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RESULTS OF THREE INSECTICIDE TRIALS AGAINST
COCOA PODSUCKERS IN THE NORTHERN PROVINCE

E.S.C. Smith*

ABSTRACT

The results of three insecticide trials conducted against two insect species damaging
cocoa pods are presented and discussed.

Under field conditions, the insects were controlled more effectively by gamma-HCH
applied as a dust formulation than by the same insecticide applied in liquid formulation
at the same rate.

In both the Kokoda area where the coreid Amblypelta theobromae Brown is of major
importance and in other areas of the Northern Province where Helopeltis clavifer
(Walker) (Heteroptera : Miridae) is the more damaging species, results indicated that
insecticide treatment if applied at the currently recommended rates of 154 g a.i. and 70
— 100g a.i. gamma-HCH per ha respectively would be profitable at cocoa prices much
lower than those presently being paid (K1400 per tonne — January 1981).

INTRODUCTION where control measures are neglected or
not effectively applied, estimated crop

The cocoa podsucking bugs Ambly- losses of between 50 and 80% have been

pelta theobromae Brown (Heteroptera:
Coreidae) and Helopeltis clavifer (Walker)
(Heteroptera: Miridae)} are serious pests
of cocoa (Theobroma cacao) in several
areas of the Papua New Guinea mainland,
and especialiy in the Northern Province
{Szent-lvany 1961). Both are indigenous
insects which have readily adapted to the
plentiful food source and more favourable
environment available in the cocoa mono-
culture

Good control of these podsuckers can
be attained by application of 150-200g a.l
gamma-HCH (lindane) per hectare either
as a dust or low volume spray at 2-3 week
intervals until the damaging populations
are brought under control. However,
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reported (Anon. 1969, 1971; DASF 1968).

Research on the control of these two
pest species is reported in this paper.
Experiments compared the relative
efficacy of dust and spray forrnulations of
gamma-HCH against these podsucking
insects and the long term effects of
spraying on crop yield and profit.

1. FORMULATION TRIAL

Prior to 1865, dusting with gamma-
HCH was the established method of pod-
sucker control in Papua New Guinea but
since then spraying by motorised mist
blower in cocoa blocks has been increas-
ingly used. Dusting is faster and can
utilize cheaper application technigues
(Fernando and Manickavasagar 1956,
Smee 1963), but chemical costs are
higher than low volume liquid spraying
However, insecticide trials which have
compared dusting and mist spraying
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against cocoa mirids have given variable
results. Betram (1950) stated that dusting
with rotenone was three to four times
superior to spraying, but other workers
using HCH have achieved greater success
with insecticide spraying (Donald 1958;
Hammond 1957; Situmorang 1971) or
recorded inconclusive results (DASF
1963; Stapley and Hammond 1959). The
study reported here compares the effec-
tiveness of the two formulations of
gamma-HCH under Papua New Guinean
conditions.

MATERIALS AND METHODS

The trial was conducted between
February and May 1972 on 14 year old
cocoa trees planted on a 4m (= 13 foot)
triangle spacing at Serovi Plantation in
the Northern Province. Two treatments
and a control were replicated four times in
a randomised block design over this four
month period and were applied to plots of
300 — 400 trees (approx. 0.6 ha) in 15
lines of cocoa. The treatments were (i)
dusting at the rate of 6.17kg-ha™! of
Gammexane 20 (R) (= 2.6 percent w-w™!
gamma-HCH) and (i) 983ml of 16
percent w-v! gamma-HCH liquid
(Gamaphex 16 EC (R) ) in 56 litres of water
per hectare. These two treatments gave
an insecticide application rate of 154 g a.i
ha™'. The control plots which received no
insecticide were sprayed with water at a
rate of 56 litres-ha . All treatments were,
when possible, applied to the plots well
before the usual afternoon rain storms.
Solo Port 423 misting machines were
used.

A five iine harrier around each plot was
treated in the same manner as the trial
plots. to reduce insect miaration benween

plots.

Pre and post-treatment counts of pod-
suckers were recorded. Pre-treatment
counts of both adult and immature A.
theobromae and H. clavifer were scored
by a recorder walking behind a team of

plantation workers (walking line abreast,
one to a cocoa line) who searched each
tree individually for the insects. Post-
treatment counts were recorded in a
similar manner 24 hours after treatment.

The second counts were assessed as
percentage mortality of the pre-treatment
counts and an angular transformation
was used for the analyses.

RESULTS AND DISCUSSION

In all except one situation, dusting was
more effective in reducing the numbers of
the two species of insects than was
spraying (Figure 7). However, due to the
large variation between treatments, signi-
ficant differences between the two
insecticide treatments could not be
shown.

In some of the control plots, a slight net
increase in numbers occurred, either
through migration from neighbouring
blocks or a natural growth increase (older
nymphs being easier to detect than
younger ones). The relatively low kill in
replicate | was largely due to a tropical
rainstorm  shortly  after insecticide
application. Heavy mortality of insects in
the control plots of replicates Il and Il
stressed the need for extreme care to
prevent insecticide drift, and for thorough
cleaning of spray machines.

Raw (1959) stated that the observed
reductions in West African cocoa mirid
populations in the unsprayed plots of his
trials were likely to have been caused by
the powerful fumigant action of gamma-
HCH sprayed in neighbouring plots, and
many other workers (e.g. Hammond
1957, . Stapley Hammond 1959;
Marchart 1968) have also commented on
this property of gamma-HCH. The results
suggest that either much wider barriers
between plots or a systematic trial design,
serially balanced for the effects of neigh-
bouring plots, are desirable in experi-
ments using insecticides which have

and
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fumigant properties. Overall figures
showed that gamma-HCH dust is very
effective at killing both podsucker species
when the insecticide is applied before the
usual rainstorms. The ideal time of
application was in the early morning,
when the cocoa leaves were wet from
overnight dew. At this time the dust
particles adhered strongly to the leaves as
they dried and were less likely to be
washed off in light rain than were the
dried liquid droplets.

In almost all cases both insecticide
formulations were more effective at killing
adult podsuckers than in destroying the
immature stages. This effect is shown in
Figure 2, where data from replicate |V are
presented, but similar results were
recorded in the other replicates of the
trial.

2. CROP YIELD TRIAL — CONTROL
OF A. THEOBROMAE

In the Northern Province, A.
theobromae is only lightly scattered in
cocoa plantations in the Popondetta/
Sangara area, but outside this, and
especially in the llimo/Kokoda area, the
insect is more abundant. Brown (1958)
considered that A. theobromae was a
potentially serious pest of cocoa, and
more recently it has been estimated that
the insect may cause 50-70 percent
reduction in production where heavy
infestations cause severe damage 1o
young pods (Anon. 1969). Feeding on
cocoa by this species causes necrotic
lesions to appear on the pod surface, and
these may be invaded by secondary fungi.
Young pods may be severely distorted, or
fail to develop when attacked by A.
theobromae.. Population. densities of
insect are very low (rarely above one
feeding insect per five mature trees) and
they show a relatively even distribution
throughout a cocoa block.

es cf this

From December 1969 to August 1973, a
spray trial was conducted in a cocoa

block at Pirive village, Kokoda sub-
province, to assess the effectiveness of
monthly, two-monthly and three-monthly
gamma-HCH sprays in controlling A.
theobromae and to record any effect on
crop yield. An unsprayed control plot was
included in the trial. The incidence of
Helopeltis in this block was very low and
after 12 months of spraying, negligible in
all four plots.

MATERIALS AND METHODS

The Pirive cocoa block was divided into
four adjacent sub-plots of approximately
200 trees each (about 0.4ha). Plots |, Il
and Ill were sprayed at monthly, two-
monthly and three-monthly intervals re-
spectively with gamma-HCH liquid formu-
lation at an application rate of 154 g a.i. in
56 litres of water per ha. Plot IV was an
unsprayed control. A barrier of three lines
between plots Ill and IV was treated in the
same way as plot Ill.

Pre-treatment counts of adult and
immature A. theobromae and H. clavifer
were made in all plots, and post-treat-
ment counts of live insects in the treated
plots were made the day after each
spraying. In addition, the number of
unscarred cherelles and large pods, the
number of these fruit scarred by pod-
suckers and the number of pods either
infected with black pod fungus (Phyto-
phthora palmivora (Butler) Butler) or
damaged by insects (other than pod-
suckers) were recorded. Pantorhytes
albopunctulatus Heller (Coleoptera
Curculionidae) were causing little damage
to cocoa trees in the block, but adults
were hand collected and destroyed each
month. All trees were fertilised with 100g
mionthly- intervals

the

urea: per-tree at three
from late 1971 te the termination of
trial.

Harvesting of mature pods was carried
out in the intervals between spray appli-
cations and the plot yields recorded by
the Department of Primary Industry (DPI)
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extension staff at Kokoda. Unfortunately,
yield data were recorded erratically
after December 1971 and ceased after
December 1972.

RESULTS AND DISCUSSION

INSECT POPULATIONS

Although pre-treatment numbers of A.
theobromae were generally low, these
population levels were sufficient to cause
moderate economic damage. Post-treat-
ment records indicated that 60-80% of A.
theobromae present were killed by the
gamma-HCH sprays applied to the plots.
However, the rapid and large scale
migration of these insects between plots
and from neighbouring unsprayed blocks
maintained a fairly evenly distributed
population in the trial block. Spraying was
more effective against H. clavifer, and
reduced the population to very low levels
after the first year of regular application.
The densities of both species fluctuated
seasonally, with peaks from October to
January and low populations during the
drier period of the year from May to
August.

POD RECORDINGS
Pod numbers varied greatly during the
year, with highest recordings from June

Table 1. —Yields (kg dry bean-ha ')

to August each year, and lowest numbers
from December to February. Trees
sprayed at monthly intervals had the
highest average number of pods per tree
whilst the trees in the control plot had the
lowest numbers. No difference in the
incidence (as either % or number) of
diseased or insect damaged pods was
recorded between any of the sprayed
plots and the control plot.

YIELD INCREASE DUE TO SPRAYING

The total yield recorded in each plot
between May 1970 (six months after
spraying began) and December 1971 in
addition to vyields during 1972 are
presented in Table 1. Yields were
increased in all plots receiving insecticide
application and spraying for podsuckers
at monthly intervals increased the yield by
69% over that of the unsprayed control
plot.

ECONOMICS OF SPRAYING

Over the 19 months of spraying for
which regular vyields were available,
monthly spraying gave an average of
725kg of dry cocoa bean per hectare per
year compared to 428kg-ha -yr! in the
control plot. This represents an increase
in yield of 297kg-ha'.yri. Similarly,
yields increased by 170kg-ha 'yr' and

and percentage yield increases in

Pirive plots following regular insecticide treatment to control
A. theobromae on cocoa

Cumulative

o yield o vield

yield May Ave. annual increase of Cumulative increasge of
Plot Spraying 1970-Dec. 1971 vield of sprayed plots  yield Jan.-Dec sprayed plots
number  interval kg-ha! dry bean over control g-ha aver control
iry bean (kg-ha! piot |V f Pl
9 5.4 69 4
I Two
monthly 948 558 4 398 19 46.0
I Three
monthly 877 553.8 29.3 232 54.7
v Unsprayed 678 428.2 150
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126 kg-ha'-yr ! in blocks sprayed at two-
monthly and three-monthly intervals re-
spectively.

The costs which would currently be
incurred in spraying blocks against pod-
suckers at the three time intervals are
listed in Table 2. At the recommended
rate of insecticide application, and which
was used in this investigation, the total
cost of spraying at monthly intervals
would be about K80 ha'-yr'. The 'break
even’ point at which the costs of spraying
would be covered by vyield increases
similar to those recorded in this study can
be determined by referring to graphs such
as those depicted in Figure 3. From this
figure, it is evident that a yield increase of
200kg per ha per annum would be re-
quired to cover spraying costs of K80
ha '-yr ! if the net return (i.e. market price
minus cost of production) was K400 per
tonne dry cocoa. At net returns of K300,
K250 and K200 per tonne, the annual yield
increase necessary to cover costs of
spraying at monthly intervals would be
about 267, 320 and 400 kg per ha respec-
tively.

In this trial, the annual yield increase
was 297 kg per ha, which would require a

2400 hours or

net return of K267 per tonne dry cocoa to
‘break even’ and cover spraying costs.
Similarly, the break even price for two-
monthly sprays is K233 per tonne and at
three-monthly spray intervals is K210 per
tonne dry cocoa. Growers are currently
(January 1981) receiving a net return of
about K400 per tonne of dry cocoa, and at
this return an annual increase of 99 kg per
ha for two-monthly sprays or 66 kg per ha
for three-monthly spray intervals would
cover all costs incurred.

To enable growers to calculate the
annual yield increases necessary to cover
spray costs, the costs of spraying at
frequencies ranging from 2 — 16 times
per year are marked on Figure 3. As an
example, if a grower sprays four times per
year lat a cost of K25), his yield must
increase by about 63kg per ha at a net
return of K400 per tonne dry cocoa for
him to cover spray costs. Most growers
find it necessary to spray two or four
times a year against cocoa mirids in the
Islands region.

YIELD INCREASE RESPONSE
WITH TIME

Although vyield records could only be
used from the first 19 months of the trial

Estimated costs of three frequencies of spraying for podsuckers

60 6.5( 15.60
80 3 7.80
12 &7 ) 1520
be used per ha (nsecticide costs K3.20 per
300 days) or 600 ha. Purchase price is abou!

Fable 2
/ wa }

Spraying NCrease ove NO . spravs
I Ve rol 3
tmoriths na
1 297 13.0 15.6(
Z 170 /.80
3 126 1 5 N
1. From Table 1
2. One man covers 2 ha-day"!
3. Atrate of 154g a 1.-ha ' gamma

litre
4, Assume machine is written off after 1

K300, making machine depreciation about K0.50 per ha
5. Assume consumption ot 1 lire par hous

petrol-oil mux at 30 10ea per litre = K1.20 per ha
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period, the number of pods per tree in
each plot was recorded over the full 44
months. These records showed that the
average number of pods per tree in the
plot sprayed at monthly intervals was
78% higher than that in the control plot
during the eight months May-December
1970 (when the pods were first fully
protected by the sprays) but was 115%
higher during the last eight month period
from January-August 1973. The pod
numbers indicated that an increase in
spray response with time could be
expected and that yield increase due to
spraying would magnify in subsequent
years of spraying.

Although only seven harvests were
recorded during 1972, the data shown in
Table 1 also indicate that an equal
or greater percentage vyield increase
occurred in all sprayed plots during that
year of spraying than during the initial 19
month period.

Ali (1972) has reported that widespread
gamma-HCH spraying for cocoa mirids in
West Africa produced an increase in yield
response with time, although the rate of
response decreased over time. He pointed
out however, that this effect may not all
be attributable to insecticide treatment,
since the increase may have been due to
improved condition of the trees, weather
conditions and/or unknown factors

3. CROP YIELD TRIAL — CONTROL
OF H. CLAVIFER

Helopeltis clavifer \Walker) was first
reported attacking cocoa pods in the
Central Province {(Dun 1954), and since

then, has become an important pest of
the crop in mainland Papua New Guinea

{Smith 1978}

In the Northern Province, H. clavifer is
widespread in cocoa blocks especiaily in
the Popondetta/Sangara area. No de-
tailed data are available, but estimates of
production loss through mirid damage
range up to 80% (Anon. 1969) Distri-

bution of this pest is highly contagious
and numbers are small compared to most
crop pests — rarely exceeding maxima of
about 6,500 per hectare on cocoa in
Papua New Guinea (Smith unpublished
data).

H. clavifer primarily attack the pods of
cocoa trees, but extensive tip dieback
may be caused by mirids feeding on soft
vegetative tissue and leaf petioles,
especially on trees bearing few pods.
When pods younger than two to three
months are attacked by H. clavifer, they
frequently fail to develop or become
distorted. West African studies have also
shown that mirid damage to larger pods
can cause considerable reduction in the
weight of the beans when mature (Aking-
bogungbe 1969), although a similar study
in Papua New Guinea showed no effect
(Smith unpublished data).

From December 1969 to March 1971, a
spray trial was conducted in a cocoa
block at Hanjiri village, Kokoda sub-
province. This trial was designed to
assess against an unsprayed control plot,
the effectiveness of controlling H. clavifer
populations with three-weekly gamma-
HCH sprays, and to record any effect on
crop vyield resulting from this insect
control. H. clavifer was much more
abundant a3t Hanjiri than in the Pirive area,
and was causing moderate to severe
damage at the initiation of the trial. A
theobromae was also recorded in low
numbers in the tnal plots. An infestation
of Pantorhytes albopunctulatus increased
markedly after November 1970, so that by
March 1971, the trees were in such poor
condition that the trial was discontinued.

MATERIALS AND METHODS

A control plot of 217 trees (about
0.4ha) was separated from the spraved
plot of 283 trees (about 6.5 ha) by a barrier
of two lines of cocoa. Gamma-HCH liquid
formulation at the rate of 154 g a.i. per ha
in 56 litres of water per ha was applied to
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the treatment plot and to the barrier at
about three weekly intervals.

Pre-treatment podsucker counts in
both plots and post-treatment counts of
live insects in the treated plot the day
after spraying were recorded, in addition
to the number of cherelles and other
diseased or insect damaged pods.

Harvesting of mature pods was carried
out in the intervals between treatments,
and the weights recorded by the DPI
extension staff at Kokoda.

RESULTS AND DISCUSSION

INSECT PEST DENSITY

Post-treatment records indicated that a
high proportion (>85%) of H. clavifer
were killed by the gamma-HCH spray and
that migration of adult mirids from the
control plot to the unpopulated spray area
occurred on a large scale. A. theobromae
populations were reduced by the spray
treatment and these insects occurred in
very low numbers compared to H.
clavifer. Both insect populations varied
seasonally, with peak numbers from
October to February and lower numbers
from May to August.

