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FOREWORD

Due to financial and staffing constralnts the PNG Joumal of Agriculture, Forestry and Fisherles is
appearing after a lapse of two years. The present issue Is however, a bold attempt to break away from
the past. The entire productionofthe journal has, for thefirsttime, been carried out in Papua New Guinea.
The staff of the DAL Publications Unit, some though still learning, have acquitted themselves
commandably in this ventura, While we hava iried for the better, wo ssek your undorstanding for any
ehotteomings as idaal oiten conlicts with the best,

A nuinbor of peopla have halpad us In this undenaking. Mr Philip Pondlku and Mr Sam Lahis have had
the vigion and falth in our capabilities to ontrust us the job of revitalizing the joumal, Mr Hilarion Eral and
Mr Joseph Kaptigau have continued to encourage us In various ways. Dr Amold Ningiga tried hard and
arranged the much needed initial funding to kick-start the journal.

Ms Betty Aiga carried out the typing; Mr Jackson Kaumana assisted with design and layout while Mr Rupa
Raraimo handled the production schedules. We were most fortunate in receiving generous assistance
from a number of reviewers. We would especially wish to thank the foliowing colleagues for the time and
expertise they have willingly given to the journal:

Prof. C. Asher,; Prof. D. Balnave; Dr R.M. Bourke; Dr B. Clough; Dr L.J. Cookson; Dr E. Fleming; Dr M.J.
Fletcher; My D. Freyne; Dr R.D. Ghodake; Mr F. Greishaber; Prof. D.M. Griffin; Dr R. Hide; DrG.J. Judson;
Dr P. Samson; Prof. J.H. Temouth and Dr G. Wiles.

The responsibility for published opinions, and tacts presented, however, rests entirely with the author(s)
of each contribution. '

" HOHOLA, 1983 . R. KUMAR
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BANANA PRODUCTION BY KUBO PEOPLE OF THE
INTERIOR LOWLANDS OF PAPUA NEW GUINEA

Peter D. Dwyer' and Monica MinnegaP

ABSTRACT

A 15 month study of subsistence agricufture was undertaken at the small Kubo community of Gwaimasi,
onthe Strickland River, NNW of Norad, Westemn Province, Papua New Guinea. Bananas and flour from
sago paims were the primary carbohydrate foods of the people. The former were grown at small gardens
cut into 15-20 year old secondary forest on river- or stream-side levee banks. Planting density was 1382

plantsthectare. Preparatory work (clearing, collection and transport of suckers, planting and felling trees} |

occupied 850-900 person-hours/hectare. The gardens were not fenced and 42 percent of the work was
in collaction and transport of suckers. Males did somewhat more work than females. Bananas were
available for eating between 8 and 20 months after planting and the yield was 1313bunches/hectare (4494
kg edible/hectare). At Gwaimasivillage, with a monthly average of 25 residents through a 14 month period,
~ banana production was stifficient fo provide at least 50 percent of people’s energy needs. Production was
variable in time with people shifting between virtual independence of, and full dependence on, bananas.

There is no evidence that these shifts were seasonally determined.

Key words: Subsistence agricufiure; bananas; tropical lowlands; Kubo; Papua New Guinea

TRODUCTION

Among the cuiltivaiad plant species of Papua New
Guinea, Modhur (1972) ranked bananas fourth,
alier sweet potato, f2ro and vams, in terms of
annual produciion. Wallers (1663, in King &f a1
te80) considared thatthe area under bananas was
second only to sweetpotato andthat, nationally, the
crop yielded 1 kg/person per day. in the lowlands,
benaras are recognised as a primary carbohydrate
foor « areas where annual rainfall is 1060-2500

mm and & prorounced dry season cccurs (Lea

1672; McAdhur 1972); they can be also imporiant
where annual rainfall is 4000-8000 inm (M. Bourke
personal communication).

1.Departnent of Zoology, Universily cf Quesnsland, S1. Lucia,
Austrata 4072

2 Depantment of Anthropoiogy and Sociclogy, University of
CQueensiand, St Lucia, Australia 4072.

There have been few studies of the scology of
banana subsistence within Papua New Guinsa,
The most dalailed recent work concerns the Amele
(Madang Province) and Yanapa River-Kabadi (Cen-
tral Province) areas though, in both these cases,
banana production was tied 1o local market econc-
mies (King et &/, 1989).

in the intericr lowlands of the Weslem Province
bananas havebsenrepoited as the major carbohy-
drate food of Betamuni, Gebusi and Samo people

paper we describe the ecology of banana produc-
tion by Kubio people whose territory ies to thie north
and northweast of these three groups (Dwyer efal in
press). in 1986-87, Kubo subsistence practicas
were not influenced by market economies. We
repen areas under cuitivation, pianting regimes,
work associated with banana gardening and yield

Papua New Guinea Journal of Agriculture, Forastry and Fisheries

1993, Vol 36 No1, pp. 01-21

{Khawt 1885; Beek 1987, Shaw 1890). In this - - -



H
*Banana production in lowland Fapua

2

pattems and estimate that bananas provided at
least half the energy needs of the people.

ENVIRONMENT AND SUBSISTENCE

TheKubovillage of Gwaimasi was onthe westbank
ofthe Strickland River, 48 km NNW from the District
Headquarters at Nomad, Western Province, at an
altitude of about 80 m (lat. 5°54’S, 142°6'E). We
lived at Gwaimasi from August 1986 to November
1987 and had visited the area in late January 1986.
The village was established in February 1986.
Thirtyone individuals were classed as residents
during all or part of the 450 days we lived at
Gwaimasi, with from 24 to 26 residents in any
month. Thirteen males older than 14 years ac-
counted for 4782 person-days of residency, 10
females older than 12 years for 3688 person-days,
four children between three and 11 years (two
maies and two females) for 1800 person-days and
four nursing infants (three males and one female)
for934 person-days. With nursing infants excluded
these values are equivalent to 22.8 full-time resi-
~ denis (i.e. 10270/450) of whom 18 8 are classed as
peopls who worked in gardens.

Table 1. Rainfall and tomperature records from Gwaimasi village (121.5°54'S, 142°6°E), Westorn

Province, September 1986 to October 15857,

To satisfy subsistence needs the people used an
area of about 50 km?. This area included forested
foothills to the north and east, extensive
backswamps to the south and west and levee
banks either side of the Strickland River and along
major streams. Rainfall was high with 65680 mm
recorded from September 1986 to October 1987
and monthly totals varying from 306 to 776 mm
(Table 1). Lower rainfall and, particularly, longer
runs of days without rain may be usual from Sep-
tember to November though year to year variation
is probably high. Monthly mean minimumtempera-
tures varied from 22.6 to 24.0°C and monthly mean

maxima from 29.0t0 33.1°C (Table 1). Thedecline:

tin mean maxima from February to July corre-
sponded to increasing spells of day-long cloud
cover and drizzling rain.

Carbohydrate staples were bananas and sagoflour,
the latter from both wild and planted palms
{Metroxylon sagu). Primary protein foods were wild
pigs, cassowaries and many fish though other
animals, including.nsect larvae reared in felled
sago palms, were also important (Dwyer and
Minnegal 1991). Some domestic pigs were kept

Months

M A M J J A S O

Rainfall
mm 343 329 343 371
Temperature (°C)

min

max

776 523 707 &35

346 512 306 437 586 368

233 23.7 234 232 235 232 237 23.6 237 237 226 229 235 240

331 33.0 327 331 321 326 323 321 3156 301 29.0 294 311 330

Papua New Guinea Journal of Agriculture, Forestry and Fisheries
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{maximum population = 13) but these were usually
kilied and eaten on special occasions only.

Gardens were made on levee banks, usually near
the river, sometimes adjoining major streams and,
occasionally (one of 39 gardens), on minor rises
within the backswamps. Bananas were the domi-
nant crop inlarger gardens where they were usually
interspersed, at varying densities, with taro
(Colocasia esculenta), highland pitpit (Setaria
paimifolia), aibika (Abelmoschus manihot), occa-
sional pineapples (Ananas comosus) and new
plantings of Pandanus conoideus, Terminalia and
Artocarpus altilis (breadfruit). Saplings of fuljp
(Gnetum gnemon) were often left to supply leaves.
Most sugar cane, lowland pitpit (Saccharum edule)
and cassava were planted near the perimeter of
banana gardens. In some pars of the gardens,
tubers (taro, yams and sweet potato) and a mix of
greens, beans and corn were concentrated and
there were other small gardens where these crops
predominated andbananaswere few. Kubopeople
named 40 varieties of banana plants, ali of which
vary recent introductions. The collective namwe for
bananes wWas @

TECHMNIQUES

The aress of ol gardens thatl yielded bonunas
during tha time we lived af Gwatnasi, and of el
gardens mads in this period, were measured using

‘compass and tape. Perimater zones, from 520 m

wide, where troes were fellad bt creps were not
planted, were excluded. Mappingwasdong, where
possible, about ona month after trees were felled;
this faciitated movement arcund the garden. Nine
¢f the gardens were piaited and felled beolcre
August 1885; we saw two of these in January 1986
soon atier they had been felled and estimated

~ planting times atthe ofhers. Gardens are identified
_ consecutively from Garden 1 plantedinabout Janu-

ary 198510 Garden 39 planted in November 1987,
Garden 9 comprised the area under crops at the

village itself; this area altered in size and precise
location through time as different families and indi-

Gardens were classed as banana or tuber gardens
onthe basis of predominant crops. (Two very small
non-banana gardens included tubers but were, in
fact, dominated by Jowland pitpit.) Banana plants
were cotnted at seven piots, amountingto 1.97 ha,
within three banana gardens. These counts were
made three 10 four months after planting. Thus,
estimates of planting density ignore very eaity
losses but attempts to count bananas soon after
planting led to sericus underestimation. The num-
bers of primary (or initial) plants per 100 m? were
5.54 (0.23 ha), 12.21 (0.25 ha), 13.18 (0.32 ha),
14.32 (0.74 ha), 15.86 (0.14 ha), 19.26 (0.25 ha)
and 28.29 (0.04 ha) with an overall mean of 13.82
plants/100 m2. The total of 2723 banana plants in
these samples included 120 with multiple stems,

increasing the total number of stems to 2858. The

value of 13.82 plants/100m? was used to estirate
the numbers of banana plants at other banana
gardens; we are satisfied that the extreme values of
density were exceptional. At tuber gardens ali
banana plants were counted.

Produclivity data wore obtained from eight gardens
that were selected to represent different times of
planting. At Garden 10 all 35 banana plants ware
moniiored et each census. Al other gardens,
depending on size, details were recoided frc_;m
batween ong and three 30 m transects. Al banana
plants within 2 mof the fransect were included, We
recorded diameter of primary stems 50 cm above
ground, presence of absense of suckers and the
condition of the plant (net-productive, fiowering,
eary ot lete set, medium or advanced frull, har-
vested, orlestthrough death or collapse). Thestem
of harvested plants was routinaly cut and withered
and rotted quite rapidly. At advanced gardens
where weeds were welldeveloped, plants that had
been harvested months before were detected only
on the basis of developing suckers; in a few cases

Pépua New Guinea Journal of Agriculture, Forestty and Fisheries
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we may have misinterpreted collapsed plants as
being harvested.

We estimated labour input in two ways; as hours
andas days per unitarea. The formerincluded rest
periods and travel time on land but excluded travel
time on water uniess this entailed transport of
banana suckers. Movement by dugout canoes to
gardensites onthe east bankof the Strickland River
usually required that the canoe was first bailed and,
when travelling upstream, necessitated an arduous
haul along the bank against the current. Although
the times recorded were all related to gardening
they will overestimate actual hours of physical
effort. Estimates of effort expressed as days/unit
area take six or more hours (travel, work and rest
included) as a full day, 4-6 hours as 0.75 days, 2-4
hours as 0.5 days and less than two hours as 0.25
days. Thus, these estimates index times when no
other major activity could be undertaken and, inthe
Kubo context, may index effort more useftilly than
estimates of actual hours worked. In both sorts of
estimates contributions from children less than 11
years old were ignored afthough very young chil-

dren were encouraged to acquire skills, older chil-
dren were expected to assist and young married
females (perhaps 12yearsof age) worked asadults
did.

Table 2 records the distribution of hands of ba-
nanas/bunch and of fingers/hand from 58 bunches.
Fortyseven of the bunches were sampled at gar-

dens where we obtained productivity data. The-

criteria for selection were that the plant carrying the
bunch was included within a transect, that the fruit
were judged to be medium or advanced relative to
expecied harvesting time, and that the top of the
bunch could be reached by hand; this last was
usually accomplished by climbing logs that were
strewnthroughthe garden. Terminal hands without
viable fingers (n = 18 bunches) or with a maximum
oftwoviable fingers (n=5bunches) were excluded.
The data show much variation in bunch character-
istics. The average number of edible fingers/bunch
was 49.6 (s = + 22.3) for the 47 bunches sampled
during standard productivity censuses; this valueis
used in later calculations.

Table 2. The composition of banana bunches.

Hands per bunch Humber of bunches Fingers per hand
X £
i 2 10.00 -
_______ 2 2 8.50 495
. AR 3,;;2 ,,,,, RO
4 - 20 9.28 1.47
5 18 "10.62 292
6 8 12.11 2.18
7 4 11.71 3.33

Papua New Guinea Journal of Agricuiture, Forestry and Fisheries
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Table 3. Weight (per finger) and proportion edible of 11 varieties of bananas.

Variety Type* Sample® Stem* n Total weight Edible weight Prop. edible
g £ 9 ] £

ma cs A P 18 421 183 29.2 134 o071 003
B F 523 36 34.0 27 065 002

oiya S A P 8 492 32 414 22 084 001
B8 P 12 644 37 455 27 084 002

C A 4 623 47 515 44 083 002

tisa cs A P 14 483 123 344 78 072 004
B P 9 558 135 39.3 96 070 0.04

mixed p 15 742 249 537 197 071 006

mugua Ccs A P 4 773 69 61.3 56 079 002
s050i Ccs A P 35 76.1 16.0 570 134 075 004
B P 8 921 74 69.9 46 076 004

C A 5 139.0 126 106.0 70 077 006

c P 6 1398 135 1043 100 075 0.05
gisb ~ C8 A P 6 937 282 €70 226. 071  0.03.
mgiabit cs A # 29 108.5 105 774 8.1 071 0.04
yino e CS A P g 1223 123 67.0 72 055 008
foguaie Cc3 3 P & 1278 1.3 80.9 70 063 001
guwa o8 A P 4 1248 1295 1213 73 082 042
mbed F 15 1255 887 13741 278 088 003

mixed A 11 2020 258 1451 218 072 004

8 P 30 2274 137 1846 108 0g8 002

sasfil gwvage S early F’ 6 2247 224 1539 110 082 002
late P 5§ 2002 1862 1493 114 075 0o

az: C. = caoking bansna; § = swest banzna,

b. A, Band C denote soparate bunches, 'mined refarsioa semplo eken from morsthanons buneh
and ‘early’ and 'lete refor fo samples t2ken from the same bunch at difierent stages of ripening.

¢ P =stom of fingey prasent; A = ster of finger absent.

 Papus New Guinea Journal of Agriculture, Forestiy and Fisherias 1993, Vol 36 No?, pp. 01-21
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Banana fingers were seidom badly damaged. Of
2362 potentially viable fingers on the 47 bunches
referred to above only six were diseased and an-
other 25 had been eaten by rats; our estimates of
production accept this level of loss (0.01%). One
exceptional case of damage is not included in the
estimates of production. At two adjoining plots of
Garden 16, 25 percent of potentially viable fingers
(n=425) from 11 bunches hadbéén lost to disease
or rats with most of the damage being to four
bunches. The record was obtained late in the
seventh month after planting. People said that the
losses occurred because the garden had not been
weeded. We did not see and were never told of
damage caused by fruit bats (Pteropus and
Dobsonia species) and presume this reflects the
fact that most bananas were harvested for cooking
while green and starchy rather than sugary. Fruit
bats are recognised as major pests of bananas in
other parts of Papua New Guinea and, in some
areas, traps are made (e.g. Beek 1987) or ripening
bunches are covered to reduce damage {Dwyer,
personal observations; King ef al. 1989).

Maijor differences in the energy content of bananas
have been reported in the literature. King et al.
(1989) obta:inedvaluesof 137-180kcal/100 g edible
weight from 10 banana vatieties from Madang
Province, Papua New Guinea (overall mean 152
kcal/100 g edible}. They compared their estimates
with eight literature reports that varied from 87 to
128 keal/100 g edible. An important component of

this variation, though not noted by these workers, "

anises frorn changes during ripening. Osmotic
effects catise water to move from the skin and stemn
of a banana finger into the pith (von Loesecke
1950). Von Loesecke reported that the edible
proportion could increase from 0.62 to 0.74 during
26 days of cool storage from time of harvesting. In
parallel with this increase the energy content, when
standardized against weight, will decrease. King ef
al. (1989) purchased bananas at local markets and
preparedfingersioranalysis by peelingwithasharp
knife. The bananas were unlikely tohavebeenripe.
Combining von Loesecke's data with that of King et
al. suggests that a banana finger that increased
from 0.62 to 0.74 in edible proportion woukd drop
from 152 1o 127 kecal/100 g edible portion.

9n
L= § 1
z .38 +
2
2 1 8 + A 84
el do b Th
e 7 A 4 4
s
£ 4
3
& 8 .
& e & maiaby
o'sbseit T
a saviti gwage
T i '!' - T 1 H I i
1 2 3 a 5 8 7 8

Days afier purchase

Figure 1. Changes in the ratio of edible weight to total weight during ripening for fingers of three

varieties of bananas.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries
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.Tabie 3 summarizes data concerning total weight,

edible weight and edible proportion of 244 fingers

.from 11 different Kubo vareties of bananas. These -

data were obtained from bananas that we pur-
chased to eat. There is much variation in both
weight and edible proportion. Edible proportions
variedfrom0.55forthe variety yimo ¢ 10 0.84forthe
thin-skinned, sweet variety oiya. Data from two

- hands of the one bunch of saviti gwage (only one

plant at Gwaimasi) and from singlebunches of each
of the varieties sosoiand maiabu showed substan-
tial increases in edible proportion through time
(Figure 1). Because we favoured ripe bananas and
tended o be sold tipening fruit it is necessary to
adjust for our behaviour before assigning energy
ratings to bananas.

Based on the moisture-laden weight of 759 g
edible/banana finger (Table 3) we use the range of
100-125 kcal/100 g edible for bananas at the time
we ate them. The lower value is probably conser-
vative, the upper value matches our reading of the

- estimate of King etal. (1989). Kubopeople ate most

bananas after cooking them when the fruit were not
fipe and, tharefore, belore much starch was con-
verted to sugars (cf. von Loesecke 1950). Figure 1
guggests a 10 per cent increment in edible propor-
tion of a banana after five or six days in our iarder.
Uzing this vaiue the average weight of a banana as
aaten by Kubo would have approximated 68 g and
the eguivalent range of enaigy values would de
$10-137 5 keal1 00 g edible. Von Leesecks (1950)
reponied values for iotal carbohydrate in the edible
portion of five banana varietios betwesn 21.51 and
33.02percent. Thehighestvalus was fromplantain
andis equivalentto a minimum energy vakie of 130
keal100 g.

ARFA AMD NUMBER OF BANANAS
-~ PLANTED

. Areasplantedincrops are showninTabie 4foreach

month from January 1986 to November 1987,
Banana and tuber gardens are separated and

estimates of the numbers of bananas planted are
provided. Weleft Gwaimasion November 18, 1987.
The values for this month are from one garden
where clearing but not planting was completed.
Because preliminary clearing is time consuming, it
is unlikely that more bananas were planted at new
gardens in November.

In 23 months 6.98 ha were planted, 4.87 ha as
banana gardens and 2.11 ha as tuber gardens.
This is equivalent to 0.16 ha per full-time resident
per year, 0.11 ha as banana gardens and 0.05 ha
astubergardens (nursinginfants excluded fromthe
tally of residents). For banana gardens differences
between years appear pronounced (0.14 ha and
0.08 ha per resident/year in 1986 and 1987 respec-
tively, though the value from 1987 is based on
records from only 11 months).

The 411 banana plants scattered through, or clus-
tered within, tuber gardens would have occupied
0.30 ha if planted at conventional densities. Thus,
the total commitment to bananas across 23 months
was 7204 plants occupying an equivalentof 5.17 ha

{316 planis and 0.23 ha per resident). Sixty percent
of the bananas were planted in 1985. The pooled
data from 1986 and 1987 reveal that 85 percent of
bananas were planted in the months December to
Mareh and August.

The mean sizes of garden plcts held by individuals
oriamilies, andof setz of contiguous plotsthat were
made more or less syrnchronously, are given in
Table 5. Average sizes were greater for banana
than for tuber gardens; 2.86 times greater whers
comparisonisbasedonplots and 4.44 times greater
where comparisen is based on entire gardens.

VWORIK AT BANANA GARDENS

The sequence of tasks at banana gardens was (&)
initial clearing of undergrowth and small saplings,
{b) collection of suckers from older gardens and
their transport to the new site, {c) planting, (d}tree

i:’epus New Guinea Journal of Agriculturs, Forestry and Fisheries
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Table 4. Gardens areas (ha) and numbers of bananas planted from January 1986 to November

1987.
1987

Month Banana garden Tuber gardens Banana gardens Tuber gardens -

ha bananas ha bananas ha bananas ha bananas
Jan. 0.74 1021 - - - = 0.05 2
Feb. 0.52? 722 - - 0.62 992 - -
Mar. - - 0.30° 34 0.51 736 0.07 26
Apr. - . 0.10° 17 - - 0.29 181
May - - - - - - 0.29 52
June - - 0.21 35 = - 0.09 50
July - - - - 0.18 242 0.10 -
Aug. 0.83 1253 0.08 - 0.28 387 0.02 -
Sept. - - - - - - 0.18 6
Oct. 0.19 263 0.19 6 - - - -
Nov. - - - - 0.16 221 - -
Dec. .84 956 0.14 2 nodata nodata nodata no data
Totals 312 4215 1.02 94 1.75 2578 109 317

&. Dutafrom Fobruary 1988 exciuds 0.310 ha and 419 bananas planted by a fanilly thet did notteks

up residenca at Gwalmast,

b. Thess areas wars the first gardsn plots salablished at the villags itoslf, Botwesn August end
Ceioker 1658 an additions! 012 ha was planted but no bananas were included. Betwszn
Hlovember 1288 and Noveinber 1937 anciler 0.08 ha was cioared and planicd and shoui ene-thing

nen-banana garden,

Papua New Guinea :Joums_? of Agriculture, Forestry and Fisheries

—rT—
1983, Vol 36 No1, pp. 0121



Dwyer snd Minnegal

Table 5. The sizes of gardens.

" Bananagardens  Tuber gardens

Plots held by nuclear families and indepandent individuals:

sample 23 162

mean area {(ha +s) 0.20 £ 0.12 0.07 +0.05

range (ha) 0.03-0.52 0.01-0.21
Contiguous plots (pooled areas):

sample 13 20

mean area {(ha +s) 0.40 + 0.32 0.09 + 0.06

0.07-1.13 0.01 - 0.21

range (ha}

a. Thore were several cases where individual plots within tuber gardens were not identified; thus,

felling, (¢) weeding and (f) harvesting and transport
of the crop. Fences were not usually made at
banana gardens; the only exceptions were two
gardens that included yams and were contigucus

damageri by pigs; this occurred when a domestic
sow dostroyed 20 of 25 bananas planted near a
sraall house in the forest.

Estimates of labour inputtor alitasks excepiiencing
and havasting ere sunimarized in Table 6. Both
sels of values - hours and days per heclare - show
thatmuch sifort was required ingarden preparation,
From 850 to SO0 person-hours ¢r, 88 oppottunity
cosis, 110 to 120 person-days were occupisd in
cizaring, cbizining and transporting suckers, plant-
ingandfelingone hectare of garden. Thesevalues

afe equivalent to 120-130 hours or 15.5-17.0 days

per woiker allocaled to the preparation of banana
gardens in 12 months (based on 5.17 ha in 23
months and an eguivalent of 19 full-time woriers).

' Clgaring and planting ccoupied about one third of

the time aliocated to preparation of banana gar-
dens; coilection andtransport of suckers and feliing

- sample size here is lower than for the pooled areas from contiguous piots.

of trees occupied about two thirds. Clearing en-
tailed fairly thorough removal of undergrowth and
slashing of saplings. Most of the work was with
machetes and, during this phase, some tregs were

the zone of planting. Sucker coliscticn and trans-
port was the most arduous preparaiory task. Suck-
ers were dug from gardens that had beenplanteda
rrinimum of 10 months eaitier (usuatly 12 or more
months eariar) where weads and regrowth might
be talt and dense. They were prepared by paring
the comi and cutting across the stem o leave a
portion 8-12 om in diarneter and 20-30 om long.
Average weight was near cne kilcgram, A fow
suckers with intact lsaves ware nicarny chvays v

chuded among those that wero planted. Suckers

were carried by (ool or by cance fo (e clcared
garden site. Distances varied from a fevr hundrad
matres to more than 4 kn with most suckers for

larger gardens carried more than 1 km. Distances

travelled to service one set of 'coniiguous plots
where 1727 bananas were planted summed to 89
km by foot uniaden, 63 km by {cot ladenand 28 km
by canoe. Use of cances eithar on the river or by
haulage in streams greatly reduced the work. Very
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Table 6. Labour inputs at banana gardens.

Sample Sample
_ Task no.of ha. Days/ha® no.of ha. Hours/ha®
plots plots '
Clearing 1 0.17 235 1 0.17 155.9
Suckers 3 147 406-41.7 2 0.34 374.0
- Planting 3 045 18.3 3 0.45 106.6
“Tree felling 6 1.05 345-355 6 1.05 229.9-238.2
~~  All preparatory tasks® 3 147 110.8-119.0 1 017 851.9-8029
Weeding 1 0.31 56.5 1 0.31 401.6

a. A range of values is indicated for some estimates.

_b. Data from these plots do niot separate labour inputs as clearing, transporting

suckers, planting and tree felling.

oftenthe suckers were obtained fromotherpeople’s
gardens.

Planting of banana suckers was relatively quick.
There was no soil preparation. A digging stick,
made on the site, was used to make and widet &
hotainthe ground and tha sucker was thrust inside.
Trees were usually fellad immediately the bananas
hadbeenpianted. Steelaxeswere usedandlarger,
butiressed, trees were usuaily feiled from flimsy
frames that placed the axeman above the leve! of
the butiresses. Because banana gardens were

viade iy advanced second growth -forest -many

trees were relatively farge and the work was difficult.
The35.0person-days (234.1 person-hours) needed
1o fell 1 ha of banana garden contrasts with an
estimate of 21.3 person-days (124.7 person-hours;
sample 0.20 ha) needed tofell 1 ha of tuber garden;
the latter gardens were made in younger regrowth.

Ideally, portions of banana gardens wheretaro had
been planted relajjvely densely were thoroughly

weeded in about the fourth month after planting and
areas where taro were absent or few were weeded
inthe sixth or seventh month after planting. Delays
beyond these times seriously reduced taro yields
and promoted the chance of damage by rats to
fruiting bananas. Again, ideally, weeding of taro
and bananas was maintained until about the twalith
month after planting by which time the taro harvest
was effectively over and banana productivity was at
a peak. A garden might be older than one year
before much weeding - in fact, slash clearing - was
done in fringe areas where sugar and lowland pitpit

werg-concentrated, At Gwaimasi fow people ad- |
hered o these ideals. Mogt people didweadtaroin -

the fourth month after planting but many did little

~ subsequent weeding; the cost to them was prob-

ably reduced yields inthe later phase of the harvest
period, after about 8 months. Some people did fitile
orno weeding amongbanana plants, ordelayedthe
task until the ninth month when the harvest was
underway. Often they merely slashed back higher
weeds to improve access and did not maintain the
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work. Again, the cost would be inthe later phase of
the harvest pericd, after about 15 months from

planting. .

The magnitude of differences among garden own-
ers in their enthusiasm for weeding, combined with
the intermittent nature of the work, meant we ob-
tained few quantitative records. Details are avail-
abiefroma0.31 hagardenthat was very thoroughly
weeded in the fifth month after planting (Table 6).
The effort entailed was both considerable  and
exceptional. The work was done on behalf of a
manied couple who had been absentfor one month
awaiting the birth of their child and, with most village
residents contributing to the task, the occasion was
as much social as it was necessary. At Gwaimasi,
few people made this sort of commitment and we
doubt that the average for all weeding would match

the value recorded from the one episode shown in

Table 6.

One other maintenance activity was performed,
with varying consistency, by banana gardeners.
This was removal of the bell (or male bud) from the
buhch after all bananas had set. (This act may
increase final bunch weight; Johins and Stevenson
1979). The fask was accomplished easily when
paopis were weeding of harvesting and, hence,
opportunity costs were piobably negligitle. Grouns
that weeded their bananas most thoroughly were
also mast likely to citihe beltfromihe bunch, deing
50 when the frut were well established. The
frequency with which the bell was cut was highest
inthe ninth month after planting (>50% of bunches
with medium or advanced frut) and was low alier
the fwalfth month {<10% of bunches with mediumor
advanced frult). Kubo do not eatthe ball of banana
bunches though, elsewhere in Fapua New Guinea,
it is sometimes cocked and eaten (cf. Womerslay
1972; May 1984). Trashing was not done and
propping stems was uncommon. Suckers were not
thinned except as required for establishing new
gardens, Because suckers were ofien obtained
from gardens that had been planted about one year

eandier, and from plants that had not yet produced,
there was probably an incidental gain in weight to

. bunchescarmiedbythesemotherplants(e.g. Heenan. . .

1973).

We lack specific data concerning harvesting. Aone
hectare banana garden yields 1313 bunches of
bananas (see below). At Gwaimasi most bunches
were carried from the garden to the village for
consumption either intact or, less often, as sepa-
rated hands. Average bunch weight was about 5.5
kg and average round-trip distance was about 1.20
km. Aminimum estimate, based on three bunches
per load and 3 km per hour, would be 180 person-
hours to harvest 1 ha but actual cost would have
been higher because relatively few loads included
three bunches.

Maies and females contributed in different ways to
gardening tasks and, additionally, assistance with
workatotherpeople’s gardens was common. Table
7 summarizes relevant data; these are from nine
different sets of contiguous banana garden plots.
On a per-person basis the estimates in this table,

males because males comprised 56 percent of the
available work force (4782 of 8470 person-days).
Anindivicdual is classed asan ‘owner’ for workdone
at any plot within a ¢enliguous set where hs or sha
heid a plof. Thus, the data overstate the contiibu-
fions of trize owners. I one exceptinnal case, trua
owners contriblted only 1.5 person-days lo the
preparatory tasks at a 0.14 ha plot which, in tolal,
required about 16 person-days effort. Nots also
that the ratio of visitors 1o residents at Gwaimasi
(exciuding absences by residents beyond the local
subsistence area) was approximateiy 0.23:1.

