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ABSTRACT -

The traditional shifting cultivation systen in the lowlands cf Papua

New Guinea consists of mixed food crop gardens in which yams

(Dioscoren spp.), bananas, taro (Colocasia esculenta) and sugarcane
predominate. The cropping cycle is usually for 18 months, followed by
a fallow cycle of up to 30 years. During the cropping cycle, two speci

of fruit trees, Pometia pinnata and Artocarpus altilis are also planted

the leaves of the former also beinz used as a mulch and green manure in
yam cul%ivation. Fallow succession follows rather systematic patterns

about which farmers have a thorough understanding.

Robusta coffee, a cash-crop component, has been added to the systen in

'“ some . areas since the late 19505. It is usually groun in permanent

;blocks,Qbut is interplanted wtth Leucaena as ahade:

_planted in the establishment stage. bananas and Xanthosoma being i;l

R T L RtAt F . o -ﬁn“:]"‘r

retained even in mature cotfee gardens. The syatem seéma “to be a’

potentially promising one. But very little quantitntive informatipn is
available on the production and performance of the system and practicall
no systematic research has been undertaken. Since the Papua New Guinea
fallow gardeners ave willing to accept innovationq, it will be appxopria
and timely to undertnke serious studies so that the syetem'ean be improv

A feu items that merit fmmediate research attentfon are indicated.

'Keywdrds;“-Agroforestry Fallow sucteasions, Papua New Guinea, Robusta

coffee, Shifting cultivation
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INTRODUCTION

Systems of shifting cultivation have long been characterised as
“primitive” and resource depleting. In situations where national and
mul i~-national timber companies come into cownetition for forest
regources with shifting cultivators, 1: is common to hear arguments
that chese primd.ive forms of land use ghiould he replaced by permanent
cultivation and the use of fertilisers and high ylelding, introduced
p&ant verieties. However, recent interest in agroforestry and
sustainable systems of agricultuce is glvi.g support to arguments
presented in the 1970s that many forms of shifting cultivation are
viable systens of land use and are critically important in the cdntext
of increasing dependence on high inputs in midezn agricultural svstems.

(4,5,7). Syetems'of shifting cultivation too are vuluerzhle to changes

such as a shortening of the fallow period uhere a graos fallow replaces

a tree fallow. It is in this context that the conceots of agrofores:ry;f

B ;".Q““‘
have much toroffec_

‘¢

wards the improvement of - syst#

agriculcasre. The agroforestry system described here is such a tradiriona]
system o. shifting agriculture, with a recently added tree crop component.

A similar system involving open field cu‘tivation of food crops. cotfee

"and Casuarina oxrigodan has been described recently from the highlands of

Papua New Guinea (PNG) ).

2. GENERAL‘DESCRIPTION.OF AREA-

SN

been- given by_Bourke (2)‘ Approximately one-quarter of.the,forested~
A Nt X

. - _; ; . ~ <
area of PNG is uell developed secondary forest, created and maintnined-‘

by shifting cultivation (11). The \system being described here is

located on thé southern fall of the northwestern coastal mountains,
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which run northwest and southeast and separate a narrow coastal plain

to the north, from the basin of the Sepik River, the second largest

in the country, to the sonth.

The foothills of the coastal ranges are Pliocene mudstones interbedded
with siltstones and sandstones, gently dipping to the south, which
have been eroded into strongly slumped, polygonally branching hill
ridges. The original lowland hill forest has been replaced with
secondary vegetation ranging from gardens under cultivation, village
coffee plantations, fallow garden regrowth (tall cane grass to tall
secondary forest) to relatively undisturbed forest. Soils are brown
forest soils, shallow dark clay soils, reddish clay soils (Eutropepts)
and strongly weathered red and brown clay soils (Dystropepts), the

latter two being widespread over similar hill country in PNG (1).

