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1. Introduction

Papua New Guinea has major germplasm collections in: its major subsistence and semizcommercial food
crops aibika, banana, cassava, sweet potato, taro and yams. PNG also has a.collection of hybrid sugar
canes for its own sugar cane industry. Except for sugar cane, nearly all the varieties in these-collections
were collected in PNG. PNG is also a major centre of genetic diversity for some of these plantkinds
(e.g. plantain bananas, taro, some yams and sugar cane). Since varictics of these plants are
heterozygous and cannot be stored as seed, all agricultural varieties of these plants are vegetatively ‘
propagated, and predominantly vegetatively maintained in germplasm collections in the field. Although
the absolute costs of maintaining these collections are low, the costs are high relative to PNG’s financial
resources. Even if external funds could be obtained for this germplasm maintenance, economic issues
still arise such as whether aliernative techniques should be used to preserve existing plant germplasm
resources, or whether funds should be targeted on different species. '

Because use of plant material in one breeding program does not preclude its use in another program,
plant germplasm is non-rival. Because of difficulues in establishing effective property rights in plant
varieties used in breeding,! germplasm may often be non-excludable. Non-rivalry and non-excludability
characterise public goods which are generally under-produced in market economies. Because germplasm
conservation is a public good, sufficient conservation would probably not be undertaken if feft solely o
the private sector. Consequently, the collection of accessions for and the maintenance of plant
germplasm collections have typically been undertaken in the public sector. Public goods are even more
likely to be under-produced in developing countries because of high demands on government rescurces,
and germplasm collection and maintenance are often undertaken internationally (cf. Kambuou 1995 on
collecting expeditions to PNG). Because the use of plant germplasm is non-rival, there has developed a
corresponding ethos of the free exchange of plant germplasm among plant breeders; this free exchange is
probably an economically efficient system. However, the greater commercialisation of public breeding,
and the higher profile of private breeders supported by plant breeders’ rights, has increasingly
highlighted the value of genetic material used in plant breeding (Godden 1984, 1991). Coupled with
financial restrictions on germplasm canservation programs and current (and likely future) increased
emphasis on the commercial value of germplasm collections, there is a need for a more systematic
analysis of the optimal levels of funding, and the optimal economic organisation, of plant germplasm
collections.

Maintenance of plant germplasm is an investment problem. Economic analysis of germplasm storage
requires a comparison between the rate of return from investing in the conservation of germplasm and
rates of return obtainable elsewhere. The principal difficulty in evaluating germplasm investment
decisions lies in being able to assess the value of the germplasm. The production process for plant
breeding may conceptually be modelled, linking germplasm to (i) an understanding of the constraints
limiting plant production; (ji) the relaxation of those constraints to produce varieties providing higher
yields and better quality characteristics; and (iii) contributions to maintenance research to offset declines
in the resistance of commercial cultivars to scourges. Such modelling would enable estimates to be
made of the value of germplasm.

With the exception of bananas and sugar cane, there has been much less plant breeding in the above
crops than in the comparable staples of developed countries. There is thus likely to be considerable
potential for plant breeding to improve the yields and other product characteristics of these crops. Plant
germplasm collections are likely to play a major role in crop imprevement in these species. Thus the
collections that PNG holds will be of major significance to future crop improvement forboth PNG, and
possibly also in other countries. Some of the historical and potential benefits of this material are
international—for example, some 25 per cent of the genes of modem sugar cane hybrids are derived
from the PNG canes Saccharum officinarum. However, PNG is bearing the full cost of maintaining its
germplasm collections, There is fikely to be under-investment in conservation.of PNG’s plant genetic
resources (from the international viewpoint) unless mechanisms for paying PNG to maintain its genetic
diversity can be established. Further, in a developing country like PNG, insufficient resources may be
available for the conservation of plant germplasm-even froma purely national perspective.

L Even i\kj’ithfimcllec,tual«;prop'cr:y rights in commercial plantvarieties (plant patents, plantibrcedérsfiig"hxsr,
plant variety protection, plant variety rights etc.) there-may be difficulties in-establishing effective
;gr‘qperty\ rights (cf. Godden 1982),

“i.e. pests, diseases and weeds.

5

R T i e T




The objective of the research is to assist PNG to assess whether-or not it wants to matntainthese
germplasm collections and, if the collections are to be retained, what is ithe mostefficient means of doing
s0, The general framewark of the unalysis will also be relevantto other developing=and developeds
countries interested in examining the sockil returns to investment in plant geomplasm collections, The
initial focus will be on the costs of maiptaining a restricted setof PNG's plant germplasm collections (in
aibika, banany, sweet potato and tarv). This analysis will enable policy makers to evaluate the effects of
changing the sizes of collections and/or reallocating funding across different plant kinds and different
miethods of germplasm conservation. A general framework for analysing the contibution of germplasm
to the plant breeding process which integrates cost data and estimates of the value of various classes of
germplasm will also be developed. This general framework will be applied o the germiplasm collections
in PNG to assess the net contribution of these collections to PNG and world agriculiure, and 1o guide
decision-making about the future of these eollections and related ¢ollections elsewhere.

2. PNG agriculture?
2.1 Background to PNG

New Guinea lies beiween 3.5 and 12 degrees south of the equator and 1s approximately 2,500 kilometres
east 1o west, with an area of avound 775,000 square kilometres. The eastern part of the island comprises
the maintand of Papua New Guinea (PNG) which also includes the large islands of New Britain, New
Ireland, Buka and Bougainville, and many smaller sstands. Irian Jaya, o province of Indonesia, occupies
the western half of the New Guimnea island. The area of PNG is about 475,000 square kilometres and it
has a population of around 4 million.

The centre of the main istand of PNG consists of a series of mountain ranges rising 10 over 4,000 meires
with populous upland valleys. The climate in coastal areas and larger islands is generally hot and humid,
with lemperatures ranging from 25 10 35 degrees Celsins, The valleys of the Highland region are asually
hot m the daytime but cool to very cold at might. Rainfall varies from 1000mm per year in Port Moreshy,
to over $000mm in some wetter areas of the country; about §0 per cent of the country receives over
2500mm. Some areas also have a pronounced dry scason (McAlpine et al. 1983, chapter 4).

The vegetation of the country varies with elevation and rainfall, PNG flora has some similarities with
those occurring in Indonesia, Malaysia, the other Pacific Island countries and the wetter paris of northern
Australia. The tropical rainforest areas of the central and the north western parts of mainland PNG are
rich store houses of genctic resourees of flora and fauna much of which is unique,

2.2 Agricuiture

Agriculture is the most important sector of PNG's economy. It provides a livelihood for about 85 per
cent of the economically active population of PNG, and employment for 25 per cent of the workforce in
the commercial sector of the economy. Agriculture creates about 25 per cent of Gross Doniestic Product
and contributes 14 per cent 10 foreign exchange earnings. The agricultural seetor comprises subsistence,
semi-subsistence and commercinl sub-sectors, Smallholder farmers are the most prominent producers
who produce 75 per cent of coffee production, 65 per cent of cocoa, 66 per cent of copra and 35 per cent
of oil palm and almost all food crops (96 per cent of all agricultural produce ). The employment structure
of agriculture is 8.5 per cent purely subsistence, 87 per cent semi-subsistence or semi-commercial
engaged in both subsistence and commercial activites, and 4.5 per cent purely commercial,

(a) Food Production and Consumption

Production of staple foods remauins the most important economic activity for most of PNG's rural
population. Semi-subsistence food production is based upon the traditional systems of shifting
cultivation. Pressures of development and modernigation, such as urbanisation, rising population ,
pressure in some areas, and the growing desire for eash among rural people are likely 10 cause a gradual
change towards more sedentary systems of production. o '

Subsistence farmers in PNG grow a diversity of food crops in their garde

| , ,, ‘ n thei 5. A variety of.
are planted in a mixed cropping manner, usuaily at very high densities, (

¢ succulentieaf

3 Based on Kambuou (1995, chapter 1),




are planted first, followed by rooterops and then tree crops iike bananas and fruits and nuts, Sweet
potato (pomioea bataras L. Lam.) is the predominant crop in the Highland areas of the country, In‘the
Lowlands, the cropping systems are-more diverse and vary among areas. The.dry coastal areas of the
Central Province follow a yam-banana-cassava based system, Yams (Dioscorea spp.) are usually
harvested first, followed by & number of harvests of banana (Musa spp.) and cassava (Manihot esculenta
Crantz). Taro (Colocasia esculenta 1. Schow) is predominant in the wet fowland areas of Morobe
Province and the atoll environment of the North Solomon Istand., Diploid bananas are widely cultivated
in the Madang, New Britain, New Treland, Morobe and the Sepik Provinces, Triploid and tetraploid
bananas are more suitable to the dricr arcas of the Markham/Ramu valleys and the Central Province.

Yam based cropping systems are practised in some inland areas of Bast Sepik, Madang and the

Trobriand Istands of the Milne Bay Province. Sago (Metroxylon spp.) is predominant inTow marshiand
areas throughout the country and is still harvested from the wild, Peaple from the wetland areas of the
Fly, Sepik, Ramu and Puerari deltas closely follow the sago based cropping systeny, root crops and leafy
vegetables are grown on muarginal arable fand as.a supplement to sago.

Despite periodic localised food shortages and a few pockets of severe malnutrition, food supplies and
overall levels of nutrition appear adequate throughout PNG. Commercial production of food crops is
limited by the size of the domestic market, while the marketing of traditional staple crops is adversely
affected by their low value-for-weight ritio and perishability, Sugar is commercially produced in the
country essentially for the domestic marker and is currently completely protected by an import ban.

Domesticated pigs are the main animal used in the uaditonal systems, together with village fowls and
chickens. The remaining tivestock for food are hunted, Domesticated pigs play 8 significant role in the
social life of the Highland areas. Pigs are regarded as a form of wealth and are used mainty in-traditional
marriage ceremonies and death feasts. Domesticated livestock are generally free ranging although
supplements of sweet potato tubers and vines and split coconuts are occasionally fed to pigs. With
contemporary changes in life style and greater emphasis on the monetary economy, farmers across PNG
are expanding into livestock production, including caule, sheep and goats, piggeries and poultry for both
layers and broilers. These are intensive systems and farmers have to make changes to their subsistence
wiy of life to cater for these changes.

The commercial livestock industry consists of a few intensive broiler chicken operations that also supply
feed and chicks to out-growers, 4 few intensive piggeries and cattle ranches mainly in the Markham
Valley. Since independence the poultry and pork industries have reached self-sufficiency levels with
Government protection. The government is attempting to develop a small sheep industry in the
Highlands to increase local production and consumption of meat.

The main river systems in the country include the Sepik, Fly, Ramu, Markham and Puerari river
systems. The livelthood of PNG's coastal and river people revolves around the sea-and the water ways,
These people depend on harvests from the sea and the river systems, The coral reefs surrounding the
istands and the coastal areas of PNG are ricli in marine life including a diversity of fish, shells, fobsters,
crabs, sea weeds and varicty of other sea creatures. The waterways are also rich in fresh water fish,
prawns, crabs and other river food.

