synchronising the
phers of alternute terms of the Pidonacol Sequonce, L.8e
8 3 end 1 scmmenoing from the periphery move counterw
kekwimely. This peewliarity of the spirals (spirals equale
g eltermate Fidonacel Numbers) moving along the seme direoe
bn has & otriking similerity «xm@mm property of the
lezacol Humbers. The ratio betwsen eonsecutive P, Fumbere
My stesdily between the plus side and mirus side of the
Men ratic (0.618 ews)e The ratio of 1/1 in 1,0 whioch is
Lthe plus side, 1/2 = 0.5 which ie on the nimus gide,

A= 667 iw on the plus eide, 3/5 = .60 is on the minus
lle, and so ON.

One of the diffioulties encountered by most earliar
motigators is the following. As is obvious from Fige2,

R investigators represented the margin of a capitulua bf
drele whose periphery is éivided into 55 and 89 egual paris,
prittmic spirels are drawn from the 55 pointe, #11 resching
b eentre of the sircle. Similarly 89 log spirals are drewn
ek sove stesply and reach the cenive. instead of the gets
mﬂ :zwmbarmg 55 and 89, ons con choose any other seds ot
w adjo P. Wumbers. The twe sets of spircis/aros cut
d other forming parallelograms. A porallelogram at the
Hpery turns out to be several times larger than one near

| sentre. This would suggest that the sige of the saeds would
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vary considerably depending on the spot om the dise whore
the peed develops. But in nature, the sveds/ flmmﬂmﬁ of
the pape sige whether they develop fiom the periphery or

at the ocentre of the flower hesd (Fig.4). Other workers who
1ad resiisecd the importansc of the Plbomacoeld engle (1357.%¢)
between suocessive flowers end with Wnﬁnﬁ log spirals
wiioh ateadily diverge as they get extended fiom the eentre
(Pigel). In euch dingrams, the parallelogrsus at different
rogions of the heud would inevitably exbibii wide disperity
in thelr srod.

However, these log spirsls muy hold good to represent
the growing point of a palm crowm or other plants where the
varions lemves are produced st long €tiwe intervals, and therew
foro, showing & gradation in the sige of the leaves. In the
aunflover head, such o tims interval is very such msrrowed
domm, end there are inmmorable units to accommodste. Hence,
8 spiral with even e small log efiect will caume u big differe
ente. ' |

The meihod of plotting the ciroles in Pigs. 5 and § s
explained thus. Aesume thst the waricus pointe or ocentres of
parellclograns whick are ebtained by sbocrving the Fidonssel
agls between comsescutive poinis inm & pattern which show Jag
spirsls as in Fige! are replaced by uniform dises. The mergin
of 3160 Hoel towchen O on $he referense lime AL, Dies Nos 2
{3 brought %0 O by tho ochoriest distance snd left smm 11&
touches aisc No.1 without dleturbing the poecition of &m.
$inilorly, Ho.3 is dragged by the shortest track towerds O and
124 vhere it touoches the disc werest to it. Similarly,
208 Sy 4y 53 sess 234 are drought closer. The required
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e phialned by ecrrsobing he puifshier circles. The fined
mﬁm {(FPigeld) bovsces wack Sifferent from the opiginsl
Moo 8% the Tover side of the eaplituiua where Lthe leaves

mi.ﬂau inte inwoluerel brects, it i possivie lo trage ot

m‘& sets of epirsle. I Pig.d ie to repressni (ke

mof thees Lmyolvperal bracts, the oldest brmet wiil

ost &% the contre ooy olrele Hoely and the younpest
perdvhery. As the xunber of such brasats on any flovepw

s wach less thon thot of the flowerw om %op of 4he dise,

mote diepliny ares metching suailer torzms in the Fibemavoei
tompared to those on the top, Gerurelly & dlsg showing
m 34 and 21 wres at the pariphedy heos 21 ante, and
whwm 55 und 34 arce beers 34 tractan, and 50 on

® 4o soms varistion in tho rmmber, Like thess lnveluoral

%y ke noyeal leaviee themacives displaoy arez when looked
ﬁ Wy of & non-{iowering ochogd. Thus, 1% 1o the goldem
of the snguler deflvetion betwoem any iwo leaves, bracts
wwers that brings obout ihe rediecl aroes, thelr nusbery
pestohing with siages i Fibomoocl Seonenes.

& ppnfiowsr hesd onn alse B gponcidsred to repvememd o
Mtimal eonliguration af the erevn of & soconwd pelm,
e fndlvideadl secds wonld dsrrsepond is the Aifferent
o the oroww. The shape 9f the plim orows 82 woll an
piticps of 1tn leaven omn bo chiovm %o e Yimad pleeced
ditferent nuthermtion) conpldarutiscvc. Effiolency festors
beditr sxplained I1n o padm orovn Podther than 18 8 5
beed beonuse the oumflower dise 1o a very {1s tiened
s in order to appreciate $he explonmilon of the effis
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ciensy faotors, the height of the core should de largsr then
what is motloed in o sunflower head, From the mathemetiosnl
explapation; one onn see that the growth principle is the
seme whether it is in the formationm of individual flowers on
the tapitulum or in the formation of leaves in & palm erowm,
In the noxt seotion is given the mathematicul theory ts axe
plain Figeds
4. Bathematical exyplanation
the mathemationl egwstion for a Jogsritinic opirsl in
plar co-ordinates is as z&nms s
(1) » o ksw
wiere X and & are constants. Since k is only s welghting
faotor for r, withoud losa of generailly we may assums the
quation to be of the form,
(2) = e

Fig.6 gives ihe logarithmic epirsl vhere AB is 8 refe-
wnee lime amd O is the origin. Depending upon the velus of
b the width between successive spirals incroases slowly or
npldly. Conaider the case where & 1s very small, Then we
have,

R E.Qm*iﬁl_z,‘k ;@i ¢ e] ™ 1esd
Wers 2 weans *agmﬂmﬁu squal tof, that 13y el abs
In other words, this logarithmie spirsl behaves like an Arohie
Mes' spiral whose equation is of the form,

(4) 2= 09
here b is a conatant. Archimedes' spiral has the property
mt the widih between successive opirals remains the ssme

mospt near the erigin Gl
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Fow conslder the formatlon of & swaflower. Lot the
$Mividasl fiovers come out at & conalent sposed of A
wits per scoond along the spirsl in eguation {F) with a
wry small 8. Lot $he sagond flower cmorpe miter 3, unite
of time, 4% this ntsge let the angle be @y« That is, the
first flowsr io at the poelition marked € fn Pig.6 shon the
sagond £flower ebarin. 1L the dlstance eoversd Yy & moving
poing, saoh ap Tiower rmurher 1, 1s dencted bty 2 thon Lros
- Sl antary GCalmmlve we hange

{8 A n%%- J2 s {%}2.%%

wiere in geperel 32 denotes the derivebive of x with respect
to §. At g time 4, the distence trevslisd IsA %, and thus

¥r integrating squotlon (5) we hove,

(6} Aty \‘ 1482 [‘?f:-.—;l] .

mtiﬂp t‘t
i e %)
@ o dios {1033 ]

2
whers the logmriths is taken to the base . Dinos A end a
are rutually nonedopendent, we wey expand the right ksnd sife
of (7). 'That ia,

- At 8 A e '
4z ol { T S

A %y

K ;:é (ainee a in asmumed to be very

How when tie shcohd flower exergss at position Gy the

-t
T

thivd Diover starts end the firss ficwar s travelled
ansther ) %, woits of dietance. If he anglie whioh {tbe
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et flower hWad-druvelied Dow maken with AD is dunoted
Xy 9,y then we have,

2x%
(9) v 2% bee w2 0,4

[Tea? {1442
In other worde, the nngle between sucoeazive flowers remaine
roxinately the sums a8 8,4 In drswing PIg.d we have
m& this property of a logarithmio apiral when the conptend
¢ is swsll. Ve have taken @, a8 137,5° which iz ebsurved In
astosl sunfliower hends. In & notursl speoinon we knwow 4het
ail the individmel flowers or pecds wre »f the some dimens
shor. Inis obaervation can be taken int agscouni only - .
¢ spifl)l résemblen am Archimedss' spirsl shere the width
Wiveen sEnceSs=ive opirals remeina e sams, Thue, it i
milosd that the comeiant e has to B8 wvery sza)l. By this
peoens & nicressoplo flowey herd 1o {oimed ae sesn In
g Te

1f the dilesoter of the disa of the microssepic Llower,
wtich 13 FQ im HeJTy 10 denotod by Ry then vhon Snviropmevie
sl oonditions are fovamruble, this H expsnds ot & eniform
aty ﬁ w A WHeTrs - is & gomstant. Carreepondingly thw
iﬂlitidm flowezra, which ave denoded by oircles in Plgedy
eles expend and Cinally the &lec attaina the form an shows
is Mg.¥% Bow for convonlence we will eall the st fowar
& flower pumber 1 and so on. Then we oun ged the rasis}
diatanps of the netd flower and the angle whiﬂ':‘: he meth
fNlower makes with the referenee line AN, Lot the Tadinl
@stsnes of the neth flower be denoted by r, and the correse
pnding angle Qn"- Then from (8) we have

2 o
{10) A’s?ur{:}ﬁ-- (¢ %=1




Pat dﬁ___m..:;
_ _ - G
{11} }ﬁEwEﬂ’ﬁin 1';& {= i - 13
Prom (10) sud {11} we huave,
B, - 6.
(12) g 2= 1+ 2(, LIS
Proceoding in this wy we umy have
For-1 U o |
(13) 8 Pet+nle '-1)or B, = % log {T + n{ﬁwj_ 1_]5-5,
nz2.

t L ~ e BRE
{N}fﬁiw# ﬁnl}#nfa ﬁ--}gﬁw {1 «n+nn 1};

Eouations {13} end (14) glve the wnliuen of B, and ry $n terms

of §,. ¥e oun npotice B musber of inleresiing pro erties

from PipeBe Pronm ogquation (14) and Figed we have

(15) 7y = Fzp = 38(1 = ™)

piong e o-niinsous line

1‘22 - f'ﬁ&ﬂ 34{1 Ll 2k iy ]

£ - - e -
Pas = fas 2401

(16) along the dotted lins rroe.

. o8,
L rﬂgsm{l - Y
In other words, if one contlawmcus lime are 1s glven, then
gll the other slmiler mros oan be trsoed by a sinple rodae
tion, Similnxdy, if one dotted line are is piven, thewm ail
other elniisr erco can be obimined. In Pig.d wo have
savoral parallslogrems. For exemple, »r 43% Taaw Toqr Fop
form 2 ﬁzjaziazﬂgm n@% ﬁ:rfh:r;@
(17) ﬁ% = Mm T W) =
H we connider o parnllelogram nearesr o ihe origin of the
gwgmmﬁiﬁh in Figeds we have for emurple,
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It 1o eagy to notice ihat 4 we nove from the ontey parimeter
to the srigis of the confiparsiisn slong sny rodisl line, then
at diffarent stogpes omo oun redraw the $we fypes of ares ia the
following segquenee (21,54), (13,810, (Be13), (538) (545).

Thin peetlon iliustrates that if the ivdlvidund
flowors emerye st n gniform epsed ot fixed intervals of tioe
alontg o logeritheio spirel 7 = s with 8 very small) & nnd
‘with the initiel angle of &y» 137.5°%, then the sxect configus
ration of o mnﬁwmrim' be reconstructed. The resdlita in
equations (13} to (18) are due fo $he assumpdions of a bealp
logaritimie spiral ard the mumbors 34, 21y 13, By 5, 3¢ 2 Diow
& Pibonaeol sequonoe sppear due o & = 157.5 beonuse 1t iw
pelleknown thei $he ratios of n suocegsive Flbonooel soguends
temely, 172y 2/3y 3/9y 5/8¢ B/13, 13/2%; suas approsch the
goddon ratic (J5-1}/2 and 1f &, ia wessursd in radisn and if
gftz-'ifm a..‘} e ({5t )/2, then R, is spprovwimntely equal %o
1375%

Prom the abovs sxplansticns pad theary it is esay %o
aspoolate ths rudisl ares seen in wnﬁmwr%a ggﬁh $he ¥ibe~
macol sequense, Bow it pemains to e explaived why e
slorasaopic flowars ors foraed alowg o logoarithode epiral

ag

rw e with & being very encll when the flowsy is peogranted.

tne plousible explenstion is ss follows. Irom the theory of
Nuld Drosmies 4 iz Xroen that if we oonmsidor fIuid 18 unie
fora sotion, that isy the same motion is repvsted at egual
%&Mals o time, then the lay goverming ths moilon la
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(19)  2(g) 2{t,) = £(60 + t3)
here ¥y and t, are two intervals of time and £ is sone
pimown funotion. But (19) is the famous Cauchy functionsl
wation in the Theory of Punctlonal Hquations, whose wnique
mtimous asolution ie

(20) £(t) = o5
nere & i@ an srblitraxry constant. If the fluld motion is
imnslated inte rotation and expension, then (20) becomen
(21) » = o
mere & is an arbitrary constant, This phows that the logae
Hitmie spiral in (21) may be s natural outeome of the supply
if genatie materisl in the form of pulses at constant inter-
mig of time obeying the law of fluid flow as explained in

(19}«

Pollowing a new method, it has been made pcssidle to
meonstruct correetly the rumerous individual flowers/seeds on
e sunfiower hesd, & problew sotively investigated Ly mathew
nticians and diologists alike for about a century. The hesd
us conntruoted manifests the varicus radisl ares and pativens
#et are visidle on a natural flower head. The formationm of
dividusl flowers on the sunflower dise which eventnally osuses
thé sppeerance of arce can be oxplained thus s The flowers are
roed one &t & time, the older ones being pushed towsrds the
priphery of the diso and the younger once getilng filled uyp
fithin the disc, and the youngest one remaining at the centre.
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b flowerwprimordivm is differentlated om 8 #ide at the spex
of the axle thet eventually forpe the disg. The primovdis of
foe subsequent flowers ure genernisd 8% a faod rate with s
dohstont time-intervel. Az the individunl flewre are 4iffTers
mtlated, the tip of the awxim (or the foens i the subseanent
yrimordiva) rotuites do much a0, the glder fioweTs scem o
tove gway fiom the growing point in mwiﬁ-mh splrols whien
pproximate %0 an Archimedent awimh *@a% pri T s
ve flvweregdht-yonnger-tee atards differantinting from

\

%o axig when the firat flower i ot an sngle &, much thad
i2T - 8,) forms the golden rotio. Thig process conitisnes
il the genctie pafterdal iz finisbod snd $he flower head is
Wiy progremued. Witk favourable environmentael conditions,
M individual flowers sxpsnd at & unifors rate over Hime
dong with the aimultenecus expansion of the dises I% im
hown mathenmatieally that ihe above theory osn owplaln all

B proporiies of a(sunflower besd/ large or emalll
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10. STATISTICAL ANALYSIS OF BILATERAL SYMMETRY
IN PLANT ORGANS

By T. ANTONY DAVIS and C. RAMANUJACHARYULU
Indian Statistical Institute

SUMMARY. Certain organs of several species of plants expross hilsteral symmetry. Au attompt
“fa made to understand the laws operating in_the expression of this kind of symmetry and the relation.
.ship between the substructures.

1. INTRODUCTION

As Sinnott (1¢37) puts it *...morphology, far from being the hopelessly statio
discipline which some would have us believe, therefore, touches so intimately the con-
tral problem of biology that it may still be described by Derwin’s words, in a famous
passage of the ‘Origin’ es the ‘very soul’ of natural history’. Further, morphology
does not énd with the presentation of facts in the form of data ns is common today,
but our task is to gain knowledge of those laws which arve operative in the structure
and behaviour of the various members of plant kingdom.

