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Introduction.
Tili« phase of coco-nut culluro lias received but «cant attention in Nhnv Uuineu, 

despite ils being an important consideration, in increasing the yield of any crop. 
This is not remarkable, however, when it is considered how Jittlo bus been done 
with coco-nut breeding and seed selection throughout the world, especially when 
the relative importance, of this industry is taken into account and when older 
countries, which are much ItcUcr iiuaueially equipped, have made rather 
disappointing progress with similar work.

The economic: importance* of coco-nut* to the welfare of Now (iuitica has been 
stressed and discussed at length in a previous article"'* where it was shown that 
copra is pre-eminently the most important agricultural product in this country. 
Thus any means of increasing their production or reducing cost of production, 
arc worthy of the greatest attention. There are relatively few plantations in this 
Territory even amongst the newer areas which are derived from selected coco-nuts, 
though, where it has been done, even by rough methods of muss-selection, the 
improvement in the bearing areas can In* clearly seen. It is not comprehensible 
v. by a fundamental and, usually, cheap and easy method of improving plantations, 
for all time, has l>een neglected. This is more notable when it is recognized that 
once a coco-nut area is planted, it limy In* in existence for more titan 00 or 70 years. 
Once u planting of coco-nuts is carried out it is permanent und a very important, 
fact is that poor seed cannot be replaced the. following year, a& is done with annual 
crop*. The orrliardist or farmer in temperate countries would rarely dream of 
utilizing inferior planting material. Thu same now may be said of the majority 
of rubber, cacao and coJlee planters in tropical countries. The methods of select ion 
used hero would he ruinous with almost any other planting industry where the 
competition is greater, it may be poinhyl out that, the coeo-nut planter has fared 
belter than would Ik - exjiooted considering the lack of attention given to original 
plantings. It is also doubtful whether the neglect of such a fundamental principle 
as seed selection would allow of success with most other crops, when the money 
and time invested are taken into account. There is the excuse that individuals 
developing in a new country, with small capital, reipiirc to commence their 
plantations as ipiieklv us possible, so us to gel early returns ut small cost.

it is the intention of this article to emphasize the necessity for cooo-uut seed 
selection, wherever new plantings are intended in this country. The advisability 
of long-term eoeo-nul breeding and investigations on pollination, mil-setting and 
other factors alleeting yield are also indicated.

In all fairness it is pointed out tlint a proportion of ilm local planters have 
regularly practised seed selection and a re «piilo cognizant of the need for care und 
attention in this direction, which is amply repaid by enhanced yields in the l>euring 
plantation. A review of the work which has been curried out in other purls of the 
tropics in relation to selection ami breeding of coco-nuts as well as its application 
to local conditions is presented. It is regrettable that si, little local experience and



loeal'ch Uli till' \ I • r \ I III |m!‘l ;i III .sublecl is available, alld It is IlSM i that the 
spbjeet »s il jilFi-ris New («uiiiva |»lnliters, as vv«*l 1 as any plan of future 
investiga lions, should lie reviewed.

Till- methods of practical seed selection, floral biology and so on are iutiinutely 
associated wit 11 controlled methods of plant breeding, but the two subjects are 
discussed »eparaielv for convenience of exposition.

Factors Associated with Yield.
The factors associated with tho yield of any crop may bo briefly outlined 

with advantage.
Ideological and cuvironiiieuial conditions interact with the inherent characters 

in determining the growth mid yield of any plant. 'The potentialities for yield 
are very largely determined by the genetieal constitution of the plant, but it is 
often diflienlt to determine yield capabilities owing to the masking action of 
environmental factors. A tree of superior genetieal constitution may be growing 
under very unfavorable circumstances ami yield poorly whilst a comparatively 
weak type of tree may, under exceptionally favorable conditions, out-yield the 
former. It is known through the laws of chance and probability that, where* 
mii i i i Imm's of individuals fnnu a large population are considered ami where selection 
is Is-ing made for high yield, the chances of this occurring are largely obviated 
with the bulk of the individuals under observation.

When the intending planter considers the commencement of u new plantation 
ns a business venture, lie should realize that the final yield, and thus the eventual 
income, will he controlled by the following main factors und all of the subsidiary 
conditions associated with them:—

1. (»eiietieal and inherent characteristics of the tree* or palms.
2. Knviruunient.

2\. (Miiualie environment, such as rainfall, temperature, altitude 
and prevailing winds.

Jit. Soil environment, e.g., chemical, physical und biologicul 
characteristics.

2c. (’ultnral environment, e.g., manuring, cover cropping and 
cultivation.

:t. Oui-idr biological factors, such a* pests and diseases, also changes uml 
efleets produced by other flora and fauna present.

It is hardly necessary to indicate that the incidence and effect of these factors 
an* all closely inter-related with each other and with the ultimate growth of the 
plant.

The cflicieney of the labour, management und harvesting methods may all have 
ihcir effect and are probably U>st classified under the heading M cultural environ-
ment”. The m i returns from the crop arc, however, determined by many factors 
which it is not intended to discuss here, but reference may he made to the previous 
mi ich* already mentioned (/or. ril.). The n«e.s to which the products are put. 
Mipply and demand, coiujwtition with other products, freighting difficulties und 
other charges may, however, be mentioned as largely affecting market price.

The original climatic ami soil conditions ure usually difficult to change once 
a choice of site is made except by application of cultural methods, auch as 
manuring control of natural erosion, Are.



i in' -indy i*J hiohigicai factor* comprises several subjects such ns entomology 
itjul plant pathology. Such factors arc usually subject to artificial methods of 
control.

The genetiruI and inherent factor» provide the subject of this article a s being 
the most important determinant for yield capacity, especially when the environ-
ment is optimum, it may be stated, in other words, that the limits of the yield 
capabilities of any coconut plantation arc determined hy lim hereditary constitu-
tion of tiic individual« which comprise the population on that plantation 
( regardless of however optimum the environment may he). As mentioned later in 
this article the largest proportion of such a population are hereditarily uneconomic, 
lienee tit«* aim hotihi !«• iu eliminate iindcxirahle poor yielding palms and retain 
a* great a proportion of high producers in a plantation as possible. 'This can only 
I«* achieved hy methods of >eed seh*etion or hy controlled method* of crop improve-
ment. The advisaIn 1 itv of investigating wlmt methods of improvement are 
available can therefore he strongly advocated.

Effect of Environment on Growth Characteristics of Coco-nut Palms.
For more detail on this subject, the. reader is referred to sections of an article 

on coco-mil disease by the present iiutlior*1“) in volume »I, number 1 of the AV»r 
(itiinru Ai/i'k  iillnnil (/»izrllr | jmges f»0-fi7) describing the relation of soil condition? 
to disease occurrence; also oil “lupering stein” associated with soil erosion (page 
dJ) and on “ Deficiency diseases,” where a description of old palms growing on 
the soil-ox)uiu?tod areas of New Guiuea is given. It is pointed out that in the 
western islands the soil,, arc usually rather shallow and light, being of coral 
derivation. Here the palms mature early and prosper for some years, but 
gradually go oil a> the »oil conditions liec.ome exhausted. The stems taper and 
leaves gradually heroine smaller and fewer. On parts of these islands, jt takes 
over 10,000 nuts to produce a ton of copra, while on parts of the Madaug District, 
oil I be mainland, and on Dumpier Ultimi, in some uivn* just over 4,000 nuts are 
required to produce the same amouiii of eopru.

There is a tendency for copra on soil-exhausted areas to become much thinner 
(also article on diseases (lor. cit.)). It is known that the drain on manurial 
const intent- by a heavily producing palm is very considerable, and when that }iu> 
taken plan* over a series of years such effects are. sure to influence adversely the 
growth characteristic* of the palms and to mask the most favorable hereditary 
character*. The actual age at which palms naturally cninmcucc to decline is not 
accurately known a* it appears to vary greatly according to soil and other 
conditions. In Samoa, Hamilton and Grunge*3») have the opinion that palms 
there which are over 00-70 years old have declined more through old age than 
actual soil exhaustion. This does not appeur to he the case with most areas in 
,\e\v Guinea, as chlorosis due to soil exhaustion may become apparent bore in 
Judins not ball die age indicated. 'The older areas, however, are definitely the 
most affected, hence the inter-relation of both old-age and soil exhaustion to the 
decline of hearing areas must !k * considered.

Fernando in mentions n case where lie planted over 100 acres jn mu-
area and over .'*00 acres in another area with nuts from two localities. One 
locality wa? characterised hy palm- with an open crown, the other carried trees 
with a full crown. A|>parcntly these were environmental characteristics and no



iuhcriluiuv '*1 su«h characters occurred. Il appeared from this timt liiere i» n<> 
object in select mg a palm witit*li w ic h good just Imv iiiis o it wu h growing on good 
ground.

Since the publication of the articiol‘,l> previously referred to it bus been 
observed that palms growing in the Buiuings District of New Britain appear quite 
dilTcront from those of similar type growing neur Kabuul, in the same island. 
There the water table is eioso to the surface, a condition which would lead to 
rather shallow rooting, the fronds arc decidedly more feathery and open titan is 
the case with similar palms elsewhere. There is also a decided tendency for the 
s I ui tl ics to hang on most of the pul ms iinlii long after the whole spat lie ami the 
multir« nuts are due to fall. Owing to this environment those huuging spathes 
are decidedly |H iidiiloiis on (lie majority of . ' s and commence to hung down 
beneath the petioles or leaf stalks as soon as the nuts reach a certain age and 
weight. These nuts do not fall to» would lx* expected in most other localities. The 
nii!.s also tend to rim small hut usually p»*s*c*s a good thick kernel. In muuy 
place» in the locality, during the wet season, the water table reaches the surface, 
hut moves fairly quickly towards the sea owing to the rather pronounced gradient 
on the foreshore areas.

Jl is not proposed to deserilxt the environmental ejj'eets oil palm growth in 
detail, but rather to indicate that they must la* taken into uecount when coco-nut 
selection is being curried mit. Th« effect of manuring with the well-known 
manures, nitrogen, phosphoric acid and |>otiish, us well as supplying rare metal 
(leficicnies, such us cobalt, zinc, magnesium and other elements on puim growth 
can only l>e considered as a separate subject, us is the provision of cultivation, 
cover-cropping und so on.

Nuts recently brought in from Agita Plantation, Matty Island, are said to 
lake 15,000 to produce 1 ton of copra. The palms from which these nuts wore 
produced are about 2* yours old. Th«r« ure said to he large number» of nutive 
palms in this plantation which are considerably older. The native nuts in the 
village arc also much smaller than elsewhere in the Territory.

PIRATE L—COCO-NUTS.

V ' V*<* '.
' ■ . -

A -Unbuilt«i . B—Huiked.
Comparison of wettern island* nut (amail) with young nut from tame situation originally'

from Kar Kur island.
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I'ulut-j derived hum seed mil« grown wit Kur Kur (llampier) Island were 
plunlcd out in tlie.se western inlands in 11)30 and are now bearing. The nuts on 
Ilu'si' palms uiv h iih 'Ii larger and belter d«*vel«|M-d limn any previously seen on the 
island «-veil l»y (lie natives. This ran In partly accounted for by the diilercuee in 
ago of the palms and hy the tuet that less soil exhaustion has occurred where the 
palms are not so old.

Most of the native palm* on Matty Island always produce nuts in which the 
line kernel forms a very small proportion of the whole, as there is such a largo 
amount of husk present. Though there are small nuts present, the greater propor-
tion of the original island nuts are large enough in appearance, hut are extremely 
light. When the entire nut i«1 pierced with a knife il is seen that a small elliptical 
in ovale out is present at the dorsal extremity of the nut and is attached to the 
stalk end hv a thick, strong, lihroii-» rope of connective tissue. When the entire 
mil was cut through with an axe it was seen that in one case the depression 
occupied hy the nut with shell attached was only 2inches across. The size ol 
I In: complete oval-shaped nut was |U inches \ i inches at the shoulders, sloping 
to only a couple of inches in diameter at the luise, while the. ridges wore very 
prominent. The size of the nut within the husk was only 2{ inches x -1 inches in 
length while tin* husk thickness varied from 21 inches in the centre to 
inches at I lie diagonal end.

The small hu>ked nut when split uppeared almost solid inside as the central 
hole was only 1$ inches across while the wet meat was at least \ inch in thickness. 
Thus meat thickness as a single measurement is very deceiving in this case, u.s 
despite the relative thickness, tin* ciihie capacity tilled hy kernel was very small 
compared with the total size of the nut. It is very dillieult to eut the copra from 
such nuts. A new nut borne by the young palms originally grown from Kur Kur 
seed nuts, was roughly eomparahle in outside measurements with the above, except 
that it was 1 inch shorter and not so ridgy. In ibis ease the size of he husked 
nut was M inches bv G inches which is almost a s 1 and its cubic contents
are nearly four times u> much as the former .small nut. Tin* kernel was a little 
over inch thick, while the husk wns only l inch thick in any part.

PLATE Ü.—COCO-NUTS.

Western ttlartds (tame is sbuvt) split to show deferences, in meat thickness.

L
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Tin- photograph- give an interesting comparison <»t the two kinds «»1 uut».
I ij < 1< h i hl c< 11 v 11 if |inrl iciilnr conditions uii the islands have isolated, hy a process 
■ I tut t Mi'll I selection, a particular strain of nuts which resist the conditions. The 

'< il is of residual coral derivation and in some places coral outcrops arc seen, 
'['his soil is light in texture and contains scattered pieces of coral, shell and 
n-sidua) sand, while tie- humus layer is extn on ly shallow. There is a tidal swump 
ui the eenire of the island. Il is .strange that this type of nut. should produce su 
much husk, if soil exhaustion wore the main cause of the reduction in size, us 
I lie husks are really the heaviest u<ers of potash and mh iio other manorial 
constituents. The introduction of new strains of nuts into this plantation was 
indicated as was the use of cover crops ami methods of humus conservation.

There is, however, some evidence to show that even this apparently wide 
diversity in nut development tnav ho mainly influenced by environment. 
I*. Schmidt, the tirsi planter to visit Knr Ivnr island, stated to the author that “ in 

I lie tirsi plantings made there, 0,000 nuts were introduced from the western islands 
when they ran short of seed nut«.” On the rich soil present there the western 
islands nuts produced ’ < which were practically indistinguishable from the
local types, which are noted all over New (luim-a for their size ami weight.

Variability.
The extreme variations and diversity of types present in any eoco-nul 

plantation an well known to planter« generally, us is the fuel that individual palms 
show a wide range in fruiting ability. In this connexion, .Jack and Sunds in 
IU22<3M record from Malaya that the variation in the number of nuts produced per 
palm in Malaya was -<> great that If».« per cent, of the palms produce 24.f> per cent.' 
,»f ilio crop and that I!* per cent, of the palms were uneconomic producers. Further, 
and what is of divided practical interest, they proved over a peroid of eight years 
I $c<’ Sharpies'1" ) that mi the average, poor viehlers and high yichlers remain 
constant in this respect. In other words, on the average, good producing palms 
Icuiaiu proportionately good viehlers from year to year while poor yiclders 
continue to produce poorly. Sharpies'*4) states that “no doubt the sumo constancy 
found in fruiting characteristics, also exists ns regards tin* oil content of the copra 
within the range of seasonal variation; investigations are already in hand to prove 
this”, .lack, IDdO.'"" showed that on a good yielding plantation, yielding un 
average of I .‘»to II». per acre, over eight years, an average of 50 nuts were produced 
per palm per annum, equal to 2,7*15 nuts [h t  acre, jx-r annum. The range, how-
ever, was from to 1 15 nuts per palm per annum, over that period, lie also stated 
iluit the average of 50 nuts per palm was some thirteen nuts better than the average 
for large estates in Malaya. 'Flic variable character, namely, uu giber of nuts per 
palm per annum, showed a eoellieienl of variability of .‘54 per rent., com pared with 
I lie mean under average estate conditions.

Smith, also of Malaya'*1), in llttld gave particulars of a very high yielding 
area a> follows: “On a selected high yielding area of .HO acres carrying 0,875 
palms only 17.* per cent, iwire 100 nuts or over. Thus the average of high grade 
palms in even a very high yielding area is very small and mu»s seed selection 
from such an area is unsound. Of the pultns examined only 0 per cent gave 100 
unis of 500 grammes or more of wet meat and it is advised that 500 gramme« is 
I he lowest advisable standard for seed selection.”
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.Samp.-onelated the* position in the following term»: “Ail coconuts are 
»lie products of cross-fertilixul ion (this should l»o qualified. Author |, and, there* 
lore, no |iiilin lias nr rim have » jicdigreo which would eiutlde il to breed true to 
its femule type. It is very largely on account of vuriution in the root habit uud 
in the rule of new root production that there is such a difference in the bearing 
rapacity of individual trees. Sixty nuts per annum is generally considered a
■ air average yield, yet every eoro-niil grower knows that certain trees in his 
plantation will regularly produce more than double this number while other 
palms grown under identical conditions will not produce even half this average 
number *\

Io I lie rn si • i.| lull palms cross- led ili/.nl ion is believed to In- general, thus 
no), only are I hi* palms under eiiltivation genetically impure and hence would not 
lireed true to type, but knowledge of the seed nuts is limited lo the mother or female 
palm. It is also an exaggeration to state that a very big proportion of palms 
in Mew (• uiiiea plantations an* hereditarily uneconomic producers. Variations 
in colour of nuts, such a* green, yellow, reddish brown, are seen everywhere, as 
are variations in the size and shape of the palms, and of the frond« and nuts 
I hey produce.

Stoekdalc<,i"> in describing nineteen varieties of coco-nuts from a plantation in 
( i vhm mentions that flu* proportion of meat to kernel in one selection was 10 ox. 
meat to 10 oz. husk or a ratio of 1 : 1, while in another 12 oz. meat to 42 oz. 
liu.sk, or a ratio of I : «‘l.'i was recorded. The above is only a brief introduction 
Iii the subject of variability present in coco-nuts, hut mauy more variations are 
described under separate headings in this urtiele,

Yieid records over four years at liundiruppuwa Estate, Lunuwilu/7* on a very 
uniform pure of land, confirm previous report* (from Ceylon and Malayan experi-
ments) that high yield and low yield, both in number of bunches and number of 
uni-, are definite unalterable characteristics of the individual palm and liuefuatc 
only slightly from year to year. More than twelve (12) bunches are usually 
produced in a year and there- is a correlation between the number of nuts and 
number id’ hunches produced by a palm.

Seh-'-tion of mother palms on the basis of high yield of hunches and nuts
appears to he -omul, without prejudice to the possible employment of controlled
pollination later. *

Professor hash"*' in l‘>2b made statements concerning the position of coco-nut 
culture in British (iuiana, which have some decided applications to the position 
n New Cininoa. “ (’onsidcrablc expansion has taken placo in the coco-nut industry

■ i! the Colony (lirit'sh (iuiana). Pufortunatcly after seeing a number of the
i octi-uiii areas one is led to the general conclusion that the trees in most instances 
are not thriving. Many of these have !><«en established ou unsuitable soil with
nadequnte drninagt and with «•nicely any attention to cultivation. On light
-oils ii A true that the tree* are growing under conditions which enable them to 
re>i*t cultural neglect remarkably well. For such trees to remain healthy and 
vigorous considerable expense is necessary for maintenance and cultivation, 
whereas normally on soils and under conditions suited to their growth, the palms 
turn early and maintain productivity for n long period of years at a minimum 
expenditure for care and management.



A ruii^li i-fi!«* * I i; 11 Dm obiaincd Iiv equating copra ami oil lu mils uii llu: baai- 
<•! (I>rilish (iiiiaua), figures, indicates, alter making necessary allowances,
I mil. tin average yield per I rm* was hardly more tlian fifteen nuts. This is 
extremely low an.! support«. the contention that a 11 is not well with the industry 
agriculturally. <i rowers should not In: satisfied until llu. average production per 
t t ec can he hruuglii up to at least .Hi nuts. ‘ This means that ctire will have to he 
exercised in the de\ehipuicut of neu areas and in the improvement of those already 
established. In the fir.-t place, I would urge greater attention to the question of 
selection of seed nuts, the main points concerning which are fairly well-known, 
hut often not acted upon. Further selection i« necessary in the nursery, voting 
pa I mi showing iiiiv -igu- <d Icehleiiess heiug rigidly rejected for transplanting.

I hen there is the • j 11<-"t i * * 11 ol giving young frees a good start. Apparently lu> one 
in this colony ever think- ihal a coco-nut palm needs inauure, and the proper time 
to commence to appiv lirlili/er is when the seedlings are transferred from the 
nursery to the lield, vvh.eli is a critical |»erind ill tile life of tliu plant”. 
Keeomiueudations on manuring and tillage an then discussed.

lCeceiit observations on live plantations in Zanzibar^-' for four years showed 
an average of oli.-i nuts per bearing palm, but in tho fifth year a shrinkage 
to dl.7 nuts per palm was recorded. This shows considerable room for improve-
ment by selection, if the yield is to approach tho average for European planta- 
tioiis in Malaya, though the average is milch better than liiut recorded by Dash 
i tue. eil.).

Methods of Seed Selection Commonly Employed in New Quinea.
In many instances no seed selection whatsoever is practised, and the seed 

nuts are bought as cheaply as possible. in some cases the precaution of 
purchasing .seed nuts from an already good yiolding plantation is takou. but 
lorn merely assures llie perpetuation of average type coconuts. One has 
commonly observed the intending planter select germinated nuts (“Krlia”) 
which have been previously missed by the copra cutters. They are at such an 
advanced stage to be of little use for copra, and that accounts for their being 
utilized in planting, regardless of their shape, size, weight or yield of copra. 
I'rolmbk it is more common to select the seed nuts from heaps of fallen nuts 
gathered together for copra cutting, and in ibis instance good, round, heavy 
nut- are usually, but not always, selected. This type of selection is definitely 
‘•‘‘Her than none at all. because the chances are that good nuts would be obi lined 
1""" good palm*. Tim position is, however, comparable with barn selection in 
mai/c and other crops, as against seed selection in the field. The most progressive 
maize-grower, fur instance, never solocts his maize in the barn until he bn- first 

■ lee I ed his plants and cobs in the field.
The great objection to selecting coco-nuts from a garnered heap is that 

■ ha- HO knowledge miieeriiing the kinds and types of palms from which such 
nuts were derived. Palms may produce large nuts, because they arc growing 
under particularly favorable conditions, and not because of any hereditary 
-uperiority. A poor-looking and weak palm may, in some instances, bear n very 
few, good shaped nuts, which would be selected from the heap, and thus 
perpetuated.



1 epical example* of nhm occur* iu new planting* were a ecu recently where 
tint planter* bought, seed uuU from the neighbouring uativo groves und were 
p vcpurrd lo buy any utils tlio uuüvcs cured to sell lliem, because it was cheaper 
and handier in the hrst jnslauce. Not the slightest attention was paid Lo what 
I' one ul the lir-i precautions lor success!ul coeo-uui planting, namely, «election 
ni good mil>. The excuses advanced for such neglect uru centred around the 
lime mid cost involved, as well us the diiliculty of obtaining aullicient selected 
mils io plant up large arcus. It is conceded that time and cost are involved- 
hut it is a sound capital investment, which can only pay big returns iu the 
ln I a I r. A minority of planters hero do observe the palms in the field, and then 
i.heavy yicldei's of good type nuts from such individual palms.

In ihr planting of um,I unlive groves, very lilllr conscious selection is
practised, hut I heir methods of close planting gives an enforced aid to natural 
o'ledion, as it is usual for the stronger palms to survive. In certain districts 
of this Territory, I he natives do select good «cod nuts. They are well aware 
,-f a good type palm ami only plant large, good shaped, liouvy nuts.

A few of tin* most experienced planters here have marked individual palms 
on old plantation'., ami observed them singly for use as seed nuts, on now
anas, which is a very eojumouduhle precaution. On one plantation in New 
Britain, where thiwas carried out, the coco-nuts are hearing very well. There 
are also better than average plantations where this has been done at Tuluscu, 
(<a'•muia, Itougainvillc, Kar Jvar Island and Madnng. A few instances of the 
mi l hod.-, used arc given.

On one company plantation in Bougainville island, the palms were derived 
from wdl selected old palms raised in proper nurseries. Later all wouk uxul 
poorly growing palms were taken out and repluced, which procedure proved
«Ichnit« ly beneficial.

Portion of u young plantation, which has just come into bearing, in the
aim i'lmol w;m planted with selected mu»*, from old palms on another phiitla-

liou which in turn were originally planted from selected nuts derived from 
the British Solomon Islands plantation. On appearance this area appeared 
to lie better than tho surrounding areas derived from ordinary unseloctcd nuts.

One Company recently planted up a largo area in New Britain and selected 
a proportion of their seed nuts from old, heavily-bearing native coco-nut palms, 
which lmd boon used for that purpose previously, and thus had been under 
observation for some time. In a new planting at Madang, a rather distinctive 
train of palm with brick-red coloured nuts is being selected for seed nuts, as 

being a good type, a* arc palms carrying largo nuts of the Markham type.

Tim owners of other plantations first allow the natives to select what they 
consider are good nuts. After being gathered into heaps these are then 
•a".'.elecled bv I he owner. Finally, after germination, all weak seedlings are 
•brown away. Some owners even go to the trouble of re-planting poorly-vigorous 
"r chlorotic plant* in the field. Tho weaknesses of this method a1! lie in the 
fact that nothing is known of the mother palms, as indicated previously. These, 
however, are all definite attempts to improve on present conditions.

ir-



Shape of Nuts.
lMimter* are mostly inclined to select round-shaped nuts, mainly because 

ihfv :ii-r IIi• ■ vi*<I i<> he heavier in proportion to size. Klongated mils arc thought 
I,, I,;|\t; lugger proporliou of iibro at (tie ends, and, in some cases, tins is 
undoubtedly true.

Work from Ceylon, tho Philippine islands and Maluya, seems to show that 
Iis lit lie practical dilTerenee in meat coutont. between long or ovoid shaped 
j:IjIs and round types, us either typo may contain much or little meal. Some 
of ihe best copra-yh ldiug nuts recorded have been long-shaped types. Further, 
rod, yellow and green type nuts show moro or less the same percentage of good 
and poor \ iohbw>. -o that colour has little hearing on the yield.

.W far ns New (lumen is concerned it should be pointed out tiiat the yellou 
ivpe nut - arc frequently associated with chlorophyll (green colouring matter) 
deficienev, though this is not necessarily the case. <idiotically, chlorotic palms 
should he strictly avoided, though they may lm useful for ornamentation. These 
yellow tvpc nuts are common wherever coco-nuts are grown.