People from the coast and the river systems also practise shifting cultivation for production of fresh
vegetables and staple root crops to supplement their aquatic diets. Sago s the main staple food crop for
the people living on the plains of the Sepik, Fly and Puerari deltas. It grows wild in the river plains and
swampy areas throughout the country and is harvested whenever needed, Due to the shortage of arable
land for cultivation, river people establish social contacts with-mountain-and inland people for barter
purposes. Fish and other river food are exchanged for root crops and other vegetables,

X
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(b) Export Crops

Crops contribute significantly to export earnings with an average of K260 million between 1985 and
19934 Coffee is the important crop in terms of foreign exchange and»cmplOygentswéithwabom 50:per

cent of all rural households producing over 70 per cent of the cro
(50,000 ha smallholdings and 14,500 ha plantations) are under coffee, Coc
important crop with 22:per cent of the value of major agricultural exports. About :

4 PNG’s currency unit is the kina (K), In October 1995, the kina traded approximatel
Australian dollar, InSeptember 1994 there was a 25 per cent depreciation.of the kina.




households produge 66 percent of the erop and the bilanee from the planiations. Co
£16,600 heetares with 49,900 ha under estites and 66,700 ha as smiallholdings, O
major crop with 14-per eent of the vitlue of exports annually. [t covers an drca of
(33,000 ha-estates and 25,000 ha snraliholders involving about 7,000 fam
cent of the output and the remaining 35 per cent is from smaliholders,

i

exports and the industry supports about 111,000 households cultivating an arca of about 100,000
hectares. Rubber and tea are small in tenms of production, acredge and foreign exchange earning. About
8,000 houscholds grow tubber and the production in 1993 was 2,800 tonnes with an export value of
K2.2 million. More than 83,000 houseliolds are engaged in the growing of spice ¢rops and other
alternative cash crops. The imponant individual erops are chillies, casdamom and pyrethrum. The
export value of these crops in 1992 was K82 million.

In the coconut industry, copra and coconut oil account for 11 per cent of the value of major agricultural

3. PNG's food plant germplasm

The selcetion and/or development of new plant varicues sull largely depends on traditiona) technigues of
observing and recording superior plant material, inducing sexual reproduction using superior parent
material, and selecting the ¢lite offspring of these erosses, The continued development of superior new
varieties depends on the continual seareh of the plant genepool for desirable characteristics that might be
incorporated in new varicoes  Convenuonal plant breeding is thus dependent on the maintenance of the
existing genepool and its thorough evaluation as a source of suitable new genetie traits. The first of the
genetic marerial derved from “genctic” engineering” is just beginning 1o beeome available but i, wo, is
currently dependent on the ingorporation of known genetic traits into t:xis_tin% plant kinds. A typical
example of such search for new varicties was the screening of wro varieties for resistance o taro leaf
blight, and the incorporation of this characteristic into varieties by traditional sexual crossing of varieties
ina PNG plant breeding programme. S

3.1 Background

Subsistence farmers in PNG teaditionally maintain, multiply and distribuse their own planting materials.
Almost all the crops grown are vegetatively propagated, and planting materials of erops such as bananas,
tare, cassava, aibika and other leafy vegetbles are mabnained in old parden sites until the new pardens
are made. Seeds of amaranths and other vegetables are usnally wrapped in leaves and stored above fire
laces for up to a month before planting. The good whbers of yams are selected and stored in specially
{)Uilft yam houses 1o allow the tubers to sprout before they are planted out. In the Trobriand Istand of
M)Ii‘lng Bay Province, yams are stored in yam houses for a longer period of time for cating as well as for
planting.

New Guinea is a centre of genetic diversity for plantain banunas, aro, some yams and sugar cane
(Kambuou 1995). Sweet potato and cassava are-exotics but have been in Papua New Guinea f

, or at least
severdl centuries; the former flowers profusely in tie Highlands and there is thus the opportunity for
continued field evolution. The PNG germplast collections of the food staples (¢, excluding sugar
cane) are of PNG origin, and litde of this material has been relocated outside PNG.

Varieties of these plants are all heterozygous and are thus vegetatively propagated in agriculiural use,
These varicties can only be stored a5 vegetative material, although seeds of some plantkind '

(e.fz sweet potato, taro, sugar eane) and thus gene pools can be stored using seed. Varieties
plantkinds have traditionally been maintained as field collections via frequ getative prop

Aibika and the rootcrops are replanted-at about 6-monthly intervals, while banana and sugar

replanted every few years,

There are major collections of germplasm in Papua New Guinea for the following crops (ef, Table 1)

of the viaue of conventional plant breeding, Brennan

at present value of direet benefits ¢
tdwarfing" genes derived from the CIM|

values,
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Aibika (Abelmoschus manihon), anana(Musa spp), eassava Manihot-esculenta), sweet:
pomaca batatas), wro (Colocasta eserdenta), yoms (Divscorea sppy—at research stati
Departmentof Agriculture and Livestock (DAL).

Sugar cane (Saecharunr hybrids)-«Ramu Sugar Company has an extensive collzetion of
commercial cane hybrids; there are also the remnants of a collection of Indigenous sugar canes at
DAL's Bubia Agricultural Research Centre,

Some PNG muterial s also held in field collections outside PNG (e.g: bananas in the INIBAP regional
collection iy the Philippines, Queensland Department of Primary Industries’ Maroochy Research Station,
and at Montpellier in Pranee). Tissue culture can be, and has been, used to-maintain PNG germplasm
for some-of these crops-both within PNG (e, sweet potato gt the Lowlands Agriuulmmler'ﬁ‘xPc:rixwxc:txt‘
Staton, Keravat) and outside PNG {e.g. bananas ar Maroochy and sweet potatoes in the PRAP project in
Westem Samoa). Some wariation iy oceur i tissue culture (e, bananas). ‘

The annual eost of nuintaining the publicly-held germplasm collections in PNG is approximiely

K 107,000, and the breeding programme in taro and variety eviluation progrmnie in sweel potito
mmﬂx){y assocnted with two of these collections also costs approximately K107,000 p.a, (Tuble 2). The
cost of maintoming the Ramu Sugar Company s sugar ctine collection is unknown, While this public

expenditure appears small, for a counuy like PNG with major macrocconomic and government
budgetary construnts, even relatively small expendimres are of considerable cconomic imponance,
especially when such expenditure niust be incurred every year. Genmplasm maintenance and erop
improvement programs for the food staples together compnse abour 24 per cent of DAL's research
budget (Ghodake and Wiyt 1994, p.93).

PNG’s scarce resources i plant germplasm canservation are devoted to the relatively small number of
plantkinds which are the major current food sources for the population. However, PNG has a rich
source of plant geneue dwversity (Kambuou 1995), some of whieh is currently used to obtain food, fibre
aned medicinnl materials. Some of these plant mntenals may also provide significant future commreial
opportuntties. These potential future benefits may not be auained §f the current emphasis on existing
crops is maintained and existing diversity in other species is notprotected and explored, Puture benefits
foregone from a failure o exploi other species are an opportunity cost of the eurrent coneentration of
conservition efforts in a small range of plant kinds.

3.2 Genetic Diversity of Edible Planist
() Root crops

Root crops constitute the muin staple diet of PNG. Sweet potato (pomoea batatas L. Lam) is PNG's

¥

main rooverop. Itis widely cultvated m PNG from sea level up 10 2700m with the main production
sites in the Highland provinges, Sweet potato actively seeds and.constant i

in-field conditions particularly in high altiwdes. This has con
o for its wber i the Transf] ‘

country. 1. quba is gl /1

(locally known as kangkoni) is an-aquatie, floating .hc:%:mous hal
suceulent terminal shoots and leaves which are used as spinach t{n the |
species are found in PNG (/7. digitata L., | hederifolia 1., 1, plebela R. Br, ;

a L. Sehot) is the second mos
ol erops of PNG

Taro (Colocusia escude
traditional indigenous:

ghout the main ta
chinese taro Xanthosoma.
e, gif)l aro (Alocasia.

o

6 Pased-on Kambuou (1995, ehaprer 2),




mporang:

Y

The ymms (Dinscorea species) are the third most
species have edible wbers and six are found in P e diver
commonly grown speetes, Dinscorea alata and Dioscorea escrdenta, :
throughout the country for food und are very important ceremonial ¢rops in some area;
not 5o corumonly cultivated are aerial yam ()}3 bulbifera 1..), five leaflet yan - pentaphy hifie:
yam (D hispitda Dennst) and oummsularia yam (D mummudarier Lam.). The genetic diversity of the less
common species hus notbeen fully explored. Maostof this genmplasm grows in natural forest habitas,

roorern

St

Cassavi (Munihot eseulenta Ceantz.) is an important staple ropt crop in arcas of poor soils and harsh
conditions with a prolonged dry seazon. It is the main staple root ¢rap in the dry coastal greas of the
country. Manihol escdenta is not known in o wild state. There are o few cultivars grown as ‘
ornamentuls and temporary shade in twwns and villages but there is no information on the germpliasm of
the ornamental eassava.

Qther minor edible root crops have been reported sueh as hangar (Operenlina turpethin 1. S Manso.),
kudzu (Pueraria lobarg Willd. Ohwi), yam bean (Pachyrrhizus erosus L. Urban) and winged bean
(Psophocarpns tetragonolobus 1.D.C.). Except for wing bean, very litle is known about the genetic
diversity of these munor root crops in PNG

(b) Bananas (plantains)

Cooking bananas, including plantains, are the third most imporuant staple food erop in PNG. The
indigenous population consumes bananas more as a staple food than s ary accompaniment or a dessert.
Well over 5%;30 aceessions of diploid, triploid and wiraploid bananas have been collected throughout the
country and assembled into & national ex sit field collection.

The original coliection comprised cultivimed Musa acuminata as diploid (AA, AB), triploid (AAB, ABB,
AAA) and tetraploid (AAAR, AABB, ABBB) genomes, wgether with seven wild species (Musa banksii,
M. halbisiana, 1{1. schizocarpa, M. peckelii (angustigema), M. maclayi, M. fextiles (Manila hemp), and
M. lolodesis). “The colleetion also had o plant of Ensete glaucin which has been Jost. About 30 per cent
of the total eollection has been lost over the years due to problems of field maintenance, The current
callection now halds 353 accessions mostly of edible genomes.