The aim of the present studics is to assess the totality of structures relading to
plant organs, to find suitable classification for them and to test statistically the va ious
‘hypotheses regerding their occurrence in Nature. A broader aim envisaged is to ex-
plore the relationship between the important characteristics like yield, colours and the
classified structures, and to find the selection process of structures by Nature. Further
questions of interest would be to créate artificially the possible structures and study
the relationship botween yield ‘and structure. ’

In this pape: obsesvations on clockwise and counter-clockwise situations, i.e.
left- and right-handedness of plaiit organs in a few species ave described. Many of
these variations weve not known till recently. It is worth mentioning that none of
these observations demanded the use of any sexious equipment, not even & hand lens.

2. PRESENTATION OF DATA

In this section the various situations in plant organs whezo bilateral symmetry
oocur are explained. Data on brief ox continuous ohservations made on the members
of u few families ave also presented.

2.1, Moarphology of asynimelry in planl org/ané. Asymmetry in morpholnigiml
structures is expressed in certain organs of many plant species. In this report, {thoge
situations where the asymmotiy is manifusted in the two rzomplemeﬁﬁ;f.‘ry fornis
(hilateral symmetry) by identical organs of individual plants of the same spécies alone
are considered. The proportions of sitch, left-handed and right-handed leaves, lowe:'s,
stems, tendrils or fruits within a plant may be 1 : 1 as is the case ohserved in a majority
of specics, or may occur in different ratios.

In most plant specics whese the leaf arrangement is alternate, the single foliar
spirul pereeivablo ean be regarded as running clockwisely (left-handed)or countes-clook-

i
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wisely. In grasses and some species of the family Scitamineae, though a single leaf is
formed at each node, the leaves do not show a spiral mechanism. But they fall one
over another in two vertical rows, which arrangement is known as distichous. In
bansnas, the two rows of leaves move spirally and both the spirals in all the known
species and variaties of banana move counter-clockwisely. But in some Agavaceous
species like Cordyline rubra where the foliar spirals (two per shoot) moveeither clockwise
or counter-clockwise, both the kinds of shoots can be usually seen with in a plant. Tn
most palms, the leavesare arranged insingle, two, three, five or more numbers of spirals.
Strikingly, the leaves of some individuals of eachspecics veer clockwisely and the others
counter-clockwisely (Davis, 1962a, 1964a, 1971a). The leaf-blade (lamina) while in bud
rolls margin to margin in some families, and the rolling may take place along the upper
surface (convolute) or lower surface (revolute). In most grasses, while the lamina of one
leaf convolutes clockwisely, the next one moves counter-clockwisely, and this pattern
is repeated continuously. But in Scitamineae and Araceae. the individual plants of
many species do not show a regular pattern although their laminae convolute. How-
over, in Scindapsus officinalis, the laminae exhibit not only clockwise and counter-
clockwise convolution, but also another situation of involution (Davis, 1870). In
Cordyline rubra, there exists a correlation between the direction of foliar spiral and the
convolution of the lamina (Davis and Ghosh, 1963). In palm leaves, the numbers of
leaflets on linear halves differ. In most pinnate type of palms, this difference between
halves is statistically significant. In left-spiralled paims, the left half of the leaves
bears more leaflets, and vice versa in right-spiralled palms (Davis, 197 1b; Davis, et al,
1971). A similar situation is observable with the numbers of spines on theé leaf margins
of both the types of young Aguve sisa’ana plants (Mitra, 1968).

Most (pevhaps all) members of Milvaceae (Davis, 1964b), and Bombacaceae
(Davis, 1966, 1967; Davis and Kundu, 1965; Davis and Ghosh 1970) and some of
"Sterculiaceae, Tilinceae, Cochlospermace:e, Euphorbiaceae, Carvicaceae, Linaceuse,
Plumbaginaceae, Theaceae, Palmac, Tropaeolace e, Rutaceae and Oxelidaceae show
bilatezal symmetry of flowers. In a flower, all the petals twist (contort) clockwisely
or countev-clockwisely. While in most species, the pctuls form a single rotating
whorl, in the multipetalled vaviety of Hibiscus rosasinensts (Davis and Ghoshol,
1065) and some species of Camellia, there ave five spivalsi of petals, all twisting one
way or the other. This siturtion is like the arrangement of leaves in the Spiral
Aloe (Kofler, 1965).

The fibres of a few species of plants move spirally. Some individuals of the
same species hve thoir fibres twisting clock-wisely and the others counter-clockwisely.
While in the coconut the two kinds of palms oceur faivly equally (Petch. 1911), in
chestnut trecs, a great mejority of individuals twist counter-clockwisely (van Oye,
1926). ‘

In some xerophytes, the individual stems veer either clockwisely or conversely.
Thus, in Buphorbin ontiquornm, the stem has three wings (ov ravely lour), and it twists
cither to the lefl or right. From each node, usuelly three off-shoots are produced
whieh in turn show spiral mechanism.  Some of these off-shoots twist like that of the

L)
-
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trunk, and the rest differently (Davis, 1968}, In another species, Euphorbit neriifolin,
there are five ridges and at each node it produces 0-5 off-shoots, Here again some off-
shoots move like that of the trunk and the others unlike it. A somewhat similar
condition exists in many plants with alternate phyllotaxy.

In the flowers of Crescentia alata, a peculiar variation was noticed. A flower
has normally 5 stamens at five fixed positions. ~ After examining over 75,000 flowers of
a particular tree at Calcutta, it was found that at each position one of the four pos-
sibilities occurred : a fully developed stamen, a staminode, a stamen fully fused with
the corolla, or nothing at all. Thus, 1025 forms are possible of which only 105 conld
be symmetical forms, and the vest comprised prirs of mivror image forms, Usually tho
mumber of flowers falling under one type equalled move or less that of its mirror
image form.

2.2(s). Floral asymmetry : Malvocese. Of the two Deccan hemp flowers shown
in Fig. 1, the one on the loft has its petals twisting clockwisely (loft-handed). When

viewed apically, the inner ma:gin of the petals of a left-handed flower curves

Wig. 1. Left and right-twisting flowers of Decvan hemyp.

*cl;)ckwisely towards the periphevy. In the right-handed flower, the petals curve
winter-clockwisely. Often it is possible to determine the spirality of & flower by
examining » single petal, According to Rendle (1959), there exists a positive cov-

3
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wlation between the asymmetric nature of a petal and twisted aestivation. In
Sidn cordifolia, each petal shows two distinet steps at the distal margin, the half that
moves outb first is always shorter than the other. While in Thespesia populnea the
sigmatic end twists in accordance with the aestivation of the corolla, in Hibiscus
rosasinensis, the monadelphous staminal tube shows clear twisting, by which the
pirality of the flower can be determined.

Available flowers from 463 plants of 34 species of the family Malvaceae were
sxamined for their aestivation (Davis and Selvaraj, 1964) and the data presented in
Table 1.

TABLE 1. AESTIVATION OF FLOWERS OF MALVACEOUS SPECIES

potal-twist
species no. of RIS Y Y (3 x?
plants left right

1. Abutilon hirtum 12 1301 1371 2072 1.8338
2. Abutilon indicum 9 315 222 837 16.1061
3. Abutilon megapatamicwm 2 29 3 60 0.0667
4. Abutilon ochsenii 1 2 4 6 0.6667
‘5. Achania conzestii 2 168 168 324 0. 4444
8. Althaen rosea 39 1445 1414 2859 0.3361
7. Gossypium anomalum 1 7 3 10 1.6000
8. Gossypium arborsum. i 683 649 1332 0.8679
9. Gossypium barbadenas 26 663 27 1200 1.0047
10. Gossypium davidsonti 1 13 18 29 0.3103
11, G'daaypium herbateum 3 8 8 14 0.2857
12. Gossypium hirsutium 14 397 391 788 0.0457
13. Gossypium tailense 3 8 6 14 0.2857
14, Gosaypsum thurberi 1 3 0 3 3.0000
15. Gossypium sp. (wild) 2 82 a7 129 0.1938
16. Hibiscus cannabinus 69 876 891 1767 0.1273
17. Hibiscus esculentus 60 258 254 509 0.0020
18, Haibiscus hirtus 8 30 34 84 0.2500
19. Hibiscus indicus 1 18 19 37 0.0270
20. Hibiscus musabilis 4 72 84 156 0.9231
21. Hibiscus rosasinenasis 55 18871 16047 32918 20.6283
22. Hibiscus schizopetalus 2 17 10 27 1.8148
23. Hibiscus sabdariffa 93 567 574 1141 0.0429
24. Hibiscus tilinceus 3 201 300 591 0.1371
25. Hibiscus tortuosus 1 81 80 181 0.0062
26. Hibiscus tricuspis 1 14 13 21 0.0370
27 Hoheria lualli 1 3 8 9 1.0000
28. Malachra capitaia [ 8892 8883 17775 0.0046
29. Malvastrum sp. 2 217 32 59 0.4237
30. Pavonia coxt 5 104 02 198 0.7347
31. Pavonia odorata 2 3 13 16 6.2500
32. Sida cordifolia 23 3187 3049 6236 3.0539
33. Thespesia popuines 6 2282 2394 4676 2.6826
34. Urena loba'n 2 118 117 235 0.0043
total 463 38812 37855 76667 65.1951
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2.9(b). Bombacaceae. The family Bombacaceae was formerly included under
Wlvaceae (Hooker, 1872). The 13 species of this family examined in India showed
e two kinds of twisting of the corolla. The data relating to 41, 470 flowers are
psented in Table 2.

TABLE 2. LEFT. AND -RIGHT-SPIRALLED TWISTING FLOWERS
. OF BOMBACACEAR

acstivation of corolln

Rpecies no, of - x?
plants loft right L+ R

Adansonia digitata b 213 204 417 0.1942
Bombax anceps 2 93 94 187 0.00653
Bombax cetba 27 19664 188248 38190 18 2448
Bombax insignis 2 46 28 74 4,3784
Cetba pentandra B RO4 mM 1875 0.6914
Ceiba rosea 1 30 2% 58 0.0890
Chorisia insignis 1 49 48 97 Q.0103
Pachira acquatica 1 83 102 185 1.9510
Packire cyathophora 2 87 78 165 0.4909
Pachira insignis 1 11 14 25 0.3800
Pachira longifolin 1 36 32 83 0.2353
Pseudobombax grandifiorum 1 27 39 66 2. 1818
Salmalia inaignis 2 39 24 63 3.6714

total 54 21182 20288 41470 32.3842

xi® == 10.2726; %3 = 13.1118

2.3. Euphorbie antiquorim. The stem of & particuler variety of Euphorbia
anlituorum serews clockwisely or counter-clockwisely, and on account of this screwing
habit perhaps this plant is called by the Tamils as “thivikalli” meaning the twisting
ectus (Fig. 2). 1,500 main stems were examined at Coimbatoru in January 1965 for

Wig, 3 Risht and VP bwisting spiralling styms nf Eonpbhobin antiquirmn,
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their spirality. Two pevcent of thesc stems reversed from one divection to the other,
& tenth of which revezsing twice (left to right and again back to left) as may be seen
from Table 3.

TABLE 3. EUPHORBIA ANTIQUORUM : NATURE OF MATN STEM

type of stem.twist observed percentage
Left-handeds 748 49.867
Right-handeds 122 48.133
Loft turned to vight 20 1.333
Right turnad tn left 7 0.487
Left to right to left 3 04.200

Right to left to right - -

total ' 1500 100. 000

50.88 per cont of the regularly twisting stems a-e thus, left-handers.

A further 200 main stems were collected at random from an adjoining locality.
A stom had eithe three or four wings ot the ‘internodal’ vegion. Of these plants,
58 bore four wings and the rest three each. The stem usually produces one off-shoot
each from & wing from an ‘internodal’ region, and ,thus a four-winged stem may have
four off-shoots. But thic number may be reduced to 3, 2, 1 or nil. Similarly, a
three-winged stcm may have 3, 2, 1 or no off-shoots. Stems having no off-shoot
were excluded. Very rarely & wing may produce more than onc off-shoot. In Table
4, detrils are given on the number of off-shoots produced from the 200 main stems.

TABLE 4. EUPHORBIA ANTIQUORUM : NO. OF OFF-SHOOTS PER MAIN STEM

main stem 4.winged stems J-winged stems
; nos. of off-shoots nos. of off-shoots
spival ) .
no. ) 3 2 1 total 4 3 2 1 total
Joft 117 ) 22 10 ) 5 —— 37 1 51 24 4 80
right 83 12 8 - -3 — 43 1 4 62
total 200 34 18 5 1 58 1 04 39 8 142

Like the main stems, the off-shoots also show bilateral symmetry by twisting
either clockwisely or conversely. A smeller percentage of these off-shoots, however,
dd not show any twisting and they were accounted for as neutrals. 572 off-shoots
were examined from the 200 plants and their spirality rocorded. The data are given
in Table 5.

TABLE 5. BUPHORBIA ANTIQUORUM : NATURE OF QFF-SHOOTS OF

200 PLANTS
main stem off-shoots
left right neutral
total % total A total A total %
left 243 71.27 72 21.11 26 7.62 341 100.00
right 86 28.57 145 62.76 20 8.87 231 100.00
309 54.02 217 37.94 46 8.04 572 100.00

e e = e e AN s i

8
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To examine whether the twisting of the off-shoots depends on that of the main
¥m, the data are split up for the 4-winged shoots and 3-winged shooots as seen in
Bible 6.

Table 6 : EUPHORBIA ANTIQUORUM : ASYMMETRY OF OFF-
SHOOTS IN RELATION TO KIND OF MAIN S8TEM

nature of off-shoots
spiral of off-ghoots —
main stem left nght neutral  total

4.winged off-shaots (Total 198)

observed 100 16 12 128
left poreentage 78.13  12.30 9.38 100.00
9, ou all shoots 20 32 4.69 3.52  37.034
observed 13 47 10 70
right percentage 18,57 67.14 1429 loo.o0
9/, on all shoots 5.63 20,38 +.33  36.31

3-winged off-sheots (Total 374}

observed 143 56 14 213
left percentage 67.14 26.20 6.57 100.00
o4 on all shoots | 41.94 16,42 4.11  62.47
observed 63 98 10 161
right percontage 32.92  60.87 6.21 100.00
o/, on all shoots 22.94  42.42 4.33 69.69

2.4. Euphorbia meriifolia. Fig. 3 shows two stem pieces of Euphorbia
wriifolia, each beset with five rows of spines, the rows running right-handed in one
snd left-handed in the other. The stem grows in stages, and off-shoots are produced
s the junction of the stem formed during different. seasons, and such a junction
simulates a node.

Off-shoots ranging from 0-5 are produced from each node. However, it may
b mentioned that there is a bud in the axil of every leaf o leaf scar, and very occa-
sonally some off-shoots are also produced from these ‘extra-nodal’ regions of the stem.

"The main stem continues to grow, generally maintaining the or'ginal direction
of twisting throughout. Exceptional shoots showing reversal of stem-twist were ex-
duded. All the off-shoots from & ‘node’ do not necessarily show the same kind of
pitality. An off-shoot of the first order usually maintains the spirality thereafter even
though it may produce shoots of the second. and. further ordevs having different

spirn.lity .
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¥ig. 3. Lofbe wesl viglatcapirtliing steme of B rphorbdo verigfalie

At the Central Averannt. Research Station, Vittal, Mysove, 36 different plants
o B, neriifolie were obrerved in 1063 for the spirality of their offwhoots, and the data
ate presented in Tahle T

* .

It moy e preny from the dota that 180 of the 36 planta bore racess left-handed
gffshoots, K equality and 9 excess vight-handed ones.  On the totels, the lefb-hantleds
frm 32.80 per eent, but the dovintion from equality is not statirtieally significant,
fhe= 12581

b

At Khandwa, Madhiya Pradesh, 246 main stems of X, nerfifolfu sach having
ode” producing off-shoots ranyging from 0-5 were examinad,  Of these, 140 or 56,01
£t oot were left-handerds.

