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SUMMARY, Cortain organs of soveral specics of plants exprres bilatera] symmetry. An sttempt

s made to undersiand the lawa operating in the expeamion of thia kind of symmetry sad the rolation-
ship between the substructure.

1. ISTRODUCTION

As Sinnott (1937) puts it *...morpholugy, fur from being the hopelessly static
discipline which sume would have us believe, therefore, touches ko intimately the cen-
tral problem of biology that it may still be describod by Darwin's words, in a famous
passage of the ‘Origin’ as the 'very soul’ of natural history’. Further, morphology
does not end 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 are operative in the structure
and behaviour of the various members of plant kingdom.

The aim of the present studics is to assexs tho totality of structurea relating to
plnn'. orgnns. to ﬂnd suitable classification for them and to test statistically the various
byr g/ g their in Nature, A broader aim envisaged is to ex-
plore the mhliomhlp between the important characteristies like yicld, colours and the
classified structures, and to find the selection process of structures by Nature. Further
questions of interest would be to creats artificially tho possiblo structuces and study
the relationship between yield and structure.

In this paper observations on clockwise and counter-clockwise situatione, ie.
Ieft- and right-handedness of plant organs in a few apecics are described.  Many of
these variations were not known till recently. It is worth mentioning that none of
these observations demanded the use of any serioun equipment, not even a hand lens.

2, DPRESEXTATION OF DATA

I this section the various situations in plant organs where bilnteral symmetcy
occur are explained. Data on brief or continuous obseevations made on tho membera
of & fow families aco also presonted.

2.1. Morphology of aaymmelry in plant organs. Asymmetry in morphological
structurea is expressed in certain organs of many plant specien. In this report, thoso
situstions where the asymmetry s manifested in the two complomentary forms

bilateral y) by identical organa of individunl plants of the same apecics alono

are considered. The proportions of such left-handod and right-handed leaves, flowers,
stems, tendrila or fruits within a plant may be 1 : 1 a8 is the cass observed in & majority
of species, or may occur in different ratios.

In most plant species where the leaf arrangeniont is alternate, the singlo foliar
spiral perceivablo can be regarded as running clockwiscly (left-handed) or counter-clock-
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wisoly, In grusses and some species of the fumily Scitaminene, though a aingle loaf is
formed at each node, the leaves do not show a epirnl mechanism. But they fall one
over another in two vortical rows, which wrrangemont is known as distichous. In
bananas, the two rows of leaves move apirally and both the spirals in all the known
species and variatics of banans move counter-clockwisely. But in somo Agavacoous
speciealike Cordyline rubrawhere the foliar spirals (two per shoot) move either clockwiso
or counter-clockwise, both tho kinds of shoots can be usually scon with in a plant. In
most palms, the leavesaro arranged inringlo, two, three, five or morennmbors of spirals.
Strikingly, the leaves of somo individuals of eachspecies voor clockwisely and the others
counter-clockwisely (Davis, 1062a, 1064a, 1071a). Tho leaf-blade (Iamina) while in bud
rolls margin to margin in some familics, and the rolling may take place along the upper
surface{convolute) or lower aurface (revoluts). In most graases, while the laraina of one
leaf convolutes clockwisely, the noxt ono moves counter-clockwisely, and this pattern
is repeated i ly. But in Scitami and Aracoao, tho individual plants of

y.
many species do not show a regular pattern although their laminae convolute. How-
over, in Scindapsus officinalis, the laminae oxhibit not only clockwise and counter-
clockwiss convolution, but also another situation of involution {Davis, 1970). In
Cordyline rubra, there cxists a corrolation between the direction of foliar spiral and the
convolution of the lamina (Davis and Ghosh, 1969). 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 palms, tho left half of the leaves
bears more eaflets, and vice versa in right-apiralicd palms (Davis, 1671b; Davis, et al,
1071). A similar sitnntion is observable with the numbers of apinea on the leaf marging
of both the typea of young Agave sisalana plants (Mitra, 1968).

Most (perhaps all) membors of Malvaceao (Davis, 1064b), and Bombacaceas
(Davis, 1906, 1967; Davis and Kundu, 1065; Davis and Ghosh 1970) and aome of
Sterculincess, Tiliaceas, Cochlospermacens, Euphorbiacens, Caricacene, Linacens,
Plumbaginaceae, Theacess, Palmae, Tropacol: Rut. and Oxalid show
bilateral symmetry of fowers. In a flower, all tho petals twist (contort) clockwisely
or counter-clockwisely. While in most species, the petals forra a single rotating
whorl, in the multipetalled variety of Hibiscua rosasinensis (Davis and Ghoshal,
1985) and some speciea of Camellia, there are five apirals of potals, all twisting one
way or the other. This situation is like the arrangemont of leaves in the Spiral
Aloo (Koflor, 1965),

The fibres of a few specics of plants move spirally. Some individuals of the
same specics have their fibres twisting clock-wisely and tho others counter-clockwisoly.
While in the coconut tho two kinds of palms occur fairly equally (Potch, 1911), in
chestnut trees, & great majority of individuala twist counter-clockwisely (van Oye,
1926).

In some xerophytes, the individual atoms veer either clockwisely or conversoly.
Thus, in Euphorbia anliguorum, the stom has three wings (or raroly four), and it twists
either to the left or right. From ench nodo, usually three off-shoots are produced
which in turn show spiral mechaniam. Some of theso off-shoots twist Iike that of the
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trunk, and the rest differently (Davin, 1048).  In nnother apecies, Evphorbia neriifolia,
there are five ridges and at each nodo it produces 0-3 off-shoots. Hero ngnin somo off-
shoots move like that of the trunk and the others unlike it. A somewhat similar
condition exists in many plants with alternate phyllotaxy.

Tn the flowers of Crescentia alala, a peculinr varintion wns noticed. A flower
has normally £ stamens at five fixed positions.  Afier examining over 75,000 flowers of
a particular tree at Calcutts, it was found that at each position ono of the four pos-
sibilities d : a fully devoloped stamen, a inode, a stamon fully fused with
the corolla, or nothing at all. Thuy, 1025 forms are possible of which only 105 could
be symmetrical forms, and the rest comprised pairs of mirror image forms. Usually the
number of flowers falling under ono typo cqualled more or less that of its mirror
imnage form,

2.2(a). Floral asymmelry : Jalaceae. Of the two Decean homp fowers shown
in Fig. 1, thoono on tho left has its petala twisting clockwisely (left-handed). When
viewed apicslly, the inner margin of the petals of a loft-handed fower curves

Fig. 1. Loft and right-twisting Bowers of Doccan homp.
clockwisoly towards the periphery. In the right-handed flower, the petals ourve
counter-olockwisely. Ofton it is possible to dotermine tho apirality of a flower by
examining o singlo petal. According to Rendle (1959), thero exists a positive cor-
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relation botween the msymmetric nnture of a petal and twisted acstivation, In
Sidu cordifolia, cach petal khows two distinct steps at the diktal margin, the half that
moves out first is always shorter thun tho vther.  Whilo in Theapesia populnea the
nlxgma(lc ond twists in accordance with the aestivation of tho corolls, in IHibiscns

, the [elph taminal tubo xhows clear twisting, by which the
apirality of tho flower ean bo determined.