(¢) Leafy Vegetables

There are well over 40 different species of green leaf vegerables eaten in PNG. The most popular
speeies include aibika (Abelmoschus manihot L. medik), amaranthus spp., wlip (Guetum gnemon 1..),
rungia (Rungia klossii 3. Moore), water dropwort (Qenanthe javanica D.C.), blackberried nightshade
(Solanum nigrum L.), kumu mosong (Ficus copiosa Steud, and F. wassa Roxb.) and other Ficus
species, kangkong (ipomoey aquarica Porskal), watereress (Nasturtium spp.), valanguar (Polyscias
spp.)s kamu gras (Callipieris prolifera Lam. Bory.) and other edible fems, ehoko tips (Sechium edule
Jacquin Swartz) and pumpkin tips (Cucwrbita moschata Duch ex Lam). All these leafy vegetables are
cither eultivated in gardens or grown wild. Some of these crops haye great intra-speeific variation (cf.
Kambuou 1995, chapter 2). Kambuou (1995, Appendix 1) listed other edible greens mainly harvested
frony the wild which have not identified nor recorded. )

() Other Indigenous Vegetables
Over 60 speeies or kinds of vegetables have been reported as grown and eaten in PNG. Many of these

species hive been recently introduced in the country and are gaining popularity in village gardens and in
the local diets. The few indigenous species include the Highlands pitpit (Seraria palmifolia, Koenig

Stapf), coustal pitpit (Saccharunt edule Hasskarl), ginger (Zingiber spp.), choko wm edule Jacq,
Swartz), cucumber (Crgumis sativus 1.), pumpkin (Cucurbita moschata Duch ¢ ingbean:

s tetragonolobus 1, DC), 4
L. Holt.), bamboo (8. vulga

obi 1), totus (Nelumbo nucifera Gaewn,

! indigenous plant species are eaten by local

, Appendix 2),

vt nfe,r?tm, bamboo (Bamfusa




(¢) Bruit Tree Species

itself and other parts of the plant. Mungoes (Maugifera spp.) ure common in the lowlhind
produetivity is restricted muinly to areas with pralonged dry spells. There s one
species and several edible wild species grown in forested areas, Bukubuk (Burcke:
Pierre) is o native fruitto the atolls of PNG and is a highly preferred fruitin Bast New Britain, Ne
Ireland and ather smull islands. Marita (Pandanns conoidens tamarck) grows throughout PNG from sea
level to 1600m altitude. Taun (Pometia pinnata J.R. & G Forster) s a large tree with wild stands
throughout the towlands and the lower montane forests, Golden plumiapple (Spondias cytherea
Sonnerat) grows up 1o 15m and oceurs wild in the lowland rainforest areas; a wild species (S.
philippinensis (Elimer)) oceurs nutarally in the Sepik area. The tree cucumber or bilimbi (Averrhoa
bilimbi L.y grows wild in s¢condary forests in many constal areas,

>

A number of Cirus spp is grown in the country, muny of which miy have been introduced o
considerable time ago. The indigenous species of the country ts C. hyserix (L) D.C., oceurring wild in
most constal aseas. Other cultivated speeies include lime (C. anrantifolie Christnn Swing.), sour orange
(C. anrantion 1..), pomelo (C. grandis 1. Ossbeek), lemon (C. limon L. Burm. £.), citron (C. medica
L), grapefruit (C. pargdisi Magt.), mandarin (C. retiendata Blanco) and orange (C. sinensis L. Osbeck),
Clymenia polyandra (Tanaka) Swingle is related to eitrus and oceurs only in PNG.

A native fruit of Manus Island is Corynacarpus cribbianus (F.M. Bail) L.S.Sm. Mabewa (Baccaurea
papnana Bailey) occurs in several lowland arens from sea level up to 1600m altiwude. The New Guinea
walnut(Draconomelon duo Blanco Merr. & Rolfe), known locally as mon, is a large tree up to S0m tall
and oceurs wild in the high rinforest areas of the country. There are several Bugenia specics oceorring
in the country. Six species are reported as enten (£, aromatic (L) Bill., £. aquea Burmif., £. jambos L.,
E. juvanica Lam., £ malaecensis L. and E. wuniflora L.) which oceur mostly in coastal areas from sea
level up 1600m ahitude. Three Flacourtia species are reported enten in the country (F. inermis Roxb,
known locally as Lovi-lovi, F. jungomas (Lour.) known locally as racusch or coffee plum, and F. rukam
Zoll, & Mor, known locally ns rukam. Four Rubus or Ruspberry species are reporied 1o be eaten in
PNG and they oceur mostly in the Highland areas (R. j‘m;tinmi)l/m Poir., R. moluceanus L., R, rosifolius
Smith and R. lasiocarpus Sm.). The alpine strawberry (Fragaria vesca var. semperflorens) grows from
1600m 1o 3500m and mostly occurs around the Mt, Wilhelm area, Five species of Passiflora were
introdueed into PNG but the focal wild species is P. foerida L. which grows abundantly in the Jowland
areas and fruits throughout the year, A fruit tree species Parartocarpus venenosus (Zoll. & Mor.,) Beee
grows wild in the humid rainforest areas in the country, Kambuou (1995, Appendix 3) listed othern
minor indigenous fruit crop species.

{f) Nut Tree Species

Nut species utilised in PNG include betel nut (Areca spp., known locally as Buai), pandanus species,
four edible Canarium species (e most popular of which is known locally as galip nutor canarium
almonds (Canarium indicum 1..) and the other species are C. kaniense Laut., C. salomonense B.L,Burtt
and C. schlechteri Laut), five edible Terminalia species (the most common of which is T. kaerrbachi
Warb known locally as okari nut and other species 7. carappa L., T. copelandii Elm, T. impediens
Coode and T. megalocarpa Bxell), Burringtonia novae-hebernae Laut (Jocally known us Pao) and the
related edible species B. procera (Miers) Knuth together with a non-edible wild species B, asiatica (L)
Kurz used 4s a fish poison, the PNG onk or caswnopsis chestut (Cusranopsis acuminatissima
BLA.DC), the finschia nut (Finschia spp), the Tahitinn chestut (known locally as aila) is a tall tree
ogeurring in lowland forest areus near rivers and swamps, candle nut (Alenrites moltceana L Witld),
nipa palm (Nipa fruricans Warmn.), pangl (Pangium edule Reinw., locally known as sis).

() Genetic Resources of Indigenous Sugarcane Plants

Sugarcane species of importance to the sugarcane industry are Saccharum officinarym L, S, robustum
Brand .and S. sinen, R{ : .

et ex Girassl, S. spontaneum L., S. barberi jesw.
Iso of interest to sugarcane breeders urg

{i, Ne is the centr
vclones of which have been repc Ne:
gardens in a wide range of environments from
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survive i the wilidl. Conversely, S, robustium snd S spasiranem sre highly polymorphie specles and
do ‘c::zm"liu the wild. Saccharum adidi is ealtivated for its inflorescence which Is cooked and eaten as o
vegetable.

Diverse torms of both 8. rabustum and 8 spontaneiom and sheir hybrids exist throughout the ¢o
regions and low lying intund arens of the countey. Saecc havum robtustuin prevails in the weller
river systems, while S.spontanetm also-exists i savanm type environments ke pusts of the
MarkhaovRamo plains. “The relmed genern of Eranthus and Miscanthus are also found 1o PNGe-
Miseanthus floriduls CLabill,) Warb oceurs in PNG and other parts of the Pacifie region; Erianths
arendinaeens ocenrs in the comntry mround the Fly River

GHR Neir

The enltivated genotypes of 8 afficimarum could be regarded ay landraces or farmer coltivars, Most of
these nterinls huve been i colbvation throngh muny generations. 10is difticult o idennly exnetly which
are adivonal tandraces and whieh are not

(h) Genetie Resources of Spice Crops

Einlike m its Asinn neighbours, Hide spiee 1s used in tradidonal PNG cooking. Abwost all spice crops
commonty gsed in the country were introduced many years ago mid only g few indigenous plants are
userd ag heths or Mavourings in some local dishes  Ginger (or kawiwar is used in flavouring food and
the young shoots are slso eaten. The common enhiivied speeies is Zingiber afficinale Rose. Wild
ginger (Z. gerumbet L. JESm) which ccenre in the constal forest arens is consumed and also nsed in
medicing and magic. Three wild gener of gimger are also eatenin PNG: Alpinia (Golgol), Amomuan
aeideatnm Roxb and Horrstedna scotttana ¥ .Muell K. Schum.

Begonin oceurs wild i the nunforest areas in the highlands. s stndks are enten and the leaves me nsed
for avouring food; leaves of some genoiypes are used as ointment on sores. The stems of Colx
giganiea Koenig ex Roxb are used for making salt for fomd ﬂzwmwimf. Lenves of Colens scurell

(L) Bth are vsed os seasowang in food. Euodia speeies, most probably £, fortensis Forsy, 18 o
whose leaves have a lemon flavour and has been seeorded ns {xziug used in flavouring food in PNG,
"Ihe fonneld plant (Faenicihan vidgare Mill.) may hove been introduced but also grows wild throughout
the conntry in areas over S00m alnude.

rlairles
ib
ING

(1) Medicinal plans

PNG hios o rieh knowledge of the use of imditional medicines derived from plams, developed over
centuries by inal and ervor. Over 000 identified :a};mc:ics of inedicinal plants have been reported, with
some 450 bovanically deseribed, Kambuou (1995, Appendix 4 and p.24) lisied some 55 species used (o
treatinjuries and common illnesses, and mentioned other common uses of indigenous plants,

() Pusiure species

Research into possible pasture speeies for PNG is based on inroduced speeies but litle work has been
carried onton PNG's potentinl indigenous pasture species. There has been litde collection of indigenous
pasture speeies in the past and, within PNG, they are eurvently only maintained in situ. ‘There is a report
of a substantial eollection of ong potentinl pusture species from PNG (Kambuou 1995, pp.24-25).

(k) Ommmentals

NG is believed w contain extensive resourees of as-yet undiscovered zpmmg«xm;?lnsm. PNG's
National Botanical Cardens containg agolleetion of 500 described species of orehids with nerinl
nbout 50 undeseribed species. T is beligved that 60 per centof PNG's genetic i ¢85 0
yetto be colleeted (Kambuou 1995, p.25), The National Botanieal Gardens ha )
speeies of ferns, but it is believed thar 50 per cent of PNG's fers and shru

Similarly, the Gurdens' collection of 39 speci hiought o

of those in PNG, Some of PNG's plant germplis

especially clear felling, snd expansion of agricul

Stonly ¢!
the effeets of logging,
p.25-20),

ousrisk beciuse ¢
¢s (Kambiion




3.3 Conserved Plant Genetie Resources of PNG?
3.3.1 In Situ Conservation

In situ conservation involves the conservation or maintenance of plant genetic resources in their natural
states and in their own habitats, and in the form of wild relatives or progenitors of the crop species,
forest tree species, medicinal plants and omamental plant species. Continued genetic evolution and
integrity of biodiversity requires germplasm to be maintained orconserved in such environments.

(a) Community Controlled Land®

Land in PNG is owned by the community, elan or the family. There is no individual ownership unless a
person is sole heir to the Jand or it has been purchased through waditional or legal means. Because all
land in PNG was owned prior to Furopean colonisation there is no “unoccupied™ land over which “the
government"—¢ither the former colomal governments or the government of independent PNG~—could
assert ownership unless this land had been purchased from its wraditional owners. Under the old colonial
system, some parcels of suitable agricultural land were leased to foreign owners for 99 years; almost all
this land has now reverted to the local land owners,

{(b) National Parks and Natre Reserves

There are three officially recognised National Parks in the country with numerous Nature Reserves,
These areas are privately owned, but the Government through the Department of Wildlife and
Conservation has negotiated with the landowners to maintain them as parks and reserves, The national
parks are manned by park rangers who are based on site. Nature reserves are not manned, but officers
from the Deparument of Wildlife and Conservation aim to ensure that these areas are kept free of
agricultural or lumbering activities. There is no written record of the germplasm composition of these
parks and reserves but, since they are heavily forested, they are likely to contain a great diversity of plant
species as well as animals, birds and insects. These forested parks and reserves are ideal habitats for
some of the unique germplasm of omamental and useful plants of PNG such as orchids, ferns, palms,
rattans and bamboos. Forest tree species, wild fruits and nut species, medicinal plants and wild
progenitors of the food crops are also common features in these areas.