Maced a' "’) com pa red the germination of f>()0 round nuts and nOO oblong 
mils, and, twelve months after planting, it was found that round nuts germinated 
earlier than oblong nuts of eijunl volume, and also produced more roots, a greater 
number of leaves, and were heavier. Finally, both gave the same percentage 
germination. According to Copeland,*11) Walker made a very caroful analytical 
,-lmly of brown nuts compared with green nuts, and this failed to show any 
constant dilTerenee whatever in yield of copra or in richness in oil, so there seems 
to lie no practical object whatever in distinguishing between them.

fn (iuiaua, it is said that a certain large orangc-rcd variety is tho host for 
planting, in view both of size and of yiold of copra. A similar type of nut. 
appears to flourish well on the mainland of New Guinea.

Methods of Seed Selection Advocated.
.luck/'-"1" in 1920, stated that “ tliore is ample opportunity for the improve-

ment. of the crop by the relatively simple process of elimination of uneconomic 
types, on developed estates, and by the selection of tints front heavy ltourcrs, for 
raising seed stock for new plantations.” He further remarks that the term 
*‘see| ion” it" regard* seed coeo-lillls is mis-upplied to a large extent, at present, 
been use the -methods of selecting them aro far from scientific, and are rarely 
based on a thorough examination of the individual tree.

Thiele*1“) and Stnniforth-Smith*‘0) both stated that “ seed nuts should he 
the product of healthy, heavily-bearing trees, not under twenty years old. 
Preference should he given to nearly round or oval shaped, medium sized with 
a thin husk, and they should he ripe, hut not dry, while the three longitudinal 
ridges should not he too prominent.”

Sampson1'-) emphasizes the importance of selecting seed nuts from trees 
grown on land with similar soil conditions to those which arc being planted up.

Copland*11) says, “select the seed of the palms which are conspicuously 
more productive than arc* their neighbours, which are growing under the same



r.»ml,iiun.->. A v. > 11 i iu o .m- that iiuvc decided superiority of environment uver their 
neigh hoiir>. Secd-uuts art* cliuseu for their hereditary quality, and a good 
environment cannot be inherited.”

l)it- j 11*( *>■ * 111 author communis that this .statement should not lie earned 
too iur, as a lakes a favorable environment to give the host expression of the 
viuld fa paid lit i»--. It is well known, however, that ptilnis growing on the edge.-' 

grove-, around houses or manure heaps, should he host avoided as having 
undue advantage over their neighbours.

Smith1 say.- “ that the area chosen tor the scloclion ..I seed mit- should 
contain a iarge number of palms yielding well above the average, when the 
eham-e of eroHs-fcrtili/.aliou with a high yielding parent will be probable; and 
a »dose examination should lie made of individual palms which util al least 
ensure a good female siock. Only [»alms bearing 100 nuts or more should be 
selected as possible parents.”

h Is apparent that Sampson has stressed a very important point. 'Thus, 
where one I- selecting coco-nuts lor planting on tin: loose pumice soil, c.lose 
m Kalmul, it ts preferable to .»elcel them from palms which arc doing well 
on a similar ama. The same principle would apply when selecting for heavier 
soil-, such as in the Knittings District, where it is feasible to believe that a 
dilit rent type of palm altogether might faro best. The standards us to a good 
producing palm could conceivably vary according to the conditions under which 
the selections are being made. Tt does not’seem necessary to select from the 
heat areas on the plantation only, hoenusc a palm which does well under relatively 
adverse conditions might be the most valuablo seed parent.

It might he thought that this is a definite argument against introducing 
large nuts from islands, such as Kar Kar or Witu Island. This is not the ease, 
localise it is most probable that different strains of nuts arc present here. If 
tim palm- growing on these islands are derived from different strains, and were 
al-o grown from selected lints in the first instance, us is explained elsewhere, 
then it is a sound plan to use such sources ae a basis for seed supply. If 
it is purely a matter of differences in environmental conditions, no good purpose 
can lie served in introducing seed nuts to outside centres from such area-.

Planter* here arc generally of the opinion that they can only select from 
very old areas. This has a sound basis for recommendation, because in old areas 
the palms are necessarily long-lived and hoavy yichlcrs. in most, cases the 
weaker and les- vigorous palms have been weeded out, over the years. Neverthe-
less, although this precaution is desirable, it is not essential. In fact, selection 
front a relatively young estate known to be derived from previously selected 
nuts can he recommended where older areas are not available. Tt. is widely 
believed that coco-nuts must roach a certain age before the young coco-nuts will 
germinate satisfactorily.

It. appears from observations rnado in the K*w Bulletin of Mixr,Uanem,s 
I nf annul inn ,s> that the widely-held belief that the nuts from young trees should 
not he used and that plants should only be raised from fully-matured trees, was 
first based on a statement made by Simmons, 1877. in Tropical Agriculture.<M> 
The latter advocated selecting fully ripe nuts from fully-matured trees, and



amongst, uiIter »luloniuiit & buid: “ i boso uut.» which muy be taken Bom !iei<> 
of immature age will, if planted, rot away at the oyo; and the plants, it any, 
U successfully reared on transplanting, will grow very rapidly, und ncquire. 
l.uik, tail the fruit will drop before the kernel acquires consistency, tbo root 
stalks break, and the trees entirely fail before mid age,"

This idea seems to have boon perpetuated by some periodicals and text-books, 
although < o|»elnnd"'* in his hook lends no »upport to this contention, and there 
has been no experimental evidence to support it. Inquiries made from Kow 
could find neither direct confirmation, nor absolute refutation of the truth in 
this statement, but refer to it as follows: '‘On physiological grounds there 
would appear h> he no justification for the statement as it stands, though no 
doubt it would be unwise, for more than one reason, to plant nuts from young 
trees in the first Mar or two of their routing into bearing. It is possible that 
it. was based on a superstitious nativo belief or else tbo argument of a plantation 
owner who bad tr<s*s of a particular ugo being offered for sale. In British 
(iuiana it is advised by tbo Department to select nuts from good-bearing palms, 
wbich are neither very young nor very old.

In some i>lniuB in tbo Laccadives,13' oil the Malabar coast, it i-> staled 
that, where the soils are very poor, [»alms normally lake fifteen to twenty years 
to come into full bearing. Thu natives there have regularly seloctod nuts from 
any good bearing palms present, which come into bearing at ten years, and they 
only select first-class early maturing material, with remarkable results.

Bartienlars are quoted in the l\'r.w liullclin (lor. nl.) of a coco-mil 
plantation in the Island of Nevis, West Indies, planted bv a Mr. Orum-Ewing 
in 1007, where palms in their third year of bearing yielded perfectly sound aim 
full-sized nuts (T).r>- OS per cent, over Ill-in. gauge when husked) which, when 
used for seed, germinated freely und in a normal manner. It was stated that 
I ho original seed out- used came from dumaiea, Iml in turn these eatne from 
San Bias, whence come the finest nuts in the Western Hemisphere. One 
thousand nute, five years and three months old, when germinated for seed nuts, 
gave an SO per cent, germination, »even months after placing in the nursery, 
it is recorded that one palm four years and four months old boro 40 nuts, wbich 
indicates the opportunities for selecting nuts for early maturity in an ordinary 
plantation. Tt was commented that the high percentage of good-sized nuts, borne 
on the young plantation at Nevis, nlforded ample justification for the great 
trouble which was taken in selecting the original seed nuts in Jamaica and elso- 
where. CTum-Ewing’s statements arc worth remarking, as he does not agree 
with SimmomL: “Nuts should he taken from trees whose good charactor is 
well marked. 11 appears that the jmdigree of a roeo-nut tree is of the utmost 
importance. 11 would be better to use parent palms showing similar charac-
teristics to those for which the parents and grand-parents were selected, even 
if only one or two years’ observations were available, than use old trees past 
middle age, of whose parentage there is no record."

It was mentioned that it would l>e 1« tier not to take seed nuts from palms 
until they were in their third or fourth yeur of hearing, mainly owing to the 
varying periods at which the nuts come into hearing. There is, however, probably
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.MMiir mall ui the stutoment that nuts from vury young palms do not goruimatc 
properly as, for oxamplc, nuts which had fallen from young palms of the 
Markham Valley typo at Koravat, did not germinal»: so freely at ns they

• lid iaier on. This was particularly the caso with some individual young pulin'», 
ami may he truer of certain strains.

It is not always possible for the planter to keep yield records of individual 
paints, hut nearly every one who is familiar with his plantation knows of the

• xisi.-nce of heavy yielding pulms on the place. Many of these palms may he 
under casual observation for years. When such palms are found to he con-
sistently high hearers, they should be distinctly marked either with tar or paint, 
or preferably numbered with a /.iue or aluminium lag. These can then be 
observed more eurefully as potential mother Ireos for future plantings. Planter* 
are known here who have carried out, the procedure outlined with good success. 
A few nuts from each selected pulm should he examined closely for proportion 
»•I husk, thickness of kernel, vVe. 'flic thickness can often be determined without 
injuring the nuts at all, hv just inserting a strong knife through it until the 
shell i* touched.

The methods outlined arc not ideal, as it would be necessary to maintain 
a cropping register for individual puling to obtain best results. Professional 
investigators would he obliged to keep detailed records on sheets or cards 
specially printed with suitable heading? for that purpose. It would be a sound 
idea for some of the larger organizations here to keep similar records on selected 
areas of, say, about 50 acres in extent. Kven a register of this nature would 
not he a sure index of the copra-producing ability of the palms, as there are many 
factors to consider. Still, it would afford a reliable indication for selecting good 
palms. Particulars of how to keep a cropping register are available from severu! 
sources, and it is not proposed to discuss them hero. To indicate jiast how 
valuable accurate records and measurements any Smith*80) says that an increase 
in meat thickness of 1 nun. hotwoen two nuts with kernels 12.5 and 13.5 mm. 
thickness respectively meant a difference of no less than 8 per cent, in the 
copra yield, and that it it almost impossible to detect this difference by eye 
alone.

Pier is, in Ceylon/4*) has listed several useful criteria which indicate a good 
palm on appearance. lie and several other investigators have indicated, as fur 
as possible, the correlation of external characteristics with that of yield of copra, 
tlelgrave and I<ambowrno(s) (Malaya), in 1933, stated “ thut Cooke in 1932 had 
shown that there was a remarkable close correlation between the weight of 
husked nut and the meat content.” Cooke/0) in 1034, confirmed this finding, 
ns did Pioris(€T) working in Ceylon in 1934 arid 1935.

For the purposes of the layman unity is taken as a complete correlation, 
and the latter showod in one large series of experiments that the correlation 
eoeflieient between weight of husked nuts and weight of copra was -{-0.071. This 

almost exactly comparable with the findings in Malaya.

Cooke (1930-34), in Malaya/*) used nuts in his determination which had 
b<vr. grown under n wide range of conditions to see whether there would he



a wnlr ration »»I variability, ami whether il vvuu u o c u k s u ry to split ilm huskt-d 
unU to ruin out possible variation due U> the amount of water contained in 
each nut. The nut;» were collected from estates 32 years old, IS year», old, and 
17 years old, while nuts of mixed ripeness were collected from small holdings 
in the coastal ureas of one district in Malay». There was no very significant 
difference in the cocllicicui of correlation in nut» derived from various source», 
lie concluded that there is a high correlation between both unhusked nuts 
and meat, but especially Itutwoon weight of husked nut and meat, and that the 
'plitting of nuts i* not essential in determining the yield of copra for all practical 
;ni rp< >»<•'.

Pieris,“7' of the Coco-nut Research beheiue, I'cylon, make» the following 
coiieluaiou from his work: “Although there is a marked positive correlation 
hetween tin nuinls r of nut» produced by » palm and the weight of copra iiianii- 
tacttired from these nuts, the expression of yield by number of nuts is open 
to considerable error, although it is u very good rough estimate. The error 
introduced i* due to tin- variability in the size of nuts from different palms, and 
more especially from dilferent varieties of palms. Some varieties (or selections) 
produce small tint», which although present in large numbers, may produce no 
more copra than a moderate number of larger nuts from other varieties. The 
correlation Imtwcon weight of unhusked nuts and weight of eopru is higher than 
that between weight of copra and the number of nuts. This ratio, however, 
tends to alter with progressive desiccation of the nut and the loss of water on 
storage in heaps. I’lie third method of expressing yield is by making use oi 
I he weight of husked nut, and it is shown that this is the most sat isfactory 
ami least troublesome method of arriving at a reliable expression of yield. In 
ill is ease, errors due to the variability in si/.c of nut and to drying of the husk 
are avoided.”

lie also showed that with uniformly ripe cuts and average drying condition* 
me percentage ratio botwoen weight of eoprti varied between 32 and 33 per cent., 
but that may be reduced a» low ns 30 per cent, where excessive drying was 
practised or the nuts were immature. It in not propose,] to go into a scientific 
discussion on the subject, as Cook, Pieris and others have done this for the
benefit of investigators in their particular countries, and there is practically
no data to analyse as far us New Guinea is concerned. The practical utility 
of the findings quoted above is what counts from our point of view, it is most 
important to realixe that it is not necessary actually to split the nuts ami
actually weigh the wet kernels or dry the copra to get » reliable expression 
of yield of individual palms. It is, therefore, a matter of great moment to find 
that the three characters, namely, number of nuts, weight of unhusked nuts, nnd 
weight of husked nuts, and esjHH-iallv the latter, are all positively correlated
I«, a high degree with the weight of copra.

Pieri*, in his article on soed selection/*"' has given the following criteria 
for the »election of mother palms, which are quotes! verbatim:—

“A mother palm should lx* selected according to the following standards:
I. The trunk should he straight and stout with leaf scars situated close to each other. 

\\oid Mwy tall nnd curved trunks.
:«3H. 3



II. Th«, irmiils should liv short luuf well <1 i->|m:*m the crown. the oiioiiLitLioii <il 
n„. fi i,nils mi I In- < mwii «•;<n lie ro|iroseiilod dineminutiiI ieu||y i»» follows; il will be noticed 
Lim I there me lluee mil ill ly|ies:-

PLATE 111. COCO-NUT PALM. PLATE IV.--COCO-NUT PALM.

Tyne III. “Undesirable.” Fronds distributed Typ« IL “Desirable,” good type. Fronds evenly 
distally or in a semi-circular position. distributed.

Types 1 it ml H should bo avoided, even if they show other desirable characters. Type - 
displays the best spread of fronds.

III. The bunch sulks should be short and should not. show uuv tendency to droop.
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IV. 'll»«' I it lliti 4'M‘i‘iii‘i'H nluMilci carry a tail number oi iuuiuic lluwurit or button u u l .-. 
— iiji t<* 1UU. . Avoid it.ilm.'. with iaflorcaewnces (flowering «pathos/ that are over-atocke«! 
with female flowers. The\ are not thrifty.

V. The cr*»wu slnniM carry u largo number of iromls and consequently a large number 
of inflorescence«. Avoid crowns that look empty on one side, even tliough the inflorescences 
on the other side appear to set. many nuts.

VI. It ncod hardly he slid that inflorescence» should be well stocked with nuts. But 
it might be mentioned that inflorescences in ulj stages should be noticeable on tile paiin 
carrying their full complement of developing nuts. Very often one is deceived by heavy 
lower bunches.

VII. The si/e of the mils is not important provided large numbers are present.
I Very small nuts should !«• omitted.-—Author.]

VIII. The weight ol I lie husked units should lie high since on this depeudu the 
copra producing power o| the palm. The number «if nuts un<! the weight of husked nuts 
provide the beat standards ol" selection.

IX Do not select palm* growing in favorable situations, such as neur cattle sheds 
and human dwellings, lireuie-c they will tw liott«‘r than palms growing in the ojs’n licit! 
in competition with their neighbours, merely by reason of tln'ir tuvoniblc surroundings.

I'h Ii i i* that bear w«-ll in a normal ur even unfavourable environment should t.c 
si-loetisl."

]fe ulso status “ llial at the end of three years all selections that have not 
prodtjeetl on tin* average l(M> mils and 175 lb. of husked jh iLh , per annum, should 
be rejected. Wherever possible there should be ut least one proved mother palm 
for every five acres on uit estate.”

Palms of hereditarily poor vigour are very liable to insect and fungous 
attack and are very .susceptible to unfavorable soil conditions. There is no 
doubt that .mmue palms show an hereditary tendency to chlorosis (chlorophyll 
deficiency). Snelt palms are readily apparent on even the Uist kept plantations, 
and should never 1m: used for seed.

Sampson1*2) and Hunter and Leake'2*) have both indicated one potent 
pause of premature nut-fall. The weight of a well-developed hunch of nuts 
is considerable, and, if unsupported where the leaf stalks (petioles) are too 
long, the rncltis (stalk) of the inflorescence will tend to buckle and twist. This 
causes constriction of the vessels which carry nutriment to the developing; fruit, 
and leads to the fall of the immature nuts as the result of starvation. The 
natural support of the hunch is the leaf stalk, and a strong; Itsuf stalk combined 
with a short inflorescence radii« forms the most important of (die vegetative 
characters which are desirable.

Tangible Results to be Expected from Seed Selection.
The averuge palm in New Guinea plantations probably docs not produce more 

than 40 nuts per palm per annum, and the average for all plantations may lie 
less than that. One of the soil-exhauatod ureas in the Territory averuges loss than 
JO nut» per paint per annum, an average plantation produces 40 to 50 nuts per
palm per annum, while some of tho best places in th-is country do not produce
nmn than GO to 70 mils |»er hearing palm. In assessing the number of nuts 
per palm, it must he rerognized that when numbers of nut« are the basis of 
comparison, the smaller size of the nuts on poor yielding plantations somewhat 
balances the smaller yield obtuined under those conditions.

From certain islands of the Laccadives, Malabar Const, particulars are 
given<*) of palms coming into bearing in ten years. These throw out a fruiting
-pike every month after that age is reached, bearing 15 to 20 uuts, and .so yielding
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iso I,, o.,n Hin»- Im ■ r your, and going u i i Injuring at tins rule until I hoy lire GO 
vj-urs *»l«l. They often <U> go o a  Iwaring until they uro 70 or HU yours old, and sonic 
urn U-lioved l>\ tin- people to Ik ; more than a century old.

At liuitony.org, .Java, Mr. do Veer03* ha» taken yield record» on 40 selected 
(.aim, ,lc*ived from a nimihor of different localities in that country. Thu lowest 
average yield per palm over that period, including the years when they wore 
coming into Umring, was S4 nuts per palm, while that of the highest yielding 
palm was l7> mils per palm over the same period. Thirty-three palms out of 
lit. |H averaged over lull nnu per palm over lluil |jeriod, while the average per 
, aim for that period was I2U nuts. If palms capable of producing one-half to 
iwo third- .»f this total were used as planting material the increase in the hearing 
capabilities of plantations Imre would he very considerable, as simple calculations 
would show.

.1 aek,Malaya, in the course of u lecture to producer* gave the following 
ligurcs and facts, which are very easy to follow. Ho said that “assuming the 
average palm to produce UO nut* jar annum (the actual average is lower) ami 
:l,al each nut produce» 250 grammes of copra (a figure derived from actual 
weights, und 453.U grammes«- 1 lb.), then tlui average palm should yield approxi-
mately 33 lh. of copra annually, of course allowing for the limits of variation.
! At 1 iti- rate a palm producing 40 nuts should produce approximately 22 lh. 
copra per annum. -Author. |

*• Owing to variability present it should he possible on new plantation* tu 
raise considerably the average yield per paint by the rigid selection of high 
yielding palm* for the supply of *<*od nuts for future plantings. Seven of the 
170 palms which were analysed for yield showed calculated yield values exceeding 

;,<i il.. of copra j n t annum, while four of them even exceeded 05 lh. 
of copra per annum, so that the selection of palms as seed-bearers is not 
:i diflieult matter. A plantation planted entirely with palms capable of producing 

Hi. of copra per annum would l»e equivalent to an increased production per 
acre of approximately 50 per cent., and even this increase might conceivably 
he exceeded. While such an increase is possible under practical condition», and 
considering the hybrid nature of many of the seed nuts, it is more likely that 
I lie first generation i no reuse would bo of the order 25-35 per cent., hut even 
this increase would he highly desirable."

Smith-ays “that with his standard scaled down to 100 nuts of 500 
grammes of wet meat per palm only 0 per cent, of palms in a given area (high 
vielding) are for selection as mother palms.” lie also states that by selecting 
palms of this standard, yields of 20 piculs «*= 2,720 lh. per acre, should be attain-
able under favorable environmental conditions. Tt was indicated, however, that 
he had already recorded from a promiscuous seed supply the phenomenal high 
yield of IP» piculs, or over 1 ton 19 cwt., per acre (not hectare) for thirteen years 
over an area of HO acres, the ’ * being 27 years old in 1933; this was 
equivalent to about 82 nuts per palm. This was, undoubtedly, due largely to 
environmental conditions, hut said that it indicates that potentialities are greatly 
in excess of standards hitherto accepted as high, if dose seed selection is carried 
uut in an urea of this yielding capacity."

9



I ins amount appears exee# " "w high fontpui’od wills wluil prevail- under 
New (»uiue.a conditions, lull if an average acrcu^o yield of (lie limits In- iudicui.cs 
were harvested per ln^etart? hero, that would greatly increase the existing yields 
in this Territory. ii would take eonlrolled methods of plant breeding to gel 
nutxiuitiin increases in yield, yet a substantial iiierea»e may he expected from 
md hods whieli are applicable on u eoimnercial scale.

i i am i I ton ami (»rangerecently investigated conditions in Samoa on 
the New Zealand ICcpuration Kslale*. They udvair'cd the following argument- 
in recommending se<»d selection there:. “Visual ohne:rations of trees in the 
plantation -ugge-t that they vury considerably both in productivity and habit 
of growth. DilFcront types of nuts were collected at the Vailole plantation and 
measurements made on a ton of them-

The trunsverMc diameter of the nut varied from 2.7 inches to 4.a inches, 
while the longitudinal measurement varied fioui :i.(> inches to 5.1 inches. 

Thickness of meat varied from .3.”» inch to .50 inch.
Dry weight of copra produced varied from—70 to 201) grammes.

Since the liest of the nine nuts recorded returned three times ihc umounl 
of dry copra per nut rhut the poorest «lid, it appeared that there is considerable 
room for improvement in the type of nut which should U* selected for future 
planting-. The opinion was fairly freely expressed, however, that any selection 
for the larger size nuts would lead to decrease in the number of nuts produced 
per tree, but work conducted by Smith in Malaya seems to lend no support to 
this contention, provided selection for size is kept within reasonable limits. Smith, 
writing in the Malai/an A t/rirall lira I Journal for dune, l(Kl:’,,r',‘l gives details 
of the results of selection in that colony. An area of HO acres, which had an 
average l>enring record of 82 nuts per pain», or ID.) ewt. of copra per acre per 
annum, was selected, and the individual trees graded according to production 
with the following resu't<:—

Toth I iiiiiiiIk w of p;ilm* «•xuniinvil
Total producing UM» nuts and over 
Total prmiueiit*» ÖU nuts mid over 
Average of “ 100 ** out palms

ft.075
tl'.Mt — 17.x per cent. 

|.H»!>~ 2H.fi |s-r leiu. 
1!7.2ft inils.

Nuts from these selected trees were, then taken, and the yield of wet copru 
per nut determined---

,Wi wi-ialii of |s-r nuf tu
liniHiiHi'.

Over 700 graniiuca 
iton 7oo grnmini*« 
.'am fioO gram Ines 
•loo -film graimmw 
.too IOO graintiiert 
l:iid«r .’MS» gramme»

Namlirr <>f mit«
111 i liV*».

i’trnmtlltir III mil« 
In elnM

:i

|

<».4
47 li.N

101 •J7.7
.’«»7 U.fi
128 I8.lt

14 2.0

For the pui jmses of comparison with the weights given for yield of dry copra fro»»i 
Samoan nuts, the weights given in the above table fhouhl he hulve<l. From data 
given by Smith it would appear abundantly evident that it is possible .to find true1-

6699
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which combine both large sixe of aut« ami heavy yielding capacity, uud there 
appears considerable scope for selection if further arcus are to be planted in 
Suuiou.

in a crop of this nature planting is done once and for all, and expense incurred 
in securing selected seed may be repuid manifold during the normal life of the 
crop, iniual lack of selection cannot he rectified as in the case of annual crops.

Some selection hus been practised in the past on the basis of nut shape and 
size, but while this is of undoubted importance, it should be carried a stage further 
and the yielding capacity of the trees producing such nuts determined or results 
•ire likely to Is* disappointing. JOvmi with careful selection phenomenal results 
should not be expected; if production can he increased by id per cent., the cost of 
selection would be amply repaid while the elimination of low producing or 
“ boarder trees ’ should materially assist to raise the average level of production

Siockdalc^ from measurements made on a largo number of nuts slulod as 
follows: “It appears but reasonable to expect that larger nuts would possess 
proportionately more kernel than «mailer h um; but the figures obtained do not 
appear to bear this out, for it was found that the three best nuts exuzninod in this 
respect were comparatively small besides some of those examined which yielded 
less kernel. The range in weight of kernel for nineteen types varied from 12 to 18 
ounces, wlmroas that of the husk showed u wide range of from 10 to 48 ounces”, 
lie mentioned that the husk takes up nine und a half times the amount of potash 
«alts which is absorbed by the meat and over 100 times the amount of lime sail« 
which tlm meat lakes up. Thus it is obvious that the more fibrous ty|>e of nuts 
should l*c avoided as being uneconomic feeders.

According to do Veer(is> u very interesting practical demonstration of the 
value of selection was made in the Must Indies. The Lumlbuuw lustituut for 
purposes of comparison planted out 2f»Ü nuts from selected mother trees in various 
parts in both Java and Sumatra. The original nuts were collected and planted 
out in 11» 11, and the average yield of the palms from these selected palms over the 
last ten years (to 1034) wxs 120 nuts per palm compared with the averuge of 40 
nuts per palm usually harvested on Java estates.

Govimlu KidnvulM'» classified palms according to their bearing capacity on 
the basis of five years average yield records ending in 1927. Ho classified tree« 
which yield up to JO nuts per year as poor bearers, tho*o which yield between 30 
and 100 nuts as medium bearers and those which yield above 100 nuts per year, a« 
heavy bearers. Over this period he recorded some palms as yielding an average 
of fourteen nuts per annum whilst others yielded an average of 121 nuts yoarly.

it is as well to recognize when interpreting results that the nuts dorivod from 
even the same bunch show considerably variations. In un experiment to show 
this 1,200 nuts were examined at Buitcnzorg, Javu(l*> from different positions on 
individual palms. It was found that there wore fairly great differences in the 
percentage of copru and in the oil content of nuts where two wero taken from 
the base, two from the centre and two from the top bunches in each palm examined.

According to Cooke(l0) ripe Malaya coco-nuts average 0.5 lb. of dry copru per 
nut. while the highest yield of oil and copra is obtained approximately at the time 
of natural nut-fall.



K. ('. |). (irrrii, Superintendent >n|’ Kuril v ii l I hniensl rai ion Plantation, lias 
made sonic deiniled observelions on coro-nula at Kaulawat IMnntniion, Now Britain, 
Kui as the invest igniions arc unfinished, detail» will lie presented at u luter date. 
Meanwhile a few interesting figures are quoted in support of tlio argument for 
seed .selection.