Available Howers from 463 planta of 34 species of the fumily Malvacene were
examined for their aestivation (Davis and Selvaraj, 1064) and the duta presonted in
Tablo 1.

TAIJLI:Z L. AESTIVATION OF FLOWERS OF MALVACEQUS SPPEUIES

putal-twint
apeciva no.of ——— LiR X
plante loft right

1. Abutilon hirtum 12 1301 1371 2872 1.8338
2. Abutilon indicum 1] 315 222 837 16.1061
3. Abutdon megapotamicum 2 29 3 6 0.0667
4. Abutilen ochee, [} 2 4 L] 0.6867
5. Achania conze: 2 168 158 324 0.4444
8. Alihaca rosea 3 1445 HH 2859 0.3381
1. Gossypium anomalum 1 7 3 v 1.6000
8. Oossypium arborcum & 03 849 1332 0.8679
9. Gossypium barbadense 26 603 6237 1200 1.0047
1. Goesypium darideonii 1 13 18 29 0.3103
1. Gosaypium Aerbaccum 3 8 L] u 0.2357
12. Gosrypium Rirqutum 14 97 38t 83 0.0457
13. Qossypium taitenss 3 8 8 14 0.2857
M. Gossypium thurberi 1 3 0 3 3.0000
18, Gosaypium wp. (wild} 2 62 87 1270 0.1098
18. Ilibiacus cannabinus 69 876 891 1767 0.1273
17, Hidiscus eaculentus 60 255 284 500 0.0020
18. Mibiscus hirtue L] 30 H o 0.2500
19, Hibiecns inddicua 1 18 19 3 0.0270
20. Ifbiscus mutubifia 4 T2 84 156 0.0231
21, Hibiscua rosasinensia 53 18871 16047 RNIR 20.6283
22, Hibiscus schisopetulus 2 17 10 27 1.8148
23. Midiscus sabdariffe 3 567 8 [RE1Y 0.0420
24. Midiscue tiliseeus 3 201 300 591 0.1371
28, MHidbiecus tortuoens 1 8l 80 181 0.0082
24, Hibiscua tricuspis ) 14 13 27 0. 0370
27 Hoheria dualli 1 3 L 9. 1.0000
28. Mulachra capitata [ 8593 8833 13778 0.0048
20. Malvastrum sp. 2 27 32 50 0.4237
30. Pavenia coxi 1] 104 o2 194 0.7387
31. Pavenia odoratu 2 3 13 16 8.2500
32, Sida cordifolia 23 187 W40 6236 3.0830
33. Thespasia populnea ) 2082 2304 1076 2.08%
34, Urena lobatg 2 118 n7 235 0.0043
total 403 38312 378563 76007 65,1051
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2.2(b). DBombacaceae. The fumily Boml was formerly included under
Malvaceae (Hooker, 1872), The 13 mpecies of this family examined in India showed
the two kinds of twikting of the corolla. The duta relating to 41, 470 Howers ara
presented in Table 2.

TABLE 2. LEFT. AND -RIGNHT TWISTING FLOWERS
UF BOMBACACEAE

secslivation of corolla

apecics n.of ——mm—
P plants. left right LiR x

Adaneonia digitata 1] 213 204 417 0.1042
Hombarx ancepe 2 23 11 187 0.0033
Bowmbax ceiba 27 19004 18828 Wi 13,2448
Bombarx inngnis 2. 48 n ™ 49784
Ceiba pentandm 8 #4 71 1876 0.6014
Ceiba rosca I 30 28 B 0.0630
Chorisia inaignis 1 40 48 a7 00103
Pachira acquatica 1 3 102 s 1.8310
Pachira cyathophorn 1 7 8 105 U.40v9
Pachira ineignis ] n " 25 0.360¢
Jachira longifolia 1 a8 3¢ e 0.3
Paewdobambaz grandiftorum 1 2 39 6 21818
Salmalia insignia 2 an 24 3 3.574

tLotal 13l 20182 20283 41T 32,3848

0= 19.2726; x%a = 131108

2.3, Euphorbia antiquorum. Tho stem of a particnlar variety of Euphorbia
antiquorum acrews clockwisely or counter-clockwisely, and on account of this screwing
habit perhaps this plant is called by the Tamils as “thirikelli" meaning the twisting
cactus (Fig. 2). 1,300 main stoms were examined at Coimbatore in Jannary 1065 for

Fig. 2. Right- and leR- apiralling siems of Enghorbia antignorum.
203



SANKHYA : THE INDIAN JOURNAL OF STATISTICS : Serizs B

their spirality. Two percent of these stems reversed from one direction to the other,
a tenth of which reversing twice (left to right and again bck to left) s may be scon

from Table 3.

TADLE 3. SUPHORBIA ANTIQUORUM : NATURE OF MAIN STEM

typo of slom-twist

oborved porcontage
Left-handeds 48 49.861
Right-bandeds 122 48.133
Left turned to right 20 1.333
Right tumned to left 7 0.467
Left to right to loRt ] 0.200
Right to lelt to right — -
total 1800 100.000

50.88 per cent of the regularly twisting stems arc thus, left-handers.

A further 200 main stems were collected at random from an adjoining loeality.
A stem hag either three or four wings at the ‘internodal’ region. Of these plants,
58 bore four wings and the rcst three each. The stemn usually produces one off-shoot
ench from s wing from an ‘internodal’ region, and thus a four-winged stem may have
four off-shoots. But thia number may bo reduced to 3, 2, 1 or nil. Similarly, a
three-winged stem may have 3, 2, I or no off-shoots. Stema having no off-shoot
were excluded. Very rarely a wing may produce more than one off-shoot. In Table
4, details are given on the number of off-shoots produced from the 200 main stems,

TABLE4. EUPHORBIA ANTIQUORUM : XO.OF OFF.8H0OO0TS PER MAIN 8TEM

main stem 4-winged stems 3-winged sters.
nos. of off-shoots. noe. of off-shoots
apirnl
no. 4 3 2 1 total 4 3 2 1 total
ot nz 22 10 s -— n 1 sl ] 4 80
right 83 12 1 —_ 1 21 —

9 15 4 62

total 200 N 18 s 1 88

N 39 L] 142

Like the main stems, tho off-shoots also show bilateral symmetry by twisting
either clockwisely or conversely. A smaller percentago of theso off-shoots, however,
did not show any twisting and thoy were accounted for as neutrals. 572 offshoots
were examined from the 200 plants and their apirality recorded. The data are given

jn Table 5.
TABLE 5. EUPIHORBIA ANTIQUORUN ; NATURE OF OFF-8HOOTS OF
200 PLANTS
‘main atom off-shoots
Toft right neutral
total % total LA total o total %
eft 243 7127 72 LI 28 7.02 341 100.00
right 68 28.57 15 62,76 8.67 231 100.00
300 54.02 217 3704 8.04 072 100.00
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To examine whether thoe twisting of the off-shoots depends on that of the main
stem, the data are split up for the f-winged shoots nnd 3-winged shooots as scen in
Table 6.

