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INTRODUCTION

In 1980 the International Board for Plant Genetic Resources (IBPGR' commissioned
the Royal Troplical Irstitute, Amsterdsm, the Netherlands, to prepare reports concerning
specific agpects relevant to the conservation of genatic repources of a number of -
mainly tropical and seub-troplical - frult and nut crops. Some major crops, such aa
banana and plantain, which have been covered in other recent IBPGR publications, were
not included. Most of tho work was carried out by Ir. F. Geurts, but the accouat for
pejibaye was written by Ir. G. Blaak, and the date palm by Dr. T. El Baradi, all at the
time staff of the Institute’'s Department of Agricultural Research.

The draft reports werc completed bastween December 1980 and September 1982, and
then sent by IBPGR for review to several external axperts. In 1985 the reports were
edited and condensed as chapters of the prosent publication The commentu of the crop
experts, updated information on the current status of collectlons, and any naw
refurences were incorporated in the final draft.

The crops covered are a dlverse group, ranglng from thosa of major international
importance supporting large industrios to locally-importent specles grown only on a
home-garden scale. They vary also in thelr contributiosr %o dlet. While the majority of
them are high in carbohydrate and supply some vitamins (egpecially vitamin €) and
minerals, but are of low nutritional value otherwise, some, like breadfruit, date,
avocado or cashew nut, may mmake a significant contributicn to protain, carbohydrate or
fat intake in certain areas. Some of the crops may be only moderately interesting
bicause of the frult itself, but have a wide range of other actual or potentisl uges in
medicine, industry or agriculture.

The current state of genetlc erowion 1n fruit trees 1s influenced by many
factors, including the origin and distribution of +=he crop, 1its breeding system, the
propagation method used, whether improved cultivars are available, whether the crop 1is
in decline or expanding, and whether the natural havitat of its wild ancustors and

relatives 1is under threat. An attempt has been made to answar these questions, and in
light of the answers come to conclusions regardlng the nead for genetic iresources
conservation measuros. In ecch chaptn—~ dealln) with a rrop, or a fuow relataed crops,

there irf a table which summarizes the existing permplasm ccllactlons around the world.
The data 1n the tables relate to anothar (BPGF publrcation l’, which gives further
details on collections and addresses, and this document should be used in conjunction
with the present work.

A few general points apply to most of the crops: i) conservation in fleld
genebanks is rarely adequatoly representative of the variability; 1ii) where seed can be
stored there 4is little evidence of it so far: and iil) in altu couservation will be
important for the wider genepool. Hitherto the wider genepool has been barely
exploited, except in cases where it has been necassary for rootstocks. Most frults have
numerous related wild speclen, which ere imperfectly understood (Willlams, 1976).
Success In conservation will be determined by economics and by the degree of
sophlstication in broeding. In many tropical and sub-tropical Iruits thig is little
understood.

1/ IBPGR. 1984, Dlirectory of Garmplasm iollections 6.1. Tropical and Sub-Tropical {‘ruits and Tree Nuts. P.
Gulick and D.H. van Sloten. IBPGR, Rome.
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Zealand; Profesvor W.F., Bitters, Unlversity of California, Riversids, USA; Professc:
C.W. Campbell, University of Florida, Homesteed, Florida, USA; Dr. J.B. Carpenter,
Indic, Celifornia, USA; DPr. K L. Chadha, Indian Institute of Horticultural Re9search,
Bangalore, India; Dr. C.R. Clement, INPA, Manaus, Brezil; Professor J.C. Crane,
Univeraity of California, Davis, USA; Dr. J.P. Gaillard, IRFA, Montnellier, France; Dr.
G. Gersci, Centro per il Miglioramento Genetico degli Agrumi, Palermo, Italy; Dr. E.J.
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Australia; and Dr. Ye Yin-min, Chinese Actdemy of Agricultural Sclences, Sichun, China.



Table 1. The nutritionat comporition of trupical cropt (mostly from Plett, 1979)

Representative values per (00g of edibie portion
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2 c - J I ¢ f e 1o < H :

53 I 3 1F 05 3 5 5 :

s s s - ry 5 y § - o 2 A U I 3

: 3 s e s z s & =8 £z x < "
Casheou nut b 390 20.0 45.0 26 1) %0 s.0 [ 0.60 0.20 2.4 o -
Cashaw sppie [ 56 0.7 0.0 1 0.6 2 0.3 130 0.02 0.02 0.3 2%0 »
Mango 83 63 0.5 0.0 1) 0.8 0 0.9 600 0.03 0.04 0.3 3 34
Platachio nut 626 20.0 %4.0 1 2.0 140 14.0 100 0.70 0.20 (X} [ -
Abarelia 7 ” 1.0 0.0 23 0.6 20 1.2 %0 0.10 0.04 1.0 40 3
Soursop 1) 93 1.0 0.0 22 1o 2 0.3 [ 0.10 0.08 0.8 30 )
Durian - - - 3.0 3 - - - - - - - - 02
Plneapple a3 57 0.4 0.0 ia 0.5 20 0.3 100 0.08 0.0) 0.1 30 40
Papays 11 0.6 0.0 9 0.7 20 0.5 1000 0.03 0.03 0.2 %0 0
Kokt 80 73 0.5 0.0 18 1.2 10 0.4 2000 0.02 0.02 0.2 20 o]
Embilc ) 0.5 0.2 £} 3.4 20 0.3 o 0.03 0.0% 0.2 %00 -
Mangos teen 8% - 0.3 0.1 14 - 0 0.2 - - - - - ™
Avocada 15) 163 1.5 150 6 s 10 1.0 200 0.07 0.1% 1.0 15 0
Acerola 92 . 0.4 0.3 ? 0.4 12 0.3 20 0.03 0.0% 0.4 2000 [}
Langrat 86 - - - 10 2.0 - - - - - - - ©
Bresdfruit pulp 70 "3 1.5 0.4 26 w3 25 1.0 () 0.10 0.06 1.2 20 23
Jecktrult putp 80 I .9 0.3 16 1.3 20 0.5 T 0.03 0,03 0.4 8 2]
Flg, fresh as - .3 0.0 K] 2.0 %0 1.0 80 0.0%5 0.0% 0.4 2 ()
Flg, drled 20 269 4.0 0.0 &3 .o 200 4.0 100 0.10 0.08 1.7 () ()
Guave L/ 80 s8 1.0 0.4 " 5.5 5 1.0 200 0.05 0.04 1.0 200 0
Rote apple 8% 56 0.6 0.0 B} 0.7 10 0.3 [ 0.03 0.03 0.3 15
Date (dried) 20 303 2.0 0.0 14 2.4 70 2.0 %0 0.07 0.0% 2.0 [
Pajibsys (fruit) %0 209 2.5 3.5 az i 20 (X %00 0.04 0.10 X 23 -
Passic truitl/ ” 92 2.3 2.0¥ e 3.5 10 1.0 20 0.00 O0.10 s 20 a3
Macadanla nut 3 - 8.0 71.0 t6 2.% - - - - - - - -
Pomegranate 80 17 1.0 0.0 18 0.2 ) 0.7 [ 0.02 0.03% 0.2 a 7
Ingian Jujube 83 63 t.8 0.0 4 0.6 2% 0.8 o 0.0z 0.04 0.9 a3 7
Orenge & tangerine B¢ 53 0.8 0.0 [} 0.3 30 0.3 30 0.08 0.03 0.2 as2/ 23
Citius (other)®/ 90 37 0.6 0.0 9 0.4 2 0.3 o 0.0% 0.04 v.2 a0/ 2
Litchl 82 n 0.9 0.3 te Q.3 3 0.% . 0.04 0.04 0.3 %0 40
Longan 82 - 1.4 c.a 8 0.6 - - - - - - - 68
Rembutan 82 - - - 16 - - - - - - - - 6l
Sspodiite bk 97 0.4 1.0 22 [ 22 o.8 1% 0.00 0.9) 0.2 5 23
Canistal 97 - 2.3 0.6 39 7.5 40 () 2000 0.02 0.07 - 43 -
Luemo 12 - 1.9 0.3 » 1.3 16 a6 1500 0.1 0,14 - H -
Trea tameto 86 26 . c.5 9 2.2 5 0.2 130 0.04 0.03 1.0 5 1Y
1/ Filesh and somds Qther tourcey_of_date
2/ Skin hat a high va'ie 90-150 =g.
3/ Fat in seeds Durian (Dchie and Bakhyizer van den Brink, (93i; Sosgeng Reksodihardjo, 1962)
4/ Grapatrult, purvato, lumon, |ire Mangostesn (Anon., 19%G; Staaton, (964)

Langsat (Singh at ef., 1967)

Smouth -snel | Macadamia nut (Woodroof, 1967)
Longen (Anon., 1952)

Herbuten (Anon., 1968}

Canistal, Lucmo (Martin .ud Malo, t978)
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Yeble 2. FAD production statistics of the maJor tropical and sub-tropical frult and nut crops 1/ 2/
Crop 1973-75 1976-78 1979-81 1962-84
Bananes 55,710 (96.8) 60,491 (96.9) 62,725 (98.7) 64,332 (96.7)
and Plantsins
Citrus fruits 46,466 (43.6) 49,853 (46.6) 54,171 (50.3) 56,253 (53.9)
Pineappie 11,575 (99.9) 12,125 (92.9) 13,075 (99.9) 14,042 (99.9)
Mango 5,717 (81.8) 6,832 (86.1) 8,119 (87.7) 8,513 (88.6)
Date 2,299 (98.2) 2,458 (96.4) 2,576 (98.6) 2,567 (¥8.6)
Papays 1,386 (97.2) 1,627 (55.9 1,855 (97.2) 2,048 (97.4)
Avocado 1,139 (90.6) 1,290 (87.1) 1,403 (B4.6) 1,995 (80.0)
Pers immon 794 (62.0) 811 (65.8) 897 (70.2) 1,088 (69.8)
Flg 972 (49.9) 904 (36.5) 916 (60.6) 941 (65.3)
Cashew nut sa3 (100.0) 463 (100.0) 440 (100.0) 429 (100.0)
Pistachlo nut 61 (94.9) 75 (95.71) 91 (86.0) 159 (835.1)

1/ Average annual ylelds for three-year periods are (n |000 metric tonnes.

2/ Flgure in brackets after the yield figure is the percentage of the crop grown In the developling countries,
ss defined in the FAO Production Yearbooks.



Anacardiaceae
ANACARDYUM OCCIDE ®
(Cashew)

1. INTRODUGCTION

The cashew tree yields 3 products: an edible nut, an edible swollen pedicel, and
a phenolic 1liquid with industrial uses. The principal) product, the kernel or nut,
varies considerably in composition, but 1s of high nutritional and calorific value. The
nuts are a rich socurce of unsaturated fatty acids, calclum, iron, thlamine, riboflavin
and nlcotinamide. "Cashew Nut Shell Liquid" (CNSL) obtalned from the shell, has
numerous industrial uses, the main ones being for brake linings of motor vehicles, and
in paints, chemicaln and plastics. The shells contaln 20-25% CNSL of which 7-12% is
commonl:’ recovared, but only & small proportion of all cashew shells sre used. The
cashew ‘apple’' 1is the flechy otem bulow the fruit. It produces a gum used in varnishes
(cashawa gum), and is used as a table frult or processed into paste, jam, Julce,
bsverages (e.g. Brazilian cajuardo), vinegar, candied frult, etec. It 1s similar in
composition to that of many other succulent fruits, with £ low calorific value, low
protein and fat cocntent, but has a very high vitamin C content (Table 1).

Cashew ranks third after almonds and hazelnuta on tho basis of total world
production of tree nuts. Total world production fell between 1974 and 1983 (Tabla 2),
and exports deoclined from 210,000 tons to 60-70,000 tons. During this period,
production remalned stable in 1India at 91,400 tong, dropped in Africa, aspecially in
Mozambique (from 188,000 to 20,300 tons), and Tanzania (from 142,000 to 45,700 tons),
and increased slightly in Brazil (from 61,000 to 66,000 tons) (Gill and Duffus Landauer
Ltd., 1984). Countries currently developing a cashew induntry include Benin, Coiombia,
c8te d'Ivoire, Indonesia, Malaysia, Nigeria, Peru, Togo, Uganda and Venezuela (ohler,
1979).

2, TAXQONOMY AND BOTANY

The genus ‘Anacardium was astablished in 1753 by Linnaeus with the single specles

A. occildentale, the cashew. Subsequently uat least 25 further specles woere described,
the most recent being A. othonlanum Rizzini. Some taxonomists placed gsome of the

specios in related genera, guch asg Semecarpug. Cavalcante (1972) ligted the following
specles with edible pseudo-frults/seeds, in addition to A. occidentale L.:

1) A. gpiganteum Hancock ox Engler, a majestlic tree up to 40 m high and common
in the Amazonian high forest, which is occasionally cultivated for 1its
edible 'apple’;

(11) A. microcarpum Duke, a tree, 4-6 m high of dry soils with an edible 'apple’;

(111) A. negrense Pires et Froes, a treu up to 15 m high, one of 2 sgpecles
without a swollen pedicel. The real frults are roasted esnd can be stored
for long periods, and the seeds are edible; and

(iv) A. spruceanum Bentham, a tree of 20-25 m high in Amazonian forest with an
edible, but rather sour ‘apple’.