The I<.ti»I weight of nuts where over do mils were comddered ranged from 20 
oz. to Oaf ox., with an average of 42 oz. approximately. The weight of husk present 
ranged from 8) to 22 ox., while (he weight of shell varied from I:] ox. to 10) oz., 
a ml the transverse diameter o( the nuts ranged from U.U to 12.4 cm. The amount 
of eonlained meat varied from .V? oz. to 17S1 ox. with a general average of 12.2 oz. 
approximately. The ratio of meal to total weight ranged from 1:2.7 to 1:7.0 
which shows a wide divergence in percentage meat yield and the figures speak for " 
themselves as to the advisability of selecting nuts yielding the heaviest proportion 
of copra.

Measurements were taken on 100 nuts ut random from a representative 
collection, and the following figures were obtained for the nuts:- —

Tot id weight :i.im Hi. |»er mil average
Weight of husk i lit. |M*r nut average
Weight of shell .40 lb. per nut average
Weight of wet meat .7 5 II». jmt  not average
Weight of Kress present (slightly germ unit ist

(Oils ) .f>7 ih. per nut average
Weight of ilry copra .42 Hi. per nut average

<lr\ eopia
The ratio of — . wa -total weight l:t.2 per «*('111. approximately

wet meal
While the ratio , . , w.i«lot a 1 w eight 20.a per cent, approximately

The weight of ilrieil eopra 
liusked iilit

23.25 per cent, approximately

Weight of wet meat 
husked nut

41.« per coot, approximately

Weight of dry copra 
weight of wot meat

50 (»or cent yield.

Despite the fact that this is u good yielding plantation it is plainly apparent 
that the average size of nut and yield of meat could easily be improved upon if 
all the nuts present oven approached the yield of the best nuts present in the random
sample.

The following distribution table for !1 i nuts depicts tlio range of variability
present even where such a small number is considered :■—

Total Weigh 1. Weight of Meat.
Oz No. of Nuts. Os. No. of Nuts.

25 35 5 5-H 1
35-45 15 8-11 8
45-50 y . 11-14 14
50-56 14-17

17-20
7
1

It will lie seen that between one-quarter und one-third of the nuts are above 
average in weight uud yield.



Coco-nut Introduction.
i'In: extent to which coco-uni seed introduction into New Guinea bus proceeded 

iin-«• Imionca! liinr.s is mil generally realized, nor ha* it been indicated, it i* us 
well io point out tiiat ull islumla of the fcjouth Pacific curry coco-nuts. The originul 
habitat of coco-nut palms is doubtful, though some opinions seem to favour its 
South American origin, particularly as that country is decidedly rich in species 
• if I In* genus ('tuns. This subject is well discussed by I Fill. ‘ *T *

Writers also disagree as to whether the coeo-uuls pre-date the arrival of the 
nativ«: inhabitants <»l tin* Pacific islands.

The possibilities of coco-nut seed introduction were fully realized by German 
planter* resident in this T«*rril«»r\ Itefniv the war. Mrs. KorHytlm, known as 
tjuccn Kiiiiiiii, is said to have till 1‘odmvd sd«*cl«a| «•«wo-nuts fr«»m Samoa 
to her plantations at IlerlxTtsImhe (now ivukopo). Die German Government 
al'o imported two of the ls.**t kinds of coco-mtU from a representative of the 
ItiijMtrial Government in Samoa to tin* Uahaul Botanic (»aniens, about 1011. The 
one producing large co«,«»-nuts was introduced as Nin Vai, while a smaller variety 
»uh brought in under tin* name Niu iu.

In ilu* earlier history of Samoan development, native labour was regularly 
recruited from Bougainville islami for work in their plantations. Seed coco-nuts 
«ere thus believed to be brought to New Guinea by the bouts travelling backwards 
and forwards.

Mr. Winand, a planter resident here since 1002, has supplied the information 
which he glcuucd from Mr. Mouton, ulso an cx-pluntcr of many years standing, 
now resident in Australia, who was also :i memlx*r of the “de Bay” expedition. 
II,- >),%* that the ill-fated tm*mlx*rs of thut <*xpedition introduced selected nuts 
from New Hebrides and Xmv ('nlcdonia to the southern end of New Ireland. 
Palms dermal, from tlmso nuts are still known to some old planters in the 
Xamataimi district and ure said to produce lurge nuts with thick husks.

One of ilic lirsi actions of the «»Id New Guinea Company was to introdii«*«* 
'ch*cte«l coco-nut« from some outside source to the maiulumi near Mudaug, and 
probably other plae«*s. It is also well-known that there lias been continuous 
interchange of eoco-nui planting materials between New Guinea and the British 
Solomon Islands Protectorate (Solomon Islands) probably since the earliest times.

I luring t lie Gorman adiuiniatratiou niuuy exchange» of s<*lecte«l coco-nuts 
wer« made lx*twccu «listri<*ts her«*. It has Ik j c i i slated on goo<i authority that the 
Inrg«* New Guinea Company planted most of its plantations with nuts d«*riv(*«i from 
PHcrhnfen, Witu Islam). These nuts were said t«> l»e round, medium sized with 
thick copra, h is Irkely that this may lx* a diatim*t, regional strain, hut there 
tin* possibility of their characteristics being due to environmental effects which 
•nay not I«* repr«xlueod in situations with poorer soils.

Their administration introduced palms bearing sniull attractive yellow nuts 
from “ Stepliaii'ori ' apparently at, or in the vicinity of, the plantation Bogadjim. 
These were siat«*«l. in the 1911-13 report on flic Botanic Gardens, to have grown 
well ami to Is- hearing plenty of fruit. Some of these palms are still in these 
gar«leiiM ami appear to Is* breeding remarkably true for the yellow coloration.

Ccx-o-nuts were also brought to Kahaul from Peterhafen and from " Jomba ”, 
Matlang; these were luidly attacked by the rhinoceros beetles and fared badly. 
Whefln-r eoco-nuts from flies«* sou rocs were distributed to outside plantations is not 
known.



.So«-d coco-uul* I rum the I>riLimit Solomuu Isiamls were introduced by ul loud 
three lurgo planting groups to Bouguinvillc Island, lu one instance the manager 
fluted that the Solomon Islands palms from which he introduced seed nuts were 
originally derived from select«*] seed nuts brought from Samoa.

At Nuinu N uma plantation putins from three separate districts were grown in 
eoiupurison with euch other, viz., from Kabanl, Bougainville, and the British 
Solomon Islands. These showed comparatively little strain difference, except that 
lie manager noticed that the palms derived from British Solomon Islands Pro-
tectorate nuts c m mu into lieu ring decidedly earlmr than tlio oilier plots. Individual 
palms from all three sources showed great variation in fruit production as would 
Ik - expected.

During a roe»*nt visit to Wit it islands, opportunity was taken of investigating 
possible reusons why the .\<*w Guinea Company so widely used ««awl nuts from 
tun» source. Another objective uns to select good palms for the brooding 
programme at Keruvat. The question is what apecial attributes prompted the 
company t«» use tluse see«l nuts for extensive plantings, (biologically the Witu 
group is of very recent origin, uml it is not many generations since the first seed 
nuts wore brought there. The oldest palms there are not so high nor so old looking 
us pulms seen in other parts of the Territory. Nevertheless, the palms are quite 
-ihl, and have been forc«*d upwards by the comjHJtition of the short surrounding 
hush The islands previously support«'«! a much larger population, hut a groat 
proportion was wiped out by an epidemic disease which occurred loss than 40 years 
ago, and at present only a few hundred natives urc left. Previously extensive 
plantings of coco-nut groves were made by these old inhabitants, and these still 
remain and appear exceptionally healthy. The soil, being new, is rather sludlovv 
hut chemically rich ami very friable.

The Gormans of the old New Guinea Company made Meto, at Puterhafen, 
their head-quarters and afterwards for five years this was a copra coucentrat on 
depot and store for the Expropriation Board, and it was later used for the same 
purpose by the Miduncsiu Company. The former company sent seed nuts from 
this centre to plunt new plantations in all districts of New Guinea at such pluccs 
as Madang and Aitape on the mainland, Bougainville and New Britain. It is 
said that some were taken to Knr Knr or Dumpier Island, which place has also a 
good reputation us u source of seed nuts, but this ia doubt fid as probably moat of 
the nuts planted there were derived from «elected palms, either local or from the 
mainland near by. Paul Schmidt, the German planter who first opened up this 
island, informed tin author that most of the nuts used to plant the original 
European places there were derived from Alcxishafcn and Potsdainhafen on the 
mainland.

Sine«* the Australian occupation, plantations at Garun Island and Tala*oa 
were planted with coeo-unts from selected und marked palms ut Witu. inquiries 
from several old nativ»1* n-voal thut the coco-nuts first used to plant Meto plan u- 
tion were selected from old native groves on the higher areas of the island. 
These coco nuts are mainly growing at an altitude from 700-900 feet, and wore 
plantet! by earlier inhabitants. The writer was conducted by an old native 
pensioner living on Ilia plantation, to see the palms from which these seed nuts 
were obtained. It is easy to imagine why these palm« wore selected as mother 
palm» for seed nut*. Even at the present time (October. 1937) these original
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old palms art* te-ariug heavily, and the nuts are uauully round, of medium size, 
very mealy, and heavy in proportion lo size, with u husk which is not unduly thick, 
while the frond canopy is u healthy green in colour. The number of nuts per ton 
at Moto has been ascertained us being approximately 5,000, heuco they are not 
so big or so heavy as the Markham Valley or Kar Kar Island nuts. Tho first 
plantings at Me to were made in nutive fashion, not being properly lined or 
spaced, by u Muluy in churge of several “ Marys ” (native women), but the later 
plantings were more carefully lined. Several old boas boys and old natives in 
villages were independently questioned, and they all agreed regarding the areas 
from which the seed nuts used wero derived. Some of the hoys questioned had 
been actually engaged in collecting tho original seed nuts. There are numerous 
old palms left standing on the flat, areas, but apparently theso were not used to 
provide seed. The nuts used were selected by natives only from what they 
considered to h«> good, heavy tearing {»alms, and no other supervision was 
exercised.

PLATE VL—SEED COCO-NUTS.

Good type, from Meto Plantation, 
Win: Island.

PI ATE VIL—SEED COCO-NUTS.

Good type, from Meto Plantation, 
Witu island,

PLATE VZZL-—SEED COCO-NUTS.

** Split Open.'* Good type left of photo; bad typo right of photo.

According to some of the natives these old native groves also provided many 
seed nuts which were concentrated at Meto for despatch to other parts of the 
Territory, and it was not until the palms were well in bearing that plantation 
nuts were used for this pur}>ose. Thus it is practically certain that comparatively 
large arsas of New Guinea plantation coco-nuts were derived from Witu coco-nuts, 
originally grown by natives.
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Despite the ag«1 «*! tin- «•«*»•»» mu puim* al. Mulu, namely, 40 yeur* approximately, 
and tin) huphuxurd plunlings ou thin plantation, it is still yielding more than a 
ton of copra per hectare. The palms still have a healthy appeurunco and the 
individual palms uro yielding much better than the yields given would indicate 
as there are many misses in the planted arcus, and it is dillieult io lind really had 
(mints. It uppeurs that liiere is a bigger proportion of reddish-yellow nuts, not 
brick-rod nuts, than is usually seen.

If it is granted that the Whu coco-nuts have rather distinctive i’outurcs, is 
the environment nwponsible? It would, undoubtedly, have a great inlluoneo on 
the resultant mils. Ii does not np{K?ur, however, that the presence of the 
distinctive, rounded type of moderate sized nuts, often soon at Witu, is altogether 
tlue to environment or accidental causes, and it becomes necessary to consider the 
question of nutive selection.

It is feasible that a proportion of I ho coco-nuts brought to Witu came from 
the same centre as tho original natives, i’robably u big population did not develop 
until some time after their food plants had increased sufficiently, as the natives 
there do plant bread fruits, mangoes, ciigenius, galip nuts (Cutiarium spp.) more 
extensively than in other purls of New Guinea. The original pluming* wore nude 
in distinct groves as they can In- seen to this duy, close to old village sites which 
have now largely disappeared. The first introduction of seed nuts was most likely 
not extensive and it may lie assumed that only better than average nuts were 
planted so that tin- foundations for a varying hut regional strain were commenced. 
Numerous people here doubt the very possibility of natives having any idea of 
seed coeo-nul selection. The author hus tried out certain intelligent natives us to 
their knowledge of coco-nuts from this aspect. Allowance must lie mudo for the 
possibility of their having seen some selection work done, but this would not lie 
true of every ease. Natives frmii certain purls of Now Guinea do select nuts for 
planting in their own groves. Indentured boss boys on three plantations in Witu 
were asked to select palms in front of tnysolf and their managers. These boys may 
have seen selection work carried out; nevertheless, without any guidance and in 
all three instances, the boys instinctively selected good palms ufter carefully looking 
over them and roughly tested the weight of nuts in their hands. Tho intelligent 
boys assured us that they actually use similar critcriu for selecting good seed nuts 
in their villages. The aid of such Imys would greatly simplify uny programme of 
seed selection commenced by the planter.

From a genetical point of view and on theoretical argument, the planting of 
relatively few' selected nuts at high situations would isolate the palms, oven if it 
were done unintentionally. Then, owing to limited intercrossing, a distinct but, 
of course, variable strain could be evolved in this manner. In whut dogreo this 
has led (<» the development of Witu nuts is only conjecture. According to Mr. Mills, 
the present manager of this plantation, the nuts'derived from Mcto have tondod to 
give a low percentage of germination when shifted elaewhoro and he gave u figure 
of as many as 40 per cent, being non-viablo. If such is genetical, these seed nuts 
would not be so useful for new plantings as is claimed, but there may bo other 
causes for this. Numerous introductions from Meto plantation to Keravat have 
already been made by this Department.

In German times seed coco-nuts were imported from Meto to Bali and from 
Bogadjim plantation on the mainland ami were apparently selected for size and 
weight. Some plantation areas show a rather high proportion of heavy bearing 
brick-red nuts which may have comt from the mainland. After the Australian



.x-eupaUon about ball' (.lie main bearing urea at. Bali was planted with -eed mit.« 
derived from tin* older palms wliieli grew from originally imported seed. it is 
only very new urea* ul the rear of the plantation which were derived from local 
native pulms.

Local unlive eoeo-nuts seen in the village.-« were usually smaller, more pointed 
and not nearly so heavy as those from plantation palms, it must Im* conceded that 
tliis diminution in si/.c may have been caused by closer planting and competition 
with secondary bush. Though growing on similar soil the native nuts at Bali were 
quite a dilTcrent type front -those seen in the native villuges at Witu, near 
Meto plantation, while the intnsluccd nuts appeared superior to the local nuts on 
the plantation ul Bali. It is thus Itclicvcd that uneousidered selection was practised 
when the original selected tints ini rod need l»v the Germans were med us » source 
of seed nuts for further plantings.

Members of one firm here which have introduced large selected nuts from Kar 
Ivur Island to plnntutiouK in other parts of the Territory claim that they have 
fared better than local palms.

Lever’s plantations in the Solomon Islands are said to have introduced nuts 
from several different countries such as Malaya and Fiji for comparison with 
loeul nuts. Managers have staled that palms derived from all these sources were 
far more liable to beetle damage and did not fare so well us the local nuts. This 
curiously coincides with the exjxjrieneea where Murkluim nuts were introduced to 
Keravat and earlier when other typo* were introduce! to Rabatt!, but no good 
reasons can Is- advanced as to why tliis should happen.

The present Department of Agriculture has carried on a great deal of coco-nut 
seed introduction from outside countries and also from the various outlying districts 
in New Guinea. Those are ut present being grown under the supervision of the 
Superintendent at Keravat, hut in most instances are too young for detailed 
observations on their behaviour.

The Director of Agriculture observed some palms growing in the Solomon 
Bland* which were originally derived from reed of already selected tali palms 
growing in Malaya. These wore 20 years old and Is.'uring heavily. Uc-seleclions 
derived from this area were introduced to Keravat Demonstration Plantation, in 
January, 1034. In January, 103."», seed coco-nut* derived from the best selected 
palms which had been subjected to yield recording for some ycurs at the Land bon w 
Instituut, liuitcnr.org, .lava, by the Selectionist for perennial crops, Mr. do Veer, 
were introduced as part of a large consignment of plants brought in by the present 
author. More recently during this present year (1037), and through the courtesy 
of the Director, «elected coco-nuts were introduced from paints which bad been 
under observation for some years at the Poeo-nut Research Station, Metiado, 
(Vieltes, Netherlands Ktist indies.

A request lias also l**eu forwarded to the authorities in Manila, Malaya and 
Fiji for any selected eoeo-nuts of various kinds, which may lw available at their 
researeh institutions.

In addition to the above programme of introduction, eoeo-nuts from selected 
palms on plantations growing in all parts of the Mandated Territory of New 
Guinea have been collected for inclusion in a breeding programme at Keravat. 
The following districts and sub-districts are represented in this collection: 
District, New Britain—Kubuul, Taluseu und Gusmuta, Sub-districts. New Ireland 
Witu Island. Dampier Island. Bougainville Island, and the mainland of New 
tiuiueu. ,



Ti.,. coco-mu* derived from the Markhum Vniley, particularly in the upper 
Ai/.cni region, have been generally noted for thoir lurgo perfect shape and
good yield, and ihi* lias been commented on in several reports by Patrol Officers 
of the District Services, as well as by officers of this Department. In October, 
ltlJU. a huge consignment of these coco-uuta was introduced to Keravat and planted 
uni in an area isolated irom eoeo-nul palin', at the Demonstration Plantation, 
derived from oilier source»«. These palms have retained, to a marked degree^ the 
original cliaraeteriaties for which they were introduced under the widely different 
v.dl and eiiviroiimenlal renditions which prevail there us eomparod with their 
original babiiai. Mr. Moody, Inspector and Instructor, says that when these nuts 
were im roil need lo l.indenlia fen. \ew Britain, they tended to break-up and become 
more pointed than i' usual for the Markham nuts, but, although varying, still 
showed many of their original characters, it is possible that those coco-nuts did 
not re me from the .«nine area as tlm nuts growing at Keravat. At Keravat, these 
Markham coeo-nnts, although still varying in colour ami size of nuts, arc very 
similar in general type and appear quite distinct from the ordinary native coco-nuts 
growing in New Britain, and could be claased as a regional strain. Their trunks 
are apparently shorter and requir«* fewer nuts to produce u ton of copra than nuts 
from ordinary palms less than 4,000 nuts us against between (i,0G() and 7,000 nuts 
pm ion for ordinary imrs in the vicinity. The nuts have a fairly thick husk, 
however, and it Iiu n mil ls*en determined whether their total copra yield per acre 
i- superior to tin* ordinary types. At Keravat, for instance, the yields have not 
lieeii compared with «*o« o-imls d«*rived from local s«*ed. The selections of the 
heaviest yielding palms were made for inclusion in the breeding programme, and 
are already planted out a* will be described later. All the poor type palms have 
i.reiI eliminated. This plot of palm« has been particularly liable to infestation by 
palm weevils. The Superintendent, Mr. Green, is inclined to believe that this may 
Ih - due to a varietal tendency for the wood to grow soft. The isolation of a small 
group of palms would in itself lead to increased infestation, however, because of the 
greater limitation of the food supply of these various pests. The presence of such 
a regional .strain seems to indicate a more encouraging future for coco-nut breed-
ing than is usually anticipated. The question as to the origin and the presence 
,tf „neb ii regional strain on partieu'ar ureas of the Markham Kiver country is very 
interesting and m*eds further study. It is reasonable to assume that, the natives 
in I hi* urea may constantly practise sued so loot ion with a definite objective in 
view. There is also the possibility of natural selection going ou over many years 
having u .similar effect. A more important consideration is whether this strain 
is more liable to self-pollination, than other types, owing to a different hereditary 
complex, ami pollination studies are mwwouiry to determine this point. Mr. 
O’Brien, planter from M(idling, lias provided some data which seems to have a 
more likely bearing on the point lie has heard from old residents around Madang 
that Krima Bench plantation was one of the first places commenced on the main-
land by the old New Guinea Company. The nuts introduced there by them were 
-peeiailv brought in us selected large nuts of a particular tyjH*. Some plantations 
planted with select ions nf this type arc still known in that vicinity, and it is thought 
I hat the natives m the Markham may have obtained their seed from nuts originally 
derived from the original introductions. The diameter of husked nuts recently 
brought in from Madang by Mr. O’Brien ranged from about 6 inches to 8 inches 
while their diameter is greater than the depth, i.e., ovate. There was a tendency 
l,. ridging and flu* kernel was very thick. Whether such large nut* would produce



more per aero than ordinary nuts is not proved, but some pluutors near Madaug 
tin* (piitc convinced that thoy do.

It might I«* said that there is no object in breeding or propugating regional 
types unless it is proved that a particular form is superior to any other. The »San 
itamon type of coco-nut later mentioned under varieties, appears to be an example 
of superior regional type. Copeland*11* says, “ 'That there are no records from any 
other part of the world of plantation averages showing such size of nut us those 
of San Uamon. in lJ>0f* for the entire plantation an average production was one 
metric ton of copra from every 2,hOU nuts, while the average production from 
year to year shows that .'5,270 nuts are needed to produce l ton or 2,240 lb. of 
copra.’1 According to the annual report of tin* Coco-nut Kescureh Scheme, Ceylon, 
11)2;»,all oilier introduced types, with the exception of this variety, proved 
inferior to local varieties both in yield und susceptibility to beetle attack und 
ipiality of copra. I t was mentioned that a similar type of this is found in several 
coco-nut countries of the Mast. It does upjienr roughly comparable with the 
Markham type found here. In the «mull island of Kotiima, Polynesia, there is 
another example of a superior strain. This islund has been noted for the 
superiority of its nuts, which have boon used for seed in Fiji, Tonga and other 
places. Coco-nuts from certain areas in the West Indies have boon similarly noted 
for their use as seed nuts, e.g., at Ban Bias ami parts of Jamaica.

The “ Sun Bias’* coco-nut of Central America has the luyers of colls between 
the shell and the endosperm which aro peculiar in breaking up so that the meat, 
kernel or ondos|H:rm is very easily removed from the shell. This race has been 
introduced to Malaya and deserves to Is; introduced here. It may bo mentioned 
here as a noted faet concerning eoco-nuts from oome areas of the British Bolomon 
Islands, that the half-kernels arc easily removed from their shells. Whether this is 
due to s,oil or strain effect, is not yet proved. In Bali there is a lurgo coco-nut 
which has been widely distributed in the Netherlands Fast Indies, and this is 
known as the ** Bali Kluppcr ” in «Java.

Smith<r*’* has indicated rather disappointing results with the 44 Ban Bias ” 
coco-nut in Malaya. The palm differs in many characteristics from the tall. In 
general appearance is midway between that, and the green dwarf. The stem is 
slighter; measurements of twenty palms of each variety at 0 feet gave an average 
girth of 20.2 inches Ban Bias, and 38..> inches tall. The "Bun Bias” averages 
about fi or (5 feet shorter to the lower leuf but tho leaf is longer as is the spadix. 
The chief characteristic on casual observation is the very open crown and the largo 
numiior of leaves hanging down more or less vertically. The fruits are much 
more elongated than tho tali os is the nut proper inside. They have a very high 
husk percentage amounting to 43.7 por cent, of the whole fruit compared with 
20.1 per cent, for tall.

— Hunk. Wet Meet.

Car caul, whnk« fruit. Cer «out. whole fruit.
Sun UltM» •13.72 25.20
Tall .. 20.Iß • 28.85

Smith concluded that although the “San Bias” coco-nut has the reputation, 
in Central America, of being an extremely prolific yicldcr, it did not suit the heavy 
alluvial clays of the west coast of Malaya, when compared with tho ordinary 
Malayan tall variety.
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It may bo pointed «Hit that the; regional strains, which huvo been described 
from Witu und the Markham Valley, could contain representatives of several of 
the “ races ” such ns are doacribod by Webster.(04) It is a wider term in the sense 
that it represent* a collection of type* constituting a strain which, owing to the 
long effects of natural selection, do show certain characteristics in common.

According to ('rocker, Inspector ami Instructor, one bag of !San Uamon. coco-
nuts was introduced to Numui Plantation, Papua, by Mr. J. C. Ilammett in 1019. 
When they first came into bearing the nuts were very big, but the yield was not 
very profuse; whether they did better later on is not known hero. There is no 
reeord of the in I rod iid ion of (ins lyj>o of nut. to the Territory, but it should bo 
introduced and tried out under varying environments in different districts, ns sonic 
of diese may give full expression of its yield capacity.

Genotical Abnormalities.
Tlio following geneticfil abnormalities wore recorded in a previous article on 

coco-nut diseases0"* as being present here. No palms showing gcnotical defects 
should ho used ns seed producers.

Yk l l o w in o  ov t h e  Pa l ms .
Gcuoticul chlorosis is known hero and oven in the host plantations palms 

showing a gcnetical luck of chlorophyll aro known.

Fe ma l e  Pa l ms .
Male (lowers suppressed; nuts often without embryos or with very little copra.

So f t  Co pr a  Pr o d u c e d by  Pa r t ic u l a r  Pa l ms .
Such copra does not euro properly and remains soft and leathery.

Br a  e c u  in  u a n d Tw in Pa l ms .
The presence of true branched palms with up to eight branches was first 

recorded by Preuas(*0) for New Guinea.

Bu l ml ipk h o u s Co c o -n u t s .
At least eight investigators have recorded cuscs in which bulbihforous coco-nuts 

with deciduous and slorile inflorescences develop small leaves instead of flowers.

Le a k  Ba s k s Uk ma in in o  At t a c h e d t o  t h e  Pa l ms .
blither on the whole or portion of the trunk. ' .

He a d Dr o o p.
This was record in  i as u suspected virus disease in the artiolo tuentionod 

(xcc pages 71-7G) and it was suggested that it would be definitely unwise to select 
seed coco-nuts from areas where “bead droop” is prevalent and that seed nuts 
even from good palms growing close to u palm suffering from this conditiou should 
Ih * avoided.

Gu mmy  Le a k .
This is a condition common at Witu and other parts of the Territory whore 

the piunulcs (leaflets) of the palms remain held together and depressed to the 
midrib. Such palms produce hardly any nuts and should bo avoided in the same 
way us “ head droop ” palms.
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This is another common malady in coco-nut palms here. It is 1 
mainly present in weak-growing palms which lack vigour. Soot I uuu from such 
palms should ho rigorously avoided as they nevci become good, healthy palms.

C0N8TKICTED NUTS.

The liutM Ix'come constricted in the (rentre. are very pointed ami do not fill 
properly which is probably an hereditary dofoct.

PLATE IX.—COCO-NUT PALM.

Showing teadcncy to 44 Frond Choke ”.

