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EDITORIAL.
to this dssue resudts are given of preliminary tests with insecticides agains
Newava spp. (eoco-nut trec-bopper).  Sinee this was written the power dusting
maechine has been received and field trials will be procceded with as soon as
possible, but as 1 will be =ome thme before these can be completed, the resulrs
velerred to are published at this stage to show the e of Jnvestigation thuat has heen
started,

The value of eoco-nut provement by seed sclection is dealt with at length
snd it is generally recognized that i these times of spectalizgtion o agrienltural
praciice and keen trade competition, the most esreful attention to detail i
essential by order to obtain the best from agrienltural pursuits.

A contribution o the dwarf covo-nut has been submitted by Mre, Halll Madang
Instriet, and we would welcome further arneles, of agricultural interest 1o the
Territory, from other correspondents.
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MEASURES FOR CONTROL OF COCO-NUT. TREE-HOPPER
(SEXAVA SPP.)

Ly dohn L. Froygatl, B8.8¢., ntomoloyist,

Meusures for the control of any pest must necessarily depend on its mode of
living nnd propaguting, and its goneral habits.  In order to make the measnres
divenssed rendily wnderstandable, 30 may e desivable o liest give o very hriel
recapitolation of e Hfe history and habits of the coco-nut tree-hopper (Secavu
Spp )

The adults and nymphs Jive n the head of the palm, sheltering on the under-
surfaee of the folinge and feeding principally at wight, From about 630 pan the
females cruwl down the trunks to the ground (u few may volplune down) to
deposit the eggs, which are laid singly jnst under the surface of the soil. The
adults then re-aseend the pabn by erawling up the trunk., Thoe eggs take from 49
to 10T days to hateh (avernge 70 days); the young hoppers (nymphs) emerge
muatly at night and aseend the palms within, at wost, 24 hours after emergence.
These pass through a series of “moults ™ (six for the meale aud seven for the
fownle ) occupying a period of T8-117 days for tie male (average 92.4 days) and
124 days Tor the female (average 1009 duyx).  The adults mate after about
two o three weeks and eges are deposited about five to soven weeks after reaching
the adult stage.  Epiphytic growths on the trunks of palms are often favoured
sites for egg deposition. '

The varly-stage nyiuphs are not the voracious fecders that the fifth to soventh
wstars and adults ave.

b claborating nrethods of conteol, for any insect pest, the economies of each
ease gnustof necessity be an all-important guide 1o measures recommeonded or
nndertaken.

Daring the depression period when copra was barely, if at all, paying expenses,
only those lines of attuek, requiring the minimum expenditure, warranted spoceial
attention,  Foremost amongst these was—

Biological Oontrol

or the use of other inscets which prey on or pass their developmenial stages within
the hody of some stage of the host,

Minute wasp parasites of the eggs were found on New Lhanover in UB0, bt
fuiled Lo breed under luboratory conditions,  This way later identified asx Hoirania
leefnanse,

P 1983, the egg parasites, Leafmansia beeolor (Encyrindac) and Hoirania
becfmanae (Trichogrammalidae) were introdueed into the Manus Distriet from
Aniboini, The former bred up freely in eaptivity, but colonies of the latter got
wenker aud weaker and finally were liberated on the chanee that they wight
estiublishe themselves in the field,

The egg parasites of Segara known 1o oceur in this Territory bave heeu
recorded in the New Guiea Vyricallural Guazelle, Volume 3, No, ¥,
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Parusite breeding over an extended period bas sbown that Leefmansiy bicolor
edr. 15 vory easily bred in ecaptivity.  Daoirania feefnansi has proved diffienlt fo
feed i the Giek! Inboratory, yiclding vomparatively weak coloules, Uhe Mymarid
spoalthough breeding freely in the fiecld has failed to develop through even a
single geweration in the laburatory.

o The resubis achioved in eatablishiug  Leefmansie bicolar lave varied in
different parts of the Terrsitory, Within three months of starting regular
liberations from the field laboratory, it has been recoverad from the field; in some
parts it has maintained the generations very suceessfully, and in others where this
has not been so narked, other procedures wre now being adopted 1o test ont ihe
infliener of dnevensed gronnd shade and windbreaks,

Biologieal control, where suecessful, althongh slow 1o altaining its obiject,
calls for very hitte expenditure of either money or Inbour, in most cases,

Tanglefoot Bands.

Bands of trev tngleloot around the trunks of the pabins have been tested out,

and with one preparation large nunibers’ of first, und to a lesser extent, second

stuge nyinphs have been trapped 7, the bunds remaining tacky for about four

wonths,  This might have economic possibilitios in_the carly stages of sn onthreak
i resteieted loeainty, bt i oo expensive on g large seale

Use of Ingecticides.

With the greatdy inereased value of eopra and the maiutaining ol o fair price,
other methods warrmted detailed study ; foremost smongst these waus the use of
insecticvides, which could be applied in either of two ways, spraying or dusting.

Spraying requires a large vohwome of soft waler, and o high-power spraying
cutfit. In omany parts, owing to the coraline nature of the =oil, soft water s very
diflienlt to obtain in quantity, quite apart from the vost of cartage of such, Salt
water has been tested bt has not proved satisfactory,

Dusting on the other hand requires "wo water, although FOqUARIRE o power
orachine, bt one waeh less expensive than o corresponding spray outfit,

During long leave in 1936, extensive hupuiries were made by the writer, in
lngland, and information ebtained from the United Stutes of Americs, on the
latest types of dusting machines, and finally an English awebineg was selected,
equippeed with o four-troke, vix hotse-powsr engine, which wax ordered carly in
7.

Meanwhile laboratory cugo trinls were instituted with o munber of Jusceticides,
borh arseuical and non-arsenieal (derris and pyrethiram) to ascertain those which
promised the best results in the field,  Cages wore made of copra-bed wire about 3
Feet high wnd 2 feet i dinmeter, in which fresh woco-nut folinge was suspended
and womunber of Newera, collected nt night, was placed.  The dust was then
applied by moans of o hand-dusting maechine, and the aumber of deaths recorded
over a period of three daye. L eacl seriex, one cpge was untreated, to act ux 2
control,

The anseeticides comprized both proprictary and experimental prepurations
supplied to the Eutomologist by the mannfacturers from Fagland, Austrealin
Vimerien, For testing o connexion with this work,
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- Vhe arsenreads caraprised sorsente of foad tseveral different hrauds ), caleiun
arseunte and Paris gree. .

The non-arsenicals comprised various preparations of derris (us pure powder,
atd total extraetives, dilated with an inert filler) and pyrethrum; of this group
bl proprictary and experiments]l preparations were used,

The results with the fonmer were very consistent; 3 per cent. of the
msecticide (slaked lone being the dilntent) gave an average kill of 80 per
cent, with arsenate of lead, ST per eent, with ealcimm arsenate, and 90 per cent.
with Paris green, dedueting o common factor with the eontrols,  Ou the other
bndd, the noncarsenieals  gave very variable results, even with the same
preparation, ranging from 48 per eent. to 59 per cent. under the same conditions.

At the date of writing, the power-dusting machine has not been received, but
v recetpt, fiehl teinds will be dnstituted  with arsenate of lead and  caletum
arsetate; in these rinds dida obe the quantity of insceticides per aere, time tuken
Lo dust nogven area, number of treatments for control, &e., will be worked out.

Sueh o method of control woeuld in ne way interfere with the course of
bialogieal control) but would rather tend to supplement it,

Withowt the application of insectivides the following mewsures will have to
b ud()pi(‘d:-—-

odaghting of fires to give a volume of hot smoke between the rows of
palins, having a line of boys to colloet and destroy the adidts and nymphs coming
dowy from the palm heads,

2. Colleetion of Sewara ut uight; the number of females collected ut these
thnes ix greatly in excess of that of males, aud prevention of deposition of nmumbers
of epprs is thus brought ahout, '

t

G Callection of Secura vggs,
i Turning over the surfuee soil by hoes, &e; in this way eggs are exposed
ta predators and are destroyed partly by dessieation and partly by deep burying.

Poison Bait.

Puris geeen s beaa baits have been tried both in the heads of the palns
and on the ground. This method, although very successful with the ground-
Crecpuenting Joensts, was of no value at all with these tree-frequenting species.

Other Buggestions.

These have ineluded the use of tlame-throwers, und aeroplanes. The former
have proved themselves of preat value on the swarms of young locusts on the
gronnd, hut the Sexarae belong to a family that have totally difforent habits and do
not swart in this way.  To use flame-throwers to destroy the eggs would require
a considerable beating of the soil and probably result in damage to at least the
yoot= of the palin elose (o the surface,

Aeroplanes.
Where there are very large compact arcas of uny one crop, acroplunes have
been reported to be suecessful for somo insects. But again cconomics come into
the question with copra. which is a comparatively small return per nere for any




costly measure of vontrol. Morcover, the Seadvd shelter onund feed from i
lower surfaee of the folinge and ean be reached wmore readily and chesply frow
the ground than from the air.’

Morcover, in the dusting trials it hus been found that w high percentuge of
kill was obtained where the “hoppers ” had fed on fresh folinge but had erawled
over dusted onges and so0 got a very small amonnt of the poison on legs awd
antennse, which were eleaned through the wouth. Thus dustiug from the ground
will powder the insects as well as the foliage. :

WEEVIL PESTS Ol‘ COCOA.
By John L. Froggatt, B.8e., ntomologist.

Twao .\'p('('i('s of weevils, or “snout beetles,” have been bred from cocou Lrees,
one bebigg u pest of eronomie importance,

-Pantorhytes Plutus, Oberth.

Phe adult beothe i gbont three-quarters of s ineh in length, head, thorax and
Biwd thind of elvtra (wing covers) and under surface of body and legs, black; one
wmedinm green stripe snd one lateral green stripo on wach side of thoerax, und black
portion of elytra marked with green stripes or sputs.  The snout is short and
thick.

The point of attnek may be anywhere on the stewm or brasehes, a fork 1o
between branches heing espeeislly favourad, heavy gunming arixing at every site
of infestation. :

The eges are Jnid in the bark, apparently xingly, for only one lurva is found
in each channel,  The grube tunnel nlong the soft, woody tissuie just under the
bark, which is ultimetely killed over the site of infesintion, leaving a ragged
apening, and seriously affecting the braneh sitneked,  As a general rule the channel
ix mure or less straight, but espeeinlly in gases of attuck in a fork the hranel may
I completely girdled and the contre of the fork boredinta,

The wdults feed on both the bark and leaves, but wore ou the forser, A trisd
was e on one plantation of spraying youug trees, v which the boetles were very
prevalent, with arseunte of lead, und the manager reports that the pest has been
very considersbly redueed by this wmeans,

A trind was also made with paradichlor-benzene introduced into the ('immwln,
but proved a failure in killing the grubs, the mass of gum apparently hindering
sublimniion of the chemieal and preventing penctration of the fumes into the
head of the channel

Puaslorkyles plulus, the green cocon weevil, hus been collectd in several parts
of the Territory, but has ouly been recorded us a peat on portions of New Britain,

Hepterans Turvae ave aeavly always present in the gun, but see apparently
oy seavengers, s

Orthorrkinus Patruelis, Paac.

This weevil has beenu bred from a small greon braneh of a1 covos tree, buy is

appurently not numerons,  The adult beetle is dark brown in colour, and about

half an ineh iu length; the surface of the elytra is rongh and the snout of moderate
length.
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. ARTIFICIAL CONTROL OF INSECT PESTS.
By B4 0 '(;14(4(;f,‘<l§..'i., B.Sesdy., Assislanl Jntomologist,

L a previons artiele in this Guzetle,® hiological control of luscet pests wus
dealt with, and 3t was stated that, where this method could be suecessfully
caployed, it was ideal.  Hlowever, most inseet pests ¢an be controlled only partiully,
or not at all, by parasites, and in these cases, artificial methods must be used. These
may he ronghly elassified under two heads, preventive and eurative, though there
i< s good deal of overlupping, The former are of course to be preferred to the
Latter, other things being equal.

Preventive methods may b grouped ux follows :—

tay Quuarantine,

thy Cultural

() Use of resistant strains,
() Repellents und lures.

(a) Quaranline. The objeet of quarantine regulations is, of course, to keep
oup of w eonntry or distriet pests whieh do not already exist there, and which, if
traduead, wonld cavse dimmnage to property, Mot eountries in our duy have
stringent guarantine laws covering a large range of inscet pests, and these laws
are frequently administered in oa dreastie fashion,  An example of the application
of domestie quarantine in the nited States of MAeriea will serve to show how
severe is the legislation enacted to restriet the spread of an insect pest which is a
erent potenttal danger.

Several years ago, it was diseovered that the Mediterrancan fruig ily, o
destruetive pest mainly of stone fraiis, had wade its entry into the fruit-growing
wrras of Florida, despite quarantine lnws designed 1o keep it out of the UUnited
States of Americn. A lurge staff, totalling 70 entomologists, was immediately sent
o eope with the danger, supported by large numbers of workers and g huge vote
of money front Congress. [t was realized that should this inscet spread throughout
the huge frust-growing arcas of Floride, it would canse immenso loss, as it had
done in the Mediterrunean countries and elsewhere, including Australia, Fifteen
thousand acres of orchard snd virgin land were quurantined, inelnding all areus
where there was any likelihood of the ly having spread, and in this area, every
fruit, wild or enltivated, was destroyed, though only a very small proportion was
fly-infested. 7These measures were apparently successful in combating the menace,
and Tlorida thus holds the record of heing the only country where the Moditer-
ranean freit Hy bas heeome established and has been wiped out.

There ave various opintons 1s to the effectivencss of quarantine of imports
feom other conntries, some well-informed observers contending that the mouey spent
in policing the regulations ix largely wasted, and that it would be better spent on o
coneenteated campaign to wipe out each pest after it had been introduced from
abrowd, This is o very doubtful contention, for such a policy would necessitate
prampt inforiation as to the ocearrence of any such insect, information which
might eaxily not be fortheoming until too late. Tt would seem that a country or
State with Tew points of entry should have an excellent chance of keeping out
nmu-lmnw misect visitors, and there is always the second line of defence if the pest

* Bee ‘\"rw ﬂ.m.u unrm‘ruml Gazette, Vol. 4, No. 1, January, 19098, p. 13.




duex gmaiige e penetrate e vuier barriers. Weatern Ausiradie s had sigual
suceess 1o excluding the codlin moth, present in the other Stutes of the Common-
wealth, The hinport of pome fraits, which the codbin moth attnchs, s fockidden,
but on about w dozen oceasions the moth bas becone estublished ju the apple
archinrds of the seuth-west. Nevertheless, it has been invariably wiped out, thunks
to w rigid system of orchard inspection and quarantine of aflected areas. Ln no
sther country has this pest heen controlled once i has made its entraner, Doty
fronn the ravages of the dnscet means many thousands of pounds munally te
Western Nustraling and pays over  aud over ngain for the cost of enforcing
quarantine regalations,

thy Cullural Methods~-1n the coutrol of many inseel pests, it s been Tonnd
that correet eultnral practive, and iy soume cases, speeind caltural methods) ean play
i hig part, Such activities as the eleaaing up of trash wwd stubble, or the burning
over of harvested areas, arve common-places of good Turming for many crops. In
the cuse of ihe hidnoceros heetle, a Joend pest of coco-nut palims, similare action s
tahen, H has been Tonnd that the destruetion of surplus decaying vegetable watter

o phuitation chieeks the wetivities of this fuseet, destroying its Tavourite breeding

grounds. Similarly, wheat erops sown on weedy ground in Mustralin are subject
to plagnes of certain species of entworm, whereas this trouble s avoidel by ntiliz-
ing elean Tulow for sowing the erop, Theve are many suel instanees, all indicating
tiat correet methods of agricultnre ean do mnel to Tt the inerease of injurious
teets,

Plovugching and enfiivating are nsefud also in that they expeose insects living
i the ground to the wenther, and to the attaeks of birds sud other natural eucniies,
i wdso sometimes make the condition of the soil unsuituble for the developiient

of these insceis On the onter fringe of the farming wrens In Western Australia,.

fur fsstunee, omeh tronble has been experieneed from the plagne Jocust, This
inseel luvs its cggs in hard, bare pateles of ground, and the abaudonment of many
furms during the depression peviod provided large areis of elesved Land suiable
for this purpose. Rigebarked paddocks which Lad not been ploughed were alsa
favonred breeding gronnds. The only way to forestall u pligine of locusis it
plovgh up the ground where the eggs ave Inid, exposime them 1o the san, wind
and naturad enemtes, Nimilar action would, e doubr, I useful in the ense of the
coro-nut tree-hopper (Neeara spp.y 1o this conntry, were plonghing and enltivating
practieable, and in line with the ewdinral practice generally adepted,

Minsnving has adso been used fo eounterget the ravapges of insect pests, as {or
tustanee in the case of the shothole borer of the ten plaut in Cerlon.  This borer
girdles the branches with its gallery, and they {requently break off, eausing con-
~idersble loss.  Ilowever, it has been found that by the applieation of certain
mwamires, chiclly nitrogenous, the plasts are wade aore robust and the loss of
hranehes s consderibly redueed,

Auother practice which is often resorted to s the plamting of ©trap erops ™
These are favoured food plints of the pest which it is feared will antaek the wain
vrop, The trap erops are planted around the commercial crop, amd are sown
earlier, so that they reael muturity wore quickly, When they are heavily infestod
by the nexious inseet, trap crop and pest are destroyed, and thus a large number
of inseets which wonbd otherwise have attaeked the main erop are diverted and
Litled.




ey Loe of Lesistund Stramse—~Muel work Lus been done vn the breeding of
plants which will resist the attacks of inscets, und some good results have beon
obtained,  Various methods are cmployed, including continued sclection of the
most resistany planls in o succession of crops, cross-breeding of two diflerent
varietics, and grafling of prolific but suseeptible varictics on to u resistant rtock.
For instanee, the Northern Spy apple hasbeen froely used us a stock ou o which
comsmuercial varicties are grafted, the Northern Spy being resistant to the attack
of woolly aphis, whiclt feeds on the roots as well as the serial portions of the
tree.  Similarly, resistant stocks bave been cmployed against the vine louse,
Phyllosera vastolrie,  Little has been done iy fhe hreeding of resistant animnls,
but one of the recommendations of students of thoe sheep maggot fly problem in
Ausiralia is that an offory should be made to breed out the wrinkles in the noeck
of the merine,  The rancid grease collecting. inside these wrinkles stimulates the
iy to deposit s eggs there, and makes a suitable environment for the maggots.
The wrinkles arey of course, the result of a deliberate breeding poliey designed
10 berease woul production, ’

vd ) Repellents- ~Repellents usually tuke the form of chewical substanees
obuoxious to the inscet pust concerned, though oceasiontally a erop iy surrounded by
1 belt of some other crop distasteful to the pest, thud preventing the Jatter from
approaching the theeatened plants. Suelr o system iy used aguinst certain species
of army-worm (eaterpillars which attack in mass formation) in Australia. 2\
protective barrier of onts, which the eaterpillars dislike, is grown round the crop
of wheat, which would be destroyed in an amazingly short time if the army-worms
could gain aecess to it Chemieal repellents are frequently used to protect stock
against the attacks of such jrritating insects as stable-flies, blow-flies aud buffale-
Hies.  The repellent, which may be n preparation of tar oil or crank-case oil, is
sprayed ou the animal, and helps to give it relief from its annoying enemies, A
contnron practice in Australia s the “jetting” of sheep, that is spraylug an
arsenical solutivn nuder s(rong pressure in and around the eruteh of the animal, to
ward off the attacks of the sheep maggot-flics.  This is supposed to derive some
repellent acetion from its checking of bacterial action in the grease and dirt which
fouls the wool, but it of course has the important effeet of killing newly-hatched
muggots which aftempt (o feed in the wool, :

Other repellents go hand 1o band with the forecasting of inseet outhreaks.
Some very offective work has been doue in forceasting, the baris of the scheme
being close observation of moteorvlogical und other factors which favour the
multiphieation of the pests,  When these have been tabulated for a number of
vears, and correlated with the activities of a pest, it 1s sometimes possibic to
predict the advent of destruetive hordes, and thus provide an opportunity for the
timely employment of preventive measures.  In Australin, muech is hoped from
this system in the control of apple thrips, a destruetive pest which every now
and then assumes plague proportions, and may eause the total loss of the apple
erop of a whale distriet, Tt s proposed to uso ropellent sprays on the apple buds
when wn attack is predicted, and thus keep the thrips off sufliciontly loug to nllow
fruit to sef.

Attructants, though working in a ‘way diametrically oppoesito to that of the
repellents, are designed to produco the same effect, that is to keep insect posts
away frone w threatened plant or animal. Trapping of froit-flies and Pow-flies ix
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carried out exteasively an Nustealia, dhe principle being Uie sane o ench ciee. A
hire 1 placed inow trap, {row which he inseet, onee 1t Lus eotered, is unuble to
escupe.  Decaying meut is used to attraet the blowily, and various arowatic
substunces for the fruit-fly. Baits, also, ure laid for fruit-flies, cousisting of
wolusses and waler containing a small quantity of poison.  The bait is spruyed
hiere and there on the leaves of the fruiv tree, and the flies which are attracted to
it sup up the flnid and are killed.

A method of prevention which bas leen oxperimonted with locally wgainst
Sezeod s “ banding 7, that is, applying a bund of adhesive material, somewhat
stilar to tanglefoot, to the trunks of pabims in wn avea affected by the tres-hopper,
The tests were made in Manus, where the great majority of the egygs of the inseet
are laid in the ground, the objeet of the bunds being to trap any youug Sesare
which attempted 1o wacend the trusks of the paling after hntehing from the eggs,
buring a period of botween four and five mouthy, the average eantelt per palm
amounted to over 600, It must be remembered that the experiments were carried
ot in u very badly affected area, where the numbers of Seaeve wers huge. I an
area of paling were treated in the enrly wtages of an outhresk, it s possible that the
bands might effect successful control. Simitlar bauds give good results in Australing
vrchurds.

The methods of artificiat coutrol which may be clussed as enrative, cousist
of the peisoning of the inxcet pest by spraying, dusting, fumigation and dipping.
Spraying und dusting of plants attacked by insects ure by fur thy wost common
methods of pest control, and generally give good resndts,  lu somwe cases, of
course, it is not cconomically possible to use these methods) beenuso the value of
the crop is not suflicient to pay for the plant and aterials necessary., MHowever,
orchardists and truck-crop growers throughout the world nse vast quantities of
waterials in regulur spraying and dusting prograumnues, und though the cost is
considerable, the outlny is repaid many times over by the inereased yield of erops.
fn the castern States of Nustralia, for instance, apple {rees have 1o be sprayved
several thmes sunually, in order fo reduee the ruvages of the codlin moth, Spraying
for some purposes may be slightly cheaper and more thorough than dusting, while
the lattor has the advantage of mobility of plaut and speed of application,

Some of the waterials nsed kill by being ingested by the inseet with its {ood,
und setting up internal poisoning. Others, the “ contact ™ insecticides, wsphyxiate
the insects on to which they are sprayed, while a third type, snch ax extracts of
derris root, kills in both ways. Tha type of spray or dusi used depends mainly on
the feeding babits of the insect concerned. Bome ordees of inseets, such ax the
Hemiptera (bugs, aphids, &¢.), feed by inserting o Jong proboscis jnte the tissues
of their plunt or aninal host, and sucking up the juices. Other orders, such as the
Coleaplera (bectles) chew their food, while the Diptera (Hies) include these which
sup up surface fluids, us well ax sucking speeios. A poison spray applied to the
surface of folinge is of no use against g sucking inseet, as it obtains its food from
inside the leaf, so in this case contact insectictdes ave nsed.  Same of the best known
of these are oils, nicotine, derris and resin sud roda washea,  For the ehewing type
of inseet, internal poisons are used, and arsenieal preparations predowminate,
though the desire to employ something less dangerons to wan and the higher
animals has encouraged the usc of derris, and various Huorides and fluesilieates.
Some inects can be killed by intornal poisons even though they may not ingest these
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with their Tood. Nmong sueh are corkroaches and our Joenl eoco-nud tree-haopper
(Newaoa spp.). These pests have o babit of cleaning themselves by passing their
fect and antennuae through their mouths, thus removing any adhering particles of
dust. Henee, if u poison dust is projected on to them, they frequently sbserb a
lethal dose o thin way.  This mothod s froquontly used against cockronches, sodium
fluoride, which i~ non-poisonous to humans, being freely dusted in eracks and
ereviees and other haunts of the "roaches.  As the inscets pass through the dusted
are, u number of particles adhiere to them, which they clean off later with fatal
resubts, With suel o warey feeder as the cockroach, this method is probably superior
ta any other.

fe is hoped that suecesslul contro]l of Seawwoa will he obtained by dusting
affeeted palms, and in this econnexion many laborstory exporiments have been
envried out to ascertnin the lothal cffect of various dusta. At present, it appears
that caleinm arsenate possesser the best cmpbination of cheapness and efliciency,
and it hus been shown hy expurimont that it kills the trec-hopper through both
the eleaning habits and the feeding of the pest.

The practice of dipping probably needs little dueseription here, us most people
know of the regular dips given 1o sheep aud catile to control lice and so-enlled
tick i the former, and tick in the latter.  These dips are arsenical proparations,
and experience has proved them to be most effective, so much so that legislation
compels their use

Fiually, there ix the widely used control measure of fumigation. This is
vonumonly employed against the pests of stored products, such as grain weevils,
dried fruit moth and numerous others, and is also a standard inethod of control-
ling houschold pests nnd the scale inseets attacking eitrus trees.  For stored
produets, the commonly used fumigants are curbon bisulphide, chlorpierin, and
hvidroeyanie acid gas. while the lust-mentioned substanee is employed for citrus
tree fumigntion aud hounse fumigation praetically to the exclusion of all others.
Iydrocyanie aeid is sold in the form of powder, which, on exposure to damp air,
gives off the gas.  Fumigation of eitrus teeer is carried out under speeial gas-
proof tents, und is an operation calling for knowledge and eare. lt is done at
night, so that the uir will be damp and the heat of the day avoided, but dew must
not be present on tha leaves, otherwise the gas dissolves in the dew, causing sevore
fmrning of the folinge.  Of recent years, vacuum fumigation has been ineroasingly
used with stored produets such as grain, where dificulty might be experienced in
ecuring & thorough distribution of the gas throughout the bulk of the material.
Where vacuum funigation is used air is drawn out of the space to be fumigated,
and the fumigant is then liherated, and is drawn into the most inaceessiblo spots
by the partin] vaennn crented. This ensures that fumigation ix theroughly curried
ant,

LOCAL TIMBERS FOR PLANTATION BUILDINGS, AND
NOTES ON NON-INDIGENOUS HARDWOQODS.

By G. E. Bluss.

‘The exports of timber from this Torritory have advanced rupidly in the last
1wo years and now form a valuable addition to the territorial income. These
exports, however, are all in the form of logs und the imports of milled bui'ding
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aunber are sull considerable. Duriog cach of the last twe Huuncial seurs tinsber
was imported to the value of over £11,000, and to thiy must be added the heavy
sost of (reight and haoding, There i also a Jurge quantity of furniture suported
whicl might be mwade Jocally.

1t seemd possible that, ue far as Rubuol aud other tain ports are concerued,
it may always be cheaper to lmport timber; the obstacles to the establishment of
sow-milly sulliciently large to cope with the dewand wre vonsiderable,. Tweo main
drawbmeky nre -

Firstly, lnck of pure stands.  With tho exeeption ol small arens of kamereee
in New Britain and the arevcnriu belts in the highlands, the New Guinea bush s
very nised forest, urely containing as mael as 10 per ecent, of any one species,

Secondly, tuek of virgin conntry.. Nearly all the New Guinea bush has been
and s el maceed, frow the timber-getter’™s point of view, by the shifting eultiva-
tion and wastelul micthods of the kanska,  The native obtains such timber as le
requives it the sapling stage; uneeopomically aned often, unfortunately, before it
i old enongh 1o bear seed and regenerate dtself, Matireed tiniber trees are aseless

to him and in making vew.clearings {or food crops Lie rings these, with axe or

fire, or fells them,  He leaves, however, such trees as bear edible fruits and @t

i fortunate that these inelude sueh aseful timber species as * Tan”, © Talis ) and
"

*up M These methods, combined with the lighting of hanting fires, have, in-

the cowrse of generations, greatly allered the rain-forests of the country und
gradually converted n large portion of them into kunai lund, wmunintained as such
ansl further extended by seasonal burnings. - The vemadning furest land has also
wiffered pwdical aherstions aud now cousists very Lirgely of secandnry growth
interpersed with foad-bearing trees; o type of comry which is, us a rule, not
very suitable for the large-seale saw-miller, _

foig, however, notype of conutry whieh is gencrnlly capable of providiag
wmple supplies Tor the Tmited needs of a plantation and this netiels s weitten in
the hope of assisting those plusters who anay be nterested in px’m.im‘iu;: their
awn timber.  Many planters already do soj there wre severad plantations in this
Tereitory on whieh all the buildings have been construeted from native wouds,
Bat there are also many plantations, surrounded by snitable bosh, where all
building material has been importod.

Owners nnd munagers of such plantations may have been influcneed by the
thvory that the vost of the neeessary equipment would render loeal production
upeeonontie.  Kxtensive nnd expensive muchinery is not neeessary for milling on a
small sele, Logs can be pit-sawn where fellod into slubs up to 6 or 7 juches in
thiekuess and bronght in by road or water to a small plaut consisting of » 24-iu.
cirenlar saw benel, a power planer and u heavy duty oil engine of about 3 b.h.y.
Totul landed cost of suelt equipment should not exeeed £150. .

The cost of building timber on plantations v gencrally allotied nader two
heads, viz, construetion and maintenanee, the latter incuding minor ahterations
and improvements, - The writer, who admits to a lack of building and costing
honowledge, estimates the first a3 averaging well over £1,000; and the seeond at
about €106 per anvum, The lutter Hem alone, if approximately correet, should
warrant ah attempt at Jocal prodnetion,

‘The following ineluda some of the more counmen timber trees of the Territory:
many of these are now being exported to Australin for the manufscture of ply-
wood and vencers. Sonw of them ure too small to interest the exporters but ure

)
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nevertheless, sutliciently hoge for ptuntation requirements.  Their pidgin nanes
wre given, where possible, na a means of identifieation.

Pulsin ( Afweliny biguger > Kwila ™. —This timber is too well known to need
deseription. Muhes wn execllent, thongh heavy, furniture wood. _

Pomeli pineata > Towsn ™ or *Tun ™ Another well-hnown timber,
atite s hard aned durable as * Kwila ™) bat easior to work,  Rots guickly in the
grovnd unless well tarred.

Fuealyplus waadiviona > Kamerere ™ Grows only in New Britain, but ix
worthy of introduction to other parets of the Torritory, 1, and Baeal plus deglpla
Cwhicl oerirs in the Celebes and the Philippines and is held by somo botanists 1o
be wdentieal with the leead <pecies), are the dnly encalypts which thrive at sen-level
in the tropies.

Calaphgtlum inophylium,  Common  on nenrly  all the bearhes of e
1y AN . A, .
Territory; unfortunately, its habit of growsth makes it diflienly to seeure timber of

any length. 1 is a very popalar bont-building tinher in Malaya.

Viter enfassus N <ang ™ or * Seng - -\ hard, straight-grained, brows
timber with vellow sapwood 3 hos been deseribed as  New Guinen Teuk ™,

Drweontomelon spp. > Lap - Lurge, heavily huttressed trees with edibil
fruits.  Yield fair wood,

Mbizeia spp. 2 Ponp-poun 7o Severat of the indigenous Abizzius yield good
hurdwood 5 the commonest, Albizzia proeeca, is generally found among and iu
competition. with kunni (Ffmperala cylindrica) und should bo very usoful in re-
afforesting kunai land, 1t i vather sall for a milling timber but makes goud
round posts which fast well 30 the ground.

Hilviseus Hliaeens  Mungas ™.\ smad] trea which i readily recognizable by
s hibisens 1vpe of flower whiel is yellow with a reddish-purple centre. It is
venerally found, Tike Calophyllum, on or neur beaches and has mueh the same
gnurled growth. The supwood is perishable, but the purplish brown heartwood is
tongh and durable, ’

Cunarinm spp. 2 Galip "o Yield aomoderately hard wood whieh, Lowever,
seems very linble to inseet attack and is not very durable,  Morcover, the trees,
beimr valued Cop their fraits, are not readily available,  However, their ong.
straight holes supply good Jengths of timber, which, suitably treated, should be
weefnl for ecilings and nside work.

Octopeles sunial e -—* Krima 7. —N\ large tree with o Joug, buttressed bole.
Provides anorather soft, Hight wood, nicely grained and suitable for all interior work.

(Hoclidion spe- "Vhere is) apparently, no pidgin name for this tree; it may
be recognized by a furrowed, grey bark and a small fruit which contains a number
of rad, wedgeshaped seeds attached o g central core. Yields a-hard, tough, reddish
Wwher,

Terminaliv caluppe (and other Lermunaliv spp.)—* Talis " —These are
common thronghout the Territory and are conspicuous for the autumn-tinting of
their {olinge Just hefore leaf fall. They yield n good, durable timber, clastic and
easily worked, but sinec they also bear an edible nnt it is, a< in the ease of Galips,
Jiifienlt te purehase the trecs {rom natives,
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Heriera Gttoratis—1las beon called © Lvoking Glass Tree ™ and is recogniz
able by the refleeting sheen on the Jowor side of the leaves, Gensrally found on or
near heachos and yields o tough, hurd, dark-hrown timber ; unfortunately, the tree
i~ ofien guarled and low branching.

Mstomie spp—- Ai-ting 7. —This genus, which may be distinguished by it
panieles of white, sconted flowers and the lntes whicl can bo obtiined from leaves
and burk, is represented by three (possibly wore) species v New Guinea. One,
Mstonia selioluris, yiolds a suft wood which 1s uot reconunonded for anything but
vuse-wnking, but there ix nnother species, possibly :isfonia longissima, which yields
a hard, very durable, eream-colonred wood.

Plevocarpas indicus. This s ouo of the bost of the New Guinen hardwoods:
ather apecies of this genus yield © Padauk ” which ix oxported in largs quantities
from Burnw and the Andaman Uslands,  The local gpecies is n large tree with
vallow flowers borne un axillary racemes and thoe fruit is u round, single seedod,
winged pod. The tiwbar varios frow pale yollow to red, and is considerably lighter
than = Kwile ™ or *“Tun ™. Makes an oxeellent furniture wood,  Has no pidgin
nawte, but the following loeal uames may assist in’ its ‘identification :—E-Yob
(Gasmuia), Sae Lupue (Mitape), Surum (Wosika dindeet of Karkar, Madang),
Suike ( Nukanai), Tungi (Munam and Lower Hamu).