The cashew plant {s an evergreen, woody, much-branched tree up to 15-20 m tall.
Leavey alternate, simple, glabrous, thick and leathery, oblong to obovate, 10-20 cm x
5-10 cm. Inflorescence a panicle with numerous (up to 1000) hermaphrodite or staminata
flowers; hermaphrodite flowers usually terminal on a short (2 mm) pedicel; |usually
with 5 petala, 5 sgepals, 1-2 long stamens, B8-9 short stamens (staminodes), and a-
superior, reniform, monocarpellate ovary; staminate flowers simllar in structure to the
perfect ones, but smaller, and with a sterile, rudimentary pilstlil; after fortilization,
the ovary develops 1into a one-seeded frult, the receptacle swells and becomecs a

pesudo-frult, the ‘'apple’. Fruit when mature a kidney- or heart-shaped achene,
commonly, though incorrectly, called a nut; of average slze 3 cm x 2 c¢m x 1.2 em, and

welght 5-6 g, but there may be great varlation; pericarp comprisexr a corlaceous



epicarp, & spongy MeSOCATP containing alveoles with a sticky, resinous liquid, cNsL, and
a hard endocarp. Seed slightly curved, 1.5 cm to 2 em x 1 em, consiating of a creamy
white kermel coverad by a thin, reddish-brown testa; pseudo-fruit whon ripe ranging in
colour from red to yeliocw, and of varlable whape and size; larger diameter S5-11 cm,
weight 20-100 g or mors (Agnoloni and Giuliani, 1977; ohler, 1979; Nair et aml., 1979).

The ratio of male:hermaphrodite flowers in any panicle is about 1:6. The flowers
are pollinated by wind and insects. Honey beea may be the most effectivo, collezting
both nectar and pollen (Crane and Walker, 1984).

Stands of cashew trees, pouriicularly in South America, often show pignificant
tree-to-tree variation in such characters as habit, vigour, flowering date, and panicle,
'apple', and nut size and shape. By comparison, the variability, and presumably the
genetic base, ia more restricted in India. Trees which are similar, for Iinstance in
flowering time, nut size and red 'apple’' coleur, can be considered as cultivar groups,
or loosely as cultivars (Agnoloni and Giuliani, 1977). Damodaran et al. (1979) presente
a detailed description of 4 cultivars using a wide range of characteristics. The IBPGR
ig due to publish a descriptor lizt for cashew in 1986.

3. ORIGIN, DISTRIBUTION AND ECOLOGY

Tho cashew probably originated in tho states of Maranhfo or Ceara in northeastern
Brazril. It spread in pre-Columbian times to large areas of South and Central America.
The Portuguese and Spaniaris took it to Africa and Agia in the 16th and 17th centuries,
and later it reached northorn Australin, Fiji, Hawaiil and southern Florida.

Today cashew is naturalized and cultivated in many tropical countries. Hoat
commercial production occurs at low altitudes between 30°N and 239s, cashew is
sensitive to frost espocially in its young stages, and growth stops below 7°c. Growth
is most rapid at an optimum temperature, mecasurod on a monthly average basis of 27°
(15°C minimum, 35°C maximum). cashew needn o woll-defined dry season of at least 4
montha, the amount of rainfall required depending very much on distribution and soil
type, but generally 1,000-2,000 mm per year over a 6 to 8 month period is suitable for
commevrcial cultivation. Heavy rain during flowering is harmful. The cashew tree is
regarded as very sultable for the re-afforestation of poor, exhausted and eroded landu,
although the beat crops are produced on doep and fertile soilo.

4, AGRONOMY, DISEASES AND PESTS

Cashew has hitherto mostly been propagated from soeds, which germinate within 15
to 25 days. The soedling populntions are often highly heterogencus, and vegotative
methods of propagation must be used to maintain the characteriatics of selected *rees.
various grafting and layering techniques can also he used to produce clonal populations,
albeit at relatively high cost (Ohler, 1979). Trees begin to bear fruit after 3 yeanrs,
and reach full production after 7 years.

up to 28 fungus discasos affect cashew. Anthracnose (Colletotrichum
gloecsporioiden) is common and serious, usually being proceded by damage by Helopeltis
species. Water-soaked lesions develop on affected shoots, inflorescences and fruite,
resulting in die-back uand filnally death of the whole tree. Fungicidal sprays,

preterably in combination with insecticides, may be used to control it. Powdery mildew
(oldium anpacardii) 1s a recurrent disease in many cashew-growing arears of tha pNew
World. Leaves, shoots and infloresrences are covered with a floury whitish film,
ieading to discoloration of leaves and loss of flowers. control is by fungicides
(Ohler, 1979).

0f 100 insects and mites, the following are major pests of cashew: Mecocoryrus
loripes (Coleoptera), a weevil in East Africa the larvae of which make extenaive tunnels
in the trees; Plocaederus ferruglneus (Coleoptera), & weevil in India with wood-boring
grubu; Anthistarcha binocularis (Lepldoptersa), a butterfly in Brazil with larvae boring




into young twigs and inflorescunces: Anacsin epotius (Lepidoptera), a shoot-borer in
Indis; snalepli¢s reticulata (Coleoptern), a bectle irn Kenya which girdles branches
and csuses them t» break off; Crimissa cruralis {Coleoptura), & rad beetle 1in Brazil,
the adulte and lurvae of which are voraclous leaf foeders; Acrocercops SYngramma
(Lepidoptera), a luaf miner, espocially on tlhe west cosit of Ind'a; Several Helopeltis
9pp. (Heteroptera), bugs in Africa and Indla sucking on soft and young tissues, often
causing die-back cf twigs and infloremcences; and Aluurodicus cocole (Homoptera), a
white fly in Brazill sucking the leaf sap anrd causing sooty mould. General control
measures 1include plant and plantation saultation, and the ume of insact repellants and
insecticides. Thore miy also be gcope for the use of biological control methods (ohler,
1979).

5. GENRTICS AND IMPKOVEMENT

The chromosome numb.r of A. occldentale is 2n=42. Khosla et al. (1973) reported
it to bo 2n=24 in a study of Himalayan Anacardiaceae, but the reason for the difference
is not known. There have bs.'n no inheritance studies with cashew. 1In the paot growers
selected geeds for planting f:rom trees with dosirable churacteristics, or on the basig
of nut quality. Deeirable provanancos have boen selected in India (Nair et al., 1979),
Tanzania (Mutter and Bigger, 19%2; Northwcod, 1967), Kenya (van Eljnatten, 1979) and
Brazll (Gondim at al., 1973). Jather fow perfect flowers open on any one day, 8o
bagging and hand-pollination is labc<ious.

The following criterla were usi4 in India ror selecting parent trees (Damodaran
et al., 1979): dwarf, bushy, nuch-b-nnched plant with many inflorescences; short
flowering period (2-3 wooks); high percantage of porfect: flowers; madium nut slze; high
shelling percontage; and quality of 'appla if of interest. Promising rosultuy have besen
obtained in cashew broeding programmes in Yntla (Anon., 1979a) and Kenya (van Eijnatten,
1979).

The vylolds of cashew can be signific'ntly increased through breeding and
@elaection. Crosses between local and exotlc parental material in Indls exhibited hybrid
vigour for yleld, indicating the benefit of getrm,lasm oxchange. The generally poor
quality of cashow nuts in Madagascar compared wiih Brazil could also be improved.
Breeding work has hitherto been confined to A. gcciduntale parental materisl, and has

not involved Iinterspecific crosses. A diarf tree is lelng studied in Brazil (Ohler,
1979).
6. GERMPLASM CONSERVATION

e RN VALSUN

Wild Anacardium specles, including cashew, occur mainly in the Amczon basin.
Hore Information is needed on their frequency, distribution, and possible uses in
breeding, and or genetic erosion.

Material in existing collections, which are moatly of seolected treey, should be
Prorerly ovaluated and described. The seeds are orthodox (Ellis, 1984), but only retain
thelr viability for about a year, and long-term storage is not feasible. Collenilons
need to be augmonted with ropropontative samples of wild gpecles. The cashew deservas
high priority for germplasm conservation because of its edible and industrial praducts,
and ite ability to grow under marginal conditions, and the industry should take a larger
regponsibllity.



Table 3. Collections of cashew

Number of accessions

Country Location Anacardium Other Anscordium
occidentatal’ spucles

Australla Darwin a3

Brazl| Pacajus, Ceara 127 A. hunlie (1)
A. otheninnum (1)
A. mlcrocarpuny (1)

China Halnan 1 2/

india Kerala 880

Kenya Kikambala i0

Mozamb | que Meputo 330

Nigeris Ibadan 10

Phlllppines Los Baflos 1,302

Thal tand Chantaburl 744

USA Miaml, Florida 16

1/ Largely seedling projenians and not fuliy representative of the dlversity avallable.
2/ Hslinan Botanical Garden of Tropical Economic Plants, Academy of Tropical Crops of South China, Ministry of
Agriculture, Halnan 1sland, Guangdong Province, Chinas.

A collectlion is llkely to exist In Tanzanla (Nachingwea), but no datalls were available. Thore ars alsc somo
treas at the Grand'Anse Experimenta! Centre, Mahé Island, Seychelles.

i1BPGR (1984) also |ists small collectlons of cashew, but these can probably not be regarded as genetic
resources collectlions, at: Palmira Valle, Colombia; Tananarlvs, Madagascar; Cozolapa, Oaxaca, Mexico; Keravat,
Papua New Guinea.
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Anacardiaceae

MANGIFERA INDICA

(Mango)

1. INTRODUCTION

Manjoces are usually aaten fresh, few being elther cooked or procemsed into
preserves and plckles. They vary conelderably in compousition, are of relatively low
calorifi~ and nutritional value, but aro high in carotene and vitamin C (Table 1).
Manpo taeed kernels are a possible source of atarch, and the skin could be used for
animal feed.

World production has increased over the last decade (Tabla 2). The major
producer in 1084 was India, accountinpg for 62% of the world crop, followed in descending
ordar of production by Pakistan, Mexico, the Philippines, Brazll, Indonesia, Haitl and
Bangladesh. International trade of mangoes 1s relatively ingignificant, but Mexico and
Haitl export to USA, anu Indla, Kenya and Mali to Europe.

2. TAXONOMY AND BOTANY

Maugifera indica L. is the principal cultivated gpecies in the genus Mangifera,
family Anacardlaceae. The monograph of Mukherji (1949) 1listed 4l iangifera spaecies.
Ping Hou (1978) reduced 14 of the specles listed by Mukherji to synonymy and added 4
more in the Malesian reglon. Tardleu (1962) added another 4 specles for the Indo-China
reglon and in China, Ling (199%3) added a new sgpecles. Kochummen (1983) reduced 1 more
opecies to synonymy (M. longipes Griff. as part of M. indica L.), but this would extend
the 4istribution range of M. indica with doubtful phytogeographic validity. Kochummen
creatod 2 new specles in the Malayan reglon. Baued on the taxonomic treatments provided
abovo, Mukherjee (1985) recognized 39 speclos.

Plant a large, spreading evergroen troe, 20-45 m high. Leaves alternate, broadly

lanceolato, up to 30 cm long, dark greeon. Inflorescence a terminal panicle 7-50 cm
long, with 200-4,000 (or more) flowers. Flowers 5-8 mm in diameter, porfoct or male,

ugually 1-35% perfect, detormined genetically and onvironmentally; petals (4-)5(¢=-7),
twico as long as calyx, malnly cream becoming pinklsh; calyx (4-)5(-7) free, ccncave,
yellowish-greon, hirsute; arnular, fleshy 5-lobed disc betwoen corolla and androecium;
atameng (3-)5(-7) inscrted on outer margln of dinc, pollon abundant; ovary small,
oblique with a single ovule. Frult a large ovoid noymetrical drupe, yellow, green or
red; mesocarp fleshy, usually bright orange but some are light yollow or golden yellow
in colour, sometimes fibrous; ondocarp hard and filbrous, enclosing uingle seed with one
or gpaveral embrycs (Singh, 1969; Purseglove, 1968).

Pollination 1s malnly by insects, and only about 30% of tho perfect flowers are
ever fertilizad. The fruits of some cultivars apparently develop parthenogenotically
(Srane and Walker, 1984). Since mango is self-incompatible, cultivars should be planted
close to pollinator treces, with the inflorescences of tho two bagged together, and using
the housefly as a pollinator. The two parente could also be brought together by
grafting them on the same rootstock (Oppenheimer, 1972).

