‘.
NO - Prio | TRD] 12 0.€

‘ INDIAN STATISTICAL INSTITUTE

Telegram : STATISTICA, CALOUTTA-35 208, BARRACKPORE TRUNK ROAD
Telephonea : 56-3222 (9 lines) CALCUTTA-~36
Professor Te A. Davis 24 September 1962

Biometric Research Unit

Dr. Grote Reber,
"Stowell", CSIRO,
Stowell Averme,

Hobart, Tasmania, ‘
Australia.

Dear Dr. Reber,

Hope you had my letter No. Bio/TAD/1026 dated May 2, 1962.
I am enclosing a typed copy of my paper appearing in the next issue
of "Journal of Gemetics" which I hope will interest you. I have
quoted your pudblication liberally. But I am not sure of the year
of publication of your psper in Castanea. Please confirm whether
1961 1s correct or not. Also please give your comments on my
paper. If you have further papers on this line, please send me
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THE DEPENDENCE OF YIELD ON ASYMMETRY IN COCONUT PALMS

. By Te Ao Da.VlS I
Indian Statistical, Tnstitute
Calcutta=35

Introduction

The main result here recorded is that coconut (Cocos nucifers) trees with
a left-handed foliar spirasl yield, on an sverage, more nuts per year than those with
._a_right-handed spirale It is-of course, likely thet similar results. will he.pbtained -
4% other organismse However, as the result appears to bé unprecedented, I have
published the data rather more fully than would be justifiable were I dealing
with the effects of a manurial treatment or a gene substitutlon.

I previously: (Pevis, 19625.) mentioned that tha leaves of coconut palms are
manged in five right-handed or left-handed spirals, that the two types of trees
are almost equally common, and that the difference is certainly not inherited, and
probably not determined genetically. In view of the finding, that asymmetry has an
important effect on yield, I add some further data on the genetics and frequency
of the two typcs, which confirm my former resultis.

History of the e;pgriment

In India sbout T,200 square kilometres (1.77 million acres) are under cocgonuts,
this being 20 percent of the world areas Two=~thirds of the Indian area is in the
state of Kerala, and over 10 percent of the Kerala area is affected by a major
digdease, the root (wilt), responsible for an annual loss of some ten million rupeese
It was desired to find out how far certein 'micronutrients' could mrevent or control

this diseases For this purpose an experiment was set up at the Central Coconut
Research Station, ngulame Half the trees were treated with Mg(4), half with
B(B), half with Ou( c§“ half w:qfh Mn(D),-half with Fe{F), half with Mo(F) and half -

. with n(G)s The design is a "2 confounded design" commrising 128 treatments, for
example treatment A D E G means tréatment with Mg, Mn, Fe and Zn onlye Bach Such
treatment was gpplied to three trees, one healthy, one in the early stage, and one-
in the late stege of the diseases Thus the experiment involved 384 trees. Each of
these trees, and many other trees standing in a 8 hectare (20 acres) field, received
8 basal manurial dose of 0eT5 1b nitrogen as groundmut-cake, 0«75 1b thoephoric acid
as bore meal, and 1+5 1b of potash as "muriate of potash"(K1) per year. The whole
area received an annual dressing of 2 cwts slaked lime per acre, and each year a
green manure crop was raised and incorporated wniformly into the so0il.

The treatmesnts were applied amnuelly in shallow trenches round the bases of
the stemas The experimental trees were so selected that none stood .close to: another,
There are 16 main plets each containing 8 healthy trees, 8 with the early symptoms

of disease, and 8 in the late stage. It wos not possible to find, in each plot,
isolated trees of the desired health category and the same age. More imporiance
was attached to the category of the trees, and the age varied from 20 to 65 yearse

From 1953 to 1960 I was in cherge of this experiment, ahd cen vouch for the
.accuracy of the datae There are records of the spreading and shedding of every lesf,
measurements of leaves and counts of leaflets, opening of spadices, numbers of
female flowems, mambers of -nuts matured, etce However the weight of nuts from
individual trees was .not recordeds Besides this,-data on the yield. ‘of nuts from each
tree ‘from-1949 to 1952 inglusive are available« I do not doubt that they ave
substantially correct, but have reason to think that some nuts were stolens The
micronutrients were first applied in September 1953, and it wes first intended to
continue it for 5 years onlye However since no s:Lgm.ficant effact of any treatment
was found, it vas decided to gontinue it” for another five jearse

. As the data,on mt yields were available, I decided to see whethér the
non~inherited asymmetry had anything to do with the yielde. Each palm was classified
for its leaf spiral and I found, to my very great surprise, the large effects shown

in Figse 1 to 3¢ Before discussing these it w111 be des:u:-able to descrlbe some tests-
made for ible bi , :
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" ‘fests for biasT "

The trees were chosen without regerd to their. spiralitye 177 of the 384 were
lefts. In future I shall use the words Iefts and .Rights to mean trees with left-handed
or right-handed foliar spirals. The expectation on a basis of equality is 192 + 9.8.
The excess of Rights is not significant ‘at the 5 percent levele Each of the 48"

sub=plots contained 8 trees, all healthy or all in the early or late stages of the
diseases The numbers of sub-plots containing a given number of Lefts are given in

Table 1. .

R, Table 1
Lefts * 7 0 . 1. . 2 3 4. .5+ 6 7 8
Flots found = =+ M1 - 1 6 14 14 8 53 .0 1
Plots expected ' 0e34 2434  T.01 11.98 12,80 8476 3475 0492 0410

N i BE ; B P R AU M S S
| . "

®) 28.59% . 6951 - a
nT o 48

It is a little unexpected’ that even one plot was found with 8 I}efts, however
the variance of the number of Lefts is 1.969, the expected value being

8 x 177 x 207 . 14988+ Thus the lefts and Rights were adequately randomized as
384 . . .

between blockse With regard to treatments I have only tested randommess for the

healthy palms, as these alone showed a significant excess of nuts on Lefts. Among.

the 128 healthy trees 29 Lefts and 35 Rights received treatments &, 29 lefts and 35

 Rights did note This we get in Table 2(a wkorc a means treatment A not received.