3.3.2 Bx sitw collections of plant germplasm
(a) Food staple crops

The national lowlands collection of sweet potato is located at the Laloki Agricultural Research Station just
outside Port Moresby. A total of 1044 accessions was collected as landraces, farmers’ cultivars and
common varieties. A small number of accessions has been identified as duplicates; and 67 per-cent of the
ariginal accession have subsequently been lost from Laloki (Table 3). The national highlands collection
of sweet potato is located at the Aiyura Agricultural Research Station; there have been 1453 aceessions to
this collection; 14 per cent of this collection was lost during relocation of the colle¢tion at Aiyura (Table
3). The sweet potato collection is also being duplicated in witro (j.e. as "tissue culture”) at the Lowlands
Agricultural Experiment Station, Keravat (near Rabaul), A working collection of 1208 accessions of
sweet potato at LAES Keravat, comprising varieties In trial and a small number of maintained varieties,
duplicates the Aiyura and Laloki collections (Table 3).

The national taro collection is maintained at the Bubia Agricultral Research Centre near Lae. The
original colleetion of about 600 accessions of mostly landraces and farmers’ varieties has been reduced
by nearly 30 per cent (Table 3), There is a small taro collection from PNG islands at LAES Keravat, and
a small collection of taro varieties “rom the Sepik at Saramandi Research Station.

Of 423 accessions to the national yam collection at Laloki, 25 :r cent have been lost (Table 3), Recent
financial pressure has endangered up to half of the remaining collection (Kambuou 1995, p.30). There
is a small collection of 39 accessions of three yam species at Saramandi Research Station,

T Based on Kamhuou (1:995),.
8 ¢f. Donigi (1994),




There s a sowll coflection of 79 lapdraces of eassava from PNG at Laloki, and 36 ¢assavaaecessions
from the istands are maintained at LAGS Keravat (Table 3). Both eollections are based mainly on
landraces and farmers” varietics. :

A collection of over 506 banana accessions was maintained at Laloki, including indigenous diploids; as
miny as 30 per cent of these secessions may récently have been lost (Table 3). Some of these aceessions
are duplicated m a regional collection in the Philippings (INIBAP), although these accessions are not
readily aceessible o replace losses in the eolleetion beenuse PNG is free of bunchy top, a-major banana
dfmm endenic in the Philippines. There is also 2 small colleetion of island banana species ot LATS
Keraval,

A small colection of sago aceesstons s mamtained at Saramandh Rescarch Station (Table 3),
by Leafy vegetables

A collevtion of 142 ailnka accessons of landrees and farmers” varienes wis maintained o1 Laloki, with
up to 40 per cent being lost i recent years (Table 33, Some 200 scedlings of aibika have been rafsed
from the small proportion of mibika varenes winch set seed . Some 67 islands varieties of aibika are
maintaned at LALES Kerovat, and 23 Sepik varnetes m Saramandi Research Station.

A collection of 48 aceessions of other tradimonal lealy green vegetubles of cight plant kinds (Amardnthus
spp., Feus spp, Guetm gnemon, Polyscus veraedlata, Rungia klossi, Oenanthe javanien. Solanum
nigrum and Setarie palnifoha)y s also held ot LAES Keravat (Kambuou 1995, p.31).

¢y Other foud species

There 1s a collechon of 32 accessions of 17 varous fruis and nuts of hoth indigenous and exotic origing
mantaned ot LAES Keraval, Keravat also has a collection of 35 nceessions in 14 types of herbs, spices
and condiments (Kambuou 1995, o 31 and Appendixes 5 and 6).

(d) Commodity crops

The Coffee Research Institue currently mamtains a colleetion of 70 exotic aceessions of Caffea arabica
and € robusto i both freld and i viro ("ussue culture”y forms. Most plant materials hayve been
mtroduced from overseas in the form of muero-cuttings, and sometimes as bare root seedlings or seeds.
New matersals introduced as micro-cuttngs are multiphed in the tssue culture laboratary prior to field
establishment and evalunuon.

The Cocon and Coconut Research Insutute muintaing a smalf collection of cocon based on introductions
dating from early in the twentieth eentury, and 15 planning w commence collesting germplism mxxcggmiil
frorm PNC- logations (Kambuou 1995, p.32). The CCRI also has a collection of local coconut varietics
at Madang,

The Oil Palm Research Association maintains an vndocumented collection of genetic material for oil palm
(Kambuou 1995, p.33).

Jencte materials for commercinl tea production are maintained in the private sector, Privately-ownes
Genetie materials for ¢ Ve product tained in the private sector, Privately-owned

rubber estites maintain their own genetic material, while the Department of Agrieulture and Livestock :
muintains genetic material for smallholder rabber pmciugem. Pyrethrum plant material is maintained ;
largely by its smallholder growers (Kambuoy 1995, p.33). ~i

(¢) Sugar cane

"The Ramu Sugar company has a “muscum” eollection of over 500 commercial hybrids near Lag
(Kambuou 1995, p.33). Only hybrid varietics are held in this colleetion, The company's own recently
commenced breeding program will soon add lociilly=developed varietics to this museum,

The earliest colleeting expedition for sugarcane in New Guinen w
trips have been made since and the most recent was undertak
sponsored by organisitions in USA and Ansualia, and th

Technologists. The germplasm collected wis exported where sor

1

cveral colleeting
expeditions were




eunbished Iy the World Colleetians run by USDAARS (USA

4 ; i / » While the fate of athers and
those collegted i enrly expeditions are unknown. There wret i

eumcHiry records

S

64

renlistic (igure on geietic viation of 8. officinarim, 8. robustin, 8. sportaneun or S, edull in PNG,
Tispediions colleclin 1 sughi enne variedes couli nothive hormughly colleeied thronghout tie eitire

CHIUTY.

A total of 200 necessions were colleeted during the 1977 expedition. No proper reenids were kept of th
camposition of this colleetion. Paryof the coflaction wis established ne Bubia Aprien '

P

iy ¢ b Agrienltniml Reseqareh
Centre outside Lae whete the colleetion carrently holds 32 aceessions of 8. offfeinartim, 28 of S, eduli
and 12 aceessions of § spantuneum

{1y Minar crops

Commerctd) seed smiteral of s videry of other ciops of ntroduced plang types--soeh s rice, mnize,
pespts and beans s paaliphed, stored and disiribated  PING by both the Deparment of Apriculiore
aml Lavestock and the privite sectir

333 Suminary

While NG s considerable ex st conserviition of its mor crop staples, e degree of conservation
retutive to the food craps consamed by vs population, and is awn hertage of genetic diversity, is guite
sl Phus, while PNOG currently has nn onevous Boaneial burden in mataaining s carrem geomplasm
collegtions, there appears 1o be g mneh greater pmeunt of plant germplnsm eonservation that could be
undertaken Kambuon (1995, chapier 4) nuthned the uses thi imw Deen and are currenty baing, mnde
of PNCY's conserved plant germplisin '

Mot fooc vraps grown in PNG are bised on fimer selected Indiages, ofien distributed by the fapmers
thensselves. Kambuou (1295, pp 23-24) seported vanety trinls and breeding progeanymes undertaken by
PNGs Departient of Agricutinee and Livestock using mdigenous miterinle, Accessions of sweet
patito, tro, yans, bananas and aibika have been evalunted in variety tinfs ot DAL resenreh stations, A
tiro bregding progeamme hus also been underiken (o inearporate resistanes (o o leaf blight. Breeding
g ulso been mc:eru;rksen i coffee and eocon by the public sector. Ramu Sugne is currently tndertaking
o breeding programme bnosugar cang; Qs pragramime b reeently recelved a stimurdus from a breakdown
i quarantine in Australin, from where mmerials were previously mported. Bxtensive investigations of
currently mmor exobe crops e balsa, cashew, Jnpanese mnt, kava, nutmeg and vinila have also
been umlentaken.

Y Canservation techniques

1y Western agriculture, most food stples such os wheol sre seed propagased.? Seeedspropagated plant
kinds may be stored as secd, and there hns been considernble investmient in sueh seed stormge fgilities,
Vardeties may be maintained untouched for many years, with seeasional reproduetion (o ergire (it
stored seed maintaing its vinbifity, Seeds of ponsseed propagated plants inny also be sored 68 seed but,
in general, such sceds conte fron plunts which are highly heterozygous (.. do not breed tg (o typa)
and theretore an individunt variery ctimot De stared ng seed, hat eather o vast mnge of hoterozygous
Individuals—many of which oy hive litthe o no ugrienlturmt value, ind some of which iy not even
produce vigble plans. !

freiy

Muny of PNCs staple food plants nre vegetmtively propagated, ‘The exis

heterozygons and do not breed true-to-type from seed, and are s ve

subgistence or cormmercial :wmmc,t:h;)m Mainténanes of the existing vi

that they nlso be vegettively propagted in gannplasm eolleetions. The

storage of plant varietes hng Deen inthe form s,ufg;gf«.:;wi‘n};cm‘ll
{

is prown i a fichd toeation, Pardenlarly where on individual:

conservation can be relatvily chieap, a8 the planconly require

seincipal difficulty of such mﬂlstszfi‘n‘sifs 14 the Ty lnnd nre

arge numbers of varieties, and the operating costs nbour f
physical henlth of the collection, Howevar, where vepett

(G 8u)
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frequent propagation.may be required aned tis may he expensive in the form of field collections. In
reeent yenrs, (0 vitro ("tissue enlture™) entlgenions of vegetntively propagaed materinls hnve been
established which eliminate the land and field Tiboue ¢osts of reproduetion, However, whiers plantlives
e shorty even e vigrg snmples miy require frequent reproduction, and this may requirg o ive
Inhoratory facilities and highly uaimed labortory reehniciuns. Considerable effort has recently been
devoted to develop teelnigues (o retrd development of in vitro plant samples, (o extend generation times
and thus reduee eeproduction costs. ‘

In PNCI's case, only o few of its staple vegemuvely propagated plint kinds produce sceds that may be
stared; these seeds only store genetic material, not "varjenes™ (ef. nbove). Supar cane and sweet polito
seeds mny be harvested and stored, and recent advances have been mnde within PNG (o induce taro (o set
seed which ean subsequently be stored. About 25 per cent of nibikn vaneties set seed wlueh may ba used
for reproduction. Ty the ease of sweer potto, its profyse sexnal reprodugtion in the PNG Highlands
pravides a rich store of geneuc diversity and continued field evolution. In those plant kineds which set
seed, germplasm conservation may conceivably be based upon the nanal seed bank of fairmers’ fields,
orex st seed bianks. Such seed banks would, of course, only store genetic diversity and not specific
vitrieties; and the usefulness of this procedure would depend on the ability to efficiently recover genetie
characteristics into field varrenes. Where it was desirable (o have ready nceess to specific varieties for
distribution to fanmers or for use i plant breeding, seed storage of heterozygous varieties would
probably be highly efficient.

