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RECOMMENDATIONS

It is recommended:

1.

That the 1.A.D.B. sponsor a mission to evaluate, collect and transfer
breadfruit clones from the Pacific area to the Caribbean region by

way of an intermediate quarantine station so as to ensure that diseases
previously unkpown in the Caribbean Region are not also transferred,
This operation to be called "Operation Hew Providence"”.

That the Ministers of Agricuiture in the Caribbcan Region and CARDI be
informed of the potential value of breadfruit as indicated in the
oresent study and be requested to plan for a more detailed survey to

be carried out by their staff during the ¢rop season. 1578 by means of
a guestionnaire applied on a sample basis. A draft cuestionnaire

is appended to this report. It is suggested that a prize (following
Lthe Tong tradition of "Premiums" of the Royal Scciety of Arts) might

be offered in each island to the returner ¢f the questionnaire adjudged
most informative. .

That an Information Bulletin on breadfruit be published for widespread
distribution in the Caribbean Region by the Bank entitled "¥hy waste
good food?  Preserying the hreadfruit™,  laribbean Breadfruit
Bulletin No.1 IADR {draff appended.}  This will be based upon the
direct transfer of existing knowledge from the Scuth Pacific region.

That the IADE introduces a programme called the Caribbean Operation
for the Utilization of Technology (CARIGUT!) with the objective of
fostering {sponsoring) through cxisting Orgenicaticonz, such as

CARDI and the Associaticn of Caribbsan Univertitios, specific

developmental activities using existing knowledge.  In particular

CAKIOUT shoutd aim to seek out and support, mainly {but not exclusively)

Caribbean peeple from varicus walks of 1ife, irrespective of formal

qualifications, who have knowledge and proven abilities that could be

of community benefit if extended. Specifically, in the area of
breadfruit development, it is proposed that funds should be made
available to the following individuals after consulitation with the

Bank as follows:

a2) Miss Lashley - funds to set up a rural food processing
industry in Tobago to prepare and market breodfruit flour, bpread-
fruit figs and to develop recipe products to popularize the use of
the breadfruit among the people of Tebago.

b} HMr John Wezgren - to undertake graduate studies in the UMT using

his present knowledge and experience as a basis for a thesis on

the "Transfer of knowledge to village technology.”

¢} Mr Baichoo {or to the Department of Agriculture, Horticulture
Section, Timheri, for the re-equipping of an area of the

existing {rundown) nurscry for the development of vegetative
propagation of breadfruit in Guyana.

d) Mr Hussein for i) travel funds to visit the island of Saba to
assess the supply position of breadfruit root cutiings and to
transfer cuttings onasufficient scale for large propagation
trials in Montserrat. i) to collect {purchase)} seed of
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breadnut and Jjackfruit from Trinidad and Jamaica respectively
to establish a seedling nursery in Montserrat for experiments/
development of top-working propagation of breadfruit.

Initiate a programme {through Mr Kirby, Acting Director of Agricul-
ture) at the St. Vincent Botanic Garden to purchase and propagate from
root cuttings of superior breadfruit clones (existing on that island)
from carefully identified individual trees of the Koshi, Cocoabread
and Haterloo breadfruit. These nurseries in time to provide for

the further supplies of clonal cuttings for trials for evaluation in
several Caribbean localities in comparison with the new clones to be
introduced under recommendation 1.

In the longer term (1978+}, depending upon the cutcome of inter-
Ministerial discussions for which papers should be prepared during
the coming year's work, IADB may wish to support a CARDI programme

of development-orientated research on the breadfruit based on a well-
dispersed set of coordinated operations comprising unter alia the
following locations and objectives.

GUYANA

a} Breadfruit propagation and "orchard” establishment on hilly land
{5-200 slopes) in selected areas situated near to possibie
processing centres for cassava.

b} An expanded programne of bread{ruit planting in domestic plots
in the coastal area.

TRINIDAD
A programme of breadfruit propagation and orchard planting on hill lands
possibly as part of the Ceroni River basin conservation and management
project. Planting might be s1ted sutrticientiy near to Tthe sitie of Ine
proposed new Food Processing Institute so that produce could be fully
utilized for the production of breadfruit flour for a ¢composite flour
programne and perhaps other products,

TOBAGOD
Processing development as a viliage industry and extended plantation
development.

JAMAICA
Development for composite flour programme {continuaticn cf ongoing
endeavour).

BARBADOS (subject to decision on whether to inciude in 5 year plan).
Assistance in large, economic tree crop/land reclamation project in
Skotland District, pianned eventually to release for economic use
about 1/7th of the iand area of Barbados.

MONTSERRAT
The inclusion of breadfruit production and associated processing in a
more general tree crops development programme for rationalised land use.
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ST VINCENT ,
Development of composite flour programme to include breadfruit flour -
a logical continuation of the project begun already at the Food
Processing Laboratory. Use of the Botanic Garden facilities to under-
take a much expanded programme of breadfruit clonal production.

5t Vincent Botanic Garden a possible site for "New Providence" pro-
grarme of introductions and multiplication of new Pacific clones after
completion of quarantine operation at Kew.

Possibility of related programmes to be considered for:

St Lucia, Dominica and Granada and the Grenadines,

French Istands (Martinique and Guadeloupe,

Santa Domingo.-

Central American countries

Northern Colombia.

Venezuela.

Mexico. ;

Saba {wet hilly island asso¢iated with St %artins?

The role of the Universities and Agricultural Colleges in the
Caribbean should be carefully considered in relation to the

CARIOUT objective. It may be desirable to attempt to interest

the Universities in seeking ways to attach academic merit (Yor the
award of higher degrees) to thesis programmes reporting on the
candidate's own endeavours towards overcoming the techmical and
econcmic problems of attempting to apply results of research 1o
development situations and identifying problems arising for research
solution.  Such programmes would be in contrast to the tradition

of developing new research data as an end in itself. Depending upon
the extent to which the University Faculties feel they can follow this
path, they might be considered usetul recipients of CARIOUT funding.

The Bank may wish to consider employing a breadfruit consultant on
a continuing basis to report annuzlly on achievements with CARIOUT
funds.




RECOGNIZANCE SURVEY OF THE CARIBBEAN FOR BREADFRUITS ~ DIARY OF VISITS

June 12 Travel London to Trinidad.

June 13 am Meet Mr Amado Gavidia, representative of IDB for Trinidad.
Visit CARBI at University of West Indies, St.Augustine campus -
discussions Mr Winston Charles {agronomist) and Mr Hussein and
Dr P.0. Osaji {livestock feeds).
pm Field trip to Sangre Grande area to study and collect breadfruits
with Charies and Hussein. Met Mr Dial {Agricultural officer -
extension) and visited three farmers.

June 14 am IDB followed by St Augustine. Discussed with Dr R. Phelps of
CARDI {pathologist)., Mr Borai and Dr Dennis Adams (taxonomic botany
and herbarium), Professor Lawrence Wilson {Professor of Agriculture)
Dr G. Iton (Head of Cocoa Research Unit), Or Lloyd Rankine
(Agricultural Economist) and Professor John Spence (Dean of the
Faculty of Agriculture}.
Travel to Georgetown, Guyana late pm.

June 15 am Visit CARICOM for discussions with Michael Lim Chy (Agricultural
Economist), Byron Blake (Economist) and then with Mr Joseph
Tyndall, Deputy Secretary General of CARICCM.
pm Visit Ministry of Agriculture, Guyana and discuss with Mr Irwin
Telfer (Deputy Chief Agricultural Officer for Developmenty.
Lunchtime discussions with Mr Stanley Lee end Mr C.7, Donald at
Zoological and Botanical Gardens.
Travelied with assistant Mr Secbayan Budha to Agricultural Station
at Mon Repos, Demerara Ceoast. Discussions with Mr C.S5. Baichoo
(Horticuitural Officer - Crops) and Mr T. Hubbard (Senior
Agricultural Officer - soils).
Field tour of farmers with breadfruit trees accompanied by Mr Budha.
evening Visit Mr Adrian Thompson {Retired Civil Servant and very well known
botanist).

June 16 am Discussions with Mr James Marzoff {working on a food and nutrition
: survey in Guyana for George Washington University in association
with President Gorgas Research Institute, Panama.)
Visited farms and the Timheri Horticultural Station with Mr Baichoo
and met Mr Ivor Agarda, Head of the Station.
Travelled to Trinidad with Professor Leslie Cummings - statistician
and economist with the University of Guyana.
pm Visit Ministry of Agriculture, Trinidad and Tobago for discussions
with Mr E.M. Jones (Chief of Extension and Development) and lir
Brajthwaite, Permanent Secretary.
evening Visit the University Experiment Station with Professor John Snence
and visit at his house for dinner and to meet Mr Sam Bharat (Chief
Technical Officer, Research at the Central Agricultural Reseazrch
Station, Centeno} and others from the Faculty of Agriculture,
including Dr Robert Quintyne (sclar drying technoiogy specialist).

June 17 am Fly to Jamaica in company with Dr R. Pierre, Director CARDI.
pm Visit Jamaican office of CARDI for discussions with Dr W.N.
Prendergast. Then met Professor Colin Weir (Professor of Agricul-
ture, Jamaica campus of UWI).
Visited Mrs Cynthia Graham {née Perkins) at the Ministry of Commerce
Food Storgae Unit {Joint author of paper on fresh storage of




June 18

June 19

June 20

aune 21

June 22

June 23

June 24

June 25

am
pm

pm

afll

pm

pm

Ladel]

Work in Scientific Library and main University Library, Mona UWI.

#et and collected specimens with Dr Gearga Proctor of the Jamaica
Institute - botanist.

Visited Mr Alfred £. King and Mrs Thelma King {leading members of
the Jamaica Agricultural Society with special interests in food
preservation and utilization).

Dinner with Mr and Mrs Douglas Aitken and family (Reginald Aitken
Ltd are leading importers and agents for feod processing equipment).

Visited Dr Ken Leslie of the Caribbean Food and §utr1t10n Institute
Depart for. Puerto Rico. Arrive Mayaguez.

Visited Professor Francisco L. Jordan Molerc, Head, Department of
Horticulture, University Puerto Rico, Mayaguez campus. (Research
student Eugenio Doro not present is working on breadfruit propagation).
Visited Mayaguez Institute of Tropical Agriculture of ISDA, Mr
Narciso Almeyda, head of fruits and nut crops programme. ‘Also
discussed with Dr Telek {process chemist} and Dr Walter Kaiser

and Dr Nadir Vakili of the grain legume section.

Field trip with Mr Almeyda to collect breadfruits on West coast

and with Professor Jordan Molero to the field station horticultural
unit to see stem-propagated breadfruit trees.

Overnight hospitaiity and further discussions provided by Dr Telek.
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Visit Department of Horticulture, Dr Carlos Aponte - pomologist
and Department of Food Technology for discussion with Professor
M.A.Gonzales.

Travel to San Maarten.

Collecting breadfruit material.

Visit to Mr Pierre Jones ; retired extension worker of IRAT based
in Guadaloupe and was responsible for zn introducticn programme
for breadfruit trees to San Maarten in late 1950's,

Further collecting and photographing of breadfruit trees. Met Mrs
Adrienne Gibbs and Mrs Bonice Brooks.

Depart for Antigua. Overnight Antiqua.

Travel to Montserrat.

Visit Produce Chemists Laboratory. Mr Paul Hermson and Mr Bryan -
Adams.

Discussicons with Mr Memphis Meade - Director fo Agriculture and

Mr Jim Bass, Permanent Secretary, Ministry of Agriculture.

Interview for Radio Antilles at request of Director of Agriculture.
Visits to discuss wtih Migs Lashley (Home Economics and Nutrition
worker now retired but very active and working tempnrarily in-
Montserrat) and Miss Viola Horsham - Nutrition Officer, Montserrat.
Government,

Field trip with Mr Tom Farrell, A.0.Lxtension to collect bread-
fruits and see thermal springs {for possible use for processing
factory. )

Met and discussed development policy with Mr Kenneth Cassels,
Permanent Secretary to Chief Minister,

Discussions with Mr Memphis Meade, Director of Agriculture.

Travel to Antiqua for transit stop.{Discussions at Antigua airport
with F. Dowers (ex Minister of Agriculture, St Vincent and now
working in CARTCOM)

Tammrees S TR QPN S TN U .




June 26

June 27

June 28

June 29

Sunday.

pm Visit with Mr and Mrs Tuley to see breadfruits and collect in
the eastern side of Barbados and visit Welshman Hall Gulley where
original breadfruit introductions made to Barbados in late 18th
century or early 19th century.

am Visit Caribbean Development Bank - Dr Lewis Campbell, Head of
Agricultural Branch and Hr Arnold Cruikshank. (Plan to meet
Mr Silva at same time miscarried). Discussions on CARDI and
possible infrastructure for agricultural deveiopments.
Yisit Ministry of Agriculture. Conference chaired personally
by the Minister Mr Bolden, with Permanent Secretary and all
main technical personnel. (Note that a breadfruit development is
being proposed as a substantial development in the coming 5-year
plan). Further programme arranged by Mr Ernest Payne - Chief
Agricultural Officer Extension amd Development. ({Other present
at meeting included Mr Braithwaite - economist, Chief Agricultural
Officer Smith, and Mr Barton Clarke, &greﬁemast tree crops.)
Working lunch with Mr Paul Tuley. Head of Mission and Mr J.
Williams, agricultural engineering advisor.

pm Meeting at YWCA with M. Georges Xandri and M. Daniel Regis both
of College Agricole de Tiveli, Fort-de-France, Martinique, together
with Mrs Eiaine Yarde, Nutrition Urficer, Hinstiry of Heaith,
Barbados, and Mr brans leutscher, an FAU/UNDP Associate expert
helping in preparation of S5-year pian for 1978-82. Discussion on
breadfruits in the French Antilles.
Departure for St Vincent.

Met by Mr Kirby, Acting Director of Agriculture. Visited St.Yincent
Botanical Garden, the site of the original introductions of
breadfruit io the Englich-gspeaking Caribbezn, VYisited Pesidence
of Fr and Mrs Gibson who have coliected best breadfruit varieties
for their own use and interest.

pm Visited residence of the Frazer family {carvetaker Miss Taylor) at -
Kindsor to collect 'Waterloo' breadfruit.
To ihe Agricultural Processing Laboratory. Met and discussed with
Mr J.d. Wegrzyn (British Graduate Volunteer) and Miss Elaine
Wallace (Peace Corps).
Plane overflew St Vincent so departure delayed until next morning.
Evening discussions arranged by Mr Kirby with Mr and Mrs Siusarenke
{British Graduate Yolunteers) - schoolteachers of Biology and
interested to find useful work in which they might contribute to
development.

am Meet and discuss with Mr Eddie Griffith. Biology teacher/agri-
culture.
Fly to Trinidad - in company with Professor John Snence, Dean,
Faculty of Agriculture, UWI with whom 1t was uscful to have further
discussions and make arrangements for final Trinidad visit.

pm Arrive Tobago.
Discussions with Mrs Eunice Elder, Home Economics specialist (about
to retire} and headmistress of Moriah Government School, Moriah.

June 30 am Return to Trinidad.

Visit Department of Physics, UKI. Discussion with Dr George Sammy
Yisit Library to collect some data.

Travel to Bogota.

Dinner with Dr A.K. Thompson and family.




July 1 am Visit Colombian Coffee Feéerat1on, Division for Crop
Diversification in the coffee zone.
Meet Mr W.B. Willems, British advisor on crop marketing (who was
previously resgansib¥e for export development of breadfruit from
St Lucia and advised on exportation from Dominica, and Dr A.K.
Thompson, British advisor on crop storage {who previously worked
on storage of fresh breadfruit in Jamaica.
Visit to the Food Technology Department of -the Instituto
Investigaciones Tecnologica, Dr Teresa Salazar de Buckle, for
discussion on composite f1ﬁurs and their work on unusual
ingredients.
Evening. Depart for Cali. Arrive CIAT.

July 2-4  HWriting part of report at CIAT.
July & Travel to Washington.

July 6 Visit InterAmerican BeVe}epment Bank and present part of report
and verbal account.
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TAXONOMY AND NOMENCLATURE

In this report I am adopting the name for the breadfruit, breadnut
and close relatives of Artocarpus communis J.R. & G.Forst as amended by
F.M. Jdarrett (1959). Jarrett gave her reasons for preferring this name
to others such as A.incisus (Thunb)L.f. or A.altilis(Parkinson} Fosbery
in a lengthy and scholarly argument on pages 116-119 in Jdarrett ?959,]
She regards A.altilis as a nomen subnudum.  The opposite argument is put
by Fosberg (?960)2.page$ 101-163, who not only continues to use this
name.but regards Jarrett's arguments as providing evidence for the pre-
ferrment A.altilis over A.communis. In using A.communis in this review
however I am not only accepting Jarrett's arguments and authority, but
from the genetic standpoint prefer the concept that embraces the wider
genetic diversity that can be considered as contributing to the germplasm
base for the’imgravsmanﬁ of the cultivated crop. 1 thus do pot wish to

exclude from discussion those seeded forms with entire leaves and
irregularly shdped fruits for the Mariannas Islands known there as Dug-dug
{or doug-doug) which Fosberg regards as a separate species A. mariannensis

Trec. whose introgression with A.altilis he then discusses. Entire leaved
forms of breadfruit are not'unccmman, and many highly desirable forms such
as the'Rare' breadfruits of Tahiti falil outside Fosberg's categorisation of
A.altilis {FGSberg loc cit pg.104}.  Fosberg himself comments when

discussing the distribution of breadfruits that “Some of these records
undoubtedly apply to A.mariannensis but unless his specimens are available

it is usually impossible to tell which of the species an author had".
Surely this comment alone is good reason for adopting a single valid name
covering them ali?