Coco-nut Varieties.
<)ntai ' *** nays that in Singapore island fourteen different races exist, twelve 

ditiering from each other in the nut, and two differing also in growth. Tho 
Malays have named four tyjK-s from which most of the Singapore copra is made— 

Ivfdapa bulat ” (roumi coco-nut), “ Kelapu l>c*ur ” (big coeo-nut) and 
Kelapu jautong” and “ Kölapa sapang” (both heart coco-nuts). Another 

common race “ KSlup* laga ” is too small for copra, lie mentions two rare types 
* m-laPa n*.P*J* ” an<J Kclapa hyau ", which promise big yields of nuts suitable 
for copra milking, and also the dwarf coco-nuts “ Kelapu puyoh ” (quuil’s coeo-nut) 
which i* green and the “ Keltipa gliding ", the eonunon yellow dwurf.

^^/C



Other aut’* with -|xvial use# mv “ Kblapa dadoii ’’ («Mini coco-nut) which, in 
■ bout pur cent. >>f nuts, litis detached granules of eudosjHinu iu the milk and is 

«•»ton with sugar as a delicacy. “ Kelupn kilning” (yellow coco-nut) lias more 
sugar in the milk and is reserved for eating while the nuts of “ Kclapa loji ” arc 
eaten young. (Knees similar to these are present in New Guinea.) “ Kclapa
"augi” < fragrant ....‘it mitj with a scented meal and “ Kclapa sokoi ” tho shell
nl which is fancied for cups. UurkilP"* says there are twenty races recognizable 
nt Kuala Kangsar, Malaya.

Stockdale*“") has described nineteen varieties from Ceylon which «re said to 
lie distinct- from each other in respect of external features such as nlia(H) and size 
of nuts. Knur were said to Ur special types, namely, the “ tembili ” or “king” 
eoeo-uut, the “ yellow gon-lemhili ”, u large imported nut resembling tho large “ San 
Kiimon ” which was also described, ami another imported nut. The others were 
divided into nine main group.- from detailed measurements and other particulars 
taken. Copeland"" mentions the “ Sau Kaiiiou ” mil of the Philippines as being tho 
eharacteristie palm of the Sau Kamen district which lias been distributed to all 
parts of the country by their Government. Ifo regards tho “Laguna” nut ns the 
ordinary coco-nut of the Arehipelngo as a whole and it appears comparable with 
the typical ordinary coco nut throughout the world.

Copeland and others have listed amongst other varieties “Coco niuo” or 
'* ha by eoeo-uut ” from the Philippines which produces fruit at the age of four 
years, when the trunk i- so short that the nuts can l*i collected for several years 
by a person standing on the ground. The “ Pugai ”, a very dwarf nut, is also 
mentioned, with a diameter of about 7 e.m. when husked. This fruits in throe 
years and the very small nutg arc used as curiosities.

lie says, “ihm as clear cut and distinct as arc tho ‘San Kam on ' nut, the 
‘ Kaguna ’ nut ami the two dwarf forms, when only these four forms are 
considered, n would prohahls not he dilliciilt to collect in the Philippines an 
unbroken series without a break of 1 millimetre in diameter which would connect 
tlie largest and the smallest nuts and an equally perfect series could probably 
be found iu other countries”.

There is variety iu the Philippines which although not tho saute is not 
unlike the type found in the western islands. This variety, known as 
“ Makapuno”, has no cavity in.-ido the hard endosperm, hut instead there is 
mode»*«fely light luit still firm tissue Idling the entire interior of the nut. Such 
nuts do not germinate, however, and may lie produced on the pulins, part of which 
produce ordinary nuts. A similar nut is found in Java and in both countries it is 
valued as a delicacy. One hundred nuts of this type wore recently brought into the 
Kotanie Gardens. Many oilier varieties have l*con described, c.g., with extremely 
hard shells, usually thick husks, soft cndo»i>crm, blackish green husks and so 
on. It is not known lor certain how the variations in typos found in one country 
compare with those found in another, hut there do acorn to bo varieties which aro 
common to all parts of the world.

if unter and LeakeC“) writing on this subject say, “ that tho number of coco-nut 
varieties lias not been accurately determined, partly because of tho difficulties 
inherent in any such determination in the ease of u plant of such wide distribution 
and with so long a life, And partly because of the lack of genetical purity, due to 
.ue tact that eross-fertilizHtion takes place normally”, Wester. 1920Att4) 

.1638.—4
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enumerates «vor 50 names, many of wliieii are no doubt synonymous, but be has 
by no menus exhausted nil the lyjM’s available from all parts ol the world. The 
most distinct variety is the* dwarf coco-nut, but other very distinct types are 
known. There is a variety present in New Guinea whose; appearance und behaviour 
would surest an entirely different hereditary and chromosome complex. The 
Iyjm• referred to is widely distributed and has Ixten seen by the author in New 
Britain and Buvoiigui Islands. It has also been recorded from Buuguinvillc 
I-land ami is undoubtedly present on the muiniund. This coco-nut is well known 
to the natives who relish the edible husk. The whole husk as well us the 
interior of the nut is edible until a late stage of maturity and is sweet and said 
i<> be palatable although it turns red in tin; month. The variety with sweet or 
sugary husk is enlled “ Tu hau ” or “Cnyatno” in the Philippines and “ Kelupu 
'lehn” in .lava. It should not be confused with a variety found in several parts 
of New Guinea w hich has a more sugary endosperm or kernel and is thus especially 
prized by the natives, such as in the linen Gulf area and in purls of Bougainville.

it appears to the author that this is really u genotieul ubnorniulity, and that 
the whole edible portion consists mainly of a proliferation of soft terminal cells 
from tin; llower branch, auch us is seen on the true growing point of the palm 
itself, which is aNo much liked by natives and bus been named by Europeans the 
“ Millionaire’s Salad M. Coco-nut paints which produce almost entire leave», 
branching coco-nut palms (ono growing on an island here, stated to have five 
trunks; palms with tip to ten stems have* been recorded elsewhere) and those palms, 
which produce female llowers only, tire probably mutations (sports) which on 
crossing should behave as mcudcliun characters and be inherited in distinct ratios. 
There is also the possibility of an a horrent number of chromosomes being present 
in siieh eases which lead to abnormal developments.

Tltcro is a distinct field for a good cytologist who could study tlm cell structure 
and tin; chromosome number and behaviour of such off-type [»alius and thus 
learn much which would bo of value to workers studying pollination and fertiliza-
tion problems, or to those engaged in coeo-unl breeding. One ha» only to turn to 
the value of such findings to workers on tobacco, maize und fruit studies to know 
how valuable cytologic«) findings can be in elucidating difficult problems. As far 
as it is known the only investigation on the nuclear constitution of the coco-nut 
was conducted by Santos, H)2H,(b;*> who finds that the haploid number of 
eliromtiaoiiiea present in the germ cell is sixteen.

Several true branched coco-nui palms have been described by Euul i’reuse, 
11)11/*°^ from the mainland of Nev. Guinea and he includes u photograph of one 
paint from Matty Island with six stems. In his hook he also describes six coco-nut 
varieties from Samoa und says (hut there arc at least ten or twelve varieties in 
I he Jiiamurck Arehipelago und mentions a dwarf red variety ns being present here. 
Branched coco-nuts are still known in some of the outlying islands of Now 
Guinea.

Dwarf Coco-nuts,
ll is pointed out, however, that the green and yellow varieties of the dwarf 

coco-nut I rout AI a lay« were introduced in und have boon iu bearing for
some time at Keravat. They have also been tried out on a small scale in outside 
ureas.
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Handover*2^ expressed the opinion that, the Malayan dwurf rucc known ua 
“ Nyior gliding ” first originated as a sport, or mutant in Java. Ollier apparently 
<1 ist I net dwarf rares »re known in the Philippines, Fiji, Madagascar, Ceylon, 
Maldini and Nicolmr Islands. The above authorities*31* from observations show 
that the dwarf coco-nut from Ceylon is quite distinct from the “ Nyior gnding ” 
and they give reliable descriptions of the two types together with (lie Philippine 
dwarf variety, *•('<.«•<> nino ”, which is also a distinct type.

In Fiji dwarf roeo-nnls are liciug grown and the Malayan dwarf has been 
crossed with the local dwarf coco-nut called 11 Niu luka an example of liydridiy.it- 
tion. Some of the resiilljtnl selections liear coeo-nuls lxd’ore the spathes rise ul>ovo 
tlie ground. These should provide very interesting material us they have been 
artificially eroded and re-selected. Investigations on this cross show that it is 
liable to cross fortilixulion in Fiji.

With the idea of selecting superior dwarf palms from this cross, uoco-nuta of 
individual palms wore submitted io chemical examination in their first and second 
years of bearing. It wan found that the weight of incut per nut varied from 
d6l.4-.ol 1 grams on a wet basis, while the |>ercentugo of oil per nut (wet basis) 
varied from 2d.70 per cent, to 119.92 {»or cent., hence considerable variation in 
these elm motor ist ies was apparent.

So far the cultivation of dwarf palms has not spread here although it has 
been tin* subject of many inquiries to this Department owing to its reputation for 
high yield in Malaya. Yields of around 30 cwt. to the acre arc obtuined under 
.'(•me conditions such as at Chersonese Estate.

Pk o IMICTION OK Dw a KFB AND Ta I.LS COMJPAKfc.il.

The figures for dwarfs are average from six estates—after Juck und Sunds.(32t

Dwarf*. Talk.

Number of jwlma planted per acre 90 48-55
Cro[>s in pikul« per aero 4tti year 2.2!» . .
Crops in pikula per aero 5fch year 6.10 .5
Crop« in pikul« jicr ao.ro Olh year 7.52 3.00
Cropw in pikul« jior aero 7l.b year .. .. 9.24 4.00
Crop* in pikui« per aero 8th your 11.68 6.00
Prom JOt li yt»r (wtimutml) 13.OG 8.73
Number of nuts per pikul of copra (mainly yellow) .. 500 251

Number of nuts por pikul of copra,—average of two
(approx. 9430 per ton) (4230 approx, per ton)

482 251
estate* (mixod dwarf palms)

Number of nut« jier pikul of copra—Groou race only
(approx. 8118 por ton)

(estimated) 430 251

Wcij/ht in ^rniiimoK of mpm per nut lo noarOHl 10
i*nuiiniCH 130 268

Number of nuts |>or palm per annum (condition»

(.29 lb.)
(4 68 oft.)

(0.30 oa.)

favorable)
Production of copra in pound» j»er palm per annum

»0 50

(favorable condition«)
Production of copra per acre por annum in pounds

25 32

(favorable condition«) 2,260 1,000

A vor«m<r oil content <>f copra -* 04.78 per coat, and 7.74 por coat (moisture).
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A r«*;i -I 1.0.*» acres. I >atc planted -P.)2U.
I Mauliug distance- 22 !’<*«•* x 22 fit*! square giving 1)0 palms to tho acre, but 

owiii|* tc. tlio fact that bund* and channels arc iueludod in the planted 
aereage tin1 total h u h iImt  of palms is only .'1.4SK und the average number 
id' palms per jtere ju*t under So.

Varieties—

1 )warf “red” .. 3 palms.
1 )wa rf u greens ’’ . • 90 palm*.
11 w il rf “ yellows ” . . 3,3!)!* palms.

Y I'M. Nh imUt  of lint*
|

Average rniinlK-f of | Copra )»cr acre lii 1 Nuinlter of nut* j*r
lutivrvtai. i iu U par palm. picul« picul of copra.

• — - — . . i . i. _____ ... — --- " ..............

1026 104,630 56 7.83 604
1020 .. 1 236,300 67.6 0.64 600
1027 209,876 no 7.24 707
I02S 386,876 m 14.33 646
1020 .. | 236,444 67.5 8.96 602
io:»u 309,050 14 Hi 14.88 692
1931 .. I 371,646 100.6 14.93 690.
1032 .. ! 345,208 99 15.18 631
1033 514,091 148 25.99 467
1934 470,028 136 23.66 461
1036 631,219

1
162

I
27.60 458

No t *.- -1 picul «t -- I33J 11»*.

Intensive irrigation wan introduced in 11)31 and fewer null* were required 
per pieiil of eoprn in 1032. In 1933 and subsequent years, yields have been 
phenomenally high and the nuts have been very much larger than formerly.

In view of (be results already recorded, the writers feci justified in anticipating 
potential yields of at least 30 piculs of copra |>or acre from the new area described 
aIh iv c planted witb “ dwarfs ” in IDJt.'i, and abo the area it is intended to plant 
this year (1U3G) wit it the same variety making the total of 1)24 acres.

l/cuni»x,'aT' a vi-iling scientist from Hawaii, informed this Department that 
dies have Irt'iuing dwarf roeo-mit» in that country which fruit lief ore the sputhes 
are much higher than the ground level. 'Phe Maugipod variety in the Philippines 
is also said to prodttcc fruit when the tree is so small that Äm cluster rests directly 
on the ground. Malayan dwarf coco-nuts have been tried iiV Papua and according 
to "Moody, Inspector ami Instructor of this Department, wdio was resident there 
lor some time, they came into bearing and yielded well, but tlm copra was 
inclined to be leathery and not quite such good quality as the product from 
ordinary palms.

The utility of dwarf pulms to New (iuiuea conditions is not yet apparent as 
tins variety i- far more particular in regard to soil conditions where it is grown, 
than is the ease with ordinary coco-nuts. The growing of dwarf coco-nuts here is 
only in the experimental stages and it would take u long time to build up sullicient 
material for planting on a large scale. Copra from dwarf coco-nuts grown at 
Kommt Iik n been cut and dried at Kabairu Plantation, but did not produce such



;i good sample as ordinary copra, lieiii'g softer and more pliable. Seed uuU> from 
Kora vat wore planted out at intervals on higher ground at the hack of that 
plantation. Seen as young palms they do not appear to be nourishing yet on this 
light r&thcr pu macrons soil.

ii may Im * «»I* interest to record that one natural dwarf mutant palm was 
Men along the ivokopo mild done to Unban I, beforo the recent eruptions.

What would lx? more surprising to a great number of people here is to know 
that dwarf palms yielding reddish nuts are grown in many native villages along 
llm Aitapeeoji't on the mainland of New Guinea. Wood, Inspector and instructor, 
staled that “the natives themselves indicated that the mils first eumc through from 
the Dutch border in the course of their usual trading”, lie noticed that in nearly 
every village a small number of these nuts were grown alongside the tall tints and 
were yielding profusely. Kor some reason they are usually “ tumbu ” (forbidden) 
to the native “ Marys” and only tins boys cal thorn. It is prohuble tliat these are 
Malayan dwarf coco-nuts originally sent to Dutch Now Guinea. Those art- 
now being grown in villages K>0 miles from the Dutch border. It is easy to 
icali/.e how similar planting material could huvo been spread by natives liefere 
tin* advent of white man here.

As these nuts appear to be flourishing under the local conditions they should 
form a good source for seed supply. Some intermediate types present at Aitape 
show the chances that some crossing with tall pulms has occurred. It. has been 
rtgted that though the yield per plant, despite the number of nuts borne, is less 
than that of the tall variety, the larger number of palms curried per aero more 
than counterbalances the deficiency. Dwarf coco-nuts are earlier maturing than 
tall coeo-nuts and produce 700-900 nuts per acre from the more closely planted 
palms, hut it takes approximately H,00() nuts to the ton of copra. When the con-
ditions are exceptionally favorable the yield of copra is fur greater than from the 
full palm, but the yields arc unsatisfactory where the soils are unsuitable. While 
in Malaya the author was informed tiiat tho dwarf rod nuts are very sensitive to 
unfavorable conditions, but thut they give a very fine yield where tho circumstances 
urc ideal. The copra and oil arc not so good as that derived from ordinary palms.

According to .lack and Sunds*”* the average period which elapsed from 
planting to flowering of dwarf coco-nuts, in Malaya, was for yellows, .‘I years, *SG 
days; reds, 'Ö years, I0.r> days; greens, li years, «lays. The green types
commenced flowering at uneven periods which was thought to be due to the greater 
genetical impurity of the strum.

The germination results of the second generation of nuts showed that, in 
respect of colour of the young shoot» und subsequent growth, they were apparently 
true to tho type of palm from which they were taken. This suggests that they 
are self-pollinatod and breed true.

Mr. Murray, Director of Agriculture, says that during several visits to Malaya 
he found tliat opinion* varied regarding them. The manager of ono large estate 
had several hundred acres under dwarf pahns, but he considered they were most 
unreliable and very variable as to production, even in the same field.

Deferring to dwarf coco-nut i in their “Consols of the Kast ”, Smith and 
Pape*581 stated that two estates, Suugei Xcpup” and “Clmah ”, in Malaya have 
500 acres of the “ Xyior gading ” dwarf coco-nut* in cultivation. These plantations
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;iif in tlii' < ‘nil I l)i>Hu'| ul Xcgn Sciiibiliiu. The young trees which wer»; planted 
JO feet x 2-1 feet, giving 1M» to iU<* am*, are doing well. Preliminary expenses wort 
rather heavy owing to difficulty in procuring seed. The palms should come into 
(tearing in aboni fouj years, whi'ffi means not only a shorter time und loss expense 
on upkeep la-)on- revenue is obtainisl, hut »1st, a quicker return on money invested. 
It remains to !><• seen whether these advantage* aiut the probable higher yield oi 
nuts per acre will eompensate for tin* greater expense in husking, Are., per lb. 
of copra obtained.

(’lierxonese Estate in Perak, Malaya, is exceptionally well suited for tin.» 
variety and after the experiments carried out by the late manager, Mr. II. 
tVurdlaw,""1 it was intended to plant another large area.

Soil for the dwarfs should be of heavy nature though pervious to water, und 
provided that the siih-siirface water is moving a comparatively high water lublc 
I» no disadvantage. The area in Chersonese I'is lute under “dwarfs” is oil a 
peninsula, tin* sea on one side and salt water river on the other. The land is 
all banded to prevent Hooding with tidal waters (the tide averages a rise and fall 
of 3 feel) and provided with drainage and irrigation channels, water gates to be 
opened or closed as necessity urisos. This system has resulted in u considerable- 
increase in the size of the nuts.

Cooke and .Jugoe(,i<l> huve shown by experiment that the copra from dwarf 
palm nuts is of inferior quality to copra prepared from ordinary tall palm nuts 
in u good kiln, it is difficult to prepare hard copra from dwarf coco-nuts ami 
usually a large proportion of wrinkled, distorted, rubbery copra is produced.

SUMMARY OF KKSULTS.

Copt* ex—
Appearance 
(la order).

CurceiiU«« of 
robbery pieces.

£uU i «I pic ill fci
OUfJf».

Tall nuts Good 0-1U 200-284
Grwcn dwarfs . . Fair .. 10-30 350-370
Yellow dwarfs .. Poor 18-80 477-6G7
Rod dwarfs Very poor 50-92 370-513

They also concluded that the dwarf palms appear to fuvour a soil stitfer than 
that which is most, suitable for tall palms and require greater attention to drainage 
and respond rapidly to improvement or deterioration in conditions. While very 
remarkable yields are obtainable ut an early age if conditions are favorable, in 
most instances yields arc only fair, or poor, because the conditions do not suit the 
exacting requirements of the dwarf palm. Early in 1933 they stated that 
“information had U*cn received from estates with both tall and dwurf palm 
cultivation that, at least for ihe immediate future, only tall palms will 
lie planted in new areas or as supplies, even though in two instances yields were 
good ”.

Dw a b k  Co c o -n u t « in  Sa mo a .

Hamilton and (1 range1 ~r,) referring to dwarf varieties for Samoan condition* 
stute that “ seven varieties which bear at an early age ure now under trial a* 
Vailele Plantation, having been obtained from the Agricultural Institute.



I timeu/org, .Java. A further type was observed under iriul ul the Central 
Agricultural Slut ion, Nnvuso, Fiji. Hero an attempt is Ixdng made by crossing to 
combine tlic Ik !k I qualities of the Malayan dwarf coco-nut with those of the native 
dwarf “ Niii lcka ”. The Fl progeny shows considerable variation and the Fii 
generalion may he cxjiuetcd to «how further segregation. The “fixing” of a 
desirable type is likely to be a matter of some diiiieulty. Some of the Fl progeny 
have commenced bearing at three and a half year« from the time of liarvesting 
the parent nut. The experiments will Ik * watched with interest, and as soon as 
ihr work progresses to a miitable sluge, projmgnting material should l>e obtained 
for trial in Samoa, It is unlikely that under present plantation method;» these 
dwarf varieties will liil any useful plan* in plantations, but owing to their rapid 
U-uring they mav fill some place in the native economy under special conditions ”.

In Malaya it is said that the profitable U’aring life of the dwarf coco-nut is 
not ~o long as that of the tall coco-nut, which is an important consideration. The 
larger nuts from ordinary palms are decidedly more valuable than small nuts from 
dwarf palms, where two types of equal total productiveness are compared, because 
it costs us much to open a small nut us it does n large one. When a given number 
of smalt and large nuts are emu pared the copra can be manufactured more chcuply 
from the large nuts.

These detailed particulars of dwarf coco-nuts nro given l»ocause of the recent 
interest displayed in them by planters here.

The area at Kcru vat where these coco-nuts are growing is rather heavy and 
somewhat inclined to waterlogging in wet weather. The palms have fared only 
moderately well under these conditions so the Superintendent is going to try them 
on somewhat lighter soils. It is suggested that, it would be u good idea to establish 
irial areas on heavier soils such as at Lavongai (New Hanover) or on some areas 
nt Manus. It is not yet possible to give a definite opinion regarding this strain of 
nuts, but it appears that they will not U* suited to a particularly wide range of 
conditions in this Territory. The dwarf-red strain of coco-nut was tried out. by 
Germans at ifogudjim Plantation, and even though a couple of entire rows of 
these palms are still left they arc not utilized for their crop.

A few Malayan dwarf palms arc growing in native villages ut Witu, e.g., 
-everul at present at llalangori Village. At Lama Village, closes to Lama Planta-
tion which is u few miles from the former village1, there is one solitary dwarf red 
type of palm which is hearing most profusely. This palm is completely isolated 
ipu ii all except tall coco-mils, and the nearest, of these are about Ü0 yards away. 
Thus this palm is either completely self-fertile or else it is pollinated by pollen 
I mm tall palms. There is also one solitary dwarf palm similarly isolated amongst 
tail palms near Mein homestead about 2 miles from the palm described 
above which is the nearest to it. The yield of nuts on both of these palms is quite 
a- good as would be expected if they were growing close to other dwarf palms. 
The interesting fact, however, is that these palms were said by the natives to have 
|*ecn brought in originally by a police boy from the mainland, the nearest port 
oeing over 200 miles away at Madang. As this boy came from Aitape, it is likely 
that tin* nuts were originally derived from Dutch New Guinea. This is n good 
example of the human agency in seed distribution.



Leaf Development.
Copeland",J has» blulcii “ that in the Philippine« ihe leaves luke one and u 

iiuli’ year* from their Jirsi appearance until their lull development and that another 
one and a halt year a are required for fruits to mature in their axils. This period 
luuld bo expected tu vary according to climatic and outside conditions .

In the case of dwarf coco-nut palms it is stated'-'*^ thut “ the number ot lully 
opened leaves of ull ages, which form the crown, may vary from ~-l to dH in palms 
up to seven years old. As a rule there are from eight to ten expanded leaves above 
a spatlie winch i> fully opened ".

The rate of leaf development does not loilovv any set periodicity such as may 
be thought, as it is dependent on several variable cutises. It us less rapid in the 
u t season than in tiie dry {.canon and, lurtlier, there is usually also more leal lull 

m the wet season. When the palms are carrying a heavy crop of nuts leal 
development slowed down. 1‘iveli llm number of leaves juesent on one tree 
varies from lime to time and, of course, there is a wide variation m the number 
id' leaves normally produced by individual palms. The recent volouuic eruption in 
May last greatly alferled many thousands of palms, causing them to assume an 
umbrella shape, while in many cases only the central unopened fronds remained 
standing. Six months afterwards it is seen that in many cases, six and seven 
leaves nave developed to between hall and three-quarters ol their eventual si/.c. 
The indications are that many of these fronds will develop together almost within 
a few months of each other. If such were not the case these palms would take 
many years to recover instead of a couple of years as is expected. Of course, this 
may be the result of unusual circumstances, and the newly derived pumice soil has 
possibly forced the growth somewhat. Similar observations have been nuuio, how-
ever, after a lire lias passed through a plantation heavily infested with kunui, 
hn per ala arumli na< ea. The fronds may be almost completely blackened oil, but 
after a couple of years the palms may almost completely recover.

The rate of leaf development is directly related to the subject of this article 
because of the fact that it is so closely related to the development of the flowering 
branches. Since cueii leaf normally produces a dowering branch in it» axis, their 
appearance roughly represents the rate of leaf, development when those which are 
abortive are taken into account. As Sampsonhas dealt very fully with tIs: 
subject in his text book, it is not proposed to dilute on it. lie says that, “ if a tree 
is not thriving the rate of leaf growth ami length of life is greatly lessened 
compared with a vigorous tree”.

In regularly bearing trees the average number ol leaves formed in a year is 
about fourteen and a variation has been noted of from twelve to nineteen in the 
same year on different trees. In brief, it might lie said that all the factors which 
determine leaf development are related to fruit development, as the leaves arc 
responsible for the elaboration of the plant foods brought to them in the cell sap 
from the roots. A tree with a compact crown and a large number of leaves will, 
almost invariably, be found to be a regular and heavy cropper.

Floral Morphology of Coco-nut Flowers.
The >tructure of the coco-nut dower* (iloral morphology) is well known to 

botanists generally and has been dcserilicd in many text books and periodicals 
I ,vee ,l 31 M-r); thus it is not proposed to dwell on this subject except to 
present a general description in order to acquaint planters of the subject.



rin! and jiiij siolog \ 4/t the om-o-nut tlowui'n, a* well a> I ho deluded
life history of liu; Bowers uu«l fruit through all its stuges, are much lew known, 
but, nevertheless, a considerable amount of work bus been done on this subject. 
Coco-nut spullms arc formed in tlie axil of every leaf but are not always seen a« 
mature inllorcsecnees. All planters when cutting down palms have noticed the 
jircscncc uf abortive, j,eM permanently undeveloped, apatite* which could not. he

PLATE X. -COCO-NUT SPATHES.

Larly stag©*, »bowmg male ami female Bower».
Just opening (curiously, some anthers shedding pollen). B. -Spethe opened (male Bowers intact).

'•con cxlurnally, until the fronds were removed, This explains why the number 
n| spat lies produced doc- imi often correspond with flu* number of mature fronds 
seen. Sampson and others have described the spiral arrangement of tho fronds on 
the stem so that every .sixth leuf opens nearly above tho lirsi one, and this spiral 
mu\ lie right-handed in some palms or left-handed in others.
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I Mil ii tens arc. also well a war«; of the tact itmi tin* much-hmiichcd inflorescence 
im al. lir.'l contained will)in a thick, li broils sheath «'it11»*«I the ^pal lie, which in il> 
curlier life is in turn covered by an outer yellow, Hat softly-fibrous sheath. This 
outer sheath does not last long, being pierced at an early stage by the hard point 
of the inner sheath usually on tho ventral side facing the lower leaf. This latter 
emerges as a yellowish, llatlened cone which later becomes more tubular in outline.