There are only a few, mainly polyombryonic cultlvars in the Fhilippines, which
give rise to fairly uniform socedling populations. Host of tho cultivars in Indius,
axcept for a few grown on the Malabar coast, are monoembryonic and sexual, and do not
breed true from seed (Singh et al., 1967). The embryo in monoembryonic seeds may
occasionally ba asexually produced. Polyembryony is much more conmor. in the moist
tropical areas of Southeast Asia, such ag Malaysia, the Philippines and Indonesia, but
why this should bo g0 ig not clear. In a study of foreign cultivars oxamined in India,
t..2 numbers of ombryos por geed ranged from 2-5 to 2-11, giving rise on average to 3.1
seedlingc (Prasad and Prasad, 1972). There are many thousands of mange cultivars in the
world, many of which have been multiplied true to type, named and described (Gangolly et
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sl., 1957; de Laroussilhs, 1980; MHukherjee, 1948; Nalk and Gangolly, 1950: Papenoce,
1941; Singh, 19%0; Singh and Singh, 1956; Surachmat Kusomo et al., 1975). The IDPGR is
due to publish a descriptor list for mango in 1986.

3. QRICGTN, DISTRIBUTION AND ECOLOGY

The natural diptrlbution of the genuc Mangifera extends from India and Sri Lanka
in the weost to the Philippines and the Solomon Islands in the east, and from Yunnan in
tha Chlnese Mimalayas and Indo-China in the north to the arc of islands comprising the
Sunda and Sulu archipalago Iin the south., The groatest diversity of sepecies is in thae
Malay Peninsula, which 1ls assumed to bue the centre of origin of the genus, followed by
Sunatra and Kallmantan (Indonusia). Mukherjee (1972) considers that the centre of
origin includes the Thalland/Indo-Chinn area.

The cultivataud mangn probably originated in Indo-Burma, notably the
Assan-Chittapong hills area, whera many wild mango trees wtill grow, but its pro',enitors
are not Kknown. Primary centres o’ divaerasity of other less common cultlvated MHayxifers

speclies are: Indonesia (M. caesia Jack.), Indo-China and Malayvsla (M. foerida Jack.),
tha bachang nango, and Malaysia (M. cdorats Grif.), the kurarini mangoe. The mango has
baon cultivated in India fur several mlllennia; it spread to other parts of Southeast
feia about 1,500 years ago, and to the ecast coast of Afcica about 1,000 yearzs age.
Further spread to Australia, West Africa and the Americes has bLeen within the las:t fuw
hundred years.

The mango is limited to tropical or near tropical climates. Young trees in a
growih flush are damaged at -1°C to -2°C, and less severe frosts may :Lill Xkill the
flowers. Grewth and fruit ripening are retarde4 at temperatures balow 18°C. Mango

production thereofore 1is confined to the area botween the 15°C isntherms (avarage
monthly tempurature) north end south of the aguator. About 750 mm rainfall is the
minimum required per year, and distributlon is critical. A dry period of about 3 months
13 neednd for flower induction and asuccessful pollination. Mango trees thrive on a
variety of scils from sands to loamy clays, and grow quite well in shallow, impervious
solle which are unsuitable for most tree specieus.

a4, AGFONOMY, DISEASES AND PESTS

Mango troees are Talghly heterozygous, and sexually-produczed seedlings are
therefore very vuriatle. They may be propagated true-to-typa elther by growing the
asexual (nucellar) geedlings from polyembryonic seeds to produce a peedling race, or

veogetativaly to produce m clone. Seeds with the ondocarp removed gorminate after 2-3
weeks, and crop after 4-6 years. Monocembryonle cultivars hive tc be propagated
vegetatively. Inarching wes the methcd commonly used for centuries with ordinary
seadlings as the rootstock, but is laborious and costly. Several other grafting,

budding and layering techniques have been developed within the last 50 years.
Rootstocks should alsc be propagatod vegetatively hy stooling and using rooting hormones
with cuttings, for uniform plantations (de Laroussilhe, 1980). one of the principal
factors limiting the production of many mango cultivars 14 the tendency for alternate
bearing, sometimes with virtually no crop for two or more years.

They are also affectcd by around 25 fungal pathogens, the most serious and
widespread belng anthracnose (Colletotrichum gloeogsporioides). Five bacterial diseases

have also been recorded. A trunk-cracking in South Africa, and a condition known as
“malformation'” which affects inflorescences resulting in frult losg, in India, Pakistan
and Bangladesh, may both be caused by viruses. Malformation 1ls associated with mites
and the fungus Fusarium moniliforme, 8and can only be controlled by ramoval and
dastruction of affected branches, and chemical control of mites.

Among many insect popts the following are important: scale ingects, white flies,
gall midgea, leaf hoppers, thrips, frult flles, frult pilercing mothm and wood borers.
Most can be controlled chemically, although there has been some success ir. the
biological control of white flles. The use of sex attractants is being tested in frult
fly control.
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5. GINNTYCS _AND IMPROVEMENT

Hukherjee (1972) supggested that M. Jindica {2n=40) is an allotetraploid, but its
ancestors are not known. Little genetical information is available on mango, clear-cut
dominance having been observed in only & few characters, such as new leaf and panicle
colour in tha cultivar *'Totepari Red Small' (Majumder et al., 1972).

The following 1list of breeding aims combines some suggested by Singh (1972) for
India (a-9), and othars by Puroeglove (1968) (f-1):

a) dwarf tree;

b dasirable eating jualities;

c) regular cropping;

d) tolerance of malformation disease;

a) good koeping quniities;

£) good cropping in the wet tropics;

B8) resigtance to dlsoases, especially anthracnose, and pests, especlally fruit
flien;

h) bearing at an early age; and

1 aarly or late season cropping.

Improvements Iin mango production have mostly resulted from selection within
populations of spontaneous seedlings (Mukherjee at -)., 1968; Singh, 1969). This
process has continued for many yearz in India, wheru there are now large numbers of
locally-adapted cultivarsg. Dwarfness can be s8sought both through the scion and the
rootntock. Programmes based cn hybridization date back to 1912 in the West Indies and
1920 ir India (Krishnemurthl and Madhava Rao, 1964). A few promising hyhrids were
obtained in India at ¥rodur and Sabour (1940), Saharanpur (1951) and Hyderabad and New
Delhi (19s1).

Commo:r mango cultlvars have usually been used as parents in crosses. Crosses
hava also been made using M. odorata and 1. zeylanlcs Hook. in Indla. Large numbers of

inflorescences hava to be pollinated In order to get a few viable seeds, as there may be
& high rate (96-100%) of premature fruit drop (Singh, 1960; Mukherjee et al., 1961),
Iyer and Svbramunyam (1972) suggested that embryos might be grown from hanging or
recontly fallen frult using a culture medfum.

Hany commerclal cultivars of mango are based on Indlan germplasm. Some have been
aelected in Florida as fir ¢ or second generatlon seedlinge from a known mother trea, or
ag chance paeaedlings o” unknown origin. Specific improvements in mango include: in
Hav' 111 and i"lorida, inervasod resistance to blossom and frult anthracnose found in
crosges in whlcsh one of the parents orlginated from a humid area where the disease was
endemic (Hamllton, 1975); and in India a combination of good fruit quality and regular
wearing (Abdul Khader et al., 1977; Singh et al., 1977). As a result of recent
hybridlzation work at TARI, New Delhl, a dwarf regular-bearing hybrid ‘'Amrapali’' has
been released which 1s amenable tuv high-density planting at up .o 1,600 plants/ha
(Mukherjee, 1982 pers. comm ).

6, GERMPLASY CONSERVATION

The greatest diveraity of mango cultivars is in india, with at least 1,000 unique
und geaveral widoly-grnwn cultivars. Other countrien with many old cultivars are
Pakisten, Bangladesh and Indoneslia. Genetic erosion of these cultivars is serious in
India (Mukherjee, 1982 pers. comm.). Sastrapradja (1975) found that the collections in
Southeast Ania mostly contalned cultivars which had been distributed to farmers as
grafted seadlings, leading to the dlsappeaarance of less desirable, usually
seed-propagated cultivars.

Wild mangoes (M. indica) have been reported from the forests bordering India and
Burma in tho states of Assam, Tripura, North East Frontlers area and Nagaland, in the
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vegetation in the wastern hill ranges in Orissa state and on the Andaman Islends, but
1ittle igc known about the slze and genetic variability of those populations. Sharma
(1976) reported trees which were not affected by malformation disease, but information
on wild species other than M. indica is scant (Mukherji, 1949). Mukherjee (1985) is a
study on the genepool in the genus Mangifora, which should be ccnsulted for detailed
information.

A rare mango known as ‘Bingloo' “hich was last vecorded by Indoneslan forast
officlals at the turn cf the century, has recently been found on Java, and may also be
present in Borneco (Anon., 1985). The frults are less fibrous than thore of M.
kemanagat, which 1s widely sold in Borneo, but thay are deliciously swest, and at least
twice as large as those of M. 1indica. They may be bettor adapted to continuously wet
tropical conditions than M. indica. Very little use has been made¢ of avellable margo
germplasm by plent breederr, and there 1s 1insufficient Infi rmaticn on 1its potential
contribution. There are many collectlons, but few accessions are of speclus other than
M. indica. Conservation uf seed 1s not femsible as they sre recalcitrant (Ellis, 1984).

Mango has been assigned high priority by IBPGR. It 1s an lmportant crop, and 15
rwpeclally valuable bacause 1t grows on murginal solls, and mura potentlal remalns for
development of trade and exports. Exlsting collectisns should be augmented with
mu,re epecles and primitive accessions. Ultimately succaessfu’ conservation will probably
depend upon in vitro geaebanks and 1in situ reservas. IUCN/WWF and IBPGR are currently
conducting a survey of sites for the latter.
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Table 4. Collections of mengo

Number of accassions
Country Lecation
Mengifers Indica Other Manglfera spp.

Australis Derwin 63

Austra‘ls Alstonville 20

Austrails Nambour 25

Australlas Ormiston 30

Sangladesh Rajshahi 107

Brazi! Cruz das Aimas 100

Brazl| Mansus 14

Brazi! Planaitina 3

Brazl| Jaboticabel 45

Brazit Pirocicala 53

China Talwan 60

China &/ Halnan 7

Colambia Paimira Val'e 59 M. odorats (1)

Cite d'Ivolre Abidjan 30

Cuba Habana 3%0

FiJi Nausor| 100

FiJl Sigatoka 43.

india 1/ Bangalore 998 M. cembodiena (1)
M. cochinchlinensis (1)
M. odorats (!)
M. zeylanica (1)

{ndonesla Bogor 33 9 Menglfers ipp.

Indonesia Malang 239

Jamaica Kingston 63

Madagascar Tananarive 42

Malawi Limba 32

Malaysia Kuala Lumpur 222

Mauritius 2/ Barkly 7

Maxlco Sinaloe 78

Mex|co Celaye 40

Maxico Cotaxtla 27

Nicaragua Unos 40

Nigerias Ibadan 47

Peru Plurs 36

Philippines Los Bafios 343 M. altissima (2)
M. caesis (2
M. fostida (1)
M. odorata (4)

Portugal Oelras 100

Seyche!ies 3/ Mahé 308 M. odorata (1)

South Africa Nelspruit 3}

Sudan Wad Muoent 3o

Thailend Bangkok 94 11 Mangifera spp. (34)

Thalland Chantabur| 80

Thal land Nakhon Rachasioma 12¢

USA Florids 194 M. odorata (1)

USA Hawali 109 M. odorats (1)

USA Puerto Rico 106

Vonezuels Maracay to3

I v 1N =
N NN

~

This coilection i3 distributed among 25 indian Institutes.

Department of Horticulture, Barkly Experiment Station, Mauritius.

Grand'Anse Experimaontal Centre, Mahé Isiand, Seychelles.

Halnan Botanical Garden of Tropical Economlc Plants, Acadumy of Tropical Crops of South China, Ministry of
Agricul‘ture, Hainan Island, Guangdong Province, China.



- 14 -

Anacardiacess

PISTAC VERA
(Plstachio Nut)

1. OpU! ON

Pistachioc nuts, or green almonds, arc harvested from wild or cultjvecved trees
mainly for their edible seed kernels. They may be bought roasted and sslted, shelled or
unshelled, and are used in lce creams, sweets, cakes and meat dishes. The kernels are
nutritious (Table 1), with a fat component including 68% oleic acid and 17% linoleic
acld. 0.54% of the oil is uneapouifiable, and containg about 93% sterols, chiefly
B-gitosterol (Danechrad, 1974). Othar products from pistachio are: resin, tannin and
dye from galls developing on the leaves; aromatlc resin used ln paints and varnishes
from the bark; pistachio nut oil, a non-drylng oll used medicinally in India; and
fortilizer from the hulls.

World production of plstachlos {is currently increasing (Table 2). Although
normally regarded as a tempaerate crop, it assumes importance in the sub-tropics. The
crop 18 important Iin relatively few avreas, moetly in the eastern Mediterrunean and
central and weatern Asia, but also in Callfornia and New South Welaes.

2. TAXONOMY AND BOTANY

According “o the key of Zohary (1952), the genus Pistacis, family Anacardiacese,
comprises 4 sectlons, 11 species and 13 botanical varletles. Some of the specles have
in the past been placed 1In the genus Rhus. Leaf characteristicas have often been more
useful than floral ones for identlfication.