Seed crops such as nee, marze, peanuts, beans and vegetables are intraduced germplasm. Small
quantites of these craps are multphed and seeds are stored under short-medivm term storage conditions
on various Reserch Stattons for distribution o small farmers on request. Seeds for distribution are
maiptained i air conditoned rovms, pperating at 15-2) deprees Celsiug while those for regeneration
purposes are maitaied under the normal household refrigerator conditions. The seed ¢rops germplasm
regeneration work s carried by each research station responsible for these erops. The regeneration
programme is carried out every year to ensure continuity of viable seeds. Only "orthodox” seeds aire
maintained and stored under these condinons. Plants with "reealeitrant” seeds are maintained vegetatively
in ex situ collectons or in thew own patural habias as for the case of the indigenous timber tree specics.

3.5 termational collaborationt9

The International Plant Genetic Resousces Instiute (IPGRI, formerly known as the International Board
for Plam Genene Resources, IBPGRY sponsored some of the previons major germplasm colleeting
expedittons in PNG. PNG joined the then IBPGR Sowh East Asian Regional programme in 197
Papun New Gunen is represented on the IBPGR Regionsl Commitee for South Bast Asia (RECS):
now known as the Regional Cooperation in South Bast Asia on Plant Genetie Resoarees (RECSEA
PGRY, The main abjective of this minanve is to promote and enhance the conservation and management
of the region's rich and diverse plan genetie resources through collabormtive activitics that are of benefit
to membxer conntries, These intintives enable memiber eountries to exchunge useful generie niterials and
information on utilisation of plant genetic resources for the well-being of the people in the region,
Through these initiatives the member countres believe that the sovereign rights and responsibility for
indigenous plant genetic resources in situ and e prior informal consent for the exelinnge of g).lmu, penetic
raxximmc:s will be adhered w. This collabsrtion will resultin a more effective use of available resources
in the region.

Through financial and weehmcal assistance from IPGRI and the other RECSEA member countries, PNG
wits able to eollect and nssemble the genetic diversity in teaditions] food erops throughout the eountry into
ex it colleetions. “The natonal plany genetie resource colleetions for the traditional food crops are
currently held at Laloki Agricultural Research Stgion, outside Port Moresby, with working collections
logated on other reseirel stations throughout the country.

IRGRI and DAL eo-sponsored two eollecting trips on sweet potato and ong on traditdo
particutarly the green leafy vegetables of e country, The Inpanese Government and.

sponsored two colleeting irips in PNG, again eolleeting traditional food erops, wi ’
taro and yams. Three major binang eolleeting expeditions were sponsore l

assistance from Queensland Department of Primary Industry ;)  Al The 1 rpase
colleeting baputn germplitsm was w obtain and identily genetic muterinlg that have aatural resisi

s

0 Based on Knmbuou (1995).
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the sigatoka disease complex and those that show tolerance to the disease. These collected banana
germplasm is held in vitro at Nambour Research Station, Queensland and the duplicates are at the national
collection at Laloki, A small collection of this germplasm showing some tolerance to the sigatoka
complex is held at Montpellier for the crop improvement programme.

More than twenty research personnel from PNG were sponsored by TPGRI on training courses on plant
genetic resources most of which were conducted in member countries within the region. IPGRI also
sponsored a research officer to undertake a masters degree programme in the United Kingdom, An
‘internship’ arrangement was made by DAL some years age with IPGRI funding for an experienced
PGR scientist who was responsible for the characterisation and documentation of the national sweet
potato germplasm callection. 1PGRI has sponsored a banana expert from Queensland DPI (o assist in the
identification, characterisation and documentation of banana germplasm in the PNG national collection,
Some financial assistance was provided by IPGRI for the maintenance of seed crops germplasm and for
the improvement of in virre storage facilities.

Papua New Guinea collaborates with regional research centres including AVRDC in Taiwan, HHITA in
Nigeria, IRRI in the Philippines, ICRISAT in India, IPGRI Head Office in Rome and the Regional
Office in Singapore. CIMMYT in Mexico, the Intemational Network for the Improvement of Banana and
Plantain (INIBAP) in Montpellicr, France and the Internatiosal Scrvice for National Agricultural
Research (ISNAR) in The Hague, Netherlands.

Under the IBPGR umbrella, a number of regional collections on plant genetic resources were established.
The regional collection of banana was established at Davao, Philippines. Well over 100 accessions of
PNG bananas are maintained at Davao.

Papua New Guinea also participates in the Pacific Agriculture Research Programme (PRAP) on sweet
potato. The project funded the maintenance of a ficld genebank collection which holds over 1,000
accessions at the Lowlands Agriculture Experimental Station, Keravat. The project scientists evaluate
and select superior or promising accessions which are sent to the tissue culture laboratory in Western
Samoa where they are cleaned of diseases before distribution to other countries in the Pacific region.
Qver 20 accessions of sweet potatoes from the Highlands collection at Aiyura were sent to the
international base collection at the Asian Vegetable Rescarch and Development Centre (AVRDC) in
Taiwan, These accessions are maintained as seeds in long-term storage conditions.

Through its research stations, DAL has previously introduced experimental lines of food legumes
(pulses), coarse grain crops (sorghum and maize), rice and introduced vegetables from various gene-
banks throughout the world. The food legumes were introduced from CSIRO genebank in Brisbane,
ICRISAT in India, and the peanut genctic materials from DPI Kingaroy, Queensland. The genetic
materials of coarse grain crops were introduced from DPI Queensland and CIMMYT in Mexico. Some
bilateral initiatives were undertaken by Bubia Agricultural Research Centre and IRRI in the Philippines
for rice genetic materials. Improved breeding lines of rice bred for Asian conditions were introduced to
PNG for performance testing.

3.6 Risk

The risks of plant germplasm conservation in a developing country are likely to be higher than in wealthy
developed countries. Risks of maintaining whole plant conservation in the field in PNG include flood
(Laloki 1994); volcanic eruption (Keravat, near Rabaul 1994); landowner disputes (at various times have
affected all major research stations in PNG); accidental, careless, malicious or starvation-induced
harvesting (Keravat 1994-95 in the case of the last); or inadequate resources leading to varietal losses
through weed competition, inadequate irrigation, poor pest and disease control, and sub-optimal iming
of relocation of collections (all stations from September 1994), The cffects of these risks can be seen in
Table 3 which documents recent considerable losses in PNG's food staple ex situ plant germplasm field
collections (cf. Table 1). There are also risks with other forms of plant germplasm conservation; in tissue
culture, for example, the maintenance of optimal conditions depends on sometimes uncertain
infrastructure such as electricity supplies.

4. Economic analysis of germplasm conservation

Since maintenance of plant germplasm is.an investment problem, the key element of aneconomic
analysis of germplasm conservation is evaluation of the costs and benefits of this activity. Some of the
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technial and financial issues involved in te provision of germplasm storige have been documented

(e.g. Mucknett ef al. 1987) although, in PNG's case, srnlysis requires conparizon of the costs of field A
andt non-field forms of geemplasm conscrvation. Such cost analysls requires careful definition of the A
appropriste costy but, in principle, tis is not o difficult problem. Beonomic anafysis of optimal

investment in geemiplisot storagie also requites esimites of the benefits of this storage. The vilue of

germplasm collections depends on the future meorporation of the genctic matceal into cofmmereial

vinetes via plint breeding, and estmation of s value s nota invis problem. The prineipal difficulty

u; z:wumulm;; 1ivestnent cge«m sions relatng 1o germplas colleetions lies m being able (o assess the vahig

of geomplasm

Assessing the value of permplasin collecuons requires being able (o relate existing eonserved germplasm
to future advances tn p{ams breeding  Because, by definton, these sdvances oceur 1o the future, 3 modgl ~
1 reguired to forcenst the (approxamate) future value of existing collections. There wre at least two
possible witys of derving such cstimates One method 1s (o use agronommus” or plamnt breeders’
knowledge of carrent constratnts on crop production o indicate te consequences of being able o refax
thewe constraits by incorporating gonetic trints from the gormplusm resource A second methed would
be o directly model the incorporation of gencue trads from the germyplusm pool imto commercil
vareles

Both these approaches requare modellng the plant breeding process st different levels of soplustication.
Plint breeding may be regarded as o producuon process (¢ Araold 1987, p.63) and thus, conceprually
at denst, 15 suited to coonome modelling However, the form and paraineiers of rescurch processes are
much less well defined than for agricultural or industrid producnon progessey, And, beeause plant
breeding i ay uncertisin process, tie value of germplasinan terms of future plant virictes that could be
developed fram ity singlarly uncertnn. Modething the plun breeding research process is more
formudable the further from commercial vanetes and the closer (o basic seicnce the resenreh 1 being
conducted. Further, the value of conserved germplasm 4 not sioply obtiwined from s direet use i plant
breeding, bt may also arrse fram s use i extendiog serentific knovlede, or acting rs msuringe
against future necds, While oy sot dificult w document the vildue of paticular genmplism ex posi (¢4,
Bvans 1987, Frey 1987) and even 1o estimate its value ex post (e Brennan and Fox 1995), 10is much
more difficuls w detenmine this value ex ane

4.1 Germplasm conservation o simple neoclassicn) morde)

The inputs in a plant germplasm conservation process are principaly labour, and physical und uman
eapital. In the cuse of 1n sitw or field conservation of plant germplasm, lind is also important, A
suplified model of plant germplasm conservation is presented in Figare 1, i werms of Tabour, and
pbvysical and b capital. Consider aptions for mmntuning a stoek of phant germptasm vartetics squal
o N. Several wechnalogies might be used to muntin this stock at A, N varietics may be maintained in
the fleld (n suo ar t”mi:j ) using libour but relatvely e capital; conversely, the same number of variclics
iy be mantned vath relatively little labour, but considerable quamtitics of horoun and physical capitl
using teehniques such as sced storage or tssue cultre (e at B in Figare 13,

In PMG's cuse, lubour is relatively cheap compated to hurman and physical capital, s plant germplasm
in generally maintained as field collectons. There are some exceptions o this gencralisation, but thewe
exceptions invalve the use of external aid furids 10 relix thie capual congtrain; thug, for exriple, the
tissue culture collection nt LAES Keravat is funded by PRAP. Tissue culture fucilitics are also available
at the University of Technology ot Lag, but these Meilitics are resenreh and teaching facilitics rather than
for longterm storage, Some experimentition is currently proceeding Ii)'f!‘WﬁM}}_ s feansibility of
lower-cost tissue cultre storage-~c.g. 1o devilop an trtermeding technology likc C (1 g 1 yeliy

extending the storage 1ife of tissne cubture specimens. “There ire tlse possible incrmedin technologics

avigllable for labour-mtensive germplasn conservation-=fot exmmple, human capital in the form of :d,#

stutistical design of fickd conscrvation may reduce the amount of libowr Involved while requiring bigher

levels of hnin capita, ?
=

Whien the ceonomic problem is simply 1o choose between diserete ehnologles for conserving a glven g

quantity of plant genctie titerinl, eimpirical solitions (- the problem-can Lx:et:sibm“nm,! by dirgetly ]

0 4o plant getr

comparing costs using standurd budyeting. However, ceonomie constr
muinenange do not arise simply in tﬁ;: form of relmtive resource Gosts,
problem concerns how muny virictics should be conserved. Co

vitrictics ta conserve In Figire 12 how shonld a cholee be made between consery
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a gonventionil neoclassicn! problem, selative outputinput prices 4
Thus, the key 1ssu¢ is thie “price” of the conserved germplasmy,
inpertect markec for pling germplasi, tere are no good market estinmy
problem s 1o estmite the value of geanplasm.