PLATE XL-COCO-NUT SPATHES.

First two stages (same as above). Additional spathe showing female flowers receptive,
male flowers shed.

I’nliJ the spathe is fully grown the branched inflo-renoeuec is tightly comparted so 
that it is quite impossible for the flowers to open before the spathe splits. The 
whole inflorescence is known to botanists as a “spadix” because it consists of 
muny flowering branches (spikes) which are arranged in spiral fashion, situated 
on u fleshy, central-flowering stalk (jicdunelo). The development of the 
inflorescence within 'muses so much pressure on the walls of the spathe that it



very .slowly ruptures iongil tnlmally, usually on lint town- or veillrul »urlueu. 11 
u .said lo lake more thun one day before liio inflorescence iinully uiukes it» ogre»». 
There is usually a characteristic downward curve of tlic sputhe so that it acts as 
u protection on the young florets, besides remaining attached as a collur which 
protects the base of I lie main (lower stalk. It is common knowledge that the coco-
nut bears mule and female lluwcrs ou the same palm and, as u generul rule, in the 
same intloreseenee (known bolnnicuUy us a “ monoecious ” plant). According to 
Kurtqdo (loc. cil.)} the size of the whole inflorescence may vary from to () feet in 
length from tin* lip lo the huso. Kueli bramlilet is fringed with numerous male 
llorcts which are in some instances arranged in lines or groups of up to six or 
more florets in a row, hut in most case» much fewer are present. The female 
(lowers are situated lower down on the branches, and ail flowers are non-st a Iked 
I sessile or suh-scHsilo), l»*ing attached closely to the branches.

Ma l a ; Fl o w k k k .

Kni'h male floret has six yellowish floral leaves which are arranged 
allemulivciy in two whorls, the outer three being about one-tliird the size of the 
others. Within these are six hammer-shaped stamens whieli yield large quantities 
of powdery yellow pollen which represent the mule elements neceasury for the 
fertilization of the female flowers. In the centre of euch mule floret is a short 
column (rudimentary pistil) which at the nj>ex is divided into three teeth; at the 
base of each of these is a nectary, the nectar of which attracts insects, birds, Ac. 
The male flowers open from the tip downwards though at odd times a few flowers 
open out of order. The variable period during which male flowers on a particular 
spulhe are opening and shedding pollen usually represents the duration of the 
male phase for a particular palm. AldubaM) observed in the Philippines tliut the 
majority of male flowers begin lo open daily at about six o'clock und dehisce their 
pollen at about eight o’clock in the morning.

Kk ma l k  Fl o w  k ic k .

Hie female flower in its curly »luges, prior to its opening, 1» a small 
spherical, or slightly conical body, sometimes almost triangulur in shape, which 
often grows to more than inch in diameter, it has a great resemblance to u 
young coco-nut and this may give planters the idea that it is a fertilized fruit, 
despite the faet that the pistil is still so young and so covered up us to be 
unrCceptive to pollen. In the early days some investigators were inclined to 
believe that the flower had lioen fertilized, and the nut formed Ik *fore the 
inflorescence opened which idea was, of course, quite wrong. As is the case with 
the male flowers, there are six floral leaves which are arranged alternately in a 
similar manner. They are developed so as to enclose the pistil completely, and 
• nlirely hide the inner parts of tho flower until it has sufficiently developed as to 
Iwcomc receptive to pollen. These floral leaves are much larger and thicker than 
in the ease of the male flowers while, in addition, at the base of tho whole floret 
there are two short and broad attachments known us “ bracteoles ”. These are seen 
to remain attached to the hranehlot if tho young flowers happen to fall, ft is 
been use the floral leaves are wrapped so tightly around the female flower that it 
has often been taken for the fruit, .lust prior to the flower» becoming ready to 
leeoive pollen a small bulge of tissue, surmounted by a white nipple, is seen emerging
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Hum Hu tightly packed leaves. Tins is really ill*! tiji of the oval-shaped body 
run In I lird Ulllliu I In- leaves, which IS composed rlliclly of lissilo vvili«:)l will develop 
into tliu husk of the mature fruit. Some time after the inflorescence opens it is 
seen that the white nipple is divided by three equi-distant grooves which meet at 
the apex. Alternate with the. grooves are three bulges which extend right to the

PLATE XII.—COCO-NUT SPATHES.

sms®!

A....Includes earlier «tage« (m above). R.—Also *howa later »tage», illustrating development of
ymg feitilmi mit».

N.B.—Percentage shed compared with earlier stages.

huso of the ovary making it appear globosely three-sided. When the female 
flower is ripe the pistil is recognizable as a small whitish body, the throe short 
segments at the tip separate and stand erect as threo prolongations or teeth, thus 
exposing tho stigmatic surface on which the pollen must fall before the female 
flowers can be fertilized.
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Ihn stigma only become* h im: or receptive io pollen when the ovules lmve 
re.'telieij » certain .'•Inge of development. The complex .series of coll divisions which 
are associated with iliis development Iiotli in the pollen (mule gertn cells) and 
ovules ( female germ eel Is) rotnc within the realms of cytology und will not he

PLATE XJI.- COCO-NUT SPATHES

A. Include« earlier stages as above. B.~ Also shows later stages, illustrating
development of young fertilized nuts. 

N.B.- Percentage shed compared with earlier stages.

discussed here. ii i» sutiicicni to stute thui u receptive pistil cun usually he 
recognized hv the fact that mature pollen is adhering to it, while there is a shiny, 
sticky exudate containing *ugars ami other growth substances present. The pollen



gruins readily germinate in this medium and the pullen tube carries the mule 
nucleus down inwards the female nucleus where the two elements fuse and fertiliza-
tion llius occurs. The stigma ultimately turns brown and later black, due to cell 
eollup.-c, and can be easily recognized us u small, dark rounded area at the tip oi 
the young fruit. The six floral leaves do not develop in size, but form the group 
of '.mall basal leaves which remain until the mature fruit i> ready to drop. The 
ovary I embryonic mil) has three carpels containing ovules; two of these become 
abortive and thus finally only one nut develops as is seen in an ordinary coco-nut. 
In the few eases where two or three of these ovules develop we get bilocular or 

I ri 1o «*iilar unis as the case may l>o. Thus the planter can recognize a main reason 
lor twin germination or, in other cases, triple germination in the nursery. This 
type of mu may produce u palm with two or three stems, wliit’ll ease must not be 
confused with branched coco-nut palms where tlm branches come out. from a single 
stem.

On nearly every rachilla (flower briinehlet) one, two, three or five or. h i 
rare eases, as many as nine female llowers develop.

Botanists who are interested in a detailed technical and scientific account of 
the development of the ovule and embryo sac (fcmalo elomdnts) of (7oco.s micifera 
are referred to investigations on that subject by Juliuuo and Quiauinbung.**4) The 
>ollowing paragraphs of general interest are ipiotcd: “In the development of 
the ovule and embryo sue of Cocos micifera much time is involved. The internal 
growth of the axis of the flower must have begun long before the inflorescence has 
escaped from I he outer spathe and ovules arc developed after it has escaped from 
the spathe. The development of the female embryo sac continues and proceeds up 
to about the receptive stage of the stigma when it becomes ready for fertilization”.

Fall of Young Female Flowers, Confused with Nut-fall.
Planters often notice very small female llowers which have fallen to the ground 

and these are mistaken for young nuts. The presence of such female flowers on the 
ground is then referred to as nut-fall. Some investigators also assume that it is 
mainly fertilized llowers which fall to the ground, which, of course, is a wrong 
premise, as when female flowers fall in the embryo stages this is really a' form 
of “embryo abortion”. This full of unfertilized flowers may be due to causes 
other than those which are responsible for true nut-full as, for example, hereditary 
tendencies, faulty nutrition and su on. It is believed that as fur as coco-nut 
llowers arc concerned absolutely no work has been carried out on this important 
subject. In fact, prior to about- iblb, when Fredholm*1** corrected the view, it was 
customary for coco-nut planters and even 'some investigators to consider 
all female flowers even when they were not ripe to receive pollen as fertilized or 
ai least pollinated llowers. Some Isdicvcd that pollination occurred before the 
actual opening of the sheath, fn other words, the female (lower hud was mistaken 
for the young nut (fertilized ovum).

I'he young female flower, prior to the pistil being exposed, as mentioned under 
ihc description of the female flower, has u superficial resemblance to a young 
nut. The portion which is seen covering the female flower actually forms the 
basal leaf rosette at the base of the young nut, so it should not be dillicult to correct 
this view.



67

Development of Inflorescence or Spathes.
Th«: iiiilnifMM ne.i: initially lieg in* a» a minute prolrubcrauee at tüe axil of 

ilit* petiole. lim practical questions vvliieli are associated with the development 
of the inflorescence atid flower structure (floral morphology1) and which affect 
related problems of pollination and fruit setting, may he briefly outlinod us 
follows:

(a ) The jieriod from spatlu* dilfcreunation to flowering and other questions 
regarding bud differentiation (i.e., first «pjjearancc of tlm primordia), such as 
ehemieal ehanges, have not ln*en satisfactorily worked out for coco-nuts, ami this 
presents a held for research. Tim eomlilions essential to spatiiu differentiation 
would mil neuer I he whole yield of lints.

(It) The period front spnthe opening to receptivity id' the first female flowers 
to pollen has been worked out by Pierix**' in Trinidad, hut on a small number of 
palms only (eight palms about nine years old) and, under their particular coudi* 
lion«, he names the period as varying hcTwcou l!f and *J4 days. Marechul(4,) 
found that this perioil varied from ff to 152 days in “ Niu Leku ”, the Fijian dwarf 
eoeo-nut. and from ff to 25 days iti Malayan dwarfs.

trj The age or perioil of growth at which spalhua lirst uppe,ar. This 
apparently varies greatly as, for example, palms eomo into bearing much later on 
the heavier soils of Bougainville than on the light soils of the western islands and 
this period may range from four years in the latter to eight year« in the former 
environment.

h is also fairly conclusively proved that manuring young palms with either 
complete or nitrogenous manures brings them into iicaring earlier. Another 
jiiestimi which requires elucidation is whether it is possible to bring coco-nuta 
into bearing earlier bv using substances stieb as ethylene gas as is done with 
pineapples in Hawaii. Very close planting is known to dolay greatly apatite 
differentiation which is, undoubtedly, a question of competition for light and 
nutrient-. It is certain that usually the first spathes and the flowers which they 
b«-ar are abortive. 'Finis the perioil of bearing does not commence until some time 
after the lir.-t spatlie appearance in young palms. It is a familiar sight to see 
almost fully developed green nuts full from young palms and in many cases whole 
spathes of such nuts are shed. The tendency for this to happen is apparently 
mi »re pronounced in some young palms than in older ones. The chemical changes 
which occur at this stage also need working out as they should have a decided 
bearing on manurial mid pollination questions.

(d) The interval between the opening of one spathe and the opening of 
another was worked out by Picris/** on the same palms referred to above, us 
varying lietweeu 25-117 days. This period of roughly otic month agrees closely 
with opinions expressed by various plunters here, but more detailed observations 
are. however, necessary under locul conditions as this interval is very variable. 
\coording to Furlndo**8* a very prolific paint will produce twelve or more 
inflorescences per annum, or approximately one per month, hut quotes records of 
palms having produced sixteen inflorescences per year. The shortest average 
interval last ween successive inflorescences was recorded as twenty days for dwarf 
coco-nut* in Malaya.(32> Aldahn,4) in the Philippines, from observations on two 
«mull palms, shows that the average interval is 25 days. The effect of environment 
on the appearance of -pufjic..- is extremely great even on a single palm and in the



rinin>c «if a few mouths. Fetch/4*' Tor example, observing one palm ut i'eradeniya 
fouml intervals ranging from 24 to 58 days. He showed from observations on 
muuy palm* ilml the longest interval corresponded with the driest months while 
ihr shortest interval oeeurred in tin; hot moist months of their wot season. The 
intervals are governed hy many other factors und it is easy to conclude why such 
differences in behaviour have been recorded oven between palms of the same 
variety. In dwarf palms just coming into Injuring in Fiji*1* 10311, the number of 
spat In-» produced per palm per annum ranged from 4-1.*». These palms were very 
young as it was the second year nuts which were produced. Jack and Sands***4* 
found that the number of days between the opening of successive spatlies varied 
l'..r

(u) Yellow«—18.5 duys to 21.1 days.
t h) Keils— 10.3 days to 24.2 days.
(c) Greens—18.7 day» to 23.1 days.

The average for u normal dwarf race, therefore, is twenty days.
(»•) Period of overlap between the mule und female phases on the same palm. 

This refers to whether the mule flowers open or not while any of the female flower« 
on a particular palm uru receptive or ready for pollination. This apparently 
varies with the locality, climate and variety of palms and is a main determinant 
as to whether palms are liable to »elf or cross pollination.

Jack and Sands*3’“33* claim that the Malayan dwarf palm is normally self- 
pollinated in Malaya and that the male and female pbuscs definitely overlap. 
M:n»VlialHn on the busi» of his experiment» show» that ibis i* not the rule with 
Fijian dwarf coco-nuts, although in this variety he never obsorvod the male phase 
to end before the female phase began. Working on tall palms, it was found by 
Fetch in Peradeniya(4lk) that a period varying from three and a half to five weck» 
was required for the opening of ull the mulo flowers of an inflorescence; that an 
interval of two to live dayH then elapsed liofore the female flowers of the name 
inflorescence began to open. The female llowcrs ull opened in a period of from 
one to seven days according to the number present. ITo naturally concluded that 
self-pollination was impossible except for the rare occurrence of overlapping of 
inflorescences in the same palms. Information gleaned in 3uvn indicates that 
(here the female flowers arc usually receptive about one week after all the unde 
flowers have disappeared. According to .Tack and Sands*31* coco-nuts behave 
differently in she warm humid atmosphere on the lowlands%of Malaya. Thoro the 
length of duration of the male phase is curtailed, while the duration of tho female 
phase would appear to L»e longer in both tall and dwarf palms. The most, striking 
fact is that the female phase, not only begins, but most frequently ends before or 
ut the same time as the male phase thus rendering self-pollination tho rule, instead 
of being an occasional chance occurrence. The average duration of the male 
phase in dwarf palms eight years old was 21 days with a variation of from 15-24 
• lay», and that of the female phase was eight day». On Witu the author found 
in tall palms several male flowers open on spathes containing young female flowers 
which were practically ready for receiving pollen, although on other spathes with 
receptive female flowers the male flowers had entirely disappeared. This is 
probably a variable characteristic which may be hereditarily transmitted. This 
question requires much more detailed investigation as far as New Guinea is 
concerned.



(/) I'lic question of overlapping appcnrunee of male Mowers u ii mm spadix 
ami female (lowers on another spadix of the «ante palm, it appears that lhi.-> 
rarely occurs, although it would be a valuable genetical characteristic if present.

(;/) I’rofusmu-ss of male ami female flower production. Jt is a well-known 
fact that the lirst spat lies which appear on most palms have a tendency to produce 
male flowers only. It is known also that there is a docitied tendency for some 
palms to produce female flowers only, und for others to produce male flowers mainly 
at all stages of growth. These are probably hereditary characteristics which may 
l»c temporarily inllncnced by changes in environment such as excessive drought. 
The male flowers always exceed the number of female Unworn present in any 
-pal lie and may range from a small number to thousands, depending largely on 
tin branching of the spadix and the length of the branches which carry them. 
The dying off of the spadix branches from the lip is a common phenomenon where 
soil conditions arc unfavorable and in this way, the numbers of male flowers 
present are greatly red need. The female Mowers are produced in much fewer 
numlsTS, and are always produced towards the basal portions of the floral 
hrauchleH. One has only to look at any plantation to observe individual tall palms 
carrying some hundreds of small nuts and naturally such palms carried large 
numbers of female Mowers in the first instance. The profuse fruiting of the 
Malayan dwarf coco-nuts is another example of heavy female Mower production. 
Frond choked or poorly vigorous palms carrying no female Mowers at all are often 
seen and these represent the other extreme of shy production. All investigators 
have indicated the wide variability of female Mower production. Furtado*33* states 
that the number in a spadix may vary from zero to over .‘100, depending on the 
strain, treatment,. iVc.; whilst Sampson*6** records having counted up to 2.‘*5 
Mowers on om. spa I lie and that frequently there may bo from 100-200 (lowers 
present. In Fiji,*'* on crossed dwarf palms just coming into bearing, it w h s  
found that the number of female Mowers per spatlio ranged from three to 02. 
]*ierisf"0 made counts on 215 inflorescences in Ceylon and obtained a range of 
variation of from one to 02 female Mowers. IIu presents a table which shows that 
the frequency distribution is very symmetrical, and that more than 04 per cent, of 
tin observations lie 1st tween tbe limits of none to 44 flowers. Very little correlation 
was found ItHwcen the number of hrnnclilcts in the inflorescence ami the number 
of female (lowers. In Malaya*33* the number of female Mowers per spulhe carried 
by various dwarf palms was found to be as follows:—

Greens, 21.4; yellows, 1M.G; rods, 10.G in three years’ observations.

(/< ) IVriodieily of flowering and consequent bearing us related t<> season. As 
.slated before, there is evidence of tho spathe production being related to season 
in Ceylon; Sampson gives detailed records and a graph showing that there arc 
very definite seasonal ilnctualions on tho coast of India, and suggests a correlation 
with climatic conditions, but very prolonged and detailed records are still necessary 
to determine, (his point precisely. Marechalrecords a tendency for Malayan 
dwarf coco-nuts in Fiji to produce more fomalo Mowers in tho inMoresccnees which 
open from November to March than in those opening during the rest of the year. 
The question of periodicity of hearing and alternate bearing as related to hereditary 
and environmental conditions needs much more work.

:ui.v —5
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The Nut.
Planters arc all familiar with the structure of the coco-nut, which has also 

hern described many times in hooks on the subject (<;b/<: Sampson ami others). 
Botanists in general regard the fruit of the coco-nut j>alm as a “drupe” and not 
a nut, as the term so widely used applies, it, consists of a smooth, tough, brownish 
to greyish cpicurp (the smooth surface); a fibrous, mottled, brown mosocurp 
(husk), and a hard, thick, brown emlocarp (shell) within which is the endosperm 
(kernel) enclosed in a closely adhering testa (skin).

Juliana*™* has written a careful technical account of the origin, development 
and nature of the stony layer of the coco-nut as well as an account of the develop-
ment of the spadix, the female llower and the fruit. It is not proposed to deal 
further with the morphology of the fruit here, as detailed accounts are readily 
available. It might he pointed out, however, that long before the time of fertiliza-
tion the emlocarp (developing stony layers) is already differentiated as a soft, 
creamy white structure surrounding tli£ loculi.

Age of Bearing.
Tim age at which palms come into bearing is definitely variable, and is largely 

correlated with soil and climatic conditions. Strain also does have a decided 
influence in determining at wlxat period young palms reach the bearing age.

In any young plantation it is wen that certain palms come into bearing 
much earlier than othors. As for example, it is seen at Keravat that certain young 
tall palms, not mmc than three years old, have thrown out spathos and arc bearing 
voting nuts while the surrounding palms in the same area show no evidence of 
fruiting whatsoever. It is this variation in maturity which should allow of tho 
Delation of early maturing strains such as is mentioned in the section dealing 
with coco-nut breeding. Dwarf palms usually l>egin to fruit in their third or 
fourth year and reach their best at about tho fifteenth year. A tall palm usually 
commences |<> fruit somewhere about the fifth year, and probably reaches the stage 
of maximum production iu about tho 20th to 30th year. Tho stage at which 
palms romo into hearing here and roach their maximum production is very 
variable, ns palms grown in the light coral soil of the western islands commence 
fruiting earlier, and go off earlier, than palms in the heavier soils of Bougainville 
Island. On heavy soils palms ofton do not commcneo fruiting until a 1 tout their 
eighth year, which means that the period when they come into profitable production 
is around the twelfth year. Many palms growing on soil-exhausted areas here 
are definitely over their stage of maximum production before their 40th year. 
Palms GO years old under favorable circumstances show no sign of falling off. 
How long they remain fruitful is not known, but it more than exceeds tho century 
mark.

Palms which are closely planted, such as in native groves, are ofton ten 
or twelve years old before they commence bearing properly. All other things 
being equal, the sooner the palms come into Waring the less cost is involved in 
bringing a plantation to tho bearing stage, which is a most important 
eonsideral ion.

Palms coming into the stage of maximum maturity have been noticed to 
suffer a physiological setback, and this has been scon in scattered parts of New
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(biiiiea on Severn I occasion». This often affecU the production for two years. 
Tins eoudilion has :iI o lin n reported from Malaya, and is most prevalent on 
••eilaiii types of .soil under particular climatic conditions. This occurrence has 
1»**1*11 mislaken hy eerlain planters for a new disease. It must l>e remembered 
that jm I ms reaching the. hearing stage are at a physiologically critical period. 
The fruiting places an e\lra .strain on the plant, which becomes apparent when 
I he eoudil ions are not entirely favorable. The character of the soil and the care 
host owed causes very pronounced differences in tbo development of the young 
plants, which, in turn, influence the time at which the palms come, into bearing. 
\l. six lo eight years is i|iiite a reasonable time to expect tbo palms to produce 
their first crop of mils for copra production, and at about ten years they should 
reach the stage of profitable production.

The following report on Orangerie Bay fiovermnent Plantation, by 
Sianifortli-Smith, in the Papua Annual Keport,^‘> supplies very good figures 
on ,*t plantation coming into hearing. “The area of 591 acres planted IsTwecn 
1912 and 11)14 yielded this year (1023-24) 238 tons of copra, or slightly over 
,s ewt. per acre. The area of 329 acre» plantet! between 1914 and 1918 was then 
coming into profitable bearing, and yielded 35 tons of copra. The estimated 
yield for 1924-25 is 300 tons.”

— 1017-1«. ms-io. 1010-20. 1920-21. 1921-22. 1922-23. 1923-21.

Acreage collectwl from .. 74 :i.r»o 500 000 000 • 000 080

Xtit* jmt  treo 1 .0 0 13.5 10 28.1 37
Copra j» i ju re in t \vl. 2.02 2. !K> 3.0 0.07 7.00 8
Nil»'» |MT toil A,002 5,132 5,034 5,181 5,484 5, IGO
Tons ol eojiri* .3 17.35 74.17 lull 182 230 273

Total number of nuts, 1,000’m <;. o 107 379.8 548.0 943 1,201.3 1,408.7

Natural Nut Setting.
Tbo percentage of flowers forming mature nuts is governed by all the 

cultural and environmental factor» which affect the growth of the palms, wich 
as climate, cultivation, <£ro. The question of hereditary variations in the number 
of mature nuts produced by coco-nut palms lias been dealt with in discussing 
seed selection.

In addition to (lie general condition of the palms the factors governing 
cross-pollination and cross -fori ili/.ation greatly influence the proportion of mature 
nuts set compared with the original numbers of tlowcrs produced, and require
chicidnl ion.

As late as 1929 OlioeHcmaii(*> indicated that the information available as 
lo whether palms producing numbers of female flowers necessarily sot a large 
proportion was limited to a statement by Sampson to the effect that some trees 
never produce a large number of female flowers, but at the same time set a 
high proportion of them. The result is that the cropping is relatively steady, 
whilst other palms are very irregular in bearing. Since that time, however.
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I’icris'^t having noticed that the number of female flowers on the intiorcsecneo 
varied within wiilc limits, calculated and showed that the nuiulicr of ripe nuts 
produced showed u definite positive correlation with the number of female flowers 
produced. This was not so high, however, as would he expected (-f-0.04). lie 
showed Ihal for fairly small number/) of female flowers, say, below lit), the 
correlation is fairly close, but for larger numbers of female flowers the numbers 
of nuts produced are not always correspondingly high, lie concluded, however, 
that it would he safest to select palms whose upper immature inflorescences display 
the largest number of buttons. Sampson says that fruit is projierly set about 
.Ml days after the llower has faded.

It has Ih -c u mentioned elsewhere that the number of nuts home to maturity 
depends on several factors. A number of young nuts fall due to competition for 
nutrients, or because of lack of fertilization altogether. Lever and Phillips4 
showed during their work in the Solomon islands on the relation of I lie 
“ Amblvpelta ” hug to nut-fall that 70 per cent, of the nuts fell in eases where 
the insect was included, which moans that approximately 30 per cent, of the 
mils matured. They also found that the natural nut-full in the field was estimated 
at two thirds of the m»ml>er of female flowers present, which closely agreed 
with the ratio obtained inside cages which were designed to exclude insects only, 
it can he calculated from figures given by Pioris in Ceylonthat he obtained 
an average of a 34 per cent, natural set, which agrees closely with the results 
obtained in the Solomon Islands. In his experiments the mean number of 
female Mowers present in 23(1 eases was 20.02 per spat he, which set an average of 
G.s nuts (34 per cent). One of the highest percentage sets recorded was where 
one spathe with 2S female Mowers set 25 nuts (nearly 00 per cent,.), while on 
the other extreme M female (lowers set three nuts, or-3.5 per cent, approximately. 
The highest number of female flowers to he recorded on any one spathe was 110.

Sum]>sou says that “normally the number of female flowers which set will 
he about 25 per cent, of those present in the first instance, while it may rise 
to .Ml cent, in the ease of trees which form a large proportion of fruits. On 
25 trees ligures showed that the percentage of nuts set to female flowers present 
varied from D-34 per cent, according to season, with a general average of nearer 
20 per <*cnt.” hi crossed dwarf palms in their second year of bearing in Fiji,0* 
it was found that the percentage set of female flowers ranged from 10 per cent, 
io 100 per cent., while tlie final percentage of mature nuts which resulted was 
from 7 per cent, to 1) per cent. Those results are hardly comparable with what 
would occur on mature palms; further, it was found that the coco-nut spike moth 
TiratlmJm Irlrhoi/nimma was present and destroyed from 0 per cent, to 17 per 
cent, of the female flowers on individual palms.

Jack and Sands*3*) made the following observation* on the natural setting 
of dwarf palms: “ Tho percentage of fruits to flowers remaining at two (2) 
months wa* for 'yellows’ 3N.30 per cent., ‘reds’ 53.2 per cent., ami ‘greens' 
20.4 per cent. Subsequent losses of fruit amounted to 5.7 per eent., 5.4 per cent, 
and 4.2 )K*r cent, only, respectively. Tho high percentage of infertile flowers 
was not due to insect injury, but rather, it is thought, to imperfect pollination 
or absence of viable pollen in unfavorable weather. Tt is possible that tho failure 
of tho development of a certain number of young fruits may be physiological.”



