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PROGRESS OF WORK ON SEXAVA SPP., THE COCO-NUT
TREEHOPPER.

li. .t. (I Cuniiur, Jl.A., I!.iSc.Ayr., .[.ssisltinl l\nlumulmji.sl.

A "Utunial'v ol tin: investigation into the bionomics »ml control of this jxjsi 
up to tin- latter part of PJX» was published by the Kntomnlogist, Mr. .1, I,. Froggatl, 
m Vol. I, No. 1, ot this journal. Since then, further work has been done, which 
is briefly outlined in this article.

The research station was transferred from New Hanover to Aruwo Plantation, 
New liiilain, at the cud of April, IDito, the object l*eiug to establish the two 
egg-parasite*, Lafnuinxia btculor and Jluruua Ir.cfmunsi, in that district. In 
early February, PJ.5G, New Hanover was again visited, and a large number of 
eggs, parasitised by various species ot wasps, was collected. These eggs were 
then taken per the a i.v . Pcseuhm to Mokureng Plantation, Manus, the original 
site nl the research station, and work has boun in progress in this locality up to 
the present time.

Life-history and Habits.
/ i 'i h iinjin nl Urmli h i/. Hearing ot the trcciioppcrs was earned out in a 

ealieo enclosure G feet, by li feet by G ioet. in the New Hanover structure there was 
,i double roof, tin* two pieces of calico being separated by a space of a foot. This 
proved fairly satisfactory, hut was loo warm, the temperature frequently reaching 
ii)U degrees Pa hr. in Ala mis, a thatched roof was iir.st constructed, about li feet 
high, am! covering an area 12 feet by 12 font. Under ibis the calico enclosure 
was built, portions of the roof and sides being made of lly-wire, to permit of 
adequate ventilation. The Hoor was of galvanized iron sheets, to prevent 
iln female* from laying indiscriminately in tin* -.oil. and a tray 
containing moist .soil was provided for ovipositiou. This was frequently sieved 
«hiring the egg-laving period, and the number of eggs counted. The enclosure 
had. of course, to be made proof against the entry of predators such as small 
lizards. Fresh food was provided daily, portion of a eoeo-nui frond moistened 
willi water being suspended Irom a wire stretching from sole to side of the 
! oof. Tim insects eould then Ik * taken from the old frond ami placed on tin* new, 
llmir numbers and stage of development being noted at the sumo lime. In llie*e 
calculations, mortality was found to l*o very heavy during the hrsi nymphal 
stadium. <)ul *ii 17*0 newly-hatelied nymphs which were used at Manus, ,Vs died 
l>< fore reaeliiug the second instar. Of the remaining 1*7, <>7 reached the adult 
stag«-. Probably there is a similar mortality in the field, as the first-iustar 
nymphs s«x*m particularly vulnerable to adverse conditions.
loan.



I nformulion Ublumcd.—liosulls ul I'ouniig U’eehuppei.. m Maun* >lm»\ llmi 
tit«: life-luMory here is very similar to that ui ihu Auw Hanover apeeies. The
only species recorded from Manus is tiexauu nuvue-yuincuc, whereas in Acn
Hanover ibis species is present together with N. nubela. Tiie characters which 
separate the two species arc not known to the writer, but it seems probable that 
»S. unl/ilu e> llie dominant species in New Hanover, and I bat it was tbe species 
on wbieii life-history studies were curried out in that locality. Uue definite 
difference m life-history wus noted to exist between tbe .Manila and New llauovcr 
11eeboppers. In tbo latter, tbe mules Jiuve six and the females seven nymphal
Mages. Tbo Manus species bus seven nymphal iiisiurs in the female, but only
one-third of the males Jiuve six instars, the remaining two-thirds having seven, 
as in tbe female. Tbe two types of sixlii-iustur male can lie distinguished by the 
development of wings und elytra, and have been culled the maeropteroita (large- 
winged) and the micropterous (snialTwmged) lyjies. 'I’he former corresponds 
lo the norinui New llauover male, while the wing-development in the latter 
proceeds as in tbe female nymphs.

Copulation was not witnessed in New Hanover, though it was thought to 
take place, between midnight and tin following dawn. in Manus, it has been 
seen on several occasions, and tubes place at about sundown. The males show 
sexual excitement by striduluting and depressing the abdomen convulsively. The 
actual act of copulation takes a very short time. The male range* himself 
alongside the female, lacing in the sumo direction. 1 Le then curves his abdomen 
under that of the female, brings his genituliu in contact with hers, and extrudes 
a whitish, gelatinous blob, which remains attached to the female for a period 
of from 12 to 24 hours. This blob of fluid is the .vpermutophorc, a gelatinous 
envelope containing tile .seminal fluid, in Now Hanover, females were known 
to have eopulated during the first 24 hours of their adult life, but in Manus there 
were no indications that mating had taken place until ten days after the iirsl 
female had reached the adult stage. Since then, copulation inis taken place 
daily in the breeding enclosure, covering u j>eriod of nearly eight weeks Out 
of ihc flu females and 37 male adults which were roared from the time of hatching, 
there are now 20 female und 27 male survivors.

Oviposition began 3d days after the first female became adult, and «luring 
a |K‘i iod of a month 000 eggs have been laid, an average of do per adult female. 
When oviposition is completed, the average will possibly Is- between JO and bo.

The eggs which have been incubated in the laboratory have hatched in from
•JO to dO days from the time of laying, with an average incubation period of .'»I
days. The numbers handled so far have been comparatively small, so that later 
results may give a somewhat different figure.

The immature or nymphal stages between egg and adult occupy much the 
same time as was the case with the New Hanover species. The seven nymphal 
stages of the female occupied a period of from 00 to 12J days, with an average 
of 100.0 days (New Ilunover 100.(1), while the male nymphal inxtnrs lasted for
from 7S to 117 days, with an average of 92.4 (New Hanover 88.4). fn New
Hanover, the total time from egg to egg (i.o., one generation) was found 0» 
average just, seven months, and it is upparent that the results obtained in Manus 
will be very similur. In the field, however, it is probable that tbe life-bistory 
in New Hanover occupies u period of about a month longer, as the average 
temperature there is about 2 to 3 degrees Fahr, lower than at Mokureng. The



breeding i:iijtiul»cr in New liuuoVor was oi a type which eouduccd lo iii^'li 
icu.pcrulurc», while that al Mokareng was vary cool, so that the difference in 
i ei I lemperulure wan obscured. 'I'hc iucuhation of eggs look jdaco under 
comparable condition» in the two localities, and the average period ot’ incubation 
was 01.N days in Now Hanover compared with Ö1 days in Manus.

Egg-parasites oi boxava »pp.
When it was decided to move the research station from New Hanover lo 

Arawi*, arrangements were made to transfer three species oi parasites to the 
new silo, name!) Leef mutism btatlor, Donnen le.cf nutnst, and an Kncyrlid common 
in New Jiunovur, both the latter having been shewn to lie primary parasites of 
Sexuvu eggs. Oar I nut seemed in purtiuulur to have exercised definite control over 
I lie Irceliopprr in New Jlanover, liciug widely dist ributed and parasitising up lo 
72..'» per cent, of eggs collected in certain localities. (The figure» for pereeutage 
of parasites were obtuined by the dissection of muny thousands of newly-collected 
eggs.^ It. was also hoped that the Mymnrid parasite, which was second in 
elfeet iveiiess to 0. turfman»!, might establish itself when it emerged from eggs 
collected in New Hanover, though it had ix*ou found that it would not breed 
satisfactorily under laboratory conditions. Unforeseen delays in transit caused 
the loss of ull the Mymurids and most of the D. Icefmansi, hut L. becolur and the 
other Kneyrtid were successfully transferred. On the way to Aruwe, a visit was 
made lo Ahlingi Plantation, which was very bady attacked by Sexavu, and some 
Hioiisamls of eggs parasitised by L. bicolor were suspended in the nJFceted arcus. 
Many thousands of adult L. bicolor were also liberated there. It is not known 
wlietlier or not the parasite has Ix-como established in this locality, as ii has not 
sine«* been visited.

Work was carried on for nine mouths at Arawo, during wliicli lime /.. hicolar 
Ih -c j ime established in several places, but O. leefntansi showed no signs of doing 
M». This was only to he expected, ns very few of this parasite had arrived at 
Am we. ami it is at all times di tlicult to bmul in the laboratory.

As />. leefntansi and the My urn rid were so well established at New llauover, 
and seemed to have beim effective in keeping »Sexavu attack down to a reasonable 
b vd, it was decided that an effort should ho mudo lo establish those parasites 
in Manus, where the depredations of the treelmpper are ut their worst. As both 
species, particularly the Mymnrid, fail to breed well in the laboratory, the method 
used was to collect large numbers of eggs at New llunovor, where both parasites 
occur in very large numbers, and transfer them direct to Manus at the time when 
the research station was lining shifted there from Arawe. h would, of course, 
have been desirable to have sent a number of shipments of eggs, but transport 
was not available for the execution of such a scheme.

A visit of about three weeks’ duration was made to New Hanover, ami a 
very large number (approximately 1,000,000) of heavily-parasitised eggs was 
•olleeted, and transferred to .Manus per tho m.v . Doseidott. Numerous samples 
of these eggs showed a parasitism of 72 per cent, by D. le.efntansi, and in many 
case' there were as many us 22 per cent, attacked by the Mymurid. The greater 
portion of the eggs was distributed throughout, Mokareng Plantation, small 
containers of fly-wire lining used to suspend the eggs from palnis, and thousands 
of parasites were seen to emerge. However, there is as vet no evidence that they 
have established themselves in the field.
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i avcsligultou* have boon made to ascertain whether L. Incolor, which was 
established on Mokarong i'luntutiou in Ibbl, is still present. iSo fur, results Lave 
boun disappointing, as none of the wusps have emerged from eggs collected in 
llie lield. Of course, tliis does not prove thut the parasite is a failure, for it may 
he present in small numbers, and ntuy possibly take a number of years to become 
acclimatized. On the other baud, it is evidently not going to deliver very quick 
results, so that, while breeding and distribution of L. biculur will be continued, 
more attention is being paid to the question of control by artificial methods.

Artificial Control.
Kxpor intents have been conducted at Mokarong into the killing effect of 

arsenate of lead sprays applied to the foliugo of the coco-nut palms. A small 
palm was sprayed with mixtures of .1 oz. ami 1 oz. of arsenale of lead powder 
In Lliu gallon of water, and leaves were limit fed to captive livelmp|»ers. ('otilrol 
lots of insects were fed on unsprayod leaves, lit every case there was 1UU jier 
eenL. mortality within from three tu five days among those fed on sprayed leaven, 
while the control lots showed only an insignificant number of deaths. It has 
uoi hem possible to conduct lield trials us yet, owing to the lack of a sulliciently 
powerful spraying machine. Consideration is being given to the purchase of a 
dusting machine, so that the ursonatc of lead powder cun Ik ; applied in the dry 
form, it is considered that this would be much quicker and simpler than 
spraying, owing to the mobility of the apparatus, and the elimination of tlio need 
for large quantities of water.



RESUME OF THE ACTIVITIES OF THE DEPARTMENT 
OF AGRICULTURE.

FOR THE YEAR ENDED 30TH JUNE, 1936,
Ou Dili Fobrunry, 1930, tho Director roturned from nearly twelve mouth*’ 

injivu of aliMMiru, iluriug which ho ulluudud llm imperial uiul international 
ijoluniuul uiul Kutomologicul Congres*ios iu London, Amsterdam, uud Madrid, 
respectively.

At those. (.'oiigrusMis lie liud the opportunity of lien ring many valuable pajicrs 
and Look pari iu home of the discussions, while personal con tuet with fellow 
workers from oilier holds was also of iuosliuiublo vuluo in connexion with hi» 
work in New (luinou.

The rest of hi» leave was spent iu study at agricultural rcscurcli stations, 
duparniieiil.s of agriculture and ostaton in several tropical countries.

t he violent lluotuations in the prices of copra and coco-nut oil have been 
succeeded by strong upward movements which have given a fceliug of greuter 
hopefulness and security to the coco-nut planters of the Territory, some of whom 
were beginning to fear the stability of our stuplo crop, and were interplanting 
llieir paints with cocoa.

Various abnormal causes have, no doubt, been partly responsible for the 
upward trend iu prices, as c.g., droughts in America, resulting in a shortage 
nf domestic fats and the vicissitudes of the European political situation and the 
prospects of war.

Whatever the cause, however, the natural consoquonoo of increased copra 
prices was a larger output, and it is satisfactory to note that there was also a 
general improvement in the quality of the copra. Improved weather conditions 
after I tie drought., in some districts, have, no doubt, hud «0140 a fleet on the 
larger product ion, aiid the better quality of the copra is duo to the system of 
copra inspection and inspection of driers by inspectors and instructors. The 
export of copra during the past year was 06,684 tons, as against 5G,2.r*l tons for 
the previous year.

The method of processing all town refuse from whatever source into innocuous 
compost was demonstrated to the Public Health Department, and is now put into 
general practice at the Sanitary Dopot near Rahaul. The method was devised 
by Sir A1 hurt Howard, C.T.E., Director of Indore Agricultural Research Station, 
and hence is known ns tho “Indore Process.” When properly carried out, no Hies 
are bred, while there is «n absence of noxious odours, and the resulting compost 
lias tho appearance of any good garden soil. '

Copra.
As already noted, the output of copra has groutly increased and the quality 

improved during the past year; the prospect* for the industry are now much 
1 »etter than formerly.

Exports of copra during the year ended 30th June, 1030, amounted to 6C.C84 
tons, valued at £761,309.

Desiccated Coco-nut,
Restriction of production of this product has been necessary owing to the 

fact that our market is confined to Australia and Hew Zealand. The quantity 
exported during the year amounted to 1,647 tons, valued at £65,S80.
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Coir Fibre.
A mill lias been erected for the preparation of llii.s product, but there were 

im exports during the year ended 30th dune, lttlHi.

Coll'ee.
Although two plantations of this product are in a very satisfactory condition, 

and are eomuioncing to yield, the exports for the year amounted to only 11 tons, 
valued at The (pmlity of the coiTee is very good indeed, and is well received
on the Australian market. There is a considerable local market lor this article, 
and a few of the .smaller planters dispose of their crops in this way. The Arabian 
notice (the original stock imported from lilue Mountains, Jamaica) is doing 
very well, and is all sold locally at good prices.

Cocoa.
(I renter interest than ever is being taken in tin; cultivation of this crop, for 

which the prospects seem very favorable. The quality of the beau is good, and 
apparently tint prejudice in Australia against New (lumen cocoa is breaking 
down. The export for the year amounted to 1*27 tons, valued at CJ..S10, an 
increase of J2 tons over that of the preceding year,

Tobacco.
This crop is grown only for local consumption by natives who, so far, do not 

take very kindly to tho locally-manufactured stick tobacco. Dry loaf is, however, 
acceptable to them, und is part of the ordinary issue in accordance, with the 
Native Labour Ordinance.

Rice.
Results, at the demonstration plantation, and l>v native cultivation under 

< lljeers of the Department of Agriculture, prove conclusively that good rice can 
he grown successfully bore. Numerous experimental plantings have been made 
by mining companies on the mainland, and the yields per acre were quite 
-a i isfaetory.

Some planters at Siassi Island have, to some extent, successfully encouraged 
the growing of rice by natives, it is produced under the condition that the 
natives grow the rice, while the rice, is bought and milled in a small mill, by the 
planters concerned.

Kapok.
Only one planter has taken up tho cultivation of this product seriously, ami 

lie is more I hau satisfied wilh bis results, his crop all having Ik m-ii sold locally.

Derris.
Kx|>criinental plantings of this crop are Dung continued at the demonstra-

tion plantation, and a small lot was sent to Loudon for valuation.

Peanuts.
A little more interest has been taken in tho cultivation of this crop, as 35 

tons, valued at £653, were exported to Australia—an increase of 10 tons over 
the procoding year. A considerable quantity is «iso consumed locally by the 
Ohinese community.



7

Areas under Cultivation.
Owing to incomplete statistical returns, it is wot possible to supply full 

details, but from inspectors’ reports it is cortuin that there hus been an increase 
in areas under coco-nuts, and there is a steady increase of areas under eoco», 
some of which is being iuterpluuled amongst mature eoeo-nut palms.

Assistance to Planters.
Considorahle assistance has been rendered to planters, not only by eorre- 

spoiideueu, but, whenever necessary, inspectors and instructors have been specially 
detailed to visit planters to reudor advice ami assistance in cases of emergency 
apart from ordinary inspection patrols.

Seeds and Plants.
Many seeds and plants of oconomic and ornamental value have been 

distributed to planters, missions, Government stations, and to various parts of 
the muinlund, particularly the mining district, for the adornment of growing 
settlements there. Seeds of specially selected strains of the best cocoa have been 
distributed to those planters desiring such.

Native Agriculture.
With the exception of inspection of native coco-uut groves by inspectors and 

instructors in the course of their patrols, native agriculture in connexion with 
annual crops like rice and peanuts has not increased to any extent. In the 
(iazeile Peninsula, there are 168 villages, the natives of which were being 
instructed in the cultivation of those annual food crops, with a certain amount 
of success.

Reports on the progress of the Sexava campaign and work in the Botanic 
Burdens and demonstration plantation are submitted in cxlcnno, as the Director 
was absent on leave during the greater part of the year, und he is not in a 
position to give a full report from personal knowledge.

Agricultural Statistics».
The following statistics of areas under cultivation in the various districts 

of the Territory, show the predominance of coco-nuts over other crops:—
Am, Citors. Co c o n u t s .
Hectare»». Hectares.

New Britain .. .. 30,466 28,321
New Ireland .. • .. 27,944 27,781
Madang . . 13,653 13,424
Manus .. 9,177 9,176
Kieta .. 10,590 10,116
Sepik .. 2,531 2,531
Morobe .. 1,585 1,418

Total ., ! t .. 95,940 ,. 92,767
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REPORT OF THE ENTOMOLOGIST.
YEAR ENDED dOnr .JUNK, lii.'MJ.

Up tu 10th Februury, in tlw* absence of the Director mi leave, ili<* Entomologist 
uns Acini“ I hive tor, and on the 21th February, l!K5(I, in: proceeded abroad on 

I xlciidcd leave.
SEXAVA RESEARCH STATION.

In .Inly, ISM.'», Mr. i*. A. ()’(humor, Assistant Entomologist, proceeded to 
\ list mIm on reerenlion Io j i  v«*, returning in Oel.eUw uf I In* same your. Die 

CHM iihnl work o( breeding uml liberating of parasites of »SV.rum .«p/». w«1» carried 
on by Mr. A. W. S. Corfiold during thin jicriod.

Lcefmansia bicolor.
Tin*. I lyincnoplcron 1u *«k ! well in captivity, and was liberated on all sections 

of Arawe plantation and in several villago groves in the vicinity.
I»y October, 19IJÖ, there was definite evidence to show that L. hirulor was 

breeding in the field in areas where li lx* rated jnevionsly.

Doirania leefmansi.
Only a very attenuated eolony of this species survived the delays in transport 

from New Hanover to Arawe, and very great difficulty was again experienced 
in breeding this Triciiogrumtuutid under the conditions existing in the field 
laboratory. This was therefore discontinued in November, ll).‘$.f>, and the colonies 
in baud were li lie rated in the field.

Encyrtid sp. (from New Hanover).
Hu, species continued to breed fairly well m the laboratory, and wa* 

liberated in the field with L. bicolor.

Mymarid ap. (from New Hanover).
Although a large number of Scxuvu eggs collected in the field on New 

Hanover were transported to Arawu in gauze cages, the transport delay* proved 
loo Jong, and the attempt to transport this parasite to Arawe failed completely.

From the high degree of incidence of !). Iccfmunnia and Mymnrul np. in tin* 
plantations and groves on Now Hanover, and tin* comparatively rarer infestations 
of Sexava on that island than in .some other parts of flic Territory, it npiiears 
to he highly desirable to test these two egg parasites of Sexavu in some other 
locality where they arc not yet present. As Manus is the most seriously infested 
district in the Territory, an attempt has l*een made to lake these parasites to 
Mamis by direct transport of Hexuvn eggs collected in hulk in Hie field on 
New Hanover, where, by placing thorn in the field in gauze liberation cages, this 
will give every opportunity for the parasite« on emerging to spread direct into 
the surrounding coco-nut«.

Mokareng plantation will again bo the first centre of opera I ions.
In view of the difficulties of laboratory breeding of these species, as referred 

to above, this method appears to offor the best possibilities of establishing them 
in the new centre. In order to minimize the possibility of any one colony meeting 
with unsuitable conditions on arrival, at least five such colonies should bo 
transported at approximately weekly intervals,
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Mr. iruvciicd l*> Maims Willi Urn lir»l colun^, hi cii«*ure iL receiving
proper handling on arrival.

While (In: bullion is situated in the ALunus district, iuvotigutious will be 
curried out into tlio incidence of L. becolor in the field where previously estab-
lished, liie biimmic.s of ihu other jmrawitoH transported from New Hanover, Arc. 
Tests will also be made on the possibilities of the application of sprays, also costs, 
Äse., of sume. it is proposed to ascertain whetiter this method of attack bus any 
possible application in the control of Soxuva, more esjieeially in the early 
slag« si.

GENERAL.
In September, iUho, Mokureng plantation, Manus,- was visited by the 

Entomologist, whore it was observed that the »Sexava infestation, wliicb had 
commenced lo develop before the research station moved to Mew Hanover, has 
spread over most of the Salami etui of the plantation. »Sexava eggs collected 
prior to my arrival showed parasite emergence holes in a small percentage of 
eggs, but this was not as iiigit as might have Isnin expected.

Promecotheca antiqua.
In I lie «auly part of 11KM>, one plantation in the Kokopo district showed 

marked infestation by this llispid. Control measures were carried out under 
I lie a*l vice *d‘ the Entomologist, and a satisfactory control of the pest was obtained 
in a comparatively abort period. The advent of dry weather completed the 
«diminution of the pest.

The jK'st was reported to Ik « bad in the vicinity of the King King plantation 
<nd on that plantation, and slight on Limlouhufon.

I (tiring tin* Entomologist’s visit to Munus, J'romccolUcca attack wus in fairly 
strong evidence nt Lorengau, Salami and Lombrnm plantations, and was reported 
from several other areas in that district.

Scoiytidae in Kapok.
Shot-hole liprors were reported from living kapok in one plantation. Inves-

tigation allowed that the trees were planted in an unsuitable situation, und wore 
decidedly sickly; this was most probably the cause of the attack as other kapok 
trees growing in a more suitable situation looked healthy and showed no signs of 
infestation.

Ant Control in Seed Beds.
A iiiimltor of inquiries were made in reference to control of ants in seed beds, 

and chemicals and instructions were given for testing out against, these peats. 
Only one reply was received; in that case the instructions had not been carried 
mil, ami iiusaiisfactory results were only to be expected.

Other tests with a sample of a proprietary preparation wore very promising.

Yir&tbaba rufivena.
This moth was reported from several localities, and* on one plantation in 

the Kieta district it was stated to bo attacking young nuts after sotting. The 
latter is not usual.



SparganobtuiB subcruciata.
This weevil (base borer of coco-nuts) was reported by Mr. Cor Held (Inspector 

.'Mid Instructor) from one locality on tlio »until coast of New liritain, in neglected 
native cncieiuil groves; in this ease tin* infestal ion was ns high ns ;» loci from the 
ground in the trunks.

Brontispa froggatti.
I nv«*»litfuliniiH into the bionomics of this post were started in ihn iiiNcetario* 

in Kahanl.
Collections.

The entomological collections lxavo boon enlarged and maintained. Two 
eolleetiuns have lioeit forwarded to the Jniporial Institute of Kiitomnlogy, London, 
euihriieiug I he orders Colcnplc.ru, Jl ytnciutplrru, Uhyncolu, TUynuiioplcro, hiplcru, 
Lcphlnplcra, Neurupleru ami Orihoplera, in addition to Acarinae.

Knur collections of identified species have been received from this institute, 
eoniprising in all 100 species, embracing tlto orders Culcoplc.ru, Ilynnnoptera, 
Ihplc.ru, JiCpiJopIrru und Uhyncolu. Several species new to science wore 
represented.
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REPORT OF THE ECONOMIC EOT AN 1ST.

VfEAii KNDKD Wru .JUNK, mti.

A considerable portion of the uvuiluhlu tim« has been spent in visiting outside 
plantations and agricultural arcus, belli in an advisory capacity and to guiu 
lurthor experience of the Jtora, soil and olimutic conditions which obtain over the 
widely-scattered arcus of New Guinea.

Tim investigation« curried out during the period under review wore necessarily 
oi u preliminary nature, und also iuo.*?t ol the work earned on vvus m conjunction 
with other spheres of the 1 tcpartnicul’s activities.

’I he completion of a new botanical laboratory and oilier, which is fully 
ii|Uip|M‘d with necessary apparatus and «•hemieuls, will allow of much extension 
ol work on botanical, and particularly plant pathological studies, as il is now 
possible to culture the pathogens.

Tim following article was published: “Dorris. Its Culture and Kconomie 
Possibilities for the Territory of New Guinea ”, while another article, “A Survey 
of tin* Coco-nut Industry in the Mandated Territory of New Guinea”, lias been 
prepared for publication. (Sec New (iuinea Ayricullurul (lazettc Volume 2 
No. 2.)

Plant Disease Investigations.
Specimens of diseased plants brought in from time tu time have Imen 

examined and identified as far as possible.
Some very interesting discoveries regarding tiie incidence of coco-nut discuses 

i.av<' Imen continued, it appourn that chlorotic disease* associated with soil 
delieiency are very important here, especially on old plaulalions. Under the*, 
eomlttions fungi such as ThleUiviopsis, I'cMuzzia />alvutru»i, JielminUiOMfMnwn 
>/>!>. and other weakly parasitic fungi gain tho ascendency and ItasUm the decline 
ol particular ureas. It is seen that the fronds die .»IT from the huso while the few 
remaining fronds present a feathery and very unhealthy chlorotic appearance. 
In late stages the top fulis over, leading to p condition not unlike hud rot. This 
condition is serious in Now Guinea, and is the subject of further investigation.

During the visit to Bougainville island and oilier islands, numerous ureas 
ol what arc constantly referred to as "lightning struck ureas” wore seen and 
investigated on most of the plantations visited. Tt did appear that this condition 
was relatively scarce on young planted areas and was more prevalent in certain 
dislncts than in others. Bleeding of tho stems was noticed (association with 
Tkwtuoio/mi*) ami the foliage of tho u(Tooled palms was usually drooping and 
withered with often the petioles split transversely. Pomes »pp. and Polyjwrw 
*/>/>. were seen on the dead ooeo-nut stems, while Maraxmhi# pnhnivorus (perfect 
stage) was also present.

At laus, Numa Nurna and Teopasinp plantations, Bougainville several 
//aims were cut down and the fronds, and also tho dead wood, thoroughly
Examined' ^ th* WOrRt -,f?6ctcd Palms were also microscopically

This condition i« found all over the Territory, but nowhere so serious as at 
‘.ougamvule Isiand, where serm lightning storms were experienced in the we* 

°*-> reported that during eight months they lost 53 palms
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-)»ivin| i»v< r i<*11 i.M>lulr«l areas, c-uuscd by-‘new strikes ami delayed clFcetn <»| .sucli 
-; rik*Tln.s disease is apparently identical wild Lightning »Strike causing False 
Dud Urn, described by Sharpies in Aiulayu.

A «-«unpurublo <liwa.se, bill apparently with a different primary canoe, was 
><.en at Malapau plantation, Mew Britain, where 200 palms were allccled. This 
area had lieen badly burnt over several times, and the bases ui Lhe palms were 
badly allccled. Stein blooding was present on all of the paling while the fronds 
diowcd the same drooping overhanging appearance as was scon in several 
lightning struck ureas in Bougainville. Microscopic examination of the I roads 
which died haek iroiu the tip showed that u species <<i II ilniinllioxj/oniiin had 
spread through the area and only became serious when the vitality of lhe palms 
was low. ( ‘ulrivalion, cutting olf the diseased fronds and manuring will» ashes 
l iom I he copra drier, made a decided improvement in this area.

The most bailling coco-nut diseases in jNicw Oluinea are the conditions of 
Frond ('lmke and Head Droop (Corkscrew or Cabbaging). These have been 
previously referred to, but it is noticed that it has a pari.ieiilarly wide spreinl in 
.New Ireland. Microscopical examination has given no result,'.. In the condition 
«*!’ lleinl Droop it is seen that the top bonds over as a complete semi-circle, while 
ilu- leaves are all hunched and twistod into a distinct rosette, with the lower leaves 
• parse, short and dying back. In many cases llio whole stem may form a distinct 
loop, or in some ease* becoming S-shapod. In the Final stages there is failure 
to hear coco-nuts, while the * put ho* completely die haek. These are not hereditary 
abnormalities, because many palms recover and may develop the condition more 
than onee. As far as it i* known virus diseases have not la«en recorded in coco-
nuts, hut from analogy are strongly suspected as the causal agent of the condition* 
mentioned, although some, growers suggest that it is caused by an injury to the 
soling hud, o.g., by insect. ,

As an addition to the list of coco-nut diseases recorded in iNcw Huim-a, which 
was published in the last annual report, it is to he noticed that Karl ltochiugcr, 
1007, recorded MucropUoma j h i I murnm on /tree« Jiec/iitn/crlonu and on Cocox 
aneifern at Bougainville, Jvieta, while he also found Anikuxloma corolx on the 
leaf and midribs of Cocox vucifara, A new Bacterial Leaf Blight, Leathery 
t'opra, associated with soil deficiency, und u Silver Leaf Disease,” Isdieved i<» Ik ; 
e.iused by an unidentified fungus, arc also recorded hy the prerent author. King 
Disease of imntnturo coco-nuts was recorded by II. W. .SinummiU in 102 l. Dr. 
Noble found evidence of fiotrtfodiplodia iheobrornae being associated with the 
disease, but could not sav whether it w a s causal,

OoKKKK DjMKAKM.
( bdFec Rust, if Amelia vexiulrix, has not lieeti fouml in New (iuim-a.
Some very interesting observations were made on HjMtcimcn* of code«- tli-rive*! 

from Ivuruvat demonstration plantation and Yunalama, Now Britain, also Hugen 
Harbour, and l)r. Kroening’* coffee plantation, Bougainville. 11 wms seen that 
in Ilm codec nurseries Thread Blight was sorious—this was particularly the case 
at Vunalamu, where old doeayod loaf fronds wore allowed to dry and shrivel up 
without boing removed. These fell on to the young plants and constituted the 
focus for infection. Thread Blight (CorHdum Kohroyu) was rather bad in the



anti vo arcus ul Koruvut demonstration plantation. Teal' Spot caused by 
lira< Jii/xponam or JJvlminiUospoftum spy., was scon to a greater or kaour extent 
on all arcus visited.