Table 8: EUPHORBIA ANTIQUORUM : ASYMMETRY OF OFF.
S8HOOTS IN RELATION TO KIND OF MAIN STEM

nature of off-shoots
e T T et el e
4-aringed off-shoots (Tolal 198)
observed 100 16 12 128
Lol percentage 18.13  12.50 9.33 100.00
% on all shoota 20.32 4.89 3.82 83
obsorved 13 47 10 70
right pereentage 18.87 67.04  14.29 100.00
94, on all shoots 5.6 20.35 4.3%  30.31
S.winged off-shoots {Tolol $T4)
observed 11 50 " 23
eh percontago 67.14  26.20  6.57 100.00
% on all shoota 4198 18,42 411 62,47
observed 53 oR 10 10)
right porcontago 32.02  €0.87  6.21 100.00
9}, on all nhonts 2284 42.42 4.33 69,60

24. Euphorbia meriifolia. Fig. 3 shows two slem piecea of Euphorbin
neriifolia, ench beset with five rows of apines, the rows running right-handed in one
and loft-handed in the other. The stem grows in stages, and off-shoots are produced
at the junction of the stom formed during differont seasons, and anch a junction
simulates a node.

OfT-shoots ranging from 0-5 aro produced from each node. However, it may
be mentioned that there is n bud in the axil of every leaf or leaf scar, and very ocea-
sionally some off-shoots are alsoproduced from theso ‘extra-nodal’ regions of the stem.

The main stem i to grow, g lly maintaining the original direction
of twisting throughout. Exccptional shoots ahowmg reversnl of stem-twist were ex-
cluded. Al the off-shoots from a ‘nade’ do not necessarily show tho samo kind of
spirality. An off-shoot of the first order usually maintains the spirality t1 ftor oven
though it may produce shoots of the socond und further orders having different
spirality,
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Fig. 3. Loft. and right.spiralling stoms of Enphorbia neriifelia

At the Contral Arecanut Research Station, Vittal, Mysoro, 36 different plants
of E. neriifolin were observed in 1965 for tho spirality of their off-shoots, and the data
are presented in Table 7.

It may be scen from the data that 18 of the 36 plants bore excess left-handed
off-shoots, 8 equality and 0 excess right-handed ones,  On the totals, the left-handeds

form 52.80 por cent, but the deviation from equality is not statistically significant,
s = 12.601.

At Khandwa, Madhya Pradesh, 246 main atoms of E. neriifolia each having
a ‘node’ producing off-shoots ranging from 0-5 were examined. Of thesc, 140 or 50.91
por cent were left-handeds.

2.6. Linum usitatissimum. Linsced (Linum nsilafissimum) in an ically

important plant since its soeds yield the linsced oil, and the bast ylcldu tho fibre known
na flax fibre of commorcial importance,
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TABLE 7. EUPHORBIA NERIIFOLIA: LEFT. AND RIOHT-
HANDED FHOOTS PER PLANT

off-shonta
Planta
R L+R  L-R x
1 10 10 20 — —
2 19 15 1 1 0.4n
3 [} [ 17 1 v.050
1 + 5 ? -1 0.1
& L] L] 12 _— —
[ 1% " 2 1 0.034
7 1 10 21 1 0.0i8
5 [ 8 I - 0.256
[ 10 [ 10 1 0.083
v 8 5 13 3 0.602
n 12 7 v H 1.018
12 8 18 - —
13 L] s 17 1 0.089
1 n [ 18 5 1.470
15 1o 5 18 5 1.067
10 n [ 17 5 1.4%0
17 0 ] 18 — -
I H " 35 k] Liw
[t} [ 8 17 1 0.058
20 12 13 23 -1 0.040
2 [ [} 15 -3 0.600
o2 8 5 13 3 0,802
= 1 ] [ 3 1.000
) s 7 12 -2 0.233
25 [ ] 10 2 0.400
26 [ 3 1 1 0.3
= s 7 13 -1 0.077
28 [} 5 1 1 0.000
2 2 1 ] -2 v.668
30 7 7 " - —
a 1 3 1 -2 1.000
az 5 5 10 - —
33 3 3 o - -
2 I 17 3 -3 0.290
45 [ [ 12 - —
a8 18 15 3l 1 0.032
an 277 [ 3 14,867

%lofta m 280 x1w 1008 xf, = 12.601

The primary atom continucs Lo grow tll it Nowers when it produces a fow
flower-bearing lnternl shoota, Dut at an early stage, it produces a good number of
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off-shoots almowt from its Luse (Fig. 4). The singlo foliar apiral of the mnin stem
can bo dotermined from the leaves or tho starting positions of the first-order off-shoots.

Fig. 4. Lower park of a plant (A) nad » fawaring shoot (B) of Linsowd plaut.
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Tho off-shoots grow almost as fust as the primary stem and produce lateral flowoering
shoots at their apices. The spirality of tho first and second order off-shoots was also
dotermined. The number of fruits borne by each off-shoot was counted. In Tables
8 and 0, the data on the nurabors of first order and second order off-shoots of 22 loft-
epirallod and 19 right-spiralled planta are given.

TABLE 8. LINUM USITATISSIMUM : FOLIAR SPLRAL OF MAIN STEM AND OF¥.SHOOTS
(Main stom—Loft spicalied)

pant  spiral 1 1 Mlant  epirad I u
ordor  ordor ordor  ordor
branch brench branch branch
L R L R
1 L L 4 i
L 2 3 nooL L 3 7
R 4 4 L ] 4
R 1 4 L ] 5 22
R H 3
R 3 5 12 L L 2 3
R b § 3 4 R 2 3
R H 2 B
2 L L 4 2
L ] 3 1B L L : 3
L 4 2 L 2 3
R H 3 2 L 3 3 18
3L L ] 3 u L L P s 8
L H 3 o2
B L L ] 4
“« L L 2 3 L 3 H
R 3 H R 1 |
R 1 4 R H 32
R 1 “« 2
L L 2 4
s L L 3 3 L H ]
L & 3 R 3 4
R 4 H R 5 «
R 3 3
R H 3 17 L L s 3
R 3 2 R 3 1
R H 3 R 3 T u
R H 2 40
18 L L 3 [
s L L 1 5 L 1 4
R H 31 R H 3
R 2 32
7 L L ] Il
L 3 2 3| 1 L L ‘ I
8 L L 1 4 E-1) L L 2 8
L 1 + L 2 3
R 3 2 13 R a 3
1] L R 1 ] B4 L R 1 4
R 2 3 10 R 3 2w
10 L L H 4 22 L L 4 H
L 2 4 L 2 4
L -3 3 R H 3
R 3 3 R H 3 =
R 3 3 m
187 24401

main slom L = 22
T ordor offshoots L= 38; R = 30 (total 74)
II ordor off-ahoots L e 187; R a 234 (total 421)
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TABLE 9. LINUM USITATISSIMUM 1 FOLIAR BPIRAL OF MAIN.STEM AND
OFF.SIlOUTS