Males did all tree felling in banana gardens and

contributed morethanfemalastothe coliectionand,
espacially, transpont of suckars; they did somewhat
less clearing and much less planting and weeding
than females. Assistance was most common with
the labour-intensive tasks of transporting suckers
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Table 7. Gendor roles and assistance st banara gardons.
Garden task
clearing suckers planting feling  weeding
Sample: no. of person days 24.25 62.75 32.25 51.75 41.75
_proportion by males 0.46 0.62 0.29 1.00 0.33
proportion by ‘owners’ 0.81 0.59 0.74 0.45 0.57
proportion by assistants:
residents 0.19 0.414 0.26 0.47 0.40
“visitors - - - 0.08 0.03

and felling trees. indeed, owners contributed less
than assistants to felling trees and, with this task,
visitors as waell as residents were likely to help.
Assisiance with felling trees was sometimes ac-
tively solicited, even between communities. Most
assistance with clearing and planting was from
females (0.95 and 0.88 of 4.5 and 8 days respec-
tively) and, with sucker transpont, from males (0.64
of 25.5 days). The pooled data of Table 7 mask
variation between gardens. Less assistance was
forthicaming at emell gardens than al larger ones,
and whan bachelors initiated gardens that were not

part of a contiguous set of plots they were likely to
do nearly all clearing and planting themsehes.

The values of Table 7 and the estimates of labour
input in Table 6 are combined in Table 8o arrive at
approximations of the total work done by males and
females, owners and assistants. Males did more
work than females in the preparatory phases of
gardening but females contributed much more to
weeding. Assistance at gardens amounted {0 a
wintmurmof 40 peteent of allwork though little of this

was with clearing or pianting. Gne bachelor ratio-

Tabla 8. Labour ipets ot banana gendens (dayefia) by meios end ferasios, snd by ‘cwners’ and

awasieients.,
Tazk Totaddayesha hales Fermales ‘Owners’ Agsistants
Cleating 235 10.8 12.7 19.0 45

- Duskers 411 - - - - - 255 16.8 242 169
Plenting 18.3 53 13.0 13.5 48
Tree felling 35.0 .35.0 . 158 192
Weeding 56.5 18.6 379 322 243
Totals 174.4 852 79.2 104.7 69.7
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nalized the amount of weeding done by women by

-asserting that “women who have pigs should keep -

watch over gardens”.

Most harvesting was done by owners or their ap-
pointed agents and the work was shared by males
andfemales. Females contiibuted morethanmaies

todaytoday harvesting needs bat, if alarge harvest
was due, then males did most of the work. .

Because fernales fiving near the Strickland River
did not paddle canoes, all work at gardens east of
the river required some male participation. It is
probable that males contributed more to afl fasks at
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Figure 2. Yield pﬁ&s‘ﬁa of bansnas from eight gardens. For esch gardan, or gel of gordons, tho
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figure records the month of planting, the number of bananas planted, sample sizes and the
propostions of plarts in these samplos that wars nen-productive (i.o. nuil), collapsad or dead (i.e.
Jost), bore flowers or carrisd fruit (i.o. fowering and fruiting) or had bsen harvested. The
‘supplementary harvest’ is additional to the primary harvest and derived from multiple-steramad

plants and daughter suckers.
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these gardens than was the case for gardens west
ofthe river. (Valuesin Tables 7 and 8 are biased by
estimates from west-side gardens). East-side fam-
ity gardens had not produced bananas by the time
weleft Gwaimasibut, unlessthe families concemed
relocated 1o the east, the burden of harvesting
would have fallen aimost entirely to males. Larger
banana harvests from west-bank gardens were
often made by men using canoes,

YIELDS

Yield data from eight gardens are summarized on
Figure 2. Data from gardens planted in the same
month are pooled and, for each garden or set of
gardens, the plots of Figure 2 commence in the
eighth month after planting. 1t was in the latier half
of this month thatthe first harvest of bananas could
be expected. This was not confirmed at any of the

gardens depicted on Figure 2 but was confirmed at
two other gardens.

The depicted patterns are similar. About 5 percent
of plants were lost because they died or were blown
down. Flowering was underway as early as six and
& half months atter planting, and from the ninth to
fourteenth months, betwean 20 and 30 percent of
bananas were ejther ficwering or canying fruit.
Thereatfter, this proportion dropped rapidly to about
5 percent. Banana production was well underway
by the aleventh month post-planting and continued
at a high rote until the filteenth month. After this
tima the rale of production from primary suckers

Soanioy me sl L e v s b b T g b s e e b
wWas gredisn retuced but a biel supplemsntary

harvest, from muliiple-sternmed and secondary
suckers, commenced. (In the case of muitiple-
stermmed plants supplementary harvest’ refers to
second and subsequent bunches from the one set
of stems.) After nineteen months the yield was
effectively over. By the close of this month, 82

- percent of initial plantings had produced a bunch of

bananas andthe supplementary harvestamounted
to 13 percent of the number of suckers that had
been planted. The average density of banana

plants was equivalent to 1382 plants per hectare.
Thus, the expected yield of bananasis 1133bunches
from primary suckers andanadditional 180bunches
as supplementary harvest. This is equivalent to
more than 7500 kg bunch weight or 4494 kg edible.
weight (at time of harvest) per hectare.

Little harvesting occurred at banana gardens be- -
yond the twentieth month after planting. By this
time the garden was difficult to traverse, walking
tracks that once passed through it had been re-
routed around it, and the banana plants were over-
grown by atangle of weeds, vines andregrowthand
were often withered and dying. But we think that if
maintenance had been sustained the yield would
have persisted longer. People abandoned banana
gardens because access became difficult and this
happened because they ceased maintaining the
gardens. At several very advanced gardens we
saw bunches of ripening and of rotting fruit. Some-
times when people visited these sites for other
purposes - to harvest lowland pitpit, obtain banana
suckers, tend groves of fruit pandanus or fish
nearby - they would eat bananas. Often they
discarded most of the bunch because quality was
poor and they did not carry these bananas to the
village. Run-dowi gardens were fit for an ocea-
sionat snack but were not visited with the expecta- -
tion of a ussful harvest.

For cases where data from two or three gardens
were pooled in Figure 2, Chi square comparisons
within sample pericds revealed differences in yield
profilesinenly one.case; the harvested proportions
recorded in sampies from Gardans 7 and 8 were
significantly different in January 1987. Further,
there were no significant differencesin yieldprofiles
between gardens or sets of gardens of the same
age since planting. Nor was there any difference
between a vield profile obtained by pooling data
from gardens pilanted in January and February
{Gardens 5-8) with a profile from gardensplantedin
August (Gardens 11-13). In 1986-87 these times
represented climatically distinct periods; they fol-
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lowed and preceded the months when rainfali was
lowest.

Figure 3 combines data from all eight censused

gardens to construct an ideal yield profile. The
curve shows the cumulative vield from time of
planting. Data after the twelfth month from planting
havebeenbracketed astwo-month blocksto smooth
sample differences between Gardens 5 and 6 on
the one hand and Gardens 7 and 8 on the other,
Thefigure was usedto construct ayield profile from
ali gardens (pooled) and it is this that is the basis of
analyses of availability and consumption of ba-
nanas in the following sections.

AVAILABILITY OF BANANAS

Estimates of the numbers of bunches of bananas
produced each month from January 1986 to De-
cember 1988 are given in Figure 4. These esti-

Cumuistive visic
I
\
BN

2uppiemoniary harvost

mates are from all gardens made in ihe vicinity of
Gwaimasi between January 1985 and November

1987. They are based on the ideal yield profile-of .

Figure 3 with adjustments made for cases where
bananas were known to be planted either early or
late in a particular month. Gardens 1 to 4 were
planted in 1985 and estimates of the numbers of
bananas planted are approximations only.

The longhouse at Gwaimasi was built during Feb-
ruary and March 1986. Before thistimethe residen-
tial base of the people who eventually fived at
Gwaimasi was Sesanabi, 8 km northwest of
Gwaimasi, and well outside the area used once
Gwaimasi was established. By Marchor April 1986
Gwaimasi residents had effectively abandoned gar-
dens associated with Sesanabi. From this time,
untit late 1986, when gardens pianted in January
and February 1986 were productive, the people
were dependent upon sago starch. In December

Hoaths efter plontiag

Figure 3. Anidaalized yisld profila forbanznas. Yield is represented as a proportion of the number
of bananas plarted. The ‘supplementary harvest’ is derived frotn muitiple-stemmad plants ard

daughter suckers.
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Figure 4. Total production of bananas (bunches/month) at Gwaimasi from January 1986 to July
1988. Estimates from Gardens 1-4 are less reliable than those from gardens that were planted
later. The study period is represented by a bar. Outcomes of planting (a) 10060 bananas in
December 1987 (dashed line) and (b) 1000 bananas in each of December 1987 and January 1988

{dotted line} are indicated,

1986 local gardens yielded 220 bunchas of ba-
nanas and, thereafter, until July 1988, the yield fell
below this level in only one month {June 1987).
From mid-1986 untii eatly 1988 the monthto menth
yield oscillated but trended consistently upward to
peak at an expected 450 buncheas in March 1988.

‘Therealter; production ficimrgarders we maasured -

would fall dramatically. Until July 1988 (with an
expected yield of 250 buniches) this fall could notbe
reversed but, it large scale planting occurred in
December 1987, after we departed, further decline
could have been avoided (i.e. gardens planted in
December 1987 would produce bananas from Au-
gust 1988). The figure records outcomes of plétil—
ing (&) 1000 bananas in December 1987 and (b)

1000bananasinboth December 1987 and January

1988. Clearly, to mainiain banana production atthe

1987 level would have required much effort in the
menths immediately following our departure.
Through the 29 months from March 1986 to July
1988 average production was 231 bunches per
month (s =+131 bunches) with & range from 8.5 1o
450 bunchss per monti.

CONSUMPTION OF BANANAS

We did not directly investigate the consumption of
bananas. The following analysis assumes that (a)
Figure 4 represents month to month availability of
banana bunches, (b) all harvested bananas were
eaten and {(c) sharing resulted in an even distribu-
tion of available bananas among actual consumers.
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Table 9. fonthly availability of banahas, September 1986 to October 1987.

Consumer-days (C)* Bunches of bananas (B)
Month kcal/Ce
residents  visitors total total  adjusted® B/C

1986

Sept. 616.2 67.1¢ 6833 67.1 61.9 0.09 339-424
Oct. 584.4 173.8 758.2 110.8 103.2 0.14 527-659
Nov. 621.4 144.6 766.1 151.6 1374 0.18 678-847
Dec. 545.8 7.7 617.5 219.8 191.6 0.31 1167-1459
1987

Jan. 532.4 2949 §27.3 303.5 2845 0.34 1280-1600
Feb. 492.4 23.6 516.0 3128 2885 0.56 2108-2635
Mar. 538.4 113.3 651.7 2783 261.2 0.40 1506-1882
Apr. 542.6 884 631.0 279.6 265.3 0.42 1581-1976
May 5328 132.7 665.5 2351 218.4 033 1242-1553
June 4742 221.1 695.3 182.1 165.6 024  904-1129
July 488.0 145.3 643.3 2920 2679 042 1i581-1976
Aug. 601.0. = 1312 732.2 3703 .  339.2 046 17322165 . . |
Seapt. 557.2 8.0 655.2 311.0 284.0 043 1616-2023
Cct 5308 71.8 652.6 261.6 240.4 037 1353-1741

7270 1777.6 36052 3384.2 31891 033 1242-185632

a. Residanny values for children underthe sgoe of opprovdmately 12 years woro weighted

{won tet).

b. Adivstments havo besn wado fov Banznss eoten by domostic pigs and the authors,
§ i B

¢ - Salimrize of enorgy 2o based onomeen valuss of 205 {ingers per bunch of banonss

and 78.0 g esdihls par rine (molsturs-laden) fingor and a ranga from 180 to 125 keal/i00 g

ediblz (nee ‘Tachnintos),

¢ Binimun ssthimale.
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In broad tenms these assumptions fit our impres-
sions. The number of actual consumers on any day
was taken as all individuals (residents and visitors})
who slept that night at Gwaimasi village or withinthe
subsistence zone associated with Gwaimasi. Resi-
dency values for children were weighted such that
one 2-4 year old was taken as 0.5 units, one 6-8
year old was taken as 0.7 units and two 9-11 year
olds were each taken as 0.8 units. Nursing infants
were excluded. (Comparable adjustments were
made forvisitors who were lessthanabout 12 years
old.)

Month to month estimates of banana bunches per
consumer day and of calorific retums per con-
sumer-day are summarized in Table 9 for the
months September 198610 October1887. Through
this period the mean return per day was equivalent
to 0.33 bunches per adult consumer, A conserva-
tive estimate of the mean calorific retumn is 1242
kcal/day to each adult consumer but the value of
1553 kcal/day may be more realistic. Recom-
mended daily intakes for males of Kubo stature
- (assuming a moderate activity regime) are of the
order of 2500 kcal/day. At Gwaimasi, adult fe-
males, taken collectively, were either pregnant or
lactating during 54 percent of their aggregated
months of residency and, hence, average daily
requirements for femailes may have approached
those for males. Thus, even the conservative
estimate of calorific returns frombananas suggests
that from September 1986 to Oclober 1987 people
couid have derived half their energy needs from
hananas. Monthiy variability in the availability of

- Bananas to consumers was high with a range from-

0.09 10 0.56 bunches per consumer-day. Thus, at
a minimum, this food supplied from as little as 14 to
“as much as 85 percent of energy needs a mornith.

Between September 1986 and October 1987 the
mean monthly total of consumer-days was 678.9;
despite high mobility variance was not extreme (s =
+ 75.8). Using this average value for March 1o
August 1986 (before our arrival) and November

1987 to July 1988 (after our departure) gives mean
values, respectively, of 0.05 and 0.51 bunches/
consumer-day. [If 678.9 consumers need 224
bunches (678.9 x 0.33) to meet half their energy
needs, then from March to August 1986 bananas
were of minor importance in the diet of Gwaimasi
people (2-14% of monthly energy needs) and from
November 1987 to July 1988 they were of major
importance (56-100% of monthly energy needs;
see Fig. 4). Pooling valuesfor all 26 months (March
1986 to July 1988} and, again, using 678.9 con-
sumer-days per month where data are missing,
gives an overall mean of 0.33 bunches/consumer-
day. Allthese values are, of course, crude approxi-
mations to what was possible. But they reveal that
the people at Gwaimasi had the capacity to move
back and forth between virtual independence of,
and full dependence on, bananas as their primary
carbohydrate source,

DISCUSSION

Kubo agriculture was non-intensive. Small gardens
were cut into secondary forest that, in the case of .
banana gardens, had been fallowed for not iess
than 15 years. Different varieties of bananas and,
usually, a mix of other crops were interplanted.

Bananas commenced yielding in the eighth month
after planting and were most productive from 12 to
15 months. Planting densities averaged 1382
plants/hectare and the expected yield was 1313
bunches or 4494 kg edible (about 7500 kg as bunch
weight) per hectare. All was available from eight to
aamonths afterplantingandwe esiimatedthat from
September 1886 to Cctober 1887 bananas pro-
vided at least 50 percent oi the energy require-
ments of the people. They confributed more to diet
at Gwaimasi than they did in the seasonally dry
environments at Kaiapit (Morobe Province, 30% by
weight; Langley 1950) and Oriomo Plateau (West-
ern Province, seasonal maximum 26% of energy;
Ohtsuka 1983). At Gwaimasi people shifted be-
tweenvirtualindependence of, and fulldependence
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on, bananas but this variation in yield was not
seasonal. In 1986-87, at Gwaimasi, most bananas
were planted at intervals of roughly six months
(Table 4). At nearby communities we knew of
relatively large banana gardensthat were plantedin
December-January, between late May and mid-
July and in August. Shaw (1990) reported that
among Samo, who live immediately south of Kubo,
most bananas were planted from June to August.
Though these records are few that suggest that in
this region of Papua New Guinea the period from
September to November may be least suited to
planting bananas.

Relative to residents of Gwaimasi, people of the
Amele area (Madang Province) ate about one third
the quantity of bananas. King et al. (1989) estij-
mated that in this area banana yields were about
5573 kg (bunch weight)/hectare. In South America
the Bari (Columbian-Venezuelan border) produced
about 4260 kg (bunch weight)/hectare per year
. (Beckerman 1983). These estimates were based
on planting densities of 1030 and 770 bananas/
hectare, respectively, and, thus, relative to planting
density, match the Gwaimasi estimate. Compared
to the wide range of values repoited from Papua
New Gilincan sweet bolato gardens these esti-
mates of banana production are on the ow side
{Rappaport 1468, Waddali 1972, Hide 1381; Sillitos
1883; Mide et al. 1984; Bourke 1985).

Al Gwaimast the work requiredto prepare a banana
garden - clearing, sucker collection and transpoit,
planting and felling trees - was 850-9C0 person-
hours or 110-120 person-days per hectare, These

gardens were not fenced and so this commitmen; -

appears high. For example, Clarike's (1971) esti-
mate ofthe labour inpreparatoty tasks atthe fenced
tuber gardens of Bomagai-Angoiang Maring
. {Madang Province) was approximately 625 parson-
" hourg/hectare. Given that this value excluded
~ trave} and rest times it is probably similar to the
Gwaimast estimate. In the Bomagai-Angoiang
case planting (36%) and fencing (34%) were the

most demanding tasks; at Gwaimasi banana gar-

. dens tha collection and transport of suckers occu- . .

pied 42 percent of preparatory person-hours.
Chagnon (1983) was also impressed by the work
entailed in transporting banana {=plantain) suckers
when Yanomamo (Venezuelan-Brazilian border)
established new gardens at a distance.

Total commitment for all work at Gwaimasi banana
gardens may have exceeded 185 person-days {or
1400 person-hours) per hectare. Using these val-
ues refum for effort from banana gardening was
24.3 kg edible/person-day or 3.2 kg edible (3520-
4400 kcal)/person-hour. Allowing that our esti-
mates of hours worked included periods of rest,
energetic efficiency may be in the range of 10-15:1,
near the mode of the range of values reported from
a variety of subsistence agricultural systerns (e.qg.
Ellen 1982).

At Gwaimasi, banana gardens were virtually aban-
doned 20 months after planting. By this time weeds
and early regrowth were well developed and re-

‘maiiing banana plants were in poor condiicn.

Thus, the people obtained a single, steggered
harvest andthen shifted attentionto another garden
site. Thishehaviour hasnetreendescrbed among
subsisterce pacple who depend upon bananas as
& staplefood though it may be a correlzleof growing
bananas in regions of high, year-found raintall, tis
more usual that soma wesding s maintained, that
suckers are thinned and that daughter plands are
promoted in sifu or replanted within the same
garden. In the Mariham Valley of Papua Mew
Guinea banana gardens, planted with dry-adaptad
triploid varieties, may continue producing for more
than 10 years (ing st al. 1989). Among the
Yanomamo, Hames (1883} raported that planiain
gardens were maintained until a third harvest after
which the yisld drepped. There wes a small incre-
mant in yield from the first {o the third harvest that
resulted froma “near-doubling of plants” after each
harvestcormbined with a substantialdecreaseinthe
size of bunches from suckers that had bean sepa-
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rated from the mother plant. Hames' reportimplied
that Yanomamobanana.gardens exhibited discrete
harvest periods. Chagnon (1983}, however, wrote:
that “there is no peak harvest period, for plantains,
if planted in the proper fashion, are ripening all year
long”. Oriomo Papuans (Westemn Province) also
continued to harvest bananas from gardens that
hadbeenplantedthree orfouryears earlier (Chtsuka
1983).

Whenthe life of a banana garden can be extended,
felling of trees and transport of suckers are needed
less often and, presumably, efficiency may be
increased. The abandonment of gardens by tropi-
cal agriculturalists is commenly discussed in terms
of costs arising from increased growth of weeds,
decreased soil nutrients, or both {e.g. Chagnon
1983; Hames 1983). InNorth Queensiand {Austra-
lia), where rainfall is high but seasonal, commercial
banana growers plant on alluvial flats and maintain
the gardens for only three to five years (Cull 1987,
E. Gall, personal communication). This contrasts
with the 10-15 year life of commercial banana
gardens in southeastern Queenstand. The rela-
tively brief lifespan of the northern gardens is, in
large part, a conseguence of reduced productivity in
responseto increased infestations of rogtand corm
nematodes (E. Gall, personal communication).
Depletion rates for both nitrogen and petassiumare
also high. The long fallow period accepted as
necessaty by Kubo impiies that restoration of soit
nutnients was neededbefore a site couldbe reused.
it may be thatthe combination of highternperatures

~and very high rainfali characteristic of the region

promoted both parasiie foad and excessive weed
growth as it exacerbated nutrient loss. More de-
ailed research is needed to enlarge understanding

of both the successes of, and limits to, banana
production in this region ¢f year-round high rainfall.
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EFFECTS OF APPLICATIONS OF MULCH AND
POTASSIUM ON CAPSICUM ANNUUM

D E Gollifer?

ABSTRACT

Applications of organic muich and potassium resultedinincreases inyield of chillifruit (Capsicumannuum),
of upto 170% and 113% respectively. The effect of muich was to supply potassium to the plant, and when
mulch was applied at 40 t/ha it was equivalent to supplying 210 kg/ha of K. Mortality of plants in the plots
which received no muich or potassium was high. A crop of 2500 kg/ha of dry chilli fruit (10,000 kg/ha fresh)
removed approximately 62 kg/ha of K fromthe soil. The tolaldry matter perplant was considerably smaller
in the plants which received no muich or potassium. Plastic muich enhanced plant growth probably
because of the reduced competition by weeds for avaitable K. Differences in the pH and moisture content
of the soil between treatments were not considered important.

Key words: Chillies, calcareous soils, muich, fertilizers, potassium.

INTRODUCTION

Chillies (Capsicum annuum L. var. annuum) were
intreduced to the Solomon Islands from Ceylonand
india fortrial and evaluation as a potentiaicash crop
fortocal growers {Gollifer 1973). The investigations
on cutivar type and fediliser requirements were
carried out at Dala research Station on Malaita
Island which lies between 8°and 10° S and 160°and
162°E. Theclimaleis wet tropical, mean maximum
termperatures seldom exceed 31°C. The average
relative humidity is approximately 80 percent
throughout the year, and mean anaual rainfall is
-over 2000 mni fortnoat arcas andis walldistributed,
The soils of the research station are known as the
Dala Series, they overiie calcareous material and
~are low in exchangeable potassium (Ballantyne
1961; Wall & Hansell 1973). Bailantyne (1961)
described the soils as all being of fine texture,
between a silty-clay-loam and a clay and show no

*Dala Research Station, Malaita, Solomon |slands. Present
address: Barima, The Green, Gt. Bentley, Colchester, C07 8PD,
UK.

signs of restricted drainage. The percentage of
nitrogen is high (0.60 - 0.92 percent) in the undis-
turbed top soil which is associated with the high
organic matter content ofthislayer. Total phospho-
rus ranged from 0.36to 0.80 percent, but availability
may, however, be low due to formation of complex -
tron and alumirium compeounds. Total polassium
ranged from 0.71 to 1.27 megqiv. per 100 g. Tha
exchangeable potassiumwas very low, and exciud-
ing the top 5 cm ranged from 0.15 to 0.04 mequiv.
per 100 g dry soil. The potassium deficiency may
well be accentuated by the high exchangeable
calcium and/ r magnesium status of the soif which

abie potassuum of generaily wider than 50:1.

Goliifer {1 972) repohéd yield résponses in chillies
due to applications of potassium of up to 70% over
those of the non-fertilised plants. The aggregate

yields of fresh fruit were 12,535 and 7,139 kg/ha for
the fertilised and controi plots respectively by 42
weeks from planting. Furthermore 30% of the
plants that received no potassium died due to
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infection of the stem base by the fungus Sclerotium
roffsii Sacc., whilst only 4% of the fertilised plants
were affected. . - .

A mulch treatment superimposed on a chilli cultivar
trial resultedin significant yield increases 47% over
those of the non-treated plants. Aggregate yields of
fresh fruit over a harvest period of 24 weeks were
5,697 and 3,801 kg/ha for the mulched and non-
muiched plants respectively. Additionally by 42
weeks from planting, 50% of the non-treated plants
and 11% of the mulched plants were dead. Mortal-
ity in this case was not due to infection by S. roffsii
as this was controlled by applications of PCNB
{Penta chioro nitro benzene),

As the mulch treatment was so beneficial, it was

- decided that further investigations should be made
to determine the role played by muich on the soils
of the Dala Land System. Also as it is difficuit to
convince subsistence agriculturalists to use fertiliz-
ers on their crops it was thought that they would
more readily accept the use of mulch as it was a
practice formedy used in the Solomon Islands for
cuttivation of taro (Colocasia esculenta) (L..) Schott.
mulch beingknown as tatavo. Thispaperdescribes
two experitnanis in which mulch and polassium
were appiied 1o chilies.,

HATERIALS AND METRODS

Thoaimsofthetwo expenimeniswareloinvestigate
the sffects of applications of muich and patassium
fas muriate of potash) ontha yield of tha Indian chilii
cuttivar "‘B16 A-1" grown as a rainfed crop at Dala
Research Station, Malaita lsland. Seedlings were
raneflanted into the field whan 6 weeks old at a
spacing of 0.6 x 1.2 m. In both experimanis the
potassium was gpplied in two dressings, one at
transplanting and the other 12 weeks later al a tolal
rateof 180kg/haof elemental K. PCNB was appiied
1o all plants 11 days after transplaniing at a rate of
9.9kqgin 3595 litres of water perhectare. Fruit were
harvested at weskly intervals commencing at 9

weeks after transpianting and this was continued
for 32 weeks (Experiment 1) or 17 weeks (Experi-

‘ment2). Fresh weight yieldsoffrutand monralityof - - |

plants were recorded. The harvestable plot size
was thirty and fifteen guarded plants for Experi-
ments 1 & 2 respectively.

Experiment 1

Field planting took place during September 1968,
The experimental design was a 22 factorial ar-
ranged as a randomized block with four replicates.
The potassium was applied as outlined above at 0
and 180 kg/ha of elemental K, and the mulch at 0
and 30 tha intwo dressings at transplantingand 12
weeks later. The mulch consisted of cocoa pods,
grass and sweet potato vines which had been
mechanically chopped and then composted for 2-3
weeks before application.

Soil samples were taken from the surface and at
depths of 10 and 20 cm for determination of the pH
(H,0). The first sampiing was done before the
treatments were applied and the sample size was

- sixteen. A fuither sampling was made immediately -~ -

prior to the second application of fertiliser and
rulch, andthe sampie size was ten per pict orforty
per treatment. Samples of oven-driad muich were
fanvarded to Unilevers Plantation Greup of Londan
for chemicat analysis.

Exporimont 2

Fiedd planting took piace during suly 197). The
experimental design wag a spiit piot with five repli-
cates. The main plot treatments were: (a) organic
muich of similar compostiion as in Experiment 1,
‘applisd in one application at 4C tha at 7 days after
transplanting; (o) plastic mulch positioned at 7 days
after transplanting; {c) bare soil. The sub plot
tfreatments weare: (a) potassium; (b} no potassium.
The piastic muich consisted of 0.8 m wide strips of
yeliow plastic sheeting laid down between the rows
of chilli plants leaving 0.3 m gaps in which the plants
grew.
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Fifteen plants were selected randomly per plot for
growth analysis studies and the remaining fifieen
were used to provide yield data of fresh fruit.
Growth analysis measurements including plant
heights, were made at monthly intervals starting at
8 weeks after sowing through to 32 weeks. The
sample size was two plants per plot or ten per
treatment. The dry matter contents of component
plant parts were determined after oven drying at
100°C for 24 h.

Soiltemperatures at 7.5 cm depth were determined
at 1200 and 1500 h for 120 days with soil thermom-
eters. One thermometer was used for each main
plot treatment. Three soil auger samples taken
from the 0.15 cm layer were removed per sub plot
at weekly intervals on four occasions, and the soil
moisture was determined gravimetrically after oven
drying at 100°C for 24 h. On collectionthe samples
were sealed in tins until the initial weights had been
recorded.

Oven dried samples of leaves and fruit taken from
each sub-plot when the plants were 20 weeks old
weresentiothe Land Resources Division, Tolworth,
England for chemical analyses. Soil extracts and
plant root samples were forwarded to Rothamsted
Experimental Station, England todetermine if patho-
genic plant nematodes were present. The soil
extracts were made using the method described in

Peachey (1969).

RESULTS

The yields of fresh frutt are shown in Tables 1 and

3, and morafity of plants in Tables 2 and 4 for
Experiments 1 and 2 respectively. The potassium
and mukch treatments were both significantly differ-
ent and had a positive effect on the yield of fruit in
Experiments 1and 2. inthe case of plant mortaiity,
the mulch effectwas significantly ditferent in Expeni-
ment 1, whilst both the muich and potassium effects
were significantly different in Experiment 2, result-

(Table 2) is explained by the fact that applications o
potassium resutted in a reduction of mortality in th
unmulched plots, buta slightincreaseinthe muiched

plots.

ing in less plant mortalities. The interaction eﬁ«]

Tabje 1. Yield of fresh chilli fruit (kg/ha) for the|
32 week harvest period (Experiment 1).

Mulch (Vha) Potassium (kg/ha) Mean
0 180
0 2735 12959 7847
30 14560 16228 15394
Mean 8648 14504 ’
:
s.6.d(0.05) Sign. effect "
K x mulch +/-2092.0 *
Muich +/- 2087 .1 e
K +/- 2087 1 * '
CV.=254% S.E.+/-1476.1

B

Table 2. Mortsiity (% of chilii plants which dééﬂ);g

by 40 wesks (Expstiment 1). ‘
Al
Mulch (Vha) Potassium (kg/ha) Mean
0 180 j|
""" 0 480 258 0 380 ;;
30 80 110 95
Mean 280 180 -;
s.e.d(0.05) Sign. effect
K x mulch +/-7.51 ¥
Mulch +/-7.49 -
K n.s.
CV.=440% SE. +-57
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‘Table 3. Yield of frash chilli fruit (kg/ha) for
the 17 week harvest period (Experiment 2).