The number of plbts expected with n lefts is

S S Table 2~ . ; -
(a) (b) (o) (4)
L R - R L R L R
4 29 35 B 32 32 C 28 .36 D 27 37
a 29 35 ¢ ..b .26 38 c 30 34 & 31 3

xﬁ -,,O .< ,\ ‘.ﬁ ) 1.1350 . ﬁ ] 0.1261 . xﬁ _ 0‘5044

(e) - - (1) (g)
o LR L R L R
B 37T 27 P33, 3 e N3
e. 21 43. £ 25 39 g 27 37
£ = 840709 X = 2.0177 £ = 045044

L[4

Only one of these valuesy taken by itself, is significant .of bias, e

The tota._l~ ~-w 1243585, giving P = .10, vhich is net -significante Inspite of the
curious association of Iefts with an iron supplement, I think the randomzatlon .
was adequate. .

Treatment of exce gtions

Te yields of all 384 trees from 1949 to 1960 were tabulated. The tables
contain 6144 entries, and I hope to publish them when the analysis of various
interactions is completed. The ddta have been condensed in Tables 3, 4 and 5,
and the graphs ehfm furthen featu.res. :

< ' ' He&%hey%}een mclu&eﬁhéy ‘would haﬁre sligltly
increased the ‘excess yleld of Lefts over the Rightse Thus, had they been included

the evidence for the superiority of Lefts would be slightly strongere Of the remaining
281« 3 healthvy and 3 disecased trees died throuch lichtnine eavid Admcsa e Mot 4f=r —— ——— —
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years before their deaths. The nuts are harvested 8 times per year, and partial
yields in the year when a tree died are omitted. 4 few other trees only started
producing after 1949 These trees were treated like those whiech died. But in the
case -of the 128 healthy trees this adjustment only affects the pre~treatment yield,
while it is the post-trestment yields which are more accurate and differ more
significantly between lefts and Rights. As it happens two of the healthy palms which
died were Rights and qne a Iefte If the data had not been adjusted, the yield of the
Iefts would therefore have been relatively highere. :

The'&ifferéncé of yield botween lefts and Rights

In each of the 6 comparisons made in Table 6 it will be seen that the mean
number of nuts on the Iefts exceeds that on the Rights. This is clearly shown

Table 6. Annual yields

42 years 1949 - 1960 6_years 1955 = 1960

Category Tumber Mean Variance Mean Variance
: - estimate estimate
Horlthy L 58 . 5769 437 42 65 460~ 616446
R 70 49.82 36674 54428 455417
Early diseased L 60 %2495 292 12 3654 323424
R 66 50455 375:34 33410 _ 5244715
late diseased I 56 22405 266456 23 463 314468
R

64 20.04 186.59 20433 239412

The significance of these differences, as shown by the t test, is given
in Table 7« The distributions of the means are near enough to normality to make
the § test unobjectionable. However, it somevhat under-estimates the significance,

Table Te Significance of Ieft-Right differences

Comparison ‘ ; de of freedom t P

.. Healthy 12 years i 126 2422 015
" 6 years 126 . ) 2;77 om41
Early diseased 12 years 194 0.733 234

" n 6 years 124 04933 18

Late diseased 12 ‘years 118 ) 0736 21

" " 6 years 118 ' , 1.09 4

becauss, as will be seen from Fige 1 to 3, during the last period of 6 years, in which

the data are most relisble, the lefts in each group surpassed the Rights in every
_yeare Since the yields of a given tree in successive years are highly correlated,
-and, as the result of slternation in some trces, those in years.n and n + 2
probably still more highly écrrelated, the excesses in different years are not
independente So it would be difficult to calculate how much the figure of 0038
would be reduced if the data for each year were considereds

e

The data for the diseased trees are not in themselves-significant, but are
in the expected direction, and considerably enhance the significance of the data
on the healthy treess In fact the overall probability that, the Rights produce as
many or more nuts as lefts is about 00014, end still less if the supplementary
information from the first 6 years and firom the concordang% of different years
is token into consideration. Probably P would be about 10 - « However there is
no doubt of the significance of the result, and it is more important to_show that
Eef68é¥iei@%§gﬁgﬂtngnfﬁighté‘iﬂ”otﬁef‘Efgﬁas and climatess :
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Fige 5 shows the distributions of the yields of healthy Lefts and Rigl1ts
from 1955 to 1960« If a population had been made up of half of each, its variance
would have been 500+0; of Which the difference between the means of Lefts and Rights
contributes 64s07 or 1047 percent..bmong the healthy trees after treatment the lefts
gave 2049 percent more nuts than the Rightse But it is perhaps more instructive to
consider a population composed of equal numbers of Lefts and Rightse It would have
a mean annual yield of 59.94 nutse It is quite possible to cull the Rights as seedlings
before transplantatione In this .particular case this procedure would have increased
the yield to 65460, that is to say by 566 nuts per year, or 9e4 percent. This could
be a considerable .economic advantagee But before such a procedure can be recommended,
i% will be necessary to show thats

(a) The increased number of nuts is not offset by a diminished yield of copra;

(b) That “the results obtained in one nwlantation in Kerala are also obtained
' elsewhere»

(¢) That the effect is not one of the typ: discovered by Roy (1960) and lefts
. being stimulated ‘Ey Rights, and Dights depressed by ILefts when they are grown

. A 8 DIXPuree .- .-

Ihope to investigate these possibilitiess

Differences in the leaves of Lefts and Rights

The higher nut-_yield of the lefts is very probably due, at least in part
to the fact that they possess more leavese In 1953, when micronutrients were first
applied, the total numbers of green leaves were counted. Each leaf was numbered
with weather. proof paint, and only the numbers of fully opened leaves_(that is
To say these whose lowest leaflets have emerged from the clasping leaf-sheath)
were included. A tree usually has about five leaves which are not fully opened but.
partially visible above the sheath. The date of emergence of each leaf was also
recorded.