Pistacia vera L., the common pistachio, is a diocecious and resinous tree,
3-8(~10) m tall. Leasves alternate, declduous, lcatherrs, imparip!nnate, 10-20 cm long,
with 5-10 cm 1long petiole; leaflets petlolat~ or sessile, 1-2(-3) paired, rarely
solitary, glabrous or sgparsely puberulent at midrib, shining at upper, pale at lower
surface, broadly lanceolate to ovate or orblcular, »sften abruptly short acuminate,
acute, rarely obtuse or retuse, mucronate, rarely muticous, 5-10(-12) cem long, 3-6 (or
more) cm broad, terminal leaflet as large as or larger than lateral ones; rachis aot
winged, crisp-puberulent. Flowsrs minute, unlsexual, in axillary panlcles. Mala
panicles compact, 3-5(-6), almost allke, linear-lanceolate, whitish or scarious, margin
ciliolate, especlally at tip, 2.0-3.5 mm long. Male flowers stamens 5-6, 2.5-3.0 mm
long, inserted on disc of flower; anthers ovate aplculate, longitudinally dehiscing, 3-4
times as long as the fllament, rudimentary plstil absent. Female punlcles looser and
generally longer and broader than male, crisp pubescent at tip, 1.0-2.5 mm leng. Femele
flowers plstill 3 mm long; ovary superior, ovold, 1l-celled; style short; stigmas 3,
obovate, retuse, or 2-lobed; rudimentary stamens O; ovules pendulous with superlor
micropyle ond accumbent radicla. Frult l-seeded drupa, long-pedicelled, oblong-linear
to ovate or almost obovoid globular, laterally compressed, 10-20 mm long, 6-12 mm brouad;
mesocarp fleshy, varlously coloured, readlly separating from dehiscent or Lindehlscent
bony endocarp. Seeds laterally compressed with membranous testa, exalbuminous, with
flat-convex, fleshy cotyledons and notorhizos radicle (Zohary, 1952).

Stands of wild plstachlio trees in central Asla are typically thighly

haterogernieous, and individual trees do not breed true. Pollination 18 predominately
anemophilous. Although pollen is rullected by honey bees, which may assint in 1its
dispersal, the bees do not visit the female flowers. Trees are planted at a ratlo of 1

male: 8 female in modern orchards (Crine and Walker, 1984).

There ure probably less than 50 clonally-propagated ncmed cultivars in the area
of ancient cultivation in Asia and the Mediterranean, and only a few more elsewharc.
Some cultlvars are actually cultlvar groups with gimilar nut characterlistics, which are
often sold under a single geographical name, e.g. Aleppo, Tunls, Siclly etc. Larue
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(1960) states that there are 3 groups of cultivars in Iran, viz. eiongated, round and

small. Hany - cultivars have been described, but often in insufficient detail, and
ignoring the differences between mirle and female trecs g8, 1973). Popov (1977)
diecusses the pistachio cultivars of central Asia. Speciey other than P. vure ara of

interast for the production of resins, turpentine, mastic (P. lentiscus L.) and
medicines.

3. ORIGIN, DISTRIBUTION AND_ ECOLOGY

According to Zohary (1952), thc genus Pletacla evolved In the upper Cretaceous
period in southwest and centrsl Asla, from sea level to about 2,500 m. Nuto were
probably first collected from wild trees and only later planted. The multiplication of
selucted trees depended uron the development of grafting techniques, which also anllowed
cultivation to extend towards the seml-arid areas of Turkey, Iran, Syria and Lebanon
(Zohary, 1973). Further i presd was to Cyprus and Greece. It reached ltaly in the ficrst
century A.D., and later Siclly (Maugeri, 1975). Early thils century it was introduced to
Californir and in 1930 to New South Wales (HMaggs, 1972), and to Mexlco about 10 years
ago (Lagarda, 1977).

Both cultivated and wlld plstachlos are now malnly found in gsemi-arid areas
betwean 28°N and 42°N, and from 70°E to the Mediterranean. The distribution
within this areas 1s patchy. The climatic requirements for good nut production include:
a cold winter with an average temperature cof 1less than 7-8°9C for vernalization of
dormant. buds; no further frosts ufter flowerlng has started; dry and windy conditions
during pollination; hot and dry summer weather; and 500-600 mm rainfall durlng autumn,
winter and early spring. Irrigation may be necossary ‘n areas with 1insufficlient
rainfall. The plstachio growr well on sloping, gtony and well-dralned soils, areas
often of marginal use for agriculture.

4. AGRONOMY, DISEASES AND PESTS

The plstachlio is usually propagatad vegetatively by budding or grafting on to cne
year-old .eedling rootstocks of such spacies as Platacla atlantica, P. khinjuk Stocks.,
used for fodder and tanning, and P. paloestina Bolus. P. atlantica Desf., the Mount
Atlas plsetachio used for wood, thrives under semi-arid conditions, allowing cultivation

in such areas. The use of P. terebinthus 1s recommended as a rootstock in shallow
soils. Hala and female trees with similar flowoering periods ure planted togethaer in

orchards. Grafted seedling trees begin to frult at sbout 7 years old, and are in full
production when about 20 years old. The nuts are picked from the trees when the green
or reddish husk becomes translucent and sepurates from the ohell, and are dried, usually
in the sun, before or after hulling. Like other crops in the family Anacardiaceae,
plstachios tend to alternate bearing.

At least 25 fungal dilseases attack pistachlo (Lemaistre, 1959; Spina and Pennisi,
1957), of which the most serlous are:

- Verticillium albo--atrum - a soil-bornc disease which caugses dle-back of
some of the branches, and eventually death of the tree. Soillg on which

cotton, melon, vegetables or strawberrios have been grown should be avolded
(Opitz, 1975), and control can also be achievod by soll fumigation;
- Phytophthc "a parssitica - causes foot root in young trees under conditions

of poor drainage;
- Septoria plstaciarum and S. pistacina -~ easlly controlled by coppar sprays

or zineb;
= Nematosphora coryll - “"HMaruu' disease, discoloration and lesilons on kernel;
- Camarosporium pistuclae - affects leaves and fruit clusters, causing logses

of yleld of up to 50% in Greece, especially at high humidity. Preventive
sprays with copper fungicide; and

- Agpergillus flavus - occurs worldwide. Insect-damaged or split nuts are
infocted, especially at high humidity.
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Pistachio may also poseibly be infected by obactepium tumefaciens (Evrelnoff,
1948a), and 2 diseases probably caused by viruses have also been reported from USSR and

adjacent areas (Whitehousa, 1957; Lemaistre, 1959).

About 40 specles of insocts and 3 mites have been reported as damaging to
pistachio (Whitehoume, 1957; Lemniatre, 1959), of which the following are osignificant:

- Forda linorta - attacks leaves and young shoots causing gall formation
(Bvreinoff, 1948a);

- Slavum lentis -~ similar to Fopda linonta;

- Tropocarpug ballasterl - a frult parasite. Burn enpty frult conteining
larvae, and prevent larvae entering stores using screens;

- Capnodis cariosa - a baatle laying oggs under bark of young trees. Larvaas
tunnel in cambium;

- Thrips iranicus and T. pistacia - which destroy pollen in mala flowers:

- centorchynchue spp. - @ pollen-destroying beetle; and

- Ceroplasten rusces and other ppecles of scale insect.

A nematode, which has not yet been ldentifled, causes collar gummosis in Iran
(Larue, 1960), and root knot nematode (Meloidogyne spp.) has been reported from
california (Whitehouse, 1957). P. terebinthus has vome reslsetence.

5. GENETICS AND IMPROVEMENT

According to Zohary (1952), the chromosome number.of P. vera 18 2n«2x=30; Jones
found it to be 2n«2x>32 (Whitehouse, 1957). Two other Plstescia specles hava lower
chromosome numbers: P. lentiscus, 2n=24, and P. atlantica, 2n=28. Most plstachio
improvement 1s based on selection amongst existing local or iatroduced cultivars, or
selection amongst the Bseedlings from cpen-pollinated trees. Controlled hybridization
has not yet been practised. Because pistachio 18 dioeclous, it 1s not possible to
simply combine the best characteristics of 2 cultlivars, both of which are female, by
hybridization.

Breeding alms for pistachio may include one or more of the following: (in femalre
cultivars) resistance to low winter temperatures; even bud break despite high winter
temperatures; remistance of flowers to frost; flowering after frosts; early bearing;
high yleld; high nut/fruilt welght ratlo; low percentage blanks (poorly-filled or eupty
ghells); high percentage split kernels; large kernels; high proteln conteut; high oll
content intensive green colour; freedom from “kerman bloteih' or ‘“canker’; and
monoecious habit. Tho almo in male trees include: abundsnt pollen produ-lon, timing
well with flowering of female trees; a favourable effect of pollen on frull maturity and
nut and kernel quality; and good po!len longevity in storage. In rootstocks, the alms
includoe: resistance tc nematodes, and to Verticilljum alto-atrum wilt (found in P.
integerrima); favourable effect on sclon growth and development, including fruiting and
fruit characteristics; Linduction of more regular bearing in the sclon; and ecase of
vegetative propagatlon.

There are plstachio rosgsearch progranmes in Australia, Cyprus, Iran, Israel,
Tuniegla, Turkey, USA and USSR. The cultivaer 'Sirora' which was releared in 1981 in
Australia originated as a seedling from open-pollinated ‘'Red Aleppo', a cultlvar
introduced as budwood from USA. Work with the crop has continued in Cyprus since 1895
(Tiirel and Ayfer, 1955). In Iran work ls coordinated by the Seed and Plant Introduction
Institute in Karaj (FAO, 1978). A programme was strrted in Isrmel about 33 yearg ago to
sclect cultivars «ith o low chilling requirement. Two femalos cultivars, Nazareth 4°
and °‘Ellon 209' snd 3 males were of interest (Splegel-Roy &t al., 1972). Va-letal and
agronomic resea'ch with rainfed and irrigated crops has been carried out {: Tunisla
(bumont ¢* al., 1972). A solectlon programme was started in California in 1927, and the

female cultivars 'Kerman' end ‘'Lassen', and the males °‘Chico 23' and 'Peters' have been
released (Brooks and Olmo, 1972). The major commerclal cultivar in California in 1979
was ‘'Kerman', while ‘'Peters' was the principal pollinator .Crane and Takeda, 1979).

Local farmers Iin the USSR probably made the early pistachlo selections (Evreinoff,
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1948a; En'kova end Beskaravalnyl, 197a), some of which are very interesting. Trogko
(1938) reported cultivars 1n the Baba-Dag mountalns with large nuts and a high fat
content. Kerimov (1934) reported a high oil content in cultivars from Aspheron, while
Popov (1979) dlscussed the selection of large-~fruited cultivars for dryland cultivation.

6, GERMPLASHM CONSERVATION

Genetic erosion of wild stands of P. vera in West Asia and the Mediterranean
countrios has occurred because of land clearance, charcoal burning, and over-grazing by

goats. Wild tress were often only kept as rootstocks for top-working with selected
cultivars. The number of commerclally-grown cultivars is likely to ba reducad in the
future. Several wlld Pilstacla speclies arc used as rootstocks or pollinators, while

others may have a role in future improvement work.

The oxisting collections contain a few only of the wild specles, and it g
unlikely that seeds cen be effoctlvely stored. The areas of greatest priority for
germplasm conservation are in central and West Asla. The gonetlc diversity of stands of
wild pistacio trees should be surveyed, and steps should be taken Lo protect and
conserve them where they are endangered, largely in situ with representative samples of
diversity ex situ in field genebanks. A complote list and description of all cultivars
gshould be made, based on an agreed descriptor list.

Table 5. Collections of pistachio nut

Number of accesslons
Country ‘e atlon

Pistacla vers Other Pistacla spp.

Australia Marbeln, Victorla 30 atlantics (2}
culnensis (2)
kninjuk (3)
mutica (6)

. tarwbinthus (3)

Pistacia spp. (%

o 1 IP o to

Chile Santlago

Cyprus Nlicosla 8
Italy Rome 13
Syrla Damascus 125 L/ atiantica (7)

khiaJuk (?7)
lentlscus (?)

palsestina (?)
terebinthus (?)

1% 10 l.? v 1e

Turkoy lzmir 19
USA Davis 25-30 Plistacla spp. (6-8)

1/ Pistaclas spp., & fots! of 125 accessions, msinly P. vera, but also some accessions of the 5 related
specles as shown above.

Colloctions are iihely to exist In fren, israal and Tunisls, but no detalls wore svailable.
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Anacardiacesze

NDIAS C ER

(Ambarella)
1. INYRODUCTICN
The ambarella tree 1s principally cultivated for itas edible frultse, which are
usually consumed in the form of julce, sauca, jam or preserves. Its flavour is 1like
that of mengo or pineapple. The flesh of the unripe fruit 1s crisp, julcy and somewhat
acidic, but as it ripens it becomos fibrous with a musky aroma and flavour. Sometimes
the leavas are eaten as a vugetable (Anon., 1976). Data on the nutritional compooition

of the embarella, whicl, 18 unexceptlonal, are in Table 1.