-

sovie. Models

Two appronches are possible The first i o binld on the cost budgeung gxpg}rcmcﬁ:i‘& ot 1{1
Towng varinbles.

conld be constincted of the costs of conservig plant geamplasm wih the fo
ditferent plunt kands (¢ g aibiha, Danana, cassava, sweet polato, o, yanvs i the gase of NG,
different ways of conserving vapieties (e 3 Hield copservation, tasue cultuie,

different appronchies 1o conserving germpliasn fe g conserving varieties (¢ g in the field or tissue
vulturey or conserving genepoals (e g seeds of heterarygous vanenesy,

different notmbers of vanehies,

differem numbers of rephicates of each varety, differemt locatons or sumbers of locatians for
each plant kand or vanety (ol affec U degree of rsk of conservation)

These cost twsdels could then be lurked te g by linear prograommmng) to select # least cost way of
achigving a given set of abyecuves for plant germplssm conservation. Panumeinis progesmmin

!

5 could
fhen e used 1o wvesigate the conseguenves of varying 1oy of the obyeet £ ]
aratyws conld be used o mvesngate the consequences of relnng the budget constring cither by
ngreasing the avardabilay of domestic funchog, or by the avadabibity of md funding in the case of
developing conntries Iske PNG By expenmentmg with such a least cost model, adminisisiions anid
researchers could imvesugale the cost comequences of different types of decistons, and itimtively
compa:e the exphe it costs of varymg decisions with therr subjective vishution of d 1 bypes of levels
of germplasm conservaion

An alternative approach 1 to atiempt o diectly estunate the benefits of phant germplasm coiervation,
ant thirs approach i outhied s the remmander of iy sechon

4.2 Bstimaung Penefis of PGR Collectrony

4.2.1 Modelling mwtput of seleciion snd breedmg

Plamt breeding w » production process 1o develop supenor new vasicties of plame. Plant breeding may !
have a sgle objective e to breed a bloe rose, of o insert the penes necessary w confer resistanges to 3
speciflic disease In geneel, however, plant breeding tas multiple objectives: tic vidog of § variety can i
3

:

be envisaged i the werghted value of that variety’s charaetensucs. For example, if T i ¢ arg
cennamically valued where Gy i the expression of taiy i variety §, and the maegmal valie of tait i is
- wihere 8y oay be a function of varables such as the prace of fnal produet - then the vialue of a
particular visriety | may be defined as Vi

Vv y- 2»-} i].),f:j;}

Thie degree of improvement of some new vanety k over existing variety | is defined by the difference in
viilue between vareties j and k:

Vk - Ve Xt Gtk - aqti) = 27 8 Qig - tij)

Hor simplicity, In the presem case, only a single it -yigll —is considered s having economic valne,

Datermining the econnmic nature of the benelits from germplism eallcotions requires speeificn
maodel of ow germplasm contiibutes o the breedin cxs. Tdentifieationof the contribition
lasi o the bresding process requires i my ove DUt ling

T b

58, The p
el progt
¥ o (X, for = 1, o d Inpits)

nd howe plint germplis
different frmm

HIg )
ne

Lo
{eonver

virietics is somewh

=
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Jeather thin thers being o 1
capital, produced eapital, crnplig
distribuhon of gew plant variees (cf. 13
oo Deterozy gons parents with 10 wid B, i 6 j
resutung from the rndom matng of the first generation of ﬂm?ﬂngim 410 S LM plfapeing and,
i o pavoculur hormazygous mdiadust were souglhit, spproximstely 3 imilion plants wonld nged 1o be
prowa to have & %) per cont chance of finding it 10w bikely tine, o practice, plant beeedens woulit be
smterestedt 10 o i of 10 wans Sammonds 1981, chapter 4

I ¥Fagare 2 are plotied the pradmbnlny dustnibutions of varous papulations of pli varenes. i varietes
sunply breed w the wild, & probatnlity destaitnon can be envisaged of tie off spring of rsdom
crosses o il e vuanuen subsistence yield 1o without fertlisers, chermcals, mnchingry
et - 14 5, ol the cusrent sulsssstence yield is X, then some praporion of possible crosses will be
VIFICHIES SUPECIE (0 exssting varietes, tis properaon of <apenor eroseeon defingd by the aren wider
pfd s o U aght of XoLime and skil) are reguared W select o se poputation those vaneties ta
do indeed tive yields superion w Xa

Oug-pollinating wanctes that bteedan formers ields o« g swert potinn i e Highlands of PRNG
might be concerved of as having an assocsated probatabiny tuocton F(ix‘? (Figuee 23 “These vancties have
alrewdy had some selection pressuie apphied 1 them and so, when they breed, the propation of vanetes
with yields less than ennbng vancties e lower than X s reduced, ind the proportion having yields
ibve Xy delined by the wrea ander pdf2 w the nght of Xo o likely to be lgher i if new varictics
are rundomdy sefected from the wald Smndarly, e and skl sre reguired to select from the popilaten
those virtenes that have yields superior 1o Xs

Whete speciafit agronomie experose m wvindable 1o assist farmens 1o select from vateties hat breed in
tiear frelis, o diinbution function of e new varieties sraght book ke (A0 (Frgure 25 Agronamosts
Bive rescurces thint enable ther w evalunte o greater numiber vineues from a wider moge of sies tian
st b wvinlihile w farmers, and so the destribution function may Dave mare varieries concenmmted
wowiards the superior eod - Addibonally, sgronomms hove specialised knowledge that aessts them to
seleet those vanetes having yields greater Gun Xs

Systemaue plant breeding adds 5 new dimension to the ereation of few vanenes  Tnnesd of relying on
wild plusits Lo ceproduce or i selection of improved vancdes 1 breed 1 turmors ficlds, plant bresding
ndds severnl new dimensions 1o the production process for new varieties. Relinnee on selections from
the wiid or fariners” fields largely restncs varetl improvement o out-pollinating plint kinds, begaise
visietal change i soll pollinted o kands is mueh stower. However, by intervening directly in
pollinsuon, the plaot breeder expands varesl improvement 1o self-poll] ties. Further, sve
i apen-pothited varetios, the plant bresder may be able o ind hi
by would not cross, and thus mny wdd new cliusses of char
knowledge of the chamcienstucs possessed by plint kinds enibles
Ao particubir charmcterstics i the selecied vinetios. Thus, it migh
distnbupon of new varietes with plant breeding might ook like pdfa (Figo
from Pigure 2. Since plant breeding can be used 1o conteol the nunmbers of o
g less likely 1o cany desinbile s, Dic plant breeder may be abile 1o e
pre nesantly bred it bive yields less tan Xs sod inerense tie
~ibove Xu, and can s make the search for desirable of :
fechniend wols thit permit the beugr -
expeeds Xa. Finally, by being uble to more gloscly
the genetic combinduons that sre possible, sl thag
liehdg—~-which muy incresse from 8 w §1. In com
s may be relpxed by f:s?&iirmmﬂ Hipus, the

eder (o mors purposelully breed
cteat that the probubility
bis m;‘r‘i&rﬂ BYET
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relnxed biologien) “muximum® M1 might be pdfs (Figuse 33, Thus, th
augmentng the basie genepool which may be used e develop new va

functian of new varicties from that possible using existing varieties as a s
pdfd) to u distribation function in which o lacger proportion of the whole kiawr

developing new varigtics (e.g. pdfs in Pigure 3).

Finally, new plunt breeding eehnigques—deriving from advances in moleeular biology or "genetic
engancering"--assist the breeder's search for improved varieties. These new teehniques increase the
range of genetic miperial it may be incorporated in new varictics-—by bypassing sexual reproductiog, it
iy be possible 1o easily include genctc material from outside the particulir species. For example, new
commercinl cotton varietics will soon be releised which have genetic material from the bacteriuny Baeilius
thuringiensis wiin's manufactures an insceticide. i the tatter cuse, the new varietics shift o commercial
yickd ennstraint, but such possibilities may also shift the biologienl "maximum® yield (e.g 10 M2), and
ereate new distnbution funcuons for varnenes like pdf6. Tn this case, plant—and other kinds ofegenetic
resotrees become inereasingly valuable as the mnge of plant kingds in which they may be used o develop
improved vareties has dramauenlly mereased. New biologieal technigues may also anerense the /
efficigney of scarch for new vancte . 1 particular reducing the number of new varicties developed that
have yickds fess than the exisung i,m:m Xs or o waprove the efficieney of searching for superior varictics.
tndeed, by avoiding sexunl reproduetion us a sourve of variation from which new varicties gre seleeted, it
mty be possible to substanually avend producing a vast array of new varictics in which a search is
required o find supenor vanetes.

#,2.2 Stne model of selection and breeding

“The varetal distributon funcoons pdfy i Figures 2 and 3 were drawn implicity sssuming a given
quantity of resources used 1 the search for or developmient of « new superior variety, However, the
resources used in the search for i new vanety may clearly vary. In Figare 4, the models of Figures 2 and
3 are wansformed mto models wluch relate the benefits of breeding {vertieal axis) 1o the quantity of
resources (number of labour umits, LY used mn the search for superior varietics.

Let yield (X) be the sole charactensue of varienes, and ler (0X) be the probability density fancetion for the
selection of superior varicties from a wild papulation. The skill in seleeting new varicties Is finding new
varieties X: X»Xs, where this skill 1s denominated in activity units (U3, Suppose the first unit of
selection activity (Us1) buys & mndom selection of varietics | X#}from the range X>Xs. Then the
expected value of the first unit of selection aetvity is B(U=1 )b

E(U=1) = mﬁ Xf(X)dX

and let B{U=1) be the marginal benefiv of the first unit of seleetion aetivity. “The selection of the set of
varleties [ X7 is sumpling without replacement from the disiribution of X since, onee  varlety is
selected, it will not be selected again 32 ‘Thus, after the first unitol plant breeding activity is underaken,
the distribution funetion for X is some function £1(X): '

f1(X) £ £(X) for X > Xs
Now, tike the first unit of sclection activity buys [ X#}, the second upitof selection (Us2) buys a

scleetion of varieties { XM} from the range X=Xs, Thus, when (X#¥#) is seleated, the expected value of
the selection is E(Us=2): ‘

pw=2) = S xne0.0x 5, S xie0ax

12 Since y
atparticular variety,
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because F1(X) < f(X) and therefore E(U=2) < E(U=1), and similarly, E(Usn) < ... < E(U=2) < E(U=1).

Thus, the marginal benefit from plant selection or plant breeding will be a declining function of the level
of breeding effort ceteriy paribus, (The ceteris paribus infers thateach additional unitof selection or
breeding uctivity is homogeneous; if different types of breeding effort are added-—forexample, the first
unit is conventional plant breeding and the seeand unit is aunit of germplasm facility-then ¢lear
marginil benefit may increase because of mreractions between the various kinds of breeding activity.)
This result of the declining marginal benefit of additionul homageneous units of plant selection orplant
breeding activity will also hold Tor selecting from famers' fields, for plant breeding, and for plant
breeding using molecular biology.

The expected value of employing U units of selection or breeding effort is g(U):
. oS, e
gy = f° S X 0X).4X du
where £,;(X) is the probability density function of vanetal yield associated with the uth univ of effort.