Table 8 gives means and variances of leaf numberses For the healthy trees
the mean difference is 1440 leaves, and guite significant., This means that Lefts
have on an average 54 percént more leaves than Rights. ‘ '

Table 8. Number of green leaves per palm

kY

. Moan Variance % P
Farticulars ____Toft __ Rigat Toft . Right '
1) Healthy palms < 31419 29459 17.88 1523 2423 014
2) Moderately diseased 29,18 23425 22,12 18412 1,17 o12
3) Severely diseased 26416 25.40 19,85 18488 0497 W17

The .differences for the diseased trees are in the same direction but not significant,

Since they bear 20+9 percent more nuts, the greater number of leaves can hardly
account for all of this excess,

- The next step is to compare the leaves. I have as yet no data on stomata or

. chloroplasts, however table 9§ compares 6 characterse 1583 leaves from 55 healthy .
trees (¢éxperimentaltyEee€)y" s8lected at random, were measured .for their total lemgth,
length of -lamina region and petiole, length and width of longest leaflet,. and the ’
number of their leaflets counted. Of these, 24 trees were Ilefts. In each tree about
30 cbnsecutive leaves were examined. As normally a tree takes a little over two

years to produce 30 leaves, the data given in table 9 may be free from any bias due
to seasonal variationse - ‘
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Table 9s - Coconut leaf $ Summary of 6 characters !

o : Yeans x1';.§é Variances £ P
_Gharacters —— , 2 2
. x1 “ . xz . l 2 -
1o Total length 420;3“:;cm 40Te14 cm =483 cm 19543504 182.6724 6.9486 001
2+ lengths of petiole101s55 " 106409 "  -4454 " 2844510 287752 1647466 001

3« .ongths of .
green region 300 076 " 301 «05 n “'0029 H 761 02023 125800989 0.1 774 . 6.8584
4e Noe« of leaflets _ v . -
on que half ~_108419Nos« 109¢59Nos. ~1+40 Nos. 1948596444354~ 6JTAST «001

5e Longest leaflets

1) Iength 108419 am 106+84 cm +1435 cm.  63+1031 5649374 3.4500 001
ii) Width - 5.29 " 5.30 " =001 " 0e2672  0.3T4T 0.3534 04723
Suffix 1 denotes Iefts B _—

. Buffix 2 denotes Rights
n, = 693 leaves (from 24 palms)

fy = 800 leaves (from 31 pslms)

The total length of thé Teaf is the distance from the broadened leaf base
to the tip of the central axis which endc usually with a single leaflet or somewhat
prolonged into a small whip (Venkatanarayqpa, 1957) e The region from the leaf base
to the hase of the lowest leaflet is regarded as the petiole and that from the base
of the lowest leaflet to 'the base of the topmost one forms the green leaf.region - -
or the 1eaf&et—be&mh¥rtﬁgfﬁﬁf“Tﬁiﬁi?égg&@gﬁﬁSﬁbeenAobtainedmbg»subtracting the
length of the petiole froh thé total length of the leafe. The number of leaflets is
usually counted for one sidee. But the lcafleis of both the sides are not the same
+in numkere While making the counts, no specific side was preferred, and it is
presumed that the probability of counting both sides is equal and therefore the
difference between sides, might not have vitiated the results significantlys. The
length as well as width of the leaflets increase when proceeding from the lowest
1eafle#j§ngarer to leaf base) and at about the third of the leaflet-=beering region
from the base, the longest and presumably the widest leaflets are met withe. It is

customary to measure the length and vwid“h cf this leaflet for estimating the green
leaf arcae. :

Table 9 contains some leaf measurementse. While the owverall length of the
leaf of a Right is greater thon that of a Ieft by 4.83 cm, the length of the green
leaf portion which is the vital part of the lcaf, is practically the same for both
the types. The difference, thcrefore, is brought about by the significantly longer
petiole in the case of the Righte Patel (1938) considers the longer petiole to be
decidedly an undersirable character since it is positively correlsted vith longer
peduncles of inflorescences. Further, longer leaves are associated with palms living
under over-~crowded situations, and where there is lack of light. A leaf of a2 Right
has 1e4 leaflets over the other on ene sidc and this works out to be 1429 percente B
But a Ieft is superior by possessing 1.26 percent more width of the longest leaflete
Thus, the grecn leaf ar€a of a leaf of the Ieft may be regarded as equivalent to
that of its counterparts Therefore the excess 1.6 leaves per palm of the left is.

significantly more than the Right. Normally this should contribute to some extent the
production of the extra number of‘quts, .

The extra number of lcaves of the Iefts normally should enhance the number
of their bunches, although a greater mumber of bunches need not necessarily denote
a greater number of nutse The numbers of leaves shed by all the healthy and diseased
(eipefimental) ralms during the 12 months in 1958 are given in table 10.

S i o
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Table 10+, Number of leaves shed during 1958

Particulars - S Left handers . Right handers

\ ‘ " mean maxe mine mean maxe. mine
Hoalthy palms 13.59 17 11 13458 16 9
Moderatély diseased = - 13423 16 T 13423 17 9
Severely diseased: - 712,465 16 10 12436 16 7

Among the healthy group, the Iefts and Rights had shed the same number of leaves.

As there is a pogitive correlation between the leaves shed and leaves produced in
“docomut, it may be presumed that the rate of production of lesves in the ILefts and

Rights is the same when once the stage to possess the normal numbers of leaves is

reached. This may therefore mean that the leaves of the leftd remain green on the

crown for a longer perioda, . ‘ : .
. . . : § Co

%

. ' A . New-genetical data

) Besides the data (Davis 1'962a) for treecs both of whose parents are known,
I give data on 308 seedlings from 5 mothers in a large nursery, sowh in 1960 and
examined in 1961« The pollen parents’are of course unknown, but presumably were
about equal numbers of Lefts arid Rights. Table 11 shows no significant heredity.

