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Intensification of agricultural systems in Papua
New Guinea

R. Michael Bourke

Abstract: This paper provides an overview of the ways in which
villagers have intensified agricultural systems in Papua New Guinea,
focusing on the last 60 years. The intensification techniques used by
villagers include: adoption of more productive staple crops, in
particular sweet potato, cassava, Xanthosoma taro, Solanum potato
and maize; adoption of more productive cultivars, especially of
banana and sweet potato; shortening the fallow period; extending the
cropping period; certain soil fertility maintenance techniques, other
than natural regrowth fallows (composting, managed tree fallows,
especially using casuarina, a legume/root crop rotation, and soil
erosion control); and some other intensification techniques including
soil tillage, drainage, construction of garden beds, garden segre-
gation, mounding and irrigation. People often use more than one
technique and the techniques used vary between the major agricultural
zones. The adoption of new food crops and more productive cultivars
of existing food crops has facilitated many of the other changes,
particularly longer cropping periods and shorter fallow periods.

Keywords: Papua New Guinea, land use, intensification, crop
introductions, soil fertility maintenance

Ester Boserup posits a positive relationship between increasing human
populations, agricultural innovation and land use intensification. Since 1966,
the population of Papua New Guinea has more than doubled and it continues to
grow at about 2.3 per cent per year. Most Papua New Guineans are rural
villagers who produce most of their own food. But McAlpine and Freyne (this
volume) demonstrate convincingly that there has not been a large increase in
the area of agricultural land (current food gardens and fallow land). There is no
evidence of a major decline in nutritional standards, although child
malnutrition is very poor in some areas. Food imports have increased, but at
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or near the population growth rate. It hasto be assumedtherefore, that
additionalfood is being producel throughmoreintensiveland use.The object
of this paperis to showhow new agiicultural techrologieshavebeeninvented
or adoptedand how PapuaNew Guinea agricultural systemshave been
changedjn orderto producemore food.

Changs in PapuaNew Guineaagiicultural systemshavebeenoccuring for
a long time. Recently, howe\er, significart changs commaenced, in the
lowland areas, with settement by Europeans,Asians and other Pacific
islanders.This occurredfrom the early 1870sonwards.In the highlands,the
changestartedseverahundredyearsagowith the adoptionof the New World
crop sweetpotato,which wasintroduced to the WesternPacific by European
travellersfollowing transportfrom its SouthAmericanhomeland (Yen, 1974).
This paperfocuseson the petiod from 1940to the presentas moreis known
aboutthis time, andalsobecauséhe lastsixty yearshasbeena periodof rapid
changeandintensification of land use.

Ten yearsago | wrote a paperon changein subsistace food production
(Bourke, 1990). In that, | gavean outline of how villagers were intensifying
land use,focusingon recentchange Sincethenthe Land Managemat Group
atthe Austrdian NationalUniversty hasdescribedvillage agriculturein detail
in the Mapping Agricultural Systens in PapuaNew GuineaProject (MASP)
(seefor exanple Allen et al., 1995;Allenetal., 2001; Allen andBallard, this
volume,Bourkeetal., 1998).The classificationusedin the MASP Prgect built
onresearclelsewheren the tropics (summaisedby Ruthenbeg, 1980)andin
particular on Harold Brookfield’'s classification of agricultural systemsin
PapuaNew Guinea (Brookfield, 1962). The MASP Projed¢ was basedon
extensive fieldwork in all rural PapuaNew Guinea. Much of what is
summarisechere hasbeenpropose or describedby others,for exanple by
Wood and Humphreys (1982) However, following the comprehensive
fieldwork undertiken as part of the MASP project, we can now give an
overview of intensificaton with more confidenceand compldeness.

BACKGROUND

Themajority of PapuaNew Guineansarerural villagers(circa85 percent)and
they producemostof their own food. Gibsonestimatesthatrural peoplederive
84 per cent of caloriesfrom locally producedfood (Gibson,2001). For most
people,arableagricultureprovidesthe basisof their livelihood. Subsistaceis
basedon the productionof root crops, banana,greenvegetablesand other
horticultural produce.

Treecrops also provide food, notably sago(Metroxylonsagy, which is an
importantfood for about10 percentof rural villagers(Allen etal., 2001).The
significanceof treecropsvariesconsideraly betweenenvionmentsThey are
mostcommonon small islandswhere coconut,breadfruit (Artocarpusaltilis)
andPolynegan chestnufInocarpusfagifer) areoften majorfood souces.Tree
cropsprovide food in inland locations in the lowlandsand the fringe of the
centralhighlandswherebreadnutArtocarpuscamansi), marita fruit pandanus
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Figure 1. PapuaNew Guineashowinglocationsmentionedin the text