Common names at the species level ‘
Both Barrau3 and Jarrett (loc cit) discuss the names used for the
breadfruit in the Pacific in some detail. Barrau's map is reproduced as

Fig.1. Caution in using the names to draw conclusions about the early

T.  Jarrett, F.M.  (1959) Studies in Artocarpus and ailied genera.
II1. A revision of Artocarpus subgenus Artocarpus.  Journal of the
_Arnold Arboretum 40,727, 176-119, T
2.  Fosberg, F.R. (7960} Introgression in Artocarpus {Moraceae) in
Micronesia.  Britonia 12, 101-113. T
3. Barrau,J. (1957) L'arbre a pain en Oceanfe. J.d'Agric.et du Bot.Appl.4,

ST ezEEo- ;1959) Manuesas doureey. 5. Par Quart.Rull, 9{1).18-21. 117-123,
19621 {es ntantes alimentaires de 1"Oceanie. oriaines dicteri-
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distribution should be exercised because, as Henry]

in Tahiti were rather fluid. Mel or Ma% could mean rice or food in much

of SE Asia as well as meaning the breadfruit. "In ancient times breadfruit
was always called 'uru (head} untillong, long ago a king of Ra'iatea, named
Mahoru, took that name, and it was then called maiore; but gradually the
name maiore wore out and 'uru again became the common name of the fruit.”
Maaetg also means 'almost without' in Tahiti. Bligh had also reported this
habit of name changingz. "A chief may take anhy name he likes, and if it
happens to be the name of a thing, or of day, or night, another is thought
of for it to be called by, and he retains the name." One of the interesting
name groups is that including Kuhu, Kulud etc. since in the Moluccas the
cognate form Kolo is the name for the species Artocarpus gjgggg(Elmar}Merr.B
which, though gquite close to cultivated breadfruit, and certainly sometimes
confused with it, is by both Jarrett and Fosberg excluded from synononmy with
A. communis or A. altilis respectively.

pointed out, names

Common names at the cultivar or varisty level

Although not of particular interest for taxonomic botanists, the
cuttivar names used in any areas are of the greatest interest to economic
botanists, and particularly when plants are vegetatively propagated Synonymy
in names of valued clones is well worth trying to disentangle. Since
Captain Bligh collected only from a small area and there is much written on
the clones of Tahiti, it is especially interesting to attempt to identify |
the genotypes intreduced to the West Indies in the 18th century with their
Tahiti synonyms as well as to indicate close similarity and possibly
synonymy bewteen the clones in different Pacific islands.

To westerg should be given credit for the first attempt to bring

together names and descriptions from the earlier and widely scattered
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4.  Wester,P.J. (1928} The seedless breadfruits of the Pacific Archi-
pelagoes.  Agr.Rev. 17, 24-39.
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Jiterature. The first collection of 20 cultivar names and descriptions is
thought to have been made by the Swedish botanist Solander on Cook’s Endeavour
expedition, but has never been published. HWester's review covers contributions
by Seemannl, Bennettz, Christian3 and ﬁrivately communicated notes from
others, but he overlooked the important publication by Raou’t4 who Tisted and
partially described 16 clones which in his opinion were the only ones that
merited multiplication, or the list of eight varieties which Bligh described
from the Bounty expediti&ns. Fortunately, most of Raoul's 1ist can be
reconciled with other Tists. More recently, under the auspices of the South
Pacific Commission there have been collecting expeditions through much of
Micronesia, Melanesia and Polynesia, and Pa%haﬁé lists and describes 166 named
trees from Papua and New Guinea, New Hebrides, Rotuma, Tonga, Niue, Western
Samoz and American Samga.  All Parham's varieties are classified under the
following descending orders of classification: Tleaf shape; presence or
zbsence of hairs on the mid-rib and Yower leaf surface: shape and skin
texture of fruyit; presence or absence of seed. Tweive ieafl shape Ciaesves
are distinguished, four fruit shapes and five categoriss of skin texturd.
Independantly Koreiveibau? published descriptions of 70 trees from Fiji.
Parhamg has partialiy described 19 cultivars from Samoa and listed 12 other
names.  According to Handy and Hanﬁyg Dr Forest Brown was able to distinguish
more than 200 different cultivars in the Maguesas Isainds in 1921 but
unfortunately Brown's full list and descriptions dees not appear to be
published,

Yarious short papers by Barrau and his associates describe a few clanes
of particular characteristics such as salt resistance etc. {see section on
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1.  Seemann,B. (1868} Flora Vitiensis {Flora of Fiji}. Sub-order
Artocarpeae represented by Antiaris, Caturus, Artocarpus and Trophis.

2. Bemnett, G. {1860} Wanderings of a Naturzalist in Australasia.

3.  Christian, F.W. (1899} The Caroline Islands.

4. Raoul, E. and Sagot, P.  (1893) Manuel Practique de Cultures Trop-

icales et des Plantations des Pays Chauds, Chaliomel, Paris. :

5. g3é%§, W. (1792} A voyage to the South Sea. Printed Fitzpatrick,

ublin,

6. Parham,J.¥. {1966) Coconut and breadfruit surveys in the South
Pacific Region.  South Pacific Commission Tech.Information Paper No.l.
Koroiveibau, b. (1966} Some Fiji breadfruit varieties. Fiji Dept.
Agric.Bull. No.46.

8. Parham, B.E.V. {1972y Plants of Samoa. NZ, DSIR., Int.Ser. 85,
Wellington.
9. Handy,t.S. and Handy, E.G.,  (1972) Native planters in 01d Hawaii.

Bernice Bishop Museum Bulletin No.233. 149-155.
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ecology).
For present purposes an attempt is made to relate the kinds of bread-

fruit presently occurring in the Caribbean to corvresponding names in thé
South Pacific area and especially in Tahiti.
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ECOLOGY OF BREADFRUITS

In considering the potential adaptation of any crop plant it is most
important to consider the whole ecological range of genetic variation iq the
species and corresponding range of adaptation in nature, In accounts in
standard works on food crops the adaptation of breadfruit is misieadingly
Timited by a lack of appreciation both of the genetic variability and of
knowledge of the conditions under which the species thrives in its native.
habitats. Jarrett's accaunt]
dry herbarium material {s extremely valuable.

O0f misleading accounts, Maclaughey was quﬁted by Popence~as saying that
breadfruit requires "a warm humid climate throughout the year, copious
precipitation, moist fertile soil and thorough drainage. The absence of
any one of these conditions is a serious deterrent to normal growth of the
plant or may wholly prevent its fruiting. It is gcarecely tolerant of shade"

taken from collector's notes accompanying

2

In India Singh §£H31,3 give a rather broader description of the ecology and
adaptation. These authors say that the breadfruit is essenlially a tropical
plant requiring a warm humid cTimate with plenty of rainfall for best growth.
In cultivatien it has, according to them, to be restricted to the humid
tropical regions. It can be grown from sea level to about 3000 ft. in
southern India and flourishes on the West coast and on the hills of the western
Ghats. Growing the tree, they say, in regions nct possessing a uniformly
warm and humid climate has rarely been successful. The general climatic
requirements of the breadfruit are for an annual rainfall of 80-100 inches
well distriubted through the year, a temperature range of 60-100%F and a
relative humidity of 70-80%. In places with less rainfall than this, a mere
eﬁuab1e climate and less humidity such as is found in Coimbatore, the trees
can nevertheless be grown successfully with greater attention to irrigétion
and other cultural details.”

Spil conditions
Lateritic red loams, according to Singh et al. are most suitable for
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1. Jdarrett,F.M.  (1959)  Studies in Arteocarpus and allied genera.
J.Arnold ARboretum 40, 113-368. T

2. - Popenoe, W. {1920} Manual of Tropical and Subtropical Fruits.
Chap.15, The breadfruit and its relatives.

3. Singh, S., Krishnamurthi, 5. and Katyal, S.L. (1967) Fruit culture
in India. New Delhi, Indian Council of Agricultural Research.30Z-6.
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breadfruit cultivation, but at the same time it requires a high humus
content with high fert11§ty.. In contrast Mackay} received advice from Barrau
for the planting of a garden for Truk Intermediate School indicating that
the breadfruit shouid be planted on sandy coral soils (together with coconuts)
and on leamy clay alluvium, but that lateritic hillsides which were to be
re-afforested, should not be planted with breadfruits. Singh et al. say
that in shallew soils the tree may grow satisfactorily, but sooner or later
a decline sets in resulting in the death of the iree. This condition for
example often occurs in rocky slopes where the tree has been planted. Good
drainage they say is essential to maintain the tree in geood condition.
Stagnation of water around the roots is a factor known to increase premature
fruit drop.

In contrast with these text book accounts, in Fiji it is recorded that
breadfruit is most important in the diets of people of the small, dry
islands such as Lau and Yassawa grcupsz, and Jdarrett records that the seseded
formsrof the breadfruil in Micronesia occur principally on the coralline
limestone high islands. In New Guinea breadfruits océur wild, according to
Archibald et al. "along waterways and as a marginal constituent of period-
ically inundated forest on the flood plain.® Lam3 described breadfruit as

5 trrally Fraonoant natnral rFanctid:
- IJ' i \_\15‘\—!05’ PR Nt 1 WA o Ll

tocal ngtitugnt of extensive frashwater swamne,

The breadfruit is an important item of food in the Marquesas IsTands
at 1095, in the East of Polynesia, and this group of islands are much drier
than most of Micronesia, with an average of only 40-60" annual rainfall and
severe droughts occur rather often. The climate here is described as "of

the equatorial dry type.”

Cuitivar adaptation to different ecological conditions

Clearly, within the genetic range of .the breadfruit, there is a much
greater potential for adaptation to different climatic conditions than is
indicated in the standard text book accounts. Massal and Ba?raué indicat-
ing 50 cultivars from Ponape and 30 or so from Tahiti, say that each variety
tends to be specifically adapted to a particular environment. Among the
many lists of names varieties described from various parts of the South

1. M?cKay,R. (1959} A garden for Truk Intermediate School. S.P.Q. Bull.
9(1}, 36-8. .

2. Koroiveibau, D. (1966) Some Fiji breadfruit varieties. Fiji Dept.
Agric.Bull. No.46.
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Pacific, several have important ecological attributes ascribed to them.
For example, the variety Mai-Tarika from the Gilbert Islands is said to be
satt tolerant {Massal and Barrau, 1954). The variety Mejwaan from the
Marshall Islands is also claimed to be éaite resistant to brackish water

(Cocnen and Bayras,}

) and Manitarvaka is drought resistant in Tahiti
{westerz). There are also variations in fruiting season in a single
climate so that in Ponape the variety Mai-Up bears its fruits from early
May until the middle of June, Lukuwal fruits later than this. On the Truk
Istands the long breadfruit season begins with the variety Mai-Chun and ends
with the variety Mai-Koch {Coenen and Barrau}. On the Kapingamarangi atoll
the Jocal varieties bear fruit only once a year‘for a period of about three
months from December to March while recently introduced varieties bear fruit
under the same conditions ftwo or even three times a year. |

There appears to be a great difference in the height of trees, though
the extent ot which this is5 genetically or cnvironmentally detormined nceds
investigation. In particular it appears from the report of the SOﬁﬁh
Pacific Breadfruit Survey of the Southern Territories (Parham, l§66 ) that
there aré many dwarf trees occurring in the New Hebrides with recorded
heights from 10-20ft.  In Hawaii there is, or used to be, a breadfruit
variety, although not an edible one, known as Ula-Hua or Ula-Kapua which is
described as being ?ecumbent on rocks. "Lukunal"is a bush variety from
Ponape (Chrasttan 1899 3.

In Tahiti one of the forty varieties described by Henry” is specifically
| recognised as a mountain variety. This is known as Aume'e'abei and has
large and very rough fruits and there is another mountain variety in Ponape
called En~Charak (Christian,1899).

5
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1. Coenen, J. and Barrau, J. (1961)  The breadfruit tree in Micronesia.
S.P.Q. Bull, 11, 37-9.

2 Wester, P.J. {1928) The seedless breadfruits of the Pacific
Archipelagoes. Philip.Agr.Rev. 17, 24-39.

3. Parham, J.W. Coconut and ‘breadfruit surveys in the South Pacific Region.
South Pacific Commission Tech.Information Paper No.l

4.  Christian, F.W.  {189%8) The Caroline Islands.

5. ggnrg,T, (1928)  Ancient Tahiti. Bernice Bishop Museum Bulletin 48,
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18th CENTURY CROP PLANT MIGRATIONS

The latter half of the 18th century was a period of enormous activity
in the disemination of crop plants around the trepical world.] The French
based this activity on the Botanic Gardens at Pamplemousses in Mauritius as
a convenient tropical staging post. The British had no such similar
facility but after other encouragements of financial rewards failed,
pioneered the really long range transport of living plants with the i11-
fated Bounty expedition,followed by the successful mission of the Providence
and Assistant.

For the British Empire the Royal Society for the Encouragement of Arts,
Manufactures and Commerce {(better known as the Royal Society of Arts)
played a prominent role in fostering the setting up of tropical botanic
gardens and the interchange of plants to furnish them,especially with usefu]
species.

Adam P A D e e Al T h MR e e e Mae Yo T ompadd yorn 3agmiad B e e
tie Captain General of 5t Vincent, Mr Valentine Morris GppIreacata

in 772
Sir Joseph Banks, Director of Kew Gardens with the suggestion of trying to
introduce the breadfruit to St Vincentg, {this may perhaps have been as a
restit of hearing of Sonnerats collections and transhipment to Mauritius),
but despite the offer of a prize in 1777 by the R.S.A. nothing materialised.
The Jamaican planters also offered their own prize in 1775,with no result,
following serious famines between 1780-6 in Jamaica due to a combination of
hurricanes and drought and restrictions on food imports, Hatthew Wallen,
a member of the Jamaican Assembly suggested to Mr Hinton East, the Receiver-
General and owner of a fine private botanical garden, that the King (George 111}
be petitioned through Sir Joseph Banks, to send an expedition to bring the
breadfruit to damaica.3
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1. Bouvier, R. (1946} Les migrations vegétales. Flammarion, Paris.

2. Wood, H.T. (1813} A History of the Royal Society of Arts. John
Murry. London.

3. Powell, D. {1973) The vayage of the plant nursery HMS Providence
1781-3. . Bull, Tnstiof Jamaica. Science Series No.15 ot, 2.
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INTRODUCTIONS OF BREADFRUITS AND BREADNUTS TO THE CARIBBEAN

Both the 111 fated voyage of the Bounty in which large numbers of
breadfruit trees were collected but 5ubseduent1y thrown into the Pacific
during the Mutiny and the following voyage of the Providence to recollect
in Tahiti and deliver Tiving breadfruit trees to St Vincent and Jamaica,

have been often described1'§, but these accounts give little help in

On the second voyage there appears to be no record of the names of the
varieties col]ecteéva§theugh Bligh on the earlier voyage recognised the
existance of eight different varieties ip Tahiti.* It seems from the
record of the log that nearly all the material for the Providence voyage
must have come from the ‘breadfruit walk', a carefully guarded and patrolled
grove in the immediate neighbourhood of Matavai Bay where Providence was
anchored except for a few plants that were fortunately able to be collected
on May 25th 1792 shortly before tha Providence cailed which were spacially
brought from Tiarraboo "which are vastly superior to any at nis place; 1
had heard of this kind, and had such reports confirmed by the chiefl, that I
employed two men to go for mine.  Our number isnow increased by seven tubs
containing three to five planis, seven small pots one and two......".

The second voyage went smoothly and Bligh delivered to the Governor at
St. Helena,according to instructions,a collection of plants. Here is the
only direct reference in the whole of Bligh's log to the fact that he
considered he had on board five different kinds of breadruits. Nowhere are
they named. (Unless in Wiles' personal diary which may still be extant in
Jamaica. ) |
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1. Bligh, ¥. {1793) Report to the Society on the Providence expedition.
Trans. Roy.Soc.Arts 12, 305,

2. mmeemneee -~ {1792) A voyage to the South Sea, Printed Fitzpatrick,
Dublin. :

3 Lea, Ida {1920} Captain Bligh's second voyage to the South Seas.
Longman Green & Co. 290 pp.

4. Howard, R.A.  (1953) Captain BYigh and the breadfruit. Scientific
American (March), 88-94,

5. Powell, D.  (1973) The voyage of the plant nursery HMS Providence
17913, Bull.Inst.of Jamajca. Science Series NHp.15 pt.2.