Hoot rots arc tho most formidable diseases in tliu main codec ureas of .New 
Guinea; ibis is lieottusc coffee was planted after new clou rings, hence the wood 
roots, tVe,, lnnl not completely duouyed. Such vegetable mailer served as a source 
of infection to the coffee. An excellent specimen of the well known root-retting 
fungus Jiasoltinia pvpu was collected, and also the perfect stage of Fomas app.
(ian(*lcrm<i xubruyoxum (Put et iloisd) was also collected in u couple of instances 
on coffee ureas.

Chlorosis or die-back of the dutiuiouey hypo of dHouses is probably the main 
cause for the presence of numerous sickly and weakly bushes in the coffee 
plantations here, ami uulurully fungous posts arc usually associated wall the 
devitalised condition of tho plants, it is most iiuportunt that alt plants with 
knotted roots la- rejected in the nursery, as u large percentage of the chlorotic 
hushos in the mature ureas had badly constricted and knotted roots, which led 
to restriction of the sap flow and thus affected the plants. Such plants are easily 
recognized in the nursery by the shrivelled and unhealthy appearance of tin* 
leaves, thus a good deal of costly replacement could bo saved by selection in the 
nursery. Other causes of die-back and chlorosis here, and probably of more 
importance, arc soil and manurial deficiencies, such as an inadequate supply of 
nitrogen or carbohydrates, which can only Ih > resisted by promoting healthy 
condition of growth. An excollcnt exuinplo of such chlorosis was seen where 
approximately 10 acres of coffee was growing on an area with an underlying 
limestone hardpan, which had been deposited from solution.

HERBARIUM
A drying house for specimens was erected in the Botanic Garden«. About 

200 covers have been added to the collection, and where possible six specimens of 
each plant wore collected for despatch to other countries.

Luno-Hoole’s valued collection was reviewed und classified according to bis 
own notes. Propor facilities for storing specimens arc being constructed, and 
some blocks of shelves arc already on band.

Investigations on Natural Products.
Pa ü in a r i La u k in i (the “Kusta” nut).

The fruits of this local tree havo attracted cou.ddcrublo attention on account 
of the drying oil they contain, reputed to Imi not unlike Tung oil, and the oil 
has been tho subject of ehomioal investigation. Specimens of the nuts were sent 
to Kow Botanic Gardens and to tho Imperial Institute for further examination 
and report, as it is also worth investigation from a perfumery viewpoint. Tim 
mashed kernels arc used by natives for stopping boles in canoes ami for fixing 
spear heads.

Ne w  Gu in e a  Ra t t a n s (Calamus spp.).
Numerous experimental shipments have been sent to various manufacturers 

in Austraila for report as to their suitability for furniture-making. The reports 
h o far are not promising, but much work remains to be done to prove what future
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l 1k : fr L-» lor ihc product. Comprehensive holuuicui collections, lor proper 
identification of the species concerned, arc being made. Also, more attention 
to preparation and selection of the best cuues is necessary for future shipments.

La i. a  n o  o k  Ko n a i Uk a h k (Jin prrula arumlinmfu).
i > known to compare favorably with Algerian esparto grass for paper- 

making. Some Australian firms are seeking concessions to exploit this product 
in Wiv (iiiinca, where large areas of kunui grass exist, Cutting an cxpcrimciilal 
area in Itahnul imlicatcd that it yield of uhout tons per acre per unitum could 
l»f expected with two cuttings per year.

jN.vt ivk FinitK JVant s.

The line strong fibre derived from a elimi*rr (Cry/ns/ci/m */>/>.) is widely 
used in Louguinvitlc und New Britain for making very line and strong lishing 
nets, which will last three years in salt water. «Specimens of tin* fibre wore sent 
to Kew.

ynemon.
The bark of this native Into is also widely used, particularly in Lavougai. 

for the same pur|K>se.
(V/.'halo/iibLsrus l’cekcUi und other spp. used for making strong ropes ai<<I 

small bags. Some excellent specimens were collected.
A species of Bandanas is used on the Mortlock Islands fur weaving line 

-aiuples of cloth, which is both strongly and neatly woven on crude looms.
The lihre derived from native Mu*a «vpp. is also Used widely in native work 

on Bougainville island, and this could l>c a valuable commercial product.
I'Uun. Iloinaliuin foduluin (lioxb.) Bent. /»'/<*< onrliuci'iir.

One of the finest hardwood* from Lovhngui was identified hv Kew Botanical 
Museum. This is a very large forest tree which grows to a height of loo feel, 
and at maturity has a diameter of about 10 feet. This i> being sold for commer-
cial purposes by the 1a :per Quarantine Station.

Two trees, native to Luvongai and suited for timber purposes, were identified 
as (JInchülun Nnvo-fiuinrmse (native name Keneni) and Tcnniinilin s/i/t. (native 
name Kiraulu).

A species of tilaloutemmu (Urlicacaea) was sent is as a weed suspected of 
K'ing poisonous to cattle. It would appear that the hairy nature of the foliage 
would render it rather indigestible.

INVESTIGATIONS AND VISITS TO OUTSIDE AREAS.
The first visit during the current season was to the Ta *jmt  Station at Anelami 

island, and to the leper quarantine urea at Tuskul, New Hanover, and a compre-
hensive report was submitted. The objective of this visit was to advise the 
authorities on methods of controlling soil erosion, which was very serious on 
Anelami Island. It is the intention to make these stations as self-supporting as 
possible, and agriculture plays a big part in the* community life of the stronger 
patients; bunco advice was given on rotation of crops, utilisation of forest 
resources, &e. Much suitable planting material was later supplied by the 
Department of Agriculture to those stations.



in September an oxleudod vi»K was paid to Bouguinvillu Dlaud, and iu 
addition plantations ut Numutunui, .Now iroluml,- .Nissan .löluitd» und Buka 
Bland wore visited. Particular attention was paid to ltugeu .liarhour coffee 
plantation, Kaua, uud a report furuishod, but on almost every plantation from 
Kaua to iiuiu boundary some investigation» were made. La the virgin areas 
at iiakau plantation, which are now being developed for coffee and cacao culture, 
the soil is rich and the forest covering heavy. Reports were furnished on diseases 
observed and various other aspects of coco-nut culture.

Later in the year a second visit was made to Amalgamated Coffee Plantations 
Ltd-, at Vunalama, New Britain, und u report submitted. Attention to shade 
regulation bus much improved the pluutod ureas there.

The development of coffee culture here since JffffO has been promising and 
worthy of note, us about 1,200 acres are now piantod to tin» crop and more areas 
are being planted (c.g., ut Hakau). Kugen Harbour and Vunalama plantations 
are now coming into Iwaring, and are at a most interesting phase of development, 
iu both instauecf, the liras! .coffee beaus despatched was within two and a half to 
three years from the date of planting. When accurate coating and production 
figures are available, it will be possible to indicate the future possibilities for 
large-scale coffee-growing in this Territory.

An ex{*erimontal urou of ubout 10 hectares of Jackson’s Hybrid colfee i* 
yielding well at Kugen Harbour. In India this is known as Arabian Hybrid, 
but i'' not so well liked as Kent’s Arubiea Hybrid, some seed of which has been 
:nt rod nerd and isolated in two situation« by the Department of Agriculture; 
seed should he available for distribution iu three years. it is believed 
that the development of high quality coffee production at high-level situations 
in this Territory should lie worthy of much attention.

AREAS DEVOTED TO ECONOMIC CROPS, RABAXJL.
Tim Sand in the economic section had been subject to rather serious denuda-

tion and erosion, so it was decided to level the area iu addition to providing a 
large drain to carry off all surplus waters coming from the hill» behind. This 
levelling work is about two-thirds completed; hut, owing to the depth of soil 
removed, crops will not grow' well, hcnco it has boon necessary to bring the soil 
back into production by cover cropping and manuring.

Three large nurseriet» have boon orectcd, one of which ha» been 
completely planted to coffee seedlings. These nurseries are also designed 
for budding and graftiug work with coeoa, citrus, mangoes, and fee 
on, to supplement the work carried on at Koravat and for teaching 
I he molt» intelligent natives how to do this work. Provision is being 
made for improved seed storage facilities. It is also interesting to note that 
manure derived from the Rabaul town night soil, and treated by the Indore 
fermentation process, is being used on this section. There is provision made for 
using several tons per week when transport facilities arc available.

An interesting experiment on propagation of citrus varieties und species from 
cuttings was carried out iu nursery beds under calico covoring, both stem and 
root cuttings 1 icing used. Tahiti lime, Citrus medico, and Citrus lemonia all 
struck well, und although only a small percentage of stvect and sour oranges 
grow, those were from softwood cuttings, whereas the hardwood cuttings did not 
grow. Varieties of mandarins failed completely.
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1 ü addition to Lite fruit ureas at Kuruvul, a more eoniprelicnsivu but smaller 
eolluetion is maintained iu ltabuul. Last season superior varieties of Adttux 
:.<ijKjlu, namely Sawo kollou und Sawa muni hi, wore introduced from Java and 
transplanted to Lb«: economic orchard.

Two superior varieties of mangoes (Paw Puw und Kumm) were introduced 
from (Queensland, ami wero transplanted to the fruit section. In addition lo 
those, sumo valuable introductions, consisting of the Aruvel, Prumuhuc, l'uero, 
Kafr, and Uruhuroro varieties of seedless breadfruits introduced from Tahiti, 
arfr planted out in two separate areas. As the natives are keen on some other 
imjO'oved varieties ol seedless breadfruits just coming into hearing Imre numerotis 
root rutting* were made tor distribution, ami tried in various areas. Arrange-
ment •> are also completed for grafting sujRirinr types of mangoes of which seven 
varieties were introduced in German times, ami to seedling stocks for the same 
purpose.

itmhled superior varieties of ltamlmtun* introduced from .Java were sent to 
K era vat demonstration plantation, while others more recently i(itrodm*cd are 
lieiug planted at Uahatll. Selections of Hurl bolt'11 in cxcctsa ( Hra/.il Nut) were 
introduced hy the Director of Agriculture from Singapore, and also further 
lock' of selected Dorris of known high roteuono content. .Numerous marcots 

of superior Pomoloos and itnuihuluns already in bearing were propagated bv the 
Vnr*eryiuan. Some introduced Muiigostceus are well established.

Most important introductions lust season ware seeds of the following lyjies 
of (huohuuu (quinine):—

(Hm b on a ledgcriuna.
(cinchona snccirobra.
Cinchona robustu. •

Cinchona hybrid.
These were introduced from A muni, Kast Africa, and from the Manager, 

iiovenuaout Cinchona Plantation, Kalipong, Burma. Arrangements were made 
and nursery beds prepared at Itainu Post, Morolxi district, to receive llii> seed, 
at an elevation of 5,200 feet.

General Plant Breeding.
('lose co-operation with the work at Keruvut demonstration jduutaliou has 

been maintained, and good progress has boon made with work carried on in 
conjunction with tho Supermtendent.

'i’ho programme of coco-nut improvement by close hnxsling ami selection 
iiiangiintUsI last season has lxxm much extended by using coco-nut selections 
derived from the most representative districts ami plantations in New Guinea.

Vcgotativo propagation of cocoa selections first made l»v the Superintendent 
was commenced, und by a))|iroach grafting iu tho nursery 100 j>er cent, take was 
recorded at Keravat. It is necessary to increase these selections into vegatutivo 
or clouul families before their »dative value is absolutely determined on a com-
parative basis. Approach grafting was also successful on a large scale with old 
trees at Ualmul, where seedlings of a strong Perus tore hybrid stock was used. 
Phis work was again farther increased on established tree* at Keravat under 
the supervision of the Superintendent. The ease and quickness of tliis method 
indicates its value to planters, especially as it can be done bv natives. Budding 
work is also to he commenced, as it is known that the Criollo cacao present in



.New («tumui i.H (.(jitul Ui any in the world, and should iiourisli heller on a strong 
hybrid slock-—this experimentation is proceeding.

Yii ■ numerous .1 HVti coffee selections introduced lust season from the celloc- 
breoding »»tutions have been planted out* in separate plots for observation prior 
lo fortlier breeding work being curried on.

Ite-miloeliou ha* boon earned out wilitiit ihc eurlier-inlrmluced ami weil- 
knowii .lava codec numbers liangeiuu 1UÖ, 01 and Socmbur Asim 7b. 11. This 
means that there is now much improved Kobusta coffee seed available for 
distribution. Selections are also available from the Jackson's Hybrid and from 
several tvcrnvul numbers.

The praetienl method of selective re-grafting was also eommeneed in lie- 
o!<l coffee areas, and newly-appointed inspectors and instructor*, together with 
some intelligent natives, were employed on this work. It was at the lieginning 
of I he dry season that the grafting eounnomvd, and most sneeess was at tained in 
the more heavily shaded areas, due to the shade and moisture present. Hangelan 
]Oä.Ol was used for grafting over the inferior bushes, which had been cut back 
earlier and one or more shoots allowed to develop.

1'utell budding with kapok, using two intelligent natives for tin* work, wa* 
very successfully attempted, using spreading Hondowosu on .Java needling.

Some selection work was curriod out by the single tuber method in the 
various varieties of sweet potatoes (fpomocu bohtlus) both at ICeravut aud Kabaul.

BOTANIC GABDBN8—KABAUL.
The gardens have boeu well maintained and many new additions ar.d 

improvements made. The nurseries have been re-anunged with nil new bods 
properly lined out and well construe teil. The existing plant houses have been 
»•«•paired and roofed over with new bamboo luttiee work; the cement foundations 
were also strengthened.

Although the watering facilities' have been increased by the provision of now 
pipe lines, the water storage capacity is totally inadequate to sustain the gardens 
ovc r the dry season. I’lau* have beep drawn up with tho intention of remedying
thi.« position.

A considerable number of large epiphyte orchids was received from Bougain-
ville and Manus and was displayed in various position* in the main garden*.

One area at the approach to the Director’* house was tenured uml much 
improved by the establishment of ferns, JDiffcnbuchius, Culadiumw and other 
shade-loving plants. The introduced plants in the rockery, lai<l down during the 
previous season, have made u very fine display and filled up a large area where 
lawn grasses did not flourish. One large rockery was also laid down last season 
i>i tho valley nearest No. 2 Harden House facing the main pathway, while two 
raised beds were also established in adjacent areas. This has again filled in an 
area when* much silt collected and few plants wore growing.

(,'arlodovicia pal mala, Pandann* varieyala. Slrtlilu'a aud various other plant* 
acre also used very successfully in densely shaded areas.

In dose proximity to the avenue of Qlyricidia maculata stretching through 
tlx* centre of tho gardens the ground was very bare, hence a representative collection 
of shrubs was planted to improve this area, with good effect. Near tho centre 
path, where much washing was formerly evident, two well designed and 
terraced rockeries have boon constructed.

1030.—2
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Tlir large it ik ! mnv expanse oi hi was» und shrubs liud dawn m thu garden lacing 
Muluguna-road lias considerably improved the appearance and orderliness of the 
central anas, it is rather unforturiuto that u great proportion of the tourists 
travel through the pathway at the head of Mango-avenue, and proceed to tin: 
nurseries and aviary without seeing the true seopo of tho Botanic Hardens.
< ousiilerablu attention has been paid to this suction, however, and beds of annual 
dowers, newly gravelled pathways, low hedges, extra potted plants and so on, have 
been provided.

in other areas of llio gardens Lite provision of climbing plants on bare trunked 
ln es, e.g. I’uricm app-, and on the j>ulltudca alula avenue, lias clfcctively reduced 
the burn uppeuranee. Epripremum pinnatum, Calamus rolamj, Huugainvillca 
sj.ectahlis, Ax., liave been largely used for this purpose.

These gardens have maintained tin extensive exchange with other botanic 
gardens and departments. Suitable collections of low land orchids were sent to 
Liuitenr.org, Pcruduniyu and Singapore Botanic Gardens, and also a collection’ 
of tropical fruits'to Queensland. Numerous other plants and orchids were obtained 
in exchange.

On bis return from abroad the Director of Agriculture introduced a number 
of plants ami orchid* of economic and botanical interest.

The numerous new introductions brought in tho previous season from 
Bnilenzorg, Singapore and Hong Kong have in most eases been well established 
and ha»<• addcti a cnnsiderable variety of ornamental plants.

Although post inspection lias been rcgulurly maintained, a number of the 
older palms wore effected by palm weevils. A number of the very old palms 
appear to la* declining, apparently owing to soil exhaustion, and much manuring 
and cultivation is rendered necessary.

Manuring with compost, udeo and blood and bone is regularly carried out as 
is spraying whore necessary. The gardyns can use practically all the Kabaul 
night soil, treated by the Indore process. The now stand of tin- terrestrial orchids 
ArucJiis malmjujfi, and particularly Vim da Miss Joaguin, liave been one of the 
features of the lawns in tho central beds. The red flowering fraugipanni from 
Mexico produced one of tho most lovely blooms in this urea us did the newly 
introduced Arahidwa marjnifica.

A large collection of seeds and pluuta wus forwarded for avenue plantin'' in 
the township of Lae.

Avenue«.
A line of natives was employed regularly on avenue work. On two occasions 

this line was iuerensed and all the avenues systematically gone over und tile «lead 
and overhanging branches removed. This was particularly the ease with Cusuarinu 
ami Malagtma avenues.

The following new avenues wore planted during the year:—
Kuanuu-uvenue—J'cltophoruvi inervu:.
Uluwun-avenue—Cassvs sienuta.
Park-street—Jjagerstroemia flot rcyinti.

The five new avenues planted tho previous season wore kept in order and 
replacements made where necessary. They were kept watered in the early stages. 
A plaited bamboo shade covering was placed over the avenue trees where reijuirod 
and particularly over the Royal palms in the Namanulu-road.

¥

*

fy

k

«'

*

f



REPORT ON THE DEMONSTRATION PLANTATION, KERAVAT.
YKAtl liNUKll JIUt i i .IliNJi,

During I in year under review further economic development took place. 
An additional area of 24 hectares was clou red and brought under cultivation, 
and at tin- close of the your there wore U2 hectares in cultivation and 17 
hectare* under secondary bush and ready ior Jinal clearing.

Approximately 1 mile and 10 chains of road was constructed, where necessary 
suitable avenue trees were planted, and bridges made from local hardwood timber 
were luiiil across drains and creeks as the various scctious of road were formed. 
The total road mileage at the close ol the year was 11.(J.

I.ong-lerni experiments wen* commenced in respect of coco-nuts, culfee and 
caeuo, and short-term rotational and varietal experiments with annual food crops.

A native food area, comprising 12 hecturcs was muintained throughout the 
• ear, the ernpx Dung issued for food [mrpoxos to I lie laitour and to supply outside 
demands.

Provision was made and sulhcieut areas maintained for the supply of economic 
seeds and plants.

Further com-nut, coll«*«? and caeuo selections wore made, and seed from 
M-leeted mother trees was planted in the nursery.

Nursery and field trials were uutdc in respect to the budding of kupok and 
tlte grafting of eolfee and cacao.

A series of «•xperiments was conducted in cacao fermentation and earing and 
the results have Iteeu published in the Uairitc. A coating experiment with ground-
nuts was also made, and the data obtained is being compiled ior publication.

During the year frequent visits were made to the plantation by the Economic 
Ilotanisf who is collaborating in experimental work.

Native Labour.
The diet of the labourers was continually varied, the rice ration being 

supplemented by taro, yum, cassava, sweet potatoes and green maize. Bananas, 
paw-paw, pineapples, groundnuts and mature coco-nuts when available were 
issued in addition to the normal ration. The preserved meat or fish ration was 
supplemented with fresh fish, a fetal of 6,384 lb. being issued during the year.

Visitors.
Exclusive of departmental officers, 340 visitors to the: plantation during the 

year were accorded advice and instruction.
Meteorology,

The rainfall during the year was the heaviest yet recorded, am! totalled 12 1.74 
inches, the heaviest falls occurring in November (14.1)7 inches), January (14.34 
inches) and March (17.41 inches).

Precipitation was registered on 225 days, au average of 18.0 duys per month.

PERMANENT CROPS.
Cacao (Thepbromae cacao).

Maintenance work iu connexion with this crop w«$ carried out during the year.
A further number of trees came into bearing, and it was possible to make 

further sehretiopK and commence a new series of curing experiments.
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V told records were kept ui the mol lieu1 trees ; the yields id I rocs Nos. 2, 1, 12, 
Id, 14, 15 were exceptional between tbe periods 2'Jtb October, 1035, und 1st

1 li.Hi, and wore as follows:— 
Tree .No. 2 . . 13.0 11». dry commercial cacao.

,, Nu. 1 .. .. 15.7 „ „ „ j(,
„ lYo. 12 . . .. 15.0 ,, „ „ ,,
„ No. 13 .. ... 12.1 „ ,, ,, ,,
„ No. 14 .. . . 20.4 ,, ,, ,, •>
„ No. 15 .. Ltl.d ,, „ „ ,,

wo acres that were.prepared during the latter half ol just year were planted
experimentally with selected seedlings for yield comparisons.

Two acres were intcrplantod with coco-nuts and tbe area was laid out on an 
rxperimeiital basis.

The 7 acres that at the end of lust year were iu the course of clearing and 
preparation for a yield, and spacing trial of selected seedlings, were planted during 
1 in: year.

Tbe preliminary clearing of five hectares commenced last year fur planting 
Criollo cacao was completed and 880 seedlings have been planted to date.

One series of curing experiments was completed ami tin* results published
in the (lazeltc.

" Approach ” grafting trials were conducted in the nursery and Jield, and 
proved successful. A number of Criollo «idling* was grafted on hybrid stocks 
in preparation for planting in the Criollo cacao section.

Coco-nuts (Cocos nucifera).
Maintenance of the coco-nut urea was enrriod out during tlm year and an 

additional 8 hectares were planted.
A long-term breeding and selection programme was instituted in collaboration 

with the Kcouomic Botanist. One 5-hcctarc block is being cleared and planted as 
required. At the close of the year seed nuts from 25 mother trees selected on live 
estates throughout the Territory lmd been planted. Seed nuts from a further 
25 mother trees selected on three other estates arc in the nursery awaiting genuina- 
lion before transplanting.

Caleh crops and cover crops were planted in the new areas as clearing and 
planting progressed.

Collection of insect pests and treatment of infested palms was maintained.
Nine King coco-nut sedeetions were made, and seodling* planted as a wind-

break on I lie northern end of the driollo cacao block. The Melodious consist of 
six ** <1 reen ” variety, two “ Yellow ” variety, and one “ Ited ” variety.

Coffee (Coffea spp.).
Cultural methods were maintained throughout the year, and further selections 

ueiv made by the Kcomnuio Botanist. There are now—
Mi selections of Keraval Berry .. .. .. (K.B.)
M> „ „ Koravat Berry-Stock .. .. (K.B.8.)
3 „ „ Koravat Stock ... .. .. (K.S.)
n  „ „ Koravat Uobuata 78.11 .. .. (K.It.78.il)
s „ „ Koruwat Bangulan 105.01 .. .. (K.Bgn.)
b „ „ Koravat Jacksons Hybrid Berry .. (K.J.II.j
3 „ „ Koravat Jacksons Hybrid Stock .. (K.J.li.S.)
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A ih 'w nm>rry wiiM cou*truot«d and 9,572 scotla of the various selections 
planted. An ami of lund auflieiont to accommodate 2,975 seed lings was cleared, 
holed, and planted with temporary und permanent shade, preparatory to planting 
out the ahovc selections on an experimental basis.

A certain aniomii of grafting in tlie held was conducted towards the latter 
half of the year in order to observe the best periods and methods of grafting to 
adopt. Observations showed that a certain degree of shade is required, in the field, 
and that nursery grafting would probably lx< more economic us the shade conditions 
can 1 m * emit rolled. A eraugeiuenls were therefore made when planting the new 
nursery for ample material to lie available to curry out complete experiments 
under nursery conditions.

Harvesting of the main block continued throughout the year, and the yield 
up to the 1st dune, I95<>, was 2,i45 11». of hulled eolFee which was sold locally 
at an average price of 9d. per pound.

An area of 2 acres, prepared last year for a variety trial of imported struma 
and Kent vat selections, wins planted.

Oil Palm (Eiaeis gumoensisj.
Tho whole area under oil palm is yielding well, and cover crops have been 

established in the four blocks. liegulur pruning was curried out every three month* 
during Liu* year. Neither j*eata nor disease« were troublesome during the year, 
ablumgu two palms affected with a form of “Bud rot ” wore destroyed.

Fruit«.
(iciiernl maintenance of the fruit section was carried out.
New plantings, consisting of sixteen mangosteens, Qarcinia mangoxlana; 

twelve rambutans, Nnpholinm iuppuceum; four tawo-koelon, Aehrwt zupola; four 
sawo manilu, achrtto zajiola; four duku, Jjanxium, domcnticum; four mundo, 
(laminin do I rix; four durian, Dario zihel/twus; two mliudjo, (JnoLum gnomon; one 
uungku-nnngku, Ariocurpwt intagrifolia; two sukon, Arlocarjms incitta (seedless); 
two duku, Ij fltnnexli<uiin.; and eight bilimbing »pp. Averrhuu caramhola and 
I. hoi noli i. All those vnriotios woro brought from tho Duteh East Indies by the 

Economic Botanist. N.H.—Gmium gnomon is also native to New Guinea.

The citrus fruits were kept clean, weeded during the dry season and the cover 
crop allowed to re-establish during the wet season.

In April, 1950, sulphate of ammonia at the rate of 2 pounds per tree was 
applied to the orange« and lemons, and the same quantity of sulphate of potash 
was applied to the grapefruitr and mandarins.

Tropical fruils, such as rambutan and avocoda pear, bore crops during tho 
year; contrary to expectations the mango varieties did not boar. The Queensland 
paw-paw section was increased, also the Hawaiian paw-paw area. Pineapples 
continued to boar prolifically, the quality of the fruit, however, being only mediocre 
due possibly to the abnormally heavy rainfall, Tho banana aroa produced fruit 
throughout the year; the bunches were well formed but a big percentage of the 
fruit was damaged by insect peats.-



ROOT CKOPB.
The principal root crop* under **ultivution during the year were: lui'i), cassava, 

>i.m, mumtnee, sweet potato, and Jerusalem artiehoko. All, with the exception 
of the latter, were utilized for native food purposes and to supply demands for 
,00,1.

The yield ami palutubilily trial laid down in April, lDiif», wus continued, und 
certain varieties were rejected after the first harvest.

Seed of three new varieties of “Tnitu’* yam was introduced from the
I iol.riand Islands.

Sweet potato selections were made, and three strains deliiiitely fixed. »Single 
tnhers uf each of these strains were planted for multiplication purposes. Attack 
l*v the larva! of the moth IIi^/tofion cclnio, oeettrred frequently throughout the 
year, and some measure of control was obtained by dusting with arsenate of lead. 
Tin- sweet potato weevil (CifluM /ortttiruri/ns) was responsible for reduction in 
\ ield ami damage to a big percentage of tubers.

Small demonstration areas of tin: minor crops sneb as (!anint rdnli* and 
11umtilu tiniuiluHicru were kept tinder cultivation.

ANNUAL POOD CROPS.
if ice was kept in constant cultivation during the year; one large area was 

practically destroyed by heavy wind and rain in Jauuury, UKW. A fungus jmssihly 
II••Imnil/ioMimrhnn »pp. was very prevalent, also a species of llemiplant. The 
variety trial laid down in March, was a failure on account of disease.

Maize cultivation was maintained throughout the year, to provide native
II „MI mid >is‘«| r«‘«|iiiiviuents.

(ironml-uuls were in continual cultivation. “ Red Spanish*' and “Pearl” 
varieties being mostly used. A coating wq>oriineut with “ Red Spanish” ground-
nut^ was i-arriisi out, and the crop which was forwarded to Australia for sale 
realized II. ä pence (tl.jd.) per II). Two new vurielies of ground-nuts were intro-
duced from Rhodesia and are growing well. Issues of ground-nuts were made 
Irom time to time for native food purposes; seed was also supplied for native 
agriculture am! plantation require menu, and shelled nuts sold to locnl Chinese 
u> Kahaiil.

FIBRES AND SPICES
Demonstration areas of the principal fibres ami spices were maintained, 

fibres under cultivation art—Manila hemp, sisal hemp, sttnsevieriu hemp, pine-, 
apple itemI», hunuuu hemp, sunn hemp, jute, kapok mtd cotton.

The spices comprise—Cinnamon, clove, pepper, gingor, tuuiorie, and capsicum», 
The pepper and gingor sections were increased during the yoar.

DRUGS AND INSECTICIDES.
Small demonstration areas of tobacco, cocaine, Tophrotia vugelii, and 

IIydnocarpui anthelmintic#, were kept in cultivation.
A section containing Darriß *pp. and solectcdt Dorris from Singapore, was 

cultivated for observation purposes, und portion of the area was harvested at the 
»•lose of the year preparatory to forwurdiug samples overseas,
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COVER CROPS.
< 'over crops worn extensively planted during the your, particularly Pucrariu 

jamniru, Mimosa invisa, ControHCina pubescent, Culopoyoniinn muxiimidcx, and 
. 1 rxch t/uoiii<‘ur aincricanu.

The species of cover crops now under cultivation comprise: in addition to 
I hose listed above ; I‘so phocarpus pains! rm, 1‘achyrrh izu.s crus as, UoLickos hosci, 
t/csuiodium scurpiurus, Cftasaulvs spp.

GREEN MANURE CROFS
'1’ht! chief green manure crops uro cowpea, ('rulalaria aiuiyyroidcs, Tcplirosiu 

Candida, Cliloria cajanac folia, und grouud-nuls. In addition Cujanux i adieus, 
Tcph rosin voyclii, and Cunavalia spp, uro kept in cultivation.

Sulliciont arcus of tlio above crops were maintained to supply seed for the 
plantation and outside requirements.

SHADE TREES, WINDBREAK TREES.
For the cultivation of coffee and cacao, both temporary und permanent shade 

trees are used. The former are ohiolly (J. ana;/ pro ides und T. Candida, and the 
latter Leueacna yluucu, Albizzia suinutruna, Erylhrina microptcryx, and Erylhrina 
(flauen. The throe latter permanent shade varieties were introduced during the 
year and are being used for comparative purposes with L. ylauca.

In I lie spiee section, species of fxincaenn, Albizzia, A dcnmUhera, Gliricidia, 
and Ibdio/tUc.rum are used for demonstration purposes.

Troon such as PUhrcolobium sanuin, Ptllhoporwm inerme, Cassia tiatnva, und 
(lydnorarpus anlhelmintica wore planted during the year to form windbreaks und 
In function to some extent as shade.

BUILDINGS.
A now barn constructed from native material und measuring Ö0 feet by 

'£'■1 foot, an office, laboratory, hospital, and store with sliding roof were erected 
during the year.
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AN ARGUMENT AGAINST COPRA CUTTING.

II, K. llliim.

h i>. remarkable that, despite the continued diaru.vduu of cuco-nul planting 
m all its branch«.»», from tl.e planting of tlm uni to the drying, iiiMjMtcling
; • * I. i inark*,l iug of copra, there i* one Mage of the industry tiiat Imh received very 
little attention. 1 refer to tin* [»repartition of the green moat for drying or, as 
ivc i«riu it, copra cutting.