POD RECORDINGS

Pod numbers varied seasonally in a
similar manner to those at Pirive,
although the magnitude of the fluctuation
was less. Trees receiving the spray
treatment had, on the average, 25% more
pods than the control trees.
incidence of

No difference in the

Phytophthora  diseased pods was
recorded between the sprayed and
control  plots despite the apparent

association between P. palmivora and
those cherelies which were deformed or
damaged by the feeding of podsuckers or
chewing insects such as Pantorhytes.
This suggests that the disease is not
transmitted by a podsucking vector. Prior

(pers.comm.) has indicated that the
fungus can only invade living tissue and
since H. clavifer feeding results in almost
immediate necrosis of the pod tissue
(Smith  1978) P. palmivora cannot
colonise mirid lesions.

YIELD INCREASE DUE TO SPRAYING

During the eight month (11 harvest
records) period from May 1970 (six
months after the trial began) until January
1971, the control plot produced the
equivalent of 549.0 kg per ha of dry cocoa
while the sprayed plot produced 664.5kg
per ha. This represents an increased
production of 21% or an annual increase
of at least 150 kg dry cocoa per ha due to

spraying.
ECONOMICS OF SPRAYING

From the assumptions made for Table
2, the annual cost of spraying one ha of
cocoa at three weekly intervals (17.3
times per yr) would be K106. The "break-
even’ point at which these costs would be
met by a yield increase of 150 kg is K707
per tonne net return, or at K400 per
tonne, an annual yield increase of 265kg
per ha would be required (Figure 3).
Although spraying at three-weekly
intervals was not shown to be economic
in the Hanijiri trial it is very likely that in
other blocks less ravaged by Pantorhytes,
much greater yield increases would result
and that spraying costs would be more
than covered by the increased pro-
duction. The Pirive blocks for example
(about 15km away) recorded an annual
yield increase of this order at less frequent
spraying intervals than suggested here.
Additionally, current planting of poten-
tially high yielding clonal or hybrid cocoa
material will, in future, magnify the
vield increases which can be expected
from the existing stands of cocoa trees.

if spraying is carried out over large
areas, the migration from unsprayed
areas would be greatly reduced and the
number of treatments per year would be
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much less than the 17.3 discussed here.
Other field trials (Smith unpub. results)
have shown that good kills of H. clavifer
are achieved when only alternate lines of
cocoa are sprayed, since the very strong
fumigant action of gamma-HCH, (dis-
cussed earlier in this paper) ensures
effective control of mirids over the whole
area. This method reduces the costs of
application by half and is now recom-
mended by DPl (Smith 1979). At the
recommended rates, even spraying so
frequently and for such a low vyield
response would be economic if cocoa
prices were higher than K353 per tonne
net return.
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A CHECKLIST OF MITE AND INSECT PESTS OF
VEGETABLE, GRAIN AND FORAGE LEGUMES IN
PAPUA NEW GUINEA

G.R. Young*

ABSTRACT

Over 100 species of both mites and insects have been recorded as feeding on
vegetables, grain and forage legumes in Papua New Guinea. A checklist of these pests
is presented, giving host plants and localities, and some assessment of the type of
damage.

INTRODUCTION

Pests of legumes in Papua New Guinea have only recently received attention from
entomologists. This has been as a result of interest in growing field crops such as
soybean Glycine max (L) Merr. and mung bean Vigna radiata (L) Wilczek as well as
subsistence crops such as snake bean Vigna unguiculata (L) Walp. and winged bean
Psophocarpus tetragonolobus (L) DC.

Papers by Dun (1951, 1955), Froggatt (1940, 1941), Szent-lvany (1956, 1959), Szent-
lvany and Catley (1960) and Szent-lvany and Stevens (1966) make some reference to
pests of legumes. Insect pest surveys (Anon. 1970, 1971; Bourke et a/. 1973) have
listed some mite and insect pests of vegetable, grain and forage legumes. Fenner
(1974) reviewed mite and insect pests of grain and forage legumes in Papua New
Guinea up to 1974, while Lamb (1976) reviewed mite and insect pests of winged bean
in Papua New Guinea and elsewhere. This paper is an attempt to summarise
information gathered by entomologists, past and present, working in Papua New
Guinea. The systematic names of host plants have been used in preference to the
commaon names wherever possible, and have been taken from Verdcourt (1979).

The systematic names of the host plants and their abbreviations are listed below

Arachis hypogaea Linnaeus A. hypogaea
Cajanus cajan {Linnaeus) Millspaugh C. cajan
Canavalia ensiformis (Linnaeus) A.P, de Candolle C. ensiformis
Canavalia gladiata (N. Jacquin) A.P. de Candolie C. gladiata
Centrosema pubescens Bentham C. pubescens
Centrosema sp. Centrosema sp
Desmodium canum (J.F. Gmelin) Schinz & Theliung D. canum
Desmodium intortum (P. Miller) Urban D. intortum
Glycine max (Linnaeus) Merrill G. max
Glycine wighti (Wight & Arnott) Verdcourt G. wightii
Lablab purpureus {Linnaeus) Sweel L. purpureus

* Entomologist, Department of Primary Industry, Agriculture Research Centre, Bubia, P.Q. Box 73, Lae
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Lupinus sp.
Macroptilium atropurpureum (A.P. de Candolle) Urban
Macroptilium lathyroides (Linnaeus) Urban

Lupinus sp.
M. atropurpureum
M. lathyroides

Macrotyloma axillare (E. Meyer) Verdcourt M. axillare
Medicago sativa Linnaeus M. sativa
Mucuna pruriens (Linnaeus) A.P. de Candolle M. pruriens
Pachyrhizus erosus (Linnaeus) Urban P. erosus
Phaseolus coccineus Linnaeus P. coccineus
Phaseolus vulgaris Linnaeus P. vulgaris
Pisum sativum Linnaeus P. sativum
Psophocarpus tetragonolobus (Linnaeus) A.P. de Candolle P. tetragonolobus
Pueraria phaseoloides (Roxburgh) Bentham P. phaseoloides
Pueraria sp. Pueraria sp.
Vicia faba Linnaeus V. faba

Vigna angularis (Willdenow) Ohwi & Ohashi V. angularis
Vigna mungo (Linnaeus) Hepper V. mungo
Vigna parkeri J.G. Baker V. parkeri
Vigna radiata (Linnaeus) Wilczek V. radiata
Vigna umbellata (Thunberg) Ohwi & Ohashi V. umbellata
Vigna unguiculata (Linnaeus) Walpers V. unguiculata
Vigna vexillata (Linnaeus) A. Richard V. vexillata

Names of the provinces of Papua New Guinea have been abbreviated as follows:

Central Province CP, Eastern Highlands Province EHP, East New Britain Province
ENBP, East Sepik Province ESP, Enga Province EP, Gulf Province GP, Madang
Province MdP, Manus Province MnP, Milne Bay Province MBP, Morobe Province MP,
New lIreland Province NIP, North Solomons Province NSP, Northern Province NP,
Simbu Province SP, Southern Highlands Province SHP, West New Britain Province
WNBP, West Sepik Province WSP, Western Highlands Province WHP, Western
Province WP.

The source of the data is acknowledged where possible in the column headed
‘source’. The insect pest surveys are abbreviated as Anon. 1970, etc. and Konedobu

records as K

The names of the entomologists are abbreviated as follows:

Ardiey, J J.A
Catley, A. A.C.
Dun, G. G.D
Fenner, T.L. T.F.
Froggatt, J.L. J.LF
Gagne, W W.G
van S. Greve, J.E J.V.G
Khan et. a/

Lamb, K.P.

Smith, E.S.C. oo¥
Smith, S.L. S:

Thistleton, B.M.
Stevens, R.M.

Szent-lvany, J.J.H.

Young, G.R.

»

B R Al AR
<RD A OT A

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES



15

¢ I
's1amoly uo Buipasy ‘1’8
‘umoudun ‘1’9

‘sjauiay uo Bulpasy pue
s||ays ojul Buuoq synpy & 5)

1ybi1js abewep

dIN @81 ‘yoanun
dHM Inquie}
dHM uabeH 1N

dW Bunqueiep

snqojouobens; o
‘ds snudny
snqojouobens; o

eaebodAy 'y

‘sanea| uo Buipas4 ‘A'D dW eiang sngojouobes;a; o
‘abeljoy uo Buipsa4 (/6] ‘uouy dN ejlis suebina o
‘sanes| uo Buipssy ‘O°M dW NepA eAlIES "N
“3yBiis abewep . dW Buiziniy
‘sanea| uo Buipea4 ‘A'D dW eiqng uelea °H
‘|aulay pue
|Ieys uo Buipasy sinpy ‘1’8 dHM usbeHq I\ eapbodAy 'y
“ " p a ejeipel A
P W 3 i suebinA ‘o
‘SI9MO|} pue sanes|
uo Buipeasy sydwAn ‘A'D dW eigng Xew ‘9
‘Buiggam ‘Ayojo|q seAes’] ‘A'D dW eiqng
¢ | 14
‘Buiggam
yonuw ‘Ayoio|q seAesT '1'8 d3 epueweuadep\ sngojouobens) o
*SIS0I0|YD Jes] ‘O'M 4 nepa WnANBS “of
‘abewep AneaH /@l ‘uouy dN ebueg
"SISOJ0|YD jean ‘O'M dN Nep
‘Buiqgem ‘Ayolo|q seAean ‘A'D dW eigng SuebinA ‘o
seloadg
abeweq 301n0S A31|e207 Jueld 1SOH

Jeput "ds 39 "uan) 18pu)
‘19pul 'ds 18 'usYH 18pu|
18put *ds 13 ‘ulL; "19pu)|
eio1douBsAy |
{seonT)
sadynuue elpiognsy aeplLnpige]
eigydewiag

ajjAlaS-1auIpny
SINBIG B13)0018URY S
SI0ANESY 8p 108124
BUBIII e BAIBIONAID

sepuuobima |

aepidieio||Ain

'ds ebugieA aepipucy

ess1doyliQ)

dds snyoAuena)  SepiydAUENS |

e1ewbisosd

Ajuey
sa1adg pue snuay 18pI0

JULY 1984

&,

VOLUME 33, NOS 12



16

aBewep jueoiiubis
‘Sanea)| JO sapls

dH3 euag euag

‘ds esnavosyyAing

‘ds eposeodw3y ¢
13pul "ds 18 ‘uag
12pul "ds 18 ‘usn
18pul "ds 18 "uan

“1eput “ds 18 ‘U9

YooY 2404120840 Siydy

1apul "ds 18 ‘usd)

-18pun ay} uo Buipaaq ‘A'D dH3 einAly  snqojouobena) o
‘des Bupjons
sydwAu pue synpy ‘O'M dWN NBM  sngojouobena) o
‘des Bupjons
sydwAu pue s}npy ‘A'D dW eigng ‘ds eueiand
‘des Bupjons
sydwAu pue synpy ‘1'9 dHM Inque ] ‘ds snuidny
‘des Bupjons
sydwAu pue s}npy '1'9 dHM AN sngojouobena) o
‘des Bupjons
sydwAu pue synpy '1'89 dHM M) ejenainbun ‘A
‘pa)oele Sj0oys
BunoA pue spnq 1amo|4 ‘A'D dW eigng 2)ejjIxaA ‘A
dD Agsaio\
‘Buibewep wopes /6L ML Hod ‘ONdN
‘pabewep Ajaianss sjueld ‘A'D dEN3 1eAeid)
jo uonsodoud |jews Y ‘A'D d eigng eye/nainbun A
‘des Bujons
sydwAu pue s)npy ‘O'M dIN Nepp geipes ‘A
dD Agsalol
‘Buibewep wopjes /6L ML uod ‘ONdN
‘swals
pue spnqg uo Buipaa4 1N 3 snqojouobenady ‘o
‘des Bupjons
sydwAu pue s)npy 9'M dW nep suebina o
é 656l 'I'S'I d8N3 1eABIS} eadebodAy "y
“ u ‘A
‘saAes| uo Buipasy ‘1'8  dHM uabeH ‘I sngojouobens) ‘o
sa10adg
abeweq 80I1n0S Al1je207 1ue|d 1SOH

senadg pue snuag

aepijjepedl)

aepipiydy

aepipoiAt)Y
#io1dowoH
eigdiay

Ajllued
19pIQ0

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FiSHERIES



17

‘paAonsap 1o

pabewep spass JO %06
0} dn ‘a18A8s ualo
abewep ‘spod Bupjons
sydwAu pue sy}npy

“ "

.:mvoq .wc_xo:m
sydwAu pue s)npy

‘des Bupjons
sydwAu pue s}npy
‘des Bupjons
sydwAu pue s}npy

"QUON
"8UON

'SSO| PJaIA jo

8ouaplAe ou inq ybiy
ua}jo a1am suoneindod
‘swiays uo Buipaa4
"9UoN

"auoN

"8UON

‘SOAB3| JO sapisiapun
ay) uo Buipsa4

‘des Bupjons
sydwAu pue synpy

dW 3duwepp

‘A9 dW Asjiep

"

> > >> >> > >

> e
O Voo

2 3

O 00U 0VOoo

weyiep

dN Nem

d Buizainpy
dW lwnjesepy
dIN @7 “lN-Y
dW eigng

dd ‘doje

dW Buiziniy
dW Buiziniy

dW Buianiy

dWN NeAA

dW NeM

dN A8jleA nwey
dA eigng

dWA NepA

dN A8jep

weyyie

dA eigng

dWA nepp

d\ eigng

dWW Nep

‘A'D dA eiqng

dN NEM

susosagnd -

uefea -
eenainbun

obunw

veles

ejenainbun

siebn

snsose

xXeuw
wveleo -

ueles

snqojouobes;s)

eyeinainbun

(&

|[eAnpsiog
SII0NUUE SNIOITIY

ueIsig

smepnbauibiew
snyueseuBi@ip

ds eweary

&S eOIYfIA GluedlINg

(OSSHY)

W2 § SN22020ueld
(1|218%000))

e18h4A eisiia-

ds euibAz7

aepIpAlY
gi91doiajeH
-Ris1anuaiy

3EPHUBDI Y

eepIo
-0000pPNa&s

LY 1984

U

NOS 1-2, J

VOLUME 32,



18

‘spod Bupjons

SII0olnuue snjso)dry

sydwAu pue syjnpy ‘A'D dN eigng suenbue A
‘suaboyied jo Asjus mojje
pue sueaq j03sip ‘spod
%ons sydwAu pue synpy ‘O'M dIN nepp
‘ueaq Jo saioads 1aylo
YlIM Se 819A8s Se Jou
abBewep ‘spod Bupjons
sydwAu pue s}npy ‘A dW eiqng  snqojouobens; o
‘a1anas abewep
‘spod adu pue Buidojanap
uo Buipaay synpy /6L "uouy dN enapuodod
"191ud 0} suaboyied mo|e
pue sueaq ji03sip ‘spod
%ons sydwAu pue synpy O'M dWN nepa
‘spod Bupjons
sydwAu pue s}npy ‘A'D dIN eigng suebina o
¢ 'A'D dW Aajjep
weyep
¢ ‘A'D dW eigng saproAyre; "W
¢ ‘A'D dN Buizany
l A'O dA lwnjeiey
é ‘A'D dW eiqng
¢ ‘A'D d2 NMojeq snaundind 7
"P3jIAlYs pass JO %0L 'A'D dN Nep\
0} dn ‘ai8n8s ud}j0 ‘A'D dIN A9jea
abewep ‘spod Bupjons weydie
sydwAu pue s}npy "A'D dW eigng xew ‘5
sal0adg
abeweq 901n0g Al11e207 Jueld 1SOH

|jeanpsiog
aepipAly

eiaydosaisyH

eigldiway

=  Anwey
18pI0

$9108dg pue snuag

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES



19

‘spod Bupong
¢

.muoa mc_v_o:w
‘spod Burjong
14

e

‘spod Bupjons
sydwAu pue synpy
*13)ud 0} suaboyied
Buimolje pue spaas

Bun.oisip ‘spod Bupons
sydwAu pue s)npy
*819A8S
abewep ‘spod Bupjons
sydwAu pue synpy

¢

14

‘spod Bupjons
sydwAu pue s)npy

" “

‘spod Bupjons
sydwAu pue synpy

<< EXE>FO
SO0 0ow

‘A'D

OO0 OXO

-

dH3 einAly

dHM AN

d3 eiw|

d3 eiw|

dHM uabey 1A

dHM uabeH 1N

d3

dUl\l pue|si uociep
dUA spues!