& Allan, D.C.4G. (1577}  Log of the Providence. (Read in the Royal
Society of Arts Library, facsimile limited ed.}.

* iggteh, Ercroo, Awanna, Mi-re, Oree, Powerro, Appeere, Rowdeeah. In Bligh,
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During the journey Bligh had called at Timor and there took on board
both seedless and seeded breadfruit plants of Timor. James Wiles, the
horticulturalist of the Providence expedition recorded (fide Powell, 1973 loc
EjE)iihat *The breadfruit of Timor grows much freer and appears a hardier
sort than those of Qtaheite.... We procured from these four young plants of
the seeded fertile variety." Theyalsoacquired four seediess Timor bread-
fruits of which two were left at St Vincent, 1 in Jamaica and one taken on
to  Kew. _ a

Despite the widely held opinion that the Bligh introduction was the
first of breadfruits to the Caribbean, it appears that this is not so,
although probably only the seeded forms had been introduced earlier.

The French navigator Sonnerat® collected breadfruits in "Lugen” (Luzen,
Philippines) in1772. Sonnerat's plants were of the sseded breadfruit and
are itlustrated by him in four plates (reprcduced as Fig. }. Sonnerat
writes "J'en ai rapporté quelques p!aﬁs a 1'Isle de France. I1 y a lieu
d'ésperer qu'ils v réussiront, par les soins au'a pris M.Poivre pour les
accoutumer au climat, moins chaud gue celui des poys #u oit naturclloment
1'arbre 3 pain." Poivre, whe was 2 great collector and distr zbutor ef
plants had already in 1755 attempted to distribute breadfruit.” "3'ai dis-
tribué 2 divers colons ces plantes de foutes esptces que j'avais apportite,
gntres autres des cocoyams et de Rima (breadfruii), dont Te fruil serl de
pain aux habitants des isles de Mariannes.®

At how early a date Poivre succeeded in getting live breadfruits to the
French Antilles is not certain, but Sir George Young, who as army surgeon took
charge of the setting up of the St Vincent Botanical Garden {and won a Gold
Medal of the Royal Society of Arts for his work), wrote to Sir Joseph Banks
in }?874 that he had information "By which it seems beyond doubt that the
Rima or breadfruii tree is arrived in the French West Indies - indeed the
cargo .... ... much to his credit.” One may be fairly confident that
this material to which this account refers is derived from the Sonnerat
collections in Luzon. Easts, in Jamaica also had breadfruit material,
probably also of French origin before the Biigh expedition. He wrote to
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Powell, D. (1973} Toc¢ cit.

1 ,
2, Sonnerat,N.G. (17767 Voyage 3 la nouvell guinke. ¢ ¥311 4 |
3. in Cordonnier, H.  {1928) Voyages de Pierre Pgivre’ I?& -57. t;
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Banks in 1784 "I have two other plants that came from the Isle of

Bourbon supposed by some to be the breadfruit, but I am extremely doubt-

ful as they do not in the shape of the leaf by any means correspond to the

account and drawing given by Mr E1Tis*... The acquisition of the best kind

of breadfruitwould be of infinite importance to the West India Islands.”
There has been much confusion concerning the exact cargo of plants

intercepted by HMS Flora of Admiral Rodney’s squadron in 1782. The prize

was a cargo of plants bound from Mauritius or Reunion to Martinique and

may well have included many plants from the Sonnerat coliection, Tessic1

seemed quite clear that both the jakfruit and the seeded variety of bread-
fruit {Chataigne de Malabar) were introduced teo Jamaica during the inter~
ception of 1782, since after his account of the breadruit he then has a
section on the Jakfruit which he says was introduced at the same time as
the preceding species. Pepenoezhas also suggested 1782 for the date of
introduction of seeded breadfruits, but since his authoriiy is not given
he may also be relying on Tessic. Tessic indicates that by 1818 the
Chataigne de Malabar was already widely distributed in the Antilles. This
would be quite probable since reproduction would be by easily distributed
seed. ‘

it is certain alse that the seeded breoadruit was alreadv in cultivation
in the St Vincent Botanical Garden before the arrival of the Providence.
Anderson, in a long account to the Royal Society of Arts in 1789 states
that "Previous to the arrival of the Providence, a young plant of the
Chataigne de Malabar was sent to the garden from Martinique for the true
breadfruit. It grows as fast and gives fruit as soon, but rises to a
larger and stronger tree (than'the breadfruit}).”

Thus it seems in no doubt that the seeded breadfruit was indeed
sucessfully introduced to the Caribbean 11 years before the seedless clones
brought by the Providence, and in that time may have become quite widely
distributed. The intercepted introduction is likely to have been followed
by other successful attempts and the source of these early introductions
may be either from the Poivre collections of 1755 or the Sonnerat collection
of 1771-2, though probably the latter. Robley 3 reported that one such
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. Tessic, F.R. (1818) Flore des Antilles. Paris.

2. Popenoe,W. {1920} Manual of Tropical and Subtropical Fruits. Chap.15
The breadfruit and its relatives.

3. Robley,d. (1802) (Letters to the Royal Society of Arts. Trans.Roy.
Soe Rets o 200 357 and 21, 417.
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introduction was made to Martinique in 1792, In addition to the Providence
introductions, the French made introductions of seedless breadfruit to
Martinique and Cayenne shortly afterwards of material of a variety called
'kele keie' from the Tonga Islands (island of Tangatabou) collected on

the expedition of La Perouse commanded by Entrecasteaux with Labillardidre
as botanist and LaHaye as gardener. Plants were transhipped at Surabaya
in Java and sent on to Mauritius by Rear Admiral Williamiez in the
Régénérée. Details of the transhipment from Mauritius to Martinique and
Cayenne have not yet been uncovered.

Tavares (fide Jarrett1) indicates that the seedless breadfruil was
introduced from Cayenne to Brazil in 1811 but this dees not exclude the
possibitity that the Portuguese may have made direct introductions from
other sources, such as the Maldive Islands for example, from which
Thunbergz says it was introduced to Ceylon as early as 1727 or 1728.

According to ?apenoe3 the breadfruit is now widely distributed on
the coasts of Central America and Mexico, but only of any economic import-
ance on the Atlantic coast of Costa Rica and in part of Colombia.

Standley and E‘:df:e_;,fermar*ki1 in the Flora of Guatamala say that the bread-
fruit is consumed in the bapana growing regions of the Atlantic coast

whore poeople of African corigin "consume the yeung fruits in large guantities,
usualliy shiced and fried.” Both seeded and secedless varieties are eaten.

Breadfruits are known to have been taken to Central America in the early
19th century by "black carrib” indentured labourers who went to work in
the Central American sugar plantations. Standley and Steyermark
say that whereas both seeded and seedless forms occur on the Atlantic coast,
that on the Pacific coast all trees are of a seed form and the fruits are
much used for fattening pigs. They suggest that the seeded breadfruit may
have reached Central America and Mexico one or two centuries earlier than
the Caribbean introductions by way of the Spanish ships which plied regularly
between the west coast and the Philippines.
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¥. Jdarrett, Frances M. (1959) Studies in Artocarpus and allied genera.’
Journal Arnold Arboretum 40, 113-368. S

2. Thungerg, C.P.  {1779) Sitodium incisum et macrocarpon etc. Phil.Trans.
Roy.Soc.Lond, 69, 462-84

3. Popenoe, W. (1920} Manual of Tropical and Subtropical Fruits.
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4. Standiey, P.C. and Steyermark, {1946} The flora of Guatcmala.




GENETIC VARIATION IN THE SOUTH SEA ISLAND BREADFRUITS

In view of the fact that the majority of plants taken by Captian Bligh
to the West Indies were collected in Tahiti (with the exception of 4 bread-
fruit and 4 breadnuts from Timor) it is relevant to draw particular
attention to acocunts of the variation of the breadfruit within the island
of Tahiti. According to MeSter‘1 the Swedish botanist Solander compiled
the first variety list of seedless breadfruits, enumerating 20 kinds from
Tahiti. ' '

On the Bounty voyage Captain Bligh was aware of the existance of eight
different varieties which he lists without description. Bennettg Tisted
20 different kinds from Tahiti. Raeul3 listed and partially described 16
varieties which he stated were the only ones worth multiplying, and named
eight others that he was aware of but had not cultivated.

The American consul to Tahiti, Mr Howard Withey, basing his notes upon
information provided by Forest B.H. Brown, sent a list of 52 kinds of bread-
fruits to %este?, whe published these, together with information from earlier
authors. That same year Hen?yé published an independent Tist.

The fo]%nkiﬂg Table c¢collates all these various reports and suqggests
2 Thh n. {Table 1)
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1. Wester, P.J. ({1528} The seedless breadfruits of the Pacific
Archipelagoes. Philip.Agr.Rev. 17, 24-38,
2. Bennett, George. (1860) Wanderings of a Naturalist in Australasia.
3. Raoul,E. (1893) In Sagot, P. and Raoul, E. Manuel Practique de
Cultures Tropicales et des Plantations des Pays Chauds. Challomel, Paris.
4 genry; T. (1928} Ancient Tahiti, Bernice Bishop Museum Bulletin
8, 39-48.
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TARLE D
i ’ TAIT] SREADPRUTT VARICTIFS DESCRIGID BY VARIGNS AUTHORS .
| v mow? ey yester® ‘ Beseription
LEIEL Aps-oaby Abyaba yery high yielder (Recul} 7= Hapua {Wagter)
Acks Fryit nearly globose, tacalh with conves fagets, flesh very
Toose textured,  CStew’ 2-3 om,
Afatu fruit small end round (Bennett}
Ripuy
Anuanu His-spelt Anugani by Wester, Asnuamu in Benneil which was
Kester™s source.
Aoa
Apit Frait small and round
Apcers T Apird or
. Rtiati
Apuapun .
Aracro Hat very large fruit (Henry}
§ Arayei Araved » ® " * {Henry and Raowul)
Auena
Rowdegah Rare-zutia Autea Fruit large, sphericel, slightly twbergulate. = Banabran
{= fowdorah,Bligh) {cf. Ota¥ of Racs), very easily conled} damaical
= Rauiea Yery large teaves, not ai all sinuated, Round fruit.
Rare-autia of Reoul = Ra% oniite feaves.
Aume'e'avel  Aved Frait has rough surface (Westerl; bas very large fryit with
rough sking {Heary}., of, Reski of St. ¥ingent.
Aveid frit largu, tpherics? to broadly elipsoidsal, nderly smogth,
A ;&cets coarse and slightly elevatsd,  Stem 75 ma long.
3 Wanna 0 nrormELion.
? 3a1ﬂkana :Ei?siypinna:isect, cven surface, fruit small but of supesior
3 Buko teaves pinmatisest,even furface, freft Jarge, short ovete and
: smegth. «f. comman brepdfryit of West lrdies.
§ Eroroo ¢f. Rorg of Rasul
H
3 Fara {Faara in Remneit A fine kind with fraits in clisters of 3 or 4, found at Parava.
i overiooked by {cf, Faara of Caroiing [slands)
: Wester)
3
E
; Afara Rfava of Raoul, very easily coohed.
fat ¥ ¥ ;
ataua Fiuit ;ar;eé 13 ;m across, wneguilateral, smooth, iong
stesmed, ond variety.
i Ha’zma A mouatain vagiﬁty. Y
Hauputy ;iai; ?road%y ovosd, § & 33 on smooth, facets aimost flat,
esh loose texturgd around the core. ‘Stem’ .
: Asvans Havzna Has fine and delicate fruit, tem’ 3 em Tong
: . Iepak Freit large and roend {Christian, 1898),
: Triava ‘o No deseription,
; hangkoe ¢ "
: Hai'are’aro - »
E M3i-noir # ®
H . .
% Mi~re Haore Maire Fruit smgll, 125 mm diam. spherical, nearly smeoth, yellowish
: g;a?gg;"‘526§:8?“s ’item; 7% am, long.hairy. Excellent
i y G gqutckly, tree common, very grnsmental and
pralific  [Westor} cf. Common breadfruit of W, Indies.
Mamajtavaka Frait very small, M ¢m maximum diameter, ‘Stem’ 4 om. and
rather hairy, corn refatively Targe, bekes in hot ashes in 15
§3wut§i, tastes wore 1ike a potato than ather vars. Quite
raught resistant,
Hanates - -
Hamina -
Macri Undescribed
Mapua “ 1 = Apuahu{fasul) &r Abvalw {¥ester).
Movai -
ofatia ¢f. large size {Henpett 1880
Dainuhing Ungtascribed )
‘ Onape cf. large size {fensett 1E50)
Bpina Opﬁhg . ﬁeanu§§ 1040 (Uester lists ihe nane only for the Maguesos,)
oree Opiripiri T+ Piipifa (Bemnett Woester) and fito(Mester)
{tea Gtea Dioa T-Rautis, hutes etg,  Yery sasily cooked {Raoul) cof . large
stze {Gonnett)
Ovai I?”»»,QSZI‘ is very large arg of cxcellent quality[Withey in Wester)
Pata Paca Paea . Frait §% very lavge, 20 om diamster, broadly ellipsaidal, rough

with pointed projections, 'stem’ 10 cm long and ghlabrows, cooked
{iesh s wory siichy [Withey in Wesler),  Mas olongated and very
targe fruits whick cose in the fast of the seasem arg 35 not 3s
sibedantial as the siher bingsfilenry]  of = Hateriog of St ¥ircent
Get of earon probuct sen (Fasuld
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eted 1

#iigh

Pattecah

Powerro

Rowdegah

Raoul

7= Afara

Hadre paparu

Fuatais

Pelautia

Pereray-ohud

Pustata
Puery |

Ranrg
Rare

Rars-aume

Henry

Fatea

Foti

Ponafara

Puere

Pufupi'e

Rare

Rare-sutia or Rarg-ati

Rali

Rargtoms

Horu

Borptomak
Rory

Faiere

Titta

Tusvera
Tuuts

Rare
Rarcautai

Raumae

¥=Taga

Tao
Tiztea
Taarau

Tehe-hava'e
Tehe-titapau

Uru-huerro
trig-ma ‘ohi

flable ¥ ¢ontinued)

Hoster
Pafai
Paifee
Patara
Paimach
Papary
Patara
Pates
Patuki

Pahi
Peitiuri

Piia
Piipiia
Pimata
Pahauta
Poru
Potopat

cf, Puverta
byaa
Fufatata

Fulang
Puupiu

Rafe

Raumae
Rautia

Rokouta

Rau-vara-vara
fokouta

Sore

Tagafel
Taps

Teve
Tiakia

Tookaha

Juiny
Haka

1. Bligh, W. [1782}

2. FBagul,

3. Henry, Teuirs
3948,

4. yester, Fud.

70

Descripl fony

Mredte st and round fraits [Depneti}

T Afara fof Baoul} - vay castly coohed,
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HISTORY AND VARIETIES OF BREADFRUIT IN THE WEST INDIES

To return to Captain Bligh and the events thereafter. The prize for
the successful introduction of the breadfruit to the West Indies went to
Captain Bligh in 1793. Whoever else may at various times have made other
introductions, it is guite certain that the great majority of breadfruiis
now in the Caribbean criginate from the Bligh introductions. One can be
confident of this because of the considerable information we have on the
vigorous efforts and successes in multiplication and distribution of planting
material from these early introductions, and from the fact that most of the
breadfruits now in the Caribbean can be related to the five types known to
have been introduced which have been described by Hooker in 1828, It is
known that Bligh left 331 breadfruit trees from Tahiti and two trees from
Timor at the St Vincent Botanic Gardens. In the transactions of the Royal
Society of Arts there is considerabie correspundence from Dr Anderson
reporting on the way in which fhe breadfruit trees flourish and nuch of this
has been written up by Lansdowne Guilding in his History of the St. Vincent
Botanic Garden}. It was Guilding who provided the iliustrations which were
published by Hooker in the Botanical Gazette in 1828 and who also provided
Hooker with the information about the main features of the five varieties.
The early events in Jamaica are described in the log of Providence, including
the details of how many of the 348 breadfruits trees were distributed to
different parts of Jamaica. ~

The Providence and Assistant put to sea again on January 30th 1793 from
St Vincent and were brought to moorings near Port Royal in Jamaica on February
5th.,  On February 7th the naval Commecdore,Ford and "many gentlemen from the
shore" came on board to see the breadfruit trees which were then apparently
“in the highest perfection". A committee meeting on February 9th discussed
the destination of the breadfruit trees within Jamaica. The 348 breadfruits,
including one seedless breadnut, which were landed at Jamaica and distributed
as follows: B4 were landed at Henderson's wharf for the county of Middlesex
{Eastern Jamaica); 75 at Greenwhich for the county of Surrey and for the
garden cwned by Hinton East (which subsequently became the Liguaria Botanical
Garden), 105 at Port Morant for the county of Surrey and for the nursery
being established at the Bath Garden; 83 to Savannah LaMar in the Hest of
Jamaica for the County of Cornwall. The single breadnut tree from Timor
went with a consignment of plants to Port Morant.  The expedition’s
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botanist, Mr James Wiles was engaged in the capacity of gardener and remained
at the Bath Gardens to take over responsibility for the nursery operations.
Captain Bligh took the plants himself to Port Morant.in the Providence ,
while Captain Portlock in the Assistant delivered the piants to Savannah
} LaMar. In addition to the breadfruit and breadnut trees, 10 plants of the
f Jackfruit or Nanka, grown from piants‘raised on board from seeds collected
in Timor, were deliverad to Port Morant for the Bath Garden.  Although
Bligh's list does not indicate the Tanding of any Timor breadfruits in
Jamaica, Wiles, in a later correction to Hortus fastensis says that of the
four breadfruits from Timor, two were landed in St. Vincent, one in Jamaica
and one taken on to Kew.