The above list is, of conrse, by no moenus complote.  Different districts vary
furgely in their range of thmbers available and local knowledge and rhe local
natives will, no doubt, be able to suggest other trees worthy of trial.

Afforestution is genernlly, by renson of its loug-doluyed returns, o concern of
companies and govermmoents rather thau individuals, but some planters may be
interested 1o the planting up of non-indigenous hardwoods. The following notos
are based, mainly, on ohservations of trees introdueed to, and growing in, the
RBotunie Gurdens, Habaul.  Most of tho troes wontioned bolow are growing as
specimen trees and have, thorefore, largor girths than they might have attained in
a timbier plantation, althongh they have, huwever, beou handicapped by the poor
pumice <oil of Rabaul. An asterisk (*) indicates that seed can ho supplied.

Teuk (Teclona grandis®) -—"This is not really suited to the damp, non-seasonal
elimate of New Guinea, but the trees iu the Botanie Gardens (vow about 28 yenrs
old) Hlower and seed freely and have givths up to 7 £t 8 i

Mahogany (Swiclenie mahoguns sud Swiclenia macrophgila®). - Thesy ave
duing well, One of the latter, planted about 1910, hus u girth of 6 ft. 5 in.; the
foruer, planted ten years ago, girths up to 3 ft. 11 in.

Fast ludian Walnut (Albizzia lebbek®).—This yiclds 4 good hardwooed which
has been used as a substitute for walnut, It 18 g quick grower and was planted
in Rubanl as an avenue shade tree. Unfortunately, it has proved lable (as have
sanny of the Leguninosae) to attuek by fomos,

Trincomalee Wood (Herrya cordifolia®).--Only one specimen of this is
present in the gardens, T hasoa givth of 3 1.2 ine ot eight years old,

Crahwood {Carapa guianensis) —'This is also represcuted by n single specimen
which has apparently suffered some damages in its carly stages of growth. Planted
in 193¢, it now has a girth of 20 inches.

Spanish Cedar (Cedrela odorata®).—This appears to flourish here: trees
phanted 28 years ago uow show girthe up 10 7 1. 4 ju,
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_The above are timbers with ati established commoreial reputation.  The
following, which are not so w ul} knowu, are all geod hardwoods which have proved
suited to local conditions :—

Tamarindus indico® (Tamarind).

Vetocarpus (nleger® (Jakfruit).

Adenanthere pavonina® (Bead Troe).

Cussia fistula* (Indisn Laburnum).

Filictum decipions,

Lageestroewia flos-reginae™ (Indinn Lilae),

Michelia vham puea® | ('hznnpnk)

Myrorylow balsquonn® (the souree of linisam of Tolu),

Pericopsis mooniana.

Dipterocarpus yrandiflorus, which provides the “ Apitong ” which is jmported

teto this Territory from the Philippines, has nover been tried bere, but should

S

”

do well.

Treex planted for timber shoull be grown as fur as possible under forest
canditions,  Specimen trees and trees planted in avenues may grow more quickly,
but they generally braneh too low and fail to form long straight boles.

KAMARERE (EUC. DEGLUPTA (NAUDINIANA)).

By C.F lane Posle, Luspeclor-Ueneral of Forests, Canberra,

In New Britain kanarere (Kue, degluple (neudiniang)) oceurs as a very
line riverine type thriving best in pure stands on the alluvium in a valley which is
Hut enongh 1o be subjoet to anunal flooding in tho height of the rainy season
whieh in New Guineg oceurs o the north-woest monsoon,

The species come under the eategory of a giant gum, for it towers to u height
of 240 feet, and vields timber both in size and quality which rivals that of the
wreat gums of Mustralia, v

After the pndergrowth has been removed, a stand of kamarere rescanbles in
appearanee the mountain ash forests of Vietoria (Australin),  The trees shed
their bark in the same way, and, although the colour of the boles s darker—
somelimes purpli<h- the species are very mueh alike.

The crowns of the kumarere, however, carry more spreading foliage, and the
leaves do uot hang down straight like the wmore sclerophyllous of the eucalyptus
spevies, but spread out straightly. The leaves are, moreover, of less leathery
testure,

The volume of timber yiclded by the kamarcre may bo gathored from the
following measurements of a tree felled some time ago for the Korindal Mill in

“New Dritain :—-

1. Log, 20 feet in girth, 5 feet long.

2. Log, 183 feet in girth, 16 foet long,

3. Log, 15 feet in girth, 18} fect long.

1. Log. 14 feet in girth, 194 feet long.

. bog, 138 feel in girth, 18} feet long.

6. Log. 123 feet o girth, 2938 feet long.

5. Log 11 Jeet in girth, 183 feot long. |
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The Bengh of the cight doge intg whieh the witlable portion of the tree was
et snensured 1363 feet, wnd the solid content of the logs was calenlaied at 2,120
eubie feet or 23419 superficial feet.  The volume of timber recovered after
milling these particular fogs 1s nol known, but, owing to dafeets, it wonld probably
not exeend one-third of the total, '

A survey was pele of anaven of B oaceres which was chosen as being a pateh
of tunber that conld be raken as fairly representutive of the timber lands at
Rorindal in New Britain, Other speeies besides kamarere were on the area, and
detuils of measurements were fahen of these frees s well, The table set out
below pives au execllent dden of the velinme of Kmnavere thober vield on the

el

Cuabie funianta, Percenlago,
Npeckes, . T . b
:‘:(":;‘::: ToTetal Por tree. Per scre. Frees, ) ‘f:,li’:c ‘; ‘:ﬁ_‘;"w
Facal gplux nerwedinian . tud | 185,408 R0 13,243 BN l .6 ! T
P tia gt b M (ST R Fay 44 .8 0,438 ¢ (13
Pravowtomebam inanys- ! '

Jerem .. .. o 1,710 174 s w. 0.9 | 0.7
Crltin sp. .. S i 202 gl 14 0,83 (£ B (IR trd
Viter enfassas. . o 1 219 210 15 - 0.4 u.1 ; 0.7

B N IS R N . oo
Total . 120 | 188,182 . . . N
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Realizing that it was posaible that the species would sueeced equally well in
atleer countries, seed was obtained and despatehed to wmany ditferent places,
inclading fodin, Afvicar Went bidies,  Federated  Malay States,  Philippine
P Jands, Pulestine, Brivish Hondurns and Mauritins.

While sumy failuves were experieneed; resndts inmany places have been such as
foosdonw thut the species i likely to bocome established and prove an equally valuable
timber tree i s new ~etting o5 in its native babitat, A tree planted out ns n
seedbing atl Port of Spain, Trinidad, British West Indies, in 1025, when ucasured
in November, 1936, eight years Inter, had attained o holght of 65 feet and o girth
af T 0 jue whilst anether plauted the sawe year was of abont the same
neight, bt with o givth of 4 0609 i, Others planted at the same thue were
30 feet (24-tn, givth) and 30 feet high (19-in. givth). Beedlings planted our ju
1935 were 6 feet to S feet al the end of the first fwelve monthe.

Vi Brnsay Todia, trees veaehed o beigld of 17 T 6wl do twelve mouths,

The Forest Rescarch Tnstitnie of Kepoug, Federnted Malay States, reported
that teees in eight xears from planting out had attained givth wensuvements of
np 1o IS inches,

Reports from Africa are cqually encouraging.  Seedlings planted out by the
Forest Department at Uganda in 1034 a year later were 2 feet high, and, while
ome tree only guined 5 feet in height in the next twelve months, & companion tree
gededid 1o Ms stature to the extent of 25 feet, due, no doubi, to the wore favorsble
sitnten




bi

The Forest bepartment at Kenya has a tree whioh, at four years from

1

planting out, wis 30 feed high, and tHe trank at bveast hoight moensured 174 inchos,

Many of the experimental plautings have beei so highly suecessful that further
supplies of seed will e distributed with a view to permitting further sowings to
be mado. - A

FUis aomatter ol nuterest that it lins been fonnd that kanarere has sueeess{ully
withstood 4 degrees of Trost, and alsu that trees have suceeeded on upland country
as well as under riverine conditions,

METEOROLOGICAL DATA, KIETA.
By B. . Challis.

The town of Kieta, situnted 67 137 8., 1557 397 K, ou and in the lalls about
the western and southern shores of Kieta barbour on the cust coast of Bougaiuville
Island, is the principal adminisirative eentre of the Kietu Distriet. The harbour
is extremely well sheltered from prevailing winds, especislly in the north-west
season, by the protecting nature of the surrounding country, which is extremoly
mowtainous. These mountaing extend to the north, west and south of the harbour
and reach from 1,000 10 3,000 or more feo! shove sean lovel within five to ten
miles {rom the town.

Above the 3,000-{1, altitude, pbout six wiles from the sey, rain falls alinost
every day aud mists and fogs nre common, while at lower altitudes nearer the
sea the ruinfall is not xo heavy but is more or less seasonal.  In Kiota itsclf the
foree of winds is greatly reduced by the high mountains surrounding the harbour,
and consequently the temperature there is hotter than in inore oxposed localities;
and for the sume reason the vainfall in the harbour is also affected. The average
wnnual rainfall Tor the pust 21 years is 118,19 inches,

Seu-planes vould descend on nd asceend from the havbour safuly, and there
is o swadl privately owned aeradeome just outside the southern boundary of the
towi,

'

Lire basic vocks romnd Kictu give vise to a sttl cluy soil excopt on the sandy
foreshores. Tu some cases, elose to Kicty the foreshore is higher than the land
al the base of the foothills whera water fends 1o colleet, The country rock eomes
elose to the surfuce and there is o good deal of crosion us for exmmplo in Toberoi
some six miles away.  The surrounding gullics contain talus wmatorials which
huve Tallen from the bigher hills behind,

The Government Geologist, Me. N L Fisher, M.Sey roports as follows on
the geology of this distriet —- ¥

“ The topography of the inland portion of Bougainville is exceediugly ruggod.
Mountains rise to a maximum height of 10,000 feet und in general the country
vonsists of stremwns acenpying steep-sided gorges between monntain ridges.  1n

So0K. 2
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wany places, sowe near Kupei gold-field (six miles from Kiota), sharp peaks or
Fuots oeceur with nenrly vertieg), bite rock faces.  The mountainons country is
cordered by aoenastel liy ueually o fow niles wide on the nerthi-enst side of the
islaud, while on the routh-west, at Empress Augusta Bay, this coastal flat comprises
an extremely lnrge traet of cowntry whieh is separated from the Moroni, Pumkuna
wre hy a series of river gorges.  lu the upper reaches of the Kavarong, a
copeonabde extent of river ats and terrsees are found,  Climate ot Kupei 1
conerally warnd in the morning, wet in the afternoon und cool at night . . .

At Rieta it=elf a mﬁ'm‘nnus conglomerate oceurs in assgeiation  with a
porphvritie awgite andesite

Fhe rainfall is high and eveuly dutnbulmi throughout the year; there lwm;:
practieally no difference between wot and dry scasons,  The north-west season is
Crom Outober to February and the south-enst senson from March to September.
The aunual average relative hnmidity for 9 vang 3 pane and O poan, readings is
T TN and S oper cent, respeetively.

Unfortunately, apart from the Govermment Station at Kiets, vainfall duts
i« not available un the Islnwd of Bougainville exeept at Hakau Coffes l‘,xmtc rome
forty {40} miles north of Kieta, on tho cast coast.

The Departiment of Agrienlture would weleome ruinfall vecords from planta-
tions prepared to furnish sueh meteorological records in thiy distriet.

Hainfall records a1 Kieta and Hokau arve set out in the following tables:—

MONTHLY AND YEARLY TOTALS OF RAINVFALL AT‘ KIETA DISTRICT (IN POINTS).
’ Station—Kigra.

T I

| Jann- | Felrge ; ' i Auge | Kept. | Oete | Nove e
Year. J:r.vr ! bur;‘.' ; March. : Apell.  May. !J“m‘ July. \u:g. em“:a ob:‘t. ‘ex\u‘l?er. 'Lili)l‘l:;r ;"umy

|

g L. 1Aars LM 3,387 51,0560 1,327 6044 1,655} 1,008 1,255 039 1,629] 732 16,833
[R5 1,208 #83 1.733 Ki$l 7500 ONT 1L,304) 1,537 1,274 741 O78] hHO2 12,307
we o 4w 736 7901 1,738] hA0 20 B3I 823] RGO BIT] G84] RT3 8,815
92 L. ] BJanGE w2l 1,001 H191 LOGOI 1,088 1,377 3221 388 1,177 1,034] 052 11,078
1921 .. 1 Lodu] 1,027 L4756 L0 BEL| 1,930 2,231 508; 1,505 1,352] 1,044| 1,870 15,838
1922 ..} LaAT] L1567 8R! 2,161 T30{ 12141 BIT]  104) K34 1L,125F 0801,124 12,528
[ RIS Ky Ran| L4 TR LHIB] 481 6ins B30] 750 GH2[ ,144] 08T 11,607
[ITEZ 6o st * . 20021 2491 A80 LORTL,T08] 872 ¢ * *5,874
1425 .. 474 6O3] 1,362 2,2430 098] @801 510]2,029] 914} 776, 7i0] 133 11,456
m28 ., 902]  ASR] 38R L434| LI2R| 4471 1,278 1,716 1,134} 1,007} 1,212] 1,285 12,480
1927 .. 1 1,832] 3,6020 1,019 13501 1,345] 644] 019 804f 628 7I8 8..»0 1,217 13,048
1928 ., 315l 21347 1,05t 1,106 1,462 413}1,633] 940] 82412,701]1,287] 610 14,693
1929 .. 708) ¢ Re2 K11 O76) BRT; 7071 1,60311,10211,102] 632F a2n 0,575
(R0 T B O R 1 B A 1 430 TT3 LAMY Guab L1 381 4on] 970{ 2001 {004 018
Al L. 1 L) SN Lol 1,2on] 8200 1L,044] 8580 540]1,2080  603] 1,654] 1,002 12,463
tus2 .. D461 1061 683) 047 984 38R 912 1,038] 78] 411] 602 1,602 0,807
1933 .. 7630 LA6TL 7330 2,036] 8037 A5D; L220{ 1,800 ATILIAG] 669 1,338 13,248
1934 .. 1 1wl K42 RTMp 9050 4801 1,202 1,533 1, 148] 524} HTH 487] 1,000 11,781
Hss .. 5630 BLa RE5 T2001,020{ 3047 5020 2100 16537 003{1,165] 357 7874
[RIN TN R73 722 743 J93] 4061 1,300] 000 504] 407 1,278] 1,668 413 49,308
1937 .. 77 2797 416! 783} 830! 737) 1,741} 3851,003] 623] 715 538 9,672
Average] 10.80 10.55] 10.83) 11.31) 0.01] 8.7610.75; 9.93] 8.93| 0.04] 0.35] 0.03 119.19

: : . inchox

* 1924 and 1920 incomplete,
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METEOROLOGICAY, RECORDS.
Hakas CarFrs ls‘m‘rv “n Mu,vn Fron. I\lnu)

Wet dayx,

1937, Rnintaiin,
Manth. P o —— -
Ralnball, ; Wet days. Period. Avorage. Period. Average.
Jamiary .68 i l. 2 years 11,75 2 yenrs 17
February Crar ! e 2 yenrs 14,40 3 yrars I
March 9.68 | 18 % yoars 13.63 2 years 1y
April 11784 SR i2 3 years 8.49 2 yoars L)
May 11,70 i 1} 2 years 7.36 2 years 12.46
Juno A6 0 2 veam ¢ 440 2 yoors jo
Juty .76 ; 20 < yoarn W41 2 yenrs 6.5
Aigjzunt o 1RG kY 2 vonrs 6,30 2 years 12.5
Neptomber - 6,72, in 2 yenrs H.6% 2 years .5
October 'i 6,24 15 2 yoars 4.87 2 yoars 10
Novembor X 253 ! 10 3 pears 11.95 3 yoars .7
Deeembor . 7.72 } 13 1 3 yonrs 5.28 3 yoars 11
Averngn Aunual Rainfull for 2 youm, 136 to 1037—111. 18 inchos,
ltumfull for 1047- -89. 41 inchon.
TERRITORY OF NEW GUINEA.
ANNUAL Raixpars,
|
istrict. Nuwber. . | Loeality. D Rabfan, 1097, | | Veary Average.
SEPIR ' ] Aitapo .. 110,12 17 09,23
2 Wowak 97.10 9 88,11
! R} Angornin 104,34 3 05.08
MADANG .. : 1 Madnnyg 19,16 20 140.11
! 2 Kulili .. 130.71 K 143.60
; K Urit-Kurum i34.41 13 115.07
! 4 Ramu .. 75.47 -4 77.566
MOROKBR [ 1 Baiuno 74.00 4 67.65-
: 2 Bulwa . . 63 .88 3 00,20
. 3 Bulolo .. 81,718 7 oG O6
: 1 Idie Creck 114.00 S 100.5%
. o Kaiyapit 03.87 10 85,16
; a Otibanda 51.11 2 57.24
ki Nalamaua . IB7.556 .. .
; ] Sattlobery .. 188.76 13 176.55
NEW BRITAIN ot i Arawe .. 204,82 4 176 &4
; e Gasmata 267.73 20 244,038
: 7 Keravat 103.29 8 104,74
, 4 _ | Kokopo . 05,41 1 83.10
| 5H Kolai .. . 225.04 I 200,60
i f Lindenhafen . 308.60 18 226.75
H 7 Notre.Mal . 1568.07 0 164.40 -
; 8 Palmalmal . 200.062 [ 205.37
; ] Pondo .. .. 189.93 n 170.58
! 10 Rabaul . 98,00 24 83,75
Ion Rapopo . 74.40 3 80,12
! 134 Ring-Ring .. 337.72 3 207.76
I Sum-Sum . 200,058 5 146,32
: i4 Talasca . 200.490 20 172.24
I ¥ Tobers . R3.50 7 81.07
: 16 . Watnabars .. 135.38 14 121.77
NEW IRELAND .. ! ] Kalili .. o 22718 14. 102.44
! 2 Kavieng . 116.04 21 120.34
) 3 Katu .. .. 142.03 2 151.34
4 Matandeduk .. 123.83 2 111.93
: B ; Namatanai . 143.43 20 136.90°
KIETA .o ' ! : Hinkau. . 89,61 2 1R
b4 Kieta .. o 05,72 2 119,10
: *3 ' R,u(.,en o 113.34 6 102.47
i MANUS .. ! Lorengsu . 143.19 20 160. 00
o h>euexuxm 1 8068 8 120,40

.- 1988 (Figores for 1987 lncomplote
(See accompanying mayp.)




24

COCO-NUT IMPROVEMENT BY SEED SELECTION AND
: PLANT BREEDING.

By LB 1 Dwyer, BNe. Agr., H.D.AL H.D).

Introduction.

This phase of coco-uut culturo has received but seant attention in New Guinea,
despite s being an important consideration, in inercasing the yield of uny erop.
This is not remarkable, however, when it is considered how Jittle has been done
with coco-nut breeding and seed wmelection throughont the world, especially when
the relative tmportanee of this indusdey ix taken iuto seconut and when older
vonntries, which are muoeh  better finonetally  equipped, have made  rather
disuppointisg progress with siinilar work,

The ceonomic importanee of coco-nuta to the wolfure of New Guinea has been
stressed and disenssed ot length in a previeus article©® where it wius =hown that
copra is pre-eminently the woest important agricultural product tn this country.
Thus any means of increasing their production or reducing cost of production,
ure worthy of the greatest attention,  Thero are relatively few plantations in this
Territory even amongst the newer arcas whivh are derived from selected coco-unts,
thougl, where it has been done, even by rough methods of mass-selection, the
improvement in the bearing arcas can be clearly seen. It ds not compreheusible
why a fundmmental and, wsually, cheap and eusy method of improving plantations,
for all time, has been negleeted, This is wore notable when it is cocognized that
unee 4 covo-nut ares is planted, it may be in existonce for move thaw 60 or 70 years.
Ounce o planting of coco-nuts is carried out it iy permanent and n vory importaut
fuct is that poor sced canunot be repleced the following year, as is done with annual
erops.  The orchardist or farmer in tempersto countries would ravely dream of
utilizing inferior planting material. The samoe now may be said of the majority
af rubber, cacao and coffee planters in fropieal countries. The methods of selection
used hero would be rutvous with ahnost any other planting industry where the
competition 15 greater. It may be pointegd out that the coconot planter has fared
better than would be expected considering the lack of attention given to original
plantings. 1t is also doubtful whether the negleet of such a fundamental priveiple
as seed relection would allow of success with wmost other crops, when the money
and time invested are tnken into necount,  There is the excuse that individoals
developing in n new conutry, with small eapital, require to commence their
plantations as quickly as possible, so as to get early returns at small cost.

It is the intention of this artiele to emphasize the necessity for cvso-nut seed
scleetion, wherever new plantings are intended in this eountry. The advissbility
of Tong-tern coconut breedime and investigations on pollination, nut-setting and
other factors affeeting vield are plao fndieated,

I all fairness it is polnted out that » proportion of the loeal plunters have
regularly practised seed selection and are quite coguizant of the newd for enre aud
attention in this direction, which is amply vepaid by enhanced yields in the heaving
plantation. .\ review of the work which hus been carvied out in other parts of the
tropies in relation to seloction and breeding of coco-nuts as well as its application
1o fueal ronditions is presented. Tt i pegrettable that so Httle loeal experienes nl

W B e i
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tescurel on this very bBnportant :.-'uh'iwl 1s avatlable, aud 3t is considered that the
subjeet as it alfects New CGuines planters, s well as any plan of future
ivestigabions, should be reviewed,

The methods of proctical sced seleetion, floral biology und 30 on are intimately
associnted with controlled methods of plant breeding, but the two subjeets are
diveussed separately for convenienes of expusition,

Factors Associated with Yield.

The factors assoctated with the yleld of any erop may be briefly outlined
with advantage,

Seologieal aud cuvironmenial conditions intersat with the inherent charscters
in determining the growth and yield of avy plant. The potentialities for yicll
are very largely determined by the genotieal constitution of the plant, but it is
often diflienlt to determine yield eapabilitics owing to the masking action of
euvironwmental factors. A free of superior genetical constitution may be growing
under very unfavorable eireunstances and yield poorly whilst & comparatively
weak type of tree may, under exceptionally favorsble conditions, out-yield the
former, It is known through the laws of chance and probability that, where
nunubers of individuals from a lirge populstion are considered nand where seleetion
is being made for high vield, the chances of this oceurring are largely obviated
with the bulk of the individuals under ohservation,

When the intendiug planter considers the connuencement of 1 new plautation
ns 1 business venture, he shonld realize that the final yield, and thus the eventual
ineome, will be controlied by the following wain factors aud all of the subsidiary
vonditions associated with them —

1. Genetieal and inherent chavacteristies of the tress or palms,
2, Environment,
2o Climatie envivomuent, such as vainfail, temperature, altitude
nwl prevailing winds,
Zu, Soil  envirommnent, e, chemieal, physical and biological
characteristics. .
Zeo Cultnral cuvironment, eg., manuring, cover cropping and
cultivation,
3. Outside biologieal factors, suelt as pests and discases, also changes and
eflects produced by other flors and fauns present.

s hardly necessary to indieate that the incidence and effect of these factors
are all elosely inter-related with oach other and with the ultimate growth of the
plant.

The efficieney of the labour, wanagement and harvesting methods may all have
their effect and are probably best elassitid under the heading “ cultural environ-
went . The net retarns from the erop are, however, determined by muany factors
which it is not intended to discuss here, but reference may be made to the previous
avticle already mentioned (foe. eill).  The uses to which the products are put,
supply and demand, competition with other products, freighting difficulties and
other churges may, however, be mentioned us largely affecting market price.

The original climatic and soil conditions are usually difficult to change once

a choice of site is made exeept by application of cultural methods, such as
tmanturing control of natural erosion, &o.




26

Thar study of biojogieal factors comprises several subjects such as entomology
and plant pathology. Such factor? are usually subject to artificial methods of
control,

Phe geoeticul and inherent factors provide the subject of this article as being
the most lmportant dererminant for yield capacity, especislly whon the envirou-
ment s optimu, it may be stated, in other words, that the limits of the yield
eopahilities of any coco nunt plantation are doteriised by the hereditary constitu-
tion of the ndividuals which eomprise the populution on that plantation
{regardless of however optimum the environment may be).  \s mentioned luter in
this article the lnrgest proportion of such a population are hereditarily uneconomic,
henee the atne ~honld be o elimitte andesteable poor yielding patins sud retain
ws great u propurtion of high producers in o plantation as pognible,  This ean ouly
be sebieved by methads of seed seleetion or by controlled saethods of erop improve-
ment. The advisability of investigating what methods of improvement are
avatlable enw therefore be strongty wdvoented.

Effect of Environment on Growth Characteristics of Coco-nut Palms.

For more detatl on this subjeet, the reader is referred to sections of an arricke -
o egeo-nul alisease by the present author® in volume 8, number 1 of the New
fiwinea Ageivallural Guzelle {pages 50-57) doseribing the relation of soil conditions
to disease vecurrence; also on * tupering stern” pssocinted with soil erosion (page
32) and on * Deficieney Diseusen,” where a deseription of old palms growing ou
the soil-exhunsted nreas of New Guiuen ix given, 1t is pointed out that in the
western islands the solls are usuully eathor shollow and light, being of coral
derivadion.  Here the palins mature enrly and prosper for some years, but
grudually go ol ax the soil conditions become exhausted.  The stems taper and
feaves gradnadly beeome smaller and fewer, On parts of these islands, it takes
over OG0 nuts 1o produce o fon of vopra, while on parts of the Madang District,
s the mwainbod, and on Dampier lslaund, in vome arens just over 000 nuix are
required Lo produee the same amount of copra.

There is a tendeney for cupra on soil-exhavsted areas to beevine much thinner
{also see artiele on disecases (Jee. eih)). 1t is known that the drain on munurial
roustituents by heavily produeing palm ix very cousiderable, and when that has
tuken place over a series of years such effeets are sure 1o influence adversely the
prowth characteristics of the palns and to mask the most faverable hereditary
chapacters, The aetind e at which pahas anturally commence to deetine i not
acenrutely kuewn as it appears to vary greatly according to soil and other
conditions,  Tu Samon, Hamilton snd Grange®® have the opinien that palms
there which are over 60-70 yeurs old have declived more through old age than
actual soil exhaustion.  This does net uppear to be the case with most aress in
New Guinen, as ehlorosis dug 1o soil exhinustion may become appuront here in
pehins not hall the age indieated.  The older areas, however, are definitely the
most affected, hevee the iter-relation of both old-gge and soil exhuustion to the
deeline of bearing areas must be constdered,

Fernanda in 19309% mentions a ease where he planted over 106 acres in one
aree and over 300 weres in another area with nuts from two localities. One
locality wus characterised hy palms with an open crown, the other carried trees
with a full erown.  Apparently these were environmental charucteristies and no




inhierianee ol sueh churaeters ocearred. 1 appeared from this that there s no
object in selecting w palm whiel wits good just beenuse it wus growing on good
ground.

Since the publication of the articlet®) previously referred to it has been
observed that pulms growing in the Buinings District of New Brituin appear quite
different from those of similar type growing near Kubaul, in the snwme island.
Thero the water tuble is elose 1o the surface, a condition which would lead to
ruther shallow rooting, the fronds are decidedly more feathery and open than is
the case with similar palms clsewhere. There is also u decided tendency for the
spathes to hang on most of the palms until long after the whole sputhe und the
matire mats are due o full, Owing to this environment those hunging spathes
are decidedly pendulous ou the majority of palins und commence to haung down
heneath the petioles or leaf stalks as soon as the nuts reach a certain age und
weight.  These nuts do not fall as would be expeeted in most other localities. The
pits adso tend 1o ron small but asually  possess o gond thick kernel.  Inomany
pluces in the loeality, during the wet season, the water tuble reaches the surface,
but moves fairly quickly towards the sea owing to the rather pronounced gradient
on the foreshore arcas.

It is not proposed to deseribe the environmental effects on pal growth in
detail, but rather to indieate that ihey must be taken into ueconnt when coco-nut
seleetion is being curried ont. The cffeet of manuring with the well-known
manures, nitrogen, phosphoric aeid and potash, as well ax supplying vare wetal
deficienies, sueh as cobalt, zine, magonesinm and other clements on pulin growth
can ouly be considered us a sepurute subject, as is the provision of eultivation,
cover-cropping and so on.

Nuts recently brought in from Agita Plantation, Matty Islund, are said to
tuke 15,000 to produce 1 ton of eopru. The palms from which these nuts were
produced are about 28 yeurs old. There are said to be lurge numbers of native
palins in this plantation whieh are considerably older. The native nuts in the
village are also much smaller than elsewhere in the Territory.

PLATE L—COCO-NUTS.

Comparison of western islands nut (small) with young nut from same situation originally
from Kar Kar Island.




Padins devived from seed nuts grown on Kar Rar (Dwpier) Dlund were
plunted out in these western islands in 1930 and are now bearing. The nuts on
these pabins ave wueh nrger aod better developed than any previonsly seen on the
isdund even by the natives, This can be purtly acconnted for by the dilfercnce i
age of the palms and by the faet that less soil exhanstion has occurred where the
palins are not so old. -

Most of the native pahins on Matty Isiand aiways produee nuts in wilaeh the
trie hernel forms o very small proportion of 1he whole, as there is sueh o large
smount of husk preseut. Though there ave small nuts present, the greater propor-
tion of the original island nuts are large enongh in appearance, but are extremely
Pigcht. When the entive unt i< piereed with g knifc it is seen thar oo smadl elfiptieal
roavile ool s preseut al the dorsal l-.\ln'lnii_\‘ of the wut s s attached 1o the
stadk end by o thiek, strong, fibrons rope of comnective bssuee When the eniire
unl was cut through with an axe it was seen that inoone case the th'lll'k'::i\m
occupied by the nut with shell attaehed was only 2 inehes aeross. The size of
the complete oval-shaped nut was 10 dnehes 8 7 dnehes at he shoulders, sloping
to only a conple of fnches in diameter at the base, while the ridges were very
prominent.  The size of the nnt withiu the husk was only 2§ inches x 4 inches in
jength while the husk thickoness vavied from 20 inehes in the centre to 3}
iiches w the disgonal end,

The sl husked put when sphit appeared almost solid jnside as the central
hole was only 14 inchies across while the wet weat was at least ) inch in thickness.
Thus meat thickness as a single meusurement ix very deceiving in this case, us
despite the relative thickness, the enbie enpaeity filled by kernel was very small
compured with the total size of the wut. Tt i very diflienlt 1o cut the copra from
such nuts. A new nut borne by the young palms orviginally grown from Kar Kur
seed nuts, was ronghly comparable in outside measurements with the ahove, except
that it was 1oineh shorter and not so ridgy.  In this cuse the size of he husked
put was 92 inehes by 6 ehes which is almost o spheroid, wnd s cubie contents
ave nearly four times as muneh ax the former swall nut. The kernel was a hitle

over 3 inch thick, while the husk was only 1 inch thick in any part.

PLATE LL—COCO-NUTS.

Western islands (samae as above) split to show differences in mest thickness.
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The photogruphs give an interegting compnrison of the itwo kiuds ol nuts.
b udoubtedly the partieular conditions on the islunds Tuve isolated, by u process
of natural selection, u particulyr strain of nuts which resist the conditions. The
il iy of residual cornl derivation und in some places coral vuterops are scen.
‘This soil is light in texture and contains scattered pieees of corsl, shell and
residunl sund, while the humus layer is extremely shallow, There i o tidal swaayp
in the ventre of the island, I is steenge that this type of nut should produce su
much husk, if seil exhnustion were the main cause of the reduction in size, as
the husks are really the heaviest users of potash and some other manurial
constituents.  The introduction of vew sirains of nuts into this plantation wus
indiented as was the use of cover evops and methodr of hunug couservation,

There is, however, some evidenes to show that even this apparently wido
Jiversity in unt development way be mainly influenced by envirenment.
12, Selumidi, the tirst planter to visit Kar Kar Fsland, stated to the author that “in
the fiest plantings made there, 6,000 nuts were introduced from tho western ixlands
when they ran short of seed nuts”  On the rieh soil present there the western
islauds” nuts produced palms which were practieally indixtinguishable from the
loenl types, which are noted all over New Guinen for their size and weight,

Variability.

The extreme variations and diversity of types present in any coco-nui
plantation ure well known to plunters generally, ns is the fuet that individual palms
show o whle renge in feniting wbility, o this connexion, Jack and Sands in
192230 pecord from Malaya that the variation in the number of nuts produced per
paln in Malaya was so great that 155 per cent, of the pabus produce 24.5 per cent!
of the erop and that 19 per cont, of the prlns were unceonomie producers. Further,
and what is of decided practical interest, they proved over o peroid of cight years
tace Sharplex™) that on the average, poor yielders aud high yiclders remain
canstant in this respeet,  In other words, on the average, good producing pulms
remain proportionately good yielders from year to year while poor yiclders
continue to produce poorly.  Sharples®9 states that “ no doubt the suine econstuncy
found in fraiting characteristies, also exists a~ regard« the ail content of the copra
within the runge of seasonul variation; investigations are already in hand to prove
this . Jdacek, 1930, showed that on a good yielding plantation, yielding an
average of 1510 th, per aere, over cight years, an average of 58 nuts were produeed
per palm per anuuns, equad 10 2,783 nuts per were, per annwn, The range, how-
ever, was froni 3 to 113 nuts per palm per annum, over that period. e also riated
thut the gverage of 59 nuis per palm was somo thirteen nuts better than the average
for large estates in Madaya, The variable churacter, namely, nupmber of nuts per
palm per g, showed o cocflicient of varinbility of 34 por cent,, compured with
the mean under average estate conditions,

Smith, also of Malaya®Y, in 1933 gave particulars of o very high yiclding
avea us Tollows: » Ou o selected bigh yielding avea ol 80 neves carrying 3,875
pabms ouly 1.8 per cent. bore 100 nuts or over. Thus the average of high grade
palms in even o very high yielding area is very small and mass seed welestion
from such un arves is unsound, Of the palms examined only 6 per cent gave 100
ruts of B0 grammes or wmore of wet meat and it is advised that 500 grammes is
the fowest advisable <tundurd for seed seleetion.”
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Sumpson'*® stated the position in she following terms: © Al coco-nuts are
the_produets of cross-fertilizution [thiz should he qualified. ~Awlhor|, nnd, there-
fore, no palm bas or ean have g pedigres which would cuable it to breed true to
it femnle type. It is very largely on acconnt of varistion in the root habit and
in the rate of new root production that there is such a difference in the bearing
capueity of individual trees.  Sixty nuts per annum is generally considered o
Lair aversge yickd, yot every covo-nnl grower knows that eertain trees in his
plantation will regularly produes more than double this number while other
pitims grown under identieal conditions will not produce even half this averago
nitmiher 7,

b the ease of tadl padms erorsc-fertilization ia believed 1o be gonoral, thus
nob vnly are the palis ander eultivation genetieatly impure and hence woukd not
breed tene to type, but knowlodge of the seed nuts ix Hmiteid to the mother or femuale
padm. 1t is also un exaggeration to state that a very big proportion of palms
i New Guinea plantations are hereditarily uncceonomic producers.  Variations
i eolour of unts, suel as green, yollow, reddish brown, are seen everywhere, a3
are varigtions in the <ize and shape of the pahws, and of the fronds and nuts
they produee.