Mulch Potassium (kg/ha) Mean
0 180

Organic 12879 15910 14395

Plastic 3195 11374 7285

Bare soil 1160 89502 5331

Mean 5745 12262

. $.6.d(0.05) Sign. effect
Kx mulch  +~1139.1 i
Mulch +-1148.0 b

K +-1132.7 bl
SE.+814.0;CV.=10.1%
S.E. +/-4469: CV. = 20.0%

+ Main plots:
Sub piots:

*(approximate for all comparisons)

| Table 4. Wortalkity (% of chilli plunts vihich died)
| by 82 washs (Exparimant 2},

ulch

Potassium (kgha) Mean
0 180

~ Trganie 54 5.4 5.4
. Plastic &0.8 254 381
. Bare soll 38.0 148 253
\\Maanao.‘?w.i
I. s.ed(0.05  Sign. effect
; f?!uich +/- 9,14 *

K +- 771 h

Main plots: SE. +-65CV.=321%

Sub plots: S.E +-32;CV.=53.0%

Growth analysis

" The dry matter of the ptant components and plant =

heights are shown in Table 5 with effect from week
20. The measurements recorded prior to week 20
and all standard errors were excluded for reasons
of clarity, as they were not considered to be suffi-
ciently importantto present. Ateach determination,
the plant components were larger for the plants
which received organic mulch and potassium, and
by 28 weeks the dry weights of fruit from these
treatments were almost three times as large as
those fromthe other plants. Thedry matter of plants
generally reached a.maximum at 28 weeks and
thereafter declined in most treatments, whilst plant
height was still increasing at 32 weeks. The plastic
mulch had a favourable effect on plant growth as
ptants from this treatment were larger than those
grown in bare soil probably due to reduced compe-
tition by weeds.

Nematodss

~ No plant pathogenic nematodes were found inthe

soil nor in the roots of chilli plants.

Solf valuas

The pretreatmant sofl pil values recorded at 12
weeks, justprior o the secondagplications ofmukch
ard potassium, and of soll teimperatures reconied
at 7.5 om depth are presented in Table 8. There
was a smallpeskive effectof muleh onthe p which
docrezsed linearly with depth, Temperatures were
higher under the plastic sheeting and bare soil than
uridar the organic mulch (Table 8). There was little

‘difisrance in the soil moisture values arong the

freatments and gravimatiic determinations were
discontinued after four samplings.

The concenirations of polassium in oven dry leat
and fruit material, and for leat magnesium are
shown in Table 7. The levels of ieaf and fruit
potassium were significantly higher in the planis
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Table 5. Changes in dry matter of plant components (g/plant) and plant height (cm)

over time (Experiment 2).

Age Mulch Potassium Muich Potassium
(weeks) O P N K +K o P N K +K
Leaves Stems
20 417 276 163 231 339 447 360 185 293 36.8
24 702 314 196 270 538 871 528 246 405 6941
28 914 363 266 276 763 1326 553 401 431 1029
32 668 359 252 266 586 1186 71.8 469 581 100.0
Roots Fruits
20 101 8.9 6.7 82 95 604 549 215 345 566
24 16.0 1541 7.4 96 160 1398 965 516 708 121.2
28 269 150 114 133 242 1497 557 601 470 13141
32 211 156 114 130 190 1015 547 444 409 928
Total dry matter Height
20 1569 1284 63.0 951 136.8 77.5 68.1 599 653 716
24 3131 1958 1032 147.9 2601 798 699 556 638 729
28 4006 1623 1382 1350 3325 042 704 721 714 86.6
32 3080 1780 127.9 1386 2704 1011 815 762 760 965

Table 6. Soif pH vatues and temperaturos at 7.5 cm depth (Experiment 2).

pH Temperature (°C)

Surface 10cm 20 cm 1200 1560
Pretreatment  6.00 5.60 5.10 )
No mulch 6.04 5.99 548 30.2 32.1

. Qrganic muich . 640 | 628 . 570 28t 298
Plastic muich - . 325 353
Mulch effect +0.36 + 0.27 + 0.22 - '
pH
s..d(0.05) Sign. effect

muich 0.22 *
soil depth 0.04 bl

Main plots C.V. = 1.8%
Subplots CV.=36
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Table 7. Mean percentages of potassium in oven-dry material of chilli plants

(Experiment 2).
Leaf K (%) Fruit K (%) Leaf Mg (%)
K +K Mean -K +K Mean -K +K Mean
Crganic 4.61 470 466 301 331 316 098 088 093
Plastic 064 243 154 164 269 217 161 119 140
Nil 080 293 192 18 266 224 124 106 115
Mean 205 335 _ 2156 289 _ 128 1.4 _
s.e.d (0.05) Sign. effects:
Mulch 033 ™ 025 ™ 015 "
K 035 ™ 028 ™ 014 7
Mulch x K 033 * n.s. n.s.
Main plots: s.e. +/- 0.237 +/-0.174 +-0.100
Sub plots: s.e. +/- 0.139 +-0.113 +/-0.053

which received applications of arganic mulch or of
potassium, particularly the teaf valuas. Thevalues
of leaf magnesiuin were significantly higher for
planis which received no applications of organic
mulch or potassilm.

Savalysis of nwich

Chemical analysis of the drisd ground mitileh showed
that it contained 1.00% N; 0.23% P and 2.15% K
which 2t the rate of 30 Vna of mulch (25% dry
. matter) was approximately squivalent to 75 kg N,
18 kg P and 158 kg K per ha.

. DISCUSSION
Applications of organic mulkch and potassium re-

sulted in increases inyield of chilli fruit of 96% and
69% respectively in Experiment 1, andof 170% and

113% respectively in Experiment 2. The different
rraxirum productivities over time between thetwo
experiinents was partly due to the differential ror-
talities {11.0% compared to 5.4%; for the organic
mulchi< combination in Experiments 1 and 2 1e-
spectively. The waights of plant components, of
tetal dry matier end of plant heighl were much
reduced in the plants which recetved no mulch or
potassium (Table 5).

~ As the applications of muich in Experiments 1 & 2

were eguivalent to 158 and 210 kg/ha of slernental
K respectively, it appears that the mulch effectwas
mainly a potassium effect, especially as Kis s0
easily leached out of dead vegetation. The muich
plus potassium treatment produsced the iargest
yields in both experiments and this was probably
due to the increased input of potassium resulting
from this treatment combination.
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Applications of organic mulch and potassium re-

duced the percentage of plant deaths by 27% and

10% respectively in Experiment 1 and by 26% and

16% in Experiment 2 (Table 2 & 4). As the plants

commenced to bear, potassium would be trans-

ferred 1o the fruit and as reserves of soil K were

limiting, potassium deficiency probably accounted

for mortality. Sclerotium rolfsii did not cause
execessive plant mortality as infection was con-
trolled by applications of PCNB. Analysis of plant
tissuesindicated thata crop of dry chillies {2500ky/
ha)removed approximately 62.5 kg/ha of Kfromthe
soil. The highest fruityields recorded (16,288 kg/ha
of fresh fruit, Experiment 1) would have extracted
approximately 130 kg/ha of K from the soil, and as
the treatment combination of organic muilch plus K
would have contributed in excess of 340 kg/haof K,
itis likely that in addition to higher uptake of Kinthe
leat tissue of plants from high K treatments (Table
7), there was also considerable {eaching of soluble
Kfromtheroot zone. Thisis duetothe nature ofthe
soilsofthe Dala Series, andthe highwell distributed
annual rainfall experienced on Malaita. The signifi-
- cant negative yield interaction between K and or-
ganicmulch (Tabie 1) provides strong evidencethat
the effect of muich was to provide K to the crop.

The ievels of potassium in the leaves and fruit were

much higher in the plants which received applica~

tions of organic mulch or potassium (Table 7). Leaf
potassium values ranged from 0.64 10 4.70%, and
fruit potassium levels from 1.64 to 3.31%. The
higher valuss of leat magnesium in plants which
received no applicaticns of mulch or potassium
- {Jabiz 7y was probably due to the anlagonistc
effect of Kon Mg uptake (Menge! & Kirkby 198?)

tion of K deflcuency would ba expected to resul in
further depression of leaf Mg concentrations due to
growth dilution. Leaf magnesium levels ranged
from 0.88 to 1.61%. There were however no
significantdifferencesinthe fruit magnesiumlevels,
nor between the levels of other elements analysed
inthe leaf and fruit tissue between treatments. The

mulch was fairly rich in K as the cocoa pods and
sweet potato vines were taken from fertilised
plantings and all piant material contains a compo-
nent of K. Mulch made from plant material collected
from non-fertilised areas, always has a beneficial
eftect ontree crops and ormamentais on soils of the

Dala Series.

It was considered important to determine whether
pathogenic plant nematodes were present in the
soil and root tissue, as muich has been known to
have a nematicidal effect in bananas (E. Edmunds,
pers. comm. 1969). No pathogenic nematodes
were found however, in the samples of roots and
soil taken from and in association with moribund

plants.

The plastic muich (Experiment 2) resulted in in-
creased yields of fruit (Table 3) and an enhanced
plant growth (Table 5), comparedto plants grown in
bare soil. There were no significant differences in
the soit moisture values between treatments. The
soil temperatures recorded under the plastic muich
(Table 6) were higher than those of the other two
treatments, and this may have affectedplant growth
and mortality of plants (Table 4). The plastic muich
eiminated weed growth, and thus more soil potas-

siumn was available for the chilli plants in this treat-

ment as compared to the bare soil treatment.
Weeds were however also suppressed 1o some
extent by the organic mulch.

(n Experiment 1, there was a small positive efiect of

muich on the soil pH which decreased linearly with |
* gegith (Tabie 6): Jtisdoubthul i suchslightchanges _
in pH would have any eftect on nutrient avaitabitity

or uptake. it may however E_nd_icate_ 1ha_l on _the
rriuli:héd plots, refatively less cations were being
leached down the profile or that more were being
made availablefromthe mulch. ThedecreaseinpH
with soil depth indicates that nutrients are being
recycled by the vegetation (Ballantyne 1961).

Further work will be required to determine if the
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costs of application of potassium and muich to
enhanceyieldsof chilliesinthe Solomon Islands are
+ économic, based on currentcosts and prices. Alter-
natively, would the muich be better used on an
alternative crop. Thelocalfanmers have knowledge
of the improved plant performance which results
from the use of muich on soils of the Dala Series
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WOOD BREAK-DOWN IN MANGROVE ECOSYSTEMS: A
REVIEW

P

S.M. Cragg'

ABSTRACT

This paper reviews information from a wide range of sources which relates to the process of wood me?k-
down in mangrove ecosystems. A high proportion of the standing biomass in mangrove forests consists
of wood with a life-span and residence-time as fitter much greater than that for leaves. Mangroves are
subject 1o attack by terrestrial and marine organisms, but are protected by chemical and physical
mechanisms. The marine organisms which exploit mangrove wood include ascomycete fungi, teredinid
molluscs, isopod crustaceans and possibly bacteria. The input of wood litter in a mature mangrove forest
is constant though locally patchy. In a forest which is colonising a bare substrate, wood litter input slowly
increases fromzero. Ina managed forest, pulses of wood litter input occur with each thinning but the bfdk
of wood biomass is removed from the ecosystem. Teredinids process woodon the forestfioor, oonve-mng
itinto products which can be transported by currents. Nitrogen-fixing celiulolytic bacteria live symbiotically
in teredinids. Some of the nutrients and energy derived from wood are carried offshore by currents and
through food-webs.

Key words: biomass, forest, itter, teredinids, food-web.

INTRODUCTION material readily gathered in collectors placed 1 - 2
metres above the substratum. In successional or
managedforests, ihisis likely tobethe mainorganic
mater input to the ecosystem. In mature forests,
however, the input of woody material is probably
very important. This paper assesses the likely
significance of such longer-lived and refractory
tissues in the dynamics of mangrove ecosystems
and considers the means by which they are broken

Significant flows of ehergy arvd matier ocous be-
tween mangrove forests and adjacent ecosystems
as a result of water movements, particularly tides,
and of food-webs. The magnitude and direction of
these flows is a matter of controversy and few
eftorts have been made to measure tham directly.
There is probably much variation among mangrove
ecosystems with respect to the characteristics of
these dows, abotier undersiandigoiwhich Bakey -
to improved management practice in mangrove
~ areas. Attempts to understand the dynamics of WOOD PRODUCTION
energy and matter flows in mangrove ecosystems

have tended to focus on that proportion of net To assess the significance of wood in mangrove
productivity channelled into “liter”, namely the ecosystems, it is necessary to have estimates of
the proportion of biomass represented by woody
tissues, and an index of the rate at which matter

doven, .. L L L.

! Officer in Charga, Forest Products Research Centre, Port

Saoreshy. Fapua New Ginea passes through this biomass compartment. This
resentaddress: Buckinghamshire Coll 8, Queen Alexand . ) . <
Road, High Wycombe_ B ucks HP11 24193 > "®  rateisafunctionofthe proportion of totalproduction
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channelled into woody tissue, the life-span of tree
organs formed of woody tissue (roots, branches

trunks) and the rate of turn-over of dead woody

fissues.

Woody Biomass

Woody tissues form a high proportion of total bio-
mass in mangrove forests. Suzuki and Tagawa
(1983) found that in a low-canopied mixed stand of
Rhizophora mucronata and Bruguiera gymnorhiza
located near Okinawa, leaves formed only 6% of
the total above-ground biomass. Woody tissues
presumably formed the bulk of the remainder

Christensen (1978) estimated that in a taller 15:
year-old stand of Rhizophora apiculatain Thailand

Ie?aves constituted less than 5% of above-grounc;
blom'fiss and reproductive parts less than 0.2%, the
remaining 95% being woody tissue (trunks 47%

branches 10%, prop roots 38%). Golley et af’
(1975) found that leaves from a mature stand OI;
Rhizophora brevistyla in Panama constituted less

. than 1.3% of the total above-ground biomass

Woody tissues were categorized into prop-roots
{42%}) and stems (57%). The indication from the
abovemeasurementsisthatthe pioportion of wood
fissue within the total bicmass increases with ir:
creasing tree size. This is supported by measure-
l'rr;-ents otblomassparitioningin Ahizaphora mangle
in & forest in Pusito Rico given by Giniron am;
szhaeﬁer-No*a'&ili (1€84). They found that as truni
d!ametgr increases from 1.1 cm to 15.4 om !h;a
propottion of biomase consisling of leaves and that
consisting of branches decrease (from about 16%
10 4%, and fror 23% 10 13% respactively), but the
!)roportions of bicmass in trunks and prop-roots
incraase (irom about 55% to 63%, and from about
7% to 20% respectively). Thus, in mature man-
grova forests ihe proporiion of biomass in woady
tissue is likely 10 be even higher than & is in
sucsessional or managed forests.

Measures of partiioniig of production into trunks
and prop-roois hiave been obtained from an aven-

aged, managed mangroveforest(Gong etal. 1984),
but it should be borne in mind that in such forests
growth rates are probably much greater.than in a
“steady-state” mature mangrove forest. | know of
no published data on growth rates in unmanaged
mangrove forests, though records of permanent
plots established at the time of the studies reported
by Watson (1928) have been kept regularly up to
the present day: the evaluation of thisdata remains
to be undertaken (Ong, J.E., pers, comm.).

Life-spans of Biomass partitions

The partitions of mangrove biomass (i.e. the pro-
portions of biomass represented by leaves,
branches, trunks, prop foots and sublefranean
roots) have strikingly different life-spans and rates
of break-down after death. The life-span is the
period during which the biomass is available to
herbivores. Christensen (1978) reporisamean leaf
fife-span of 0.7 years in a managed mangrove
forest in Thailand. No direct measurements of
branch life-spans have been made, but since few
twigs growintolarge branches, twigs prebably have
a relatively short life-span, perhaps one 10 two
years and, like teaves, are shed throughout the Iife
of the trae. Branch-shedding must also bearegular
oecurrence duiing the life of the tree. padicuiasly in
the case of species such as mambers of the
Rhizophoraceag, which are self-pruning {i.e. lower
branches neturally diop off i approxireately the
order in which they appesrcd). Branch ife-spans
would depend on species. Howaver it is fikealy that
mast brariches fall within fifteon years of first ap-
pearing. As the iree becomss senescent, byanch-
fali may inciease in a sporadic fashion up 1© and
sfier death.

The ife-span of the trunk Is generaiy that of lhe
tree: urfortunately refiable data on life-spans of
rangrove trees are not avaiiable. In Papua New
Guinea, specimens of Rhizophora o Brugtiiera
exceading 30 minheightand 50¢m indiameter are
quite common in sites where conditions favour
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mangrove growth (Percival and Womersley 1975;
Floyd 1977). Such trees frequently show signs of
senescence. In comparison with the size of man-
groves in managed forests which have grown under
conditions conducive to rapid growth for up to 30
years, it is likely that these mature or over-mature
mangrove trees are over seventy and may even

exceed one hundred years in age (Ong, J.E., pers,
comm.).

Root life-spans are also likely to be at least partially
a function of diameter. It is uniikely that fine hair-
roots are long-lived. Thus, as they appearto repre-
sentasubstantial but difficult-to-quantify proportion
of biomass (Golley et al. 1975) it is likely that they
represent a significant proportion of primary pro-
duction. Prop-roots like branches, though longer-
lived, are probably shed throughout the lite of a
mangrovetree. Observations at Bootless Inlet near

Motupore Island, Papua New Guinea Istand, Papua

New Guinea indicated that a proportion of prop-

roots ina healthy forest get damaged or infected so

thatthey eventually become detached formthe tree
-(Cragg and Swift unpub.).

Thereare extensive data available on litter-fall rates
which give a good indication of the rate of turnover
of leaves, twigs and reproductive paits {see for
example Duke ef af 1981: Gong 1984). Howaver,
litter-traps do not coflect ionger branches efficiently
andthey are unableto catchfalling trunks. Further-
more they are situated above the height of prop-
roots so they do not measure turnover of this very
significant biomass partition.

Polunin {(1986). Root-litter break-down has been
investigated by Vander Valk and Attiwill (1984), but
the break-down of woody tissues has received little
attention until the study of Robertson and Daniel
(1989). Certain mangrove management practices
rely on the biodegradation of branches and roots

{eft behind after harvesting. Casual ebservation
suggests that the break-down rate for main stems
may bequite slow. For example, in late 1974 a road
was bulift to the Kaut timber concession in New
Ireland, Papua New Guinea which traversed an
area of mature mangrove forest. The trees felled
during road construction were left in an area sub-
jected to daily tides unimpeded by the road. Obser- |
vations in late 1985 showed that though the tree
sterns were extensively decayed by basidiomyce-
tes, they were still intact. By measuring standing
stocks of dead wood and rates of break-down of
logs of known ages of upto 15years old, Robertson
and Daniel (1989) estimated that the rate of fiux for
wood detritus was 4 gC.m2.y" inayoung mangrove
forest and 44g C.m2y" in a mature mangrove
forest in tropical Australia. More such systematic
measurements of wood break-down rates in a
range of mangrove environments are required be-
fore the significance of energy flow through the
biornass compartments represented by woody tis-
sues can be properly urderstood.

ECOLOGICAL CONSEQUENCES OF
WOODY TISSUE CHARACTERISTICS

Owing to the limitations en the distribution of wood-
consuming organisms inposed by tidal inundation, .
the spatial distribution of woody tissues is of eco-
jogical significance (Rimmer et al. 1983). This is
particularly so in the genus Rhizophora with its
eleboraterootarchitecture, whichhasbeenanalysed
by Sato (1978). The trze consists of a range of
agrial, imestidal and seblenvanean nichss for wood-

- depandsnt orgenisims. Furthermors the spatial

distribution of tissues wihin a given fimb rmay also
affect susceptibility to bio-degradation. Young
Rhizophora prop-roots consist of spongy lissues
within which is embedded a cylinder of woody tissue
(Gill and Tomlinson 1971). Teredinid borers are
restricted to the woody tissue while the crustacean
Sphaeroma frequently occurs in the spongy tissue
{unpub. obs.). Rhizophora responds to animal or
fungal damage to its prop-roots by branching in the

Papua New Guinea Joumnal of Agriculture, Forestry and Fisheries

1993, Vol 36 Not, pp. 30-39




Wood break-down in mangroves

33

damaged area (Kohimeyer 1969; Ribi 1981, 1982).
The differentation of woody tissues into bark, sap-
- wood and. heartwood .is. also of ecologicat signifi-
cance, Thebark of certain mangroves contains high
levels of polyphenollcs up 10 40% of the dry weight
in Rhizophora mucronata bark consists of
polyphendlics (Hills 1985). Tannin levels can be
sufficient for commercial exploitation (Percival and
Womersley 1975). The sapwood of many trees
contains starch, which can be exploited by certain
beetle larvae. The sapwoods of the mangrove
genera Avicennia, Exceocaria and Sonneratia are
rated as susceptible to the starch-dependent
beetles of the family Lyctidae, while those of
Bruguiera, Rhizophora and Xylocarpus are rated
non-susceptible (Eddowes 1978).

Wood consists principally of three classes of or-

‘ganic chemicals:- celluloses, hemicelluloses and
lignins. Few organisms apart from white rot basid-
iomycete fungi are capable of breaking down the
lignins, whereas the celluloses and hemicelluloses
can be broken downto simple sugars by organisms
possessing the requisite combination of enzymes,
Though energy-rich, these molecules are relatively
refractory and only certain groups of organisms are
capabie of dtiiising them.

Seme organisms can altack five trees. These
organiams include a renge of marine animals and
basidiomycete fungi, and baetles and termites
which ocowr also in dry fand forests, The isopod
crustacean Sphaeroma {Rehm and Humm 1 873:
Simberioff stal 1978; Ribi 1981, 1982), the pholad
bivaive Martesia (Dhartaraj and Nafr 1981) and
the teredinid bivaive Bactronophorus (Roonwal

1954) have all been reported 1o be capable of

burrowing into live frees. Sphaeroma and
Bactronophorus also occur in kve mangroves in
Papua New Guinea (unpub. obs.). Attack by ma-
rine animals may ba sufficiently severe to affect the
survival ofthe trees attacked (Roonwal 1954; Rehm
and Humm 1873). However, if attack on live
mangroves were as severe as that on dead man-

grove wood in the intertidal zone, the mangrove
forest could not exist, because most trees wouldbe

* felled by borer activity before they reached maturity. - - -

Whereas animals respond to disease and injury by |

healing, trees compartmentalisedamaged portions,
isolating them from sound wood (Shigo 1985).
Apparently mangrove trees have some form of
defence against marine borers, which is lost after
death. The water soluble polyphenolics found in
high concentrations in the bark may provide this
defence. ltislikely thatthey continueto be secreted
and leached into the water while the treeis alive, but
secretion ceases at death. Mangroves such as
Xylocarpus, Rhizophora, Sonneratiaand Bruguiera
have heartwood rated as durable or moderately
durable, that is to say they have some natural
resistance to basidiomycete and termite degrada-
tion owing to extractives in the heartwood.

Excoecariaand Avicennia have ron-durable heart-
wood (Eddowes 1978). No clear data are available
regarding the ecological influence of these varia-
tions in natural durability. The degree of durability
may affecl not only the ability of thetree to withstand
disease andinsectattack, but alsothe rate of break-
down and decay once the tree falis 1o the forest
floor. Ritchie (1968) found that the heartwood cf
Rhizophora mangie is naturafly resistant to marine
fungi.

WOOD-DERENDENT BIOTA

The wood-dependent bicta of mangrove forests
can be categotized into terresirial and marnne
groups. The domains of activity of these groups
have a boundary at about the high-tide mark, with
sorme overap. The terrestrial tiota closaly re-
sembles that of adjacent non-tidal forests, with
basidiomycete fungi, adult and larval beetles, sub-
terranean and drywood termites predominating.
The ecology of these organisms and thsir impor-
tance in wood breakdown is well documented (see
Swift etal. 1979) but nodetailed studies specificaily
relating to their role in mangrove ecosystems have
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been carriedout. Itis noteworthy that subterranean
termites are aclive in areas subjected to regular
tidal inundation. They build their earth runways
extending from the forest floor up intothe tree in the
usual fashion (Cragg 1983) despite the tides,

Kohlmeyer (1969) reviewed the limited records of
distribution of fungiin mangrove forests. Abovethe
high-tide line, wood is colonised by basidiomycetes
whereas in the intertidal zone, ascomycetes and
deuteromycetes occur. This distribution pattern
has also been observed in Papua New Guinea
(Cragg and Swift, unpub.). Further information
regarding the distribution of fungi in mangrove
forests is provided by Hughes (1975). Leightley
{1980} investigated the wood-decaying capacity of
marine fungi occurring in mangrove forests.

The significance of bacteria in wood break-down
should not be overlooked. Buckley and Triska
(1978) found that nitrogen-fixing bacteria partici-
pate in wood decormposition in freshwater streams
in the United States of America. No comparable
study has been conducted on mangrove wood, but
bacteria have been found forming tunnels in wood
from marine pilings in Papua New Guinea. This
bacterial activity may prepare the wood for

colonisation by marine wood-borers (Cragg and
Nilsson, unpub. chs).

Rather more is known about the ecology of marine
wood-borers than of other wood-degrading organ-
isms found i mangroves. This is perhaps a reflec-
tion of the economic significance of the damage

- caused by these orpaniems ' man-made struee - fou

res. The isopod Limnora is a major pest in
maritime pilings, but is not particularly impostant in
mangrove areas. in addition to occuring at port
sites around Papua New Guinea, it has been ob-
served colonising Sonneratia pnheumatophoresina
smali stand of mangroves at Motupore Island near
Port Moresby, Papua New Guinea. However, ex-
tensive collection in major mangrove areas in the
country have failed to locate any Limnoria. it

appears thatin PapuaNew Guinea Limnoria favours
sites with marine salinities (Craggand Aruga 1987).
A variety of other isopods are found inhabiting
burrows in mangrove wood. Whether these ani-
mals simply excavate their burrows, or consume
the wood excavated remains to be established
(Bowman 1977, Jones et al. 1983).

The most significant wood inhabiting isopod in
mangrove forests is Sphaeroma. This anir'nal iS
mainly found in prop roots of Rhizophora, but it also
burrows into detached dead wood and can toierate
extremely low salinities (Craggand Aruga 1987). It
burrows at right angles to the surface of the wood
and there is still doubt as to whether it digests the
wood removed (John 1968). The most detailed
account of the ecology of this animal is provided by
Estavez and Simon (1975). There has been con-
siderable unresolved debate as to whether the
burrowing activity of this animal is beneficial for
(encouraging extra branching, increasing stability)
or detrimental to (causing structural weakening),
the mangrove trees in Florida (Rehm and Humm

-1973; Simberioff ef al. 1978; Ribi 1981, 1982).

Little is known about the feeding of the species of
Sphaeroma which inhabit mangroves. Rotramei
(1975} described how & non-mangrove spéc:es,
Sphaerorna quoyanum, uses feather-like hairs on
its walking legs as a filtering net. Cragg and icely
(1982) found that 8. terebrans has similar hairs, bgt
that S. tristedoes not. Both these species occur in
mangroves in the vicinity of Port Moresby. These
authors ware unable to identify gut contents, but

suggesting thatfeedingisintermittent. John (1958)
reponts that an extract from the hepatopancreas of
& terebrans is capable of converiing chemically-
prepared celiulose into glucose, but cellulose in
wood is less liable to enzyme conversion than
artificial cellulose substrates (Dean 1976).

in terms of their importance in breaking down dead
wood, teredinids are by far the most significant
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marine wood-borers in mangrove swamps. These
highly modified bivalves with worm-like bodies ex-

.cavate cylindrical burrows which may extend into

the centre of large tree stems, but generally run
parallelto the axis of the branch stemorroot. There
are nearly forty species of teredinids in Papua New
Guinea (Rayner 1983). These vary considerably in
their salinity-tolerance range. Some species are
commonly associated with mangrove ecosystemns
and two species (Bactronophorus thoracites and
Dicyathifer manni} are virtually restricted to man-
grovewood (Rayner 1983). Craggand Aruga (1987)
found that the teredinid fauna of the mangroves of
the Gulf of Papua is very distinct from that in wood
washed offshore from this mangrove ecosystem.

Teredinids constime the wood they excavate and
digest it. The mechanism of digestion has been
studied indetail (Dean 1978; Morton 1978). Recent
studies have shown that nitrogen fixing symbiotic
bacteria are implicated in the digestion process
(Waterbury etal 1983). Teredinids are alsoableto
filter-feed on phytoplankion (Pechenik et al. 1979).
Diﬁer_ences in gut structure appear to reflect the
relative importance of phytopdanikton and wosd in
ths diet of different shipworm species. The “man.
grove specialist” Bacironophorus apparentiy
errphasiesiilterdecding (Tumer 18586). Itis gener-
aily assumed that teredinids filter phytoplankton.
However, ciher paticuiate food sources may be
avaliable to feradinids In mangiove ecosys;téms
including bactena inhabiting clay particla fiocs which
lend to fermy in ropical estuarine areas (Paerl and
Keliar 1380) or particulate organic maiter.

Wocd-bering members of the Pholadidae alea bur-

row into woody liter in fiangrove forests. Thay

have been cbserved in this niche in, for exampis,
the mangrove foresis of eastern India (Turner and
Sarthakurnaran 1989), of the Gulf of Papua {Cragy
and Aruga 1987; and of Singapare {Cragg and
Murphy, unpub). These bivalves are rarely as
important as teredinids in the breakdown of man-
grove wood.

LIFE, DEATH AND BREAK-DOWN OF
MANGROVE TREES

The Fate of the Individual Tree

During its life, a tree is subject to herbivory which
includes not only the consumption of live feaves, but
also other plant tissues including live wood. Live
tree tissue is also catabolized by certain fungi. Itis
likely that only a small proportion of the woody
biomass is utilised in this fashion, the majority
enteringdecomposer—dominatedfood-webs. Regu-
lartwig and branch-fall will enter the poolofmaterial
available to the decomposer community on the
forest floor. With senescence and death, fungal
and borer activity increases sharply, tree limbs are
shed at an accelerated rate, and eventually the
main stem falls. Further break-down occurs on the
forest floor.

Teredinids are the principal agents of wood break-
down on the forest floor. They riddte fallen wood
until over 50% of the original volume {Cragg and
Swittunpub.) hasbeenconsumed andmelabolised.
This vastly increases the surface area available for .
funga! and bacteriai degradation and mechanically
weakens the wood, eventually leacing 1o its frag-
meritation into smalier pleces.

The enc resutt oithe activities of tha rnarine decom-
paSEr cCoMmUNity is he conversion of a large and
(particulany in the case of & main stem) relatively
immcbile structure inte a range of products which
canberesdilytransporiedby watercurrents. These
products includs padiculate and dissolved organic
matler, the planktonic larvae of teredinids, and
teredinid faeces.