(Pandanus conoideu¥ ton (Pometia pinnata), okari nut (Teminalia
kaernbachi) and Pangiumeduleare commonlyeatenin certainlocaions.
Peopleeat animal productsfrom pig, chicken, dog, goat, cuscus deer and
game,aswell asfish in manyriverine and coastallocations,with pigs, chickens
andfish beingthe mostsignificant.In the centralhighlands pigswereandremain
an important sourceof wealth. The significanceof fish varies considerablyin
coastaland on inland rivers, evenover short distancesIn someplaces,people
tradefish and other marine producefor gardenproduce,ratherthan producing
theirown. Forexamplejn the middle SepikRiver, villagerstradefish for sago.In
certainlocations,peopletrademanufacturedtems for food*

INTENSIFICA TION OF LAND USE

Attention now turns to the intensificaton of land use for village food
production that has occurred over recent decadesand continuesto occur.
Intensificationis takento meangreatemproductionof food from the samearea
of agticultural land. In this context, agicultural land includesthat usedfor
currentproduction(food gardens)andland undervegetationregrowth,that s,
land beingfallowed (Saunders1993). The populationhasmore thandoubled
over the past 34 years,increaing from 2.2 million in 1966 to 5.1 million
peoplein 2000.The rural populationis increasingat a slightly lower ratethan
the nationalaverageput all indicationsare that it will againdoubleover the
next 35 years.

Despite this populationincrease, there has not beena large increasein
agriculturalland, thatis, land usedfor food producton. Overthe period 1975
to 1996, the areaof land usedfor food producton increasedby 10 per cent
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while the rural populationgrew by an estimated50 per cent(McAlpine etal.,
2001;McAlpine andFreyne this volume).Rural peopleare continuingto feed
themselvesput with little increasein the total area devotedto agricultural
production. Some of the additional food is supplied by imported food,
especiallyrice, flour-basedproducs, tinned fish and tinned beef. However
importeditems contribute only 16 per centof the calories consumedy rural
people(Gibson,2001)? Thereareno indicationsof decliningfood availability
for the greatmajority of villagersin rural locations.

| suggestthat the additiond food is being provided throughmore intensive
land use;that is, more food is being producel from a given areaof land. A
summaryof the intensificaton technquesthatvillagers areusingis now given.

INTENSIFICA TION TECHNIQUES
The intensificatin techniquesusedby villagers may be classifiedas follows:

1. Adoptingmore productve staplecrops,in particularsweetpotato,cassava

Xanthosomaaro, Solanumpotatoand maize.

Adopting more productivecultivars, espeially bananaand sweetpotato.

Shorteningthe fallow period.

Extendingthe croppingperiod,often by makinga secad or third planting

of sweetpotatoor cassavabefare land is fallowed.

Using soil fertility maintenane techniqies, other than natural regrowth

fallows.

6. Using other intensification techniquesincluding soil tillage, drainage
constructim of gardenbeds,segregdon of gardensinto different types
with different managyement,moundirg andirrigation.

Pwn

o

The relative importance timing, and sequene of adoptionvaries consider-
ably betweenlocaions and betweeneachof the major ecologicalzones.This
will not be discussedn detail, but a distincton will be made betweenthe
lowlands(takenhere at sealevel to 1200 masl)andthe highlands(1200-2800
masl). Villagers often usemore than onetechniqueto intensify land use.

Adoptionof more productivecrops

Foodcropshavebeenintroducednto PapuaNew Guineaovermanythousands
of years,but new crop speciesare defined here asthoseintroducedafter the
year1870.This is becausen the early 1870s,Europeamissionaies, traders,
plantersand explorers,and peopleassociatedvith them from Asia and other
Pacific islands, commermred pemanent settlemat in PapuaNew Guinea.
Immediatelya large numberof new cropswere introduced, many of which
were adoptedinto village agriculture.

Steplesprior to 1870weresweetpotatoin the highlandsandsomehighland
fringe areas;Colocasiataro, yam (mainly Dioscorea esculentaand D. alata),
sagoandbananaSugarcan, breadfruitandcoconutwerealsoimportantfoods
(Table 1). Recentresearb using biomolecularmarkers has confirmed that
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Table 1. The antiquity of specieswhich provide starchyfood in PapuaNew Guined

Scientific name Common name Notes

Traditional specie$

Alocasiamacrorrhiza Gianttaro Possiblydomesticatedn Melanesid
Amorphophallugpaeoniifolius Elephant-footyam
Artocarpusaltilis Breadfruit Domesticatedn Melanesid
Colocasiaesculenta Taro Domesticatedn Melanesid
Cyrtospermachamissonis Swamptaro Possiblydomesticatedn Melanesid
Dioscoreaalata Greateryam Domesticatedn Melanesid
Dioscoreabulbifera Potatoyam
Dioscoreaesculenta Lesseryam
Dioscoreahispida -
Dioscoreanummularia Nummulariayam
Dioscoreapentaphylla Five leafletyam
Ipomoeabatatas Sweetpotato Introducedafter ca 1750 AD
Metroxylonsagu Sago Possiblydomesticatedn Melanesid
Musacvs Banana Domesticatedn Melanesid
Pueraria lobata Pueraria
Saccharunofficinarum Sugarcane Domesticatedn Melanesid
Post-1870introductions
Cannaedulis Queensland

arrowroot
Dioscorearotundata African yam
Manihot esculenta Cassava Possiblyintroduceda little before1870
Oryzasativa Rice
Solanumtuberosum Potato
Xanthosomasagittifolium Chinesetaro
Zeamays Maize Early adoption,but almostcertainly

introducedpost-1870

Notes:

1 For a compendiumof all food cropsusedin PapuaNew Guinea,seeFrench(1986). Thereare many
more minor traditional andintroducedspecies.