Stockdale®® in deseribing nincteen varietiey of coco-nuts from o plantation in
Ceylon mentions that the propertion of meat to kerusl in one selection was 16 oz
meat to 18 oz husk or u ratio of 1:1, while in another 12 oz. meat to 42 oz.
husk, or a ratio of 1:3.5 was recorded.  The above is only u brief introduction
ta the subjeet of variability present in eoco-nuts, but many more variationy are
deseribed under separate headings in this article,

Yield records over four years at Buudirappuwa Istate, Lunuwila,(™ on a very
uniform pieee of land, confiem previous reports (from Ceylon und Malayau experi-
wents) that high vield and low yicld, both i nunber of bunches and number of
nnts, arce dedinite unalterahle charncteristies of the individual palm and fucivate
ouly slightly from year to year. More than twelve (12) bunches are usually
produced in a vear and there is n correlation between the number of wuts and
wumber of hunches produced by n palm ' ’

Seleetion of wother palms on the bagis of high yicld of bunches and nuts
appents to be sound, witheut prejudice to the possible employment of controlled
pollinntion later. L

Professor Dash** ¢ in 1029 mude stutements concerning the position of coco-nut
eiltupe tn British Guiang, which have some decided applications to the position
v New Guinea. “ Considerabie expansion has taken place in the coco-nut industry
of the Colony (Britsh Guiana). Uwfortunately after seeing a number of ths
coco-nut areas ope 18 led to the general conelusion that the trees in most instances
are not thriving.  Many of these have been establishied on unsuitable soil with
inadequate drainage and with searecly any attention to cultivation. .On light
<ails 1 15 true that the rrees are growing under conditions which enablo them to
resiat enltural negleet vemurkably welll For such trves to remain healthy and
vigorous considerable expense is pecessary for mwintenance and cultivation,
whereas vormally on seils and under conditions suited to their growth, the palms
fruit early and maintain productivity for a long period of years at & minimum
expenditure for care and management,
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A rongh cidenlition obtained by equating copra and ol o nue on the basts
of L British Guolaae ), 1928 ligures, hi’div:xl,w, alfter waking necossury allownaces,
that the average vield per tree was hardly more than fifteen nuts. This is
extremely low and supportsy the contention that all is not well with the industry
agricultureally.  Growers should not be satisfied nutil the sverage production per
tree ean be Lrowght ap 1o nt lenst 50 nuis, * This weans that enre will have to be
exereised in the developumenut of new arens amd in the nprovoment of those already
wstublished. Tu the fivst place, T would urge greater attention to the question of
seleetion of seed nuts, the main points concerning which ure fairly well-known,
but often ot aeted wpon. Further seleetion is necessary in the nursery, young
patlins showing any signs of feebleness being vigidly rejected for trunsplantiug.
Then there is the gquestion of giving yonnyg trees aogood start. Appurently no one
i this colony cver thinks that w coco-nut pali needs nmure, and the proper time
1o commnence to appiy fertilizer ic when the seedlings ure transferred from the
pursery to the lield, which ds w eritiend period i the lifo of tho plant”.
Hecommendations on maonring and tillage are then discussed.

Recent observativns vn five plantations in Zanzibart®) for four yeurs showed
an wversge of 9904 nnts per bearing palm, but in the fifth yeur a shrinkage
1o 31.7 nuts per pulm was recorded.  This shows considerable room for improve-
ment by selection, if the yield is to approach the average for Kuropean plants-
Hons in Mudaya, though the aversge s muck better than that recorded by Dash
tHue. aib.).

Methods of Seed Selection Commonly Employed in New Guinea.

In nany iustances no seed selection whatsoever is practised, and the seed
nuts are bought us cheaply as possible. 1lu some cuses the precaution of
pitrehnsing sced nuts from un ulready good yielding pluutation is taken. but
tis mercly assures the perpetuation of averago type coco-nuts,  One bas
cotrmonly observed the intending planter select germinated nuts (“XKrus?)
which have been previously wmissed by the copra cutters, They are at such an
advanced stage to be of little use for copra, and that accounts for their heing
utilized in plunting, regardloss of their shape, size, woight or yield of copra.
PProbubly it is wore common to select the seed nuts from heaps of fallen nuts
gathered together for copra cutting, and in this instance good, round, heavy
nuts are usuully, but wot always, selocted.  This type of scloction iy definitely
hetter than none at all, becanse the chances are that good nuts would be obt iined
from goud palms. The position is, however, comparable with barn selection in
maize and other erops, as aguiust sced selection in the field, The niost progressive
maize-grower, for instance, never solocts his maize in the barn until he ba~ first
wleeted has plants and eobs in the fiold.

The great objection to selecting coco-nuts from a garnered beap is that
crie has o knowledye concerning the kinds and types of palms from whiel such
vuts were derived.  Talms may produce large nuts, becuuse they are growing
nnder particularly favorable conditions, and not because of :;ny hereditary
-uperionity. A poor-looking and weak palm may, in some instances, bear n very

few, good shaped nuts, which would be selected fromn the beap, and thus
perpetunted.
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Typieal cxasples of what veeurs in uew plantings were sven receutly whore
the planters bought seed nuts frowm 'the noighbouring uative groves and were
prepared o buy any nuts the matives cured Lo sell them, beeause 1t was chicaper
and bandier in the first instance, Not the slightest attention was paid to what
is one ol the first preenutions for suecessful coco-nut planting, nuwmely, seleetion
of goud nuts. The excuses advanced for such neglect are centred around the
thine and cost involved, as well us the difliculty of obtuining suflicient sclected
nints o plant up large areas. Lt is conceded that time and cost are involved—
but it is u sound capital investment, which can only pay big returns in the
Puture, .\ minority of planters here do observe the puling in the field, and then
wleet hieavy yicllers ol good type nuts from such individual palus.

P the planting of wost native groves, very Bithe couseloms seleetion is
practised, but their methods of close planting gives an cuforeed aid to natural
wleetion, as it is usual for the stronger palms to survive. In certain districts
of this Pereitory, the natives do select good seed nuts. They uro well aware
of o good type padm and only plant large, good shaped, heavy nuts.

A\ few of the sunosy experienced planters here have warked individual palms
on old plantations, and obscrved them singly for use as seed nuts, on new
areas, whiell is a very commendable precuution,  On ouo plantation in New
Britaiu, where this was curried out, the coco-nuts are bearing very well. There
are alsu better than average plantations where this has been denc at Talases,
sty Beugainville, Kar Kar Island and Madang, A few instances of the
iethods used are given.

Ou one company plantation in Bougainville Islund, the palms were derived
from well sclected old palms raised in proper nurseries. Later aull weak and
poorly growing palms were taken out and repluced, which proecdure proved
definitely benelicinl,

Portion ol u young plustation, whick has just come into bearing, in the
savee sloed was planted with seleeted nuw, from old paioms. on another phuda-
rron whieh in turn were originally planted from selected nuts derived from
the Lritish Solowon Islands plantation. On appearance this areu appeared
to be better than the surrounding arcas derived from ordinary unselected nuts.

One compuny reeently planted up a large ares in New Dritain and sclected
a proportion of their sced nuts from old, heuvily-bearing native coco-nut palms,
which bhud been wsed for that purpose previcusly, and thus had been under
observition for some time. In a new planting at Madang, » rather distinetive
~train of paln: with brick-red coloured nnts is being sclected for seed nuts, as
being a good type, as are palins earrying large nuts of the Markham type.

The owners of other plantations first allow the natives to select what they
consider are good nuts. After heing gathered into heaps these are then
re-selected by the owner. Finally, after germination, all weak seedlings are
thrown away. Some owners even go to the trouble of re-planting poorly-vigorous
or chlorotic plants in the field. The wonknesses of this method all 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 conditians. '




Shape of Nuts.

Planters are mostly inclined to scleet round-shaped nuts, wainly because
ey are hobieved to be heavier in proportion to size. Klongated nuts ave thought
to have a bigger proportion of fibre at the onds, aud, i osowe enses, this s
undoubtedly true,

Work from Ceylon, the Philippine Lslands and Malaya, scews to show that
there is little practieal difference in meat contont hetween long or ovaid shaped
puts and round types, as either typo may couluin mauch or litlle mont. Sonie
of the best copra-yiclding nuts recorded have been loug-shaped types. Further,
red, vellow and green type nuts show moro or less the same pereentage of good
and poor yvielders, so that colour has little hearing ou the yield,

Ax fur as New Guineg is concerned it should Le pointed ont that the yellow
type muis are (requently associated with eblorophyll (green colouring matter)
deficiency, though this is not necessarily the case. Genetically, ehlorotic palms
sbould be strictly avoided, though they may ho useful for ornmmentation. These
vellow type nuts are common wherever coco-nuts are grown.

Macedn'™ compared the gernination of 500 round nuts and 300 oblong
ants, and, twelve months after planting, it was found that round nuts germinated
earlier than oblong nuts of equal volume, and also produced more roots, a greater
number of leaves, aud were henvier. 1finally, both gave the same pereentage
germination.  According to Copeland, " Walker made a very caroful analytical
tudy of brown nuts compared with green nuts, and this failed to show any
vonstant difference whatever in yield of copra or in richuess in oil, so there seemix
to be no practieal objeet whatever in distinguishing belween them,

Tu Guiana, it is said that a certain large orange-red varicty is tho bost for
planting, in view both of size and of yield of copra. A similar type of nut
appears to flourish well on the mainland of New Guinoa.

Iethods of Beed Selection Advocated.

Juck, @ in 1029, stated that “ there is ample opportunity for the hmprove-
ment of the erop by the relatively simple process of climination of uneconomic
types, on developed estates, and Ly the scleetion of nuts front heavy bearers, for
raising seed stock for new plantations.” e further remarks that the term
“soetion ™ as regards seed covoonuts s misapplicd (o oo lerge extent, at present,
beeanse the ancthods of selecting them are {ar from seientific, and are rarely
based on u thorough examination of the individual troe.

Thiele®) and Staniforth-Smith®® both stated that “seed uuts should be
the produet of healthy, heavily-bearing trees, not under fwenty vears old.
Preference should he given to nearly round ov oval shaped, medium sized with
a thin husk, and they should bo ripe, hut not dry, while the three longitudinal
ridges should not be too preminent.”

Sampson™ emphasizes the hmportanee of seleeting sced nnts from trees
grown ou land with similar soil conditions to those which are boing planted up.

Copland ™ says, “select the seed of the palms which are conspicuously

more productive than are their neighbours, which are growing under the same
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comditions,  Avond those that have deeided superiorily of cuvirvuwent over their
neighbonrs,  Sced-nuts are chosen for their horeditary quality, snd a4 good
environment eannot be inherited.”

The prescut anthor ¢omuents tud this statement should vot be curried
Jou Tar. as it takes u lavorable environment to give thie bost expression of the
vield capabilities, 1t is well known, however, that palms growing on the edges
o7 groves, around houses oy manure heaps, should be best avoided ax having .
undue sdvantage over their ueighbours,

Smith™ say=  that the area ehosen for the seleetion of seed unts shoudd
contain a large nwmber of paliny yielding well above the sverage, when the
chanee of eross-fertilization with a high yiclding parent will be probable; aud
o close exmmination shoudd be made of tndividual pals whiels will e feass
eusurse n gond Temnde stock.  Only palms bearing 100 nuts or more should be
selecied as possible parents.”

B ois apparceut that Smmps=on has stressed s very important point,  Thus,
where one iv seleeting coco-nuts for planting on the lovse pumiee soil, close
jo Itubaul, it ix preferable to sclect them from palms which are doing well
ouw sitmilar drea. Thie sume prineiple would apply whoen seleeting for heavier
«oile, such us in the Bainings Distriet, where it is feasible to helieve that a
different type of palin altogether wight fare best, The stundurds as to a good
producing pulm could conceivably vary sccording to the conditions uunder which
the <eleetions are being made. Tt does not’ scem necessury to select from the
Lieat areas on the plantation only, bocause a palm which does woll under relatively
adverse eonditions ‘might be the most valuable sced parent.

it might bhe thought that this is a definite argumont against introducing
large nutx from islands, such as Xar Kar or Witu Tsland. This is not the case,
heeause it is most prohable that different strains of nuts are present here. T1f
the palms growing on these islands arc derived {rom different strains, and were
also grown from selected nute in the first instance, as is oxplained clsewhere.
then it is u sound plan to use such sources as a basix for seed supply. If
it is purcly a maiter of differonces in environmental conditions, ne good purpose
can be served in introducing seed nuts to outside centros from sueh aresus.

Platers here are generally of the opinion that they can only select from
very old areas. This has a sound basis for recommendation, because in old sress
the palms are necessarily long-lived and hoavy yielders, [In most canes the
weaker and less vigorous palms have been weeded out, over the yoars, Neverthe-
less, although this precaution is desirable, it is not essential. Tn fact, selection
from a relatively voung estate known to be derived from previeusly selected
nuts can he recommended where older areas are not available, Tt is widely

belicved that ecoco-nuts must roach a certain age bofore the young coco-nuts will
gertiinate satisfactorily.

[t appears from observations made in the Kew Bulletin of Miscellancouns
I'nfurmalion@) that the widely-held beliof that the nuts from young trees should
not be nsed and that plants should only be raised from fully-matured trees, was
first based on a statemont made by Simmons, 1877, in Tropical Aqriczdtur’c."”
The Iatter advocated selecting fully ripe nuts from fn]ly-mnturéd trees, and
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amongst other statemonts said: * Thoss nuts which may be tuken lrom trees
of immature nge will, if planted, rot away at the eye; and tho plants, if auny.
he sueeessfully reared on transplanting, will grow vory rapidly, and aequire
bulk, but the fruit will drop before the kernel ucquiroes consistoney, the root
stulks break, and the trees entirely fail before mid age.”

‘This idea seems to have been perpetuated by some periodicals and text-books,.
although Copeland ™D in hix book fends wo support to thisx contention, and there
has been no experimental evidenco to support it. Inquiries made from Kow
could find neither direct confirmation, nor absolute rofutation of the truth in
this statewent, but vefer to it as follows: “On physiological grounds there
would appenr (o he no justifiention for the statoment as it stauds, though no
doubt it would he unwise, for mere than oue reason, to plant nots from young
trees in the first yvear or two of their coming into bearing. Lt is possible that
it was based on a superstitious native belief or else the argument of a plantation
ownor who had trees of a particulsr sge being offered for sale.  lu Brilish
(iniana it is advised by the Dopartment to select nuts from gooed-bearing palmus,
whieh are neither very young nor very old.

In some islands in the Luceadives, ™ off the Malabur coust, it is stated
thut, where the soils are very poor, palms sormally take fifteen to twenty yeurs
to gome into full bearing.  The natives there have regularly selected nuts from
uny good bearing palins present, which come into bearing at ten years, and they
only seleet first-cluss enrly maturing material, with remarkable results

Purticnlurs are quoted tu the Kew Bulletin (loe. iy of o coco-nu
plantation in the Island of Nevis, West Indies, planted by a My, Crum-Ewing
in 1907, where pals in their third year of bearing vielded perfoetly sonnd and
full-sized nutz (95-98 per eent, over 3l-in, gauge when husked) whiel, when
nsed for seed, germinated freoly and in a wsormal manver. Tt wan stated thut
the original secd puis used eame from Jamaiea, bot in turs these eame {row
San Blas, whenee come the finest nuts in the Western Ilemisphere.  Oune
thousand nuts, five years and three months old, when germinated for sced nuts,
gave an 80 per cent. germination, seven months after placing in the nursery.
1t is recorded that one palin four years and four months old bore 40 nuts, which
indicates the opportunities for selecting nuts for early waturity in un ordinary
plantation. Tt was commented that the high percentage of good-sized nuts, borne
on the young plantation at Nevis, ufforded ample justification for the great
trouble which was taken i selecting the eriginal sced nuts in Jumaiea and elso-
where. Crum-Ewing’s statements aro worth remarking, as he does not sgree
with Simmonds: “ Nuts should be taken from trees whose good character 1s
well marked, 1t appears that the pedigree of o coco-nut tree is of the utmost
importance. 11 would be better 1o use parent palws showing similar charne-
teristics to those for which tho parents and grand-parentz were selected, even
if only one or two ycard observations were available, than use old trees past
middle age, of whose parentuge there is no rocord.”

Tt was mentioned that it wounld be better ot to take sced nuts from palms
until they were in their third or fourth year of hearing, wminiy owing to the
varving periods at which the nuts come into hearing. There ix, hawaver, prohahly
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soune teuth in the stutoment that nuts from very youug palms do not gerwiuate
properly as, for example, nuts which had fallen from young palms of the
Murkhamm Valley type at Keravat, did not germinate so {reely st fiest, as they
did fater on. This was particularly the ease with some individual voung palms,
andd may be truer of certain strains.

It is not always possible for the planter to keep yield records of individual
piims, but uearly avery one who is familinr with his plantation knows of the
existence of heavy yiolding pulins on the place. Many of these palms may be
under casual observation for years., When such palms are found to be con-
sistently high bearers, they should be distinetly marked either with tar or paint,
ar preferably numbered with o zine or aluminium teg, These enn then be
alierved mare carefully as potential mother trees for future plantings, Planters
are known here who lave earried out the procedure outlined with good success.
A few nuts from each seleeted palin should bo examined closely for proportion
of husk, thickness of kernel, &e. The thickness esn often be determined without
injuring the nutx at all, hy just inserting a stroug knife through it antil the
shell i< touched.

The methods outlined are not ideal, us it would be nccessary o maintain
a eropping register for individual pulmg te obtain best results.  Professional
investigators would be obliged to keep detailoed records on sheets or cards
specially printed with suitable headings for that purpose. 1t would be a sound
idea for some of the larger organizations here to keop similur rocords on seleeted
arens of, way, about 50 acres in oxtent. Even a register of this nature would
not he a sure index of the copra-producing ability of the pulms, as there are many
factors to consider.  Still, it would afford a roliable indication for selecting good
palms.  Particulars of how to keep n cropping register are available from several
sonrecs, amd it is not propesed to discuss them here. To indieate just how
valnable acenrate records and megsuremonts ure,- Smith 9 says that an ingrease
in wment thickness of 1 mm. hotween two nuts with kernels 12.5 and 13.5 mm.
thickness respectively meeut a differenco of no less than 8§ per cent. in the
copra yield, and that it it almost imposdiblo to deteet this difference by eye
alone,

Pieris, in Ceylon, " has listed soeveral useful criterin which indicato a good
palm on appearance. Io and soveral other investigators have indicated, us far
as possible, the correlativn of exterual charaeteristies with that of yicld of copra.
Belgrave and Lambourne® (Malaya), in 10383, stated “ that Cooke in 1932 had
shown that there was a romarkable close correlation between the weight of
lusked nut and the meat content.” Cooke,(® in 1034, confirmed this finding,
as did Pierig™® working in Ceylon in 1034 and 1935,

For the purposes of the layman untty is taken us w comipleie correlation,
and the Iatter showed in one large scries of cxperimonts that the correlation
cocflicient hotwoeen weight of husked nuts and weight of copra was 40.971. This
is almost exaetly comparable. with the findings in Malaya,

Cooke (1930-34), in Malaya, ™ used nuts in his determination which had
heen grown under n wide range of conditions to see whether there would be
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a wide runge of variability, and whethor it was oecessury Lo split the husked
ants v rule out pussible variation due to the mmount of water contained in
cach nut.  The nuts were collected frow estates 32 years old, 18 years old, aud
17 years old, while nuts of mixed riponess were collected from wnall heldings
i the coastal ureux of one distrier in Malaya, Thore wax no very significant
differcuce in the cocflicient of correlation in nuts derived from various sources.
He concluded that there is a high correlation between both unhusked nuts
and meat, but especially between weight of husked nnt and meat, and that the
splitting of nuts is not essential in determining the vield of copra for all practienl

pHHPpONEeS,

Pieris, " of the Coco-nut Research Scheme, Ceylon, vakes the following
conclusion from his work: * Mthough there is 2 marked positive correlation
between the number of nuts produced by o patin and the weight of copra manu-
{actured from these nuts, the oxpression of yield by numwber of nuts is open
to cousiderable error, although it is a very good rough estimate. Tho error
intradieed is due to the variability in the size of nuts from difforent puling, and
niore espeeiatly from ditferent varioties of palms.  Some varictios (or selections)
produce small nuts) which although present in large numbers, may produce no
more copry than a moderste number of larger nuts from other varieties. The
correlution botween weight of unhiusked nuts and weight of copra s higher than
that between weight of copra and the number of nutse  This rativ, however,
tends to ubter with progressive desiceation of the nut und the loss of wuter on
storuge in heaps.  The third method of expressing yield is by making use of
the weight of husked nut, and it is shown that this is the most satisfuctory
and least troublesome method of arriving at a relinble expression of vield, In
thix ease, errors due to the variability in size of nut and to drying of the hask
are avoided.”

Ilc also showed that with uniformly ripe nuts and average drying conditions
the percentage ratio between weight of copra varied between 32 and 33 per cent,,
but that may be reduced as low as 30 per cont. where exeessive drying was
practised or the muts were inmmature, [t is not proposed to go into a seientifie
discussion on the subject, as Cook, Pierix and others have done this for the
Lenefit of investigators in their particuler countries, and there is practically
uo data to analyse as far as New Guinoa is concerned. The practieal utility
of the findings quoted above is what counts from our point of view. Tt is most
important to vealize that it is not necessary actunlly to splic the nuts and
actially weigh the wet Kernels or dry tie copra to get a relinble expression
of yield of individual palws. {1t is, therefore, 2 matter of great moment to find
that the three charactors, namely, number of nuts, weight of unhusked nuts, and
weight of hnsked uuts, and capeeially the latter, are all positively correluted
to u high degree with the weight of copra.

Pieris, in his article on sced selection, ™ has given the following eriteria
Afor the seleetion of mother palms, which are quoted verbathin :—

“A mother pabm should be selected according to the following stundards:-

I. The trunk should be straight and stout with leaf seurs situnted elose to esch other.
Yodd very tall and eurved trunks, '

4538, 3
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1 The vronds should e shore and  welldispersed on the crown Vhe orenlabion ol
the fromde o e cvown enn e represented duagonnativally as follows it will be noticed

Lhat Lhere are thres i Ly pes:

PLATE lI.—COCO-NUT PALM. PLATE IV.—COCO-NUT PALM.

Type L. * Undesivable.” Fronds uneveuly
distributed ; lower fronds drooping.

PLATE V.—COCO-NUT PALM.

Tyoe LIl “ Undesirable.” Fronds distributed Type IL “ Desirable,” good type. Fronds evenly
distally or in a semi-circular position. distributed.
PTypes 1 and 3 should be avoided, even if they show other desirable charucters. Type 2
displuys the best spread of fronds,
P The bunel stalks should be sbort and should not show any tendency to droop

P




39

LV, The iutlutescences should curry W fRir pumbcer of fumale flowers ur bution uuts
—up to 108, Avoid palms with influrescences (Hlowering wpathes) that are over-stocked
with female flowers, They are not thrifty.

V. The crown should carry a large nusber of {ronds und conscquently a large number
of inflorescences.  Avoid crowns that losk cmpty on one side, even though the inflorescences
an the other side appenr to set many nuts.

VI It seed hardly be said that illorescenees should be welt slocked with auts.  But
tomight be meationed that indlorescences in ul] stages should Le noticenble on the palm
carrying their full complement of developing puts.  Very often one is deceived by heavy
lower bunches. )

VL The size of the nuts ix sot importast provided large numbers ars presest
fVery small nuts shonkd he omitled.-——Awtbor.]

VI The woight of the husked units shouwdd be high since on this depends the
eopra pradneing puwer ol the pulnn The number of nuts and the weight of husked nuts
provide the best standards of selection,

IN. Do not seleet palms growing in favorable situations, such as near cattle zgheds
and hunsan dwellings, beemipe they will he better thau pubu growing in the open ficld
i cosmpetilion with their neighbours, merely by reamson of thele favorable sucroundings.

Pulms that bear well in a sormal or even unfuvouruble cuvironment should be
selected.”

I also states “thut ar the end of three yuars all scleetions that have not
produced on the average 00 nats amd 175 1b, of husked nuts, per annum, should
he rejected. Wherever possible thero should be at least’ons proved mother paln
for cvery five acres on an estate”

Puls of hereditarily poor vigour are very linble o insect and fungous
attack and are very suseepiible to uunfuvoerable soull conditioms. Thore 15 no
doubt that some palms show an hereditary tendeney to chlorosis (chilorophyll
deficieney).  Sueh palms arve readily apparent on aven the hest kept plantations,
and should never be used for sced.

Sampsont®? and Tlunter and lLeake®™ have both indieated one potont
esuse of premature nut-fadl. The weight of u well-developad bunch of nuis
is considerable, and, if unsupported where the leaf stalks (petioles) are too
long, the rachis (stalk) of the inflorescence will tend to buckle and twist. This
sauses consirietion of the vessels which eavry nutrimsent to the developing fruit,
and leads to the fall of the immature nuts as the result of starvation. The
satural support of the bunch is the leaf stalk, and a strong leaf stalk combined
with a short inflorescence rachis forme the most importaut of the vegetative
charneters which are desirable,

Tangible Results to be Expected from Sced Solection.

The average palm in New Guinea plantations probably does not produce more
than 40 nuts per palin per annum, and the average for all plantations may be
fess than that, One of the soil-exhaustod arcas in the ‘L'erritory averages less than
30 nuts per palm per anuum, an average plantation produces 40 to 530 nuts per
pulme per annum, while some of tho best places in this country do not produce
more than 60 to 70 nuts per hearing palm.  In assessing the pumber of nuts
per palm, it must be recognized that when numbers of nuts ure the basis of
~omparison, the smaller size of the nuts on poor yielding plantations somewhat
balances the smaller yield obtained under those conditions.

From certain islands of the Luccadives, Malabar Coust, particulars are
given® of palms coming into bearing in ten ycars. These throw out a fruiting
~pike every month after that age is reached, bearing 15 to 20 unts, and so yielding
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INU 1o 230 nuts por yesr, and goiig on boaring at this rate until thoy are 60
venes ol They often do go on bearing until they are 70 or 80 yeurs old, and some
are believed by the people to bo more than a century old.

At Buitenzorg, Java, Mr. de Veer©3 has taken yield records on 46 sclected
padms devived from a nwmber of different loonlities in that country. The lowest
average vield per pabio over that period, including the yoars when they were
coming into bearing, was 84 nuts per palm, while that of the highest yielding
palm wns 178 nuts per pabn over the snme period,  Thirty-three pabos out of
the 16 avermged over 100 wuts per palm over that period, while the average per
padm fur that period was 120 nutee U padies eapable of producing one-half to
two-thirds of this tatal were used as planting material the inerease in the bearing
capabilities of plantations here would be very considerable, as simple caleulations
wonld sliow, '

Juek, ™ Malaya, in the conrse of a lecture to producers gave the following
figures and fuets, which are very casy to follow. Ils aaid that “assuming the
average palm o produce 60 nuts per annum (the asetual average i lower) and
St ench nul produces 250 gramumes of copra (a figure derived from actual
weights, and 453,06 grammes = | 1b.), then the sverage palm should yield upproxi.
mately 33 . of copra annually, of course sllowing for the limits of variation.
VAL this rate g palm producing 40 nutx should produce approximutely 22 b
copra per annunn- -Aathor. |

“ Owing to variability present it should be possible on new plantations to
raise considerably the averuge yield per palm by the rigid scleetion of high
vielling pafms for the supply of seed unts for future plantings.  Soven of the
470 palms which were analysed for yield showed ealenlated yield values exceeding
30 b of copra per wunmm, while four of them even execeded 65 1b.
of copra per annum, o that the seleetion of palms as seed-bearers is not
a diffiendt watter. A plantation planted entirely with palms eapable of producing
st db, of copra per annmmn would bo cquivalent to an ingreased production per
nere of approximately 50 per cont., and oven this increase might conceivably
be exeeeded,  While sueh an inercars is possible nunder practieal conditions, and
constdering the hybrid uature of wany of the seod uuts, it is more likely that
the first generation inerease would bo of the order 23-35 per cent., but even
this inerease would be highly desirable.” '

Simith ™ cuys “that with his atandard scaled down to 100 nuts of 500
grammes of wot meat per palm only 8 per cont. of palmy in o given area (high
vielding) are for seleetion as mother patma” e also states that by selecting
palins of thix standard, yields of 20 piculs e= 2,720 1b. por ucre, should be attain-
able under favorable environmental conditions. It was indicated, however, that
e had already recorded from o promiseuous seed supply the phenomenal high
vield of 16 piculs, or over { ton 19 ewt,, per ucre (not hectare) for thirteen years
uver un arex of 80 aeres, the palms being 27 yeurs old in 1933; this was
equivalent to sbout 82 nuts per palm. This was, undoubtedly, due largely to
environmental conditions, but said that it indicates that potontinlities are greatly
in exvess of standards hitherto accepted as high, if close seed selection is carried
vut in un uren of this yielding capacity.”
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This fmount appears exceptionally high comparod with what prevaiis wmder
New Guinea eonditions, but if an average aercage yiekd of the limits he imdicutes
were hurvested per hectare here, that would greatly increase the existing yields
in this Territory, 11 would take controlled methads of plant bresding to get
waxinnun inereases ju yield, yet a sodstantisd borcase mny e expected from
mothods whieh are applieable on v commercial seale,

Hamilton and Grange™  recently iavestigated conditions in Samoen on
the New Zealmnd Reparation Estates,  They advanzed the following negumonts
in reconunending sced selection there: “ Visual observations of trees in the
plantation suggest that they vary considerably both in produetivity and habit
of growth. Ditferent types of nuts were collected nt the Vailele plantation and
measiraments made on a ton of them- -

The transverse dimmoter of the nut vavied from 2.7 inches to 4.5 Inches,
while the longitndinal measurement varied fiom 3.6 inches to 5.1 inches.

Thickuess of weat varied from .33 ineh to 530 inch,

Dry weight of enpra produced varvied from——74% 1o 200 pgramies,

Sinee the best of the nine nuta recorded returned three times the amount
uf dry copra per nut that the poorest did, it appeared that there is considerable
room for improvement in the type of nut which should be selected for future
plantings<.  The opinion was fairly freely vxprvvm-d however, that any relection
for the larger size nuts would le: ad to decreaso in the number of nuts produced
per tree, but work condueted 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 Mabayan Agricullural Journal for June, 1933, gives detaily
of the results of seleetion in that eolony. An area of 80 aceres, which had an
average bearing record of 82 nuts per palm, or 19} ewt. of copra per acre per
annum, was sclected, and the individual trees graded according to production
with thc following resu'ts—

Total number of palinx examined . .. R R ) o)

Total producing 100 muts and over .. . .. G0 == 1T.8 per cont,
Total producine 50 nutx and  over .. .. L L I0R =2 286 per cent.
Average of “ 160" nut palms . . . . 117.28 uuin

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

Net weight of copra per nut th hmnhn of nute I l'arﬂmmur of nuts
Keanues, m rlnn, ' Tt sehass,
l

Over 7K} grammes . e 3 { 0.4
G -T4K gramnos .o 47 ! 1381
RN grsmmen L e 191 ‘ 7.7
SO0 D0 gramses . 307 5 4.0
300 400 grammes .. 4 i IN.6
Under 300 grammes - 14 2.0

i ,
For the purposes of comparixon with the weights given for yield of dry copra from
Samoun nuts, the weights given in the above table rhould be halved, From data

given by Smith it would appear abundantly evident that it iz possible to' find trocs
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which combiue boith large size of nuts and heavy yiclding capacity, and there
uppears considerable scope for solection if further arcas ure to be planted in
Samou. .

In a erup of this nature plantiug is done once und for ull, and expense incurred
in securing sclected sced may be repaid manifold during the normal life of the
crop. Initial lack of sclection cannot be rectificd as in the case of annual crops.

Sowe scleetion bus been practised in the past on the basis of uut shape and
size, but while this is of undoubted immportance, it should be carried a stage further
and the yiclding capacity of the trees producing such nuts dotermined or results
are likely to be disappoiuting.  Kvon with eareful solection phenomenal results
should not be expuocted; if production cun be increased by 10 per cent., the cost of
seleetion would be anmply repaid while the climination of low producing or
* bourder trees ’ should materially assist to raise tho average level of production ”

chkdulu“‘” from measurements made on u lurge number of nuts stated vs
follows: “ It appears but veasouable to expect that larger nuts would possess

proportivnately more kerncl than smallor ones; but the figures. obtained do not -

appear to bear this out, for it was found that tha three best nuts examined in this
respoct were compumuvcly small besides somo of thoso examined which yiclded
less hernell Tho range in weight of kernol for nineteen types vuried from 12 to 18
sunces, wherens that of the busk showed a wide range of from 10 to 48 ounces”
1Lo 1entioned that the husk takes up nine and a half times the amount of potash
salts which is absorbed by the meat aud over 100 times the amonnt of lime salts
which the meat takes up. Thus it is obvious that the more fibrous type of nuts
should be uvoided as being unoconomic feeders,

A¢eording to de Veer®® u very interesting pructical dewmonstration of the
vihie of seleciton was mude in the Bast ladies. The Landbouw Instituut for
purposes of comparison planted out 250 nuts from scleeted mother trees in various
parts in both Java and Sumatrs. The original nuts were collected und planted
out in 1911, and the average yield of the palmsa from theso sclocted palms over the
last ten years (lo 1934) was 120 nuts por palm compared with the average of 40
nnts per palm usually harvested on Java estates.