The present .system (ex«*epl among llmsr few who have adopted the “l ley Ion 
I trier”) is, indeed, praet icully laken for granted, and it is not generally realized 
ilia! \\e have unwillingly adopted what is merely a slovenly native method: a 
method that is a relic of the days when the Kurupoun was a trailer and collector 
rather than the planter and producer. It is a method unknown anywhere hut 
in the South Sens and it is, I suggest, the main reason why I lie copra front those 
parts has heen relegated to its lowly position on the world’s markets.

Tim co-operative efforts of planters and copra inspectors have raised the price 
of ih'ihani Hat Air copra to alt average of about 20s. above that Isslrock price, 
Imt we are sliil a very long way down the list. In brief, Jiubaul iLot Air, the 
I test of the “cut” copras, is still below the worst sun or hot air dried copra 
produced from the half nut. Below (it must he emphasized) copra produced in 
countries where the industry is almost entirely in the hands of natives.

I'hiilv '.Ml per cent, of the copra shipped from this Territory is produced 
under dim:! Kuro[wan supervision which is a far larger proportion than elsewhere. 
We have the advantages of good driers, a high standard of plantation management, 
and a s<»uml system of inspection. If oil the stages of production were brought 
op to date there is no reason why our copra should not rank among the leaders.

There are three outstanding reasons why the “half nut system ” produces 
heller copra.

Xo sweating of copra in bugs. Under prevent conditions a large amount of 
copra reaches the drier in a hot, slimy state. Half nuts can he placed on the 
drier a« soon as broken.

No sweating in the drier. Hot air can circulate through loosely piled half 
nuts better than through even a thin layer of cut copra.

Klimimilion of dust and small pieces, A constant cause of complaint by
buyers.

In addition to the improvement in quality, there arc these further advantages.
No loss in the field. Under the j»rosent system this loss prohuldy varies from 

over .'» jar cent, to 2 per cent., according to the efficiency of the cutters und the 
strictness of their supervision. But «onto waste always occurs—the excellent 
'•omiiiiou of the planution pigs (and of the kanaka pigs from villages adjoining)
testifies to this.

Less iosa in the drier. This is least in hot air driers with moveable trays, 
but even there is probably as much as 2 per cent. On smoke driers and those 
ty|M.\* of kilns whore the copra is trampled on und turned with shovels it is 
undoubtedly very much larger. There is also tin appreciable I«»** in the form of 
«l*i—i and sweepings when hogging.
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(<'arcful ;I ml impartial tests under plantation romiit tun.'. would be necessary 
lu form an accurate estimate of tin* total avoidable waste caused by copra culling. 
Th« writer’s own experiment* and observations have convince«! hint that the average 
is in excess of 5 per cent. Nor can this percentage he considered (Kitty since it 
represents, on an average year’s total production, aliouL tons a very worth-
while saving.)

i idler fuel. Any manager, wind her employing kilns or smoko driers, who 
has suffered one wet season is eloquent on the difficulties and delays caused l.v 
sodden husks.

.sin! exhaustion. t i n»k» art* a wasteful amt iuoilieionl fuel hul (without 
the shell) form a useful mulch ami a valuable source of humus.

Fewer mosquitoes. Kvery half husk, with shell attached, is a potential 
mosquito breeder. Without the shell they are harmless.

it is reali/4«tl that a e,hange from the existing met hod will involve some 
difficulties, particularly in the initial stages. No attempt to alter the method ■ 
and habits of our conservative minded labour 1« ever easy, hut it is felt that 
the benefits outlined above will well repay the trouble.

There would no doubt he a slight increase in the cost of produel inn at. tin 
outset, hul this should gradually disappear as tin* labourers become more adepi.

Kxcept for the saving of waste before mentioned, the financial benefits would 
not he immediately apparent: the results would bn gradual as was the ruse when 
copra inspection was first instituted. Indeed it might even he necessary to e!a*- 
copra so prepared in a separate, higher grade, lint such copra should eventually 
I each the price standard of Ceylon—and the stigma “South Sens* bo, at last, 
definitely removed from copra produced in this Territory.
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HUMIDITY.
Humidity is one of tin; main climatic factors, which is closely correlated will» 

temperature ami rainfall, also with the proximity to the Kfjuulor or the Poles, 
ait it ode, prevailing winds, Ate. When the absolute humidity of the atmosphere, 
reaehes a eerlaiu percentage at a particular leuiperalure, precipitation occurs and 
rainfall res lilts.

The atmosphere might not Ik * saturated at a particular temperature hut a 
decided drop in temperature such as happens, when moisture laden winds encounter 
high mountains and come in contact with the cold air surrounding these mountains, 
will haul to saturation at a lower tempera I tin* and thus precipitation occurs.

The distribution of the rainfall in particular areas of New (lumen may mainly 
i*e attributed to this fact, e.g., during the north-west season the norlh-we-t portion 
of the island of New Itritaiu receives much more ruin than the south-east portion. 
('onwisely when the south-east winds prevail the south-east portion of the island 
receives most of the rain.

As compared with Australian weather records the humidity of New Guinea 
is coiishlcrnhly higher and more constant, also the temperature and rainfall. New 
(aiiiiiea docs not experience that “rest period” that winter gives in Australia 
which is so essential to most fruit trees. This a in pi i hex how important u control 
the weather conditions have on the agricultural possibilities of a country.

The continual humidity in New Guinea loads to development of rain forest 
growth. The plants comprising the flora have particular adaptation for truns- 
piration of moisture, and further their flowers are often concealed and protected 
from the effocts of excessive moisture on the pollination.

Meteorologists put forward tho theory that rain forests increase the rainfall. 
When rain falls on u forest, u jKireentage of it is detained by the crown and trunks 
nf tin lr»v.s and ru-cvapoTatod into the air, thus further increasing the hitler’s 
-lore of moisture. If, then, a moist current strikes this cooler column, ii is 
•mnleuscd and rain occurs. Unfortunately in the tropics we have no roll aide data 
to prove this.

Differences in atmospheric humidity arc closely associated with occurrences 
*f lightning, especially near high mountains. In this case increase in electrical 
potential is recorded where tho warm air from the sea coast, and plantations 
•itanted there, carrying dense musses of water vapour from the sea is forced up 
the high mountain slopes ami the electrical charge increases with condensation. 
It is ousily seen why some areas, close to high mountain- and near the sea, are 
more liable to lightning storms than others.
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Ti IE DISEASES OF COCO-NUTS (COCOS NUF1CERA)

/.*// /;. /<;. /'.

IN NEW GUINEA.

Ihvift'r, II,Sr., A fir., I'Jcunomtr linlaiirsl,

In t u o u u c t io n .

This article is intended to present a preliminary account of the important 
fungus ami physiological diseases a/Tceting the coco-nut palms in the Mamlutcil 
Territory itl New (iiiincit. The author has mil hml a lengthy association witli 
in«-a I romlil ioiis> hence lln* investigation* ami the obscrvnl ions outlined are to some, 
extent inconclusive. Although several investigations weie made previously by 
ollieers of ihi- Department, it is only recently that a suitable wel!-e«piippcd 
ialioralory for plant pathological work has Imon available. It is considered, 
however, that sullieient daja and recorded observations, although incomplete, are 
on hand to bo of sound practical value to the local coco-uut planters; these may 
prove of general interest lo investigators and others interested in the coco nut ami 
eopra industry. A good deal of the information presented has been gleaned 
from unpublished departmental reports, Further, a study of the literature available 
from other countries proves most illuminating when their findings are compared 
with what obtains on plantations in this Territory.

It is pointed out that, although the diseases Imre associated with fungi, 
physiologieul cause* anti soil deficiencies have not been investigated lo uny great 
\icnt, up to the present'time, this work is gradually being expanded by the Depart-

ment of Agriculture. The aggregate losses due to these causes may not bo to 
noticeable as those due to insect peats, particularly the leaf-eating types, hut their 
effects are always present. 11 is certain that the physiological eifert« due to 
■oil deficiencies ami such diseases a« “lightning strike” causing “false bud-rot” 
arc amongst the most serious conditions tiffee ting coco-uut palms in tills Territory. 
It is known that coco-nut palms with reduced vigour, due to any causes whatsoever, 
become more liable to fungus attack, hence soil condition, drainage, cultural 
conditions and goneral health of the palms are usually intimately associated. 
It must be remembered that injuries «ml wounds caused by inserts often open 
the way for severe fungus infection, thus aggravating any damage already done.

BUD-ROT.
According to investigators bud-rot is generally regarded as a serious disease 

in most tropical countries. Ocfemia(*“> states that bud-rot lias beou recorded 
in Portuguese Must Africa, Ceylon, India, Mulabur, Florida, ITS.A., Trinidad, 
.Jumuicu, British tiuiuuu, The Philippine Islands, and several other countries.

One of the first records of an epidemic disease of coco-nuts was from the West 
Indies in J934. Heavy losses occurred in Jamaieu from 1*1)1 to 1910 and at about 
ilm same j>eriod in Trinidad.

In the Phillipines the disease spread very rapidly and the coco-nut planters 
became alarmed because their plantations were threatened with destruction. 
'I'hrough the efforts of Dr. Copelandin Laguna (190«) an act was passed 
if.piiring that all coco-uut troes infected with bud-rot be cut down and burned. 
The disease has been considered serious in the Territory of New Guinea und is 
the .'»object of legislation, lienee it is believed worthy of detailed discussion.



Bud-rm was proclaimed under I he “ iMuulalioii DisruM** and 1V-U.> ()niinanrc 
id 11M <5 in i 11 it Laws of Lit it» Territory1“* us a disease subject to inspection by 
qualified officer* of llio Department of Agriculture. Kcmedial measures were laid 
down, and penalties provided for in ease of non*« /' with the provisions 
of the. ordinance. In the ordinance the indications of bud-rot were stated as 
follows:—

“ Withering ami turning brown of the neutral aluxjL (whicii can then l«c* easily j»uiie<i 
out hy liamli followed (or occasionally preceded) by the decay of tin* other fronds, and h  
soft, vile, putrid, brown rot in the heart, followed by tin* whole top falling oil leaving only 
the here trunk.”

Approved emu bn live an insures cited were: immediate lolling, culling up and 
burning of affected palms, together with spraying of all palms und ground within 
a radius of 150 feet with Bordeaux mixture.

It is now generally roeognizod that bud-rot may la* duo lo a variety of causes, 
hence evidence of thu power to infect is necessary to establish the existence of 
any sj>eeiJie hud disease in a particular country of loculity. it also appears 
necessary to dilferentiulo between the rotting of palm buds und true bud-rot diseases. 
As hud-rot may !m brought about by so many causes it represents a condition 
resulting from a number of such onuses rather than u specific disease.

There have been scvorul individual records of bud-rotted 1 * occurring 
in this Territory, not including those now known to be associated with lightning- 
struck areas. The incidence of these bud-rolted palms led Dr. Bryce1“'"“* (late 
Diiector of Agriculture in New (Juineu) to s u s j k ic I tljut true bud-rot was present 
iu this Territory. So far as one can gather from tin,* records, no actual fungi or 
bacteria which could Ik j held responsible for the disease were isolated. He 
described the condition of hud-rot1“* in a departmental leaflet and mentioned 
that iu Now Guinea this disease bad boon reported from Now Ireland, New Hanover 
and the Vitu Islands, and was no doubt generally distribute! iu tin* Territory.

Phyla piUora fuberi, which several authors consider to be identical with 
Phyla jilhoru palmivora, was described by the same author*17* as being present- 
on cocoa here, causing purple canker and pod rot. This was significant, as bud-rot 
in India," ’* Philippines1“* and other countries is usually attributed to the fungus 
Pliylo/tlliora /xtlinivuru. Thus it was legitimately considered that where Phi/lop- 
lltora was present on cocoa it would most likely be found on coco-nuts.

Ashby, S. S.1“1* stated that, although the Phyloplhoru of pod-rot and cacao iu 
the West Indies uppeur to be the same species as that on the coco-nut, it is not 
believed to bo the same strain, since the form from the palm has not been found 
able to rot cacao pods.

The Bud-rot Position iu ather Countries.
Thu fkjsitiou in Now Guinea, however, is, in the author’s opinion, analngons 

with what occurs in Malaya where Phyto pi hora is found attacking
many plants, but was seldom seen on eoco-uuts. As an illustration, Thomson, 
Malaya{,K) inoculated 40 coco-nut palms just ubovo the bud with different strains 
of Phyloplhoru isolated from coco-nut, cotton, rubber und cacao but only one 
positive result was obtained with Phytopthora palmivora from a coco-nut derived 
from India. Dr. Mullor1“* stated personally that bud-rot due to Phyloplhoru 
fuberi. was practically of no importance in Java or the Moluccas and that oulv 
a couple of eases of probable infection had been reported.

A91C
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'I hr on—inl it ii I It«*!' Ii i ih mil >o I h i* seen tins limbus on rorn- mils here, although
on one r;i'r of spear die-lmek of oil palm* a fungus thought lo la* Pkytoptkora spp . 
was seen.

Sioekiialc ll*o(»,T:'> pointed otii that a proportiou of the bud-rot occurring in 
Trinidad was purely secondary in its nature, hoing a rotiMcqueiicc of llio failure 
of tin Ii.iInis brought about by so-called root disease. Tiiis was later proved to 
be red ring disoase(',"> due to infestation with a nematode worm.

.lobnsloM l'.H2',T>, eame lo tlie conclusion that ßaciUus cult (lisch. Mig.), 
or an organism indistinguishable from it, wliirli was capable of causing rot ol 
soft tissues of tin* coeo-nul plant und.which is perhaps responsible for coeo-nut 
iiud-rot in the Phillipines, was due to I'hyloplhora faberi, and that the bacterium 
eoli was not the cause of epidemic diseases there, lie found that infection could 
in* I »lit a i iied through the growing point with cultures of ibis bacteria, bin only 
in the ease of severe injury or excessive dampness. Ifryce I 924'slated that it 
was rather an open question as to whether iliu illit# culi is in this instance more 
ilian eeondary, i.e., follows the I'ltyloplhoru attack and completes tin- ruin of the 
palm.

Ashby 1924'0 expressed the opinion tlial there were two bm(-rols in tin 
West Indies, one fungoid caused by ßhyluplUoca and one bacterial caused by a 
bacillus, probably a strain of ßuciUxu: coli, but there is some doubt as to definite 
pronl. (Sec. also discussion by KllioC*TC)

Tucker Ibüf»'*"’ jn “l'urto itieo ” isolated an organism resembling ll. culi 
from diseased buds, but the results of his inoculations were negative. • lie 
rcprodui*ed the disease ßhytoplhora fufu-ri, with or without wounding.

I >r. I In tier, Director of the imperial lJureau of Mycology, at (In- Imperial 
iiolawicai Conference, .July lüSMd*1*) indicated that he was of the opinion that 
ßtiylhoplkora palm.trora was the only vegetable parasitic organism which had 
been proved to cause the destructive bud-rot of palms and was capable of attacking 
perfectly healthy palms and inducing severe epidemics of disease.

Stapp, 192N(VJJ mated that it remains to be determined whether coco-nut bud- 
rot is due to bacteria or fungi or both. Alston 1924 and 1925(P Pritish Guiana, 
.stated that a discuse, which was responsible for the dying out of the coco-nut palm 
in certain localities, was falscdy designated by the name hud-rot for the reason 
that the hud was, us a general rule, the last portion of the crown to become 
a tree led, whereas in true bud-rot, a disease caused by a species of ßliyloplhoru, the 
earliest and most characteristic system was infection of the hud followed by 
collapse nf the whole central whorl. A similar condition called “bud-rot disease” 
practically identical with the above was described from Triuidud.

At the Imperial Potanieal Conference it was suggested that the term 
“coeo-nut will” be applied to these occurrences. Priton dories 192K<lM 
distinguishes two forms of the root disease of coco-nuts recorded by iSioekdalo* 
and Nowell ‘“‘“P in Trinidad, which he named respectively “ bronze leaf wilt” 
and “yellow leaf” or “ taj>ering stem wilt”. The latter is distinguished by a 
yellow discolouration of tin* leaves progressing from the tip backwards while ail the 
leaves, including the central ones, become dwarfed. The latter is a chronic muludy 
and its history und effects huvo not yet Ixxm worked out; its described symptoms 
are very similar to those* described by Park us caused in Ceylon by u root disease



willi Marrofikominu jihitscuit. Tim symptoms described also resemble 
!ii<> lujxjriiig .stem uud chlorosis is believed to be duo to soil deficiencies present in 
New («uinou.

'Hm Director of Agriculture, Mr. Murraywho recently saw these 
oeeirrn nee« in Trinidad, feel« certain that I!i<• bronze wilt does not exist here; 
and does not think that the tapering stein disease is the same as the one found in 
this country.

Smith tl)i»4(7J) «Jamaica states that in Montego Buy area a form of bud-rot 
in which no fungal pathogen appear to lie actively indicated has caused severe 
damage.

lUonlijualiuik.—The following description of bud-rot is culled from various 
publications. Thu first visiblo indications of the disease are the falling of the 
young nuts on tlm palm and the withering of the youngest leaf: there is no 
known way by wltie.li the earliest stage of the infection may be detected as, when 
the first visible symptom, or the browning of the young leaf, occurs, the growing 
point is already rotted. The young omerging leaf becomes yellowish brown or 
light brown and projects upwards sword-like from the crown. Tim leaf dies 
Iwicaiise the softer part of its base is completely rotted, and if pulled firmly cun 
be drawn out from the crown or inclosing loaf sheath. At the base will be found 
a soft grey or brownish mass of rotting material which emits a vile smell. Tim 
stcndi is apparent on merely walking past a diseased palm. If the diseased 
palm i.- allowed to stand the youngest leaves become involved ami soon die, the 
oldest leaves being the last to bo affected, ut which stage tho bud or cabbage is 
completely decayed. The dead central leaf is often first broken by the wind 
(believed to Ik : more typical in I’hytopkthora infection) and may full to the ground. 
The older leaves may remain green am! retain their usual position for several 
mouths, but as they die they are not replaced, und finally the trunk is left bare.

Only the soft parts are affected, the hard trunk and the roots remaining 
healthy, but once the bud is destroyed the whole palm of necessity dies. Often 
die young spa the* are rotted in the same manner as the bud, and often the young 
racemes of Ho wer heads will l>o found dead when l he spatlie opens, A clow 
examination of these dead racemes wii! show that they are invaded by the 
fungus at their buses. Sometimes, but not in this ease, rows of dark brown spots 
across I be pinnae or leuliets may l»e soon, duo to infection by Fhytoythora.

Nowell, described bacterial bud-rot and stated thut this dot's not
affect the central bud alone, but may commence anywhere in the crown, either at 
the hast* of the leaves or inlioroaccuccs or on the tissues between them. It never 
extends far mi the leaf stalk nor doe* it affect tin* woody part of the stem. Only 
m exceptional cases does ii travel more (bun u foot or two into the softer central 
portion of the stem below the crown. It was pointed out thut typical bud-rot ab»* 
follows rapidly on tin* death of healthy trees from poisoning or severance of the 
stems.

Sharpies, Malaya JÜ24,(s8) at the Imperial Botanical Conference indicated that 
some factors associated with severe attacks of btul-rot in Malaya aro injuries 
caused by Black Beetle (Oryclex rhinoceros) or lied Stripe Weevil ( Jiyncojihoru* 
Schach), and tidal floodings occurring in fields adjacent to rivers whom sufficient 
protection hud not lx*en made to prevent the entry of water. According to reports 
submitted to the same conference swampy conditions of the soil give.



use to a condition which results iit bud-Vol. i>ruuglils may give rise to a similar 
condition, as may ill-defined root troubles. It was ulso asserted by some that the 
planting of immature nuts nmy cause a kind of bud-rut.

Kiii|dui-dn was placed on the fact that growers of coco-nut« must not rush 
to ili«- roiiclu.sioii lluii ca«»-* of |>ud-rol on their estates may be caused solely hy 
para-ilic orgunistus. Good cultivation, good drainage and satisfactory manuring 
are likely to result in a reduced number of cases of bud-rot in palms. Correct 
ngririill uni I methods would result in smaller losses from pests and diseases, 
.illliMiigh some epidemic« are hound to ocelli'.

Bud-rot in Fiji.
•SimmouiU, ii» 1921 und describe« un outbreak of Imd-rot in Fiji,

which he considered to be true hud-rot and ns this is one of the South Sea Islands 
it is of more than usual interest to Mew Guinea planters, lie «luted that tin* 
disease seems to have been present in Fiji for ut least ten years, but did not cause 
much unxiety until the years mentioned, when a large number of palms were 
do-troyod on account of it. Tho disease was almost confined to the wetter portions 
of the group, where it wus commonly found on thu back parts of the estates along 
:hc foothills. The central heart rotted, leaving the outer leaves and ring of nut- 
11 pparently healthy.

When an affected palm was cut down and the outer leave« removed separately 
a greenish In-own or yellow spot wus seen, and this communicated with the central 
portion of the tree, the whole of which wus fouud to la; rotten and in a very 
foul smelling condition.

The investigations largely dealt with an outbreak at Tuviuui, from which J>r. 
Garment, conducted microscopical examination of the diseased specimens. Jie 
found hue tori a associated with ouch, hut believed the occurrence to lx- secondary. 
In a culture of diseased tissue he found u fungus which appeared to resemble 
closely l,ln(ioj)tlii>ra /Hilmivoru. The Imperial Bureau of Mycology, in reporting 
on a similar »|>oeimen, could only identify, the fungus as an iutra-eellular 
[‘hi/nnnycrlv (fungus group) whose mycelial characters may be similar to 
/7< if hi pi h ora us no fruiting bodies were present.

Both SirnmomliB“d,,) and their inspector of Plantation« commented thut the 
older imm’ih iiiU growing near the sea shore are attacked very slightly, hilt that the 
disease was most prevalent un young coco-jiuls following a strip of land at the 
bases of the foothills. This wus a region of continuous rainfall and froqueutly 
of poor drainage, thus tho eoco-uuts were growing under unfavorable soil and 
climatic conditions. This indicates u more potent cause of apparent bud-rotting, 
and it is believed by the present author that this is eompuraiilo with some of the 
areas -ecu in the heavier soils of Mew Ireland some distance from tin* beach.

Some Examples of Reported Bud-rot Infected Palms in New Guinea.
In May, 1921, at Talusoa, New Britain, a plantation inspector stated thut he 

noticed six trees suffering from what he considered was hud-rot, although no 
microscopical examination was made, i&mi that many more palms had been 
destroved previously.

An insjmetor for the Expropriation Board, in September, M>21, sent in u 
specimen- from New Jreluml from a palm which had curlier been attacked hv 
Rhinoceros beetle; this was not considered sufficient to dostroy the palms, which 
undoubtedly died from cabbage rotting. Several palms were affected in the sunn;



way amt were within u few yard<> of oue another. The symptoms appeared to 
Ik : the same as hud-rot except tliul the smell, although very pronounced and 
persistent, may not have been typical. (The author believes that this was 
probably a case of lightning striko.) . <

It was also stated that although palms with rotten cabbage had previously 
l*een observed il was thought that most of the cases were caused by beetles entering 
die cabbage. The soft tissues hud been exposed to infection from bacteria and other 
sources which set up a rot.

Over GOO palms, most of which were destroyed, were reported to liuve been 
a Hooted by lieulles and red palm weevil on one plantation und a fair number of 
I hose showed rotting of tiie cabbage.

At Talnsea in March, i 1)22, the District Ollieer cut down, a two-year old palm, 
because when standing near this palm a powerful and peculiar odour was plainly 
disccrnuhle. No trace of beetle or weevil was seen, although tho heart loaf was 
obviously rotting and tho outer leaves drying oil. On being split open tho kernel 
of the howl and lower stem was tilled with a creamy coloured pulpy and rotten 
mesa of semi-liquid consistency. From the outside the trunk or bowl appeared 
healthy in appearance and was not punctured. It appeared, however, that the 
disease did not develop from the cabbage. Newport (thou Acting Director of 
Agriculture) in reporting on this occurrence said that the condition described 
is occasionally met with in this Archipelago. It may be a kind of bud-rot, but 
does not tally exactly with the recognized bud-rot in other countries, whore the 
older palms are usually uttackod.

The characteristic smell of true bud-rot somewhat resembles bud eggs and 
bad onions, while tho smell from this palm resembled' the putrid decay of 
ordinary vegetable matter together with tho sour smell of fermentation. He 
Itelicvud the case to he a local bud-rot (herein classified as sporadic bud-rot) which 
is not iiifcetioiis nmt could U: due to accidental causes.

Some isolated cases of what appeared to lie true hud-rot were recorded from 
Xumuluuui, New Ireland, in tho same year. In December, 1Ö24, a plantation 
Inspector reported cases of whut were believed to bo bud-rot on two plantations 
in the Wittt group and tho symptoms wore described as follows:—

“ The disease appears to be a form of bud-rot und the first noticeable sign 
of the diseuse on a palm is on the second or third line of fronds, where tho tips of 
one or more fronds die hack a distance of two or three foot and hung dovvu 
((!.f. leaf break).

Running down the midrib of these affected fronds, a dry rot, brownish in 
colour, was noticed and this rot extended down the midrib a foot or eighteen inches 
past the point from which tho tip is hanging. On one plantation, three palm», 
killed by this disease, were cut down and carefully oxaminod. At the base of the 
cabbage a circular muss of cream coloured rotted tissue, about 0 inches in diameter 
was found which, when cut open, gave off a very offensive smell. It was noticed 
particularly that only the torminal shoot and tho surrounding undeveloped leaves 
were absolutely dead and dry, while the lower fronds still reinainod green. 
Extending down the trunk from tho base of the cubbuge a dry brown rot was 
found which iu one instance extended to u distance of twelve feet, while the trunk 
below this area was exceedingly dry. The roots appeared quite healthy and no 
traces of beetles were found. The whole area where these palms wore discovered 
was isolated and kept under observation.”

1039.-—S



I In- I’liiiilul ion Disease ami I’cst1 1 ns pec tor, from I In* I tcpartmmit of Agri- 
ciiliurc, w as llicn mm 11 lo Wilu to describe tlio disease ami reported us lollows:—

“ l'li«1 disease ih similar to tliut which was semi on one plantation in the 
Uainiug* district id' Now Guinea in 1!)#2. The first indication of the disease is 
odd fronds broken in the centre, otherwise the palm np|M‘iirs to he perfectly healthy, 
the cent nil frond was found to he dead hut still standing upright. The palm has 
a very sickly appearance, about- half of the fronds being broken in the centra and 
liie irliitir nihlmifr leanin// orrr becoming gradually worse until the whole of the 
cabbage eo I lapses (t'.f. head droop or lightning strike). The fronds have a dark 
brown colouring running through the central stem to the point of fracture. The 
ccnirc of the cabbage is full 01 a creamy rot or substance which gives olf an oifousive 
odour. The rot can he traced down the centre of the trunk for from (» feet to 
U feH ami occasionally up to 12 foot from the cabbage. This rotted area takes the 
lorm of a funnel, tapering olT from ubont <> inches in diameter at the top to a 
very line point as it travels down the stem. The trunk below this is practically 
devoid of sap and is very tough. Palma which are newly alfcctcd appear to bo 
very dry when the stem is cut. The affected area is on low-lying ground about 
211 feel, above the sea—odd affected palms lieing loeated on swampy ground near 
I lie beach.’*

Bryce I ‘ *wrote regarding this disease at Vitu Jsluud, and stated that 
from the description the disease is undoubtedly bud-rot. Ho also said that the 
danger of rapid spread of this disease is great, and that preventive measures 
should be undertaken immediately and drastically applied. The diseased or dead 
palin' should he cut out ami burnt, particular attention being paid to the destruc-
tion of the Imd and eorm.”

it should !*e noted that it is not clear from the records whether the terminal 
.‘hoots diisl first, further that tlm occurrence wus confined to particular areas. No 
ca>ual organisms were seen and in view of recent findings it is not unlikely that 
this was a case of “ False Bud Kot.” Nevertheless, this conclusion must lie open 
to doubt when expressed by one who dill not investigate the occurrence. The 
mucroseopic (visible) characters wore somewhat suggestive of true bud-rot, though 
the fact that no further spread was reported mantis to discount this possibility. 
According to the description it uppeurs that sonn* “ Head Droop” may have lteen 
present, also the low-lying soil conditions described would liavo lxion unhealthy 
for pa lots. Il  is (dear tliut such records of bud-rotted palms led to the conclusion 
that epidemic bud-rot wus probubly present in New Guinea.

Definition of the “ Bud-rot ” Problem.
Sharpies iP2N',l1 • in defining the coco-nut disease position stated that up 

lo I IMS the coco-mtl disease position wus largely influenced by the results published 
by .Johnson*37* in his work relating to bud-rot. The uncritical acceptance of 
.Johnson's iniKMilation results has led to much confusion as according to Nowell*47* 
and Briton .loues1** tlie teidinique of inoculation was faulty as the 
infection stands were made in holes 45-cms. deep bored into the tender tissues at 
the crown of young coeo-nut palms grown under glass. Tims it is evident that 
not much else was needed to cause their death.

The results of Sharpies’ 1924 *M** inoculation experiments proved that 
numerous widely separated organisms other than members of tho genus J'ln/lojdltoru 
wi re capable of producing typical <k bud-rot ” symptoms when stab-inoculated
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directly info lim cabbage or bud,, hence wound inoculation may Im; uiisulisfactory 
in elucidating tim eauses of bud-rot.

it, is evident from si study of the literature that tin» invoatightHms on tin; 
blld-mt position imve In *o u very complex and dillicult to loilow even in oilier 
countries. 11 is thought essential that the true position regarding tim occurroncc 
t»f‘ bud-rot in New Guinea be expressed.

Although suspected at various times, ns far as is known no authentic occurrence 
uf true infectious or epidemic hud-rot lias In mmi recorded in New Guinea, with 
lim possible exception of the record frum Vitu Island. The coco-mil palms here 
which have Im-c m Udieved to be Inid-rolled and recorded as such fall into three 
groups aw far as can Ik * determined.

1. False hud-rot, due to lightning strike or tires, which is dose.ribed else-
where.-

2. Palm* which außer from Utjtoriny alctn, presumably due to soil
exhaustion, lending to eventual collapse and dying buck of the 
cabbage. This may bo aHuociatod with root disease but no proof seen. 
See discussion on deficiency diseases.

3. *S'/>oradio hud-roUed palm*, where the disease is, in most cases, secondary
to injury by animals such as rats, mechanical injury, insect 
injury, &c.

There may be isolated eases of bud-rot duo to fungi or bueteriu, but these uru very 
«•uttered, if present at all, and so far no fungi have been isolated from so-called 
bud-rotted tissue«/ After a recent severe attack of Promecuthecu anUijim on one 
plantation in Now Britain, many palms withered up and lost their cabbage, leading 
lo death of the palms. It has hoen dcmonwtruUxh that when bacteria of the 
liaeferiunt mli group arc introduced into very young buds through injuries or 
insect punctures, they can develop in the soft nutritive tissue and cause a 
destructive rot. •

Injury to Coco-nut Palm» by Lightning—-a cause of “ False Bud-rot.”
An editorial in the Malayan Agricultural Journal (preface öl) referring to 

<oco-uut diseases in Malaya made a statement which is mainly true for this 
Territory—“As a result of a study of the literature and text books from other 
tropical countries it has frequently been assumed that the cause of death of 
coco-nut palms in Malaya was due to attack by fungi, recorded as casual agents or 
bud-rot and root diseases in the«; other countries.