2 Theterm ‘traditional’ meanscrop speciesusedprior to widespreadtropintroductionsby Europeansnd
otheroutsidersfrom 1870onwards It corresponds$o descriptionsby villagersof a speciesasbelongingto
theancestorg'bilo ng tumbuna’)asdistinctfrom thoseintroducedby European®r otheroutsider'bilong
ol waitman’).

3 After Lebot (1999). Somespeciesjncluding Colocasiataro andyam (Dioscoreaalata) may havebeen
domesticatedn both westernMelanesiaandin Asia.

banana, breadfruit, sugarcane, Colocasia taro and yam (D. alata) were
domesticatedn the distantpastin New Guineaand further eas in Melanesia
(Lebot, 1999).

Following Iberianexplorationin the Americas,therewasa major exchamge
of germplasmbetweenthe Old World and the New World of South,Central
and North America. Two crops from the AmericansreachedPapuaNew
Guineaprior to pemanentsettementby EuropeansThesewere sweetpotato
andtobacco both of which wereintroducedinto SoutheasAsia andelsewhee
by Spani$ and Portugiesecolonises?
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Sweé potato was introducedabout300-350yearsago from Indonesia.lt
becamehe mostimportantstaplefood in mostof the centralhighlands sothat
by the time Europeammissionariesgoldminersand explorersandtheir Papua
New Guinea associategnteredthis area,from about 1920 onwards,sweet
potato dominated the agriculture. Sweetpotatowas alrealy presentin some
lowland and island locations by the time of direct Europeancontat, but
nowherein the lowlandswasit a majorfood prior to 1900.Subsequetty it has
beenadoptedsothatit is now a majorfood in manylowlandlocations. Either
by itself, or with oneotherstaplefood, it is the maincropgrownby over60 per
centof rural villagers(Allen etal., 2001)andit now provides morecaloriesto
rural villagers than banana sago, Colocasia taro, Xanthosomataro, yam,
cassavand sugarcaneombinal (Gibson,2001).

Cassavawas introducedafter 1870, althoughpossiblysomewhatearlierin
the westernparts adjoining Irian Jaya. Since the 1950s,it hasincreasedin
importancein many locations and continuesto do so. It tendsto be most
commonin locaions with a markeddry period,but it is alsogrownin places
wheretherainfall is extremelyhigh, suchasthe interior of New Britain andon
the highlandfringe. In alimited nunmber of locations, for exanple around Cape
Hoskins on the north coastof New Britain, it is now the main food eaten
(Bourke and VVovola, 2000).

Xanthosomataro wasintroducedafter 1870, most likely by Pacificisland
missionarieslt wasaminor food cropuntil after 1950whenit becamea staple
food, particulaty in inland New Britain, the Huon Peninsila and pats of
Kaintiba District in inland Gulf Province.Ilt hasassumedjreatst significance
in the intermediatealtitude zonefrom about300 to 1000 masl. Xanthcsoma
taro hasdeclinedin importancesincethe mid-1980sbecausef a root disease.

Solanum potato hasbeenadoptedat high altitude locations (above 2200
masl)sincethe early 1970s.Potatois now animportant supplemataryfood to
the main staple,sweetpotato,at somevery high altitude locations.lIt is also
grownasafood cropfor villagersat lower altitudesin the highlands,but there
it is regardedmore asa cashcrop.

Maize wasintroducedby Europeansit a numberof locatiors in the early-to
mid-1870s (Table 1). It has beenwidely adopted.It is most common in
locationswith a markedseasonatainfall pattern,particulaty in the Benabena
areaof the EasternHighlands,but maizeis grownin mostenvironmentsup to
its altitudinal limit of 2500 masl.

The newly adoptedfood cropshavea number of advantagsover the older
staplesof Colocasiaaro, diploid banana, andyam. Theyaregeneraly higher
yielding, especiallyunderdecliningsoil fertility conditions;it is mucheaser to
managethe planting materal than for taro and yam; someare adaptedto a
wider range of environmentsespeciallysweetpotatoandcassavaandthe new
foods generallysuffer fewer pestand diseasgroblems?

Thesespeciesdhaveincreasegroductvity becausef their greateryields per
unit areaevenassoil fertility hasdeclined. However theyhavealsofacilitated
otheraspectof intensification, espeially shorterfallow periodsanda longer
croppingbefore land is fallowed. Again it is sweetpotato which hashadthe
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greatestimpact in this regard, but casavaand Xanthcsomataro have also
playeda role in greaterintensity of land use.