2.5, Lenwmn usitatissimusne,  Linweed (Lo weibatissimum) = an ecottomically
;k;nr-tam plant since it sepdy vield the Bnsecd oil, and the bast yialds the tibre known
wflex Ghee of coimmercial importaner,
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TABLE 7. FUPHORBIA NEERFIFORLA ¢ LEFT- AND RIGHT.
HANDED BHOOTS PER PLAKT

o F sl
planta F— . - oo i e
L T LIR Lo gt xE
1 11 it Wiy —- -
I 14 14 x4 4 A1
K L # 17 1 (LRI
§ + * ] | .11
i i3 & 12 -
B 1& 14 an 1 1§, 4854
T i1 1k 21 i [LAIE
.3 H .1 14 o 2 [LE
i H% L] 154 i b A
U 5 3 1 % 1, 1
Ty i T 1% T} 1.:118%
12 * .4 14
[K] L S 17 1 B
14 11 [} LFk fu 1.470
15 I T 15 i 1 AR
1h 171 11 17 i .47
7 I+ Lk 1%
15 i1 it A 7 [ELT
19 L] H 17 1 ik, 58
20 s 1% a5 1 TRIEIT
# L 4 1 — O
o ) ni RS H 1k, {0
f I 4 ] 3 1 AHKE
21 3 T 13 w3 v
R 13 t 11} 1F, 44ig4
Ty 1 3 7T i o140k
2w 1] T 13 { BT
L
b= b 3 L 1 1v, Itk
Eil 2 ] ] * h, Hidil:
e T 7 I4 e
At 1 4 13 o T AWK
Ef W a 1ib -
R} kS 3 fi
24 B4 17 Al L 41, 1k
e 1 R 12 BN
piH i 15 11 1 ik,
HH ] K Wi 1§, 587

o lofis e JLRD LS xf. - 1R

The primury stem continnes to grow till it flowers when it produces a fow
whearing lateanl shoots.,  Bul st an eavly stage, it prodness a good number of

H
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shonta’ almost Fom it bease (Fig, £ The single foliae apival of the main sfom
he detarmingd Foor the Jeaves ar tle storbing postlions of U flost ceder off-shoots,

Fig 4. Tovwer part ol o plang (A1 sl o 0o omge sboeed 173 0f Lo phand,

L

= ogepne
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The off-shoots grow almost as fast as the primary stem and produce fateral flowe:ing
shoots at their apices, The spirality of the first and second order off-shoots was also
determined. The number of fruits borne hy each off-shoot was counted. In Tables
$and 8, the data on the numbers of first order and second order off-shoots of 22 left-

spiralled and 19 right-spiralled plants are given.

TABLE 8. LINUM USITATISSIMUM : FOLIAR SPIRAL OF MAIN STEM AND OFF-SHOOTS

{(Main stem—Left-spivalled)

22

18

16

14

23

17

10

2

plant  spiral ¥ 11 plant  spical I I
order order order order
branch branch branch branch
L R L R
l I‘ j‘ 4 1
1 2 3 11 L L 1 7
R 4 4 1. 2 4
R 1 4 L 1] 5
[ 2 3
R 3 & 12 L 1. 2 3
R 2 34l R 2 3
R 3 2
2 1. L 4 2
i, 2 3 13 L L 2 4
1. 4 2 L 2 3
R 2 3 22 L 3 3
3 L 1, 4 3 14 L L 2 3
{ 2 : 12
15 L L 2 4
4 1 1. 2 3 L 3 2
33 h 2 R + 1
R 4 R 2 3
3 1 4 20,
) 16 L L 2 4
) L L 3 3 L 2 5
L 5 3 R 3 4
R’ 4 2 R 5 4
R 3 3
R 2 3 17 L. 1, 2 3
R i 2 R 3 1
R 2 3 R 3 2
R 3 2 40
18 L L 3 i3
3 L 1, 1 5 £ 1 4
i 3 1t i 2 3
R 2 X
7 1 1. 4 1
L 3 213 19 L I 4 2
& L 1. i 4 20 1. L 2 B
1e 1 4 L 2 3
R 3 215 R 4 2
9 L 4 2 3 21 I, R i 4
R 3 3 10 24 3 2
10 L L 2 4 22 1 L 4 2
b 2 4 I, 3 4
I 3 3 n 2 3
R 3 2 It 2 3
R 3 3 31
187 234

main stera o= 22
1 ovder off-shoots I = 38; R == 38 (total T4)

i oorder offadumts §, - T8T: K- 284 (bota) 12h)

tH

121
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TABLE 8. LINUM USITATISSIMUM : FOLJAR SPIRAL OF MAIN-STEM AND
OFF-8HOOTS

{Main stem right.spirailed)

[

) I 11 I ir
Wt spiral  order order plent  spiral  order order
branch  branch branch  branch
- - — —_— e et e s o e e ten
L R | L ®
—_— kil ! S e : it - o
R L 2 3 11 R 1 8 6
R 4 1 i, 2 3
R 3 2 15 L 2 4
L 3 3
2 R I. 3 4 R 4 5 40
L 1 4
B 4 1
R i 5 23 12 R L 3 2
R 4 2
3 R R 2 ¥ R 2 3
R 3 2 10 R 4 3 23
4 R R 4 4
R 2 3 13 13 R L 3 2
L 3 3
b R L 3 3 R 3 K
R 3 3 R 2 8 22
R 2 3 a7
] R L 4 4 14 R R 3 2
R 3 5 R 3 2 10
R 3 i
R i 3
R 4 4 15 R R 2 3
R 8 5 51 H 2 4 11
7 R L 3 2
L 2 3 16 R L 3 2
R 4 1 13 L 3 4
L 2 3
] R L 3 3 L 3 3
R 2 3 1 R 3 {
R 3 2
8 R L 1 4 R 3 3
L 2 3 R 3 3
R 2 3 R 3 2 52
R 4 1
R 3 2
R 2 3 17 R R 2 3 5
R 3 2 35
18 R R 2 4 ]
10 R L 3 2
L 1 4 10 R L 3 2
R 4 4 R 3 3
R 3 2 23 3 2 18
200 198

Main stem B &= 19; I order offishoots T = 24, R == 43¢ (Total 67)
11 order off-shooty

L. 200, R - 198 (Total 398).

2.6. Cordyline rubra, Cordyline rubra of Agavaceae has alternate leaves
lich arc arranged in two spirals veering either to the left or to the right (Fig. 5).

12
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iplant, the two types of spirals are usually seen on different shoots. The leaf
bws clear convolution before unfolding, and this rolling may be clockwise or
dockw.se (Davis and Ghosh, 1969).

43 shubr of Owrdsdine madro roewn 8t the prevoees of the Indimn Sintrmend
linte were examined in 1968 fo- the foliar arrangement in all their shoots.  From
boots of some of these plants, the convolation of the Inmina of 519 leaves produced
ren September 1064 to April 1965 wea recorded to find out whether the direc-
1of convolution corvesponded with the direction of the foliar spiral or not. 16
be 37 shoots bore left-handed foliar spirals, and the rest, right-handed ones. The
hue prosended in Table 10,
2
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TARLE 1. SOIWDALNDE oF 0Ty ALY o PIIEROLIATIINY
(L« Left, B = Right, T = Envoleles

LT :
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FLRLARLBERRILIL 5 5 12
TRLELRLEBLILIE & & - 11
FLILBUTLRLR 4 * - 7
PLALILNLIIALRLT &% 4 i 14
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BRLERIILIKLI 3 4 3 1
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gt percentage (59.38%). Since the deta were colloctod simultanecusly from
be plants standing cluse to each other, one plant showing o very high porcemtage
mobate leaves has 1o be regurded as A peovhiarity of this individual plant,
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2.8, dArongement of poim-perionth. A palm fower wanally  possessos i
danth sczments, genevally all alike, which represent the sepals and pedals of other
wers. The outar three segments wny he ealled the sopads and the innes thres, the
s, However, when thi drrangdment of the perinnths of female fowers s enrclfoally
amined, 1t moy be reasonable to consider that ali the six peiunth wegmonts develop
p after snother forming & single spiral gompressed into a whorl,  In the female
wern of most apecies of 3.5;1.1;11:-1, the aewtivation of pevianths vacy considerally,
hen wo consider the throe inner pesiantle {peials) they either imbuicate or twist
mlarly, In the imbiioate Rowers, one pedal s comypletely exposed, the innesmost
talin pver-Tappesd on both sides by the otha potals, Thos the middle petal e ita -
e half exposed and the other hall overlupperd by fha onter petal. From the
dfon of the: oxposed half of thi: middls petal, n lower may bo ragsrded imbrisats-
Tt or imbeste-left (Devis aid Kundu, 1886). Similady, with Uhe reguiacly
isting eorolla also, left-and: right handed types ace obseovable (Thvis, 1989h),
tnoon D410 flowes from seven specios of palms are presented in Table 12,

TABLE LT é&P}E‘TIV;’\'i‘E(;L’."C OF VETALY OF FEMALE FLOWERS IN T TALME

) wnmiatle wemteartrdl g wwenlin imbiabe sotal
LTI N © et e m et e .
bafha piitht efhu righty.
dreca cateck | ww 27a ks 1#e auas
Areewe oy Goniisdin W ] 1} B pat 40k
Bocisaaing Bradifbifee n EL) 143 143 340
U oo 5 L8] S 1) 415
Fhaau e pafid o 43 1 #a 3 | LY
Flhaeni gylenafivi 244 =R FHIR L PR
SRR LEE T BT E R it 1 1)tk Lhdn oy LN
. e " ﬁ_“H w‘% . " e

+ mmee e e —— 1 5 AT ST, P B £ i e A —

It is obvious from dade piven in Table 12 that the left-handed flowers {lefh
somtortion plus lofh imboication) arc grester than the vight-Fonrksl o, The e pos
{Qi&un of flowers having conlorted ogrolls to Uhose with imbrieate corolln varies very
gently wilh species, The peccetage of contarted flowes in Areca triandra wos only
47, that in Corss puvifere 0.5, Hurvssns fobellifer 180, Avern eufenhe 19.6, Phoenty
wyireatris 238 and P, paludosa 33.7. In the cose of Prychosperma mesnrthardi, hows
wyer, with Uhe exeeption of o single fiowsee, 8 populstion of 2,124 flowers hnd only:
fmbricate eovenl b,

When nll the sin perianth segmende of o fowar ace consideed ss a siogle spial
MR more appropinte to do o since the ndividue] membe s develop one after another,
e mey observe 10 different proups seecording to the way the margios of 2 padianth
wgment overlap,  Inoone type, ol the membos twisl vogauledy elockwise pnd dn
aother, eounteo-clockwive, oo the weabed petterns, the pedandh eveles oan he
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yided fnto fdenticad halves, ome half exactly fulling over Lhe other half when flied
g the dinmeter.  OF the remeining patierns. two move ciockwisely and the obhors
mter-cloekwisely,  All these patterns arn ilustrated in Fig. 13 with the obaeoved
1 expected froquesicies iwertbed for cach perinnth pattern,

I, URArW rHmsBETIOAL MTETIIODS

Stucies on the different morphological forms of plant orgrus doscribed in the
weding 2ections lead to tha eombinadorinl awdysis of different possible structures
fhe same.  These are facilitated By the use of one of the cwrently antive Behds of
wlogy- Gravh Theory”. In this seciion a hrief introduction to the theory as
mitedd for the prosent purpoae is given and for ather detadls the render v ceforved to
rge (19402), Mac Mohan (1891], Polya (1962} and Ramanujacharyulu (1066}

1.0, frraph Theoretic results

4.1l A graph ¢ is defined by a aet X of points (n in number) and s wel 7 of
fo pairs (Wt in nembe) of points from X. Each point of X is oalled n vertox amd
K pair {of points} in I7 19 onlled an edge,

Qaommple. 1: X cfu b, e d) T (e, 8), {o, d) {u, o), (n, 4Y)

/.f /

B, T

o1 &
The runther !.'Jf' podwes ern plowwd Ty epaed e -t—-w;_a»m--. Ta a wruph @, the

tices can e used to vepresent tlur locatios or sites of Inbecest inoa flower and an edge
reaponcls tooa pertionls: situation bebwesn the two aites 40 the Hower.

3.1.2. Tho complement 64X, U) of o graph & (X, '} is defined ae a graph
the vertex seb X, bot an edge wppears in & if and only if that edge did not appesc
FaX, UL

Fzample 21 For alf our purpnses we eonsider graphs on n vertices

My t— 11, . =}
a tol of vlres which can be ohosen from the folluwing seb
2 {ﬂis "zi-a-l}b i & U: Rr rrey {?i-l:[l
édgos, the suffixes heing rend under modulen, These graphs sre known as ‘Fes-
ted Random Uraphs’ under the assumption that a graph on these w vertioos ls
with the eondition that a random nunber of edges vy wes randomiy chosen frome
wt of = allowed edges of the polygon.

Lz
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b &
4

g0 _
Gigx,u) Grix, )

A B8

Fig. 4

13 Colowring., Lot 7 be o polygon on ow vortiees, Lot 2 he o set of
goplours denoted by 1, 2, ..., s A colouring” of the polsron is defiiied a8 assigning
pne and only one colour from the & colanrs to cach edye mdependently,  Thus there are
& possibie colourings.

314, Cyclin rotation axd pafferns. Consider s polygon & with vortices
wato=0, b, o (m— 1] and & codouving Py of s wosides. Let £, beanothor colonring
of the polygon 7. A ‘eyelic rotatinon’ of & s detined as a mopping of the vertices of
# in which the vertex @, is mapped to a3 4= 0, 1, . . in--1), where § is o Sxed

‘ t pe i g
integer O & § < w1, )
¥ N ,

Tho two cubwrings £, and Py of @ are saiil to be “equivalent’ of the same
Vpattern’ i given DY) ihe colouring £, wan be obtained by & cyolic motation of the
polygon.

Ewvmple 331 Lel & be oopalygon of 4 sides mnd A owoset of two codours black
wrl white o

g ﬁf
& ‘Q\,
P ” »
- »” *
’ﬂf r! ‘M
” - »
# L LY
o] ’ :
aﬂ ~ 2 aﬂ 53
N‘
~
Ty
LY
by
93 Ay
A 8

Ve

1u colouring Py by writing &, in place of «; we get salewring P, Thus,
these: ara equivalent colourings or these are of same pattern.  Two patterss see distinet
i they are Dot conivelent eolovring.

]
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In other words, on a polygon a cyclic group is acting. One is interested in
g6 number of distinct patterns. The solution is derived in Table 13.

TABLE 13. TABLE OF DISTINCT PATTERNS

) polygon

number of of 3 4 5 [ 7
colonre n sides
2 4 6 8 14 20

3 13 24 51 129 315

The general formula for the number of distinet colourings to colour a polygon
{n sides using s colours is as given below :

L (sM 484 -e+sd2+...+s"l’~f--... »{-43"‘”“‘)
n

there dy is the greatest common divisor between the intege s 7 and ¢,

3.1.5. BEvolution of restricted randoin coloured graphs : Now we consides
le set of all possible coloured polygons which are s* in number. Let all the

mohs be given equal probability ;n of buing chosen. I othe: wu ds conside: the

tvelopment of a coloured. polygon by selecting a colowr out of the s colours for ench
ie with equal probability. After colouving all the n sides we say that o Restrirted
Rndom Coloured (RRC) graph hus ropeared. The prebubility thet a porticulwr
‘ttern appears when an (RRQC) greph is chosen can bz computed by cohtainizg tho
gmber of memhe s in that petten cless and multiolying it by (!/s?). This is
btiined by Remenujacharyulu (1966); however, it is given hcre for compritetional
plevence for values of 7 = 3,4, 5 and 6 and 8 = 2.