Weoeod Break-down in Different Farest Types

In & rnature mangrove forest unaffected by hurnan
activity, it a sufficiently large areas i5 faken inio
consideration. a steady state with respectto wood
input and breakdown is likely t©© exist. The distribu-
tion of wood detritus is very patchy, with high
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concentrations where a large tree has recentty
fallen. In a recently established forest there is
initialty no wood litter input at all, As the colonising
trees grow older, woodlitter builds up due tobranch-
fall and eventually stem-fal.
managed forest

The situation in a
is that there are pulses of branch
and root wood input after thinning and final felling,
but main stems are removed from the ecosystem.

Sources and Output of Wood

The mangrove ecosystem receives a variety of
inputs of wood. In Papua New Guinea, substantial
quantities of wood are transported by rivers into
mangrove swamps from the forests inland {Cragg
1983). This input will he particularly high in times of
flood. The input of wood from the mangrove forest
itseff may be dramatically increased by natural
disasters of the type detajled by Johns (1986) such
as cyclones, lightning, tidal waves or erosion. A
small input of drift-wood may occur in mangrove
areas subject to strong tidal currents.

- The wood input to mangrove ecosystems is either

consumed by the decomposer community and
converted into transportable products as already
described, or iz Physically removed. Some wood
may become butied due to the very dynamic depo-
sifior/erosion regime found in many mangrove
areas. Any wood of g size, shape and density
suitable for water transport may be exported due to

the residual seawarq component of the current
regime.

NUTRIENT AND ENERGY FLUXES
Because 91‘ the paucity of experimental data & is
only possible to disciss fluxes of nutrients and

energy associated with wood break-down in very
general terms,

Theinitial energy resource, the wood partition of the
tree biomass, has bean measured in a range of
mangrove ecosystems {see for example Golley et

al 1975; Christensen 1978; Suzuki and Tagawa
1983; Cintron and Schaeffer-Novelli 1984). No
estimates of the proportion of this biomass which is
consumed before the tree dies are available. The
standing stock of wood litter has been estimated
from one site in Papua New Guinea (Cragg and
Swift unpub.) and fromsites in Australia (Robertson
& Daniel 1989), but casual observations show that
the stock varies considerably between different

mangrove sttes.

The flow of wood-derived energy through the man-
grove related food-webs has not yet been mapped.
Observations in a Ahizophora-dominated forest in
Papua New Guinea suggest that at least 50% of
wood litter biomass is converted by teredinids
(Cragg & Swift unpub.). The products of this
conversion would be teredinid tissue, planktonic
larvae, excretory products and perhaps dissolved
organic matter. Owingto the protectionafforded by
their burrows it is unlikely that teredinids are subject
to severe predation. Thus, teredinid tissue will be
mainly converted by the decomposer community in
situ. Their larvae, on the other hand will be broad-
cast by water currents, as will excretory products
and dissoived organic matter.

Wood which is catried out to sea becomes water
logged and eventually sinks. Even it sinksindeep
water, it will become colonised by marine borers.
Tumer {1977) has described how wood “islands” in
the deep-sea can support communities of animals
in areas otherwise virtually devoid of animal life.
Cragg and Aruga (1987) investigated wood col-

- tected by prawnirawlerseperating some kilometres

off-shore of the mangroves of the Gulf of Papua and
found that this wood (some of which originated
inland of the mangrove forest) supporied anumber

of species of teredinids.

As a nutrient resource, wood litter tends to be less
rich than leaf litter. Aksornkoae and Khemnark
(1984) found that in the main stems of a number of
mangrove species, the concentration of nitrogen
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was generally one half to one quarter of that of
leaves, and that of phosphorus approximately half
that of leavés. During the wood break-down pro-
cess, the nutrient status of the wood may change.
Nitrogen fixation occurs due to the symbiotic bacte-
ria of teredinids (Waterbury etal. 1983). Calciumis
extracted from the seawater and deposited to line
the bustows, cr form the shells of the teredinids.
Additional hitrogen and other nutrients are taken by
fiter-feeding teredinids from the seawater in the
form of phytoplankton or other particulate food.
Nitrogen is lost as a result of excretion. Nutrient
translocation is also likely to occur as a result of the
microbial break-down of wood.

AREAS FOR FUTURE
INVESTIGATION

The role of wood break-down in mangrove €COosys-
tems is impoitant, but is very poorly understood. It
is not yet possible to determine the relative impor-
tance of leaf and wood litter in mangrove ecosys-
fems, Further estimates of wood litter standing
stacks, weod expont rates, wood break-<down rates,
and aseociated nutrient fiuxes are needed. Food-
waba associated with wood break-down also re-
s detailad investigation.  Atention should be
gvan fo the wide range of animals including fish,
crabs, polychactes and nemerings which utilize
Begrowecwand as shislier, Thaimponanee oiwood
st st of academic interest. 1tis also of concarn
10 oo wWho manage mangiove foresls, who neer

w b ahla s foreeast the impact of the rermoval of
the bulic of woody hiomass on the rest of fhe
SeomyEtam,
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ANALYSIS OF COPPER AND ITS STATUS IN CATTLE
FROM MOROBE PROVINCE, PAPUA NEW GUINEA

lan 1. Onaga’ :
ga', Malcolm Carrick? and Chris Owens?

ABSTRACT

The copper status of cattle from 16 properties in the Morobe Province was investigated by the analysis -

of liver and serum for copper levels. It was found that fifteen properties had animals with copper
concentrations in serum an fiver samples which were below normal. The normal serum and liver copper
ooncenrrafion in cattle wag 0,60 ppm and 100 ppm Dry Matter. Haemolysed serum samples were often
found to give higher results than non- haemolysed serum samples. Samples stored for nine days at room

temperature gave lower vapyes than samples stored in the refrigerator or freezef.

No significant

differences were foundbetween trichloroacetic acid (TCA)and g}yceroipmcedees insample preparation.
Treatment of a test serum with the concentrations of 5, 8, 11, 15, 20 percent TCA, did not give any

significant differences in copper concentration

Key words: Cattle, Copper status, Serum, L iver, Atomic Absorption Spectrophotometer, ha emolysis and

storage conditions.

INTRODUCTION

Research ha_s shown that copper plays an impor-
tant role inthe biochemiistry of ryminants. Because
oc;;pper is a constituent of many enzymes and other
bplogical catalysts, it is described as one of the
prime-moversofthe biochemical maching” {Frieden
1?78)- it plays a vital role in the processes of
pigmentation of hair and woo), formation of biood

anfj bone, reproduction and myelination of the
spinat cord (Blood et g, 1979)

The level of copper in b-iologica! materials. is well
documented (Underwood 1971 By 198C). The

- oooncentration of coplier in baém:é én 4 animal

:issues varies With species and age. For animal
 fissues, copper levels are; generally highest in liver,
brain, kidney, heart and najy (Bull 1980)

' National Veterinary Labor gt
er\ D h
and Livestock, P O Box 2440 Bmoszarmem of Agricutture

* Department of Chemical T,
Techno .
University of Technology, Piviate, M?ily'B::p ::eNew Guines
5 ; , .
S;Tazmlhcl); S:;??gnd- T?Chm]ow' University of Western
Y' p ' SQX 10 Kihgswood' 2750' AU%tralia,

Deficiencies of copper in animals have been well
studied since the 1930s. In the United States of
America, Holiand and Australia ruminant diseases
such as ‘salt sick, ‘echsucht’ and enzootic ataxia’
were investigated and shown 1o be caused by
copper deficiency (Bull 1980; Grace 1983; Jones
and Hunt 1983). tn New Zealand, two cattle dis-
eases, ‘teart’ and ‘peat scours’, were shown to be
caused by the combination of very high molybde-
num Jevels in pasture forages and depletion of
copper inthe body tissues {Bull 1980). The inter-
relationships between copper and molybdenum
and with other elements has shown that the efiects

© pfthetotal dietmustbe considered on the metabo-

iism of copper (Buli 1980; Suttie 1986 a}.

Animals deficient in copper vary with respect to the
extent of the deficiency. The degree of copper
insufficiency may be categorised as either severe
or marginal. Marginal insufficiency resulls in a
reduction in tissue enzyme activities and copper
concentrations but no jmpairmment of biochemical

processes within the fissues. Severe copper in-
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sufficiency results in significant impairment of bio-
chemical processes and alterations in tissue struc-
ture. Clinicai signs such as depigmentation of wool
or hair, severe scouring, enzootic ataxia and bone

fractures are likely to be displayed {Jones and Hunt
1983; Paynter 1987).

Several studies have been performed o determine
the copper status of ruminants in Papua New
Guinea (Glasgow 1966; Mayall 1973; Holmes 1981;
Holmes et al. 1986). These studies concentrated
on major ruminant grazing areas and usually in-
volved copper supplementation for some of the
animals. Previous field observations, together with
bicchemical analyses, indicate that deficiencies
exist in a number of areas including the Markham
Valley in Morobe Province (Mayall 1873).

- Analysis of biological samples such as serum or
plasma for copper levels are usually performed by
Atomic Absorption Spectrephotometry (AAS). Vari-
ous methods of sample preparation have been
usedtoovercome someofthe problems associated
with this technique.

Viscosity of samples has been postulaieg as a
major source of error in flame AAS methods
(Weinstock and Uhlemann 1081). it the viscosity of
standards and samplas differ than the aspiration
rates and hence the absorbances diffar {Makino
and Takahara 1981), The viscosity effastin biolegi-
cal fuids s due mainly to proteins, particuisry
alournin (Carthrew and Dey 1985),

Thete are two ways to counteract the effect of
viscosity, One is to increase tha vistosity of the
Standards 10 match that of the serum or plasma
~ samples. Glycerol canbe used for this. Anotheris
1o reduce the effects of VisCosity of the serum or
 plasmasamplesby addingichioroaceticaci {1cA)
to precipiiate the proteins (Clark 1971; Osheim
1983). Varicus TCA corcentrations have bean
used by different authors (Saunderman and Rosze!
- 1967; Mayall 1973; Healy of ai. 1878). Therefore,
the eifact of different TCA coincentrations on the
determination of copper in serum was studied.

Sample handiing is an imporant factor in obtaining
accurate results for trace elements In blO!Oglcal.
samples. There is a particdiar problerjn wnh_ the
collection of blood samplesfromanl.malsmthefleld,
where refrigeration may net @ available. Samples
are sometimes left atambiert temperature for long
periods of time or may be transported over rough

roads which may lead to hacmolysts.

Haemolysis and storags are important aspects ;f
sample handling. HaemoIYSE» will affect the reeults
ifthe intra-cellular concentraton of elements differs
from the concentration in the Serum or pIasTna.
Such effects of tissue membrane leakage into
plasma, are particularty seen where the m?ra to
extra cellular concentration differences are |n.ex-
cessof 10fold e.g. with potassium and magnesium
or with spectrophotomem‘"" assays where
haemogfobinmay be absorbed directly. Inthe case[
of copper measured by AAS, where in norma
bovines, plasma and read cell concentrations are
similar, and interferences by naem'oglobln persera
shouid, be very low. The following experiments
investigated how haemolysis and the storage re-
gimé affect copper concentration.

There were three aims in this study. The fizst was

3 i lected
1o assaca the copper status of cathie from se

propaties in the Morcbe province; the stemnd ::;S
to compars different methods of sample prep .
tion, inefuding effects of comantination from tubes

; feinising sensm
and difierent methods of deploemising i

-t wag 1o establish the effects
sampies ; and the third was 1 asiank 8

3 gondit ar
of haemotysis and storag? 0! difions on coppe

rasuis,

MATERIALS AND METHODS

The folicwing test tubes and biood of serum con-

tainers wiers used:

(a) Sterile blood container Withowt anticcaguiant,

10mL, disposable plastic e,

(b) Serum container, 5mi., disposabie plastic tupe.
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(c) Centrifuge plastic tubs, 10mL.
{d) Round bottom glass tube, 10mL.

All glassware was thoroughly washed with deter-
gent, rinsed with tap water, and rinsed well with
distilled water. Excess water was removed andthe
glassware was soaked in 5 percent analytical re-
agent grade nitric acid, for 24 hours. Finally it was
washed with tap water, rinsed three times with
distilled water and dried in an oven.

The following eight solutions were prepared simul-
taneously using both Glycerol and TCA proce-
dures:

1. 1 mL distilled H,O + 1 mlL. 10 percent Glycerol+
2.1 mL deionised H,0 + 1 mL 10 percent Glycerol*
3. 1 mL control serum+ + 1 mi. distilled H, O
4. 1 mL control serum* + 1 mL deionised H, O
5. 1mL distiiled Hzo + 1 mL 8 percent TCA+
6. 1 mL deionised H,O + 1 mL 8 percent TCA*
7.1 mb control serum+ + 1 mL 8 percent TCA+
8. 1 mL controi serum® + 1 mL 8 percent TCA*

+ : prepared with distilled H,O

* :.prepared with deionised H,O
All samples were prepared in duplicates.

After pipetting each of the eight solutions the con-
tents in the test tubes were immediately mixedona
vortex mixer. The TCA prepared control senim
- samples were centrifugedto separate the supema-

tant from the protein precipitate. All the test tubes
. were left to stand for 10 minutes, then spun for 10
minutes and aspirated without disturbing the pre-
cipitated plug. The absorbances were measured
and the copper concentrations calculated. Blanks

containing TCA and Glycerol solutions were
analysed with the samples in each run and no
contamination was found. '

Atomic Absorption .Spectrophotometer and
Standard Reference Materials

- AVaran mode! A-1475 atomic absorption spectro-

photometerand Varian Spectra AA-40 spectrophoto
meter with air/acetylene flame were used at
324.8 nm. A range of settings of the AA-1475
including use of single beam (SB), single beanv
background correction {SB/BC), double beam (DB)
and DB/BC were investigated.

A standard reference material, Gilford QCS Normal
(freeze-dried human serum), with an established
concentration of 0.94 + 0.15 ppm copper was used
as a control to test the recovery of copper when
comparingthe Glycerol and TCA procedures. The
National Bureau of Standards (NBS), Standard
Reference Material SRM 909 human serum and a
centified NBS Bovine Liver control SRM 1577a

" were included in the sample analysis.

Sample Collection

In 1985 and 1986 serum samples were collected
from slaughtered animals at the abattoir and from
ive animals inthefield by officers of the Department
of Agriculture and Livestock and staff of the Na-
tional Veterinary Laboratory (NVL). However the
precise time of the year and methods of collection,
storage and transportation are not known. Analy-
ses were cartied out by the staff at NVL after sera
were separated..

Serum and liver samples were collected at the Lae
Central Abattoir in 1987 from slaughtered cattle.
Figure 1 shows the farms in the Morobe Province
from which the slaughtered animals came.

Serum samples were collected at._iﬁé.abaltoir in
sterile blood containers without anticoagulant and
transported to the laboratory in an esky cooled by
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anice pack. These samples were left onthe bench
for 30 - 60 minutes to allow the blood to clot. They
werethencentrifugedtoobtainclearserumsamples.
I the serum samples could not be analysed imme-
diately they were stored in a freezer at - 23°C untit
required for analysis.

Comparison of Methods

Glycerol and TCA procedures as defined by Ross
. {1984) and as used by Mayall (1973) were evalu-
ated.

A stock copper solution of 1000 ppm cuptic nitrate,
Spectrosol, British Drug House (BDH), was used

«QUSAP

SASIANG

®LEROK PLAINS
ERAR

9/ &MLVUBAMV
un ® \ WMALAHANG

9

\
NATIWVE CATTLE PLTN

for copper standard. The working standard solu-

tions of copper was made up to 100 mL with 10
percent glycerol to copper concentrations of 0.0,
0.25, 0.50, 1.00, 1.50, and 2.00 ppm. An interme-
diate coppef solution of 20 ppm was made up with
8 percent TCA from the stock solution 1o prepare
working standard copper solutions. The working
standard copper solutions of 0.0, 0.2, 0.4, 0.6, 0.8,
1.0, 1.2, 1.4 and 1.6 ppm were prepared with 8
percent TCA. These standards were used for
standard curve.

In one experiment a range of TCA concentration of
the samples from 5 - 20 percent were tested. The.
volume of TCA added 1o sera was kept constant at
a ratio of 1:1. '

NADZAB

[ SERAFINI
hd INGAUA

SUNKIST DAIRY
* ZENAG

Suspected copper
deficiency localities
as found by current
survey and Mayall (1976)

Key:@

Figure 1. Map showing locations in Morobe Province of beef and dairy cattl§ farms investigated
for copper status.
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Haemolysis and Storage

The effects of haemolysis on the copper content
prior to: (1) sera separation and (2) storage
method of serum were studied under two types of
conditions (non-haemolysedandhaemolysed), three
stofage systems (freezer, refrigerator and ambient
temperature) over five time periods (1,3,5,7,9 days
post collection). Blood from one animal (A) was
collected into 60 ten mL, tubes and centrifuged.
Thirty tubes were allocated as clean non-
haemolysed sera. One or two drops of concen-
trated red blood cells (RBC) (one of the tubes of
centrifuged blood) was added with apasteur pipette
to each ofthe other 30 tubes and shaken vigorously
10 give haemolysed sera. Both non-haemolysed
and haemolysed sera were stored in a freezer on
the day of collection (Day 1). Onday 1twelve sera
fromboth haemolysed and non-haemolysed serum
groups were removed from the freezer and three of
each groups were placed in each of the storage
systems referred to above. This procedure was
repeated on days 3, 5, 7, and 9. On day 10 all
tent. Blood from a second animal (B) was analysed
with Animal (A) at the same time and following the

same procedure.

Theliver samples werestoredina despfreazeruntil
thay were ready {o be digested and anaiysed for
their copper content.

Sanpls Anelysis

One miliifitre {mlL.) of 8percent TCAwas ackiedtoan

contents ware voriexed thoroughty to mixthe TCA
with the serum. The test tubes were allowed 1o

-stand for 10 minutes, then centrifuged for a further -

10 minutes to separate the supernatant from pro-
tein precipitate and aspirated without disturbing the
precipitated plug. Mational Bureau of Standards
(NBS) Certified Standard Reference Materiai SRM
909, dried human serum, was included as an
external serum standard.

Digestion of Liver Samples

Samples of thawed out liver weighing one to three
grams were digested with 15 - 20 mL of a mixture of
analytical grade nitric and perchloric acids (4 : 1).
The digestions were carried out in 150 mL pyrex
conical flasks. Anti-bumping granules were placed
inthe digestionflaskstopreveniviolentboiling. The
temperature of the digestions was in the range of
120 - 200°C. A certified NBS Bovine liver control
SRM 1577a was included as an externai liver
control. The digested samples were diluted into 50
mil volumetric flasks and analysed using the serum
method. The results were determined on a dry
matter {OM) basis.

Statistics

The data were analysed by one or four way analysis
of variance (ANOVA) (Sokal and Rohlf 1981). The
four treatments (SB, SB/BC, DB AND DB/BC) that
have eight figures each were compared for their
significant differences equally at one time by using
four way analysis (Table 1). One way analysis was
usedbetweentwotubeas (CPTand RBGT), deionised
and distilled waters, reagents (TCA and Glycerol)
and different handling systems under various con-
ditions for different periods (Fable 1 and 2).

RESULTS

Tha resulis indicate that the washing procedure
was adeguate andno significantcopper contamina-
tion dstected from thetubes, reagents orthe type of
waler ussd. In all cases the blank absoibances

wara inthe range ¢f 0.000 - 0.005 which were within
the limits of the machine noise.

Ditferent absorbance settings (SB, SB/BC, DBand
DB/BC) at 324.8 nm of the AAS did not affect the
accuracy or precision in copper analysis. Copper
concentrations were all within the expected range
0.94 + 0.15 ppm copper for the control serum. The
AAS method was very suitable because of its
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simplicity, accuracy and precision in determining
copper at frace levels.

waere found between the use of trichloroacetic acid
orglycerot procedures. The mean of sixteenvalues
for sera using TCA was 0.91 ppm and sixteen
values for sera using glycerol was 0.89 ppm. the
analysis of variance of these methods gave an
experimental F ratios of 2.219 and 1.816 which are
not significant because these F ratios were lower
than the value of 4.35 obtained from the statistical
tables. The TCAconcenirations from5 - 20 percent

gave similar results for copper levels in a serum
sample. The TCA procedure was used in subse-

The minerai concentrations of control serum under
different conditions are shown in Table 1. The
analysis of variance was calculated assuming there
were no interactions as the concentrations of the
control serum were not affected by interference
effects.

The four way analysis of variance (ANOVA) gave
no significant differences at 5 percent F Criticai

Table 1. Comparison of copper concentrations in control serum

obtained from Trichloroacetic acid and Glycero] procedures.

Copper concentration (ppm)

Proceedures  Water type Tubes SB SB/BC DB DB/BC
CPT 080 094 094 090
Deionised H, O
RBGT 092 094 . 098 098 = = .
TCA
CPT 084 050 084 084
Distited H, O
RBGT 092 086 094 0.6
CPT (%4 080 088 088
Deionised H, O
ABGT 092 0384 098 0982
Siycerol
CPT 088 085 08 084 _ |
Distiled H, O
RBGT 086 080 086 088

&B - Singls Beam; BC - Background Correction; DB - Double Beamn;
CPT - Centrifuge Plastic Tubs; RBGT - Round Bottom Glass Tube.
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Points under various conditions.

Table 2 shows results of two sera analysed for two
haemolysis types under three different storage
systems. Samples-stored at ambient temperature
gave lowercopperconcentrations thanthose stored
inthe refrigerator or freezer. For Serum A, a mean
copper concentration of 0.55 ppm was obtained for
non-haemolysed and haemolysed samples stored
in the refrigerator or freezer whereas a mean cop-

per concentration of 0.51 ppm was obtained for
samples stored at ambient temperature. In Serum
Bthe concentration was 0.72 ppmand 0.66 ppm for
the réfrigerated or ambient temperature samples
respectively. Although the change in coppeﬁcon-
centration over time differed for the different stor-
age systems no discernible trends were observed.

The results for the two types of sera with different
handling systems under various conditions for dif-

Table 2. The mean copper concentrations of two sera, both haemolysed, and non-
haemolysed, stored under three diferent storage systems for one to nine days. Significant
levels of ANOVA for this table are shown below.

Copper Concentration (ppm)

SERUM A SERUM B

Days Non- Haemolysed Non-Haemoiysed Haemolysed
{Periods} Haemolysed

Frz. Ref. AT Frz .Ref. AT. Frz, Ref. AT. Frz. Ref. AT.
1 053 054 050 055 055 049 069 074 057 069 069 065
3 0.51 053 049 054 056 051 075 068 065 073 073 066
5 054 058 052 055 056 052 072 071 07t 089 Q71 064
7 055 0.53 0.51 055 053 053 071 064 067 077 071 066
g 055 055 0.51 053 053 049 068 073 065 072 071 069

Key: Frz-Freczer Ref-Refrigorator AV.-Ambient Tempersture

ANOVA

Betwoen Serum A and Sarum B - Sighificant at 0.1%

Between differant storage systems - Significant at 0.1%
Period by storage systom intoractions - Sigrificant at 0.1%
Period by Haemolysis interactions - Significant at 5.0%

Between different periods - Not Significant

Between two haemolysis types - Not Significant

Haemolysis by storage systems interactions - Not Significant
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Table 3. Copper status of cattle from different farms in the Morobe Province.*

"Owner © ° ° " Sample’ ~ ~  No. &Sex Observedcopper ~ ~ ~ * ° * Mean + SEM
.Cattle Farms ~ Type Type Range (ppm) copper (ppm)
serum 5 steers 070 - 110 0.98 + 0.08
liver 360 - 1520 91.00 1 20.97
8 steers
serum 6 cows 070 - 1.20 0.86 + 0.04
Chivasing# 5 steers
serum 8 cows 040 - 120 071+ 006
liver 17.00 - 246.0 121.5 +18.08
8 steers
serum 4 cows 052 - 157 0.77 + 0.08
liver 1 heffer 43.00 - 212.00 1084 + 13.81
senum 7 heifer 052 - 090 078+ 0.05
Ex-Narakapor @ serum 6 cows 049 - 073 0.58 + 0.04
Native Cattle @ 1 bull
Plantation senum 8 cows 059 - 110 0.834+ 0.07
Erap@ serum 18 - 071 - 174 1.08 + 0.07
Leyon@ 7-
SETL G cowsi) 060 - 180 112+ @12
ExLarord serum 12 cows 038 - 077 0.58 4 0.04
serum 6 weansis 640 - 1.00 .73+ 0.06
Sastang @ 4 weanars
Catile Bange  serum: - 7heifers - - 030 - - - 086 - - - - 712 005
SErn 7 heifers 052 - 0.90 0.78 + 0.05
4 weaners
Markinam@ & cows(D)
Farmiers SETUM 2 cows(W) 060 - 1.80 0.80 + 0.08
(Contd.)
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serum 6 - 062 - 210 1.34 + 0.27_
Zenag@ serum 2. oso - 1.00 0.90 + 0.10°
Swiss@ serum 4 cows 094 - 173 1.26 + 0.17
Mission, Lae '
Ex-Munum#  serum 7 bulls 044 - 065 0.54+ 003
Zimu Markis@ serum 4 heifers 052 - 079 0.65 + 0.06
Yamaku Timas@ 1 byl

serum 3 cows 052 - 075 0.58 + 0.06

*

- These results were oblaineq by staff at NVL in 1985 and 1986

- Samples collecied at Lag Cantral Abattoir

@
# - Samples collected in the field,
D -Dry and W - Wot

- ferentperiodsandthe ANOYVA (a'ssum'ing S
interaction or no real order of interactions) are

presented in Table 2.

The copper concentration for the contry) iver was
158 1 10 ppm DM while the certified vai o was 158
ppm DM. The copper concentration in the control
serumwasanalysediobe 1'1010'04ppmwhereas
its certified value was 1.10 4 0 10 bpin. The results

from samples submitted to the Nationaj Veterinary

Laboratory (NVL)in1985and 1086 are surnmarised

ir Tabie 3.Coppervaiues forseruimand liver aammlon

uinand liver samples
(DM} in this project are presented in Table 4.

It was expected that the avaitable serum copper
concentration should correlate well with the liver
copper concentration. However in correlating the
copper values of liver and serum), ng real relation-
ship has been observed. Apoor correlation existed
between serum and liver copper (Figure 2).

'DISCUSSION

The normal range of copperconcentrationinserum
is 0.60 - 1.60 ppm (Campbell 1983; Grace 1983;
Whitelaw 1985). Most of the mean serum vaiues
fellwithinthisrange (Table 3 and Table4). However
the mean values of serum copper in cattle from

Abunaka, Narakapor, and Nadzab were below nor- i
mal, indicating that there was probably a copper .
deficiency among cattle in these places (Fig 1).
Field supplementation would be necessaiyloquan-

Although the mean correlation is within the normai

- rangeon many farms, there are some values below

nommal. This indicates that the copper status may
be marginalin most of the existing farms mentioned
inTable3and Table4. itis recognised thatanimals
with marginal copper deficiency grow more slowly
and as a result reduce their apparent copper re-
quirement. Becauseof this, these animals may still
maintain “normal” serum/plasma values, but would
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od ividual beef
Table 4. Copper lievels in serum and liver samples analysed FOm tnd
cattle Killed at Lawe Abattoir.

Mean
Oowner/Farms  Sample No/Sex or Obseved Ran@® o)
er
Type Type copper (P copper {ppm
e T
0.66
SEerum 7 - 0.61 - 0.72 o2
C - 0.
Chivasing serum 9 steers 0.46 - 077 oo
fiveer 556 & 3975 166.
M
0.47
Narakapor serum 10 - 032 - 062
T
0.27
serum 4- 012 < 046 0.1
Abunaka seum 4 cows 038 - 053 '
liveer 78 - 1077 36.0
__.-—"""—-’_-‘-’-—— .
0.65
Native Catlle ~ sefrum 2 bulls 063 - 08
Piantation 7
0.
serum 2 cows 066 - 079 .
liver 502 - 2667 159.
T
A& JBeline serum 10 - 0738 - 0.68 baa
Nadzab Liver a3 5 - 159 ‘
4.‘-—{‘“'”—”‘”_”_
y 0.89
Bolyo Kanipga  siorum 4 steers g2 - 102 .
Gubari Vitage  Fver yapgp - 2659 2 o'sv
GBI 2 cows oge - 1Y 40-3\-'
ver 8.6 - £3.5 > |
e e ot e e et e e 01 e i e - o
Vanamath  Serum 5 steers 074 - 117 ‘1
. . ; 95.
Buharu Village ver g3p - 1594
. s&MUM Codeew - 0.98
ey 105.7
Livestock .
: 0.7
Development  serum 7 cowe o4z - 100 d
Corporaticn
ERAP
""" 4903, Vol 36 No1, pp. 40-53
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Figure 2. Scatter diagram of Serum Copper concentration with Liver Copper oncentration of

individual Cattle from Morobe Province.

respondto copper supplementation (Hill ef a/, 1962;
Glasgow 1956; Mayall 1973; Reddy andMahadevan
1876; Gallagherand Cottrill 1885; Langlands &t al.
1986, Suttle 1986b). Althoughmany ofthe animals
slaughtered were in good condition and had no
impairment, they were also mature adults. If the
copper status was improved it might have been
possible to slaughter at ayoungerage. Stearsalso
have lower requirementsfor minerals than actating
cows are likely to have lower copper concentra-
tions. However to confirm the tower copper con-
centrations in lactating cows a more detailed inves-
tigation of animalsin the Morobe Province is neces-

sary.

The mean copper concentrations of liver samples
from cattie obtained from Abunaka, Nadzab and

some smaliholder cattle farmer: at Buharu and
Gubari viliages are below the nomal range (100 -
300 ppm DM} (Campbelt 1983; Hil 1985). Aswith
the serum results, some liver samles had very low
copper concantrations of 7.8 - 625 ppm DM even
though the mean concentrationswere within the
normal range.

Serme authors (Campbell 1982, 4race 1083; Hall
1985; Paynter 1687) state that cpper concentra-
tion inthe fiver is a better indicatoof copper status
thanserumcopperconcentration bcausetheformer
Is the body’s main reservoir of coper. Copper is
drawn into the blood from this resrvoir when it is
required 1o maintain copper level: Therefore, the
blood copperlevels should not faliintil the reservoir
copper levels are exhausted. Fied (1984); Sutile

(1986 b) and Paynter (1987), indiated that there is
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a relationship between plasma copper and liver
copper in sheep, cattle and deer (Axis porcinus),

that normal plasma concentrations are maintained
fromthe reservoir. However Hill etal. (1962)found

no relationship between serum and liver values
existed in cattle or buffalo. Figure 2 indicates that
inthe 1985 - 87 survey there was no clear relation-
ship between serum copper and liver copper, al-
though animals from Abunaka had the lowest aver-
age serum and liver values. The data onthe graph
may agree with the trend observed by Paynter
{1987) butthere are many more outlying points and
it would not be cautious to say that the data show
thistrend. This suggests that our understanding of
copper metabolism is still incomplete.