HwsH

dPW Buepepy

dIN NeMm
dIN AsjleA

weyyiepn

dW eigng

dd poje

dW eang
dW AsjleA

weyyep

d\l elqng

sejieg
Xew 'Y Siii03unisqo Snjio)ary
glejjlaquin A

suebina o

ApIEXILH

xew - Syeadwi $N0}ary

G

egmnomnbun A

ejelpes ‘A

obunw "A

JULY 1984

)
£

VOLUME 33, NOS 1-2



20

‘spod pue
sjooys BunoA uo suolss|

wouj arepnxa Bupong AD dW eiqng eyenainbun A
‘spod Bupjons synpy A'D dW Buiziniy
‘spod Bupjons synpy AND) dW eiqng ueles '
‘Buipaa) ai1am s}o8sul
J1 umouy 10u ‘spod uQ A'D dW eigng ejeipes ‘A
‘spod
pue syooys Bupjoeye
sydwAu pue synpy O°M dW NepA  sngojouobens) o
“ w ALD dSN edouy
p u AD d8N3 [EPNA exgnainbun ‘A
P w KD dSN edouy
‘spod Bupjons
sydwAu pue synpy ‘A'D d9N3 |epnNA eyenainbun A
“ " ‘O'M dA NeM\
i @ ‘A9 dW Buianiy
“ A9 diA eigng ergnainbun A
.« w ‘A'D d Buizanpy
o AD diN eigng obunw “A
p u ‘A’ dA NepA
" AD dW Buinpy
‘spod Bupjons
sydwAu pue synpy ‘A'D dIN eigng ueles '
v W ‘A9 dSN nbiy
p u ‘A'D dSN edouy
‘spod Bupjons
sydwAu pue s3npy ‘A'O d8N3 [BPNA
é M dEN3 1eAeia) eyenainbun ‘A
u u ‘A’ d3 elwj
‘spod Bunjong g 43 e suebina o
sal0adg
abeweq 22.1n0g A)1|e207 1ue|d 1SOH

sNidlgey

syensne snssojboyday
(sniouqged) sweyauese
sapiojesbiner

‘ds smpafn

ds eyadA|quiy aeplaing
£ 'ds snuoidiy
Z ‘ds snuordiy
| ‘ds smuordiy
a19ig
SnieyouoIgnd SnyJoydiy aepipAly
eiaydoislaH
-eiaydiwiey
Ajuied
S$810adg pue snuag) 1B8pI0

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES



21

é 9G6L 'I'S'r
‘ybiy aiem suone|ndod
Uaym sisoJo|yo
jes| pasne) ‘des

3ons sydwAu pue synpy O°M
‘sawi e

sanes| 0} abewep ai1anag "A'D

‘sanes| 01 abewep 319A8g ‘A'D
‘ybiy a1am suonendod
uayMm sIS0I0|Yyd
jea| pasne) "des

3ons sydwaAu pue synpy O'M
‘SaAea)|

uo Bunjods mo| B A ‘A’

¢ 9g6L 'I'S'r
‘SaARY|

uo Buniods moys A ‘A'D

“ w 0461 "uouy
‘SaAe3| U0

Buniods mo|sA pasne) (/6L ‘uouy

“ “ 'A'O
‘Sanea|

uo Bunyods mo|BA ‘A'D

é 096L 'O'V

s

'919A9S SOWIIBWOS ‘A'O

abeweq "}jim 0} s1oous
Buisned sjooys uo
paa) sydwAu pue s}npy ‘A'D

d9N3 1eARI3)|

dW eigng
dW eiqng

diN NEM

dW eiqng
d8N3 1BABIS)

d eigqng

dN BlIS

dN IS
dW Buizaniy

dN eigqng

d elgng
dINl As|leA

weyyie

dW Biqng

ejejjequin

stebinA
SNso.48

xew

eaebodAy

srebinA

S1ebInA

esebHodAy

ueles -

Q,

¢

o §

Sierqgn snaife

YIBAIOH

NSOAIaU SNIGIBIGAYIBY

ds snisAn

BUI D) S/ISuaIds SasAp

(SNIDLIGE S}

2u0Ld SNINA

JULY 1984

1-2,

VOLUME 33, NO¢



"Pa|IBAIIYS Paas JO %0L ‘A'D dN AsjleA
03 dn ‘spod Bupjons weyyiep
sydwAu pue s}npy ‘A dW eiqng
"abewep 161 18708 dH3 eanAy xew '9
é A dH3 olesy uefex °9
‘des Bupjons
sydwAu pue s}npy O°M dN NepA eye/namnbun A
‘des Bupjong O'M dN NepA
‘'sjueld jo
yiesp pue abewep 8i19A8s ) dIN NeAA
Buisnes uayQ ‘spnq ) dW Buizanpy
J8MO|} pue s1o0ys ‘A'D dW 1wnjeiep
Bunjoene ‘des Bupjons ‘A'D dIN 181emues|)
sydwAu pue synpy ‘A'D dW eigng uelea *)
¢ 9961
S'W'H
B°1I'ST dp\ 's| 4By Je) ueles "9
‘umouun abewep
‘s1amo|} uo Buipaay A'D dN Buizanpy sugnbue ‘A
‘sjulod
Buimouib jo des Bunyons
sydwAu pue synpy 9°M dW nepA eyenainbun A
14 ov6L "4'1°r 14
. u A'D dSN nbiy
‘sanes| 0} abewep a19nag AD dSN edoiy
‘saw 1e
saAea| 0) abewep 9ioA8S ‘A'D dW eigng eyenainbun A
saladg
abeweq 821n0g A)jeoon Jue|d 1S0H

(sneeuui}
gINPLIA BIRZIN

‘ds SMo20YYy i

‘ds gijAydodeby

21018

sipuns eyAydodebyy

SEYTLTV

134ipljjed sapenuoal’)

13%[eAA
18JIN8j3 S1}j3dOPBH
"ds snonyer

i9IN8y
syeiqn Snonjel

s8108dg pue snuarc)

appruolejuad

SEpUIA
e181doJis}sH
eia1diwsH

i Apuiey
18pl0

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES



23

4

‘spod Buiyons
sydwAu pue synpy
‘spod Bupjons
sydwAu pue synpy
‘spod Bupjong
‘spod Bupjong
‘spod Bupjong
‘spod Bunjons
sy|npe pue sydwAN

.muoa mc_xo:w
‘spod Buiuadu

uo Buipasj synpy /61 ‘uou

‘spod Bupjong
‘'spod Bupjons
sydwAu pue synpy

" "

.mvoa mc_xu:m
¢

" “"

‘spod Bupjons
sydwAu pue synpy
'18S 1iNJ) paonpal

ul Bunjnsas siamo|}

uo Buipsay sawnawosg

el =254 =

> >0

2
O x

Vo Yvou o

TN >
VO O¥00 Vo2 O4g

>
©

dS3 YAuieg
dSN nbiy

dSN edouy

diN NeAA
dW eigqng
dW eiqng
dN eiqng

dIAl nepp
dHM uabey 1\
dW eigng

dN e|is
dSN nbiy

d Nep
dIN Asjjep
Em:x..m—&
d eigng
dgN3 1epnA
dJ luide
dIN A8jieA
weyyiep
dW eigng
dJ MojeT

diA PEM

exejlaquun

erelpes
obunw
sueinbue

eqey

snqojounbeis]

suebina

snaindind

‘A

A

A

d

/

NOS 1-2, JULY 1984

P

VOLUME 33



24

“ “ A'D dW eigng eelpel A
‘des Bupyons &8
sydwAu pue synpy A'D dW eigng suebina ' swuediauuniq ennejy
“  w A'D dW eiqng exe/nainbun A
‘yBys (snioliqey)
abewep ‘spod Bupjons snyejasejoiqni
sydwAu pue synpy ‘A'D dA eigng ejeipes A ieau ds $n/0p0zai.y
4 0961
o've
1S dS3 uquey) eaebodAy ‘v 212I0Wia) Bl
w “ ‘A9 dW eiqng eyenamnbun A
yBys
sbewep ‘spod Buiyons (sniouqged) $qa/8035
sydwAu pue sy npy A'D dWN eiqng ejeipes ‘A ieau "ds sH0202uQD
é w6l "41°r [4
‘ead Mo92 uQ ‘1’8  dHM uabeq 1A
u “ ) dSN nBiy
‘spod Bupjons
sydwAu pue synpy A'D dSN edouy
‘spod Bupjons 9'M % =
sydwAu pue synpy A'D dIN NepA
"18s 1nuy Buionpal
pue spnq Jamo(j uo AD dWN Asjiepa
Buipaay Ajleuoisessp weyyIep
‘abewep ai1anas
Buisned ‘spod Buijons
sydwAu pue sjnpy AD dW eigng (snaeuuiy)
¢ 4L dD »oje eyenainbun ‘A 2INpLIA BJE2Z3))  82DIWUOIRIUSY
219100J918H
-eiajdiweH
sa10adg Ajiwe4y
abeweq 90In0g Al|e207 Jueld 1SOH sal0adg pue snuan 18pIQ

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES




25

é
‘pa1sajul AjineaH

‘spouad Aip

Buunp paisajul Ajineay
‘swals Buluiw aease
‘sBuljpass

Jo sways Buiuiw aeAse

.Lm__m mumc._mo

“ “"

‘umouun
abewep ‘des Bupjong

14
des Bujons
sydwAu pue s}npy
é

“ "

‘umouun

abewep ‘des Buijong
‘suone|ndod

asuap AIBA ¢

" “

‘A
‘A9

A9

O'M

‘A9

A'D

‘A9

‘A

9s6L “I'S'r
6S6L I'S'I
O'M

ov6L "3 1°r
‘A9

‘A'D

‘A9

656l "I'S'r
‘A9

‘A'D

dJ Pjojeq
dW Asjiep
weyyep

dW eiang

d nem
dW Buaniy
dW elgng

dIN Asjlep
wewyielp

dW eiang

"

dIN "ul|d nsdey
dS3 loyeuog

dWW NEM
¢
dN NepA
diN Asjiep
weydiep

dA eigng

dD 1ebey

dN NEM
dA eiqng

suebins o

saplosAyiel iy

Xew ‘g

ueles ')

‘ds snjosseyd
sapiojoaseyd o

eles

)

suannid W
suebina o

uelea 5

suebina o

eyemnanbun A

(UOAS] )
ijoaseyd elAwoiAyde)

ds ewnso;de))

UOPUBIUOIA
wnagwibAd ewioso;don

ds snigjdAyoreig
9jjiABug N -uLgng
snnded snjeidAyoesg

aepizAwo.iBy
eia1dig

aepidseyeld

1984

JULY

VOLUME 33, NOS 1-2,



26

'SI8Y3J0 uey}
9|gndaosns aiow a1am
sal}sueA awog ‘spouad
Aip Buunp abewep
819A8S SaWBWoS

‘sgjonad pue "A'D dN Buizanpy
swa)s Buluiw aease ‘A'D dW eigng eyenainbun A
‘sBuipaas
Jo sways Buluiw aease ‘O'M dIN NeppA
‘yBys abeweq ) dW Buizanpy
‘1yBys abeweq "A'D dW eigng eeipes ‘A
*Ayjeyiow
%001 01 dn ‘sBulpass
JO sways Buluiw aease ‘A'D dW eigng suenbue ‘A
" w 2 B dHM ANH
‘sBuypass jo
swa)s ul Buipaay aeaie ‘1'g dHM zueg
‘abewep a1aA8g | /6| ‘uouy dN enapuodod
'sj004 0} abewep ai1anag 9961
S'W'H 8B
ISP diN NeM
‘sBulpass jo
sways ay) Buluiw sease 9'M d Nepp
‘sBuipaas
jo Ayljeriow %001 01
dn ‘sways Buluiw aease "A'D dW eiqng
¢ 1§61 "A’'O d8N3 1BABIS)
¢ vL6L ML d0 lueBiepy
‘uonJolsIp
pue Bupunis snoueg =R dD obiy suebina o
CETRETO IS
abeweq 821n0g Aljeoo uejd 1SoH

(UOAJ})
joaseyd eiAwoiAydp

se10adg pue snuaL)

aepizAwoiBy

ei81diqQ

Aflwe4
18p10

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES



27

" "
“ “
“ "
“ "

“” “
‘sanes| uo Buipasy

“ "

" "

“ "

“ “

“

"
‘sanes| uo Buipas

‘abeiols ul pasg

‘abeloys ul pasg

"pasg

‘abeliols ul paag

‘abeioys ul pasg
‘abeio}s ul paag

‘abelo)s ul peag
‘abelols ui peas

‘abeliols ul peas

el elly
gmmrnm

=R
momom

2k
03m

G561 '’

OAT
DN

OAT
O°AT

dHM Buaqjebp
dHM AN

dHM '8Q

dHS IPUsiy

dW NeAA

d3 esoyedauepp
dHM Buaqgjebo
dHM ANH
dHM 18g

dHS Ipusiy

dN NBAA

d3 esoyedasuepp

dJ Agsaio|\ 104

d8N3 1eABIs)
uonI8Iap
sunuesenD

dD Agsaiopy
1od

dHM usbey 1

dHM usbey 1N
dHM uabey 1N

dHM uabey 1IN
d0 iuebiepp

dO luebiepp

s1ebjna

xew

ejepe.s

d

)

A

spaas awnbaj Jauyjo

pue wnaies

ejeipes

xXeuw -

snqojouobena}
snqojouobens; -

snqojouobensy

sngojouobes)a;

wnaRes

d

O

a a o QaqQ

(Agooer)

SISuUBIIQLUIUE) 2RodISlYy

(SNIDLQe4) shyemoews

SHY2n1G0S0le)

{SnaeuulT) ssuauyo

SNYINIGOSOeD

{snuge4)

sieue SNYonIGosofe:s)

(AeQ) §M1283290
S8PI8ISOYIURIY

isabaq

SNIEINJIoSEY SNISIRLY

‘ds snuAiooozely
1Byar bununa “iu
‘ds snuliooosely

{snioige4)

QUI021113S BLIIBPOISET]

IepiRWosAIYD
esgydosjo)

aepiycnig

e2pIGHUILY

agpiiqouy
eia1dos|o)

JULY 1984

NOS 1-2,

VOLUME 33,



28

rabels
Buipaas ay) ul 819A8s

SBWI}BWOS UOoIelj0}8p ‘A'D dWN Buizainpy
‘sanes| uo Buipas4 ‘A'D dW eigng
‘saAeg| uo Buipaad B ~$o 1. dH3 einAly ejeipes ‘A
‘sanes| uo Buipasay O'M dWN nepa eqej ‘A
u " O'M dWN nem
“ u ‘AD dW eigqng (Aqooer)
‘sanea| uo Buipaa4 Q'S dH3 einAy suebina "o euended euasse)
‘1yBis abewep Aleg
‘sanea| uo Buipaa4 ‘'S'D°S dH3 einAy gjepes ‘A 1938)EM BlOYdOIEINY
‘uoneljojap 818|dwod D
‘sajonad pue 1BAIO
sanea| uo Buipes4 /6l ‘uouy dN els eqel ‘A siys esoydoagny
‘abeljo} wouy Aqooe[
pa193||02 SINPY 0/6L ‘uouy dN elis suebina ‘g  euended eioydooeny
abeljoy
W4} pa1d8||0d s} NPY 0L6L "uouy dN e|lS suebinA o
Aqooer ejerasejoplyed
¢ M dN eunspuodod xew 5 eioydooeny
P ‘1'8  dHM Buaqjebp
w “ ‘189 dHM M)
" u ‘1'g dHM 13d
w " ‘19 dHS PUsiN
“ - O'M d Nep Axs|nyasioN
‘sanea| uo Buipasy ‘1'g d3 esoxeda)epn eAnes ‘W Syesows} eloydooeny
" u ‘A'D dA eigqng eyeipes “A
‘1yb1s abewep (1PBISUIOH)
‘sanea| uo Buipaaq ‘A'D dN eigng eaebodAy vy  oe3}j02 eioydoigmny
*abeljoy Agooer
ul sajoy Buimay) M b wnaindindone "N 8)e10f021q euoyyady
sai0adg
abeweq 80IN0g A)I|e20 ue|d 1SOH seivadg pue snusg)

asepyaiosAiy)
2181d08|07)

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES



"SaAe|
uo Buipasy sy npy
‘abeijoy uo Buipsay

" “

‘SaAe8| U0
Buipaay aeAse| pue synpy
'S8AB3| UO

Buipaay aeAle| pue s} NPy (/61 ‘U

*abeljoy 03
abBewep ajoy 10ys Joulpy
) .mmm__o* 0}
abewep 8oy joys JOul

"abeijoy

0} abewep sjoy J0ys
.Qam>mm mmmEmv
‘sjooys uo Buipaay

“” "

‘saAea| uo Buipaay

" “

" "
‘saAes| uo Buipasy

>G5 s

‘A'D

ouy

momm

EoE EEE
[a0]

m

220 Voo O

o

dN Asjjep
weyiep
dW lwnjesepy
dW Asjjep
weyyiep
‘181emuea|)

d eigng
dH3 einAly

dJ uonejueld
eUOIOY

dHM Ny
dHM Buaqebp
dHM 180

d3 esoxedauepp

dHS IPUsiy
dW desng

dW desno
dN NEM
dW eiqng

dW eigng
d Nem
dN Buizanpy
dW eigng

saplolAyie; N

‘ds ewasonua’

sngojouobea;

stebina

xXew
ejeipe.

xXew

ereipes

xXew -

exenamnbun -

({eAanpsiog )
siuuadneubss
BUOBIIFSOUS L aepl|puIcnn)

eia1dosio)

Aqooep
2IpauiB)ul gIUSIOS

Aqooer

23081102 eplLedAyy

welg eredidecibiu
exdajouciy

JULY 1984

33, NOS 1:2,

VOLUME



*abeijoy uo Buipasy

I'S'T dM uoneis

|eanynouby
‘owouQ ejejaquuin ‘A
6 ‘A'D dN Buianpy
¥ ‘A9 dW Bunquiesepy
saAeas| uo Bulpasy synpy ‘A’ dW eigng eyepel ‘A
"'SaAB8| UO
Buipaa} aeAle| pue synpy YA d eigng suemnbue ‘A
‘abeljoy uo
Buipaay sense| pue synpy ‘1’9 dHM AN
RIS
aINJBWWI pUB SIMO|}
‘sjooys ‘saAes| uo
Buipas) aeAle| pue synpy "A'D dW eigng  sngojouobens) ‘o
*S8AB3| U0
Buipasj aeAle| pue synpy ‘O'M dW nepa
R
8iNJBWLWI pUB SIAMOJ}
‘sjooys ‘seAes| uo
Buipaaj aeAse| pue synpy ‘A'D dW eiqng
‘abeyjoy uo Buipasy sinpy 6961 “UoUY dN elis
‘abeljoj uo Buipasy s)Npy /6l ‘uouy dN enspuodod
¢ SR dN ejemy
14 A dd
AQgsalio\ 1i0d
SN L1 suebnA o
‘SeAR9| UO
Buipea) aeAse| pue synpy ‘A'D dW eigng
dPW S| 1B} 1B}
14 A uyd sapiojoaseyd ‘o
sa10adg
abBeweq 201n0g AJ|e207 jue|d 1SOH

(leanpsiog)
swuadieubis
euyaejdasouay

$a108dQ pue snuan)

32DI||aulod0)

2191d08j07)

Ajwiey
12p10

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES




31

" "

‘abeljoy 01
aBewep sjoy 10ys JOUIN

‘aBewep 8|0y J04S JOUllA|
é

‘saAes| uo Buipasy s1npy

"saAea| uo Buipasy sy Npy

‘abelols
ul S|auIdy 1NUeay

‘abeiols
ul synuead pass payays

Jjouiw abewep
‘sanes| uo Buipasy synpy

‘saAea| uo Buipas

'saAes| uo Buipaay
‘919A3S

sawilawos abeweq
“HN4y BiNjeww!