After some delays for naval activities in the Caribbean, occasioned by
the outbreak of war with France, Captain Bligh received orders to sail for
England on June Iﬂth‘i?93 and he anchored at Deptford on August 7th.  Among

the plants which the Providence brought back for the Royal Botanic Gardens

at Kew were not only the breadfruit trees from both Tahitd and Timor, but

:
i
i
i
H
i

also 8 other species, including sago and coconut from Tahiti, Cherimoyas.
Lemon China, nanka, Mango and others from Timor, the China orange from

5t Helena and the custard apple, avocado pear, cabbzge tree, Akee, wild
mangosteen and nazeberry from Jamaica. A1l in all the expedition had bheen
a quite remarkabie success and a most impressive feat of horticuliure as well
as of nav%gation.

After the successful landing of the breadfruit in Jamaica and St. Vincent
the Royal Society of Arts continued to offer premiums from 1795 onwards to
"the person who shall have provided in any of the islands ... the greatest
number of breadfruit trees, not fewer than 100, and properly secured and
fenced the same, in order to supply fruit to the inhabitants.”

g The trees grew and flourished in the West Indies and satisfactory reporis
were sent to Jamaica and St. Vincent. woodI has summarised these reports

as follows. "From reports made to the Society in 1795 by General Melville
(St. Vincent) and by Dr. Dancer {Jamaica) in 1795, it appears that the trées
grew and flourished in the islands, and a2 little later further information
was received from St. Vincent. Dr. Alexander Anderson, the superintendent
Of the Botanic Gardens in that island, reported fully in 1798 on the condition
of the trees there, and stated that they were well established and were pro-
ducing an ample sapp]§ of the fruit. Later reports in 1802 and 1803 were
equally catisfactory, and in 1807 he writes that though it is one of the most
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valuable productions sent to the West Indies, it is not appreciated at

its proper value.
it, but that he did not believe this.
to the apathy of the planters.

He adds that it was said that the neqroes did not like
Its want of popularity he atiributes
It may be added that in.1799 a gold medal

was awarded to S.Mure for a plantation of breadfruit trees in Jamafca, and
two gold medals were given in 1802 and in 1803 to the Hon.Joseph Robley,
the Governor of Tobago, for his plantation of breadfruit trees in that isiand.”
At no stage, in any of these discussions of the distribution is any
mention made of different varieties of the breadiruit. ‘
Not until 1826, in Hocker's report, is atiention first drawn to the
varietal variation other than in a report from Anderson in 1798 that he had
at that time six varieties in the St. Vincent Botanic Garden (including the

seaded variety which he had from Martinique). In

the following Table 2, 1

list the descriptions as given by Lansdowne Guilding to Hooker and published

in the Botanical Gazette with indications of the names that now correspond to
these types in St. Vincent, notes on their relationship to other varieties

- T

seen in the Wesi Indies and Tinally, a suggesiion of possib

varicties that are known from Tahiti.

TABLE 2
Corresponding name
in St.¥incent, 1977

g

. P B I v |
by Covrespong

Variation on

similtar types
in Tahiti (and/

the type

Guilding and Hooker

Koshi
(excellent quality)

Round and rough
(muricated) fruit

Oval and smooth variety

"Common type" (smooth
the second best.

to slightly rough sking
yellow fleshed may have
rougher skin}

Waterloo {skin v.rough)
Excellent gquality.

Oval and rough, one of
the most valuable.

Round and smooth variety Cocoabread,

Timor variety:smaller
and very inferior,
“The Timor breadfruit has the
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Captain Bligh Tree.

jélands

large, white ¢f.Rokouta or

o
fleshed Avei or Ovai and
smaller with Balekana of Fiji
yellowing and Samoa.
flesh :

Yellow flesh
when mature,
Eream 1} £ 11
White " " "

Not seen except cf. Duaka or
in S. Vincent, Paea. ‘

= YBanbran® in c¢f Opiha.
Jamaica. Also

in Mayaguez Inst.

Garden but not

seen elsewhere

in Puerto Rico.

cf. Buko or Maore
Buco of Samoa,

Timor breadfruit Savisavi of
in St.Catherines, Fiji.
damaica as des-

eribheod by Prwell
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During the recent survey more than 30 individual collections of
breadfruits were made in the Caribbean in the form of herbarium specimens
and these are now preserved for further study, and in due course will be
compared with similar sheets from the putative parental clones from the
South Seas, to see to what extent exact correspondences can be discovered,
Meanwhile, it is clear that the variation present is limited and that,
if there is to be a substantial programme of expansion, that the introduction
of a much wider range of germpiasm is highly desirable. Herbarium material
has also been examined from the Caribbean at the Roya1‘80tan§c Gardens, Kew,
where an oval fruited variety, which appears similar to the most common type
found in Trinidad, but collected from Martinique, is described as being the
variety which is most commonly eaten in the fresh state.




AGRONOMY OF THE BREADFRULIT
Propagation

Seeded varieties of the breadfruit, i.e. breadnut or Chataigne are of
course grown from seed.  Only fresh seed is viable and it should be planted
according to Theobald* in weli drained media.

The seedless varieties or true breadfruits have of course to be
propagated vegetatively; " The traditional method in the South Sea Islands
is to use naturally produced suckers, of which four or five in a year arise
from the roots at some distance from the parent tree.  The number of shoots
which develop can be greatly increased by pruning the parent tree heavily
according to information provided by Miss Lashley to the writer. 1t is aiso
widely known that artificially exposing lateral roots and making slight
injuries promotes the regeneration of suckers near the point of injury.
Theoba?d? also refers to the value of repealed root pruning arcund the
developed sucker before any attempt is made to 1ift and transplant this.
Repeated root pruning over several months will Tead to the development of a
good root bail for the transplant. In the VWest Indies two informants
(Hirs Thelma King & Mr Danville Roach} have said that it is important, when
transplanting a sucker, to make sure that the plant is set up in ts new
position in the same directional orientation as it was when attached to the
parent tree, In this way‘the refative light and shade received by the
different lteaves will be similar, and the plant will receive less shock.
Aithough this may sound a small detail, it is quite iikefy to be of signif- -
icance, and it would be an interesting observation to verify experimentslly.

The most common way of propagating the breadfruit is by the use of root
cuttings. Singh et alﬁzreparted that, depending upon the conditions and
season of propagafion success ranging from 29-90% can be achieved. In India
90% success was obtained from root cuttiﬁgs about 1" diameter and 9" long
planted horizontally. Under the same conditions only 407 success is
achieved if the cuttings are planted vertically. The greatest advance
in the propagation of breadfruit from root cuttings was published as long agn
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1.  Theobald, W.L. {3976} Ethnobotany of the breadfruit. Bull,Pacific
Trop.Bot.Gdn. 6(1}. ’

2. Singh, S., Krishnamurthi, 5. and Katyal, S.L. Fruit culture in India.
New Delhi, Indian Council of Agricultural Research, 1967.
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as 1945 hy Julien}in Mauritius, but the paper is Tittle known. In Julien's
method, freshly dug roots are cut into pieces 8" long of diameter from 3/10th
of an inch to 11 inches. The fresh cuttings are dipped into 2% potassium
permanganate to coagulate the latex. The treated roots are then placed in
a sandbed in a horizontal position a gquarter inch apart and covered with a
layer of sand to linch deep. The germination bed is watered every morning.
After 45 days all the cuttings are removed from the propagator and at this
time most of them will have produced a gall-1ike callus and it is from these
that adventitious shoots wiil develop. The root cuttings bearing calli
are laid out again on a propagating bed with the calli facing upwards and
recovered with sand to linch depth.  The roots that have not yet produced
calli can be replaced in the original propagator and looked at again a weck
later. As soon as suckers appear above the sand in the second stage
propagator, the cutting is ready for potting out. Five classes of cutting
are described by Julien,
I ihose bearing suckers but no side roots,
2. Cuttings with both suckers and side roots.
3 Cuttings that develop suckers with two separate root systems on either

side of the shoot.
4, Cuttings developing the roots.
5, Cutﬁings which fail to develop suckers or roots.
The first three classes of cuttings can produce good plants. Cuttings of
classes one and two are treated by re-dipping the cut end of the cuttings
nearest fo the sucker in potassium permanganate solution and then coating
cut end with paraffin wax. The cuttings are planted in pots in a diagonal
position with the paraffin waxed end uppermost above the level of the potting
medium.  Julien used a solar propagator but mist propagation would probably
be equally satisfactory., A solar propagator consists of a plant frame with
& sloping glass roof allowing plenty of light to reach the young plants io
the bed. In a seclar propagator cuttings are kept moist by spraying them by
hand with water once or twice a day. The propagation bed is very well
drained.

In India there has been considerable work on propagation on breadfruits
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1. Julien, J.H.  (1945) Breadfruit propagation. Rev,Agr.Maurice 24, 31-33.
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by budding and grafting. Thomas} says that either grafting or budding to
the wild Jackfruit is an easy operation. Although one might also anticipate
that budding or grafting to the seeded breadfryit should be possible,there
are reparts in the literature suggesting that this is far from easy. (Raoul in
Sagot and Raoul,1893). There are many exampies of propagation of tropical
bush and tree crops which have showed the vaiue of persevering in trying to
propagate difficult species. -  Recently a great advance has been made in
Durian propagation in Thailand by top cleft-grafting young seedlings, and this
is a technique which should be tried with the seeded breadnut as a stock.
There are scattered reports, and 1 have also had personal information
from informants, on successful use of marcotting for propagating stems of
the breadfruit, but this method never seems to have become popular., The rooting
of shoot cuttings was pioneered by the work of Muzik2 in Liberia. A quick-
dip method, using a 1% indoie butyric acid solution gave the best results
though succes was also obtained by immersing Tha bases of the cottings far
24 hours in 0.00Z2% indole butyric aciasolution. Three to four node cutiings
of about 3" dianieter and 12-15 inches long were successfully struck after
treatment in sand beds. After planting out the cuttings, the beds were
mulched with banana leaves to prevent excessive evaporation. Beds were
1ightly shaded and the cuttings were watered daily. The success was up to
80%.  There seems to have been little published follow-up from this important
paper, The newest phase of development of breadfruit propagation was
initiatgd in Puerto R%ce3 whera a method has been described to produce
multiple propagating material from a single stock plant by propagating all
Teafy stem cuttings produced successively from a shoot from a root cutting.
Recently Prendergasta, with the collaboration cof an American Peace Corps
volunteer, has developed this technique further and they are now able to
obtain 20 young plants from a single 8" cutting, In their method the callus
developed on the root cutting is excised so that the method is essentially
one of micro-propagation. Details of the method have not yet been published,
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1. Thomas, C.A. {1969} You can grow brzadfruit in your garden, Indian
Hort. 13(4), 27.

2 Muzik,T.L. (1948) Effects of hormone on root formation in Artocarpus
communis.  Science 107, 225. T -

3.  Rodriguez. (7875)
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but it holds out great promise as a new technique for rapid propagation.

Care of the transplanted nursery plants

The possiblie importance of transplanting to the field with the main
leaves in the original orientation has already been mentioned for transplanted
suckers, and the same may well apply to nursery grown plants from root cuttings
or ex-plants. If would at Teast be a wise precaution to attempt to keep plants
in their original orientation pending further experimental work. Raoul, in
what is probably the. most important account of the agronomy of breadfruits
so far published,points out that it is essential to maintain favourable
moisture conditions around a young transplant until re-growth has begun.
He describes the establishment of sucker transplants of about 1} m, height.
These can be successfully established i1f the entire shoot is wrapped around
with a bandage of plant fibre to prevent drying out until re-growth starts,
and aiso applying plenty of mulch on the surface of the ground. (This old
French meinod of bandaying planis afier Llransplaniting is also used wilh
remarkable success in transplanting palms and other trees under descert
conditions in the Middle East at the present time.)

Spacing

Jacques Barrau has suggested a practical spacing of 25 ft x 25 ft for
breadfruits for a school garden in Truk. In India 3ingh et al.suggest a
spacing of 40 ft between trees "which is necessary to permit trees to attain
their normal growth". While it may be true that such 2 wide spacing will be
required to allow trees to attain their normal growth, it far from ciear that
this would be the best system of management. It is more likely that a combin-
ation of a closer spacing and vigorous pruning, or the use of dwarfing root-
stocks would be a better practice, but this needs development-orientated
research work.

Intercuitivation

Deep cultivation of the land in the breadfruit plantation or garden is
to be avoided since the sha?low/grow%ng roots would be injured, However,
rather than attempting to keep the plantation clean weeded, the use of
frée‘r{:‘roppim’* et leart for o Fan yevg 2hould be cancidered desirable and
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has been suggested by the Indian workers. They suggest particularly the
combination of breadfruit with ginger,pepper or vanilla which require shade,
and for both the vining crops, the vines could be trained to climb over the
early branches of the breadruit tree which will repidly grow beyond the reach
of the vines. They also recommend the growing of leguminous cover crops,
and this suggestion could of course be extended to the growing of crops for
the provision of nutritious foraée such as Stylosanthes or, on neutro-
alkaline soiis, alfalfa.

There has been no systematic work on the use of fertilizers of bread-
fruits, but responses would be expected during the early years. Indications
with almost all other tropical tree crops show the economic advantage of
enceuraging healthy and vigorous early growth.  This is an area requiring
gxperimental woirk, bubt the use of Fertilizers should not wollt for the resulls
of research to he published., 1In domestic cultivation in the West Indies,
the best-growing breadfruit trees are usually found near to house sites and
receive considerable quantities of household refuse and sometimes night soii
as well. Probably the most productive breadfruit seen by the writer during
his tour of the Caribbean had a pit latrine sited near the trce. Fertilizer
practice should be suggested by analogy with recommendations based on research
for other crops to take account for the differences in natural soil fertility.

Pruning

There appears to have been no formal research carried out on the pruning
of breadfruits, but several informants have mentioned the practice. The most
obvious reason for pruning breadfruit ‘trees is to keep the height down so that
harvesting can be facilitated. Several informants commented on methods that
they themselves had discovered for pruning breadfruits. One observation
was that branches that have already produced & crop of fruits do not fruit
again and frequently die back. Removal of these,after harvesting the fruits,
below the point where'the fruits were borne, during the following dry season
stimulates the production of new vegetative growlh from dormant buds and keeps
the tree in thriving and productive conditions. This would seem to be a
sensible practice, but should also be the subject of experimental work.
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Harvesting

As is very well known , breadfruits are usually harvested before
fruits soften, but after the development of small drops of latex on the
surface of the fruits. These dry to form mealy, grey blobs. Breadfruits
at this stage are described as being "fit". The breadfruits are usually
harvested either by cTimbing up the tree or by knocking down the fruits with
a stick with a hook or some other convenient implement on the end. The
fruits are usually allowed to fall to the ground and many are damaged in the
process. Climbing the trees can be dangerous since the wood tends to be
brittle and accidents have occured quite frequently. The difficulty of
harvesting trees of the size normally occurring in the Caribbean is one of
the principle reasons why litile attention has been given to increasing the
productfon of breadfruits. The production of trees that are much easier
to harvest, either by pruning or genetic manipulation, is a very high priority
requirement, There 15 no reason to think it cannct be achieved by one or
both means. There are well documented sources of bush or jow-growing trees
of breadfruits which should be regarded as potential rootstocks for the culti-
vation of dwarfs.  {See section on variability}. For this reason it is
eesential to move ahead es fast as possible with the development of an
effective propagating technique for the production of desirable, scion mater-

ial on geadling ront stocks.

Hand poitination

In India Singh et al. claim that higher production can be attained by
hand pé]!%nating breadfruits. While this may be true, it is unlikely to be
a practical technique, particularly for large scale production, as so far as
is known, there is no experimental evidence to support its bheing necessary.