A given pattern is an essignment of eolours 1,2, ..., 8 to the # cyclic edges
by, vy €n . Hence let the nattern be e wesented by e eyelie sequence f of intege s
mpresenting  the colours on these cdges in thet order of the cyele edges. Let the
equence f be partitioned into p(f) identical subsequences of length Iy where I = iy
i the least integer with this propety. Thea thece are I equivalent colourings and
the-probability that an RR(' graph is of observed pattern f is {,)/s™.

Example 4: n == 4 and 2 colowrs :

Q\
« NS
-
UN q-)N\ .
~
A Y
" "
~
\2) Q,Q
e} ‘\ &

Fig. 10

©
-
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In presenting the following patterns, only patterns with not more than (2)

ER
alges in &t o« polvgon are given as they can be obteined hy complemmmtadion with
respect to the polygon, the number of equivaiont membess in the cortesponling come-
plementary pattern classes ore equal. A star on reference code denotes that the
peitern ie self-complamentary,

T A patiorn Uy with Pin) eguivolent mombers has a complementary pattern

Capem ol Bhe sime numiher Fla) of equivalent members.

3.1.46. ‘;H(}-P&ttﬁ;fm: “Conpider once again the sel of 4 puessihle colooved
polygons of n mides in'# colours.

In the ahove seotions two colourings are swid to be of the ssme pattern if one
- goloured. polvgon can ba obtained by s cyelic rotation of the other coloured palypon,

However, this aguivalence of dwo eolouring ean b defined in sny reioired
manner. In the foregoing exsmples as will bo cxpluined, we need the following
definition of equivilenee a8 well in gose of two eolowvings,

The casc of o podvgon whese sides sre endoursl using twa eoduurs ondy in Lhe
same a6 that of o Hostrdeted graph on the w cyolic vertioes in which some of the oyelia
edgen appear [io. gider of one enlonr) and the nthers (sides of the other soloue) do pot
appear,

These -2% renbricted graphs are lit'l%'!‘i.?ﬂ{% fevm the eoloured polygons.  Two
aeh graphs ace gail fo he BC-cquivalent if one gruph cen T oblained from the other
by n oyekie rotntion (R} or if one graph is complenent of the other with rispeet Lo the
pobvgo,

{Ine = interadted in the number of graphy which are not BC-squivalens.  Let
2owe eall them 'RO-patierng’. The geneeal formula for RO patterns is not yet obbained
_angd it is evaluated here for » = 8 as it i+ of immedinte application. A scif-compie-
cmentary Rilagquivalent pattern v called o ‘neugral pattern’ wheress among two
- Ritequivalent patderns otbe then selfeomulementury graphs, a clzssificatiom of
patiorny into ‘right’ and ‘leff’ is malbe in the [oBowbeg seetion viz, 5.2.2.

4.8, Graph-Albearctic approack for morphelogiced swdier. Now we glve below
_graph theorotic deseription of some of the morphologionl asymmelry mentioned in
Sectiom ¥, which with the help of results of Bection 3.1 i used io tost warious
statistion] hypotheses on the sppearsnce of diffevent structures in Bection 4.

A2l Let us comsider Eeplorbic anftguorsm and E, weriifofin diveussed in,
Sections 2.8 snd 2.4 These enn in geoeral be doseriledd g follows,  Theve sre a
rows of spines spiralling either to the vight or left end at a branching point therearen
buds swned each bud may or may not develop into a full beanch agsin. Fiest of all
une id inlegested in the bodal mumber of patderns and the cactone possilile plioot strue-
tnea,  Fer this parpose b owr coustenct a graph whose cevtiees g a8, LI

21
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TABLI 14,

Seres B

PATTERNS AND NUMBELS OF EQUIVALENT NUMBERS

o o
PATTERN = P
(o} Orsmmnsmeeme0)
ne3
REFERENCE CODE = R Cs,0 Cs,1
NUMBER OF EQUIVALENT
MEMBERS = P (n) 1 3
o O o) ol| o—o0
y-)
o © o) O—0
7 71 "4
R €4,0 C4,1 C4y2 C4,2
Pn) 7 <4 4
o) o o) 0\0
P (o} ) 1 (o) (o}
10 0O o ne=Ss
R €50 Cs,1 5,2 | €52
PMh) 4 5 5 5
P =6
g
o o Fo) O\O C/O
o 0 o] o] o]0 o] (o]
O O olo o o
o™ il
R Ce,0 Ce,1 Cs.2 6,2 Cs,2
Ah) 1 & a8 6 3
o
. |o o N | o 1 C\o
P ar ar nll
R 05,3 8,3 8,3 Cs,3
) 6 & & 2

| &7

[
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represent the 7, interrow sites of the n buds which are circular at a branching point..
Place an edge Gy G3,1) == e if and only if the bud between the sides a; and a,, deve-
lops mto a full branch. Now it is clear that all possible structures of the plant cor-
respond to the restricted random graphs discussed in Section 3.1. Hence if we assume
that all posaxble structu.es have an equal probability of a.ppmmnce then the probability

‘that & parhcular structuce with reference to code C% ,, appeaus when a single- structure
is ohserved is giiVen by the number of members in its equivalence class divided by 2%,
Tables of the reqmred patterns and nunwbers are given in Section 3.1 for » = 3, 4, 5, 6

It mey be noted that if a bud has sove:al possible states of development
¢which need not. be measurable om an interval scale but only can be identified) which
¢an be labelled by numbe:s 1,2, ..., &, then any structure of the plant coiresponds to
& polygony @f,;,g axdes in which a side is coloured j where j is one of # colours depetiding
an th@i’f&ﬁe ‘of development. [t may be of usc to have tables for these patterns and
hhag' *probablﬁtwu of aApPeRTANCe:

Fig. 1%

322 Here wo shall consider the arrangement of the perianth lobes of the:
areca fiuite: * As-dereribed in Section 2.8, each of these- flowers has six perianths.
On & fruib the two ends of a pecianth lobe may be exposed, or only one end is exposed
while the other is overlapped by an adjacent pervianth, or else both the ends may bhe
enclosed by tho two neighbouring perianths. To understand the total number of
patterns. of development. eto., we pl'ocwd as follows :

Consider the middle points o{' the pesdanths of a ﬁuﬂ; Let us construct a
graph whose 8ix vertices @y, @, 6z, @y, 6. @5, vepresent, tne 4ix mid-points. of the six
peianths. Also choose a direction: of orientation around the fruit, say, clockwise.
An edge (a4, ag,) = ¢ appea s in the graph if and only if in the clockwisc direction of”
movement the second end of * the perianth whose mid-poins is a, i8 above the first end of”
#e periunth corvesponding to a,,;. But the direction of orimntation is arbiteary and

23
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o without fnaisting o1 the direvtion of orientation. bet wr constouet, the graph.

in for s given fesit we follow either clockwise or comnter-clorkwise direction

for different. fruits different dirsedions of artentation oan be nsed todeaw the graph.
gking the roupting of sbructures indepmdent of the divection of ovieniadion brings
4 comsdiler fwo complementary patterns to be equivalent, Hence tho numbeor
distinet rtructures will bo the number of Blhagnivalent patiarne sidied in Section
. As an example consiler the falliwing Hower :

. Krampe 5: . FPhe two BC eguivalent patterna arisge hecawwe of two differont
tations of thoe same flower in Fiz, 124,

% F\? ) ‘92\ pnereeamaBg
ﬂf qg A ﬂ; af
L :____,.._.m - -
5 ‘_/‘;i? 85 &

&y Fp

A a 'y
Fig. 1%
PABLE 15, TABLYE OF RC-EQUIVALENT PATTERNS ANT MEMETRSE POR 2 « &

_ _ o LT 1t W T il
rafivrarce ool Can D g Das Uger Cps g Uaeg Beg $laog

g .

ik ol arqud vadend

PR —_ ——

mosthors 1 & 4 # A8 4 t :
: ‘ R I ¥ T
- peforenpe oode.. T 2 TF AR 4 P
“muzgher of dauivalent o T e
membas L] . & L 2

. 0 S S P S

TABLE 36 LEPT BIGEHT ANT WEUTRAL PATPERENS AND PROTABILITING °

. pitlern o elaasifloalion, riphk Iafy aolbesl
o ‘ T 1 1
rofhiwnon ‘aotte Civnt Llgnd Lo Lrvgs Cagl Tpet- B
u nIr. o I TAD 10 v
]_ Cyart ‘-:.pq::-‘ Lt Cags Tyigs Sana! Ut
pruprichioeg] praohbeblzles 28 28 ?5

- [ . PO P

4 BratieTiCAL ANALYS®
» In this section data on the muephology of varions plant organs desoribed under
-2 are put to stativtionl analveis baaed on lhe thooretical rasulte of Seclon .
tests are mainly to see whether a structuve appents at random i nature, and on
inter-celationship of varinns organe of plants with regard to miﬁﬁng {or_ooiling}
Mructuie.

¥4
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Flrami mapmepetry fn Malvevene.  The nnll hynothesis takon g idigs dle
t!ﬁp &ml right-handed Howers in cochi of the 34 spevies of Mulvacmae g

g
yhmlal kit 1a U; By ~whivh follows 3 with 35 L8 under vall hypotipsia.
aovp

BiT:p 3 spesies, 19 have excess lofYanded Howeers, andd of theas, the el
lﬂ%?ﬂﬂ'm' Hmwwﬁ s w mirnifieant Qifforenee from o piadity. None of tha
wing M@(m rightebandedts showa o mgminmnt diﬂw-rmvrx The % wnlue foe

pnp:ﬂ t:m‘t shows s sigifient diffornee Tom the espeotad gven theugh

dock foern- enly 56.02 pareent: of the totel Nowew. This sienifienee s
st mminly by the gures for ey rosaatimnais and A butilon fedivw,
W& atene aeoonrte fue 2,57 pee cent of the totsd fowees aladiod, sl
B[20.0263) for this spacies largely affocts the entive nopulation, lesding o
ﬁﬁﬁm for the lofus.  Tphorving Lhin snevies, equality ey e pxpreled] for
%ﬂf @unm Binee the oxeesr of b{tx over vighis s pe gigting i the case of
ﬁm evtn witly lnrge somvpies, sl durikg different seaanne, this peonlisby
E‘,iﬂ imvestigatid.

F{:m! asyprnelry in Howdacaesne,  Of the 41,470 fowers from the 1k
apgns examined, 61,07 por eont wers left-handed.  But the difference
kinds of fowrees I nod sietistically signifieant, the ¥ value with 12
B he 37562, However, the figics foe Rombny ceffa show thst
uml wignifinantly an excess of lefi-handed fowers  like Hibfsein
m 16,

T

firmishrd in Tables. 1 and 2 relnting to ihe tf{ﬁm it ﬂmws i woverak
L@ and. Dombacgoens Jiseusend undor the preceding two sibe beadse
then U reconding of the individual flewens was pit mnintained oo
¢ which would have ennbiled o God out whethes the time sepies wimid
Besnoulli sogrenee, tie lofts and sights hetng distrihuted rondoly
thaienoy scema magniticd when the diate noler Tables 10 2md 11 aze
Jritle afimit-.t:fﬂg thet b data on -floval aaymnetry shonld have-
CWR o nob congides fhal Vhe detallol datn would e shown s,
w foom what coe exnects i Beorowlll sequence of toinls, | Pl
Tables | and 2 solade to the arvangeme, of potals in vhe ﬂﬂwe“&x
m:li]'m whﬂlc thewe i Tabl 10 and i, mla‘hq-i ta the ¢ ““mxgt,rm ut. of]
}anri the; vothig of the inmatiare laminge in two plnts brhmmwv
tamilies.  The pucte of a Howee and thoee of & leal iiesd not. apees-
phedomenn.  Parthes foom vtie of Phe speeles mentinnem] noder-
iadee), the kivel of tiefaldrr af fwos was recorded in iheordoy of”
the severnt Bétwarshedsing Shoota,  Thr dats were plotied on 5.
iF propoctions of the lefta, ~The dontenl shart snggestod that in the-
sampled, the lefts cud rights were whont it equal nombors ou each
ik (Davip and - Bwnda, 1853, Jo wldition, all the Jowess thsi
nepe Bamhe e b tress vieero peanined doiing ome sesson, and Bleir-

'
Ph
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twisting recorded. It wes found thai the lefls and rights were produced move or less
ima 1:1 proportion throughout the blooming pedod (Davis, 1966). Thus, the
mature of the data in Tables 1 and 2 scoms to be unigue.

5.3, Euphorbia antiquorum. Under the null hypothesis it iz assumed that.
the ' is no-dependence as regards the twisting between the main stem and off-shootas.
Hence the following Table 17 gives the obse'ved and expected value in a 2 3 table
of main stem (L.and R) ageinst off-shoots (I, R and N). The symbol N denotes the
wutral off-shoots which did not exhibit any twisting.

TABLE W

oft-shoots
maim Kiemm

O PRSP 71t Y
L . ‘ R . N
b’ft e R "ch)slé‘"vedd EL A - ¥ u2¢,4:§ b Ed . 72 - 2{; £ L 341
‘ wepected w4 20 129.37 97.42
nght observod 86 145 20 231
expeotod 124.79 87.63 18.58
Tatal 309 217 46 512

o A o e gty = e s o ——— e oo n | i i o o e - -

[EEs—— ~

X5= 18,761 1542543766+ 0.0738:4-27.69520-37.55056 +0.16800 = 109.62741
lo. the y* value is very highly significant both at 5% and 19 levels, which clearly
shows the dependence of the off-shooté on the main stem with regard to the serewing..
Bimilar values for the datd felating to the 4-“winged stems and' 3-winged stems ad given
i Tuble 6 wove caloulated and in each case ﬁhe x® value turns to be highly significant.
wen at the 1 per cent level as shown helow :

dewinead off-shoots y® = 71314

3-winged off choots y = 147.984

As may be seen below, with the limited data obtained on Euphorbia neréifolia,
w0 serious resemblabo of the mdin stemt and their offishoots wis noticed with regard
Io the direction of twisting.

£.£. Euphorbin meriifolia. As heg been mentioned i Section 3.2, the
possible structures of this species with 5 buds correspond to Restricted Random Graphe
0 5 verticos (Fig. 11). Table 18 gives the observed data and expected frequencies.
wder null hypothesis that all structures are equally likely.

We shall test the hypothesis that theve is dependency of the branches on the
minshoot with respect to twisting by exact treatment. The conditional probability
listribution of the above table is 28412081216!2301/5141174!124!1101106' This is.
umbersorne: to. evaluate and hence we usé approximmate x3° test using Yate's
wirections..

 BI4{175.106:124.110)—3.5142
X 008.016.230.280  — 0-00855%.

24,
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TARLE 18, BUPHORBIA NERFIFOLIA : NO.OF PLANTS'
WITH QIVEN NUMBER OF OFE-SHOOTR

il il

»o, of no. of axpeotod -

off- vs?mta . . plants ’ frequency

13 16 594

1 80 37.970

2 32 5. 940

3 54 75.940

[ 2 ) 37 870

8 1t .

ol g ™ ie 008

X7 obsoryed s, ’;‘96& . Tho upper 8%, valee of x* with
5 degrees of frpedom 18 11,1 and i hence mgnificant. Thus,
not’ a1l wruocbdrl are squally ltkely for shis specien,

TABLE YS! RUPHORBLA NEREIFOLLA « LEFT-AND RIGHT- TWIRTING PLANTS

1o, of Joft ] right pxpectad
beanhches frequeney i ' ﬂ‘omnoy
0 ? 4,218 5 3.374
} " 21. 00 30 16 872

2 X 42.180 22 85.734

% 33 42 180 18 33.734

& X8 2t.090: t9 16 872

- [y 4,218 8 3,374

" iotar 133 Claae16 W8 107.960

'} Among the: plants twisting to the feft, x? observed valuwd im 3221 and in signufioant
enongh to gmprove the hypothesis that-the number of branchow is; tandors, or that
all possible structures are equally likely.