pue siamoy} ‘sjooys
‘sanea| uo Buipasj
8BAJE| pUB S} NPy
*abeljoy uo Buipaay

[o2]
L
[=2]
-—

e e
=@ [as] m o

9 9 9
2 3 3

‘O'AT

OINT

‘S
S

‘'S
'8

dHM 3N
dHM Buaqjabo

dHS !pusiy
dHM INW

dD 18AlY umolg
dN Nemp

dN NeAA

dIN nem
dIN ese21y

dW eie2y
dH3 einAly

dH3 einAly

dW Bunqueiep

d NeAA
dIN Asjlep
weyyiep
dW eigng
dJ bjojen
dD 18Aly umoig

snqojouocbes;
siuebina -

O aq

xew

siebma -
saplojoaseyd o
eyginainbun A

Q

ereipes A

eeipes ‘A

eaebodAy 'y

eaebodAy ‘v

greipes ‘A

xeuw 'o

wnaindindone "

ejeipes ‘A

eyenambun /4

leysiep

SR sSqLey
piegouelg

1861InG j smqu0)
sne4

SMeIoNi3 SnigL)
eysiep

SN&4auia SnNigii(y
{800sEd)

SMNWI0D ShijesoNdy

(IHeM)
BUBAPE SNSIBARY Y

ds snyuydodse?)

ds eubuey
Aleg nueybuinelq
SSPOIASH

{snionuged) exepsund
BZ i euyoe)dascus i

aepiuoynoIng

SepIUBA|IS

2P NPRIN

aepiuben

2epIonly
£2181d03|0)

VOLUME 33, NOS 1-2, JULY 1984



32

swo2aq 03 spod Buisneo

‘spod Bunoq aease A'D dW eigng  snqgojouobensr o
"SI9MO|}
uo Buipaay aease ‘19 dH3 ssed ojneq *ds snuidny
'spod ul aeAse gGeL ‘I'S'I d9 ewalsa)
‘spod BunoA
uo Buipasy aease) ‘A'D dW eiqng ueles 9
‘saAes| uo Buipas4 "O'M dIN NepA eye/namnbun ‘A
'S19||0. je3| aeAlET O'M dW nep\  snqojouobens) o
1yBis abewep
‘sanes| Buiuiw aeasen) ‘A'D dIN eigng xew "9
& F ‘A9 dW Buianpy
P p ‘A'D dA elgng eyeinambun ‘A
“ u ‘A'D dW eiqng exejlaquin A
" p ‘A dW eiqng suebina o
1yBis abewep
‘sanes| Buiuiw seasen ‘A'D dW exeueqy SNauI2032 o
‘abelols ul synueay O'AT dW eiazy eaebodAy v
‘abelioys ul synueayd OAT dD ojobijod eaebodAy v
‘sBuijpass Buibewe(q M ) ¢
‘abeioys
ul sjaulay Jnuead OAT d eiezly eaebodAy v
saladg
abeweq 20In0g A)ljeo0n JuBjd I1SOH

snaeuul
Snana0q sapiduie’

(Ja%BM)
gogje) eipiSOdAK

‘ds edoses ¢

"ds sdoousso0s0y

NOouAaN
E8/Nn15e2 Sd00182042Y

SnaeuulT snawenew
SapI0Iqaud |

(15QJaH)
wnaueses wnijoqi

ua1qen)
1813/13UWBp Ssnipaes)

{j]aAne4)
J0)2oI0W SnjydaezAl0)

sai0adg pue snuag)

aepiuseIAT

aepiiewoan)

aepiue|jioeIn)
ejaydopidan

aepnissobou |

appIuoLIgaus |

2EpIUBA|IS
2131d08|0)

Ajruie
18pi0

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES



33

“” w“

‘sanes| uo Buipaay
‘sanes| uo Buipasy aeAle

" "

‘saAes| uo Buipas4
‘saAea| uo Buipaay

‘sanes| uo Buipaa4
'sBuljpass uo Buipasy

" "
“ “

“ "

‘sanes| Buiuiw sease)
‘a19nes abewep
‘sanea| Buluiw sease)
‘saned| Buiuiw aeAlen
‘a1anas abewep
‘saAes| Buiuiw aease

" "

"

"
‘spod pue s1amoy}
‘sanes| uo Buipaay) aeale

‘spod Builoq aeaie
'spod Bulioq pue s1amoj}
‘sanes| uo Buipasy aealeT]

‘suapieb
aJualsisgqns Ul uowwod

‘spod Bulioq aeAlen

‘SIaMO|}
uo Bulpaay aeaien

‘spod Bunioq sease

o
CEXE-

> > >

) >

%)
09 9
2 w3 20

©

> >

i

> > o>

VO VwO YOO

‘A'D

O
20

‘A9

dN NEAA

dW eigng

dW Bunzeger)
dIN AsjjeA

weyyie

dN eigng

dIA NepA

dIN nem
dH3 einAly

diN Nepp

dIN 987 “yoauun

dW eigng

dQ uebiepr ‘ONdN

dH3 euag euag

“ "

dH3 einAiy
dN e
dW eigng

dA eigng
dN NEM

dW eiqng

dA eigqng

dHM N
dW nNem

eyenomnbun

e)e/pel
eyenamnbun

ejepel

/\

‘N
A

A

“ds snuwidn

snqojouobess)

eje/namnbun -

snqojouohens;

eyenambun

erenamnbun

(Aepajgnoq)
BWOSOLIA SIXIaPOSAIY?D)

(SNi31qe4)
el E.r..;.u_.\‘_ uy
ds snoify

ds gsa;deana ]

/

"ds sio02dn3

(snisuqged) suo eulziz

SePINIOoON

8BpRIIBUOAT

aephiiuewAn

VOLUME 33, NOS 1-2, JULY 1984



‘abeloys ul pasg O'A'T ¢ wnanes ‘o
"abeiols ul paasg AT ] xew ‘9
‘abeioys ul peag O'A'T d eiezyy eaebodAy v
g # ‘A’ dW eiqng exgnainbun ")
"1yB1s
Allensn sem aBewep
‘sanes| uo Bulpas) seAse ‘A'D dW eigng ereipes ‘A
RULIE
Ajlensn sem abewep
‘sanes| uo Buipas) seAse ‘A'D dW eigng suenbue ‘A
‘saAea| uo Buipaay aeAleT] '1'8 d3 epueweuadep  sngojouobens) o
‘sanes| uo Buipas) aeAle) "O'M dIN NepA wnajjes ‘o
‘spod
apisul Buipaa) sese] 18 dHM AN
‘spod pue
s1amol} uo Buipasj aeale ‘A'D dW eigng eye/nainbun A
‘spod
apisul Buipas) seAse ‘1’8 dHM euidspuoyy
'spod uo Buipaaj aease oM dN NepA wnanes ‘o
‘abeyjoy
uo Buipasy aease] ‘189 dHM Buaqabp
‘spod
apisul Buipaay aeAseT ‘A'D dW eigng suebina ‘o
‘sawl 1e
alanas sem abewep ‘spod
apisul Buipasy aeasen] "A'D dW eigng uveles )
*SaAea)|
uo Buipasy sense "89S dH3 einAly xew '
sanadg
abeweq 82in0g Ayjeson jue|d 1SOH

(18IBAA)

gpaines ensaydy aepieiAd

g1y eisjdopods

JaugniH
J8biuuse siyyonaH
sNIoLge4

£32/eyai10 eISAIYIEI(] 2EepPINJOON
elgydopidan

Allwue

Sa10adg pue snuag 8p10

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES



35

JULY 1984

14 A dS3 deMapA o
é L/6l ‘uouy dE9N3 1eARIDY ‘ds euvesany o
- & p dN enspuodod o
‘3v'd c
EL6L &
‘sayojed pas||eao| ‘le 18 s
pajeljojep aeale ajinog dN oyes =
‘abewep a1aA8g S'71'S 4S3 wemos saplojoaseyd o S
‘sanes| BuiAy sease "A'D  dIN @B ‘Yoduun  sngojouobens) o Syeuswisip e1dajApsH
p p p ‘O'M dWN NEAA
‘sanes| BuiAy aeaie ‘A'D dWN eigng ejenainbun ‘A
“ p p ‘O'M dW NeAA
‘sanea| BulAy seaseT 'A'D 4 eigng erepes A
‘abeijoy
uo Buipaa} aese "A'D dHM N
‘abewep
snouas Ajjeuoisesdo
‘sanes| BuiAy aease ‘A'D dW eigng sngojouobenja; "o
‘saAea| BuiAy aease O°M dIN NeAA wnanes ‘o
" ” " .w.g &E :mg
‘sanes| BulAy aease ‘A'D dW eigng suebina o
‘sanes| BuiAy eease ‘O°M d NeAA suaiinid Y
‘sanes| BuiAy aease O°M dW nNepA WINARES A
u u " ‘O'M dN NeAA
‘sanea| BuiAy aease ‘A'D dWN eigng
‘abewep snolias
‘sanea| BulA) sease *S195S dH3 einAly Xew g
u p “ O'M dW nep ige4)
‘sanea| BuiAy aeaseT] ‘A'D dN eigng eaebodAy v eoipur eweydeicy
EHE Y
‘SaAes| uo mc_vwmu_ ‘g dHM AN snqojouobens; ‘o  SHEIOUIG 2ii0jopIiot?)



36

‘alanas abewe( “iaylsbol
spod Buiggam ‘spod pue

siamol} uo Buipaaj seale "A'D dW eigang suenbue ‘A
¢ L/6] ‘uouy dEN3 1eARID)Y ‘ds euesand
'SI9MO|}
uo Buipasy aease ‘1’9 dHM AN
‘SUOISEd20 U0
alanas uaaq sey abewep
‘spod Bunoq seasen ‘A'D d eigng  snqojouobesar o
u u " €461
‘Ie 18
ayinog dN enapuodod
p u “ O'M dA NeM\
“ “ “ ‘A'D dW eiqng
€L61
‘e 18
‘spod Bunioq seAseT] ayinog 40 uabog suebina o
‘alanas abewep
‘spod Bunoq seAsen ‘O°M dW NepA suaunid "W
‘spod Bunioq seAseT ‘O'M dIA NeAA
1ybBis abewep
‘spod Buuoq sease ‘A'D dW @e1 ‘9IlIN ¢ Snu104Isua ")
‘s1aylo
uey) s|gndaosns aiow
919M SaI}81IBA BWOS
1818603 spod Buiggem
‘spod pue s19Mmo|}
uo Buipaay seale ‘A'D dW eigng uelea *)
sa108dg
abeweq 80In0g Ay1jeooT JuB|4 1SOH

(18A31D))
Syeln)sa) eaniep

sat0adg pue snuag

aepleiAd
esardopidan)

;):_«Cmu
18pI0

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES



37

‘sanea| uo buipaa
‘saAea| uo Bulpas
‘sanes| uo Buipas4
‘sanes| uo Buipasy

‘saAea| uo Buipas4

‘spod uo Buipas4
‘sanea| uo Buipas4
*sanea| uo Buipaay

‘saAed| uo Buipasy
abeijoy uQ

‘saAes| uo Buipsaq

*sanes| uo Buipasy
‘spod Buuoq aeAlen]

'uOSeas 1ses-yinos

Bulinp 813Aas 310w SBM
abeweq "spod Buiqgam
pue Buuoq ‘siamo|y

uo Buipasy aease

'spod Bunoq

sawawos ‘spod pue
siamo|} uo Buipasy aeasen

vi6lL -

O VOO0 VOO

2 22T 2=

.
S B ig

dW Nep
d nem
dWW Nem
dN NEM

dW Nem
dd Moen
dIN Nep
d\ Nep

diN NeEM

dHM AN
dH3 30109

dN Asjiep
weyyiep

dW eigng

dW eiqng

eyenainbun
ereipes

sualnid -

xew

eaebodAy

ejeiped -

eaelficdAy
wnales

xew
vaebodAy

sngojouobenal

vaebodAy

eyenamnbun

2)epes

O >N

4
e,
v
o

-

Vv

d
k4

A

‘A

‘G e

12U 91N

2LIR8}00 PUOWOH
As|peig euenquiied
gigapdoydAl)

‘ds sayony
youoyeq

212404 } SaAydexopy

r
MO oY1

1 ds seAydoxopy
{jsoucHeiq)

giene ; saAydoxopy

24/QajES

4

9epiouLo |

JULY 1884

VOLUME 233, NOS 1-2



ACKNOWLEDGEMENTS

The author gratefully acknowledges data provided
by: Dr. W. Gagne, formerly Wau Ecology Institute,
Wau MP, now Bishop Museum, Hawaii; Dr. B.M.
Thistleton, Entomologist, D.P.l., Kuk Tea Research
Station, Mt. Hagen WHP; Mr. E.S.C. Smith,
formerly Senior Entomologist, D.P.l., Lowlands
Agriculture Experiment Station, Keravat ENBP, now
C.S.1.R.0., Kununurra, Western Australia; Mr. J.E.
van S. Greve, Senior Entomologist, D.P.l., Kone-
dobu; Mr. T.L. Fenner, formerly Chief Entomolog-
ist, D.P.l., Konedobu, now Department of Primary
Production, Northern Territory, Australia, for
allowing access to D.P.l. entomology records as
well as advice on the manuscript; and Mr. E. Henty,
Senior Botanist, D.P.1., Department of Forests, Lae
Botanic Gardens, for advice on legume taxonomy.
Thanks are also due to Dr. J.W. Ismay, Entomolog-
ist, D.P.l., Konedobu and Dr. P. Madison, D.S.I.R.,
New Zealand for critical reading of the manuscript.

REFERENCES

ANON. (1969). Insect pest survey for the year
ending 30th June 1967. Papua New Guinea
Agricultural Journal, 21(2): 49-74.

ANON. (1971). Insect pest survey for the year
ending 30th June, 1968. Papua New Guinea
Agricultural Journal, 22(3): 179-201.

BOURKE, T.V., FENNER, T.L., STIBICK, J.N.L.,
BAKER, G.L., HASSAN, E., O'SULLIVAN D.F.,
and LI, C.S. (1973). Insect pest survey for the year
ending 30th June, 1969. Entomology Branch,
Department of Agriculture, Stock and Fisheries,
Port Moresby. pp XIl + 57.

DUN, G.S. (1951). List of insect pests in Papua-New

recorded in South Pacific territories. South Pacific
Commission Technical Paper No. 79, pp. 202.)

DUN, G.S. (1955). Economic entomology in Papua
and New Guinea 1948-1954. Papua New Guinea
Agricultural Journal, 9(3): 109-19.

FENNER, T.L. (1974). Insect and mite pests of
grain and forage legumes. Science in New
Guinea, 2(1): 102-106.

FROGGATT, J.L. (1940). Entomologists report in
Annual Report of the Department of Agriculture
for the year ending 30th June 1939. New Guinea
Agricultural Gazette, 6(2): 9-13.

FROGGATT, J.L. (1941). Entomological notes. New
Guinea Agricultural Gazette, 7(4): 298-300.

KHAN, T.N., ERSKINE, W., LAMB, K.P., KEANE,
P.J. (1974). Improvement of beans, wing beans
and cowpeas. Science in New Guinea, 2(1):
90-96.

LAMB, K.P. (1976). Insect and mite pests of winged
bean (Psophocarpus tetragonolobus) and their
control. 1st International Congress on Insect
Pests of Grain Legumes, |.I.T.A., Ibadan, Nigeria.

SZENT-IVANY, J.J.H. (1956). New insect pest and
host plant records in the territory of Papua and
New Guinea. Papua New Guinea Agricultural
Journal, 11(3) 82-87.

SZENT-IVANY, J.J.H. (1959). Host plant and dis-
tribution records of some insects in New Guinea.
Pacific Insects, 1(4): 423-29.

SZENT-IVANY, J.J.H. and CATLEY, A. (1960).
Host plant and distribution records of some in-
sects in New Guinea and adjacent islands. Pacific
Insects 2(3): 255-61.

SZENT-IVANY, J.J.H. and STEVENS, RHONDA,
M. (1966). Insects associated with Coffea arabica
and some other crops in the Wau-Bulolo area of
New Guinea. Papua New Guinea Agricultural
Journal 18(3): 101-119.

VERDCOURT, B. (1979). A manual of New Guinea

Guinea submitted to P.A.Q. Conference, Suva. lequmes. Botany Bulletin No. 11, Office of
(Cyclostyled). (All the data in this list s referred to Forests. Division of Botany, Lae Papua New
» Dumbleton, L.J. (19584). A list of insect pests Guinea. pp. 645

e — R —

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES




CONTROL OF PHYTOPHTHORA SEEDLING BLIGHT
OF COCOA

A.J. McGregor*
ABSTRACT

Phytophthora palmivora (Butler) Butler causes occasional serious losses of cocoa
(Theobroma cacao Linnaeus) planting material in the nursery. Experiments were
conducted to find an effective but inexpensive chemical control measure. Metalaxy!
was found to be very effective both as a foliar spray and as a seed treatment and the
prophylactic use of either method at the rate of about 10g a.i./ 1000 seedlings raised

production costs by less than 0.5%.
INTRODUCTION

Seedling blight of cocoa (Theobroma
cacao Linnaeus), caused by Phytophthora
species, has received little attention from
research workers who have rightly con-
centrated on the more devastating pod
and bark diseases caused by the same
pathogens. Most work with cocoa seed-
lings has used them as convenient host
material for fungicide testing (Newhall
1971, Daguenet 1980), pathogenicity
testing (Firman and Verncn 1970) or
resistance testing (Lawrence 1978). The
fungus naturally attacks and kills un-
hardened 'flush’ leaves and young green
stem ussue. Under exceptional conditions
it also infects mature Isaves but this is not
normally regarded as being serious
{Mango 1968; Gregory 1963). Infection of
flush leaves and stems c¢an, however, lead
1o death of the growing point, or of the
whole plant in the case of seedlings, and
where the fungus spreads down a chuporn
(chupon wilt) bark cankers form
{(Prior and Smith 1981)

can

Until recently little thought has been
given to the control of seedling blight in
Papua New Guinea (PNG), caused by
P. palmivora (Butler) Butler as most
plantings were done ‘at stake’, several

* Plant Pathologist, Lowlands Agricultural Experi
ment Station, Keravat, East New Britain Province,
Papua New Guinea

seeds being sown and only the most
vigorous healthy seedling left to grow to
maturity. The development of high
yielding Trinitario clones and Trinitario x
Amazonian hybrids has led to the more
frequent use of cocoa nurseries. The cost
of hybrid seed and the inherent expense
of running a nursery has prompted grow-
ers and nurserymen to request cheap and
reliable measures for controlling disease
outbreaks.