Table 11e lLeaf spirals of progeny obtained by open pollination

Seed parent and its

" Spiral of wros
S | Bunch No-. 5 aeaL % lefts
1 L 4 nil 1
‘ 2 4 5
o 3 8 4
Total for Yhe tree 3 12 10 54455 .
2 ‘ L 1 10 5
' 2 9 9 ’
3 1 4
4 15 20
Total for the tree 4 35 38 . 4795
3 . R 1 2 nil
3 10 6
4 2 4
5 * 1 nil
T 6 . 1 2
T 4 4
8 6 8
Total for thé tree 8 29 28 50 .88
4 R 1 6 6
2 8 15
; 3 =5 -8
4 14 12
5 10 14
Total for the tree 5 13 55 4% .68
5 L 1 10 7
2 12 12
3 9 8
Totel for the tree. . . . - .3 31 7 53 o415
Grand. $ofal £ v SR 3 150 . 158, 48.70
. ' - - R

The 3 left seed parents gave 78 L, 75 R, the 2 Rights gave 72 L, 83 Ry X° = 0632, ~—— ..
So the slight tendency to resemble the seed parent is quite insignificant.




- meio 5.98ble 12 gives data on asexual reproduction im %esptional palms .scatered

However in view of our ignorance it is worth while to enguire whether there
is any evidence of somatic segregation within bunches. The values of for
heterogeneity for the 5 trees ares -

- 2.262 1% = 3,058 ‘. F% = 5411

X = 24097 % = 0:302,

totalling Xﬁa = 13,13, P = +78e¢ It is possible that further work might shov a
significant temdency to equality within bunches. There is no suggestion of
segregation betwsen bunchese

’

over most of the coconut~producing area of India and observed by myself sinoe 1960.
Double shoots in & coconut are possible due at least to three csuses. In a fruit
only ore seed usually develops, the other two aborting at an early stages But in
exceptional cases where two seeds remain fertile, two shoots (one from each seed)

are possihle from a.fruity Bven in the case of fruits with only‘one develgped seed,
two or more shoots are possible due to polyembryonye Further, when the single shoot
branches at an esrly gtage, two shoots from a fruit are possible, and this thenomenon
is called suckeringe I have also mechanically divided the single shoots in twe nuts

Table 12. Double shoots, Branching/Suckering

L R Total shoots LR
Double shoots § 20 twins 1 1 40 -
: Y 2 0 - 14 +14
, 6 " 0 2 12 -12
Branching 2 trees 1. 2 6 -2 ,
: 2 n 2 1 6 + 2 S
) U % -~ -1 TS 3 0 1 L - B "
- 10 : [} 4 4 -4
3 -trées 3 2 15 + 3
1 tree 3 3 6 L -
1 " 4 2 6 +2
» 100 2 5 T =3
"Bulbil shoots" mother L 16 4 20 +12
Total. 46 7 62 139 - +15
Tell selted (mother L) 16 16 32 coo
Spicata (BeT) L x %11%3.433 14 11 25
Tall' (Be4)R x Spicata: (Be7) L 6 6 . 12 "

)

inducing two shoots in each case (Davis, 1960). I have studied the direction of leaf
spiral in 33 such double shootss Of these, twenty shoots had one left and the other
rights But in seven others, both the shoots had left spirals vwhile in six others

both were rightses On a random basis, for 33 pairs of twins, the position will be,

Sp:_l.ral‘ ) © Observed ~ Expected
o 7 ‘ " 8425
IR ' 20 N 16.5
RR 6 : 6425
There 1s a slight excess of unlike pairs, but this is not significant.
st R 8 g —— e o
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T a.lso give the spira.l directlons of the vamous shoots of branehing and
suckering palms éxamined by mee The shoots per palm ranged from three to sevens
However, I have observed coconut palms with as many as 27 shoots, but their leaf
spirals could: not bBe. examined. For the eets of 3, the following is. ‘the situation,

Spiral Ubserved . Expected
LWL 1 ., D25 -
JLIR 2 ) 4875
IRR 2 T 14875
- e e - v RRR s o,, . . .0

g b g e,
S,tma.;l.p.rz,y i‘or _the sets of 4, By 6 and T the' o’rders oan 'be tabu;[; ede. 'l'hgre. 15 no
indigatdon.of the: charactdy being inkeriteds I'donsider that’ in.a- paim with more ‘f_
than one: :shpots even-if one shoot shows a different leaf splral, 3t suggests the
non-genﬁtieql ature :of ‘the characters Since these are “the: veggtatlye 8haotss . they
can be layered:{Davisji196¥'b) and propagated into individialse In which csse-one -
coul& .got clones with different epirals. However, another thenomenon occurs in. the
coconut where the floWer bunches instead of developing into spadices revert to. -
vegetative shoots, ooourrénce of which has been recorded by manye In one such tree
where the mother was a Left, I found 16 of the "progenies" out of 20 behaving like
the mothers Thus the bulbil=shoots have a strong resemblance. t6 the "mother”,

= 6,05+ More accurata%y, the probability of getting 16 or more out of 20 resembling

thS parent is 69196 x 27<Y , or 0.,005%91. So it is fairly sure that there is real

resemblance « But I feel it may be hasty to come to conclusions fr;om a single .casee.
* I propose examining more of such abnormal palms.

Self-pollination also can be effected artificially in the ‘tall variety.
Since the viability of the pollen can be casily retained for over a week under
normal des iocation, within which period the female -phase of the same spadix is sure
to commences. Of course, retaining the viability of the pollen is mo longer a problem
since under-deep~freezing, pollens remain viable even for a yeere At the Agricultural
Research Station at Nileshwar, Kerala, there are progenies obtsined by controlled
self=-pollinatione Second generations of these palms are also being obtained by ’
further selfepollinations Out of the 16 progeny I examined at Nileshwar of a tree
subjected to self-pollination, exactly half the number possefsed a left spiral.
Spicata is a'peculiar variety of Cocos nucifera where the spadix remains unbranched .
and which bears s greater number of female flowers than males (Jaco‘b, 1941) ‘When
this was oroaSed -with an ordinsry tall (B 4) having different leaf spirals, out of
25 progeny, 14 were Isftse "And “when tall (B 4) ‘was crossed with the sp:.cata, exactly
half progeny were Lefts.