Govindu Kidavat® classified palins according to their bearing capacity on
the baxis of five years average yield records ending in 1927, Ha classified trecs
which yield up to 30 nuts per year as poor bearors, thoso which yield between 30
und 100 nuts as medium bearers and thoss which yiold above 100 nuts per year, as
heavy bearers. Over this period he recorded some palms as yielding an average
of fourteen nuts per aunum whilst othors yielded an average of 121 nuts yearly.

It is ar well to recognizo when interpreting results that the nuts dorived from
vven the smmo bunel show considerabls varistions. In an experiment to show
this 1,260 nuts were examined at Buitenzorg, Java®® from different positions on
individunl palms. It was found thet therc were fairly great differcnces in the
percentage of copru and in the oil content of nuts where two were taken from
the base, two from the centre and two from the top bunches in each palm examined.

According to Cooke*® ripe Malays coco-nuts average 0.5 Ib, of dry copra per
nut, while the highest yield of oil and copra is obtained approximately at the tima
of natural nut-fall.
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F.oeL D Greeno Superintendentsof Keravat Demonstracion Plantation, has
made same detailed observations on coro-nuis at Haulawat Plantation, Now Britain,
but s the investigations are unfinished, details will be presented at o later date.
Meanwhile a few interesting figures are gquoted in support of the argument for
seed selection.

The totul weight of nuts where over 30 buts were cotnidered ranged from 26
0%, 10 65} vz., with an avernge of 42 oz, approximately. The weight of husk present
canged fram 8] to 22 oz, while the weight of shell varied from 4} oz lo 10} oz,
and the transverse dinmeter of the nats ranged Ceom 9.9 to 1204 ane The atount
of contuined meat varied Trom 53 oz to 173 oz, with o genern) average of 2.2 oz
approximately,  The ratio of mest to tolal weight ranged from 1:2.7 to 1:7.0
which shows a wide divergenee in percentage ment yield and the figures speak for
themselves as to the advisability of xelecting nuts yielding the heaviest proportion
of eapra,

Measurcments were taken on 100 nuts ut random frow a reprosentative
collection, and the following figures were obtained for the nuts-—

Total weight . . - oo I8 b per onut average
Weighl of husk . o . . L3095 [he per pul average
Weight of shell .. . . . A5 1h, per nut avernge
Weight of wet meat .. 5 b per nat average
Weirht of Kroses prtm'ut {=lightly ;(Wilnt:»hﬂ

nulu) . . .. . .. LT B per nul average
Weight of dry ecopra . .. . A2 h, per nut average

dry eopra

: 0
The ratio ftu!al \ul-'ht

Wits .. Lo L2 per cent, uppruximately

wed et

While the ratio Wils .. .o 263 per eent. approaimately

total weight

The weight of dried eopra . .. 23.25 per cent. approximately

husked nut
Weiht of wet meat . . .. 418 per ecent. approximately
husked nut
Weight of dry copra " . S 66 per cent yield.
weight of wet meat
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 even approached the yield of tho best nuts present in the random

sample.

The following distribution table for 31 nuts depicts the rauge of variability
present even where suel a small number i8 considered :—

Totnl Weight, Weight nf Mont
Oz, Na, of Nuts. O3, No. of Nuta.
25-35 .. ) .. .. . .. H-8 .. 1
8545 . ¥ 811 8
45-60 ] 11-14 .. 14
50-56 2 14-17 .. 7
17-20 ve 1

It will be scen that between one-quarter and one-third of the nuts are above
averago in weight and yield.

AN
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Coco-nut Introduction.

The extent to which eoco-nut seed introduction into New Guinea has procecded
~inee historiend fimes is not generally roalized, nor has it been indieated, It is as
well to point unt tat ull islands of the South Pacific carry coco-nuts, The original
hubitat of coco-nut palms s doubtful, though seme ovpinions secm to favour its
South Ameriean origin, particularly as that country is decidedly rieh in species
af e genns Cocos, This subjeet s well dizenssed by TTiH. &0

Writers abso disagree as to whether the coco-mits pre-dute the arrival of the
untive inhabitants of the Pacifie islands.

The possibifities of coco-nut seed introduction were fully realized by German
plonters vestdent o this Teerttopy before the war, Meso Foesythe, known as
Queen Koo, s said e have  introduesd selected  vovomnuts from Samou
to her plantations at Herbertshohe (now Kekopo),  The Goernpan Government
wlso dmported two ol the best Kinds of coconnts from a representative of the
lmperial Government in Sumox to the Rabaul Botunie Gardens, about 1911, The
vne producing large coco-nuts was introdueed ax Nig Vai, while g wmaller variety
wis brought 1 under the name Niu ju,

in the earhier history of Samoan development; native lubour was regularly
reeruited from Bougainville Island for work in their plantations. Sced coco-nuts
wers thus believed fo be bronght to New Gninea by the boate travelling backwards
and forwards,

Mr. Winand, a planter resident here sinee 1902, has supplied the information
whiel he gleaned from Mr. Mouton, also an ex-planter of many years standing,
naw resident in Australia, who was also n member of the “de Ray ™ expedition.
He suvs that the ill-futed members of that expedition introduced selected nuts
from New Hebrides and Now (gledonia to the southern end of New Ireland.
Pulms derived ofrom these nnts are wtill known to some old planters in the
Nawmatannd distriet and are said to produce largo nuts with thick hiusks,

One of the fiest actions of the old New Guinea Company was to introduee
selgeted coco-nute from some outside sonree o the maindund near Madang, and
urohubly other places. It is alko well-known that there has been continuous
interchange of coco-utit planting wmaterials between New Guinea and the British
Solomon Izlands Protectorate (Solomon Islands) probably since the earliest times.

During the German administration many exchanges of solected coco-nuts
were maude between disteiets here. 1t has boen stated on good authority that the
brre New (hiinen Company planted most of its plantations with nuts derived from
Peterhuflen, Witn Island,  These nuts wero anid to be round, meditm sized with
thick copra. 1t is likoly thst thiz may be a distinet, regional strain, but there is
the possibility of their charactoristies being due to environmental effects whicl
sy not he reproduced in situations with poorer soils,

Their administration jutroduced palms bearing small attractive yellow nuts
feam © Stephuusort ™ appurently at, or in the vieinity of, the plantation Bogadjim.
These were stated, in the 1911-13 veport on the Botanie Gardens, to have grown
well and to be bearing plenty of frait.  Some of these palms ure still in these
gardens and appear to be breeding remarkably true for the yellow coloration,

Coco-nuts wero ulro bhrought to Rabaul from Peterhafen and from “ Jomba 7,
Mudang; these were badly attacked hy the rhinoceros beetles and fared badly.

Whether voca-nuts from these sourcer were distributed to outaide plantations is not
knowu.
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Seed coco-nuts from the British Solomon Islnuds were introduced by at Joast
threo large planting groups to Bougainville Island. In ono instance the manager
stated that the Solomon Islands palms from which he introduced sced nuts were
vriginally derived from sclected seed nuts brought from Samoa.

At Numnn Numau plantation pabns from three separate districts were grown in
colspurison with cach other, viz, from Rabaul, Bougainville, and the British
Solomon Islands. These showed comparatively little strain difference, except that
the manager notieed that the palms devived from British Solomon Islands 1'ro-
teetornte nuby exme into bearing deeidedly carlier than the other plots. individual
palmis frows all three sourees showed great varintion in truit production as would
b expected.

During a reeent visit to Witu Islands, opportunity was taken of investigating
possible reusons why the New Guinea Company so widely used seod nuts from
this source. Another objective was to scleet goud palms for the breoding
programme nt Keravat. The question is what speeial attributes prompted the
company to use these seed nuts for extensive plantings.  Geologically the Witu
group is of very recent origin, and it is not muny generations since tho first seed
auts were brought there.  The oldest palns there are not so high sor so old looking
us palins seen in other parts of the Territory.  Nevertheless, the palms are quite
old, and have been foreed upwards by the competition of the short surrounding
bush. The islands previously sapported a much Jurger population, but a groat
proportion was wiped vut by an epidemic disenss which occurred less than 40 years
ugo, and at present only n few hundred natives ure left.  Previously extsnsive
plantings of coco-nut groves were made by these old inhabitants, and these still
remain and appear cxceptionally healthy. The soil, being new, is rather shallow
but chemienlly rich and very frinble.

‘The Germauns of the old New Guinen Company made Meto, at Poterhafen,
their head-quarters and afterwards for five years this was a copra concentration
depot und store for the Kxpropristion Board, and it was later used for the sume
purpose by the Melanesin Company. The former company sent seed nuts from
this centre to plant new plantations in sll districts of New Guinca at such places
as Madang and Aitape on the mainland, Bougainville 2nd New Britain, It is
said that some were tnken to Kar Kar or Dampier Island, which place hus also a
good reputation as u source of sced nuts, but this is doabtful us probably most of
the nuts planted thero were derived from sclected palms, cither local or from the
mainland near by. Paul Schmidt, the German planter whbo first opencd up this
island, informed the author that most of the nuts used to plant the original
European places there were derived from Alexishafen and Potsdambafen on the
mainlund.

Sinee the Australian occupation, plantations st Garua Ixland and Talasea
were planted with coco-unts from selected and marked palma at Witn.  [nquiries
from several old natives reveal that the coeo-nuts first used to plant Meto plan’a-
tion were selected from - old native groves on the higher arcas of the ialand.
These coco-nuts are wmainly growing at an altitude from 700-900 feet, and were
planted by carlicr inhabitautz,  The writer was conducted by un old native
pensioner living on Ilia plantation, to sco the palms from which these seed nuts
were obtained. It is casy to imagine why these palms were seleeted as mother
palms for seed nuts. KEven at the present time (October, 1937) these origival
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old padms are bearing heavily, and the nuts are usually round, of medium size,
very meuty, und heavy in proportion to size, with u husk which is not unduly thick,
while the frond canopy is » healthy green in eolour. The number of nuts per ton
ul Meto bus been aseertained as being approximately 5,000, hence they ure not
so big or so heavy us the Markham Valley or Kar Kar Island nuts. The first

plantings at Mcto were oade in native fashion, not being properly lined or -

spuced, by u Malay in charge of several “ Marys ” (native women), but the later
plantings were more carefully lined. Several old boss boys and old natives in
villages were independently questioned, and they all agreed regarding the arcas
from which the seed nuts used were derived.  Some of the hoys questioned had
been uetually engaged in collocting the original seed nuts.  There are munerous
old palms left standing on the flat areas, but apparently these were not used to
provide seed.  The nuts used were sclected by natives only from what they
considered 1o be good, heavy bearing palms, and no other supervision was
exercised.

PLATE VL.—SEED COCO-NUTS.

> 4y

o2

Good type, from Meto Plantation,
Witu Island.

* Split Open.” Good type left of photo; bad type right of phote.

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 purpose. Thus it is practically certain that comparatively
large areas of New Guinea plantation coco-nuts were derived from Witu coco-nuts,
originally grown by natives.
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Biespite the age of the cocouuipalins at Mely, naely, 40 years approxunatoly,
und the haphazard plastings ou this plantation, it is still yielding more than a
ton of copra per bectare. The palms still have a healthy appesaranco and the
individual palms are yiclding much better than the yields given would indieate
as there are many wisses in tho plunted arcas, and it iy diflicult to find really bad |
pabims, 1L appears that there ix a bigger proportion of reddish-yellow nuts, not
brick-rod nuts, than is usually scen. ‘ j

If it is granted that the Witu covo-nuts have rather distinetive foaturcs, ix
thie environment rsponsible? It would, undoubtedly, have a great influence on
the resultant nuts. 1t dees not appesr, however, thut the presencs of the
histinetive, rounded type of moderato sized nuts, often scen at Witn, is altogether
due to onvironment or aceidental euuses, und 14 becomes necessary to consider the
question of nutive selection.

It ix feasiblo that & proportion of the coco-nuts broughl to Witn cawme from
the suine centre as the origingl uatives, Probably a big population did not develop
until somu time after their food plants hud increuscd sufficiently, as the natives
there do plant bread fruits, mangoes, cugenius, galip nuts (Cunarium spp.) more
extensivoly than in other purts of Now Gnines, The original plantings were made
in distinet groves as they can be seen to this day, close to old village sites which
huve now largely disuppeared. The first introduction of sced nuts was wost likely
not extensive and it may be assmned that only better than average nuts were
planted so that the foundations for o varying but regional strain were commenced.
Numerous people here doult the very possibility of natives having any idea of
seed eoev-nut selection.  The author has tried out certuin intelligent natives as to
their knowledge of coco-nuts fram this aspeet.  Allowauco must be made for the
posstbility of their having seen some seleetion work done, but this would not be
truc of every case. Natives from cortain parts of New Guines do select nuts for

planting in their own groves.  Indentured boss boys on three plantations in Witu

were usked to select palms in front of mysolf and their managers. These boys may
have seen selection work enrried out; nevertheless, without auy guidance and in
all three justances, the boys instinctively kelected good palms after carofully looking
over them and roughly tested the weight of nuts in their hands. . The intelligent
boys assured us that they actually wso similar eriteria for selecting good swed nuts
in their villages. The aid of such boys would greatly simplify any programmne of
seed welection commenced by the planter, S '

From o genetical point of view and on theoretical argument, the planting of
relatively fow scleeted nuts at high situations would isolate the palms, oven if it
were done nnintontionally.  Then, owing to limited iutercrossing, a distinct but,
of course, variable strain could bs evolved in thia munncr, I[n what dogreo this
has led to the development of Witn nuts is only conjecture.  According to Mr. Mills,
the present manager of this plantation, the nuts derived from Meto have tended to
give & low pereontage of gormination when shifted elsowhore and ho gave s figure
of as muny as 40 per cent. being non-viable. If such is genetical, theso sced nuts
would nut be so useful for new plantings as is claimed, but there may bo other
causes for this. Numerous introductions from Mecto plantation to Keravat have
already been made by this Department.

In German times sced covo-nuts were imported from Meto to Bali and from
Bogadjim pluntation on the mainland and were apparently selected for sizo and
weight. Some plantation areas show a rather high proportion of heavy bearing
brick-red nuts whick may have come from the mainland. * After the Australian

. | R
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occupation about half the main bearing area at Bali was planted with seed nuts
derived from the older pulms whicl grow from originally tmported seed. 1tois
only very new areas at the rear of the plautation which were derived from locai
uative palins,

Loeal nutive coco-nnts seen in the villages were nsually smaller, move pointed
and nob nearly so heavy an those from plantation palws, It must be coneeded that
this diminution in size may have been eaused by eloser plauting and competition
with sccondary bush. Though growing on similar soil the native nuts at Bali were
gnite g different type from 4hose seen in the native villages st Wity, near
Meto plantation, while the intradueed suts gppeared superior 1o the focul nuts on
the plantation at Bali. [t s thox believed that nnconsidered selection wus pructised
when the original selected nnix introduced by the Germans were weed ax g souree
of seed nuts for further plantings.

Members of one firm here which have introduesd lurge seleeted nats from Kar
Kar Island to plantations ni other parts of the Territory elaim thut they have

fared better than local palms.

Lever’s plantations in the Solomon Islunds wre suid to have introduced  nuts
from several different countries such as Malays avd Fiji for comparison with
locul nuts. Managers have stated that palms derived from all these sourees were
far more liuble to bectle damage aud did not fare so well an the loeal nuts,  This
curiously coincides with the experiences where Markham nuts were introduced to
Keruvat and earlier when other types were introduced to Rabaul, but no good
reasons cun be ndvanced ug to why this should happen.

The present Department of Agrwnitum bay enrvied on u grest deal of coco-nut
seed introduction from outside countries and slso from the varions mxﬂym distriets
in New Guines. These are at present boing grown under the suporvision of the
Superintendent at Keravat, but in most instunces are too young for detailed

‘ohservations on their behaviour,

The Director of Agriculture obwerved svme pulus growing in the Solomon
I:lands which were originally derived from reed of already selected tull palns
growing in Malaya. These were 26 yeurs old and beuring heavily, Re-scloetions
derived from this area were intredueed to Keravat Demonsteation Plantation, in
January, 1934, In January, 1035, seod coco-nuts derived from the best seleeted
palms which had been subjeeted to yicld recording for xomie yeurs at the Landbouw
Instituut, Buitenzorg, Java, by the Seleetionist for perenuial erops, Mr. de Veer,
wero introduced as part of a large consignment of plants brought in by tho present
author. Moro recently during this present year (1837), wnd through the courtexy
of the Director, selected coco-uuts were introduced from palns which had been
under observation for some years at the Coco-nut Research Station, Menado,
‘elobes, Netherlands Kast Indies,

A request has slso been forwarded to the authorities in Manila, Maliva and
Fiji for any selected eoco-nnts of varions Kinds, which may be available at their
researeh inatitutions, :

In addition to the above programme of introduction, coco-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 programmie at Keravat,
The following districts and sub-districts are represented in this collection:
Distriet, New Britain—Rabaul, Taluses and Gasmata, Sub-districts.  New Ireland
Witu Islund Dampier Island, Bougainville Is]uud and the mumlnnd of New
{fuines.



4

The coco-nuts derived Troa the, Markham Valley, particularly in the upper
Mzern vegion, have heen generally noted for their large size, perfect shape and
good yield, wid this has been commented on in seversl roports by Patrel Oflicers
of the Distriet Services, as well as by officers of this Department. In October,
1929, u large fonsignment of these coco-nuts was introduced to Keravat and planted
owd i oan aren isoluted Trom coco-nut pabmsg, at the Demonstration Plantation,
derived from other sonrees,  These pahns have retained, to a marked degree, the
original charaeteristies for which they were introduced under the widely different
woil el enviroumentusl conditions which prevail there ss compared with their
original habitat. Mr. Moody, Inspector and fnstruetor, suys that when theso nuts
were introdueed to Lindenhalen, New Britain, they tended to break-up and become
more pointed thau is nsual for the Markbam nuts, but, although varying, still
howed wany of their original charvacters. 1t i possible that these coco-nuts did
pol eome from the sme ares as the nuts growiog at Kersvat, At Keravat, these
Markham coco-nuts, althongh still varying in colour and size of nuts, are very
similar in general type and appear quite distinet from the ordinary native coco-nuts
growing in New DBritain, amd could be elassed aa a regionel strain,  Their trunks
are apparently shorter and require fewer nuts to produce a ton of eopra than nuts
From omlinary palns--less than 4,000 nuts as against between 6,000 and 7,000 nuts
per ton for ordinary nuts in the vieinity, The nuts bhave o fairly thick husk,
however, and it has wot been determined whether their total copra yield per acre
iv superior to the ordinary types. At Keravat, for instance, the yields have uot
heen compurmd with cocosmnis derived from loeal seed. Tho selections of the
heaviest vielding pahos were made for inclusion in the breeding programine, and
ave nlready planted om as will be deseribed later. All the poor type palms have
Leen eliminated. This plot of palms has been particularly liable to infestation by
pibis weevils,  The Superintendent, Mr. Green, is inelined to believe that this may
fweadue to s varietal tendeney for the woad to grow suft,  The isolation of a small
‘wronp of palms would in itsell lead to increased infestation, however, beeanse of the
greater Himitation of the food supply of these various pests. The presence of such
& regionn] strain seems to indicate a maore encouraging future for coco-nut breed-
ing than is usunily anticipated.  The question as 1o the origin and the prescnce
of snel a region! strain on particn’ar areas of the Markham Hiver country is very
interesting snd needs further study, Tt is reasonable to assumo that the natives
in this aren may constautly practise sood sclection with a definite objective in
view, ‘Phere ix also the possibility of natural selection going on over many years
having o <similar effect, A wmore important consideration is whethor this strain
i more Hable to sclf-pollination, than other types, owing to a different hercditary
complex, mud pollination studies are necessary to detormine this point.  Mr.
O’ Brien, planter from Madang, hay provided some data which scems to have a
wore likely bearing on the point  1le has heard from old residents ground Madang
that Erima Beach plantation was one of the first places commenced on the main-
tand by the old New Goivea Compuny.  The nuts introduced there by them were
specindly brought in as scleeted large nuts of a particular type. Some plantations
planted with selectivns of this type arve still known in that vicinity, and it is thought
ihat the natives in the Markhaw way have obtained their seed from nuts originally
derived from the original introductions. The dinmeter of husked nuts recently
brought in from Mudang by Mr. O’Brien ranged from about ¢ inches to 8 inches
while their_ dinmeter is greater than the depth, i, ovate, There was 2 tendency
to ridging snd the kernel was very thick.  Whether ruch large nuts would preducs

.




50

more per acre thay ordinary nuts. is, uot proved, but some plauters near Madang
are guite convineed that they do.

1t might be said that thert is uo object in breeding or propugating regional

types unless it is proved that a particular form is superior to any other. The San
Ramon type ‘of coco-nut later mentioned under varicties, appears to be an example
of suporior regional type. Copelandt'?) says, “ That there are no records from any
other part of the world of plantation avernges showing such sizo of nut as those
of Suan !anm In 1905 for the entire plantation an average production was one
metrie ton of copra from every 2,800 nut.s, while the average production from
year o year shows that 3,270 nuts are needed to preducs 1 ton or 2,240 b, of
copra” Aveording o the annual report of the Covo-nul Resoareh Schene, Coylon,
193509 1l ether introducaed Ly s, with the exeeption of this variety, proved
inferior to local varieties both in yield and nnuvptxb:hty to beetle attack und
quality of copra. Tt was mentioned that u similar type of this is found in soveral
coco-nut countries of the Hast, 1t does appesr roughly comparable with the
Markham type found here. T the small island of Rotumu, Polynosia, there is
_another example of o superior strain. Thiz island has been noted for the
wnpcrmmy of its nuts, which have been used for seed in ¥iji, Tonga and other
places, Coeo-nuts from certain arcas in the West Indies huve boeen similarly noted
for their uso an sced nuts, o.g., at San Blas and parts of Jamaiea.

The * San Blas ” coco-nut of Central Americe has the luyers of ceils between
the #hell and the ¢ndosperm which are peculiar in breaking up so that the meat,
kernel or endosperm s very casily removed from the shell. This race has been
introduced to Malayn and desorves to bo introducsd here. [t may be mentioned
here as a noted fact concerning coco-nuts from some arcas of the British Solomon
Islunds, that the half-kernels are casily removed from their shells.  Whether this is
due Lo xeil or strain effcet is not yet proved. Tu Bali thero is a lurge coco-nut
which has been widely distributed in the Netherlands ¥ast Indies, and this is
known nx the * Bah Klapper” in Jdava.

Smith®" has indicated rathor disappointing resultx with the “ San Blas”
coco-uut in Malaya. The palm differs in many characteristics from the tall. In
goneral appearance is midway between that and tho green dwarf, The stem is
slighter; mersuremonts of twonty palms of caeh variety st ¢ feot gave an uverage
girth of 30.3 inches San Blas, and 88.5 inches tall. Tho “Ban Blas ” averages
about 5 or § feet shortor to tho lower leaf but tho lesf is longer as is the spadix.
‘The chief characteristic on casual observation is tho very open erown and the large
numbor of leaves hanging down more or less vertically, The fruits are much
more clongated than the tall as is tho nut proper inside. Thoy have & very high
hnsk percentage amounting to 487 por cent. of the wholo fruit compared with
26.1 por (<-nt. for taﬂ

. ——a——ne L e s m—— e e R

- i Jhusk. Wet Meal,
Ier cent, whole fruit. | Per enut, whole frult.
San Blaa .. .. 43,72 25.26
Tall .. .. .s 26,16 - 28.85

Smith concluded that althongh the “San Blas” coco-nut has the reputation,
in Central Americn, of being an extremely prolifis yicldor, it did not suit the heavy
alluvinl clays of the west coast of Malayn, when compared with the ordinary
Malayan tall varioty.
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It wmay be pointed out that the gegional strains, which have been doseribed
from Witu and the Markham Valley, could contain represontatives of several of
the “ ruces ™ such as aro deseribed by Webster.(®9 It is a wider torm in the sense
that it represonts a collection of types constituting a strain which, owing to the
long effects of natural seloetion, do show eertain characteristics in common.

Avcording to Urocker, Luspector and Instructor, one bag of San Kamon, coco-
nuts was introduced to Numai Plantation, Papua, by Mr.'J. C. Hammett in 1019.
When they first came into bearing the nuts were very big, but the yield was not
very profuse; whether they did botter lator on is not known hers. Thers s no
record of the introduction of this type of nut_to the Territory, but it should be
introdueed and tried out under varying environmeonts in difforent distriets, as some
of theso may give full expression of its yield capacity,

Genetical Abnormalities.
The following genctical aknermalities wore recorded in -a provious article on
voco-nut discases*®) as being present here. No palms showing gonotical defects
should be used as seed producers.

YELIOWING OF THB I’M.us.
Geonoticul chlorosis is known licre and cven in the bost. plantatxom palms
showing u genctical lack of chiorophyll arc known.'

, Femarx Pavas. ,
Male flowers suppressed ; nuts often without embryos or with very little copra.

Sorr Corra Propucko py Pavricuran Parus.
Such copra does not cure properly and remains soft and leathery.

Burasciung anp Twin Pacus.
The presence of trie branched palms with up to eight branches was first
recorded by Prenss®® for New Guinea.

Buimirerzovs Coco-nuTs. |

At least eight investigators have recorded cases in which bulbilifercus coco-nuts
with deciduous and storile inflorescences dovelop small lenves instead of flowers.

Lxay Basrs Renammino Arcacuro 1o TiE Parxs.
Either on the whoele or portion of the trunk. . . | “ o

Hzap Dzoor. ‘

This was recorded ax o suspeeted virus discase in the article tuentioned
(see pages T1-76) and it was suggested that it would be definitely unwizo to select
sced coco-nuts from arcus where “head droop™ is prevalent and that geed nuts
even from good palms growing close to a pualwm sufiering from this condition should
tw avoided.

Gummy Leay

This is @ condition common at Witu and other parts of the 'I.‘emt.ory where
the pionules (leafiets) of the palms rcmein held together and dcpres&.d to the
midrib, Such palms produce hardly any nuts and should bo avoided in the samo
way a8 “ head dreop 7 palms,




Froxo Cnoxe.
This is another common malady in coco-nut palms hore. It is undoubtedly
mainly present in weak-growing palnx which luck vigour. Seed nuts from such
puhus should be rigorously avoided as they never become good, healthy paliws.

Consrmacrep Nurs.
The nuts beeome constricied in the centre. are vory pointed and do not fill
properly which ix probably an lereditary defect.

PLATE IX.—COCO-NUT PALM.

Showing teadency to “ Frond Choke ”.

Coco-nut Varieties.
Ouiar™ sayx that in Singapore Island fourteon different races uxist, twelve
ditfering from cach other in the nut, aud two differing also in growth. The
Malays have nawed four types from which most of the Singupore copra is made—

* Kélapu bulat ™ (round coco-nut), * Kélupu besur” (big coco-nut) and
“ Kélapa jantong” and “ Kélapa sapang” (both heart coco-nuts). Another
commou race “ Kélapu lnga ” is too small for copra. lle mentions two rare types,
“ Kélapa nipah ” and.“ K&lapa hysu”, which promise big yields of nuts suitable
for copra making, and also the dwarf coco-uuts * Kélapa puyoh ” (quail’s coco-nut)
whieh is green and the * Kelapn gading *, the common yellow dwarf.
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Other uuis with special uses are & Kelapa dadoh ™ (ourd coco-nul) which, in
about & por vent, of nuts, has dotached granoles of endosperm in the milk and is
caten with sugar as o delieaey’’ * Kélaupa knning” (yellow coco-nut) has more
sugar in the milk and is resarved for sating while the nuts of “ Kdlapa loji ” are
eaton yonng.  (Raees similar 1o these sre present in New Quinen) “Kélapa
wangd " (Fragrant coconmit) with a seented meat and “ Kdlaps sekol ” the shell
of which is faneicd for enps.  Burkill®™) says there are twenty races rocognizable
at Kuala Kangsar, Malaya.

Stockdale®™) hax deseribed nineteen varieties from Ceylon which are said to
e distinet from eaelt other in respeet of esteenal features sueh as shapo Alnll size
of nuts. Four wore suid to bo special types, namely, the “tembili” or “king”
covo-nut, the “ yellow gon-tembili ?, a large buported nut rescmbling the large “ San
Rumon ” which was also deseribed, and another imported uut.  The othors were
divided into nive main groups from detailed measurements and other particulars
tihen, Copeland” mentions the “ San Ramon ™ nut of the Philippines us being the
characteristie palm of tho -San Ramon distriet which has been distributed to all
parts of the country by their Government. e regurds thoe “ Laguna ” nut as the
ardinary coco-nut of the Arehipelago us a whole and it appeurs comparable with
the typical ordinary coco-nut throughout the world.

Copelund and others have listed amongst other varioties “ Coco nino” or
*haby coeo-nut™ from the Philippines which produces fruit at the age of four
years, when the trusk is so0 short that the nuty ean by collocted for soveral years
by a person standing on the ground.  The * Pugai®, a very dwarf nut, is also
wentioned, with o diameter of abont 7 ean. whon husked. This fruits in throe
vears and the very small nuts are ured as curitosities,

He xays, “that as clear eut und distinet as are the ‘Sun Ramon’ nut, the
*Laguna’ uol and the two dwarfl forms, whon only these four forms are
cunsidered, it would probally not be Giflicult to collect in the Philippines an
unbroken scries without a break of t millimetre in diameter which would connect
the largest and the «nmllmt nuts and an equally perfeet series could probably
he fonnd in other countries”.

There is a variety in t}w Philippines whiel although not the samc is not
unlike  the type found in the western islands. This variety, known as
“ Makapuno”, has no cavity inside the hard endosperm, but instead there is
moderately light hut still firm tissne filling the entire interior of the nut. Such
auts do not germinate, however, and may be produced ou the palms, part of which
produce ordinary nuts. A similar nut is fouud in Java and in both countries it is
valued as a delicscy.  One bundred nuts of this type were recently bronght into the
Botanie Gardens.  Many other varietios have beon deseribed, ¢.g., with extramoly
hard shells, usually thick husks, soft endosperm, blackish green husks and so
ou, it is not known for certain how the variations in types found in one country
compure with those found in another, hut there do scom to bo variotics which are
eomon to all parts of the world,

Hunter und Leake®") writing on this subject say, ¢ that tho number of coco-nut
varietics has not boen accurately determined, partly because of the difficulties
inherent in any such dotermination ‘in the case of a plant of such wide distribution
and with so fong a life, and partly beeuuse of the lack of geuctxcal purity, due to
ihe fact that eross-fertilization  takes place normally 7,  Wester, 1920,(66

3538, —4

.
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cnmmerntes over S0 names, many of which are no doubt synonymous, but be has
by no weans exhansied all the types available frow all purts of the world.  The
most distinet variety is the dwarf coco-nut, but other very distinct types are
kunown, There is o variety present in New Guinen whose appearance and behaviour
would suggest an entirely different hereditary and chromosome complex. The
ivpe referred to is widely distribonted and bas been scen by the author in New
Britain and Lavongni Islands. It han abse been rocorded {rom Bougainville
Paland and is undoubtedly present on the mainland.  This coco-uut is well kuown
to the uatives who relish the edible husk. The whole husk as well as the
interior of the aut s edible antil o late stage of maturity and ix sweet and said
1o he padatable although it turns red in the mouth. The variety with sweet or
sugury hnsk s enlled © Tabau” or “ Cuyamo” in the Philippines and “ Kélapa
Tebu” tn Java. 1t should not be confused with a variety found in several parts
of New Guinea which has a more sugary eudosperm or kernel and is thus espeeially
prized by the natives, sueh as in the Huoon Gulf area and in parts of Boeugainville.

It appears to the guthor that this is really a genotical abnormality, and that
the whole edible partion consists mainly of a proliferation of soft terminal cells
from the flower hranch, such as is scen on tho true growing point of the palm
itself, which is alvo much liked by natives and has been named by Furopeans the
“Millionaire’s Salad”.  Coco-nut pulms whieh produce almost entire leaves,
branehing coco-nut palms (one growing on an island here, stated to have five
trunks; pubmy with up to ten stems have been recorded clsewhere) and these palms,
which produce female flowers only, are probubly mutations (sports) which on
erossing should behuve as mendelian chisracters nnd be inherited in distinet ratios.
Thero is also the possibility of an sherront number of chromosomoes being presont
in such eases which lead to abnormal developments,

Thera is a distinet field for a good cytologist who could study the coll structure
and the chromosome number and behuviour of suck off-type palms und thus
learn much which would be of valuo to workers studying pollination and fertiliza-
tion problems, or to those engaged in coco-nut breeding., One has only to turn to
the value of sueh findings to workers on tobaceo, maize and fruit studies 2o know
how valuable cytological findings can be in elucidating difficult problems. As far
ux it iz known tho ouly investigation on the nuclear constitution of the coco-nut
was conducted by Sautos, 192809 who finds that the haploid number of
chiroutosuies present in the gerne cell is sixteen,

Severul true branched coco-nur palms have been described by Paul Preuss,
1915,69 from the mainland of New Guinea and he includes a photograph of one
pabn from Matty Island with six stems, In his book he also doscribes six coco-nut
varieties from Smmon and says that there are at least ten or twelve varioties in
the Bismarck Archipelago und memvions a dwurf red varioty as being present here.
Branched voco-nuts are still known in some of the outlying islands of Now
Guincs.

Dwarf Coco-nuts.

It 45 pointed out, however, that the green and yellow varieties of the dwarf

coco-nut from Malays were introduced in 1930 and have been in bearing for

some time ut Keravat.  They have nlso been tricd out on n small seale in outside
wreRs.

1
i
o
!
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Handover®®) expressed the opinion that the Malayan dwarf race known as
“ Nyior gading ™" first originated as a sport or mutant in Java., Other apparently
distinet dwaurl rnces are kuown in the Philippines, Fiji, Madagascar, Ceylon,
Maldiai #nd Nicobur Islands. The abuve authorities®® from observations show
that the dwarf coco-nut from Ceylon is quite distinet from the “ Nyior gading”
and they give reliable deseriptions of the two types togother with the Philippine
dwarf variety, * Coco nine ”, which is alse a distinet type.