Tim selling of a standard for a good percentage of mil molting compared 
wii.lt litt* iiiiiiiIn m 1 of female (lowers present on any series of coco-nut palms is 
dilliciilt to establish owing to variations caused by season, environment, &c. 
Owing to the relatively few femalo flowers present on most spatbes a satisfactory 
percentage nalnral sot of coco-nuls slionld apparently be high so as to provide 
a satisfactory yield, c.g., Ih jLw c c u  2U per cent, and .‘J5 per cent. This indicates 
dial opliinitni pollination conditions arc very important; and also where palms 
are «tuHering from chlorosis, soil exhaustion or bad drainage, this jierconlago 
would be greatly lowered. If it is assumed that Ibe comparatively large number 
of ijou female lluwer.s is preseul, and that such a satisfactory percentage of, say, 
;!(/ per cent., (lowers set was obtained, this woidd mean thut 00 nuts should be 
carried to maturity. This calculation gives sonic idea as to why heavy bearing 
palms arc in the minority and selection is necessary.

Agents of Pollination.
Tetch stated“that coco-nuts depended on cross-pollination by insects, 

and probably also by the wind.” lie considered that bees and hornets, which 
Iced greedily on the honey producod by both the male and female flowers, were 
IIm chief visitors to (he coco-nut flowers, lie said that “the ubiquitous ant, 
though it revelled in the nectar of flowers, was unlikely to assist in cross- 
pollination, or even to have access to the pistil of the female (lower nt. all, I banks 
to the natural protection alTorded by its ring of nectar at the receptive period.” 
It must In commented licro that ants do not always visit flower spatbes to collect 
nectar even during the receptive period, hut also to collect the honey dew 
secreted by species of mealy bug and aphids; at least that is the case in New 
(luinea. (Sec also Furl ado’s(23) remarks.)

The late \\\ \V. I'Tnggalt in Ii) 11 makes the following reference U» insect 
visitors to coco-nut flowers: “The coco-nut appears to be comparatively free 
from destructive insects when flowering and fruiting, though when the male 
flowers hurst into bloom tlioj' attract a number of flies, bees and wasps; but 
these arc more beneficial than otherwise, ns they help to distribute the fine, 
dust-like pollen from the male spatbes to the female spatbes, and aid in their 
fertilization.”

On the question of natural pollination Mareehal<4d agrees with other workers 
ili.it both wind ami insects play a part, but regards bees as by far the most 
important pollinating agents as to lx* essential for high production of nuts. 
The role of hoes is still highly questionable under New (iuiriea conditions, hence 
ii is seen that more local ex|>eriiuentntioii is desirable. According to Fnrtado,*”) 
Jrpson, who paid special attention to insect visitors to coco-nut flowers in Fiji, 
bad earlier expressed the same opinion and attributed the dropping of female 
flowers in many districts in insufficient insect visitors, lie noticed that the yield 
was heavy on estates where Uvs were present in large numl>ers, either owing 
to artificial rearing or otherwise, and recommended planters to introduce bees 
to their coco-nul estates.

Sampsonsays that fertilization is largely done through the agency of 
bee-, lmt there are many other insects which visit (he female flowers for the sake 
of I heir nectar but which do not bring pollen at the same time. He believes 
that unt.s arc harmful to pollination, as they drive off the bees, many of which
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art! small ami sliuglcss. Among the ants was specially mentioned tins red anl 
Ucr.n/jli i/lla sinarut/diiiu (common ivurukum hero) as being harmful in preventing 
1 lit' female Hewers from being fertilized, where they live on mealy bugs ami 
build ne Is preventing the entrance of other inwets.

»Several investigators*4' 8> admit that theru is decided possibility of ants 
acting as pollinators. Furtado says that “in Singapore unlike- Pcradeniyn the 
nectar secretion is not in sufficient quantities as to exclude the ant. from the work 
of poliiiial ion and they may self-pollinate where the male and female phases 
overlap.” Owing to the fact that anl.s move so slowly from palm to palm they 
are not liable to have much elfect in cross-pollination, hut are likely to upset 
studies on self and cross-pollination on the same palm, as they are not easy to 
exclude.

Pieris, according to Cheese man,*8) tried to assess the relative importance 
of the natural pollinating agents and to separate the elfect,s of wind, crawling 
insects (red and black ants) and Hying insects. The Hying insects he observed 
in the inllorcscenecs were Apia mcllifica, Musca do medic a | both relatively scarce 
here. .\ullior\, I'uLislcx annulultui, and a small black beetle. These were easily 
excluded by bagging emasculated inflorescences with coarse muslin, which would 
not interfere seriously with wind-borne pollen. The separation of wind and 
small crawling insects was found much loss easy as, even with fine-grained muslin 
li<d around the base, wind-borne pollen was not entirely excluded. In the fino- 
meshod bags a 0 per cent, set was obtained, which was said to be probably due 
to the imperfect exclusion of wind-borne pollen. Pieris concluded that wind 
pollination can only be as effective, as in this experiment, at fairly close quarters, 
as diii Aldaba in the Philippines.*4)

lie repeated Aldaba’s experiment of exposing vasclinod plates in diM'eivnl 
positions to catch wind-borne pollen, and where the source of pollen was unly 
three lives away only three or four grains of pollen were collected.

('hcoseman (Joe. cil.) sums the position as follows: There is a general 
agreement that both wind and insects play a part, and that wind is only effective 
at fairly short range. Further, there is a striking similarity between the lists 
of insects observed visiting flowers in different parts of the world. All observers 
place bees at the head of the list in importance and add Jlymcnoptcra. Also the 
common house-fly, or closely allied species, and at least one species of beetle, 
are reported, but little importance assigned to them. Jack and Saiids*a|) believe 
that wind is the main factor in coco-nut pollination in the Malay Peninsula, and 
that in-<*c|s appear to play an unimportant part. Although numerous insects, *•> 
more particularly bees, visit the male Mowers to collect pollen and nectar, few 
appeared to lie attracted by flic female Mowers situated near the bases of the 
hranclilel.s of the inflorcsecne«. Thoir statement concerning wind pollination 
follows; “When coco-nut flowers arc in full bloom at about 10 a.m. when the 
dew has dried up, and when the gentle breezes frequently begin, clouds of pollen 
can be seen floating away in the sunlight. In n very slight breeze these pollen 
clouds do not travel far owing to the weight of the pollen, hut it is highly 
prolmhlo that with the strengthening of the breeze as the day advances the pollen 
clouds are carried to considerable distances, and thus cross-pollination is 
e Hoc tod.”
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The question of wind velocity as effecting distribution of j>ollcu is u very 
important one, because plants which have fully ontomophilous Mowers, such as 
apples or pears, may have their pollcu carried over 100 yards in heavy winds. 
Other investigators state that, although tlio structure of t ho inflorescence 
apparently favours wind pollination, the presence of nectar glands in both male 
ami female flowers, as well a« the suture in the pollen grams, suggest insect 
f arriers. Male flowers possess three nectaries at the base of the teeth which crown 
the central column, ami the Sligiqa, or receptive surface, of tlu: female flowers 
also furnishes nectar, so that the visits of insects to both types are ussured.

If the flowers arc adapted to eflicicut insect pollination only, it is hardly 
likely that such large quantities of male pollen would be produced over such a 
long period. Various grasses and crop plants, such as maize, which are mainlv 
adapted to wind pollination, also accrete sugary solutions. Thus arguing on 
analogy is not altogether sound.

it is, as Checscniun says, that tho coco-nut flowers are adapted to pollination 
by both wind and insects, and possibly birds. Tho appearances aro that some 
agencies arc more active in some countries than in others. Kxeept for the 
I milliner bees, Mclipona praclciulu WJk., there is not a hu ge bee population 
which visits coco-nut flowers hero. As far as Now Guinea is concerned, the 
question needs detailed investigation.

Ix.SM'V Visit OKS Tu CWq-N UT Fl.UWKUH IX N KW Gu INJl A.

So far no detailed work lias been carried out on this problem here, and 
investigations on this subject arc required. As tho identification of insect 
v isitors to cuco-nut ilowcrs is more in the entomologist’s field, Air. J. L. Froggalt, 
Knloniologisl,*-'* was able to name some insects likely to visit coco-nut flowers 
in New Guinea. It needs caging trials and microscopic examination before 
tho relative ability of those insects can he accurately determined. Insects which 
visit flowers may he beneficial whore they act as pollenizors, or they may be 
casual visitors only, while in the case of others, such as AxUiyaxliut ruinbclh. 
they can be injurious to them. It appears fairly certain, however, that the small 
native Ih x s  Mdipoua praelcrilu WJk. arc among«t the most frequent insect visitors 
to coco-nut Ilowcrs here. Those small beeg commonly lly on to one’s skin or 
hair, and may he recognized as a tenacious little insect, although they do not 
sting, and are known ns the ‘‘dammar l>ccs ” in Malaya. Although several 
genera of the family Apidac aro present, bees of the genus Apis (or types closely 
related to and including the hive bees) arc apparently not common in this 
Ti-rrIlory. Such genera uf this family as Crocisu xpp. and Stctjuchilc spp. arc 
more common, hut their rchilion to coco-nut flowers, if any, is not known. 
Amongst the various flics of the order J)iplcru present are the following: 
Si/rplnduc or hover-flies (several species), Marco phuya spp. (these are large, 
striped flies, mentioned by Aldulm as being useful pollinating agents in the 
Philippines), and M usriiluc spp. (es|Kjeiully Lt/perosui cxiyuu de Mey). These 
families and genera aro the most likely to contain any efficient pollcuizing insects 
he re.

Some wasps of the order //y men opt era may Ik * found to Ik * pollcuizing 
eoco-nul flowers here. Politic s annul ulus has been mentioned by PiorisW as 
being an effective pullcuucr on coco-nuts iu Trinidad. There arc several species
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ul ilir-r Ycspid wasps in Sow Guinea, such a.s Vollstes /«pida# Saus» and 
I'ui ist cs heriMi'ili le Guili, hui tlicii* efficiency as polleni/.iug agents here n> 
mil known. Wasp* of the genus Vex]>a are said to visit eoeu-nul Jlowers in the 
I' i 11111 • 11 i 111 •>. A huge reddish-brown wasp of this genus is also commonly seen on 
eoeo nut Jlnuvrs here, hut usually they are not plentiful, though they appear to 
work quickly and ellicicntly.

Two >mul| mii<leutilied s|H*eies ol wasps (apparently Thiuuulsj appear to 
he the l.n-'ie I polleiu/.ers at Kern vat plantation. Mr. Froggalt ha% recorded 

.‘.everal beetles of the family C'clunhlac as visiting coco-nut /lowers here, hut, as 
I he\ are pollen !eeder>, there is also the possibility of their lhdug polleni/.iug 
agent'. The green beetle, Lomu/ilcra balchiana Thoms, is a very common visitor 
lu eoeo not spat he,s in New Guinea. /"occult j>l> i/ru c mil h i While, a small green 
beetle, ha-< also l»een recorded several times on coco-nut iiower* here. Many other 
beetles have been caught on coco-nut spathcs, but are doubtless casual visitors.

.1 .i iit'ioslns ciuiiheHi I >ist., tIn* stink or llowor bug, lamily I'atlnlumultn. 
This insect may, iu addition to destroying blossoms by sucking sup, act as a 
casual agent in pollination. It must be conceded that they move slowly from 
one palm to another, and are more liable to do harm than good. One company 
ju re, m the belief dial, ordinary hive boos may assist mil-selling, made extensive 
introductions of ordinary hive bees, Apt» vicllifir.a, and Italian bees to the 
majority of their plantations. These did not survive, and this was said to l*e 
due to the depredations of wasps and other insects present. Despite the absence 
of hive bees here, coco-nut flowers do pollinate and set entirely satisfactorily, 
ami it is decidedly doubtful whether bees would increase the set. However, this 
could only be satisfactorily determined by caging experiments.

ÜTIIKK Au KNCIKH o k  1*01.UN ATION.

Kuittld"“1 has stated “that the coco-nut is pollinated through the agency 
of wind”; but quotes Father Dahl, who noticed the birds ('harmosjina sub- 
fihirrn.s Sei. |a *mull loiTokoet.—Aulhor\, CinnyriH f remit a S. MuU, and ('imn/ri* 
minium Salvad a.s the frequent visitors to flowers iu the liismurck Archij»elago. 
ICefei•cnee to l*TiIl*«*i* Movers’ bookD*) indicates that these two latter upccicu belong 
I«, the Iiiumeiistuger (lit. blossom sucker) known iu Fuglish as sun-birds, 
belonging to the family Necluriniuhte.

Furtado1 says “ liiat Ant lire pie* malaccensls is the sun-bird, which is 
almost invariably associated with coco-mils in the Malay I’euinsula, and various 
oilier birds were »ecu in the vicinity of coco-nut inflorescences, but it must be 
bo: ne in mind I bat oven these birds, which possess especial adaptations in their 
beak for extracting nectar from various kinds of flowers, often visit them for 
the purpose of capturing insects for their prey, lie concludes that, where there* 
are insects such a* bees to pollinate the flowers, their ability is, like the wasps, 
doubtful.’1 I here is no exjmriinentu! evidence to disprove Father Dahl’s original 
assertion as far as Xew Guinea is concerned, and it is the author’s opinion that 
in certain parts of Xew Guinea birds do play some part in eoco-nut pollination, 
though this may he as an adjunct to wind and insect agencies. The very <dzc 
and shape ol the female llowor suggests the possibility, as does the fnet that 
nectaries are present in both male and female tlowcrs, which they are adapted 
to suck.



Kik u I’«h .i.i i\ A t i<>.\ at  M KTo , W'mi I.st.AMU. . '

(hi Saturday morning, 10th October, Jl)bT, and again on the following 
.Monday and Tin-sday, »I was notice«! at Meto that a small sun-bird, with the 
local native name l'itdni or IVetshu, was present in large numbers in the dowers
.f ill........ mil', l.oili io the mornings and in the afternoons. »Slightly larger
lorrolo-eis w<’iv also seen to visit the dowers, but not so frequently. Natives 
pre-eni on the plantation from other parts of New Guinea all recognized these 
l.'nds a» helougiug to the Mowers, and said that they were common almost every-
where, mli as in the Ki-maivk Archipelago. It was noted that the birds move 
ipiu’kly I-rum palm to palm, and, being small ami Hying at a height, the large 
numbers present were not noted until a special look-out was made. Once notice 
was ; a ken of their movements, it was found that practically every spatho observed 
was vi-it i<d every few mi miles, and often more titan once in that time. Thus, 
a -iiniing that these birds are capable of acting as pollon-carricra, the frequency 
of Ili.’ir viMts was suriieieut to enable them to act efficiently as pollonizcrs, 
v-peeial'y as they could visit a great number of flowers in one «lay. it was also 
ob-i'i \ ed bs the acting manager, Mr. Whitehea«!, in company with the writer, 
that I la■-«• hu lls w«*r«’ aela\«* from early morning until 5.UU p.m., which is similar 
In w In I happens with h««s in temperate /.ones. They usually Hy only short 
distances at a time, and appeared to move about in u surios of short flights and 
thus \i-ir many palms in a relatively short time. They usually crawl all over 
llir -patlies, either male or female, before Hying to other palms close by. in 
many cases they fly to the spatlm and hang underneath the Moral brunch lets by 
means of -lender, pridumsih* claws, and sup the nectar with their forked tongue 
ami Iiih  In-liouki d lunik. Thus pollen should easily be shaken on to their ventral 
iirface, while llieir hack feathers are also in contact with the lower branches. 

Tin* birds also crawl over tlm Mowers and com«» in close contact with thorn in 
ibis manner. Their Ix-aks are very finely pointed, and the tongue is a marvellous 
adaptation, being extensile, long, flattened and forked at the tip'with a terminal 
brush.

A large, new spathc, which ha<l just been visited by some birds, with the 
male flowers just opening ami the female flower* not ueurly receptive, was cut 
«'own and examined, it was seen that, apparently, they had not damaged tho 
male Mm els in any w ay, and that some pollen present was mature. It was thus 
thought likely that the-«’ smi-bird* may be important polleniziug agents at Mcto, 
more • -penally ;is they confine a good deal of their attentions to young spatho*. 
A native bov was deputed to shoot some of those small birds while actively at 
work on ibe palms. At alioul H.HO a.m. a male, bird was shot on u female 
br.I neb let. Tin: bird actually did not fall from the .spatho, and it was.found
that one of the main feathers was closely pinned to the flower stem within 1 inch 
of I by f’l’i'pl i ve pKtil (e<*ver«’«l with moisture of syrupy consistency). On this 

, >; 11 In I In male Mu wer.-* bad disappeared. A preserved specimen of this bmuehlet 
was taken with the feather still adhering. About half an hour later another bird 
(female) was shot, and this one was attached to -a spatho with u few male 
flow •!•>, while the female flowers present wore not yet receptive. In this ease, 
a! o. disiiu«’i confirmation <.f tli«* iietiviti«*s of this female bird was obtained, 
In i’.ui-o when the bird was shot the blood was actually scattered over the anthers 
still bedding pollen in male floret*», allowing where the bird had been attached.
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h should he noted that un the spathc.s examined only Occoi>hi/llu (lvurukum 
aiil-i) and mealy I»m;*m were (ireseiil. 'Ollier active insects were noticeably absent. 
Unless aiiLs are mure useful lliau is admitled elsewhere, iusocls must Jiave been 
responsible lor very little ol’ the polliuution occurring at this period in the 
particular plantation. Those birds, although present in New Britain, have not 
h«en seen in large numbers .such as was the ease at Ale to.

Micitoacorio Ex a h in  a t io n  .

To prove whether any transference of pollen had occurred it was necessary 
lu examine I he leathers lor pollen, and it was apparent to the eye that some 
was jiresent on the male bird. A small mierosoopo was available at the planta-
tion. ami tins enabled some interesting observations to be made despite tin: limited 
facilities. Foul hers from the male bird were taken and a slide made from the 
dust on the wing. Odd pollen grains were observed in this dust, and also on 
I he feathers when a separate examination was made. It was not so plentiful 
as would lie expected, as the feathers of both the male and femalo birds are 
apparently ideal for holding pollen. The small pinnae of the feathers which 
form the blade have distinct epidermal serration*, due to the peculiar compressed 
structure of the cells of which they arc built up. The interlocking edge of these 
serration* appear well .suited for pollen-carrying, especially where they are so 
iincly divided, as in this particular bird. Both the hack (dorsal) and front 
(ventral) IValhors arc short and as soft as down. Such a structure would act 
almost like a powder pull. New pollen was actually obtained from receptive 
pistil on the female flower where the male bird Mas shot, together with some 
acieular crystals and some dust in the same field (see rough drawing of fluid). 
Some of the grains seen may lutvo been dried-out pollen. Much pollen was also 
ecu mi flic outside surface of the button, showing that a good deal of pollen 

lia<l been transferred to this particular pistil. The pollen seen on the birds was 
compared with pollen taken direct from fresh male flowers, and they appeared 
wry .similar. The possibility of this bird acting ns a pollen-carrier was thus 
definitely established, and the chances am that, the birds described are responsible 
for a considerable amount of cross-pollination on Witn Island, and may act 
similarly in other parts of the Territory. It was noted that the wind was only 
strong at odd limes during the time of the observations at Aleto. There was 
however, some rain at intervals which on one afternoon was accompanied by 
strong winds. A rather lengthy description of them birds as pollen-carriers was 
given only to show how much more it is required to know about the subject. 
Most investigators agree that wind pollination is the main factor in cross- 
pollination of coco-nuts, and without necessary experimental data this concurs 
with the writer’s opinion, also. Insects, birds and other agencies may have 
decided utility for pollinating coco-nut flowers in periods of calm weather.

I oK.vm*h 'At io .n o k iflues a t  Micro.

The following is a short description of tho birds under observation. 
Specimens were taken for identification. Both tlic male and female 
birds are really light and small, lieing about the sumo Him. n.s a 
diamond sparrow. Birds are less than Hi inches long, and are provided 
with a long slender pointed beak, »lightly hooked and shiny' black at the tip.
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I teak aii<t tongue art1 upccially adapted for sucking neelur. .1 ,ogs arc grey ami 
yellow, with slender prehensile claws. Mule bird is darker in colour than the 
female, and lias a largo red splotch on the throttle (ventral surface), while the 
crown <»f the head is black. Jt has a general greenish-yellow sheen, especially 
on the hack overlying the darker colour. The body appears more slender and is 
mil »II 11 it It v as 111; 11 nl the lemule. N evert hcless, in liotli, lli<* leathers oil the. 
back and ventral surface arc short and soft. The female bird is plumper in 
outline, and almost wholly coloured grey. Tt has a lighter greenish-yellow sheen, 
especially hindering tin- tail ulIneliiiM'lil. Tail leathers are shorter, and there 
is no reddish splotch on the throttle, except for a reddish tinge which develops 
on old female, birds. Sjieeimeus have been identilied by the ornithologists ol 
the Australian Museum as follows:—

“ TIm * .»|>ci-i Hirn» ni'c in.ilc iiim I tcnniic of Mffzomrlu m-hihii tScliitcr’s 11 oacy-ciilcr). 
Tl»c gviius (family Juis many New CJuiaeii *|M*oics, :in<| is also fuuml in
\ n»t ra I ia. Tin* »|h *c u *» of .l/ipaiirl<i hii|*»*rlW*iitlly rr«H*ml»le ■Siniliii'il» (family A< W«iri»»ii*/«ir l. 

vvliicii range from Africa ami .Southern Asia l«> New Cuinea ami Australia. In tin* 
.\lvli)>Uu<iiii*tv tin* tonym* i» e\ten»ile, forked at tins tip, and has a terminal brrndi, but in 
the Nccforiniitlttr it is tubular and has no brush.”

Problems of Pollination and Fertilisation.
The importance of pollination studies to plant-breeding of coco-nuts is 

discussed in eoticxkm with that subject. Investigators on pollination problems 
necessarily differentiate between pollination, fertilization and fruitfulness (or 
production of mature nuts).

Pollination refers to the actual transference of pollen either to flower pi>»IiI 
on the same palm (self-pollination) or to flowers on other individual palms 
(cross-pollination) by any agency whatsoever; which, simply stated, means 
transference of viable pollen grains Jo the stigma. Fertilization refers to the 
actual union of tho male and female nuclei, or elements, carrying the hereditary 
determiners, after the pollen tubes* have grown down the pistil and reached the 
ovule. This docs not necessarily mean that fertilized young nuts will develop 
to mature fruits, but it does pre-supposc pollination of the pistils. Fruitfulness 
refers to the capacity of the palms to produce fruits, or in this case coco-nuts. 
It is obvious that not all fertilized flowers develop to mature nuts, as is recog-
nized by the extensive study given to the problems of nut-fall by various 
investigators. The reader is referred to a detailed discussion on this subject 
by the present author.(,0> There is also an hereditary tendency for some palms 
to product; nuts without any fertilization at all. Such palms are known in all 
countries where eoco-nuU are grown and are familiar to some of our local
planters as the so-called male or seedless coco-nut palms. These usually develop 
a long spindly nut with rto embryo and little kernel, though they might hang 
on until quite dry and shrivelled. This undoubtedly represents n form of
“ parthenoearpy ” or vegetable development of the nuts. Much work remains 
to be done to determine accurately what outside factors such as temperature, 
moisture, humidity, and hours of sunlight arc really optimum for pollen germina-
tion, pollen tube growth and fertilization. This means that accurate recording 
with continuous recording instruments, such as thermographs and hydrography 
should he carried out while any pollination investigations arc being made. The
fact that coco-nuts bear so well close to the seashore or at low levels suggests
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that moving, warm air of high humidity may provide the optimum conditions. 
I ’ndmigcd dry weal her or loo much rain at the time of pollination may ho 
unfavorable lor pollen germination.

After drying out longitudinal suturos appear on the pollen grains and they 
a>Miiin* an rlip.soidaI ,‘diapo instead of the normal round sliupe of turgid pollen 
(scr rough .«-ketch). Sindi dried-out pollen grains when moistened assume a 
normal round shape, and sueh alternate drying out ami moistening may happen 
more than once. This suggests an adaptation which would keep the pollen viable 
until sullieient moisture was available (c.g,. on the pistil) for proper germination 
or during the time ii is being diseuiiuiuated through relatively dry air,

MareehaM11 * and l'icris'1^ have shown that pollen may be stored for about 
a week without special precaution*, hut it can he stored for many days under 
dry conditions, such as in a desiccator, over sulphuric acid, or in gelatine 
capsules. The former found that do per cent, to GO per cent, retained their 
\imlity for sixteen days over .‘50-10 per cent, sulphuric acid, while tho latter found 
that after eight days loss of viability occurred, but was able to get a 4 per cent, 
germination on the hist day in pollen from gelatine capsules. Jn ouch case 
■j:> per n ut. sucrose (cam* sugar) solutions were used for the germination studies. 
It is certain that a high humidity favours pollen germination, hut a low humidity 
favours retention of viability by the pollen.

I iotli I’ieri.T*' ami Aldnba10 have found that all coco-nut pollen samples 
examined show the presence of varying proportions of shrivelled und small 
abortive pollen grains, and the writer has also observed these. Tho presence of 
such sterile pollen grains lias also been seen by tho author in temperate crop 
plants such as lucerne. The amount varies with the. individual plant, and can 
be explained on the bn-is of blast, und MmiglesdorPs conception of inhibiting, 
hereditary factors.t'7) Such pollen sterility lessens the (dinners of Tiijt-setting 
by self-pollination, and eiupliasi/.es the importance of cross-pollination to the 
natural economy of such plants as coco-nuts.

The period during which the female Howcr remains receptive apparently 
varies in different places. According to Jfurtndo/“) in India, und Pctrli/1") 
at I’eradeniya, this period is about 24 hours, while it was shown by Aldnba, 
in the Philippines, and Kurt ado,working at Singapore, that, it lasts two 
or three days. ,\'n work lias been done on this aspect in New CJninca. As far 
as one can judge, no one has yet determined whether coco-nuts have an optimum 
time of the day for pollination, except for general statements that it is about 
10 a.m. or from 8.10 a.m. Most crops display an optimum period, as for example 
pumpkins only pollinate early in the morning, while in Australia oats pollinate 
best in the early afternoon. in Now Guinea, coffee pollinates best in the 
morning between certain hours. It is probable that thcro may be some such 
defined period with coco-nut flowers, and, if it is in the morning, as is indicated, 
then rain in the afternoon would have little effect on pollination. Sampson 
says I lint “when I lie flower is about to open the stigmas swell, turn white in 
colour, and when tlie flower actually opens they expose a sticky, viscous surface 
in the tri-rndial opening. They are then receptive, but apparently do not remain 
co for long, as they have a strong scent in the early morning which soon passes 
off in the beat of the day. The scent is distinct and apparently designed to 
attract insects.”