Adoptionof new cultivars of existingcrops

Many new cultivars of a numberof existing food crops have beenadopted.
This applies especiallyto bananaand sweetpotato,but to a lesserdegreeto
yamandColocasiaaro. Prior to 1870, villagersgrewdiploid bananacultivars
with limited yield potentialevenunderoptimumgrowing conditions,andsome
triploid cultivars. Over the past 130 years,a number of introducedtriploid
bananacultivarshavebeenwidely adoptedgespecilly thoseof the hardy ABB
group.In a numberof locations,suchas on the southside of CapeVogel in
Milne Bay Province the recen adoptionof hardytriploid bananahasgreatly
alteredthe agriculturd systemandallowed moreintensiveproductionbecause
of an extendedcroppirg period of abouteight years.

Thereis little information on how manybananeacultivars havebeenadopted
and their spread.The local namessometines indicate that a cultivar is
relatively new in that area, but this doesnot indicate whetherit originated
elsewheran PapuaNew Guineaor overseasFor exanple, in southFergusson
Island in Milne Bay Province,four bananacultivars were introducedin the
1930sbeforethe PacificWar. Theseareknownlocally asindia, Finschhafen(a
locationon the New Guineamainland), Wanpaunonepound)andTusilin (two
shillings).

Therehasbeenvery widespeadadoptionof new sweetpotatocultivarsin
both highland and in lowland locaions where it is a common food. For
example,on the Nembi Plateauin the SouthernHighlands,villagers plant 25
cultivars of sweet potato. Eleven of theseare of pre-Europearorigin and
fourteen have beenadoptedpog-contact. At least another25 pre-Euppean
cultivars are no longer maintainedor grown there.

The widespreadadoptionof thesenewer cultivars suggestghat they are
higheryielding or haveotherdesirablecharateristics,but this hypothesishas
rarely beentested.The triploid bananacultivars which are spreadingat the
expenseof other cropsor the lessproductivediploids, clearly give a greater
yield thanthe older cultivars buttheyalsoproducefor extendedperiods(up to
30 yearsif they are weededregularly) and under declining soil fertility
conditions.While thereis little sdid evidencefor the impact of the recently
adoptedbananandsweetpotatocultivars,it is likely thattheyarecontributing
to increasedproductvity andto greaterland useintensity.

Shorteningfallow periods

A decreasén thefallow peiiod is oneof the mostcommonteciniquesusedby
villagersto intensify land use. Thereis muchfield evidenceof this occurring
and villagers commonly give spedfic examplesof declining fallow petiods.
They relate height of fallow vegeation, which reflects the fallow period, to
stagesof their own lives, such as youth, marriage and their children’s
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marriages.The relative importanceof the various intensification technigwes
variesconsideably betweenlocations,but reducingthe fallow periodis often
one of the first stagesof land use intensification. In a limited number of
lowland locations, fallow periods are only one or two yearslong and are
insufficientto maintan cropyields, evenfor hardycropssuchassweetpotato
andcassava.

Extendedcropping periods

Land use intensity is also beingincreasedoy longer cropping periods.In the
highlands, this meansmore plantings of the main food, sweet potato. For
examplein somelocations, over the pastforty years,peoplehaveincresed
from two to five, the numberof plantingsbeforeland is fallowed.

In the lowlands,peoplesometinesincreae the numberof plantingsof the
traditionalstapleshbutthisis rare.More commonly,villagersaddsweetpotato,
cassavaor banana,eitha alone or in combindion, as a second(or third)
planting after the first planting of taro or yam has been harvested Where
peoplehavereplacedthe original staplewith a more productve one,land use
hasbeenintensified by increasingthe numberof plantingsbeforefallowing.
For example prior to 1941 the agriculturd systemon BougainvilleIslandwas
basedon a single planting of Colocasiataro. Following an epidemicof taro
blight in the early 1940s,villagers switchedto sweetpotatoasthe main staple
food. Intensity of land use has beenincreasedover the past 60 years by
reducingfallow perod andincreasingthe croppingperiod, with threeto five
plantingsof sweetpotatonow occuring in mostlocations.

Soil fertility maintenanceechniques

Soil fertility is restoredafter the croppingphaseby self-sownnaturalforestor
grasslandfallows. People have developedother techniquesto increae soil
fertility, especially in the highlands. There the increased productivity
associatedvith sweetpotatooccurredseveralhundredyearsagoandthereis
no other suitable new food crop to replace or complanent sweet potato.
However,in alimited nunmber of lowland locations, peopleare using someof
thesetechniques. An exampleis managedtree fallows on somevery small
islandswhereland useintensity is very high for that enviraonment. The most
importantsal fertility maintenane techriquesotherthan naturalfallows are
composting,planteal tree fallows, a leguméroot crop rotation and the use of
soil erosionbarriers. A numberof otherminor techniquesarealsoused A brief
descriptionof eachof thesetechnquesfollows.