- Mean annual rainfall increases along the rangee ﬁrom%west to east
" and is less;seasonable.in the west. _For the station nearest the

aite under’description. mean annLal rainfall has been 2 159 mm -

,,,,,, iy . T

R

(lZ years of reeord) Hay to September ia notably drier than November
to March. Mean daily temperatures are 26 degrees C (mean max.29.9,

mean wmin.22.2).

All land use systems in the region are a variation of a forest
fallow system of shifting cultivation. To .the east, fallow regrowt*
has been reduced to tall cane grass and scatteted low .tree species as
a result of higher populations, lower total rainfall and greater

fseasonality, whereas to the: west, gardens are cleared £rom well

.:A .' K -

developed secondary forest.' The system falls into two fairly discrete‘

parts: mired food crop gardens, which are cleared from forest each

.year, cultivated for a maximum of 18 months; and then fallowed for up
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to 30 years; and permanent blocks of Robusta coffee, from which
almost all cash income is produced. Some land has been cleared of all
forest and sown in pasture grasses for cattle, but in almost all cases
attempts at cattle farming have failed. Pigs are the traditional
livestock. . Most pigs‘sre now Papua New Guinea-European crossbreeds.
Sows are allowed to rosm in the forest and in fallow garden areas

where they mate with feral boars.

3. STRUCTURE OF THE SYSTEM

Land is cleared of fallow vegetation using axes and machetes and

the debris bufned, at the end of the dry pericd. Planting then takes
place at the heginning of che wet period. The cultivated plots,
known as "gardens" consist of mixed crop stands in which yams

(Dioscorea 8pp), bananas (Musa spp), taro (Colocasia esculenta).

snd sugarcane (Sacchsrum officisnale) predominate, but in vhich at.

least 27 other specier are . also cultivated (stle . During the-.

cultivafion period seedlings of two tree species. Pometis pignsta -

R TN

and breadfruit (Artocsrpus altilis),are plsnted snd they form

"orchards" along the upper margins of ridges used most often for

gardening. Sago palms (Metroxlyn sp.), coconuts (Cocos nucifera)

and Gaetum gnenom are the other tree species which are grown from seed.
TABLE 1 ABOUT. HERE

Between 1962 and 1965 Jspanese snd Allied srmies fought across *his

sres with consequent severe disruptions to village life.‘ After the -
1 .

war msny people experimented with radical chsnges to trsditional life.

One experiment involved the cultivstion of hill rice for sale as a
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cash crop. But the venture failed because of poor processing aad
marketing facilities. In the late 1950s the government introduced
Robusta coffee as a cash crop, recummending that each family plant

500 trees in bush gardens, shaded with Leueaena.

Coffee has been widely adopted, but the average size of coffee

gardens is small, consistiuy of 150 and 250 trees. . It 1s, however,
‘almost the only source of monetary income in the area, apart from
govern;ent ot mission salaried and wage employement. Coffee gardens
and food gardens are located on discrete sites. However when forest
1s cleared for coffee, food crops are commonly planted during the
Leucaena establishment stage, and when the garden is fully established
bananas and Xanthosoma are often found amongst the coffee trees. At
present coffee gardens are stable with iittle replanting or expansion.
It is probable however that some people will}ahortly expand coffee

planting onto 20 ha "communal®™ ‘gardens.

Food gardens, tall -into_three ' categoriea{ TIhe firsthgarden plantbd

following forest clearing is the most important and contains a
restricted number of species. Yams planted in these gardens provide
tubers used in ceremonies and exchanges and the gardens have many
ritual restrictions. After the first harveat. yans are replanted
almost immediately in the holes left hy the first crop. Thereafter
. fewer restrictions would apply and more introduced species planted. A

third yam crop 1is sonetimes planted following the second harvest, butv

this 1s a less conmon practice, becauae‘ir'involves a- greater gffort-_

in weeding. After the last planting has been harveated the garden is'
q R

allowed to return to fallow. But even in the,fallownperiod the land

continues to produce food crops such as bananss, Xanthosoma and

v

Sugarcane which can compete with the invading tall cane grasses for

'

some years.
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FIGURE 1 ABOQUT HERE