(Mol stoms Fight-spiealled)

1 u 1 1
plant®  spimd  onbr  order plant  mpiml  ordor  urdor
branch  branch branch  branch
L R L R
1 R I F) 3 1t R L [ o
R 1 1 L H 3
K 3 2 15 L 2 4
PR 3 3 h H H
~ R 5
L I ‘4 w0
1 4 |
R 1 [ ] 12 R A 3 2
R 14 2
3 3 r z 3 R M 3
I 3 2 10 R N F
4 it R 14 a4
R 2 3 13 13 R L 3 2
L 3 ]
5 R L 3 3 R 3 3
R 3 3 R 2 3 g
R H 3 7
] R L i 4 " R 3 2
s 3 5 R 10
i 5 1
R 7 3
R 4 4 15 R 2 3
R ) 8 51 R z 4 u
7 R L 3 2
L 2 3 16 R L 3 2
R 4 [ L 3 ¢
L 2 3
8 R L 3 3 L 3 3
R 2 3 1 R 3 4
R 3 H
L] 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 Fl 1" R R 2 3 5
R 3 s 3
] R R H 4 ¢
10 R L 3 2
L 1 4 10 R L 3 2
R i 4 R 3 3
R 3 2 =3 R 3 2 18
200 108

mainstom Rw= 19
I urder off.shoots L = 24, R w 43: {folal 47)

1I ordor off-shoota L = 200, R = 108 (Total 308).

2.6, Cordyline rubra, Cordyline rubra of Agavacono has allernato leaves
which aro arranged in iwo spirals veoring either to the loft or to the right (Fig. 5).
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Within a plant, the two types of spirals aro usually seen on different shoots. The leaf
blade shows clear convolution beforo unfolding, and thia rolling may be clockwise or
counter-clockwise (Davis and Ghosh, 1968),

Fig. & LoR. and right- handod shoots af Cordylina rubra.

43 shrubs of Cordyline rubra grown at tho premises of the Indian Statistical
Instituto wero oxamined in 1960 for the foliar arrangement in all their shoots. From
37 shoots of somo of these planta, the convolution of the lamina of 510 leaves produced
between September 1064 to April 1903 was recorded to find out whether the diree-
tion of convolution cortesponded with the direction of the folinr apiral or not. 16
of the 37 shoots Lore left-hamded folint apivals, and tho rest, right-handed ones, Thoe
data aro presended in Table 10.
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FOLTAR BPIRAL AND PTYXIS

TABLE 10. CORDYLINE RUBRA:
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Plantsl.11I observed from 10.9.1084 to 9.4.1065

Plants IV.VIT from 11.9.1804 to 31.12.1005.
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27, Scindapsus officinalis. The leaves of Scindupsus officinalis, a tropical
ornamontal plant, are altornate and often arranged distichously. Whon young, the
Jamina rolls in ono of threo ways—two types of tution {(as in Cordyline rubra),
and involution, whore the two halves of a lamina roll along opposite directions over
the upper surfaco (Fig. 8). 'Tho loaf shoath also overlaps ono way or tho other, Whero
the lamina rolls loft-handed, tho leaf sheath of the samo lonf overlaps right-handed,
and vice vorsa, if tho lamina ia right-handed. But when tho Jamina is involute, the
shenths of some leaves roll left-handedly and the others right-handedly.

Fig. 0. Scindapsus oficinalis loavos showing right-banded (R}, involute (T) amd
toft-bamved (L) rolling of lamins.

50 shoota from three large Scindrp flicinalis plants ping on mango
troes at tho premises of the Indian Statistical Institute were labolled and the typo of
ptyxis on tho 627 leaves produced on thom during 73 days commoncing from tho firat
of May 1965 were observed. The data ave presentod in Table 11.

Plant 3 produced equal numbers of lofts and rights while for planta 1 and 2,
tho lofts aro moro although the differonces aro not statistically significant. Tho
aceurrenco of inveluto leaves scoms to vary from plant to plant, plant 1 having the
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SANKHYA

SCINDAPSUS OFFICINALIS 1 TREFOLIATION.

TADLE 11.

(L = Loft, B = Right, [ = Involute)
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highest porcentage (53.33%). Sinco the data were collected simultancously from

all the plants standing close to each other, ono plant showing a very high percentago

of involuto leaves hns to be regardod as a poculinrity of this individunl plant.,
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2.8. Arrangement of pulm-perianth, A pahm flower usually posscsses six
perinnth segments, gonerally all alike, which ropresent the sepals and petals of other
Howers. The vuter threo scgments may be callel the scpals and the inner threo, tho
potals. Howover, whon tho arrangement of the perinnths of female flowers is earofully

, it may be blo to cunsider that all the six perianth scgmonts dovelop
one after another forming a single spiral compressed into a whorl. In the female
flowers of most species of palms, the acktivation of perinnths vary considerably,
When wo eonsider tho threo inner periantha (polals), they cither imbricate o twist
regulurly.  In tho imbricuto flowers, one petal is completely exposed, the innermost
petal is overlapped on both sides by the other petals. Thus tho middlo petal has its
one half exposed and the other half overlapped by tho outer petal. From tho
position of tho exposel half of the middle petal, o flower way bo regarded imbricuto-
right or imbricate-left (Davis and Kundu, 1968). Similarly, with the regulacly
twisting corolla also, left-and right-hunded types are obscrvuble (Duvis, 1080b),
Data on 8415 lowers from seven specics of palms arc yresented in Table 12,

TABLE 12, AESTIVATION OF PETALS OF FEMALE FLOWERS IN 7 PALMS

corolla contorted ocorolla irmbricate total

spocies s rights Jahs  righte
Aroca carechu 20 e 15 me som
dreca triandra ° ¢ 182 w8 s
Borasrus flabellifer 25 38 14 143 349
Cocoa wucifera 2 0 w186 43
Phoeni poludesa « 19 o o e
Phoenis eylveatria w3 18 we 28
Ptychorperma macarthuris ° 1 oae nm my

803 608 4008 3004 9418

It is obvious from data given in Table 12 that the loft-handed flowers (left
tortion plus left imbrication) are greater than the right-handed ones. The propor-
tion of flowers having contorted eorolln to thoso with imbricato corolla varics very
greatly with species, Tho percotage of contorted flowers in Areca {riandra was only
3.7, that in Cocos nucifers 0.4, Borassus flubellifer 18.0, Areca calechu 19.6, Phoenic
aylvestris 23.8 and P, paludosas 33.7. In tho caso of Piychosperma macarthurii, how-
over, with tho exception of a single flower, o population of 2,324 flowers had only
imbricate corrolla.