The ambarella ie of minor eccnomic importance, and production statistics are not
compiled by FAO. It 18 cultivated on a small scale in meny tropical countries,
including Burma, Cuba, Indis, Indonesia, Jamaica, Maluysia, the Philippines, Sri Lanka
and the USA (Puartc Rlco).

2. TAXONOMY AND BOTANY

The genur Spendias L. contains 10 specles in the 1Indo-Maleslan and Africen
troplcs. For kaeys to the genus, see Ding Hou (1978) and Alry Shaw (1967). Sevoral
species have edible fruits, of which at least 2 mre cultivated for fruite (others are
used for gum production): S. cytheres Sonner, the ambarella; and S. purpurea L., the red
mombin, Spanish plum, ciruela (Spanish) or xocotl (Aztec language), which 15 extensively
grown in tropical America. The fruits of S. tuberosa Arruda, the imbu, wre picked from
wild trees and eaten in northeastern Brazil.

“pondlas cytherea has also been classificd as: Condonum malacconse Rumphius,
Spondias dulcie Solarder, Poupartia dulcis Blume, Evia dulcis Commelin, Evia amara var.
tuberculosa Blume and Spondies mengifera var. tuberculosa Engler. There are also many
names, including: great hog plum and Otahelte apple, pomme cythére (French), clrcuela
judia 8nd jobo de 1la India (Spanish), cajé-manga, tapliribd do Sertlo and cajarans
(Brazil), kedongdong (Malaysia), Jew plum (Jamalca) and vi or evl (Polyneslia).

The smbarella is a tree 10-25 m tall. Leaves alternate, crowded at the ends of
the branchlets, pinnate, wusually with a terminal 1locaflet and 4-12 pairs of lateral
loaflats; rachis 15-55 cm long; leaflets oblong 5-13 cm long and 2-5 cm broad.
Inflorescence & terminel panicle, up to 50 cm long, widoly branched, many-flowered.
Flowers small, hermaphrodite, pedicelled, clustered; calyx small, ca. 2.5 cm dlameter,
halfway S-cleft; petals 5, reflexed, yellowlsh-white, 0.3 cm long; 3tanons 10, shorter
than the petals; disc thick, yellow; ovary sessile, 5-celled; styles 5, erect, initially
close to each other, later spreading. Fruit an ellipsoid, glabrous drupe, yellow or
orange when rilpe, 5-10 cm long and 4-8 cm wide; pulp thick, fleshy, white; stone
comparativoly thin, consisting of one layer, with prominent ridges from which long tough
fibres radiato in all directions, 5-cellod (Ochse mnd Bakhuizen van den Brink, 1931).

Ambereila flowers are cross-pollinated by insocts (Ding Hou, 1978). Thoure are no
named cultivars although there are relatively improved forms with a thick mesocarp, and
a sweet, refreshing acld taste, and unimproved forms with long spines on the woody
endocarp, and reainous or pungent taste (Ochse and Balhulzen van den Brink, 1931; Anon.,
1976).

3. ORIGIN, DISTRIBUTION AND ECOLOGY

The origin of ambaroila is unknown, but it is now widaly distributed throughout
the troplcs. It grows botween about 23°N and 23°s at low and medium altitudes. In
Indonesia it is planted up to 700 m high, and in climates ranglng from continuously wet
to seasonal, with 6 wet months (ovor 100 mm rainfall per month) and 6 dry months (under
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60 mm rainfall per month) (Terre, 1948). The tree does not have exacting wsoll
requirements, and in Florida, USA, grows equaliy well on rocky limestone soils or acid
sands, but responcés wall to application of fertilizer (Popenoce, 1979).

a, AGRONOMY, DISEASES AND PESTS

Propagation can be by seed or vegetatively using hardwood cuttings, alr-layering,
or budding of non-petioled wood on stocks of the same spucies or on S. mangifera Willd.
{(Ochse and Bakhuizen van den Brink, 1931; Anon., i97%). Seudlings fruit at about 4
years old, end flowering and frulting are seasonal. In Juva, trees flower during the
dry season, and fruits are ripe 6-7 months later. Tohir (1970) states that 800-900
fruite per treo may bo an average yleld.

The ambzrella has few pathogans. Cook (1975) mentions only scab and Sphacelomms

sporidiadiu, a funguu which causes roind gspots on lcaves and fruilt. The diseare occurs
in Florida and Brazil, but 18 not werious. Leather (1967) vepcrted a sooty mould

digeaso, caused by the fungus Tripospermum spp. in Jamaica, and it s also affected by
gummoais, the cmupe of 'which ia unknown (Morton, 1961). Tohir (1970) reported a dlsease
in Indonesia known as "penyakit blendok", but gave no detalls.

Two beoetles, Podontia 1l14-punctats and P. affinis cause considerable damage to
leaves in Malaysia and Indonesin (Orhse end Bakhulzen van den Brink, 1931). In Jamalca,
the West Indian frult fly (Anastrerha mombin-preoptanns) attacks the frults. Diseases
and pests appeer to be of small economic consequence and little attention is paid to
control.

5. G3HETICS AND IMPROVEMENT

The chromosome number of Spondias cytheres 1s 2n=32. There 18 no genutic
inheritance data on ambarella, and there hao been no systematlc selection, although
occaslonelly seedlings have been propagated vegotatively.

6. GERMPLASM CONSERVATION

Cultivated ambarellas are under little threat of genetlc erosion while they are
mainly propagated by gsced. Tho threet to the wild species 1s difflicult to aesess, and a
study needs to be made on the origins of the cultivated Forms.

All of the collections whlch contain ambarella are tco small to be regarded as
being genetic rescurces collectlons. IBPGR (1984) nentions the followlng: Manauz and
sfo Paulo, Brazll; Njombe, cCameroon; Turrialba, Costa Rica; Habsna, Cuba; Guliacan,
Sinaloa, Mexlco; Los PBRafios, Phillippines, and there are 12 accesuions at Miami, Florida.
Thero 1s also 1 accession of S. dulcia At Crand‘Anso Experimental Centre, Mahé Island,
Soychelles. The seeds are recalcitrant (¥llls, 1904).
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Annonsaceas
ANNONA spp.
(Annona Fruits)

1. XNIRODUCTION

Four species of Annona =re cuinonly cultivated for their edible fruits: A.
mupicsta (soursop), A. sgquamosa (sweetsop), and A. retaiculata (bullock's heart) in
tropical lowlands; and A. cherimola (cherimoya) at higher altitudes in the tropics or
sub-tropics. The frults of those species differ in size, shape, taste an?d surface
featuros. They ars usually eaten fresh or used in desserts, lce-creams or gherberts,
and are Julcy but not particularly nutritious (Table 1). Many other Apnona species are
gathered from the wild.

Annona frults are of minor aconomlc significanca. Many of them grow throughout
the troplcs, and are almost always consumed locally, and rarely traded intermationally.
Soursop 1s grown in Venezuela, Surinam and Howall; sweetsop in Brazil and India; and
cherimoya in Colombia, Argentina and New South Walew.

2. TAXONOMY AND BOTANY

The genus Annona is characterized by a fleshy syncarp, or 'apple’, formed by the
fusion of numerous pistils on sn elongated receptacle. Of 119 species in the genus, 108
are tropical American, 10 are troupical African, but A. glabre L. is found in both
continents (Fries, 1959). The principal characteristics of tha major cultivatcd speciles
are:

1) A. muricata L. (soursop, guanabana, corossol, sirsak - Indonesia). A
¢mall, slender tree, rarely over 6 m high, with a large frult, often over 2
kg in welight. The frult is ovold, heart-shaped or conical with many short
flaeshy spines. The flesh 1s 1like that of the cherimoya, but tastes more
like pilneapple.

(i1) A. squamosa L. (sweetsop, sugar apple, custard apple, fruta de conde, ata,

pinha - PBrazll, srikaja - 1Indoneslia). A emall tree, reaching only 5 m
high. The frult is round, heart-shaped, ovold or conlcal, 5.0-7.5 cm in
diameter, and yollowish-green. The surface ig tuberculate and covered in a

whitish bloom. The white custard-like pulp has a plessant acldic teste
with good dessert qualities.

(1i1) A. reticulata L. (bullock's heart, common custard apple, corazon, buah nona
- Indoaesia). Treo is 6.0-7.5 m high. The fruit is commonly heart-shaped,
but may be conical, oval or irregular and weighs 0.1-1.0 kg. The surface
is smooth, reddish-yellow when ripe, and divided by impressed lines into 5-
or 6-angled areas. Tha flesh is milk white with a sweet, somewhat insipid
flavour. The gpeclaes is vigorous, but p.oduces the least tasty fruits.

(iv) A. cherimola Mill. (cherimoya) 1is a gmall, erect or somawhat spreading
tree, rarely over 7.5 m high. Thoe frult is heart-shaped, conical, oval or
somewhat lrregular in form, and weighs 0.1-2.0 kg. Tho fruit skin is thin,
delicate, light green and either amooth, or covered with small conical
lumps. The whito, slightly acld flesh has a delicate flavour of pineapple
and banana, and ~ontains numerous brown seeds.

In addition, tha following specles are sometimes cultivated for their edibla
frults: A. diversifolia Safford (llama) in Central America, A. montana Mact. (mountain
soursop, guanabana, cimarrona) 1in Venezuola und the Wost Indies, A. purpurea Hoc. and-
Sessé (moncoya) in Central America, A. scleroderma Safford (posh té) in southern Mexico
to Guatemala, and A. glabra I. (pond apple) 1in Vinezuela and the West Indies. About 13

gpecles of Annons have edible fruits.

Seedling populations of Annona species are very heterogeneous, although tha
flowers appear to have a mechanlsm preventing out-crossing. In A, muricata and related
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spaciens, the inner group of petals forms a cap covering the stigma and anthers during
flowering. The dehisced anthers are shed after flowering, and slido along tha stigma,
#0 that pollen is pussed to it (Fries, 1959).

Despite this, insect pollination has also been reported. Venkataratnam (1959)
reportad proterogyny, which favourn out-crossing, in which the anthers dehisce for a
period of about 4 hours, mootly aifter a 2-3 hour period of gtigma receptivity,
Caficient pollination may result in migshapen fruite, and low ylelds, and it iu
sometimes usuful to pollinate flowers by hand (cCeiiizaren Zayas, 1966). 1lhore are named
cultivars of the widely grown Annona specles, but they have not been proporly descrihed.

3. ORIGIN, DISTRIBUT1ION AND ECOLOGY

Host cultivated annconas originated in Central America, oithor on tha mainland or
on islands nf the Caribbean.

A. cherimola is typically found in tropical highland or sub-tropical lowlanda.
A. squanosa, which is mentioned in sSanskrit literature, was introduced to India at an
early date (Singh et al., 1967). The spread of the other specios vas probably much
later, but they are now cultivated in many tropical countries. The different Annona
sper.les differ soniewhat in climatic and edaphic requirements, and in their adaptalion to
drought and sensitivity to frost. Hany of then, possibly except A. chorimola, could bo
m:ch more widely grown.

a. AGRONOHY, DISEASES AND PESTS

The Annona gpocies can elther be grown from geed or vogatatively propagated.
Seeds from froeghly harveasted fruits should be sown. Campbell and Popencvo (1968)
reported that Joeds of A. dlversifolia imported into Florida wore dormant, but
gibberellic acid gtimulated germination. Pittman (1956) advocated submerging cherimoya
sceds under water for 3-4 days bofore sowing. Germination occurred after 4-5 weeko in
warm poil. Trees grown from geed are heterogeneous, but methods of vegatative
propagation are recommended in several countries by which cultivar characteristice may
be perpetuated (Bourke, 1976).

Annona trees start flowering 4-5 years after gsowing. In India they lose thelr
leaves between MNovember and December. Some species flowor twico a year, although the
summer flowers may faill to wvet fruit (Venkataratnam, 1959). Inadequate pollination is a
common cause of low ylelds, which are typlically below 5 tonnes/ha.

Anthracnose (Colletotrichum gloeosporioides) iu the principal disease of annonus
(Alvarez Garcia, 1963). Fungicide sprays can be uged to control it. Six other fungal
disegees may be locally serious (Cook, 1975). About 20 ingect species may be damuging,
probably the most serious being fruit and seed borers, but control measures are not
usually practised.

S. GENETICS AND IMPROVEMENT

Moot species of Annona have 2n=14 or 2ne16 chromosomnes.