2 Awmong phnfsa twisting to the right, f_o’bser\red value is 88 2 which is highly
significar§. Thus the data show that all stiuctures are not equally likely

Tor the ssms spesies, Tably 20 tontaing dals on plahts with 3 and 6 buds
whsurverd ot Khandwa, Medhya Predost,

TABLE 20\ - XUPHORBIA NERIIFOLI.A..: RELATION BETWEEN
MAIN STEM AND OFF-SHQOTS

off-shonta
TN SR e wms oot e s e total
’ laft. right
oft 174 s 218
right 1m0’ 108 218
o e e " 5 St i duoniasde 3 R
botal 284 230 B4

e e i e Sy i A i e Ao

‘Tahle value at 59, level of y® with 1 degree of freedom is 3.85 and hence the
mved x* is not significant. Henoe we eannot rcject the hypothesis that the main
gt and b-anehes twist independently.

27
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£%5. Linum wsitatissimum With Linum usitatissimum, no clear picture cam
Teformed as to the dependence of the foliar spiral of the off shoots with that of the
mary stem. There is, however, a tendency for the first order off-shoots to show a
preference to follow the foliar spiral of the primary stem.  The second order off-shoots
fo not exhibit even this degree of affinity either with the first order off-shoots or
with the primary stem.

4.8, Scindapsus officinalis, A porusal of the data given in Table 11 suggests
{hit In the esse of convolute leaves, there is a tendency for a leaf with left-handed
wonvolution to be followed or preceded by one: with right-handed econvolution. To
verify this, the type of each leaf in relation to its immediate older lone was determined.
The data are presemted in Table 21

TABLE 2V. SCINDAPSUS OFFICINALIS: PTYXIS OF LAMINA

seoond loaf
first Yeaf — total
loft nght wmxolute
left 20 166, 44 219
right 150 21 Y] 205
mvolute 47 16 80 153
total 217 192 7 N 577
: o

The hypothesis that the ptyxis of the first leaf and that of the second are
statistically - independent is rejected since the x¥ valwe with 1 d.f. turns out fo be
330.80. Therefore a left-hended lamina is generally followed or preceded by a right-
hended one. However, in the case of involution, thevo is a greater chance for & leaf
o he an involute if the immediate older one is already an involute. Data. relating to
the' involutes: were tested to see whether the involutes followed/proceded by a left-
handed eonvolution were greater than those followed/preceded by a right-hander, It
was found that the L] (left involute) or IL were ocourring more frequently than the
RIor IR, snd statistically significantly. An involute leaf followed by another involute
is significantly more than s left- or right-cenvolute leaf followed by an involute. .

The state of the leaves of Scindapsus officinalis can also be represented by
veitfoes 1, 2, ..., n on a line. Then join ¢ .to i+1 by an edge if ¢ and 71 are of
different types of convolutions. Assuming that the convolutiom of » leaf is independent
of the preceding or succeeding one, the null hypothesis becomes that all possible
reatmcted graphs on these n labelled vertices on a line are equally likely and hence for
agiven graph the prohabﬂlty of its appearance can be evaluated. This werk is deferred.
to a later paper.

4.1, Arvangement of palm perianth. Here let us consider the 816 fruits of
Areca catechu. The possible arrangements ef the six pevianths are shown in Fig. 13
which give rise to the Restricted Random Graphs on six. vertices described in 3.2.2.
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" Undet the hypothenis that no spacifie pattern s preferrad by Nutus we shtain
gxpected numbera of oheervations se follows

Oy ol Ly 1893 pary
fi., f?§;:§ 44 }
R £ PN Ofhy e CFF & E‘EE.E}‘-.\‘ il
Chat €l o J

0 and CfF A caeh
VO o608

The 3 value computed as. (nhserved —cxpeotod)floxpecter] summed over all

e dm BI0SY which 8 guite significant at 5%, level compared to (22.38) the y?
ye with 13 degrees of froedom.  Henow In the eowse of evolmtion of puianths,
in struetures sre prefeored by Natvee,  Tnoanother specios of Avecn {1, triandra
b hes ondy 5.7 per cont fraits under the gy and (7, prrisnth-combinations
e L2, all patterns may ovewr as por expoctation which would mean that no parti-
‘pettern is prefered hy Nabize. On the othef hand, in Pycfiosperma macer-
i, with enly a stple stray Bt under the patternys 0, and Cpp n very stoomg
feremee for certnin pevionth-patterns s notieed.

- Howevur, proceeding further according to tha Teft, vight and nentral clessis .
tiona of structnre os shown in 2.2.2, the ohsevved numbive of patterns sre
tively 144, 142 anidd %0 and the expected frequencios aoe 135,25, 188,268 and 10,75
srrepondingly.

CThe  eoraputed ¢% value i 5.7 nad the signifiesut wbaisted vodue for vi -
beaig 508 4t 59, wa can Feject the hypothésis thet the aenurtonce of stenctnres d5 in
weeordniioe with the ahove left, right ard neuteal classifioniione.

C T MORYE. REME LIS -

Uit e Simlvais of duth of evoi wliat appuora-te be veey vrdinary phemo-
mips swch ng hifotral sevimstey tn plonts nve not without dusicable remalts,  Numeriesd
ethods, éﬁ,d:ti‘ﬁu.:’r?'(’iihg o Bakal antd Speath (1 i3}, may opeu up & wide fold in vhe exact
mesrnremant of evolstionary rates and may provide p more eritiead npproach to phylo-
genetic peoblems,  Encopagingly, & greal awavenens for svolving numerieal mothods
won i taxonomy i@ Tt developing,

5.0, When we siudy the relationehip of the folinr areangement o difvent
organy, we lind considerable varintion between specios even very closely related to
rch other,  Thos, the folize spirals of the trunk aned fratorder off shosts in Pronts
wrnsus wre positively sseociated, and in P.ooaeivm they ars negatively associnted.
But in Prunws domestios, no significent dependense was observed {Dovin, 1968R].
Evofutionnry trait may aleo he attritutable to cortain situntions cemverning the aeeth: -
vation of floral whorly, erpecinily the petals and sepals.  Wiale in families like Mal-
varean and Bobrescese, the lafl- and right-handed flowers [acoording to westivation

el
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petals) are randomly distributed, in some species of Arengo and Caryota where
Jflowers are arranged in clusters of three (a female flower is surrounded by two
its on opposite sides), 8 clear pattern js present. The two male flawers 1n a cluster
we their sepals arranged in mirror image forms, The same is the situation with the
ds of afl clusters. The fernale flower may either be a left-hander or a right-hander,
kin & left-spiralled spike, majority of the female flowers are right-spitalled, and vice
ms in o right-spiralled spike as evidenced from data given in Table 22 rclating to
npla mite (Mitra, 1988).

TABLE 28, C4RYOTA MITIS: ATSTIVATION OF REPALS
- OF FLOWER.CLUSTERS

aestivation of flowers

spirality - e e e total
of sprke " male female male
- RL}‘ Ai%RL "
left L] £80 ]
. 17 30 56
- 13 4 55
e T T T w e
right T T T T T T T
»» 33 8 41
v 46 10 56
l 123 J s 168
Total 189 166 325

‘5.2: While plants with a particular type of morphological structures are
Wired with greater productive capacity than those having different structures has
Pm domonstrated with the coconut where the leaves are arranged in five spirals
miing either clockwise or counter-clockwise in & palm. The loft-spiralled palms in
Main plantations in India, the Pacific 1s. and Tanzania produce more fruits than
wrightzepivalled ones (Davis, 1962b, 1963, 1964c) even though the foliar asymmetry
ot genetically determined. With Vigna sinensis which always moves counter-
pikwise, the reversed vines produced more fruits than the normal ones (Reber, 1960,
W: Davis and Mitra, 1968).

Weo thank Mr. 8. K. De, our Artist for the pen and ink drawings.
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A ‘20 CONFOUNDFED DESIGN' FOR A MANURIAL
EXPERIMENT ON COCONUT

Hy T. A DAVIS
Tndinn Stafistical Tnstifade

WHARY. A mieranabrisnb-mamueinl erperimient on & fetorial 2% conTommaded desipn’ wad
63 en & A-hardarn el plartatimn nt L Cootead Cuespnd Hessorel Seagion, Fosarurgin.
i Mbate a5 a5 @ bter i 0o Erod the Flart fonils) cisase aFaniing the pelaur e muierien ngrien i5

M, Copper, Maqygorese, Tron, Malglndemuen, Fioe, as weldl s Wegnesiom. TIetd on bhe et
semerphelngend charnctara wasa taoardod om fhe 184 expericsntsl palraa frores flis megsdlinn
fmenb, The fruit-yield date sone upeo snsl inelssive of 1UEEwoee cpeh o] for Yhe
weisaee snd the Tosails veporkmd,  Aer 1000, (he oagneo-puecbeieta wers pdmiaissened direstly
be g deoad Torme Boye o oliferant mathod .

g §anadysis bave revaslsd that the healthy prlms did not sy any agmEfennb eopuosar o
fa of any of the macvo.mrionss.  Bul palma in the carly sbage of e Bonb fwill] diseasn res-
mbly to tho deentiont combimmbion ol Teron i Teoe.  Bowevar, when appied alone or in
pwith Coppor, Teor |]=:p§{zr,aw1 e nnt-winkd @ thia categery of poaliog aignitenntly.  Hovorely
et dadl wovye favonralbly with Magmesinm and Molpbdsmnn when epolind iudividualty.
: 15 ¥
1, ISTRODUCTION
Be Boot (wilt) fs the most serious dizeass of the coennul palm in India o Feos-
o por cont of Lhe coconubs in Kerala which is roughly about seven per cent
i (.64 million heelares) grows thronghout Tndin, and iy vesnonsihle foe an
i of over ten million rupees.  The disease . pppests bo be vory somplex in
gh indications of its vival nabure ate becoming more clear [(Menon. (451,
and Nair, 1061 Menon and Shants, 1962; Nagaraj and Menon, 1065,
g g of 0od, 1554, Hadhe and Monon, 1854; Shanba and Menon, L9603, Shantn
{m acocunt of s unknown origing the Koot (wilt] deeasze may ba com-
b ginilar major disesses of the coconut in other coantrica such ws the Lothal
fm the Tnknuwwn Discssc) in Cendral Amevica and Jamaies:, Kaincoope
Togoland; Bromze Leal Wilt of Bribish Guiana, West Indies and Nigeria,
ang-Uadang of the Philippines. The Coconut Withering Tisaase muking
pusifestatinn in two provinees of Ceylon may alo fall under the above

2 Hwroky oF THE HXFERIMENT

fhe Central Cosomut Besearcly Station, Kayangulam (Scuth India} whers

it} divease of Lhoe coconut is belng investigated, the offect of sortain miore-
peiring the disessn or preventing headthy palms froin contacting the disease

fetigated.  An exporimenl with eix mioro-nutrients @ Boron (B), Copper
iﬂe\g}}i Tron (T Molybdenwm (I} Zine {5 and also Magnesinm (A)
ke ot this rosearah cendre from: 1953,

:iﬂeaign of the experiment chosen is 27 confounded design'.  There ave 354
d in the oxperimeni. which arespread over u S-heetare plantotion along
ﬁﬂt&‘mt eoconut palrs which arevegardod ss eontrols, AlL the pabmes roceived
%-nﬂtﬁantﬁ (Witeogea, Phosphorus and Dotash}. O the experiwentsl

&3
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paloe, o thicd (128) wers apparonbly healthy at the begioming of the oxperi-
ment, auethor 138 polms were moderately diseased, and tho remaining 128 podms
ghowed scvere diseise symploms.  Most of the severely diseased palms neluded in
the experiment were producing some fuits (nuts) andjor Huewer-hunches even in 1960,
and their condition ot the time of selection was preaniadily wilhin tho seope of recovery,
The yewly mean numbers of nuts produced Ly dhe trees of the iheov eategoeies dueing
the pre-lreadmend peried were @ heallhy palms 45,07 wres, palms alowing early stage
ol aease 2785 nuls, and those showing severe disease symptoms 13,706 nubs, Figuee

1 oexpleine this furthee.
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Elocks and plots ;. There are 168 blocks wavder cach eategory making & tutal of
4% blocks (vide Tablen 243, Enach block was divided inte 8 plets (palma},
bloels {ome representing each category) comprieing 24 palms may be regarded as ons
majur bluck, and the trees of & major block are digtributed more or less in one region.
The &-hestare expovimental plantation consiste of three wlmost contiguouns fialds as
shown in Fiz, 2 Field sumber one aceommidated 3 najor blocks womprising the
first @4 healthy palmz, 24 palms in earky stage wnd 24 palms In foto stage of disense,

- r .
FiELD -3 | A |
—e M P i FEX|
i .
. _,,4-—-"-"'—-—
BELD =T
e THE THREE EXPEFMENTAL FELDS
e WITH NEMBEGT OF MATUS SLOLAY
FNTRTATEN SN FANAH.
[ ALan WET TR FoaAlE])

Fig. 2
36

Thres



1349

MANTIRIAL EXPERIMENT OX COCONUT

ot blocks were distributed in Beld two, and the remnining § wers disf eibuted
three, Thuz, the 44 blooks comprising the 384 pleds do not firm cne composite
;m, Though the division of hloks within » {ivbF waas arbivrary, Gilerenoes
Halds, awanl thus bobween blocks, wore suspeeted on eerrain grownds sueh od
atd vazicty of palms, soil conditions, level of water table ale.  In view of
E&lfounding derign woe decided upon which 18 expaeted to elininate the blosk-to-
fistion andd therehy oliminele dhe variation belween fields.