! it the /lower» of most plants, liable to cross-pollination, there is a differen-
tial rale of pullen tube growth where a pistil is fertilized with pollen from the
.......  (lowers compared with the rale of growth of foreign pollen placed on I lie
same stigma at I be same time. Thus while a stigma may receive pollen Irom 
I ho anthers of male flowers on the same intloreseeneo or /lowers, it grows more 
slowly than the foreign pollen and self-pollination is not so likely where ioreign 
pollen is present.

11 is not generally realized by laymen that different grains of pollen from 
I he same (lowers, on any individual trees, display differential hereditary capabili-
ties ns to length of pollen lube growth in the name way as tall nml dwarf palms 
may appear. The poilen lubes mm»/ grow a certain length down the stigma in 
carry the male nucleus to the female nucleus in the ovule, or egg, and often only 
a proportion of the pollen grains which reach the pistil are capable ul doing this. 
This is further complicated by the fact that inhibitory factors are commonly 
present, which may partly or completely retard pollen tube growth. This is a 
brief attempt to explain a technical subject which needs more attention from 
professional investigators in carrying out coco-nut pollination work.

Selection in tho Nursery.
This side of coco-nul planting receives insufficient attention although it is 

practically as important as the original selection of the need nuts nml should not 
bo neglected, it is very poor economy to place insufficient seed nuts in the 
nursery so as not to provide for the rigid selection of only good type nml 
vigorously germinated seedlings which are strong, sturdy and healthy, lo allow 
of the rejection of inferior typos and nou-gcrrniuutcd nuts and to replant misses 
in the iichl, more than GO to 5*0 per cent, in excess of the nuts actually required 
to plant a certain area should l>o set out in the nursery. This may »-com eo-tiy 
und unnecessary on first uppenranees, hut, when tlm mm-germinating or weakly 
viable nuts urc rejected and also the unhealthy or. oil tyjMi seedlings are put on 
one side, the precautions and cost of laying down the extra quantity of nuts arc 
fully justified.

The planter must remember that these nuts are the products of cross-fertilized 
/lowers and, regardless of the outside appear a tux: of the nuts, iho seedlings derived 
from any one palm will display considerable variation and some palms will tend 
to produce much stronger seedlings than others. Long rangy plants or those 
having any tendency to yellowing or chlorosis should he avoided. Plants with 
long, slender leaf-stalks and long, narrow leaf-blades, i.o., “leggy” seedlings, 
should be discarded as unlikely to produce profitable trees. Similarly, llio»e seed-
lings which have any tendency to twisting or any hereditary abnormalities should 
not be used, while any sickly or weak young plants should be rigorously discarded. 
Had seedlings can never produce strong, healthy palms.

Where selection of seed nuts is being made from marked tree'., or for 
inclusion as a population in a breeding programme, it is as well to k/iow that 
there is a tendency for the nuts from some palms and even from some localities 
to germinate badly. This is a variable characteristic which is probably more 
often transmitted than not. Of course the presence of nuts which had grown lo 
maturity without proper fertilization would give the same effect but this may also 
be uai hereditary trail peculiar to the particular palms.



it i; jil^n found I lijil ill«* li ii I which germinate first. usually give the lust 
.«•« •* 11 i n;- I * I« • r i .a v > that. “ plants which germinate tardily produce equally
iardil\ m llir li«,l«l'> ". Siuilli4'’“* in Malaya carried t>ul gcrminutiou trials with 
ÖUO ln*avy j iiiIs , all over ."»Tr» grammes in weight, dermal from (JO jxalms; the 
tabulated «IiIfennices in behaviour between popnliilions from individual palms 
wen* mi striking that In- laid down a serum! series from the same individual 
mother tree*. In almost every ease the general characteristics of seed from the 
same mother palm were identical in both batches. On the whole, large nuts 
showed a smaller percentage germination and less strong healthy plants than did 
lliu.M> of more nearly average si/e. In both lots the germination percentage was 
around 00 per cent, after about live months. Perusal of bis data shows that some 
populations prod nee no good plants whatsoever though the germination was 10U 
per cent.; others prod need a large proportion with malformed shoots while others 
gave 100 per cent, germination all of which progeny were strong and evenly grown. 
The fuel that some populations were comparatively uniform suggests either cross- 
pollination between very good type palms forming a eompara-tmiform («1 
population which is not infrequently observed or els«* some self-pollination 
occurred in tin* generations preceding selling. The significance of this will he 
explained in the section on plant breeding.

if, as it was shown in the Philippines/'10) round nuts give sturdier seedlings 
than oval-shaped nuts, despite the fact that there is little' difference i ti copra 
content, this indicates that it would be preferable to use round nuts for seed 
purposes. The arguments advanced oiler very good reasons why planting at stake 
should not he carried out under any circumstances, especially as there is a distinct 
possibility that a large proportion of the nuts set out will not germinate.

Selective Re-planting in the Fiold.
This is most necessary to assure that only sturdy, young plants of good typo 

are perpetuated in the developed plantation, ft is not possible to aeparato out 
all of the plants which are not likely to thrive from nursery »election. Tho wide 
variations in depth and type of rooting which develop after the plants arc set out 
will give one very potent reason for this. Tho reader is referred to Sampson’s 
text hook for a full description of variations in coco-nut root systems. Auy 
injuries to the plant during transplanting or to tho growing point by insects, rats 
or animals during the young stages provide n serious set-back to tho plant for 
all time and injured plants should he. replace«!. It is an extremely wist) plan to 
go over young plantings at regular intervals until the plants arc well established. 
All plants which are not thriving and all misses should ho replaced with strong 
and sturdy replants. The best lime for replanting is while tho. surrounding palms 
in the plantation are still young so that the replants receive little root competition 
from older plants and are not deprived of accessary light and air while original 
humm from the forest roil is still present.

Necessarily, nursery management, nursery selection and replanting in tin* field 
deserve much fuller descraption than is given hero, and would warrant treatment 
as a separate subject.
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coco-N irr mtniäOJNO.
Objects of Coco-nut Breeding.

i'li«' !<•;«iit aims m cocii-tillt breeding depend upon which products arr tu be 
derived from tin.1 coco-nuts in the greatest quantities after the processes of manu- 
faclure. Since copra is (he main product and the basis of all market transactions, 
the onl>tnmling object should be to increase the yield of copra per unit area by all 
means available, and thus increase the yield of oil contained therein, as this 
ultimately determines the value of the product.

The use of improved planting material is one of the readiest and cheapest 
methods of attaining that cud, as the yield of copra depends on the hereditary 
capacity <d the palms to yield coco-nuts, although improved cultural methods. 
Are., would all have their effect. Reduction of cost of production is mostly 
readily attained by such increased yield per acre, or hectare, and must !«• given 
due consideration. For further information on the utilization of the coco-nut 
products reference may lx* ma«lo to a previous article in the New (lu-iiira ,|//r<- 
( ullurul (!uz>'l/r.t-11 There it is pointed out that oil content of the eopra is most 
important, for it is the coco-nut oil which is mainly employed in the industries 
of margarine manufacture and soup-inuking.

So h»ng as weight ami appearance, and not the actual oil content, is the 
ha>is of selling the eopra, the production of improved strains with nuts of higher 
oil content has been a secondary nim. This question of oil content cannot he 
disregarded as there is now a tendency instead of selling copra, to increase oil 
extraction, in the country of origin, such as bus occurred in Ceylon, Netherlands 
Kasl ladies ami particularly the Philippines.

The definite question is whether it is possible to breed coco-nuts with an 
inherent capacity for high oil content and the answer appears to he in the 
nOirmnlivc. Work on this aspect of coco-nut breeding is being conducted in 
Malaya and Sharpies, 1 !)."><),points out that the oil content in coeo-uuls, as 
ordinarily [ticked in estate practice, varies from T.*>-7.*» per cent.; but, since 
considerable differences exist in different pieces of meat from the same nut, and 
also in the meat from nuts of varying degrees of ripeness, the methods of sampling 
require standardization before selection for oil content can 1m* usefully undertaken. 
The difference between oil content of ripe nuts and germinated nuts bus is*eii 
found to vary to as much as 7 per cent. Jt is possible, however, that this increased 
content is balanced by loss in yield.

I’icfis, ('eyIon, in states the problem very lucidly: “The main
coco-nut products that uro of commercial importance are copra, oil, desiccated 
coco-nut, and coir fibre. In the throe former substances
i- oil, and so improvement in their quality will be conccrncu inmmy wnu increasing 
I lie percentage of oil in the kernel. It is not yet known whether ibis increase 
could !><• brought about by the use of particular manures on established plantations. 
Kvcu if it could, such improvement will only he confined to that particular genera-
tion which lias been treated and will not he handed down to the offspring. There 
is little doubt, however, that, from a geuelieal point of view, it is possible to breed 
coco-nuts for increased production of oil. This can he done in one or two ways-- 

1. By keeping tho quantity of the kernel constant and breeding for high 
oil content of the kernels.

I»y keeping the oil content of the kernels constant and breeding for 
high weight of kernels ”,

^
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The com l>i im I ion of tho I wo methods is also a possibility. Tt will !»«• seen, 
however, that of I lie I wo aims that concerned with the actual increase of weight 
of kernel is now (lie main objective duo to present marketing practice. It is 
apparent that the important consideration is to increase the production, or high 
yielding capacity, of the individual coco-nut palms. It is certain, however, that 
there are other important objectives which must bo considered, such us—

1. Yield of a high quality product with a high oil content, us previously
mentioned, should be combined with the gradual elimination of 
poor yielding palms.

2. Inherent vigour and longevity.
d. Uniformity as far as possible, which is linked with I and 4.
J. Regular liearing of heavy crops and elimination of alternate bearing.
5. Development of early maturing, heavy-yielding strains. Tim compara-

tively long timo which it takes coco-nuts to como into bearing 
greatly influences tho cost of establishment in plantations. Tt is 
well known that some palms como into bearing much earlier than 
others, in any plantation.

G. Elimination of gencticai weaknesses such as liability to chlorosis, 
frond choke and so on. This is also rclatod to No. 2.

7. The production of improved strains suited to u wide rango of environ-
ment. Improved material suited to only a limited rango of climate 
and fcoils would exert little iuflucnco on improving tho present 
position. Experiences with other crop« indicate thut thoro are 
groat possibilities of producing improved strains, which would do 
welt under a wide rango of conditions.

S. Ease of harvesting where picking is practised. Short, high-yielding 
palms would bo preferable providing all other factors were equal.

0. Development of disease and pest resistant strains. This should bo 
one of the most important aims in coco-nut brooding. Casual 
observations, and actual cxporionco with other crops, indicato that 
there would be definite chances of isolating populations witb 
resistance to such diseases as “ Thread Blight ”, Corticium 
pcnicillalum; and “Leaf Blight”, Pedalozzia palmarum. 
With the method of close breeding described lator, this should be 
a most deßnito aim of improvement.

COCO-NUT BREEDING TECHNIQUE.
(Mainly Scmi-Tcchnical.)

Coco-nuts belong to the great division of Monoeotylcdonous plants as opposed 
to the other main group of Dicotyledonous plants such as rubber or cacao. The 
plants belonging to tho former group usually have only a singlo growing point 
and have not the power of annual increase in growth, such ns occurs by cambial 
activity in plants of the latter group.

3.m—e
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11 appears, in.m analogy, that*tho behaviour of coco-nuts, on self or cross 
polliiiaiion, noiiM l.i- somewhat **«*nt|»j ir;i 1 »I4* willi what is experienced in maize 
broodingj the latter l>eiiig r.u annual Monoeotylodonous plant. The reasons under-
lying this statement an* linked with iho fact that tin* problem» of maize breeding 
have received imieli more attention than is the ease with coco-nut breeding. This 
cun 1m* largely allribiited to the greatly increased chances of getting quick results 
with maize breeding and of raising improved strains of the crop within a 
comparatively few years. The relative economic importance of maize as a 
food-crop, in all parts of the world, also assures that this plant receives much 
attention from plant l.reederx and geneticist.». Some methods of breeding which 
are employed in breeding maize appear, undoubtedly, worthy of application to 
coco-nut improvement.

Thu long term of years which is involved in anticipating results from coco-nut 
breeding has provided one of the greatest deterrents in the improvement of this 
nop by artificial self ami cross pollination methods, although various kinds of 
mass selection have been employed in some countries, it is of great interest, 
however, to note that coco-nut research «ehernes have*been evolved in various 
parts of the Colonial Empire, such as Ceylon and Malaya and in such outside 
countries as tin* Dutch East Indie», particularly in iho Celebes, it is the policy 
of this Department to introduce any improved planting material from such sources 
wherever possible, in this connexion, as mentioned before, some improved strains 
have already been introduced from Meuado, Celebes and from the Landbouw 
iiiKlilitul at iluiteiixorg, .lava, through the courtesy of tho Dutch authorities.

Hunter and Leaked state “ Unit the improvement of coco-nuts and building 
up of super-types is a problem, which owing to the absence of the gcnctical 
purity of the available material, together with the time interval between genera-
tions will appal the slmilesl-bearted breeders. The scope for improvement of the 
crop is considerable, but owing to the age to which the plant grows tho methods 
for seem ing that improvement must necessarily be tedious ”.

.lack, 11)2*5,D‘) remarks that “the production of pure •strains of coco-nuts 
which is the only certain method of producing uniform and high-yielding strains, 
lies beyond the power of tho planter, because it necessitates initial work stretching 
over at least three generations of trees during which period much attention has to 
1m* paid to detail and great patience must be exercised.”

This rather Ktrvtctius the position in regard to uniformity as modern plant- 
breeders dealing with the improvement of crops liable to cross-pollination arc not 
slaves u> uniformity so long as a measurable increase in yield and uniformity is 
obtained. “Strain building” to develop a high proportion of hereditarily high 
yielding types in the population is n more progressive aim for plant breeders 
with .such er«»p.s and this must Is: carried on continuously. Experiences with such 
crops as maize indicate that it would not be possible to gel genotypical uniformity 
«ueh ns is possible in self-fertilized crops. Planters can greatly assist the building 
up of superior strains when they use intelligent methods of seed selection on their 
plantations. Then by utilizing plant br<>eding methods it i* possible to capitalize 
on such ground work done on the plantation to a larger extent.

It is a most apparent fuct that tho very height of well-developed mature, tall 
coco-nut palms is one of the greatest reasons why artificial pollination methods 
have not been developed on a large scnlc. This fact also explains largely why
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very liulfi artificial pollination work lias been done even in an invwtigatiounl 
way mi (all palms while there is far more data available for dwarf pulum. The 
usual height of u well-grown pnhn ranges from *10 feet to. 100 feet from the ground. 
I’alins have been measured here* which arc over 110 feet. Some havo been recorded 
from Mabryu which are nearly 200 feet, while Burkill***) measured palms there 
which lea I* Ins I t if 0 f<*et.

It is no easy matter In carry on pollination investigations at even half the 
height mentioned as some kind of staging is essential for each palm if tho investi-
gator intends to supervise the work closely. Failing this reliance would have to 
he placed in a native or Malay to do the work under direction, which would bo 
only partially satisfactory. It is dearly a very big job to cage or bag individual 
spat lies on large numbers of palms under such conditions, and this provides a 
distinct limitation to tho scope of controlled pollination. This consideration alone 
increases tho value of methods of close-broodiug in such work.

Self and Cross Pollination in Relation to Vigour and Fertility.
The effect*; of self and cross pollination in relation to vigour and fertility 

of coco-nut palms are not clearly understood due to the small amount of work 
mi this aspect of coco-nut breeding. Tall coco-nuts are stud to bo liable to natural 
cross-pollination. It can be assumed that individual palms are also liable to natural 
self-pollination, even if it is to a lessor extent, ami it is more prevalent in particular 
varieties under particular conditions. Owing to floral structure, maun is known 
i<> he extremely liable to cross-pollination, but even in that crop, natural self- 
pollination is known to occur. The results of the investigations already carried 
mil on coco-nuts arc conflicting, apparently. It has been shown, for example, 
t hal cross-poll inn I ion is more prevalent in some palms «t some olovatioiis than at 
mhers. This is not such an important consideration to tho plant-breeder as is the 
physiological elTect of self as opposed to cross fertilization, in either decreasing 
vigour in the first instance (in-breeding) or of increasing vigour in the second 
instance (out-breeding) causing hybrid vigour (heterosis).

Investigators generally concede that cross-pollination, by different individual 
palms is most effective in favouring maximum nut setting. To what extent croas- 
poliinnlioit would increase the nut setting, over artificial self-pollination, has not 
I»een sufficiently proved, and much more work is necessary in that direction.

The earliest work in the direction of iu-breeding is of too recent a dato to 
give even an indication of the effect of such in-breeding on tho loss of vigour. A a  
stated previously «he work on other crops of the Moiiocotyledonous group, which 
arc liable t«» «elf-pel linn I ion. such as maize, would, by analogy, suggest the 
j.iuhahilily of the loss of vigour where tall coco-nut palms arc subjected to 
in-breeding.

Such very fuudameiilal knowledge concerning the extent to which this loss 
of vigour occurs is essential before a successful xchemc of plant-breeding can 
is- evolved and it is essential that the work be carried out.

The examination of seedling progenies from even oncc-selfed flowers should 
give a very gmsl measure a.? to whether souio palms are more liable to croas- 
pollinalion than others. .Such work would also give some indication n,«? to whether 
.sonic progenies breed truer than others and us to tho amount of self-pollination
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iu IiH' generation preceding wdfing. Although Smith***) did not draw any such 
conclusions, from hi* work in Malaya, the presence of comparatively unitorm 
progenies, a.^ w«• 11 as varying populations in the coco-nut seedlings from open 
]>ollinatcd palms, which lie hud under observation, suggests very interesting possi-
bilities. Jt appears likely that either ho was dealing with first generation (Cil) 
crosses between good palms leading to comparative uniformity or else self- 
pollination does occur in some generations. This is comparable with what lias 
been found in lucerne and codec breeding for example.

Some palms which have been Isolated at some considerable distance from 
other coco-nuts have been noticed to l»ear fairly well hero; thin bus also been 
recorded elsewhere*'*",M). Thin fact suggest« the possibility that some coco-nut 
palms would is; more liable lo self-pollination than others. This contention is 
borne out by the Ixdiaviour of almost all croaa-pollinatcd plants, where “ heterosis ” 
on hybrid vigour is a well-known phenomenon. Indirect support of this statement 
seems to he borne out by the fact that tho dwarf coco-nut in Malaya is believed 
to have originally originated a.s a sport or mutant from the tall coco-nut. The 
Malayan dwarf is known to vary somewhat though not nearly so much as the 
latter. .Tack and Sands*’'*) arc inclined to the opinion that the dwarf group »hows 
greater ih liuilcncKs, localise of the fact that it is commonly self-fertilized. 
Maivchal'u> <m the other liund has concluded that cross-pollination is more the 
rule with the dwarf types normally growing in Fiji. It was shown conclusively 
in Malaya, that the dwarf forms will cross up with the tall forms, so that, semi- 
tails or intermediate forms may bo found, Thi* could be expected to give rise 
to a wide range of behaviour as to the ability to sclf-fcrtilize. It seems that 
owing to cross-fertilization it will not be? possible to originate strains or varieties 
of coco-nuts which have tho faculty for breeding true and thus have the definiteness, 
which is applied to varieties derived from plants which are normally self-fertilized. 
Thu question of the effect of cross-fertilization ns opposed to selling on the size of 
the resultant nuts should bo an extremely valuable study.

Methods of Breeding.
In an article on lueerno breeding technique by tho present author*“) the 

methods of breeding that crop plant are described in detail. They are not all 
applicable to coco-nut brooding, but a system of close-breeding was described, which, 
in the author’s opinion, would have considerable use in the improvement of 
coco-nuts.

The following methods of plant breeding may bo outlined as available for the 
improvement of eroiw. The question is which methods have utility for the 
particular work of coco-nut breeding:—

1. introduction of strains, varieties, or nationalities.
2. Artiliciul self-pollination, selection in self-fertilized lines and their

recombination (self-pollination methods).
Hybridization—Naturally or artificially.

■I. Maas selection and strain building.
f». JLMant to row methods.
t>. Close and lino breeding.

It is not intended to describe each of the above mol hods, but rather to indicate 
the application of such methods lo coco-nuts improvement.
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This obvious iiM^t lio«l of increasing tho range of suitable material availablo for 
selection ami breeding lias been already dealt with in the first section of this 
article. There is a danger of introducing now disoases from outside countries, 
attendant on this method, which needs to bo closely watched.

ii. Sk UK-1*OLU NATION A NO Kk COJUUINATION Mk THOIW.

The importance of self-fertility studies in coco-nut breeding has boon 
men I inncd in I he section dealing with the relationship of self-pollination to vigour 
and fertility. Method* of in-breeding and recombination to increase vigour and 
yield Hindi as is done with annual cro}«i dot's not appear to oifor much scoj»o in 
practical coco-nut breeding. The long generations involved in this work 'moans 
that this work would have little application except as a means of determining loss 
in vigour, it could also he done to detormine which palms would be most suitable 
for recombination and crossing by othor methods.

A HTl KiOlAL &KLV-rvLUNATION.

i>icris(‘) concludes from his experiments with fresh and storod pollen that the 
possibility of artificial selling of coco-nuts, in Trinidad, was definitely established. 
The experiment was on a very small scale ns ho obtained only three nuts from 
fuiirlivn /lowers pollinated, where he used pollen from the sumo inflorescence us the 
female flowers, collected before the male flowers shed and stored the pollen for 
seven days.

Jack and Hands*31) working witli “dwarf palms ” on which three unopened 
inflorescences were bagged in muslin bags, stated that self-pollination was dice led 
nalurally ami fruits were formed.

In tbrcc other inflorescences which were emasculated (male elements removed) 
immediately on opening, no pollination took place, and no fruits were formed, 
though the female flowers behaved normally and although male flowers on adjacent, 
trees wore in full bloom. Tho question of whether these fiowors were solf-polliaated 
requires more proof; firstly, because tho numbers were small; secondly, because 
any injury due to cmnHcuIntiou was not taken into accouut; and, thirdly, it is 
not certain that wind-borne pollen is excluded by muslin.

To control the parentage of seed nuts the flowers of the palms must be 
prelected against foreign pollen. Emasculation of tho male flowers on tho 
individual .spnlhcs is also essential, and any injuries caused thereby should ho 
chocked by control tests.

Hugging must also lie carried out witli material which precludes any possibility 
of i ho entrance of wind-borne pollen or of pollen carried by crawling insects. 
Tb is is especially the ease whore artificial self-pollination is being carried out. Tho 
meshes of most muslins arc tdo far apart to exclude fino wind-homo pollen as 
has U>en found in special experiments designed to test this in such tomperato crops 
as lucerne. Bagging with muslin hags, undoubtedly, provides some impediments to 
the free, entrance of pollen, hut does not necessarily exclude all pollen, especially 
where heavy wind* occur. Against this, there is tho fact that bagging with uir- 
tight hags, or with bags which exclude light, usually produces conditions which are 
unfavorable for fertilisation.
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Van dar Wold*050 lias shown tlntt the ripening ol’ t'enluio flower* is hastened 
I»V covi'ring llicin with blnek paper, so as to reduce light and warmth. Jf the 
female llowcrs can Ik ; covered so an to become receptive at the same time, as tin: 
male llowcrs on the same spatho, then the problems of artificial self-pollination are 
greatly lessened. Jt is most likely that tbe differential environments in close 
proximity to tin* llowcrs may have their effects in rendering flowers liable to self- 
pollination in some places and not in others. Temperature amt humidity can be 
just as easily increased by using other coverings, such us plate mica or glass, 
hence a big field for research is opened out.

Furtado**-) obtained results by emasculation experiments on dwarf varieties 
which differed from those obtained by »lack and Sands (/or. cil.). lie was aide 
to obtain nuts even though tin* nearest tree from which pollen could be brought 
was about Ml yards away from the palm he was working on. This happened despite 
tbe fact that the inflorescences looked sickly, and nectar secretion was reduced 
Is'eaiim* of the injury resulting from emasculation.

There is still very much room for investigation« in artificial self and cross 
pollination studies, even before a proper technique is evolved or ]>crfccted. Such 
work is said to l»o now proceeding in Malaya. Owing to the very height of mature 
tall coco-nuts and to the comparatively fow female flowers found on each palm, 
the carrying out of extensive pollinution studies is no easy matter on such palms. 
Studies of this nature aro not properly significant, unlew curried out on a 
comparatively largo scale over long periods of time.

AhTIKICIAJ. CliOW-l*OIJ.INATlOX.

Marcelial1*1* crossing dwarf palms in Fiji obtained a set averaging about 
per cent, of the flowers artificially cross-pollinated. This compares with the 
percentage* of natural set recorded.by other investigators elsewhere.

Picris/** when artificially crossing ordinary Trinidad coco-nut palms, 
obtained a set of six nuts from .*18 flowers (approximately 10 per cent) when fresh 
pollen was used, and two nuts from eleven flowers from fresh pollen stored seven 
days in a gelatine capsule.

It is apparent that the amount of artificial crow-pollination, so far attempted, 
is very limited and that it would he very unsafe to draw many definite conclusions 
from such work. Ohcoaemau**) comment* on the bagging of emasculated 
inflorescences by Fieri* as follows:—

In waxed pu|«T liny* alt llowcrs »lieil in u few days, but tin? dark liumid condition» 
inside the bu»s may have been «» much responsible us the complete exclusion of tla.’ pollen.

In fine meshed muslin bags ten flowers *et nuts out of 15G enclosed, equal to 
0 per cent.—from general observation* it was concluded that these were probably 
due in wind-borne pollen and not to ants. In conrso meshed hag* out of 70 flowers 
enclosed, 22 set nuts or 31 per cent. When emasculated flowers were left freely 
exposed, -12 flowers out of 108 set nuts or 30 per cent.

jlYUUUn/.ATlOX---- CllOMK-UUUSMNG.

The value of artificial cross-breeding as a practical method of breeding coco-
nuts ha* not been elucidated, though, ns mentioned before, it lias been tried in 
Fiji. Tt is an accepted method of conducting inheritance and pollination studies. 
The isolation of dcsirablo types for natural eroas-pollinatiou and the establishment
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• if isolated seed gardens, which comprise only progenies of selected pal h im, sown in 
scpuralc rows so as In facilitate both observation and natural crossing, must be 
considered as to feasibility.

Tho provision of isolated seed gardens has been used by rubber companies 
wilh success in increasing yield.

Anolber method which suggests itself is that artificial self and cross pollination 
be carried out with certain selected mother tree's to test their behaviour. Then seed 
nuts front the best proved palms could be isolated together for nuturnl crossing by 
systematic iulerplanling as for example two rows derived from each palm sown 
diagonally in apposition. The practical difficulties associated with established coco-
nut seed gardens would I«! the location of suitublo ureas at suflicieut distances from 
other coco-nuts, and, secondly, the difficulty in raising suflicient seed for distribu-
tion on a commercial scale; while the. time and cost involved in getting rosulU 
must Ik ; considered. It is not known, for certain, whether improved strains raised 
under the environmental conditions obtaining in one district would suit other areas. 
The probability is very great that strums can bo evolved which would do so.