When all the aix perianth segmonts of a flower aro considered as a single spiral
8 js more appropriato to doso sinco tho individunl mombers develop ono after another,
ono niay observe 14 differont groups according to the way the margins of a perianth
segment overlap. In one typo, all the members twist regularly clockwise and in
another, countor-clockwiso. In tho noutral pattorns, tho perianth oycles can be
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divided into idontical halves, ono half exactly fulling over the other hnif when folded
along tho diamcter.  Of tho remaining patterns, two movo clockwisely and the others
counter-clockwisely. All theso patterna are illusteated in Fig. 13 with the observed
and oxpeeted froquencics inscribed for each porinnth puttorn.

3. GRAPH TUEORETICAL METHODS

Studies on tho different morphological forma of plant organs deseribed in the
I ling sections lead to the combi inl annlysia of (liffc possiblo st
of tho same. These are fucilituted by the uso of one of tho currently active fields of
topology—'Gruph Theory”. In this section & bricf introduction to tho theory as
required for the present purpose is given and for other dotails the reader is referred to
Berge (1962), Mac Mohan (1891), Polya (1962) and Ramanujacharyulu (1066).

8.1, Graph Theorelic resulls

3.1.1, A graph @ is defined by a set X of points (n in number) and a sct U of
somo paira (m in number) of points from X. Each point of X is called a vertex and
each pair (of points) in U is called an cdge.

Ezample 1: X :{s,b,¢,d} U :{(a,b), (¢, d)(a,c),(a,d)}
b d

Fig. 7

n{n—1)
7

vertices can be used to represent the locations or sites of interest in a flower and an edge

corresponds to o particular situation botweon the two sites on the flower,

The number m of edges can atmost be oqual to

In a graph @, the

3.1.2. Tho comploment G(X, U) of u graph @ : (X, U) is dofined as a graph
on tho vertex sot X, but un edge uppeurs in @ if and only if that edge did not appear
in G:{X, O).

Ezample 2 : For all our purposes wo consider graphs on n vertices

a, $=0,1,...,(n=1);
and o ot of edgea which can be chosen from the following sot
6={(6,04), =02 ..,(n-1)
of edges, tho suffixes being read under module #. Theso graphs are known as ‘Res-
tricted Random Graphs' under tho assumption that a graph on theso n vertices is

chosen with the condition that o random numbor of edges ¢ sro randomly chosen from
the sot of n allowed edgea of tho polygon.
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b b
8

do  _
G:(x,u) G2 (X,U)
A 8
Fig. 8

3.1.3. Colouring. Let @ be a polygon on n vertices. Let R bo a sot of
s colours denoted by 1, 2, ..., 8. A ‘colouring’ of the polygon is defined as assigning
ono and only one colour from the & colours to each edge independently. Thus there are
a» possible colourings.

3.14. Cyelic rolation and palterns. Consider a polygon ¢ with vertices
@,$=0,1,...,(n—1) ond a colouring P, of its n sides. Let P, bo another colouring
of the polygon G, A ‘cyclic rotation’ of ¢ is definod 88 a mapping of the vertices of
@ in which the vertex o; is mapped to a5 §=0,1,...,(n—1), where j is a fixed
integer 0 < € n—1.

The two colourings P, and P, of ¢ aro aaid to be ‘equivalent’ of the same
‘puttorn’ if given Py tho colouring Py can be obtained by a cyclio rotation of the
polygon.

Ezample 3: Let 0 be n polygon of 4 sides and R a sot of two colours black
and white :

8 S’
. R,
s SN
/s 4 ’ < ‘\
4 " \\
q' ’ N,
S\ 9,  af a2
\\\
.
‘\
Ay
8y -
A B

Fig. 9

In colouring P, by writing a;,, in placo of a; we got colouring P,. Thus,
thoso aro equivalent colourings or theao are of samo pattern. Two patterns are distinct
if they are not, equivalont colouring.
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In other words, on a polygon a eyclio group is noting. Ono is interosted in
the number of distinct patterns. Tho solution is dorived in Tablo 13.

TABLE 13. TADLE OF DISTINCT PATTERNY

lygon
num:sw of wul'sv 3 4 L] L] 7
colours n aldos
3 4 L] 1] 1} Eod
3 1} n sl 120 As

The general formula for the number of distinct colourings to colour a polygon
of n sidoa using & colours fs us given bolow :

Lintatotatho i gty

where d; is tho grentest divixor bet the int n and §.

3.1.5. Evolution of icted random coloured graphs: Now we consider
tho set of all possiblo coloured polygons which are &% in number. Lot all the

graphs bo given equal probability % of being chosen. In other words consider the

dovolopment. of a coloured pol, by solecting a colour out of the & colours for each
side with equal pmbnb:luy Ancr colouring nll tho n sides we say that a Restricted
Random Coloured (RRC) graph has appeared. Tho probability that & particular
pattern appears when an (RRC) graph is choson can bo computed by obtaining the
number of members in that pattern class and multiplying it by (1/s%). This is
btained by R jacharyulu (1966); h , it is given here for computational

reference for values of n = 3,4, 5 and 6 and s =

A given pattern is an assignment of colours 1,2, ..., to the n oyclio edges
€42 €31 +o €yy-  Heneo Job the pattern be represonted by a cyclio sequence f of integers
representing tho colours on theso edges in that ordor of the cycle alges. Lot the
sequence f bo partitioned into p(f) identical subsequences of length I, whero ! = I,
in tho least integer with this property. Then there are { equivalent colourings and
tho probability that an RRC graph is of observed pattorn f s Iy/e".

Example 41 » = 4 and 2 colours :

e R
/€3 €
-
& d
0 %
R s 8
/
’
¥ig. 10
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In presenting the following patletns, only patterns with not moro than (:)

alges in an » polygon are given as they can bo obtained by complementation with
reepect to the polygon, the number of equivalent membera in the correrponding com-
plementary pattern classrs aro equal. A wtar on refirence code denotes that the
pattern is self-complementary.

A pattern Oy m with P(n) equivalont members has & complementary pattern
(_,".,._- and the same number P(n) of equivalent members.

3.1.8, RC-Patterns: Consider once again the set of s pomible coloured
polygons of n sides in & colours.

In the above sections two colourings are said to be of the samo pattern if one
coloured polygon can bo obtained by & cyclio rotation of the uther coloured polygon.

However, this uqulvnlcnre of two colouriug can be defined in any recuired
manner, In the foreg: ples o8 will be explained, we need the following
definition of equivalenco as well in case of two colouringn.