The yeain treatments and all possible combinations (two to seven] awwmnd: to
wive of one no-troatment), and a partiendar treatment was saade on o sob of
salms fplote] of which une 2 heallhy, another with moderate disesse and the
fith seviers disease.  Besuring very uniforny experimendal palme of the same age
~nmbers was o difficult problemy.  Importance was, therefore, given Lo (1)
ity of the condition of the pelms (healthy or disased) under each catogory,
the spacing between fhem {as far from esch other as possible) so that the
g applind to  heer wore least absorbed by the neighbouring pulms. Tven if
ma were planted with the maximuwm recommended spacing of 10m, thete is
i be rovt eompetition hetween palms sinee many coota of ndult palms measire
imeters in lenpth.  Accordingly, sulfieient conmideration conld neb bw givon
gge of the palms, and they wers from 18 to 65 years in L3 as recovded in
b,

Tfshla 1 gives details on tho form and q1‘1&nﬁt5“ of the manurial salte need and
ﬁt{l&taﬂ amounts of micro-uutrient elements contained in ther, Thess salte
@iaﬁ in powder form in shallow basin tronches {(dinmeler 2 metres) taken avound
gof the stom and coversd with a thin lwver of goil.  The spplicadion was made
iemhﬁr wvery year when the hoovey South-Wost monsoon was jnat over, The
gmtal polms a8 well a8 the non-experimental onea wbanding in tha experimeatal
jmwad, a hasal nulrient, dose of 0.24 kg nitrogeon as groundnut cake, 0,34 kg
grio acid as bonemeal and 0.68 kg of potash as murate of posash {K(1) pee bree
&'. The pIl of the soil was generally acidic, becoming strongly acidie during

Baupp 1, TREATMENTS AND DHOSER OF INTIVTHITAL MICRONUTRIENTS

ot ey quakzbily ol v
SV aaltd mpplicd tien fior tttrient alemont
Foor (goy  presvns we she doao
fgraj
& Mmmemum bu!ph&tﬂ {MgBW TH L did 48,4 (Hagiesnrm)
I Borax [NeaghiyOp LTI 28T £5.0 (Thorom)
4] G{JPEJHF Eu'l}:l]lr_ﬂ.c‘! l:ﬂngﬂrﬁtluf}] o37 [l ﬁCO[}I)EI}
B Mrnganeas Balphate (Mnfo, 4800 Ha7 S0, 4 [Mungrrump
E Ferrour Bulphate [Fesion THAM a8y a4 [Teowd
¥ Ammoninrn Malyladste {NT'T..‘,I.NTH-,[‘J;,,,N-S H 03 B4 1.0y iMolybelensm)
¥ AT ﬁuf}'ﬂ':ul.l"! {ﬂnﬁn‘.ﬂlﬂgﬁ} 237 BE.F (Eine
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monsoon, and to ameliorate this sondition, abotd 100 ke of slaked lime per acre wos
gpread over tho soil snd worked in with hand spades. Lo sdedition, s groen-manire
crom of suns: hemp was ralbed evory vear in these feids and ot the proper times the
enbire plants were pioughed  Into the soll dn s, The first application of the micro-
aulcients was wade in Sepdember 1963

3. ODSEDVATIONY RECHRL KD

Data o the production of nubs ag woll as Tovals llowers were available on Thess
vapesiniental paling from 1948 onwards.  In addition, date on the omergence and
shedding ol leaves, opening of spalhes, maasorements of loaves and lestlets as well
as iha nmbers of leaflols, female Bowers, nuts shed promatueely awd those huevesled
8d ripe ones, appearanes and progress of disease sympioms as well 03 incidenoce of major
pests wore collectod on Ll plms peeiodically from 1957, Joloor sketches depicting
the condition of their crowns wore prepired ab the time of st applivadion of the micro-
nulrienty for later comwpeerizon,

Lo this vapuer dada on Lhe Tenit-vield alone are congidered, and that ton, for a
period upto aned inshusive of 1063, Afler 1960, the micvo-nuteients were administered
direcily nto the palm az rolution by o rood-injeotion method (Davia ef of, 1064) instend
of applying them in fhe soil aeinand the stom, The frakte produced by s palm have to
be regarded as the ulsimabe vritorion of the paluy’s response to o treghment, since the
expeciment wia running for o fairly long period and since o greal majority of the
palms were in the productive slage. The anthor wae in charge of this manurial experd-
ment from ite inception until 1960, snd hengo, the dala relabing to this period alone are
sonsidered in this puper,

4 PRESEXKTATION OF DATA

Tho fruit-wiold dats welating to tho 384 palms for a I2-year periml (1944-1860)
are tshulated in Tables 260 4. This period has been split into a §-year pre-trestment
period and.a G-yemr post-broatment peciod.  Since the fiest annual apphication of miero-
nofrients wia made in 14563, normolly $he years 1053 and 1954 shoubld have been in-
vluded under tho post-eentment period.  But the coconut palm is unigue in cffeotivaly
showing Ehe benefil or ad vers effoet of 2 maneeind trostment only after two yeara.
A fewer-primordiim, which is most sensitive bo a braabment, maturess ingo anub after
ahout two yenrs although during this two-yent period a slight effect dus to a higher
or Jower setting or shedding of the already developed Howers and young fruits way be
noticeatle.

e palos gave no mate ab all during the 12 year and they wera all diseazed
{latestoge). Threo heallliy and three diseased polros died through lightning and diseage
bietwesn 1986 wnd 1089, ¥or Ghess foees Lhe vield averages wore based on the vialds
Tor the voars bofore thelr deaths, The nubs weee hacvested § times avery wear, snd
pactind yiolds in the year when o tree died were omitted. A fow olher trees ondy
gtarged produning feoiss afer 1949,

RE
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TATBLE 2. BFFROT OF MICUDNUTRIENDS On THE FRUITT iy OF
COCORULY PARME s SFALNNT LS
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MANURIAL EXPERIMENT OX COCONUE

o the main effeats and two-factor internclions are given
the statisticad anabysis, the maba offecta and the Swo-lachar
wonsidered, the higher dnlersctions being inctuded W the

i Tables b
irteracticts

Orini.

The

solinng were confonnded,  ATC, ADEF, ARG, BDG, BEF; CDE, 05,

,ACDG, ACER: BODP, BOEG; DEFG and ABCDEYVG.

TABLE i.

[enrtacttd for x)

MATH ERFECLS

1l
Lot
beadthy valoin .
anglst shapr
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TARLE 4.
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14548
244
na
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34

1342+

* gignifirand WPendincets
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iSHant
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frgptmeng e
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A wrrection Tor the yield diference bebwoen palms having lofl- and right-
hunded foliar spivels wos mads. Although this foliar aeyimmotry s non-inherited
{Dnariy, 19624}, the heft-Yoanders have boen observed woyiold significantly more wumlbee
of mubs ian their counterparss (Davis, 19820, 1063),  Wigure 3 shows the lefe-right
yiulil difforonecs of che healthy and disensend palms for the twelve-year period. Having

. ! ‘-\‘
e s ; o
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¥ 1 !
Eour § et J!
. P i 3
e ! -
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ERRE Y N
g 1 |
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¢ g_ f"\-‘i/”‘,.‘s*"‘f*“"w 7
5 e £ i
Pl 2 A

I IH AN R - S T T 1)
pericd of obeorvpiion

Yig. &

nobiced the difference in the ¥iehl botwoon the left-spicalled and right-epiralled pslms,
it wus very exseniinl to moke the eorrection bumuse ab the time of choosing the palms
no eonsideralion wos made v the foline spirality of the palma, 177 of the 334 palms
ware lofb-gpiralled,  The expectation on a basis of squality is 192495, Tho exuess
of rights is not sigoitieant ab the & per cent level.  Each of the 48 hlucks contained 8
trees {plot«), all honlthy or all in the eaddy or late stage of the disease.  The numbers
of bloocks containing u given pumber of lefes are given in Table 7.

TABLE 7T
hadts & 2 2 R 4 i} 4] 7 B total
Tivnrles Fonncd 1 1 11 14 11 B ] i) 1 45
(IR ATE s TR BT [ENEX 2. 04 THE 1198 10 B 2. 76 %70 0.2 G, 10

. N 50n gh8-4 .
The number of blocks expacted with = lefia is (ﬁ )%S*%ﬁf“i— It iz &

Tittle uncxpeelod that oven one block wes found with 8 lefts, however, the variance

. 8. 177.207 i
of the number of lefty is 1,968, the expoctod valus being - %@;ﬁi — 1.988,

e
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With regard to troatmends also, disparity ocenrs regarding the number of the

sod Tights recelving a partioulsr tvestment. With regunl fo trostment with

B}, the difference i3 sigrnificant, »® beinge ROTH as anen bolow,

B a7 27 i
R 21 13 5

X? e B.OTOG.

heosugs of the nneven distribntion of the kofls and tghts, it was decided to
m the Analysis of Covariance with the spirality e« the convomilant veriable,
Binee the 48 blocks are distributed in a S-hectace esiale, block difforonoes aee
to ocenr ax Tamy he seen from bhe block totals given in Table 8. The Bbicck.
need weve taken into account and the Analysie of Covarlance dome for coch
fion sepaTately.

TABLE % NUT-VTELD OF OOCONTT PATME : BLOOK TOTALS

Y
healthy pabma cligragnd—Inudimta AT T R T o
ks et 7 e b o "
e hat- T Pt TITR preigts
% tobatingont tram-m@nt; trs 1kt ment‘ Brosdrewmd: ti.“i.:ul.;uﬁj.‘l.t treatnvanh
i IRAG DHRR 1437 1475 1686 KL
1 PROD 2788 1268 1244 ] ke
¥ gL 8258 i 1778 1804 1057
i 1743 BTAG Ci1414 18579 BEs iME .
§ LHTH pLETE S Iy Janq T1RMG 155G
# 2ATT EREE mnda L (i ) L1ECH
1897 LETY 105 1767 bEEE [t
[ 177% 23E0 I4aa 150 Eh 745
1 1875 BI48 FLALE ] B HIEE FREL
2034 EEGD TG 491 Lk 1587
EL 1257 2200 1243 1413 ngy 10
i w189 2704 10033 Py L IRAH 1166
S 14385 2EOR 1150 L1194 B3t T
] LTHL e [ 1abi L1k 515
& 2RIA 4038 130 1874 A1 HLE
] 2183 2551 1482 2177 338 P
sat LELY BN ST b Bk IRF1Y 14254 155 ',u

G, STATISTIOAL ANALYATS PROGHDTRT
- Undot this heading, the various stops used In acriving ad the conclusions aro

bnd briefly.

A aleeady shaled, this experimental data corresponds to s 27 sonfounded
il manurial oxpariment on theeo groups of cocomot palms (1) healthy, (2) mode-
discased and (3) sovercly diseascd with 16 blocks of 8 Pl Tor each group,

L
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one pahn constituting one plok.  Also, corresponding to each tree thers i supple-
mnEary data regarding the spicalily of the leaves, This epirality, & an environmental
ol and does not depand vn the trestments thal are appilsd to ihe Lese. A diffevencs
in thu mut-yield des 4o right and lef$ folior apirality is absorved, ao b6 i3 nocessary to
take the apiratity of the leaves into consideration, Thus, in the statistical analysis
n toncomitant vatiable X o reprosent the wpirality of the leaves s inimedneed.  For
comnputations, X s talken as 1 i is right, obherwiae 2.

Lu the data it may be observed that some troes have diod during the observabion
period.  To gecount Tor Ghis, sume minor adjustments were mads, Tf the palm died
in the vourse of the pre- or posi-treabment paeiod, the yield for thab period has been
caletlated an Wl basis 0f the vearly mean production for ho period the prlos survived.

The model ¥ — JX Lirentment-effoct | blook-offect & assumed where T
iy Ul ingrement n yield, e, the sum of post-treatment yields minns the sum of pre-
treaiment: yields.

Preabment. totuls are caleulated for X and ¥, wnd the sum of squares for main
effents and two-faelor inleractions ave obtained by Vetes procedure. These are
howaver influenced by the concomibant varviable, Adjustment for the voncomitant
varialde s made through standord routines of Analysis of Covariance.

The resulta of the Awalysia of Covarlance are presented in Table 9.

As eloarly seen froma Table 8, thero exists o signiticant correlntion bebween
the nut-vield and the foliue spirality of the palms of the healthy ond severely diseased
groupe.  Mowoever, the moderately disessed palns doe not show this dspendence
significantly. The fact the froit yield dopends an the foliar spival in dhe coconut has
wivawdy been reported (Lavie, 1963),

TARLIG 9. RIEZETLYE OF ANALYERS DF CUVARLANCE

Y == yiakl e spivalify
aarmacbad eam of elagraes af
weptre cuis fa fraadom g i Y

(1} Howlthy pulma:

black 15 4.72 167,27 BUUGIU, 49
frsistanarl % 7.88 — 545.40  B4A243.54
&ITOT B 19,34 L1BHEM0 IMHISSG B0
sdail 127 25,72 —1552.03 mma;‘; 40
Varlanre ceimals o2 = F3483.08 Ealimuty of # {7 = —G4.8374
f55n

Fosbutbasie w0 tuad = 4 s —E_::,f- JHreor gy e IR,

v
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TABLE 3 NESULTS OF ANALYSIE OF DOVATTANCE oamd,

o == yield £ = apienlity
“ocrerbed B ol dr.‘grﬁt‘.ﬂ of _
agiares 8 to Trasduen i g W

(2] Tarly disenas

block 1 4.0 . —AG%.En ik 22
front el L) [cA1Y N L VTN T
Errut B4 20,72 L3300 45804717
tobil . 127 31,93 e ) SLTRRT.TE
Varisnne eatimabe o4 = B506.10 Estitnte of &80 - 0.7413

ELS
Flptatistic to toad £ = 0 is 2005 note

Wrow ma

.|j31- Lata dissaka

Taloele 15 B4 — 1. a0 GR4HT. T
troptment 24 .55 0. 45 SUFAL.00
orToT B CgRaT —317.38 Bangig.2s
trstal 127 31.72 RO AYRILE GO
Varianss eibemate of e 70054 Hetimate of 2 (R0 210264

FEeplher _ g ny

Foalagistie 0 teak £~ @@ 57 00T
Error e

The effact % (due to follar apirality) has beon eliminuded in order f0 find out the
ot of the manurial brestment alone, and the signifioance or othorwion was destod
by the F-tesy. The resulis are presentod in Table 10

TARLE 10. SIGNIFICANT TREATVRENTS (AT 0% LEVEL, Fro o 44
MATH TREATMENTS AND TWO-FATTOR INTERACTHONS

firnatimment afTiee Fovalun

CE} Heelthy palme

Wrier m@niftnant

12 Drwoecd. enrly ot

i — 255 543103
B RATIC L T
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§ DMsoussioN OF PEHR RESTLIA

Of the seven mieto-nulrients (inclwding Mp) fried in ihe exporiment, five
rhowed significant response when applied singly sod/or in eombinotion in either improv-
ing or depressing the froit-yidld of the soconut palms.  No micro-nutrisnt was foand
t0 have any sleoificant ellect on the number of nuts of heallhy palms.  Plams in
the sarly stage of divosse responded vory favourably with & combipation of Borom
and Iron (BEY  Uhe benefiola] offect of Boron on the diseased soconuts becarne obvious
oven ab ap early stage of this experiment (Davis wnd Pllai, 1966). Howevor, its
benefieial effect s vl noticed among severely discasod palms,  Copper in combination
with Iron {CE) vhows severe depressing effest on early civease palme, At an eacly
period, Copper showed soms beosiioial effsct vn healihy palms and thoso showing
sovirs diseasn symplomy,  Iron beheved differonddy.  When applied singly, this ale
mend had sovers deprossive effect on moderately diseased palme,  Further, Tron,
in wombination with Boron, showed benefleinl elffsct while with Gopper it had » de-
progiive sffect on the satne category pabus. The role of Lron, therefore, requires to
po studied through loriher exporiments.

Palms of the severcly disessed group showod favourablo responses to Magne-
sium and Molybdenum spplied singly.  Analyels of yield data upbo 1957 showed that
Magnesivs inoreased the nut-vield of trees of all catogorics, the healthy as well as the
gevorely disensesl pulms showing greator response,  With the prosent daka uptu 1960,
thia element continued to rhow s Tavourable sosponso on all groups of palms, but
signifieantly with the severely diseased oncs. Root oxudations werse sollected from
hoaltly amld diseazed palmg and their eontents analysed chemically.  Magnesium
wia found to be doficient in the root exudaies of the disoased pabns comparcd to that
of healthy ones (Davie and Pillai, 16658}, . It would imply that diseassd palms are .
wnabls 1o absorh ss much Megnesium as henlthy ones are vupable of, from goily
copdaining vory Jow  concentrations of the element. For sl practiosl purposcs,
Magnesiom 35 & macto-nubrient whish is required iu largo quanbitiss by the cosonut,
The fust wizsible rerporse Lo il soll application (as well as foliar application) was
noticed an palme showing severe.yollowing of the fronds. Thees leaves burnod
gresn seadily which eventually enabled the pabms producing more fruits. It maey
he mentionsd that the palms showing symptoms of the Withering THanase in Coylun
also shownd a sheiking fwvourable response to the woil application of Magpesinm
(Dayie, 1068; Netianinghe, 1858 186814, b; Balgado and Nethusinghe, 1860),

Molyhlern @ w had aleo shown a very luvournble responss with the palms showing
seveare dionse svinptoms.  Though thoe palms receiving treatment F recelved just one
- gram of Mulvhdennm, they started showing the benofivind effect even in 1957,

7 LIMITATION OF THR ANALYSIE
(1% The effeel of the interactions higher then e lwo-fastor level hos not
Twen worked out,
(2y "Lhe expevimentad palms, as mentioned, are of vurying age-groups, and
w0 correntim wad muado to this effect.