True hud-rot lias never Ixxm recorded in Malaya, and no definite rout disease 
uf coco-nuts has so far boon found in this country. Only one instance of a 
disease in which symptoms comparable with tlume described for true bud-rot 
has boon observed in Malaya. On this occasion, it was found that the decay of 
I be bud tissue bad been caused initially by pellets fired from a shot gun. (A case 
of sporadic bud-rot.)

In the ease of coco-nut palms, no organisms have been found to be primarily 
responsible for the only form of bud-rot recorded in Malaya. It has now been 
establislKul that in Malaya the cause of this form of ‘bud-rot’ which affects 
coco-nut palm» is injury by lightning. The symptoms of the disease do not 
resemble true bud-rot as reported from other countries since the central leaves 
and the buds are usually only affected after the outer leaves have died.
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ii was .-MlnWiMliiHl***> Unit tlxy*association «»I* lIn* fungus Murofuntu 
fHihutrui hh \nlso present here), which was previously suspected «»I being casual 
iji iis e fleet, wus only aecondnry, this fungus »imply accelerating the defoliation 
of tlm stricken palms and having nothing to do with the actual rotting of the
llKKUe».”

On most plantations in tlm scattered islands of New tinmen, numerous areas, 
eunsinully referred to us “lightning «truck”, have boon seen and investigated 
and such occurrences have also been mentioned in earlier reports.

The evidence shows that this condition is undoubtedly ideuticu! with the 
«.ccnrruucn of ** lightning strike ” uunsing ** false hud-rot ” which has imou deseribod 
in Malaya' "L Tlm incidence of these areas is widely spread uml although found 
in all parts of the Territory is nowhere so much in evidence us at Bougainville 
I-hirnl fono of the Solomon Islands group) and on parts of the mainland, where 
><*vere lightning storms are experienced during the wet season. It is a significant 
tail that several areas in New Ireland and Tu liar uro rarely affected by lightning 
strike, and usually whore this does occur few palms are affected.

On one plantation in Tabar only two eases of lightning strike have been 
I«‘corded, one which affected four paints and another eight palms. Oil several 
plantations practieaily no lightning strike has been seen. There are no high 
mountains in the vicinity uml tlw soils are of u different ty|«j from those where 
lightning strike is prevalent.

During the eight mouths period ending April, lOllü, the manager, fsuiua Nurna 
Plantation, reported that £n! paints spread over lou isolated areas were lost by 
new lightning strikes and delayed effects from earlier strikes. At four other 
large plantations on this island several lightning-struck areas comprising from 
ten to twenty palms in each urea woro investigated. Wovor id palms were cut down 
and (lie fronds and also the dead wood thoroughly examined. Specimens from 
tlm worst affected palms were brought to itubuui for microscopical examination.

Lightning-struck areas uro fumiliur to most planters hero because they are 
readily discernible oven in the ourly stages. The affected palms are usually 
present in a circular urea around the focus of the strike. The palms which receive 
the full strike usually die first, hut the surrounding palm» may live for some time 
before they are killed by delayed effect following the lightning. The alfectcd 
palms present a driod-up appearance, while Uro fronds hang down loosely and, 
although dried up, remain uttuehod to the palm. Bleeding of the stems is noticed 
and is usually associated with borers and' the fungus Thclaviopsis. It appears, 
however, that the burning effects of tho lightning arc sufficient to induce bh*cding 
from I ho trunks. The fronds of the affected palms, in addition to being drooped 
and withered, often have the petioles or leaf stalks split transversely. b'om-Cs »pp. 
and /'o/t/por** spp. were wen on the dead woo«I of lit«* alfectcd palms and 
Munism.iux jttdmivorus (j)crfect stage) was also present. lit the worst cases 
the hark readily strips from the cortex, and in the dead palms in some »‘uses a 
good deal of black fungus mycelium was evident when the skin or outer layer was 
removed; the cut timber showed some reddening in the vascular bundles and only 
a light reddeuing in tho central internal fibrous and conducting tissues. The fronds 
(Dims bonis) were lmdly drooping on tho palms showing delayed effects and often 
I he pinnae (leaf divisions) were apparently burnt hack to the midrib, cf. bitten 
leaf disease described by Nowoll(4a>. This could be expected to be duo to lightning 
strike, hut was usually associated with Thielavioprin. There was no false bud-rot
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on Ute palm« cut down, but It wn seen on other palms where the cabbage rotted 
um! ;<it objectmntthlo smell was noticed. Thu individual paints in most casus 
appeared to die from tho outside inwards and not from the inside outwards, which 
is also comparable with similar occurrences recorded by Sharpies in Malaya**“1.

On one estate hero some roeently struck palms were seen in u triangular urea 
I ear I wo Ionises where pigs were fed. A fence and a small railway line converged 
near ibis spot, where conditions should lie favurahlc for lightning conduction— 
apparently two palms were affected by the direct strike while several surrounding 
palms were showing delayed effects. An occurrence of u similar nature, whore 
a hoot twenty Arena palms situated very close to a barbed wire fence wore injured 
by lightning, is recorded from tho Coco-nut Fxpcrinmnt .Station, Klang, Malaya. 
Thu central palms usually die first, hut the outer palms in an ulVoctcd area may 
persist for six months or in so mo coses recover entirely, thus tho condition of 
bud-roiling mentioned is not an immediate development. A departmental 
inslruetor says that he Inis actually scon the palms uftor u vivid und strong flush 
of lightning and win* able to select the contra! palm affected, as the insido fibres 
of the trunk wore exposed. Plantation owners hero have actually seen the ground 
lifted and the roots exposed, with tho gruss burnt above, by lightning, showing one 
means of transferring the charge from one palm to another, i.e. by tho wot 
surface roots where the ground was very moist.

Thu following reasons for tho particular susceptibility of plantations in 
portions of Bougainville Island to lightning strike are advanced.

Firstly, the j>er«outage of magnetite or mugnolic iron present in the soil is 
said to bo fairly high. In Iluin (south of Bouguinviilo) Waterhouse personally 
stated that ho saw areas of virgin bush forest comprising several trees struck at 
iln' one time, although usually only u couple of trees aro affected.

It 1ms been found that tho electrical potential in the region of lofty mountain 
peaks in often very high. Increase in electrical potential is recorded where the 
warm air from the soa coast and plantations carrying dense masses of water 
vapour from tho sea i» forced up the high mountain slopes and the olcctrical 
charge increases with condensation. Thus there would be moro liability to 
lightning near such a high mountain as Mt. Ilalbi (10,170 feet). Although under 
moist conditions the potential need not bo so great as in dry atmosphere the 
causes here aro more pronounced.

In Knghiml, where eh*drieal research is carried out, it has boon shown that 
probably 2,000,000 or 3,000,000 volts urc required to produce a 12-ft. Hash of 
lightning, hence such a high charge could he expected to affect a fair radius of 
palms. Lightning, according to recent findings, does not occur as in one flash but 
in a semi-oscillating series of flashes and behaves as an electric spark on a large 
wale. It. has Wen seen by sparks on a lightning conductor which was not actually 
struck that a small but rather constant charge may lx> earthed when the 
atmosphere is heavily charged with electricity.

Tho chemical effect of a lightning discharge is oonsidorablo, o.g,, a considerable 
quantity of ammonium nitrite (Nil, No2) is formed in the air and washed into 
tho soil, but this is not harmful. There are, however, small quantities of nitric 
and nitrous acid liberated which may have an immediately deleterious effect before 
they react with other chemicals present in tho soil. In any case it can be quite 
understood that lightning will affect the vitality of tho palm» in close proximity 
to the strike, because of the highly-charged atmosphere in the vicinity, although 
they might not rcoeive the direct charge.



Om Kiii' Kar (Dumpier) Lsland, «"volcanic island which is ul>out 00 miles in 
rimiiiii'Ti iirr and risen in the eenIre in n peak of 4,000 find, ilm condition of 
lightning slrike is very prevalent'. On one plantation on the mainland well over 
1.000 palms have been destroyed by lightning, and as many as 45 palms wore 
a Heeled in the one area. There were high mountains behind and the situation ou 
a peninsula led to pronounced differences in oloctrical potential.

Eff ects of Burning-off in Relation to Disease.
'I'lmre is the question as to whether conditions similar to those which exist 

in lightning struck ureas cun Ih i brought about by othor causes, which is difficult 
to answer. Tim occurrence of a eouipurablu condition in about !>U0 e.oc<»-nut palms 
at one plantation, in Now Britain, suggests that tires may bring about effects 
similar to lightning strike. Those palms wore situated in u depression ut the 
back of I be plantation and uppeured naturally stronger than in the soil exhausted 
areas in I In* immediate vicinity. This area had 1h ;o u badly burnt over several 
times and I be bases of tbo palms were badly affected. Stem bleeding was proaont 
on all the palms und tbo loaves showed the same droopiug, overhanging appearance 
as is seen in the ligli tuing-struck areas in Bougainville. Microscopical examination 
of (lie fronds which bad died back from the lip showed that a fungus, a species 
of IIrliimillios/iorium with at least two spore forms, was present. The disease 
was seen lu begin at the tips of the leaves and work down tho edges of the 
pinnules, finally affecting the whole pinnule (loaf division). The dead fronds 
mi older palms remained attached to tho palms while the centre midrib became 
silvery or blackened in appearance. Tho lesions wore not scattered but showed a 
brownish halo near the edges, where the brown disoasod tissues joined tho green, 
apparently unaffeetod tissues, thus the appearance was not the same as when 
Jlr.sl<ilnzxia jiahnarum is present.

The seriousness of the disease bqcame apparent only under unfavorable 
conditions when the vitality of the palms was low and whose decline was hastened 
when (lie shade lessened and Kunai (ImperuJa arundinucea) began to spread. 
Obviously only hygienic und cultural methods designed to inereaso the vigour of 
the palms could be advocated, us there wus no direct treatment uvuilable which 
could be considered economical. Tho advice^in this case wus to strip off all the 
ripe nuts and affected fronds (bom boms) hud burn the latter, tho work being 
commenced on llm outside of the affected area. In addition, a large circle of 
ground was dug up around euch palm so that the cover crop present was given 
a chance, to grow. Ashes from the drier and some other organic munurcs, plus 
a later application of basic slag, made a decided improvement in the diseased area.

Such injury to the palms where rubbish, grass and so on has boon burnt 
around lie- base of the palms is not uncommon in .Now Guinea and, in addition to 
the direct injury, the added danger from insect and fungus pests is very 
considerable. Any burning off in plantations should be carried out carefully arid 
it must Ik ; remembered that recurring accidental grass fires in a Ialung (or 
kunai) infested plantation may have the sumc effect.

Lightning Storms in Relation to Diseases of doco-nuts.^)
The subject of lightning strike and its connexion with false bud-rot is of 

great importance to local planters, hence the liberty is taken of quoting Sharpies' 
findings on this subject from 102S-33, almost verbatim^80).
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False Bud-rot due to Lightning Strike.
* In Malaya evidence has boon adduced which proves conclusively that the 

form of “ hud-rol ” found in flint country is tlm direct, result of lightning strike. 
This form of bud-rot is characterised by the central shoot being the Inst part to 
die, the outer leaves droop and turn brown long before this occurs.

'I'he ureas affected can be divided into—
(a) Small areas of common occurrence.
(b) Largo areas of rare occurrence.

LIGHTNING STRIKE. N.B.-C#nt»l palm iusi
deed. RLug- of 12 p&uiu kuJcd.

(<*) Small areas uifeeted by lightning. The typical eases, locally known as 
bmi-rot due to lightning strike, show a group of tea-twelve trees, of which one, two, 
or ebree central trees die rapidly; on examination, the hud tissues are found to 
be in a badly decayed condition. The surrounding trees show disease symptoms 
of varying intensity, e.g., stem bleeding, broken and hanging outside leaves, with 
the central leaves and spike still standing erect. When loft untreated some of the 
slightly affected trees gradually grow worse and finally succumb.

• Coplist nhiHMt verbatim from A. Sbnrpl«*, Ammo /« Applied III til tty p. XX., 1, j»|>. 1 IT.', 
Vttlmmry, ISKCt.
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Tin? I«mf symptom* of Um xlightiy»affoctcd trees cun lx* conveniently described 
hero, Tlio lirokon loaves are in some ca.tk.itj found with (lie break taking place 
about a foot away from tlio distal extremity, w> that the tip of tho loaf hangs 
down. Such dumaged leave» arc termed “ tipped.” Others »how tlio break
taking place ulioiit tlio point wlioru tho basal leaf pinnae join tho petiole, about 

led frönt (In* stem, and I lie whole of lla* leaf sialk carrying the pinnae hangs

LIGHTNING STRIKE.*—PeJm* destroyed by Ughtttwg.
down. “ Broken ,f leave* is a convenient term for such leaves in contradistinction 
to “ tipped Leaves breaking away from the stern at the base but remaining 
attached and hanging against the stem are termed “ hanging ” leaves.

(b) Large areas affected by lightning. The large areas of affected palms, 
group» in which over 100 affected palpus may be found, are of very rare occurrence.
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The lirat was examined in 1023, when SO-1ÜÜ palm« were found allowing symptoms 
exactly similar to a (looted palms in the small patches. On the sumo estate in 1926 
a larger area, showiug between 200 and 300 trees, wus found. This incident 
caused much concern, because of tho possibility that the area affected in. 1026 
might lie considered a ro-infoction from the 1923 area.

In dealing with this outbreak great precautions wore observed to prevent 
spread as a result of iliseusod tissues being transported down the drains. The 
possibility of a »uvero root infection could not be ignored, and the usual isolation 
methods were reeommonded. Tho area was treuchcd off and no fresh cases ol 
diseased trivs have yet boon reported outside the isolutod area.

Theory of Lightning Discharge and it« Significance in Disease Problems on
Malayan Plantations.(hi'>

As mentioned above, the symptom» shown by the alfocted palms and the 
'C<pH!n«*e of events so far mot with in tins larger areas are exactly similar to 
those found in the smaller areas, whom tho evidence for regarding lightning 
u h the primary initiating cause is so strong. Lacking a satisfactory explanation,
I in* only cause for congratulation was that tlm large affected areas occur at rare 
intervals. Three have lmon studied up to date, one in 1923, one in 1926 (both 
of whieli occurred on tho same estate), and one in 1928. In 1929 the Twentieth 
Kelvin Ixicture was dolivered liefere tho Institute of Electrical Engineers by 
(*. (\ Simpson, C.B., F.E.S., und hi« subject was “Lightning.” The lecture 
bad many points of interest in viewr of tho position in Malaya with regard to 
lightning strike and hud-rot of palms.

Dr. Simpson, in his exposition, distinguishes three types of discharge—
(1) Tim discharge within the cloud.
(2) Tim discharge to tho ground from a positive cloud.
f3) The discharge to the ground from a negative cloud.

!U: stales that tho two latter are of most importance to the electrical engineer, 
for it is these which strike building« and overhead wires and do structural 
damage.

The characteristics of the two types of discharge to the ground are very 
different. The discharge from a positive cloud start* high up in the atmosphere 
and branches out on its way to earth. An earth-connected object may therefore 
bo struck either by the main “trunk” or by one of tho “branches.” On the 
other hand, a discharge to a negative cloud «tarts on nn earth-connected object, 
which takes the whole discharge.

The. theory leads to the conclusion that discharges from positively-charged 
clouds would be frequent hut weak, while discharges from negatively-charged 
clouds would be infrequent but very strong. Dr. Simpson stated a further con-
clusion, i.e., that there are at least four times as many discharges between 
positively-charged clouds and the ground as between negatively-charged clouds 
and the ground, and there are good reasons for believing that tho ratio is nearer 
10:1 than 4:1.

Applying these conclusions broadly in relation to lightning strike on coco-nut 
palms, two important points are immediately obvious. Discharge from positively- 
charged clouds will ho frequent hut weak, These frequent but weak discharges
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ran lt»>. considered as responsible for the numerous small groups «>1 coco-nut* 
killed «luring practically every mouth of the year; in conucxiou with these 
conclusive evidence bus boon obtained of the direct connexion Imtwoeu tlic typical 
symptoms ami lightning.

Iiisuhargc.s from negatively-charged clouds will 1»«! infrequent hut strong. 
These infrequent but strong discharge* allow a convenient and lilting explanation 
for the occurrence of occasional areas of coco-nut palms bciug killed out, although 
there is no direct evidence of the connexion between the two. The symptoms 
shown by the affected _ s in the smull and large areas are so exactly alike I Ini I 
only one conclusion can Ix j drawn, and that is that the causal agent is the same in 
both eases. Until the uppeurunee of J)r. 8impson\s paper caution was necessary 
in the absence of any direct evidence or littiug explanation, but now that the 
phenomena exjM'riehecd on coco-nut plan tu lions can he fittingly connected up 
with physical phenomena, there acorn* no reason l«» doubt the adequacy of the 
explanation. Many diseased area* have been visited personally, und the general 
trend of events is found to be similar in all.

The conclusion can he slulcd with absolute definiteness that lightning i- 
of primary iiuportuneo in tho causation of disease on plantations of C'ch ‘o m nticifcni 
in Malaya. This statement gain* udded point from the fact thut not only i- 
lightning the source to which false bud-rot has l»cen traced, but deiiuito evidence 
has Ih *o ii obtained to show that it must la; considered to Im» the initiating cause 
of many eases of stem bleeding and root disease «if coco-nut palms. The symptom' 
of these diseases have been found to In; purely secondary, ap|K*aring in tm** 
slightly, l»ut not visibly, affected by lightning on some previous occasion.

Delayed Effects.
(loco-nut palms in a lightning-strike urea may show m| visible signs of 

dumago ut the time the Imdly-affoctod palms ure killed, but KUeou|U> to a form of 
root disease several months afterward*. There is little doubt iuHbesc euses tliat 
the palm* were adversely affected by tbe lightning, which was responsible for ihe 
deatli of the badly-atfoctcd palm* on u previous date. Many cases of this type 
are wrongly diagnosed us root disease; the initiating cause is lightning, and the 
root trouble secondary.

Similar records apply to palms in liglituing-strike areas which show very 
slight truces of stem blooding ut tho time the badly-affected Iris** arc kilie<l. 
“»Stem Ideeding” is duo to a reddish liquid whieh exudes through discoloured 
cracks in tho external stem tissues. A small boring Issitle, Su jtroxilt'x /t%i/;/nmrnx 
liar., commonly attacks palms sutforing from stem bleeding, und eases have been 
found whieh show but slight signs of stem blooding, but several mouth* later 
the bleeding bad become suddenly profuse, and the palm died rapidly. In one 
instance, two palms J4 chains away from the nearest badly-affected palms, 
suddenly succumbed, twenty months after tho strike. Similar observations have 
Ixieu made recently in Malaya by Thompson.<TK>

This evidence has been obtained to show that the common diseases of coco-nut 
palms in Malaya muy originate through lightning injury. Three diseases have

76
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Inan» neordod Iron» other countries-,1 and are considered to !>c nepurule ami di»tiucl. 
'i'iio diseases und lüuir causes uh listed iifc tho present date am—

Di«i'UftC. V» MAX'. *

(u) Bud-rot .. .. I'hylop/Uhora sj>.
(b) Root disease .. JS anode nti-a iacidum (JjCycs) Karsten.
(c) 8 tow-bleed Lug disease Thieluviop&is paradoxa (de Soignes) v. llohnel.

in the writer's opinion, tho positive evidence for the connexion of the disease 
und the cause thereof in (b) and (e) is not very convincing, and, ia view of the 
fuels recorded in this investigalion, must bo accepted with caution. With regard 
to (a), Utero is tu» evidence in .Muluyu up to «lato to show Unit u Phytophthora up. 
ia associated with tho problem as a causal agent.

Treatment.
It is obvious that the occurrence of lightning strike cannot bo prevented. 

$ueh treatment as pasting think lime wash over the atoms and spraying bus been 
tried and proved lioth iueffWtive and costly.

Treatment should be more concerned with preventing any dehtyod effects 
from lightning injury in surrounding palms.

It has not boon proved whether there is any «proad of fungus infection 
through the roots of dead palms, hut tho possibility is thorn; the use of trenches 
to isolate diseased from healthy trees would prevent that condition only. It is 
provident ihut these affected areas seldom extend naturally beyond a certain 
limited distance bofbro the condition ia eluK*kcd.

The idea that the soil ou lightning-struck areas is poisoned aud will not 
grow now palms for k o u io  time may be duo to tuo fact that the matted root system 
Sind any fungi present would retard healthy growth.

Control Measures (reebaunended by Sharpies (S9>).
Although those measures were advocated before it was recognized that the 

effects of the fungi are largely secondary to the lightning strike, the only possible 
pi’ueuill ions whioh could be taken urc outlined.

Accumulation of dead and decaying material must lx; avoided, us fungi 
fructify more in wet weather; hen«' during wet j>eriuds greuter cure must !m: 
taken.

Spraying ruothods cannot be* recommended owing to difficulties in reaching 
the fungi present.

The ouly .methods that can bo adopted are the usual sanitation methods, 
designed to clear away vegetable debris and decrease atmospheric humidity in tho 
places whore the fungus is growing strongly. Control measures for affected tall 
coco nut palms will be similar in, (a) eases of typical lightning strike, (b) in tho 
arcus whore large numbers of palms showing similar symptoms are ufleeted, and 
(c) in areas where the palms are retrogressing owing to unsuitable growth 
conditions.

In cases (a) and (b) tho dead and badly-affected palms must bo cut out 
immediately, and the loaves and upper parts of tho stems destroyed. About 
2 foot of the comparatively soft stem tissue below the cabbage should be treated 
immediately, as this part of tho stem seenus to bo the favourite portion with the 
Black Beetle (Oryctes rhinoceros Linn.). Some palms which do not apjaiur
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ha« I ly al)«*<ir<| «h i first inspection Will Inter show more doliuil»' symptoms, ami 
I lio.Mt a In » must bo promptly Iroutod. The loaf trunk should bo piled, inspeetud 
iiiid I roa loti.

1 Miring rainy months burning is often dillieult, but it is more nmwMury to 
take preoautioimry motiiod.s during wet periods Uk u iun » of the pruftisu develop- 
moat of the fructifications of any fungus proaout, witii eonseipient liberation of 
millions of spores. If burning cannot bo uudortaken, the material should be 
pilod in various places and inspection of tlwso piles of doenying vegetable material 
simnld Im» made at intervals. If mushroom-1 ike fruit bodies of fungi begin to 
develop, I be piles should lie drenched with u 5 |mt  tvni. solution of copper 
sulphate. Tbt! stems and roots should bo cut up, split ami pilod mu! await 
convenient opportunity for burning (soaking with jxjtrol or kerosene would 
assist the burning;.

Slightly u/Teetod trees with leaves hanging, broken or tipped, should Ik : 
cleared up by nutting off all leavea allowing snob symptoms. This will make 
supervision over these palms much easier, for, after cutting such leaves away, 
!i will Im- easy to keep a strict tally and to judge whether affection is making 
progress by noting whether healthy leaves, previously intact, heroine broken or 
lipped. The cut leaves should bo treated as indicated above and firing done as 
soon as weal her permits.

Tn areas where the palms are retrogressing, owing to unsuitable growth 
conditions, the badly-in fueled trees should I>o treated similarly. Most affected 
leaves are bunging, but few aro broken or tippod. These affected leaves should 
bo cut away and treated as indicated above. On these areas largo accumulations 
of decaying vegetable matter are always present ; this decaying material should 
bo collected and destroyed.

Tn conjunction with these sanitation methods, measures dcsignod to improve 
-oil conditions should bo undertaken. There is little definite knowledge regarding 
methods to lie adopted, but applications of lime and fish manure have, in some 
cases, brought about definite improvements in twelve to eighteen months’ time.

Tn concluding this discussion, one can state fairly conclusively that there 
lias not k*en any record of a truo infectious or epidemic bud-rot occurring in 
New Guinea.

Briefly, I he supposed bud-rot infections recorded in this Territory could Ik » 
determined, in most cases, as being either "false bud-rot” due to lightning «trike 
or fires, or palms which suffered from " taper iug stem” primarily due to soil 
exhaustion, leading to the eventual collapse and dying back of the cabbage, or 
else "sporadic bud-rot,” where the disease is usually secondary to injuries of 
various types.
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0000-NUT EOOT DISEASES.
lirycc, dcscriUul u root disease vf coco-nuts *luo lu Fumes lucidus

td-cys) {(jiitiodcnnu lucidum), linst described by Fetch in 1'JiU ami recorded by 
iiic author from Wulia Island, oil the Now Guinea count. The fungus, bo wo vor, 
was first recorded by Schumann and La utcr bach on Bougainville Island and on 
I »»<• mainland. Tit is disease bus boon found in .lava on dry sandy loams and 
mi Malaytt is said sometimes to attack llio roots of backward pul ms. it bus boon 
proved experimentally that the parasitism of (Janoderma lucidum is very 
low.**"*

in another leullul*'■** ho described root diseases caused by Fume,s liyiuumx 
ivloUch (now known us Jliyidoporux micro yarns) and Fumes Lamoeiusus murr 
(true uuimi F. N ox bus). The former was recorded earlier by German inves-
tigators, and also in Dutch New Guinea. Those leaHuts are available from ibis 
Department of Agriculture, hence it is not proposed to deal with the descriptions 
further. It is intended to present the author’s opinion of the status of coco-nut 
root diseases in New Guinea.

From experience gained to date, one is inclined to agree with Turk*'1* and 
Sharpies!"1* in their conclusions that root discuses of coco-nuts are not such 
important causes of loss «f coco-nuts as was formerly believed, in any case, as 
far a New Guinea is concerned. Park states!61 * that the coco-nut palm doc* not 
appear to succumb readily to the attacks of root fungi, anu it is unusual to lind 
what may in: termed spectacular instances of death by root disease. Muller!44* 
staled personally lliul'oxteusivo areas of coco-nut [»aims in Western Borneo, where 
the water table was too high, were found attacked by Polg^toruH #/>/). &c., and 
50,000 palms died, and that root rots were mainly found whore noil conditions are 
:mt suited to coco-nut«.

il is said in the Philippines that root diseases are common in water-logged 
soils, hut that the primary cause of rotting may be due to lack of root aeration.

.Sharpies!01* goes so far as to state that little definite root disease of coco-nuts 
has Ixion found in Malaya, and that other causes are usually responsible for the 
death of coco-nut palms.

It appear* that the presence of numerous root-rotting fungi bus been 
conspicuous on buses of ordinary trees in tbe tropics, e.g., tho species of Femes 
which have boon found ou coco-nuts have been recorded on several other host* of 
plants. Their presence on avenue trees, such as Poiuciana regia and Peltho- 
pLorum, in liabaul, is sufficient to show their effect on susceptible trees under 
tropical conditions,

.Nov* *rlb«l< isst coco-nuts have a different root nystem from the ordinary trees 
found in the tropic*, oven including Much crops a* e*>cua, rubber uud coffee. These 
latter belong to tho great group of dicotyledons, while tho coco-nut is a 
monocotyledon. This does not imply that monocotyledons uro resistant to root 
diseases, as ntai/e, which is a monocotylodou, is very liable to root-rolling. 
U does indicate, however, that palms do not form a tap root, and that they 
produce their root* in succession throughout life from the base of the stem. In 
the case of coco-nuts, these main roots aro very uniform in size, and ure provided 
with a hard, lignifiod, shell-1 iko epidermis or skin. The main roots may branch 
to form other straight-growing roots, but from these arise small branching roots,
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which are the feeding roots ui lim palm. Thus, if a root ul’ a palm i* damaged 
.>u litai lim roolleU diu, tluiJM) will either Ik > rupiaccd near litt* lip or a now root 
will form ut tlm base of the palm.

l'ark^1'’1' states that this fuculty for replacing injure«! <ir dij*oaHod roots is of 
iniporlamv in liisoatte of eoco-uuls, Hi nee w> long as tin; pathogen (fungus, tVc.) 
coniines itself to tin: rooLs, it is possible for Urn palm to go on replacing a dueled 
roots, provided that the euvi roil men Ui condition!« arc favorable for its growtii.

It is conceivable that a fungus which could bo definitely parasitic on the 
has«* of I In- palm would Is» more likely l»* ertuso the death of the «»non-nut. This 
IvjHt of infection apparently is of rather rare occurrence, ami might only l»u 
brought ou where other fungi or unfavorable soil condition* have eatiwd the 
death of the feeding rootlets ami reduced tin* vigour of the [»aim.

General Description of Root Diseaac.
The following typical description of tin» condition of coconut palms affected 

by root disease is generally presented.
The outer lcav«>s of palms affected wither uud hang drooping downwards 

around tin» stem. Tho central upright loav«s* ami the unfolded sword-like leaf 
miiuin gr«‘«‘ii ami of full sixo. A few gnvn half-rip«* nuts may remain «>n the 
palm, while the hud is quite sound. Later the outer drooping leaves fall away, 
leaving n cluster of upright loaves at tlio top of the stem. Thin condition may 
persist for some years; tlm now hmv«** formed Ixnng successively smaller until 
at last limy will wither away and the bu«l decays. The palm in this condition does 
not set any. nuts, and later ceases to produce spa the» or flowering bronchos. It 
is hardly iM*c«»SK»ry to point out that this «leseriplion fits in uccuraioly with what 
occurs umler conditions of soil d«*fieiei»ry, causing dying hack and incipient 
chlorosis of the coco-nut palm.

Suspected Coco-nut Root Diseases.
A Kiispected ease of root disease was reported from the Mortlock Islands ia 

1033 by Crocker, inspector and instructor of this Apartment.
The first indication of tho disease was the fulling of all fruit, while the 

fronds hroko and about half-way from tho bus«» wore soon t«> hang over. The 
fronds thou died hack, ami finally tho complete cabbages fell over und the palms 
di«;d. The appearance of an attacked palm was similar to one which has been 
struck by lightning, except that tho external markings and hums usually associated 
with lightning tvero not proaont. Moreover, this disease kills single ptilms 
frequently, and not always a group of palms, us occurs in tin* immediate viciility 
of a lightning-struck palm.

Affected palms felled for examination showed no signs of insect attack; tho 
cabbage in every ease was clean, and no unusual smell was noticed. The trunks 
or palm stems showed no external sign«, but tho pith in the centre of each was 
discoloured a brownish red. The affected area composed one-third of the diameter 
and extended from the base throughout the entire length of tin* trunk. This 
discoloured portion was surrounded by apparently healthy palm tissue.