There has boen a 1little breeding work with annonas this century, vegetative
propagation facilitating multlplication of selections or hybrids. Crosses were made in

Fiorida and the Phllippines between several Annona specles (Wester, 1913). One result
was the ‘atemoya', a croes between A. sSquamosa x A. cherimola. Two local atemoya

selections, ‘'Bradley' and ‘Page’ have been grown in Florlda for many years, and there is
also a South African atemoya cultivar ‘'African Pride’ (Campbe)l, 1970). Some promising
atemoyas thave been produced in India, where they also grow ‘Israel Hybrid', an
interopecific hybrid, and ‘cutemoya' (atemoya x A. cherimola). In E_ypt there is a
hybrld known as 'cherimata‘’ (A. squamosa x A. cherimola) (Ezzat ot al., 1974). Avpart
from hybridization, plant breeders have exporimented with colchicino-induced tetraploids
of A. sguamosa, but they were unproductive (Izlam, 1953, 1960).
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6. GE SM _CONSERVATIO

The amount of gonetlc erosion in cultivated annonas 1is slight, although A.
diversifolia, one of the minor cultivated species, is considered to be at considerable
risk as a result of agricultural expansion in the area from southern Mexico to El1

Salvador.
Table 6 llsts collections of trees. Although the seods of A. muricata and A.

gquamosa have orthodox storage bchaviour (Ellis, 1984), there are currently no seeds in
genebanks.

Tabla 6. Collections of Annona 2pp.

Number of accesslons

Country Location
A. cherimoia A. muricata A. raticulata A. squamosa Other Annona spp. ‘astemoya’

Australia Nambour,

Quoensiand 8 A ] A. glabra (1) 20
Brazii Bahla
Manaus,
Amazonas 14 2 A. glabra (1) |
A. montana (3)
Chile Santlago nnons spp. (3)
Costa Rica Turrlalba ;] 41 40 7 A. dliversifoiia (2%) t
A. purpurea (6)
Cyprus Nicosla
Ecuador Quito i2
indla Bangalore Annona spp. (10)
Indones|a Bogor Annona szpp. (7)
Jamaica Kingston Anncna spp. (9)
Matawi i.Imbe Annona spp. (3)
Mex|co Veruscruz 13
Papua
New Gulnos Karavat Annona spp. (4)
Peru Lima 49 6
Philippines 'os Bafios 7 43 as Annona spp. 8
(5 accasslions
of J species)
Seychallesl/Mahé 1 1 34
Sudan Wad Modan} 7
Thal land Bangkok
UsA Miaml, Florida 6 (3] 17 3 A. bullets (2) 21
A. dlversifolia (3)
A. gtabra (2)
A. montana (%)
Annona spp. (14)
USA Mayaguer,
Puerto Rlico 250
USA Hito, Hawall L1} 2 A. gtabra (2) -

Annona spp. (2)

1/ Grand'Anse Exparimantal Centre, Mahé !siand, Seychelles.

IBPGR (1984) also Ilists small colloctions of Annona frults at Darwin and Now South Wales, Australia;
Alstonviile, Njombe, Camerocon; and Habana, Cuba.
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Bombacaceae

DURIO ZIBETHINUS
(Durian)

1. INTRODUCTION

The durlan is a large fruit, of which 14-22% ip typically aril, 18-22% is geels,
and the rest 1la waste. The pulpy arll has an acquired taste, a pungent smell, and is
rolatively nutritious belng rich in carbohydrates and fat (Table 1). It ia usua'ly
congumed fresh, but may be bolled as a vegetable, and made into Jams or deslccated
products or fermented. The seeds are edible when fried in oll, roested or boiled, but
are rarely eaten. Thoy are nigh in carbohydrates, mostly starch, oil (10-45%) und
protein (sStanton, 1966).

burians do not store and travel well, so most are sold locally, and insignificant
amounts are exported. T+ !a Malaysia's third most widely-grown fruit crop after binana
and rambutan. It is also grown in Indonesia, Thalland, Viet Nam, southern Kampuchea,
and Mindafiao and Sulu islands in the Philippines, but rarely outside Southeast Asia
(Malo and Martin, 1979).

2. TAYONOMY AND BOTANY

The genus Durio contains about 27 gpecles in Southeast Asla and Sri Lanka
(Kostermans, 1958), at least 6 of which have edible frults, including Durio zibathinus
Murr., the cultivated durian; D. kutejensis (Hassk.) Beccarl, the lai or keran:congan,
which 15 cultivated in Borneo; BD. oxleyanus Grifflth, which is also cultivated: D.
graveoler,s Beccarl - not cultlvated; and D. grandiflorus (Mast.) Xostermans and Soegeng
- not rultivated.

D. zlbethinus is a large buttressed tree. Leaves alternate, elliptical or
lanceolate-elliptical, ca. 10-15 cm long and 3.0-4.5 cm wide. Inflorescences oan older
branches, forming bundles of corymbs of 3-30 flowers (up to 15 cm long) with a main
pedicel (5-7 cm long), branching 1-3 times. Flowers 5-6 cm long, ca. 2 c¢m in dlamoter,
white or greenish-white; flower buds globose-ovoid, ca. 2 cm in diameter; apicalyx
splittlng 1Into 2-3 ovate declduous lobes; gtamens in 5 free phalanges, each filsment
with up to 12 anthers; ovary ovold, 5-ribbed, 5-celled, covored with sgcales; stigma
capitellate. Frult a capsule green to yellow, globosge, ovold or ellipsold, up to 25 cm
long and 20 cm in dlameter, welght 1.5-2.5(-8.0) kg; spines broadly tyramidal, sharp,
4-6 gonous, up to 1 cm long; valves usually S, thick, fibrous, inside whi<e, smooth.

Seeds 1-6 per cell, up to 4 cm long, completaly covered by a white or yellowlsh, goft,
very swaot arll (Kostermans, 1958).

Moths and bats usually pollinate durlans. Some of the trees In the Philippines
are solt-lncompatible (Valmayor snd Espino, 1975), but even in self-compatible trees in
Malaysia, cross-pollination may result in higher ylelds (Soepadmo and Eow, 1977).

The sgeedlings of durlans vary widely in frult, aril and sced chnracters. In
Malayopla, Indoneslia and elsewhere where durlans are commen, & rough distinction is made
between groups of cultivars sharing particular characteristics (Scegeng-Reksodihardjo,
1962) .

3. ORIGIN, DISTRIBUTION AND ECOLOGY

The centre of diversity of the genus Durio is Southeast Asla. A total of 19
specles, 14 of which are endemic, are found on Kalimantan. The Majaysian peninsula has
11 wspecles, of which 5 are eondemic, and Sumatra has 7 species, none of which are
endemlc. The durian is naturalized over a much wider area extending from Srl Lanka and
southern Burma through Java and Irian Jaya to the gsouthern Philippines (Kostermans,
1958). There are concentratlons of semi-wlld durian trees in the forests of tho Batak
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region of northeastern Sumatra, in parts of Sulawesi, and in Ambon-Ceram (Molvccas),
which probably grew from seed discardad after wild fruits were collected and eaton.

The ancestry, domestication end spread of the durian 1is not clear. Ite
progenitor might either have been a wild form of the same specles
{Soegeng-Reksodihardjo, 362), or a related ppecies, D. wyatt-smithii KXostermsns, from
HMalaya (Xostermans, 165.,. The durian has been introduced within the last century to

many other tropical areas, including India, Africa and the West Indies.

A3 a &prcles of the humid tropics, durlans grow best where the annual rainfall is
2,000 mm or more, and evenly disgtributed. Excessive raln during flowering seriously
reduces ylelds, but dry perlods of over 3 months are damaging to the trees. 1In Malaysia
and Thalland the troes are not usually grown at over 300 m in altitude, whereas they
were frequent at &CO0 m in Java (Ochse and Bakhuizen van dzn Brink, 1931). Well-dralned,
gsandy or loamy 3solls are best.

4. AGRONOMY, DISEASES AND PESTS
Durians have traditionally been seed-propagated. They germinate and grow

raplély, flowering and frulting after about 7 years. Vegetative methods of propagation
were developed in the 1920's. A commonly-used method 1s the modifled Forkert method of
patch budding, in which a bud from a relatively young branch is graftsd on to a 2-month
old seedling rootstock (Tidbury, 1976). The scions flower and frult when about 4 years
old. Fruit production 1in durian 13 seasonal, and they are also prone to alternate
bearing.

At lesst 30 fungaol diseases of durlans have been recorded in Malaysla alone, 2 of
which m.y be serlous. Root rot or patch canker (Phytophthora palmivora), can quickly
ki1ll traes shortly after the flrst symptoms appear. Usually older trees are affected
and young seedlings, which are somewhat tolerent of the fungus, may be used as
rootastocks to inarch older, diseased trees. D. maloccensis and D. manooni might be used
a8 rootstocks for the durlan in infeocted soils (Malo and Martin, 1979), laboratory
axperiments having shown that they do not attract zoospores of the fungus. Pythium
complectens also causes a patch canker and root rot in Malaysla. These dlseases are
mogt sarious in poorly drained soils (Singh, 1973; Williams and Liu, 1976).

At least 14 1npect species attack durians in Indonesia, 1including 3 scale
insects, reveral lcaf-eating canterplllars and beetles, 2 trunk and branch borers, and 3
frult borers (Lepldoptera). None are very damaging, and control 15 not usually
practined (Kalshoven and van der Vecht, 1950). Additionally, 2 nematode pests
Helicotyienchus spp. ard Radopholus spp. have been reported from the Malay peninpula
(Singh, 197/3).

5. GENETICS AND IMPROVEMENT

The chromosome number of durian is 2n=2x=56 as reported in Zeven and de Wet
(1982). Scepadmo (1979) found the somatlc chromosome numbers of 4 Durio specles to be
between 54 and 69. No genetic inheritance studies have been made in durian,

purian fruits were presumably collected from the wild, but by the 19th century,
cultivars with desirtnble characteristics begun to be recognized. In 1948, 13 clonally
produced cultivars were compared in a trial at Serdang, and the best ones werea
distributed for cultivation. In West Java, 86 accessions collected in Indonesia in 1978
have been assembled as the basis for a selection programme. Some inter-cultivar crosses
ware made in 1962 in Malaysia, but no results have been reported.

6. GERMPILASM_CONSERVATION

sastrapradja (1975) concluded that genetic erosion jin the cultivated durlien was
extensive in Indonesia, Malaysia and Thai’ind, moderate in southern Viet Nam, and slight
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in tha Philippinen. The distribution of relatively few clonally-propagated cultivars to
farmers was the major cause. Some loss of germplasm of D. dulcis, D. grandiflorus, D.
graveoclens, D. kutejensis and D. oxleyanus, which have edible fruits, has also occurred
in Indonesia and Malaysia. Tropical rainforest, which is the habltat of wlld Durlo
speclen, has been extensively cut down for agriculture, roads and townsa. In the Malayan
uniform system of forest regeneration, native frult treos, including Durin specles, are
selectively removed to allow the growth of trees of higher timber value (Choke, 1973).

The IBPGR hms supported a number of collecting projects in Tndonesla, Malaysia

arnd Thalland. Several slzeable collectionr ure now in exlstence, but they largely
contain cultivatad durian and not wild n-rclcs except in Thalland. Storage of seed,
which usually contain one zygotic embryo, -s r~.,t posgsible as they are reculcitrant (Chin
and Roberts, 1980; Hanson, 1984). Some efro.t has boen made to conserve Durlo speciles
in situ in arecas of Malaysian forest designated as Virgln Jungte Reserves (Choke,
1373). D. cennatus was noted in one of them (Putz, 1S78). In Bitu conservation will be

the major method of preserving :ia diversity of the goaepool.

Table 7. Colloctlions of durian

Humber of accessions

Country Location -
Durlio zibuthinus Other Durio spp.

Australia Qarwin, N.T. 10

Indonesia Bogor (1PB) B6

Indones|a Bogor (LBN) ? ?

Indonaesia Lembang 20

Malaysia Kuala Lumpur 310

Phllipplines Los 7Jafos 97

Thal land Bangkok 68

Thailand Chantaburi 504 D. graveolens (102)

0. kutejensis (14)

D. malaccensis (5)
D. mansoni (158)

D. oxlisyanus (8)
Ourlo spp. (36)

USA Hia—l, Florida 16
USA Hilo, Hawall [

IBPGR (1984) also [ists the following small collections of durian, but these can probably not be regarded as
genetic resources collections: Manaus, Amazonas, Brazlli; Keravat, Papua New Gulnea.



- 26 -

Bromeliacese

ANANAS COMOSUS
(Pineapple)

1. INTRODUCTION

Pineapples are a Bsweet, succulent &and tasty but not particularly nutritious
fruit, supplying a modest amount of carotene, ribcflavin and vitamin C (Table 1). They
may be eaten fresh, and are frequently canned in pleces or as Jjulce. T + fibrous
cannirg waste can be fed to llvestock, while the mill julce can be used for the
production of organic ucid and alcohol. A %“extile tibre can be produced from tha laaves
where labour cousts are low. All parts of the plant are a potential, though currently
unexploited, source of the protease vnzyme bromelcin, which has uses in food procegeling
and medicine (Dupalgne, 1975; Helnlcke and Gortner, 1957).