General -
Althcough there has been 1ittle formal work published on the agrenomy of
breadfruits, and none in the Caribbean region, I was infuormed {personal
communication Irwin Telfer) that about 15 years ago some agronomic work was
carried out in Guyana by P.Q. Jdackson. This might be worth following up

if unpublished data is available. During my visit the only attempt to
propagate the breadfruit on any substantial scale which I saw was in the-
nursery at Timheri in Guyana.  There, about 1,000 breadfruit trees were being

produced per year, and this was insufficient to meet the demand for plants.
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It was costing the Department of Agriculture in‘Gayana 35 cts. to buy a

root cutting, and the resulting tree was being sold for over 50 cts. Losses
in the propagating beds were unsatisfactorily high and Mr Baichoo is
immediately beginning to use the Mauritius method of Julien. On the "black
market" in Georgetown privately produced breadfruit plants are selling from
$1.50 - $4.00 per plant in comparison with 50 cts being charged by the
Government's nursery.

Premature fruit drop

Breadfruits that have not reached the stage of "fitness™ frequently drop. .
These are sometimes fed to the pigs, but usually wasted.  Heavy drop appears
to be associated either with excessive drought during the period when the 1
fruits are deveioping, but also when there is excessive soil moisture.
Several separate informants reported that premature fruit drop can be at |
least partiaiiy controlied by hammering iron naiis into ihe siews o bryad-
fruit trees. This is by no means impossible and it may be that onc of the 1
causes of fruit drop is iron deficiency which could well be remediad by surh '
a practice. Here again is a lead requiring experimental follow-up.
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DISEASES AND PESTS OF BREADFRUIT

In the Caribbean

Within the Caribﬁéan the only apparently quite serious problem is caused
by Rosellinia 55. This has damaged trees in both Dominica and Trinidad.
It appears to be associated with neglected trees in areas where either rank
weed growth has occurred, or where trees have been mechanically damaged
by cultivation operations. Mr Dial (Agricultural Officer, Extension at
Sangre Grande, Trinidad) says that 60% of trees less than 2 yours old died
recently when planted on old cecoa Tand. Resellinia discase of bread-
fruit should be actively investigated as soon as possible (perhaps at the
University of the West Indies, St. Augustine). It is not anticipated that
a pathogen of this kind will prevent successful breadfruit production if
due care is given to agronomic practices avoiding predispoesing conditions,
but more needs to be known of this disease.

Scale Insnct infectation was very severe on the Cocoabread variety
in the garden of Mr and Mrs Gibzeon st Montrose, St. Vincent, The trep
seemed to suffer little damage from this. Nevertheless, scale infestation
should be consideored 2 potential hazard and be investigated if breadfruit
production is to be stimulated. Sott-scales and mealybu H
on breadfruit in the Sangre Chiquile  area in Trinidad.  Their possible
role in weakening trees and making them vulnerable to pathogens should be
considerad, '

Ants may infest the dead or dying back shoots that appear toc be a
natural response {0 heavy fruiting.,  Pruning back all dead shoots regularly
should be encouraged as for all trees.

Diseases in the South Pacific

A very serious disease occurs in the Pingalap Atoll (Zaiger and
Zentmeyer]), and this has led to advice (Reddya) to prohibit the import of
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1.Zaiger, D. and Zentmeyer, G.A.  (1966) A new lethal disease of breadfruit
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Pacific islands.  FAD Plant Prot.Bull. 15{2), 25-9.
3.Reddy, 0.8, (1989) Seventh session of Plant Protection Committee Noumea,

MNew Caledonia, 15-23 July, 1969. Inf. Le{t, FAQO P1. Prot.Comm. S.E.Asta 71.2pp.
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planting material from all areas where this sericus disease occurs. The

etiology of the disease is still rather uncertain, but the probability is
that it is a Fusarium wilt disease, possibly caused by a form of Fusarium
solani, and that other fungi involved in the dying back which occurs
such as Phomopsis sp. are secondary invaders, However, a Pythium sp.
has been obtained from diseased roots and the discase may still prove to
be primariiy a root rot., ‘

It is unfortunate that the coliecting that was carried out in the 1950's
and 1960's by Barrau and associates for the South Pacific Commission probably
included areas where the disease occurred, and hence it is likey to have been
spread, through the well-intentioned operation of distributing germplasm, to
new areas in the Pacific. Great care must be taken to rpevent its spread to
the Caribbean and other parts of the New World in any new introductions that
may be considered desirable. To this end the use of irtermediate quarantine
facilities, including a generation of propagation from disease-indexed

According to Zaigor and Zéntmeyer1”P%ngaiap disease has affected a larqe
number of varieties of both seeded and seedless types of breadfruit and appears
to be spreading throughout the islands of the western Pacific.  Until the
reteipﬁ of a report of a similar welady occurving on Tarawe Atell in the
Gilber{ Isiands , the disease had been reported only from the United States
administered islands of the Trust Territory of the Pacific Islands, Guam and
American Samoa.

The epiphytotic nature of the disease can hardly be overemphasized. On
the isiand of Guem, and at Maorik Atoll, Marshall Islandg, the extent of damage
is no less than catastrophic. On the former island, tens of thousands of
dead trees give an appearance from the air of a forest fire having ravaged the
landscape.  The majority of an estimated 80,000 dead and dying trees there
ere in robust health and in full bsaring only 2 years ago." Between 1957 and
1966 the disease was found in Pingalap (Caroline Islands), Guam and Saipan
(Mariannas), Kili (Marshalls}, American Samoa, Truk (E.Carolines), Ponape {Car-
olines) and Tarawa (Gilbert & Ellice Islands). '

A fruit disease associated with, and probably caused by Phytophthora
palmivora affects breadfruit in Trukz.
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THE STATUS OF THE BREADFRUIT AS AN ECONOMIC CROP PLANT IN THE CARIBBEAN

There is very 1ittle appreciation at present of the breadfruit and
a paucity of meaningful statistics. However, a certain amount of factual
information has been unearthed. In Table 3following,the relative importance
of the breadfruit in different Caribban islands, as revealed in Nanton's
surveys during the 1950's,is presented. From this the overwhelming importance
of Jamaica as a breadfruit island is apparent. However, the data provided
by the Caribbean Food and Nutrition Institute for breadfruit, cassava and yams
in Jamaica between the years 1958 and 1973 (Table 4), in so far as they can
he relied on, indicate a very serious fall in the production of breadfruit
whereas the production of yams has risen substantially over the same perijod.
Cassava has been relatively stable.  The rather abrupt changes in figures
for example between 1967-8 suggest that there has been an abrupt change in
the way in which the statistics have been collected rather than in production,

Much information which is very useful has been collected in the recent
Food Balance Sheets of the Caribbean. Table & provides data for Antiqua,
Dominica, Grenada and the British Virain Islands. The data for the fruits
picked per tree have been added in the preparation of this report and are
important because they indicate a much lower figure than has often been

TLEe ans hs demcciian Ela wmimboe
V15 Bay o BECQUSE LAl nunoc

sugyesied in Lhe pubiished Titevature.
fruits picked is much smaller than the number produced.

Barbados is the island which at present is attaching the greatest
importance to the productivity of the breadfruit, and data in Tebles6and 7
provide relevant information from the Food and Nutrition Survey of Barbades
and from the Food and Nutrition Institute Balance Sheets.

The Food and Nutrition Survey also indicated the very low cost price
per 1000 calories of breadfruit in comparison with otehr indigenous starchy
crops, and that it is cheaper on a calorie basis than four out of six
imported dietary calorie sources.
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TABLE 3

COMPARISON BETWEEN BREADFRUIT PRODUCTION IN THE ENGLISH SPEAKING
CARIBBEAN ISLANDS BASED CON DATA COLLECTED 1954-1958 by 4. NANTON

ISLAND o Number of trees  Number of
on farms growers

Antigua with Barbuda 556 -
Barbados 3 o 24,654 -
Dominica §1.220 5,160
Grenada Island 58,640 6,280
Jamaica 2,278,400 -
Fontserrat 9,520 1,016
St.Kitts Nevis with Anguilla 8,234 -
St. Lucia 168,28 3,250
St. Vincent ‘ 3R, 460 6,220

Trinidad and lobago 11,629 -
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Spurce: Food Balance Sheets for the (aripbtan. we. .--
. Nutrition Institute. 19/¢.

TABLE 4

JAMATCA BREADFRUIT, CASSAVA AND YAM PRODUCTION 1858.73
(In 10 metric tons)
Population 1958:; 1,610,000
1973: 2,002,796

YEAR PRODUCTION DISPOSAL l PER CAPUT SUPPLIES
© Animal Waste Tood  Amount Amount Encrgy  Protein Fat

feed /year  fday /day /day /day
kg  grams calories grams grams

Breadfruit
1958 13,161 3,265 1,814 8,081 60.2 137.7 89 1.4 0.4
1960 6,095 .- 609 5,485 34.0  93.3 51 0.8 0.3
1961 6,531 - 653 5,878 35,9 98.4 54 0.8 0.3
1962 6,531 - 653 5,878  35.3  96.8 54 0.8 0.3
1963 7,076 - 707 6,368 37.6 103.2 56 0.9 0.3
1964 6,803 - 68C 6,123  35.6  97.7 53 0.8 0.3
1865 6,531 - 653 5,878 33.6 92,3 50 0.8 0.3
1966 6,803 - 680 6,123  34.5 94.6 52 G.8 0.3
1967 6,531 - 653 5,878 32,6 £9.3 49 0.7 0.2
1968 3,265 - 326 2,93 16.0  43.9 24 0.3 0.1
1962 3,538 - 383 2,124 17,1 46.8 25 0.4 0.1
1970 3,502 - SR8 3,233 1701 468 25 0.4 0.1
1971 3,723 - 372 3,350 17.3  47.6 26 0.4 0.1
1972 3,723 7 - 372 3,350 7.0 4l 25 0.4 0.1
1973 3,723 - 372 3,358 16,7 458 2% 0.4 0.1
Lassava
1958 - 1,229 - - 491 3.1 8.4 9 0.1 -
1960 997 - LERR T 5.0 13.9 i5 0.1 -
1961 889 - g2 719 4.3 12.0 i3 0.1 -
1962 892 - 89 722 4.3 11.9 12 0.1 -
1963 907 - 8 735 4.3 11.9 12 0.7 -
1964 878 - g7 708 4.1 11.3 12 0.1 -
1965 820 - 82 657 3.7 10.3 i1 - -
1966 1,231 ~ 123 1,027 5.7 15,8 17 0.1 -
1967 1,530 - 1563 1,296 7.0 197 21 0.1 -
1968 842 - 84 707 3.8 10.5 11 - -
1969 1,125 - 112 961 5.1 141 15 C.1 -
1970 2,016 - 201 1,814 9.5 6.2 28 0.2 -
1971 1,741 - 174 1,567 8.1 22.2 24 0.2 -
1972 2,125 - 212 1,9127 9.7  26.6 28 0.2 -
1873 1,506 - 150 1,356 6.7 18.5 20 0.1 -
Yams
1958 6,077 - - 6,077 37.8 103.5 93 2.2 0.2
1960 4,954 - 396 4,658  28.3  77.5 70 1.6 0.1
1961 4,29] - 343 3,945 24.1  66.1 59 1.3 0.1
1962 4,955 - 356 4,558  27.4 /5.1 67 1.5 0.1
1963 4,989 - 399 4,890 27.1  74.4 67 1.5 0.1
- 1964 5,479 - 438 5,040 29,3 £0.4 72 1.6 0.1
1965 4,586 - 366 4,219 247 66.2 59 1.3 0.1
1966 6,348 - 207 5,840 32,2 90.2 81 1.8 0.1
1867 7,458 - 596 6,861 38,0 104.3 94 2.1 6.1
then fEID - AN e 3303 012 87 1.8 0.
N ‘ 3 7 ra .
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TABLE b

PRODUCTION DATA FOR BREADFRUITS 1961 for ANTIGUA, DOMINICA, GRANADA
and the BRITISH VIRGIN ISLANDS

Trees related to size of holding, bearing and non-bearing trees, number

of fruits and average numbers of fruit harvested per bearing tree.

Size Group {acres)

ANTIGUA

- Total 0- - &~ J0- 25~ 50- 100- 200- 500+
Holdings reporting 282 51 186 25 11 3 4 2 - -
Total noc. trees 552 51 370 68 37 5 12 9 - ~
No. non-bearing trees 213 - 169 36 - - 5 5 - -
No. bearing trees 339 51 201 32 37 5 4 - -
No. fruit picked ('000) 70.6 0.5 66.7 0.9 2.4 - 0.1 - - -
Fruits picked/tree 208.3 9.8 331.8 28.1 64.8 - 1.y - - -
Holdings reporting 4,386 £07 2451 697 377 93 65 32 29 20
Total no. trees 39,032 2136 18783 0048 bUIZ 1b4z Ti83 922 jebt 1645
No. non-bearing trees 2,060 19 1532 214 216 0o T 10 - P
Ko, bearing trees 36,972 2117 172571 5884 4796 1526 1182 912 1551 {p432
No. fruit picked ('000}506.4 117.7 980.4 183.990.5 35.3 22.4 15,7 10.3 50.2
Fruits picked/tree 40.7 55.6 58.8 3.6 * * * * ¥ 30.5
CRANADA

Holdings reporting 7,468 7419 3766 722 361 86 34 24 46 10
Total no. trees 95,932 10444 35527 190318628 6363 2441 2288 6068 5142
No. non-bearing trees 17,417 1842 6609 3069 1967 1168 219 355 1057 1131
No. bearing trees 78,515 8602 28918 15962 6661 5185 2222 1933 5011 4011
No. fruit picked{'00G)2829.7 375.5 976.6448.6382.3 115.8 82.8 51,7 232.5 173.9
Fruits picked/tree 36.0 43.6 32.0 28.1 57.4 30.0 37.2 26.7 46.4 36.0
BRITISH VIRGIN JSLANDS

Holdings reporting 101 9 20 37 23 7 1 - -
Total no. trees - 185 9 25 74 52 15 9 1 - -
No. non-bearing trees 13 - - 7 6 - - - -
No. bearing trees 172 9 25 67 46 15 9 1 - -
No. fruit picked ('000) 8.9 0.6 0.6 3.7 2.7 0.7 0.4 0.2 - -
Fruits picked/tree B1.7 66.6 24.0 55.2 58.7 46.7 44.4 2.0 - -
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TABLE ©

BARBADOS BREADFRUIT, SWEET POTATO AKC YAM PRODUCTION 1966, 1969 & 1371
{In 10 metric tons)

Pepulation 1966: 235,500
1969; 238,000
1971 236,400

YEAR  PRODUCTION DISPOSAL PER CAPUT SUPPLIES
Animal wasfe Food Amount Amount Energy Protein Fat

feed Jyear  jday /day /day /day
kg. grams calories grams grams

Breadfruit

1966 285.7 - 2.8 282.9 12.0 32.9 20 0.3 0.1
1962 265.0 - - 265.0 11.Z2 30.% 25 0.4 0.2
1971 97.6 - 9.7 87.9 3.7 10.2 6 0.1 -

Sweet potato

1966 712.3 3.5 3.5 705.1 29.9 B2.0 79 0.9 0.2
1969 494.7 2.4 4.9 483.9 20.3 46, 54 0.6 0.2
1971 §76.2 33.7  33.7 608.2 25.7 70.3 68 0.8 0.2
Yams

1966 8568.5 - 7.6 739.1 31.4 86.0 73 1.5 0.1
1969 1,100.3 0.0 20,0 972.8 40.%  96.0 87 0 0.
1971 1,435.1 132.8 ., 67.7 1p30.3  42.4 115.% 105 2.4 0.
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Source: Food Balance Sheets for the Caribbean. Caribbean Food and Nutrition
§nstitute. 1976
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TABLE 7

LEAST EXPENSIVE SOURCES OF PROTEIN AND CALORIES WITHIN FOOD GROUPS (1966)

{Barbados)

Foods{1listed in order of ascending cost Cost (in E.C. §)
T of both nutrient)

par 20 gm per 1000

protein calories
Cereals and cereal products ’
Wheat fliour {unenriched 05 07
Cornmeal , .09 .10
Rolled oats , .09 .14
Rice . 2 .13
Wheat flour (enriched) 10 A5
Whole barley 11 15
Roots, tubers, starchy fruits
Breadfruit L ST
Yams ’ .29 .34
Irish potatoes L34 41
Sweet potatoes .49 .27
Rananas .75 .39
Sugars
Qranu]ated sugar {crude) Infinity | .07
Granulated sugar (white}) Infinity , .14
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Source: The National Food and Hutrition Survey of Barbades. Pan American
HeaTth Organization. 1872 '
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THE POTENTIAL PRODUCITIVTY OF BREADFRUITS

This is one of the most difficult subjects about which to speculate
when at the present time there are no productive plantations or orchards of
breadfruits. Sophocles 496-406 B.C. was pertinently quoted recently in
a publication from the University of Arizona, Tucsen1 "One must learn by
doing the thing, for,though-you think you know it,you have no certainty, until
you iry." '

Speculating about yields per unit area on the basis of yields from
individual plants is notoricusly dangerous. The figures given by Purseglove
who suggests yields of up to 700 fruits per tree, with fruits in a weight
raége of 2-10 lbs would, at a spacing of 30 x 40 fect, or about 36 trees per
acre, equate to a yield potential of the order of 22 tons per acre fresh
weight {about 5§ tons per acre dry welight}). However, there is very little
certainty that such large numbers of fruits per trec can be alloined th
practice,

During my ‘survey, physical counts and enquiries suggested that an
average number of fruits per tree might be in the range of 150-200 fruits,
taking a figure of 2 1bs per fruit and a spacing of 35 trees per acre.