Kcccntly to hand is an account of some carefully plunued coco-nut cross-
breeding work conducted by l>r. Patel**“* at tho Agricultural .Research Station, 
Kasaragod, Madras Presidency, India. “It was found that on an average of 
twelvo years, K1 per cent, of tho trees yielded 21 i>or cent, of tho total crop and 7 
per cent, of the trees produced only 2 per cent. Tho characteristics of these 13 per 
mil. eeo-lyp<*s of the palms arc: (!) preoeueo of relatively « larger numlsir of 
leaves in the crown, which is not so much duo to tho higher production of lcavc.7 
as tho greater longevity of the leaf, (2) reduction in response to cultural, inanuria) 
and seasonal conditions. Apart from tho variations in tho yield of nuts, these eco-
types vary in the production of fcmalo flowers, the setting, the size of the nut and 
the thickness of tin* meat. Jn order to determine whether this variation is inherited 
and to what extent it is possiblo to combine these characters, crosses have been 
made between the eeo-types exhibiting these characters. Suitable oclfed and 
naturally pollinated material forms the control. About 30 per cent., of the 
population is not regular in the production of nuts. Crosses have also been made 
between regular and irregular bearers. It i& well known that tho dwarf type of 
tho palm commences to yield earlier than the ordinary tall typo. The dwarf typo 
nml the tall oco-ty|>es have been crossed. It was found that u largor proportion 
of crossed nuts germinated earlier than the selfcd and naturally pollinated nuts, 
and among the crosses those with tho dwarf male as one of the parents germinated 
most rapidly. Oh the whole it is found that variability with regard to the 
characters like the period for emergence of successive leaves, and tho height and 
the girth of the seedling, are more in the KU than in the selfc-d first generation. 
Of the progeny of tho twenty tall typo of parents, tree No. 1/121 and 11/107 arc 
superior in respect of the above-mentioned three characters and also in respect of 
early separation of leaflets. It appears that tho progenies of parents producing 
a very large number of female flower» are better tliuu the progenies of trees 
yielding exceptionally well. The development of the Fls of dwarf x tall crosses 
is outstanding ”.

I Kco-ty|>cs represent strains of similur appearance and behaviour, in one 
generation, hut whose progeny do not necessarily behave in the same way in 
subsequent generations, i.e., pheuotypically similar types.—Author.)
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It is proposed to cross tho Markham Valley type of palm with tho Malayan 
dwarf coco-nut at Keravat, also to cross the tall palm in a similar manner and at 
I lie same time carry out the reciprocal crosses, using only selected palms in this 
work. A big handicap, as far as carrying out such technique iu New Guinea, is 
that the local native lias not tho samo intelligence and adaptability as, say, 
Javanese, Malays or Indians. This means that tho investigator here has to work 
in a small way, although larger sealc operations would he decidedly preferable.

Colour Variations in Cross-breeding.
(iuviiidii Kiduvid“7) describes a very interesting colour variation iu a coco-nut 

palm growing on Kalpcni Island, in the Laccadives. Ju this instanco three 
hunches contained green nuts, one bunch with yellow nuts and another, a fifth 
bunch, with both yellow and green nuts, [lie does not describe it as such, but 
this is a most interesting chimrcra or somatic colour mutation, commonly known as 
a sport.—A ulhor. |

The obvious inference is that there is only a (one) factor difference between 
tho green and yellow' nuts. Further tho chances aro that yellow is recessive to 
green and would breed relatively true to typo for that particular character. It is 
also a significant fact that tho colour of the nut is generally correlated with that 
of the leaf and flower stalk. Counts seem to indicate that red colouration is also 
recessive and is governed by two or moro factors, but further information is 
required on that point. This question of inheritance of colour differences should 
he of great import to coco-nut breeders.

Natural Cross-breeding: Assisted by Selection of Male Palms,
As the aim is to evolve practical methods and not academic methods of eoco- 

nut improvement it is ns well to mention a method of isolation of mother palms 
combined with selection of male palms which has been advocated.

Tho first procedure is to select an area of good yielding palms on an isolated 
island of rather small size, or else an area of palms completely separated from 
other palms by wide stretches of bush country. Then tho worst mother palms arc 
meant to bo cut out or prevented from flowering. Selected male spadices from 
selected marked palms arc then brought in from any outside areas whero good 
parent palms arc known to exist. These spadices are tied on to tho selected palms 
on tho island which are thought suitable for crossing. It should prove practicable 
to emasculate the epathes of selected palms. This is not a controlled method as 
outside crossing could not he altogether prevented, nevertheless, it i» a definite 
practical attempt to control the parentage. An improvement on this method 
would be to use means of keeping the male Hpathes alive and actively shedding 
pollen for some time. That this may bo doijc by using an acid solution as is done 
with sugar-cane crossing is quite possible. This was demonstrated to the author by 
Leiinox<IT) who used a solution of 5 per cont. sulphurous acid II^SO., -f- di per 
cent, aqueous solution of n3P04, ortho-phosphoric acid in las crossing work with 
sugar-cane. This solution keeps the sugar-cane fuzz alive for a long time when the 
base of the stalk is immersed in rubber containers containing this solution. It 
remains to be proved whether some such means of keeping the coco-nut spathes 
alive for a long timo would be successful.
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Ma s s ’ Sk i.Ko t io n .
Il is seen 1‘roiJi tlie description of the methods of coco-nut not'd selection 

employed in New (itiinca tlmt rough principles of mass selection are often employed 
hero, though, in the vast majority of eases, not in an organized manner. As a 
short-term outlook, the greatest advances from the practical point of view may l>c 
expected from this mode of approach to the problem; hence practical seed selection 
as outlined should he encouraged in every way. Controlled mass selection combined 
with individual plant selection should also be a necessary prelude to any 
programme of rnco-iiiil breeding. 11 has broil staled that mass «'lection, properly 
employed, offers a ready means of capitalizing on the work which nature has 
already accomplished, through natural selection, over long periods of time. The 
term indicates that coco-nuts from selected palms, or selected areas of palms, are 
used for hulk plantings. The procedure could allow for the cutting out of inferior 
and diseased palms and only allowing the liest palms to cross in up area designed for 
seed production, and also prevention of intcr-crossing by other means such as the 
removal of spathes on such inferior palms.

Bf.ANT t o iiow Me t h o d s .
This appears to lie comparable with the methods employed at Klang, Coco-nut 

Kxpcrimentnl Station, Malaya, and at Buitcnzorg, Java. This would he n very 
useful method to employ either in the preliminary stage* or us an adjunct to the 
dose breeding methods described later, and would also he very useful for establish-
ing isolated seed gardens. Tho seed nuts or progeny derived from palms which 
appear to lie superior on oppcaranco, or as indicated by the various criteria used 
for selecting good palms, or preferably by provious yield records, are sown out in 
rows for comparison and further recording of yields. It is possible to cut out any 
rows which are inferior in type or in yield capacity and thus allow only the best 
types to cross. A necessary preliminary to cither plant to row methods, or to the 
provision of isolated gardens or to commencing close, breeding, is proper pursery 
selection. Only progenies which give a high percentage germination and produce 
strong healthy seedlings of even growth should ho planted out regardless of the 
individual yield records of the mother tree. Iloncc, even in the nurseries, it would 
he a sound plan to arrange tho coco-nuts derived from each individual pn!m (plant 
progenies) in rows, side by side, under optimum conditions. Then the hereditary 
behaviour (plant to row) of individual palms can be judged to some extent even 
in the very early stages. Tho production of even, sturdy plants means that both 
parents were strong and that few variable, inhibitory or undesirable characters are 
present.

It is common knowledge that plant to row methods has led to great yield 
increases in other crops, lialdo to cross-pollination, and is also indicated as a incans 
of coco-nut improvement, though it is of neeossity slow, from tho practical point 
of view, unless extensive areas are planted out. It should be recognized that 
improvement of yield might accrue, but the yield of improved nuts might not be 
on a sufficient scale to influence large commercial plantings.

When using controlled plant to row methods it would he necessary to obtain 
results which would yield sufficient seed coco-nuts to lie of practical valuo to the 
planting community. It is au important consideration that the difficulties of

asns.—7
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utilizing improved coco-nut material are great, because it would be necessary to 
have »uiliciciit seed nuts developed finally to bo available for public u«o, so as to 
warrant any expenditure and work carried out,

< 'i.nsK a n d  Lin k  Hh k k d imi.

The most important desiderata centre around the question as to whether 
breeding of eoeo-nuls is praetienble and whether results can lx* expected to 
eventnale within a reasonable period of time at comparatively reasonable 
expenditure.

In rubber breeding vegetative propagation furnishes u ready means of 
eapitali/ing on any progress made in breeding and provides methods of increasing 
any high yielding tree to any sized population required. This development of large 
population from one individual plant by vegetative propagation is called “clonal 
propagation” and the population so developed is termed a “clone”. Rubber 
dimes have been developed ami increased so thut many thousands of acres have 
turn planted with individual buddings originally derived from one tree.

There is no such short cut to coco-nut breeding, hence it is necessary that 
ouie scheme be evolved, which ns far as possible can Ik j fitted in with the 

commercial minting of a plantation while still furnishing some measurable 
improvement in yield and typo.

It. appears to the author that the only probable means of attaining the 
desired end is by a system of “ close-breeding Investigators who arc interested 
in a discussion of this breeding technique are referred to an article published in 
// rrl m tfc Hrrirns, Miircb to.lime, 1 iltSü.*14 > The reasoning applied by Alueauley(39) 
for close-breeding with maize suggests the 'basis which can be used for close- 
breeding of coco-nuts, although important modifications will l>o found necessary. 
The limited programme which lias already been commenced at Kcravat Dononstra- 
liun Plantation is now outlined. it is also pointed out that the programme of 
cInsc-hrcciliug is combined with the scheme for the introduction of superior 
selected coco-nuts, both from within and outside the Territory. Seed coco-nuts 
derived from open pollinated flowers of selected individual palms are collected and 
numbered. The seed nuts from each individual palm ere kept in separate plots 
in tin nursery. The seedling* are selected in the nursery before planting out is 
done as is described under line breeding. At Keravat these arc later planted into 
distinct and separate plots in the field, ft has been the practice here to plant, out 
the seed nut population derived from each individual palm into small square blocks 
in the field. Owing to space consideration only one dozen seed nuts from each 
mother palm could he used in each individual plot.

It is seen that the. behaviour of the mother trees can be determined, und that 
I he pollen nr male parent is the unknown factor, owing to the ease with which 
i i.- pollination apparently occurs with eoeo-liut». it seems very difficult to 
obviate this, except by controlled cross-pollination in the first place, or by the more 

rude met bod of banging sputbes from selected palms to act as male or pollen 
parents for the selected mother [minis.

Tin* elimination of inferior typos in the first series can be done by olwervation 
ami perhaps by weighing the husked coeo-nuta when the palms come into bearing. 
Any obviously bad populations such as those with a tendency to chlorosis or any 
growth malformations will be eliminated before the palms come into bearing at all.
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'Hie 1 «*rin “ rlnsn breeding ” is derived from the fact that, its fur us possible, 
liic pollen produced by 11»«* in«li vicinal paints in one population is meant In 
fertilize flowers of oilier pulnift belonging to same population, all of which were 
derived from nuts harvested from the same individual mother tree.

I it’practice it will he dillicult to prevent the intermixing of the pollen of <be 
various populations, hut some precautions are indicated to eliminate this 
possibility, as far as possible.

When selecting nuts for further plantings all that can be advocated, is to 
■elect nuts from tin* centre of tlio ls'st plots. Tt should prove possible to remove
■ patlies from the palms on the borders of each individual plot, and thus prevent 
their fruiting. This would -I*? more practicable with short or young palms. It 
must be conceded that even by observational methods, many inferior populations 
will 1 k ’ recognized. Theso can bo cut out and eliminated from any possibility of 
crossing so that any outside crossing which does occur should Is* with 
individuals of superior populations. At such time as it is possible to recognize 
any superior populations, the next step is to plant seed nuts from these together, as 
separate plots, in a new area. If possible this second stage should he arranged 
for yield testing as well a.s to give maximum facilities for close pollination. Olose- 
!»red plants tire sullicicntly variable (heterozygous) so as not to lose vigour after 
continued selection in the close-breeding plots.

It is considered that tt continuous system of close-breeding would permit of 
the continuous elimination of inferior strains after euch generation until finally 
only the best strains, tts determined by performance on yield, or under observation, 
an* jierpcluatcd. Such si process of elimination really amounts to “ strain- 
building” and does not preclude the building up of other improved seed plots 
from the best strains, at any time, without interfering with the programme of 
improvement and without loss of vigour in the resultant progeny.

Jt seems possible that it will be necessary to wait for some years to obtain an 
improved strain of seed coco-nuts for multiplication and distribution, but in any
■ av I he method described offers the quickest means available. Another advantage 
is that this improvement should Is; increased with each generation of further 
select ion.

Practicability of Coco-nut Breeding.
The objectives and practicability of coco-nut breeding are stressed right 

throughout this article, hut then* are other difficulties which present themselves. 
It must he decided whether the introduction of comprehensive programmes of 
coco-nut. breeding such as described is warranted. The posaibiliiteu of controlled 
eoco-nul breeding are surveyed in this article, but it is seen that the problems 
involved tire not simple, and that there is no set road to s u c c c x m with such work. 
One certainty is that it would l*o advisable to carry out coco-nut breeding by all 
practical methods available, which is no limited task.

Such controlled plant breeding cannot Ik » carried out by private individuals, 
and is a matter for institutions which must devote most of ibeir time to such 
work. The question as to whether the economics of the present situation merit 
such work on a large scale devolves upon the fact that a large proportion of the 
available areas havo been and arc becoming planted up with ordinary type coco-
nuts. Against this argument it must bo pointed out that it is not known what 
proportion of the hearing areas in the South Seas are economic producers or in
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other word* to wlint degree the good producing areas are carrying the low-yielding 
areas, on the individiinl planlutimis. it is certain that an economic survey would 
show that a great proportion of the boaring areas in this Territory become 
uneconomic producers when the price of copra falls below a certain level. This 
applies more particularly to the low copra producing plantations situated on 
infertile soils. If improved planting material were available this marginal yield 
|.er unit area would I«' increased in the same ratio as any yield increase obtained 
by using improved seed nuts.

The heaviest hearing plantations and thus the most economic producers stand 
the most rluinee of competing with oilier countries and other competing oils when 
the margin of profit is reduced owing to a fall in prices, Ify using improved seed 
nuts areas which are at present uneconomic might be brought into cultivation. 
There is no doubt, whatsoever, that the use of improved seed material, if available, 
would greatly lessen cost of production.

Facilities Necessary.
It h  obvious that the provision of facilities ia really the determining factor 

ns to whether such work should be commenced or not. A great consideration is 
whether it would pay an individual (lovernment in a partially developed country 
to inaugurate such work whore questions of fairly heavy finances arc involved.

It would, undoubtedly, require that a whole plantation be devoted to such 
work. H seems, however, that if such breeding and selection work wore carried 
(>ul on a large scale, the plantation used could l*e made to pay for most of the 
expenditure involved, once it is brought into bearing. The precedent for this is 
where the areas devoted to colTcc and rubber breeding have been made to pay where 
such experiment stations were established elsewhere.

It appears that the ideul plantation for such work would have about 100 
heel ares already in hearing to help carry the expenditure. This would serve as a 
source for solution, ami would provide areas for manuring mid other uxperimenta-
tion. This lien ring area would need to Im associated with at least as large an area 
of virgin country to curry on breeding programmes, such ns described. There is 
little don hi that it would l*e possible to plant up a whole plantation of, say, 100 
acres with coco-nuts arranged for close-breeding in the manner described. It 
would he preferable to plant 25 or 50 nuts from each palm in the individual fdots. 
Then it would not he unnecessary to remove any spathes to insure that there was 
sufficient close-pollination within the centre of the plots, while cross-pollination 
would take place with the adjacent plots on the borders. Whcro these adjacent 
plots appeared to he both superior typos, crossed nuts, derived from the edges of the 
plots, may provide very useful material. Where larger plots wore used it would ho 
possible to supply much more material from selected plots. It would be necessary 
to select the original mother trees by using the various criteria and known 
correlations between desirable characteristics, earlier described. In this manner, 
it should be possible to select only high producing, good type palms for inclusion 
in such a programme.

Such a large area could !*e run commercially and would ho used for experi-
ments and still act as a main centre for seed distribution. If planters were 
interested in first-class seed uuts, a small extra chargo could be made for improved 
material. The initial cost of establishing sueli a coco-nut research centre is, as 
with mo>f new ventures of this nature, the important consideration.
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Should llie provision ol such a plantation Us beyond Lite resources of any one 
individual Government, it is possible that a scheme could be uiude to apply to 
lbe whole Southern i’uciffc, if some well-organized central institution were 
available to carry out such work, but so many Governments are involved as to 
lender such an establishment unlikely. The time factor is a most important 
consideration, and it is this more than anything else which lias held up coco-nut 
breeding for so long, it is only a Government or an institution with a long-term 
viewpoint which could satisfactorily carry on such work.

There is no doubt that the development of improved seed nuts would have 
a wide application, as the results would apply to most coco-nut-producing 
countries, hut particularly in those Uueific Islands where European plantations 
form the hulk of the planted area. There is not only the desideratum as to 
whether coco-nut breeding is a feasible aim, but there is the question as to 
whether sufficient boed nut« could he increasod from any improved strains to 
affect a great number of plantations. It is this consideration which determines 
that any controlled system of cueo-nut breeding Avould necessarily have to he 
carried out on a large scale.

if it were considered by central authorities und plantation interests that 
the work of developing improved seed nuts would be of great value, the 
institution of such a programme should not be delayed.

It is as well to realize tho difficulties involved, but an important function 
of Ibis article is to show that the feasibility of controlled coco-nut breeding lias 
been given much consideration by this Department. It is granted that the 
question of the establishment of such a scheme of coco-nut research could not he 
decided by any particular individual, or even by this Department, without the 
full co-operation of all interests affected.

iiesides the major objectivo of developing improved strains of coco-nuts, 
a coco-nut-breeding station could carry on fundamental studies with all the 
problems mentioned in other sections of this article.

A study of self and cross pollination as rclutcd to fertilization and nut-
setting could he curried out in connexion with the breeding programme, us could 
investigations on other factors affecting nut-setting.

Experiments on manuring, cover cropping and cultural methods could he 
carried out at the same time. Such work would indicate the quickest methods 
<•1 increasing yields for any money expended. The longer term results from 
controlled plant breeding should, however, he more permanent and progressive.

SUMMARY.
This article deals with two main probloms, and lienee is divided into two main 

sections: A.-Co c o -m t  Sk k u  Sk l k x t io n ; JJ.—Co c o -n u t  I’u a n t  Bk j ü o mn o .

A.—Coco-nut Seed Selection.
In problems of seed selection the effect of environment on the growth 

characteristics of the coco-nut cannot he underestimated. Unfavorable environ-
ment may mask favorable hereditary characteristics of the individual palms and 
render selection difficult.



yu
Tin' hereditary characteristics ‘of a palm which determine its inherent 

capacity for yield arc constant, hut the factors associated witii the expression 
of yield—such as climatic, soil, and cultural environment—arc constantly 
changing, and these are briefly outlined.

Individual palms in any plantation show a wide range in growth charac-
teristics and in fruiting ability, so that in any unselectcd urea a very large 
proportion of the palms present are shown to be uneconomic producers, tliu- 
coco-nul vo<«d selection is strongly udvocatcd.

I'li«* ineihods ol seed selection employed in New Guinea plantations are 
outlined. These are usually crude, where not entirely neglected, though a few 
experienced planters do practice proper seed selection. Kxcuscs advanced for 
such neglect mainly centre around the time and cost involved, though it cannot 
he denier! that seed selection is a sound capital investment.

Improvements on the existing methods arc described and recommended.
Heavy-Waring palms of good type should he selected according to various criteria 
which are elucidated. The selected palms should !>c permanently marked and 
observed, individually, for some time before finally selecting them as a source 
of seed supply.

Certain external characteristics, auch us type of crown, number of sputhcs 
and female (lowers present, have been correlated with yield tendencies. In other 
countries a very high correlation between weight of husked nut und copra yield 
has been indicated; thus by simply weighing the husked nuts n very close
measurement of the yield of copra from individual palms can be mude without 
the trouble of drying the kernel.

I he tangible results which can be expected from seed selection arc indicated 
as being well worth any cost or trouble involved. Yield increases of the order 
of 20 per cent, would easily be anticipated, if rigid selection of high-yielding 
palms for producing seed nuts were carried out as, on the average, liigh-yielding 
palms produce high-yielding progeny, and vice versa for low-yielders. If 
production cun be increased by JO per cent, the cost of selection would be amply 
repaid.

The extent to which coco-nut seed introduction into New Guinea has
proceeded since historical times is not generally realised. The introduction
of seed coco-11nt* from outside countries such us Malaya, the* Philippines, .Java 
and Samoa, and sood interchange between various parts of New Guinea, has 
been carried on extensively both during and since German times.

The present Department of Agriculture has also carried on a great deal 
<.f coco nut seed introduction, and representative collections are being grown at 
lvcravat Demonstration Plantation near ltnbaul in connexion with n breeding 
programme.

The presence of “regional strains ” (not varieties which breed true) in 
this country and clscwhcro are indicated, it is apparently this fact which has 
led to the interchange of seed nuts from different district« bore. The Markham 
I liver, Witu and probably the western islands types of coco-nuts uppear to be 
varying regional strains which, however, possess some distinguishing charac-
teristic*. The influence of selection of k c ih ] coco-nuts by natives, together with 
'utuiai selection, has had a decided influence on the types of nuts propagated 

v\ different districts.



A short discussion on coco-nut varieties is presented and several gcnetical 
abnormalities, which should Ih j avoided when selecting seed nuts, are listed. The 
utility of the dwarf varieties to Now Guinea conditions is not yet apparent, hut 
they have been the subject of many inquirios, und hence arc described in some 
detail. Some types were introduced years ago by German planters.

The floral structure (morphology) of the coco-nut sputhes and llowers, also 
lhe development of the inflorescence, mule flowers, female llowers and nuts are 
dealt with, and many practical applications of such work arc given.

Thu natural nut-selling or the percentage of llowers forming matured fruits 
(usually in the vicinity of .‘10 per cent.) is influenced by the original profuscuc«* 
of female llowers present, us well as by the general condition of the pulms, together 
with all of the factors governing growth, fertilization, und so on; closely related 
to this are tho problems of nut-fall. The falling of unfertilized llowers (embryo 
abortion) is often confused with nut-fall.

The problems of pollination and fertilization of coco-nuts are presented, 
while the agencies of pollination, such as insects, wind und birds, are discussed 
with particular reference to New Guinea. Knowledge of such problems is a 
necessary preliminary to any controlled methods of coco-nut breeding.

A brief discussion on seedling selection in the nursery and selective 
rc-planling in tin; field is given, although these may l>e treated as separate 
subjects. InHuflicicnt attention is given here to these most important precaution* 
for successful coco-nut planting. The seedlings being derived from originally 
cross-fertilized flowers show extreme variations, and only the sturdiest plants 
should be selected for planting out. Neglect any palms showing an hcreditury 
tendency to low germinability of seed nuts.

B.—Coco-nut Brooding.
It is only recently that scientific plant-breeders have taken an interest in 

the improvement of coco-nuts by systematic plant-brooding.
The long term of year* which is involved before any rent it it* could he 

obtained from coco-nut breeding, the height of tho palms, and the long intervals 
between generations, have so far provided the greatest deterrents to the initiation 
of plant-breeding with this crop.

The possibilities of controlled coco-nut breeding as far a* Now Guinea is 
concerned are surveyed in this article, and it is ahown that the problems involved 
are not simple; nevertheless, they are not insurmountable.

So fnr few results liavo been obtained nnywhero from methods of controlled 
breeding of coco-nuts, and hence the literature and information available on 
the technique likely to be employed in such work arc very meugre.

Controlled plant-breeding cannot bo carried on by privuln individuals, as it 
is a matter for institutions, which must devote a great deal of their time to 
such work. The objects of coco-nut breeding, such as brooding for yield of 
copra, oil production, elimination of disease, actual increase of copra production, 
constitute the main aims in such work.

A most important consideration is not whether controlled breeding of 
coco-nut* is practicable, but whether results can be expected to eventuate within 
a reasonable period of time at comparatively little expenditure.
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'Nie ii I Hirn 11 ir.s of utilizing improved coco-nut material arc * trussed, a.> 
■iu llicii'ii L improwd '«t i I tin I m would i i «t «1 to be pr«»«liuvd to it IT«'«* C a large planting 
ana, m order to warrant the trouble and expenditure involved.

Tin: (pii'liou of tlie* provision of facilities, and a suitable plantation for 
■oil'll work, is tli'cnssed, and this is really u determining factor governing the 
initiation of Miidi work in this country.

I In- t ilt'l l ol n il ami rio.sA pollination on the vigour ol the resultant palms 
is oiil 11 nrd. Srlf-pollinalion leads to iu-broeding, which leads to reduction of 
vigour iu crops liable to cross-pollination, such us coco-nuts.'

The po-sildc methods of eoco-nnl breeding are described and it. is explained 
I lial eonlrolled mass seleel mu, combined with individual plant selection, should 
be a iieiT' ary prelude to any programme of coco-nut improvement.

Six met hods of crop improvement are outlined, ami these include the 
possibility of artificial pollination methods being employed.

It is believed that elose-breediugM methods, ami the provision of various 
kinds of seed isolation gardens, oiler the readiest moans available for coco-nut 
.red improvement.

Surli methods «re Wing utilized on a limited scale at Keravat Demonstration 
Plantation, near Uabaul.
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CORRESPONDENCE.
I The Department dues not necessarily concur with the opinions exrrssed, hut correspondence 

and articles are always welcomed.]
Erimahafcn Plantation,

Madang, New Guinea,
1st November, 1937.

The Director,
Department of Agriculture,

Kuba ul
Dear Sir,

It was notice! in the early issues of the Ncir tluinen Agricultural (luzrttr that the 
planter* were invited to contribute article* to this journal, but I have not a* yet read 
any articles originating outside your Department.

A* 1 consider it (be duty of the planting community in general to assist you in 
establishing this journal—a very necessary publication for the improvement of Hie 
'territory in an agricultural sens«'—I am attaching herewith a small article dealing with 
the possibilities of dwarf coconuts in New Guinea, and should you consider it «iiitabl« 
for publication liojie that it will encourage other planters to express their view* through 
your journal.

Assuring you of my assistance at all time*.
Yours faithfully,

(Signed) 11. <i. Ha u ..