Composing. In the highlands,this takes the form of importationof organic
matter,suchas grass,into a garden,or recycling of weedsand crop residues
within the garden area The organic materialis placedin a pile and covered
with sal to form a mound,sametimesup to 1.2m high andwith a diameterof
over2.5m. This technqueis practisedn a discreteregionin the westernpart
of the highlands (Figure 2). At lower altitude locations in the Southern
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Figure 2. Locationsin the highlandswherevillagers practisecomposting plantedcasuarina
fallows, a legume/sweepotatorotation and soil erosioncontrol

HighlandsProvince organic matteris incorporatedinto drainedbedsrather
than mounds The position of the mound may remain constat for every
planting or it may be moved to the inter-mourd spacefrom the previous
planting. The technque allows extendedcropping periods.In many locations
within the compostingzone,land useis permanentor semi-permaent, with
food gardengmaintainedfor one or two generaibns (over 40 years).

Compostingis practisedn awide rangeof environmentspveranaltitudinal
rangeof 1100-2800 masl (the range for compostedmoundsis 1500-2800
masl). In the compostingzone,the rainfall variesfrom 2500to 5000mm per
year, with little rainfall seasonality.The tecmique is mostcommonon soils
derivedfrom volcanic ash.Over 20 agronomictrials haveclearly estalished
that the tecmique increasessweetpotato yield, both within and outsidethe
traditional compostingzone. Thus the techniquecould be usedin a wider
geographiareain the highlandsThis, togethe& with the discretedistributionof
the technique suggestghat it spreadrelatively recentlyand rapidly from the
location of its initial development.

Composting is associatedwith intensive land use in one regon of the
highlands.l suggestthat the techique was devisedby villagersin the main
valleys of EngaProvince about150 yearsago. It is likely that the techniqwe
was adoptedmainly to grow more sweetpotatofor pig fodder, althoughthe
resultingincrease in productionwould have provided food for both pigs and
people.Thereis same evidenceof the adoptionof the techniqueover the past
40 yearson the fringe of the compostingzone.lt is postulatedhat, following
the invention of the techniquein one locaion, it was adoptedquite quickly,
perhapsover 40—80 years,over a muchwider region. It is further suggested
that the main motivation for the adoptionof composting,and the associated
large mounds,wasto increasesweetpotatofor pig producton.
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Photo:R. M. Bourke

Photo 1. In somemediumintensityagriculturalsystemsf HighlandsPapuaNew Guinea,food
gardensare plantedwith treesto protectsoils from erosionandto enhancesoil fertility

Managed tree fallows. The secand soil fertility maintenancéechnique used
is managemet of the fallow phaseby plantingtrees,asseenin Photol. The
most important spedes used is Casuarina oligodon. Minor speciesused
includeParasponiarigida, Schlénitzia novo-guireensisAlbizia spp.andPiper
aduncum The following summaryis basedon a review by Bourke (2000).

Casuaina oligodon is a multi-purposespecieswhich is grown throughout
the highlands.t provides timber for fencing,firewood andhouseconstructia.
As well, in four sub-regionsin the highlands, villagers transportself-sown
seedlingsnto sweetpotatogarcenstowardsthe end of the croppingphaseto
enhancesoil fertility.®> Theseseedlingsgrow to form densestandsof trees
which dominate the fallow phase.About 1.3 million people plant same
casuarinareesandaboutone-fifth of thesemanayefallow spegescompositon
using casuarina.

As with composting,there is a discrete distribution to the practice of
managingfallows with casuarinaplanting, but it is practisedin four sub-
regions (Figure 2). Managng the fallows with casuarinatrees is most
commonly donein locations with an altitudinal range of 1400-2100 masl;
where slopesare steep(over 20°); the landform is hills or mountains;the
lithology is sedimentaryyegetationin grasslandsandannualrainfall is in the
rangeof 2000-30@ mm. Land useintensity in theselocationsis very low to
low. Limited soil analysisindicatesthat casuarinancreasegevels of nitrogen
and carbonin the sal.

In two of the four subregionswhere casuarinas plantedin sweetpotato
gardensasa fallow mangementstrategythe practicehasbeenadoptedsince
the 1920s.In the third sub-region this usagehasincreasedyreatly sincethe
1930s.(We haveno informationregardingadoptionin the fourth subregion).
It is hypothesisedthatthe managemst of fallows compositon usingcaswarina
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has been adoptedrelatively recerly, that is within the past 150 years,in
responseo increasinghumanand pig populations.

Legume/ root crop rotation. The third soil fertility maintenanceechnique
usedis a rotationof aleguminoudood cropwith aroot crop. Thelegumecrop
is uswally peanutsbut sometimeswingedbean(Psophocarpstetragonolobu}
is used;theroot cropis almostalwayssweetpotato,but very occasionallyyam
(D. alata) is plantel in this rotation. Villagers who practisethis rotationreport
thatit is successfuin maintainingsweetpotatoyields for an extendedperiod.