This wauld sugaest that 4.5 - 8 tons fresh fruit per acre might be produced.
Barrau, in the South Pacific estimated average yields of 50-150 fruits per
tree, or, depending on fruit size, about 150 kg. per tree as an average
yield, This would be equivalent to a dry matter yield of about 3,700 1lbs
per acre.

In Barbados, I understand that data have been taken on a sample basis
from counted trees by the FAQO-UNDP planning team who have made an estimate
of productivity depending on climatic differences between wet and dry areas
of 6.7 - 13.4 tons per acre on a fresh weight basis.

There is surprisingly close agrsemen{ between the figurces suggested by
Raoul ltong ago, for an average of about 50 fruits per tree with the actual
proeduction figures in the statistics from the Caribbean islands at the present
time, and unless there is to be a great improvement in the efficiency of
harvesting, it might be wise to base computations on an expectation of only
about 50 fruits per tree. If a population of 256 x 25 ft{ or about 70 trees
per acre produce at this rate one would expect 3,500 fruits per acre, and if

" fruits weighed approximately 2 1lbs this would be equivalent of a fresh weight

yieid of about 3.1Z tons per acre. 1 suggest that this would be a reasonabie
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alternative to other starch producing crops.

In comparisen with this figure, it is interesting to compare figures
recently presented by Dr Lloyd Rankine, who has studied yields and productien
economics of ground provisions in the Caribbean countries with the following
results from Barbados, St. Kitts and St. Vincent. {Table 8)

TABLE 8
Country Average yield of sweet  Average yield of yams
potato t/acré (fresh t/acre (ftresh wt)
: weight) '

Barbados (small farms) 4.47 4.63

{estates) 3.42 2.77

St Kitts (small farms) 1.22 0.37

(estates) 0.91 1.13

St Vincent {windward side) 1.78 1.67

{Tecward side) 2.48 1.38

{data from paper in Proc.3rd Int. Root Crops Conference)
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DOMESTIC USE OF BREADFRUITS IN THr CARIBBEAN

Breadfruits as human food have a curious double status. At the
Tower end of the econowic scale, particularly among those of African origin,
the byeadfruit has apparently retained the image of a cheap food to be used
as a rampart against starvation, for which purpose its introduction to the
Caribbean was indeed intended. '

Having such an image, any encouragement of its use for the poor by
those better off may be construed as an attempt to provide a sub-standard
fbed.l Among those more interested in either food diversity (dieticians and
home'économists) or those whe have realised the value of a special regional
cuisine as a positive virtue, the breadfruit has attained, together with
fond fo be prepared and served on special occasions as weli has having a
reguiar place in & mixed diet when in seasecn.  The mejority of the popula-
tion belween these fwo groups meke 1ittle use of breadfruit unless they have
to. Between different islands there may weil be differences in attitude
tewards bregofruits wiich in 3 short survey it has not bezen possible to
explore even superficialiy, but Byron Blake (CARICOMicontrasled ils [ood
status in Jamaica (more esteemed) with Trinidad {used oniy as a side dish.}

The market in distant places such as London and New York for fresh or
part-cooked breadiruits (see section ) indicated that many Yest Indians
away from home wish to use breadfruit when there must certainiy be cheaper
alternatives available. .

In Guyana 'and in Trinidad with large populations of Asian origin, the
breadfruit and the breadnut are both much valued and have been incorporated
into diet mainly as vegetables rather than staple starch, and are Curried‘g
In Guyana the population of Indian descent tend to make more use of the
breadfruit while those of Portuguese and African descent are reported to

O . T T T W A M R N WA A AR Wl T M S L e e e W W e K A B e e L e e e e e e e e o e T G M e A W B AR e e i o e

1. Both the Minister of Agriculture for Barbados, Dr.Ken Leslie of CFNI
Jamaica and Mr. Byron Blake (CARICOM) have commenied particularly on
the sociological probiems surrounding any attempt to promote the expanded
use of breadfruit as direct human food.  The Minister suggests that a
sociologist would have to be involved in any attemnt to develop hreadfruit
as human food.  Several others have commented along similar lines.

2. Mature breadnut seeds or immature breadnut fruits are more popular for
curvving than breadfyait.  In Tobago currying is popular with African as
R N
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prefer the breadfruit. | In Guyana the Government ban about three years ago
on the import of potatoes has greatly stimulated the demand for and use of
breadfruit. _

During the survey about 20 recipes have been collected (Appendix ).
Many have been published in the West Indies?:3 and in Hawaiid. Recipes exist
for the use of breadfruits at all stages of ripeness. As the fruit ripens
and becomes sweeter and softer different methods of preparation are appropriate.

tUnder-ripe breadfruits can be pickled with Time, onion, salt and pepper
(Barbados). "Fit" breadfruit (the stage at which Tatex exudes and
congeals on the skin indicates "fitness™) can be used to make roast bread-
fruits, jacketed breadfrdits, stuffed breadfruits and boiled or steamed
breéd?ruits. Steamed breadfruits can be prepared further with grated coco-
nut to make the Grenada speciality "Oiled Down" or the Tobago speciality
"Sandcoach”.  Pounded or steamed or boiled breadfruit is widely used to pre-
pare a "cou-cou” {vr "cwo~cor™) of mashed product like that sirepared from
other starch ingredients.  Breadfruit soup is made in Guyana from ripe
breadfruit pudding; sweets and fritters can be prepared from fruit too ripe
for other human uses.

Both breadfruit chips (rather like potato chips) and breadfruit flour,
and also candied breadfruit male inflorescences have been found, during the
survey, domestically prepared but such use is probably rather unusual at
present.

The storage and marketing of fresh and semi-fresh whole breadfruits

Bell and Coursey {1971) indicated the existance of a market in Europe
for breadfruits.

Entrepreneurs in Jamaica and $t Lucia and also in Dominica, Grenada,
St. Vincent and Montserrat in the English speaking Caribbean and in
Guadaloupe in the French Antilles have recognized this export potential
for b%eadfruits for consumption in the U.S.A. or Europe by West Indian
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1 p.c. Mr C. S. Baichoo

2. Phyllis Clarke. West Indian Cookery Nelson. :
3. Anon. (1958) Favourite West Indian Recipes. Central Information
4

and Publicity Services, Jamaican Agricultural Soriety.
Anon. (1976} Breadfruit{Ulu) - Uses and Recipes. Pacific Tropical nulGic
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nationals, It is possible that there may be also a fringe market for
other communities, but there has been no detailed study, to my knowledge,
of the nature and extent of the market or of likely price elasticities of
demand. As a significant contribution to the economic devclopment of the
Caribbean countries the export market is of very winor significance but
because vigorous entrepreneurs require assistance and know-how to sel about
getting it, there has been a considerable research activity to service this
enterprise including technical assistance from Eritain.] A programme which
has had assistance from two highly qualified staff from the Tropical Products
Institute is continuing. in Jamaica at the Food Lahoratory of the Ministry
of Commerce and Consumer Protection.  This wﬁr% is encouraged by the
Jamaica's Agricultural Society through Lhe President, Mr Fletcher, who is
also locally involved with marketing aspects. In St. Lucia another British
adyisor, who was res@en31b1ei for setting up the St. Lucta Marketing Board
included breadfruits, with conspicucus success, among the exporis deveioped
by air freight to Europe. During a test marketing period from Januvary to
30th April 1973 the price of breadfruits,which were then out of season, was
only 4 cents [EC) per 1b in St. Lucia so that the selling price - on con-
signment - to Covent Garden Market in London had only, in effect,to cover
the fr@ight roct and iwofit {txt this envrf nf pri(‘p it might he murh more
useful to the St Lucia economy to use the breadfruits as animal feed).
Problems arose with the frcight rate which incrcased from 1971 to a level
where the export was Tess attractive by air and the Eoord was obliged to
discontinue shipments. Even in October 1972, with sale proceeds on 3200
breadfruits of £1426.33, 62% of the sale valug was absorbed by airfreight,
11% by clearing and forwarding charges in London with only 1.6% being taken
as profit by the Board (probably a cuite uneconomic rate for the service)
and 9.3% going to pracedures.z No such accurate information has been able
to be obtained for Jamaica or other islands.

Recently Geests have been shipping breadfruits from St. Lucia to Europe
on Banana boats, but details werc not obtained.

Breadfruits are exported fresh by air from Guadaloupe to San Maartens
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1. Dr A.K. Thompson assigned for three years on Technical Assistance for
work on the storage of a number of commoditeis in the fresh state
including breadfruits.

2. William B. Williams (1973) Report on the operation of the St. Lucia's
Marketing Board and on matters apertaining thereto (mimeo),.



and were on sale at a retail price of US$1 per fruit of about 3-4 1b in
weight.  Though the market is probably small, the fact that the trade
exists at all is an indication that it is esteemed. There was also inter-
isiand export from Montserrat recorded in Annual Reprots during the period
1844-50's, but this trade has dwindled.  St. Lucia and Dominica are

thought to export to Barbados.
TABLE 9

TABLE Exports of fresh hreadfruit from Montserrat 1949-50
(no data obtained thereafter)

1944 97 bags (say 150 per bag) or say 14000 lbs
1945 33 0" 4700 1bs
1947 20 " 3032 1bs
1948 60387 1bs
1848 3120 Ths

1950 “ 6060 1hs

k]
The research vork in Jamaéca”2’3

has shown that enclosing fresh

breadfruits in polythene wrapping and chilling, but at a tempersture 2

Tittle above 129C to avoid ¢hilling injury, could permit storage during
[ 2 |

transportation to market for up to 19 days.“*”

Subsequent work by
Harr%stta found significant changes in storage which depended for example
upon the maturity of the fruils al harvesi. For praclical purpeses, if
fruits were fully mature at picking but were allowed to fall to the ground
after pulling off the iree, a mean storage 1ife of 10 days was possible,
but if fruits were immature and were caught this could be increased to 15
days with the same post harvest storage at 12.5%C in polythene bags.
Entrepreneurs operating from Jamaica4 have however found a way of
preserving whole breadfruits for sea transport to New York and to Europe by
part roasting the fruit then allowing them to cool completely befora pack-
ing in barrels and are reported to be established in trade in this conmodity. il
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1. Thompson, A.K., Been, B.0. and Perkins, €. (1974) Storage of fresh
breadfruit,

2 Thompson, A.K., Been, B.O. Caribbean Food Crops Society 12th
Annual General Meeting, Jamaica pp. 120-124.

3. J. Marriott (in press).

4 Mr Domingo of Kingston and Mr Upwood of St. Thomas. Mr Upviood is
reported to core as well as roast his breadfruits beforec export.



The part roasting is encugh to coagulate the latex and probabiy to denature
the endogenous oxidases. It is interesting that a similar immediate post-
harvest treatment is that of the traditional way in the Reef Island in the Paci-
fic by which breadfruit is preserved. | There, after cooling, it is peeled
and dried to be stored for extended period in the form of irregularly shaped
biscuits or “nanbo” .

1t would be valuable to refine this technique in terms of the times
and temperatures giving the best,etanamic combination of lTow fuel use
against improved storage and acceptance on the market.

In the Seychelles breadfruit sticed into 3" thick slices has heen dried in
copra driers from 4 days at 1209F and successfully stored in airtight con-
tainers (Barrau, 1956}, and in Ceylon sliced breadfruits cut into salt
solution (3ib:Y gall} and then blanched in boiling water for 3-5 minutes have
been dried on bambouo slats at 70°C. for 4-6 hours to a storable product of

8-10 months durability.

The preparation and use of breadfruit fiour

An extensive interest has developed during the past decade in the
preparation and use of flours for the part substitution of imported wheat
for making bread in many countries whose climates are unsuited to wheat
production.  Dr. George Sammy, for the Caribbean region has been a picneer
in exploring the possibilities of substituling sweet polato, yam and cassava
flours partially for wheat and has been influential in @hcourag%ng work in
this direction by home economists as well as industrialists. However,
no large scale regular use of non-wheat flours has yet, to the best of my
knowledge, occurred.  As an extensicn of my Caribbean tour I visited Dr.
Teresa Saltazar de Buckle at the Instituto de Investigacicnes Tecnologicas
in Bogota, whose organization has been heavily involved in composite flour
research and has now embarked on a training and development ﬁrograéme for
the bakery industry in éa!ambia.]’?while it is likely that wheat flour will

1. Sammy, G. (1972} The status of composite flour research at UWI, St.
Augustine, Trinidad. International conference on production and market-
ing of composite flour, baking and pasts products, Bogata, Colombia.
Sammy, G.  {1974) a model for agro-based industries in the LDC's of
the Caribbean Commonwealth - Fruit and vegetable processing. Paper for
Ministers of Agriculture meeting CARICOM secretariat, May 1974.

2. MWork at IVT Bogota on bread and pasta use of composite flours has been in

association with the Institute for Cereals, Fleur and Bread, TNO, Box 15,
Wnoeminarn, Hallandd,




become partially substituted for bread making in t&e'notwtoa—distant future
the substitution of wheat in preparation of pasta products by rice flour,
with a small addition of soy flour is perhaps easier and will also be
developed.- Piegraerts (1923}3quoted in Baész first produced breadfruit
flour and determined its chemical composition {as also of banana and cassava),

Breadfruit flour has been made in the Caribbean by a variety of methods.
Details of work by Otto Jensen in Montserrat who prepared a flour meal for '
uses in animal feed were not available but during my survey 1 have collected
three flour samples from Jamaica (Mrs Thelma King), Montserrat (Miss Lashiey)
and St Vincent (Mr J.J. Wegrzyn) respectively. . It is agrced by all these
workers that the use of a solution that will effectively prevent browning
{presumably due to the oxidation of polyphenclis) is essential. Mrs King
uses time juice as the anti-oxidant, Miss Lashley a solution of common salt
and Mr Wegrzyn either 2% sodium metabisulphite or 1.5% potassium metabisul-
phite.  Mr Wegrzyn has kept sufficiently detailed records ito enable him to
compute the probable economic cost of small scale flour prodection,  Tn his
opinion, with a cost of breadfruitat 6 cents (FC) per 1b for fresh breadfruit,
flour could be produced as a "factory door” price of 60 cents(EC)per 1b,

The pnly use of breadfruit flour in bread makiﬁg so far seems to have

been in St Vincent where M 0.0, Wegrzym, who 15 a British Craduate Volunteor,
guaiified in both bakery and food technology, has studied the use of Tevels
of substitution for wheat at 10, 157 and 209 levels At 10% an entirely

satisfactery leaf wes made and considered in no way inferior to one haked
from-100% wheat flour., AU 15% substitution an acceptable loaf could be
made if the composite flour was treated in the same way as a wholemeal flour,
At Z20% substitution there was a reduction in loaf volume and quality.
However, studies were made at Queen Elizabeth College, London on the nutri-
tional value of the 25% composite flour with the rcemarkable and unexpected
result that the food value as measured by Net Protein Utilization was
substantially improved in the composite flour over that of the straight wheat
f}oar.3 The amino acid composition of the breadfruit flour was also
determined4 but data are rot available to show the extent to which the amino
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1. Pieraerts  (1923) (not read in original) A propose de 1 A?b?e a pain.
L'Agronomie coloniale, p.172).

2.  Bois, D.  (1927) Les Plantes Alimentaires chez tous les PeﬁpTes
et a travers les ages. Lechevalier, Paris.

3,4. See appendices to this report.
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acids account for all the nitrogen content of the flour so that protein
Tevels assessed conventionally as crude protein must still be treated with
caution.

St. Vincent has ordered a small scale flour mill with the intention of
producing %omposite flours to commercialise the results of the research
carried out. Assistance may well be required in this development.