Thus, for selection from the *ild, the marginal benefit function is the first derivative g'(U), represented
as MBw in Figure 4. The marginal cost of this scarch is MCw in the sume Figure. The optimal level of
search for new varieties is Uw, and the aggregate value of the optimal Tevel of search for new variedes is:

{
Oj e MBw.du

Because the distribution function for the search for new varieties in farmers’ ficlds is likely to be above
that for search in the wild (pdf2 compared to pdf1 in Figure 2), the marginal benefit of a uniyof search
for new varieties in farmers’ fields is likely w be higher—i.c. MBf > MBw in Figure 4. 1f the marginal
costof search for new varieties is the same wn the wild as in farmers’ ficlds (MCw), then the optimal level
of search for new varieties in farmers’ fields is UT.

Adding specialised agronomic labour to the search for new varieties may also improve the chances of
finding new varieties (pdf3 cf. pdf2 in Figure 2); hence the marginal benefit curve for using agronomic
specialists—collecting from the wild, evaluating material in farmers’ fields, or condueting controlled
experiments—is likely to be above that for farmers' search (MBa > MBY). However, the marginal cost
of an agronomic labour unit is likely 10 be higher than that of a farmer (MCa > MCF), Whether ornot the
pp;ijl%al 1%“;5[ céf search with agronomists (Ua) is higher than for farmers will depend on the relative shifts
in MB an .

Similarly, adding plant breeders is similarly likely w0 increase the marginal benefit curve (MBb) and the
marginal cost curve (MCb).!3 Maintaining a larger genetic pool from which breeders can select is
similarly again likely to increase the marginal benefits and marginal costs of search (e.z. MBg > MBb,
MCg > MCb). Similar shifts could also be expeeted to be observed in the marginal benefitand marginal
cost curves with techniques of advanced molecular biology. The net benefit of the larger-genépool at
activity level Ug is:

o % MBg—MBb).du

or area abed in Figure 4,

13 Far a modet of breeding costs see, for example, Brennan's (19894,
program, including the extent of progress to date in breeding in the:
produce a new variety, rate of yield decline in field and/or rapi
Firms’ technical and :fil;mncial« constraints migh ;




In Figure 4, the units of plant breeding effort (U) are defined in a comimon physical unit (
time} but the productivity of units of Iibour ime in different activities-—e.g, fatmers' selecti
or in their fields, apronomists” selegtion, plant breeders” selection—-will not be ideatical, The
productivity of different kinds of Tabour units will reflect the human eapital embodied in eachfor
labour, and the physical capiel with which labour units of different kinds are combined. Thus, for
example, in Figure 4, just because the optimal levelof plant breeding activity in physical labour units is
Ub (< Uf for the optimal fevel of farmers' labour search for new varieties in their ficldsy, this does not

mean thit plant breeders would produce fewer superior new varicties per period than farmers selecting
varieties out of their own fields, '

In this model, the benefits of maintaining a larger genepool for plant breeding or selection~—i.e. having
larger plant germplasm collections-—is the increased benefit of new varieties being bred compared to the
situation where a smaller geneponl is used. Thus, the key reladonship to be modelled is that between the
size of the gvailable genepool and the e of vield advance in commereial varjetics.
#.2.3 Dynamic Model of Selection and Breeding
{a) Formal modelt4
The intention of plant selection or plant breeding is 1o shift the achieved yield, in the case of subsistence
fanming, from the existing level (say Xs) to some new level (say Xs1) where Xs1>Xs, When a new
variety has been sclected dien, i the dmtribunoq function for new plant varieties remaing ynchanged,
probabilities associated with the new function will have the characteristic that;

priX>Xsl) < pr{X>Xs), because Xs1»Xs

Thus, in a subsequent period when the achieved yield has increased o Xs1, the marginal benefit from the
first unit of selection effort applied in the subsequent period E(U=1, (1U,) will be:

B(U=14 109 = ¢ P X1y 00.0X < 5 x00.4x

and the effect of applying n units of selection/breeding activity in period t+1, following U units applied in
period tis

B(U=ng 09 = o Xty 000X < S x1, u XX < o X004

i.¢. the marginal benefit of breeding effort declines over time as long as the maximum achievable yield
remains unchanged (e.g. a1 S). '

Thus the yield gain obtained from applying Ug.| selection/breeding units in period t=1 is;
TP L Sy XY
and the yield gain obtined from selection/breeding over T periods is Grp(u):
" — )”S-t ) g b @We b :
Oyt = o[ st I Xofy g, 00X du

whete s is the continuous time discount rate. The function defining the benefit from selection/breeding is
Vi R

Vp = ALy Gpl) -~ T e gt

14.¢f, Evenson and Kislev (1975).
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where Clig) i the cost of seleetion/breeding detivity in period 1.

For given 1, 8, Cluy) wid f‘l'ul]"l U((X). the optimisation problem is 10 maximise Vop subject 1o any
external constraings (e.g. linanatons on funding of selection/breeding activities). Singe the maximun
vidue of Vo vawies depending on the prcess for developing new plant varieues (eoresponding to pof) -
pdf6 in Ggures 3 and 43, the problen is w optimise the cambination of Vg Tot the pange of varieta)
techmigues § whiel are gvailable (i = selection from wild, selection (rom (armers” fields, seleetion
including agronomie expeitise. conventional bresding ele.).

However, T. 8, Ctuy) and fuag 1,30 e notnccessarity "given”. For example, T will vary depending
upant the fanding mechanistms and the decision honzons of individual selectorsfrecders; and §, (Lfamt)
and f L 1‘(}0 are funciions of breeding effort (ef. Figure 4 This adds an extra dimension of

gomplexity (o the problem
(b) Heuatis sglution

Under the preceding assumptions about the distribution of available varieues, selecung or breeding is like
exhausting s rmtl,tmt), resonree, where this satural resource Here s the maximum avadable yield. Although
plantmaterio] itself is g rehewable resource, the theoretically atainable yield is non-renewnble in the sense
that, onee it is atnined, yield cannot be further inereased. Thus plant breeding 18 like harvesting this
resoures - -the exluustion pomt of the natral resource of yield ocears where plant yield reaches (or, at
least, asymptotes ) the theoretical maximum yield )

Suppose the permanent yearly yield werement resultng from plang breeding is dy(t/d, where dy(/dy Is
a deterministic function of respurves devoted to plant breeding and closeness o theoreticn! mixinum
witdl, for :sim}wlj,mm 1 gortnuous in s arguments and bas satisties appropriste convexity conditions,
The vilug of this yearly increment is.

Ay A py ) /e 1ar)t))

where A s the area sown t the plant kind, (py-c} is the Tong-run gross margin and the discount fagtor r
sums the value of the crement of yield y(1) in all yenrs suecceding year 1. 1§ the eost of yearly brecding
i phly- - which is likely to be inversely related to the difference between existing yields and the
thearetically auainable yield  then the expeeted time of termingting breeding can be deternyingd by
solving for yin:o

dytty/dt = ph A (py-e).Crf 1aeft )

The theoretieally maximum yield in the preceding model miny be modified vin relaxing all existing genetie
gonstraints in a plant kind- €., by ﬁ;xdfng renetic miaterial confering resistance to tive feaf blight ¢
There is also un achigvable maximim yield (less than the theoretically maximum yield) whieh miy be
shiftable (e, dwarfing gencs in wheat snd viee shifted the dry matter partition between foliage and
praing and a commercial theoretical rximum yield Oess than the schicvable maximum yicld) wiiiel miny
be shifted by changed inpot/output prices, improved hughandry ere., ingluding plant bréeding to enable
the optimal commereial yield to be auained. In this model, the value of permiplagm is the valug of
relixing: the genetie construing 1o theorerical, achievable or commercial yields. Expunding e
framework adopted above, therefore, a plant breeding problem is anlogons
with the achigvable maximum yield ns a nonrenswable resource,

He ,
ol probleny

—

‘The plant breeding model outlined above is further complicated by the continual erosion-of many
vitrietics’ resistance 1o seaurpes (plant diseises, pests ete.). In suchienses, in sity one yer therg




proluibility of faslure of o vanety's resistanee o scousge, For sipy
replaced by madel of g eontinvous dile (inistie process; Le. the

(dhog o seonrges), Munenan v denotes die bire

in yield due 1o seourges @, ¥ = JORTY, und might be jented by
yield reduction in yenr ¢ due 1o mwinenance research) wiigh is 4 funetion o

pai

matrenanee plant brecding, closeness w thearetical maximum, genetic complexity of scourgs (esisii
the extent of scourge resistange alrendy wtilised ere. 1 the costof maintenance researeh is pid, then the
opimnl level of miintenance resenreh is given by salving:

dy* e A Lpy ) (e er)Y) .

Another m}armmn al the value of plant germytiam is the degree 1o which 1 assists in mising the mising
the vitlue of muntengn. e research J}"’" Bt dn the {)‘rr:,xgu‘:xtmg framework, the resourge i3 hath
renewible w the sense thin plant brecding increases the size of the plant genetic resouree, but s
resonnee also deteriomies i quality due (o diseases et¢ - Thus, e complete problem is o complex
tesemporsboptimisation problent with significant uncertmmy beenuse of the anknown futire biologienl
value of germpliasm

424 Bopinieal Madelling

Apart from the data regoirements, analysis of the (utre unpet of plant genetic conservation oy economic
welfie requires o procedure by which the effect of the conservaton programme ean be related 10
breeding benefits. Clearly, 101s not just the sgze of a germplism collection that dewermines jts impuot on
progress in plant breeding, but the effecnveness of the germplasm conservation progranung fn deliveri
mex o practical plunt breeding. Apart from the sizefeomprehensiveness of germplasm conservation,
the degree to which plant breeding may be benefited by germplasim conservation will depend on the
particulny /ﬁ;l.um kind (K and the ense of breedmg it plang ki (1K), the degree (o which the

Fhas been explored (X), the level of previous bregding cffort (and therefore elosensss 1o o
ical mnamum' yieldy CLIG), e level of the current breeding cffort (1), whether the plant kind is
e for subsistence or commercind spriculiure (C8), pressure of seourges and thus m’cf far
mainteninee research (8). In the Grst mstance 1t is proposed w explore empirieal formulations of e
following funetion us o means of predicing e potentind beoefits of plunt germplasm conservation:

gy = 1K, ik, X, SE, €8, 8)

where gy is the mte of yield improvement.
5, Cosis of ex sita germplasm conservation
Analysing the costs of mmnunning plant germplasm eolleetions hins four relned aspeets:

L Information may be colleeted on o mnge of ypes af plant germplasm. Plang Ly,’ymfs Inelude the
food staples of aibika, banan, sweet potato and wro which will be evalunted in the present siudy.,
For ench of these plant kinds, cost information is required on the number of aceessions, the
ividual vlangs or samples maintained per necession, and the cost per individunl
snmple malnwingd.)?

namiber of ind

2. "The rypes af costs on whigh da is required Inglude the conventional Fixed Capital and