Seedling blight has a sporadic incidence
but large losses of expensive seedlings or
buddings can occur during periods of very
wet weather, which are rather unpredict-
able in many cocoa growing areas of
PNG. In Nigeria Chant and Hall (1959)
found sprays of copper fungicide at 6 day
intervals gave effective control of the dis-
gase. Although this is an expensive and
time consuming routine, simitar schedules
at Keravat failed to prevent disease out-
breaks. Virtually all cutbreaks involved
young plants, less than three weeks from
emergence or bud growth, whose lowest
leaves had not yet hardened off. It is likely
that most infection came from the soil
and the flush leaves were infected by rain
splashed spores before being sprayed

ith fungicide. Although establishment
of nurseries close to mature cocoa is
strongly discouraged, they are still com-
mon in PNG and severe seedling blight
occurs in such situations.
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The suggested source of soil for
planting bags is from beneath virgin or
secondary forest but this is not always
available to cocoa plantations which fre-
quently have to use soil from old cocoa
blocks.

The seedling blight problem, being
sporadic in nature but having the
potential for causing serious and expen-
sive losses, requires an inexpensive and
reliable control measure which can either
be incorporated into routine nursery pro-
cedures as prophylaxis or which can
effectively stop disease outbreaks when
they occur. The aim of this work was
therefore to develop disease control re-
commendations which fulfilled the above
requirements and would be acceptable to
growers.

Cocoa seedlings grow very rapidly in
the first few months after planting and in
the first three weeks after emergence
produce 4-6 leaves all of which are highly
susceptible to P. palmivora attack as is
the green stem tissue. Thus it was con-
sidered that the newly available systemic
fungicides active against Oomycetes
might prove more effective than surface
protectants which have to be applied fre-
quently to keep up with new leaf produc-
tion. These systemic fungicides were tried
both as spray and seed treatments in a
series of experiments spanning three wet
seasons at Keravat from November 1979
to February 1982.

MATERIALS AND METHODS
SITE AND NURSERY MATERIALS

Experiments were carried out beneath
the shade of a large rain tree (Samanea
saman Merrill) 60 m from the nearest
cocoa. Black polyethylene planting bags
(38 x 18 cm flat) filled with free draining,
black volcanic ash topsoil were used for
growing the cocoa seedlings. Soil was
obtained from beneath secondary forest

for each of the experiments except 5 and
6 which used bags from the previous
experiment 4 from which the top 4 cm of
soil had been removed and replaced with
Phytophthora infested top soil from
beneath old cocoa. Bags were arranged in
plots of 100 (20 x 5 lines) each plot at
least 1 m from its neighbours and separ-
ated from them by bare ground.

EXPERIMENTS

Experiments 1-3 were carried out from
November 1979 to April 1980, experiments
1 and 2 concurrently, experiment 4 in
December 1980 and experiments 5 and 6
from December 1981 to February 1982.
Treatments are summarised in Table 1.
Results were statistically analysed by
Analysis of Variance.

Experiment 1. Fungicide spray
comparison

Three systemic fungicides were tried,
metalaxyl as Ridomil 25% w.p. (Ciba
Geigy), aluminium tris (ethyl phosphon-
ate) as Aliette 80% w.p. (May & Baker)
and propamocarb as Previcur N 70% e.c.
(Schering). Seedlings at the 2 — 4 leaf
stage were used. A fine spray of each
fungicide was applied by slide pump in
700 ml water per plot. Four mm of rain fell
4 h after spraying

Inoculations were carried out during
that rainfall (day 0) and again 1, 6, 16 and
26 days after spraying on one plot of each
treatment and on the untreated control
per inoculation date. Seedling blight in
each plot was recorded 10 days after each
inoculation.

Experiment 2. Fungicide seed treatment

comparison

The three fungicides from experiment 1
were tried as seed treatments. One
inoculation was performed on all plots 26
days after sowing (d.a.s.) at the four leaf
stage. The number of seedling mortalities
was recorded 14 days after inoculation.
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Table 1. —Fungicide treatments tested for effectiveness in controlling seedling
blight of cocoa

Experiment Seed Method of
No. preparation fungicide Fungicide Dose rate  Treatment No. replicate plots
application (% a.i.) time (h) (100 seeds/piot)
1 pregerminated  spray metalaxyl 0.13 - 5
aluminium
tris {ethyl 0.40 - 5
phosphonate)
propamocarb 0.35 — 5
nil control - — )
2 pregerminated  seed metalaxyl 0.13 2 1
soak aluminium
tris (ethyl
phosphonate) 0.40 2 1
propamocarb 0.35 2 1
water control - 2 1
3 pregerminated  seed metalaxyl 0.025 16 3
soak " 0.050 16 3
d 0.125 16 3
» 0.250 16 3
. 0.500 16 3
# 1.250 16 3
“ 2.500 16 3
water control - 16 3
4 pregerminated  seed metalaxy! 0.31 16 8
soak 2 0.63 16 8
N 0.94 16 8
i 1.25 16 8
water control - 16 8
5 ungerminated  seed metalaxyl 0.25 16 10
soak " 0.25 2 10
0.25 dip 10
nil control 10
6 ungerminated  seed metalaxy! 0.13 dip 8
soak - 0.25 dip 8
0.38 dip B
0.50 dip 8
nil control 8

Experiment 3. Metalaxyl seed treatment
dose rate trial No, 1

Metalaxyl was found effective and sys
temic (see Figure 7 and Results Section)
so further experiments were conducted 1o
determine the effectiveness of various
doses of seed treatment. Percentage ger-
mination and emergence were recorded
for each treatment overall. Three inocula-
tionis were performed 27 (4 leaf stage), 40
and 46 d.a.s. on one plot of each treat-
ment. The number of seedlings with
P. palmivora infection symptoms were
recorded 10 days after each inoculation.

Experiment 4. Metalaxyl seed treatment
dose rate trial No. 2

Percentage germination and emer-
gence were recorded for each treatment.
Inoculations were carried cut 25 (4 leaf
stage), 30 and 37 d.z.s. on one plot of
each treatment and at 50 d.a.s. on the
remaining five plots of each treatment.
Blight symptoms were recorded 10 days
after each inoculation.

Experiment 5. Metalaxyl seed treatment

duration
In commercial practice mucilage re-
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moval and pregerrmination are seldom car-
ried out. The retention of mucilage may
affect fungicides’ effectiveness so a repli-
cated trial was performed with the aim of
evaluating the effect of various treatment
times on subsequent natural infection.

The 40 plots from experiment 4 were
reused and the bags topped up with soil
from a heavily black pod infected cocoa
block. Percentage emergence was re-
corded for each plot and numbers of dead
seedlings, as a proportion of emerged
seeds, counted up to 50 d.a.s.

Experiment 6. Metalaxyl seed treatment
dose rate trial No. 3

Merely dipping a batch of seed with
mucilage intact and proceeding to sow
the treated seed was found just as effec-
tive as an overnight soaking (see Table 3
and Results Section). A final and repli-
cated trial was therefore performed to re-
evaluate the effectiveness of various rates
of metalaxyl seed treatment under condi-
tions of heavy natural infection. The 40
plots from experiments 4 and 5 were
reused. The top 4 cm of soil from the bags
was replaced with soil from a heavily
black pod infected block. Percentage
emergence was recorded for each plot
and the numbers of dead seedlings, as a
proportion of emerged seeds, recorded 40
d.a.s.

SEED SOURCE AND TREATMENT

For experiments 1,2,3 and 6 open polli
nated seed from mixed Trinitario trees
was used. To try to reduce variability in
seedling growth rates seed from open
pollinated pods of Trinitario clone
KAZ-101 was used for experiments 4 and
5. Pregermination of cccoa seeds pro-
duces an even stand of seedlings all
bearing flush leaves for 2-3 weeks after
emergence which was convenient for ex-
perirental purposes. Seeds were preger
minated by removing mucilage in sawdust
and laving the seeds in damp hessian
supported on a wire tray. Seeds were
checked daily and planted as soon as the
radicle was visible

43

Seeds were soaked in fungicide suspen-
sion before pregermination or before
sowing in the case of ungerminated seed
which did not have mucilage removed.

INOCULUM PREPARATION AND
SEEDLING INOCULATION

Zoospore suspensions were made by
flooding 10 day old petri dish cultures of a
local P. palmivora isolate on 5% V8 juice
agar with 20 ml cold (c. 5°C) sterile
distilled water. The plates were left in the
dark for 40 min and the suspension de-
canted into a plastic bucket and diluted
with rain water to a final concentration of
about 5-8 x 10° spores/ml.

About 500 ml of the dilute zoospore
suspension were sprinkled evenly over
each plot of 100 seedlings using a plastic
toy watering can during late afternoon or
evening rainfall when the seedlings were
expected to remain wet all night. Thus in
all experiments inoculations were per-
formed at irregular intervals when suitable
weather conditions prevailed. This did not
always coincide with leaf flushing parti-
cularly with older seedlings.

SYMPTOMS AND RECORDINGS

Germination was recorded as growth of
the radicie beyond the testa. Emergence
was defined as growth of the seedling
above soil level to the stage of producing
recognisable leaves within opened coty
ledons.

Three symptoms of seedling blight
were recognised; typical necrosis and
withering of unhardened flush leaves
{Piate | a, &t & c), black V' shaped
necrotic patches along margins or veins
of 'hardened off’ leaves (Plate / ¢ & d) and
dark brown necrotic patches on green
stams or petioles. Infection of the stem at
or just below the growing point, or infec
tion spreading from flush leaves or peti-
oles to that part of the stem produced the
characteristic crook-neck appearance of
dead seedlings (Plate / a & b). Infection of
stems well below the growing point
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caused sudden death with the stem re-
maining erect bearing unwithered dead
leaves. Any infection which killed the
terminal bud rendered the seedling use-
less for transplanting or as rootstock but
mature leaf infection alone was not
damaging. In some cases infected flush
leaves abcissed before infection reached
the stem, particularly in dry weather, and
where inoculations were performed be-
tween leaf flushes few seedling deaths
resulted. Counts of mortality from suc-
cessive inoculations were therefore not a
reliable measure of the treatment effects.
Consequently in experiments 1, 3 and 4
infection was recorded as any of the
described symptoms. In experiments 2, 5
and 6, however, only one assessment was
made and only death of the growing point
was recorded as this is of greatest
relevance to the grower.

RESULTS

Experiment 1. Fungicide spray
comparison

The proportion of plants per plot with
symptoms of P. palmivora infection is
shown in Figure 1 for the five successive
inoculations. Metalaxyl gave complete
control of the artificial inoculations up to 6
days after spraying and was better than
the other treatments up to 26 days after
spraying.

Some plants in three plots were infect-
ed before spraying. These were marked
and their fate recorded. Of the 24 plants
infected before treatment in @ metalaxyl

Plate |

palmivora (Butler) Butler.

Symptoms of cocoa seedling blight

sprayed plot none subsequently died; the
leaf and stem infections were completely
arrested. Of the 34 plants infected before
treatment in a propamocarb sprayed plot,
19 (65.9%) died of the infection and
similarly in a control plot 26 of the initial
46 infected plants (56.5%) died of the
infection. No pre-treatment infection
occurred in the aluminium tris (ethyl
phosphonate) sprayed plot. These results
demonstrate a valuable curative effect of
metalaxyl.

Experiment 2. Fungicide seed treatment
comparison

The proportion of dead plants in each
plot 14 days after inoculation was metal-
axyl 0, aluminium tris (ethyl phosphonate)
22%, propamocarb 34% and water con-
trol 43%.

This supports the conclusion from
experiment 1, that metalaxyl gives better
control of seedling blight than the other
treatments and demonstrates its systemic
activity.

Experiment 3. Metalaxyl seed treatment
dose rate trial No. 1

Percentage germination and emer-
gence for the eight treatments are given
in Table 2. The results of the successive
inoculations are given in Figure 2. Ger-
mination and emergence appears to be in-
creased by metalaxyl treatment except for
the highest dose 2.5% which appeared to
be phytotoxic. All metalaxyl treatments
averaged over the three inoculation dates
significantly reduced blight compared

caused by Phytophthors

a Early symptoms of flush leaves. Note the lesion spreading down
the stem which is starting to bend.

b Crock-necked appearance of a seedling killed by progression of
infection from flush ieaves into the stem.

¢ Early symptoms on flush leaves and ‘v’ shaped lesions at the
margin of a mature seedling leaf.

d 'V’ shaped lesions along the veins of a mature seedling leaf.
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Table 2. —Effect of metalaxy! seed soaking treatment dose rates on germi-
nation and emergence of cocoa seeds (experiment 3)

Treatment Germination Emergence
% metalaxyl % %

0 (control) 86.52 61.46
0.025 89.84 97.87
0.050 89.22 96.94
0.125 89.75 97.83
0.250 90.90 100.00
0.500 88.20 98.98
1.250 86.31 98.94
2.500 81.73 82.29

with the untreated control (P <0.01). The
three highest rates were, however, not
significantly different and all gave
significantly better control than all other
treatments (P <0.01).

Experiment 4. Metalaxyl seed treatment
dose rate trial No. 2

In contrast to experiment 3 the germin-
ation and emergence of untreated control
seeds was over 34% and there was little
difference between any metalaxyl treat-
ment and the control, The results of the
four successive inoculations are given in
Figure 3. All metalaxyl treatments aver
aged over the first three inoculation dates
significantly reduced blight compared
with the untreated control (P<0.001),
The two highest rates were not signifi-
cantly different but were significantly bet-
ter than the two lower rates (P <0.001)
There was no significant difference be-
tween the control and any of the fungicide
treatments 50 d.a.s

Experiment 5. Metalaxyl seed treatment
duration

Percentage emergence and percentage
of seedlings infected for the four treat-
ments are given in Table 3. All fungicide
treatments gave significantly higher
(P<0.001) emergence from heavily £.
palmivera infected soil than the control
and significantly lower (P<0.001) mor-
tality but there was no significant dif-
ference between seed soaking times

demonstrating that simply immersing a
batch of seed in fungicide is adequate
when mucilage is left intact.

Experiment 6. Metalaxyl seed treatment
dose rate trial No. 3

The results of emergence and of natural
mortality of seedlings grown in heavily
P. palmivora infected soil are given in
Table 3. All treatments were significantly
better than the control (P <0.001) and the
three higher doses gave significantly
better control (P <0.05) than the lowest
dose.

DISCUSSION

The results of the fungicide compari-
sions are in agreement with Daguenet
(1980) and McGregor (1982} who also
found metalaxyl more effective against
P. palmivora than other systemic fungi-
cides. The metalaxyi spray gave good
control of artificially induced infection for
three weeks after spraying and had a
curative effect on established natural
infection. Whiist this treatment cannot
prevent early deaths of seedlings or
damping off it is likely to be an effective
control measure where disease outbreaks
do occur.

In seed treatment experiments 5 and 6,
where there was a large soil population of
P. palmivora all doses of metalaxy! gave
substantially increased emergence pre-
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Table 3. —Effect of metalaxyl seed soaking treatment time (expt. 5) and dose
rate (expt. 6) on cocoa seed emergence and seedling mortality in soil heavily
infested with Phytophthora palmivora

EXPERIMENT 5

Treatment Mean emergence’ Mean mortality'
Time (h)
Untreated control 21.7a° (16.9) 68.5a° (81.4)
Dip 76.2b (93.7) 17.0b { 9.5
2 735b (91.6) 17.6b (11.4)
16 745b (92.6) 16.7b { 9.8
s.e.d. (32 d.f.) 2.15 5.25
EXPERIMENT 6
Treatment Mean emergence’ Mean mortality’
% metalaxyl
Untreated control 40.3a% {42.0) 51.8a° (61.4)
0.13 68.7b (86.9) 17.1b (9.3
0.25 72.3b (90.1) 65¢c (1.9
0.38 69.0b (88.0) 78¢ (2.0
0.50 71.6b (90.8) 2.2 ( 0.5)
s.e.d. (45 d.f.) 5.24 1.88

Key: 1 Statistical analyses and significance tests performed on Arc Sin transformed data, with original per-

cent values shown in brackets.

2 Within the same column treatments followed by different letters are significantly different

(P<0.001).

sumably by controlling damping off. A dip
in fungicide suspension was found to be
just as effective as an overnight soak in
controlling natural infection. In experi-
ment 3, 0.5% metalaxyl gave good disease
control up to 40 days after sowing but in
experiment 4 infection rates were excep-
tionally high due to the use of uniform
and highly susceptible planting material
and the frequent coincidence of suitable
inoculation conditions with leaf flushing
Even under these conditions 0.94% metal-
axy! gave excellent control of intection up
to 25 days after sowing and same control
up to 40 days after sowing. None of the
metalaxy! treatmeants were effective 50
days after sowing but by this time seed-
ling blight rarely occurs naturally. In ex-
periment 6, using a natural inoculum
source, 0.25% metalaxyl was not signifi-
cantly different from the two higher
doses.

It is clear that the optimum dose of
fungicide varies with seedling suscepti-

bility and inoculum pressure. The recom-
mended dose should be that which is
likely to give good and reliable control
under normal field conditions and, as
0.5% metalaxyl gave good control in ex-
periments 3 and 6, that would seem to be
a suitable general recommendation. The
lower dose of 0.25% is likely to give good
control where nursery soil is obtained
from primary or secondary bush with a
low P. palmivora population, whilst 1%
might be required where the nursery is
established under mature cocoa.