The general arrangement of the system is shown in Figure 1. Garden
Site A is he newly cleared garden, B the replanted garden and

C the less common third planting. After the garden'sité;ia

allowed back into fallow it is rapidly invaded by weeda'and short
grasses dominated by Imperata. Within a year the short grasses will

be shaded out by the tall cane grasses dominated by Saccharum

robustum. This is an important succession providing cool, damp, dark
conditions for tree seedlings, particularly during the drier part of
the year. Afcér about 12 years tree successions begin ro shade oﬁc

the cane grasses and 25 years sfcer clearing, a 10-15 m tree succession
becomes established. The pattern of species succession in fallow
regrowth is gvivet‘xv in Pigures 2 and 3. Ney gardens are gleareé‘ :lp

from 15 to 25 year-old fallows, w;chﬂlaqd-neargr'ﬁhe villaééfbeing.
cultivated more often_thah land farﬂﬁerhéway. Fail&w su;;e;;ioﬁa

are categorised by type, not by time: fallows ready for re-cultivation
are known as "ripe" fallows. Farmers avoid letting fallows go beyond
the “mature" stag=, because of the dangers involved in felling tall

forest,

FIGURES 2 AND 3 ABOUT HERE
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Yam gardens are established along the upper slopes of ridges. Many
coffee gardens are also found in these locations, as a result of

the extensior. advice to farmers to plant the introduced crop on their

"best land".

A particularly interesting asprct of the system is the use of

Pometia pinnata leaves during yam planting. The Pometia is a large

handsome tree, related to th: 1itchi; with similar fruit. The fruits
are borne on the ends of the branches between November and February.
Harvesting 1s accomplished by climbing and lopping off fruit bearing
branches. Later, during yam planting, the then dry leaves are
collected by women, carried to the gardens in large bundles and appiied
into tne ground with the "seed" yams. Gardeners believe that the
leaves "give the tubers room to grow", but the leaves, rich in
nitrogen, provide a good ;ulch in addition “o their nutrient value.

The regular cuttiag back of the .trees appears to have an effect Bimilar
to pruningandscimula:ea fruiring. Figu*e‘% illustrates the metbod
uaed to carry Pometia leavca. and Figure 5 shows bundles of leavza in.

a new garden.

FIGURES 4 AND 5 AROUT HERE

4. SYSTEM FUNCTIONING

Almost all inputs into the syatems come from wichin the village f
N :

commurity. Land is occupieﬂ under laws which guarantee righta co

e

-customary ouners and acceaa to land 1s controlled hy the’ 1eaders of

ot

-extended—fam;lteST-~Inher1cance-of land righCa'ia“normally”from father*

to son, but daughters, particularly widows have no difficulty in


http:access.tb
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obtaining land for food Crops. “Many food gardens are cultivated on a
usufructory basis and land vhich 18 not being cultivated is open to
all village residents for collecting fuelwood and building materials ox
hunting. Land for coffee is more restricted, acd some families hsve
coffee gardens at a digtance from the village. However most people
build substantial "garden" house in which they stay while they work
in gardens or coffee blocks away from the main villdge. .

[
Most families clear land for gardens in co-operation with up to
15 other families. Once the heavy tasks of clearing and burning are
completed each family becomes responsible for its own individual
block. Coffee blocks are establigshed in a similar way. A very small
amount of paid labour. ig employed in coffee gardens, usuallv‘small
bands of youths or unmarried girls, raising money for such social

activities as a sports club or a youth club., During the. introduction

of coffee, government nurserieo ‘ware established but now people rsise

. coffee seedlings themselves from established treesw

faate

Productivity measurement in nmixed gardens of this nature is very
difficult. Yields of individual ~pecies are highly variable within
and between sites. Harvesting of some species occurs within a

restricted tima, while others are harvested continuously over the life

~

of the ‘garden. Yield estimateg of the most important crop. Dioscorea,

ranges from 10 to 20. t ha™ 1 for D. esculenta and 16 t ha

D. alata, When rice uas grown yields ranged from O 45 to ‘2:8; .:.

coffee yields are around 250° g per tree."f:tirﬁ p ;