109



118

MANTHIAL TXTERIMENT ON COCONTT

{(3) Though the experinestal galms belonged to tho spime tall varicly of
coconnt, they represont more than dne {orm or ealowr vronp. Ko const
duration was given to Hhese differences.

» (§ Field one {having the fired § major blocks) wad wwlerplunied wilth
. eovopad seedlings. from the sommencement of the experiment, whereas
the other two fields wore amderplanted oniy in i455-79.
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ASYMMATRY I37 THE AESTIVATION 0 PERIANTH OF Fald Fr1T8
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indian Stati

fntony Davig, 4
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5}“%31 Kumar L(uu,
Indian Botvunic Gorden, Howreh, Coloutin.

Avgtract

Pslm flovers - coruaphrocite or unisexual - possess two wWnorls
! three perianth segments each., Th- hermophrodite fiowers show tue
wplest type ol aestiveblon since the periwnta unifts of the whorls
presenting vhe sepals and petals are distinctly valvate. The
tamineste flowers hove mostly imbricute calyx and valvate coroll: . A

J

sreful exemination of the imbriceting cialyxz reveals the presence

£ right- and left-ticnded p|ttm1na. Mowers under these tvwe catego-
ies of calyx ariangenent are stribvuted wore or less equally. The

ey
i

plgate aestivation of petals in hermaphrodite as woll as staminote
Jowers becomes particularly hondy for the cmergence of stawvens. The
istillate flovers, like the malen, invariably hove imbricate calyx
hichealso chow risht- and lefi-handedness. The petals of pistilicie

flowers/fruits 1n species like Sarrete nne Arenga are valvate, others

live Dictyosperie qauigl, Ftychosperua elegoas, Po macarthurii, PLycio-
aphis singaporensis, Actinorbybis callepsrio, Rhopslostylis sapide

hwow only imbricate zestivation. DBut in muny others, some frults

nve inbricating and the rest contorting corolla. The yatio of

ruits with contoriing corella to those with imbricabing corolla
.riee with species, the top positions being occupied by gﬁggulg ST
lockaise and couniter-clockwise rototing petals are clearly discer-
ivle among flowers/fruits beset with contorting corolle. Here agai.,
‘e numbers of fruits showing the two kinds of rotations arc distii-
1ted erually. There is a striking ascocistion existing betwoon o
tivation of calyx and that of corolla in the seme fruit. In
ecies like Actiporhytis gollsparia =md Lhopalostylis gopldd

e TR T T ST DE A tidt, LYo ian S bas cdoal Iﬂ'%z%ﬁlodioimgf«f“'”
e drswings, =nd tne T-Jrc sor,Indian Betunic Gurden for th 1
en ECC“lVCd




1

e .

ceptior, all *he fruits wiich aliowy Lalt-hendad

gl corolia, wuu vice werss with fraius 'l‘;él‘r’i]‘l‘?ﬁ ¥

gsgociation poreints appreciably in f
hlidmraqgju ! )
wepErma
everal other

O TR

e et e AR TG

Po poeagtburli and

L85, muah oan ansociaiioen 1o not pe

mald.&nd Piychosperaate palms, the flowers ara srryanzosd in

terg of Llhres |7 wmales ond o fouole) or two (males). The moled
dabricate calyx ond wolvate coralin.

St oty lefh oend
cluster in nome opuoles (Arengm

he right end to right-uomded. Bul
fothe handednens of the moles i noticcd.  The
rrapged srivally on the splys, sad so,

g can by Glatinguishod. The acotivation af caiyz iyl

Cflewers in the clusters Jepends considers

o

1y on the
Wi oplite.

Palm flowere, tywical of wmonccobs, are trimerous, and thelirp

w e ke

anth gegrents nre arranged in bwo wherls of thres units cach,
ugh exceplions whers & whorl having oitbher two or four units
eeaslonslly mot with., Thy Zlowers spe penerally uvnlscmal

¢cious or dioeclouz), but the sue-freily Coryphoidess

gs producing hermephrodite flowers, and the asrrangoveant i thair
nth varies comnsiderably. Folygomous palms sre rurely met

¢ absence ol any Fericus invesntigationy 1% is cushuvanay to
on the asstivetion ip palms as imbricate (Hooksr, 1904 Blﬁgtﬁr@
; Fatel, 1954 Haghavaen and Baruah, 1655 lanon and Pandalat, MR

-

y and Bavappa, 1960: lawrence, 149635 and Jorner, 19887, H@wsvvh,

1 exaninotion of numercus flowers from several species hss

led the exisbence of further types of 2alyw end corolla Arre.al
as well, 4 detailed investigetion hos, therefore, boom wnder-
to study the sepals and petuls in Lo boirmaghrodite, otaminads

[y

1wtillate flowers/fruits of severcl sveciss of palma.
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enerally, e uistinct kindg of aestivitlon ave weot with
© The cimplest of them is the valvate worangenens which is
1y the condl fion for the soroile o siominate anﬁ(ﬁermaphrp~
sers. 1n the two wate flewersm in Pig.l, A & B, ihe 'petald
‘ste mnd sepals igbricste. Bven in en unopened f{lower, ¥the ™~
“of the petuls do not overlap, instead shey arc in contact
ﬂut their outer mareino. Imbricate acstivotion Lz the mors
% type met with id palms Excepting thooe gpecren where the
are valvate {Ivgha?rL 0.y, Fig.B), Hhe calyy in paln fliowers
riahly impricate, Aloo, flowers of several nspocles bave iue
fpeﬁalsﬁ Iu 5mhricata sembivation, of the thres gepsle (fig
‘B, ‘outer whorl) or petrls (Pigs.t, C & 1), the outermozt gne
¥ expossd, and the inanermost one ig overlapped on cither end
remaining two mephers »f the same whorl. Thus, one end of
dle segment ia overlspped by ithe outermost sofment while Lo
grd overlnns the innermost memher partisliy. Twoe kinde of”
tions are poscible bascd an which eond of the widdle perienth
expoged. If the right <ud is frez, the arratigenent is regal-
‘right imkrication (Figs.i, A and C), and il the Yeft end is.
it is considered as left imbeication (Figs.1, B & D}, The thizd
?jaaativasiun Gualt with here is contortlon or I~igting. Only |
lonal flowers of palme hoave contorting calyx. But in several
g the ccrolla of some fruits contort. In a conierting corollu,
%fal ie overlspped at one end by onc of itz reighboure and the!
;enf.i overlaps part of ihe other neignbour. Thus, all the petsley
jfluwer acem Yo rotate to thayright, ard in soother to thoe 1efd
E & P}, There are truag four patierns of ;ﬁ;et&_L-‘aeatlﬁ,vati’m‘z .
ble Inr most species. But some apecies show anly the twn Lme:
¢ patierns. There are aloe pulms whore lthe [lowors heve alishils
apprecicbly united peials hoth In stawminects (Duopiz) ond pisdi-
{Cidsmugs) flousra,



Ghoeyvatlon

o

taminate [lower

The stoadinste flowern of prlwme arc vuen smaller thsp the
eg (ronging from imw = 1%%}% %ﬁh), anlotie i fforenees in
welght and @ire i some specics roach even @ Lwo hundredfeld .,
. the genera of sub-fopilies Lrecoldeac and Caryotoideas, {hs
lowera arz about tue siee erd welght of the Zsmoles, ar cven
tly heavier. The geaus dreca, nowever econforms so he oenfe
& lon in having wuch larser and hesvier fepals flowers. The
nate flowers are produced in diflerent individusls of {he sone

¥ an in Sorassus, latenis, Fhoenix, Sslocen, hByphacne ol

r
gphas, ol in pure male apadicse along with Tfepzlic ornco in the
wdividuals as in Ziaeies ard Atiales, or in aiffersnt spikes
g oome gpadix where the rewsining spikes are pietillate~Llowven
g rare Elaciv gmuineenpis rvonorted by RKunjan and Jobhn,(1970).

-

& fruticana, the terdinal spike of & spedix is uauslily pioti-
‘nd the latersl ones atominstes. The wnle Flouwsrs are alzo

at the distal region oi the sume spiks which hears femnles =%
Jeas in Gocusn, aArecs und arivuryronpn, or they are diztribuicd

gut the suvike intermingled with fewale flowers os in Arencs,
{(Fig.2), fotinerhytis, Dictvosverma, Dtychovaphis and Ptycpou-
{Fig.3).

In & great mijority of species, the petals of male flewers rr:

whicli do not overlap in any wey. But thoir sepels cre inver -
&hricnt: The male fiowers of Boragsus fiakellifer and Letaain
'8il, on the other bond, heve velvate sdpala and tubular cor liw
lvaste tips. Furtber, in the gerus FPhoenix, th~ =zopals ars

“eristically fused inte a shallow eup, bearing thiee conspiou.us
The petaly ares ftrisncular and valvate. v

The stominnte flowers of some species are so swall that recor -
r aentivation is diffienl$ end fime-consuwaing. Az for cxamrie,
ls 1

: in Areeca triandrs, Chryseliacesrpus Lutrnuccha or L O
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scariensis measure as 1itile as 1 mm wide and 1 mm long. Never-
kless, swell duwwwels 0L flowirs were examined, often with the 2id
twand lens, from 19 species for the aestivation of calyx and the
te are presented in Table 1.
mle 1 @ Aestivation of calyx in male flomers of 19 palwm species

y e ¢ 1 e s Tontortion  +  lmbricacion ¢ Total

Left : Right: Left 2 Rieght 3

\
Joum

finorhytes callaparia - - 187 180 567
ghontophoenix =p. - - 18 21 39
wcs catechu - - 20 22 42
feca triendra - - 15 13 28
renga obbtusifolie - - 211 210 421
pinnata 1 2 716 632 1351

undulatifolia - - 76 76 152

iyptocalyx spicatus - - - 150 150
bryota mitis - - 1122 1124 2251
ugens ’ - - 141 141 282

iryselidocarpus lutescens - - 20 20 40
nadagascariensis - - 20 20 40

00% . nucifers - - 110 145 255
lctyosperma albunm - - 105 110 215
QEEQSpatha alate - - 1 16 31
yehosperma eiegans - = 20 23 4%
macarthurii - - 136 139 275

yehorsphis singaporensis - - 75 809 164
qﬁaloblastﬁ £D. - - 56 54 110
Tota 1 2 50673 3190 6256

T+ ig seen from Table 1 that only 3 flowers out of 6256 hrs
ntorting calyx. The left-~ and right-iwbricating flowsrs are dis-
sphuted more or lese equally. in each spocles excepting Arenga pinnat:

e r——

1 Covos mucifera. 1In A. vinpata, the lefis are in excess of the



o

T

: L _ 2
vights opd the diflercnce 1% statissicelly significant, the Xy
wrt tne giher hand, 1t ia

vielue being S.ooi. i oocos ymueilers,
the right-handeds that are in exccsas, th65££ value for the differ-
page turning out $o be 4800 Ia Lalypiovalyx gpleatus (Fig.4)

all the flowers exemined show only one type of sestivation {right
imbrication}. Ixn this apeclass, the flowera arc orranged in clusber:

o two, of which one is male and the other female., 411 the nales
peoupy the right mide 1u the oluster aznd thoy huve the same type of
cestivation. TFernsyps if other z2pikes where too males occcupy the
ieft of the femnies are examined, tha other sype of acnhivation mey
bz mvallable. In Arenga, Oavyota, Tlychosveron sto,., the flowers

are sesh in clusters of three (2 meles enclosing a female) or two
(meles) and the clusiers are arransed in = spiral on the spike. Some
gplias are right-koanded and athers Ieft-handad. The size of the
mile {lowers on ong side is somelimsa very much reduced compared to
the males on the other side (¥ig.5). Decause af the sape spiral
effect, she Tlower clusters at the tip of the asplkes possess only
a gingle male Ilower, und 1t ia often difficult To assign 1ts posi-
tion in the olusier,
The hermapvhrodise flawer

Most of the members of Lhe cub-family Coryphoideas possess
hermaphrodite flowers, of which COosryrka, Licusla, Livistona, Frichor-

dia, Ssbal and Tarinex are the compen ones in India. A portion of

a hranching apike of Prichardia pselfica bearins poture flower buds
= : e : :

a5 well wo ploomed flowors Ls seen in Fig.6, Herc the thres petais
are highly decidunun, a&nd they drop off as a cup whan the six

gtemens {rom within the flower bezin %o emerge out. The hermaphro-
dite flowers are ususlly characteriscd by hoving s united ealyx

whilch forms 4n elongated sclid otaik four ths frueit. Bven when

young, the free ends of the ecly¥ sre valvate, Tho petals are alac
valvate whether they are deciduous or persistent (Licuals, Prichardia
(Fig.B8}, Livistona or Gorypha). Thus, the hermaphrodite flowers show
the simplest kind of aestivation. MNooze, Jr. {1961), on tue olher




kond, deseribes the calyx and corolia of horguphr

oal
'The outermont whorl of three overlapping (imbricats) o Lalv akon
up the ceiyx; the next whoerl of throe imbricote

Torms the corailal.

P

The pistillate flowar

Tha pictaliose filowers have wroportipn tf-if] ""I""'L.I" pe rioith
gsegnenta. They covel the rest of the flowor rlivost wito the atige
of receptividy. In some spocies, lhe perinrth seamnents cover the
flower even wid the $imec of raceptivity when the sbigratic appends-
gas slone projuet out (Pheenix paludesa). The porisnth gencrolly
persictoent ans oceresecznt.,  Althosugh the cutesr whorl of perisath of .

A fewale flower ifo invariably imbricats, s few execoptions uregmﬁt
with, In Pacoris megor (Fig,¥), the sepals are united into s/ebellow
cup #ith three prominent Iripges. In Ey 'ﬂutﬂ%, the oolyx lobur ry
yalvate whieh sre carrsied on a fleshy stulk (Fiz.8), In very excop-

Wipnnl gages, the copals are regularly twisled as in Borassus flabr-
Llifer and Archontoohoonix eunainshamic. The irrer whorl of pariaaih

gither imbricates or contorss. A aigh percentage of fruits beaving
contorting corclls and olhors having imbrienting cerolla wag reporl-
ted 1n fawew cnd fhosnix oy Davia  and Kundu 1507, and Bavig(ﬁﬁﬁwﬁ,
Like the canliyx, Bhe corplia ia alse velvate in Hyphoene (Elh,A) In
Letoria lodigecoid (Fig 9A) thoush at an nsrly olage the corollc
¢learly lmbrieates or contorts, at & lulsr siegc, whon Ane freit

enlarsas, the petela show orly valvote cestivelican.  Tris s breught
‘boul by the ron-scoreszcent noeture of the petals. & regular valwsda’

coralla 1s seen in some Caryotold paolmo of the goners Arengs,

I

Caryots sto. In Buciris majer, the corolia fs fuliy united dnto

HEYE
“he perianth of shouwt 1000 fomele flowers/frulbs eseh. from
% oroeles {inciuding Arcngn einnods and Qarvels mitis) bolonsing

36 I;ve gubelomilics weore oritieslly szamined. The gepurya ars

g, orrre—

fomin nt cup with irr resuiavl

y eleftt crenate uurgin., In Zhoonizx,
m colyx aa unibed into
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clesa! tiol bolow aceording to the sezlivall-on of the periansth of
teeir el ta.