The cost of the 0.5% metaiaxy! treat-
ment was K1.00/1000 seeds. The planting
bags cost K15.00/1000, hybrid seed
100.00/1000 and other nursery running
costs raise total production costs to about
K200.00/1000 seedlings. Buddings are
even more expensive to produce. Thus an
effective fungicide seed treatment costs
only 0.5% of total production costs. The
cost of the single metalaxyl spray in ex-
periment 1 was similar to the seed soaking
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treatment, K0.90/1000 seedlings or bud-
dings.

Metalaxyl tolerance has been reported
in other pathogens (Davidse et a/. 1981;
Urech et al. 1981) but only where the
fungicide had been used intensively. It
would therefore be wise to restrict the use
of metalaxyl to once only on any plant in
the nursery and to destroy subsequently
blighted plants as a precaution against
the possibility of transporting metalaxyl
tolerant P. palmivora to the field.

ACKNOWLEDGEMENTS

| thank Mr. J. Ban, Mr. T. Nevenimo and Mr. P.
Potaisa for their technical assistance and Dr. C. Prior
and Mr. A. Charles for reading the manuscript.

REFERENCES

CHANT, S.R. and HALL T.R. (1959). Investigations
on a seedling dieback of Theobroma cacao L. in
Nigeria. Il Factors affecting the incidence of the
disease and its control. Tropical Agriculture
(Trinidad) 36(2), 145-149.

DAGUENET G. (1980). Etude des fongicides sys-
témiques anti-phycomycetes en vue de la lutte
contre la pourriture brune des cabosses du
cacaoyer due a Phytophthora sp. Recherche
d’'une méthode de tri sur plantules en laboratoire.
Café-Cacao-Thé 24(3), 195-202.

DAVIDSE, L.C., LOOIJEN, D., TURKENSTEEN
L.J. and VAN DER WAL D. (1981). Occurrence
of metalaxyl-resistant strains of Phytophthora
infestans in Dutch potato fields. Netherlands
Journal of Plant Pathology 87, 65-68.

FIRMAN, 1.D. and VERNON A.J. (1970). Cocoa
canker caused by Phytophthora palmivora.
Annals of Applied Biology, 65, 65-73.

GREGORY, P.H. (1969). Black pod disease project
report. London: Cocoa, Chocolate and Confec-
tionary Alliance. 52 pp.

LAWRENCE, J.S. (1978). Evaluation of methods for
assessing resistance of cacao (Theobroma cacao
L.) cultivars and hybrids to Phytophthora
palmivora (Butler) Butler. Boletim Tecnico 62.
CEPEC-CEPLAC, Bahia, Brasil. 47 pp.

McGREGOR, A.J. (1982). A small scale screening
technique for evaluating fungicides against
Phytophthora palmivora pod rot of cocoa.
Annals of Applied Biology 101, 25-31.

MANCO, G.R. (1966). Phytophthora palmivora in
flower cushions, old infected pods and leaves of
cacao plants. Turrialba 16, 148-155.

NEWHALL, A.G. (1971). Some research bearing on
the control of pod rot of cacao caused by
Phytophthora palmivora. Proceedings of the 3rd
International Cocoa Research Conference,
Accra, Ghana, 1969, pp 462-468.

PRIOR, C. and SMITH, E.S.C. (1981). Association
of Phytophthora palmivora bark canker and
insect damage in cocoa in Papua New Guinea.
Annals of Applied Biology 97, 27-30.

URECH, P.A., MARGOT, P.and STAUB, T. (1981).
Efficacy and use concept of metalaxyl for control
of diseases in tobacco. CORESTA Phytopatho-
logy and Agronomy Study Group. Reports for
1981, Torgiano, italy, 1981.

PAPUA NEW GUINEA JOURNAL OF AGRICULTURE, FORESTRY AND FISHERIES



EFFECTS OF FOUR FUNGICIDES ON THE GROWTH
OF PHYTOPHTHORA COLOCASIAE

D. Clarkson* and D.J. Moles'

ABSTRACT

The efficiency of four fungicides in controlling Phytophthora colocasiae Raciborski
was investigated in vitro and in vivo. Du-ter and Ridomil were found to effect excellent
control of fungal development but the phytotoxicity of Du-ter rendered it unsuitable for
use on taro. Cuprox and Aliette were found to be less effective.

INTRODUCTION

Phytophthora colocasiae Raciborski,
the causal organism of Taro Blight affect-
ing Colocasia esculenta (L.) Schott, is a
common and frequently serious pathogen
of this food crop plant throughout South-
east Asia. The spread of the disease from
its probable centre of origin in Java
(Raciborski 1900) is described in detail by
Trujillo (1967).

Infection by P. colocasiae results in the
formation of small water-soaked lesions
which subseqguently enlarge and coalesce
to cover much of the surface of the leaf.
Severely infected plants suffer premature
defaliation. Full accounts of the life cycle
of the fungus are provided by Trujillo
{1967), Sickey (1973) and Jackson (1977)

Control of Taro Blight is attempted
traditionally by the use of cultural
metheds. These may include the removal
and destruction of infected leaves and
stems and the use of disease free planting
material. The use of resistant taro var
ieties has been suggested as a possibie
means of disease contro! (Parris 1941
Deshmukh and Chhibber 1960; Hicks
1967, Plucknett et a/. 1970), but so far
success has been limited. Hicks (1967)

Formerly Plaimt  Pathologist, Department of

Primary Industry, Kenedobu. Present address: 67

Turnpike Road, Aughton, Lancs. England

t Biometrician, Department of Primary [ndustry,
P.O Box 417, Konadobu, Papua New Guinea

concluded that only one of the clones he
tested should be considered as moder-
ately resistant. All other clones used in
the trial were classed as weakly resistant.
P. colocasiae can be controlled by the use
of chemicals. In Hawaii yield increases of
up to 50 per cent were recorded when
young plants were treated with copper
based fungicides (Trujillo and Aragaki
1964). Jackson (1977) also reported good
control of the disease in the Solomon
islands using copper oxychloride.

This paper describes a laboratory in-
vestigation in which the effectiveness
of copper oxychloride in inhibiting
P. colocasiae development was compared
with that of three mare recently develop
ed fungicides

METHODS

Fungicides used in the investigation
Aliette 80 WP (aluminium  tris
(ethyiphosphonate]), Cuprox 50 WP
(copper oxychloride), Du-ter Extra 47.5
WP (tripheny!-tin-hydroxide) and Ridomil
25 WP {metalaxyl).

were

Two experimental methods were em
ployed during the course of the invest:
gation:

1) Eech fungicide was suspended in dis
tiled water and incorporated into
potato dextrose agar (P.D.A.), after
sterilising, to provide concentrations
of 100, 200, 500 and 1000 p. p. m. a.i.
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For each treatment 6 replicate plates
were prepared and inoculated with a
5 mm plug of P. colocasiae mycelium
taken from the margin of a colony
growing on P.D.A. Control plates con-
tained no fungicide. Inoculated plates
were incubated at 23°C and colony
radii measured after 3 and 7 days.

2) Leaf segments of taro (local variety)
replicated five times, were sprayed to
run-off with each of the fungicides
suspended in distilled water to give
concentrations of 100, 200, 500 and
1000 p. p. m. a.i. . Leaf segments to be
used as controls were sprayed with
distilled water. After spraying they
were allowed to air-dry for 1 minute
and then placed on moist filter paper in
individual incubation chambers main-
tained at 23°C.

Four drops of freshly prepared P.
colocasiae zoospore suspension (1000
spores per ml) in distilled water were
applied to each of the leaf segments.
Lesion size was measured 7 days after
incubation.

RESULTS AND DISCUSSION

The fungicidal effects on growth of
P. colocasiae in both experiments are
displayed in Table 1.

From these results it is apparent that
the fungicides Du-ter and Ridomil gave
excellent control of P. colocasiae on both
agar and leaf. Mycelial growth was exhi-
bited at only the lowest rate of application
after 7 days on agar and the area of the
colony was negligible in comparison with
the control and less effective fungicides.
However, Du-ter did exhibit extreme phy-
totoxicity. This was confirmed sub-
sequently by spraying glasshouse grown
taro plants, at the lowest rate of applica-
tion (100 p. p. m. a.i.), . Over a period of
seven days all treated plants developed
symptoms of severe leaf necrosis and pre-
mature defoliation occurred.

Cuprox provided good control at rates
of application in excess of 500 p. p. m. a.i.
on both leaf and agar, whilst Aliette
effected very poor control of P. colo-
casiae on agar and only partial control on

Table 1.—Fungicidal effect of Phytophthora colocasiae
Mean mycelial and lesion areas, cm?

Treatment Agar Leaf
Mycelial area Lesion area
3.0,) Day Day
100 0 0.08 (
Du-ter 200 0 0 0
500 0 0 0
1000 0 0 0
100 0 0.58 0
Ridomil 200 0 0 (
500 0 0 0
100( 0
100 1,10 9,91 61
f Fal | o
E‘{.". ) &4
1000 0 0 (
100 424 13.43 8.64
Aliette 200 5.05 14.96 6.91
500 4.23 16.25 5.31
1000 233 12.34 0
Control 5.0 33.34 42.67
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the leaves relative to the other fungicides.

It is suggested, in view of the above
results and the possible development of
resistance by P. colocasiae to Ridomil,
that where chemical control is necessary,
Ridomil and Cuprox be used alternately
throughout the period of susceptibility. In
an attempt to overcome this problem of
resistance recent formulations of Ridomil
have been modified by the inclusion of a
copper component although these are not
available locally.
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DEEP-SEA BOTTOM HANDLINE FISHING IN PAPUA
NEW GUINEA: A PILOT STUDY

Per Sundberg* and Andrew Richards’

ABSTRACT

Bottom handlining was performed in three areas: Port Moresby, Milne Bay and Manus.
It was shown that the catch rates are not Poisson distributed, i.e. they are not random,
but no differences in catch rates could be found between the three areas, the time of
the day or between different depths in the range fished, 70-270 m. It is concluded that
the clumped distribution of the catch rates is probably due to different bait or by fishing
at different sites, or both.

Differences in mean weight of fish were found for different depths, with a general
trend for fish weight to increase with depth. The mean weight at 200-210 m is
significantly higher than at depths 140-150 m and mean weight at 220-270 m is
significantly higher than at depths 80-110 and 140-190 m.

Depth distributions are given for the 15 most common species encountered:
Gnathodentex mossambicus, Lutjanus argentimaculatus, L. malabaricus,
Pristipomoides multidens, P. flavipinnis, Etelis carbunculus, E. coruscans, E. radiosus,
Tropidinus zonatus, T. argyrogrammicus, Tangia sp., Epinephelus compressus, E.
magniscuttis, E. morrhua and Epinephelus sp. The depth associations between these
species are described by cluster analysis based on a similarity matrix.

INTRODUCTION since 1974 (Cressland and Grandperrin

1980), and has endeavoured to both teach

Interest in the deep water resources of and encourage handline bottom fishing.
the South Pacific is increasing for three In early 1982 SPC

. Fich (6 C staff visited Papua
reasons: first, stocks of demersal fish tfish  Now Guinea to carry out a training pro-
living on, or close te, the seabed) are

o ) gramme in deep water handlining. Infor-
limited Ue«;ause.of the :’ih‘.\()st complete mation on catch rates and catch
absence of continental shelf, sex mm. the composition was collected during this
overfishing of demersal stocks in those | . ° PYSEEA R XS B
S 4 S : he FAINING programme and was analysed to
L)f.»eisvwf'e‘lt{. they L.x:fs_t.,_an'd !f'\‘,r?. ‘f describe the differences in catch rates
pmulé::n‘ \)x‘ «,,igudftrl"d pOISONning Goes not between the three areas fished “po”
exist with- the deep water Tish Moresby, Miine Bay and Manus), the dis-
The South Pacific Commission (SPC) tribution of catch rates with respect to
has been involved in deep water projects depth and time of day, and the depth dis-
tribution for the most common species

- —————— The depth and abundance associa-

" Research and Survey Branch, Fisheries Division.  tiong between these species were also
Department of Prnmary Industry, P.G. Box 417 analysed.

Konedobu, Papua New Guinea. Present Address:

University of -‘;un.gué;.ug,‘ Cf%l.‘vﬁ.‘".' ent  of This paper deals only with teleost
1{1,\(_.‘!,‘,(.‘,‘{, P () Box 250 59, S 400 31 ’\"\‘T‘W»‘”h"‘”l (br\'wy) f'Ch ’n sSOme 2areas h"‘V‘J'"VPr a
- SR =y, ) > = S (& Ve,
Sweden X ,

! Fisheries Research Laboratory, P.O. Box 107, Substantial part of the catch consists of
Kavieng, Papua New Guinea elasmobranchs (sharks).
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MATERIALS AND METHODS

Fishing

Three areas were fished: Port Moresby
(seven trips, 41 hours fishing), Milne Bay
(four trips, 65 hours fishing) and Manus
(four trips, 61 hours fishing) (Figure 7).
Fishing trips lasted from two hours to
three days and depths ranged from 70 to
270 m. Small launches (6-8 m) were used
on all trips except one where fishing was
undertaken from a 10 m research vessel.

Fishing in Milne Bay and Manus was
carried out on the slopes of the fringing
reefs, i.e. where there is a shelf of coral
growth, while in Port Moresby the outer
slope of a barrier reef, i.e. a reef parallel
to, but at some distance from the shore,
was fished. All fishing was done from an-
chored positions; the anchor was drop-
ped in shallow water and the rope paid
out until a suitable depth was reached.
Depths were determined with a Japan
Marina Co., model 707 A/B, echo-
sounder.

Fish were hauled by hand-reels of the
Samoan type, equipped with over 300 m
of monofilament line (125 kg test) and a
wire terminal rig with three Mustad
hooks, sizes 5, 6 and 7. A detailed de-
scription of the fishing gear is given by
Fusimalohi and Crossland (1980).

The bait varied according to availability
The main baits used were skipjack tuna
(Katsuwonus pelamis), dogtooth tuna
(Gymnosarda nuda) and different mack
erel species. It was either used fresh or
toughened with salt

Analyses

if there is a random temporal and
spatial dispersion of catch rates, they will
follow a Poisson distribution. A property
of this distribution is that the variance is
equal to the mean, a property that can be
used as a test of randomness. If the catch
rates are distributed randomly the ratio

variance/mean value should equal one

(Sokal and Rohlf 1981) and to test this the
ratio A is used (Elliot 1971).

A=1{s2(n-1)}x

where:

s? = the variance of the catch rates

X = the mean value

n = the sample size.

This ratio is approximately x? distributed
with n— 1 degrees of freedom (d.f.).

Catch rates are in kg of ungutted fish
caught per line and hour. Differences in
the catch rates between areas, time of
day and depths, together with differences
in average weight of fish for different
depths, were analysed by the non-
parametric Kruskal-Wallis one-way
analysis of variance (ANOVA) (Daniel
1978). When significant differences were
found, an a posteriori comparison was
made by the procedure proposed by
Dunn (1964), and described in Daniel
(1978). An experimentwise error rate
(Daniel 1978; Sokal and Rohif 1981) of
0.15 was used in this comparison.

Ecological associations with respect to
depth distribution and abundance were
analysed using the two cluster analysis
techniques: unweighted  pair-group
method using arithmetic averages
(UPGMA) (Sokal and Michener 1958;
Sneath and Sokal 1973), and single
linkage clustering (Sneath 1957; Sneath
and Sokal 1973). The cluster analyses
were based on the similarity coefficient S.
S=5|lA{A+ B+ C)-"+ 2W:T-" |
where:

A = the number of depths where species
/ and j occur together

B = the number of depths where /, but
not /, is present

C = the number of depths where /, but
not /, is present

! the sum-of the lesser

the species common to

vy i number -of
specimens for
both depths

T = the total number of specimens for /

and ;.

This coefficient is a combination of the
Jaccard (1908) and Bray-Curtis (in South-
wood 1978) coefficients. The reason for
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Figure 1. — A map of Papua New Guinea, showing the three fishing areas used
in this study; Port Moresby, Milne Bay and Manus

combining them is that the former does
not take into account abundance and will
give high similarity even if some of the
species are rare, whilst the Bray-Curtis
coefficient underestimates the ecologically
important fact that two species do occur
together, even though their abundances
are low.

RESULTS AND DISCUSSION
Catch rates and species composition

The mean catch rates are given in Table
1 and the species encountered are fisted
in Table 2, which also lists where the
species have been caught elsewhere in
the South Pacific. The most commen
species are Etels carbunculus, Epine-
phelus merrhua, Tropidinus zonatus, and
Lutjanus bohar,

The differences between the rates are
not statistically significant for the three
areas (ANOVA, P<0.05). For comparison,
some other catch rates obtained by the

same method of fishing in the South
Pacific region are listed in Table 3.

The mean catch rate in this study, is
about the average for the region and is at
a level which couid probably support an
artisanal, i.e. small-scale, fishery, Al-
though it was not possible to demonstrate
in this study, it i1s our impression that the
bait used has a significant influence on
catch rates, a finding supported by
Fusimaiohi (pers. comm.). It is likely that
olly fish with red flesh, such as skipjack
tuna, produce higher catch rates. |t
should be pointed out that most of the
fishing was undertaken by inexperienced
trainees and catch rates can be expected
to increase with experience of the crew.