I was informed that "some years ago" there was work at the Scientific
Research Council of Jamaica on breadfruit flour, but this was apparentiy
discontinued. I was unable in the time available te track it down.  How-
ever, work is currently in progress again at the Jamaican Industrial
Development Corporation’s Food Technology section under the direction of
Mr Don Evans on the production of a range of non-cercal flours, including
breadfruit, with full mechanization of the operation of peeling, cooking
and mashing which are followed by drum drying. It seems to be reéognized
that cooking or some other way of destroyving enzyines asseciated with brown-
ing 1S an indispensabie part of Lue provess. The pussibiTity of nyuroiysis
of the starch te produce glucose is under consideration,

There has been interest alsd in using breadfruit flour as an intermediate
for the production of alcohol, and quite recently Mrs Thelma King prepared
a sample of several kilograms of flour in her kitchen (hy her lime juice
method) fér sending to the U.S5.A. for study for this purpose. ,

In Barbados there are ambitious jong range plans to develop the bread-
fruit as industrial c¢rop on a substaniial scale. A team of FAD personnel
have been assembling guesstimates of productivity, based on sample surveys
and enquiry from owners of existing trees.1 The figures have still to be
subjected to scrutiny by a local assessor but it is suggested that under
favourable "wet” conditions that 30,000 1bs per acre of fresh breadfruits
per year might be obtained and under “dry" conditions 15,000 1bs per acre.
Working on a shadow price using the cost of imported wheat flour, it is
being suggested that this would allow - after taking off the costs of flour
prodﬁction - a production cost per acre of Barbados $2600 under wet, or
$1300 per acre under dry,conditions for the raw breadfruits. I am not
aware of the extent of the data to back up these figures nor have any
details on Barbadian work on breadfruit flour production,
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1. The FAD team working on breadfruit for inclusion of a project for the
1976-82 five year plan is Mr Aart van Minden, Agronomist and Mr Frans
Teutscher, Associate expert in Food Technology.



I discussed possible uses of breadfr&ét flour with Professor Gonzalez
at the Food Technology Laboratory at Rio Piedras, Puerto Rico. He stresses
that, in his opinion, cassava flour is a more suitable ingredient for

¥than breadfruit because of the low amylose content of the

composite use
breadfruit flour but that if breadfruit flour can be produced by a
sufficiently cheap process ~ which will probably have to involve sulphiting
and if possible sun drying rather than using expensive fuel, it may be useful.
More work needs first to.be done on possible anti-nutritional factors of
such possibly cheap-to-produce products before their food use should be
encouraged,

In Brazé?g breadfruit starch was found in general to resemble that of
sweet potato and cassava but the starch grains were like those of rice. It

is believed it might find a use in textile manufacture.

Other uses of breadfruit as human food

I the work carrdod out Wi Trinddad Ly Or Saifmy 10 wad consideied Lhat
cne of the most promicing uses for breadfruit was in the manufacture of a
breakfast food., A product was deveioped comprising 4074 breadfruit starch
together with soyabean flour and flour of ather leguminous pulses.  These
were processed to drum dried flakes. However no manufacturers came forward
or showed intercst.

Breadfruit chips have been prepared and are marketcd, I understand, by
at least three firms in the Caribbean reigeon: Sunshine Foods based in
Trinidad and Barbadoes, Holiday Foods of Yieux Fort St Lucia and Fritos. It
have not been possible to follow up these Teads inthe time available.
Breadfruit chips have been made domestically by Mrs Thelma King in Jamaica,
and I have a sample. They are rather tough - these were made without pre-
cooking the thin breadfruit slices before frying, whercas Or Sammy maintains
that an acceptable substitute for a potato crisp can be produced if the chips
are precooked.  In Pucrto Rice (Frofessor Jordan Molero) said the best 5&%35,
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. Berrios, M.L. and Gonzalez (1971} Extraction, purification and amylose
content of some starches. J.Agricultural Univ., P.R. 55, 263-4.

2, Ernesto Tomasguin ¢t al. (1969) Estado de Amidos Nacionais. Revolugion
Industrial, 134, 22.



can be made from nearly soft overripe breadfruit.

A student from Deminica working in Trin%dad1 undertook a study as part
of a postgraduate diploma, on the canning of breadfruit. His final method
consisted in sticing, blanching in steam, canning in 1.5% brine and retorting
for 20 minules at 15 1bs/sq in (25038) for 20 minutes, Some breadfruits
are known to bhe being canned now in Dominica and it is probable that this is
an application of the Trinidad research project. Dr Sammy considers that
the chief problem with the product j5 the uneven texture with a tendenéy
to be mushy in the more porous part of the “fru%t”.g Breadfruits have been
canned since 1973 after being processed and are exported to London and New
York by Jamaize Frozen Foods Ltd.3. ,

The progpecfs far comerical dehydration of breadfruit have been studied
in Colifornia by Reeve.®

A very sttractive candied product can be wade from the male infloreoscence
of the breadiruit as 15 Goné in some greas of the South D?C?f%CAﬁ Mre King

2 o ds e oy », ¥ oan - ] I
produces candicd breadfruit

swords® in Jamaica and & semple has been obtained.
I breadfruit were to be grown as a commercial crop the collection and
se

candying of clherwise wastoc male inflorescences could be a useful minor

industry. , .
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1. Lubin, H.H. (1973}  The canning of breadfruits {Artocarpus cosmunis)
in brine.  Thesis undertaken as part fulfillment for the qualificaiions
fa; the post graduate diploma in Food Technology, University of the West
Indies.

2. The fruit of the breadfruit is in fact not a fruit at all but a syncarp.

3. A.S. Jobnson, ex-Managing Director, p.c. Mr Selvin Campbell is the
present Managing Director.

4.  Reeve, R.M. {1974}  Econowic Botany 28, 87-96,

5. HMassal, &. end Barrau, 4. (1954} Pacific subsistence crops - bread-
fruit.  South Pacific Commission Quarterly Bulletin 4(4}, 24-6.
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CHEMICAL COMPOSITION AND YHE NUTRITIONAL VALUE OF THE BREADFRUIT AND

BREADFRUIT PRODUCTS

There have been a surprising Targe number of determinations of the
constitution of the breadfruit. Data from all the published records which
have been Tocated are presented in Table 10 following in which all the
data are presented on avdry'waight basis as well as on a wet weight basis
when originally published in that form. It will be seen that, on a dry
weight basis the reports of protein composition vary from 3.75% in Peters,
1956 to 7.927 in the data from INCAP. It seems probable that an average
protein content of somewhere between 5.5 and 7% on a dry weight basis would
be a reasonable figure to assume as a basis for cthor computations,

Net protein utilization (NPU) was assessed for samples of wheat {lour
and 2 composite flour containing 25% Dreafruit sent from St. Vincent for

analucic at Nuasn Elizaheth Ffﬂ"lmgn {nrrdens trm TQ78 with tha Fallrneian
gnalyers 2t Luesn LiiZzabeth L0 leds, Longon In tYA4 wih Ing Ttollowing

resuli.

ﬂPuuﬁ %?ugt Napcaisﬁ
100% wheat flour 35 35 4
5% wheat flour a4/ hi /

+25% breadfruit

“From these results, the composite flour compares very favourably with
the wheat flour sent from St. Vincent. I would be more sceptical of the
results except that when Sérek Miller and 1 discussed them in July, we
decided to have them rechecked, and this is the final result."

The aming acid compocition (FAD, 1968) is as followsy
Amino acid Leveii(mgjgm)

Ispleucine 419
Leucine 426
Lysine 363
Methionine 75
Phenylalanine518
Threonine 425
Tryptophan 117
Valine 483
Argenine 306
Histidine 100

Alanine 244
Frnaptic ariadhih
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TALLT 10
PUBLESHLE DATA N T80 LOPPOSITLON O0F FRCADI RIS
Referrm 25 Boistave thry [ Crude Crude Carbo-
wontent mytter prateis fibre  Ipdrate
* i 8 t -
Reewe, 1974 (a) 0.8 92,14 1,02 7.63 6.3 -
Resve 1974 {b) .24 99,35 1.1% 7.65 [ -
Reeve, 194 {c] 0. n 992.4%  1.%¢ 183 [ 4] -
Hilles, 1829({d} 67.8 3rz 1.34 1.5 ¥7.82
{e} Eih 4, 1% LT L
Purseglove 1968 (4} 75.h 4.5 - 1.3 1.8 [
ie} g - 5,31 7035 FDL08
Massat & Barvay {d} J0.© RN - - 25.0
1954 ig) Ji - #3,.11
Petors 195G {whele (4] 808 2,0 Q. 65,75 1.7 12.%
frosh i cad-'wait} e} i L) 3,25 6.0 ¥z
Feters EQVK{ Pa*%d(é} g.z o2 .68 .3 4.7 #z.0
biscurits] (2] {00 0.74 .57 .78 8.3
Thompson et 217974
{immatore fruit} B8} - B2 e v it iy wam -
UFitY fruit) 656 - 67.4 The higheor figimens of zach paie 2ig
Thomas 1509 (g4} 75.% .5 "5 - ri.h
{e} ioo 37 - g7.7
Kappilar, 185 {4y 73,7 26,3 - 44 .31 71.%5
100 - 3% 4,08 £3.4%
Sholte-Bougias %97%61* 1.31 _ 21.5
wegrezyn 1977
{breadfryit flour)ie) 2.53 - -
Thompsos 1914
{Hawatizn - lgss . . e s
ripe breadfraitst (d) s#.12 4182 5% 1,25 27.83
{e) loo - 5 .78 84
Thowpson 1814 (d) 7in:  #5.88 - 57 097 9.2+
{Samoan ripe {e) 100 5.8 3,60 34,325
breadfyuits}
INCARALCNND 198 {4) 73.3 22,7 - .3 1.8 0
Refuse 327 jo0 - .72 7.7 88 .44
KE¥ RFTERLHCLS

{a} Freeze drisd material

{b} Dried i a vacosum gven

{«} Dried at 1059C

(d) Deta om @ wot weinght bagis

{e) Dats on & dry woight waais (Note: Figuros
presenfod in i%alics are conversioss Lo
moisturg-irge basis]

at (4oC

* Pubbications claim f1hat data was on o dvy

woighl basis but Lhat s chvipusiy ap errer,

3 Carbohigdrates exthuding cugars.

Kogpikar G, R £1951)
Massal, E. & farrau,
Witier .03 {187%}
Poters, T, [13.4)
Pursegipse, JoW,
feoyn, R [1574)
Thamzs LA {1754]
Thompson, ALK.,
TL{K"'J a7, n. ?

teon.

hal, i’

frdian e

Gy, B8,
(13143

E Perking, C.

Fanset
salories
LW e

0k
Ane

{13 T
\3 4y, £7.

Sheldo browtias, o0, V977 “levkd Crops
Harl, B.4.g0 ). (19763 Farent farmvr".
Wegrezyn, J. {19777 Perdons¥ o wniidiion.

iAo pakad £
FOouRVyERLIL Fo

Catt  Phose
rad phate
Wi, o/
IO gm
7 62
8 140
30 -
ERA -
33 3z
&= 28
1% 340
&4 13
18 4

frtd
myf

igm

1343 od bthe Jowe

.2 (L} - b1 44 5

&.82 3. 67 - . AZQ 76 ¥

3.51 0.79 100 - - -

l.#% 2.0 I3 - - -

©.3 - - b - &.&
1.06 -

6,13 §.% N . - -
&.45 Fav - - ™ -
6.5 1.5 - - - -
BT 4.77 - s - -
3.5 - Bi 27 - 1.9
720 - 356 i3 - 2.
Posna Bqr.Colt.Meg, A1, 290.6,

G0 {13A) S.Pac.( nudY. 4{4}, 2346,

Lormicn Bisban Pus‘Buli‘ [N

Tar Teddir, JL.0, 1355 S Fac 41.0u1d. 6{3) 21-2.

{ Yoy Tr,nﬂr¥? frruﬁz U;rdly,€dﬂu< 1 pp.377-86

Watking, London.

Yitamins

¥it A 150u. /1t
cooked rine bt

Vig. A 40y,
Teiamin 0. 315m,
Riv'n 0.0
Hiacin 0.9
Bscorhic arig
Figures giver
mre a5 in Mas
L Barrau 1954

r: P
afies & owayy,

Vit A 20 4,

1 G.09 ag/i0c
B2 1.NA ma /100
Niacin OB "
yit.c 220 "

Thigm. 0.1
fiba’n Q.05
Niacin 0.1
¥it € 29 mg/ll

L¥974) Trop Agric. {Trin.) 51{3}.407-15,
(fide [openne ) AnpPop Bewdy frp Sla.
24 03y, 1519 Asd Shaltn-Dauglas,) and



Dr Robert Luse has kindly provided the following notes or the nutritional
value of breadfruits as indicated by the data now provided.

" Unfortunately, the published amino acid composition for
readfruit (FAQ, 1968) is based on but a single sample, so there
ig no indication of genetic and environmental variation. However,
accepting the limitation of the data, it is clear that breadfruit
has a considerably higher content of the essential amino acid
lysine than does wheat (at least twice as much as flour). Thig
mdoubtedly cuplains the approximate 50% increase of nutriticnal
value of the wheat-breadfruit composite fliour compared with wheat

flour alone.

Breadfruit also seens higher than wheat flour in content
of several other essential amine acids: Isoleucine, phenyl
mne, thresnine and valin@‘(and posesibly tryvptophan) . Indeed,
its ratio of essential amino acids to total amino acids is 50%

higher than that in wheat flour.

To comparison with other sources of calories in the
tropical diet, e.g. milled rice and sweet potato, breadfruit
would also scom superiocr as regards to the esgentizl amine acidg
listed above. It would seem, thouc™ data are fragmentary, to bc
a much poorer source of the sulfur . inc acids. If£ its protein
content is actually 2.2% for a flour at 12% moisture (Mauvifoods
Itd. data, 1974), it provées a poor sourc? of concentrated protein
{cf, wheat flour at 11% protein, milled ricc at 7%, sweet potato
at 3.8% - all 12% moisture). Thus it can be said to be a dilute
sourxce of good gquality protein. It then becomes a matter of
finding a processing step to concentrate this protein, though
combining it with a more concentrated source cof protein such as
weal, where its higher lysine content can enhance the nutritio-
ml value of the product is an excellent proposal. More should

j_/ Motes kindly provided by Dr, 2, Luse, CIAT, on Tigures obtained during
the survey,
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be done to determine accurately the amino acid content of bread-
fruit flours, so as to obtain the basis for preparing a nutri-

’E tionally optimal blend of breadfruit with wheoat.’
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BREADFRUITS FOR AMIMAL FEED

Breadfruits are fed raw to pigs in Polynesia, often over~ripﬁ.! A
similar use is widely practiced in the Caribbean. Whereas breadfruits in
the state considered fit for human consumption way sometimes, when in glut,-
be cooked before feeding to pigs, this is apparently quite unnecessary and
several respondants regularly used fresh but over-ripe fruits.

Since gluts of breadfruit are highly seasonal, the storage of breadfruit
for stock feed by a cheap method has obvious attractions and the development
of silage using breadfruit in dama%caz could well be followed up if supplies
ever again exceed demand for human use to a Tevel where the sole prob?eﬁ
is to avoid waste. 1t may also be socially difficult to rapidly expand the
direct human use of breadfruits for sociological reasons,and the use of expanded
production for animal feed as an alternative to the production of flour for
incorporation into bread or pasta may be a possibie alternative or paraiieil
davelonment, For animat use the concept of a least cost supply of calories
will be overriding. in 1850 breadfruit in the Caribbean was used almosti
exclusively for animal feed. 3

In the Caribbean, if breadfruit production is o be strongly stimulated
there will have to be z vezserable incentive to farmers to produce, on that
there is 2 limit to how low a price might be paid, even for naturally dropped
and collecled fruits (which would be expected to be worth much less than those
requiring hand harvesting.) It is reasonable to think of about half the cost
of wheat flour as the economic value of the raw materiazl on a equal-calorie '
basis, at which production for animal feed would be attractive, As a shadow
price,planners in Bz;:w’c:sados'fi use the cost of cassava meal or chips for
considering the economics of breadfruit for animal feed.

1 Miller, C. (1929)  Bishop Huseum Bull. 64,

2. Anon. (1980}  Rinistry of Lands Bulletin Investigations for 1959-60.
3.  Howard, R.A. {1853}  Scientific American {March number) 83-94,

4,  Personal communication Mr Teutscher.



The production of a crude breadfruit biscuil similar to that produced
in the Reef Islands and known there as “Namba“7 might be able to be developed
as a simple rural technology to convert thé perishable fresh product.

Nambo rather thon fresh breadfruit might then be purchased and, depending
upon iheir guality., be milled either to a flour for human consumption, or,
if sub-standard, compounded into animal feed.  An obvicus advantage in
encouraqing farmors to carryveut their primary {dewatering) processing is
that this reduces transpért costs and should also be able to be price
structured so as to give a share of value added to the primary producers.
Several farmers,shown the account of drying in the Reef Islands, were
enthusiastic aboutl the opportunity to avoid waste in this way.

In countries where serious consideration is being given to the use of
cassava grown on a large scale on flat land for Teed production, there may
be an interesting possibi?ity’of growing breadfruit trees on nearby hill
slopaes in need of protection and too steep for arablie crop mechanisation.
The interaction of agriculture and forestry for raticnalised food production
is discussed in depth in Bene, Beall and Cote {}9??}2.

Since breadfruit produces mainly in the wet scason and at that time the
cassava will be more difficult to harvest than in the dry periocd, there

by

might boa complouentary uce of canital by praressing hreadfruit to meal

[131
during the wetter season and cpesava in the drier season. That breadfruit
might utiiize lang not suitable for higher priced crops, or be used in mixed
ecancmic forests would aive it a potential advantage over other carbohydrate

sources,
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1. Tedder, J.L.0. (1956} South Pacific Quart.Bull, 6(3), 21-22.
2. Bene, J.G., Beall, H.MW, and Cote, A. (1977)  TJrees, Food and Peopie -
Land Management in the Tropics. IDRC Publication 084-C, Ottawa, Canada.