The techniqueis most commonly used in parts of the highlandsregion
(Figure 2) and on the Gazelle Peninsila of New Britain. The envirorments
wherethetecmiqueis usedmay be characteriseasfollows: belowanaltitude
of 1900 masl (usudly the upperlimit for both peanutsandwinged bean);on
flat or gently sloping land; on soils containingvolcanic ashwhich are well
drained and well structured;where grasslandsfallows rather than woody
fallows are used;andwhereland useintensity is high.

In highland locationswhere the technque is used,peopletypically plant
sweetpotatoasthe first crop after fallowing. Swee potatois replanteduntil
yields decline, and then one or more crops of peanutsor winged beanare
planted.Severalmore cropsof sweetpotato are planteduntil yields decine
further. At this stage,land is mostlikely to be fallowed, but further peanut
plantingsmay follow. On the GazellePeninsia of New Britain, the sequene
is the oppositeto that usedin the highlands, with the first planting after a
grasslandfallow being peanuts and sweetpotato planted after one or two
peanutplantings.

The distribution of the three techniquesdiscussedso far is quite discrete,
with virtually no overlapin their usage This patternreflectsthe environments
in which eachtechniqueis mostusefu. It is alsolikely thatthe distribution in
the use of compostingreflectsa specific historical sequencef adaptation.

Soil erodon control. A fourth soil fertility maintenane techniqueis soil
erosioncontrol usingsoil retenton barriersandterracesAgain, this technique
is morecommonat higheraltitudes,but it is sometimesusedin the lowlands®
Thetechniquedescibedhere is confinedto somelocationsin SimbuProvince
and nearbypatts of adjacentprovinces (Figure 2), to partsof the north and
south side of the Huon Peninsula;and to the Rabarabaareg Goodaough
Islandand Amphlett Islands in Milne Bay Provirce.

Overdl, soil erosioncontrolis not a commonpractice.lt is usedon steep
land and in locationswhere agricultureis lessintensive and the population
densitylower. The antiquity of the teciqueis unknown,althoughtherearea
few indicatiors in Simbu of expansbn of the techhiquein recentdecades.

In Simbu, modifications to redwce soil erosiontake a number of forms. In
the simplest,peoplepegtrunksor branchesof casuarineor othertree species
acrosgheslope.lIt is alsocommonto build smallbrushfencesin parallellines
5—10m apart,eachfencerising 20—30cm abovethe soil surface(Humpheys
andBrookfield, 1991).Theimpad is not permanenandthe benefitrarelylasts
beyondtwelve months.More permanentive fences of close-space@€ordyline
fruticosa havethe same,but more endurirg, effect and over time a soil step
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(talud), a metre or more in height builds up behind them (Humphreys and
Brookfield, 1991). Thesetwo techniqies are commonly donein asso@tion
with plantedcasuarindallows andin the samebroad environment.Villagersin
Simbuarecurrentlyadoptingthe useof vetiver grass(Vetiveriazizanioide) to
control soil erosion(Sheltonand Mondo, 2001).

On the Huon Pennsula,peopleconstructterracesup to 1.5m high, 1—4m
wide and 15-25m long. Stekes are placed araund the contour and soil is
movedto createa terraceup to 4m wide. In the Milne Bay locations,soil
erosionis reducedby placinglogs acrossthe slope andtheseareheldin place
with pegs.The technique is similar to that usedin Simbu, but brushis not
usually placedbehindthe logsin Milne Bay.

Other soil fertility maintenancetechniques A numberof othervery minor
techniquesare used. Inorganic fertiliser is usedfor commercialvegetables
only, mainlyin the highlands Wherea plot of vegetablessuchasbrassicasare
grownin rotationwith sweetpotatoor other subsistencéood crops,theremay
be a small carry-overeffect, but theimpactis trivial. Very occasionallypeople
use animal manue, especiallychicken manure,and other organic fertilisers,
such as the pulp of coffee berries,to maintain sal fertility. This is more
commonthan the use of inorganic fertiliser and againis usually confinedto
commercialvegetablesn the highlands. However people sometimesapply
coffee pulp, chicken manure or fire ash to subsistencefood gardensin
relatively small amounts.In the western part of the highlands, villagers
commonlyplantvegetablestobaccoandother cropsin small area of fire ash.
Theseare crops that require high soil fertility levelsfor maximumyield. The
fires aremadeexpresslyfor this purposeusingcasuarindeavesandtwigs. It is
likely that the hot burn resultsin the releaseof nitrogen from soil micro-
organismsand this is responsiblefor the largeyield increaseobservedrather
than potashor magnesiunreleasedn the ash.

In a number of highlandandlowland locations,food gardensarelocatedon
river terraceswhich are flooded from time to time. The silt enhancessoll
fertility and allows much more intensive land use than would have been
possiblewithout the silt deposition.This is not an active soil enhancement
technique, but use of these sites does facilitate land use intensification.
Following pacification in the highlands(1930-60), it is now possiblefor
villagers to use suchsiteswith much lessrisk of attack from enemyclans.
Hence thesesites,generdly ontheflatter andmorefertile land,arenow much
more widely usedthan previously.