The case of a polygon whose sides are coloured uning two colours only in the
same as that of a Restricted graph on the n cyclic vertices in which some of the cyclie
edges appoar (1.0, sides of one colour) and the others (sides of the nther colour) do rot
appear.

Theso 2% restricted graphs are derived from the coloured polygons, Two
such grapha are said to be RC-equivalont if ono graph can be obtained from the other
by a cyclio rotation (R) or if one graph is complement of tho other with respect to the
polygon,

Ono ia interested in the number of geaphs which are not RC-cquivalent. Lot
us call them ‘RC-patterns’. The general formula for RC- pnlu-rnn is not yet obtained
snd it is ovaluated here fur n = 0 as it is of dinte apy A self-compl
mentary RC-equivalont pattern is callsl a ‘nentral pattern’ whereas among two
RC-eqni\ nlcn'. plmnnl oLlu-r than self- complcmonLu-y gnpbn a clamification of

3.2. Graph-heorelic approach for morphological studiea, Now we give helow
graph theoretic description of some of tho morphological axymmetey mentioned in
Scction 2, which with the help of resulta of Soction 3.1 is used to test various
statistical hypotheses on the appearance of different structures in Section 4.

32.1. Let ua conaider Euphorbia antignorum and E. neriifolic discussed in
Sections 2.3 and 2.4. Theso can in goueral bo described as follows, There are n
rows of apines spiralling either to tho right or left and at a branching point there are »
buds and each bud mny or may not develop into a full branch again, First of all
ono is interested in tho total number of patterns and tho various possible plant struo-
tures. For this purpose lot us construct o graph whoso vertices a,,a,, ..
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TABLE 14. PATTERNS AND NUMBERS OF EQUIVALENT NUMBERS

[} o)
PATTERN = P
o} o |o—0
n=3
REFERENCE CODE » R Cs,0 Cs
NUMBER OF EQUIVALENT
MEMBERS = P (n) 1 3
o o o o o—o
P
o o© [} o0—o0
¢ 7z r w4 ne=4
R %40 4,7 4,2 2
An) 7 4 ¢ 2
o o o Q\)
P |0 o 1 [} oo
o o [e] S)—o 0—0 nes
T Z
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A(n) 1 5 5 5
n=6
—
o o 0 o\> c/)
o O o|o0o oOofo o [}
o o o\o o|o o o
o A A
ol %0 | Ces 52 €2 Co,2
Ah) 1 & 6 8
o
s |© o o\o o/o o I °\>
N L | e
rT L)/ ¢ T LJg
R 5,3 s &5 s
p) & I3 2
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ropresent the n interrow sitea of tho » buds which are circular at a branching point,
Place un edge (ay, ag,,) = ¢ If and only if the bud botween the sides a; and aj,, dovo-
lops into a full branch. Now it is cloar thut all poseible structures of the plant cor-
respond to the restricted random graphs discussed in Section 3.1.  Honce if we nssnme
that all possible strueturea have an equal probability of appesrance, then the probability
that a particulac structure with voference to code C} ., appoars when a singlo structure
is obsorvod is givon by tho number of members in its ocuivalence clnss divided by 2»,
Tables of the ired and bors are given in Section 3.1 forn = 3, 4, 5,6,

q P

It may bo noted that if o bud hes soveral possiblo states of dovelopmont
(which need not be mensurable on an interval acale but only ean be identified) which
can bo labolled by numbers 1, 2, ..., 8, thon any of tho plant. sponda to
a polygon of n sides in which a sido ia coloured j where j ia ono of # colours depending
on the state of dovelopmont. It may bo of uso to hiave tables for theso patterns and
their probabilities of appearance.

g €=~ a3

3
3

BUD-POSITIONS,
AR 8y

‘— ROW OF SPINE
A B

Fig, 11

3.2.2, Hore we shall consider tho arrangement of the perianth lobes of the
areca fruits. As described in Seotion 2.8, onch of theso flowors has six perionths,
On & fruit tho two onde of a porianth lobe may bo exposcd, or only one end is exposed
whilo tho other i overlapped by an adjacent porinnth, or clse both tho ends may be

losod by the two neighbouring perianths. To understand tho total numbor of
potterns of devolopment ote., we proceed as follows :

Consider tho middlo points of the perianths of a fruit. Lot us construct a
graph whoso six vertices ag, a,, a,, 4, @,, @; ropresont- tho six mid-points of the six
perianths,  Also chooso a direction of oriontation around the fruit, say, clockwise.
An edge {a;, ag,() = ¢ appeara in tho graph if and only if in tho clockwiso direction of
movemont the second end of the perianth whoso mid-point ia a; is above the first end of
the perianth corresponding to ay,,. But tho diroction of oriontation is arbitrary and
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henco without insisting on tho direction of orientation lot us construct the graph.
That is for a given fruit we follow either clockwiso or conntor-cluckwiso direction
and for different fruita difforent directions of orientation can bo used to draw tho graph.
Making the counting ofatmctum independent of the direction of orientation brings
u to ider two 'y patd to Lo equivalont, Honce tho number
of distinet structures wnll bo the nnmbor of RC-equivalent patterns studicd in Section
3.1. As an examplo considor the following flower :

Ezample 5: The two RC equivalont patterns ariso bocause of two different
oriontations of the samo flower in Fig. 12A.

,\ s \ o,
s % < % & %

‘/ % % é %

A 8 ¢

Fig. 12
TABLE 15. TABLE OF RC-EQUIVALENT PATTERNS AND MENBERSFOR n = 6

1 I o o m
roforence code Coo Cos Gt Cos Coz Cos Cow G CGoa Cou
oumbor of equivalont

embers 1 ° [ ¢ ¢ & L] 3 3
I In I v
roforonce code. *Ces *Cos *Cea *Cea
numbor of equivalont
mombers (] [} 2

TABLE 16. LEFT, RIGHT AND NEUTRAL PATTERNS ARD PROUABILITIES

pattorn ¢ classifloation right Init noutral
) 1 1 I
mfsmnco codo Cout Conti Cant Caai Coust Couat Coat
u IIr I I M1 ur v
Cozi Coai Cant Cowi Conis Coai Coat
proportional probabilition 28 28 [

4. STATISTIOAL ANALYSIS
In this soction data on the morphology of various plant organs described under
Section 2 are put to statistical analysis based on the theorctical results of Section 3.
The teats nre mainly to sco whether a structure appears at random in nature, and on
tho inter-relationship of various organs of plants with regard to twisting (or coiling)
and atructure.
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4.1, Floral asymwmetry in Malvacene. Tho null hypothesis takon is that the
number of left- and right-handed fowers in each of tho 34 speciea of Malvaceo is
equal, the test statistic is (TL[_-FII?): which follows x* with 33 d.f. under null hypothesis.