115 to 120 t ha _; The.average price of dry\parchment at h
gste"<for~i982—was 0 55 kina-per kg-(L—kina-l 2-US$)1 thus coffee——-x~
provided the avernge family with a cash income of sround US$60 in

1982,
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Production of.the yan staple 1s markedly seasonal, but other crops
such as sugarcane, taro and bananas are less seasonal. Coffee
production occurs mainly between May and September (Figure 1).
Variability from year to year is low and is dependent on rainfcll
as well as gocial demands. Production is increased to meet the
requirements of large ceremonies, with planning occurzing gome years
ahead‘co build up plznting materials and to aeleccmsices shich are

known to produce good yam harvests.

All coffee production is for sale for cash and marketing is done
through a regional cooperative gociety, vhich 1s involved solely in
coffee markecing. Small amounts of food are sold in a bi—ueekly

periodic market on a nearby government station, where the mnin buyers

are government employees.

An importent feacure of the uystem is thac‘ground cover"s mainCAinedﬁ

Largeqtrees are not-
felled, but are pollarded and the bases burned to prevent regrowch.
Smalier trees, in parcicular gome of the Ficus genera, do regrow
and help speed the recovery of a tree cover. »prpcches'frohyqﬁe"
taller trees are cut up and 8tacked;fo:;fue1wood and ‘only Ehe'ieaVe

"are burned.

é%ment of;cleared land

8".the.spatial ar arran

The’ proportion as vell s

LS e _.-~n_ - .

uupported by pegs, to reduce surface run—offfand yams are plante
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in individusl holea upslope from the barrier, Other Ccrops are spaced
amongst the yams, also across tae slope. However, much backward
rotational slumping occurs in the area and many gardens are deliberately
sited on slumps to take advantage of the recent gsoils found there.

Thus small 8lumps within gardens are not uncommon. On the other hand,
some gardens are gited on slopes over 30 degrees and 11ttle goil

movement sccurs.

Men and women share the labour of food and cash €rop production
relatively equally., Men carry out the heavier tasks of clearing while
women sweep and arrange slagh material for burning. Customarily women
may not cultivate the soil with digging sticks or spades in the first
yam garden, so men Plant most of the yam crop, taro, sugarcane and
bananas. Women plant restricted varleties of yams in piles of ash

above the ground surface, and j 8reens, Hbmen do most of the veeding,

while nen attend to;theiotheréuop‘i’:
’ tying -up vinesxand E&%é:ing exp '
crop 1is harvested‘by‘men‘an :
harvest the Crop are somewhat relaxed. Both sexes pick, process and

sell coffee. Children also help with garden work. The major bottleneck‘

in coifee production is the processing of the cherry to parchment.-

5. SYSTEM DYNAMICS *

" The food production syatem is a.very old’ one.; Recent changes. in v

decline i invan mortality“'and that,

coupled with a relaxatio f customary restrictions on sexual

activities, have resulted in an increase in population. Emigration
has helped reduce the rate of increase in resident populations, but in

. N
areas *vith greater"aeasonqlity:undfpopulation Pressure, the system is


http:relaxation.of
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degrading from forest fallows to cane grass fallows. The introduction
of steel tools and implements has reduced the amount of labour

required and allowed larger trees to be cleared.

The coffee production system is only 30 years old. It involves a

tree cover and muintains sustained production without outside inputs
such as fertiligers. However, most blocks are under—exploited.
probably because of lnck of inzentives for higher production and the
high labour costs of procesging. Investigations are underusy into -the
possibilities of producing either wet cherry, or dried cherry to
encourage greater production. Meanwhile most people produce at a
level which just satigfies their day-to~day cash requirements for

imported food stuffs, local taxes and school fees.