The results obtained in 1985 - 87 in this study are
consistent with those of Mayall (1973), although
she recorded extremely low levels in animals from
several cattle farms. Mayall's survey foundthatthe
Wanaru cattle in Markham Valley had copper con-
centration ranging from 0.04 - 0.12 ppm in serum,
while Singaua Plantation, Bulolo and Sunkist Dairy
caltle had low serum copper concentrations rang-
ing from 0.17 - 0.40 ppm. -Munum Plantation,
Malahany and Seralini calile had serum copper
concentrations above 0.50 ppm. The liver copper
concentrationsinthe catle studiedwers foundtobe
as low as 7.8 ppm DM which could suggests a
primmary copperdaficiency as ndicatedin siudies by
Biood e ai (1979).
seconfiemn that fow serumand liver copparieveis are
coecuriing in the Morcbe Provinge which indicales
ihat production rssponses o copper supplsmenta-
fion may ooour.

The resulis of s shudy

Tomare fully interpret the copper concenliations in

cattle, fagtors such as growth and production rates,
goll pH, catlie management systems, scil and pas-
ture copper siatus need to be known. Ona vety
imporiant factor {5 the molybdenum and sulphur
status of the pasiure (Mall 1985). These eiements
can cause alarge reductionof copper availability for
normal metabolic functions (Cunningham 1955;

Hogan et al. 1971; Anon 1972; Smart et al. 1981;
Paynter et al. 1982; Paynter 1984; Whitelaw 1985;
Allen and Gawthorne 1987). Itis unlikely thatthese

‘elements are having an effect on the copper con-

centration because levels of molybdenum in soil
and pasture in the Morobe Province are low (B.
Kaupa, personal communication}. Limitedinforma-
tion is available on the copper status of soils in the
Marobe Province and therefore further investiga-
tion is necessary to evaluate the cause of copper
deficiency. No consideration was made on the
seasonal effect of the copper status in this study.

The analysis indicates that the copper level was not
affected by the different concentrations of trichioro-
acetic acid usedto deproteinize the serum. Trichlo-
roacetic acid at the concentration of 8 percent was
probably sufficient to completely deprotenize the
serum.

From the study of sample handling techniques it
can be seen that non-haemolysed serum samples
are required for copper analysis, as haemolysed
serumsamples gave slightly higher copperconcen-
tration readings. However there was no real trend
of increased copper conceniration being observed
gvertimea. The actuat contribtionof copper, tothat
already present in serurn, from one or two drops of
noinal bleod celis should be insignificant in AAS
measurement. If serum and lver samples are naot
analysed immediately after collaction, storage un-
der freezing conditions is esseniiak. Fefrigeration,
using ice packs, is necessary for transpariation of
sampies, it care Is required during transporiation
of wihcle bivod 1o prevent haemolysis of red celis
which may cause an increase in copper values of
he sensm.
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FERTILIZER TRIALS WITH TURMERIC (CURCUMA

DOMESTICA VAL.) AT SANTA

D. E. Gollifer’

ABSTRACT

CRUZ, SOLOMON BLANDS

in four experiments with turmeric (Curcuma domestica Val) at Santa Cruz, Solomoi islands (S.1.) ,
potassium applications significally increased the yield of rhizomes in all trials. There wassorne indication
that suiphate of ammonia, phosphorus and a proprietary mixture of trace elements majincrease yields
in the presence of potassium. Urea applied alone depressed yields.

Key words : Turmeric, fertilizers, potassium, Hydrandepts

INTRODUCTION

Santa Cruz is an Island situated at 10° 45'S and
116°E in the Solomon Islands. As part of the
agricultural programme of diversification and devel-
opment it was decided to introduce turmeric, Cur-
cuma domestica Val.,, to Santa Cruz for trial and
evaluation. The crop was chosen because the
climatic conditions are favorable for growing tur- -
meric (Purseglove 1973) and since the island is
remote from a major port, a product with a relatively
low butk and high price is desirable. The boilad
mhizomes are used in Santa Cruz as a cosmetic for
adorning the body during traditional ceremonias.,
No local markels as such exist, and attempis are
being made to establish export markets of the
cemmaodity. The boiled dried rhizomes of turmeric
are a major constituent of curry powder.

Tha. enils of Western Santa Cruz arg ash-eoils
formed over imestone torgces and are clasaifisd
as Hydrandepts (Wa!l and Hansell 1976). The
resulted ina soil with chemical and physical proper-
ties deprived from the presence of allophane. The

Dala Raesaarch Station, Matsita, Solomon Islands, Present
address: Barima, The Graan, Gt Bantiay, Colchaster, CO7 8PD,
UK

soils show no signs of impeded dainage, have a
very high moisture content and lovbulk density. - If
exposed tostrong sunorif compaced they may dry
outirreversibly resufting in destrucbn of the natural

soil structure. The greater parnt ofhe profile is top-

soit which rests directly on weatheed limestone.

The soiis are influenced by the wderlying lime-
stone, and the exchangeable base are dominatad

by calcium. Levels of total phosphrus are high in-

the topsoil (0.38%) but available l¢els are moder-
ate to low (9 ppm Olsen) and {25 pm Bray). Total
potassium is low in the uppsr topsi] (0.084%) and
availabie levels extremely tow (0.Zneq %). Inths
lower topsoit there was only a tize of available
petassium. Nitregen levels inthe tpssil were high
{0.89%) and crganic matter conter was unusually
high (up to 16%) (Wall & Hanseli 978).

MATERIALS AND METHOS

A 5.7 ha pilot project of tumneric vas planted at
Santa Cruzon farmers land during #ay 1972 using
selected rhizomes of variety “Tuu vetolio” from
Data Research Station, Malaita, ¢ 1., which had
previously been commercially eviuated by the
Tropical Products Institute, Londor{Gollifer 197_;3).
Fourfertiizertrials were superimpoed on theblock
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planting and the result are described in this paper.

variety were planted during April and May 1972 at
a spacing 0.6 x 0.6 m and at the depth of approxi-
mately 5 cm. In all experiments the plot size
including guard rows were 0.0036 ha and the
harvestable plots size wasfifty plants (0.0018 ha).
Fentilizers were applied 6 months after planting, and
the crop was lifted with hand forks at 15 months,
when senescence of the leaves was complete. All
bulbous material was rejected and only the fingers’
weighed.

Experiments 1 & 2

Thedesign used was a 2¢factorial with factors N, P,
Kand T arranged in blocks of eight plots each, with

-theNPKT interaction being completely confounded

{Table 1) and randomized within the blocks. There
were three replicates (Cochran & Cox 1966, pian
6.2).

Treatment : N Control (C)
¥ NK
T PR
PK NT
NPT PT
KT KT
PRT NPTK

in Experitnent 1 the nitrogen (N) was applied as
suiphate of amunonia, N{a), and inExoerimem 2as
traa, Ny,

- Exporimont 2

The decign was a 3 x 22 factonal, with two forms of
N, suiphate of ammonia {Na) and wea (Nu) in
combination with P (iriple super phosphate) and K
(muriate of potash). The NPK interaction was
confounded and the PK interaction partially con-
founded. Thete were three replicated with treat-

ments randomized within the blocks. {Cochran &
Cox 1966, plan 6.9).

Treatments: K .C

P PK

N{a) N(a) K

N{a) PK N(a) K

N(u) N(u) K

N(u) PK Nu) P
Experiment 4

The design was a balanced incomplete biock de-
sign with six replicates, type lil (Cochran & Cox
1966, plan 11.16).

Treatments: C N{u)
K1 N(u) K1
K2 N(u) K2
K3 N(u) K3
K4 N(u) K4

parimenis 1-4,

Symbcl Cescription Expetimant

o Abzence of tentilizer 1,2.3, 4

N{@) 58 kg of clemental H per ha
as sulphate of armmonia 1,3

N{t) 55 kg of elemenial N parha

as urea 2,3, 4
p 56 kg of elemental P per ha

as tripla supephosphate 1,23
K 56 kg of eiemema_l Kperha

as munate of potash 1,2,3. 4
K2 112 kg of elemental K per ha

as muriate of potash 4

{Contd....)
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K3 168 kg of elemental K per ha
" asmuriate of potash 4

K4 224 kg of elemental K per ha
as muriate of potash 4

T 251 kg of “Ess-min-el’

(") per ha 1,2

(") A propriety compound manufactured by
Amalgamated Chemical (NSW) Pty Ltd. contain-
ing Mg, Mn, Fe, Cu, B, Mo, Co, and S.

RESULTS AND DISCUSSION

The results for the four experiments are presented
in Tables 2 - 5. Tabies 2 and 3 provide a concise
presentation of the main effects and two-factor
interactions, the response to each factor being
shown seperately for each level of every other
factor. For instance the row labelled K contains

mean response and the differential responses to
potassium. The figure +22.36 for instance (re-
sponse to potassium with trace elements absent) in
Table 2, is the average response to potassium over
all plots that did not receive trace elements. The
Table enables a rapid appraisal to be made of the
nature of the main effects and two-factor interac-
tions.

In Experiment 1 (Table 2) there was a large, signifi-
cant response in the yield of turmeric rhizomes
resulting from applications of potassium. The inter-
action effects of NK, PK and PKT also produced
significant increases in yield {Table 2). Similarl'yr
there was a significant response due to potassium
in Experiment 2 (Table 3), and the interaction effect
of KT also produced a significant increase in yield.
Nitrogen in the form of sulphate of ammonia and in
the presence of potassium resulted in an increase
in yield (Table 2}, but in the form of urea produced
no vyield increase when applied with potassium
(Table 3).

Table 2. Yield differences of fresh turmeric rhizomes (t/ha) - Experiment 1.

Rasponse with

Factor

mean

response -T +T -N +N -P +P -K +K

T +0.48 - - -1.38 4236 -1.00 +1.98 +0.88  +0.10
N N@)}-382 878 208 - - 663 121 -18.33  +547

P -256 -407 -108 -830 +0.15 . . -10.14  +547

K +2188  +22.36 +22.19 +12.60 +32.23 +1443 1439 . -

Significant effects : K +21. 96 **; NaK***; PK**; PKT**
Significance lavels : *(P=0.05); **(P=0.01); **(P=0.001)

Control Yields 32.05tha

S.E. +/-2.75 for differental response; +/-1.98 for mean response.
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Table 3. Yield differences of fresh turmeric rhizomes (Vha) - Experiment 2.

S ‘Response with =~~~
Factor
mean
response -T +T -N +N -P +P -K +K
T -123 - - -0.98 151 442 +193 +552 +3.04
N{a) -0.25 -0.03 -0.55 - - -281 4223 -0.13 -0.45
P -073 -389 4246 -324 +1.81 - - -1.83 +0.40

K +2131 +17.07 +25.60 +21.49

+21.16 +20.21 42240 - -

Significant effects: K +21.31***; KT*
Significance levels: *(P=0.05); ***(P=0.001)

Control yields 21.13 tha '
S.E. +/-2.31 for differential response; +/-1.63 for mean response

Table 4. Yiolds of frash turmeric rhizomes (t/ha) - Experiment 3.

C Na Nu Mean C P
19.88 22.498 12.85 i8.41 18.45 18.35
K 3175 2871 3301 30.43 28.92 32.08
fean 2582 24.80 22.93 23.69 25.22
C 2452 20.48 2518 23.69
P 28.71 2821 2071 25.2

As none of tha Intoractions betwean the two faciors wore significanily different at
P=0.05, a tabl2 oxhibiting the thres-way factor interactions has not boan presentod.
Control yields = 20.38%ha
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Table 5. Yield of fresh turmeric rhizomes (t/ha)
- Experiment 4.

C N(u) Mean
C 28.41 16.06 22.24
K 27.84 2257 25.21
K2 29.19 33.51 31.35
K3 28.69 30.67 29.68
K4 3268 36.57 34.63
Mean 28.36 27.88 28.62

S.E. of means +/-2.89

S.E. of difference between two adjacent
means = +/- 4.09

L.S.D (P=0.05)=2.83

The treatment means were significantly
different at P=0.001

Control yields = 28.41 tha

In Experiment 3 (Table 4) the yield response due to
potassium was highly significant but applications of
nitrogen (as suiphate of ammonia/urez) and phos-
phorus had no effect (Table 4). in Experiment 4
(Tabie 5) the response to polassium was again
signiticant. Nitroganas urea when applied with high
levels of potassium (224 kg/ha) produced a signifi-
canlly larger vield than did low levels of potassium
{66 kg/ha) with and without nitrogen, or the high

gen. Nitrogen applied alone as urea signfiicantly
depressed yields. The nitrogen/potassium interac-

-tion is however by no means clear, as there were

positive NK interactions in Experiments 1 & 4 but
not in Experiment 2 & 3.

Wall & Hansell (1976) have stated that phosphate
may be immobilised by the voicanic ash soils at
Santa Cruz, and as available soil levels are conse-

quentty low, this would explain the significant re-
sponse to phosphate in the presence of potassium
(Experiment 1} but not the non significant PK inter-
actions (Experiments 2 & 3). They also suggested
that part of the response of turmeric to applications
of sulphate of ammonia (Table 2) could be due to
the suiphurcomponent of thefertilizer, as absorbed
sulphate in weathered ash soils has low solubility.
Wall & Hansell (1976) noted that the soils were fow
in iron and boron and that manganese applications
may be beneficial to plant growth. Limiting levels of
these elements may explain the response of tur-
meric to applications of trace elements in the pres-
ence of potassium (Tables 2 & 3).

Soilsinthe Solomon Islands formed overclacarecus
material are low in available potassium (Baliantyne
1961; Wall & Hansell 1973) and Gollifer (1972) has
reported yield responses due to applications of
potassium in annual crops grown on these soils,
Further investigations are required to define the
optimal dose of potassium for the soils of the area.
However applications of fertilizer are untikely to be
used on cash crops unless an active outlet can be
developed for the produce.
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AIBIKA (Abelmoschus manihot )
GERMPLASM IN PAPUA NEW GUINEA

John W. Sowei' and Paul Osilis’

ABSTRACT

Aibika, Abalmoschus manihot (L.) Madikus, is a very important traditional leafy vegetable commonly .
grown throughout Papua New Guinea (PNG) and the Pacific Isiand Nations. Observations on the current
germplasm collection at Laloki Agricultural Research Station (LARS) indicale a wide range of variations
in its morphoiogical and other characteristics. This suggests that PNG is an important centre of diversity
for this species. A field germplasm of 112 accessions of Aibika is housed at LARS. Morphological
description was conducted using the Intermnational Board of Plant Genetic Resources (IBPGR) descriptor

list with some modifications. Documentation of the germplasm is discussed.

Key words: Abeimoschus manihot, Germplasm, Accessions, Description, Documentation, Laloki.

INTRODUCTION

Aibika is commonly grown inthe lowlands of Papua
New Guinea (PNG}, but can also be cultivated at
higheraltitudes, leSsthan 2,000 m. inthe Solomons,
Fiji, Tonga, Vanuatu, Tuvalu, Kiribati and the Fed-
erated States of Micionesia, Abika is locally known
as Bele or Pele. Very few culiivars are grown in
these lslands. The origin of Aibika is still uncertain
(Giemonsma 1981), but thy crep is thought o be
native to South China (Mou 1991).

in a recent Food Crop Market Survey conducted by
the Department of Agriculture and Livestock (DAL),
sixtean main marketsin major centres of PNG were
covered. The quantity of Albika offeredfor sale was
50.79 tonnas par month (DAL Agricuitural Statis-

" fics, 1986). This s a'yearly production of 869.48

tonrnas worth 243,762 Kina. The Bureau of Statis-
Aibika producti_or; m 1961-62 (French and
Bridia1978). Cument figures of area under Aibika
production are unavailable.

1 Department of Agriculture and Livestock, Laloki Agricultural
Resaearch Station, P. C. Box 417, KONEDOBU, National Capital
District, PAPUA NEW GUINEA.

Fresh stem cuttings, 30-40 cm long are commonly
used as planting materials but some cultivars have
produced viable seeds. Aibika has been accepted
as a nutritionally valuable green supplying vitamins
and important minerals such as iron and calcium. It
is said to be a much better quality food than many
of the introduced vegetables (French and Bridle
1978; Westwood and Kesavan 1982; South Pacific
Commission 1983). Studies suggest that 30% of
iha daily protein intake in PNG is suppilied by green
leafy vegetables whichalso contribute 4-12 percent
of enargy requirements (Westwood and Kesavan
1982).

The edible lsaves and tips of Abika are prepared
using various methods of cooking comrmonthrough-

T o PRG and the Paciio - bollad In cocorid cream,

steamed, fried, baked in earth ovens using hot
stones {Mumu or Umi) and cooked in coconut
cream using hot stones (Aigir.

This paper discusses the maintenance, description
and documentation of the Aibika Germplasm at
Laloki Agricultural Research Station.
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GERMPLASM COLLECTION

Efforts have been made recently to conserve the
genetic resources of the world's major food crops
for future use in plant improvement programmes.
Though Aibika is of less importance elsewhere, itis
cultivated and consumed widely in PNG and the
South Pacific. Other important centres of distribu-
tion are India, Africa, and pars of Asia (Borrsum
and Van 1966; Rana and Thomas 1991)

The occurrence of a wide range of the cutltivated
and wild species in PNG supportstheidea that PNG
is a significant source of diversity (Kesavan 1986).
An important contribution towards future utilization
of this diversity therefore is to collect and consetve
these materials. The Agricultural Research Sta-

tions have taken a leading role in conserving culti-

vated and genetically potential species of major
traditional food crops.

fMethod of Collection

The methods of collecting vegetatively propagated

to note are:

1. Al distingt varieties should be coliactad in each
villags or market visited. Duplicates can be identi-
fiad later when collections are planted at the Agi-
culiure! Research Stations.

2. ¥ has bean suggested that coliecticns should be
made &l intervals of 10-50 km. But this witl vacy
greaily, depending onthe popuiationandirequancy
of villages.

crop shiould be recorded and materials labelied.
Mshderance of Colluction
Onehundred and twelve (1 12) accessicns of Aibika

in the collection at LARS were coliected from vari-
cus sources (Table 1).

Table 1. Compasition of Aibika Germplasm
Collection at Laloki.

Source Number of
(Province/lnstitute) Accessions
Keravat Research Station (ENB) 13
Bubia Research Station (MP) 15
Central Province 18
National Capital District 19
Oro Province 2
Morobe Province 23
Madang Province 7
East Sepik Province 11
Unknown 2
Total 112

Ten plants are maintained on un-replicated piots
(10m?). Mature stem cuttings (30-40cm) constitute
planting materials which are planted at a spacing of
1mx 1 m. This gives a poptlation of 10,000 plants
per hectare. The collection is replanted once every
yesr.

DESCHIPTION AMND
RBOCUMENTATION

The Albika collection 21 LARS was starled in 1983,
inlial colieclions were from the Ceniral Frovince
and the National Capitad District. During the past six
years, materials were collected fromvansus sources
in the lovdands and maintzined in the Agricuiiure

sions at Bubia and Keravat,

KMoiphological criaracter descriptions have been
completedforthe 112 accessions and documenied
using a computer data base (Table 2}. Percentage
distribution of leaf, stem, and flower characters are
given in Table 3.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries
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» Table 2. Description of Aibika Collection.

* For definitions of descriptor codes see Tabie 4

| Laloké tocal * o o
Number | Province | Source | Name 1 2 3 45 6 7 8 8 1011121314 15 16 17 12 19 20
u cpP Kotarl Laloki 1 2 8 2 6 1 5 3 1 2 4 6 1 1 2 10
L2 CP Kolari Laloki 2 2 §4 41 3 7 3 2 4 86 286 2 10
L3 CcP Kolar taloki 3 5102 8 4 7 8 2 2 4 6 2 1 2 %t 0. S
L4 CP Koiari Laloki 4 4 10 3 4 ¢+ 3 0 2 2 3 &8 2 7 2 ¢t 38 1 1 2 2
Ls CP Kolari Laloki 5 3 333 5 1 40 11 4 861 8 2 1t 0 -
s CP Kalari Lalokl & £ 10 4 4 4 7 0 2 2 3 6 2 8 2 1 3 1 1 2 1
L7 CP Kairuku | Doura 1 4 10 4 2 6 4 0 4 2 3 81 7 2 1 21 1 1 2
Ls cP Kairuku | Dours 2 510 2 5 8 6 0 2 2 46 2 2 1 10
Le CP Kalruku | Doura 3 5 9 25 113 22 422221111 1.4
L10 cP Kairuku | Doura 4 310 3 1 2 4 1 2 25 6 2 6 2 10 )
Lt CP Kairuku ‘| Doura 5 5 4 4 1 47 1 22 2 4 2 4 210
Li2 CP Kairuku | Doura 6 10 8 5 t 4 0 1 2 5 4 2 4 2 10 .
L3 CP Kalruku | Doura 7 2 33 5 4 4 0 2 2 5 6 1 6 21 381 212
Lt4 ENB LAES Keravat 1 4 83 11 1 2 2 2 5§11 6 2 10 .
L15 N/R N/R Walman 510 3 51 7 ¢ 1t 1 8 1 3 6 2 2 21131
Li6 ENB LAES Keravat 3 § 8 3 11 1 0 2 2 3 6 1 4 2 1 2 1" 1 2
L17 ENB LAES Kerevat 4 4 85 1+ 1 11 2 2 8 6 2 4 2 10
L18 ENB LAES Keravat & § 4 83-¢ 1t 11 2 2 85 6 1 8 2 1 0
Lig ENB LAES Keravat 8 § 8 2 ¢+ 171 83 2 2 5 6 2 686 2 1 0
L20 ENB LAES Kerevai 9 4 103 5§ 5 4 2 1 2 65 6 2 6 2 1 0
L2t ENB LAES Kerevat10 (3 8 3 1 1 1 8 4 2 5 6 1 8 2 1 0
22 ENB LAES Kergvati2 |8 4 83 t 1 7 2 4 2 5 6 2 86 2 1 0O
L23 ENB LAES Kerevat 16 1 9 4 3 ¢t 1 1 & 2 6 4 1 6 2 1 01 2 1 2
L24 ENB LAES Kerovat1? |6 1 2 1 1 1 2 3 2 2 4 t+ 4 2 1 0
25 ENB LAES Kerevat1®8 14 3 3 1 3 7 0 2 2 2 6 2 4 2 1 0
.26 | ENB LAES Keravat19 {4 .9 5 5 1 1 ¢ 1 1 4 6 1 1 2 1 0
27 ENB LAES Kerevat2t |3 10 3 5 1 1 ¢ 4 1 5 4 t 1 1 1 0
L28 ENB 'LAES Keravat22 (4 10 3 1 1 ¢t 3 4 2 3 4 % 4 2 1 8 3 8 2
L29 - {ENB - LAES (Kerevat23 (4 8 5 1 1 &t t 4 2 3 &8 2 6 2 1 0
L3o NCD Gordons | Nalpo 5§ 83 1 1 1 2 4 2 2 4 2 421 3 1.t 21
L NCD UPNG | UM1 4 9 8§ 6 t 1 8 115 6 t 1 210
L32 NCD UPNG [UH2 4 1021 1 5 0 2 2 3 81 6 2 10
L33 NCOD UPNG UH 3 5 38 4 2 4 0 4 2 8 4 2 4 2 1 0
L34 NCD UPNG UH 4 2 3 2 4 1 2 ¢ a4 2 5 € t 4 2 t 3 1+ 1 % 2
138 HOD UPNG Uil § S¥Ww 3 v 1 &5 Q0 4 2 2 4 2 4 2t 3 12 1 2
813 NCD UPNG UH 6 3 10 3 5 4 7 0 3 2 3 6 t 2 ¢t 1 0O
L37 MN/R N/R N/ 5 3 2 t+ 1 5 1 2 1 85§ 8 2 7 2 1 90
L3s NCD UPNG | UM 17 4 10 3 4 3 4 5 2 2 3 8 2 4 2 1 0@
39 NCD UPNG UH 21 3 8 3 &8 4 3 0 t 1 5 86 2 1+t 2 1 ¢
Lso NCD UPNG | UH 31 4 105 4 1+ 1 21 1 8 1t 2 6 2 1 0
41 NCD UPNG UHDorumu ;3 6 ¢ 1 2 7 1 2 2 2 6 1 € 2 1 ©
L43 NCD UFNG | UH 26 3 38 5 5 4 01 2 5 6 1 6 2 %t 0
L44 rCD UPNG | UM 27 3 ¢ 111 8 ¢ 5 5 6 6 2 6 2 1t 0
k4B Cro PAC Algir 5 4 3 1 17 38 22 3 8 2 4 210
148 Oro PAC N/R 51 8 & 1+ 7 ¢ 2 2 3 &8 2 ¢ 2 1 9O
. 147 diorche | N/R [suaakwa 3138 2 1 3 0 2z 1t 5 86 2 68 2 1 ¢
L49 farobe | MR Hatakalye |5 10 3 5 1 4 8 2 2 5 &6 3 1 2 2.0
149 [Rbrobe [ WA Haskwengl 18 10 8 5 ¢ 2 © 1 & 0 6 2 & 2 4 0O
150 Morobs | N/R Kanswere 4 8 5 6 4 2 21t ¢t 5 68 1 8 2 1 0
L51 Morcbe N/R N/R 5104 v 1 5 0 1 2 5 86 2 6 2 31 0
L52 Marobe Jipa Hiendra 50 2 3 15 611 5 6 31 61 2 3 1 2 1 3
. L5¢ - | Morobe - | N/R Hamiwa 4 10 2 8 1 7 0 2 2 5 6 2 6 2 2 0 '
: Lss Morobe | N/R Ziandi 410 3 5 t 5 0 t 3 8 6 2 8 2 t O
L5s Moroba [Hengwa [Kwangspa (5§ 1 2 1 8 1 2 1 2 3 6 1 6 2 t O

[
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Table 2. cont'd....