Tin» natives at the Mortlock Islands state that they have removed more than 
200 palms killed by this disease, and during the inspection quite 100 dying and
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dead palm* wore noticed. The disease appears to be oonfiued Ui um» island of the 
gnmp which is tim largest amt lies ou tho southern bi du ui the atoll. The disoa&u 
was referred to in tho report us “ eooo-uut root disease.’' Tho Mortloek Islands 
are coral islands with u fringe of raised ground, but aro usually iow-lyiug’iu tho 
ci*litre, where tho ground is swampy and heavy, it is a pity that tho brownish- 
red discolouration was not examined microscopically for any presence of cutworms 
or fungus. .Such soil condition«, ho wo vor, aro unsuitable for healthy growth of 
coco-nuts, ami would ho sutticiont to cause the death of the palms.

in Itidd the following imjuiry was roeom*d from tho Manager of a planta-
tion situated on the south «mast of Now jlritaiu. On the plaututiou there was 
a hatch of about tifteou palms which appeared to Ik s making no headway. These 
palms wore about eighteen years old, and about 4 feel of tho stem below the 
crown showed a marked diminution iu diameter. Tho fronds wore few and 
yellow, although the spikes were alive and growing. There were no signs of nuts 
or spa I lies, in comparison with the rest of the plantation the grass was growing 
poorly, hut the specie* present formed a dense mut.

The present Director, iu answer to this inquiry, remarked that the marked 
diminution in the diameter of the trunk clearly indicated that the palms were 
in extremely poor health, if the laud is swampy it should bo drained, and, in 
any case, if the palms arc not too far gone, they should benefit by cultivation and 
the use of cover plants ((hilopogonuuu, &e.), or erect green manure plants such 
;i> < 'rotiilaria or 'i'epjirosin.

Karle' described a condition from Jamaica under tho heading “Coco-nut 
Wasting Disease,” iu which the symptoms were as follow: “Tho nuts full a few 
at a lime; I lie lower leaves droop and fall prematurely, while the new leaves that 
are produced become smseesaivoly smaller und loss vigorous, in the iiuui stage 
the leaves urn reduced to less than half tho uormul sD.e, and the few that remain 
stand erect as a thin wisp at the apex of the hare stem. In the frees examined 

white scale was always found ut tho base of the jietiole (leaf stalk) and on 
(lie fruiting peduncles, hut they were also seen on palms not showing recognizable 
symptoms of tin* disease.

Kuristales that most of the lajs'ring trees he hud sru in Akyah, 
Durum, were iu umierdraiuod and neglected situations subject to heavy Hoods 
in the rainy season. The longest leaves measured on many palms were not more 
than l.j yards iu length. There was no sign of any organism doing damage to 
the aerial parts of tho trees.

De writing on tho occurrence of “Tapering Disease ” in the North-
west Provinces, ('eyIon, states that tho disease is important tliere. it was found 
Ihnl a large number of liealthy palms which had lxnm good Umrcrs showed a 
gradual lu|«ering of the uppermost part of the trunk, which proocodcd iu spito 
of niiinuriug and good cultivation. Tho fronds next began to decrease in size 
and became fewer in mimbor, whilo tho yield fell off entirely. The leave* 
gradually turned a greenish yellow, and in the final stages the number of brauche* 
was reduced to seven or less. The tapering had meanwhile pro<*oeded so fnr that 
I he dernier trunk could no longer support the fronds, which thon fell off altogether-



At this stage the bud-tissue often would bo found rotting, but this was quite distinct 
from true bud-rot. Tim period thut elapsed from tlm first signs of Leimring to 
the doutli of the treo wus from two to throe yours.

There is u second typo of diseased tree, oquully well distributed in Ceylon, in 
which no signs of tapering were evident. Tim first symptom is u faint yellowing 
of the iip|>ermost fronds. The fronds become gradually less in number 
and .smaller in size, and soon tlm tree ceases lu licar. Trees in both llmse types 
of disease range in ugo from 20-40 years, and have in most cases boon good bearer* 
of healthy growth and in ull respects normal.

Tlm ubovo or similar symptoms can Im expected from a variety of causes, such 
u* malnutrition, rock pun and imperviouH clay bottom ami water-logging 
conditions; in Urn last ease a very distinct yellowing of tin* leaves results, h is 
not unusual to see stunted and tapering trees on neglected lands, but I lie diseased 
trees described wore found in good soil and situation, on well-cultivated estates, 
where other possible unfavorable causes were eliminated. This suggested ihc 
possibility of root diseases being presout.

TAPERING STEM. ASSOCIATED WITH 
SOIL EROSION.

Evidence of root disease in India was first described by i'etch, when In- 
reeogmzod Fomex lucidus in a section of a diseased bole of a coco-nut tree. The 
following seven fungi have boon found associated with root diseases in India:—*48) 
Dtplodia, Form, tlireo species of Fames, Pohjporus Zonales, and later Jlliizorlonia 
bu Ltd i rota.

Huggins*84* described “ bronze leaf wilt” of coco-nuts in British tiuiuna 
as u result of planting on unsuitable laud in the first instance, ami subsequent 
neglect. Large numbers of coco-nut trees in the colony are lost from wilt disease 
(formerly known as bud-rot), a condition primarily brought about by unfavorable 
environmental conditions, and entirely comparable in cause and effect with the 
“bronze leaf wilt” of coco-nuts in Trinidad (sec Briton Jones,*®) also Bain*7)). 
Contributory factors to the occurrence of the disease arc insufficient nutrient 
supply, water-logging and poor cultivation in genoral, the latter resulting in u
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hud cumin tun of the Hull anti au, overgrowth of weeds, which block tin; dmim* 
and compete vvi lit the palms, to the disadvantage oi’ tho latter. The disease is 
most usually found upon heavy soils, but occasionally appears on sand reefs. The 
symptoms exhibited by the palms are a yellowing, and later bronzing, in colour 
of the leaves, which eventually die und liang down. The outer (i.c., the oldest) 
leaves are, uHeeled first, and then the other leaves follow in succession, the crown 
of the palm being the lust part to lose its green colour. By the time half to 
two-thirds of the leaves have died, however, tho heart and bud of the tree become 
involved in a wet footid rot, winch is very evident if an affected palm be felled 
ami I lie e row u ojamed longitudinally. The organisms which cause this rot are 
only secondary factors, and only attack the already weakened tissues.

l*urk in li)27(:,w) discovered Rhizoctonia bututicolu (Taub) Butler in 
association with root disease of coco-nuts in Ceylon. The symptoms of the disease 
of the young palms were a yellowing and subsequent death of the outer leaves, 
which progressed inward»; dwarfing of tho young central loaves, und in extreme 
cases a rotting of the central hud followed. Ho found this fungus on tho dead 
roots of coco-nut palms displaying symptoms of tapering in a number of districts 
in Ceylon. It was suggested, however, that the fungus was probably normally 
associated with healthy roots (myeorrhizal) and many only produco sclorotia 
(reproductive bodies) when some conditions arise to cause the death of tho roots.

Small, 1927/c#‘oa~70) noted the occurrence of this fungus on numerous speeips 
of plants and was led to believe that lihizuctoniu Oatulicolu was the basic cause of 
root, disease on many pluuts in Ceylon. He expressed some doubt as to the primary 
parasitism of fungi usually thought to cause root disease such as Fumes spp., 
Usi ilium, Porta, &c,, and suggested that those may hasten the harmful work begun 
by J! hi zoe fount and lead to a more rapid death. This has led to a wide controversy 
as t«» I lie actual causal agents of root discuses.

(ia<jd'r-) and Briton Jones(lu'u'.,a) arc not inclined to accept Small’s views us 
to the iimnisliato responsibility of this fungus for root diseases of cultivated plants. 
It has !k *o u  shown in some cases the fungus follows a check to the host plant due 
to pliy>iolugicui and other causes, hence tho question demands further investigation,

Briton Joues, ulthough stating that it requires special conditions to induce 
Jihizoclonia to cause root-rot, expressed the view, however, that this purusite is 
the real cause of distunes hitherto attributed to fungi such us Polypoms microhms 
Schw. TV. Fomas liynosus Klotsch, is correct. He stated that in Trinidad this 
latter fungus is common on stumps in cacao plantations, but it has never been 
recorded as causing root diseases in that island.

!*otrli(*B states that the behaviour of " Fumes ligttosus " on cacao in the 
West Judies is evidently quite different from that in Ceylon. One in Ceylou was 
indicated where in a mixed estate of cacao, rubber and coco-nuts, a rubber tree at 
the head of a »mull valley was attacked by Fumes liynosus and died; no treatment 
was applied and the fungus mycelium spread down the valley killing all the cacao 
and coco-nuts in its path. Ho maintains that this is another fungus altogether, 
and that the correct name of the fungus, called Forties liynosus in the Eust Indies, 
is not known.

The fungus known us Fames lignosus in tho West Indies is identical with 
Poly poms micro poms (S.W.) TV., the latter name having priority over the former, 
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wit it'll should Ixt discarded ns a synonym. Since Pete It made the. above statement, 
lie* fungus called h'oumx liynttnu* in tin* east ban been idculiliod a* Uitjid^itortis 
mircujtorux (Swurtx) van Overuftti.

This controversy is quoted to show that the true status of the fungus causing 
root diseases in plants has not yet been adequately deterniiued. It is thought tit 
to indicate, however, that the author has recently collected Uhizorhniiu halutirulu 
on sweet potatoes, tjtomea f/atalus, at Kernvat Demonstration l*Jantution, New 
Britain, and Itas ulso recorded the same fungus on coffee. So fur no work has 
been done to determine wln'thcr this fungus is present on coco-nut roots.

Ithnorlonia hulafiroiti i« widely spread in laith the eastern and western tropics 
and attacks probably JtO species of plants, hut probably only causes damage under 
unfavorable environmental conditions.

THE RELATION OF SOIL CONDITIONS TO DISEASE OCCURRENCE.
The occurrence of “ bronze leaf wilt ” in Trinidad has already boon mentioned 

in the discussion of hud-rot. Briton Jones**) expressed the opinion, based on his 
ohKervtitiuns in Trinidad and some of the other West Indian islands, “that the 
onset of 4 bronze leaf wilt' is in the majority of cases due to physiological drought 
which does not need a prolonged period, hut may lie-comc evident after a short 
dry |M*riod linder certain soil conditions, especially where the soil is heavy and in 
had tilth.’* Bronze leaf symptoms were experimentally reproduced in healthy 
palms by digging trenches around them.

'rim soils on which the disease is serious were said to lie generally heavy, in 
very lm<i tilth and constitutionally such that they do not draw well hut dry out 
rapidly and crack in the« dry season. The very definite correlation between hick 
of drainage and the incidence of the disease indicated that any organism present 
•»ue- a xecofidarv factor, and the primary eauw' is suggested very strongly as a soil 
factor. *

The general wilting of coco-nut palms often seen after a long spell of dry 
weather in portions of New' (luinca (e.g., the Uuzelle Peninsula), with usually a 
siihse<|iU'Ul nx'uvery when the rains oeeur, shows some features in common with 
the above occurrences. It is, however, usually seen on light, porous soils with 
poor wulcr>holding capacity. The lower leaves do brown off and wither, but 
• hose pul ms immediately respond to good ruins.

Park1'4-1* ri,fer„ {0 the effects of “drought” on coco-nuts in ('eylon. He first 
-uspi'eted hud-rot infestation as one estate of 100 acres contained (>00 dead or dying 
palms. The standard of cultivation on the estate wus |K»or and it was found that 
I he condition was dm* to the effects of drought, while the buds fell off from 
mecbauicul causes only. The brown discolouration of the older leaves did not 
appear to !«• due to the parasitic action of a fungus, lie stated that the condition 
was comparable with “bronze leaf wilt” disease recorded by Briton Jones in 
Trinidad.(J) The condition was worst on low-lying laud liable to water-logging 
in wet weather, due to the effects of this water-logging on the root system of the 
plant. Here the palms were shallow rooting and first to suffer the effects of 
drought. 'The effects of good cultivation were marked under these conditions and 
drainage to induce d‘*ep rooting was advocat'd, as was cultivating ami removal 
of the dead palms,
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Park''*" aUo m*orded root (liaison causing rotting of the centrul bud, 
followed by denili of tint palms, where the soil conditions worn jn>or, l*eiug of u 
very sandy, dry nature and with brackish water in the vicinity.

rit referring to root-rots caused by Fontes lucidux, he thought it possible that 
attacks by ibis fungus near the collar are induced by certain condition» of the soil, 
since the fnitgiix is eoiitmoii in coco-mil land, whereas tho diwaiMi caused by it 
is rare.

Dowson *sa) mentions the development of bud-rotted palm» in Mombasa, East 
Africa, where the cultivation of the palm» was poor und they wero growing in 
rank grass and weeds, lie saw ureas without palms which the local natives 
asserted would not grow eoeo-unts at all despite repeated trials and some of these 
areas were certainly swampy liud-rot hud never been observed in more vigorous 
palms around the houses and in tho native encampment.

Alston*'*, writing on eo<to-nuts in British Cluiuna, stated that the condition 
known as l»ud*rot (now called wilt) in that country is evidently not induced by 
the opera Lions of uny specific organism, but is primarily to bo attribute»! to 
unfavorable soil conditions, whose deleterious effects have in many instances been 
aggravated by cultural neglect. The cultivations which were the more severely 
affected are those situate»! either on low-lying, badly-drained, heavy, clay front 
lands, or on |H*gass soils which suffer from siiuilur »Usabilities. Except for 
occasional weeding, the cultivation had been neglected from a very curly period 
in the ]if<! of the trees.

Sharp!»'»*'") statt*« “ that in cases such as those quotod the question of specific 
palm discuses seems to have been given uudue prominence.”

“ in many cases it is obvious that tho improvement of bad cultural conditions 
is of greater importune« than the question of the cause and prevention of specific
diseases.”

it apjKuirs, however, that a number of specific fungi arc always present, if 
not «m the coco-nuts, on ulternato plunts.' If, by any cause whatsoever, the vitulity 
»if the palm is lowered, e.g., genetieal or hereditary weaknesses, weakness due to 
insect attack, bad cultural conditions, presence of injurious grasses and weeds, 
drought conditions, heavy or poor soils with bad drainage, there is a decided 
pre-disposition to attack by fungi which otherwise would be only weakly parasitic. 
There ur»i few plantations on which in some areas such pre-disposing causes are 
uol found at some lime »>r another,

From the viewpoint of the practical planter here, which is not concerned 
with long lists of scientific names suspected of causing root rot, it is doubtful 
whether uny serious disease which is not associated with unfavorable soil conditions 
has boon found in New Guinea.

it is certain that no epidemics of root diseuse have been report»*»! and where 
siuqtcetcd, have usually lieen found associated with low-lying, heavy soils, or where 
soil deficiency and chlorosis were in evidence. It is shown that, under favorable 
comlitions, tin* coco-nut lias, apparently, very good resistance to root diseases 
owing to tin* nature and structure of the roots.

It would bo too much to say thut root rotting of coco-nut palms does not 
occur here and further investigation as to what fungi may be associated with the 
«lying back of coconut palms’ on unfavorable aroas is required. There is, how-
ever, more decided room for investigations as to what conditions, particularly soil 
conditions, are injurious or beneficial to tho palm. It is u definite fact that root
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lolling is nut likely to bo serious huru whore the vigour ami health of the palms 
is muuitaiucd. iu the author's opinion'a number of the so-called bud eases of root 
ruts can bo ascribed to chlorotic deficiency diseases, a fact which has already been 
proved in the ease of coffee

DEFICIENCY DISEASES.
The “ Chlorosis ” and “die back” deficiency diseases are recognized as 

prions diseases in eoffoc cultivation. Nowhere are physiological diseases duo to 
iniiiiuriu! deficiencies so evident us in the tropica, for the obvious reason that 
excessive rainfall causes increased leaching which greatly reduces the humus und 
mineral salts content of the soils.

f

TAPERING STEM AND REDUCED LEAF TAPERING STEM AND REDUCED LEAF
AREA DUE TO SOIL DEFICIENCY. AREA DUE TO SOIL DEFICIENCY.

JUv.kley1** states that in Kenya, Africu, whole coffee plantations may become 
chlorotic, showing up as yellow patches in the landscape, lie recognizes at least 
iwo main tyj>os of chlorosis. Ono form is ascribed to an inadequate supply of 
nitrogen at the period of maximum demand. It is usually accompanied by die-back 
and involves severe loss of crop. Another form very similar in appearance is

—
---

---
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attributed to a deficient curbohydratc supply und is uccompaniod by severe 
die back both of brunches and routs, it is bolicvcd that delicioucy diseases similar 
to those cited in tins urtielc are present in coco-nut plantations.

Kcforcnco to a provious article (New Guinea Agricultural Gazette, vol. 2, 
No. 2) which refer* to the condition of the planted areas in New Guinea indicates 
that, in some of the planting* made in 1918, holds of young coco-nuts woro planted 
in stagnant swamps which could never be of any value. Muny areas arc planted 
on soils and in positions quite unsuitable for coco-nuts, o.g., badly drained clay 
soils or on poor sandy areas. The amount of fertilizing material removed from 
this country each year without uny attempt at replacement amounts to several 
thousand tons per annum.

The older planted arcus in scattered parts of this country ure dohnitely 
beyond their-stage of maximum production, with the result that the output of 
such old plantations is rapidly decreasing, in many areas where copra has been 
produced for a considerable number of yeurs thero is decided evidence of soil 
exhaustion due to mamtrial deficiencies. It is impossible to continue exhausting 
all the manurial constituents from the soil over u period of years, especially 
where decayed vegetable matter or humus is burned out of the soil, duo to lack 
of overhead shade, without undesirable results.

Lever 1934(a9*40) referring to the British Solomon Islands stated “Soils such 
as are not uncommon in the Protectorate have by ropoated cropping had their 
available reserves reduced to a minimum for plant growth und are suid to be 
exhausted. The continued growth of almost any crop leads to exhaustion, so 
that measures must be taken from time to time to compensate the soil for the 
repeated losses which it lias sustained.”

it is time that some provision was being made to remedy this position by the 
most economical methods, e.g., by growing green manure crops or applying 
artificial fertilizers, mid experimentation is necessary to determine the best ways 
and moans of doing this.

It appears that chlorotic diseases (N.B., Chlorosis has reference to absence of 
green colouring matter and reduction of loaf absorbing surface) associated with 
soil deficiency aro very important in this country, especially on old plantations 
where tho soils arc not particularly rich.

it is invariably noticed that whore the vitality of the pulms ia reduced by 
soil exhaustion, lack of drainage, pour cultural methods, drought, insect attack, 
ire., fungus diseases which are normally weakly parasitic, such as Pcstalozzia 
paimivora, Helminthosporium «pp., and others, gain the ascendancy and, besides 
reducing the yield, badly affect the palms.

Simmonds in 1024*4*'®7) also mudo the following comments regarding u number 
of old-established coco-nut plantations at Kokopo and the north coast of New 
Britain:—“ The soil here is all pumice and very poor, tho trees, which ure mostly 
about 30 years old, showing much yellowness, giving every indication of considerable 
soil exhaustion («« chlorosis). A coarso grass locally called Kunai or Lalang 
grew everywhere, causing much trouble and doubtless still further reducing the 
yield of nuts

The author has seen a number of areas in the east and west coaat of New 
Ireland, Kavieng district, which are non-boaring areas, where low-lying, heavy
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clay soil« exist. These arc badly drained, often water-logged and entirely uusuitcd 
I» cuco-uuU. On tint west coast al varying distances from Lite shore is a decided 

i-ip of heavy day country which extends right to the* foothills. (Jhemicnl analysis 
has proved this soil to bo low in iime und potash. Palms planted on this country 
remain dwarfed, appear yellowish and will not bear nuts or thrive. The foreshore 
areas and lighter soils lunar vory good eocouuts und tlm trees uro healthy and 
vigorous. It would bo a distinct boon to planters, especially with limited foixishore 
areas, to lind that coffee, cocoa, or other profitable crops would succeed on these 
heavy soils, lienee experimentation is necessary.

It must not bo thought that this condition is eonlined to New J re. la ml, as 
the soil« in parts of New Hanover ami the outlying areas are so clayey that 
eoeo-nuts succeed hut poorly. Similar conditions have been observed in Itouguin- 
ville islands and in most areas visited, and is common on lie- older planted areas 
of I In* mainland, in the western islands the soils are usually rather shallow uud 
light, being of coral derivation. Here the palms mature early und prosper for 
some years hut gradually go ofF as the soil constituents become exhausted. The 
stems eommeuee to show ail the signs of a deficiency disease, the stems tajicr, the 
leaves boeonto gradually smaller uud fewer, and at lust tlm tops fall off, giving 
all tin- upjicurumx) of a hud-rot condition. A coral hard-pan too near the surface 
is undesirable for coco-nuts as, besides checking root growth, it retains the rain 
water after heavy falls, and so tends to make the soil water-logged, to the detriment 
of the roots.

it seems superfluous 'to describe the appearance of palms on the soil exhausted 
a^eas in Now Guinea. Such palms apjieur u sickly yellowish green in colour, 
the fronds present a feathery and very unhealthy chlorotic appearance. As the 
fronds reduce in size und number so the overhead canopy and shade diminishes, 
which present excellent conditions for the ubiquitous Kunai grass (j mjjcralu 
annul inarm), which thrives in open sunlight. Tito spread of this grass with its 
very matted root system, together with the fact that the humus and other con-
stituents are readily burnt and leached out of the soil under such conditions, 
produces severe cumulative and adverse effects on the palm itself. In advanced 
stages the tips of the fronds wither and this gradually extends to the base until the 
dead leaves, ulthougli remaining attached to the palm, hung down uud are wrapped 
around the trunk until they eventually full. The stems uauully show marked 
tapering, probably coincident with the period where soil exhaustion and the 
mv imminent became unfavorable.

in ibe late stages the top falls over, leaving just the hare trunk, which provides 
a harbour for beetles, «he., and, although arising from a different cause, has many 
of the uppcuranccs of a bud-rotted pulni. In such cases, however, the decline 
commences from the outside inwards and is u very gradual process. In many 
instances such palms are found in distinct belts where light pumice soils exist, 
while iu some cases the areas were said to be covered with Kunai before the pulms 
weis* planted. The question of whether rehabilitation of such areas is an economic 
proposition is a very vexed one which will be dealt with in later articles. It is 
pointed out that on such ureas the production is low, few apatites, if any, arc 
produced in the worst instances, and many palms are totally mm-bcaring, while 
the relationship of poor soil conditions to the uutfall problem is described elsewhere.



SOFT LEATHERY KERNEL OF COCONUTS.
On «*«*i*fuin plantations iu tin* itismark Archipelago defective coco-nuts showing 

a liiiu, leathery, soft kernel uro produced. Whou such green copra is cut and 
ilricd in tin1 normal manner it does nut dry out properly, hut remains soft, iiexihlc 
and li'iiiher.y, often Itoeomos hrown in colour and is of pour appearance and 
quality. This eomlition is nol due to defective drying, and it has been found thul 
iiie (minis which produce such copra are confined to certain areas on the 
plantation.

11 has I »een seen by I he author tliut the kernel produce! on soil exhausted areas, 
Mich as on some of the islands near New Ireland, heeomen thinner us the plantations 
eoiiiiiience to show signs of soil exhaustion. It might he that certain palms show 
;.u hereditary tendency to produce such soft kernel, hut llio fact, that the condition 
is confined to certain areas points to the fact that soil impoverishment or luck of 
certain essential elements in tin* soil is sin* cause of the condition.

it is well known that coco-nuts which huvo germinated produce a soft and 
lather thin copra, but this is distinct from the condition mentioned above. 
Investigation of tlm cause of this defect is largely a matter for the chemist.

RECENT OCCURRENCE OF AN OBSCURE PHYSIOLOGICAL CONDITION
IN NEW IRELAND.

The palms on thu plantation where this condition was recorded range 
hum live lo eight years old and, iu most instances, hud just commenced to conn* 
into hearing. The general condition of the palms in the ureas afFooted did not 
appear so good as in the surrounding ureas. Thu trouble was only found in areas 
well away from the head) when* the _ ' s were plunted at the wide »pacings
of :»:j fis'i and U(J feet on the triangle system. The main area which was ulFccted 
was sit mill'd in a hollow depression und comprised a total of about GOO palms, 
and numerous putms scattered <iver this urea showed symptoms as described. 
There wen* a eoujile of other widely separated areas which showed the condition.

Pronounced tip withering occurred on the centre leaves of the affected palms, 
and some dying buck was also seen on the outer leaves. On the buck of the 
petioles (leaf stalk«) of the crown leaves of the palms, pule brown streak» were 
sis'll. These sometimes showed Up near the tip of the leaf or near the huso, 
but as ,t general rule commenced about two-thirds of the way up from the huso. 
The scattered arcus, although moist in appearance, were quite firm, but later 
they tended to spread and link up, becoming sunken below the general level of 
I be outer surface of the midrib. Eventually the diseased urea split longitudinally, 
exposing the fibril* after.the ground tissues bud fallen away, and the unhealthy 
areas become quite dry and hard,

A cross section made after drying out hud occurred showed a pale sulphur 
yellow layer immediately underneath the »unken tissue; this merged into a brown 
discolouration extending through the petiole almost to the inner surface. In 
longitudinal section the discoloured area showed up us dull reddish brown streaks. 
Sueli rotted areas were seen in some eases to extend below the fibrous tissue at 
the base of the leaves, but in no case did it appear to kill the palms. A tip 
wither of the leaflets which extended from the top of the fronds almost to the 
base generally occurred concurrently with the stem rotting mentioned.

1
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Around I In* of ill«* wilheTeib areas oil I lio leullcU u dinlinel halo was
noticed in Homo cases ami tho die back from the lips was very distinctive, Halo 
areas willi brown margins also appeared in the centre of the leaflets. The above 
symptoms only showed np on the fronds comprising the crown, while the older 
leaves were usually not alTecled.

It appeared lliut. the pulms alleelod were tall, very erect and close-growing, 
and not an open, robust type. They often presented a frond-choked appearance 
with tin* fibrous tissue hound tightly round tho bases of the fronds. The only 
palms a Heeled were those hearing nuts or (lowering before, coming into Iwariug. 
The nuts from diseased palms showed an unhealthy yellow colour. Kxuniiuatioii 
of llu* roots showed no evidence of root disease.

Tim land prior to planting wus under fairly heavy secondary growth and in 
llm past had been used an native gardens. Tho land is undulating and rises 
gently from llm beach. The soil on the hoach uml ridges is shallow and overlies 
coraiino limestone. On tho «Io jh is  and in the deprettxions the soil wus much ileejier 
and in places reached a depth of about 4 feet. In tho profile the soil on the 
sloja's showed a me<lium dark red friftblo loam at the tmrfiiou, which rapidly merged 
into a red or chocolate rather still clayey subsoil. A heavy growth of weeds and 
shrubs was all<»wed to grow over tho area and amongst those Thurston gras«, 
lUitijmlum. conjuguhtm, und Kunui, Jmjmrala urundinacca, wero seen on the 
affected areas.

The fungus I’cslnliusm /mltnurum or tlroy Might and the insect JlroiUixjM 
l<'roi/;/alL were scattered widely in the plantation. The diseased pulms seemed to 
he more plentiful where a heavy infestation of white fiy, Al cur adieu# dedmdor, 
and other unidentified scales were present. These wore more plentiful in the 
hollows than on the ridges. Microscopical examination of diseased sjHJcimons 
failed to show any strongly parasitic organisms, although it did yield some 
interesting technical results.

detailed investigations l>y the author and Henderson led to the conclusion 
that I In; condition was local ami of physiological origin. One interesting feature 
concerning I lie topography was the presence of several large holes or depressions 
such as are often seen in country of coral origin. These extended well down into 
the underlying coral and in one case a stream of water was running at tho bottom 
t>f the declivity. It is Ixdicvod that there is a subterranean passage and u large 
underground water channel underneath tho area where the palms were aIfoeted. 
Here the rain wuter readily penetrated to tho lower layers and was quickly carried 
away.

It appeared also that the roots of tin* palms showing the upright frond-choked 
condition had only pend rated the upper and more friable layers of soil while 
the roots of the stronger palms had penetrated deej>er into the subsoil, l'ruclieutly 
till of the affected palms when pushed strongly could bo rocked backwards and 
forwards, showing that the rooting was shallow and that this typo of palm had 
a loose hold on the soil. Tito root bold had boon further reduced by the doubtful 
expedient of digging in deeply around the palms so that many of the surface 
roots were cut. Whether this was also affected by original shallow planting 
in tho first instance was not known, but appears likely. The appearance of tho 
disease was associated with a pronounced spell of dry weather following on 
relatively heavy rains. It occurred, however, whore the soil was apparently well 
suited to coco-nuts, although a littlo heavy in tho subsoil. The rainfall for the
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months ol April, Mn), Juno ami July, I*11(1», i.e., pioe-rding llio appearance of 
llio disease, was just about lmlf tho average lor those months at tlio nearest 
recording station, hut the rainfall was said to be much lower than this at the 
plantation in question.

Tim malady made an appearance when the palms were coming into bearing, 
wliifli is a critical period in llio life of the palm, when an additional strain is 
caused by additional water and nutritional requirements.

During the dry period shallow-rooting, rather weak palms were not able to 
obtain sullieient water und plant food to carry on normally, especially whore the 
water could get away so easily. Further, insect attack and probably the eifert 
of weakly parasitic fungi hud some olToct when the vitality of these palms was 
lowered and this caused seme of the withering seen on the central leaves.

It is a significant fact that roeovory was coincident with the proper cleaning 
up of llm place by cutting down high brush woods, &e., and more particularly 
with the incidence of ubunduut rainfall. The while flies and various scale insects 
were very much loss in evidence after the plantation was cleuned up and the rain 
occurred, which probably had some effect on the recovery of the palms.

'fbe owner of this plantation became very concerned and drastically cut 
back many palms, in some cases leaving only the central shoot, which led to 
a bml-rotting condition, which was probably associated with the entrance of 
secondary fungi and bacteria. Where the palms were cut back judiciously at a 
inter interval and not too many fronds removed they made a good recovery.

Technical Discussion.
1*1«to and siopo cultures of the organisms present were mudo. Diplodiu-likc 

.»pores associated with a sickle-shaped Fusarium spores were present and it might 
he staled that this association has boon soon in several instances Imre.

WollonwubeD**) in the text book of Soruour(T2> depicts the relationship 
between such spore stages, and perfect stages such as Nectria and Sphaerostilbe, 
which are sometimes regarded as of little importance. Tims it seems that the 
true identification of the Fusaria or Diplodia here is wanted before it can be 
stated definitely whether these fungi would bo of any primary importance. It 
appeared, however, to be secondary in this case and inoculation experiments 
on young palms yielded no results.

A species of oelworin, however, was found, associated with diseased tissue 
on the leaf stalks. It was not plentiful but seemed to conform somewhat with the 
description of Patko-aphelencua which is known to cause red ring disease in the 
West. indiesT3 40) No rod ring disease has been noticed on the affected palms, 
hence ibis is probubly a saprophytic strain of no importance. Specimens are 
prepared and will he sent to the Imperial Bureau of Darasitology for proper 
identification.

Henderson, Inspector and Instructor, was unable to locate further eolwornm 
in Iiu‘ alTectod tissues, bonce they were not plentiful.