I Fiji dwarf coco-nuts are being grown und the Malayan dwarf has been
crossed with the focal dwarf coco-umt called © Niu fuka " an example of hydridiza-
tion,  Some of the resultunt selections boar covo-nuts hofore the spathes riso sbove
tho gronnd.  Fhese should provide very intoresting material as thoy lhave been
artificinlly crossed and re-selectod.  Investigutions on this eross show that it is
tiable to erass fertilization in I%iji

With the idea of selecting superior dwarf palms from this cross, coco-nuts of
individaad palms wore submitied to chemical examination in their first and second
years of bearing, It was fonnd-that the woight of meat per nut varied from
461.4-531 grams on a wet basis, whilo the poercentage of oil per nut (wet basis)
varied from 23.76 per cent. to 39.92 per econt., henco considerable varistion in
these eharseteristies was apparent,

So far the cultivation of dwarf palms has not spread here although it has
been the subjecs of muany inquiries to this Department owing to its reputation for
high yield in Malays. Yields of around 30 cwti. to the aerc are obtained under
zome conditions such us at Chersonese Estate,

Provucrion o Dwarrs anp Tarrs Comparep,
[hc hguroq for dwztrfz, are average from six estates—aftor Jack und Sands. ¥

Dwarts. Talls.
Numbor of pulms planted per acre . .. 80 48-55
Crops in pikuls por acro 4th yoar . ‘o . 2.20 .
Crops in pikuls por acre Sth year . N ) 6.19 .3
Crops in pikuls per acro 6th your . . 7.52 . 3.00
Crops in pikula per acre Tth year . ‘e 0.24 4.00
Crops in pikuls per acro 8th yeur .. . 11.68 6.00
From 10th year (estimuted) . 13.00 -8.73
Numbor of nuts por pikul of mpru (mumly youow) - o6) 251
(apprex. 9430 per ton) | (4230 approx. per ton)

Number of nuts per pikul of copra—average of two 482 B I

estates (mixed dwarf palms) (spprox. 8118 peor ton)
Number of nuts per pnkul of oopmw(;mu race only ‘

{estimatod) . . e 430 251
\\’viuhl in pramunes nf Poprn per nul- (u nonrosd 10

grammes .. .. .. .. . 130 268

(.30 1b.) (8.30 0z.)
(4.08 02.)

Numbor of nuts por palm per snnam (conditiom .

favorabio) .. 90 50
Production of ecopra in puumfs por pa.!m pcr ennum

{favorablo eonditions) .. .o 25 32
Prodtuction of copra per acre per snnum in pounds

(favorable cunditions) . . . 2,250 1,600

\\nr‘x,{f‘ oil content of mpm = 64,78 pcr ecnt, and 7.74 por vont. (moisture).
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Pagticviars or Arkss o Dwagy Coco-ners, Crersonese Ksxrars. 59
Arvea LOD aeres. Date planted---4920,

Planting distunes 22 foot x 22 feet square giving 90 palms to the acre, but
© - owing to the fact that bunds and channels are included in the planted

aereage the total number of paline is only 3,488 and the average number
uf pauds per aere just under 83,

Varietios—-

Dwarf “red” .. .. . . . 3 palms.
Dwarf “greens” . . .. 90 palms,
Dwarfl “ yellows ™ .. .. . .. 5,390 palns,

: j C )

Ye ; Nuwmber of nuts ! Avemge mimber of | Copra per acre in | Nuher of nuts per
vRL. : hatvested, . nuts per pelm. plcuh. pleul of oupra.
——— o — L e I I DO
f i

1 .. Co 194,030 ! 56 7.84% 604
1924 .. U 235,360 I C 813 ’ 4.54 - 60U
1927 .. .. o 209,876 . 30 7.24 ‘ 797
1028 .. .. . IN876 1t 14.33 0446
1929 .. . i 235444 | 7.5 8.99 02
1030 .. .. ol 369,050 i HLH [ 14,88 ! Hu2
193t . . . annean | 106.5 1403 500,
1932 .. . ! 345,208 | M 15,18 ! 5631
16933 .. o 514,091 | 148 26,99 i 457
1034 .. .. . 470,628 i 15 23,56 i 461
1635 .. . .- I 631,219 i 152 27,460 458

Norm~~1 picu) = 1334 Iba.

Intensive irvigation wos inteoduced in 1931 and fower nuts were required
per pienl of copra v 19320 In 1933 and subsequent years, yields have been .
phevomenatly high and the nuts have been vary mauceh larger than formerly.

I view of the results already recorded, the writers {eel justitied in antieipating
potential yiclds of at least 30 pieuls of copra per acre from the now area deseribed
above planted with * dwarfa? iu 10335, and slo tho area it i« intended to plant
this year {1036) with the same variety making the total of 324 acres.

Lamox % visiting seientist from Hawaii, informed this Departinent that
they have bearing dwarf coco-unts in that country which froit beforo the spathes
wve mueh hiigher than the gronnd lovel, The Mangipod variety in the Philippines
is alko said to produce fruit when the tree is o small that %&u cluster rests directly
vt the ground. Malayan dwar{ coco-nnts have been tried ifs Papus and sceording
to Moody, Inspector and Tnstructor of this Department, whoe was resident there
for sxome time, they eaxme into benving and yielded woll, but the copra was
fnelined to be leathery and not quite such good quality us the proeduet from
ordinary palms, _ o v

The utility of dwarl palins to New Guinea conditions is not yot upparent as
this variety is far more partienlar in regard to soil conditions where it i3 grown,
than is the ease with ordinary coco-nuts. The growing of dwarf coco-nuts here is
anly ju the experimental stages and it would take a long timo to build up sufficient
materigl for planting on-a large seale, Copra from dwar{ coco-nuts grown at
Keravat has beeu ent and dried ar Kabzira  Plantation, but did not produce suck
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a good sample ax ordivary eopra, heing softer and more plinble. Seed nuts Lrom
Kernvat were plunted out at intervals on higher ground at the back of” that
plantatien. Seen as young palms they do not appear to be ﬂounshmg yet on this
light rhither pumaceous soil,

I may be of interost to pecord that one natueal dwarl nodtane palue was
seen along the Kokopo roud elose to Rabaul, beforo the recent oruptions.

What would be more surprising to a great number of pwple here is fo know
that dwarf{ palms vielding reddish nuts are grown in many native villages along
the Aitape eon<t on the wmainland of New Guinea. Wood, Luspector and Iustructor,
stated that “ the natives themselves indicated that the nuts first cine through from
the Duteh border in the conrse of their usual trading ¥, e noticed thet in nearly
every village a smull number of these nuts were grown alongside the tall nuts and
were yiehling profusely.  ¥or some reason they are usually “tambu ™ (forbidden)
1o the native “ Marys ™ and only tho boys cat them, It is probuble thut these are
Malayan dwarf coco-nnts originally sent to Duteh New QGuinca. These are
now being grown in villages 150 miles from the Dutel border. It is vasy to
renlize how shnilar planting material eonld have boen spread by unatives before
the advent of white mun here,

As these nats appear to be flourishing under tho locu) ¢unditions they should
form a good source for seed supply. Some intermediate types present at Aitape
show (he chunces that somc erossing with tall palins has oceurred. It has been
stated that though the yield per plant, despite the number of nuts borne, is less
than that of the tall variety, the larger number of palmy earried per sere nore
than counterbalances the deficioncy. Dwarf coco-nuts are curlicy maturing thun
tall coco-nuts and prodoce 700-900 nuts per acrs from the more elosely planted
pualms, but it tekes approximately 8,600 nnts to the ton of copra.  When the con-
ditions are exceptionally fuvorablo the yield of copra is far greater than from the
tall palm, but the yiclds arc uusatisfactory where the soils are unsuitable. While
in Malaya the author was informed that the dwarf red nuts are vory rensitive 1o
unfuvorable conditions, but that they give a very fine yield whore the eircumstances
ure ideal. The copra aud oil are not so good as that derived from ordinary palms.

According to Jack and Sands®® the average period which elapsed frowm
planting to flowering of dwarf coco-nnts, in Malays, wan for yellows, 3 years, 86
days; reds, 3 yoars, 105 duys; greons, 3 yeurs, 263 duys. The green types
commenced flowering at uncven periods which was thought to be.due to the greater
genetical impurity of the strain.

The germination results of the second generation of nuts showed that, in
respeet of colour of the young shoots and subsequent growth, they were upparently
true to the type of paln from which they were taken, This suggests that they
are self-pollinated and breed true.

Mr. Murray, Director of Agrieniture, suys that during saveral visits to Malaya
he found that opinions varied regarding them. The manager of one large estate
bad several hundred acres under dwar{ pahns, but he considered they were most
unreliable and very variable as te production, even in the same field,

Roeferring to dwarf (~nco-n\m in their “ Consols of the Kast”, Smith and
Papet®® stated thut two estates, “ Sungei Nepap ” and “ Clinah ) in Muluya bave
500 acres of the “ Nyior gading ” dwarf coco-nuts in cultivation. These plantations
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are i the Conat Bristriet of Negei Sembitan, The yonng trees which werg planted
20 fewt x 24 Teet, giving 90 Lo the aere, are doing well.  Proliminary expeuses were
ruther heavy owing to dificulty in procuring seed. The palms should come into
bearing in about fouy years, whiek means not only u shorter timo und less expense
on upkeep before revenue is obtained, but also a quicker retury on money invested.
It relsuins o be seen whether these advantages and the probable higher yield of
nuts per aere will compensate for the greater expense in husking, &e., per Ib.
of copra gbtained. )

Chersonese Rstate i Perak, Muadaya, s exceptionally well suited for this
viriety and after the expertments carried out by the late mangger, Mr. [l
Wardlnw,"™ 1t was intendod to plant another large arca.

Soil for the dwarfs should be of heavy nature though pervious to water, and
provided that the sub-surfluee water ix moving a comparatively high water tuble
i« no disadvantuge. The ares in Chersonese ISstate under “dwarfs” i on a
peninsitla, the sea on one side and salt water river on the other, The land i»
all bunded to prevent Gombing with tidal waters (the tide averages u rise and full
of 3 feet) amd provided with dreainage and devigation chanoels, water gates to be
npened or closed us neeessity arises. . This systew has resulied in a considerable
inerease in the size of the nuts,

Cooke aud Jugoet™ huve shown by experiment that the copra from dwarf
pubm nuts ix of inferior yunality to copra prepared from ordinary tall pslm nuts
in a good kiln, It ix difienlt to prepare hard ecopra from dwarf coco-nuts and
usually a large proportion of wrinkled, distorted, rubbery copra is produced.

SUMMARY OF RESULTS.

. Appearance Percenta; { Nuls i

Copsa ex-- S Aty :ubbce';'y m v ﬁ;:ﬁ.‘cu o
‘Tall nuts e . .. .. { Good . 0-10 200-284
Green dwarfs .. .. .. . | Fair.. . 10-36 . 350579
Yellow dwarfs .. . . .. { Poor e 18-80 477-607
Rl ddwarls .. .. e .o | Very poor .. 50~02 370-513

They elso concluded that the dwarf palms appear to fuvour a soil stiffer thiau
thut whick is most suitable for tall palms and require greater attention to dreinage
and respond rapidly to improvemeat or deterioration in conditions, While very
remarkable yields are obtainable at au carly age if conditions are favorable, in
most iustauees yields are only fuir, or poor, beeauss the couditions do not suit the
exacting requirements of the dwarf palm. Early in 1933 they stated that
“information had been received from estates with both tall und dwarf paln
enltivation  that, at least for the immediate future, only tall palny will
be planted in uew areas or us supplies, even though in two instances yields were
good ™",

Dwary Coco-Nuts 1N Saoa.

Humilton and Granget®® referring to dwarf varieties for Samoan conditions
state that “seven varieties which bear at an early age are now uuder trial w
Vailele Plantation, having been obtained from the Agricultural Institute.
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Buitenzorg, dava, A urdier t_ypc(“ wax Observed under trial ai the Contrai
Agricultural Station, Navase, Fjji. Here un attonpt is being made by crossing to
combine the best qualities of the Malayan dwarf coco-nut with those of the native
dwarf “ Nui leka ”. The F1 progeny showr considorable variation and the I°2
geerntion sy be expected to show further segregation, The “fixing” of «
desirable type is likely to be n matter of some difficulty, Some of the }¥'1 progeny
have commuenced benring at three and a hulf years from the time of harvesting
the parent nui. The experiments will be watched with interest, and s soon us
the work progresses to o suitable stage, propugating material should be oblained
for trial in Swmoa, {1t s unlikely that neder present plantation methods these
dwarfl varictios will {ith any weful place in plantations, but owing to their rapid
bearing they may il some place in the native economy undor speeial conditions ”.

fn Maluaya it ix said that the profitable bearing life of the dwarf coeo-uut ix
not ~o long ax that of the tall eoco-nut, which is an important consideration. The
lurger nuts from ordinary palms are decidedly more valuable than small nuts from
dwrrf pabins, where two types of equal total productivencss are campared, beciuse
it costs us much to open a small nut ux it does a large one.  When a given number
of small and large unts are compared the copra cun be mannfactured morve cheaply
{rim the lurge unts.

These: detailed particalara of dwarf coco-nuts are given becanss of the recont
iterest displayed in them by planters here.

The area at Keravat where these coco-nuts are growing is rather heavy and
somewhat inelined to waterlugging in wet wenather. The palms have fared only
moderately well wnder these eonditions su tho Superintendent is going to try them
on somewhat lighter soifs, It is suggested that it would be u good iden to estublish
trit} areas on heavier soils such ss at Lavongai (New Huanover) or on some areas
at Manus, Juis not yeot possible to give a definite opinion regarding this strain of
nuts, but it appears that they will not be suited to a particulurly wide range of
conditions in this Territory,  The dwarf-red strain of coco-nut was tried out by
Germans st Hogudjba Plantation, nnd even though s couple of entire rows of
these pulms are still left they are not utilized for their erop.

A few Mulayan dwarf palms are growing in native villages at Wity, eg.,
wveral at present at Bulangori Village. At Lama Village, closes to Lama Planta-
tion which is & few miles from the former village, there is one solitary dwarf red
tvpe of palm which is bearing most profusely. Thix palm is complatoly isoluted
from nll exeept tall coro-nuts, and the nearest of these wre ubout 60 yurds away.
Thus thix padm is either completely self-fertilo or else it is pollinated by pollen
from tall palmis. There is also one solitary dwarf palm similarly isolated nmongst
il pabms near Meta howmestead  about 2 miles frowm the palm  deseribed
above whicel is the nearest to it. The yield of nuts on both of these palms is quite
ns good a5 would be expeeted if they were growing close to other dwarf palms.
The interesting faet, however, ia that these palma were said by the uatives to have
been hrought in originally by & police boy from the mainland, the nearest port
being over 200 miles away st Madang, s this boy camo from \itupe, it is likely
that the uuts were originally derived from Duteh New Guinea. This is a good
example of the human ageney in seed distribution.
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Leuaf Devolopment.

Copelind 7 s stuted ™ that i the Philippines the leaves take one aod »
balf years [rom their first appearance until their full development und that unother
one and # Lall years are required for {ruits to mature in their axils. This period
could be expected to vary according to climatic and outside conditions ™,

In the case of dwarl coco-nut pulms it is stated™® that * the number of fully
apened leaves of all ages, which form the ¢rown, may vary from 24 to 25 in palws
up to seven years old. As a rule there are from eight w ten expunded leaves above
& spathe which i= fully opened ”.

The rate of lead development does not follow any set periodicity such as oy
be thought, as it s dependent on several varnable cuuses. 1t as loss rapid in the
swet scason than in the dry seuson and, {nrther, there is usually wlso nwore leaf fall
in the wet senson. When the palins are carrying a heavy erop of nugs leafl
development s slowed down. Iiven the nusber of leaves jresent on one tree
viries fron time to time and, of course, there 1s o wide varistion in the number
of leaves normally produced by individual palws, The recent voleanic eruption in
Muy lust geeatly alffccted many thousands of pulms, cuusing them to assumc an
wmbrelle shape, while I many cases only the eentral unopened fronds remained
standing.  Six months afferwurds it iz seen that in many cases, six and seven
jeaves nave developed to between it and three-quarters of their eventual size.
The indications are that many of these {ronds will develop together almost within
a few wnonths of cach other.  if such were not the ease these pulms wounld wke
many years to recover instead of 4 couple of years as is expected.  Of course, this
may be the result of unusual circumstunces, and the newly derived puuico soil has
possibly foreed the growth somewhat. Simtlar observations huve been mudo, how-
ever, niter a fire has passed through a plantation heuvily infested with kunui,
lmpeeata arundinacea. The fronds may be almost completely bluckened off, but
after u couple of years the paliny suay almwost completely recover.

The ruteé of leafl development is directly rolated to the subject of this article
beeause of the fuet that it is so eloscly related to the dovelopuent of the Howering
beaunches, Sinee each leaf normally produces a tlowering branch in its axix, their
appearance roughly represents the rate of leaf, development whien those which are
abortive are taken into account, As Sumpson®™ has deult very fully with thi.
subject in his text book, it is not proposed to dilato on it. Tlo says that, “if a tree
ix not thriving the rate of leaf growth and length of hife ix greatly lessencd
compared with a vigorous tree”. ’ ‘

In regularly bearing trees the average number of loaves formed in a year is
about feurteen and a variation has been noted of from twelve to nineteen in the
sume year on different trees. In brief, it might be said that all the factors which
determine Jeaf development are related to fruit dovelopment, as the leaves are
responsible for the elaboration of the plant foods brought to them in the cell sap
from the roots. A treo with a compaet 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 striucture of the coco-nut flowers (floral morpbology) is well known 1o
botanists generally and bas been deseribed in many text books and periodicals
{gee BAET 30A-05 . thyg it is not proposed to dwell on this subject except to
present a general deseription in order to sequaint planters of the subject.
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Fhe biology and physiology of the coco-nut owers, as well ax the detuiled
life bistory of the flowers aud fruiv through all its stages, ure much less known,
but, nevertheless, o considerable nmount of work has been done on this subject.
Covo-nut sputhes are formed in the axil of every leaf but are not alwauys seen us
mutnre inlloveseences. Al planters whon catting down pulmis huve noticed the
preseuee ol abortive, i, permanently undeveloped, sputhes whieh could wot be

PLATE X.—COCO-NUT SPATHES.

Larly stages, showing male and female fowers.
A. Just epening (curiously, some anthers shedding pollen). B.--Spathe opened (male flowers intact).

seen externally, until the fronds were removed. Thix explains why the nmaber

spathes produced docs nor often correspond with the nuwmber of mature fronds
wen,  Sumnpson and others have deseribed the spiral arrangenent of the fronds on
the stemn so that every sixth leaf opens nearly above the first one, and this spiral
may be right-handed in some palms or left-handed in others.
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Planters are also well aware of the faet that the wuch-brawched itloreseene
s ol liest contuined within a thiek; librous sheath eadled the spathe, whieh wois
carlier Iife is in turn covered by an outer yellow, Hat softly-fibrous sheath.  This
outer sheath does not lust long, being piereed at an early stage by the hard point
of the inner sheath usually on the ventral side facing the lower leaf.  This latter
cuerges ns u yellowish, uttened cone which later heeomes wore tubular in ontline.

PLATE XL—COCO-NUT SPATHES.

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

Uutil the sputhe s fully grown the branched infiorescence is tightly compacted sv
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
many flowering branches (spikes) which are arranged in spirval fashion, situated
on u fleshy, central-flowering stalk (peduncle). The ™ development of the
inflorescence within zauses so much pressure on the walls of the spathe that it

o
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very slowly raptures lopgiadilly, wanlly on the lower or veotral surfuce. 1t
13 suid to take more thun one duy before the inflorescence linally makes its egress.
There is usually a characteristic downward curve of tho spathe so that it acts as
u protection on the young florets, besides remaining attached as & collar which
protects the base of the main flower stalk., It is common knowledge that the coco-
unt bears male and femule flowers on the sume palm and, as o geueral rule, in the
same inflorescence (known botanicully #s a * monoecious ” plant). According to
Furtado (lec. cil.), the size of the whole inflorescence may vary from 24 to 6 feetin
ength from the tip to the base.  FKael branchiet is fringed with numerous male
Horets which are in zome instanees geeanged in lines or groups of up to six or
more Horets in a row, bt in most cases much fewer are presoat.  The female
Howers are situated lower down on the branches, and all owers are non-stalked
{xexsila or sube-sessile), being attached elosoly to the branches,
.

MaLe Frowers.

Sneh  male floret has six yellowish floral leaves which sre arranged
alternatively in two whorls, the outer three being about onc-third the size of the
others,  Within these are six hammer-shaped stumens which yield lurge quuntities
of powdery yellow pollen whieh represent the male clements necessary for the
fertilization of the femule Howers. In the contro of cuch male Horet is u short
volumn (rudbmentary pistil) whieh at the apex is divided into throe teoth; at the
base of each of these Is v nectary, the neetar of which atiracts ingects, birds, &e.
The male flowers open from the tip downwards though at odd times a fow tlowers
open out of order. The variable period during which male flowers on u particular
spathe are opening and shedding pollen wsually represents the duration of the
male phase for o particular paln. Aldaba® observed in the Philippiues that the
wajority of male flowers begin to open daily st about six o’clock aund dehisce their
potlen at about eight o’clock in the morning. '

Fruare Frowsgs,

The femule flower in s curly stages, prior to s opening, is a smull
spherical, or slightly counieal body, sometimes ‘ulmost triangular in shape, which
often grows to wmore than § ineh in diameter. It has a great resemblance to u
voung coco-nut and this may give planters the idea that it is a fertilized fruit,
despite the fact that the pistil is still'so young and so covered up as to be
unreeeptive to pollen.  In the carly days some investigators were inelined to
believe that the flower had been fertilized, and the nut formed before the
inflorescence openced which iden was, of course, quite wrong.  As ix the ease with
the male flowers, there are six Horal leaves which are arranged alternately in o
similar manner.  They are doveloped so as to enelose the pistil completely, and
eutirely hide the inner parts of the flower until it has sufliciently developed s 10
become recoptive to pollen. These floral leaves are much larger and thicker than
in the cuse of the wale Howers while, in addition, at the base of the whole floret
there are two short and broad attechments known as “ bracteoles ”. These are scen
to remain attached to the branchlet if the young flowers happen to fall. It is
beemine the florul leaves are wrapped so tightly around the female flower that it
hus often been taken for the fruit.  Just prior to the flowers becoming ready to
1eceive pollen a small bulge of tissue, surmounted by a white nipple, is scen emerging
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Vroin ?l[;illl.\' |..n'k(-<| Jesaves. This is l‘l'n“_\‘ the ll'v of the n\‘ul-.\‘hil[)(‘d imd)’
contawied within the leaves, wliaeh s composed ehiclly of tissue whieh will develop
into the 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 XIL.—COCO-NUT SPATHES.

A.—Includes earlier stages (as above). B.—Also shows later stages, illustrating development of

young fertilized puts.
N.B.—Percentage shed compared with earlier stages.

buse of the ovary making it appear globosely three-sided.  When the female

flower is ripe the pistil is recognizable as a small whitish bedy, the three short

segments at the tip separate and stand creet as three prolongations or teeth, thus

exposing the stigmatic surface on which the pollen must fall before the female

flowers can be fertilized.




Mhe shignue only beeomes ripe or reeepts pollen when the ovules have
reached g certain stage of development. The complex series of eell divisions which
are associated with this development both in the pollen (nale germ cells) and
tviles (female germ cells) come within the realms of eytology and will not bhe

PLATE Xil.- COCO-NUT SPATHES

e et e e s
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A. Includes earlier stages as above. B.—Also shows later stages, illustrating
development of young fertilized nuts.

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

discussed bere. 1t 15 suflicient to stute thut a receptive pistil ean usually be
recognized by the Tact that mature pollen iy adhering to it, while there is o shiny.,
stieky exndate containinge sugars and other growth substances present,  The pollen
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grains readily germinate in this medium and the pollen tube carries the ale
muelens down towards the female nneleus where the two elements fuse and fertiliza-
tion thus oveurs. The stigma wltimately turns brown and luter bluck, doe to eel
collupre, and can be easily recognized as a small, dark rounded area at the tip of
the young fruit.  ‘The six floral leaves do not develop in size, but form the.group
of smatl basal leaves which remain umtil the mature froit is ready to drop. The
aviery Centheyonie vut) has three enrpels c-unl.umug ovules; Lwo of these become
abortive s thus finally only one nut develops ux ix seen in an orvdinary coco-nut.
tu the few cuses where two or tlee of these vvules develop we get bilocular or
trilocubur uuts as the ease may bo. Thus the pluntvr can rcvoguiml & main reason
for twin germnnation or, in other eases, triple germination in the nursery. This
type of nut may [n‘mlm'n a palmewith two or t.lmru stems, which easo must not be
confused with hranched coco-nut palms where the branchex come out from o single
stem,

On wearly overy rachilin (flower branchlet) one, two, three or five or, i
rare cases, as many as nine female flowers dovelop.

Botanists who are interested in a detailed technical und scientific uceount of -
the development of the ovule and embryo sac (female elemédnts) of Cocos nucifera
are veferrved to investigations on that subjeet by Juliuno und Quisumbung. @9 The
Tollowing paragraphs of general interest are quoted: * I the development of
the ovule und embryo sae of (focos nuciferd much time is involved. The internal
zrowth of the axis of the flower must have begun long before the inflorescence bas
eseaped frow the outer spathe und ovales are developed after it has escaped from
the sputhe. The development of the female embryo sae continues and proceeds up
te 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 smull female owers which have fallen to the ground
and these are mistaken for young nuts. The presence of such female flowers on the
ground ix then referred to as nut-fall. Seme investigators also assume that it is
wainly fertilized flowers which fall to the ground, which, of course, is a wrong
premise, as when female flowers fall in the cmbryo stages this iy really « form
of “cmbryo ubortion”. This fall of unfertilized flowers may be due to causes
ather than these which are responsible for trne nut-fall as, for exumple, horeditary
tendencies, faulty nutritiou aud s0 o ft is believed that as far as coco-nut
flowers are concerned absolutely no work has been curried out on this important
subject. 1n fuet, prior to about 1918, when Fredholm® corrected the view, it was
customiry for coco-nut plunters and cven Sowe investigators to consider
all female tlowers even when they were not ripe to reccive pollen as fertilized or
al deast pollinated flowers, Some believed that pollination vecurred hefore the
aetal opening of the sheath. Tn other words, the female flower bud wus wistaken
for the young nut (fertilized ovum). i

The young female flower, prior to the pistil being exposed, as mentioned under
the deseription of the female flower, has u superficial resemblance to u young
nut, ‘The portion which 18 scen covering the female flower actually forms the
hasal leafl vosette at the base of the youny nnt, so it should not be difticult 1o correct
this view.
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Development of Inflorescence or Spathes,

The anfloreseence initially begins us o winute protruberance at the axil of
the petiole,  The practical questions which are associated with the development
of the inflovescence and flower structure (foral morphology) and which affect
related problems of pollination and fruit setting, may bo briefly outlined as
{ollows:

ty The period from spathe differentintion to tlowering and other questions
regarding bud differentintion (e, first gppearance of the primordia), such as
chemnien! changes, have not heen satisfactorily worked out for coco-nntx, and thia
presents o ticld for rescareh, The conditions essentind to spathe differentiation
wonli influcnee the whole yicld of nuts.

thy The period from sputhe opening to receptivity of the fiest femalo tlowers
to pollen hus been worked out by Pleris®™ in Trinidad, but on a small number of
padms only (vight pabims abont wing years old) and, under their particular condi-
tions, he names the period as varying between 19 and 24 days.  Marochal¢V
fornd that this period varied from 9 to 39 days in “ Niu Leka 7, the Fijian dwarf
coro-nul, and from 9 to 23 days in Malayun dwarfs.

(r) The age or period of growth at which spathes first appear. This
appareatly varies greatly as, for example, pulins eome inte bearing much later on
the heavier sotls of Bougainville than on the light soils of the western islands and
this period may rvange from four years in the latter to eight years in the former
cuvironient,

Leas also fairly conclusively proved thay munuring young pals with either
complete or nitrogenous manures brings thew into bearing earlier.  Another
qnestion which requires elueidation is whether it is possible to bring coco-nuts
into bearing earlier by using substances such as ethylene gns as is done with
pincapples in Hawail. Very close planting is known to delay greatly spathe
differentintion which is, undoubtedly, a question of competition for light and
muteionts. It is certain that usuully the first spathes and the flowers which they
bear are abortive. Thus the period of bearing does not commence until some time
after the first spathe appearance in young palms. It is a familiar zight to sce
ahinost Dally developed green nuts fall from young palms and in many cases whole
spathes of such nuts are shed.  The tendency for this to happon is apparently
more provonnecd in some young palins than in older ones.  The chemical changes
whicl oecur at this stuge also need workmg vut as they should have n duclded
!)C.i!l!lg (431} thllulld} dll(l pollmatxon qucStIOIIS.

(d) The iuterval between the opening of one spathe and the opening of
another was worked out by Dieris,® on the smne palns reforred to sbove, as
varving between 20-87 davs, This period of roughly one month agrees closoly
with opinions expressed by various planters here, but more detailed observations
are, however, necessary under locul conditions as this interval is very variable.
Aecording to Furtado™® 4 very prolific palm will produce twelve or more
inflorescenees per anuum, or approximately one per montl, hut guotes records of
palms having produced sixteen inflorescences por year.  The shortest average
interval betwoeen suceessive inflorescences was recorded as twenty days for dwarf
voco-pute in Malaya.(®2  Aldaba® in tho Philippines, from observations on two
sndl padms, shows that the average iuterval is 25 days.  The offect of environment
ot the nppoarspes of spathes is extrewely groat even on a single palm and in the
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vourse uf a few months,  Puoteh, ) for example, observing one palin ut Peradeniya
found intervals ranging from 24 t0°'58 days. e showed from observations ou
many pulins that the lungest interval corresponded with the driest months while
*the shortest interval veeurred in the hot moist months of their wet season. "The
intervals ure governed by many other factors und it is casy to concludo why such
differences in behaviour have been recorded oven betwoon palms of the same
variety.  Iu dwarf palmy just coming into bearing in Fiji®? 1033, the number of
spathes produced per pulm per unnum ranged from 4-15. Theso palns were very
young as it was tho second year nuts which were produced. Jack and Sands®®
found that the number of days between the opening of successive spathes varied
for

() Yellows—18.0 duys to 21.1 days.

{h) Heds—19.3 days to 94.2 days.

(¢) Ureens—18.7 days to 23.1 days.
The-suverage for a normal dwarf race, therefore, is twenty days.

(¢) Poriod of overlap butween thoe mule and female phases on the same palm.
"Fhis refers to whether the male flowers open or not while any of the female flowers
on a particulur palm are receptive or ready for pollination. This apparently
varies with the loeality, climate and variety of palms und is a main determinant
ax to whethier pulms are linble to self ur cross pollination.

Jack and Sands®*-3¥) claim that the Malayan dwarf palm is normally self-
pollinated in Malays and that the male aud female pbases definitely overlap.
Murcehal™ on the basis of his vxperiments shows that this is not the rule with
I'ijinn dwarf coco-nuts, although in this variety he never observed the maele phase
to end before the female phaso began, Working on tall palms, it was found by
Peteh in Peradeniya®® that a period varying from three and s half to five weoks
was reguired for the opening of all the male flowers of an inflorescence; that an
interval of two to five days then eolapsed before the female flowers of the same
infloreseence began to open.  The female tlowers all opened in a period of from
one to seven days gecording to the number present. He naturally concluded that
self-pollination was impossible exeept for the rare oceurrence of overlapping of
infloreseences in the same palms.  [nformation gleaned in Juvas indicates that
there the female Howers are vsually receptive nbout one week after all the male
flowers have disappeared. According to Jack and Sands®) ccco-nuts behave
differently in the warm hwmid atmosphere on the lowlands of Malaya. Thero the
length of duration of the male phase is curtailed, whilo the durstion of the female
phase would appear to be longer in both tall and dwarf palms. Tho most striking
fact is that the female phase, not only begins, but most frequently ends before or
ut the same time as tha male phase thus rendering eelf-pollination the rule, instead
of heing an vecasional chaneo occurrence. Tha average duration of the male
phase in dwarf palms eight years old was 21 days with a variation of from 15-24
days, und that of the female phase wus eight days. On Witu the author found
in tall palms soveral wnalo flowers open on spathes containing young female flowers
which were practieally ready for recoiving pollen, altliough on othor spathes with
receptive female flowers the male flowors had entiroly disappeared.  This is
probably & variable characteristic which may be hereditarily transmitted. This

qnestion requires much wmore detailed investigation as far as New Guinea is
coneerned.
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¢f) The spestion of averlapping appearvesce of male flowers on one spadix
and fenude flowers on another spadix of tho same palmn, It appenrs that this
rarely occurs, although it would be a valuable genetical characteristic if present.

(#) Profusencss of male and female flower production, 1t is a well-known
fact that the tirst spathes which appear on wost paling huve o leadeney to produce
male flowers only. It is known also that there is a decided tendency for somo
palins to produce female flowers only, and for othors to produce male flowers mainly
at all stuges of growth,  These ure probably horeditury characteristion which nay
b tewsporaridy intlienced by changes in environment such as excessive drought.
The wale flowers always exeeed the nnber of female flowers present in any
spathe aud anay range from a small number to thousands, depending lurgely on
the brunching of the spadix and the length of the branches which carry then
The dying ofl of the spadix branches from the tip is n common phenomenon where
soil conditions are unfavorable and in this way, the numibers of male flowers
present are greatly reduced, “The female flowers are produced in much fewer
numbers, and are always produced towards the basal portionk of the floral
braaehlets, One has only to look at any plantation to observe individual tadl palms
rarrying some hundreds of sall nuts and naturally such palms eapried large
numbers of female flowers in the first instance. The profuse fruiting of the
Malayan dwarf{ coco-nuts is another example of heavy femalo Hower production.
Frowd ehoked or poorly vigorous pabms carrying no fomnle flowoers at all are ofien
seen and these represent the other extreme of shy production.  All investigators
huve indicated the wide variability of female flower production. Iurtado'®*) states
that the number in a spadix way vary from zero to over 300, depending on the
steain, treatment,. &eo; whilst Sampson®® records having counted np to 235
flowers on ong spathe pnd that frequently there may be from 100-200 fluwoers
present.  In Fiji,® on oerossed dwarf palms just coming into bearing, it was
found that the number of female tlowers per spatho ranged from three to 62.
Pierist*) gnade counts on 215 inflorescences in Ceylon and obtained a range of
variution of from one to 92 fanale flowers: Ho presents a table whieh shows that
tho frequency distribution is very symmetrieal, and that more than 94 per eent. of
the oheorvations lie between the limits of none to 44 flowers. Very little eorrelation
wis found between the nuniber of branchlets in the inflorescence and the number
of female flowers,  To Malaya®™) the number of feamnale flowera per spathe earried
by various dwarf palms was found to be as follows:—

Greens, 21.4; yellows, 13.6; reds, 10.0 in three years’ observations,

(h) Periodicity of fowering and consequent boenring us related to seasou.  As
stated before, there is evidence of the spathe production being related to seasen
in {'eylon; Sampson gives detailed records and a graph showing that there arve
very definite seasonal fiuctuations on the coast of India, and suggests n correlation
with elimatie conditions, but very prolouged and detailed records are still necessary
to determine this point precisely. Maréehal®™} records a tendeney for Malayan
dwarf ecoco-nuts in Fiji to produce moro fomalo flowers in the inflorescences which
apets from November to Mareh than in those opening during the rest of the year.
The question of periodicity of Learing and alternate bearing as related to hereditary
and envirommnental conditions uceds much more work,

BN B




70

The Nut.