Laloki Locai *
Number | Pravince | Source | Name 1 2 8 4 5 6 7 8 9 10 11 12 13 14 15 168 17 18 19 20
LS7 Merobe Hengwa | Jandraka 5§ 103 6§ 3 4 0 2 2 2 4 3 4 2 2 0
LS8 Morobe | Damnga | Alakua 4 10 3 5 1 4 0 2 1 5 &8 2 6 2 1 0
LS9 Morobe | Koke Hamawanga 14 3 8 4 1 6 0 2 3 3 6 2 6 2 1 0
Ls0 Morobe N/R N/R 4 10 3 5 17 0 2 2 3 6 26 1 1 0
Lot Morobe | Koke Yambiawang |3 10 3 5 3 5 0 1 1 5 6 2 8 2 1 O
Le2 Morobe | Koke Aponate 5 6 3 1 17 0 2 2 3 4 2 4 2 10
163 Morobe | Katopal | Howyauya 4 10 5 4 1 5 0 2 2 5 6 2 4 1 1 0O
L4 Morobe | Katopali | Maningya 4 10 3 5 1 5§ 01 2 8§86 2 1 2 2 0
L85 Morobe | Watut Wina $§ 103 5 1 5§ 0 2 2 3 6 26 2 20
L66 Morobe | Matatio | Yambia 5103 5 15 01 25 6 2 6 1 2 0
Ls7 Morobe |Matatic |Hiamiakaka (3 10 3 8 t+ § 0 1+ 1 5 6 2 4 1 t O
Les Morobe |Malatic [Hamawanga (4 7 6 S 5 4 1 3 1 3 6 1 7 2 1 0
L6s Morabe | Matatic | Hopawa 5 ¢ 31 11221836 16 1 10
L70 Morobe | Matatio | Eakuwa § 82 115 15 2 41 831210
L7 Madang | Zumim | N/R § 8 3 5 35 05 25 6 26113 1 2 2 1
L72 Madang | Zumim | N/R 5§ 081 3 5 21 2 5 6 3 6 2 10
L73 Madang | Zumim | lran 4 10 3 1 1 5 0 1 2 5 6 3 6 2 1 0
L74 Madang | Zumim | Antiragen 4 10 4 3 1 1 7 2 1+ 56 2 86 1 1 0
L7s Madang | Zumim | irs 4 3 8 5 5 7 1+ 1 2 3 6 16 1 1 ¢
L78 Meadang | Zumim | Busibis 4 ¢ 3 3 3 5 0 1 2 2 6 1 4 1 1 0
- 178 Madang | Zumim | Garia $§ 93 1 11 1 2 2 3 8616 2 10
L7g NCD Gordons | San-j-Ret 5 83 2 4 1 1 4 2 2 41 4 2 1 3 11 2 5
L80 NCD Gordons | N/R 4 10 3 { ¢+ 7 1 2 2 83 68 1 5 t 2 ¢
L81 NCD Gordons | N/R 3 83 2 4 ¢ 1 1 1 3 6 1 6 2 1 3
L82 NCD Gordons | N/R 4 9 ¢+ 1 2 11 2 21 6 1 5 1t 1 3 t 2 3% 1
L83 NCD Gosdons | N/R 4 84 1 t 1 0 2 2 4 6 1 868 2 10
(%:7) NCD N/A N/R 5§ 8 3 ¥ 46 1 2 21 6 151 1 2 i 2 t 4
L85 ESP Wosera | Sa—angna 5§10 3 § 5 7 0 2 2 5 8 3 83 2 2 3 11 2 2 2
Las CP Caloki N/R 4 104 t 1 56 0 8 2 2 7 2 6 2 1
Loz CP Laloki i9 Seedling |$ ¢ 3 + 1 1t 3 2 2 4 2 3 1 2 1
.L88. jCF. } Latold lL34Sssdling |3 10 4.2 1 1 0 4 2 3 7 1 8 2 1.
L83 cP Latokt L1SSesdling {3 10 3 2 2 8 0 2 2 4 2 3 2 2 2
LSO CP Ladoki i23Se0dling {8 9 3 3 3 1 0 4 2 5 5 1 5 2 1
ol Moicie Bubia 3 163 2 1+ 3 2 2 2 5 6 1 8 2 1
L82 Muarobs Bubia 4 16 3 3 6 6 ¢ 2 2 2 & 2 & 2 2
L33 Morobe EBubia 4 102 1 4 7 1 2 2 %5 5 2 4 2 1
L&4 Marobe Eubis 4 7 3 1 2 7 0 z 2 a § 2 8 2 1
LGS NMnrobs Bubia 4 ¢+ 2 1 4 3 0 2 2 8 7 t & 2 9
Les tzicks Bubia & 1038 t £ 7 0 2 2 2 4 2 4 2 1
L7 Marohy Bunia § 163 t 3§ 68 2 1 2 2 4 2 4 2 2
L3 Moraho Bubie £ st v 8 2 1 2 2 4 2 4 2 2
189 Moioke Bukia 4 2 2t v & 0 2 ¢ v 7 2 5 2 1
A Lele] Moroun Bulsia 5 3 3 + 4 72 002 2 v 68 2 4 2 2
L1014 Maorote Bubia ¢ 31 1y 58 1 1 2 6 3 & 21
Lig2 | Morobo Pubia 4 0 &8 &5 6 7 1+ 38 12 4 2 4 2 1
LIC3 | Morobe Bi:nin 4 4 3 i €6 5 2 2 2 3 & % 3 2 2
L1064 Maorobe Buibia 51 3 1 % H 2 1 1 3 6 2 § 2 1
{iGs Maroba Buhis 8 1 v 1 6 2 2 2 4 8 3 2 21
Li08 ESP Wossra | SAM GO 8 83 1+ ¢ 1 0 Y 2 4 1 2 1 Z i
Lin?7 ESF Wausera | SAM 15 4 ;¢ v 1 7 ¢ 2 2 1 5 1 &6 1 i
Ligse | ESP Wosere | SAM 22 4 45 51 7 ¢ 2 2 41 2 % 1 2
109, L ESP . tWissea. | SAM 23 | 4.0 4 1.0 % 2.2 2 .46 2.5 1 1.
L1106 ESP Wossre | Wit 4 4 3 v 2 7 ¢ 3 2+ 858 2z &8 1 i
Linl EGP Wozare } Wi 2 4 4 4 1 t 7 3 1 1t 4 8 2 8 11
L1tz ESF Woserg | WL 3 4 4 3 t 2 5% 1 1t 2 4 1 2 1 1 1
L1113 ESP Wawax | Awai 3 33+ v 7T 31 2 4 6 2 91 11
Li14 ESP Wosera | Nungweas 4 2 %Y 11 2 2 2 3 86 186 2 1
L1115 ESP Wosera | SAM 21 § 4 3 t 1 6 2 2 2 4 6 2 8 2 1
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i i 4) was modified
The IBPGR descriptor list {Table 4) wa . — CATESORIES \BPGR CODE
and used to complete the descriptors following the
priority list given below: 4- Aristate,
. . S - Cuspidate
Table 4. Basic descriptor list for Aibika.
6 - Mucronata
DESCRIFTOR CATEGORIES IBPGR CODE
8. Leaf Bage 1 - Acumvinate 3.2.%
1. Growih Habit 1-Poot 3.1.0 2 . Aoundad
2 - Sparse 3 - Truncate
3 . Modarate 4 - Cordate
4. Good & - Hastate
§ - Luxurlant 6 - Sagittate
2, Leaf Shape 1 - Lincar a1 7 - Auriculate
2 -Lancontate
7. Leaf Shape
3 - Cordate Yariability 91,234 45 3.28
4 - Haslate
8. Leaf Cotour 1+ Light greon a7
5 - Sagiitate
2 -Dark green
6 - Deltold
3 - Lighvdask green
1 - Ortlenlata
with purpla of red
A - Pinaatisect spota on upper of
tower jcaf curface
8 . Pecate-digitato
i . Pajmats 4 . Other (epeclfy)
3 Leat Segmend 2. Lesf Lugtre 1. 0ull 228
Shape 1 - Acicilar 3.22
2 - Shly
2 «Linear
3 - Lannesists 16, Les! Yein
5 ~ ObikRLESIBE Colaur 1 - Puigle J.a8
§ - Eitiptical Z - Dark greoe
4, Lest prrgin i -Eniite 223 2 -Rettio grsen
2 - Serrate 4 - Greem
5 - Deniote © -§ - 2thay (apetity)
4 « Crodaty
11, Palinie Colour - Ligh? pragn 2.2.4¢0
5. Sincate
2 - Gark groen
5. Leat Tip 1 - A2uminste 3.24 3 -Plpk
¥
! 2- Aoute P
H
3 -Caudete 5 - Purpte
(Contd.}
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| DESCRIPTOR CATEGORIES {BPGR CODE DESCRIPTOR CATEGORIES BPGR CODE
6 - Lightsdark green 16. Sepal Colour 1 - Green N/A
with splashes of 2
pinkired/purple - Grown with purple edga
3 - Other {specliy)
7 - Othar (spacity)
" 19, SBligma Colour 1 - Purple {clustered) N/A
* 12. Petlole Length 1 -Short (<20cm) N/A
. 2 - Purpte (divided)
2 - Intermoediate {21-30cm)
3 - Dark purple
3 - Long (»30¢m)
4 - Other (specify}
13. Stem Colour 1 - Light green 3.31
2-Dark green 20. Fl'ament Coloue | 1 - White N/A
3- Pink 2 - White with purple stripes
4-Red 3 - Purple
§-Pumple 4 - Purple with purpte gtripes
5 - Yotlow
6 - Light/dark green with
Gpiashee of pink 8 - Other (spacity)
fred/purpte
7 - Othar (specify)
Abbraviations and Symbolsusedin Tables 1,2,3&4.
14, Slem Pit 1-Enlire 3.3.2
2 - Hollow CP e Cantral Province
ENB = East New Britain
15. Stem Hatriness 1 -Giabrous {hairiess) 333 ESP = East Seplk PrOViﬂCQ
2 - Puboscent IBPGR = intemational Board of Plant
{short sott Hairs) Genetic Rasources
L = Laloki
3 - Hispid . )
LAES = Lowlands Agricultural Experiment
4 - Cther {specify) Siation
_ LARS = Laloki Agricultural Research Station
186. Flowering Habil 0 - Nioha N/A .
MP = Marche Province
- Suarss (Slairthuted " . .
- Sparss sleinbutec) NCD = Naiional Capital Distrct
2- Profuta (pionttuy) N/A = ‘Mot Avalable
3-Few N/R . tot Recorded
. PAC = Popondetta Agriculture College
17. Elower Colour 1 - Sulfuryellow with PNG = Papua New Guinea
purple bage N/A SAM = Saramandi
2 -White wilh purple base . UH = UnlvefSﬂy Numbel'
- UPNG = University of Papua New Guinea
3 - Other (spacliy)
WL = Wosera Local
: Percentage

% =
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Figure 1. Leaf Morphology (Al diagrams adaptsd from Kesavan, 1880),

Leat shape (3.2.1}
Linear lanceolate  cordate hastate sagittate

deltoid orbiculate pinnatisect

pedate - digitede

M%"—-—nmﬂvﬂ

acicular linear lanceotate  cblanceciate elliptical

(Cont'd,)
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{

Leaf margin (3.2.3)

entire serrate dentate crenate sinuate
Leaf tip (3.2.4)
& (/4 & / '\@A @ @
acuminate acute caudate aristate cuspidate  mucronate
I
I
Leaf base (3.2.5)

YYD

acuminate rcunded truncate cordate hastate  agittale  auriculate

First priority Third priority

Passport data; thiginchdas provinee, scurce, Ioca! - Evalugtion dsta - this inciudes average viekd W -
G o

name, ailitude, date _and type of sample collected.  tonnes per hectare, number of marketabie bundles
Planting materials are usually in the form of stem  per plant, consumer preference, days to first har-
of collection. sessment of common pests and diseases.

Second priority
ACKNOWLEDGMENTS

Morp ho_IOQ'C_aI da_'a: NS Inckidss CharacFers ang Malchom Levett and Sam Rangai initiated the gerinplasm
‘ Categ?"es given in Tables 2,3 &4 and Flgure 1. coltection. Waliya Aliga, Serah Lummis, Cosmo Raire, Francis
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--THE USE OF CHLORPYRIFOS IN CONTROLLING WEEVIL
BORER, RHABDOSCELUS OBSCURUS BOISD.
(COLEOPTERA : CURCULIONIDAE) IN SUGARCANE

SETTS
L. S. Kuniata' and G.R. Young'?

ABSTRACT

The weevil borer, Rhabdoscelus obscurus is a serious pest of sugarcane at Ramu Sugar estate, Papua
New Guinea. A mode of infesting newly planted sugarcane crops is from the use of infested seedcane.
Field trials were established in 1987-89 to select a suitable insecticide for treating infested seedcane. It
was shown that chiorpyrifos was superior to dichlorvos, dieldrin and fenitrothion as a dip to disinfest setts.
The LC50and LC95 for chiorpyrifos were 0.03% a.i. and 1.50% a.i. and 4.60% a.i. against alf weevil borer

stages.

Key words: Weevil borer, seft dipping, chloipyrifos, sugarcane.

INTRODUCTION

The larvae of weevilborer, Rhabdoscelus obscurus
Boisd. (Coleoptera : Curculionidae) are a serious
pest of sugarcane (hydrids of Saccharum
officinarum)invillage gardensin PapuaNew Guinea
(PNG) (Szent-lvany & Ardley 1962; Bourke 1968).
Recentiy a commercial sugarcane indusiry was
gstablished in the upper reaches of the Ramu valisy
with the intention of producing sugar for PNG
market and also export purposes (Eastwood 1990).
Kuniata and Sweet {1991) pointad out that A.
obscurus is currenlly raied as the second major
stalk borer after Sesamia grisescens (Lepidoptera
: Moctuidas) at Ramu Sugar Lid {(RSL) estate.

it has been shown that weevil borer starts entering
. & sugarcane crop at about four months after plant-
ing (Young & Kuniata, unpublished data). But in
ratoon cane {regrowth after harvest), a high propor-
tion of R. obscurus remain in the stubble after
harvest and may emerge o infest the subsequent

'Ramu Sugar Ltd., P © Box 2183, Las, Papua New Guinea.
2 prasant address: 27 Boyce St., Ryde, NSW 2112, Australia.

crop. Movement of weevil borer adults in the field
is probably largely by flight rather than along the
ground. Van Zwaluwenburg and Rosa (1940)
observedthat weeviladulis were ableto travel up to
500 m from point of release inthe field. Seedcane
infested with weevil borer can be transported to
greater distances thus irdesting newly established
Crops.

Possible control measures were discussed by
Kuriata and Sweet (1991). They concludedthatan
inteyrated approach may be required 1o bring this
pest o manageable levels. One approach is the
use of planting malerial free of weavii borer life
stages. Theeiore, selt dipping tials were indiated
to select suitable insecticides for this purpose.

Fieldtrialsto screen various insecticides for control-
ling weevil borer in infested planting material were
established between 1987-1989 at Ramu Sugar
Ltd, Madang, Papua New Guinea.
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Trial 1 was a non-replicated trial established in
February, 1987 to compare fourinsecticides (Table
sugarcan var. Cadmus showing weevilborer dam-
age were dipped in the appropriate concentrations
of each insecticide for 5 -10 seconds before being
planted in furrows 30 cm deep. Plot sizes used
were 1.5m x 30 m. After five days these setts were
recovered fromthe soil, carefully split-open and the
number of live and dead weevil borer life stages and

germinated sugarcane buds were counted.

chlorpyrifos (LORSBAN 50 EC') at concentrations
of 0 {tap water only), 0.05, 0.10, 0.20, 0.40, and
0.B0% a.i. Fifty two infested setts of var. Cadmus
were dipped in each concentration. A randomised
complete block design trial with 4 replicates was
used. Plot sizes usedwere 4rowsx5mwith 1.6m
and 1m separating replicates and treatment plots,

Table 1. Kortalities of weevil borer and gerinination of sugar cane buds (%) in Triat 1.

Treatments Montalities of Weevil borer (%) Geminated
(% a.) buds (%)
Larvae Pupae Adulis
Control (0) 1 (86) 14 (22) 0(21) 47
Dichlorvos
(NUVAN' 50EC)
(0.10) 0 (55} 11 (19} 17 (30) 49 .
- {0.50) 2 (55) 8(12) o(1%). .. .82. . . . .. S
Dieldrin 15£C
(0.05) 12 {58} £0 (8} 25 {44) 74
{8.10) 23(7) 29 (7) 38 (24) 63
Fonitrothion
(DICCHFSH S6EC)
{0.10) 16 {50) 29 (7 § (31} 55
(0.60) 58 (28) 64 (1) 85 (31) 51
Chlopyriios
CORSBANTSCECY V. . . 0 b oy
{0.1¢) 85 (34) 160 (3) 80 (22) &4
{0.40) 94 (35) 100 (5) 82 (38} &3
A ) B I
T Trads qanss,

Figurss given in parenthesis indicats total nunthor of lnsesis found per 109 saits.
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respectively. Methods of planting and assessment
were similar to those described for Trial 1. The trial
was repeated in 1988 and 1989 as Trials 3 & 4,
respectively.

Trial 5 was established in March 1988 to compare
the germination of weevil damage and undamaged
setts (taken from first 5 internodes from base of
sugarcane stalks) and test for any interactions with
various concentrations of chlorpyrifos. Fifty in-
fested setts were used for each conceniration. A
split-plot design was used where the damaged and
undamaged setts were used as main plots while the
concentrations of chlorpyrifos as sub-plots with 3
replicates. Planting and assessment procedures
Were similar to those described for Trial 1.

The observed mortalities were transformed using
arcsine and used in analysis of variance. Average
montalities were corrected using Abbott's (1925)
formula and used in probit analysis. Probit analysis
regressions were used to determine the LC50 and
LC95 of each insecticide against weevil borer in
infested setts.

RESULTS

In Trial 1, weevil borer mortalities in chlorpyrifos -
treated sefts were higher than in untreated control
setts or sefts treated with the other insecticides
(Table 1). Dieldrin gave the highest percentage of
germinated buds but did not control weevil borer.

It was observed from Trial 2 (1987) and the two
similar trials established in 1988 and 1989 that the
larvae of weevil borer in infested setts were suscep-
tible to all the rates of chlorpyrifos (Table 2). In
1987, differences between mortalities were highly
significant (p < 0.01) for both larvae and pupae and
significant {p < 0.05) for the adults. Highly signifi-
cant {(p < 0.001) differences were observedin larval
mortalities in 1988 (Trial 3). These were significant
(p < 0.05) foradutts but not significant for the pupae.
Similarly, Trial 4 in 1989 showed highly significant (p
< 0.001) montalities for larvae while these were not
significant for pupae and adults.

Regression analysis between various concentra-
tions of chlorpyrifos used and probits are summa-

Table 2. Mzan morialitize of weavil borer (arcsine transiormad).

Chiorpyrifos 1987 1988 1689
(% a.i.)
Larvae Pupae Aduls tarvae Pupas Adults [ Larvae Pupae Adults

0(Gontrc) 40 2 o te 8 6| do 10 8
005 | 44b  74a  70a 23d 15  20ab | 42 35 15
0.10 63ab 90a 68a 32cd 40 23ab 53zb 54 19
020 70a 90a  80a 43bc 27  32ab | 85ab 41 19
0.40 63ab 90a 65a 52ab 22 21ab 67zb 81 22
0.80 70ab 90a 82a 64a 27 42a 73a 74 36

* Means followed by same letter in each column are not significantly different by DMRT (p 0.05).
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Table 3. Regression analysis between log. concentrations and probits for weevil borer
mortslities from 3 replicated trials (Trials 2-4).

1987 1988 1989
Larvae All Larvae All Larvae All
stages stages stages
r 0.823ns 0.744ns 0.99g™ 0.995™ 0.955' 0.960"
a 649 6.47 6.33 598 6.69 585
b 0.67 0.67 1.28 1.03 0.91 0.61
SEofb 0.256 0.349 0.034 0.057 0.164 0.103
LC50 0.01 0.07 0.09 0.1 0.01 0.03
LCg5 1.66 1.80 1.75 434 0.91 13.68

L.C50 and LC95 are given in % a.i.
n.s., not significant, ' p <0.05, “ p < 0.01, ™ p < 0.001

Table 4. Mezn gorminalion of sugercans

-Buds in Trials 2-3 (%).
Treatiments dMearn gerimination (%)
(% a.l}

1987 1898 1989
{ {Contiod) 38 23 22abc
0.05 43 24 . 24ab
0.10 as 18 25ad
0.20 33 18 27a
0.40 35 21 18k
0.80 44 20} 1re

fvans having stmilar letters in sach column
&ra not signilicanily different by DMRT {p =

0.05).

rized in Table 3. Except for 1987 data, highly
significant positive correlations were observed be- .
tween concentrations and probils. Average larval
LCSC and LCYS was 0.03% a.i. and 1.40% a.i.,
respectively. These were 0.03% a.i. and 4.62% a.i.
ior all the weevl borer life stages.

Averagepescentage of germinated sugarcanehuds
were vety low and are summarized in Table 4. The
various concentiation of chicrpyiifos did not signifi-
cantly affect mean germingtion in 1987 and 1938.
However, in 1889 concentrations weare highsrthan
0.20% a.i. significantly (p < 0.08) reduced mean

gerivation.

Cotnparisons of wesvilborer darmaged and undare-
aged setts from Tria!l § showed highly significant (p
< 0.01) ditferences in mean germination between
these with various concentrations of chiomyrifos
(Figure 1). There was a 24% reduction in germina-
tion observed in weevil damaged setts cornpared to
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serves in infested setts may have been used up by
the larva of weevil borer with lesser amounts avail-

_ able for utilization by the growing buds and shoots.

Dipping infested setts in chiorpyrifos did not im-
prove germinationandthereforeinfestedsetts should
not be used wherever possible. A phytotoxic effect
of chlorpyrifos on germination was not clear from
these trials. However, a concentration of 0.20% a.i.
has been suggested for use in dis-infesting sugar-
cane setts at planting.

Adults of weevil borer have been shown to travel
more than 500 m from point of release in the field
(Van Zwaluwenburg and Rosa, 1940). Infested
seedcane can be transported to greater distances
thus infesting newly established sugarcane crops.
Sett dipping provides a means of minimizing weevil
borer spread and reducing infestation in newly
planted crops. '
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PRESERVING CHICKEN EGGS INTERNAL QUALITY

USING COCONUT OIL
M_aééyan Moat'

ABSTRACT

Chicken eggs were submerged for less than one minute in coconut oil and their rate of deterioration
measured during 49 days period. These eggs were compared with eggs stored under roomn temperature
{24-32° C) and cool room temperature (16-19°C). The eggs submerged in coconut oil had a slower rate
of deterioration which resulted in maintaining a good internal quallty for a longer period.

Key words: Eggs storage, Cocontt oil, intemal quality

INTRODUCTION

There are several methods of preservation of eggs.
Some of them can be used at farm level without any
costly equipment, whereas the others are commer-
cial methads involving the use of specific equip-
ment. In the former category there are various
techniques - eggs can be preserved using limewa-
ter, padi ash and saft, salt solution, and other
oornp'oimds.' Oiling the shell of the eqgg has been
documented as a method of preserving ega quality.
Mineral oil (Heath and Owen 1978), paraffin oil
(Heath1977), linsesdoil(Sabraniand Payne 1978},
and vegetable oil (lmai 1881} have been used and
shown o preserve eqggs well. The reported workin
this paper showed that the rate of decline in albu-
men quality decreased in oil-treated eggs and that
the initial rapid phase of deteticration was greatly
raduced. This study evaluated the possibiity of
using cocontt ofl as a coating medium for egg

MATERIALS AND METHODS

Naturally clean eggs, between 46 and 52 g weight
and collected within 3 hr after lay, were used inthe
expetiment. A total of 240 eggs were randomly

! Animal Husbandry Research Center, Departmantof Agriculture
and Livestock, P O Box 73, LAE, Morobe Province

allocated into 3 groups of 80 eggs each and were
treated as follows;

(1) Eggs were stored at room temperature (24-
32°C),

{2) Eggs were submerged for less than one minute
in coconut oil and stored at room temperature as in
(1) and

(3) eggs were stored in a cool room (17-21°C).

Al 7 day inlervals, during the 49 day trial period, a
batch of 10 eggs was randomiy picked from the 3
groups, weighed and abumen haight measured.
This measure of albumen height was used as the
criterion of interior egg quality in this study.

The characteristics of grades of egg described by
There arafour grades of eggs; “AA", “A”, “B" and “C”
quality. “AA"quality beingthe highest gradeand“C”
quality the lowest. A good qualily egg in terms of
abumen quality is an egg in which the albumen
holds together well and stands up high around the
yolk. This quality is commonly measured in terms
of “Haugh units” and is an expression relating egg
weight to the height of the thick white. A Haugh
meter was used to measure the thick white at about
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mid-point between the yolk and edge of the widest
expanse of the thick white. Haugh units give a

deterioration of the egg contents during storage.
Haugh unit scores less than 31 are classifiedas ‘C”
quality, less than 60 as “B” quality, less than 72 as
“A” quality and above 72 as “AA" quality.

RESULTS AND DISCUSSION

The results show clearly that coating egg shell with
coconut oil subsequently stored at aroomtempera-
ture is a better altemative to storage under cool
condition {Fig. 1).

The Haugh Unit scores declined with time in all
storage conditions with a more rapid and significant

 decline {P< 0.05) observed in eggs stored under

room temperature during the first 7 days during
which time the egg grade fell from “AA” to “C”
quality. Ittcok longer (28 d) for eggs stored under
cool room condition to reach “C” quality. The eggs
treated with coconut oil had slower declines in
interior quality resulting in maintaining a “A” quality
eggsafter 14 dand “B” quality after 49 d. The effect
of temperattire on eggs quality is in accordance
with the results of Card and Nesheim (1972) who
reported a drop from “AA" to “C” quality with eggs
held for 100 days at 3°C, 8days at 23°C and 3days
at37°C. The rate in quality decline after 7 dis also

100

RS it

efg quality (haugh units}

" room temperature
+ceoconut oil

" cool room

storage pericd (days)

Figure 1. Efiect of storege conditions on egg guality.
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KR

intine with the findings of Dawson and Hall {1954),
who found a marked deterioration to have occurred
within-3 days regardless of temperature.

There are several suggested reasons for the de-
¢line in albumen quality with storage. Sabrani and
Payne (1978) listed losses in carbon dioxide result-
ing in slight atkalinity causing the long mucin fibre to
break, chemical reductions breaking the distlfide
bonds of ovomucin producing depolymerised
ovomucin and thinning of egg albumen because of
a dissociation of hysozyme-ovomucin complex.

The important feature of oiling would be the slower
rate of evaporation (Sabrani and Payne 1978).
Qiling has been shown to slow the rate of quality
decline as it seals the pores and thus prevents gas
and water losses and entry of micro-organisms and
odours. However, loss in egg weight was not
significant, at the end of 49 d, eggs stored at room
temperature were averaging weight losses 0of 3.5 g
per egg compareg with 1.6 g for oiled eggs and
eggs stored under cool room. Weight lost under
room temperature was expected as the condition
was favourable for water and carbon dioxide loss to
occur.

The reports of past work on oiling eggs for storage
and the results of this work suggest the usefulness
of coconut oil as a coating medium for egg storage.
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NUTRITIVE VALUE OF SWEET POTATO FORAGE |
(IPOMOEA BATATAS (L.) LAM.) AS A RUMINANT ANIMAL

M. Moat'? and G. McL. Dryden'

ABSTRACT

Four varieties of sweet potato (lpomoea batatas) (L.) Lam.) were tested for their forage productiorr and
nutritive value as a ruminant feed in subtropical Queensiand. Forage was harvested 63, 104, 159and 199
days after planting and assessed for yield and nutrient composition. Forage yields varied with age and
variely. Red Abundance was the most productive variety, yielding 22 t dry matter (DM} per ha at 199 days.
The DM contents of all varieties were initially low (79 to 119 g/kg) and increased (to 132 to 183 g/kg) with
age, whereas the protein contents decreased with age from 14610 103 g/kg DM. Neutral detergent fibre
contents varied little from a mean of 467 g/kg DM, both between varieties or over the growing period. The
mean DM digestibility coefficient of material obtained al 199 d was 0.76 and varied little between varieties.,
These forage production and nutrient content data suggest that sweet polato may provide a useful source -

of forage for ruminants.

Key words: Sweet potalo forage, nutritive value, ruminants.

INTRODUCTION

World production of sweet potato roots is some 130
miition tonnes, obtained from approximately @ mil-
liort ha {FAQ 1688). Thacropisgrownprincipaly for
ita roots, bul farge aumecunts of vines and leaves are
produced and these are usually feft unutilized inthe
fiald, Somevaristies canbe sown 210 3iimes sact

year, with annual yields of up to 125 t of iresh
biomass of which forage accourds for approxi-
mately 64% (Pinchinal 1970}, The total forage
{vines pius leaves) contains 11010 170 gfkg crude
protein, and ils digestibility is greater than 0.60

- (Floulkes at al. 1978, Ruiz ¢t al. 198C).

These data suggest that sweel potato could poten-

! Deparrnentol Animal Production, The University of Gueensiand,

Gatton Collage, Lawes 4343, Queensland, Australia.

2 Progsent address: Animal Husbandry Ressarch Center,
Depariment of Agriculture and Livestock, P O Box 1086, Lae,

Morobs Provincs, Papua New Guinea.

. tially be a useful ruminant feed in addition to its

accepted use as a human foodstulf. The experi-
merd reposted here was designed to provide some
inforrnation on the production and quaiity of sweet
potato forage produced in a Qusensland environ-
ment. This siudy examined the yield, digestibility
and chermical composition of the forage from 4
varizties which are either currently grown in
Quecnsiand, erwhich have potantial as roct crops.

MATERIAL AND METHODS

Four varieties were tested, of which L0323, Rejo
Blanco and NC3 were early-maturing and Red
Abundance was a late-maturing variety. The pet-
formmance of these varieties was assessed at each -
of 4 harvesting times, 63, 104, 159 and 199 dafter’
planting on 11* December, 1990. The plants were
growninafieldirialat The University of Queensland,
Gatton College, Lawes (27° 33/ South, 150° 20/
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east, altitude 91 m) on a soil typical of the Black
Earths of the Lawes soil series (Schafer et al.
1986). During the trial pesiod from December 1990
to May 1991, 315 mm of rain was recorded at the
Lawes meteorological station with 81% falling be-
tween December and February. The maximum
temperatures were between 24 and 34°C and
minimums between 9 and 20°C during this period.

A randomized complete block design was used,
with4 varieties and 4 harvestingtimes astreatment.
Each block contained 16 plots each 3.4 mx 1 m.
There were 4 plots for eachvariety foreach harvest-
ing time with 16 plantsin each plot. tndividual plants
were planted 25 cm apart on ridges at 85 cm
spacing. Adjacent plots were separated by 85 cm
at the sides and 1 m at the ends.

Planting material consisted of 20 to 30 cm long
cuttings with about 4 nodes, obtained from the
apical portions of vines from mature plants. The
cuttings were trimmed, leaving 1 or 2young leaves,
and then placed in 10 1o 15 cm of water for 3d to
. stimulate root growth before planting outinthefield.

The crop was irrigated daily from the time of field
pianting to partial fiekd establishment, a pericd of 3
weeks, Subsequently, irrigation was on a regular
weekty basis. Regular hand weeding was carried
out until the plants were well established, after
which liitle weeding was required. No basal
fertiliser was applied.

Forage (vines plus ieaves) was sampled by har-
materizlwaschoppedintoapproxmately 5to 10om
lengths, weighed, mixed, and duplicate subsamples

* of 2 to 3 kg were driad at 60°C in a forced draught
oven for 24 h for the estimation of DM content and
DMpresentationyield. The dried materialwasthen
bulkéd, ground through a 1 mm screen, mixed and
sub-sampled for subsequent chemical analysis.

Analyses of the i;round, air-dry forage were con-

ducted for dry matter (ISO 1983), total ash (500°C.
for 4 h), total protein (by a semi-micro Kjekiahl
technique using CuSQ, catalyst), and neutral de-
tergent fibre (NDF) as described by Goering and:
Van Soest 1870 and Moir 1971. Digestibility of the
forage harvested at 199 d was determined by in
saccoincubation using the procedure describedby .
Dryden and Leng {1988). Samples of about 3 g of
prepared air-dry sample {(grotind through a 1 mm
screen and sieved to remove particles less than
0.45 mm) incubated in rumenfistulated wether:
sheepfor48h. Each sample wasincubatedineach.
of 5 sheep, and between-run variation was ac-
counted for by including a standard lucerne hay
sample in each run.

Differences between means were examined by _'
one-way analysis of variance, using the Minitab
statistical package (Minitab 1989). Where signifj-
cant differences were indicated, means were com-
pared by the calculation of appropriate least signifi-
cant differences.

RESULTS

The forage yield of all varieties increased linearly,
both in DM (Fig. 1) and OM (Fig. 2) between 63and
159 d, although diiferent varicties grew at diferent
rates. For each variety, DM yield at 198 d was not
different from that at 158 d. Red Abundance was
more prolific than the other varieties, yielding sig-
nificantly more forage at 104, 159 and 199 d.

The DM content were low in the young forage (a

(Tebiz 1). The DM content of each variaty at the
199 d harvest was significantly higher than those of
the earlier harvests. At 199 d, the eatlier maturing
varieties had significantly higher DM contents than
Red Abundance. Organic mattercontentsincreasad
with age, but there were no differences betwee_n
varieties at the later harvests (Table 1). Therewas
no effect of either variety ortime on NDF contents,
with individual values not differing significantly from
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Figure 1. Dry matter yields of sweot potatos foragoe. Vertical bar, LSD p=0.05.
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Figure 2. Organic matter yield of sweet potatoe forage. Vertical bar, LSD p=0.05.
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the overall mean of 467 g/kg DM. Total protein
varied from 77 to 151 ¢/kg DM over the 4 varieties
and harvesting dates. Significantly lower protein
contents were recorded in the final harvest than in
thefirstharvest, except for Red Abundance (Fig. 3).
There were no significant differences between va-
ricties at the 63, 104 and 159 d harvests, but at the
final harvest L0323 and Rojo Blanco had signifi-
cantly less protein than Red Abundance.

The mean DM digestibility coefficient of the forage
harvested at 189 d was 760 (SD, 41.4) g’/kg. There
was littte variation between varieties.

DISCUSSION

The prevailing temperatures during the growing
period were favourable for sweet potato growth,
andadeficiency in rainfall was overcome by regular
irigation. Growing conditions were considered to
allow the full expression of the production potential
of these varieties.

Variations between sweet potato varieties have
been reported by many researchers and the varia-
tioninforage production oblainedin this experiment
was expected. Red Abundance (the late-maturing
variety) was the most productive variety, especially

Tabie 1. Dry matter and organic matter contents of sweet potato forage.