" "Among palms, m g thebaica, H. coriacca and He indica have the normal
capacity to branche There is a controverSy with regard to their mode .of branchinge
Acoording to some it is diéhotomous 'branchlng, while dthers c.onsider ‘the buds to
be axillarye I am inclincéd to beliéve the’ latter viewls. This can perhaps be, better
understood if the branching which is rather commén in Chrysalidocarpus lu{:eS@ns,
a suckering palm, is traceds Recently I observed the branches of a few palms of
m ca growing at the Botanical Garden, Howrah, and noted that “the leaf
Splrél in diff‘erept pranches differed. There is also no order of 'bhis irregularltyc

Ha.v,mg enough ‘data o prove that ‘the. leaf aSymmetry :m the coq,onut ig .
non-inherdted, I"#mde an attempt to see whethetr ths direction of leaf spirals could
be changed by artificial meanse I started mechanically dividing the growing points
of young seedlingse In a seedling having a left-spiral, when the division vas
effected, growth continued through only one half and this subsequent shoot had a
right spirale While many shoots behaved like this, in some, the same direction was
maintainede These ahoo‘ts were again and again divided till most of them died.

Thus I saw that during some divisions, the direction of spiral in the subsequent
shoot changed while in others note I may further mention that the leaf spirals of the
’ ant shoot: the two twins I have induced artificiglly are of opposg%%
' ehs presting thal . one:of the:dwarf- Qmen% o8 at.i¥e Indian
outta has on its stem clear-imdiocabign.of jehake of
: o right at a point about 0.7 m above . gzsoua’d:lewl and wherew
a promment abnormal swelling is visible which I believe is the result of severe’
mechanical injurye i




Frequency of lefts a& Rights

I had earlier reported my observation on 3028 palms gathered from eight small
regions in Calcutta, Madras and Keralae The Lefts accounted for 52.05 percent, and
some peculiarity was ohbserved between the smaller groupse The difference of the fotals
was significant (P = «020) by the usual criterione This would ngt be so ‘if the ratios
in the different groups were significantly heterogeneous. But as a test of !
homogeneity was not very high in spite of one exceptional population. So I decided
to observe a large number of trees (over 10 OOO) first, to establish the existance
of the excess. of lefts with higher probabillty, secondly to establish whether
exceptional populatlons are common, and thirdly to detect regional or racial differences,
if they existe

¥

Data given in table 13 are sbout the- talﬁ. var:.ety of cocomut collected
personally by myself from five of the ‘cocotut growing states at centres mentioned
below; West Bengal ¢ Calcutta, Howrah ‘and 24 Parganas; Orissal Cuttack, Sakhigopal
and Puri; Andhra Pradesh 8 Anakapalle, Visskhapatnam and Waltajr; Madras 3 Madras
city, Madurai, Kanyakumari and Nagercoil; Kerala 1 Kayangulam, Ernakulam, Kozhikode,
Nileshwar and Kasaregod; and Mysore 3 Mangalore. The palms observed include bearing

Table 13« Distribution of lefts and rights in India
.~ *  (Data'collected by suthor)

Place ~ Tefts ___ Rights R I-R

1+ West Bengal 867 829 1696 «38
2. Orissa . T2 : 734 1446 -22 -
3+ Andhra Pradesh 679 521 _ 1200  +158°
4+ . North Madras 672 695 T 1367 =23
5« Central Madras | 522 / 513 1035 +9
6+ South Madras 537 507 - 1044 +30
T« South Kerala ‘ 523 504 1027 +19
8+ Contral Kerala 474 493 967 =19
9. North Kerala e 793 T03 - 1496 b G
"10. Mysore o - .- 207 T 203 410 .+
Total .- 5586 5702 11688  +284

and non-bearing palms and even young seedlings. I consider my observations to be
fairly acourate, since I am familiar with alternative methods of determining the

leaf spiral if I met with doubt by one method. Out of the total of 11,688 palms
examined, 51214 percent are leftses Though the lefts are in excess, it may be
mentioned that this figure is slightly less than what I got earlier on a much smaller
populatione The sub=figures are almost eyenly distributed except that for Andhra where
the I..eft7 are 56.583 percents However, )é on the total is 4778 and hence P is legs -
than 10

I had also arranged to collect s:.mlla.r data (on tall varlety) from a few more
centres in India and the data are presented in table 14« The workers to whom the
requests were made to observe the leafw-spirals and familiar with'the ¢rop, and clear
1nstruct10ns were given as to the method of making the observatione Out of 3,268 palms

Table Noe 14. Distribution of lefts and rights in India - -
. L (Data obtained through others)
Place lefts Rights I+R L-R
1. Assam 1 Karimganj : 254 252 506 +2
2+ Madras 3 Kanyskumari 311 303 614 +8
3¢ Kerala 8 Neyyattinkara 189 231 420 =42
" & Kayangulam 421 358 779 +63
" % Kumarakom 215 185 400 +30
4. Mahgrashtra ’ , o 7 e A ] )
e Gujnrab—t- Blravnw 2 IEFTTTRRYT T T
- Total ' T 1692 1576 3268 +116




- of the lefts and Rights with distance (longitudinally) is. unexpected and an

x)

=10

thus examined, the lefts form 51 .774 percent. In ‘five out of six centres, it was
the lefts that were in excess though in small degreess.Thus when the Indian figures
are pooled (tables 13 and 14) we get 51337 percent of the 14,956 palms as lefts and
an excess of Lefts in 12 out of 16 populations.

leaf data om abroad

Since the distribution of the two types of palms in India has- been observed
to be almost. im egual proportionS, I was interested to ‘see how the palms in the
rest of the world behave with regard to this leaf character. The cocohut is
distributed almost throughout the tropics, and the main regions acecording to .