6. EVALUATION

»

The system provides almost all the food and 1mmediste cash requirements

it is vulnerable to nny.changes which bring aboutus shortening of hi

fallow period to the point where a grass fallow replaces a tree
fallow. Robusta coffee, a new tree crop in the locality, has heen
very quickly and successfully adapted to the system. But there 13,
at present, a serious gap in the knovledge on the requirements of ‘the

individual crops, relatfonships between the fsllow vegetstion

’ communities, and soil conditions s0 that sound advice cannot be given

on methods of avoiding degradation of the tree cover in sreas\where '

(O u.\‘

of the‘fallow‘successton'charnc*eristics, and they"are willtng to-**

accept innovations if enough incentives and motivations are provided.
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This strength of the farmer ig a major aspect which should be built

upon in any attempt to improve the system,

Similar systems exist in many parts of lowland and mid-altitude PNG,
and results and experience of one system could, within limits; be
extrapolated to others. Critical site factors influencing the
stability of the system are rainfall and, to some extent. altitude,
which determine the rate of growth of successional tree species and

thus the Vulnerability of the systems to degradation.

It 18 essential that research is undertaken urgently with a view

to providing appropriate guidance to'improve the system and enable
the farmers to attain optimal Productivity on a sustained basis.

Some studies that have been carried out in the mid~altitude localities
of the country (9, 3) are of significance in this context. Simflarly,
in the immediate,area of the system described here, lsnd evaluation

studies - hsve been undertaken Jby. CSIRO of Australia (6 8) Some other

studies on a country-uide basis are. also underway (10) Areas on:

which research needs to'be intensified on a priority basis include.

= Pattern and dynamics of grass and tree succession following

cultivation;

~ conditions which each Succession provides for the development

of the following succession;

= relationship between the succession communities and soi1

fertility,

effect of intervention in natural succession (through

shortening of fallow cyclea, introduction of npew species,

and so on) on the sustainability of the system;

"
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- agronomic requirements of individual crops for optiuai

production in the system.
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LIST OF FIGIRES

Figure 1: The s2quence of garden site clearing, planting and
havvesting, and natural regrowth. .

Figure 2: The pattern of regrowth of fallow garden sites: (a) area
of low grasses (mainiy Imperata) per ha; (b) area of came grasses
(mainly Saccharum) Per ha; (c) total bagal area of tree aspecies

per ha; (d) number of stems.of :tree ‘species per ha. The horizontal
axis in each figure represents the number of years since clearing.

Figure 3: Crose-sectional transects through fallows of different
ages: (a) 1 year after clearing and planting - the righthand slcpe
has been weeded and replanted for a third time, the left has been
allowed to go hack into fallow; (b) a & year old fallow - tall cane
8rass and fast growing softwood tree species dominate, but some food
crops still remain; (c¢) 10 year old fallow - on the lower, moister
slope tree specics have shaded out the cane grass, which remain
dominant on the upper slope; (d) 25 ydar old fallow - all cane graas
has now been shaded out aud the first tree species are being' succceded
by slower growing trees. The large Pormetia has been planted during
some previous cultivation. This side is ready for re-cultivation.

Figure 4: Large bundles of dry Pommetia leaves are collected together
and carried to the new yan gardens by woman, to be used by their
husbands in planting the yam crop. Bundles commonly weight over 40 kg.

Figure 5: A newly cleared yam gavden during planting. Seed-tubersg
__have been laid out near holes prepared for them and bundles:of. -

Pommetia are’ ready for use. The trees which previously -covéred: the

sito -have been pollarded and killed by burning, but:are'notifeélled.