Planters are all familiar with the structure of the coeo-nut, which has also
been deseribed many times in bouks on the subjeer (wide Sampson and others),
Botauists in general regard the fenit of the coco-nut palin as a * drupe” and not
a nut, as the term so widely used applies. It consists of a simooth, tough, brownish
to greyish epicarp (the smooth surface); a fibrous, mottled, brown mesocarp
{husky, and n hared, thick, brown endocarp (shell) within which i3 the endosperm
(kernel) enelosed in a closely adhbering testa (skin).

Juliana©®® has written a eareful technical account of the origin, development
and nature of the stony layer of the coco-nut as well as an account of the develop-
wenl of the spadix, the female flower and the fruit. Ti is not proposed to deal
further with the morphology of the fruit hiere, as detailal accounts are readily
availuble. It might be pointed out, however, that Jong before the time of fertiliza-
tion the endocarp (developing stony layers) is alrcady differentiated as a soft,
ereamy white structure surrounding the loculi.

Age of Bearing. S

The age at which palns como into bearing is definitoly varisble, and is largely

corrclated with soil and climatie conditions. Strain alse does have a decided
influence in determining at what period young palms reach the bearing age.

In any young plantation it is scen that certain palms come into bearing
mneh earlier than othors. As for example, it is seen at Xeravat that certain young
tall pabins, not more than threo years old, have thrown out spathes and are bearing
young nuts while the surrounding palms in:the same arca show no ovidence of
fruiting whatsoever, It is this variation in maturity which should allow of the
irolation of early maturing strains such as is mentioned in the scction dealing
with eoeo-nut breeding, Dwarf palms usually begin to fruit in thoir third or
fourth year and reach their hest at about the fifteenth year. A tall palm usually
commences to frnit somewhere about the fifth your, and probably reaches the stage
of maximum production in about tho 20th to 30th yoar. Tho stage at which
palms come into bearing liere and reach their maximum produetion is very
varinble, as palms grown in the light coral soil of tho western islands commence
fruiting earlicr, and go off carlier, than palms in the heavier soils of Bougainville
Tsland. Onr heavy soils palms often do not commence fruiting until about their
cighth year, which means that the period when they come into profitable produetion
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.
Palins 60 years old under favorable eiroumstances show no sign of falling off.
TTow long they remain fraitful is not known, but it more than execeds the century
mark,

Palms which are closcly planted, such as in native groves, are often ten
or twelve vears old before they commence boaring properly. All other things
being equal, the sooner the palms come into bearing the less cost is invelved in
bringing a plantation to the boaring stage, whieh is a mest important
consideration.

Talms coming into tho stage of maximum maturity have heen notieed to
suffer a physiological sctback, and this has been seon in scattered parts of New
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Guinea on severnl oeeasions, This wften affects the production for two years,
This cowshtion has abo been poported from Malaya, and is most. prevalent on
cortuin types of soil under particulue climatic conditions. This occurrence has
been miztaken by certuin plunters for a new discase. It muost be rewmcwmbered
that palus reaching the bearving stage are at a physiologieally eritical period.
The fruiting places an extra steain on the plant, which becoines apparent when
the conditions are ot entirely favorable. The character of the soil and the eare
hestowed ecanses very pronounced differences in the developmont of the young
plants, “lnr'h, in {urn, inflnence the time at which the palins come into bearing.
AL six fo dight yenrs is quite a reasonablo time to oxpeet the palma te produce
their first erop of uuls for copra produetion, and at about ten years they should
reach the stage of profitalile production, :

The following report on Orangerie Bay Governmeut Plantation, by
Staniforth-Smith, in the Papua Annual Report, 49 supplics very goad figures
m a plostation eoming into bearing, * The area of 591 acres plunted between
1912 and 1914 yielded this year (1923-24) 238 tons of copra, or alightly over
5 ewt, per acre, The area of 529 aeres planted between 1914 and 1018 was then
coming into profitable beaving, and yielded 35 tons of copra. ‘Fhe esiimated
yield for 1984-25 is 300 tons” '

—_— 1917-18. | 1018-19. | 1010-20. | 1026-21. | 1021-22, ) 1022-C2. 1023-24.
Acrenga coliveted from .. 74 350 500 60U 600 | GO0 [H.11]
Nuts per treo .. .. 1.6 0 13.56 16§ 28.1 42.3 37
Copra per aere in cwt, o . 2,02 2.96 1.6 6.07 7.68 #
Nitts pree ton N o . hu0 5,132 H,054 0,141 5,484 5,160
Tans ol cojirn .o . e .3 17.35 74.17 vy I 230 273
Total number of nuts, 1,000°s [ 6.6 167 | 379.8 | 548.6 043 | 1,261.3 { 1,408.7

.

Natural Nut Setiting.

The percentage of flowers forming mature nuts is governed by all the
cultnral and enviromwental factors which aflect the growth of the palms, such
as climate, cultivation, &e. The question of hereditary variations in tho number
of mature nuts produeed by coco-nut palms has been dealt with in dx%cnxsmg
seed selection,

In addition to the general ecoundition of the palus the faetors governing
cras-pollination aud eross-fertilization groatly influence the proportion of mature
nuts set eomapared with the original numbers of flowers produced, and require
ehaeidation,

As late as 1929 Cheesenan®™  jndieated that the informnation available as
to whether palms producing numbers of female flowers nccessarily sot a large
proportion was limited to a statement by Sampson to the offcet that somo trees
never produnee a large number of female flowers, but at the same time set a
high proportion of them. The result js that the eropping is relatively steady,
whilst other paling are very irregular in bearing. Since that time, however,
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Pieris™ having voticed that the nmmber of female flowers on the inflorescence
varied within wide Himits) calenlated and showed that the number of ripe nuts
produced showed g definite positive correlation with the number of female flowers
produeed.  ‘This was not so high, however, as would be expected (-+0.64). lie
showed that for fairly small numbers of femule Hlowers, say, below 50, the
correlation is fairly close, It for larger numbers of fomale flowers the numbers
of mits produced are not always correspondingly high. 1o concluded, however,
that it wonld be safest to select palins whose upper imimnature inflorescences display
ihe largest number of buttons,  Sampson says that fruit is properly set about
58 days after the flower has faded.

It has been mentioned clsewhere that the number of nuts borne to maturity
depends on several fuetors. A number of young nuts fall duc to competition for
uutrients, or beeause of lack of fertilization altogether, Lever and Phillipst)
showed during their work in the Solomon Tslands on the relation of the
“ Amblypelta ” bug to nut-fall that 70 per cent. of the nuts fell in eases where

the inseet was included, which means that approximately 36 per cent. of the

wats matnred,  They also found that the natural nut-fall in the ficld was estimated
at two-thirds of the mamber of female Howers present, which eclosely agreed

with the ratio obtaiued jnside eages which wers designed to exchude insects only.

Tt can be calenlated from figures given by Pieris in Coylon %4 that he obtained
an average of a 34 per cent. natural set, which agrees closely with the results
obtained in the Solewon Islands.  Tn his experiments tho mean number of
fenude lowers present in 236 cased wan 2092 per spathe, which xet an average of
6.8 nuis (3 per cout), One of the highest perceutage sets recorded was where
one spathe with 28 female flowers sot 25 nuta (nearly 90 per eent.), while on
the other extrene $1 fenalo flowers set three nuts, or 3.5 per cent. approximately.
The highest number of female flowers to be rocorded on any one spathe was 116,

Satapson says that “ normally the number of femalo flowers which set will
Lo about 25 per cent. of those present in the first instance, while it may rise
to 30 cent. in the ease of trees which form a large proportion of fruits, Oa
95 trees figures showed that the pereentage of nuts set to female flowers present
varied from 9-34 per cent. according to scason, with a general average of nearer
20 per cent.”  Tn crossed dwarf palms in their gecond year of bearing in Fiji,®
it was found that the percentage set of female flowers ranged from 10 per cent.
to 100 per eent, while the fina]l percentage of mature nuts which resulted was
from 7 per cent. to 9 per cent. Thoese results are hardly comparable with what
would eeccur on maturo palms; further, it was found that the coco-nut spike moth
Tiralhaba Irichogramana was present and destroyod from O per cont. to 17 per
cent. of the fomals flowers on individual palns,

Jack and Sands®® made the following observations on the natural setting
of dwarl palms: “ Tho percentage of fruits to flowers remaining at two (2)
months was for vellows” 3580 per ecent, ‘reds’ 532 per cent,, and fgreens’
26.4 per cent, Subsequent losses of fruit amounted to 5.7 por cont., 5.4 per cent.
and 4.2 per cent. only, respeetively. The high percentage of infertile flowers
was not due to inscet injury, but rathor, it is thought, to imperfeet pollination
or absenco of viable pollen in unfavorablo weathor, Tt is possible that the failure

of the devclopment of a certain number of young fruits may be physiological.”

:
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The setting of o stundard for o good pereeatoge of nut sclting compared
with the mumber of Juoale flowers present on any series of coco-nut palmns is
diflicult to cstablish owing to variations causod by scason, environment, &e.
Owing to the relutively few female flowers present on most spathes a satisfuctory
pereentnge naturad sot of coco-puls should uppurendly be high so as to provide
aosatisfactory yicld, e, bobween 20 per cent, and 35 per cent.  This indieates
that oplinum pollination conditions are very important; and also where palms
are suffering from ehlorosis, soil exhanstion or bad deninage, this pereentage
would be greatly lowered. 10 it is assmmed that the comparatively lurge number
of 200 fennde lowers By present, aud that sneh o satisfloctory percentage of, suy,
B per cont., flowers sel was obtained, this would mean that 60 nuts should be
carried to maturity. This ealculation gives some idea as to why heavy bearing
palms are in the minority and sclection is necessary.

Agents of Pollination,

Detel stated ¥) “ that coco-nuts depended ou cross-pullination by inscets,
and probably ulse by the wind” Tlo considered that bees and hornots, whieh
feed greedily on the honey produced by both the male and femalo flowers, were
the chief visitors to the coco-nut flowers. Tlo said that “the ubiquitous uant,
though it revelled in the neetar of flowers, was unlikely to assist jn cross-
pollination, or even to have neeess to the pistil of tho fewale flower at all, thauks
to the natural protection afforded by Hs ring of neetar ut the receptive period.”
It must be conmmented here that ants do not always visit flower spathes to colleet
neelar even during the receptive period, bui also to colleet the hounvy dew
seereted by speeies of mealy bug and aphids; at least that is the case in New
Guinea.  (Sre also Furtado’s®?) remarks.)

The late Wo W, Froggatl in 19115 makes the following reference to inseet
visitors to coea-nut flowers: “ Tho coco-nut appears to be comparatively free
froan destructive inscets when flowering and fraiting, though when the wale
flowers burst into Dloom they attract a number of flies, bees and wasps; but
these nre more henefieial than otherwise, ns they help to distribute the fine,
dust-iike pollen from the male spathes to the female spathes, and aid in their
fertilization.” _

On the question of natural pollinstion Mardchal™) agrees with other workers
that both wind and luseets play a part, but regards becs as by far the most
inportant pollinating agents as to be esscutinl for high production of nuts,
The role of hees is still highly questionable under New Uninea conditions, hence
it is seen that mere loeal experimentation is desirablo.  According to Furtado, %)
Jepson, who paid speeind aiteution to inseet visitors to ecoco-nut flowers in Fiji,
had carlier expressed the same opinion and attributed the dropping of fomnle
flowers in many districts to insuflicient insoet visitors, e noticed that the yield
wits heavy on estates where bees were present in large numbers) either owing
to artificial rearing or otherwise, and recounended planters to introduee bees
1o their eoco-nut estates,

Sampsem ©2) savs that fertilization is largely dode threngh the ageucy of
Iees, hut there are many other inscets which visit the female flowers for the suke
of their neetar but which do not bring pollen at the same time. Xe belicves
that ants are barmful to pollination, as they drive off the bees, mauy of which
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are small and stingless.  Among tho ants was specially mentioned the red ant
Ueenphylla smaragding (conunon Kurukum here) as being harmful in preventing
the female flowers from being fortilized, where thoy live on mealy bugs aund
build weote preventing the ontrance of other lusects,

Seversl investigators™ ® #) admit that there is decided possibility of ants
peting as pollinators. Furtado says that “in Singapore unlike Peradeniyn the
neetar seeretion is not in sufliciont quantitios as to oxclude the ant from the work
of pollination awl thay way self-pollingte whero the male and femnle plinses
averlap” Owing to the Taet that ants move so slowly from palin to palin they
are not liable 1o have much elfoet i eross-pollination, hut are likely to upsct
studies on self and cross-pollination on the same palny, as they are not casy to
exclhude.

P'iesis, according to Cheeseman,™ tried to assess the relative importance
of the natural pollinating agonts and to scparate the effects of wind, crawling
inserts (red and black ants) and flying inscets, Tho flying inscets he observed
i the tallorescences wore Apis mellifica, Musce domestica [both relatively seavee
heres - alhor], Polistes annulubus, and u small black beetle. These wore cusily
exeluded by bagging emasculated inflorescences with coarse musling which would
not interfere seriously with wind-borne pollen. The separation of wind and
small erawling inscets was found much less casy as, even with fine-grained muslin
tied around the base, wind-borne pollen was not cntirely excluded. Iu the fine-
meshed bags a 6 per cent. set was obtained, which was said to be probably due
to the imperfeet exelusion of wind-borne pollen. Picris concluded that wind
pollination can ouly be as effective, as in this experiment, at fairly close quarters,
as did Aldaba in the Philippines. (9

Jle repeated Aldaba’s exporiment of exposing vasclined plates in diflerent
positions to cateh wind-borne pollen, snd where the source of pollen was only
three trees away only three or four grains of pollen were collected.

Cheeseman (loe. cil.) sums the position as follows: There is o general
agreement that both wind and inscets play a part, and that wind is only effective
at fuirly short range. Turther, there is a striking similarity between the lists
of insccts obsorved visiting flowers in different parts of the world, All observers
place Lees at the head of the list in importance and add Jfymenaoplera. Also the
common house-fly, or closely allied species, and at least one species of beetle,
ave reported; bhut little importance assigned to them. Jack aud Sands®D Lelieve
that wind is the main factor in coco-nut pollination in the Malay Peninsula, and
that in-eets appear to play an wnimportaut part.  Although numerous inseets, )
more particularly bees, visit the male flowors to collect pollen and nectar, few
appeared {o be attracted by the fomale flowers situated near the bases of the
branchlets of the infloreseenea,  Thoir statement concerning wiand pollination
follows: “ Wheu coeo-nut flowers are in full bloom at about 10 wm, when the
dew has dried up, and when the gentle breezes frequently begin, elouds of pollen
can he seen floating away in the sunlight. Tn a very slight breeze these pollen
clouds do mot travel far owing to the weight of the pollen, but it is highly
probable that with the strengthening of the breeze as the day advances the pollen
clouds are carried to considerable distances, and thus cross-pollination is
eflocted.”
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T'he question of wind velocity“as effecting distribution of pollen is u very
importunt one, becanse plants. which have fully entomophilous flowers, such as
apples or pears, way have their pollen carricd over 100 yards in heavy winds.
Other  investigators state - that, although tho structure of the inflorescence
apparently favonrs wind pollination, the presence of nectar glands in both wuale
and female Howers, as well as the suture in the pollen graius, suggest inscet
carriers, Male flowers possess three neetaries at the buse of the tecth which crown
the eentral colmmn, aud the stigma, or receptive surfaee, of the female flowers
also furnishes neelar, so that the visits of insects to both types are assured.

I the flowers sre adapted to eflicient iuscel pollination only, it is hardly
likely that sueh large quuntities of male pollen would be produced over such a
long period.  Various grasses and erop plants, such as maize, which are mainly
whnpled (o wind pollination, also scercle sugary solutions.  Thus argning on

analogy is not altogether sound.

1t i, ns Chiceseman says, that tho coco-nut flowers aro adapted to pollination
by hoth wind apd inscets, and possibly birds, The appearances are that some
agencies are more aclive in somo countries than in others.  Kxcept for the
Davioue bees, Melipona praclecile Wik, there is not a lurge bee population
which visits coco-nut flowers here. As far as New Guinca is conecrned, the
question needs detailed invostigation.

Paseer Vesrons vo Cocg-nur Frowens i New Guinsa.

So fur no detailed work has been carried out on’ this problem here, and
investigations on this subjeet are required. As tho idmmtification of iuscet
visitors to coco-nut fowers is more in the entomologist’s ficld, Mr. J. L. IFroggait,
Fntamologist, U9 was ablo to uame somo inseets likely o visiy coco-mng flowers
in New Guinen.  Jt needs eaging trials and uieruscopic examination beforo
the relative ability of these inscets can be aceurately determined. Tusects which
visit flowers ay be banclicial where they nel as pollenizers, or they may be
easnal visitors only, while in the ecase of othors, such as Aziagastus cwndelli,
they can be injurious to them. Tt appears fairly certain, however, that the small
wative bees Melipona practerite Wik, are amongst the most frequent inscet visitors
to coco-nut flowers here.  These small bees connonly fly on to onds skin or
hair, and may be recognized as a tenacious little iusect, although they do uot
sting, and "are known as the “dammar bees” in Malaya.  Although several
woenera of the family Apidae nro preseut, bees of the genus Apis (or types closely
related to and including the hive bees) nre apparently not common in this
Tervitory,  Sueh genera of this family as Crocise spp. and Megachile spp. wre
wore common, bul their relation to covo-nnt flowers, if any, is not known.
AMmongst the various flies of the order Diplerae present uaro the following:
Nyrphidae or hover-llies (severnl species), Sereophage spp. (these are large,
striped flies, mentioned by Aldaba as being useful pollinating agents in the
Philippines), and Muscidae spp. (espeeially Typerosia exigua de Mey)., These
families and genera are the most likely to contain any efiicient pollenizing inscets
here.

Some wasps of the ovder Mymenoplera may be found to be pollenizing
coco-nut flowers heve.  Polisles annulalus has been mentioned by Pieris®™ as
being au effective pollenizer on coco-nuts in Trinidad. There are several specics
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ol these Vespid wasps in New Guines, such us Polisles lepidus Suuss und
Polistes bernurdd e Guill, bue their efliciency as pollenizing agemts here ia
not kuown,  Wasps ol the genus Vespe are said to visit coco-nut flowers i the
Philippioes. A Targe reddish-brown wasp of this genus is also commouly seen on
covo-nol Hlowers here, but usually they are not plentiful, thougl they appear to
work quickly and clliciently.

Two small wnidentilied speeies of wasps Grpparently Thinuids) appear to
b the bosiest pollenizers at Keravar photation. Mr, Froggatt has recorded
several beetles of the (uily Cefonidue ns visiting coco-nut flowers herve, but, as
ihey are pollen feeders, there is alwo the possibility of their being pollenizing
agents,  The green beetley Lomaplera balehiang Thoms, is a4 very comunon visitor
i covornul spathes in New Guineao Poccaliphyra emilic Whide, n small green
hevtle, has wlzo been recorded several timoes on coco-nul Howers here.  Many other
beetles have been caught on coco-nut spathes, but are doubtless easual visitors.

Awtugustus cambeBi st the stink or flower bug, family  Pentalomida.
This-iuscet anay, iu- additien to destroying blossoms by sucking =ap, aet @ u
casual agent o pollination. Tt must be conceded that they wove slowly from
ene palm to another, and are meore linble to do hamn than goad,  One compuny
ere, tn the belief that ordinary hive beos may assist nul-selting, made extensive
introductions of ordinary hive bees, Apis mellifica, and Italian bees fo the
wajority of their plantations. These did not survive, and this was said te he
due 1o the depredations of wasps and other insects present. Despite the absence
of hive bees here, coco-nut flowers do pollinaie and set cutirely satisfactorily,
and it is decidedly donbtful whother bees would increase the set,  IHowever, this
could only be satisfactorily determinced by caging experiments,

Orues Nagxcies or PoLuinsnios,

Kuuth© has stated “ that the coco-nut is pollinated through the ageney
of wind 5 but quotes Father Dahly, who noticed the birds Charmosyna sul-
plucens Sell Fa small lorrokeet—Awlhor|, Ciunyrisc freaats 8. Mall) and Cinsyris
corfune Sulvad aa the frequent visitors to flowers in the Bismarck Archipelugo.
Reference to Father Meyers” book O indicates that these two Jatter spevies beloug
to the Bhnmensauger  (lit. blossomn sucker) kuown in English us sun-birds,
belongiug te the family Neclerinitdue.

Furtado® says “that Adnlhreples malaccensis is the sun-bird, which is
ahnost wvariably associated with coco-nuts in the Malay Peninsula, nnd varions
other hirds were seenc o the vicinity of eoco-nut Inflorescenees, but it must te
burae incomind that even these bivds, which possess especial adaptations in their
beak for extracting neetar from various kinds of tlowers, often visit them for
the purpose of capturing insects for their prey. IT¢ concludes that, where there
are dnseels =ueh as bees to pollinate the flowers, their ability is, like the wasps,
doubtful”  There is no experimentad evidenee to disprove Father DahP’s original
assertion as far as New Guinea is concerned, and it is the author’s opinion that
in certain partz of New Guinea birds do play some part in eoco-nut pollination,
though this yuay be as anadjunet to wind and inseet agencies. The very size
and shape of the female flower suggests the possibility, as does the faet that
neetaries are present in both male and femalo flowers, which they aro adapted
to suck, :
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Live Pontination ar Mero, Wirn Isuano, .-

Oun Saturday morning, 16th October, 1937, and again on the following
Monday wnd Tuesday, it was potived at Meto that o small sun-bird, with the
loeal nutive name Pitehi or Peetsha, was present in large numbers ju the flowors
of the eneo unts, both in the morniugs and in the alternoons.  Slightly lurger
forroheets were also seen to visit the Howers, hut not so frequently, Natives
present vn the plantation from other parts of New Guinea all recognized these
Livds s belongiug to the flowers, und said that they were common alinest cvery-
where, wueh as in the Dismarck Xrchipelago, 1t was noted that the birds move
quichly Crom palue to palug and, being small and flyiog at a height, the large
numbers present were not noted until o speeial look-out was made. Onee notice
wis taken of their wovements, it was found that practically every spathie obsorved
wis visited every few aninutes, and often more than once in thal time. Thus,
westning that these bivds ave capable of acting as pollon-curriers, the frequeney
ol their vidts was sullicicnt to enable them to act officiently as pollonizers,
especially as they conld visit nogreat number of flowers in one day. Jt was also
abserved by the aeting uanager, Mo Whitehead, In company with the writer,
that these birds were aetive Trom early morning until 5.30 pa., which is similur
ta what happens with bees dn temperate zoues,  They usually fly only short
distances at a tiwe, and appeared to move about in a sqries of short flights and
thus visit wany palws In o relatively short time.  They usually cerawl all over
the <puthes, cither wale or female, before flying to other palms close by. In
many eases they flv 1o the spathe and hang underncath the floral braueblets by
wenns of slender, prehensile elaws, und sup the nectar with their forked tongue
and tinely-hooked beak,  Thus pollen should casily be sbaken ou to their veutral
surfuee, while their back feathors are alse in contact with tho lower branches.
The birds also erawl over the flowers aud come in close contaet with them in
this munner,  Their beaks arve very finely pointed, and the tongue is a marvellous
sdapiation, being extensile, long, flattened and forked at the tipwith a terminal
brush,

A barge, new spathe, which had just been visited by some birds, with the
sade lowers Just openiug aud the female flowers not nearly receptive, was et
dowre and examined. [t was seen that, npparently, thoy lhad not damaged the
nale Horets Bty way, and that some pollen present was mature. It was thus
thought hikely that these sun-birds may be important pollenizing agents at Meto,
mare e<peeially as they confine u good deal of their attentions to young spathes.
A native bay was deputed to shoot some of these small birds while aetively at
work on the palwss A abont 830 aan, o omiale bird was shot on a female
bravehlet. The bird actually did not fall from the spathe, and it was found
that one of the main feathers was closely pinned to the flower stem within 1 inch
of thy reeeptive pistit (covered with woisture of syrupy consistency), On this
cpsrihe e made Howers badd disaeppeared. A preserved specimen of this beanclilet
was taken with the feather still ndhering,  About half an hour later another bird
{fenade) was shot, awd this one was attached to 2 spathe with a fow male
Howers, while the female flowers present were not yet reeeptive. In this case,
ahea, distinet eonfirmation of the activittes of thix femmle bird wus obtained,
heeanse when the bird was shot the blood was actually seatteved over the anthers
atill shedding pollen in male florets, showing where the bird had been attached.
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1 should be noted that on the spathes examined only Occopliylle (Kurukum
subsy and mealy bogs weree present, 9 Other aetive nscels were nobiceably absent.
Unless ants are more sselul than is admsitted olsewhore, luseets must have been
responsible Tor very little of “the pollination vecurring at this period in the
partiendar plastation.  These birds, although present in New Britain, have not
been seen 1o darge mnbers sueh s was the ease at Meto,

Mircroscorio xamunarion.

To prove whether any transferenee of pollon had occurred 14 was ncecssary
fo exwinine the feathers Tor pollen, und it was apparent to the oye that some
wits present on the male bird. A sniall microscope was available at the plunta-
tion, and this enabled some interesting olmervatious to be mnde despite the lmited
facilitics, Feuthers from the wmale bird were taken and a slide wade from the
dust on the wing.  Odd pollen graing were observed in this dust, and also on
the feathers when a sepurate examination wus made. It was not so plentiful
as would be expeeted, as the feathers of both the male and femalo birds are
cappurently ideal for holding pollen. The smull pinnuce of the feuthers which
form the blade have distinet epidermal serrations, duc to the peculiar comipressed
structure of the eells of which they are built up.  The interlocking edge of these
serrations appenr well gnited for pollen-carrying, cspecially where they are so
finely divided, as in this particular bird. 13oth tho back (dorsal) and front
(vemtraly feathers ave short and as soft as down. Nuch a structure would act
almost like a powder pufl. New pollen wis actually oblained from receptive
pistil on the female flower where the wmale bhird was shot, together with some
acicular erystals and some dust in the same field (sce rou_a.,h drawing of fluid).
Some of the grains scen may have been dried-out pollen. Muck pollen was also
ceens o the oniside suefaco of the button, showing that a goed deal of pollen
had been transferral (o this particular pistil. The pollen seen on the birds wus
compared with pollen taken direet from fresh male flowers, und they appeared
very similar, The powinlny of this hird acting as a pollen-carricr waus thus
definitely establishud, and the ehanees avo that the birds deseribed are responsible
for a considerable mmount of cross-pollination on Witn Jsland, and may aet
similarly in other parts of the Territory. It was noted that the wind was only
strong gt odd timex doving the time of the observations at Meto.  There was
hawever, some rain at intervals which on one afternoon was necompanied ly
strong winds. .\ rather lengthy description of these birds as pollen-cavriers was
given only to show how much more it is required to kunow about the subject.
Most investigaiors agree that wind pollination 13 the main factor in cross-
pollination of eoco-nnts, and witheut necessary oxperimental datn this concurs
with the writer™s opinion, alse,  Tuseets, birds and other agencies sany have
decided utility for pollinating coco-nut flowers in poriods of calm weather,

Iosxrisiearton o Digns a1 Mervo.

The following is a short deseription of the birds under observation.
Specimens  were  taken  for  identifieation.  Both the muale and  female
birds  arve  really  light and  small, leing about the samo size as a

dinmond sparvow,  Thivds are less than 3% iunches long, and are provided,

with a long slender pointed beak, slightly hooked aund shiny black at the tip.




Dry Pollen tvom Giycerine Stide
W Satara Bry Follew ot ten assumes
normal ronnd shape after wcttmg

/' ;\\

Normal

Protoplasm

{Fortion thr uded into Pollen
Tupe)

G \ Ponanm
Germnating. ;’ / Dust.?
Pollen =
Aciculun Crystals
\/yﬁe\d from reccptwe
/ ></ Coconut Astil
% %
@@ @

® 9 g
Pollen under low power Po{k‘n Grawmn Dgr%tac y: :

?}*;‘;uzl‘tﬁ(#hﬂuﬁ'“h which Pla\mmgsed Shghtly.

COCONUf POLLEN - DRAWINGS NOT 0 SCALE ~MUCH ENLARGED




B0

Benk and tongue are specially adapfed for sucking neetnr.  Legs are grey and
yellow, with slender prehensile elaws,  Male bird is durker in colour than the
female, and has a large red sploteh on the throttle (ventral surfuce), while the
erown of the head is black. It has a general greenish-yellow sheen, especiully
on the back overlying the darker colour, The body appeuars more slender and is
not so Hadly as that of the femade, Nevertheless, i botly the feathers on the
back and ventral surface aro short and soft. The femalo bird is plumper in
outline, and ulmost wholly coloured grey. It has a lightor greenish-yellow sheen,
esperindly  bordering the tail attachiment, Tl feathers are shorter, and there
is no reddish sploteh on the threttle, exeept for a reddish tings which develops

on old female birds.  Specimens have been identified by the oruithologists of

the Australian Muscum as follows :—

YThe specinens are made aal Tewmale of Mgromela xelateri (Selatec’s Honey-cater).
The genus (family Alrh;ahn,}zduc) Jiaus many New Uuinten species, and i3 nlso found in
Nustralia, The species of M yzomels superficinlly vesemble Sun-birds (Tasily Necfaeiviidaey,
whieh range from Africa and Southern Asin to New Guines and Australin,  In the

1Iclt;olmqulm the tongue is extennile, forked at the tip, and has a terminal brash, but in

the Nectariniidae it is tubular and has no brush”’

Problems of Pollination and Fertilization.

The importance of pollination studies to plant-breeding of coco-nuts is
discussed in conexion with that subjeet. Investigators on pollination problems
necessarily differentinte between pollination, fertilization and fruitfuluess (or
production of mature nuts).

Pollination refers to tho actual transference of pollen either to flower pistils
on the same palm (scll-pollination) or to flowers on other individual palins
(eross-pollination) by any agency wlatsoever; which, simply stated, means
transference of viable pollen grains to the stigma.  IFertilization refers (o the
actual union of the male and female nucloi, or clements, carrying the hereditury
determiners, after the pollen tubes have grown down the pistil and reachied the
ovule. This does not nccessarily mean that fertilized young nuts will develop
to mature fruits, but it docs pre-suppose pollination of the pistils, Fruitfulness
refers to the capacity of the palms to produce fruits, or In this case coco-nuis,
It is obvious that not all fortilized (owers develop to mature nuis, ax iy recog-
nized by the extensive study given to the problems of nut-fall by variouws
investigators. The reader is referred to a detailed discussion on this subjeet
by the present author.C®  Thore is also an hereditury tendency for some palms
ter produce nuts without any fertilization at all.  Such palns ave known in all
countries where cocu-nuts are grown and are familinr to some of our local
planters as the so-called wmale or seedless coco-nut palms,  These usually develop
a long spindly nut with no embryo and little kernel, though they might hang
on until quite dry and shrivelled.  This undoubtedly represents a form of
*parthenocurpy ” or vegetablo development of thoe nuts,  Mueh work remains
to be done to determine nccurately what outside factors such as temperature,
moisture, humidity, and hours of sunlight are really optimnm for pollen germina-
tion, pollen tube growth and fertilization. This means that aeenrate recording
with conthuous recording instruments, such as thernographs and hydrographs,
should be earried out while any pollination investigations are being made. The
fact that coco-uuts Lear so well close to the seashore or at low levels suggests
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that woving, warm air of high lLumidity may provide the optimum conditions,
Profonged dry weather or too much rain at the time of pollination may be
unfivorable for pollen germination,

After drying out longitudinal sutures appear on the pollen grains and they
assine an elipsoidal shape instead of the normal round shapoe of turgid pollen
(ser rongh sketeh). Such dricd-out pollen grains when moistened assunioc a
normal round shape, and suel alternate drying out and moistening may Lappen
more than once. This suggests un adaptation which would keep the pollen viable
until suflicient moisture was availuble (e.g,. on the pistil) for proper germination
or during the thme 11 i being disemminated through relatively dry air,

Mardehalt™ and Pieris®™ have shown that pollen may be stored for about
a week without special precantions, but it can be stored for many days under
dry conditions, sueh as in a desiccator, over sulphuric acid, or in gelatine
capsules,  The former found that 35 per cont. to 60 per oent. retuined their
vitality for sixteen days over 30-40 per cent. sulphuric acid, while the latter found
that after cight days loss of vmbxhty occurred, but was ablc. to get a 4 per cent,
germination on the 3ist day in pollen from gelatine capsules, In each case
25 per cont. suerose (cane sugar) solutions were used for the germination studies,
1t is certain that w high humidity favours pellen germination, bnt a low humidity
fuvours retention of viability by the pollen.