Leo Schnurmacher (1938) are s Malayan Archipelago, consisting of the Philippines,
~Netheérlands - Indies (ngw Indonesia), Sarawak, Papud Now Guinsa, Timor ‘dnd :
Gambing; South East Asia comprising Malaya, Siam and Injochina; India and:- Oeylonj
Pacifi¢ Territories (Gii‘bert and Ellice Islands, Nauru, Marianas, :Caroline and
Marehall Islands, Solomon Ise, New Caledonia, Fiji, Samoa, Tonga and Cook Is.,
FronchOceania and Gu.am) 3 ‘Bast Afrlca and neighbouring states such as Muzambique,
Madagascar, Tanganyika, Kenya, Zanzibar, Seychelles and Mauritius;.West sAfrica,
chiefly Gold coast, Nigeria, Dahomey, Guinea, Togoland, Angola etce; West Indies
consisting of Trinidad, Tobago, Jamaica, Grenada, St. Vincent, Virgin Islanis,
Puerto Rico, Ste Lucia and St. Kitts; Central and South America such as. Me:aco,
Bre. Guiana, Panama, Hondu.ras, Columbia and Surinam.

. Research organisat:.ons are not so far set up in all the above-mentioned
countries or regionse But I am in contact with about 40 organisations covering
most of the major coconut producing countries. I am glad that over 75 percent
of the orga.nisations responded to my request favourably by furnishing me with the
data asked for by actual counts. In a few countries, the informations was obtained
through more than one agencye I took:.care to furnish detailed procedures including
sketches to these agencies in order to collect uniform data, and I am satisfied

that with a single exception (Br. Honduras), my explanation proved clear enough
to be followed without cpnﬂ:talon- Lt

1 have glven in table 15 the figures received from the various countries
and that obtained from India, and they are arranged geographlcally sterting from
Tonga Islands in the Pacific Ocean, going west-ward via Indian Ocean, Africa,
Atlantic Ocesn and the Americase The sums of the Lefts and Rights are almost \
equale. Of these figures, the one received from Andaman Islands are very peculiar,
since the lefts are only 3735 percent. When I requested for more data from a
different locality, the subsequent figures also showed the same peculiarity
with a slightly increased intensity. Thus the world totals give 50476%. Lefts
without the Andamens which percentage is reduced to 49.85 when the figures for
Andamans are considered. However, the freguencies of Iefts and Rights in all the:
countries (from which data has been obtained) is slmost one half in each case,
in spite of this character being non-inherited. On the gther hand the total
Amerioan figure is 57¢18% Lof%se  But that for British Guiana is 63.51% which is
as aberrant as the Andamans sample. A glance at the columns showing the
differences of lefts and Rights in table 15 will show that a slight excess of
Rights is perceivable for countries starting from Tonga Islands roughly up to
Ceylope But beyond this, the lefts are on the increase and the intensity goes
on inqreasing as we .prooceed towards Americae The gradual drift in the proportion

explansiiop-pevheps is worth trying for. Though I do not deny the possibility
of slight inacouracies in the figures received from abroad I do not think that
this gradusl change with distance is due to any inaccurate observation.
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Table 15 Distribution of lefts and mightse. World. totals

e dwarf and other "varieties"

*

There are only two main varieties of coconut, the tall and the dwarf,
although an intermediate is also noticéd in some localities (the King cdeconut in
Ceylon, Gangabondam in Andhra, India). The tall variety is .characterised by its
prodigious height, ‘longevity up to sbout one hundred years and regular bearing habits.

It tokes about seven years to commence flowering and is. a highly eross: pollinated
varietye / the other hand starts bearing by the third year of planting and largely
breeds true to type, since self-pollination is possibles It grows to only half the.
tall, and dies by about the sixtieth year. Cultivation of this variety on & larze
scale is not preferred on account of its poor copras

I have given in table 16 data relating to the leaf spirals of the dwarf
variety, the semisdwarf (serial numbers 8 and 9) and a few other "varieties".
The Tefts on the total .of 1263 palms account only for 47.83 percent. When only’
the dwarf palms are considered (numbers 1 to 7), the Lefts are slightly less,
47«21 percente Of the seven centres, five have excéss Rights, one Left and the
seventh is almost neutrale Of the two American figures, while Jamaica has 54474
percent lLefts, Surinam$ has 54+68 percent Rights and this do not seem to-be
in conformity with the figures for the tall vgr‘:;.et;!’r;%' s i =