Crop age (days)

63 104 159 199 mean

Dry matter L0323 788 1075 105.0 153.9 111.3°

contents Rojo Blanco 96.7 1187 111.8 183.2 127.6°

(g/kg) NC3 825 1167 1140 1627 118.9°

Red Abundance 99.7 114.0 98.2 132.1 111.0°

" mean 89.4¢  1142° 107.3¢ 158.0°
mean
Organic matter 10323 7519  £830.1 7857 7995  7061.8¢
. conlests RojoBlanco 7803 8355 6185 8310 8164

(o/kg) NC3 7497 83556 830.9 8124 7997

Red Abundance =~ 7995 8433 8124 8144 8174
mean 77049 8362 804.4° B14.3°

2 meaan with same superscript do not differ significantly (P<0.05),
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Figure 3. Crude protein confent of swoet potatoe forage. Verticle bar, LSD p=0.05.

at the last 3 harvests, and at 199 d yieldad 34, 56
and 72% more DM than thal obtained from 10323,
Kojo Blancoand lNC3, respectively. The prodiuctiv-
ity of Red Abundance |s Hlustrated by the obsarva-
tion that it yieided more at 63 d than Rojo and NC3
at 108 d, andas tuch at 104 42s1.0323 a1 199 d.
Trends in organic matler yiekiz were similar to
those of DM, The forage vields oblained hasre wers
similar 1o those repoited elsewhere (8.0, Hueft
1976; Huett and O'Neli 1976; Rose 1979; Ruiz
1982; Villareal of al. 1982} over the same growth

- petiod. The data fromthis experiment indicate that

a siimilar growth patlern occurred in all varieties,
with a neary linear increase in forage produciion

“from planting 1o about 156 d and a slower groawih

thareafter. The marketable root yield at 193 d was
108, 74, 93 and 68 tha for L0323, Rojo Blanco,
NC3 and Red Abundance respectively. At 1594,
marketable root yield was 69, 55, 80 and 53 tha
respectively and at this stage between 11.7 and

19.1 t of forage was produced. As there was no
further significant increasa in forage production
after 189 d, there would be litle advantege in
delaying harvesting or grazing after that tims.

The DM digestinilities suggest a rstabolicable en-
ergy content of 10.5 MJfkg DM at 129 d, estimated
by the relationships given by MAFF (1684). i is
stggested that this value may apply during the
whole of the growth of the forags, as there was no
significant change in total cell wall (NDF) content

‘with age. Tha lack of variation in digestibillty with-

cren age has been reported by Ruiz ef af, (18801

The protein contents determined in this study arein
agreement with values reported elsewhere (NAS
1971; Gohi 1981; Puiz 1982). Although the protein
contents declined with age, the values at 159 d are
still adequate for ruminant production. itis notewor-
thy, though, that the rate of decline from 159to 199
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d differed between species, and that Rojo Blanco
forage contained least protein at 199 d. The
decline in protein content indicates that harvest
should not be delayed too long; under the condi-
tionsforthis experiment, the optimum harvest date
forL0323 and Rojo Blanco appearstobe 159d, but
there was adequate protein in the forage of Red
Abundance and NC3 at 189 d.

There may be some constraints to the perfor-
mance of ruminants grazing sweet potato forage.
The high water content of the immature forage
{(between 7.9 and 11.9%) may limit intake (Minson
1992), although the levels recorded at the later
harvest should not impose any such constraint;
and ingestion of intact vines may lead to rumen
impaction (J. McCosker, personal communica-
tion). In addition, Ffoulkes et al. (1978) have
suggested that sweet potato forage proteinis less
ruminally degradable than that of some other
tropical forages, for instance banana and sugar
cane. Nevertheless, the data presented here
suggest that swe_ét_pqtato forage is potentially a
very useful ruminant feed, and this conclusion is
consistent with the performance of beef cattle
recorded by Ffoulkes et al. (1978) and Bracker ef
ai. (1980). The consistent advartage in productiv-
ity and protein content observed in Red Abun-
dance, suggeststiatlate maturing varieties shouid
be preferred for grazing.
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SOIL AND CULTIVATION IN THE PAPUA NEW GUINEA
HIGHLANDS: 1. INDIGENOUS APPRAISAL OF THE
VARIABLE AGRICULTURAL POTENTIAL OF SOILS

Paul Sillitoe'

ABSTRACT

The hypothesis that some Southern Highlanders of Papua New Guinea do not inspect the soil on potential
garden sites before clearing for cultivation is examined. How Wola people assess the cultivation status
- of their soils is explored. It was found that properties central to their appraisal of soil are depth, strength,
stoniness, ‘grease’ contemt and waler state. Factors assisting the long term protection of Wola

environment are brieffy outfined.

Key words: Papua New Guinea, Southern Highlands Province, shifting cultivation, soils, ethnoscience,

land use, appraisal.

INTRODUCTION

Soil is essential for plant growth, yet the Wola
people of the Papua New Guinea highlands, who
are highly skilful semi-shifting cultivators, contend
that assessment of it does not feature in their -
selection of garden sites. Their apparently offhand
attitude to soil on potentiai cultivation sites is unex-
pected. According to them, an inspection of the soil
before clearing it of vegetation for cultivation is noi
among the considerations that constiain and intiu-
ence their choice of site, which include issues like
cultivation rights as stipulated by their kin-founded
land tenure system, site aspect and eass of enclo-
sure, location relative to house and other gardens,
and so on.

it is possible fo ‘explain’ away their apparently
nonchalant attituds to soil on the grounds that its
- validity is difficult to assess. The people know their
focal regions so intimately that they have no need
deliberately to look closely at the soil at any place
before deciding to cultivate it. They already knowits
status on those territories where they have rights of

' Department of Anthropology University of Durham, 43 OIdElvet,
Durham, England.

access to garden land by virtue of living there,
constantly walking over them in the course of their
daily lives. But Wola insist that even if they found
themselves in an entirely unknown part of their
region (e.g. by virtue of affinal connections) they still
would not closely inspect the soil before cultivating
it.

Attsrnatively, we may ity to ascount for their asser-
tions by arguing that while they think that they do not
look closely at the soil before establishing a garden,
this is only their perception, and that they are
unconscious of their assessment of their sot! re-
sources {e.g. walking around barefoct that they are
tactually aware of texiure and structure). Further-
mare, vie might suggest that the vegaistiongrowing
on a site may give an indication ¢f the soil's worth,
by its heaith and the prolificness of its growth, even
the presence of certain spaciés above others. But
again the Wola deny that this is so, and casual field
observations support their assertions (neither veg-
etational features seem to be associated with their
soil assessments nor different soils).
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ATTITUDE TOWARDS
ENVIRONMENTAL ISSUES

* The casual aftitude that the Wota evince towards

soil assessment refiects their off-hand attitude to-
wards environmentalist issues. Unable to foresee
soil agricuftural potential, they acknowledge little
control over or responsibility for their soil environ-
ment. The soil is there to be exploited, to the full,
even if that exploitation is somewhat random and
not finely judged. They push the soil to its fertility
limits, until costs oblige them to relent.

The Wolafollowtheirsemi-shiftingagriculturai strat-
egy and abandon some garden sites {o natural
vegetation and regeneration, not in their minds to
protect the environment, but because crop yields
dectine beyond a tolerable point where the iabour
putintotheir cultivationis inadequately repaid. This
is not to suggest that they invite environmental
degradation, for exaniple top soil erosion, if they
can avoid it, aithough again not because of the
environmental damage, but because of the wasted
labour. No cne likes to work o establish a new

gardenfor example, toseetheirefforts sweptaway, -

atthough the steep slopes they are obliged to
cultivate leave them vulnerable at certain times,
and infense rainfall can resuil in sefious erosion
losses.

THE WOLA

Sngakers ot the Wola language occupy tive vallays
in the Southem Highlands of Papua New Guinea,
fromthe Mendiriverinthe easttothe Akinthe west.
The region comprises many territories identified

- with bilateraliy-constituted patnfifially-biased com- .

munities known as semonda, subdivisions of which

structure rightsto, and tenure of, garden land. They
live in small houses scattered along the sides of

“theirvalleys, in areas of extensive cane grassiand;

thewatershedsbetweenare heavilyforested. Dotted
across the landscape are their neat gardens. They
practice a largely sedentary variation of shifting
cultivation, featuring alternate cropping and fallow
periods of variable duration, and subsist on a pre-
dominantly vegetable diet in which sweet potato is
the staple (Sillifoe 1983). :

They keep pig herds of considerable size. They
hand these creatures, together with other items of
wealth such as sea-shells and cosmetic oil, around
to one another in interminable series of ceremonial
exchanges, which mark all important social events.
These transactions are central to the ordering of
theirfiercely egalitarian acephaious society (Sillitoe
1979). Their supematiral conceptions centre on
beliefs in the ability of their ancestors’ spirits to
cause sickness and death, in various other forest
spirit forces, and in other's powers of sorcery and
‘poison’. '

INDIGENOUS APPRAISAL:
VARIABLE SOIL PROPERTIES

An enalysis of soil and sita data, presented in Part
it of this senies of papers, vindicates Woia asser-
tions about having no need to inspect soil closely
betore cultivating &, not because they already kKnow
its status but because of the siriking uniformity of
the sailresources genaraly avaitabialo them {Weod
1987).2 Thereisnota greatdealio choosebetween
the majority of soils of their region by readily ob-
served properties (i.e. those not involving labora-
tory analysis}. While the analysis distinguishes

1 Any conclation thatws mightassume oughtto existbetweensoil
potential and vegetation would requira a comparison of adetailed
togging of plant develapmant on diffsrent sites to prove, becadsa
accerding to the Wala it doas notrelata to any easily seen macro-
botanical faatura such as species type, which casuat cbssrvations
in the field confirm.

2 The findings reporied hers refiost an emargant orncern wil
athets’ parcantions of thelr soif environments, for whits intorsstin
e!hnbpedaiogy is small in comparison & zoolegical and botanical '
ethnoscienca, it has attracted soms attentionrecently {see Cllisr
et al 1971; Landsberg and Gillieson 198D; Dvorak 1988:
Behrans 1989; Furbsa 1989; Guiilet 1989, Sillitoe 1997; Philips-
Howard & Kidd 1991). '
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between grossly different soils (such as recent
alluvial, gleyed and skeletal profiles), these only
¢overa small part of their region. The larger part of
it comprises 'dark topsoil/clayey subsoil’ soils (the
humic brown soils, Rutherford & Haantjens 1965;
Radcliffe 1986), which the analysis consistently
groups together into siable clusters. When the
horizons that comprise these soils are further di-
vided into groups some very fine distinctions are
necessary, which neither local people nor soil sci-
entists would consider significant.

The Wola cultivate the majority of their crops on
very similar soils (the notable exception is wet-soil-
loving-taro), which cover by far-and-away the larger
partoftheir country. Inthelightof this evidence their
assertions no longer seem so remarkable, the soils
oftheirregion being, by andlarge, soalike thatclose
inspection would be pointless. Nonetheless not all
soils are the same when itcomesto cultivation. The
Wola do assess solils, if not before gardening, then
certainly when they are under cultivation. In this
event, how do they judge the worth of any soil, and

‘why is this a post-cultivation process?

The Wola assess the agricultural potential of their
s0its according to a few properties which they take
to be critical to their productivity. They relate to
topsoil only, focussing understandably on the hori-
zoninwhich cropslargely rootand grow. Neverthe-
less, while itis the status of the dark pombraytopsoil
that is critical in the appraisal of agricutiural poten-
tial, the Wola recognise that the subsoil can infiu-
ence the character of the opsoil, especially if the

The properties central 1o the appraisal of a soil's

 productive status include its depth, strength,

stoniness, jba‘grease’ content, andwaterstate,as
follows:

The depth oftopsoil, which may be assessed as
onduwp (lit: much) orgenk (iit: little) or qualified
versions of these words, is imporiant as deter-

mining the amount availabie of the medium in
which crops are recognised to grow well. Al-
though there is really no lower limit to the
thickness oftopsoil acceptable in a garden, the
thicker it is better, and if the subsoil shows
through in places the site is likely to be aban-
doned.

The strength of the soil and its assessment
relates in part to concerns over its depth be-
causethe clayey subsoils are judgedtoo strong
forgood crop growth. By strangth the Wola are
referring to the consistence and friability of the
soil. They talk of soil as buny (lit: strong) or
tomiy (lit: weak) or as a qualified version of
thase terms, and assess it as a handling char-
acteristic. Ifa soilisbury strong its agricultural
usefulness is low because they say roots and
tubers have trouble penetrating it, the mechani-

cal resistance to their growth results in stunted

development and poor yields.

The stoniness of a soil only becomes critical
when it exceeds a certain percentage, hinder-
ing cultivation and acting to increase soil
strength, impeding adequate rootdevelopment.
Some stones aio judged beneficial fo a socil.
They act to watm it up according to the Wols,
heating in the sun and relaining the absorbed
heat longer than soif alone, so promoting the
growth of crops which profer a warm soil fo a
cold ans. Slonas also promote peresity, creat-
ing cavities and points of weaknass in tha soif
which roofs can oxplcfl, and so off-set soil
cialiy arayiol chait, promote the development of
iyba ‘graase’ (although sifica minerais have no
obvious nutritional value to plants).

The iyba (Iit: blood or sap} or hobor (lit: fat or

grease) content of a soil derives from rotting -

plant matter. it is assessed by the soapy, silty
feel Vthat organic matter imparts to soil, the
greasier the better. It dries out under cultiva-
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tion, little rotting plant material being returned
to the soil, until the soil becomes exhausted

| |yba na le (ht iyba- ‘grease’ not resides) - it is
interesting to note that a weak, sick person is
alsoiyba na wiy, that is someone without blood.
The growing crops take up the iyba until little
remains. The only crop thal can continue to
yield on a considerably iyba depleted soil is the
staple sweet potato. When the garden is aban-
doned, the rotting of vegetation deposited by
the regrowth will replenish the iyba ‘grease’
levels of the topsoil.*

The water state of a sofl, its iyba content, is
critical for the healthy growth of crops. The
majority require a moist aerobic soif; the staple
swest potato (Ipomoea batatas) cannot tolerate
conditions too wet. The notable exception is
taro (Colocasia esculenta) which thrives in a
waterlogged soil. While distinguishing be-
tween waterlogged pa sites and others is
straightforward, differentiating betweeon moister
and drier batler drained soils is not easy. When

undar natural vegetation soils tend to be wet-

tar, and the exteitt to which thay wili dry out and
improvo when cisared and expossd to the sun
is diificuit to assess.

The element of chance features n all of these
appraised properties, which relates to Wola asser-
tions that they do not inshact soils befora cultvating
them. Theymay althe stbjectic changz once a soi!
is undesr cultivalion. The depth of topscil is iable to
diminish due to erosion, notably in newly planted
gardens where the soil is exposed and scarcely

protected by vege!anen The considerable slopes
~ on which the majarity of gardens are ¢ stted and the
intenisity of the region's rainfall exacerbate this
problem. And loss of fine soil particies, 1zaving the
larger stones hehind, can increase stoniness be-
yond the point where it imparts beneficial qualities

¢ Thereis some paraliel betwsen this conceptandthe early notion
of European science of fjuicas of the earth’ - Wild 1988: 2.5,

to the soil, hindering cultivation and crop growth.
The soil's strength is thus |IkeN to increase and
diminish yield potential, especially if subsoit is ex-
posed with erosion and subsequently mixed with

the topsoil during cultivation.

[tis not only the incorporation of clayey subsoil that
increases buriy strength, some topsoils, when ex-
posedto the sunfor a considerable period of time in
a garden, can become excessively dry and hard,
which if they have a non-granular structure can
render them unsuitable for further cultivation. The
change in soil water content under cuitivation is
difficulttojudge, but it usually falls. Untilthe sunhas
‘looked on’ the soil, as the Wola put it, they cannot
be sure of its water state under cultivation; it is
possible that the soil might rapidty become too dry
and strong. Furthermore the water state can be
adversely affected during cultivationof a site. When
establishing a garden for example, people are
careful to keep off the site after prolonged heavy
rain for fear of pudding it with their feet to a liquid
mud state called suw mondow;torthe same reason
they take care ciearing areas where there is gaimb.
kolowmon, a thick black layer of rotien water-iitled
cane grass (Miscanthus floricuius) stems, which
trodden in will puddie and degrade the soil's struc-
ture and render it unsuitable for cuitivation,

The organic matter related Jdacontent is certainto
decline undar cuitivation - a tall in carbon content
haing long asseciated with fertility decling and site
abandonment under shifling cultivation (Nye and
Greanland 19580; Brams 1871, Zinks ef af 1973,
Sanchez 1976). Again rale of depietion is not easy
to estirnate, aithough some locations are customar-
ity recognised as more tkely to retain respectatle
fyba levels than others {such as folds and down
siope locations), but these may be too shaded and
rnot see enough sun for optimum crop growth,
sutficient {o reduce water content, warm the soil,
and give crops maximum exposure to the sun's
anargy.
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AGRICULTURAL POTENTIAL OF
SOIL : DEVELOPMENTAL SOIL
STATES

While the Wola have no series of appraisal class
terms that they can apply to a soil before cultivation,
io label its agricultural potential, they have a clear
idea of what comprises a good, bad or indifferent
agricultural soil. But using these criteria, they talk
only in generalities, not specific predictions. Agood
topsoil for example, should extend to a fair depth,
ideally with an abundant store of jyba organic
matter, have a not too moist water content, and
perhaps a modicum of stones. Structure features
too in any soil assessment, the Wola having a keen
sense of soil structure, referring to aggregates of
any size as suw ombo.

A good soil has a loosely packed, non-coherent,
porous crumb structure. Acommonly heard phrase
of such a granular soil is dowhuwniy nonbiy (lit:
sweepings like), the Wola likening it to the crumbs
of rubbish, grit and dirt periodically swept from
houses. We can perhaps sense in part what they
are looking for here in the computer cluster division
of horizon 2 (that horizon which most often equates
with their pombray lopsoil class), as described in
Part Il of this series of papers. Notably the major
distinction betweaen loosely packed soils of low
density, poor coherence and highly porous crumb
structure, and more packed soils of higher density
and coherence, anda less porous more aggregated
blocky structure.

agricultural potential of a soil, cut across their soil
_ classification classes (Siflitoe 1991}, although they
may be used to qualify a ciass, by referring for
example to pombray burly‘strongtopsail or pombray
iyba wiy ‘topsoil with iyba grease’. These criteria
relate more to a series of soil states distinguished by
the Wola than to soil classification. They serve to
- demonstrate further how appraisal for soil potential
is largely a relative issue for them, closely associ-

ated with time and use. It is an ongoing rather than
apredictive process, based on observed soil perfor-
mance under cultivation, and occurs during and
after land use rather than before it.

While the soilstate classes they distinguish relate to
soil assessmemnt, they do so post-cultivation only.
Indeed the soil state classes are not so much use
assessment classes as a broad developmental
sequence soils may follow under cultivation. They
run as follows:

1) suwka (lit: soil raw) is either soif under long
standing natural vegetation or newly cleared
soil that has not been cropped. It has a good
iyba ‘grease’confentbuﬁts finalwaterstateand
strength are difficulf to judge.

2) suw hemem is the best soil state, and few
soils achieve it. It occurs where a considerable
depth of vegetation waste accumulates, nola-
bly at the foot of slopes and on smalil flat areas.
It is often human-made as a result of the build
up of decaying vegetation and topsoil along a
fence line at the bottom of a slope. It rots down
to produce a thick layer of soit, black, iyba-
‘grease-rich topsoil in which crops flourish, &
is common, a2s a conssequence, to seg a variely
of crops growing at the foot of tha slops in an
establishad garden adjacent to the fence where
suw hemem accumulaies, the remaindar of the
site given over almost exciusively to sweet
potato.

3 suw huwainly is & soif stafe ackisved in somg

gardans following exposure to the sun. Itis a
good soil for sweet potato, it is not as seft as.
suw hemem, comprising coarsar crumbs, and it
is relatively deficient in iyba ‘grease’. Butitis
porous andiomiy weak, sotubers can penelrate
and grow well in it. It only occurs following the
break up of the topsoil, when women have
heaped it up into mounds for sweet potato.
And the more times it is cultivated the betterthe
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granularhuwniy structure may become forsweet
potato cultivation. If a soil develops into the

" huwniy state, the time that it remains cultivable
is related to the depth of the topsoil. If it is
considerable,and the garden slope gentlesuch
that erosion losses are small when the soil is
exposed undera newly plantedcrop, thenitcan
remain in this state indefinitely and support a
sweet potato garden for decades. A common
strategy with these gardens is to work in a
rotational manneraroundthem, leaving anarea
to rest for a period underbol grass (lschaesmum
polystachyum) to replenish its iyba ‘grease’
levels, a practice called suw hombshor (lit: soil
share-out i.e. share out its use, to conserve a
modest orgahic matter content).

4) suw tacbowgiy is the worst soil state. The soil
is buriy strong, hard and cloddy. Sweet potato
tubers find it hard to penetrate and grow in, and
weeds can compete effectively with the crop. it
is deficient in iyba ‘grease’. Any tubers that
grow are small and stringy, and may be so poor
as to become what the Wola call hokay haeriy,
thst is bitter tasting with a flesh that turns an
unpalatable groy colour when exposed (lihe a
groenappleturns brownwhencutopon). When
a garden soil becomos taebowgly # is ime io
abandon the plot, Tha lime that scoils fake fo
rezch this poor condition varies, from one or
twro years undar cultivation onwards.

5) suw pa is waterloggsad scil. it is unsuitable
for any crops othzr than wel-loving taro and
skirt sedgo(Elnocharis dulcis), alihougharangs
of other crops may be planted on any higher
ground, notably aroundthe hass oftreeswhose.
transpiration demands have somewhiat dried
out the topsoif and bound it togother (Sillitoa

1885). Watorlogged soil does not follow the

abova dovelopmont sequsnce but remains pa.
Heverthelese it quickly becomes fired undsy

cuftivation: Taro is a heavy userofiyba ‘grease’

supplies andthese soils are cropped once only
and then allowed to, regenerate their natural

vegetation cover and iyba ‘grease’ fertility.

The foregoing gives further credence to Wola as-.
sertions about feeling no compunction to investi-
gate soil before cultivating it. They can hardly
assess the favourability or otherwise of any soil
beforehand, if its character only becomes evident
under cultivation. It is necessary to clear a site and
allow the soil to dry out somewhat in the sun to
appreciate better its potential. It also becomes
more apparent following its break up and mounding,
when the extent to which it may develop the
favourable porous granular huwniy structure be-
comes clear. The extent to which its ¥ba ‘grease’
reserve might be consetved is also largely un-
known, although certain localities are more
favourable to this than others, such as down-slope
and in folds where the best hemem soils are likely
to form.

The locations where favourable soils are likely to
developarelimited onanysite. it wouldbe pointiess
to assess an entire garden from one of these
favoured locations alone, when they make up only

“a small patt of its area. Similarly, assessment of

topsoil depth, the criterion that might be thought
readily determinable, is not feasible becausait can
vary greatly over short distances within a garden™
Thereislittie point in checking it inone ortwo placés -
when it will probably diifer everywhare slsé: The ™
sama apphies to the assessment of stoniness. Thg
yardeners themselves ‘exploil these site micio-
variations as they become apparent when: they
planttheir crops, sitinglaro on pariculany wet spots
such as seepages, and a variety of crops such as
greens, pulses and cucurbils along the bottom of

slopes and in folds, where the tonsoil is fikely to be

daeper and more jyba organic rich.

SOILS UNDER SHIFTING
CULTIVATION AND LOCAL
KNOWLEDGE

The soils of the Wola region not only display a
considerable homogeneity overall, are similar in a
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broad classificatory sense as the analysis pre-
sented in Part Il demonstrates, but also, in the
variations they do manifest, vary ina largely unpre-
dictable and continuous manner, both in the way
some of their properties respond to cultivation and
spatially as distributed across garden landscapes.
‘Where soils are generally so similar, and variations
between them crucial to crop growth not readily
perceived, even canny and experienced farmers
find it hard to make reliably informed judgements
about their possible potential. They cannotbe atall
sure about their behaviour. After all, some soils
they maintain, progressively improve the ionger
they are under cultivation, and the only way to find
out is to garden them. This is the exact reverse of
the currentimage of soils under a shifting cultivation
regime, as experiencing either a swift fertility de-
cline, unmanageable weed infestation or some
other rapid agriculturally deleterious change, which
forces a change of site.

The shifting cultivation practices of these New
cepted wisdom of this agricultural regima. Regard-
ing soilinspection for example, their disinclination to
it when selecting a garden site contrasts with the
behavicur of pecple elsewhere who study scil and
vegetation, and even reportedly subject it to tasts
fike tasting it (Conklin 1957; Gourou 1962; Allan
1967: Ruthenberg 1976: Allen 1982). The under-
standing that we have of tropical subsistence agri-
culture derives in considerable pant from work in
regions of oid soils, lilke Africa and South America,
and there is a tendancy to generalise frem it fo the

equatoriai tropics as a whole, whereas we should
not expect people living throughout this region of
the world necessarily to follow similar practices.

The evidence suggests that we should not lump the
subsistence cultivators of New Guinea, nor those
elsewhere cultivating on relatively young soils (e.g.
onother Pacificislands and parts of S.E. Asia), with
shifting cultivators living on ancient land surfaces.
The uniformity of the éqils that occur in the Wola

region, as demonstrated in Part Il, which is central
to understanding local pedological lore, can for
example be atiributed in part to their comparatively
young age. Soils of the inceptisol order show
relatively little variation campared to older orders
because they have not existed long enoughto bear
the imprint of local environmental variations and
diverge. Thegeologically recentvolcanic rejuvination
of the region’s soils has further contributed to their
uniformity and youth {Pain and Biong 1979; Blong
1982; Wood 1987).

PROTECTION OF WOLA
ENVIRONMENT

We have alongwayto gobefore we understand the
dynamics of these tropical agricultural systems,
Clearly, those who have lived by them for genera-
tions can only heip further our knowledge (Cham-
bers 1983; Richards 1986). No matter how techni-
cally primitive people may appear, we should not
allow this to fool us into thinking that their under-
standing of their environment is deficient in some
regards, nor that their knowledge of the world as
they experience it is somehow undeveloped and
elementary, even inadequate. If this study has
achieved nothing beyond demonstrating that a
seignfific survey and computer analysis canrot
better local lore, so lending support 1o the tenets of
sustainable agriculture now gaining ground, then it
has been worthwhile. Rt is time that expeits re-
spected local knowledge and consufted it closely,
before they try to improve enit. (Thomasson 1981,
Chambers ef &/, 1989),

Nevertheless it would be enoneous to depict the

Wola as innate conseivationists, as culturally con- - -

ditioned environmentalists who can be relied upon
to use new technologies and innovations in a hatu-
rally sound way. They evidence liftle interest in
environmentalismintheir use oftheir soilresources,
displaying no apparent cultural recognition of re-
sponsibility for the natural world nor act as if they
have a duty to conserve it. 1t will look after itseff
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under the farming regime. !f a soil develops

_favourable agricuktural atiributes under cultivation
theyarelikelytocropit mdeflmtety adoptmg cultiva-

tion strategies, like short term grass faliow and
green composting, to extend its useful life (D'Souza
& Bourke 1986). There is no notion here of protect-
ing the natural environment from the potentially
harmiul effects of human activities, but of exploiting
it to its maximum.

The Wola have abundant soil resources and can
move 1o new sites as they exhaust old one; with
abundant land available they are not exploiting their
resources near o the margins given their current
technology, when we might expect environmental-
isi-like concems perhaps to become apparent. The
abandoned sites in tum recover under natural veg-
etation. This is an inevitable natural process, not
onedependent on human agency. Itistheiragricul-
tural technology, coupled with a modest population
density, rather than their cultural ideclogy, that
protects the Wola environment in the long term.
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FOOD SECURITY CHALLENGE
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URBANIZATION AND THE URBAN POOR - VANUATU'S

Tim Foy’

ABSTRACT

Local staples in towns of Vanuatu are beyond the reach of the urban poor who rely on imported rice which
provides cheap calories. Diversity in food options is lost and the urban poor's food security is dependent
onthe price of rice. Nationalfood policy, emphasizing self sufficiency, has led to the introduction of a tariff
on rice. While successful in containing rural demand, the tariff has failed to reverse the high urban price
differential between rice and local substitutes and urban consumption patterns have remained unaltered.
The tarriff has however, raised the cost of food to the already vulnerable urban poor. Itis argued'that rapid
urbanization will increase demand for imported foods unless consumption habits change. Tariffs will not
achieve this. Emphasis must be placed on reducing the cost of local foods relative to rice by improving
their production, distribution, marketing, and widening food options and providing incentive to change of
habits.

Key words: Food policy; tariffs, rice imports; Vanuatu

INTRODUCTION national level provides no automatic assurance of
food security. This paper therefore discusses food
policy issues applicable notonly for Varuatu but for
the whole Melanesian region and attempts a contri-
bution to the debate on food security, food import
and traditional tood productionfor fong term stability
of the developing countries.

Vanuatu comprises an archipelago of over eighty
widely dispéréed istands stretching across 800
kilometers of the South West Pacific, Of the total
tlangd mass of 12,190 square kilometers, approxi-
mately 41% is regarded as cuitivable land. Af
present, less than onz third of the potential arable
area s thought to be under cullivation, including that
under cominercial plantations and faliow. With a
population estimaled at jst 142,944 in 1988, with
abundant land resoruces and a favourable climate,
Vanuatu has the potential to be physically food seif
sufficient. In contrast 10 many oiher developing
countrics, food security at either the household or
he national leve!, should not appear an immediaie
problerm. Wibanization is, however, rapidly chang-
ing the distribution of national population, and with
it food consumption patterns, in a way that funda-
meantakly atters the daterminanis of food security. In
these circumstances physical self sufficiency at

VANUATU'S CHANGING
POPULATION

Between the first naticnal census in 1967 and the
third and most recent in 1889, the number of ni-

Port Vila {the national capitzl) and Luganvilie -
increased at an astounding annual rate of 7.6%.
Rural populaticn over the same pericd rose annu-
ally by 3%, in #tself a rapid rate of growth. The
proportion of ni-Vanuatu urbanized has thus risen
from 6% of the total popudation in 1967 to 17% in
' Principa Agricultural Economist, Department of Agricuiture, 1989, Almost all of this increzse can be atiributed

Livestock an Horticuiture, Private Mail Bag, Port Vile, Vanuatu.  to net immigration from ruralareas. Table 1 shows
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Vanuatu's urban expansion. The urbanization radi-
cally alters the determinants of household food
security (HFS), the household's ability to secure
food in sufficient quantity and quality to maintain
good health. The generally good access to self
produced food, that characterizes rural Vanuatu

ated. Only then can interventions be appropriately
designed and targeted and an accommodation of
their needs brought to national level food policies.
To date, food policy has emphasized national seif
sufficiency hut little, if any, regard has been shown
to food security needs at the household level.