Catch rates, depth and time of the day

Since this study was carried out in con-
junction with a training programme, not
all depths and times of the day could be
fished in all areas. Hence for the analyses
in this section, and the test of differences
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Table 1. —Mean catch rates for the three areas fished

Area Mean 95% confidence Sample
catch rate interval size

(kg/hr x No. (hours of

of lines) fishing)
Port Moresby 3.99 2.07 41
Milne Bay 2.50 0.74 65
Manus Island 4.55 1.74 61
Pooled 3.68 0.85 167

Table 2. — List of the species encountered in Papua New Guinea and elsewhere
in the South Pacific

No. of % per Mean Source*

Species fish weight weight A B € D E F
Etelis carbunculus m 47.2 4.9 X X X X X X
Pristipomoides multidens 44 8.22 21 X X X
Etelis coruscans' 15 5.76 4.4 X X X X
Epinephelus magniscuttis 13 5.58 4.9 X X X
Lutjanus malabaricus 1" 1.30 1.4 X
Gnathodentex mossambicus 10 1.73 20 X
Epinephelus morrhua 9 1.61 2.0 Xi % X X X X
Tropidinus zonatus 9 1.01 1.3 X X X X, XK
Pristipomoides flavipinnis 8 0.45 0.6 bl S ¢ > S
Epinephelus compressus 5 121 27.6 X
Lutjanus argentimaculatus & 2.25 5.1 X X X
Etelis radiosus 2 5 2.18 5.0
Epinephelus sp. 5 0.31 0.7 X3 x3
Tangia sp. 4 1.34 3.8
Pristipomoides filamentosus 4 1.13 3.2 X: X3 X3 X
Tropidinus argyrogrammicus 4 0.16 0.5 X X
Epinephelus chlorostigma 3 0.45 1.7 X3 X X2 X
Lutjanus bohar 2 1.06 6.1 X X X X X
Lethrinella miniata 2 0.87 5.0 X X X X
Seriola dumerilii 2 0.48 2.8
Variola louti 2 0.07 04 X X X X
Pristipornoides auricilla 2 0.07 0.4 X . X
Leptocephalidae 1 0.93 10.6
Epinephelus tauvina 1 0.9 10.4 X X X
Seriola purpurescens 1 0.49 56 X X
Caranx lugubris 1 0.44 5.0 X X
Gymnosarda nuda 1 0.40 4.6
Caranx sp 1 0.39 44 X X X
Lutjanus erythropterus 1 0.37 42
Lettrinus kallopterus 1 0.27 3-1
Paracaesio sp. 1 0.26 3.0
Branchiostegus wardi 1 0.13 1.5
Cephalopholis sp 1 0.02 0.02

Etelis coruscans 1s identified from Anderson (1981)

~

Etelis radiosus is a recently described species (Anderson 1981)
The source only reports the genus, not the species
. Fusimalohi and Grandperrin 1979
. Fusimalohi 1979
Taumaia and Crossland 1980
Mead 1980a
. Mead and Crossland 1980
. Mead 1980b

w

mTMmMoOO®»>
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Table 3. —Mean catch rates (kg/h x No. of lines) of bony fish, obtained by the
South Pacific Comission deep sea fisheries development project in different
places around the South Pacific area

Place Average Source

Catch
New Caledonia 71 Fusimalohi and Grandperrin 1979
Niue (1979) 7.0 Mead 1980a
Palau 3.0 Taumaia and Crossland 1980
Tanna 2.8 Fusimalohi 1979
West New Britain 4.3 Fusimalohi and Crossland 1980
Yap island 4.6 Mead and Crossland 1980
Fiji 9.2 Mead 1980b

in average weights, data from the three
areas have been pooled.

The calculated value of the ratio vari-
ance/mean value is significantly higher
than one (x*test, P<0.001, d.f.=166)
and hence the catch rates are clumped in
their distribution, with one group of low
catch rates and a second with high. How-
ever, the test for differences in catch rates
for different times of the day, and differ-
ences in catch rates at different depths
shows that no differences could be found
(ANOVA, P<0.005, d.f.=22 and 8 re-
spectively) and hence fishing at different
depths or at different times of the day is
not the cause of this clumping of catch
rates.

Rather we hold the view that the
uneven distribution of catch rates was
caused by a combination of bait effective-
ness and whether or not fishing was
undertaken in a good place. By bait effec-
tiveness we then mean, as mentioned
above, that certain bait seems 1o give
higher catch rates. From our experience it
is also apparent, even if we have not been
able to show it statistically due to the
sampling programme, that certain places
within an area yieided high catch rates,
whilst others, irrespective of depths and
time of day, did not.

Depth association among the 15 most
common species

The results of the two cluster analyseas
are illustrated in Figure 2. Two different

independent clustering methods are used
to assess the stability of the groupings.
Since both methods produce similar
results, this suggests that they reflect the
true association between the species.

From a practical point of view, a know-
ledge of species associations is of interest
since it gives information on species ex-
pected to be caught together. This could
in turn be useful in the planning, and the
assessment, of a fishery. Figure 2 indi-
cates for instance that Etelis coruscans,
Epinephelus compressus, E. magni-
scuttis, E. morrhua and Gnathodentex
mossambicus will be caught together.
Similarly, other associations can be dis-
cerned by examining Figure 2, and higher
similanty values can be interpreted as
higher probabilities of being enccuntered
together

Species compaosition, mean weights and
depth

The depth distribution for the 15 most
commonly encountered species are de-
picted in Figure 3.

The average weight of fish, irrespective
of species, (7Table 4) is significantly higher
at certain depths (ANOVA, P<0.001,
d.f.=9) with 38 general trend for fish
weight 1o increase with depth. The aver-
age weight at 200-210 m is significantly
higher than at depths 140-150 m and the
average weight at 220-27C m is higher
than the average weights at 80-110 and
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Figure 2. —Cluster analysis of the depth associations between the 15 most

common species. Based on a combination of the similarity coefficients

proposed by Jaccard (1908) and Bray-Curtis (in Southwood, 1978). 2A. Single

linkage clustering 2B. Unweighted pair-group method using arithmetic
averages (UPGMA)
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Table 4. — Miean weight of fish for different depth intervals

95% confidence Sample

Depth (m) Mean weight (kg) interval size

80 — 90 1.6 11 8
100 — 110 2.2 1.0 15
120 — 130 33 1.5 15
140 — 150 1.3 0.9 12
160 — 170 2.3 0.5 21
180 — 190 3.1 1.1 40
200 — 210 4.3 1.3 47
220 — 230 49 0.7 20
240 — 250 5.8 29 51
260 — 270 4.8 1.2 56

Depth
8‘\) 12‘() N 160 ) ﬂ“ X 240 ) 280

Gnathodentex mossamblcus
Lut janns argentimaculatus
Lutjanus malabaricus
Pristipomoides multidens
Pristipomoides flavipinnis
Etelis carbunculus
Ete]1s coruscans
Etelis radiosus S———

Tropidinus zonatus

Tropidinus argyrogrammicus
Tangia sp

Epa oepliriy 5§

Epinephelus 7

Epinephel us magniscuttls

Epminephelus morrhus

Figure 3. — Depth distribution of the 15 most common species

140-190 m. The depth range is divided
into 20 m intervals, because even though
the echosounder will give a precise
reading, it is not possible to know exactly
where the hooks are.

Since there is no significant variation in
catch rate with depth, fishing at greater
depths vyields bigger but fewer fish.
Unless certain species, or large fish are
sought, it could therefore be more
beneficial to fish in shallower water.

CONCLUSIONS

Based on the limited data from 41-65
hours of fishing in each locality, no signi-
ficant difference in average catch rate
between the three areas, Port Moresby,
Milne Bay and Manus, could be found.
The mean catch rate is 3.7 +0.85(+95%
confidence intervall.

The available data do not indicate any
differences in catch rates between differ-
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ent times of the day, or between different
depths. The distribution of the catch rates
is however contagious which indicates
that there are factors influencing the
catch rate.

There is a significant difference in aver-
age weight at different depths, so that the
average weight is higher at 200-210 m
than at 140-150 m, and the average
weight is higher at 220-270 m than at
80-110 and 140-190 m.

Certain of the 15 most common species
are more likely to be encountered to-
gether. The most likely combinations are:
Tangia sp. and Etelis radiosus; Etelis
coruscans and Epinephelus compressus;
Epinephelus magniscuttis and E. morrhua
(similarity of 0.7, using a combination of
the Jaccard and Bray-Curtis coefficients,
chosen as an arbitrary limit for grouping).
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MUSCIDAE (DIPTERA) ASSOCIATED WITH CATTLE
IN PAPUA NEW GUINEA

K.R. Norris* and I.L. Owen'

ABSTRACT

Flies (Muscidae; Diptera) were netted from above the backs of groups of cattle in
Papua New Guinea, chiefly from the Eastern Highlends. The most frequently taken
species was Musca conducens, followed by Morellia hortensia. Also occurring in the
samples were Musca inferior, M. domestica, M. vetustissima, M. ventrosa, Stomoxys

calcitrans and Haematobia irritans exigua.

The importance of these flies in relation to cattle, and the significance of their possible
further dispersal from country to country are discussed.

INTRODUCTION

Undoubtedly the most serious dipter-
ous pest of cattle in Papua New Guinea is
the screw-worm fly, Chrysomya bezziana
(Calliphoridae) (e.g., Norris and Murray
1964), but a number of muscoid flies of
lesser importance also occur on cattle,
worrying and injuring them to varying
degrees, and in some cases transmitting
diseases. Some Papua New Guinea flies
of this type were discussed by Norris and
Ferrar (1974). Other notes were given by
Pont (1973) and Ferrar (1974). The survey
reported in the present paper extends the
above information on cattle-frequenting
muscid flies in Papua New Guinea

METHODS

Insects asscciating with cattle were
monitored at irregular intervals in Papua
New Guinea between 1976 and 1980 in

the course of a continuous survey to

* Formerly Associate Chief, C.S.1.R.0. Division of
Entomoiogy, Canberra, Austigiia. Present
addrass 11 Gormanston Craescent, Deakin,
A.C. T . 2800, Australia

I Parasitologist, Department of Primary Industry
National Veterinary Laboratory, P.0. Box 6372

Baroko, Papus New Guinea

check on the distribution and spread of
the buffalo fly, Haematobia irritans exigua
(de Meijere), from the lowlands to the
central highlands of the country. In the
Eastern Highlands Province, where most
of the samples were taken, the monito-
ring was carried out between the Kassam
Pass and the Daulo Pass within the
Goroka, Henganofi and Kainantu dis-
tricts, an area of about 6,200 sq. km (see
inset, Figure 7). Sampling was confined
largely to the region that straddles the
main highway through the province, at an
aititude of 1500-1600 m. The time and fre-
guency of sampling was dependent on
the requirements of the buffaio fiy control
and eradication programme. The cattle
sampled, a mixture of British breeds and
Brahmans and their crossbreds, were
those considered at risk of buffalo fly
infestation through their proximity to
roads over which cattie were transported.
A few other areas were sampled as oppor
tunity offered.

Samples were collected by sweeping
an entomological net several times over
the heads and backs of groups of cattle
held in yards or a crush. The groups
usually comprised a few animals only, but
in some cases there were several hundred
animals. All insects caught were pre-
served for later examination
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Figure 1. — Map of Papua New Guinea showing the areas and places mentioned
in the text. In inset, K = Kassam Pass and D = Daulo Pass.

RESULTS
EASTERN HIGHLANDS PROVINCE

The area provides a fairly uniform en-
vironment for muscid flies. Temperatures
range from an average daily maximum of
about 25°C to an average daily minimum
of about 13°C, with only small variations
throughout the year. There is a distinct
‘dry’ period mid-year, but some precipit-
ation in all months.

A total of 441 samples of flies were
collected in 20 of the months of the five
years involved. Notes on the species of
flies secured are as follows:

Musca domestica Linnaeus, the
cosmopolitan housefly. This fly is not
strongly attracted to cattle, but it is

almost always common around cattle
yards. The few specimens taken occurred
in 11 sampies, and on 6 of the monthly
sampling occasions.

Musca vetustissima Walker, known in
Australia as the bushfly. This insect
sometimes causes serious worry to cattle
in the drier regions of Australia, but it is
generally scarce in Papua New Guines.
The few specimens caught occurred in 35
of the samples, and in 6 of the months
sampled.

Musca ventrosa Wiedemann. Like M
vetustissima, this species shows a mode-
rately strong attraction to cattle. It was
present in small numbers in 49 samples,
and in 9 of the months.

Musca conducens Waliker. There were
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more specimens per sample, on the aver-
age, than of any other fly, and it was
represented in 361 samples (82%), and in
17 of the months sampled.

Musca inferior Stein. This blood-
sucking fly was present in 12 samples,
and in 7 of the months. Its predilection for
attacking the lower parts of cattle,
combined with its habit of clinging tight,
deeply ensconced in the hair, would make
it a poor candidate for capture by
sweeping above cattle with a net.

Morellia hortensia (Wiedemann). An
abundant fly, which was present in 209 of
the samples (47%), and in 19 of the
months sampled.

Stomoxys calcitrans (Linnaeus), the
blood-sucking stable fly, was present in
small numbers in 12 samples, and in 7 of
the months sampled. Like Musca inferior,
its tendency to feed principally on the legs
and belly of cattle would make it less likely
than most of the other species to be
caught by the method used.

Haernatobia irritans exigua, the buffalo
fly, was present in 19 samples, in 8 of the
months, and in all years. The habits of
this fly would make it highly likely to be
taken by the sampling method used, but
its high specificity to cattle make it much
more susceptible to insecticide deposits
on the cattle than the other, less specific
flies. Thus its absence from many
samples could well have been due to the
operation of the control and eradication
programme.

Other specres. A number of species of
Diptera and a few other insects in the
samples were obviously in no way asso-
ciated with the cattle. However, several
species of Muscidae taken are known to
breed in cattle dung, though not to infest
cattle, other than as casual resting places.
They included Hebecnema uniseta
Hennig, Gymnodia ruficornis Malloch,
Orthellia timorensis Robineau-Desvoidy
and O. australis Macquart. The Orthellia
species occurred in 11 samples, in 7 of

65

which no other flies were present, a cir-
cumstance suggesting that the samples in
guestion were swept from dung, not
cattle.

OTHER AREAS

Three samples from Mount Hagen,
Western Highlands Province, July 1976,
each contained only Musca conducens
and M. inferior.

One sample from Kagua, Southern
Highlands Province, contained only
Musca conducens.

A ‘January’ sample from Konga, south
North Solomons Province, contained only
Musca inferior, and a similarly labelled
sample from Boku contained Musca
conducens and M. inferior.

DISCUSSION

Musca domestica, M. vetustissima and
M. ventrosa are only minor nuisances of
cattle, and of little veterinary importance,
especially in Papua New Guinea. Of
somewhat greater economic conse-
quence (e.g., Fadzil 1973) is the abundant
and more closely cattle-oriented Musca
conducens, which, although having only
incipient adaptations for direct blood-
feeding, is nevertheless more efficient
than the above species in feeding on and
enlarging sores and wounds, and is a
proven vector of Stephanofilaria species
(Nematoda) (Fadzil 1973), Though it is
possibly now of general occurrence in
Papua New Guinea, its dispersal to Aus-
tralia and other South Pacific countries
should be guarded against

The probably recent introduction of
Musca inferior to Papua New Guinea was
pointed out by Norris and Ferrar (1974).
This active blood-sucker causes great irri-
tation to cattle, and, though it may be too
late to prevent further inter-island dis-
persal in Papua New Guinea, Australian
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and other South Pacific authorities should
make every effort to exclude it.

Although an efficient blood-feeder at
wounds and a rasper of scabs, Morellia
hortensia is considered a minor pest of
cattle: a nuisance, but not known to be a
vector of any disease. Ferrar (1974)
pointed out that M. hortensia may well
have been introduced to Papua New
Guinea from Australia, where it had been
resident long enough to have undergone
slight anatomical differentiation from
Asian stocks (Pont 1973). Prevention of
further spread, if this is possible, is, of
course, desirable.

Stomoxys  calcitrans is  virtually
cosmopolitan, but restriction of inter-
change between countries is still desirable
because of the possibility that blood-fed
adults could spread animal diseases.

There are several notable absences
among the flies from the samples: (a)
Musca cassara Pont (Pont 1973), a
species described from material collected
from the Solomons, Sarawak, Sri Lanka
and Prince of Wales Island, Torres Strait.
It is also present in Cape York Peninsula,
where Colless (1981) suggests it is a
recent arrival. In view of this distribution it
is highly probable that it also occurs in
Papua New Guinea, though it may be
restricted to lowland areas. (b) Another
absentee from the samples was Hydrotaea
australis Malloch, which is widespread in
the warmer parts of Australia, and also
occurs in Malaysia and Sri Lanka. This fly
associates closely with cattle, licking
sweat and blood and infesting eyes and
bedy orifices. Its exclusion from Papua
New Guinea and South Pacific countries
is desirable. (¢) Papua New Guinea also
appears to lack the Australian Musca
terrae-reginae Johnston Bancroft,
though it is known from several Torres
Strait islands. Detection of this fly as a
new invader would be difficult because of
its similarity to Musca domestica, but if it
does become established it is unlikely to
become of significant veterinary import-

and

ance. (d) Hippobosca equina Linnaeus.
Though belonging to a different family of
Diptera (Hippoboscidae) from the other
flies (Muscidae) dealt with in this paper, it
is worthwhile to record that this fly has
not been encountered by either author in
Papua New Guinea, nor was it reported
by Anderson (1960), Egerton and
Rothwell (1964) or Talbot (1969). This fly
might not be easy to sample by the
method used, but it is a very conspicuous
insect, and unlikely to be overlooked. Its
absence from Papua New Guinea is sur-
prising, in view of the fact that it is
widespread in Indonesia (e.g. Stekhoven
1926), and it was recorded from Vanuatu
(New Hebrides) by Maa (1963) and also
collected there recently by government
officers.
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SHORT COMMUNICATION:

NOTE ON THE PREVALENCE AND DISTRIBUTION OF
THE EYEWORM OF THE DOMESTIC FOWL IN PAPUA
NEW GUINEA

J.D. Humphrey*

ABSTRACT

Oxyspirura mansoni, the eyeworm of the domestic fowl, was recovered from the
conjunctival sacs, nictitating membranes or nasolacrimal ducts of 55 out of 240
domestic fowls from throughout Papua New Guinea. Of the fowls examined, 42% of
those reared under extensive systems of management were infected, whereas only 2%
of those reared under semi-intensive systems and none of those reared intensively
were infected. No worms were recovered from fowls originating from highland areas.