The surface’of the garden has been swept of ash and debris but. -
" gtherwise is undizturbed. ' e




Table 1. CULTIVATED AND NON-CULTIVATED FOOD CROPS IN THE MIXED

CROF GARDENS
FAMILY BOTANICAL NAME
Acanthaceae Graptophyllum pictim
Amaranthacese  Amaranthus hybridus
Amaranthus tricolor
Deeringia polysperma
Anacardiaceae Hangifera indica ¢
Araceae Alocastia sp. & .
Cococasta esculanta (11 cultivars)
Xanthosoma saggitifoiia*
Bromeliaceae Aranas comosusg* ( 2 cva)
Bursuraceae Camarium sp. -
Caricaceae Carica papaya*
Convuivulaceae JIpomea batatas*
Cruciferae Brassica chinensis*
Nastertium homalospermam ( 2 cvs)
Cucurbitaceae Citiullus vulgaris*
Cucunris -sativus
Cucurbita maaohata*
Laganana 8p. - -
__,Mchosmthaa anguina
Dioscoreacé&é 'Dr-oacorea alata (22 cvs)
D. bulbifera
D. esculenta (43 cvs)
Euphorbiae Manthot esculenta*
Gnetaceae Gnetum gnemon ( 2 cvs)
Gramineae Saccharum edule (14 cvs)
Saccharum of ficicnale (9 cvs)
Zea mays*
Leguminosae Arachis hypogeae*
B Fhaseolus vulgarie*
Peopho:.arpzw tetragonolobus ( 2 cvs)
Liliceae - .. . Allwm odorwn‘
Malvaceae -Abolmoschus manihot SN
AI?eLmecims:-mschatue-- s (2 cvs)



Moraceae

Musaceae
Myrtaceae
Oxalicaceae

Palmeae

Piperaceae
Rutaceae
Sapindaceae

Solanaceae

* Introduced since c1900

Artocarpus altilis
Picus copiosa

Musa spp

Bugenia malaccensig*
Averrhoa carambola*
Areca catechu*

1Cocos nuctifera
Metroxylon sagu

Piper nigrum
Citrus sinensig*
Pometia pinnata

Capsicum frutescens*
Lycopersicum esculentun*

( 3 cvs)

(26 cvs)

( 2 cvs)
( 2 cvs)

( 2 cva)

#Cultivated outs’ ‘e of ggrdénq :
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Figure 1l: The sequence of garden site clearing, planting and
harvesting, and natural regrowth.
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_ Figure 2: Thé»pat;{eﬁ\xv'of-gtegioﬁ;h of .fallow garden: sites: (a) area .
of lov grasses (mainly Imperata) per ha; (b) area of cane grasses
(mainly Saccharum) per ha; (c) total basal area of tree species

per ha; (d) number of stems.of tree species per ha. The horizontal

axis in each figure represents the number of years since clearing.
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Figure 3: Cross-sectional transects through fallows of different
ages: (a) - 1 year after clearing and planting - the righthand slope
has been weeded and replanted for a third time, the left has been
allowed to go back into fallow; (b) a 5 year old fallow - tall cane
grass and fast growing softwood tree species dominate,- but come food
crops still remain; (¢) 10 year old fallow - on'tae lower, .umoister -
slope tree species have shaded out the cane grass,: which remain
dominant on the upper slope; {d) 25 year old fallow - all .cane grass
has now been shaded out and the firsgt tree species are being succeeded
by slower growing trees. The large Pommetia has been planted during
some previous cultivation. This side ig ready for re-cultivation.

& —



Figure 4: Large bundles of ary Pommetia leaves are collected together
and carried to the new yam gardens by woman, to be used by their
husbands in planting the yam crop. Bundles commonly weight over 40 kg.



Figure 5:
have been }
Pommetia are ready for use.
site have been pollarded and
The surface of the garden has
othervise 1s undisturbed.

A newly cleared yam garden during planting. Seed tubers

aid out near holes prepared for them and bundlas of
The trees which previously covered the

killed by burning, but are not felled.
been swept of ash and debris but

v