{a Guyulaxﬁv;lv@te calyx cnd contorting/imbricaling corollin,
eo. Fooendx [FPig,10):

2 ¥ Iyl "‘”"‘.‘LG"" G—! i Lr-:; l .-i'--"— Fll-l'i j, LS ..‘J.D o] Lla.l..l..i..m. LA I :. j {1 F)

i1,
ST ey 5 ) o -
LTl T}, ffgflolgui-u (Fig.1% G}, hietinorhy? T AS
Dictyospessns

"m'i
1Fig.g +) He terogpathe,
PRl %;, Archonto

nricabting calyx ard Tobrieatin
|.‘J-IJ.. I’-..lil‘{’ :L R w00 .[r...in
' ZELhn, L

G}, E}rvjaw,u{g;ﬂﬁl

gﬂcﬂlrnvf1n¢ cmTGlia g

4. Imoricasing r‘lJﬁ and valvats coxolla, eg. Arsnga, Caryots,
Latzis (oldor £ Jltmg Fiz.S &),

- Volvadte enlyx ond valvaic corolln, g, H SHEEHE {Fig;ﬁ}g

S, Cupuaer owliyn snd cupulor coroila, eg. Bactris meior (Fig.7).
Yk percoptage of frulds vith Sonlorbud corella to thosze

Witk wlricoting corolla has beon rocorded for soms gpecles as

"

dhown v Table 2.

Table (Page 9)
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flowers/frulte o

Madle 2

Chspitlvaiion of corollia o Temole

=

2% rulw "LFrLaﬂ'

cackartion ‘ intrication

TTTETT

“'..,_..%_‘d

Hiphis 'ff{;f“‘: Frahts %@dﬁ. Oxl‘t:a,wn

ii

luoenieoideas

Ihoerds dactylifern 9 i 40 35 90
P. humilig 83 105 264 295 747
E. paludosa 178 128 459 48E 1251
P. reclinota 178 279 547 614 1618
£, rupicola 17 16 14 86, 193
Tv gylvestiris 4073 eah o 1157 1026 2857
2. zeylanics 1779 211 538 590 1476
Borassordeds
3}rﬂqﬂua fiskeliifer &4 41 A4 145 371
L tenia lodimessii 4 5] 24 27 6%
Cocenlleas
Ariluzyrobs scbigophylla 14 a [ 59 162
Attales specican 10 8 tha RETS S6E
Coogn mugifers &1 4% 33 341 T80
freceidena
Jeterospathe nlata 20 A8 Lt 377 544
“hoechonbopbooni® cunrinohamia a4 111 30% ST Oy a
aArecg eatechu 240 d2Y9 Q48 925 2351
k. triavdrn poLe 26 171 SO05 484
“Chryanlidocaipus lutegcens b 24 120 110 311
Dictyogperme album - - F20 %20 . 658
Letinohytia erlianaria - - 58 62 120
2tychoraphis 3+ﬂ£apq§§nsia - - 220 261 487
Iaychonrorma clegans - - GG 1027 2018
Ei magar thuril - - B4 84 908
dhopozos iylis saplioes - - 185 154 315
Total 577 T T5EE BT BUTE

2000
3% B
32,380

39,36

20, B2
3157
30,85

29.72
23,53

10418

2T

25.%2
15.83%
55 .22
Wil -
#Hil -
il .
Wil
MiL
Wil

BEZCE I

[
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Qus of -the nhrove 73 species, the froivs of 7 have conterting
olla in various proporiions in addition to theso showing imbricaw
.. Im the lasgt slx species, the corella of gll the [rults shows
JoAnl feation. The rotlco of fiulde showing contor

Lortlion to imbrica-
n variew greatly from spucics to apecies.

In the stomine : flowers of all the spoeies exuminuvd o well

those of Avenge pinpats, Carvets mifin anc . wrons, thoe colyx

mgﬂjimhricates and toe vorcolls remains valvatbe., Among e frults

o fhe @apals imbricate and petals cither imbricate or contort,
relationship between the avstivation petterns of the colyx ond
olla haﬁ'bEEﬁ studied on fruits of 16 specics. Thaot is,  the

de@ness of the ealyx of a foult 1s comvired with the handedrncso
its vorolla.

T™he data are shown in Table 3.

)
l i .ﬁacl‘\.-

Takle %+ Fome 1
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$ seven opecles, thers exists a nogotiye associlation.  That ia,
sre the sepals iwvbricoie to tne left, o wjerlly of the fruits
pe right-hanlded petals. Vice verss i the situasion where whe sepuls
cricate to the right. This assscistion recohes ito meximum in deti-
raytig gallaparis and Rhopuleotvlis sarids

none ol whooe [rulbs

g gepals and petols are similarly heoded.

feativation of sepsls and spirelity of spike
In the 16 syscies mentionas in. Tahic Gy the perionikh sesmenis
ther imbricﬂ?n\or contord, and the digtrilution of Flowors/fruits

apike with 1-fqrd to the neativaiien ls eatirely randem. In the
AP0 APCHAS and Caryols, and in geaneral &l the Caryowoids and Pty
rppermates, o sipnificant asuociaticon Letween the Lypes of oeztiva-
:i 0f & particular flover and 1ts position in the Tlower cluster
Late, ' ‘

in Arenzo and Caryvoto, both the wale and femule [lowers show™

bricate sepals snd vasvate peials, apd the flowors are borme in
whers of fthree op twe, Thoy are orepnssd on bhe aplle more of Leal -

line which 15 worpendiculoe te the Linenr axis o3 fhe spilke. The
ptiena of the Lires flowera in o clupyser wic dotermined by halding
apiles with the distel end up.  The male flower Iocated to ihe
oot Lhe fonnle ia rogardes az the loli flower oxd that to 1is
@t an right flswer. To Aranga winnete, the leil Jlewer Inverisbly
Cleft-handed imbsdceation and the right flower, righi-lianded imbrle
Yon., On the comtyvary, ‘n dozvoto witiuy, the mels flower on the

¥

t invoriebly uss right-nanded inbricavion cod the Linwer on the
b, Loft-honded iwbrlcetlion. This depondence of tne sestivadion-
Jern ol sepals of male flowers on thoelr pesition wishin the flewer
sher 1s not infinenccd by thez aplrulity af tha seike.  (The ficwer
BEeTn nre nrieapmed sy

ieelly on the aypdie, ruanning clockwlisely or
wrer—alockwicoly). @he fewmale flowers of Arengs pieovta, CQuryots

Lo ™

A3, T ureng, Shegsalidocarpus lulecesas opd Physhiosperme macarthuel:

7 ootocrs, show o definise deopendenze on the spliolliy ol the spife
A 8 14
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in romord ho bhelr aetos 508 sivintlos.

g aoguirlty of Tondane o lowers will nove

e Lefs, andt if rightespi railen, & oojoelis

risht-imbricoiing 2opais. Bome dota on

in clusters are nrezented 1n Troles o opd D.

2 ,!—!-L‘:ﬁti‘-z.?;f:“ﬁiu_‘_fl'H‘f qevtls ofF nal® FlowsTs
Pooreilation to Bhells v Lhicns 1ln ciuster

Lrengi mnd

.
mole % _05"

T T Tty Glustels 5 aes wﬁ' Hien
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It iz oeen Ipom Table 4 fbot sub of 2934 flower olusters examian
fram twenty apites [hon eeoh from left- :ﬁdarLgnt—$p$rall& oness ol
fannms, in LAY of elusntern, the mele flowcrn on the lelt side boro

J.'\ t’t’ lﬂ;D

*’s
c;
r
3
i

vbe calyx end the flowora on the right bod right igbricotin
eolyE. Tha pther trres combingllonz sceount for less than 5 wer ocend

7 the soted clusters  In Zoryote mitis, cut of 938 fleower clustors

exanined from oo eguol number of apiizan, 211 lhe eale flowers on shs
1eft bore enly right-inmbriceting ealyx and thoene on the right had aniy
lefr-imbrlecting eulyx. 11 Arongs ninnuiiy {Table 9] =ut of 532 femnlo
sLowers oxavined frow 7 lefs-ppiralled apikes, the calyx of 76.50%
inbricots: bo the left and in the rest, 1t imbricntz=d %o the right.
Simils ply, owt of the L&80 fomnle flawuy& from on eguel number of righi
spiralled splkes, the culyx of only 27.17% {lewers ipbriecated to the
left and toe rest iwmbriected wo the rizht, Thers was an excesyilonel
rlawer having o right-contortirg cnlyx, In Carvotm mitis, oub of 627
Sewnle flowers of left-spirnlled spiken, the calyx of T6.1C0% had left
imbrie~tion. Himil:rly, o great majority of the fenale flowere of
rightehandsd opilken hod r;ght—lmmrludtlun, Thas, +the nmale flowers in
Lrergu and Joryotn show seversod aceszvoaticrn, bwt the fzaweles of doth
the seners beheve sinilerly (with regerd to their aestivation).

Varioticn in the nostivaiion of corianih
Prom Lthe data given in Toble it is secn that nbout five par

vet of tho flower clusters exnmined Jrom Arengs pinnatz deviated fro
the normal pattern.  Dut in some otber indivieualsz s wmuach higher por-
eatitare  the vardistion im met with.

In Arcnga pinnota, the spacc bebwoun the individuel flower clus
ters difver considernbly.  Ioosuch =spikes whoze tue spaglng is abnore
nal, Lhe lower scte of eluzters show considerable varianftlon in the
erianth sarrangement. There ia ocloo o poseiblility of both the o

in g oluster showing a2 siwmiler type o imbrication ¢ showing a

i
Fe

alew

reverscd situnticn than the v=sual.  Sough o varistion was recorded Iro
1¢ apikes of anothor palm ana, the datn are presented in Dable 6.
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linjor ity .of the clusters bayve idindieal malee. Horsovsr,
301 clustoers of loft-spiralled spikoes, in 5.15 per cent, both
e heve right-hopded iwbrication.  3But

’!.A

57,32 per cent

T8 of right-gpirailed spike, both the flowers hnve left-honded
griion.  Thus, the male pairs showing similor type of eclyx
yitlon sre aegatively asoocinted with lhe spirslity of tho spiks,

A Lowey cluster of Arengs pipmeis ean disploy one of the

wing cond ticnz & three fully developed Lflowera { 2 males ond
b ouly twe doeveloped malos, twe undordeviioped molog amd o
develrpod Femnle, two doveloped wules and an undordevaloped

; one maje and ang Lomale, or only one mele. The above voariz-

tarpuely dopends on the position ol $he spndix on the tree ond
sition of the ciugter on tho spive {(Basu, 1972

-\.\wr

L]

_,»'.L. Beiiah '1{"'[1.
) Y vulvoois awsilvotion ol corelila Ln the stominate and
;ramihe Tlowore greatly foeilitotos the opening of patals ond
 zous anergenes of glawmens.  Tho vaioclding «f potels io cnused
e of footors.,  The ecuwmulntive effect of the wnlargement of

P
5

ard Ieungkhoning »f tholr fidamenle faches the potels sidewnyn
fficivnt pressure developn. YWith the fip of poetals woving

y Thelr oo tﬁndﬁ o mave in, This process iz furthor facill-
¥ the freo mersin of the trangentizlly cuvwved onwd imbricste

voose pormal t;ﬁd ncy La fio cunwfrgn. Thae, Ghe dnbriento
trom o oulyx of siominate flower hag o 2olo din proeselng thae
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beln =uvavrt.  Huch a lovelr wecihsanlam can be merc of'ective whers the
tele are ouck leooger than ihe sepals as Lz the cade In ment apscles
ize?). Thers is @ striging device which fuvelher heips in the unfold- -
cof the pedais. & Titlle above $ks oasc of the petal, a worisgentol
ige of a masz of l=vge celis cuddenly spuears & tow 1§urﬁkbﬁfﬁr§ Tha
gwer hlacmos, The ropld sn arﬁemant ot three rauces {one for ench

ia1) within an othdrwice L£illed up cavity, presses the petals fowarns
: poriphery, . Such an enlarged ridge g clearly soon in speeies like

gehoorerma pacarthurii. In Coces pucifera, the ridge looks divided

in two heives by the stout iilament of ithe stomen tha® 1o placed
pioslbe s patal. The fleshy ridge thua, in Iancllon, resenbles tha
iloules of gromivecs. Whon goung, ithe nergine ol tne vaivate rotols

5 ot in pogibtion by twe rows of lavge ecoiis woeck form the absol-
ion 1: yer. Thege larze cells start withering whon the onthers uature.
@ weskoening of thio binfing abselasion lager uelws ths petals to

dack from eady obther eanily. In spscies like Prichurdin vinolfies,

ere *he individual petsls do not opresd out, the three petals are

led wpward in s wnited condibion Ly the oopanding stomens.  Thus,

. wobals are deciduses.  The timely weolkeniog of an absciasion lLayer
“the base of tie petel helips 1t to be pughed uawerd. Prom e wechani-
1 point of view, a petol which ie wol teagensially eurved but having
narrow pasg, 2o belbter suited for oprezding s ri thon one whieh is
rvad (uy Ls tho easce with dwbricating petals) and having o wider
Lashment ot the base, Iun thio context Moore Jr.'s (1961) view of

p male [lowsra having imbriedle petals will run into Aiffleudftic:
ile exrlaining the wode of their wunfolding Jiculyledonous Tlowora
th their net stiff petols say have diffsront mechanisns for bloowiag.

Often the unisexusl floweors in the same nnmq+x hlmam at

Hernnl Limes, the maler blo@ming before fhe fomales reach the rocer
pn oatnge oo in focor, Arecn oto,  Bui in hermaphrodite flowers, botn
ponode ond fomale phooes overlap with the unfeiding of pevals. Phig

1 acphnrs on cssceanbial condition oinec the sbtizma ots no furtheyr
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rmach reduced. Hors again, the dircotions of oniling of the

=g Tbwintang oF 1¢um e oave oppocite to such oliner in oabove DLy
nt oF the frulbe. Davis zpd nulﬁnu'“-’nvﬁzluuﬂiﬁTiﬁ Beews wmrind
be *hcorecical mozsibilitics of She various inda ol aesiivatis:
s gpgoobn and vorified bhe [loures vibth dote obohlaod by oxoni-

reyeredl soullts,

Bl aoobivoation of calyx in Dhrehws o Dt and Caryotoid

Canows how Lhe asyowotry ol sopels copondns on She pesilbion of b
poin & oluster. In this group ol »ulus, Flowar clusbors aro cls=
bed turougiiput the spikes in s sincle splral rusning glagkwige of
bopecloeleice.  The aschivetion o majority of fenale flewers io

wreel T Fla oaverslity of the spike. Put that o[ the rele {luweds

2

AN LDERE Bhe, L0T prapple, the male Plever on the tnis sido

cluster {on any k.ad of spike on wny indlvidasl paln) hng its

£k

inbriosting left-handedly, wille the male ficewr on the right

ph-pmnded, o FeVATIso Acntivetisan io nouiced with the male
3 oia Unrcoss op.e The floser eclucters uave to e resarded as the
spped lateral uvfi-shootd of the moin spikes. Euoh ofi-uhool

s oaofemels flower wl thn
with e apirality of the spaxo. Toa nexs Sleower (waloc) of the

who4n nopianth arr-ngonent ASSCCL-

v oea saond 1e o vloeod sithor to the raft of bhe fomels or b 1be
Mo Shlid: anower, wlso mole, ocouplls tho onner side of the

v Mioee dpoan unknasm mechanlesm whioh bringo abuut A Left-tendod

ratinn for whe Lefi Dlower In Lomo specien U ange pAnie
wondud imnrientinn b the right flower.  The alrrar e go prohnern

caiyx 1 the twp nole Flempers of = elugior ﬂuﬁﬁ:ﬁtﬁ that s

5

2
ﬁ'-l‘ Sqvwsd v ndinindng positions ol o 3n0YRIad A CYmL, or hae

el

t, 1ichs Loaons branching tolkking ploes wl e very Early,ptmga
ervntiatin. Corner (1066) hasg givil & ztful disgromn of hov
i, of pariols of blooaand fiowers oon be reduced to a mern elusdor

» o ome flowsra. IL is often roduecd b o single Tlowor,
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