Pineapples are grown for domestic consumptlion, or for export, cither fresh or

processed, Thoy are now & major frult crop (Teble 2), belng grown in about 66
countries. The largest producers in 1984 were Thailand, Brazill, India, Hawall, lexico,
Indoneala 2nd China. Detalled statlstics based on geographical areas of productlion are

gilvan in Py at al. (1984).

2. TAXONOHY AND BOTANY

Ananas comosus L. (Merr., s the cultivated plneapple. Two closely-related
genera produce plneapples, a ‘false' or syncacpous fruit comprising swollen fused
carpuls, calyx sogments anJ bracts on an inflorescence axis.

Smith (1939, 1955) recognized 5 specles of Ananas, some of them with rubspecles,
and one specles of Pgeudananas, P. sagenarius L.B. Smith. A key to the genera and
speclos, with detalled botanical descriptions is given 1n collins (1960). A new ksy was
recently proposed in which 8 specles of Ananas are recoguized (Smith, 1979). The two
genera differ in the form of the bracts covering the syncarp, whlich ore raduced and
squamiform in Pseudananas, and conspicuous and follacoous 1in Ananas. There are also
differencos in the production of 'slips' and stolons, and in the appondapes borno on the
petals, which are in the form of lateral folds in Pseudananan, but llke delicate
fimbriated funnel-shapod scales in Ananas.

A. comosus is a perennial herb, 90-100 cm high. Leaves in a bushy rosette
crowded on stem wlth right- or left-handed spl_al and 5/13 phyllotaxy, up to 1 m long
und 6.5 cm broad, sessile with clasplng base, margin splny, tip polnted. InfloTescence
compact with 100-200 flowers borne splrally. Flowers hermaphrodite, trimerous, with
floral bract; gepals 3 short fleshy; petals 3, free, connivent with small opening at
tip; ovary inferior 3-locular with thick, flashy septa; ovules 14-20 per loculus in 2
rows, usually aborted. Fruit parthenocarpic syncarp formed by almost complete fuslon of
all the berry-like frultlets, and leafy ©bracts on the inflorescence peduncle
(Purseglova, 1972).

A. comosts is known only 1in cultivation, and 1is almoust always propagatod
clonally. Occaslonal chance hybridization and seed set 1n normally seodless frults, and
mutation, may have played a part in the development of a few cultlvars. The ancestry of
other cultivars may be traceable to plants gelected by South Amerlcan Indlans. Many
cultivars have been named and doscribed (Py and Tisseau, 1965), usually clasalflod in
3-5 groups, but few are commorclally grown. Collins (1960) 1lists 7 widely-grown
cultivars: Cayenne, Slngapore Spenish, Red Sponish, Peruambuce, Ananas amarillo,
Vermalhn und Mornte Lirio. pifferent cultivars muy be sulted for growth 1in different
climetic zones.

3. ORIGIN, DISTRIBUTION AND ECOLOGY

There ig little evidence on the origln of plneapple. It was probably



domeaticated in the Parané-Paragusy river dralnage area by the Tupi-Guarani{ Indians,
whore the related seedy specles occur. It may possibly elso come from the highlands of
Guyana alongside rivers (Zeven and de Wet, 1982).

The crop was widely grown in Central Amerlca, the carlibbean, and northern Snuth
America before the discovery of the New World by Europeens, who introdu-ed it in the
16th and i7th centurles to many other tropical countries. Early thla century,
pineapples were ntill a minor crop, supplying dJomestic needs and a small European
market. Production expended 5-fold betwcen 1950 and 1984, particularly in developing
countries.

The plneapple ic mostly cultivated within the tropics, but iz occaslonally grown

at latitudes up to about 340, Continuously warm corditions favour rapld growth and
daevelopment. The fruilt takes longer to grow at bLoth higher altltudes and latitudes, but
frult colour and quallty 15 nften better at lower temperaturaes. The crop 1is

frost-sensitive, but nble to withstand considerable drought, albelt at the expense of
growth and yleld. Plnecpples grow best ir well cultivated and fertlle solls.

4. AGRONOMY ., DISEASES AND PESTS

Vegetative shootu from verlous positions on the plant are used for propagation:
‘suckers' are from buds just below ground level; ‘shoots’' are from buds in leaf oxils;
'allps* are those just below tho base of the frult; ‘hapas' are from the bapes of the
pedicel; ‘crowns' are from the %op of the frusi‘; and 'butts' are virtually what remains
of an entlrec plant after hLarvesting the frult. The varlous types of shoots differ in
slze, welign' and speed of growth. There are techniques also of rapld multiplication,
which involve the stimulation of dormant buds in leaf axlls.

The number of shoots needed to cstablish a new Plantation depends on cultivar,
climate and agronomlc factors; commonly 45-65,000 are planted per hectare. In many
countries the noll 1s mulched with polyethylene or paper to consorve molsturs. Chemical
and mechanlcal weed control measuras are also standard practice, the weed prohlem belng
conslderable because of the slow growth of plneapple plants. Growth regula‘’ 'rs may be
applied in some countrles to ensure synchronous flowering and frult productlo

In the tropics a crop may be produred from newly-planted phoots in less than 18
montha, while it mey take more than 18 months In the gub-troplcs. In some countries
like C8te d'Ivolre, only one frult crop ls normally taken when they are grown for
export, whereas 2 or 3 further crops may be allowed to develop from suckers, depending
&lso on the cultivar grown and the nematode problem, 1f frult quality is not a major
critartion. After a full cropplng cycle, new plenting material is removed from the old
plants, and the remalning stumps are cut up and ploughed in. A green manure crop may be
grown between succegslve plneapple crops to help countrol n.matodes, or other frult crops
may be grown in rotation. Yields vary from zn average of 25 tony to up to 100 tons/ha,
ratoon crops usually producing less, and especially so in the case of ‘Cayenne Lisge’
(Py at al., 1984).

About 12 fungal discases affect plneapple. Several Phytophthora specles are
widespread, causlng root, heart or top-rot, especlally when drainuge 1s poor. Nematodes
end other animal parasites may facilitate entry of the fungug. Planting in the dry
deuason, and other cultural methods holp to keep the discase in chack, while chemical
wontrol of the fungus 1is also possible. Butt and fruit rots can be caused by
Ceratocystino paradoxa. Drylng or aeration of plant materials and preplanting fungliclde
dips help to control it. The fungus Fugarium moniliforme penetrates the fruit through

amall wounds, often caused by mites, and may cause frultlot:r core rot (black spot). No
means of control has yet been developed, although it 1s falcly common. Other fungal
diseasen are not severe and not controllod.

Several specles of bacteria, such as Erwinla carotovora and E. chrysanthemi,
which cause fruit collapse in Halaysia, may have very damaging exfects. The disease is
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probably transmitted by insects vieiting the flowers. Soraying with ethephon, which

reduces enthosis, also reduced disease incidance (Lim and Lowinga, 1979). The “pink
disocase”, reported from several countries, is caused by one or more sepecims of
bacteria. This also i transmitted by inuects or mites, &n?1 can be resduced by

insecticide sprays (Kontaxis, 1978).

In Hawaii, the yellow spot virus caures l1lanaf sgpots, s8snd necrotic areas and
rotting of affected frults. Control is by removing irnfected plants and the alternate
weed host, Emilie sonchifolia, and by routine insecticide sprays to con‘rol the thrip
voctors. Tho cuuses of pineapple wiit disezse, which is widespread and results in
serious lowses 1f unchecked, and the "terminal mottle" disease in Hawaiil and Mexico, sre
not fully understood (Cook, 1975).

At least 30 insect pasts, including a few mlte speclos, cause economic damage to

pineepples. Several specios of mealybug a.e assocliated with wilts, which may ba caused
by a toxic materlal Introduced when they feed. Antg may help In dispersing the
mealybugs. Routine measures to control both ants and m2alybugs, ucing insecticides and
plantation hyglone, are applied 4in many countries. Several inrects and mites are
vectorzs of Fusarium. The larvae of Thecls basgilides (Lepidoptera) may cause large crop
losses in Brazil, by tunnelling into the frult, and causing tiiu exudation of a gum-like
substance. Again control 1s usually chemical. Truit flles are of little importance in

pineapples. There are differencer between cultivars in suscept?bility to some insects.
At least 11 spociss of nematodes attaci: pineapple roota, causing growth
reduction. Nematicldes are used in some countriuvs to control them, and crop rotation

may also help.

5. GENETICS AND_ TMPROVEMENT

Commercial cultivarc of pineapple may be diploid, triploid or tetrapioid, with
2ri=50, 75 or 100 chromosrmes respectively. Diploids and totraploids are fertile but
self-incompatible, while triploids, whether naturally or artificially produced, are
sterile. Higher ploidy results 1in larger cells and fower stomata per mn? of leaf
surface, but 1s not clesarly related to frult production or quality. Pgseudananas in a
tetraploid with 2n=100 chromosomes.

A few plant charucters have been the subject of inheritance studies. Leaf
spininess, a barrier to easy cultivation, is determined by tha alleles S-s; S for spiny
tips, and s for spiny laaves. The cultivar 'Cayanne', which is spiny-tipped is S/s.
Another character of known inheritance is the sn-called “piping leaf”, a completely
spineless form with a sllvery band on the upper leaf surface. The gens P (piping) is
epistatic to S or s. 7The homozygous P/P gonotype produces a more pronounced piping than
the P/p genotypo, whilc the p/p genotype has no obvious phenotype In the presence of S
or 8 genes. Mutations of S to s are falrly frequont, and should be rogued, but the
reverso mutation is rare. ¥Yany other mutations, gsuch as *‘collar-of-slips*,
characterized by an excesslve number of ‘slips‘' attached +o or massed around the frult
base, are knowa. The frulty cof thls mutaent are smaller than normal, and should be
rogued (Collins, 1960).

Most pineapple breeding has been based on mass selection or individual plant
selection, followed by clonal multiplication. The use of induced mutations, and/or
Intarvarietal or interspecific hybridization has only rarely baen reported. Large
collections of cultivars form the basis of many successful selection programmes in Céte
d'Ivoire, Hawaii, the Philippl.uesn and elsewhere.

Artificlal criss-pollination 1ls quite simple, and the seeds can be removed fcom
the frult without difflculty. Seed permination is sglow and irregular without treatment
with concentrated sulphuric acid to soften the tough sced coat (Iyer et al., 1978). The
seedlings are grown in a nursery for about 18 months, and in the field for 16-30 months
before they produce frult. Selecztod plants are cloned and then tested in replicated
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troials., The possible uve of callum cultures for producing new cultivars hae also been
suggested (Pannetier and Lanaud, 1976).

Pineapple breaeding has mostly been alined at improving fruit quality for canning.
Collins (1960) 1lists 9 desirable changes in ‘Smooth Cayenne', which is widely grown in
Huwall for canning: yellower frult colour, higher sugar content, lower acld content,
more cylindrical) fruit shape, more uniform ripening, higher vitamin C content, absence
of weeeds, larger and more vigorous root system, and 1improved disease reslstance.
Breeding aims in CBte d'Ivoire have included: ghort cropping cycle, menlybug, nematode
and symphilid resistance, large frult, short and stout pedicel, small ~rown and quick
production of 1-2 suckers and 1-2 slips at l2apt 2 cm below the frult base (IRFA,
1977). Resistance to Fusarlum is an important brecding aim in Brazil.

Breeding programmes in tho Phllippines (Capinpin, 1939), Hawall (Collins, 1960),
Puerto Rico (Ramire: et al.. 1970), Malaysla (Lee, 1977), Brazil (Gadé&lha, 1978),
Queensland (Leverington, 1969), Malaysia (wWee and Tay, 1974), and Gulnea (Py and
Tisseau, 1965) and other countries have produced improved cultivars. Systems of clonal
selnction operating in many countries may be reaching the limlts of thelr productivity,
to be replaced by programmes based on hybridization. Such programmes, however, are
glow, asg F; ®8oed takes 4 years to frult, and 4 gencratlons of back-crossing to an
interupecific cross may be roquired bofore a comuerclally-acceptable cultivar 1is
produced. The whole process may take 25 years Lo be followed by several years of
multiplication before sufficlent planting material is available, although thre use of in
vitro methods may speed up theo process considerably.

6. GERMPLASH CONSERVATION

It 1s difficult to assass the danger of disappearance of wild Ananas and
Pseudananas spocies, because the precise ranges of many of them are unknown, and some of

the wild relatives «~f plneapple grow In lnaccessible areas which have been inadequately
oxplored (Plckersgill, 1976). Information 1is generally available from ensilly nccessible
areas, such as along the Paraguay and Parand rivers (Argentina, Paruguay, Boulivia and
Brazil), and in tho states of S8o Paulo and Minas Gerals in northeastern Fcazil, where
genctic erosion may have been most serlous. IBPGR has recently funded a collecting
migalon in the Orinoco bar.n.

Several wild specles of Anarus and Pgseudananas are ncow being used In breeding
programmes in Hawall. Collins (1960) has 1listed the desirable and undesirable
characteriastics o7 A. ananaggoides (Bak.) L.B. Smith, A. bracteatus (Lindl.) Schultes,
A. erectifolius L.B. Smith, and P. sagenarius, and 5 important cultivars of A. comosus.