Other intensificaton techrniques

A numberof other techniquesare used to intensify land use and increase
productivity.

Garden segregation Another method of intensifying land use is to
segregatelantingsof different cropsor groupsof cropsinto different garcen
typeswhich are manaed differently. In many highlandlocationswhereland
useis intensive,peoplecreate'mixed gardens’ which containvegetabls and
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minor starchfoods suchastaro. They are managedjuite differenty from the
more intensive sweet potato gardens,which domnate land use. The mixed
gardensareplantedfor shorterperiods,with typically only oneplantingbefore
fallowing; the fertility is sometines enhancedin these sites by planting
casuarindrees;andthey may contain10—15 speges of food. Sweetpotatois
rarely plantedin them. They generallyoccupywetter sitesthan sweetpotato
gardens.The location dependson local landforms. Mixed gardensare not
universal,and are generally confined to the altitudinal range of 1500-2000
masl,partly becausenanyof the speciegrownin thesegardenshaveanupper
altitudinal limit of about2000 masl.

Houséold gardensare small food gardenslocated near houses.They are
almostuniversalin the highlands,commonon the fringes and are sometines
usedin the lowlands. Typically, these contan vegetablessuch as aibika
(Abelmoschusmaniho), sugarcae and punpkin. Soil fertility is usually
enhancedy the additionof householdood scrapsfire ash,discadedorganic
rubbish,suchas sugarcanepeel and sweepingdrom village compounds.

Soil tilage In low intensity agriculture the soil is not usually tilled
following a woody fallow. However,in grasslandagriculture,tillage is much
more common,presumablyasit releasessoil nutrients.Tillage is associated
with grasslandallows in both highlandandlowland regions.

Photo:B. J. Allen

Photo 2: Soil fertility maintenancen intensiveagriculturalsystemsincludesa rotation of
peanutsandsweetpotato.Drains,tillage andbedsare usedin theseEasternHighlandsgardens

Drainage and garden beds. Drainageand useof gardenbedsare someof
the most common techiques usedto modify the natural environmentand
increaseproductivity. This is especiallyso for sweet potato as high tuber
production is very dependenton adequatesoil aeration during the tuber
formationphaseDrainswith bothregularandirregularspacingarecommonin
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food gardensor around gardenpetimeters,especiallyin the highlands.Drains
are commonly dug down the slope so asto removeexcessiverainfall andto

reducethe chanceof masssoil movemenm causedoy soil slumps,butin some
locations,a networkof drains acrossanddownthe slopeareemployel to lower

the watertableandto removeexcesswater.In the highlandsreguarly spaed

drains are typically 3—5m apartand 20—40cm deep.The irregula spaced
onestendto be deeper.

The use of bedsfor food gardens,especially sweetpotato, has a strong
geographicatlistribution. The techniqueis commonin the northen partof the
EasternHighlands(seePhoto?2), in partsof Simbu Province,in a numberof
valleysin the WesternHighlandsandin partsof the SoutherrHighlands.Beds
andlargemoundsare generadly mutually exclusivein their distribution,asthe
large moundsperformthe samefunction asbeds.Both raiseplantrootsabove
the water table and remove excessrainfall quickly. The form of the beds
(height,lengthand width) variesbetweenregions.

Mounding. Planting cropsin moundsis anotherform of intensification
enhancingcrop yield. Sweetpotatois the crop mostoften grownin mounds
but yam and occasionlly Colocasiataro are also plantel this way. The
discussionhere refers to smaller mounds, typically 20—40cm high and
40—-60cmin diameter,asdistinctfrom the largecompostd moundsdiscussed
above.The mounds may be locatedon drainedbedsor not associatedwith
them. As with large compostd mounds they serve to quickly remowe
excessivesoil moisture.

Irr igation. This is a very minor practice, hardly surprising given that
excessivemoistue is a greater environmenthazard than inadequatesoil
moisture.lt is likely to havebeenmore commonwhen Colocasiataro wasan
important food in locationswith a marked annual seasonarainfall pattern.
Thereare a numberof reportsof the practicein the literature for the period
1930-70, butin almostall locations,irrigation is nolongerpractisedTheonly
place whereirrigation remains importantis in the Rabaraba-Waira areaof
mainlandMilne Bay Province.Heretaro, and sometimesother crops suchas
cassava,are grown using irrigation. In a number of other locations, for
example hearKabwumon the HuonPeninsulaandin the LamariValley in the
EasternHighlands, very minor areasof taro were still beingirrigated in the
1990s.1t is likely thatthe apparentdeclinein this technque over the past50
years(and probablylonger)reflects the rise in importanceof food crops that
aremoretolerantof mild waterstressgespeially sweetpotatoandcassavaas
well as the greaterfood security that theseimported foods have given to
villagers.