Of the 34 specics, 19 have excons loft-handed flowers, and of theso, tho y*
valucs for only threo specie show a significant differenco from equality. None of the
15 apocice having excess right-handcds shows a signifieant differenco, The A* valuo for
the overall population shows a wignifieant difforence from the expeeted evon though
tho left-handeds form only 50,02 porcent of the total flowers. This significonce in
brought about mainly by the figurcs for Hibiscus rosasinensis and Abutilon indicum.
The forraer epecics alono accounts for 43.27 per cent. of the total flowers studied, and
the x* value (20.6263) for this apecics largely affecta tho entiro population, leading to
a signilicant excess for the lefls. Ignoring this apecies, equality may bo expected for
the rest of tho specics. Since the excess of lefta over rights is persiating in the coso of
H. rosasinensis oven with Inrgo samples, and during different soasons, this peculiarity
roquires to be investigated.

4.2, Floral asymmeliry in Bombacacear. Of the 41,470 flowers from thoe 13
specics of Bombacacens oxamined, 51.07 per eont wero left-banded. But the difference
betweon the two kinds of flowors is not statistically significant, tho x* value with 12
d.f, turning only to bo 3.7562. However, tho figures for Bombaz ceiba show that
this species produced significantly an excess of left-handed flowers liko Jfibiscus
rosasinensis (Davis, 1960).

Tho data furnished in Tables 1 and 2 rolating to the types of flowers in seversl
specics of Mal and Bomb Li 1 under the p ling two sub-head
are incomplete, sinco the recording of the individual flowers was not maintained in a
chronological order which would havo enabled to find out whether the time series would
conform to tho Bernoulli sequence, tho lefts and rights being distributed randomly
or not. This deficiency scoma magnified when the data under Tablea 10 and 11 are
considered.  However, while ndmitting that tho data on floral asymmetry should have
been moro detailed, we do not consider that tho detniled data would have shown a
picture far different from what one expecta in & Bernoulli aequenco of trials. First
of all, tho data in Tables 1 and 2 relato to.tho arrangement of petals in the tlowers
of two apecific familics, whils thoso in Tables 10 and 11 relate to tho arrangement of
Jeaves (on the stem) ond the rolling of the immatura Jaminae in two plants belonging
1o two far distant familics. The parts of a Bower and thoso of a loaf need not neces-
sarily show similar phonomena. Further, from ono of the species mentioned under
Tablo 2 (Ceiba pentandra), tho kind of twisting of flowers was recorded in the order of
their occurrence on tho soveral flower-bearing shoots. The data wore plotied on o
control chart for the proportions of the lofta. The control chart suggested that in the
limited population sampled, the lofta and rights woro about in equal numbers on each
flowor-boaring shoot (Davis and Kundu, 1966). In addition, all tho flowers that
bloomed in three large Bombaz ceiba trecs were oxamined during one scason and thoir
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twisting recorded. It was found that tho lefts and rights were produced mors or loss
ina 1:1 proportion throughout tho blooming period (Davis, 1060). Thus, the
naturo of the data in Tables 1 and 2 scoms to be unique.

4.3. Euphorbia antiguorum. Under the null hypothesis it is nssumed that
thero is no dependenco as regards the twisting between tho main stem and off-shoota.
Henco tho following Table 17 gives tho obscrved aud expected value in a 2X 3 table
of main stem (L and R) agninst off-shoots (L, R and N). Tho symbol N denotes the
noutral off-shoots which did not exhibit any twisting.

TABLE 17
off-shoots
main stem total
L R N

loft obsorved 243 ktd 20 Al

expocted 184.21 129.37 27.42
right obmorved [} 5 20 231

oxpoctod 124.79 87.63 18.88
Total 309 217 L] 812

x3=18.70115+25.437664-0.07384 1-27.605204 37.550561-0.10900 = 109,62741

i.e. tho x* value is very highly significant both at 5% and 1% levels, which clearly
showa the dependence of the off-shoots on the main stem with regard to the screwing.
Similar values for the data relating to the 4-winged stems and 3-winged stems as given
in Tablo 6 were calculated and in each caso the 3* value turns to be bighly significant
even at the 1 per cent lovel as shown below :

4-winged off-shoots y® = 71.314

3-winged off-shoots y? == 147.084

As may bo socn bolow, with the limited data obtained on Euphorbia neriifolia,
no serious resemblance of the main stom and thoir off-shoots was noticed with regard
to the direction of twisting.

4.4. Euphorbis neriifolic, As has boen montioned in Section 3.2, the
possible structures of this epecics with 5 buds correapond to Restricted Random Graphs
on 5 verticos (Fig. 11). Tablo 18 gives the observed data and expocted frequencies
under null hypothesis that all structures are equally likely.

We chall test the hypothoaie that thore is depondency of the branches on the
mainshoot with respoct to twisting by oxact treatment. Tho conditional probability
distribution of the above tablo is 284!2981216!2301/51411741124111011061 This is
cumbersomo to evalunte and honce we use approximato y* test using Yate’s
corractions.

_ B14(174.100-124.110)— 5148

X 208.216,230.281 = 0.005550.

284



BILATERAL SYMMETRY IN PLANT ORGANS

‘TADLE 18. EUPHORBIA NERIIFOLIA: NO, OF PLANTS
WITH QIVEN NUMBER OF OFF.8HOOTS

no. of no. of sxpooted

off-ahoots plents froquency
o 18 7.504
1 0 37.970
'l ] 75040
3 5 15.940
4 wn 31.010
5 n 7.694
total 23 243.008

X* observed s 72.03. Tho uppor 5% veluo of x@ with
& dogroce of froodom is 11.1 ard la henco significont. Thus,
not all structures aro oqually likely for this apecios.

'TABLE 19, EUPHORBIA NERIIFOLIA : LEFT-AND RIGHT.TWISTING PLANTS

no. of ket oxproted right oxpectod
branches froquency £roquoncy
° o 4.218 ] N
1 a 21.000 39 19,812
2 2 42,180 22 33,78
3 E2] 42.180 18 NN
N 18 21.090 10 18.8712
5 [ w8 5 LI
tolal 133 124,078 108 107.960

1. Among the plants twriating to the left, 3 obeorvod valus'is 32.21 and is significant
encugh to disprove tho hypothesis that the numbor of branches is random oe that

all possiblo atructurve aro equally lkely,

Ameng plants Lwisting to tho right, x? obsorved valus is 85.98 which is highly

algnificent. Thiua tho data show that all structures are not equally likely,

For the same mpecics, Tablo 20 containa dals on plents with 8 and 6 buds
obsorvod at Khandwa, Madhya Pradosh.