PRESENT AND POTENTIAL MEDICINAL USES OF BREADFRUIT
In the South Scas the leaves and the latex are used medicina?ly.}
The Teaves are pounded up with ferrous oxide and are used for curing fungal
infections of the mouth {thrush) in Hawaii.2  Theobald® also reports the
use of pounded leaf buds with red earth and smearing the mixture inside
the mouth for thrush. In Trinidad I obtained information from two
independant sourcesé’s that the Teaves of breadfruits are used to make an
infusion for the relief of hypertension and also for the treatment of asthmaq.
The more precise acbeunt5iﬁdicated that a slightly yellowing leaf should be
broken up and used to make an infusion with water "in much the same way as
tea” and that ene cup of this tea should be taken every morning for just
three days.

In Hawaii the Tetex is also used for external skin disorders and as

. z . . : .
a chewing gum™ and similar uses have bgen mentioned by several informants in
the Caribbean and Luyana. I have also been told that in Trinidad tho Yatoy
is used for treating sciatica. The Tatex is coliecied fresh onlo a cotion

pad which is lhen bandaged so as to be heid as a pad against the spine of
the sufferer. Herbst 6 provides informatiion on uses of breadiruit for
differcent medicinal uses in the Gilbert Islands. "The latex collected from
the base of the stem is diluted with one spoonful of rainwater and used as

a remedy for diarrhea. For afflications of the inner ear four or five young
leaves are crushed and the extracled juices are poured into the eur, or a
young Teaf may be warmed and pushed into fhe ear canal. "Five to seven young
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1.  Massal, E. and Barrau, J. (1954) South Pacific Quarterly Bulletin
4, 24-6,

2 Handy, E.S5.C. & Handy, £.G.  (1972) HKative planters in 01d Hawaii -
their 1ife, lore and enviromnment.,  Bernpice Bishop Museum Bulletin 233.

3. Theobald,W.L. (1976) Bull.Pacific Trop.Bot.Gdn. 6 (1).

4. Mrs Martha Fredericks {met on an acroplane) of Arima.

5 Mr Bristol of Point Foriin, South Trinidad.

€ Herbst,D. (1953) Bull.Pacific Trop.Bot. Gdn. 3, 2.6 Report from the
Gitbert and Ellice Islands. Part 1I. -
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teaves may be eaten to counteract food noisoning. The Teaf buds of te mai
are chewed and spat on to a piece of cloth which is then squeezed into the
eye to treat conjunctivitis”. ‘

That the latex of breadfruit should be pharmacologically active is not
surprising but investigational work on the active chemicals concerned needs
to be done since none has yet been reported for this species. The latex of
the closely related Jackfruit has been studied and is said to contain
acetylcholine, while that of the fairly closely related Moraceaeous genus
Antiaris,al least of A.toxicaria, the Upas tree of Java, is a powerful arrow
poéson.]’a

The monkey breadfruit {Artocarpus ¥akoocha§ which is roported at Kew

te occur in Guyana as well as in Asia, has been used to control tapeworm
3 .

infections.
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1. Lin, R.C. (1957}  BritJdPharmacol. 12, 265 (Not yel read by reviewer).

2. Seeman, B. (1868) Flora vitiensis.
3. Sandhandharak et ai. = {7962} (Nof read by reviewer) ({In Reeve 1974).




2 o LGl s,

i g Ay bt

prrer—

Vonmrecthady 23 n b vt n ot

i o Al o o e

REVE.

i2.

13.

14,

15,

REFERENCES
Allan, D.C.G.  (1977) Log of the Providence. (Read in the
Royal Society of Arts Library,facsimile Timited ed.)
Anderson, Alexander (1789} Letter fo Sir Joseph Banks. H/S
------------------ (1796) Letter to Sir Joseph Banks. M/S

Anon{1877)Breadfruit{Ulu). Uses and Recipes. Edible Plants
Series No.l, Pacific Trop.Bot.Gdn.Hawaii.

Aron. (1817)  Nouveau Dictionnaire d'Histoire Naturelle
Appliqué aux Arts. Vol 16.

Banks, Sir J. (1787)  Letter to Sir George Young  M/S

~~~~~~~~~~~ (1791)  Leter to Mr Wiles /S

Barrau, Jacques {1956} Drier for the preservation of breadfruit.
s.pr.0. Bull. 6{Z}), 16,

““““““““““““““ {(1857) " L'arbre 3 pain en Océanie. J.d'Agric.
Trop.Bot Appl. 4, 11/-123.
-------------- {1958} Le fabuleux arbre & pain. wNaturaliz
(June issue) 7-11.
- e {1959} Maquesas Jjourney. S.r.Q.Bull. 9{71),18-21
apd 35,
| ememe e {1959}  Investigations to extend the season of

breadfruit yield., s.p.g.Buii. 9(4) April 41,43,

~~~~~~~~~~~~~~ (1962}  Thesis (D.Sc.) Faculty Science, University
of Aix-Marseilles. Les plantes alimentaires de 1'Océanie,
origines, distributicon ¢t usage.

------------- {1976y In: Ed. Simmonds, N.U. Evolution of Crop
pPlants.  Chap.57, pp201-202.

Bennett, George (1860} wanderings of a Naturalist in Australasia,

8ligh, W. (1792} A voyage to tho South Sea. Printed Fitazpatrick,

Dublin.
~~~~~~~~~~ (1793} Report to the Society on the Providence expedition.

Trans. Roy.Soc.Arts 12, 305,

Berrios, M.L. and Gonzalez, M.A. Extraction, purification and
amylose content of some starches. J.Agr.tniv Puarto
Rico.55,{2), 263-4.

Bois, D. {1927} res Plantes Alimentaircs chez tous les pouples
et travers les dges - Histoire, Utilisation, Culture,
Le Chevalier, Parts 2 Vols.




-

R .

L et s I AU 8 ) OB A 6 50

20.

21.

22.

23.

24,

25,

26.

27.

30.

31.

32,

33.
34.

35.

36.

Bourgaénv%f?e, L.A. de - (1771) Voyage autour dn monde par la
frigate "La Bordeuse” et la flute "L'Etoile” en 1766-9.
Paris, '

Bouvier, R,  {1946) Les Migrations Végétales. Flammavian, Paris.

C.F.N.I. ({1976} Food Balance Sheets for the Caribbean,

Chevalier, A. (1840} L'arbre pain et ses congenbdres.
Rev. Bot.Appl.Agr.Trop. o0, 25-38,

Christian, F.W. (1898) fthe Caroline Islands.

Christopherson, E.  (1935) Samoan Flowering Flants.  Bernice
Bishop Museum Bull. No.128, 72-73

Coenen, J.and Barrau, J. (1961) The breadfruit tree in Micronesia.
s.p.@. Buil. 11, 37-9.

Cordonnier, H. (1928) voyages de Pierre Poivee 1748-57,

Courtet, H. {1308} L'arbre a pain Artocarrus incisa  son histoire,
dissamination dang 13 monde,

e ped 713 . P ,
Edwatda, G. g1f93) Yiwe History, Civil aml Comaercial of Lhe
British Colonies in the West Indies. Vol.l. John

Stockdale, Picadilly, London,

Fisk, E.K. (1978}  The neglect of traditional food pruduction

in Pacific countries. anséralian Outlonk 29{2) 144-80.

rorbes, A Naturalists Wanderinpgs in the Fastern
Archipelago.

Fosberg, F.R. (1860 Intregression 10 Artocarpus. (Boraceae)
in Micronesia.  Brittanie 12, 101-113.

Glassman, S.F. (1952) 1he Flora of Fonape.

Gooding, E.G.B. {1968} Diversification of agriculture in Barbados.
In: protein Foods for the Caribbean. Caribbean Food &
Hutrition Institute.

Griffith, L.G.  (1965) Pointers on Jocal agriculture.
Flambeau {(St.Vincent) Sept. lssue. .

Guilding, L, (1825) The Botanic CGarden of St.Vinpcent,
Glasgow.

Handy, E.S. & Handy, E.G. {1972} Native planters in 0id Hawaii.
Bernice Bishop Museum Bullotin No.233, 149-155,

Haynes. Fruits of Indis.

Henry, T. {1928}  Ancient Tahiti.  Bornice Bishop Muscum Bulletin
48, 39-48.



i, =

40,

41,

4z.

43.

a4,

R

46.
47.

43,

49.

51.

52.

53.
54.

55.

56.

57,

58,

Herbst, D. {1973} Report from the Gilbert and EI]EC@ Islands Pt.11.
Pacific Trop.Garden 3(1}), 2-6.

Hooker, d.W. {1828}  Bot.mag. 55, 2869-71,

Howard, R.A. {1953) Csptain Bligh and the breadfruit. Scientific
American {March), 88-94,

Jamaica Department of Statistics.,  (196Z) Survey of agriculture
1961-62 Tables 229 and 230.

Jamajca, Ministry of Agriculture and Lands. Bulletin of Investiga-
tions for 1956-5G, 84-5.

Jarrett, Frances M. {1953}  Studies in Artocarpus and allied
genera. J.Arnold Arboretum 40, 113-368.

Julien, J.H.  (1945) Breadfruit propagation. Rev.agr.Maurice 24,
~ 31-3. ‘
Kennard, ¥.(. and Winters, H.F. (1960}  Some fruits and nuts for
the tropics. wspa misc. Fub'n. Mo, 80T,

Koppikar, G.R. {1951} Table of composition of Indian starchy
crops including breadfruits.  proona Agricuiturai
College Magazine &1(4}, 290-236.

Koroiveibau, D. (1966)  Some Fiji breadfruit varieties., Fiji Dept.
Agric.Bull. No.46.

Labillardiére, J.J. H.de (1800) Rélation du vovage & la recherche
de la Perouse. VYol,1l. Jdansen, Paris,

Laissus, Y. {1973} Notes sur m/s de Pierre Poivre (1719-86).
,Praa.ﬁay,gﬁc,ﬂrts.& Sci. 4{Z}, 31-56.

Lee, Ida (1320) Captain Bligh's second voyage to the South Seas.
Longmann Green & Co. 290 pp.

Lever, ROLLAWW, (1965) The breadfruit tree. worlid crops. 17{3),63.
Little, E.L. dnr. and Wadsworth, ., {1964)  Common trees of Puerto

Rico and the Virgin Yulands, USDA Handbook No,2449,
Forest Series. : :

McKay, R, {1958} A garden for Truk Intermediate school. s.pP.o.Buil.

9(1), 36-8.

Massal, E. & Barrau, J.  (1954) Pacific subsistence crops -
breadfruit. s.p.o.Buzi. 4{4), 24-6.

Hiller, Carey D, {1929} Food values of breadfruit, taro, leaves,
coconut and sugar cane. Bernice Bishop Mus.Bull. 64,

Moreuid, C. (1971} Notes on some fruit species on the Fast coast of
Sadagasear. Fruits,France 26 {1}, 53-63,




L

59.

60.

61.

62.

63.

64.

65.

67,

68.

9.

70.

71.

72.

73.

74,
75.

FE

Muzik, T.L.

Osborn, 7.G.B.

P.AH.O.

Parham, J.H.

Parham, B.E.V.

Peters, F.E.

Pieraerts

Popenoe, Y.

Powell, D,

Purscglove,

Reeve, R,H.

Robley, J.

Sagot, P.

Sammy, G.M.

W e a a e

Seeman, B,

Shalte Onynln- 1

(1972)

JM. (1o
7

and Raoul, [.

Effects of hormene on root formation in
Science 107, 225.

(1948)

Artocarpus communis.

(1953)

Aristocrat of the Philosophers.
New Phytologist 52, 516-18.

Review of Cameron, H.C. Sir Joseph Banks,
1744-1820,

The National Food and Dvalaation Burvey of
Barbados.  Pan American Health Organization,
Washington D.C.

{1986} Coconut and breadfruit surveys in the South
~Pacific Region.  Secuth Pacific Commission ¥ech.
Information Paper No.l.

(1972)
Kellington.

Plants of Samoa.  NZ.DSIR. Int.Ser.85,

and ¥ills, P.A. (1956} Dried Breadfruit,

wature 178, 1252.

{1923} A propos de 1'arbre a pain. L'Agronomic colonizle.
po. 177,

{1920} Manuol of Tropical and Subtropical Fruite

Chap. 15, The breadfruit and its relatives.

The Botanic Gardens, Linguavria with a2 revision of
Hortus Eastensis. Bull.Inst.of Jamsica, Science Seiics
¥o.15, pt.I.

(1??3) The voyage of the plant nurscry HMS Providence
1791-3. Bull.Inst.of Jamaica. Scicnce Seriss He.lb pt.2,

}  Tropical Crops - Picotyledons 2.
pp. 377-386. Longmans, London.
(1974)  Histological structure and commercial dehydra-
tion potential of breadfruit. Econ.sot. 28(1},82-96.

(1802) Letters to the Royal Socicty of Arts.
soc. Arts. 20, 3%7 and 21, 417.

(]8(}3) Manuel Practigue de Cultires Trop-
icales et dos Plantations des Pays Chauds, Challomel,Paris,

Prans . Baoy.

(1974} A model for agro-based industries in the
Caribbean Commonwealth fruit and vegetable processing.
Paper for study committee of Ministries of Agriculture
CARICOM.  (Himeo)

{(1975) The scope for development of Tood processing. (Mimeo)
{1868) Flora Vitiensis (Flora of Fiji).

Artocarpeae.
fra7y

Sub-order

Trep craps f@r FﬂGf farage and cash.




% om0

A i T

78.

79.

80.

81.

82.

83.

o
[ ]

87.

88.

89.

90,

91.

92.

83.

94,
95.
96.
97.

Ssﬁnerat,ﬂ.ﬁ.(3??6) Voyage a la nouvelle guince. Chap. VIII,
pp.409-18.

Standley,P.C. and Steyermark. (1946) The flora of Guatemala.
Fieldingana Bot. 24{4)

Stone, B.C. (1859) The flora of Namonuite and the Hall
Islands. Ppacific Scicnce 13, B8-104.

Tedder, J.L.0. (1956}  Breadfruit drying in the Reef Islands.
§.p.0.Bull. 6(3}, 21-2.

Teissonnier, M.P. In: Chevalicr, A. {{d.) Leos végitaux utilés
~de 1'Afrique Tropicales. Francaise.

Tessic, F.R. {(1818)  Frlore dos Antilles. Histoire aéndrale bot-
anigque florale et fronomigue des végdtaus indigones des
Antillcs et des exctigues qu'en est parvonu A gy naturalisés.
Paris.
Theobald, W.L. (1876} Ethnobotany of the breadfruit. Bmuil.
: pacific Trop.Bot.cdn, &{1). '

Thomas, C.A. {1989 You
1

R . : r - N - 4 R,

an grow breadfruit in your garden. Indian
ve s ¥
AL L e [

~
L™
DEAN

AT

Trujilio,E.J.{1970) Phytophthora Truit rot of breadfruit. Phyto-
path (abst.) 60, 1542,

Thompsen, A.K., Been, B.0. and Perkins, €.  (1974) Storage of
fresh breadfruit. rTrop.agric.rrin. 51(3}, 407-15.

Thunberg, C.P. (1779}  sitodium incisum el macrocarpon etc,
Phil.Trans.Roy.Soc, Lond, 69, 102-84.

Tolmasqguim, E, Correq, A.M.N. and Hakamura, T.  (1969) [studo de
Amidos Nacionais. Revista de Chimica Industrial Hay 1969,
134, 22, :

Walter, Richard {¥759) A voyage round the world in the years 1750~
1754 by George Anson (now Lord Anson). John & Paul
Knapton, London.

Watts, Francis  (1917) Letter from Francis.Watts to Sir David
Prain KCMG. {Letter in Herb.Royal Botanic Gardens,Xew.)

Wester, P.J, (1928}  The seedless breadfruits of the Pacific
Archipelagoes., Philip,agr.rev, 17, 24-39,

Wiles, James  {1793)  Journal. {In Banks collection at the

British Museum, 158-70). M/5
wmmmemmeeen= {1783} Letters to Sir Joseph Banks. M/S.
~~~~~~~~~~~~ (1801} Letter to Sir Joseph Banks,  M/S.

~~~~~~~~~~~~ (1799) Letter to Sir Joseph Banks., M/S

Wood, Sir H.T. {12913) 2 pmistory of the Royal Socicty of Arts. John
HMurray, Lonpdon.,

i i . b e ' LI




it

99,

Zaiger, D. and Zentmeyer, G.A. (1966} A new Tethal discase of
breadfruit in the Pacific Islands. pl.piscase
reptr. 50(12), §92-6.

---------------------------- (1967) Epidemic decline of
breadfruit in the Pacific islands. Fao Plant
rrot.Bull. 15{2), 25-9.