DISCUSSION

Shorteninghefallow periodis generdly thetechiqueusedfirst by villagersto
intensify land use in responseto an increasein population. Initially fallow
periodsareredwcedfrom very long to shorterperiodsthat are still adequateo
maintain crop producton levds, for exanple, from 50 yearsto 15 years.
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Dependingon environmentalfactors, reducing the fallow period eventally
resultsin decliningcropyields. At this stage yvillagers useotherintensification
techniquesincluding the adoptionof more productve cropsandextendingthe
cropping period eventually soil fertility mainterance techniquesother than
naturalfallows areemployel. Our field observationsndicatethatthe sequene
and timing of these changesvary considerably betwee locations and
environments.

A large numberof new food cropshave beenintroducedinto PapuaNew
Guineaandadoptednto village agriculture’ The adoptionof sweetpotatoand
cassavan particular has allowed peopleto alter both the cropping and the
fallow periods. In the highlands, the greatestimpact arose following the
adoptionof sweetpotatoasfood for both peopleandpigs 300—-350yearsago.
In the lowlands,the adoptionof newfood cropshasoccurredoverthe past130
years,and espeially over the past60 years.The impacton productvity and
intensityof landusehasbeengreat. Vil lagersarestill expandingheir plantings
of sweetpotato, cassavaand someother crops, but the rate of adoptionhas
slowedas crops have beentaken up in suitableenvironmentsThere are few
food cropsfrom otherpaitts of the world thatare likely to be adoptedn Papua
New Guinea, as many new specieshave beentried locally and there are
unlikely to be many untried but suitable species. The African yam (D.
rotundatg hasbeensteadily adoptedsinceits introductionin the mid-1980s
(Risimeri et al., 2001). It is likely that it will continueto be planted more
widely, but this may be the last of the new food speciego be widely adopted.

| nowreturnbriefly to the paperwritten almost20 yearsagoto seewhatnew
insightsthe MASP Projecthasaddedto our understandingn the earlierpaper,
the main elementdiscussedhere weredescribedTheseincluded the adoption
of new species,new cultivars, decreasedallow periods, extended cropping
periodsandthe threemain soil fertility practicesthatis, compostingplanted
casuarinafallows and a legumésweetpotato rotation. The rich detal in the
MASP databaséasled to a somewhatifferentemphag on crop spegesand
the significanceof drainage Herel give moreemphass to cassavand potato
thanin the earlierpaper.This partly reflectsthe incressingimportanceof these
two cropsover the past20 years.l havegiven lessemphass to Xanthosona
taro, becauseof the dramatic decline in this crop’s importancein same
locationsduringthe 1980s.No mentionwasmadeof African yam (D. rotunda)
in the earlier paperasit was not presentuntil the mid-1980s.An important
changein emphass is acknowledjing the importanceof dranage. This does
not represent real changeover the past20 years,but recognitionon our part
of somethingthat is so widespreadthat it was previously not given due
recognition.

As recordedhere,thereare a numberof intensificaton techniques usedin
village agriculture.Thereis no single measwementor unit that summarises
these sometimescomplex changes.One useful parameterfor measuring
intensity of land useis the R-value,defined by Ruthenbeg (1980:15) as:‘the
numberof yearsof cultivation multiplied by 100 anddivided by the length of
the cycle of land utilization’. Becausehe valuefor eachlocationincorporates
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information on both the cropping and the fallow period, R-value can be a
powerful summaryof land useintensit. All en (this volume) examineshe R-
value in detail and compare it with anothermeasue of land use intensity.
However,asthis papershowsi,it is crucial to takeinto accountall methodsof
measuringintensification of land use becauseof the diverse nature of the
landscapeand culture.
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NOTES

1 SeeBourkeetal. (1998)andother MASP provincial papersfor further details.

2 Importedfood providesa much higherproportionof caloriesconsumedy urbanpeople
(fifty per centof calories)(Gibson,2001).

3 A numberof other speciesmay have beenintroducedinto PapuaNew Guineafrom the
westallittle before1870,butit is morelikely thattheywereintroducedafter 1870andwere
adoptedin the early colonial period. Theseare Bixa orellana (usedfor its pigment),
cassavalima bean(Phaseoludunatug and kangkong(lpomoeaaquaticg.

4 Theroot rot that afflicts Xanthosomaaro is an exceptionto this.

5 Casuarinds very occasionallyplantedin Colocasiataro gardensMore commonly, it is
plantedin land intendedfor mixed vegetablegardenshput discussiorherefocuseson the
main sweetpotatogardens.

6 In manylowlandlocations,peopleplacesticksandlogsacrosssteepslopesandonflat land
in gardensThey saythisis to delineateplotsto facilitate planting,weedingandharvesting
andnotto reducesoil erosion.Giventhe generallylow intensityof landusein muchof the
lowlands,andthe associatedow ratesof soil erosion,this is likely. The discussiorhere
refersto locationswhere peopleconstructbarriersspecifically to control soil erosion.

7 Inonehighlandvillage wherel studiedanduse,villagersgrew87 specie®of food, narcotic
and cashcropsduring the period 1978and 1983. Sixty per cent(52 species)f thesehad
beenadoptedsinceabout1920.
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