Table 1. Vanuatu's changing population, 1967 - 1987.

1967 1979 1989

Rural/utban Number % Nurmber % Number %
Rural 70,216 90.0 95,467 85.8 116,650 81.6
Urban

Luganville 2,564 33 5,183 47 6,983 49

Port Vila 5,208 6.7 10,601 9.5 19,311 135

Total 7.772 10.0 15,784 14.2 26,294 184
Vanuatu 77,988 100.0 111,251 100.0 142,944 100.0.

Sonzea: Hatlonal Pleaoing and Statistics Office, Port Vila.

with the occasional aberration of tropical cyclone,
ceases whenhcuseholds settle intowns. HFSthen
becomes dependent unon secuting access to pur-
chased rather than self produced{ood; acommand
on food resources predicated on the maintenance
. of zecessin incompo to buyfeod which is affordably
priced. Any disruption to income or untavorable
movement in fcod prices can potentiaily compro-
mise HFS. '

in Vanuatutoday, the urban poor who representthe
largest proportion of a rapidly growing urban popu-
lation, are a particularly vulnerable group. if their
food security is to be improved, it is essential that
the reasons for this vuinerability are fully appreci-

Measures implemented in suppott of this national
objective have been detrimental to the food needs
of the wurban poor.

There are unfortunately littie deta available on

-insomaandexpanditure patemsinuban Venuaty. -

The only survey conducted to date was dona by the

National Planning and Statistics Office in 1985. o

of household expenditure and some indication of
income levels can be derived from it. These data,
combined with more recent information on food
prices, allow a reasonable discussion on urbaniza-
tion and the changing determinants of household
food security in Vanuatu.
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THE VULNERABILITY OF THE
URBAN POOR

Four main factors influence the vuinerable food
security status of the urban poor - two related to
income and two to the pattem of household expen-
diture.

1. Low income

Income acts as the mostfundamentai constraintto the
amount (and quality) of food any household can buy.
'i‘he 1985 survey indicated that the average annual
income of the poorest half of urban households was
just41% of thelevelenjoyed by the 39% othouseholds
defined as *middle income" household; 17% of the
average annual incoma of the 11% belonging to the
"high income"® households (Table 2).

Table 2. Urban household income and expenditure on food, 1985.

3. High share of income and expenditure on
food.

Although poor households spend less in absolute
terms on food than wealthy households, that expen-
diture accounts for a significantly greater proportion
of their total spending and income (Table 2). Any
general increase in the price of food therefore hits
the poor proportionately harder. A 10% increase in
food prices, for example, would require a low in-
come household to dedicate an additionai 4% of its
income in order to maintain the same level of
consumption; two and a halftimes the level required
by a high income household. o

The degree to which price movements (or reduc-
tions in income) affect HFS, is also dependent on
the household's ability to reallocate expenditure

Proportion of Average Average Househoid Household
urban households annual houise- annual expendi-  income  expenditure devoted
income iureonfood  gpentonfood to food
{% {Vatu) (Vatu} (%) %)
Low income 50% 326,000 125,003 383 427
Medium income 39% 797,000 181,405 227 35.3
High incoma 1% 1,885,000 294,678 158 208

Sowce: Mational Planning and Statistics Office, Poit Vila.

2. Varlabifity of income

Any disruption to the flow of incoms to the house-
hold will impair access to foed. There are several
ways in which this can occur: unemployment, short
fime woridng or sickness. i.ow incorme employment
fends 1o be more casual than higher paid jobs.
Thereiiore breaks in employment and pericds of
underempioyment are likely to be more common
amongst the poor.

away from non~fccd items and towards food, if and
when required. - The higher allocation of a poor
househcid's income to food, limits the fiexibility for
such substifition union is already difficult giventhat
much non-food expendiiure is on essentials such
as housing.

4. Limited diversity of food options

Examination of household expenditure patterns

Papua New Guinea Journal of Agricufture, Forestry and Fisheries

1993, VoI 36 No1, pp. 95-104



Urbanization and the urban poor

98

reveals a high concentration of spending by the

. urban poor on a very narmow range of commodities.
In 1985, five foods - rice, bread, locally produced
starches, canned fish and canned meat accounted
foralmost haif of expenditure onfood by lowincome
groups. Rice alone accounted for over 15% of that
expenditure and provided an estimated 28% of daily
adult calarie needs. By contrast, the same five
iterns accounted for less than 10% of the average
high: income household’s food expenditure (see
Table 3).

Table 3. Pattern of urban household expendi-

ture, 1985.
Low Medium High
Income Income Income
% of all expenditure on food
Rice 15.7 127 2.7
Bread 146 = 114 33
Local starches 7.2 5 19
Canned fish 5.1 35 0.6
Cannedmeat 6.3 58 1.4
Total 489 384 9.9

Source: Wational Planning and Siatistics Of-
fice, Port Vila.

it is a feature found elsewhara in the Pacific, and
frequently attributed to consumer preference based

- on convenience and taste factors. These "non-
price” advantages, while important to urban con-
sumers, notably for working women, are however
only pan of the story. For those with low income,
rice provides cheap energy relative to other avail-
able traditionalfoods excepting Manioc. Interms of
calories obtained per unit of expenditure, rice rep-
resents good value for money {Table 4).

The high relative price of locat foods not only skews
consumption patterns towards imported items but it
also limits food options open to urban consumers.
This reduced diversity jeopardizes HFS as opportu-
nities for substitution with other foods become
limited by the high price of local staples. The price
differential that exists is such, that rice wilf remain
relatively cheaper even following a substantial in-
crease in its price.

Understanding why traditional foods are so expen-
siveinurbanareas, notjust in Vanuatu, butthrough-
out Melanesia, has beenthe focus of much debate.
in addition to the more obvious problems attribut-
ableto the bulkiness, perishability and high costs of
transporting local staples, Melanesian food mar-
kets, as noted by Brookefield (1969), fail to conform
tothe basictenets of neo-classical economictheory.
They are frequentiy cited as being “inefficient”, as
evidenced by a lack of bargaining and the prefer-
ence of vendors for taking unsold produce home
rather than reducing prices to induce a sale. The
result is a lack of accommodation between buyers,
who go home unsatisfied, and producers who go
less than fully rewarded. The marketfailsto “clear”
in response to price sighals - the key to the alloca-
tion of resources inthe working of free and efficient
rarkets.

Whether the emphasis of the explanation for high
foed prices lies with preblems of infrastructure or
results from the peculiarities of food markets, most

obsetvers would agree that it has fittle if anything to

tion and marketing aspacts of the food system are
far more improtant. Their effect has lefi the food
security of poor urban households and therefore a
significant and increasing proportion of Vanuatu's
total population, largely dependent on the price of
rice. Any increase in rice cost presents a threat to
HFS. Furthermore, as rice is entirely imported,
domestic prices are influenced by changes in world
prices and exchange rates, so adding an intema-
tional element to urban HFS,
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Table 4. Energy values of alternative foods, Port Vila 1980 - 1991,

Year

Rice Cooking Yams Sweet Taro
Bananas Potato
Kcals per constant 1980 vatu

1980 613 356 193 339 36.1 76.1

1981 409 366 24.2 387 392 777

1982 571 451 2438 428 36.0 779

1983 672 490 27.1 39.0 467 99.8

1984 702 412 25.9 37.1 424 87.7

1985 882 422 22.9 336 39.9 87.3

1986 842 433 26.4 387 51.7 89.1

1987 763 303 19.7 314 36.7 709

1988 721 27 19.0 32.1 204 649

1989 655  49.0 26.3 427 68.0 1254

1990 723 576 30.7 376 69.6 1205

1991 836 528 23.6 403 486 175
Average 6990  42.48 24.07 37.33 45.36 91.98
1980-1991 .

FOOD HSPOHTS, FOLD POLICY AND

HES

For a couniry with such a rich agricutiwsal potential
and one physically capable of achieving self sulgi-
ciency, Vanualu's food imponis are remarkably
high. Throughout the 198Cs, anhud average food
imperis amountad to a value egivalent to aimost
20% of the vaiue of tofal imboits and 80% of the
vatue of domestic exports. Inthresyearsauringthe
T 19805, the valoe of food itnparts excesded that of
domastic exponts (see Table &)

Consurmption of imported foods, despiie the pre-
ceding discussion, is in fact naither a racent trend,
nor 2 habit associaled solely with urbanization.
Malcolm (1951) showed that imported foods, nota-
by rice, were already weall established in both urban
and rural diets more than forty years ago. More

recant reviews of houssheold experdiiure patemns
undertaken by the National Planning and Statistics
Oifice in 1983 and 1884 indicate that rural, rather
than urban consumpttion, has been the primary
source of demand for imported foods.  Estimated
uibizn per capite oonsurmintion levels for fmported
items are ganaizlly highor thanthoee in rural areas,
bld the pradorminance of rural ni-Yanuaty in the
population (82% in 198%) means that the bulk of
the case of rice; in 1685, a year of pasticularly high
imports, estimated rural consisnption comprised
more than 70% of total demand alihough per capita
conzumption was at 43 Ko which vwas significantly
iess than the 78 kg eglimated for urban areas.

This high level of food imports is viewed with great
concern, ptimarily because of the foreign exchange
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Table 5. Vanuatu's food imports 1980 - 1990,

Food Foodimports Food impors
imports as % of as % of
total imports domestic exports

Year

(millions of vatu) (%) (%)
1980 993 27.9 112.8
1981 1113 285 79.4
1982 1143 247 110.2
1983 1023 19.7 57.4
1984 1166 20.0 35.1
1985 1210 196 64.5
1986 1089 184 1123
1987 1022 137 68.0
1988 1263 181 81.1
1989 1213 15.4 75.2
1990 1207 - 120 80.8
Average 1139 19.8 79.7
{1980-1990)

Source; National Planning and Statistics Of-
fice, Port Vila.

costs. Increased self sufficiency, measured in
terms of reduced imports, has consequently be-
come the prime food policy objective, and figured
- prominertlyin Vanuatu's Second Development Plan,
Amongst the strategies advocatedin support of thls
objective, perhaps the most significant has been
the Imposition of arange of tariffs onimportedfoods
in 1987. Table 6 highlights the rate of import duties
which have been levied on a number of items
important to the urban poor. In view of the vital
dietary role of these foods such high rates of duty
impose a serious burden on the urban poor and
become a potential threat to HFS.

The degree towhich atariff will succeedin reducing

the consumption of any good, depends upon the
extent of the price rise # causes, and the price

elasticity of demand for that good - the extent to
which consumption responds to a change in price.
Price elasticity of demand will vary between house-
holds with respect tothe ease with which alternative
goods can be substituted. In the case of food, this
ease of substitution also determines the tariff's
implications to HFS.

Table 6. Prevalling rates of import duty on
significant food items.

" Rate of duty
(%)
Rice 25
Flour 25
Canned fish 45

Nole: An additional 5% Service tax is levied on
all tems,

" Source: Vanuatu Department of Customs.

For rural households wth easy access io adequate
home produced foods, substitution wili be easy.

Tarifs on items like rice and flour which are substi-

tutes for home produced foods, can achieve the
objective of dampening demand with no necessar-
ity adversa impact on HFS in the rural areas.

The situation is very different In urbainareas. The
price elasticity forimported items, principally rice, is
likelyto be much lower, particularly giventhe limited
range of food options available. substitution will be
by necessity with another purchased food, and will
only occur if the tariff succeeds in leaving imported
items, principally rice, relatively more expensive.
Giventhe extent ofthe present price advantage that
tice offers, a very considerable increase in its price
or tariff would be required to achieve this. The
consequencesforthose onlowand limitedincomes
of such a hike in basic food costs are seif apparent.
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In Vanuatu, tarifis have been set at a level below
those required to reverse the existing structure of
relative prices. Untaxed local foods remain rela-
tively more expensive (see Table 2}, so no induce-
‘ment to substitution has been given. The tariffs
have however required urban households to spend
more to buy the same quantity of imported food.
Those unable to meet this higher food bill are
obliged to reallocate expenditure away from "less
important”items (including presumably somefoods),
and fowards obtaining basic calories. '

If such a reallocation of axpenditure cannot be
‘tnade, and as discussed abova the opportunity for
tha urban pooirto do so ia limited, reductions infood
consumplion may oceur. Ay supprassion inudban
demand for importod foods thus achleved, will hot
hava been through tho "substitution effact® Inkialty
intended, but rather by way of an "income éffect".
That s by reducing the physical amount of food the
household is able to buy, in a manner analogous to
that which wouid occur ifincorne was itself reduced.
The food security implication for househotds with
imited incomes is once again all too readily appar-
ent.

The dilemma for Vanuatu's policy makers, how-
ever, is thattarniffs are an effective, and probably the
only means of containing demand for imported
foods: if the problems they present for the urban
poor are pushed aside. To take the case of rice
again, national per capita consumption appears to
be significantly price sensitive, indicating thattarifis
willdampen demand. Thisfindingis consistent with
the premise thatthe majority of rice, and with it most
otherimported foodsare eateninrural areas, where
demand can be presumed to be relatively price
- elastic. This is itlustrated by the regression equa-
tion presented below which expresses national per

capita rice consumption between 1980 and 1990

and &s price.

Annualper wplta rice oonsun'ptlon (kg per year)
=78.8 - 0.8 price per kg
(9.3) (5.1)

R2 = 0.75, F = 26.4; t values in parentheses.

As urbanization continues however, the propottion
of imported foods-eaten in urban areas will rise.
Table 7 provides an indication of this for rice.
Should urbanization continue at the pace seen in
the last ten years, and per capita. consumption in:
ruraf and urban areas remain at present estimated
levels, total consumption will rise rapidly, and be-
Increasingly led by urban demand, which will soon
overtaks rural consumption in terms of importance.

Tabla 7. Possible future rice cunsumptlan In
Vanuatu.

——

Yaar Total Urban Urtian
consumption consumption contribution
to total
{tonnes} {tonnes) (%)
1980 4132 1229 30
2000 ‘8428 3996 47
2010 13541 8085 60
2020 23073 16357 7
- 2030 41358 33091 80
Assumptions:

1. The rural ni-Vanuatu population continues
fo increase at an annual rate of 2.1%, and the
urbanni-Vanuatu population at7.3% perannum.
These were the rates recorded between the
1979 and the 1989 census.

2. . Annual urban per capita consumption re-

mains at the level of 78 kg per capita estimated
by the 1985 Family income and Expenditure
Survey, and rural consumption remains at the
estimated 1980 to 1990 average level 0 30.4 kg.

3. Consumption of non hi-Vanuatu is omitted.
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In these circumstances, not only will the adverse
HFS impact of tariffs impinge on an ever greater
number of households, but they will become pro-
gressively less efficacious in achieving their na-
tional objective. This will inevitably be the case
unless realistic oppontunities for substitution with
local foods are available, or tariffs are set at levels
sufficient to reverse the price ratio of local to im-
ported staples for urban consumers, with abso-
lutely no regard for equity, weliare or HFS.

Reviewing the food policy in Vanuatu reveals that it
has been primarily directed at a national level
objective - reducing food imports. HFS concems of
the urban poor have never figured in policy formu-
iation. Similarly, noconsiderationhasbeengivento
assessing the impact of tariffs, the main thrust of
that policy, on HFS, or to assessing their long run
effectiveness in view of changing population distri-
bution.

STRATEGIES.FOR ENHANCING
URBAN HFS

Continuing urbanization will require Vanuatu's policy
makers to tumn thelr attention towards meeting a
growing HFS challenge. Four approaches can be
identified, the mechanics and merits of cach are
discuszed below.

1. improving househoki purchasing power
through transfer payments

Improving the incomes of poor urban houssholds
through the direct use of transfer (welfare) pay-
ments, either tied or untied to food, would clearly
improve HFS, However, untied cash payments
require extensive administration to avold fraud, or
leakage of benefit to those to whom it is nof in-

tended. Furthermore, as suchdirectincome trans- -
fers do not reduce the price of food relative o the.

items, they do not necessarily encourage additional
food consumption.

The use of food-tied income supplements, for ex-

ample food stamps, would ensure both a greater
targeting of benefits, and probably also achieve
increased food consumption. However, in addition
tothe administrative requirements of such schemes
and the incentive they give to urban migration - the
fundamental cause of Vanuatu's food problems -
more philosophically perhaps, they come close to
institutionalizing poverty, food insecurity, and im-
port dependency in a country in which this is surely
not necessary. Simply improving incomes does
nothing to address the expenditure side aspects of
the HFS problem. Households will remain depen-
dent on impotted foods, and hence vulnerable to
changes in their prices, unless supplementation of
income is sufficiently responsive to protect them. It
would seem that improving household purchasing
power through welfare payments was notinthe long
term interest of national food policy.

2. Subsidizing food prices

Subsidization of specific food items, such as rice,
would improve the HFS of the urban poor by
reducing the cost of acquiring food. It would also
provide a means of insulating households from
fising food costs, Howsever, it represents a symp-
tomatic treatment rather than a cure of the basic
problem that the limited diversity of food options in
urban areas causad by the high relative price of
traditional staples,

In practical terms, a subaidy would piesont the
authoritlos with a now flscal burden, almost coraln
to rise with Increasing urbanization, and fluctuating
with changes in Intemnational prices and exchanga
rates. Furthermors, the benefits provided would
accrue to all consumers: rich and poor, rural and
urban, not just the urban poor. General subsidies
are notonly anexpensive way of assisting the poor,
they are also inefficient.

3. Reducingdependency upon purchasedfoods

Urbén HFS could be improved by reducing the -
household's dependency upon purchased foods.
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Increasing home production represents the most
direct approach o achieving this. Consumption of
~ home produced food releases part of the income
resource presently committed to food, and so im-
pmves the household's ability to reallocate expen-
diture towards food in the event of price rises.
Income so released is also available for the pur-
chase of "additional" food; although it may not be
spentonthis, The greatest benefit will be achieved
if the household produces foods which account for
the largest propottion of expenditure, i.e. starches.

A recontly performed survey by the Vanuatu De-
partimentof Agriculture, roveals thattheoverwhelm.
Ing majotity of Poit Viia'a rasidants already practice
thia food security sirategy. Of a representative
gampla of 6% of households, ovar 80% actively
produce food. Food Production Is very intensive
and does concentrate on starches, particularly
manioc and plantain, although a surprising range of
crops, and even livestock, is produced.

Unforfunately, urban food production is not without
its problems. Most households have no tenure
ﬁghts fo the land they utilize and so face possible
eviction. Municipal authorities are in some in-
stances unhappy abott the presence of food gar-
dens in urban areas. They are claimed to be
unsightly, a health risk and to lack formal planning
permission. Producers face problems of theit.
While the intensive cropping systems practiced,
frequently without any oradquate faliowing, deplete
soil fertility. Crop yields are unlikely to be sustained
should this practice continue. Neverthetess, urban
food production is a logical household strategy to
enhance food security which the Vanuatu Depart-
ment of Agriculture has recognized and is support-
ing through the appointment of an agricutural ex-
tension officer specifically for urban areas.

4. Increasing diversity of food options

Widening food: options in order to lower depen-
dency onanarmrow rangeof foods, meansimproving

the availability of cheap local produce inmarkets by
encouraging the production and marketing of food
from the hinterland of urban areas. An increase in
food production is not in itself sufficient but food
must also be marketed at prices attractivé o cori-
sumers. '

In addition to any positive impact on urban HFS,
improving the diversity of food options also'makes
amore constructive contribution towards achicving
hational food self sufficiency than the present tell-
ance on tariffs. Clearly, the extent to which urban
consumption of local food can be incrcased, de-
pends upon the degrao to which changes In'con-
sumer preforenca tawards importod 1oods aro do-
termined by changes In relative prices alone, and
how much by non-price factors such as taste and
convenience., Whatever the case, it is clear that
uniessthe price of localfoods relative toimponts can
be reduced, andthen by a process of leveliing down
rather than the levelling up which has been at-
tempted to date, urban consumers will never be
offered a choice in their consumption habits. In this
case, Vanuatu's continued and growing depen-
dency uponfoodimports wili certainly be confirmed.

While intrinsically appealing, the approach is far
from straight forward. The marketing and distribu-
tion problems leading to the existing pattern of high
prices do not dencte an environment immediately
conducive to the development of a more commer-
cially orientated food sector. However, recent
reviews of market trends, such as those of Joughin
{1988) suggest that a dynamic and developing level
of commercial activity can, and has developed in.
Melanesia, with a positive impact on urban food
prices.

Review of the four strategies above, suggests that
the most viable approaches are those which in fact
promote and improve the local production and
marketing of foods. A greater compatibility car
exist, and indeed will have to be encouraged, given
the rapidly changing distribution of Vanuatu's popu-
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lation, between meeting the needs of urban HFS
“and the national food objective of self sufficiency.

'CONSLUSIONS

Rapid urbanization presents Vanuatu with a gamut
of problems. Attention has, however, tended to
focus onthe challenge of providing adequate social
infrastructure of housing, health, sanitation, water
and education. Little, if any, regard has been given
to the food needs of the urban poor, despite this
being their most basic requirement. Policy makers
have yet perhaps to appreciate the existence, no
matter how paradoxical it may appear of food
insecurity in a country so richly endowed with
agricultural potential.

A number of conclusions can be drawn from this
brief review. Firstly, urbanization has fundamen-
fally changed the dsterminants of HFS for the
increasing number of ni-Vanuatu wholive in towns.
Rural food security assured by good access to an
aburidant agricultural resource has, for urban ni-

Vanuatu, been replaced with a dependency upon -

the ability to buy adequate food.

Secondly, the vulnerability of HFS in urban areas
varies withrespect to economic status. Poorhouse-
holds are clearly the most at risk. Their vulnerabil-
ity, in part due to low and insecure incomes, is
heightened by an acute dependency upon a very
narrow range of mostly importedfoods. Diversity in
food options, a key element of food security, is
absent in urban Vanuatu. This must be reestab-
lished if urban HFS is to be enhanced.

Thirdly, food systems are not simply about food
production. They are amore complex integration of
production, distribution, markeling and consump-
tion. in Vanuatu, it is an issue of marketing and
distribution, rather than technica! food production
factors that thave determined the structure of rela-
tive food prices in favor of imported goods. In this
context, the capability to achieve national food self
sufficiency provides no guarantee of food security,

either for the househokl, or ultimately given the
pace of usbanization, for the nation. An apprecia-
tion of the multi-factorial and interrelated nature of
food systems is central to the successful formula-
tion of initiatives in the food sector.

Fourthly, policy makers need to carefully consider
the possible impact at the household level of mea-
sures implemented in response 1o national food
policy objectives. [t should be recognized that a
single policy measure such as tariff, is unlikely to
have a common influence on all households. fis
implications for food security will also vary accord-
ing to socio-economic status i.e. urban/rural and
rich/poor. Households are not all the same. Per-
haps more fundamentally, it should be appreciated
that policies implemented in support of national
objectives can conflict with the needs of individual
households.

There are no easy approaches to improving the
situation of urban HFS in Vanuatu. The present
extent of the problem, and its likely future develop-
ment, will require policy makers to accord the
matter serious consideration. They will certainly
need to adopt a more analytical approach than has
been the case up untii now. Food policy analysis
has been little in evidence, leading to the adoption
of reactive policy measures which canry an inequi-
table burden for the most food vuinerable, and fail
to address the fundamental causes for the malaise
they seek o remedy. The key to improving policy
lies in understanding the food system, from produc-
tion to household consumption.
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INSTRUCTIONS FOR CONTRIBUTORS

Papers must usuaily contributeto theadvancement
of knowledge in the discipline(s} concemed but
short papers discussing technigues or published
results, notes, bibliographies, book reviews and
invited reviews of current knowledge in selected
arcasotinteresttothe joumal would alse ba consid-
ared for publication. Articles offered for publication
elsewhere or published previously will not be con-
sidered. Al material submitted for publication will
be refereed, reviewed and edited to meet the
standards of the journal,

Copyaght tor iaterlal transfcro ta tha Joumal on
publication. For permission to reproduce material
from tha Journal apply to the Editor-in-Chlef.

1. Presentation - Papers should be double-spaced
throughout with wide margins on both sides. The
firstfine of each paragraphshould be indented three
spaces. Ad size paper should be used. Sendthe
top copy pius two photocopies to the editor of the
journal. Captions to plates and figures must be
typed on a separate sheets. All pages of typing
including references, appendices, captions and
tables should be numbered consecutively atthe top
right.

2. Title - The title should be as brief as possible but
should clearly indicate the content. Itis not neces-
sarytostarithetitle with“A.. or" The ... orothernon-
significant words.

3. Author's name - First names or initials can be
-used according to the preference of the author,
however, authors are strongly advised to use the
same style fortheirnamein ali publications to avoid
‘giving the impression that they are two or more
differentauthors. The address of each authoratthe
place where the work was done is given in a
footnote. Iftherehasbeenachange ofaddress, the
present address is also given for the first author.

4. Abstract - An informative abstract suitable for
use by abstractingpublications and services should
precede the introductory paragraph. Because itis
not part of the paper, an abstract should be intelli-
gible onits own and should summarise the contents
and conclusions of the papar. It should be written
as simply as possible to assist people who are not
specialists, It shoukd not include unfamiliar terms,
acrohyms, trade names, abbraviations or symbols
without explanation. Tha abstract should not ex-
coed 2% of tho total extent of the contribution;
maximum 300 words.

5. Key Words - A short list of key words should be
provided for rapid scanning of the contents of the
paper and use by abstracting agencies/journals.

6. Headings - In experimental papers the general
order of headings is: Abstract, Introduction, Mate-
rials and Methods, Results, Discussion,
Acknowledgements, References, Appendix. In
descriptive, or other types of papers, as far as
possible a similar format shoutd be followed. No
headings should be undertined. :

7. Text - Papers should be concise. Extensive
intreductions referring to the work of earlier authors
should be avoided. Lengthy discussions and de-
tailed descriptions should be reduced by the use of
tables and diagrams. The text should not repeatin
detail what is apparent from a table or diagram.

Names of countries or organisations may be abbre-

“viated to capitals without full stops but must be

given in full at the first mention.

Numbers under 11 should be spelt out unless
qualifying a unit of measurement. If a number over
10 and a number under 11 appear in the same
sentence, both are written as numerals. Do not
begin a sentence with a numeral. Fractions should
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be given as decimals or spelt out. All decimal
numbers less than unity should have a zero before
the decimal marker, e.g. 0.25. Aliunits should bein
. the S.I. system.

_All scientific names of animals and plants must be
" underlined to indicate that they should be set in italic
type. The authority should be cited in full onthe first
occasion a scientific name is used. Where the

- _same name is used repeatedly, the genus may be

abbreviated to a capital letter after the first citation.
For example, use Homo sapiens Linnaeus on the
first occasion and H. sapiens thereatter.

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

8. Tables - 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 under-
stood without reference to accompanying text.
Eachtable should have a brief and self explanatory
titte. The presentation of the same data in tubular
and graphic form is not permitted.

- 9. Figures and photographs - Line drawings should
be drawn in black water-proof ink on smooth tough
paper. Labelling should be clear and always pro-
duced 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
shouid be glossy prints of good quality and must
make a definite contribution 1o the value of the
paper. Indicate the top of figures and photographs
on the back. Also 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
label with the data previously written on it. Artwork
should be of appropriate proportions for the final
page dimensions.

10. Acknowledgements - The names, initials and
place of work of those the author wishes to mention
may be included. It is not necessary to mention
everyone who has been marginally involved in the
work.

11. 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" (Miller and Smith 1956; Adams et al.
1960; Wilson 1978, 1979a;) found ..." The temm ot
al. should be used when there are more than two.
authors. The lefters ab.c, shouki be used to
distinguish several papers by the same author in
one year.

All references in the bibliography should be givenin
full and in alphabetical order. For a journal the
reference should include surame and initials of all
authors, {year), titie of paper, full titie of the journal,
volume, {pant) and full page numbers. For a book
the reference should include authors sumame and
initials, (year), title of chapter and page numbers if
appropriate, fulltitle of book, publisher and city and
fotal page numbetr. Conference proceedings 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:

BOWETT, C.M. and SMITH, L.N. (1950). Mea-
surement of phosphorus. Methods of Soil Analysis.
Ed. C.A. Lack. Department of Primary Industry,
Port Moresby. 400 pp. '

SANDERS, A.J. (1940). Plant responses to mo-
bdenum. Papua New Guinea Agricultural Jour-
nal, 48 (4): 981-995.
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TROBEN, M.M. (1973). Genetic fine structure in
Drosophita. Department of Primary Industty Re-
search Bulletin No. 102, pp. 196-197.

Intemal reports, communications and memoranda
are not valid references. The criteria for valid
publications (inthe scientific world) are that publica-
tions are distributed widely among those interested
in the subject and are available to the international
public in major libraries and fromthe publisher. This
therefore excludes reports circulated onty 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 personal communications
are not included in the list of references but may be

referred 1o in the text. References cited in an -

appendix should be included inthe list of references
atthe end of the paper.

Special care should be taken to see that every
reference in the text is inciuded in the list of refer-
ences and vice versa, and that there is consistency
inthe spelling of author's names and the citation of
dates throughout the paper.

12. Review of papers - All papers will be submitied
to suitable professional referees. Major changes
will be referred to the author for consideration.
Minor editorial changes will be made without
consultatioin but will be presented to the author(s)
atproof stage. Thefinal decisiontoacceptorreject
a paper, rests with the Editor-in-Chief.

13. Offprints - Twenty five free off-prints are given
tothe author. Where there are several authors, the

senior author will be sent the offprints. Extraoffrints

may be ordered at the time the galley proofs are
returned to the editor. Costs will be determined at
the time of printing.

14. Recognised abbreviations in this journal are: .

g - gram

kg - kilogram

t - tonne

| - litre

mi - millilitre

ha - hectare

mm - millimetre

cm - centimetre

m - metre

asl - - above sea ievel

yr ~ year

wk - week

h - hour

min - minute

s - second

K - kina

na. - not appiicable or not available
nr. - notrecorded "
var - vadance

sd. - standard deviation

s.em. - standard emor of mean
s.ed. - standard error of difference
df. - degrees of freedom )
Levels.of significance;

n.s. - not significant

* - 001sp< 0.05

” -0.001 <p< 0.01

*hN

- p < 0.001

Either kg/ha or kg.ha' is acceptable, but targe
combinations of units should be in the form
kg.ha™ to avoid possible mathematical ambiguity.

15. Submission of manuscripts - All corre-
spondence should be addressed to: Editor-in-
Chief, PNG Journal of Agriculture, Forestry
and Fisheries, Information and Publications
Section, Agriculiural Education and Training
Division, Department of Agricutture and Live-
stock, P.O. Box 417, Konedobu, Papua New
Guinea.
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