Qverhends, comprising faciliies, human eopial, fand and new nceessions. Land s somewhit
diffieult 1o value, sinee its most immedinte alernative use s In other researeh |
the op{vmmity cost of lind owside agrieulimrnl researeh varies from urbin use
ngricultuent uses (most other stuions), N cossions are a-lixed cost in th
needds 10 e monnted, whose cost i independent of e number of new varleties ultin M}' ,
colleeted, or new seeessions are obiined from-oversens, in which eage the cost of obiining and

\ xpedition

y other important PNG ¢raps that will non be evilunted inthie pres
Fdeveloping policies based on (his research, Th 0

vit, g0 ind yamy; sugar Instinte erops (coeon, coconut wnd coffec); bn
ps (food, fibre, dmber and medicinnl crops); and exotle aliernative ¢r
edicinnl erops,




e“!’c,a:;mn‘cming the new muterial is an invesiment cost. The other conventional costierm is Varinbi
“psts comprising cultivation, vegetive propagation, pest digense ad weed contral asing fabiog
and other puschased inputs,

3 The types of activities relving w geemplasm muintennnes for which da is required-inchide
activities reluting to new neeessions (eolleeting new aeeessions, passport docuimantation,
preliminary description, preliminacy evaluaton, inermediaie cvabintion, replicated tials, full
charueterisntion) and mainienance of accessions inthe colleetion, The costs of maintenange will
depend on the method by whieh seeessions are maintained. Sueh methods include field
conserviition (currently used for afl PNCG plant kinds being investigated) of either the full, or 4
Iimited, mnge of the varietes of & plantkind and maintmed using TPGRI protwogols (i fease 10
individunls per accessiony or an fower levels of intensity (e.g, Some sweet potato variccs are
currently mmntained as one individunl per aecession), or tissae cultire (eurrently onderinken for
swedt potatn in PNG, and demonstruted us fensible for taro; demonstrted for bunanas and sugar
cane md used in other countres; not carrently uble 1o be used for yams beeanse of internal
bacterin). A possible alternative 1s 10 maintan, cither is vegetative or seed collections, fene pools
of plant kinds wineh fower and to seleet vaneties from seed when required. Emplicitly this fas
teehmique is corrently being used for sweet patato, where germpliasm maintenance, field evolunon
and selection currently oceurs in fuemers” ficlds i the Highlands.

i i

4. Cermplasm maumntenance tiy oceor i variety of locations. These locutions are, for fiefd
eollecuans, research stations in PNG, research sttions in Ocennia or Southeast Asion, or
imernational centres (either within the CGIAR group or outside). These research ingtitures may be
gither public o, as in the case of sugar cane in PNG, private. Seed or tssye eulture collections
may nlso be mmntned at the preceding locations, or at other locations such us universities within
or mpside PNG

6. Paying the piper—policy issugs i

If there is a positive net benefit (o the world from maminmg PNG's erop germplasm collections-~and

gspeciatly if the net benelit o PNG of mainaining these collections is negative -—then there is # need to

investignie the approprinte insttnonasd structore for sustaining these collections. This analysis requires,

firstly, comprehensive documentapon of the exisience of market fadures in germplasm conservation,

sueh as the existence of property rights problems (g, nonerivalrey in use of plant germpluso, diffienlry £
of enforcing price exclusion), and the degree of uncerainty aver the eurrent and future vilie of
permplasm ane market fadlure 1 coping with this risk. Sccondly, an assessment is required of the
severity of sy market failures thay exist, purneularly in the comext of @ developing country like PNG,

This nonlysis slso requores appreciation of recent international developments in intellectunl property rights

sueh s farmers” vights, the Biodiversity Convention and intellectun) property regimes under the most

recent GA'TT Agreement, and possible future changes particolarly as they interact with further likely 1
developments i moleeslar biology.

1f there nre net international benelits from maintal nm;{; PNG's plap germplusm colleetions sod ivcan be
demonstrated diat there ure serious market filure problems with respeet to maintaining this germplasm,
then & ease needs to be documented to convinee public doniars (o agsistin muintaining the colleerions.
9 de u foundation for
1 PNG colleetions

Ihe empirical economic analysis propased to be undertaken in this study would pro
approaching potennial donors, Alternatively, institmtional changes to the wity inwhi

are maintained might also be suggested ng o way of devonng additional funds 1o plant germplasm
conservation, or 16 cconomise on the existing sllocation of funds,

g

7. Conclusion

Inain ideal world, the conservation of PNG's plant germplasm resources-botli its current 1t
n:’ndiggk%r(pxmu types-—could be fustificd using the precantionary principle, Inalesssthi
the PNG G i ’

j ing coflections

| Jovernment is baving severe diffieultics mainaining i ¢
able 1o devote ndditional resources to-plant germplasm catiservi
resources to both muintain and expand plant germplasim )

i‘i‘m::rmuj,omu funding (o preserve existing colleetions, and

hunsideal world, potentinl donors are il likely 1o requirc evic
PNG germplasm is nppro and part t“ the decision=m
ror

: KIngappropr
nmaintaining them. Whi
23

costs of collections, and 1{1;‘; likely henefits




investment in germplasm maintenance and additional accessions is unlikely, sufficiently robustestimates
are likely from an appropriately-constructed analysis.
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Table 1 Comparison of Major Crop Germplasm Colleetions in Papua New Guinea aod Copresponding
Collecnons in the Restof the World, lare 1980s-carly 19905 : .
[Flamt
type e NG Collgciions Oier Collegtions |
locution(s) S ICONS gollections acecssions faege collegts
1018 (00.)  (n0.) ino.) ions@®
Arbika Laloki Ageieulinmt Resenreht Station 159 O 0l o
Banana  Lalaki Agricultuimt Research Stanon 156 bt very lrge Hone
Cassave 1 LAES, Kerv 125 91 large Gl
1 HARS, Ao
3. Depariment of Agricytture, Unitech, Lae
4. Lalok) Agneulird Research Sttion
Sugiar — Roamo Sagar Company. Morobe Fiovinee a 0 sull, except 5 4¢
e for big
‘ collectiony
Sweet L LAELS, Kemva 1425 R Jrge 0 A
Potatn 2. HAES, Aiyura
1 Ladoks Agriculineal Research Swmnon
T i. LAES, Kervat Bat 51 mexferie nang
2 HAES, Aryura
3. Latoky Agrculmral Research Stanon
4. Departmentol Agnenlure, Unitech, Lae
5. Bubi Agnculial Resenech Centre, Lae
Yams L LAES, Kervat 469 56 lnrpe 1
» 2. HAES, Ayora
3. Ladoki Agricattural Research Statton
4, Department of Agneatiare, Unitech, Lae
5. Bubiny Agricutien) Resvarch Contre, Lie
Souree: data from FAQ, Commission on Plant Geinetic Resources, most of the PNG data is from 1987; see Table
2 for current dat for PNG colfechons
Notes: @ exeeeding 1000 accessions
¢ Bzl (15065), Cuba (1400), Dominiean Republic (corporme) (1907, Indin (3979), USAL2038, plus
second collection of 787)
0 Nigevia (ITA) (H00), Peru (CIPY (2867
" Nigeria (1T A) (2500)
H Braant (1259), Colombia (CIAT) (5035), India (1327), Nigeria (1IFA) (17003, Philippines (5430),
Uganda (1019 A
LAES - Lowlind Agoeutiural Research Staton
HAES - Highlands Apricultural Research Station




Table 2: Cost of Mainwining Crop Germplasm Collections in Papua New Guinea

Germplasn-related wsearch  Parlieiiar swidics T Annugl
Cost
' Main seientist Speeific wpie {Kinp)
Highlands Agricultural M, Kanug Germplasm  Sweel poio germplasm & PRAP 10704
Experimentad Station, B, Bino Genmplasm . variety evaluation
Aiyurn, Bastern Highlands T, Neveatmo  Gepmplasm
Bubr Agricultaral A, vanere Crop breeding - Taro germplasm, chametensiation and 19 996
Research Centre, Lae, A, lvanere Gernmplasm — evaluarion
Mombe Taro improvement programme 51077
Screening of taro varicties for 3 396

ressstance 1o leal hlight
L vilriaus variery eviduation

Lowlands Agrculture (. Ling Germplasm — Germplasm of foaderops and 21 896
Experimental Staton, M. Womba  Germplasm  vegeiables
Keravat, East New Britain - P. Foerster Germplasm — Geemplasm sounee eollection for 3108
P Van Germplasm plant desived pesticides
W, Akus Jermplasm Sweat potato germplasm collection 6 189
Gemplasm of alternative crops and 13037
spices

PRAP sweet patato evalugtion (x2) 52 362
. various variety evaluation

Lalok Agriculiural L. Kurika Germplasm Athika germplasm coflection 5347
Research Station, Port Banany germplasm collection 10236
Moresby NCD Cassava germplasm collection 4228

‘am-germplasm collection 12427

. various variety evaloation

Source: Ghodake and Wayi (1994)




Table 3: Status of Major Crop Germplasm Collections in Papua New Guinea, 1995

Aibika  Banana  Cassava Sugar Sweet Taro Yams Sago
cne Potato
Highlands Agricultural mn 1453 mn ™
Experimental Station, {mx)
Aiyuri 149 (du)
95 (Is)
1209 (mt)
173 ()
1Bubia Agricultural (wk) twk) 206 (mx) 600 {wk)
Research Centre, Loe, 134(ls) {mx)
Morobe Province 72 (my) (du)
{ls)
437 (my)
360 (i)
Lowlands Agriculture 67 (m)  17{(mt) 36 mi) 1208 (ﬁ)c 40 (mt) 32 (f1)
Experimental Station, (islands  (istands  (islands I9(du) (istands
Keravat, East New cultivars  cultivars  cultivars cultivars
Britain ) ) ) }
30
57 () B
Laloki Agricultural 142 500 79 (my 1044 135 4732 (mix)
Rescarch Station, Port (mx) {mx) (mx)  (islands {du)
Maresby NCD 30 ¢ls) 479 (mt) 52 (du) cultivars 108 (Is)
112 353 (Y 669 (Is) y 315 ()
(mt) 375 (mt)
87 (f)° 36 ()
Saramandi Research 23 (my) 20 my 27 (m) 13
Station, East Sepik (local (local  (mt)
cultivars  cultivars)
y  12(my)
{1ITA)
‘Ramu Sugar d
Company. Morobe 300+ (ft)
Province
{Department of Agri- ™ mn m
culture, PNG
University of
Technology. Lae
1Source: Kambuou (1995) supplemented by Godden (1995)
Notes: mx (maximum number of accessions); du (duplicates), Is (accessions lost), mt (accessions currently
being maintained), wk (working collection), ft (information collected during field-trip May 1995).
a - most of the sweet potato collection has since been moved to LAES Keravat,
b - 200 scedlings of aibika have been grown from some varictics which have seeded at Laloki
¢ - alarge number of varietics from the taro breeding programme will soon be added to the cotlection
d - a large number of varieties from the sugar cane breeding programme will soon be added 1o the
collection
¢ - 280 former Laloki varictics are maintained at Keravat
f - includes Colocasia, Xanthosoma, Alocasia and Swamp




Figure 1: Plant Germplasm Conservation Production Process
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Figure 2: Distributions for Selecting Superior Plant Varieties
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Figure 3 Hlostradve Effeer of Systenatic Plant Breeding
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Figure 4; Marginal Benefit zindf Marginal Cost Curve for Selection and Brccdmg
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