Both Pieris™ qnd Mdabat have found that all coco-nut pollen sawmples
examined show the presence of varying proportions of shrivelled and smnall
abortive pollen graing, and the writer las also observed these. The presence of
suely sterile pollen graius has also been seen by the author in temperate crop
plants sueh as lueerne. The amonnt varies with the individual plant, and can
be explained on the basis of Bast and Munglesdorfs coneoption of inhibiting,
hereditary factors, 00 Such pollen sterility lessens the chances of nyt-setlting
by sell-pollination, aud emphasizes the importance of cross-pollination to the
natural economy of such plants as coco-nuts,

The period during which the female flower remains receptive apparently
varies in different places, Aecording to Furtado, ) in India, and Detel, (™
at Perndeniya, this period is about 24 hours, while it was shown by Aldaba, 9
in the Philippines, and Furtado,®*® working at Singapore, that it lasts two
or three days. No work lias been done ou this aspeet in New Guinea,  As far
as one ean judge, no oue has yet determined whether coco-nuts have an optimun
time of the day for pollination, except for general statements that it is about
16 aan. or from .10 a.m. Most crops display an optimum period, as for example
pumpkins only pollinate carly in the morning, while in Australia oats pollinate
best in the early afternoon.  Tu New Guinea, coffee pollinates best in the
morning between certain honrs, Tt is probable that there may be some such
defined period with eoco-nut flowers, and, if it is in the morning, as is indieated,
then rain in the afternoon wonld have little effeet on pollination,  Sampson
says that “when the flower is about to open the stigmas swell, turn white in
colour, autd when the flower actually opens they expose a sticky, viscous surface
in the tri-radial apening.  They are then receptive, but apparently do not remain
sa for long, as they have a strong seent in the early morning which soon passes
off in the heat of the day. The seent is distinet and apparently designed to
attract inscets.”
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fn the flowers of most plants, liable to cross-pollination, there is a differen-
tial rate of pollen tube growth wherb a pistil is fertilized with pollen from the
same Howers compared with the rate of growth of forcign pollen phlived on the
same sligma ab the same timd,  Thus while a stigma may reeeive pollen Trom
the authers of male flowers on the same inflorescence or flowers, it grows more
slowly than the foreign pollen and self-pollination is not so likely where foreign
pollen is present,

1t s not generally realized by laymen that different grains of pollen from
the same flowers, on any individual trees, display differential hereditary capabili-
ties sy to length of pollen tube growth in the same way as tall and dwarf pahns
may appear. The pollen tubes must grow a eertzin length down the stiga fo
curry the male nnelens to the female nuelens i the ovale, or g, wnd often only
a proportion of the pollen grains which reach the pistil ave capable of doing s,
This is further complicated by the fact that inhibitory fuctors nre eommonly
present which ay partly or eompletely retard pollen tube growth.  This 35 «
beief attempt fo explain o technienl subjeet which needs ore attention from
professionn! investigators in carrying out coco-nut pollination work.

Selection in tho Nursery.

This side of coco-nub planting receives insuflicient attention althongle it is
practically us important as the original sclection of the seed nuts and should not
be neglected. It is very poor ceonomy to placo insufficient sced nuts in the
nursery so as nwot to provide for tho rigid sclection of ounly good type and
vigorously germinated seedlings whiel ave strong, sturdy and healthy.  To allow
of the rejeetion of inferior types and non-germinated nuts and to replant misses
i the field, more than 60 to 80 per cont, in excess of the nuts actially required
to plant a certain area should be sct out in the nursery. ‘This may seem costly
amd unneeessary on first appearances, but, when the non-germinating or weakly
viable nuis are rejecied and also the unhealthy oxoofl typo scedlings are put on
one side, the precantions and cost of laying down the extra guauntity of nuts are
{ully justified. ,

The planter must remember that these nuts ave the products of eross-fertilized
flowers and, regardless of the outside appearance of the nuts, the seedlings derived
from any unc palm will display considerable variation and some pahlins will tend
to produce much stronger scedlings than others. Tong rangy plauts or those
having any tendeney to yellowing or chlorosis should bo avoided. Plants with
long, slender leaf-stalks and long, narrow leof-bludes, i, “loggy ” seedlings,
should be discarded as uulikely to produce profitable trees. Similurly, those seed-
lings which have any tendeney to twisting or any hereditary ubnornalitices alionld
not be used, while any sickly or weak young plauts should be rigorously disearded,
Buad seedlings can never produce strong, Lealthy palms.

Where selection of sced nuts s being soade Trom marked trees, or for
inclusion as a population in a breeding programmwme, it is as well to know that
there 1s a tendency for the nuts from some palms and even frow some localitics
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 to
maturity without proper fertilization would give the samo effect but this 1auy also
be an biereditary trait peculiar to the particular palms,

i e e e it

1
1
i

1




83

B alko fonnd that the nnts which germinate fiest usuwally give the best
seedling o Pieris®® savs that * plaivs which germinato tardily produee equally
tardily i the fields ™0 Suith% e Malaya carvied out germinution trials ivith
00 heavy nuts, wll over 575 granunes in weight, derived from 66 palms; thoe
tabulated differences i behinviour hetween populations from individual palns
were so xtriking that e laid dowy n seeond series from the same individoal
wmother trees, b almost every ease the general characteristies of seced from the
same wother palin were identieal in both batches. On the whole, large nuts
showed a smaller pereentage gormination and less strong healthy plants than did
those of nmare neavly average size. In both lots the germination pereentuge was
aronnd 60 per cont, after about five months,  Perusal of s duta shows that somoe
paprlations praduce no good plants whatsoever though the germination was (00
per eent.; others prodnced a large proportion with malformed shoots whila others
gave 100 per cent, germination all of which progeny were atrong and ovenly grown.
The [net that some populations were comparatively uniform suggests eithor cross-
pollination. between very - good type palma forming n compara-uniform {il
population which isx not infrequently ohserved or else some self-pollination
ocenered in the generations preeeding selfing,  The siguificanco of this will be
explained in the section on plant hreeding,

I, as it was shown in the Philippines, % round nuts give sturdior scedlings
than oval-shaped nuts, despito the faet that there is littlodifferenco in copra
rountent, this indicates that it would be preferable to use round nuts for seed
purposes.  The arguments advanced offer vory good rcasons why planting at stake
should not be earried out under any circumstances, especially as there is a distinet
possibility thut a large proportion of the nuts set out will not germinate.

Selective Re-planting in the Field.

This is most neeessary to assure that only sturdy, young plants of good type
ave perpetuated in the developed pluntation. It is not possible to soparate out
all of the plants which are not likely to thrive {from nursery sclection, Tho wide
variations in depth and type of rooting which develop aftor the plauts are set out
will give one very potent resson for this. The reador is reforred to Sampson's
text-book for a full deseription of variations in coco-nut root systems. Auy
injuries to the plant duving transplanting or to the growing point by inscets, rats
or animals during the yonng stages provide a scrious set-back to the plant for
all thme aned injured plants should be replaced. It is an extremely wise plan to
po over vouyg plantings at regolar intervals until the plants are well established.

“All plants which are not thriving and all misses should be replaced with strong

and sturdy replants, The best time for roplanting iz while the surrounding palms
in the plantation are still young so that the replunts reecive little root competition
from older plants and are not deprived of nccessary light and air while original
Imnims from the forest soil is still present.

Neeessarily, nursery management, nusery selection and replanting in the field
duscrve much Tuller deseeiption than is given biere, and would warrant treatment
as n separate subject,
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COCO-NUT BREEDING.
Objects of Coco-nut Breeding.

The main aims in coco-mie breeding depend upon whick produets ure 1o he
derived from the coco-nuts in the greatest quantities after the processes of manu-
fucture. Sinee copra is the main product and the basis of all market transactions,
the ontstandiog objeet should be to inerease the yield of copra per unit arvea by all
means available, and thus inercase the yield of oil coutained therein, as this
ultimately determines the value of the produet.

The nse of improved planting muterial 3s oune of the readiest und elicapest
nmicthods of attaining that end, as the yield of copra depends on the hereditary
capacity of the pahos to yield coro-nuts, although fmproved enitural wethads,
Ney, wandd all have their effeet. Reduetion of cost of production is mostly
readily stinined by sueh increased yield per gere, or bectare, and must be given
duge consideration,  For further information on the utilization of the coco-nut
products reference may be made ta a previeus article in the New (lwimea Ayri-
cullural tlazetle 3 There it is pointed out that oil coutent of the copru is most
hnportant, for it is the coco-nut oil which is muinly ainployed i the- industries
of margarine munufacture and soap-making,

So long as weight and appearance, and aot the aetunl ol coutent, is the
busix of selling the copra, the production of improved strains with nuts of higher
vil content has been u secondury aimi,  This question of oil content cannot be
disregarded as there is now a tendeney instead of selling eopra, to inerease ail
extraction, in the country of orvigin, such ax has ocenrved in Ceylon, Netherlands
Fast budies aud particnlarly the Philippines.

The definite guestion is whether it is possible to breed coco-puts with an
inherent eapueity for high oil content and the answer appears to he in the
aftirmiative,  Work on this aspeet of coco-nut breeding is being conducted in
Mulayn and Sharples, 1930,089 points out that the oil content in covo-uuis, as
ordinarily picked fu cstate practice, varies from 4573 per cenlo; but, since
considerable differences exist in different picees of aneat from the same nut, and
also in the meat from nuts of varying degrees of ripeness, the methods of sampling
require stundardization befure seleetion for oil content can be usefully undertaken.
The difference between oil content of ripe nuts and germinated nufs hos been
found to vary to as much as T per cent. It is possible, however, that this inercased
content is bhalanced hy loss in yield,

Pieris, Ceylon, e 19349 states the problem very loeidly s “ The nuin
coco-nut products that are of commnereial importance ure copra, oil, desiecated
coco-nut, and coir fibre. In the three former substances the hmportant constituent
i< oif, nnd o Bprovement in their quality will be coneerned mainly with increasing
the pereentnge of oil in the kernel, Tt is not yet known whether this inerease
could be brought about by the use of partivalur mumures on established plantations,
Fiven if it could, such improvement will only be confined to that partienlar genera-
tion which has been treated and will not be handed down to the offspring. There
is little doubt, however, that, from a genotical point of view, it is possible to breed
covo-nuts for inereased production of oil.  This can be done in oue or two ways—-

1. By keeping the quantity of the kernel constant and breeding for high
oil content of the kerncls,

2. By keeping the oil content of the kernels constant and breeding for
high weight of kernels ”,
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The eombination of the two methods is also a possibility. Tt will be seen,
however, thuat of the two alms llmt. concerned with tho aetual inerease of \u»:;,ht
of kernel is now the main objoctive duo to present marketing practico. Tt i
apparent that the important consideration is to increase the production, or high
vielding eapacity, of the individual covo-nut palma. It is cortnin, howovor, that
there are other important objectives which must bo considered, such ns——

1. Yield of & high quality product with 2 high oil content, us previously
nentioned, should bo combined with tho gradual elimination of
poor yivlding palms.

2, Inherent vigour and longevity.
3. Uniformity as far as possible, which is linked with 1 and 4.
4. Regular bearing of heavy crops and climination of alternate bearing.

- 5. Development of early maturing, Lheavy-yielding strains, The compara.
tively long timo which it takes coco-nuts to come into bearing
groatly influences the cost of establishment in plantations, It is
well known that somo palms come into bearing much earlier than
others, in any plantation.

6. Xlimination of genetical weaknesses such ag linbility to chloresis,
frond choke and so on, This is also related to No, 2.

7. The production of haproved struins suited to a wide range of environ-
ment. Tmproved material suited to only a limited range of climato
and soils would cxort little influcnce on improving tho present
position, Experiences with other erops indicate that there aro
great possibilities of produeing improved strains, which would do
well under o wide rango of conditions.

8. Easo of harvesting whero picking is practised. Short, high-yiclding
palms would be preferable providing all other factors were cqual.

9. Development of disease and pest resistant strains. This should bo
one of the most important aims in coco-nut breeding. Casual
ohservations, and setunl exporiones with other crops, indicato that
there would bo definite chances of isolating populations with
resistance to such discases as “Thread Blight”, Corticium
-penicillatum; and  “Leaf Blight”, Pestalozzia pelmarum.
With the mothod of closo breeding dcscnbcd later, this should be
a most definito aim of improvement.

COCO-NUT BREEDING TECHNIQUE.
(Mainly Somi-Technical.)

Coco-nuts belong to the great division of Monocotyledonous plaunts as opposed
to the other main group of Dicotyledonous plants such as rubber or eacao. The
plants helonging to the former group usually have only a single growing point
and have not the power of annual increaso in growth, such as oceurs by cambial
uetivity in plants of tho latter group.

3338.—G
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It appears, from analogy, that*the behaviour of coco-nuts, on self or cross
pollination, would he somewhpt compnrable with what is experienced in muaize
breedimg; the latter being on dnnual Monocotyledonous plant,  The reasons under-
lving this statement arve linked with the fact that the problems of maize hreeding
have received much wore atlention thun is the ease with coco-nut breeding.  This
can be Jargely sitributed to the greatly inervaxed chanees of getting quick results
with maize breeding and of raising Bmproved straing of the erop within a
comparatively few years,  The relative ceonomic importance of maize as a
food-crop, in all parts of the world, also assurcs that this plant reeeives anuch
attention fron plant breeders and penetieists,  Sonws methods of breeding which
are employed breeding maize appear, uuduubmllg, worthy of application to
coco-nul mprovement,

The long term of years which is involved in mxthpaung resulls from coco-nut
hreeding has provided ono of the greatest deterrents in the improvement of this
crop by artificial sell and eross pollination methods, although various kinds of
mase seleetion have been cmployed in some countries, 1t is of great interest,

liswever, to note that coco-nut research schemes havee been evolved in various

parts of the Coloninl Kmpire, such a5 Coylon and Malaya and in such outside
conutries as the botel Kast Indies, psxrm,ulurly in tho Celebes. It is the policy
of this Departnient to introduce any hmproved plauting malterial from such sources
wherever possible.  In this connexion, s mentioned before, somo improved straius
have nlready been introdueed from Menado, Celebes and from the Landhouw
Institunt nt Buitenzorg, Java, through the courtesy of the Duteh anthoritics.

Hunter and Leake®® state * that ihe mprovement of coco-nuts and building
up of super-types is a problem, which owing to the absence of the genctical
purity of the available material, together with the timo interval between genera-
tions will appal the stoutest-hearted breeders,  The scope for lmprovement of the
erop is considerable, but owing to the sgo te which the plant grows tho methods
for recuring that improvement must neceszarily be tedious .

Jack, 1922,69 pemarks that *tho production of pure 'strainsg of coco-nuts
which is the only eertnin method of producing uvniform and high-yielding strains,
lies beyond the power of the planter, beeause it necessitates initial work stmtchinp
over nt leust three generations of trees during which period much attention has to
be paid to detail and great patienco must be exercised.”

This rather streichos the position in regard to uniformity us modern plant
breeders dealing with the improvement of crops liablo to oross-pollination are net
slaves to uniformity so long as a measurable inerease in yield and wuiformity is
obtained, * Strain building” to develop a high proportion of hereditarily high
yieldingg types in the populatien is n more progressive aim for plant breeders

with sueh erops aned this must be earried on continnously., Experienees with such -

crops as maize indiento that it would not be possible to get genotypical uniformity
suely as is possible in self-fertilized crops. Plantors can greatly assist the building
up of snperior strains when they uso intelligont methods of sced seleetion on their
plantations,  Then by utilizing plant broeding methods it is possible to capitalize
on such ground work done on the plantation to a larger extent.

1t is u most apparvent fuct that the very height of well-developed mature, tall
voeo-nut palins is one of the groatest reasons why artificial pollination methods
have not been developed on a large senle. This fact also explains largely why

‘
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very little artificial pollination work las been done evon in an investigational
way on Gdl pabns while there i far more data available for dwarl pabus. The
usunl height of a well-grown pilin ranges from 40 feet to, 100 feet from the ground.
Palws have been mensured here which arvo over 110 feet, Some have boen recorded
from Malayn whicl are nearly 200 feet, whilo Burkill®®® measured palns there
which reached 120 feot,

I i3 no easy matler o carry on po]hlmuon mvestigations at cven half the
height wentioned as some kind of staging is essential for cach palm if the investi-
gntor intends to supervise the work elosoly, Iuiling this relionee would have to
be placed tu a native or Malay to do the work under direction, which woenld be
auly partindly satisfaetory.  Lis clenrly o very big job to engo or bag individual
sputhes on large numbers of palms under sueh conditions, and this provides a
distinet limitation to tho scope of controlicd pollination. This consideration alone
inereases the value of mecthods of close-breeding in such work.,

Sclf and Oross Pollination in Relstion to Vigour and Fertility.

Tho effects of solf and cross pollination iu relation to vigour and fertility
of coco-nut palms are nol elearly understosd dne to the sinall amount of work
on this aspeet of coco-nut hreeding. Tall coco-nuts aro said to be liable to natural
cross-pollination. 1t can be assuined that individual palms are also liablo to natural
self-pollination, even if it is to a lesser extent, and it is more prevalent in particular

varteties under particular conditions, ()mug to floral strncture, maizo is known

to be extremely linble to eross-poilination, bnt even in that orep, natural self-
pollination is known to occur. Tho results of the investigations alroady carried
ond on coco-nuts are conflicting, npp:m‘nﬂy It bus been siwwn, for exawmple,
that eross- pu!lmnnrm i« more prevalent in somo palms ut semo olevations than at
others. This is not sueh an huportant considoration to the plunt-brocdor a8 iy the
ph).xm!«ww.n effeet of self as opposed Lo cross fomhzutxon, in either docreasing
vigour in the first instance (m-brocmng) or of increasing vigour in the bccoud
instnee (ont-breeding) cansing hybrid vigour (hieterosis),

Ionvestigators generally concede that cross-pollinntion, by different individual
puhns is most effeetive in favouring maximum nnt setting. To what extent cross-
potiination wonld inerease the nut setting, over artificin] self-pollination, has not
been sulliciently proved, and much more work is necessury in that direetion,

The earliest work in the dircetion of in-breeding is of too recent a dato to
give even an indication of the eifeet of such m—brcedmg on the Joss of vigour. Aa
stated previously the work on other evops of the Monocotyledonous group, -whieh
are linble 1o w-lf»puﬂumncm. suel as aize, would, by analogy, suggest the
pnnlmlnhty of the duss of vigour where tall covo-unt palms are subjected to
in-breeding,

Suek very fundawental knowledge concerning the oxtent to which this loss
of vigour ocenrs is essential before a suceossful seheme of plant-breeding can
e evolved and it is essentinl that the work be earried out,

The examination of seedling progenies from cven once-selfed flowers should
give a very good wmeasure us to whcther somg p.:]ms aro wmora liablo to eross-
pollination than others, Such work wonld also give some indication as to whether
some progenics breed truee than others and as to the awount of sclf-pollination
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in the gencralion preceding sdfmg Although Smith¢® did not draw any such
conelusions, from bis work in Malaya, the presence of comparatively uniform
progenies, as well as varying populations in the coco-nut seedlings from open
pollinated pabus, which he had-under observation, suggests very interesting possi-
bilities. 1t appears likely that either he was dealing with first gencration (G1)
crosses between good pulms leading to comparative uniformity or olse self-
pollinution does ocenr in somo generations. This is comparable with what has
been found in lucerne und goffeo breeding for example.

Some palms which have been isolated at somo considerable distance from
other coco-nuts have heen noticed to bear fairly well hero; this has also been
recorded elsewhereG™ 0 PThis facl suggests the puossibility that somoe coco-nut
palma wonld be wory liable to self-pollination than others. This coutention is
borne eut by the behaviour of alinost all cross-pollinated plants, where “ heterosis ”
on hybrid vigour is a well-known phenomcnon. Indireet support of this statement
seems (o he borne out by the fact that the dwarf coco-nut in Malaya is belioved
to have originully origivated as a sport or mutant from the tall coco-nut. The
Malayan dwarf is kuown to vary somewbat though not nearly so much as the
Tatter.  Juek and Sands®¥) are iuclined to the opinion that the dwarf group shows
greater definiteness; beeause of the fact that it iz commonly sclf-fertilized.
Maréehal™™ on the other hand has concluded that eross-pollinntion is more the
rule with the dwarf types normally growing in Fiji. It was shown conclusively
in Malaya, that the dwarf forms will eross up with the tall forms, so that semi-
talls or intermediate forms may be found. This could be expected to give rise
to u wide range of behaviour as to the ability to self-fertilize. 1t scems that
owing to cross-fertilization it will not bo possible to originate strains or varieties
of coco-nuty which have the faculty for breeding true and thus have the definitencss,
which is applied to varictics dorived from plants which are normally self-foriilized,
T'he question of the cfleet of erosa-fortilization ns opposed to selfing on tho size of
the resultunt nuts should Lo an oxtromoly valuable study.

Methods of Breeding.

In an article on lucerne breeding - teehnique by the present author¢*9 the
methods of breeding that crop plant are deseribed in detail. They are not all
applieablo to coco-nut breeding, but o systen of close-breeding was deseribed, which,
in the author’s opinion, would lhave considerablo use in tho improvcmcnt of
coco-nuts, .

The following methods of plant breeding may boe outlined as available for the
improvement of crops. Tho question is which methods have utility for tho
partxcular work of coco-nut breeding i—

1. Inteoduction of strains, variotics, or nationalities.
2. Artifioial self-pollination, scloction in self-fortilized lines und their
recombination (self-pollination: methods).
4. Hybridization—Nsturally or artificially.
4. Munas selection and strain bmldmg
5. Plant to row methods,
. Close and lins breeding.

It is not intended to deseribe each of the above motheds, but rather to indieste
the upplication of such methods to coco-nuls iwmprovement,
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{. Inreopuortion or Straivg, Vaweries ox Nationanirigs,

T'his obwvious method of increasing the range of suitable matorial available for
sclection and breeding has been alrcady dealt with in the first scction of this
article.  There is a danger of introducing wew discases from outside countrics,
attendant on this mcthod, which needs to bu elosely watelied.

4. SELI-POLLINATION AND Recompivarion Mirnons.

The importance of scll-fortility studies in coco-mut breeding hus been
mentioned in the seetion dealing with the relationship of sclf-pollization to vigour
aned fertility,  Methods of in-breeding and recombinntion to increase vigour and
yickd such as is done with anuual erops docs not appear to offer much scopo in
practieal coco-nut breeding. The long gonerations involved in this work Yucans
thut this work would have little application cxcopt as & means of dotormining loss
in vigonr, 1t could alse bo dong to detormine which palms would bo wmost suitable
{for recommbinntion and crossing by othor methods. ' -

.

AnniviciaL BELISPOLLINATION,

Pieris® concludes from his oxperiments with fresh and stored pollen that the
possibility of artificial sclfing of coco-nuts, in Trinided, was definitely cstablished.
The experiment was on a very small seale as ho obtained only threo nuts from
fourteen Howers pollinated, where he used pollon from the same inflorescenco as the
female flowers, collected before the male flowors shed and storod the pollen for
seven days.

Juek and Sands® working with “ dwarf palms” on which thres unopened
inflorescences were bagged in muslin bags, stated that zelf-pollination way offceted
naturally and fruits were formed.

Tu three other infloreseences which were emasculated (analo elements removed)
imnediately on opening, no pollination tock placo, and no fruits were formed,
though the femals flowers behaved normally and although mals flowers on adjacent
trees were in full bloow, Tho question of whether these flowors were self-pollinated
requires more proofl; firstly, because the numbers were small; secondly, besause
any injury dua to cmaseulation was not tskon iuto account; and, thirdly, it is
not certain that wind-borne pollen is exeluded by xpuslin.

To control the parcntage of sced nuts the flowers of the palms must be
protected against forcign pollen. Emasculation of tho mals fowers on the
individual spathes is also cssential, and any injurics caused thereby should be
cheeked by control tests,

Bagging must also be carried out with material which precludes any possibility
of the eatraneo of wind-borne pollen or of pollen earried by crawling inscets.
This is expecinlly the easc where artifieial sel{-pellination is being carricd out. The
meshes of most wusling are téo far apart to exclude fine wind-borng pollen gs
his heen found in speeinl exporimenty designed to test this in such tomperats crops
as lueerne.  Bagging with muslin bags, undoubtedly, provides some impediments to
the frea entranee of pollen, but does not necessarily oxclude all pollen, espeeially
where lwavy winds oceur,  Against this, there is tho fact that bagging with air-
tight hags, or with bags whiel exclude light, usually produces eonditions which are
unfavorable for fertilization,




Ut

Van der Wold(®*) has shown thug the ripening of fentals flowers is hastened
hy covering them with black paper, so as to redueo light awd warmth, 1f the
female flowers can b covered 80 us to becomo rocoplive nt the smme thne ns the
male flowers on the sume spathe, then the problens of artificial sclf-pollination are
greatly fessened, It is most likely that the differential environments in elose
proximity te the flowers may have their effects in rendering flowers liable to self-
pollination in some places and pob in others,  Temperature and humidity can be
just as cusily inerensed by wsing other coverings, such as plate mica or glass,
hence a big ficld for research is opened out,

Fartado®*) abinined resulls hy cemasenlntion experiments on dwarf varicties
which differed from thosa obtained by dack and Sands (Jor. eil). He was pble
to obtain nuts even though the wearesy tres from whieh pollen conld be brought
was about 50 yards away from the paln he was working en.  This happened despite
tho fact that tho inflorcscences Jooked sickly, and ncctar secretion was reduced
beepuse of the injury resulting from cuasenlution.

There i still very much roowm for investigations in artificial self and cross

pollination studies, even hefore a propor technique is evolved or perfected.  Buch

work i said to he now proceeding in Malaya. Owing to tho vory height of mature
tull coco-nuts and to the comparatively few femalo flowers found on each palm,
the carrying out of extensive pollination studics is no ¢asy matter on such palus.
Studies of this nature are not properly rignificant, uunless curricd out on a
comparatively large seale over long periods of time. ’

©Anriricist, CROSE-PULLINATION.

asis

Mardchalt!h) crossing dwarf palms in Fiji obtained o set averaging about 56
per cent, of the flowers artificially cross-pollinated.  This compares with the
pereentages of natural set recorded by other investigators clsewhere.

Pierig,®™  when artificially erossing ovdinary Trinidad coco-nut palms,
obtained a set of six nuts from 38 flowers (approximately 16 per cent) when fresh
pollen was used, and two nuts fromn cleven flowers {rom fresh pollen stored seven
days in a gelatine enapsule. .

Tt ix apparent that the amount of artificial cross-pollination, so fur attempted,
is very limited and that it would be very unsafe to draw many definite conclusions
from such work, Cliceseman(® comments on the bagging of cmasculated
inflorescences by 1Mieris ns follows i—

I waxed puper bags all flowers shed in a few duys, Lut the dark Jumid conditions
inside the bagy may have been as much responsible ns the completo exclusion of the pellen.

In fine meshed muslin bags ten flowers sct nuts out of 156 cnclesed, equal to
6 per cont—from general obsorvations it was concluded that these were probably
due to wind-borne pollen and not to antx,  In coarse meshed bags out of 70 flowers
enclosed, 22 set nuts or 31 per cent. When cmasculated flowers were left freely
exposed, 42 flowers out of 108 set nuis or 39 per cont,

HyouipizaTion——Cross-BREEDING.

The value of artificial cross-breeding as a practical method of breeding coco-
nits has not been elucidated, ‘though, as mentioned before, it has been tried in
Fiji. Tt ix an accepted mothod of conducting inberitance and pollination studics.
The isolation of desirable types for natural cross-pollination and the establishment
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of isolnted peed gardens, which comptlie only progenies of sclocted puling, sown in
separate rows so as to facilitate both observation and natural erossing, must be
cousidered as to feasibility. 7 :

The provision of isolated seed gardens ling beon used by rubber companies
with suecoss in inereasing yicld,

Another method which suggests itself is that artificial sclf and eross pollination
be carried out with certain sclected mother trees to tost thoir behaviour, Then sced
nuts from the hest proved palms conld ho isolated togethor for natural crossing by
systematie interplanting as for exmonple two rows derived frowm each palm sown
dingonally in apposition.  The practical diflienliics associnted with established coco-
nul seed gurdens would e the loeation of suitablo arcas at sufliciont distances {rom
other coco-nuts, and, sceondly, the diffieulty in raising sufficient seed for distribu-
tion on a conuncreinl seale; while the timoe and cost involved iu getting rosults
must be econsidered. It is not known, for cortain, whother improvod strainas raised
under the environmental conditions cbtaining in one district would suit other arcas. -
The probability is very great that strains can be evolved which would do so.

Recently to hand is an account of somo carefully planned coco-nut eross-
hreeding work condueted by Dr. Patel¢®® gt the Agricnltural Rescarch Btation,
Kasaragod, Madras P’residency, India. “It was found that on an average of
twelve years, 13 per cent. of the trees yiclded 21 por cont, of the total crop and ¥
per cent. of the trees produced only 8 per eent.  Tho characteristios of these 13 per
cent, ceo-lypes of the palns aved (1) prosesee of relatively g largor number of
leaves in the crown, which is not so much duo to the higher production of leaves
as the greater longovity of the leaf, (2) reduction in responsg to cultural, manurial
and seasonal conditions,  Apart from tho variations in tho yicld of nuts, these eco-
types vary in the production of female flowers, the sotting, the size of the nut and
the thickness of the weat. In order to determine whother this variation is inherited
and to what extent it is possiblo to combine these characters, erosses have been
made between the ceo-types oxhibiting theso characters.  Suitable selfed and
naturally pollinated material forms the-eontrol.  About 30 per cont, of the
population ix not regular in the production of muts, Crosses havo also beon made
between regular and irregular bearers, 1t is well known that the dwarf type of
tho pahn eommences to yield earlier than the ordinary tall type. The dwarf typo
and the tall ceo-types have been erossed. It was found that a largor proportion
of erossed nuts germinated carlier than the sclfed and naturally pollinated nuts,
and among the crosses those with the dwarf malo as one of the parents germinated
most rapidly. On the whole it is found that variability with regard to the
charaeters like the peried for emergence of succexsive leaves, and the height and
the girth of the seedling, nre moroe in the I'1s than in the solfed first genoration.
Of the progoeny of the twenty tell type of parents, treo No. 1/121 and 11/107 are
superior in respect of the above-mentioned three characters and also in respeet of
carly separation of leaflets. Tt appears that the progenics of parents produecing
w very large nummber of female flowers are better than the progenies of trees
vielding exceptionally well. The development of the Fis of dwarf x tall crosses
is outstanding ”. — '

[Eeo-types represent straing of similar appeavanco and behaviour, in one
gencration, bul whose progeny do not neecessarily belave in the same way in
~ubsequent generations, i.c., pheunotypiecally similar typos.—Author.]
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It is proposed to cross tho Markham Valley type of palm with the Malayan
dwarf coco-nut at Keravat, also to cross the tall palm in a similar manner and at
the same time carry out tho réeiproenl crosses, using only sclected paling in this
work. A big handicap, as far as carrying out such technique in New Guinea, is
that tho local native has not the samo intclligence and adaptability as, say,

Jduvanese, Malays or Indians. This means that the inveatigater here hias to work -

in a small way, although larger seale oporations would be decidedly preferable.

Colour Varialions in Cross-breeding.

Govindu Kiduvn®) deseribes a very intoreating colone varialion in a coco-nut
palin growing on Kalpeni Island, in the Laccadives. In this instance three
bunehes contained green nuts, one bunch with yellow nuts and another, n fifth
bunch, with both ycllow and green nuts. [lo does not deseribo it us such, but

this is a most interesting chimsera or somatic colour mutation, commonly known as
a sport.—Aulhor. |

"The obvious infercnce is that there is only a (ono)-factor difference botween
the green and yellow nuts. Further tho chances are that yellow is recessive to
green and would breed relatively true to typo for that partieular charaeter. It is
also a significant fact that tho colour of tho nut is generally correlated with that
of the leaf and flower stalk. Counts scem to indicato 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

be of great import to coco-nut breeders,

Nalural Cross-breeding: Assisted by Selection of Male Palma.

As the aim is to cvolve practical methods and not acadewmic methods of coco-
nut improvement it is as well to mention a method of isolation of mothor palms
combined with sclection of male palms which has been advocated.

The first procedure is to sclect an area of good yiclding palms on an isolated
island of rather small sizo, or clsa an ares of palms completely separated from
other palins by wide stretches of bush country. Then the worst mother palms are
meant to be cut out or prevented from fowering. Secleeted male spadices from
seleeted marked palms are then brought in from any outside areas where good
parent palms are known to exist., Theso spadices are tied on to tho sclected palms
on tho island which are thought euitable for crossing. It should prove practicable
to cmnasculate tho epathes of scleeted palms. This is not a controlled method as
outside erossing could not be altogother provented, novertheless, it is a definite
practical altempt to control the parcniage. An improvement on this method
would be to use means of keoping tho malo spathes nlive and activoly shedding
pollen for some time. That this may bo done by using an acid solution as is done
with sugar-cane crossing is quite possible. This was demonstrated to the author by
Lennox®" who used a solution of 5 per cont. sulphurous acid H,SO, 4- 31 per
cent. aqueous solution of H,PO,, ortho-phosphorie aeid in his erossing work with
sugar-cane. This solution keeps the sugar-canc fuzz alive for a long time when the
base of tho stalk is immorsed in rubber containers containing this solution. It
remains fo bo proved whother some such means of keeping the coco-nut spathes
alive for a long time would bo sucecssful.

et ;.:;;s..'.J
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Mass® Suneorion,

It is scen from the deseription of the methods of coco-nut sced sclection
employed in New Guinea that rough prineiples of mass sclection are often cmployed
here, though, in the vast majority of cases, not in an organized mannor, As a
short-term outlook, the greatest advanecos from the practieal point of view may be
expected from this mode of approach to the problem; henee practical seed selection
us outlined should be encouraged in every way. Controlled mass selection combined
with individual plant sclection should also be a necessary prelude to any
programme of eoconut breeding, Tt hias been stated that mass seleetion, properly
employed, offers a ready means of eapitalizing on the work which nature has
already aeeomplished, through natural selection, over long periods of time. The
tern indieates that covo-nuts from seleeted palms, or solected areas of palms, ave
used for bulk plantings. The proeedure could allow for the eutting out of inferior
and direased paliis aud ouly allowing the best paling to eross in ap avea designed for
seed production, and also prevention of inter-crossing by othier means such us the
removal of spathes on such inferior palms.