- e i T <l e b

SN
s A \
.A The Amant wrandadoe .o

Country | lefts  Rights  -WR  I-R JEBF'L
1.. Tonga Ise , L. 234 266 500 . -32 ~0b4
2. American Samoa’ 4 oo 516 484 1000 +32 +.:03
3, Western Samoa . 9% 104 200 -8 —.0%0
4e Fiji 223 277 500 -54 —./08
5¢ New Hebrides . 265 235 500 ,'+3.0 +.060
6. New Caledonia 216 334 550 =118 - .alS
= 7i7 Bre Solomon Ise Protectorate 1461 1627 3082 -160 -.05%
8« Trust Territory of Pacific Is. 247 275 522 28 —,054
9. FPapua and New Guinea 406 398 804 +8 +.,0/0
10« Netherlamds New Guinea 272 228 500 +44 7....,ags’
11. FPhilippines 726 174 15000 . =48 - .03
12+ North Bornmso . 244 332 516 - -88 ., /53
13, Sarawak 275 325 600 -50 —.083
14+ South Vietnam 1833 1478 3311 +355 +./07
15+ Malaya 272 228 - 500 +44 + 088
16« Andaman Is. glndia) 903 1597 \ 2500 -694 - .278 .
1T. Assem (India ‘ 254 252 506 +2 ¥ ,004
18¢ East Pakistan 499 586 1085 -87 —.080
19. . Geylon 347 353 700 -6 —.009
20. India $ Bongal, Orissa, Andhra 2258 2084 4342 +174 +.040
21, "™ Madras 2042 2018 4060 +24 +.057
22, " 3 Kerala 2615 2474 5089 +141 + .08
23 " 3 Mysore, Gujarat & Meharashtra 768 69N | 1459 +77 + ,05’37
24« Mauritius 15 19 34 -4 —. 118
25. Zanzibar 244 216 460 +28 +.061
26. Nigeria 222 278 5 @56 bl 2
27+« Dahomey R 520 510 1030 +10 +.010
28+ Ghana - . _ . 568 . 557 1125 +11 .00
29» Tvory Coast e 505 554 1059 -49 -.0%6
30+ Sierra leoms - : 784 ‘ "3149 1223 ﬁg +,z’>;<:33
31¢" Surd T 475 35 0 +140 +.
32« Bre gﬁiﬂm l 416 . 239 655 +HTT + oR?o?
33+ Jamaica o 467 443 910 +24. +.036
Total _ 21188 21314 42502 ~126 ~. 003
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Table 16. Dwerf smd other varieties of cdoconut

(Distribution of Lefts and Rights)

Place N © Tefts

I+R

Rights L-R
1. Dwarf 1 Jamazca 104 86 190 +18 '
2. Dwarf 3 Trust Territory of Pacific Is. 16 20 36 -4
3. Dwarf 1 Zanzibar 15 25 40 -10 *
4. Dwarf 3 Surinam 218 263 481 -45
5« Dwarf $ India, Kayangulam * T2 T1 143 +1
-6 Dwarf”l Mi&g -Kasaragod . 3—1 "*—“L—-4‘L‘ B 72, ‘"10 '
“Te Dwarf : India, Calcutta and. Madras 34 . 42 76 -§
9. Gangabondam . 14 18 32 -4
10+ Tall x Dwarf cross 54 53 107 1
11 "Spicata" x.Tgll 3 1 A 2 °
12. Tall x "Spioata" 6 6 12 -
15+ Other exotic races - 30 21 51" +9
Total 605 660 1265 ~55

From the above table, it is fairly clear that the dwarfs have an excess of nghts.
The progenies botween the tall and the dwarf show almost a non-aligned posutlon.
But this being a single case comprising a smaller number of seedlings it may be
regarded as a chance occurrence.

Discussion .
Further data confirm thet the direction of the leaf spirasl is not inherited.
One can also add with some assurance that it is not genetically determined. For
there are cases of genetical determination without heredity, for example sex in .
humsn beings and many animals, and heterostylism in plants where illegitimate
pollinations are completely sterilee The data of Tables 11 and 12 also suggest
that it is not due to extra nuclesr segregation. I am investigsting aSJmmetry in
‘other plant species, and this mey suggest reason why Lefts and Rights occur in
nearly equal numberse I also hope to discuss the world distribution more fully.

The sllght excess of lefts in most populations could be explained as
follows, if a young seedling hsd exactly equal probebilities of being a Ieft or
a8 Righte The lLefts have more leaves and a larger leaf areas This may enable them
to resist diseases and pests better, and if the most vigorous seedlings are
selected, lLefts mgy be preferentially chosen. Both natural and. artlflclal selections
may operatee

1 hope later to correlate other characters with the directipn of the foliar
- gpirals. These include girth of stem and height at given agos, the number of
leaves in seedlings, the yield -of toddy or sweet sap from inflorescences and
’-'Lpossibly the hydrpstatic pregsure developed by the roots, which can exceed 12 metres -
of wats¥ '(fﬁavm, 1961). From the economic point of view the annual yleld of copra
and its oil content are still more important.

A number of scientific colleagues have been kind enough to write to me
as to my resultse Professor R.De Preston, FeReS. writes "The connection between
the yield of coconut palms and the tilt of the conducting tissue is very intriguing
indeed and is so ‘unexpected as to be on the verge of the credible..Since the sign
of the spiral is not inherited then one is compelled to assume that the orientat:.on
of the conducting tissue, affects the disposal. of the mater;als being conmducted
and I know of no mechanism which would incline me & I3 tioshave bElieved. stwh- .
_'ghenomenon". The fibres in’'a cocommut stem,are ‘
' @b correspondlng to that of the leaf splral
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to report thise. This applies to the fibres on the outer stele, but inner layers

may tend to twist in the reverse directione. I have not so far suceceeded in observing
the presence or absence of a spiral ‘¢érganization either in the cell surfaces or the
cytoplasme The late Sir Ronald A. Fisher, F.R.S. was kind enough to examine my
numerical data and to-satisfy himself of their statistical significance. He wrote

"He (Davis) is mistaken if he thinks that I think that he has nearly completed the
elucidation of.a very queer situation". Professor Haldane, F.R.S. makes the
following suggestion "The larger molecules of which palms are built, and in particular
the cellulose fibres, are asymmetrical, and often arranged in gpiralse But the
direction of the foliar spiral may be a matter of '"chance", that is to say determined
by causes unconnected with the molecular asymmetry. The asymmetrical molecules

may however fit more readily.ento the. growing tissues of trees with left-handed
spirals"e Dre ReCe ‘Snow, FeReDw is &lso of opinion that_the arrangement of leaves

— ~at an early stage may depend entirely on external causese

I describe below some fantastic results on beans reported by the Astro=-
Physiecist, Grote Reber (1961) which are comparable with the results on coconutse
Nine different kinds of pole beans (Hawaiian bean whose Linnaeun name was not
mentioned) were planted in rows of sbout fifty hills each. 411 nine kinds twined
about in the same direction as a right-handed screw thread. The vines on even
numbered poles of three rows were carefully unwound and twined backwards. The
runner was loosely tied about two inches below the tip, end this process was
repeated whenever the runnér had grown eight to ten inches. All vines and pods
were allowed to ripen, wither and dry on the poles and subsequently harvested.