INTRODUCTION

Oxyspirura mansoni, the eyeworm of
the domestic fowl, has been recognised in
Papua New Guinea for many vyears
(Rothwell 1961) but the extent to which it
occurs has not been defined. This com-
munication describes the prevaience of
eyeworm in fowls reared under different
systems of management and the geogra-
phical distribution of the parasite
throughout Papua New Guinea.

MATERIALS AND METHODS

The conunctival sacs, nictitating mem

branes and nasolacnimal ducts of 240
domestic fowls were examined post
mortem for the presence of O. mansoni

Fowls were collected between September
1975 and May 1977. Systems of Manage
ment were classified as intensive (fowls
maintained on wire mesh or deep litter)
sami-intensive (fowls confined in outdoor
pens on the ground) and extensive (fowls
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it address’ Re
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unconfined). Geographical locations were
divided into highland (above 1200 m
altitude) and lowland (below 1200 m
altitude). The worms were identified by
comparison with specimens identified by
the British Museum and by reference to
standard texts.

RESULTS

The prevalence of O. mansoni in fowls
reared under each system of management
and geographical distribution are
shown in T7able 1., None of
reared intensively, and only one of the

thelr

fowls

the

fowls reared semi-intensively, was in
fected with eyveworm. Conversely, 54
(42% ) of the fowls reared under extensive

mtecled
106
ariginated from the lowlands and 22 from
5] w(.'
were Infected whereas none of the high

land fowls harboured Q. mansoni

systems of management were

Of the 128 fowls reared extensively,

the highlands. Of the lowland fowls,

DISCUSSION

The results of this survey show that
Byeworm is fowls reared
under extensive methods of management
in the towlands of Papua New Guinea.

common in
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Table 1.—Prevalence of Oxyspirura mansoni in 240 domestic fowls reared
under different systems of management in Papua New Guinea and a
comparison of infection rates in highland and lowland fowls

Extensive Semi-intensive Intensive
management management management

High-  Low- High-  Low- High-  Low-

land land Total land land Total land land Total
No. of fowls
examined 22 106 128 10 33 43 1 57 68
No. of fowls
infected 0 54 54 0 1 1 0 0 0
Percent fowls
infected 0 51 42 0 3 2 0 0 0

One known intermediate host of O.
mansoni is the cockroach, Pycnoscelus
surinamensis which has a preference for
warm tropical climates (Mackerras 1970).
This cockroach is common in the low-
lands and islands of Papua New Guinea
with only one record of its occurrence in
the highlands above 1200 m altitude. The
occurrence and distribution of eyeworm
in the domestic fowl thus seems to reflect
the availability of the intermediate host
under the different systems of manage-
ment practised and the geographical dis-
tribution of the intermediate host.
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BOOK REVIEW
“POULTRY DISEASES”

Gordon, R.F. and Jordon, F.T.W. (Editors) (1982). Second edition, English
Language Book Society and Balliere Tindall, London. 401 pp.

This book is the second edition of Dr.
Gordon's “Poultry Diseases”, originally
published in 1977. The first edition met
wide acclaim for its precise account of the
clinical signs, diagnosis and control of
major poultry diseases. This second
edition will receive similar acclaim, and
can be expected to be widely used by
veterinarians and others who need
information on pouitry diseases but who
are not specialist poultry pathologists.

The book is divided into eighteen
chapters, of which four (on the poultry
industry in the United Kingdom, specific-
pathogen-free flocks, artificial insemina-
tion, and stress and welfare) are of little
relevance to workers in Papua New
Guinea. Four chapters on infectious
diseases of the domestic fowl comprise
nearly half of the book and are the text's
greatest strength. In these chapters, each
disease is discussed under the headings
of causative agent, epidemiology, clinical
signs, post-mortem lesions, diagnosis and
control. The discussion of each disease is
succinct and up to date, and each entry is
accompanied by a list of selected refer
ences for further reading, mainly recent
reviews in the more common journals in
English.

Separate chapters are devoted to neo
plasms, nutritional diseases, skeletal dis-
orders and kidney diseases, reflecting the
impeortance of these conditions in inten
sive poultry husbandry. Two useful
chapters concentrate on the diseases of
ducks and turkeys, and another, on “'mis-
cellaneous diseases’’, includes several
conditions which otherwise defied the

editors’ attempts at classification by
cause of each disease.

One chapter is devoted to methods of
investigation of field problems, including
collection of a detailed history and inves-
tigation of decreased productivity, hatch-
ability, and feed quality. This chapter
should be compulsory reading for all
persons (veterinarians, livestock officers,
managers etc.) involved in intensive
poultry production in Papua New Guinea,
where, fortunately, many of the most
serious infectious diseases of poultry are
not present and more complex muiti-
factorial problems such as egg drops are
frequently reported. It is to be hoped that
this chapter will be further expanded in
future editions to include more detail on
the practical aspects of investigation of
poultry problems and the seiection and
submission of specimens for laboratory
examination.

A chapter is also devoted to methods of
disinfection and hygiene in poultry farms
and hatcheries, and quite adequately
covers the principles involved. It does
not, however, provide practical details of
compounds, dilutions or methods of
application. This is a sericus OmMission
which, for the sake of the many readers
who would not have ready access to such
data, ought to be corrected in future
editions. Similarly, the chapter on the
avian immune systeim provides a pracise
review of the development of the immune
system of the domestic fowl, but does
not, unfortunately, attempt 10 apply this
by examining various recommendations
for vaccination programmes
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Each chapter of the book is written by
one or more specialists, and the editors
have succeeded in ensuring a relatively
uniform style and a minimum of repetition
or overlap between contributors. The text
is well written, but assumes a broad
technical vocabulary which will limit its
audience in this country to veterinarians
and a few highly specialised poultry farm
managers. The vocabulary used is far
beyond that of most livestock or general
extension officers, who will be better
served by Departmental publications such
as the “Poultry Handbook’ (Rural
Development Series Handbook No. 4,
Department of Primary Industry, Port
Moresby, 1976.)

For use in Papua New Guinea, this book
provides an excellent review of diseases
of intensive poultry, for those persons
sufficiently specialised to have the
vocabulary required to use the book. No
information is given on more extensive
husbandry and the problems seen in such
systems as small-holder or village poultry
production, for which far more informa-
tion on practical nutrition and manage-
ment is required and must be sought
elsewhere. On specific diseases, more in-
formation could be provided on the con-
trol of parasitic diseases, renal forms of
infectious bronchitis, mycotoxicosis, and
fatty liver haemorrhagic syndrome, all of
which are problems in this country but of
far less importance in the United Kingdom
where the book was written

For veterinarians who are not special-
ists In poultry, this book provides a very
useful introduction. Its value could how-
ever be greatly increased by the addition

of further details of dose rates and
methods of administration of the various
drugs recommended for treatment and
control of specific diseases. A chapter on
vaccines, including information on vac-
cination programmes and techniques of
administration, would also be a valuable
addition.

The book is well produced, with very
few printing errors, and illustrated by a
large number of black and white photo-
graphs and line drawings, and two colour
plates, each of six photographs. Most of
these illustrations are informative, but
some, especially the colour plates, are too
small to demonstrate lesions to anyone
who is not already familiar with the
condition involved. This is, presumably, a
constraint imposed by the cost of larger
illustrations, but detracts from the value
of the book for non-specialists.

Cost constraints presumably also led to
the omission of several chapters which
were included in the first edition. The loss
of the chapter on diseases of pet birds,
pigeons and birds of prey may be missed
by veterinarians, and the reviewer would
have preferred the expansion of the
chapter on poultry meat inspection rather
than its omission. But these are minor
criticisms, and do not detract greatly from
the value of this book for all who require a
concise and up to date review of poultry
diseases

M.J. NUNN,
Chief Veterinary Research Officer,
Kilakila Veterinary Laboratory
Port Moresby.
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BOOK REVIEW
“HANDBOOK ON COCONUT PALM"

Thampan, P.K. (1981). Oxford and IBH Publishing Co., New Delhi. 311 pp.

The preface of this book says that since
the publication of the author’s last book
on coconuts five years ago, multidisci-
plinary research in coconuts has been
substantial, especially in areas such as
hybridization, management and post-
harvest technology. Ostensibly, the
volume is aimed at farmers and entre-
preneurs, upon whom programmes of
coconut development depend.

It is the feeling of the reviewer that the
book is too technical and detailed to be of
great value to the majority of farmers and
entrepreneurs, but insufficiently compre-
hensive to be of real use to scientists
already established in this field. The book
will most probably be used by students
studying plantation crops and research
workers new to coconuts and who wish
te gain a rapid insight into the crop. At 32
rupees per copy (about K4), it will serve
that purpose well and cheaply. However,
if the reviewer's copy is lypical of the
standard of production, it will not bear
too much thumbing before disintegration
sets in

Useful though the book may be to
newcomers 10 coconut studies, it is
marred by important emissions, mistakes
and evidence of sloppy editing.

Nowhere are polybags mentioned for
use in the nursery, despite a good survey
of nursery practice in the major coconut
growing countries, where polybags ars
standard procedure. There can be no
excuse for this in a book which is up to
date 1 practically all other areas of
coconut husbandry and technology

The chapter on pests is rather short on

details where possible agents of biological
control are concerned, and often the
name is the only detail given. Brontispa
spp. and Scapanes australis Boisduval are
not mentioned.

More rigorous editing might have
spotted nonsensical statements such as
(on p. B0), “For assisted pollination, the
usual requirement of pollen is about 1
kg/ha" (over what period of time?), and
(on p. 145, writing of yield in plantations)
“Generally there are three main groups,
viz., poor yielders, medium yielders and
heavy yielders”' (why not two or even ten
groups?), and unsupported recommend-
ations such as (p. 14) “In some areas
husks are burnt and the ash applied to the
palms. This practice, however, is not
recommended."”’

This is the fourth general work on
coconuts to have appeared in the last 25
vears, and one wonders if more are really
necessary. In a book of this nature,
inevitably much has to be left out due to
the vast nature of the subject, which
limits its usefulness for the scientist. To
cover adequately the current research on
coconuts, perhaps several multi-author
volumes on the subjects covered in sach
chapter of this book are necessary.

The bibliographies at the end of each
chapter are comprehensive, and an
adequate index is provided. In con-
clusion, many will find this book a usefu!
ntroduction, especially at the price.

8.M. BROOK,
Coconut Agronomist,
Bubia Agricultural Research Centre,
Lae.
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INSTRUCTIONS FOR CONTRIBUTORS

Original research reports, review papers,
notes, bibliographies and book reviews on
Agriculture, Forestry or Fisheries in
Melanesia and the South Pacific region
will be considered for publication. Articles
must not be previously or simultaneously
published or submitted for publication
elsewhere.

1. Presentation — Papers should be
double-spaced throughout with wide
margins on both sides. The first line of
each paragraph should be indented three
spaces. A4 size paper should be used.
Send the top copy plus three carbon
copies or photocopies to the editor of the
journal. Captions to plates and figures
must be typed on a separate sheet at the
end of the text. Tables should aiso be
typed on separate sheets. All pages of
typing including references, appendices,
captions and tables should be numbered
consecutively at the top right.

2. Title — The title should be as brief
as possible but should clearly indicate the
content. It is not necessary to start the
title with “A..."” or “The..."” or other
non significant words.

3. Author's name — First names or
initials can be used according to the pre-
ference of the author, however, authors
are strongly advised to use the same style
for their name in all publications to avoid
giving the impression that they are two or
more different authors. The address of
sach author at the place where the work
was done is given in a footnote. If there
has been a change cf address, the present
address is also given for the first author.

4. Abstract — An informative abstract
suitabie for use by abstracting publica-
tions and services should precede the
introductory paragraph. Because it is not
part of the paper an abstract should be
intelligible on its own and should state the

purpose, methodology, results and con-
clusions. It should be written as simply as
possible to assist specialists in other
countries for whom English is a foreign
language. It should not include unfamiliar
terms, acronyms, trade names, abbrevi-
ations or symbols without explanation.
More than one paragraph may be used
but the abstract should not exceed 2% of
the total extent of the contribution;
maximum 300 words.

5. Headings — In experimental papers
the general order of headings is: Abstract,
Introduction, Materials and Methods,
Results, Discussion, Acknowledgements,
References, Appendix. In descriptive, or
other types of papers, refer to similar
papers. No headings should be under-
lined.

6. Text — Papers should be concise.
Extensive introductions referring to the
work of earlier authors should be avoided.
Lengthy discussions and detailed descrip-
tions should be reduced by the use of
tables and diagrams. The text should not
repeat in detail what is apparent from a
table or diagram.

Names of countries or organisations
may be abbreviated tc capitals withoul
full stops but must be giver in full at the
first mention. Numbers under 10 should
be spelt out unless gualifying a unit of
measurement. If a number over 10 and a
number under 10 appear In the same
sentence, both are written 3s numerals,
Do not begin a sentence with a numeral
Fractions should be given as decimals or
spelt out. All decimal numbers fess than
unity should have a zero before the
decimal marker, e.g. 0.25. All units
should be in the 5.1, system. All scientific
names of animals and plants must be un-
derlined to indicate that they should be
set in italic type. The authority should be
cited in full on the first occasion a scienti-
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fic name is used. Where the same name is
used repeatedly, the genus may be ab-
breviated to a capital letter after the first
citation. For example, use Homo sapiens
Linnaeus on the first occasion and H.
sapiens thereafter.

Common or local names may be used
but the scientific name should be quoted
on the first occasion. An agricultural
chemical must be referred to by its
generic or common name when it is first
quoted.

7. Tables — Tables are much more
time-consuming and thus costlier to set
than ordinary text so thought should be
given to the possibility of replacing tables
with a graph. The presentation of the
same data in tabular and graphic form is
not permitted. Numerical results should
be displayed as means with relevant
standard errors rather than as detailed
data. Standard errors should be given to
one place of decimals more than the
means to which they refer and the
number of degrees of freedom should
also be quoted. Tables should be
complete in themselves so that they can
be understood without reference to
accompanying text. Each table should
have a brief title.

8. Figures and photographs — Line
drawings should be drawn in black water-
proof ink on smooth tough paper. Label-
ling should be clear and preferably
produced with stencils using black water-
proof ink and should be legible when
reduced, No alterations or additions to
artwork can be made by the editors
Figures should be no larger than an A3
page and no smaller than final published
size. Photographs should be glossy prints
of good quality and must make a definite
contribution to the value of the paper.
Indicate the top of figures and photo-
graphs on the back. Aiso indicate clearly
on the back: the plate number of each
figure and photograph, the author’s
name, and the title of the paper. Do not
write on the back of photographs: use an

adhesive lable with the data previously
written on it. Artwork should be of appro-
priate proportions for the final page
dimensions.

9. Acknowledgements — The names,
initials and place of work of those the
author wishes to mention may be includ-
ed. It is not necessary to mention every-
one who has been marginally involved in
the work.

10. References — These should be
cited in the text by the author’s name and
date as follows:

“Moran and Brown (1956) showed"’ or
““Various workers (Wilson 1978, 1979a;
Miller and Smith 1956; Adams et a/. 1960)
found..." The term et a/. should be used
when there are more than two authors.
The letters a,b,c, should be used to
distinguish several papers by the same
author in one year.

All references in the bibliography should
be given in full and in alphabetical order.
For a journal the reference should include
surname and initials of all authors, (year),
title of paper, full title of the journal,
volume, (part) and full page numbers. For
a book the reference should include
author's surname and initials, (year), title
of chapter and page numbers if appro
priate, full title of book, publisher and city
and total page number. Conference pro
ceedings should include the year and
place of the conference. The title of the
journal or book is underlined to be printed
in italics. Examples are:

BOWET, C.M. and SMITH, L.N
(1950). Measurement of phosphorus. In
Methods of Soil Analysis. Ed, C.A. Lack.
Department of Primary Industry, Port
Moresby. 400 pp.

SANDERS, A.J. (1940). Piant re-

sponses to molybdenum. Papua New
Guinea Agricultural Journal, 48 (4):
981-995.
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TROEN, M.M. (1973). Genetic fine
structure in Drosophila. Department of
Primary Industry Research Bulletin No.
102, pp.196-197.

Internal reports, communications and
memoranda are not valid references. The
criteria for valid publications (in the
scientific world) are that publications are
distributed widely among those interested
in the subject and are available to the
international public in major libraries and
from the publisher. This therefore ex-
cludes reports circulated only within a
department and to a few outsiders and
conference documents available only to
those who attended the conference and
the like.

Work that has not been accepted for
publication (unpublished data) and per-
sonal communications are not included in
the list of references but may be referred
to in the text. References cited in an
appendix should be included in the list of
references at the end of the paper.

Special care should be taken to see that
every reference in the text is included in
the list of references and vice versa, and
that there is consistency in the spelling of
authors’ names and the citation of dates
throughout the paper.

11. Review of papers — All copy will
be submitted to suitable protessional
referees. Major changes will be referred to
the author for consideration. Minor edi-
torial changes will be made without con
suitation but will be presented to the
author(s) at proof stage

12. Offprints — Twenty five free off-
prints are given to the author, Where
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there are several authors, the senior
author will be sent the offprints. Extra off-
prints may be ordered at the time the
galley proofs are returned to the editor.
Costs will be determined at the time of
printing.

13. Recognised abbreviations in this
journal are:

g — gram
kg — kilogram
t — tonne

! — litre

mi — millilitre
ha — hectare

mm — millimetre
cm — centimetre
m — metre
a.s.|. — above sea level
yr — year
wk — week
h — hour

min — minute
s — second

K — kina
n.a. — not applicable or not available
n.r. — not recorded
var. — variance
s.d. — standard deviation
s.e.m standard error of mean

s.e.d. standard error of difference
d.f degrees ot freedom

Levels of significance:

n.s. — not significant
¥ 001 s p < 0056
**x — 0001 =<p < 001
* % % p < 0.001

Either kg/ha or kg:ha™! is acceptabie but
larger combinations of units should be in
the form kg-ha ! to avoid possible math-
ematical ambiguity
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