Prant o Row Metiions,

This appears to he comparable with the mothods employed at Klang, Coco-nut
Lxperimental Station, Malayn, and at Buitenzorg, Java. This would he a very
useful method to emmploy cither in the preliminary stages or as an adjosict to the
cluse hreeding methods deseribed later, and would slso bo very usoful for establish-
ing isolated sced gardens. The seed nuts or progeny derived from palms which
appear to be superior on appearance, or as indicated by tho various eriterin used
for seleeting good palins, or preferably by previous yicld records, are sown out in
rows {or comparison and further recording of yields, 14 is possible to cul out any
rows whiclt are iuferior in typo or in yicld capacity and thus sllow ouly the best
types to eross. A necessary preliminary to cither plant to row methoeds, or to the
jrovision of isolated gardens or to commeneing close breeding, is proper pursery
selection,  Only progenies which give a high pereentage germination and produce
strong healthy seedlings of even growth should be planted out regardless of the
individual yicld records of the mather tree. ILenco, oven in the nurseries, it wonld
be o sonnd plun to arrange the coce-nuts derived from ench individual palm (plant
progenies) in rows, side by side, under optimum conditions. Then the hereditary
Lehaviour (plant to row) of individual palms can be judged to some extent even
in the very carly stages. Tho production of oven, sturdy plants means that both
parents were strong and that few variable, inhibitory or undesirable characters aro
present,

Tt is common knowledge that plant to row methods has led to great yield
inereases in other erops, liablo to cross-pollination, and is also indieated as 8 means
of eoco-nut improvement, though it is of neceossity slow, from tho practical peint
of view, unless extensive areas are planted out. It should be reecognized that
improvement of yicld might acerue, but the yicld of improved nuts might not be
on a sufficient seale to influence large commercial plantings.

When using contralled plant to row methods it would be neecessary to obtain
results which would yield snflicient sced coco-nuts to be of practical valuo to the
planting community. It is an jwmportant consideration that the difficultics of
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utilizing improved coco-nut material arc great, because it would be nocessary to
have suflicient xeed nuts developed fintally to bo available for public uso, so as to
warrant any expenditure wind work earried out,

Crost and Lang Brexpina,

The most important desiderata centre around the question as to whether
Ivveding of coco-nuts is practicablo and whether resulta can bo expected to
eventaate within o reasonable period of time at comparatively reasonable
expenditure,

In rubber breeding vegetative propagation furnishes a ready means of
capitalizing on any progress made in breeding and provides methods of increasing
ary Righ yielding tree to any sized population reguired.  This development of large
population from one individual plant by vegetative propagation is called “clonal
propagation” and the population so developed is termed a “elone”. "Rubber
clones have been developed and inereased so that many thousands of acres have
been pliated with individual buddings originally derived from one tree.

~Phere is no such short eut to coco-nut breeding, henee it is necessary thet
ome seheme be evolved, which as far as possible can he fitted in with the
conmoreinl rumtiug of a pluntation while still furms}ung somg Imeasurable
improvement in yu,ld and type.

It appears to the author that the only probable means of attaining the
desired end i by a system of “close-breeding . Investigators who are interested
in u diseussion of this breeding teehnigue are referred to an article published ia
Herbuye Reviews, Mareh to June, 193649 The reasoning applied by Macauley©® .
for elose-breeding with maizo suggests the *basis which can be used for cluse
breeding of eoco-nuts, althengh important modifications will be found nceessary.
The Himited programme which has already been commenced at Keravat Denonstra-
tion Plantation is now outlined. Tt is also pointed out that the programme of
close-breeding s combined with the sebeme for the introduction of superior
selected coco-nnts, both from within and outaide the Territory. Sced coco-nuts
derived from open pollinated flowers of selected individual palms are collected and
numbered,  The seed nuts from each individual palm zre kept in soparate plots
in the nursery.  The scedlings are zelected in the nursery before planting out is
done as ix deseribed under line breeding. At Keravat these are later planted into
distinet and separate plots in the field. Tt has been the practice here to plant out
the seed nut population derived from each individual palm inte small square blocka
in the field. Owing to space consideration only once dozen sced nuts from cach
wother palin could be used in each individual plot. .

It is scen that the belinviour of the mother trees can bo determined, and that
the pollen or male parent in the nuknown factor, owing to the case with which
erocs-pollination appareutly oecurs with coco-nuts. It seems very diflienlt to
obviate this, except by controlled cross-pollination in the first place, or by the more
ceide wethod of hanging spathes from scleeted palms to aet as male or polien
parents for the seleeted mother pulins,

The elimination of inferior types in the first serics can be done Ly observation
und perhaps by weighing the husked coco-nnts when the pahins come into bearing.
Any obviously bad populatious suel as those with a tendency to chlorosis or any
growth matformations will be eliminated before the palins come into bearing at all,
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The term “eloso hreeding ™ is derived from the fuet that, as fur as pessible,
the pollen produced by the individual pahos in one pupuluuun ™ wmeant to
fertilize Howers of other palws’ belonging to smme population, all of which were
devived from unts harvested from the same individual mothor tree.

In’ practice it will be difficult to prevent the intermixing of the pollen of the
varions  populntions, but some precauntions are indieated to eliminate this
possibility, ax far as possible.-

When selecting nuts for further plantings all that can be advoeated, is to
seleet nuts from the centre of the best plots, Tt should prove possibla to remove
spailies from the prhns on the horders of each individual plol, and thus prevent
their fruiting.  This would be more practicable with short or young palms, It
must be conceded thut even by observational methods, many inferior populations
will be veecognized, Theso can bo cut out and eliminated from any possibility of
crossigg xo o fhat iy ontside  eroming  which  does ocenr should  he  with

individunls of superior populations. At such time as it is possible to recognize

uny superior populations, the next step is to plant sced nuts from these together, as
separate plots, in o new area. If possible this sccond stage should he arranged
for yield testing as well ns to give maximum facilities for elose pollination.  Close-
bred plants are sufliciently variable (heterozygous) so as not to lose vigour after
continued seleetion in the close-breeding plots,

It is considered that a continuous system of elose-breeding would permit of
the continuous elimination of inferior strains after each goncration untit finally
only the best strains, as determined by performance on yield, or under observation,
are perpetnated.  Such a process of climination really amounts to “strain-
building ™ and dees not preclude the building up of other improved seed plots
from tho hest strains, at any time, without interfering with the programme of
improvement and without loss of vigour in tho resultant progeny. v

It seems possible that it will be uccessary to wait for some yoars to obtuin an
improved strain of seed coco-nuts for multiplication and distribution, but in any
sase thy micthod deseribed offers the guickest means available,  Another advantage
ix that this improvement should be increased with cach generation of further
relection,

Practicability of Coco-nut Breeding. ,

The objectives sud practicability of coco-nut breeding are atressed right
throughout this article, but there are other dificultios which present themselves,
{1 wmust be decided whether the introduetion of compreliensive programmes of
coco-nut breeding sueh as deseribed is warranted. Tho possibiliites of controlled
voco-nit breeding nre surveyed in this article, but it is scen that the problems
involved are not stmple, and that thero is no set road to success with such work.
One certainty is that it would be advisable to carry out coco-nut breeding Ly all
practical methods available, which is no limited task.

Such controlled plant breeding cannot bo earried ont Ly private individuals,
and is a matter for institutions which wmuat devote most of thoir time to such
work.  The question as to whether the cconomics of the present situation merit
sueh work on o lurge scale devolves upon the fact that a large proportion of the
available areas have been and are 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 bearing arcus in the South Seas arce cconomic producers or in

\
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other words to what degree the good ‘producing arcas are carrying the low-yielding
areay, on the individaal p!unumuns. 1t is cortnin that an cconvimie survoy would
show that a great proportion of the boaring areas in this Torritory become
unceonomic producers when the price of eopra falls below a certain level. This
applies more particularly to the low copra producing plantations situated on
infertile sails. {0 improved planting material wore available this marginal yiold
per it aren wonld bo inereased in tho samo ratio as any yield inercase obtained
by using hmproved seed nuts.

"I'hie heaviest bearing plantations and thus the most cconomic producers stand
the mast ehanee of competing with othor countrios and other competing oils when
the muargin of profit is reduced owing to a fall in prices. By using improved sced
nuts areas which are at present unceonomic might be brought into cultivation.
There is no doubt, whatsocver, that the uso of improved sced material, if available,
would greatly lessen cost of production.

Facilities Necessary.

It is obvions that the provision of faecilities is really the determining factor
ns to whother such work should bo commenced or not. A great consideration is
whether it would pay an individual Government in a partinlly doveloped countiry
to innugnrate such work wlere questions of fairly heavy finances are involved.

1t would, undoubtedly, require that a wholo plantation bo devoted to such
work, 1t secms, however, that if such breeding and selection work wore carried
out on a large seale; the plantation wsed eould boe anade to pay for most of the
expenditure involved, onee it is brought into bearing. The precedent for this is
where the arcas devoted to coffee and rubber breeding have been made to pay whero
such experiment stations were cstablished clsowhore,

1t appears that the ideal plantation for sueh work would have about 100
heetures already in bearing to help carry the exponditure. This would serve as &
sonree for solution, wud would provide areas for manuring aud other experimenta-
tion.  This hearing nrea would need to bo associated with at least as large an area
of virgin country fo earry on breeding progrummes, such as dexeribed.  Therve Is
Ftle donbt that it wonld be possible to plant up & whole plautation of, say, 160
seres with coco-nuts arrauged for close-breoding in the manner deseribed. It
wonld be preferable to plant 25 or 50 nuts from cach palm in the individual plots.
Then it wonld not be unnceessary to remove any spathes to insure that thero was
suflicient elose-pollination within the eentre of the plots, while cross-pollination
would take place with the adjacent plots on the borders. Where these adjacent
plots appeared to be both superior fypes, crossed nuts, derived from the edges of the
plots, wmay provide very useful material. Where larger plots wore used it would bo
passibile to supply much more material fromn seleeted plots. It would be necessary
to seleet the original mother trees by using the various criteria and known
corrclutions between desirable characteristics, earlier described. In this manner,
it should be possible to scleet only high producing, good type palms for inclusion
in such a programme.

CSuch a large area conld be run commercially and would be used for experi-
ments and still aet as a main centre for sced dmtrxbuuon. If planters were
interested in first-elass sced nuts, & small extra charge could be made for improved
material. The initial cost of establishing such a coco-nut rescarch centre is, as
with most new ventures of this nature, the important consideration,
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Shiould the provision of such o plastation bo beyoud the resourees of uny one
individual Government, it i3 possible that a scheme could be made to apply to
the whole Southern Pacific, ¥ some woll-organized central institution were
available to carry out such work, but so muny Governments aro involved as to
sender sueh an establishment unlikely.  The timo factor is n wost important
consideration, and it 13 this more thun anything olse which has field up coco-nut
breeding for so long. It is unly a Government or an institution with a long-term
viewpoing which could =atisfactorily carry on such work.

There is no doubl that the development of improved seed nuts weuld have
a wide application, as the results would apply to most coco-nut-producing
countries, but particularly in those P’acific Islands where Iuropean plantations
form the bulk of the planted area. There is not only the desideration as to
whother coco-nut breceding is a feasible aim, but there is the question as to
whether suflicient sced nuts could be increased from any improved strains to
allect a great nunber of plantations. It ig this consideration which detorines
that any controlled system of coco-nut breeding would necessarily have to be
carried out on a lurge scale.

" If it wero comsidered by central authorities and plantation interests that

the work of developing improved seced nuts would be of great value, the
iustitution of such a programme should not be delayed,

It is as well to realize tho difficulties involved, but an important function
of this article Is to show that the feasibility of controlled. coco-nut breediog hus
been given uch consideration by this Department. It is granted that the
question of the establishment of such a schieme of coco-nut research could not be
decided by any particular individual, or cven by this Department, without the
full co-operation of all interests affected.

Besides the major objective of developing improved strains of coco-nuts,
a coco-nut-breeding station could carry on fundamental studies with all the
probleios mentioned in other scetions of this artiele.

A study of scif and cross pollination as related to fertilization sud nut-
setting could bo carried out in connexion with the breeding programe, us could -
investigations ou other factors affecting nut-getting. .

lixperiments on - munuring, cover eropping and cultural methods could be
carried out at the same time. Such work would indicate the quickest mothods
of inereasing yields for any money expended.  The longer terms results fro
controlled plant breeding should, however, be more permancnt and progressive.

SUMMARY.

This article deals with two main probloems, and henee is divided into two main
seetions: A-=Coco-ner Sgep Sewrcerion; B.—Coco-nur P'eant Burgnvina,

A.~Loco-nut Seed Belection.

In problems of sced sclection the effeet of cnvironment on thoe growth
churacteristies of the coco-nut cannot be underestimated. Unfavorable environ-
ment may mask favorable hereditary charactoristics of the individua) palms and
render selection difficult, : ‘

.
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The hereditary  characteristies 2of w paln which determine it inherens
capacity for yiehl are constant, Lut the factors associated with fhe expression
of yield—-such as climatic, ‘soil, and cultural environment—are constantly
ehianging, and these arve briefly outlined.

Individual palms in any pluntation show o wide range in growth charae-
teristies and iu fruiting ability, so that iu any unsclected area a very large
proportion of 1he pabus present are shown to be uncconomic produecers, thu.
covo-nut seed selection is #trongly advocated,

The methods of seed selection employed i New Guinea plantations are
ontlined,  These are usually -erude, where not entirely neglected, though o fow
experienced planters do practice proper seed sclection.  Ixcuses ndvanced for
such negleet mainly centre around the time and cost involved, though it cunnot
be denied that seed aelection is a sound capital investment.

fwprovements on the cxisting mothods are described and recommended.
Heavy-bearing palms of good type should be seleeted according to various eriteria
whien are elucidated,  The sclected palms should be permanently marked and
observed, individually, for somo time before finnlly selecting them as a source
of sced supply.

Certain external characteristics, sueh as type of crown, number of spathes
and female flowers present, have been correluted with yicld tendencies. In other
countries a very high correlation botween weight of husked nut und copra yicld
has been dndieated;  thus by simply weighing the husked nuts 0 very elose
meusurement of the yield of copra from individuul palms can be made without
the trouble of drying the kernel.

The tangible results which ean be expeeted from sced solection are indicated
as being well worth suy cost or trouble involved. Yield inercases of the order
of 20 per cenl. would casily be anticipated, if rigid eeleetion of high-yielding
palms for producing sced nuts were carried out as, on the average, high-yielding
palms produce high-yielding progeny, and vice versa for low-yielders. If
production ean be increased by 10 per cent, the cost of selection would be amply
repaid,

The extent to which coco-nut sced introduction into New Guinea hus
procecded since historieal times is not gemerally realized. The introduction
of sced coco-nuts from outside countries such us Malaya, the Philippines, Java
and Sumoa, and sced interchange between various parts of New Guines, has
been carried on extensively both during and since German times. '

The present Department of Agriculture has also earried on a grest deal
of covo-nut seed introduction, and roprescatative colloctions are being growa at
Keravat Demonstration Plantstion near Rabanl in conuexion with n breeding
programmie.

) The prescuce of “regional strains” (not varietivs which breed true) in
this country and clsewhere are indicated. It is apparently this faet which has
led to the interchange of secd nuts from different districts here. The Markliam
River, Witu and probably the western islands types of coco-nuts appear to be
var.yi'ng rcgiom}l strains which, however, possess some distinguishing charac-
wristiex.  The influence of selection of seed coco-nuts by natives, together with
natural selection, has had a decided influcnce on the types of nuts propugated
vy different districts,
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A short dixenssion on coco-nut Varietics is presented and severul genetical
ubnormalities, which should bo svoided when selecting sced nuts, ere listed. The
utility of the dwarf{ varicties to New Guinea conditions is not yet apparent, but
they have been the subject of many inquiries, and hence are described in some
detail, Some types wore introduced years ago by German plauters,

The floral structure (morphology) of the coco-nut sputhes and flowers, also
the devolopment of the infloreseence, male flowers, female flowers and nuts are
dealt with, and many practical applications of such work are given,

The natural nut-sotting or the pereentage of flowers furming matured fruits
(usually in the vicinity of 30 per cent.) is influcneed by the original profusencess
of femalo flowers presont, as well as by the genoral condition of the palms, together

with all of the fuctors governing growth, fertilization, und so on; closely related

to this aro the problems of nut-fall. The falling of unfertilized flowers (embryo
nbortion) is often confused with nut-fall,

The problems of pollination and fertilization of coco-nuts are preseuted,
while the agencies of pollination, such as insects, wind and birds, are discussed
with particular reference to New (uinca. Kunowledge of sueh probloms is u
neeessary preliminary to any controlled methods of coco-nut breeding.

A brief discussion on scedling selection in the nursery aud selective
re-planting in the field 1s given, although these many be treated as sepurate
subjeets, Insufficient attention is given here to these most importunt precautions
for successful coco-unt planting, The seedlings being derived from originally
cross-fertilized flowers show extremo variations, and only the sturdiest plants
should be selected for planting out. Neglect any palms showing an hereditary
tendency to low germinability of sced nuts,

B.—Coco-nut Breeding.

It is only recently that szeientifie plant-breeders huve tuken an iuterest in
the improvement of coco-nuts by rystematie plant-breeding.

The long term of years which is {uvolved before any resulis could be
obtuined from coce-nut breeding, the height of the pulms, und the long intervals
between generations, have so far provided the greatest deterrents to the fuitiation
of plant-breeding with this erop.

The possibilitics of coutrolled coco-nut breeding as far as Now Guinen is

concerned arc surveyed in this articls, and it is shown that the problems involved
are not simaple; nevertheless, thoy are not insurmountable,

Se far few results bave been obtained anywhere from methods of coutrolled
breeding of coco-nuts, and heneo tho literature and information availuble ou
the technique likely to be employed in such work are very meagre.

Countrolled plant-breeding cunnot be carried on by private individuals, as it
is u anatter for institutions, which must devote a great deal of their time to
such work,  The objects of coco-nut breeding, such as breeding for yield of
copra, oil production, elimination of discase, actual increase of copra production,
constitite the main ghs in such work, :

A most importunt consideration is not whether controlled breeding of
coco-unts s practicable, hut whether results ecan be expected to eventuate within
a reasonable period of time at cowparatively little expenditure,
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The difliculties of utilizing huproved coco-nub material are stressed, as
sullicient huproved seed aots would need Lo be produced to affect o targe planting
arva, it order to warrant the trouble and expenditure involved.

The quv stion of the provmcu of facilitics, and a suituble plmn.umn for
sneh work, s diseussed, and this is really o determining factor governing the
inilintion uf siteh work in this country.

The etfeet of self and woss pollination on the vigour of the resultant palins
is outlined. Self-pollination leads to in-breeding, which leads to reduction of
vigour i erops hiable to eross-pollination, such as coco-nuts..

The porsible methods of coco-nnt breeding are deseribed and it s expluined
that controlled mass seleetion, combined with individual plant seleetion, should
he @ neeessury prelude to any programme of eoco-nul improvewent,

Six asethods of erop dmprovement  are outlined, and these inelude the
possibility of artifieial pollination mcthods being employed.

teis believed that “close-hbreeding” methods, and the provision of various
hinds of seed isolation gardens, offer the readicst means available for coco-nut
seel Tmprovement, : v : :

Sueh methods are being utxlucd on a lnmtcd sc;ck at l\(-ravat i)mnomtmuon
Plantation, near Rubaul
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CORRESPONDENCE.

[The Licpartment ducs not accessarily concur with the opinions erressed, but corrcspondence

and articles ore always sccicomed.} .
Erimahafen DPlantation,
Madang, New Guinca,
15t November, 1837T.
The Director,
Department of Agrieulture,
Rubaul

Dear Sir,

It was noticed in the carly issues of the New uinea Agricwltural CGazette that the
planters were invited to contribute artieles to this journal, but T have not as yet vead
any artieles originating outside your Department.

A 1 vconsider it the duty of the planting ecommunity in general to assint vou in
establishing  this  journal—a very necessary publication for the improvemeni of the
Territory tn an agrienltural sense—{ am attaching herewith a small article dealing with
the possibilitiex of dwar{ eoco-nuts in New Guinca, and should you cousider it suitabla
for publication hope that it will encourage other planters to express their views through
your journal. .

Assuring you of my aasistance at all times,
Yours faithfully,

{(Sigued) . G. Hatd,
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THE POSSIBILITY OF CUETIVATING DWARF COCO-NUTS
IN. NEW QGUINEA.*
By B. G. Iqll.

Now that copra bas attnined o profitable figure, nnd tho majority of planters
ave uble to run their plantations ccopomically and with o fuir margis of profit
for their capital outluy, it is found that the coco-nut remuins as yet the mainstay
of the Territory of New Guinea.

Ilowever, despite the recovery of the copra market, it should be the duty of
every planter whe fukes an intelligent interest in the developmcent of his property,
to tuvestignte ways und means of inereasing his returns still wore from coco-nuls,
und if be has decided to plant a further area of this erop, considerstion should be
given, where conditions appear suitable, to the planting of Malayan dwarf
varieties, 1t must be clearly understood that tho writer Ly no means suggests that
tho dwarfl vuriety should Ye planted in proference to the ordinary “tall” palm,
but feels that the dwarf coco-nut offers a most intercsting subjeet for carefyl
canspleration, aud, no denbty there are avens in New (uinea, sueh ay Kar Kar
Islund and Talasea, where it would thrive,

The following opinions and infortustion, which have been obtained from
oulside sourees, may prove iuteresting to planters who are wore or less interested
in this variety of coco-nut palm.

Varietics of Malayan Dwarf Coco-nut.

As yet there has been no known varisty of dwarf coco-nut classified as being
peculiar to New Guinen, und the few odd palns which may be found in the
Territory have been ohitained in o majority of eases from the Solomon Islamls,
where several areas of so ealled “ King ” coco-nuts have been planted. .

In Malaya there are three recognized varietics under cultxvauon, namely—

Dwarf yeliow,

Dwar{ red,

Dwarf green,
whieh are characterized by the colours as spocified. The yellow variety appears to
be wost popular, aud the heavier producer, and some remarkablo production figures
have been obtained from this variety, under ideal conditions, particulars of which
will be given later,

Soil. _

1t appears that the soil must be the best available, in accordance with the
nsual riles governing coco-nut enlture, but no doubt average soils, properly treated
by the establishhment of cover erops such us. Cenlrosemae pubescens, pucraric or
calopogurinm, or other Jeguminous covers, together with careful and cflicient
drainage, nnd if considered necessary forking, would produce most satisfactory
results. '
Planting Distance. .

This varicty ix u dwarf in overy respect, and its growth is approximately half
that of the ordinary *“ tall ” variety, so that the distance of planting may be much
closer, and consequently the number of palns per acrc is increased and under
i nm.(hh- eomditions the muput p(' racre.

* Nditoriat \uh - CPhix mb;ml hml h«-vn uenit \«l!h In detull by !!w Heonomte Botanist as a sub-
mection in his artiele © Coeo nut lmprovement ™ appearing in this iswue,  Mr. Hall's article, however,
i3 prescated fn @ popular way,

N
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It is the practice in Malaya, and’T have been recommended likewise, to plant
approximately 22 fect 8 32 feel syuare giving 90 palins Lo the were, bug the writer
personadly would suggest plunting 22 feet x 22 feet on the equilateral triangle,
thus obtaining wore palms per acre, and making greater use of the ground
avuiluble.

It s an aecepted faet thal there s nothing to be gnined by giving a palm
more ground area than it actvally requires for its normal development, and
therefore, from information obtained from the Malayan Agricullural Journal, it
appears that 22-ft. planting was quite suflivient when the area was extensively
drained and irrigated;, with Cenlrosema pubescens established over the whole area,
and the matter of planting on the square or trinngle is purcly a wmatter of taste.
It hus been asserted by oue authority( that spacing 15 feet x 15 feet has
given the best results,  JTowever, the writer 33 of the opinion—infiuenced by
personal observations of the coco-nut palm and sdviee from Malaya regarding
the dwarfl varicty-—that the closer planting wmuy give greater yields during the
first few years of bearing, but tho larger distance would as the palins grew older
produce more heavily and have a Jonger spun of life, whickh is a oest bmportant
factor to be considered with any crop.

Yield.

Under ideal conditions, sume remarkable yiclds have been oblained, and some
very interesting figures wore published reeently in the Malayun Agricullurel
Jowrnal regarding an area of 41 acros, planted in 1920, which has been extonsively
drained, irrigated at intervals, and had cover erop cstablished throughont, the
cover plunt proving most suituble being Cenlrosema pubescens. 'The soil was constal
alluvial elay, which in an undrained condition was grey in cvlour on the surface,
chanuging to blue or blue grey a fow inches below the surface down to the water
talle sud further. This type of soil is quite common in New Guines, After proper
drainage and eflicient aeration of this soil—establishment of cover erops—-it was
observed that a complete change took place and tho soil showed itself as rich in
all plant foods, the quantity of whick was governed only by tho depth of drainage,
and was most suitablo for the cultivation of eoco-nuts. This area, as will be seen
from the following figures, responded magnifieently to this treatment, and will
serve to give some idea as fo the possibilitics of this variety of coco-nut pahn :—

. e rers

v b, oo e | el

Per palm, Cwt, for owt,
wen .. as 104,630 [ 9 504
1626 .. . 135,360 67.5 11 50D
1927 .. .. 209,876 0 .8 622
1a2%8 .. .o JRG,RT8 1t} 17 Hed
1629 .., . 236,444 67.0 10 509
1930 .. . 368,050 106 17 H08
1031 .. . 371,045 106.06 17 503
1932 .. . 345,208 99 18 448

1033 .. . 514,091 148 30 386

1034 .. .. 470,028 135 28 387
1035 .. o 531,819 162 2 358
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Tt appears that from 1931 onward extonsive irrigation wns carried out on the
area, with thie results as ilinstrated in table above.  Tho averago over the cleven
years from 1025-1933 was 17.9 cwt. por acre, or 44.7 ewt. per hectare, which is
really phenomenal, and it will be noted that when the area first came into bearing
in 1923, the output was at the rate of 9 ewt. per nero or 22.5 ewt. per heetare, which
when  we eonsider that 0 New  Gninea  plantation  producing 1 ton per
heetare when fully bearing is considered a very good property, exemplifies the fact
that the dwarf variety should be given further consideration as an cconomic crop
in New (ininca.  When ehsorvalions were lnst taken in 1935, this arca was
producing approximately 4 fons per heetare, and with corresponding eare and
attention to their cultivation, the writer in of opinjon that yields of 3 tons per
heetare in parts of New Guinea should not be an impossibility. The cultivation
of the dwarf coco-nut in New Guinea Is as yet purely a matter for conjecture,
awdd experimental plots weuld necessarily hiave to be planted Lefore its adoption by
private planters could be recommendod,’

Despite the aforementioned excellent results obtsined in Malaya, the fact
must not bo overleoked that there are many drawbscks which tend to couuter-
balanee the main advantage offered by dwarf coco-nuts of giving a crop after five
years, compared with eight to ten as is the case with the “tall” palms. The chief
disadvantage being the fact that the dwarf variety does not remain in bearing
as an cconcmically profitable erop nearly as long as the “tall” varioty, a factor
whieh is most important, but which may be cqualized by greater production per
heetare,  And again, it i3 generally accepled that copra produced from dwarf
varieties s, as a rule, inferior to that of the “tall” palm, a fact which can roflect
i1t nNWmerous ways. _

From information reecived from the Department of Agriculture, Kuula
Lumpur, in regard to the dwarf eoco-nut in Malaya, it appears that this variety is
very snseeptible to any unfavorable faclors, and adequate rainfall, suitable soil,
efficient drainage, together with careful cultivation, are absolutely essential to its
suceessful cultivation, Where we find the ordimary “tall” palm living in soil
waterlogged for a considerable period of the year, and still bearing quite favorably,
under the same conditions any attempt to cultivate “dwarf” palms would be
disasirons and could not posaibly moet with suecess,

Tn regard to the possibility of cultivating the dwsarf palm in New Guinea, wo
have, undoubtedly, excellent soils und abundant rainfall, and the matter of
drainage and cultivation is a matter which rests in tho hands of the person control-
ling the area, and his attitude towards such mattora, The question of drainage is
a matter not entirely underatood by many planters, and as this is a most important
and vital phase of cultivation in connexion with the “dwarf” palms, us well as
the “tall”, & few remarks on this matter would not be wasted,

Drainage.

11 st nob be eonsidered that when drainage is referred to, that this oans
the absolute removal of all water from the soil, but when raferred to in
connexion with the cultivation of coco-nuts interpreted as simply meaning that
there is movement of water in tho soil as opposed to stagnation, and it has been
well established by such authorities as Copeland and Sampson(® that movement
of soil water is most essential o cnsure proper dovelopment and growth of the
coco-nut palm.
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The wubject of drainage has been_ably deseribed in the Matayan Agricullual
Journal by Messes. Wardlaw and Mason™ in which they stde, dnfer aliy-—

b the vuse aof coco-nut cultivation the weiters wordd ensider @ well-dresined xoil ahe
in which there is o constant soll water movement, hut {his movement should he very slow, in
fuet, # bare seepage, und by no weans of such a imture ax 1o result in washing the suil, us
this might prove to be Imrmful. i : :

H no mevement takes place, then sleps should b taken either hy additioual drains, or
the planting of suilable covers to reetify watlers, A hadly-dvained soil will be ope i which

sl wiler movement wan non-existent, thts giving o *«tili " or stagnanl water table uear
fal (2]

the surfuee, conditions under which coco-nuts will not thrive for lonyg.

Taking into consideration the requirements of this variely of coco-nut pahm, and
noting to what extent they ean bo ratisfiod by conditions in New Guinen, there s
really no renson why the suceessful enltivation of this “dwarf” conld not be
undertaken, nud eareful research and experiment by the Department of Agriculiure
or the large planting interests nro well warrauted, as good coco-nut land in New
Guinea, although not searce, is becoming more diflicult to obtain, and the planter
is now, wmore thun over, desirous of obtaining the maximum return {rom his
available land.
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REPORT ON SOME DUST AND MUD DEPOSITS RESULTING
FROM THE RECENT VOLCANIC ERUPTIONS AT RABAUL,
ISLAND OF NEW BRITAIN, NEW GUINEA.

By J. 8. Hosking, Division of Soils, Council for Scientific and Industrial Resrarch,

Seven samples representing dust, wmud and ash deposits derived from the
reeent voleanie eruptions at Rabaul have been examined.

The deposits vary in texture frum sandy loams to loams hordering on clay
loams.  The dust depesits from the Vulean Island Crater, and the rain-washed
and sorted material, fall within the former class, and the Lardened mud and
compacted ash from Matupi Crator, fall within the latter class; the mud layer

from Matupi is intermedinte in toxture. The doposits have an extremely floury -

consistency, being composed mainly of fine eand and silt; the ratio of fiuo sand to
silt varying from 2:1 to 3:2. ‘The washed and sorted material is the only
sample showing any appreciable concentration of conrse pumiceous sand. All
materials are highly abrasive, .

No free acid is present in the deposits whiels vary in reaction from sligltly
acid (pIl 5.0) in the Matupi mud layers to slightly alkaline (pII 7.7) in the
underlying Vulean Crater dust layors, The washed and sorted depoxit frem
Vanalea is the most alkaline with a pIf of 7.0,

s
The deposits were examined for soluble salts, 200 gns. of each being extracted
with 1 litre of distilled water. The total salt content varied from about 3 per
cent. in the more acid deposits from Vulean Crater to about 1 per cent. in the
alkaline Matupi mud layers. The washing of the Vanalea deposit has resulted
is marked leaching of this matorial, less than 0.1 per cent. of salt boing present.

1
|
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Caleiinn sulphale '(g_ykmum) andosodinm ehloride constitute the bulk of the
solubide salts, althongh potassium and magnesivin salts are also present. The total
vontent of caleinm <ulphate in the deposits is, undoubtedly, Ligher than the figures
given, sinee the water extract for those soils showing the greater concentrations
bave resched approximate satwration.  An examination of the figures for loss on
sebd trenfment indieates, however (by subtracting the ranaining soluble saltx), an
upper limit to the content.

While the content of caleinm sulphate is o natural resnlt of voleanio activity
the high content of sodimun chloride s probably due to contamination with sea
water.,

The effect of heavy raing in the vapid removal of salts is evident whon the
content for the deposit from Vanalea Village is compared with the romaining
samples,

Analytic details for the soven samples are given in the Table.

_ MECHANICAL ANALYSES OF, AND WATER BOLUBLE SALTS IN, THE VOLCANIC
DEPOSITS FRROM RABAUL, NEW DBRITAIN, NEW (GUINEA, -

Fickt Hample Number., 1. 2. 3. 4. 6. .8 7.*
Walte Instituts Number, 6202, 5203, 5204. 5205. 6200, £207. 6208,
Beposit
Composite
Prust | Mud Iayer | Dust Loy Mample-of | Uardensd | Compncted | Wathed any
Nature of Deposit. wotected | overt deriy{ng | AT rlod b
Hhn of Dopos fhom rain). | “Novs.S | “Rap.© | Nos. 2and | Tatud. | A | RS
. Btoghs,
Per cont. | Por cent, j Por cont, | Per cent, | Per cent. | Per cont. | Per cent.

Conrse Band . .. 7.4 4.5 13.3 6.3 3.0 13.4 az.n
Fino Baad L. .. 08,7 47.9 52.0 40.1 37.6 38.3 36.4
nilt .. . . 28.1 20.5 20.0 30.7 (0.8 23.6 26.1
Clay .. . . 4.7 0.6 4.0 8.5 21.0 16.6 4.8
Losa on scid treatment 2,2 6.4 1.8 5.0 6.7 7.4 0.7
Moaisture ‘e . 0.8 L7 0.7 2.2 2.3 3.0 0.4
Loss on Ignition . 1.9 3.1 1.7 2.4 2.9 4.5 1.6
Reaction pll .. e 7.3 5.0 7.7 5.1 7.1 5.8 7.0
Soluble Saitat—

Chtorido .. jon CL’ .. 0.49 0.69 .34 0.40 0.13 0.49 0.035

Sulphate .. fon BO, .. 0.37 1,08 0.30 1.01 0.89 1.33 0.020

Calcium .. ion Ca* .. 0.20 0.60 0.13 0.50 0.46 0.40 0.002

Magnesiom fon Mg”.. 0.03 0.09 0.03 0.07 0.04 0.15 0.001

Sicdium .. don Na' .. 0.22 .32 0.17 0.25 0.08 0.28 0.018

Patassium  jon K¢ ., .02 0.04 0,02 0.03 0.03 0.03 0.000

Manganess  ion Ma®., ¢.001 0.000 0.002 0.005 0.004 G013 0.000

Carbonato  ion Cay .. 0.001 0.000 0.000 0.000 0.001 0.000 0.001

‘Total .. .. 1.30 2.73 0.89 2.36 1.43 2.77 0.090

Salts expoosaod ax— s

ypsum Ca80 2110 ., 0.66 1.93 0.564 1.81 1.59 1.97 0.038

Sodium Chloride NaCl. 0.66 .81 0.43 0.64 1.2¢ 0.7} 0.040

o * This sample contalned 8 per ccad. pummicoous stons. t 200 grs. of dopoelt extracted with 3 litrs of disililed
wabor,
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