This is absolutely the first record, bowover, of eel worms being found on the 
aerial portions of coco-nut palxns in New Guinea, and this is of technical 
importance only. Further, on all the cultures made, a very snort bacteria (almost 
a micrococcus) was found which formed whitish colonies later turning pink on the 
agar. It formed a zooqloea and did not infect the wounded leaves of very young 
palms,
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NUT-FALL IN COCONUTS.
Investigations in other Countries.

I'eleh•“*> record* that utter the heavy and unseasonable rains «»I January 
and February, I!*l7, in Ceylon, ait extensive fall of nearly mature nuts occurred 
oil some estates, and oil one estate of itholll t»(M) acres over lUU.tMMt iuimal lire 
fallen nuts were collected in the mouth of March, lie continued hy staling that 
the fall of immature nuts in their earliest stages, when they are about 2 inches 
long, is a well known and common event. Numbers of such small fruits drop 
olf a month or two after the (lower has ojsmed; and it is generally supposed 
that more fall olf in the dry weather than in the wet season, ll is probable that, 
in many eases, stich fruits have not lava fertilized. The mils which lei! oil, 
in the eases referred to, were from half to two-thirds grown or in some eases 
they had renelu*d their full size bill were not rij h * enough to he of any n-c.

SPECIMEN FROM NUT-FALL AREA, MAINLAND OF NEW GUINEA.
NJ5 -Surface know »ml vary ins tut» of coco-cuts.

. When the fallen nuts wore examined soon after they had fallen the stalk-end 
of the nut w iin  found to in* diseased und discoloured, ami generally there was a 
dark brown or fiitu'kisli-hrowu _ ' extending from the sear downwards, over
the surface of the fruit. When the nut was cut open the diseased discoloured 
region was found to spread downwards into the husk. The fungus which caused 
this disease was identified us l,/njlojthora which is always worst in wet seasons
because the fungus requires an abundance of moisture for the development of its 
spores, lie described ** Leuf Droop ” as an associated discus* caused by the sume 
fungus.

Stockdale*7'5* briefly describe* the same diseases from the Kuruiiegulu District, 
(kiylon, where the rainfall was said to bo rather excessive for optimum growth 
of coco-nuts, and the soil# heavy, it was only under these conditions tliut leaf- 
droop and nut-fall proved serious, in Ceylon, and under excessive and continuous

5
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spoils of wet wont her proved capable of considerable damage to palms and crops 
even in wcil-culli voted plantation*. hi some eases tlie: nut-full was considerable, 
esjieeiully where continuous light or misty ruins occurred on u number of duys. 
In isolated cases vigorously growing l>ulms dropped f>U per cent. of their nut 
crop—the nuts being all sizes, but usuully about half-grown.

lie suggested the following remedies for these diseases;

hood cultivation, better drainage, regular colloetion and destruction of all 
füllen, diseased nuts und diseased leaves; spraying palms as a preventive measure, 
but indicated that only under some circumstances would it pay.

Tcodoro11'* states that immature nut-full in the l*hitlipines was due in some 
eases to the fruit (lowers not being fertilized, hut in the majority of cases was 
caused by a fungus (I*hyluplhura app.) which grows on the huso of the nuts. 
This fungus may bo detected by tho presence of u dark brown or blackish brown 
patch at tho huttou end of the nut which often spreads half way up the base of 
tiiu nut. The disease was most serious in wet seasons. Nut-full due to Phyla pthora 
has not yet been recorded in New Guinea, though there is some chance that 
further investigation may reveal its presence here.

(•add in stated that the full of nearly full grown hut immature
nuts was formerly regarded as being primarily due to fungus attacks (e..g., 
J’liijloplioru). Nevertheless u causative organism was not always associated with 
tho disease which led to the contention that mechanical, adverse*, physiological 
or environmental conditions may he responsible in some eases, lie reported a 
serious ease of fruit fall in coco-nuts from lndo-Ohina in 1U20, which after 
comparative analyses of the soils led to the conclusion that the fundamental cause 
was iiiKullicient nitrogen which was remedied by the application of nitrogenous 
manures.

In Ceylon it was shown that wuter dehe.it, following on a prolonged drought, 
caused greatly increased fall of the u female flowers" or “button nuts”. Such 
a fall of buttons was previously attributed mainly to lack of fertilization, hut 
abscission of youngest fruits may ho caused by periods of drought which may also 
lead to the abscission (falling) of larger nuts.

ih* indicates, however, that nut-fail in Ceylon occurs principally in the 
rainy season, and iu the districts where it was part icularly severe tho .soils were 
heuvy loams which become hard during dry weather, with u teudeucy to water-
logging during heavy ruins. Those soil conditions, during heavy rains, become 
deleterious to the healthy growth of the root system by interfering with the air 
supply which, despite the excess of moisture privent leads to reduced absorption 
of wuter, and untimely death of the roots—resulting in nut-fall.

Cook, Porto ltico, lbiäöC'**, described the premature dropping of nuts iu 
various stages of growth from the very smallest up to those that were practically 
mature, all of which showed a black discolouration at the base. In some eases 
this bluckonod area became dry after the dropping of tho nuts while iu other cases 
it developed into a soft rot. Tho disease was more prevalent in some ureas near 
the coast where moisture and litter wore abundant and was worst on low palms. 
Kxamination and controlled inoculation experiments proved without doubt that 
the cause of these occurrences was TUitluoiopam puruduxa, the organism which
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is ,i I si > responsible for ‘‘stem bleeding 9 disease, known to bo present in Now 
Guinea. Simeevd’ul control was obtained by a very general clcuniug-up of all 
1 itter on plantations, and tlie removal of di«eased loavo« und nuts us fur ns possible.

Ashby*0 states that the first indication of one form oi’ bud-rot in Cuba and 
tbo West Indies is shedding of young nuts, followed by dark discolouration of 
>uoees.sivi• ilowcr spikes us they emerge from tins swords.

Nut-Fall in the British Solomon Islands.
In 1 It i I. I’Voggatl, \V. W./**) mentioned that a planter from Gizo, British 

Solomons, had informed him that the bug, AxUujUMhtit nnubrlli, was causing 
immature nul-fall in bis plantation.

Siiiiinoiids, Jttüd'«»•«»> noticed the very variable but poor yields of coco-nuts 
in jiorliou of Guadalcanal, British Solomon Islands. Premature nut-fall was 
noticed and both Tirol /tabu rufivenu und Axuh j umIux runJirlli worn recorded as 
jx’sts on coco-nut spatbes both in New Guinea and the B.S.I.P.

Tothill and Paine, 11)28(T8) montionod Axiayaxlus catnbelli, the coco-nut 
ilower bug, iis a cause of nut-fall in tlio Solomons.

Prior to !tt.'J4, tbo investigators in tbo British Solomons wero inclined to the 
view that soil conditions were responsible for nut-fall, or else unfavorable soil 
conditions, and variable rainfall combined worn interacting causes.

Lever<:m> BKM sent four samples of soil from Maluitu Island from a block 
yielding very poor crops of coco-nuts to the Imperial Institute for analysis. It 
was pointed out that the «ainphs of soil and subsoil were of an extremely heavy 
character.

The report on tbo analyses*88* «bowed that from a chemical point of view 
the. particular soils were poor. The amounts of acid-solublo lime were low, 
especially for heavy soils, lieing exceeded slightly by those of magnesia, u condition 
which is often regarded as indicating pyor fertility. Tim percentages of acid 
soluble potash and phosphoric acid wero low, and very little of the latter was 
present in uvuilublo form. It appeared quite likely that this latcritic clay soil 
would heroine water-logged under a heavy rainfall ami would bo unlikely to repay 
artificial manuring.

Tt is assumed, however, that these soils wore derived from an area which was 
not typical of the* Solomon Islands coco-nut soil«.

In iO:J4 a report was received from Loudon concerning the soils at Lungu, 
B.S.I. According to tho invostigators tho differences in samples of soils taken 
from good and bad nut-full ureas wore not sufficient to cause tho enormous 
differences in fertility. Phillip# stated personally that the foliage and general 
uppenrnnre of the. nut-fall palms wore healthy, and it w u h  considered that uusuitnhlo 
soil conditions would affect the foliage.

It is understood that nut-full is a far more serious problem in several large 
areas of the British Solomons than it is in the Mandated Territory of Now 
Guinea, lle.uco deservedly it bus received more attention in tho B.S.I.P. Lever*41* 
and Lever and Phillips*43* have publishod articles on tho subject. It is known 
that a soil chemist has recently been appointed to study soil conditions there. 
Messrs. Levers Pacific Plantations Limited and the Agricultural Committee oi 
tho British Solomon Islands in co-operation are mainly responsible for initiating 
this work.
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The possibility of fungus infection is not being overlooked by the investigator*. 
Any results achieved h o close at bund will be ol considerable interest to New 
Guinea, ljcnee a brief rename of their findings to date is given, which it must be 
admitted buvo been more the province of the entomologist. According to recent 
findings of the Director of the Imperial Mycologicul Institute, from specimens 
submitted, it does not seem that the falling of young nuts and buttons Liiere wus 
due to fungal infection and that the fungi present were common saprophytic forms.

Their investigations are not yet finalized, and there is still some controversy 
as to whether unfavorable soil conditions or particular insect* are the more 
potent cause of nut-fall, ullhough accumulated evidence shows that insects may 
cause the hulk of the drop, it has been shown by the entomologists mentioned 
that the noted distribution of tlie plant bug Amblypcll a cocophuyu Chinn Family 
Corculac closely corresponds with the occurrence of the nut-fall areas.

It appears certain from the following experiments that a decided proportion 
of nut-fall in the Jiritish Solomon Islands has been caused by Amitypclla. 
Jjcver,01* at first working with Pagden, conducted caging experiments at Guadal-
canal Island and Guvutu, und in the first instance caged twenty palm* und left 
25 intervening palms uncaged and found that an average of K5 per cent, of the 
cugeil trees bore nuts against only 50 per cent, of the uncaged trees. Thu*, although 
larger numbers of cages may have been more conclusive, the point seems to have 
been made that the cages proventod the access of some insect which causes the 
young nut* to fall.

All other insects were excluded and nymphs and adults of Amblypellu placed 
in the various cages. It was found that 00 }>or cent, of the nuts full in the 
cages where the Amblypclla was enclosed and only 70 per cent, in the enclosed 
cages without the insect included. Thus it was shown that only MO jn-r cent, of 
tlm nuts would mature in the control c-ugos even in the absence of any insect* 
This shows that AmblypeUa by itself can cause two-thirds of the remaining nuU 
to fall.

Axiaywtlut< cambelli was also suspected, but although results obtained by 
caging this insect were inconuiusivo it was apparently not important, in summar-
izing it is seen that by caging inflorescences with one-half of the palms having 
the insect in the cago end the other half serving a* controls not having the bugs 
in si do, there was u difference of 20 per cent, in the resulting nut-fall,

Phillips and Lever(4a) repeated these experiments and recorded a mean 
difference of 26 per cent, between the nut-fall induced by the insect Amblypcll a 
and the natural nut-fall. It was mentioned that this latter agreed very closely 
with the ratio estimated in the field, and given as two-thirds of the female flowers 
Helling. It was also slated that AmblypeUa wus not found on the liussol Islands, 
where nut-fall was not so prevalent.

Prior to the discovery of the association of Amblypellu with nut-fall in the 
Solomons, these nut-fall areas were inspected by the present Director of Agriculture* 
from this Territory. It was seen that the areas, where the nut-fall was most 
prevalent in the Solomons, were not, in his opinion, particularly fertile and, 
further, that lalang grass und low-lying swampy patches were present in several 
areas. The writer, when jmssiug through these islands on his way to Australia, 
noticed that palms on some of the areas showed evidence of soil exhaustion, but

t;
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Diving l«i hick id linn* unable lit iiit«i out whether this was eon lined to
plantations mi Hen up, from or not. ll bus aineu been ascertained that
apparently healthy palms aro liable to nut-fall where A mbit//wi la is present.

Nevertheless, it is fcusiblc to believe that the effect# of insuet attack on the 
nut-fall could he worse under iiufavorahle soil, cultural and cliinaLic conditions. 
In othur words, where both the AnUAy/n'lla and had soil and cultural conditions 
were in evidence, a greater jtemmtugu of nut-fall might occur. Further results 
of the work in progress will lie looked forward to with great interest. Control of 
.1 tnhlif/H'lln is heing attempted hy the introduction of egg parasites which attack 
the eggs of a elo-rly related insect in the Fast Indies. 1'nil a tors and parasites 
of the adult insert an* also heing studied as a menus of control and for possibilities 
of introduction.

The Nut-fail Problem in New Guinea.
From «a |s*riiMtl of the foregoing literature it is seen that there has been a 

considerable diversity of opinion as to whether soil conditions, insect pests, fungus 
jx-sis, climatic and pollination conditions, i.e., faulty nut setting, or a combination 
of several cimimstamvs, are responsible for nut-fall. Thus, this problem lias 
In-ell investigated in various countries by entomologists, mycologists, botanists and 
soil chemists.

it apjH'urs that tin* term “ nut-fall ” is compuruhlo witli the term “bud-rot’', 
and refers to a symptom or a condition rather than a definite disease, it may 
be sporadic or general in its incidence and due to a variety of causes. In only 
scattered instances lias-nut-full presented any serious problem in Now Guinea, 
and apparently it is not so prevalent as in tlie .British-Solomon Islands. Severe 
incidences of nut-fall have been recorded only at intervals on plantations in this 
Territory. Uncorded instances have been received from plantations on the New 
Guinea mainland, New Britain, New Ireland, New Hanover, Tubnr Island, 
Bougainville Island and Dumpier island, it has boon undoubtedly present on 
other areas at various times, hut the occurrences have not always Iwen reported 
to and investigated hy tliis department.

Bryce, writing in 1U2C in answer to an inquiry from Bougainville Island on 
the subject of nut-fall, stated “that this condition hud bomi the subject of 
investigation in (Vylon, where it has been caused hy climatic conditions or a 
fungus wldeh is found in most coeo-nut countries, including the Philippines 
(obviously meant PhylopUmra). Tliore is, in addition, in New Guinea a «mull 
caterpillar which enters very young buds at tho base and causes their fall ”.

It is impossible to suy which of these three causes w u h present on the 
plantation in Bougainville Island, hut most likely it was the caterpillar, although 
the climatic factor may also have Ik v ii at work. It was suggested that the nuts 
be examined for the caterpillars mentioned, though, unfortunately, the life history 
of this jx*st is completely unknown. The only remedial measuro suggested was 
the immediate collection and burning of the füllen nuts which were affected.

it would appear in soveTul recorded instances of nut-full in this Territory 
that insects probably had a decided influence on the occurrences, thus bringing 
the. inquiry largely into the province of the entomologist.

Froggatt (:,,t associated an occurrence of nut-fall at Tubar island with the 
stink bug, Axiayn*lux cumbclli, iJinl., while the sputhc borer, T'trulhuba ruftn-nu 
Walk, was also bred out from the affected parts. Both lie and an inspector and
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iiiHiriictor, win* liml previously **»n flu* area, mentioned that tin* soil conditions 
wen- raili«*r unsatisfactory on the pluul-ulious whore this nul-fnll occurred and 
t |t]iI proportion of both «Jiirgi* un<l »mull immuturo nut* dropped. 11« described 
how thr slink bugs obtuiued their f<HKi at all stages of development by puncturing 
(he surface skin of the spntho or button by means of a sharp-pointed proboscis 
or (rank. The sap was sucked out so that, the spatlies and buttons tended to 
dry out ami drop the nuts. It has since been ascertained that, where this rather 
serious nut-fall occurred at Tubar, after u period of six to nine months, the 
plantation recovered. Although spatho borer was present, tin? soils on the 
plaiitaliou in question were hard, red and elayey and the nut-fall oocurrc«! 
during a dry spell after heavy rains.

A reported occurrence of nut-fall on Tubur Island was investigated 'recently, 
(’omparutively few new nuts were falling when the plantation was visited, although 
there was some evidence of nut-fall sonic time before. The soils here were not very 
Milled for «••»(•«»-unis and the production had commenced to decrease noticeably.

A description of the soils here should indicate the reasons why nut-fall has 
been seen from time to time in the Tubar Group, excepting that very little is 
seen where the coco-nuts are growing on well-drained, coral foreshores.

The ground rook appeared to be a syenite porphry which weather* into u 
very still', clayey «oil while the subsoil is elayey, greyish and also very heavy. 
'Phis still soil is present on tho hills as well as on the Hatter foreshores, and the 
fuel that water was held on tho side* of auch high hills showed it* capacity for 
pugginess und retention of water. In many places the country rock reached to 
within a few metres of the surface. Some of the Hat areas were also heavy and 
swampy and showed only a limited response to draining. On such lints where 
nut-full* had been apparent before, the bases of tho palms were very exposed and 
the ground compacted.

(•aillc grazing over such area* left deep foot marks, and1 only added to the 
troublej even more so oil the hilts than on the Hats, as the foreshore palms, on 
u narrow, coral and sandy belt, appeared quite healthy and produced heavily. 
Such heavy soils must suffer from the effects of any dry period, because after 
being very wet and stiff, they would dry up and crack during dry periods. 
Tbc presence of seedy grass, Chrymipoyun utriruhUm, on such areas was also very 
delrimcutal I«* flic palm«.

In material ci»llceli*d from areas where some nut-lull occurred on Kur Kur 
Island, New Britain, New Ireland and Now iluuovor, specimens of 'I'irathuba 
rufit'niu, spat be moths, were bred out und recorded by the entomologist.

,Sexam upp. and J’runiccolhvca, wlien present in epidemic form as is tin; 
case on some plantations ui the present time, do cause considerable amounts of 
immature nut-fall.

Tiio following note* wore taken recently on nut-fall caused by VruinvcoUtc.ru 
on one plantation in New Britain, where the insects are present in epidemic 
pro port ions.

Here nut-full of three types was upparent.
Firstly, small green nuts were to be seen everywhere, which were smaller 

lhau an orange in size and fell singly from the trees.
Secondly, medium sized to large nuts woro seen to fall singly, the bigger nuts 

bursting as they bit the grouud.
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Thirdly, whole spathcs «f green aut» (Kaulaiia) wore soon in fall together, 
which, although full of liquid, weit» quite immature, showing little* or no kernel, 
and in any ease tin: meat lotted wftcu left on the ground.

Where almost muturo a big proportion of the nuts became rotten and the 
button IxTnnrn h o  soft and soggy that one could push a finger through it.

J'rontecutlnuti and Hcxuva cuusu the fronds to die ami fall prematurely, ami 
also greatly reduce the leaf feeding area so thut there are insulbciunt nutrients 
absorbed to ripen the nuts.

In portions of mm plantation in New Hanover (Lavongai) the stink hug, 
Axmj /h h Ih x cutnbrlli, has “reached such epidemic proportions as to cause young mils 
to fail in lurgo quantities where they have not already destroyed the flowers. 
The insects are present in unbelievable numbers causing the »pathen to ap]s*ar 
black. At present, it is only on this area that the insect is known to 1m * serious 
in this Territory.

Tho species Amblypella cvcuphuya, . associated with nut-fall in the 
Solomons,has not yet boon recorded here, though tho possibility is not 
overlooked that it may have tqmiud to Bougainville island which is really of tin* 
Solomon Islands group. Nut-lull, however, bus not been of particularly frequent 
occurrence, »»or very serious in its uffucU over wide area» of Bougainville Island. 
It is most likely that nut-fall is not so prevalent in New Guinea as in the Solomons, 
boeaUM* the species of Ainblypclla found there is not present in this Territory, 
hut (his remains to be proved.

According to (Jliina**1* there are four unidentified species of in sects, derived 
from New Guinea, closely related to Amblypclla, stored in the British Museum, 
hut the Territory and locality where they lmd boon collected was not stated.

J’hillips stated jMirsoually that a species of Ainblypclla, namely, A. funio.sa, 
had been recorded from Kinigunuu, New Britain, by Dr. Blote, 1ml this was 
not tin* species responsible for the trouble in the British Solomons. Search showed 
that this species must he scarce here. Study of tho distribution of Ainblypclla spp., 
here is a matter which is receiving the attention of tho entomologist.

Although it has been established that insects cause a proportion of nut-fali 
in various areas, it must be remembered that a number of other causes have been 
proved to influence serious nut-fali in other countries. The presence of fungi, 
unfavorable soil conditions, various deficiency diseases, faulty pollination, <kc., 
must not Imj overlooked in uny specific investigation of nut-fall.

It was seen by the experiments in the Solomons that approximately a GO per 
cent, natural fall was recorded. Some natural fall occurs everywhere but what is 
considered a good setting of nuts to flowers pollinated has not yet been established.

Tin* author lias had a great deal of association with pollination problem«) 
in temperate crops where it was regarded as a fundamental fact that in some 
fruits the number of fruit» carried to maturity may be dependent 011 several limiting 
factors. The amount of fruit which matured and the windfall problem were 
closely associated with the environment, thus the vigour of the trees, state of the 
•soil, and water conduction and requirements^«!! hud their olleets. Jt was proved 
ihut, all things being equal, the most vigorous trees of any particular variety 
could carry tho most fruits to maturity. Thus, coco-nut palms growing under 
unfavorable soil conditions, e.g., in heavy soils with lmd drainage, may behave 
similarly and drop many more young fruits than healthy paints growing under 
favorable circumstances.
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more frequent in old plantations. it has been noted in several instances thut, 
where cattle l»ave been grazed und tramped over heavy soil where coco-nuts are 
growing, much more nut-full has boon induced.

In young paints immature nuts have been observed to fail frequently, in 
New Guinea, oven after they have roaeheil a good size. it appears that some 
young palms have not sufficient vigour to bear (to maturity) all of the nuts which 
set; this appears to be particularly the ease where the soils are heavy.

An occurrence of nut-fall appeared on one large plantation in iiouguiuvillc 
where about tiOO acres wore ufleeted, but this urea has recovered and is now 
yielding well. 'J'lie only area in which nut-fall occurs ui present is in a wet, 
trodden area near a cuttle dip, as several hundred cattle are kept on this plantation. 
Thu base of the coco-nuts showed that a small borer was present (the identity 
was not determined) but the questiou is why had this not spread over the 
plantation if any insects were the primary cause of the condition? It wus seen 
on these palms that there were plenty of healthy fronds, but no nuts remained 
on the palms. The soil horizons where tlm wide area of nut-fall had occurred 
previously were examined and proved very interesting. This plantation is situated 
dose lo a semi-uetivo volcano which has given olT explosively a very tuifaecous, 
light soil with some belts containing puntaceous rock. The soil is lighter in colour, 
texture and composition than most soils in llouguiuville. It appeared thut there 
had Ih t i i a lluctuuliug deposition of soil probably in many instances re-deposited 
from shallow streams. It also appeared that the sea had covered the urea at 
intervals and that a silting and re-deposition of fine particle's had occurred. Thus 
some of I he previously affected uveu was very low-lying, with water still present, 
rendering drainage essoutinl which, when carried out, greatly improved the 
upjicuruucc of the alTeeted ureas. On an exposed section in a natural gully, it 
was seen that there were alternating layers of fine ami coarse soil and in some 
layers sandstone rocks occurred winch were very crumbly and easily broken; this 
was particularly evident where a quu'rry had been made.

The explanation of the recovery of such u lurgu area from nut-fall might 
be that the rest of the palms hud, at one period, struck it gruvelly layer and then, 
after it lapse of time, penetrated to the better soil beneath, i’ulm root» were 
seen at from IN feet to 20 foot in the gully mentioned. Aguin, the draining of 
the stagnant water must have been very helpful to their recovery.

The manager stated that heaping up the fallen fronds around the palms, 
adding as much humus to the soil us possible and draining to better the soil 
conditions aided the palms to recover, and that manuring should have Imh mi
beneficial.

The occurrence of single palms in a plantation showing all the evidences 
of nut-fall has been noted here which may be. a hereditary elfoct or due to local 
compacting of tin* soil, e.g., near a copra drier,

it is difficult to believo that an insoet infestutiou would have confined itself 
to uu area which was less than ono-tonth the total area of the plantation and 
ufterwards cleared up almost completely. In any cast» if insects did cause a 
jKjmmtage of the nut-fall it was evident that the soil conditions were at fuult 
in the area where nut-full occurred.

1UJ».—5
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A recent development of uut-fuii bore is au isolated ease on the mainland 
of New (itiinea, where an »»Id plantation in almwing rather seveiv evidenee of 
nut-fall. The eondilions responsible have not been fully investigated but some 
eonelusions are possible at this stage.

Reference to the photograph on page iiS will show that nuts at all stages 
of development have fallen in this instance. This photograph depicts the specimens 
d»:rived from oim kerosene case of fallen nuts which were scut in from the 
plantation. These specimens were also microscopically examined within a couple 
of days of their being picked up at the plantation and while they still appeared 
fresh and green or slightly yellow, according to the age of the nuts when they fell. 
Reference has been made to recent reports concerning the plantation in »picslion. 
It appears that the greater proportion of this area was planted around the years 
1898-31)04, hence most of the palms are now approximately GiJ-TS years old, 
although some wore planted in 31)14-1 G. According to an inspector and instructor 
(Mr. (’orlield) in UKl.’J, the palms had “gone olf ” and wens hearing poorly, as 
liter»' was not much depth of soil above the coral and the humus and manurial 
constituents had lasen greatly depleted, lie also recorded that 150 palms had 
|>eoii affected by lightning within six months and had to he destroyed. It. has 
been stall'd that tin- plantation was continuously grazed with eatlle since 11)18 
at least, and that often 300 heud were present, which led to soil compacting under 
(he particular conditions, and further that bracken and weed growtli were plentiful.

Some interesting technical data was obtained from the examination of tho 
sjm*»mmens of the fallen nuts submitted. The greater proportion, about GO per 
cent., of the nuts which'fell were small, ruuging from inches to inches in 
diameter. The fall of the small nuts limy be a natural response to any unfavorable 
environmental conditions, either soil, climatic or cultural. Numerous nuts, lmw- 
»•v»T, which were on the ground were quite large, ranging from 71 inches to <S inches 
in diameter, mid it is likely that other causes might have been responsible for 
their fall.

in several eases the presence of large boring insect larvae was not ice» I and 
tlies»1 expelled grout quantities of brownish lumpy fruss from a bole several 
millimetres in diameter. Some of these nuts were placed in specimen jars, where 
it wus seen that these larvae kept on boring for several days and are still in tin* 
larval stage. It apjx'ars that the larvae is J^ftitlopleroux and is probably tin* 
spalhe borer this will be confirmed.when adults are bred out.

Indications of the presence of such a boring caterpillar wore ubseul in several 
of the eoeo-nuts examined and there was little cvidouoo that they had attacked 
the spa the higher up.

On practically all of the nuts examined, evidence of fungus attuck wus seen. 
This was not always tin* ease where freshly fallen nuts were examined in the field. 
A number of the nuts showed splitting and gumming, probably duo to the full; 
others showed a »lark brown discolouration at the stalk end which, when the 
nut was split o |k *u , was shown to extend well into the internal tissues. Practically 
no kernel or meat- was present in any ease, cxamiimd. The thin kernel, where 
present, was usually brownish and discoloured similar to a potato affected by 
Virus or Irish Rligbt. Under tho bracts forming the cap or button, which remuined 
attached I»» the nut, a re»l discolouration was apparent in several eus»!s on what 
up)K)ured to he healthy tissue, although it had a tubercular, lumpy appoaruueo. 
Uulturing and examination of this tissue showed that a definite fungus was



07

responsible for (lie discolouration. Lu other eusos it was «een that a brownish 
discolouration extended more than half-way along the length of the nuts and 
that pycnidiu (|*erfo«t fruiting stage) of some fungus wore present.

A diseased nut was cut open and kept under moist conditions und a profuse 
fungus mycelial growth develop! which was at first whitish and later smoky in 
colour. A distinct reddish-brown gummy ooze was oxudod, us was scon on some 
other s|K‘eimens. The fungus present hero was apparently Thiel<n)iopsis paradoxa, 
which is widely spread in New Guinea and was recorded us euusiug nut-full in 
i*orto Kico in lbsfßG*3). The perfect stage of the fungus seen is of technical interest 
as it appeared like a Triehosplueria or Splneronoma (CcrtUoslomrllu), and is 
being sent with the other specimens to the Imperial Mycologieal Institute for 
doiinilo identification. It up]mured from whut could be seen on the field that fungi 
were, probably not the priiuary'causo of nut-full in this case.

As could ho expected, there were several fungi presont which appeared to be 
secondary in their effect, such us Fusarium spp., ami Pencillium (green mould). 
It is also feasible that insects would attack nuts on the ground.

It is probable that the fungus proved more serious whore old palms under 
poor conditions showed reduced vitality, especially as Thielaviopsis and spnthe 
borer arc known to he present on many plantations here. Tkieluviopsis is often 
seen on lightning-struck trees or on badly-drained ureas.

Investigation showed that grazing cattle over wet aroas both on this plantation 
and on a neighbouring property adversely affected the soil in many instances, 
but this was worse in some places than in others, especially where water was 
seen to collect on old camping grounds, it was also noted that tlm nut-fall was 
worse on some areas of the plantation than in others, und further that some palms 
shod many more nuts than others. This compared with what has been noted by 
investigators in Ceylon.

'{’lie soil on the plantation in question is u sandy coral loam on the foreshores 
with practically pure coral at only a small depth ranging from a little over I 
foot to less than 2] feet from the surface. At tho back of the plantation the soils 
are heavier, containing more volcanic soil mixed with the coral outcrop, while the 
subsoil is clayey. In some areas the shallow soil overlies compacted rock coral 
which apjmars to act as a hardpan, a condition which bus been seen elsewhere 
in this Territory. Tho soil at tho back of the plantation appeared to cake and 
crack under some conditions, whilo in most areas (on tho plantation) the rain 
disappears quickly after falling, creating liability to the effects of drought. 
Oa many areas the water rises close to tho surfucc und a considerable proportion 
of tho total area is comprised of swamps and lagoons whose distribution would, 
no doubt, bo greater in tho wot season.

The effects of tho shallow soil and the presence of hard coral caused tho 
basal roots of the palm to bo raised high above the soil level during the process 
of growth, as they could not ponetrato readily. Examination of the soil horizons 
in many holes which had been sunk for road-making showed that the rooting 
of the palms on this place was shallower than had l>een soon on othor areas. 
Tho offocl of such shallow soil on raising the palms out of the soil had boon, 
in many instances, increased by the tramping of the cattle.

A grout proportion of tho palms ure situated on a narrow isthmus, which 
appeared to ho liable to heavy winds. Tho plantation is particularly liable to 
lightning strike and several hundreds of palms have been cut out from this cause.
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in one ari'ii tliu unusually large number of iü puhns were cUl out an being uffecpal. 
The susceptibility of particular areas to lightning strike is often inlluoncod by 
local conditions and tho reasons for this arc discussed elsewhere.

“ Leaf droop ” was observed very commonly on tho plantation. This condition 
hud already been recorded by Pc UjMmj in Ceylon us being associated with nut-full, 
whore he described tho ieuf droop to u species of I'kytoplhora, ua was the nut-fall j 
but this was not tho case in this instance.