The field data on each hill consist of, number and weight of pods, number and .
weight of beans, weight of shucks, number and weight of vines. In all cases there
is an sprreciably better ratio of ounces of beans/eunces of shucksy and to a lesser
extent ounces of beans/ounces of vines for the reversed vines compared to the
normal viness Apparently this training of the vines causes an incresse in ratio
of fruit to supporting structure. The same experiment was performed in B qualitative
way both on Maui, Hawaii and Kempton, Tasmania, Austrslia, with similar results.
The reversed vines gave somewhat better proguction of green beans in these cases.
It was reported that the vine turned the same way in both the norther. and southern
hemtepheregs . < = 7 e - T — - et

" Drs Snow raised a doubt whether the extra number of nuts may not be due
to the mistale ‘of. the person who harvests them, "since the bunches hang to the
Kathodie side of each leafy it is'easier for a right~handed‘man to cuyt them
off in a leftwspiralled tree, and he tends to miss some bunches in the righte
spiralled"s Buk thc angvor is simple. Even if b fow ripe nuts remain wicut they
vill be accounted for either as shed nuts or during the subsequent harvest. - :
The nuts of a tree are accounted for for a continuous period of 12 years, and the
trees are harvested eight times in the year.

+So far I have not weighed the copra of the two types of trees. Only if
the increase in the number of nuts is rroportionately seen in the weight of
copra, can the superiority of the Lefts may be regarded as valuable. My yield
data relate to a small locality in Kerala and I do not claim that this will be
the situation elsewheree. N

Summary
- Eurther data confirm that tHe direction of leaf.spirals in Cocos nucifera
is non-irheriteds In all probability it is also not genetically determined.,

Fresh date on the frequency of lefts and Rights from India as well as
23 other countries are reported. A slight excess of Lefts is noticed in most
populations, but on the totals, the two groups do not differ 8ignificantiy.
However, in the case of a few countries, abnormal figures were received which
show significant differences between the Lefts and Rightse

- . The Lefts give 2049 percent excess yield of nuts over their counterpert,
although it is based on a non-inherited character, and that is quite inexplicable,
.hpong diseased palms also the differcnce is in the ppsitive direction, but not
significant by itselfe The number as well as total area of the leaves of the

lefts are greater, and this may account, in part, .for the ingraased yield of nuts
of the leftse It is not known whether thé IncPease in the number of nuts of the

48 j.ameoia sk!;;;i:tha Proportionste increase in the weight of copras

»
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ASYMMETRY AND YIELD IN COCOS NUCIFERA L.

The leaves of Cocos nucifera L. are arranged in a right=handed o. lcft-handed

spiral, the angle between corresponding leaves in successive whorls being about 300.
The . frequency of lefts among 3,028 trees in India was 52,05% (Davis, 1962) and among
13,842 trees elsewhere 1t vas 52, 90%, The asymmetry 1s not inherited (Dev1s, 1962)
and has been regarded as triviai.

Of the 384 trees used at the Central Coconut Research Station, .Kayangulam,
Kerala (India) for triais of éicronutrien*s, 177 were left=cpiralled. They were
d1v1ded into three' groups, healthy, moderately affected by a magor Root (V1Tt)
disease, and-severely affected. The mean number of nutu ner yeﬁr borne bv-the
right-spiralled and 1eft~sp1ralled *rees in these grouns %etveen 1955 and 1960
inclusive ‘are shown in Table 1a° = o Co T o T T T

-Average number of nuts produned per tree

eT year

"econdition @00 noe of'trees”"huts"per tree/veer
of trees _ ~right  Jloft right. - left

Healthy" _ 0 58 53,93, . 65.25

Moderste diseass 67 61 32460 35.98-

Severe disease 70 56 18.58. 2319

The figures for the heelthy trees give t = 2,721 (126 degreés of ifreedom)e
The probability for a difference of that magnitude or more to occur being small
(P = 0.0076), the assumption that left~spiralled trees give highe:r jielde, o, S
strongly substantiated. The figures for the diseased trees, though not quite
significently different; strongly reinforce the significance of those for the

healthy trees.

weighed separately, it is of course possibiz that the total mean weight of
copra produced by the left-spiralled trecs was no greater than that from the
right=spiralled. Nor is it claimed that all races of coconut, in 2ll soils and
climates, behave in this way. The biological fact hexe presented is however,

I believe, novel. Many explanations sun be suggested for ity of which I hope to
discuss some elsewhere.

DAVIS, T.a. (1962) The non-inheritance of asymmetry n Cocos nucifera.
Je Genet. (under publicntion).

Te Ae Davis
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Asymmetrie und Ertrag bei Kokospalmen

Zusammenfassung -,
Die Blatter der Kokospalme (Gogos nucifera L.) sind in links oder

rechtsdrehenden Splralen angeordnat; Zahlunggn an 3,028 indischen Palmen

R Iw.a.ndern Gebieten ergaben, ddss die Palmen mit

n p:.ralcn etwas liberwiegen. (52,05% in Indien, 52.90% in-den —

ubrigen Ver'breitungsgebietn) Kreuzungsversuche zeigton, dass wider

Ervarten der Drehsim der Blattspirale nicht genetisch fixiert ist.

In einem Feldversuch, der sich uber die Periode 1955-1960 erstreckte,
lieferten die Palmen mit linksdrehenden Blattspiralen eine grossere Zahl
von Mussen (Tabs 1)

Die Zehlen fur éesunde Beume, geben t = 2,721, (126, Freiheitsgraden).
Als diec Wahrschoinlichkeit dags die Unterschied, die:ebensbviel oder noch
mehr betragt, klein ist, die Annahme dass, die linksdrehende Baume eine
hohere Ertrag haben, ist stark gestuzt.
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