TABLE 20. EUPHORBIA NERHFOLIA : RELATION BETWEEN
MAIN STEM AND OFF.SII00TS

off-shoots
main stem toral
ot right
lefy 174 124 298
right 1" 108 218
total 284 230 (21}

Tablo valuo at 5% lovel of y* with 1 degreo of frecdom is 3.85 and honeo tho
obeetved y* is not significant, Henco wo eannot rejoot tho hypothesis that the main
shoot and branches twist indopendonuly,
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4.5, Linum usitatissimun  With Linum usitalissimum, no clear picturo can
be formed a8 to the dependonco of the foliar spiral of tho off-shoots with that of the
primary stem. Thero is, however, a tendency for tho first order off-shoots to show a
preferenco to follow the foliur apiral of tho primary stom. Tho sccond order off-shoots
do not exhibit even this degroo of aflinity oithor with tho firet order off-shoots or
with the primery atem.

4.6. Scindapsus officinalis. A porusal of tho data given in Tablo 11 suggests

that in tho caso of convolute Jeaves, thero is o tondenoy for a leaf with left-handed

lution to bo followed or p ded by one with right-handed convolution. To

verify this, tho typoe of each lonl‘m relation to its immedinto older ono was determined.
Tho data are presented in Tablo 21.

TADLE 21. SCINDAPSUS OFFICINALIS: PTYXIS OF LAMINA

socond loaf’
first leal total
loft right involute
loft 20 188 “ 219
right 160 21 ] 206
involute a1 18 0 183
total a7 102 108 877

The hypothom that the ptyxis of the first leaf and that of the second aro
dent is rejected since the x* value with 1 d.f. turns out to be
330.80, Thml'ore & left-handed lamina is lly followed or p ded by a right-
handed one. However, in the case of involution, there is & greater chance for a leaf
to bo an involute if the immediate oldor one s already an involute. Data relating to
the involutes wero tested to sco whothor tho involutes followed/preceded by a loft-
handed convolution wero greater than thoso followed/preceded by a right-hander. It
was found that the LI (loft involute) or IL were occurring more frequently than the
RI or IR, and statistically signifieantly. An involute leaf followed by another involuto
is significantly more than o loft- or right-convoluts loaf followed by an involute.

The state of tho leaves or Scindapsus officinalia can also be represented by
vertices 1, 2, ..., n on a line. Then join i to i+ by an edge if i and §+1 are of
different types of convolutions, Assuming that the convolution of a leaf is independent
of the preceding or succeeding one, the null hypothesis bocomes that all possible
restricted graphs on theso » labolled vortices on a line ave oqually likely and hence for
agiven groph tho probability of its app canbe evaluated, This work is doferred
to a later papor.

4.1. Arvangement of palm perianth. Hore lot us considor the 316 fruita of
Areca calechu. The possible arrangoments of the six porianths are shown in Fig. 13
which give rise to tho Restrictod Random Graphs on six vortices described in 8.2.2.
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Under the hypothesis that no epecific pattern is preferred by Nature we obtain
the expected numbers of observations as follows ;

Cyo ond Cyy 4.83 each
Cert Cly: Clh

Cfy: City; ClL; CIY } 25.98 each
Clai Cll; Cos

Cl¥ and Ci% 14.49 ench
cit 0.60

The x* value computed as (observed—expeeted)¥fexpected summed over all
patterns is 510.39 which is quits sigoificant at 5% lovel compared to (22.30) the 3
valuo with 13 degrees of freedom., Hence in the course of evolution of perianths,
certain structuces aro preferred by Nature. In another specics of Areca (4. triandra)
which has only 3.7 per cent fruita under the Cy, and Cg, perianth-combinations
(Tablo 12), all patterns may occur as per expectation which would mean that no parti-
cular pattern is preferred by Nature. On the other hand, in Plychosperma macar-
thurii, with only a singlo stray fruit under the patterns Cy4 and Cy,, a Vvery strong
preference for certain perianth-patterns is noticed.

However, proceeding further according to the left, right and neutral classi-
fications of structure as shown in 3.2.2, the observed numbers of patterns are
respcc'.ire'ly 144, 142 and 30 and the oxpected frequencics are 138,25, 138,25 and 19.75
correspondingly.

The computed x' value is 5.70 and the significant tabulated value for y}
being 5.99 at 5% wo can rejoct tho hypothesis that the occurrence of structures is in
accordance with the above left, right and neutral classifications.

6. SoME RESULTS
Collection and annlysis of data of even what appears to be very ordinary pheno-
mena such 08 bilateral symmetry in plants aro not without desirable results. Numerical
methods, according to Sokal and Sneath (1063), may open up o wide field in the exact
measurement of moluhonary rates and may provide o more eritical approach to phylo-

genetio probl gingly, & great for evolving numerical methods
even in taxonomy is fast developing.

51. When we atudy Llw )l hip of the foliar of different
organs, we find iderabl bet epecien oven very closcly related to

cach other. Thus, tho foliar npu‘nla of the trunk and first-order off-shoots in Prunus
cerasus aro positively associated, and in P. avium thoy are negatively associated.
But in Prunus domestica, no significant depondonce was obwncd(Dm'u. 1969a).
Evolutionary trait may also bo attributablo to certain s g tho nceti-
vation of floral whorle, eapecially tho petals and sepals. Whilo in fnmlhcs like Mal-
vaceao and Bombacaceno, the loft- and right-handed flowers (according to ncstivation
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of potals) are randomly distributed, in somo species of Arenga and Caryola whero
the flowers are arranged in cluaters of three (a femalo flower is surrounded by two
males on opposite sides), a clear pattern is presont. The two male flowera in a cluster
have their sopals arranged in mirror imago forms. The samo is tho situation with the
maales of all clusters. Tho femalo flower may cither bo a left-hander or a right-hander,
but in a loft-spicalled spiko, majority of the fomale flowers aco right-spiralled, and vice
versa in a right-spiralled spiko ns evidenced from data given in Table 22 relating to
Caryola mitis (Mitra, 1968).
TADLE 22, CARYOTA MITIS: AESTIVATION OF SEPALS
OF FLOWER.CLUSTERS

acetivation of flowurs

spirality total
of epike malo fornale ‘male
RLL RRL
bt L 80 56
" 17 3 &6
" 13 LH 88
38 jR11 167
right 44 17 6l
" LY 8 41
" 1 10 &8
123 35 158
Total 159 108 328

5.2. Whilo plants with a particvlar typs of morpholugical structures are
favoured with greater productive capacity than those having different structures has
beon 4 with the t whero the lenves are arranged in five spirals
running either clockwise or counter-clockwise in & palm. The loft-spiralled palms in
cortain plantations in India, the Pacific Xs, and Tanzania produce more fruits than
the right-spiralled ones (Davis, 1862b, 1003, 19¢4c) oven though tho foliar asymmetry
h nof. gcncﬁcnlly determined. Wth Vigna sinensis which always moves counter-

, the d vines produced more fruits than the normal onos {Reber, 1960,
1964; Davia and Mitra, ms)

We thank Mr. 8. K. De, our Artist for the pen and ink drawings.
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