Tho fronds which hung dotvn were bunched and dead, or nearly so, while 
the up|H!r from Is often uppearod quite houlthy. In Ceylon the leaves were said 
to bond frequently while still groon. In this instance Murasmius thread blight, 
not to be confused with truo thread blight, wua seen quite commonly ut tho base 
of tho fronds, und uppearod to have progressed much more than on normal fronds. 
'Piic bases wore noticoably very rotten and often became infested with white ants. 
Tlui leaf sours appeared close together while tin» dead spalho* usually remained 
attached to the palms. A case of un otherwise healthy leaf attacked by white 
ants w h s seen here.

Leaf droop in New (luinua appears to bo associated with poor soil conditions 
and with poor vigour of tho palm, it wus seen, however, in some eases, that 
palms which were not affected with leaf droop dropped their nuts.

Many spathes und fronds from palms showing a good deal of nut-fall were 
cut down. A good proportion of the spatlios showing such nut-fall were found 
to hi- uiroHcd with tin* spatlie borer Tiratltabu rufivanu. In some cases where large 
nuts hud fallen this tophi be put down to sputhe borer and one case where tins 
unquestionably occurred was noted. Several «pathos from which nuts had fallen 
showed no disease effects at their base and were not affected with gpatho borer, 
lienee nut-fall in these instances must bo duo to other causes, such as faulty 
pollination or unfavorable environmental conditions.

Where nuts of all sixes liuvo fallen there is probably more than one cause 
indicated. It was certain from tho presence of withered, immature nuts on the 
ground thut nut-fall hud been in evidence here for some time. Nut-full was found 
to be present on other plantations on the mainland in close vicinity to the one 
in question, but was apparently not so evident. Probably there aro fow plantations 
where them are not some immature nuts on tho ground as, for example, nut-fall 
has boon recorded on the relatively rich soils of Kur Kar Island.

Weed growth was rather plentiful on the plantation under investigation, 
although there was not nearly so much Kunai (Irnpcrata urumiinacca), except in 
the back ureas, us in scvoral other parts of Now Guinea—Ferns, seedy grass, 
Chnfxoptxfon aciculultuf, S t achy tarphs turn. (Bluo-flowcrod weed), ElcUoslcmma 
I wiLh Hpikt*d seed«), Sida rrlusa (—»*V, rhombifolia), Mimosa jnulica and Ipomoca 
*pp., were among the weeds present. Kpiphytic ferns und staghorns were very 
plentiful on tho palms and, although tlieso lutter may have no ill effects, they 
indicate the environment.

A study of tho incidence of rainfall on the particular area shows that, for 
all of the eighteen years recorded, July, August and September nro usually dry 
months, following the wet season, while the rainfall for October is inclined to 
show more variations in different years. The average rainfall is about 140.54 
inches per annum, and, although the rainfall for 1036 closely approximates the 
average for the period, some wide deviations occurred, tho fall beiug much lighter 
in April und June than is usual and much heavier in August. Since 1926 the
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average rainfall has fluctuated from 101 inches in 193-1 to llio fairly high total 
of 153.2$ inches in 1935, while 2‘lÜ.oÜ inches wore rocordod in 1930 us against the 
next lowest total rainfall ol 113.57 incites in 1931. Such pronounced, fluctuations 
in ruiufull could be expected to influoneo the yields greatly and also the number 
of nuts carried to maturity in particular years, especially oh soils which uro 
influenced by drought conditions, as arc those on the plantation under consideration. 
It wus staled that nut-full was worse in, certain scusous and also in some years 
under the circumstances obtaining there.

It is apparent that there are ut least four conditions present in the ease 
investigated which uro likely to cause nut-fall, namely, soil and cultural conditions, 
age of the palm leading to soil exhuustion, fungus und insect attack, and climatic 
conditions. Tho natural soil conditions obviously cannot bo remedied and similarly 
the natural climatic conditions, although fluctuating, will alwuys exist. It is a 
well-known fact that coco-nut palms on a number of older-planted ureus in this 
Territory have commenced to deteriorate owing to continued soil exhaustion. On 
such areas palms could not be expected to bear a large number of nuts to maturity 
regardless of the original setting after tho first pollination. The most vigorous 
palms should carry the most nuts to maturity. Thub, coco-nut palms growing 
under unfavorable soil conditions, for exainplo, ou heavy soils with had drainage 
or on soils liable to swamping under wet conditions, and drying and cracking under 
dry conditions, may be expected to drop more young fruits than healthy palms 
growing under favorable circumstances.

In addition to the remedies suggested by Stockdale(70) where the soil conditions 
greatly affected tho nut-fall, mulching, cover cropping and selective weeding are 
also remedies which suggest themselves.

ft appears unwise to allow cattle to wander ml lib., over any plantation, and, 
if they urc kopt, proper subdivision of the area should be provided. This is 
especially true whore the soils are heavy.

The question of the economics of keeping the cattlo there, as against any 
damage to tho soil conditions, must to some extent he assessed by the owners.

It is certain that the natural soil and climatic conditions which probably 
most largely influence the nut-fall cannot be remedied, and all that can bo done 
is to provide good cultural conditions. The question of rehabilitation of old 
plantations is a vexed one which will be discussed elsewhere.

Dr. Phillipsduring his recent visit to Rabuul, in October, 1Ö3Ö, kindly 
examined the nuts derived from tho occurrence of nut-full ou tho mainland, llo 
was definitely of the opinion that this nut-fall was not due to tho sumo causes 
as the Solomon Islands nut-fall. No evidence of puncturing by the Amblypelta 
bug could he seen. Thus, there is some possibility that this specific insect is not 
present on the mainland of New Guinea, although closely related types are present, 
lie also stated that a most noticeable feature in most of the nut-fall areas in 
the Solomon Islands was that tho palms and foliage were generally heulthy, 
suggesting that tho cause of nut-fall was not physiological. Tho coco-nuts which 
fell were generally smaller and did not reach the same size as a large proportion 
of those which he was shown from the epecimens collected on the mainland,
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Wjada.
Jiouvy winds ure u cause of nut-fuli, and after some recent very strong wind* 

in Numutunui, .New Ireland, the writer observed that gome large immuture nuts 
bad fallen. The nuts which dropped after such lieuvy winds showed practically 
no evidence of any injury or insect damage at the bus»'. (Vows have been known 
to cause nut-lull on Witu island, while parrots and oilier birds do cause nuts to 
fall when feeding ou the young spathos.

Buis as a Cause of Nut-fall.
lindoitbledJy ruts cause a considerable proportion of the lall «>f immature 

nuts which is present to a limited extent on most plantations in New Guinea, 
(in some areas here, rats are plentiful, and, in inuny instances, have been known 
to climb the palms and chew the bases of the young nuts, causing them to fall. 
Ualg usually continue eating the young nut on the ground, lienee »juile large 
holes muy be seen at the bases of young nuts damaged by rats, Rats do damage 
to nuts which have fallou from other causes.

Itats Iih v u lieen recorded by FniuoG®) as causing severe damage to young 
nuts over wide areas in Jj’iji. 'i’aylor estimated that they caused 7 per cent, of 
the immature nut-fall over the entire Fiji group, while Fuine, counting by another 
method, showed that from 31-40 per cent, of the young crop was damaged by rats 
• •u certain estates. 'Pile damage to young fruits was described ns follows:—

“ Most of tin* damage done by ruts to the coco-mu crop takes place at the 
various stages of fruit development between pollination of the female flowers, ami 
the final maturing of the fruit. Shortly ufter the fruit is set a cavity begins to 
form inside it in which nutrient iluid accumulates. Kais bite through young 
mil* at the base in order to obtain this fluid and in doing so dislodge I Item from 
the tree.

‘‘Any nut which, as a result of rut hi jury, falls to (he ground before the 
husk has begun to turn brown, is rendered unfit for harvesting, and these nuts, 
which are »-ompletely bored by rats, are common objects in coco-nut estates when* 
rats are established.

“ 'flic rather ragged-mlged holes, either at the side, or more usually near the 
ha*«* of *ucli nuts, are so characteristic that in counting nuts lying on tin* grouml 
there is no possibility of mistaking those whose premature fall lias been brought 
about by rats.”

Approved methods of rat control wore outline«! by FroggutB30* in a recent 
issue of tbo Nnw (luinea Af/rlrultural (iaze.tte.

RING DISEASE OF IMMATURE NUTS,
(Uncorded by SimmomlsA0"^)

Stated by i)r. U. J. Noble, Biologist, New South Wulcs, to be associated 
uith Jiolryodiplodia Ihtobrumae, but whether us a causative organism was 
uneertuin.

Simmonds stated that the disease, which is churueterixod by a somewhat 
regular ring of lesion.» around the husk of immature nuts of various age*, which 
split at the affected points, was present to a varying extent everywhere in New
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(•imicii. When attacked early Mu; mil* fail t»» develop mid «Imp, but, il altacked 
laler, develop and 1‘ijK'ii us underai/.od und misabupen nuts; thus a considerable 
loss of half-grown nuts in paused.

It is only noev^sary lo ruiteruto that up to tho present time the great majority 
of lim planters in New (itiinen have hud little to fear from losses due l«» nut-fall.

It is only in sporadic instances that nut-full has presented any problems in 
New Guinea while severe incidences of nut-full have been recorded only at 
intervals on plantations in this Territory.

h appoars fairly certain that nut-fall caused by A mblypeliu is not yet 
present here, and that soil and local conditions have been largely responsible for 
what nut-fall has occurred, it was thought advisable to present all phases of the 
problem, so that the local planters would be aware of tho true position here.

HEAD DROOP (CORKSCREW, CABBAGE DROOP, STRANGLE
DISEASE).

This is tho most baUiing coco-nut diaou.se found in Now Guinea. Tho 
condition i* widespread but is particularly serious in parts of New Ireland, in 
llouguinville, u head droop’’ is seen in a relatively lew scattered palms only. It 
is also present in New Britain and on tho mainland of New Guinea. According 
to a resident Gorman planter, this disease was investigated during the German 
regime here, lint neither buctoriu nor fungi were found us casual agents. Itocont 
examinations have also produced negative results.

In the condition of head droop” it is seen that the top bends over, uud 
in many eases the whole stem may form a complete semi-circle, while the leaves 
arc all bunched ami twisted into a distinct rosette, with the lower leaves sparse, 
short und dying back. In many eases the whole stem may form a distinct loop, 
or in some eases become “S” shaped, in the final stages there is failure to 
bear coco-nuts, while till' sjmthes may die buck completely. These abnormalities 
cannot possibly be hereditary or gonoticnl, because many palms recover und the 
condition may recur several times on the one palm. As fur as is known virus 
diseases have not lieeu recorded in coco-nuts, und the author lias only read of one 
ruse where such a condition was suspected. I>ark(M) bus described a suspected. 
virus disease on Areeu palms (.treca catechu) in Ceylon, but the symptoms are 
quite different from those described here. There are numerous ox urn pies of virus 
discuses in the plant and animal world*, u.g., bunchy top of banana, mosaic 
of tobacco, lirouxc wilt of tomato, and an ordinary cold in man are usually * us | meted 
of being due lo virus infection. The causal agents of ibis type of disease, 
although usually infectious, ure not visible oven under the highest magnification, 
but, in the case of plant diseases, they arc usually transferred from plant to plant 
by an insect carrier (vector); e.g., thrijw, at a particular state of development, 
are responsible for the spread of bronze wilt of tomatoes, and the banana aphis 
spreads the ha nun a bunchy top virus.

It has been stated flint insect injury to the growing point, in the early stages, 
may weaken one side of the trunk und eventually lead to twisting. The ussociu? 
tiou of this condition with mealy hugs, scales and aphids was recorded by
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Sinimomi* in 1024, but ho stated that they wore apparently only secondary 
effects. lL lias l*oen suggested by tiumu planters Ihul Litis condition is duo to 
original twisting of the «Vom und roots when the seed nut is gormiuuting. If 
sit«*h worn the case, it is diilicult to believu that it would moro prevalent in 
.some district* than in others. Then the fuet that the palms often recover seems 
tu discount this Ilieory.

The present author noticed that on most of the a Heeled palms, red tree ants 
(()o,ro]>hiflla Sinaragdina Ixxlc.) wore more plentiful than on other palms, but 
whether this was Waumo  of the extra protection afforded by the hunched leaves, or

HEAD DROOP (Typical), HEAD DROOP. —Apparently recovered Palm
leaving a  very twisted stem.

becuuso more seule and aphids wero present, it is not possible to state. It could 
be assumed, however, if “head droop” wore a virus disease, that sufficient insect 
vectors or carriers were present to aid in its dissemination. It is susjKjeted, from 
analogy and comparison with the symptoms found in. oilier virus diseases, that 
“ head droop ” belongs to this category, and further work is necessary to prove 
whether this contention is tenable. Tbo fAct that in many plantations the affected 
palms only occur at scattered intervals shows that in some places the disease does not 
tend to spread rapidly.

A>

äM&s
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There is tlio possibility that ? houd droop ” is a deficiency disease, but this 
scuiiis improbable, us thu condition is widely spread in Mew Guinea, and is quito 
prevalent in rich soils, such as in Kar Kar Island. Often tho best-bearing palms 
are ullected, and tho foliage does not appear in uny way chlorotic, being usually 
deep green in colour. Thoro is also tho somewhat limited cliuuce tliut where 
palms arc growing on rocky areas the resultant restriction of roots would lead 
to unbalanced growth. It is also possible that where odd palms are affected, 
e.g., in New Britain, tho cause of ** head droop ” is not the same as where the 
condition is prevalent and tends to spread, as in New Ireland.

“Head droop” was apparently referred to in Siuuuonds’ short description 
of ‘‘strangle disease ”/*“ *”* when? it was stated that a number of trees with 
tho heads bent and twisted and buying a strangled appearance were seen. Various 
suggestions as to the cause wore put forward. Tho most probablo, however, 
wcuHttl that the trees had been injured by one of the big booties.

Tho Manager, Bopipo Plantation, Namatanai District, New Ireland, recog-
nized an apparently unclassified disease in Fobruary, 1024. Bryce, in a letter 
referring to this occurrence, stated that probably three diseases wero indicated 
in the field symptoms described, namely bud-rot, deformity of growth, and 
withering of leaiiets (probably duo to soil exhaustion or insect attack). This 
“ deformity of growth,” also referred to as turning oyer of the terminal bud, 
was, undoubtedly, what is now called “ head droop.” It was suggested that an 
(-flicnaiouH remedy w u h to cut off and tar tho central shoots. The Manager, 
Bopiro plantation, cut about 25 pulms in this manner, and six weeks afterwards 
be maintained that they all started to grow on healthy and straight. The 
original record by the Manager is worth quoting as good practical observations, 
although some of his conclusions wero untenable:—

“ The infected palms were planted in likLi), and, except for a few detached 
pulms neur the seashore, wero mainly eonfined to au area of about half an acre 
in extent. Tho first symptoms were tho turning over of tho terminal bud plus 
a dying and withering of tho leaflets on the central fronds. Later, unless remedied, 
the bud will laconic rotten and stinking, and on cutting be found to be infested 
with the small palm weevil. No sign of root disease wus found. From Observa-
tion of tho infected palms and their response to treatment, tho idea was gained 
that the original damage was caused by whirlwinds, which wero very severe and 
frequent where tho diseased patch occurred, and whose force wrenched and 
screwed the centre shoot of the palms, and in doing so loosened tho cohesiveness 
of tho loaves comprising the central shoot. In this weak state they are a prey 
to all diseases, while leaf-eating hispids and palm weevil find an easy entrance. 
It w h s stutod that all tho buds lean over iu the opposite direction to tho north-
west winds, due to effect of these winds on the previously weakened buds. This 
was not 'the first time that palms showing tho centre shoot leaning over had been 
seen and treated, but it was the first time that a collective area was attacked and 
looked so hud as this one did.”

Froggatt (1934),in an unpublished departmental report, stated that the 
“cabbage droop” reported from Namatanai should, he considered, be more 
properly considered as "head droop,” because tho wholo bond of the palm inclines 
over at an angle of up to 00 degrees, or oven more, in some instances. It may 
also bo much less. The time occupied in the w droop ” is variable, and rnay take
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up io twelve months or more, before the heud begins lo right itself. Jluriug the 
period of “ droop ” no spathes arc developed, ulthough the leaves» remain green. 
After righting itself .spathe« urn again developed in a normal fashion.

(.'uses were reported in which the palm imd died before the head again 
turned into the vertical, but this is apparently rare. It is of general occurrence 
throughout the area traversed. It may bo slated that it has been observed in 
most, other parts of the Territory visited, but in the New Ireland area it may 
he more prevalent than elsewhere. The occurrence of “droop” is not, apparently, 
entirely a question of location, as it occurs on both the sandy loam fore-shores 
and on the hack areas, where the soil is of clayey nature and rather still when 
wet. It was reported, on some plantations, to he more numerous on the hack 
areas than on the frontage. An examination was made of the root system, and 
on the clayey areas surface roots seemed relatively source, but were more numerous 
on the fore-shores. Tho nature of the soil may, of course, have masked the true 
conditions of the former. On some plantations, lie was informed tiiat the 
“droop” had been of more common occurrence since the very dry climatological 
conditions experienced in 19311 and early 1934. Tho soil types present on most 
places were sandy loams on the fore-shores, with clay loam overlying stiff, reddish 
day right lo tho surface. No post or disease symptoms which might have been 
causative factors were observed.

Attempted systems of control practised on different plantations were as 
follows, hut, as no control or chock palms were kept in any ease noted, it was 
not possible to draw any.conclusions regarding their cllicacy:,—

J. Three partial scarfs, one above tho oilier, encircling the whole palm.
2. Cutting the fronds on the side of the “droop” and the top of the

“ head ” above the cabbage.
3. Leaving all the fronds and cutting the head above the cuhbugc.
4. One scarf cut on the side opposite to the “droop.”

Tho objectives and likely influence of such treatments, under the circum-
stances, are not clear. A considerable number of affected pul ms, to which nothing 
hud been done, were observed to have righted themselves (V.g., on Pumirus 
Plantation). Ho concluded that further data were required before any opinion 
could bo formed as to tho disoaso in question.

in 1934 the following record was received from Same Plantation, Naina* 
tanai, New Ireland, where there were a number of palms suffering from “cabbage 
droop.” Tu some casos tho young palms hud not made any butt, yet the terminal 
shoot was curled right over». Various methods of cutting back were tried, hut 
the majority of s curled again. Palms in Issaring, suffering from droop, 
uerc aLo partially riug-hurked, with similar results. One planter from the 
mainland stated that, by continually cutting back the fronds, as the head 
periodically drooped, ho was able to save many palms.

Tho following is a description, by the present author, of a palm affected with 
“ head droop ” and cut down for examination on Koka Plantation, New 
Ireland:—

Tho trunk was badly twisted, in two directions; the second twist occurred 
about 2 foot ubovd tho first twist, which mado tho palm almost “S” shaped;

86
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Lit us in the lithl twist the base ui‘ the fronds wus facing in the opposite direction 
to the first twist. Tho fronds comprising tho head of the palm wore alt bunched 
logothcr, and it appeared that the central leaves wore the lirsl to bend over, and 
eventually the extra weight on one side caused the whole head to fall over. It 
appeared that the sheaths or buses of the leaf “ petioles ” (leaf stalks) were 
bunched also, tending to «bocomo very tight, and that the leaf bases were closer 
together than usual; thus the whole of tho fronds formed into a closely compacted 
olump ami fell over at the top. The stulks, or petioles, of the loaves developed 
a distinct curl or twist, and cracking wus often seen where the twist occurred. 
Tho fronds curled in a complete arc, while the pinnules of the leaves (loaf 
divisions) folded noticeably over tho central vein. Tho affected loaves were not 
a hen I thy green eoluur, hut appeared to have a silvory-ooluurod sheen caused by 
“silver-leaf disease.” One of the outstanding symptoms was the failure to hour 
nuts at all; also the iiower clusters were affected, and tiro smaller branches of 
the «pathos died hack.

Another palm, cut down on I'utluugat .Plantation, showed tho trunk bent 
over into a complete semicircle, while altogether the trunk showed four distinct 
twists, the first appearing quito close to tho base, showing that the palm was 
affected for a very long time. Tho fronds were ail hunched ami twisted into a 
distinct rosette, while tho lower fronds wore sparse, short a»ul commencing to die 
buck. It was also -noticed that tho pinnules (loaf divisions) wore sometimes 
broken on the bending side. On one palm the growth was checked about two- 
thirds of the way from tho base to the top, and it was seen that there was a 
marked constriction of the leaf scars whore the twist occurred.

On these plantations they had tried cutting tho tops, i.o., the overhanging fronds 
and terminal shoots, hut with mixed results, and, although some of the palms 
recovered and grew straight again, this was also noticed on palms which had not 
been touched. The disease does not appear to kill the palms, as they keep 
growing for years, and m»iy apparently recover ami bond again; sometimes four 
or five limes. When the cabbaging phase does occur, however, nuts arc rarely 
set. One palm which was previously a heavy bearer did not hour for three years, 
owing to “ head droop,” then recovered and commenced bearing very well again. 
[rndoubtedly, “head droop” appeared to Ik s the worst disease present on the 
west coast of Now Ireland. It is not so frequently soon in youug palms, although 
it does occur in two to four-ycur-old palms. It was stated by tho owner ut 
Pull ungut that lie noticed general debility and weakening of the palms before 
they commenced to droop over.

On one plantation 141 palms were out buck within twelve days. One palm, 
which was about I on years old before twisting occurred, was cut buck several 
times; it recovered for a while, but finally developed the droop again. Another 
palm treated in this manner was finally killed out with red palm weevil. On 
the cast coast of New Ireland “head droop” is prosont on several plantations, 
hut does not appear as prevalent as on the west coast. On some plantations they 
were trying to remedy tho position by removing tho overhanging fronds and 
loosening the leaf sheaths, and, although in a munbor of cases the palms recovered 
and became apparently normal, the groutor number tended to screw again. It
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is suggested that it would bo definitely auwiao to soled seed eoeo-nuU from ureas 
where “ head-droop ” is prevalent, ami that oven good palms close to a palm 
suffering from “head droop” should bo avoided.

if aphis are responsible for carrying a virus disease, as is suspected, a 
method of tronlmoni which suggests itself is spraying the palms, ufter cutting 
hack, with a tobacco infusion or with black leaf 4.U (“-•nicotine sulphate), using 
a strength of 1 in 50U to l in 800. Experiment* are necessary to see whether 
these or other sprays, such as tar distillates, red or white miscible oils, &c., 
would provo in any way elHeacious. If the disease is observed in young coeo-uuts, 
or where it is just starting, it would l*e a wise course i.> cut out ami destroy 
a Heeled palms.

In conclusion, it may be stated that, while some of the remedial measures 
referred to may be of value, it is impossible to recommend any form of imihuent 
until the cause of the disease is definitely established.

FROND CHOKE.
in this case the terminal fronds tend to stand very erect and develop poorly. 

Tim outside leaves appeur to be closely crowded around the growing point, and 
their bases are held together, instead of growing free. Tim following fronds 
gradually become smaller and smaller as fresh ones appear, while the palm 
develops a sickly, yollow appearance, and appears to luck vigour. As far as can 
l»e determined, there arc no fungus posts responsible for this disease. Jt lias been 
suggested that it is aggravated by close planting, bud soil conditions, &c. Again 
there is the possibility that this is a virus disease, but as the condition is confined 
to definite patches in some instances this suggests some physiological derangement.

Ashby*'"“* described “ little leaf disease” present in Uie West Indies, where 
tins coutrul shoot sends out a succession ol‘ crumpled uml distorted leaves, which 
become progressively smaller until they are completely dwarfed; the upper 
surfaces of the leaf-stalks show raised brown stripes and patches, which become 
woody und cracked. The rigidity imparted to the central shoot by these indurated 
leaf stalks is apparently the cause of crumpling, and, in part, distortion of the 
young leaves. Spontaneous recovery not infrequently occurs, or occasionally 
the bud muy wither or soft rot. Recovery was much facilitated by slitting the 
strainers of the central leaves and pouring into tho heart a diluted tobacco 
extract. He also stated that the eauso of this peculiar condition is obscure, but 
quotes tho work of Earle in 1012,**“> who studied “liltla leaf” in Cuba, and 
concluded that it was caused by an attack of aphis on the very young leaves in 
tho shoot. The aphis was tended by ants, which probably wore responsible for 
transporting it, houco tho efficacy of the contact insecticide is explained. The 
condition described by Ashby*' *> closely resembles the “ frond choke” present 
in New Guineu, which is often accompanied by a similar crinkling of loaves. 
The author is'of the opinion that, in some palms, “ frond choke ” and crinkled 
loaf muy bo of genetieal origin, as some of the palms have been .-eon to remain 
permanently affected and not respond to treatinout.

It appears that oertain types-of palms which are very erect growers aro more 
liable to u frond choke” than others. Whore this condition is present it is 
wise to improve tho cultural conditions, and also loosen the overhanging fibrous 
tissues at the bases of the constrioted fronds.
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COCONUT THREAD BLIGHT.
CoimClUM Pj&NCUJLATUM, PkTCU.

A now Leaf Disease from New Guinea. <ia>
Described by G. Bryce, D.Sc., J'Jdin. (1924),

A Itmf disease of coco-nuts has boon intermittently reported from plantations 
in Now Ireland since 1921, und no doubt il bus boon known locally for some 
considerable time. The disease is a tbroad blight and the cuusativo fungus has 
ixten described by Patch as (Jorliciuin. /H’lirillalnm n.sy., noithor llm disease nor 
tho fungus having been previously recorded. Other palms growing in the forest 
are said to ho uttuckod, and these thorefore constitute a source of infection for 
eoeo-nut plantations.

Idenl ifical ion.—The fungus mycelium (thread) runs along the under surface 
of the raehis (midrib) in slightly elevated strunds, up to 1 mm. broad, which 
divide at intervals of about ii cm. into a fan of pencillate branches, thinner than 
the original, with the exception of one which continues us the main cord. The 
latter runs in long curves from side to side of tho raehis, the intervening spaces 
being partly covered by the fans of finer strands. Where the mycelium has spread 
from a leaflet to raehis, several stout cords may radiate over the raehis from the 
base of the leaflet. On tho leaflet, tho mycelium spreads lengthwise in similar 
but Hatter strands. There may bo two or threo main strands on a single leaflet, 
all branching in the same manner. Ultimately all the strands are united by a thin 
film of hyphen which may extend completely across tho leaflets. This film 
devolops basidia everywhere, so that tho leaflet finally bears extensive, thin, 
continuous, powdery, white patches.

The superficial mycelium is confined to the under surface of tho raehis (leaf 
stalk) and, in general, to the lower side of thu leaves. J >ut, where the disc used 
leaf tissue lias cracked, it may extend through the crack and run along the upper 
surface in a flue strand by the side of tho midrib, on that side of the leaf which 
is nearest the raehis when tho leaf is folded. Tho fungus attacks the leaflet und 
kill« large areas, its effect being conspicuous by tho production of u large while 
patch on the upper surface, which contrasts strongly with the normal green of 
the mu -rounding tissue. Tho colour of this patch is not duo to fungus tissue; 
there is no external fungus on it. It is caused by tho separation of the upper 
epidermis from the dead internal tissue, with the consequent formation of a large 
blister.

Occurrence.—Tho fungus is known, so far, only on the coco-nut palm und 
it 1ms boon observed only in New Ireland and New Hanover. The older leaves 
of thu palm are attacked and sometimes us much as one-third of the crown is 
involved. Diseased leaves are shed earlier, and tho distal portion of a diseased 
leaf, though still green, cannot ho of much service to the palm owing to the 
presence of nu area of dead leaf tissue between it and thu loaf base. Frequently 
quite extensive areas of plantations aro badly diseased; in one ease an area of 
about lGd acres was heavily attacked. Though the disease does not yet apparently 
kill tho palm, it has a serious effect in reducing the leaf surface and in thus 
lowering the rato of carbon assimilation. Such an elfect is, of course, immediately 
and necessarily followed by a reduction in crop, which is frequently long 
continued.
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l'iriihurttl. - Tint first step Io he t&kcn oJi a diseased area is to cut out ami 
burn <li>i,a>c<i traces. Tim remainder of the crown may Is* spraye»! with llordeaux 
mixture. Field observations, however, tend to show ilia I where largo areas arc 
affected (ho disease has been ullowo<( to run on unchecked for s 1 years. The 
disease is at its worst in the wet weather of the north-west monsoon. Kxeision and 
burning of diseased leaves would therefore be most easily carried out in flat season
• d lln- soulh-easL trailes.

Curl id mu }>riuiilalniti, Crick.— Mycelium hy|>ophyllou>, spreading in llat 
strands up to I mm. broad, which divide at short distance* into a radiating fun 
of l»raIndies, mu* of which continue* as llu* main strand, ullimulciy united by a 
ihiii him into a continuous sheet on which I lie hasidiu are develo|H*d. Hymenium 
almost emu mimiis, forming u ralher couipa**l layer M> miermt thick; hasidiu at 
first lateral, then clustered, on short creel hyphuc, pyriform. or ol*couic, or narrow- 
oval, 'S I2 x *M> micron, four-spored; storigmuta short, cylimlric, 2 micron long;
* poms hyaline, oval ami inequilateral, or broadly eymhyform I II x 2.*»-! micron. 
On leaves *>f eoeo-nui, New («uiucu, March, 11)2-1.

There is little to add to llrycc’s description of this disease as occurring in 
New (Ininea Ih2*i.

.It is, however, more widely spread than was indicated by him, and for 
example, is pro huh ly more serious in the areas *>f heavy rainfall, such as (•asmalu 
ami liouguinvillu island, titan in the districts he mentions.

Thread blight is widely spread over New (Ininea, hut is more in evidence 
under eertuiu renditions such as in swampy hiw-lyiug sjsits. It was noticed by 
the author in certain plantations both in liougainville ami New i rotund lust 
-cason as causing »cvcro defoliation which often led to a whip sticking elfeet. 
The di-rn-o was more severe in protected valleys and pockets surrounded by hills 
when* tin* air was particularly still and moist, e.g., near the foothill* on the 
landward side of the plantations. Palms near tin* edge* of swampy areas or 
••lose to heavy jungle wen also noticeably more affected. One low-lying urea 
surrounded by high trws ami close to the two branches of a river showed severe 
thread Idight, Other areas where pulms were planted in pockets of Imv-lying 
ground surrounded by timber and swump were very Imdly affected with both 
pcKtuloxxiu and thread blight, and many overhanging dead fronds were present. 
When; the outside timber was removed and cover crop became well established 
a couple of affected area* showed much improvement. Thread Idight )>ocamc 
serious on some plantations in New (Ininea after severe rum ccolhr.cn attack.

Hunmondi in 1U5W**"* reported on ‘‘Silver .Film Disease”, which, from the 
description given, was undoubtedly analogous with tho thread blight described by 
Hryee. Ho described the disease as being due to a fungus huving a white spreading 
external mycelium which travels along the midrib of the leave* ami spreads out 
over tho leaflets, which turn brown from tho bases. Tho disease occurred in New 
Itritaiu, the Solomon islands and tho Now Hebrides, and is essentially a disease 
<*f wet and badly-drained areas. In wet seasons, however, it i- apt to spread 
over tie* higher lands, causing the tl’ecs to turn brown and drop their young nuts. 
Draining ami burning old leaves won» recommended as the best treatment, though 
it was considered that in some plattes where tho land is low-lying it would he wise 
to cut the trees right out. It appears that attention to cultural conditions, 
drainage, and not planting coco-nuts under unsuitable conditions would lead to 
lc>s thread blight. The fact that some palms are less affected than others in a
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badly diseas«*«! area indicate* ihuPlhcre should Ik ? some inherent resistance I** Liu 
disease which ruiii.i Im* brought oil I by selection, o.g., by a method of close-breeding 
selected pilllll*.

Then* in allot Ih m * form of t liivud blight present in Now (iuinoa known a* 
Mani.siniii.'i palmironix, tin: perfect stage of which in Muluya was suspected a« a 
cause of bud-rot, but wild proved only secondary in its effects.

Tim fungus strands are found growing over the upper surface of the leaf 
bases ivInt i• limy are closely addressed to the atom. Its mycelial threads are seen 
as whitish fnu-*liu|>ed radiations on the snrfueo of the leaf bases, This fungus, 
however, is not serious, as it is mainly , , growing profusely in the
preselleo of ahmidunt moisture. It does hasten the death of the tissues when some 
other disease is present and, on dead tissue, can usually he distinguished by the 
pink-coloured >1 a Iked a lid ea(eslia|MHi fruiting bodies. Under moist eouditioiis, 
however, they are more whitish or brownish in colour and have very eunvolutud 
and iiji-ttirnwl edges.

STEM BLEEDING DISEASE.
Th is is  Ai .h o  Dk s c k iu k d a s STKM-ltor nv No w k i.i.<*,,>.

Stem bleeding disease ('J'hicluviopjtis elhxtcelica now T. paradox a or Ccralox- 
htmrtla paradox a) was proclaimed a disease subject to the provision of “ Plantation 
Id-eases ami Pests Ordinance of 11 4 which has been ojierutiug in this
Territory and was described as follow’s:—

“ This disease is revealed by the presence of a brown rusty coloured liquid 
which afterwards turns black, oozing out through cracks in the bark or stem 
of coco-mi l palms. The disouse d«w.-s not become apparent until the liquid oozes 
«•nt, but when ibis takes place the tissues are ulready decayed to a certain extent.

Approved remedial measures were: Excision of the uifectcd part, taking 
«•are that the excision is carried to the limits of the diseased and discolou’red 
tissues. The parts cut out to be burnt in xiiu and the wound burnt with u torch 
and afterwards covered with hot coal tur.”

The association of Thicluviopti* paradoxa (Ctrai oxlomv.lt a jairadoxiv-jterfect 
singe) with lightning strike, bud drainage conditions and nut-fall has been indicated 
previously in this article. It is also known to attack palms and cause stem bleeding 
where tires or where grass knives or other agencies inflict wounds on the stem, 
i t l«as been recorded by Ashby in Jamaica^ that natural cracks an iucli or more 
long tend to form on the trunks of palms when rain sets in following a dry jieriod. 
This fungus infects these wounds ami may fiouutrutn ik’cply where neglected. 
In <d«i ami hardened palms affected with stem bleeding the rot is usually only 
present in small localized a reus.

It has b«*en w*en by the author on palms in badly-drained ureas. The outside 
lesions may Ih j quite small but when cut open with a knife arc seen to spread 
considerably beneath the skin, hi advanced stages the tissue becomes black or 
yellowish bluck und tlio fibres of the trunk appear frayed und fluffy. In other 
cases large, diseused patches crack all over and red, gummy exudations occur 
where the cracks appeur. Often removal of the tough outer skiu reveals a patch 
of soaked ami sodden tissue, which later becomes yellow or "reddish in colour and 
h followed by browning or blackening as decay progresses. Garment*34) describes

^81486
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Tkiciaviopxis »pp-, a* causing stem bleeding of coco-nuts ut Giciu, Fiji—be 
described tho fungus und mentioned that the perfect stage of lliis fungus (pyeuidial 
stage) was present.

Ashby I** status titat two clearly recognisable discuses of the central shoot 
which do not as a rule terminate in a rot of the bud occur iu the West Indies. 
These are the Thielaviopsis leaf-rot und the little leaf disease (sec under Frond 
Choko).

Thielaviopsis paradoxa is the cause of large, wedge-shaped spots with broad, 
dark margins which run across the folded segments of the young leaves iu the

STEM BLEEDING PALM.-Seo Mackwod bas« also 
showing lefcf droop.

shoot beforo they are pushed up into the light; us the leaves open out the midribs 
of the piunuo break at the diseased places and the tenninul parts wither or tear 
away, giving tho crown a raggod appearance. The fungus is invariably present 
in tho rotten spots and sporulates freely in the tissue. The disease was epidemic 
in Jamaica for somo years on young bearing trees from ton to fifteen years of age 
in u coastal bedt, of about 40 miles long having a high rainfall. Nutural recovery
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occur roll bul uiuny eases wore cured by cutting buck I lie central shoot below the 
spotted region ami applying u dry mixture of lime and sulphate of copper lo the 
severed surface.

As tiro condition of stem bleeding is familiar to most planters here it is not 
necessary to describe the symptom* in detail. It is generully considered that 
TUiclavioysia yurtidoza is not a strongly parasitic fungus, and hence is more liable 
to attack palms growing under unfavorable conditions or with poor vitality. 
General improvement of the cultural conditions is usually indicated where this 
disease is present. Cutting out diseased patehos on palms situated over large areas 
is often not practicable but should he carried out where it is possible. Treatment 
of the diseased patches with Bordeaux paste, tar, Acc., will not clour up the disease 
unless the general health of the palms is improved. The fungus is widely spread 
and the fuct that continued burning off at the base of coco-nut puims provides 
easy entry for infection by Thieiuviopsm should not be lost sight of, where such 
burning off is practised.

GREY BLIGHT—P^staionzm Palmnnnn.
This was recorded here by German investigators us eariy as 1004. This 

loaf disease is well described in all standard text books and is familiar to planters 
in this Territory. It has been mentioned as causing rather serious damage under 
very wet conditions or where drainage conditions wore poor or the vitality of the 
palms lowered by other causes such as soil exhuustion or insect uttuck. it is 
usually worst in densely planted young plantations especially in u very wet climate. 
It is often secondary and enters wounds made by Hispid beetles, but, under wet 
climatic conditions, it can become serious. It becomes very evident after 
IWornecolheca.

Simmoud* 1024<"“~ ^ said that “Grey Blight” was a fungus di souse starting 
in a small brownish spot which developed in concentric brown rings, giving the 
sppearunce of watered silk to the affected spot, hi the Solomon* where the 
disease was prevalent Messrs. Lever Bros., were slated to have found that burning 
all rubbish and smoking the trees was the liest treatment. How smoking would, 
effect a cure of a fungus disease would be difficult to explain.

it uiuat b« stressed that with both this fungus und HeiminJhuxponutn typ., 
which is often associated with leaf blight here, the burning off of trash where 
the disease is severe, and improvement of cultural conditions, drainage or cultivation 
are the only practical means of control at present available.

BACTERIAL LEAF BUGET.
A severe leaf discos* which is prevalent in coco-nuts in New Britain, and b 

ixdieved to be present elsewhere in New Guinea was identified recently by the 
author us being duo to a bacterial pathogen. As far as known, this is the first 
record of a coco-nut disease of this nature from these islands. It was first noticed 
that a leaf disease was affecting palm« on two plantations close to Rabaul, during 
the month« of November and December, 1030. Mr. Moody, inspector and 
instructor, ulso stated thut he had noticed the disease as being somewhat severe 
on various plantations here.

1039.—6



U was u significant feature that the* leave# slumhi show a severe die-baek when 
the climatic. condition* were more then usually wet, ami further il was more 
prevalent on well-grown and otherwise healthy |*alms growing el use io the foreshore. 
Its rather sudden seasonal appearance was noted by }daiilati<m owners who were 
inclined to ascribe the leaf die-hack to strong, high winds. This bacterial disease 
is most liahlo to ap[K*ar in the wet season, when it gives the plantation somewhat 
I he same appoaranee as where drying off oeetirs after a severe drought.

'I’he strong palms on the foreshore are more frequently a If ec ted than those 
in the hack ureas of the plantation, which indicates that the disease is not necessarily 
associated with soil exhaustion. The reason for the foreshores being most affectisl 
may Is* due |o file fact that tile atmosphere would l«o coniiummsly humid, which 
could be expected to assist bacteria! growth. The condition has been confused

LEAVES AFFECTED WITH 
BACTERIAL BLIGHT.

LEAVES AFFECTED WITH 
BACTERIAL BLIGHT.

with ordinary “ fip-withor ”, but is distinguishable from the disease usually termed 
I ip-wit her here by several well defined symptoms, although in some cases the 

tips of the lower leaves may be worst affected by this disease.
The pinnules or leaflets may be attacked either at the base of the petiole or 

along its whole length; also diseased and healthy leaflets may apjiear in alternate 
areas on the petiole or main loaf-stalk. Often dark eolounsl lesions are seen 
on the back of the midribs ol the affected pinnules (ballets), and more rarely 
! at her larger affected ureas, it is, however, mainly u leaf-disease which at firs' 
at tacks the lower loaves and gradually progresses upwards, being largely confined 
to the pinnules. This loaf disease should not, In- confused with Pcstahazia 
/nilinurum, as will be seen by the description given below, nevertheless Pestalozzi a 
is SOOII often on the dead tissues which wore primarly killed by the more severe 
bacterial infection. The lesions of the bacterial leaf blight are usually much 
larger and more irregular in outlino than those caused by Pcdulozziu, while the
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dark spotting, which indicates the presence of the perfect stage of the latter 
d i souse, is absent except in the ease of secondary infoction. The first sign of the 
disease on (In* leailets is the presence of small, dark-brown, discoloured, isolated 
areas with very distinct halos surrounding them. Their first appearance is 
usually seen near the huso of the leaflets. As the size of the lesion increases the 
whole central area dies hut remains intact, becoming light brown and shiny on 
the lower surface, but a rather »hitcy-groy colour on the upixsr surfuce. The 
lesions or diseased areas progress ulong the blade and the leallet until they join 
up and the whole leaflet may becomo uffocted, tliough in most cases narrow, 
green, irregular shaped areas persist at the edges of the leaf.

Thu appearance of the nifeclnd area when the disease is well advanced is 
most distinctive, and hence is readily discernible by eye (macroscopic) characters. 
The edges of the diseased arcus are usually raised, especially on the under surface, 
and appear yellowish in colour, though changing gradually to a lighter green, 
water-soaked /.one which, while fresh, is quite transparent when hold up to the 
sun, changing also to a yellowish green when dry. When this atone at the edge 
of the alfocted area, which indicates where the disease is progressing into healthy 
tissue, is examined by reflected light, a shiny, thin plate of almost transparent, 
whitish, bacterial exudate is seen. When this shining oxuduto is oxamined under 
the microscope it is found to l*e simply teeming with bacteria, which is also 
characteristic of most bacterial diseases found in tho temperate zone. Another 
very distinguishing characteristic is the striped dark brown appearance where 
much darker areas arc soon to persist close to the parallel and smaller loaf veins. 
Inside the dry areas of other lesions muy bo scon smaller and very irregular, 
almost bluck, streaked' areas, often pitted and ruised, which represent where the 
last patches of tissue were affected or where two or more diseased areas have 
coalesced. In even the most advanced stages tho diseased arcus become mottled 
in appearance and gradually become more pitted and stand out prominently, 
especially near tbe edges of the diseased zone.

Tho original entry of the disease may be through injuries from Promncothccu 
and other leaf-eating insects, as was seen frequently where the diseased lesions 
surrounded insect-bitten areas, it was soon also associated with scale attack. 
The whipping effects of strong winds, plus a moist atmosphere, may provide 
favorable conditions for infection, and also for tho spread of the disease in the 
direction of tin* wind, it seems, however, that the disease most frequently appears 
where no apparent previous injury is present. The attack of old diseased leaflets 
by the Fxtmrium spp. of fungus and moulds of various kinds often causes the 
upper surface of these larger areas to become dirty and mouldy in appearance,, 
while tho lower surface remains smooth and clean.

As to remedial measures, cutting off and burning diseased leaves or any fallen 
trash limy assist to control tho disease, hut it is doubtful whether such operations 
would ho effective and economical. It is not likely to be so prevalent in the dry 
season, and in fact may only prove serious after a dry season where more rain 
than usual is experienced, such as happened recently.

The specific nature of the organism responsible for the disease and its cultural 
characteristics have not yet been determined, and work is proceeding in this 
direction. More data is required before any suggestion as to the dosirabilitv of 
control could be given.



Öl

LEAF DBOOP.
" Dk mo ic ik k u  u v  Pk t o ii.(#4)

This condition as described by l*eteb(a4) refers to a drooping of the lower 
fronds of the palm. In well marked case« up to one dozen leaves bond down 
while h i ill Kroon and form a curtain around the stem, though sometimes only two 
or ilm-e art! alteelod. 1 I’ll innately these drooping leaves die and turn brown; as 
a rule they do not immediately drop oif, but remain banging down parallel to 
tlit; stem. The louvea on the upper half of the crown remain in their normal 
position and thus the crown appears divided into two distinct parts. If one of

LEAF DROOP ON A PALM ALSO 
SUFFERING FROM SOIL EXHAUSTION.

LEAF DROOP ON RECOVERED HEAD 
DROOP PALM. (Sec twisted palm.)

the affected leaves is cut while still green it will be found that the only part 
diseased or decayed is the swollen base of the leaf stalk where the tissue turns 
-oft and dark brown or blackish. The VhyLopLhoru which causes tho full of 
nuts has been found on the diseased leaf bases and there is no doubt that the 
h af-dnmp and the nut-fall are only two different manifestations of the effect 
of the same fungus.
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l'niiiiri with tho Hit inti outward appearance have been mvu in thin Territory 
ami Lhu condition in not ruru, but lias not been serious as far as is known. lVobably 
there has been soxne other primary cause for tho effects shown here, but this has 
not been investigated so far, and JHhytoplUora may be present. Man-, Inspector 
and Instructor, stated that he has sc cn this condition which lie named “ premature 
frond fall” (on Kar Kar Island) and it was noticed that the lower spat lies and 
nuts fell away after tho loaves had withered.

Leaf-droop has been observed rather commonly on tho mainland. The leaves 
which hung down were bunched and dead or nearly h o , while the upper fronds 
often appeared quite healthy. Murusmius thread blight was quite common at 
the 1ms« of these fronds and appeared to ltavo progressed much more than on 
the normal fronds. Tho bases were noticeably very rotten and often became 
infested with white ants. The leaf scars appeared close together while the dead 
sjmthos often remuinod attachod to the palms, in one plantation where it was 
particularly bad tho palms wore old and tho soils shallow anti of eorul derivation. 
Nut-fall under these conditions was relatively prevalent.

Leaf-droop in New Guinea appears to be associated with poor soil conditions 
and it was noticeable that palms which wore not affected with leaf-droop showed 
nut-fall in tho sarno plantation.

LEAF BREAK DISEASE.
C. II. Gadd(ss> described leaf break disease of coco-nuts in Ceylon, which was 

also previously investigated by Richards in Malayaand Stockdalo^5) and 
Nowell in the West Indies.

From a reproduction of tho photograph and tho description given it will be 
readily seen thut this condition or disease is not uncommon in New Guinea. The 
author hus seen it particularly in closely planted native groves, though it is, 
present to a lesser extent on the European plantations here whero unfavorable 
cultural conditions exist.

Affected trees are very conspicuous owing to tho presence of loaves broken 
about tho middle, while the withered terminal (distal) ond hangs vertically 
downwards. The disease commonly »tarts at a terminal leaflet of one of tho 
older leaves and tins leaflet withers and turns brown. At tho base of tho dead 
leaflet on tho midrib is a dark-brown, discoloured area, which extends along the 
petiole as the disease advances and later turns black. The disease advances rapidly, 
and often pairs of leaflets are killed in succession as the discoloured area pro-, 
grosses ulong the midrib. Eventually tho leaf breaks, usually about tho middle, 
sometimes nearer tho base, and tho withered end hangs downward. Tho withering 
of tho loallets is due to stoppage of the water supply, when the fungus kills the 
tissue. The breaking of the leaf is due to the weight of tho diseased portions, for 
only the horizontal or upwardly inclined leaves break. Old leaves which are 
hanging downwards do not usually break when attacked.

The fungus recorded by all the investigators mentioned as responsible for 
this condition is " Diplodia” or " Botryo-diplodm", a fungus which has been 
recorded several times on coco-nuts in Now Guinea, and also rocordcd by Dr. 
Noble(C7> on young nuts with a ring disease. In some eases the fruiting bodies 
or fructifications of Dotryo-diplodia are often scon as small black pustules on the
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<11 sense*I leaf stalks ami kmtiots which break througli the epidermis, liberating 
large numbers of blnek two-cellod spores, This fungus lias ils powers of parasitism 
limited in most eases to the invasion of tissues (except fruit) with less than normal 
vigour, !.<•., weakly parusitic.

LEAF BREAK DISEASE.

it is believed that Uolryo-diyludia, the organism causing leal-break, usually 
attacks palms of low vitality and those which have l>ocu infected by other diseases. 
It is, for (ixauiplu, often associated noth J'ettalotxiu, und entry of tlie fungus is 
usually obtained through wounds and dead tissues.

Remedial Measures.
The diseased leaves should lie cut off and burnt, the leaf stalks Using cut ut 

least G inches behind the diseased tissue. If the tree is weak it may pay to paint 
cut surfaces with u fungicidal paste. The leaves to be destroyed should be 
burnt where cut und not carried through tho plantation.

As trees of low vitality are most liable to attack, proper attention to 
drainage, cultural methods and manuring should bo given to increase tbo vigour 
of the palms. Stockdalo(76> said “ that leaf-break was most common in plantations 
in Ceylon where the agricultural conditions were unsatisfactory. He quoted some 
evidence that it may be a .* deficiency disease * and hence would bo less common ou 
well-cultivated areas M.
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TIP WITHER.
Ilryeid"^ au«! Simmond*/*“* 11)21, huvu- built mentioned litis disease.

111 > - \v i I lift', in coco-lints in Now Guinea anti tin* following short «leseription was 
given by tlm latter:—

“Throughout Now Britain ami tlm Now Guinea «must a <li«*us<* known us 
* li|t wither,’ causing llm «-mis ttf tin* leave* It» brown ami giving a yellowish 
uppcuruiioc to l!t<! wind«* plantutions, was prevalent.”

Bry«*<*(‘H> nmntiuimd the presume.« of tho condition wiiharing of leallcls ” on 
a |i!anlulinii in tin* Nainalanai District, Now Irclaml, anti slated lltal no causative 
organixm for litis discuso was found. It is probably tine to |ioor h o ! 1 condition* or 
lo insect attack. Jl is not clear front litt» description given what disease is actually 
meant and whether this disease is synonymous with leaf break. It apparently 
refers io ritt* tip of the frond «lying which may lie due to diverse causes. It appears 
fairly certain that fungi like liulryu-dijdodiu and Fitsarmm *]>]>. are associated 
with tip-wit iter, but these do not appear to he u primary cause of the condition. 
This disease is often associated with soil deficiency. On young palms tin1 lower 
leaves are often seen to «lie front the tips backwards towards tin* base and this is 
associated with pestalozzia und other fungi. Usually this can lie attributed to a 
more or less normal shedding of tin1 leaves. In times ot drought a kind of tip 
wither of the fronds can Ik * noticed, tints this condition can be regarded as a 
symptom rather than a s|>ecifie disease.

An occurrence» of tij»-wither associated wit it some leaf-break ” was 
investigated recently on one plantation in New Britain. The main disease present, 
however, was “ chlorosis,” due to soil deficiency, which stunted the palms and led 
to shortening ami reduction of the number of leuves. Thu soil horizon here was 
worth noting, as it wus eont]>osod largely of volcanic ash and pumice, it. was 
seen shut it was composed of several distinct layers indicating different- periods 
of upheaval. Two of the layers, at some little depth, showed a greater proportion 
of pumice than tin* other*, while on« layer was inclined to lie fine grained ami 
more clayey. This may have provided a block to root growth where the young 
palms were not looked after and fniprruta urumliuurm was allowed to grow.

The interesting discovery was that the tip-wither and “ leaf-break ” present 
in all rases showed the j»rosem** of a eblunydospore producing species of fnsnriwui. 
At least three spore forms were seen under microscopic examination, it was 
also M*cn that the fungus caused a very distinct yellowing of tlm inner tissues, 
which later turned brown. Another important.feature was that the largo brownish 
coloured lesions, particularly on the main petiole, and less frequently on the diseased 
leaflets, showed irregular coloured 'raised ureas. On closer examination, by eye, 
flies«* v\ere fcecu to b«» composed' of numerous round,' regu!ariy-sliape<i, distinelly-red, 
fruiting bodies. This "wus 'undoubtedly tho *4 nectriu ” stage or jx*rfect fruiting 
stag«* of tin* species of fusarium present. Thi* fungus was found constantly ut tlm 
junction of tlm diseased and healthy tissue, but no indication of the Jlol n/o-di/dodia 
fungus which has been said to cause the discus«» was seen in any of these examina-
tions. A similar species of fusarium has been met with in material derived from 
both the mainland of New Guinea and New Ireland. In various stages it strongly 
resemble* Fusarium cltUu/ij/dax(tornin, «loseribed by Kciukiug au«l Wollen wo her 
in their article on tropical fuaariall ).



Microcopier slides of the fungus wert* made for later despatch to the Imperial 
Mycologieul Institute for proper identification. In tlie author’s opinion, the 
species of fusariuin described is responsible for many of the conditions which have 
been usually attributed to Jiotri/o-diplodiu here. It was interesting to see that one 
spore-form of the fungus was very like llolryo-diplodia in shupe and size and would 
easily lead to confusion; more investigation is needed to clear up this point.

Apparently, the Fusarium spp., present in coco-nuts in Now Guinea, only 
attacks the palm when its vitality is lowered by some outside cause, such as soil 
deficiency. (Fee also technical discussion on the physiological disease recorded 
from New Ireland.)

•‘SILVER LEAF DISEASE.”
This condition must not be confused with the “silver film discaso ” described 

by Simmonds(0‘*) which, from the description given, upjxuired to lie a “ threud- 
biigiit ”. The appearance of “silver loaf disease“ is not unlike that found in 
the “ silver leaf disease ” of peaches and plums which occurs under unfavorable 
environmental conditions in Australia and which is due to a definite fungus. The 
author has soon this condition only in a few instances in New' Guinea, but, 
as far as i» known, this is the first published record of this disense which causes 
a silvering of the leaf surface, and does not appear to be deep-seated. On one 
occasion it was seen on palms in New Ireland associated with “ head droop ” (see. 
description of that disease). It has also been seen on palms showing nut-fall on 
the mainland and, in some instances, on sickly palms in New Britain. Planters 
have recalled the condition when it was described to them, hence it is thought to 
bo fairly widespread in this country. The disoaso is most readily recognized by 
(lie shining, greyish or silvery sheon present on the affected leaves and which is 
quite distinct from the normal, bright green colour of coco-nut leaves. The 
leullets do not appear to die back, whoro the condition is present, und it is seldom 
associated with any browning or development of distinct lesions.

The causo of the disease has not been established yet, but, on ono slide, u 
surface fungus growth, showing a very fine mycelium and very small rounded 
pyonidia, was seen. This bus not been identified. Some unidentified thrips and 
scale insects wTero also nrosent. The disease is not believed to be serious, but there 
is the possibility that it may be associated with some weakness of the palm, or 
else indicate some unfavorable symptoms. It muy l*j duo to a surface mildew 
fungus, or thrip-injury, but further investigation is necessary before the cause 
cun he definitely established.

DISCUSSION.
It uppeurs from the investigations already made that this country is, us yet. 

tree from isorne of the most serious fungal, bacterial ami nematode diseases of 
coco-nuts which cause serious losses in the coco-nut industry in other parts of 
the world.

Epidemic hud-rot, although previously suspected, is not present in Now 
Guinea.

Red ring disease of eoco-uuts due to paiho-aphtlenchus cocophüus, a nematode, 
is also not present here.

Bronze leaf unit of coco-nuts which is a serious disease in the West Indies is 
apparently not of any importance in this Territory.



Serious root dixttaxex have not been recorded here and nut-fall has been only 
sporadic in its incidence.

The attention of the planting community is drawn to the discussion on 
u deficiency diseases ” which are of great and increasing importance in this 
Territory. This is more especially so us the reduced vigour of the palm accom-
panying soil-exhaustion lays it open to serious fungus attack by normally weakly 
parasitic organisms, which are incapable of causing serious darnugo to healthy 
palms.

SUMMARY.
An uccottnl of the diseases duo to fungi, physiological causes and soil 

deficiencies so far recorded in New Guinea is presented.
it appears that chlorotic deficiency diseases of coco-nut palms which arc 

associated with soil deficiency or soil exhaustion are very important in this country, 
and will become progressively worse us plantations grow older. Affected palms 
uppeur a sickly yellowish green in colour and the fronds gradually become shorter 
and fewer until eventually the few remaining fronds present a feathery, unhealthy 
appearance. This often leads to tapering stem and general collapse of the 
cabbage.

Hoot dixeuxes do not cause much concern to New Guinea planters. No serious 
recurrences have been reported und where suspected have usually been associated 
with low-lying heavy soils or where soil deficiency was in evidence.

Root-roiling is unlikely to cause trouble where the vigour and health of the 
palms is maintained. ’

There is no authentic record of true infectious or epidemic bud rot occurring 
in New Guinea. The types of false bud-rot here fall roughly into three 
ca legories:—

1. False hud-rot, duo to lightning striko or fires.
-■ Tapering stem and collapse of llie bud, primarily due lo soil exhaustion.
3. Sporoiiic bud-rot, usually secondary to injuries of various kinds.

So fur “ nut-fail ” has not been widely prevalent in New Guiueu. Severe 
incidences have been very localised and only reported at intervals from plantations 
in ill is Territory. The causes of nut-full are discussed, and it appears that soil 
conditions, in some cases associated with insects such as spathc borer, have been 
the chief causal agencies here.

" Head droop "—A suspected virus or physiologicul disease is a most battling 
condition in coco-nut palms, which is common in parts of New Guinea. So far 
us is known this is the first published description of this disease and possible 
causes and need for further investigation are stressed.

" Frond choke/' which is believed to be generally hereditary but muy be 
brought about by environmental conditions, and another obscure physiological 
disease from New Ireland are described.

Stern bleeding disease, thread blight, grey leaf blight, a bacterial leaf blight, 
leaf break, leaf droop, tip wither and ring disease of immature nuts are other 
diseases which are described and remedios suggested where possible.

It is stressed that where the vigour of ooco-nut palms is lowered by any cause 
whatsoever, such as drought, unsuitable soil conditions, soil exhaustion or insect 
at tuck, the palms are rendered liable to serious attack front fungi which are 
normally only weakly parasitic,
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ADDENDUM

(Ol technical iutoroKt iaaiuly.)

J.IS'i' ub' COCONUT DISEASES RECORDED IN NEW GUINEA TO TUE THESENT
TIME.

Ko »»t  To t h :

/’omen /Ägnuuuti (probably East indies type) Itig'tdopoi ism miei oporuu.
Fume* lucid mm Cunoderttta lucidum.
itrnwn Root-rot t  ■■■ Finnen nojiiouu.
1,‘kI m l OH to Initollculo ■- - ,ilui ruphomin ph'SMCoii Sm fur m*en only «Ml other plants Imm c  ; 

recorded mi ciMHt-iials in otl*cr countries.

SlKM 1 lliSKASKH :
Flint lUvcdiny Thictuviopnix (GcralOutontcUn parailoea)- (Mien 

Eightning Strike!.
.UuntMutiuM jiitliuivorun, Fulyporu* *>pp.

associated u il I»

111 I» Ko t h :

Fp identic JSud-rut (Fltytuplhoi'« fuheri)—Suspected and dcse rihed by Bryce und ollieas;
in view uf recent dialings doubtful whether tills is present.

False Hud cut—Primarily duo to lightning strike, or, m h o ih ii eases, lire*«.
Sporadic Hud-rot—Mainly due to injuries. Numerous eases recorded from all |>nris 

nf New Ouilie'll.
Tapering Finn (-ice below)—Ja'adiiig to collapse of the cabbage.

Ek a k  Dimk .v s k h :

77»read FlushI—(lorlisnum penicillulum. 
tici y Jlliyht—1‘cMluluzzia palm ne h m.
In uf Spotting — Due to JletininlltoMpoiiusn xpp. (probably It .incur en t u at or on 

Acrolhcciuui).
Fool y Mould—Cap si odium or Mcliola npp; A nth cos tomu Cocoi.v (recordcel by Kindiingcr). 
Fih ri-l.cuf—Ch iimj not known, thrips may assist. fungus present.
1.1 nf lichu)i- 'soil ele'lieieney and various fungi.
t.nsj Fnak Sul deficiency. Uoiryo-diplodiu, FuMaria, &c.
1'iji Wslheis—Probably similar to above;’ Nectria stage present. 
lid lea hi of—Tkidu riupMtM upji.
Leaf Flight—HuclerbiI.

Dix k a mk h  o k  t iik  Nu t :

Fing Itiufu.vr-- Itolryo-ltiplodio *py. (identified by H. •!. Noble).
Sul-foll—Associated with environmental amt soil conditions, insect* and various fungi. 
Feathery Oopru—Associated with soil deficiency.

I’ll VMIOWMilCAI. OlKIIKHKItS :

('hloi'ouiu mid I)ii‘-ttucL~—lh\t} to soil exhaustion. Often lead* to collapse >>{ the cabbage. 
Frond Choke—Probably also hereditary. Believed tlwtt it may lie due tu soil disorders. 
brought Wilt—Common in times of drought. Some forms of Tip Wither may belong 

to Hii« category.
OhKcurc physiological o'tacts tic ist New Ireland, causing wilting of central fronds of 

young palms.
SUXl’KOTKIl VlMl’U DiMKA.SK:

{lead ltroop (also known a* Cabbage Droop, Corkscrew, or Cabbaging).
t i KM IT AI. AllMOHM Al.niKM ( POKNUtf.K MUTATIOA-* AMI HTKAJ.N 1CTVKCT):

\i Hon ing of the palm*—May be geuetioftl, as well a* due to disease.
Female pa!so m—Male llower* suppresnajd; nuts often without embryo» or with vor^ 

little copra. >
Fart ieular pa Unit produce ttofl copra, which will not cure; might la* hereditary in some 

case*.
Untucking anil twin pal him.
Leaf hauen remaining attached to the pultun either on the whole or portion of the 

trunk.
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