A. snanessoldes has contributed a distinctlive flavour, an abllity to grow in cool moist
conditions, and some disease reslstance. Possibl: other wild Ananes specles may

contribute useful geones, as crosging bacrriers are usualiy plight.

There are relatively few extensive colle tlons of Pineapple cultivars and wild
reiatives, most of which are of clonally-main:ained cultivars grown in the fileld.
Several collecticns are malntalned by private companies, and may therefore not be
avallable for general use. A well-drained s9gite s essential in order to avolid
Phytophthors and other diccases. Some individusl plants may occaslonally undergo
genetic change through mutation, but this 1is unlikely to happen with more than a few of
tte plants of a clone. Pineapple geeds are orthodox (Ellls, 1984), but they are not
known to have been stored for germplasm conservatlon. Commerclal cultivavs are soedless,
but s@ceds may result from crogsg-pollination. Nuw pirneapple plants have been ralsed in
vitro from various typerm of explant (Hathews, 1979), the maintenance of which under
minimal growth ronditions wlill be useful both for the 1international exchange of
tdisease-free material and for medium-term goermplaom conservation.
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Table 8. Collections of plneapple

Number of accosslons

Country Locatlon
Ananas comosus Other specles/

hybrids/genera

Austratla Quoensiand 40

Brezi! Bahia 83 A. ananessoldes (18)
A. bracteatus (10)
A. srect!folius (3)
A. parguszensis (1)
Ansnos spp. (39)
Slitbargla spp. (2)
Bromeila spp. (36)
Jitlandsia sp. (1)
hybrids (21)

Brazl| Rlio de Janelro L 3]

Brazil Pernambuco 3

Camercon (IRFA) NJambe 14

Chine Taiwean 43

Colombla Paimira Valle 29 Broms|in chrysacantha (1)

Cite d'ivolre (IRFA) Abld])an 107 12 wild relatives

France (IRFA) Martinique 29 Ananas spp. (6)

fFrance (IRFA) la Réunion 1]

indla Bangalore 36

Indonesila Lambang 48

Japan Ok Inewa 48 A. ananassoides (2)
A. bractestus (3
A. ersectifotius (1)
A. lucidus (1)
Ananas spp. (2)
Psoudananes sspenarlus (2)]

Malaysie Kuala Lumpur 54

Max|co Veracruz 4 Ananas spp. (2)

Maxico Calays 20

Mozamb | que Maputo 20+

Nigeria Ibadan 106

Phllipplines Los Bafos 10

Seychetles 1/ Mahé ? marron (1)

South Africas Nelsprult 1"

Thailand Bangkok 12 A. bracteatus (3)
Ananas 3p. (1)

USA Miam|, Florida 25 Aazhmea spp. (1)
Bronella pinguln (1)
Tillandsla spp. (6)

USA Puerto Rico 8

1/ Grand'Anse Cxperimental Centre, Mahd istand, Saychelles,
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Caricaceae

CARICA PAPAYA
(Papaya)

1. INTRODUCTION

The papaya is principally a dessert fruit, but when green can be cooked as &
vegetable. Ripe papayns flosh is rich in vitamin A, relatively high 1n rlboflavin, and
average in vitamin C (Singh et =al., 1967 and Table 1), but is of poor food value
otherwige. It can be used in pickles, Jjelly, jam, candy, canned pieces, nectar or pulp
and in pies and sherberts (Bhutlianl et al., 1963). The enzyme papaln, which consista »f
2 high molecular-weight ccmponents, can be extracted from latex tapped from green
fruits, after which the frult. neal and can be eaten, and leaves are also used for this
purpose (Bocker, 1958). Papain has a varlety of {ndustriol and medicinal uses, mainly
in the chill-proofing of beer, and also in meat tonderizatlon (Lasscudiére, 196%9e).

According to FAO statlrtics, papaya iz grown in 32 countries. This ia probatly
an under-estimate, as it 18 produced in many countries on a semal) scale asnd rfor local
consumption only. World procduction of frult Table 2) har increawed over the last
docade, the largest producers in 1984, 1in descending order, boaing Brazil, Mexico, India,
Indonesie and Zaire. Papain productlon is very labour intensive, and was restricted to
Zalire, Tanzanla, Uganda and Sri Lenka in 1970 (Flymn, 1975). Many aspects of papaya
production are covared in Lassoudiére (1969 a,b,c,d and f).

2. TAXONOMY AND BOTANY

Carica papaya L. is the the papaya, melon tree or pawpaw. Badlllo (1967) reviged
the famlly, recognlizing 21 of 57 named Carlca spacles.

Some other Carica specles, bLesides C. papaya, have edible frulita. c.
candamarcengls Hook. f., mountaln papaya, a frost-resistant specles is grown in the
mountains of Colombia between 1,500 and 2,700 m. Its small and tart fruits have to be
cookad, €. monoica Denf. 1s a native of the Amazonlan forests, which frults only 4
months after tho seeds are sown. Both fruits and leaves may be caten when bolled. Tha

frvlte of €. pentagona Hellb., o native of the Andean hishlands of Ecuador and adjacent
te ¢ltory, may be used for mak%ing swaotso. C. zhrysopetala Hellborn also has odible
fruits.

The pupaya plant 1s herbaceous 4in structure, 2-10 m in height, wusually

unbranched, and rapldly-growing. Latex venseols producing papain are found in oll parts
of the plant. Leaves large, deoply-lobed with a long potiole, leaving o large scar.
Plants are male, female, or andromonoeclious; female form |is ptable; male and

andromonoecious may be gtable or not, with varying proportions of male, femala and
perfect flowers at different tlmes of year, depending on weather and photoperiod.

Inflorescencel’ of female plants 1ls ghort, compact and few-flowered, that of other
types long and pendulous, with many sepaslle flowars. Flowers of 3 typos: male flowers

with sympetalous corolla forming a slender tube about 2.5 ecm long, surmounted by a
S5—-parted limb of about the same length, with 10 stamens inserted in 2 rows at thront of
the tube, gyncecium absent except for a plotillode; hermephrodite flowers larger than
males, with S5-carpellcte ovary with parletal placentation, and upually producing long
cylindrlical, obovold or pyriform fruits, depending on cultivar; female flowers with
large functional pistil, but no stamens, ovold-shaped ovary developing into oblate,
sphercldal to oval frults. Frults vary Iin size and shape occording to cultivar and
plant sex type. Ripe fruits usually have o smooth, orange sk.n enclosing a thick layer
of yellow-orange pulp in which the numerous small, black and round sceds ara embedded,

1/ ‘inflorescence' a receme according to Coblay (1956), a cyms according to Storey (1969).



each surrounded by a mucilaginous mass derived from the aril. Many intermudiate fiower
forms can occur, leading to over 30 different trae types.

Pollination of papaya is by wind and insccts. Becauve their unusual breeding
system favours croes-pollinetion, cultivar characteristlcs cen only be maintasined by
gselfiny, and few arae recognized. 'Solo' was develcped in Hawail from seods imported
from Barbados in 1910. It is hermaphrodite, with fruite of an acceptable weight for tha
USA market, und does not lose vigour on inbreeding. Several strains of ‘Solo' exist
(Hamilten and Ito, 1968). Oother rocognized cultivers are: ‘Hortus Gold' from South
Africa, °'Co 1' and 'Co 2' from Coimbatore, India, and °'Maradol’ a hormaphrodite from
Cuba (Rodriguez Nodals and Ricardo Corrales, 1967). The 1BPGR is due to publish a
descriptor list for papaya in 1¢86.

3. ORIGIN, DISTRIBUTION AND ECOLOGY

Papaya i5 penorally assumad to have originated in the lowlands of Central America
somawhere botween southern Mexico and Nicarsgua. The history of itse domestication is
not known, but by tho time European botunists discovered it, there were already a large
range of types in cultivetion (Zeven and de Wet, 1982). C. pelta Hook and Arn., a close
relative of the papaya, origineted in the same region. C. candamarcensis originated in
the Andes of Colombia and Ecuador, and C. chrysopetala and C. pentagona are from
Rcuador. The cultivated papaya is now ublquitous throughout much cf the tropics and

sub-troplcs.

Papaya is not frost-hardy, although slight frost sometimea ounly damages ‘he
leaves. Growth 1s most rapid at 22-26°C, and for high quality fruit full sunlight is
required. 1,000-1,500 mm. of rainfall evenly distributed throughout ths year, 1is
ideal. For papain productlion, conditions somewhat cooler than typical in tropical
lowland srcags, seem to be favourablo (French, 1972). Papay. grows woll in meny soils,
provided they are well-drained and free from ruot knot nematodes. An idenl pH io 6-7
but they grow quite well at pH 5-6. In areas only marginelly suitabla for papaya
production., 1.o. at higher altitudes ani latltudes, cool weather may recsult in poor
pollen production and/or the formatlon of abnormal flowers loading to deformed and
non-markotable frults, which may also have a lower sugar content and poorer tadte.
Pollination may be inadequate In wet weather, while oxtended dry perlods reduce apical
growth and new leaf and Inflorescence development.

4. AGRONOHMY , DISKASES AND PESTS

Papayas are usually grown from seeds, which germinate in 2-4 weeks under tropical
conditions. Ooften seedlings are raised in nurseries, and transplanted 6-8 weeks later
at a denuity of about 1,100 plants/ha. Initially only leaves are produced, but after
4-8 months, inflocsescencaes are Initiated in the leaf axils. The frult takes about 5
months to develop In the troples but longer under cooler conditions. Vegetative
propagation ig possible, but rarely practised because of the scarcity of sclon matorial
from the mother plant, which makes it oxpenslive.

Orchards have to be repianted overy 3-4 years, but need little maintenance: some
woed control gnd no pruning. The flret frulty are formed low on the plant, but they are
borne progrossively higher up, so that after a few years they are too high for economic
harvesting. Fruit productlon can be continuour, but 1s likely to be reasonal 1in
climates with cool or dry porlcds.

About 50 fungal discsoes affect papaya, and are a major factor limiting ylelds,
aegpecially in plantations. An’:hracnose (Colletotrichum gloeosporioides and other
Colletotrichum spp.) spolils ripening or utored frults, but can be offactively reduced by
a post-harvest hot water tieatment. Dlfferent Pythium and Phytophthora sepacles cause a
number of root, foot and trunk rots. Other disease usymptoms include sewd rot,
damping-off of sgcedlings, powdery mildew, premature leaf shad, flower and young fruit

drop, and frult spotting and rots. Control measures in nurseries and plantations,



though rostly, are often essential. They 1nclude woll sterilization in nurserles, the
introduction of disease-free soil in older plantation sites, regular chemical spraylng
programmes, plantetion hyglene, and crop rotation (Frosasard, 1969«).

About 20 virue and virus-like dlseases affectlng papayc have been reported, but
up to half of them may be synouyms (¥Frossard, 1969b; Cook, 1972, 1975). Hany occur in
reuistricted arecs, and they vary greatly in severity. Virus diseases virtually
destroyed a flourlohlug industry in Cube (Roig and Mesa, 1962). Control measures
include chemlical control of insect vectors, removal of woed hosts, and roguing of
infected plants. Three bacterisl discases of minor importance only hava2 been reported
(Cook, 1975).

Up to 70 specles of insects and mites, almost half of them Homoptera, attack

papaya. The mites, Hemitarsoneumus laetus &nd several Tetranychus wopecies, cause
yellowing and shedding of leaves, and also damage frults. The Homoptera group includes

at least 14 sgspecles which are vectors of virus dipesses, 6 jasslds, 14 gcale insects and
8 aphids. The larvae of at least 11 specles of fruit files (Diptera), which lay their
egk® in the frult, are very damaging. Among the group of ¢ Lepldoptera, some specles

seriounly aqamagc leaves or frults. The group of Coleoptora comprises malnly
trunk-bering beetles. The Orthoptera includes o polyphagous sgrasghopper, and a mole
:ricket which cuts young peedlings off at ground level, Reasonably effective insect

control can be achleved with pesticldes (Guérout, 1969).
frive root knot namatode- (Mololdvzyne epp.) and one reniform nematode
(Rotylenchulus renifowrmnis) may be serious pests. Chemical ws0il treatments and crop

rotation are appropriatu control moasures (Guérout, 1969).

5. GENETICS AND [MPROVEMEMNT

All carica specles examined are diploid with 2a=18 (Chandler, 1958). Tetraploid
papayas have been produced artificlally (Lassouditre, 1968). Three alleles determine
the inheritance of sex (Storay, 1969): M for male, MH for herm- phrodite and m for
female. Combinations of doninants, i.e. MM, MMH and MHMH  are lethal to the
zygotes receiving them. Hermaphrodites are HHm, mzles Mm and females mm. Selfing of
wermaphrodites leads to 25% females, 50% hermaphrodites, but no males, and 25% of the
Zygotes are non-viabla. Males only occur in the offspring when on. of the parents is
male. The inheritanco of frult share, fruilt size, nuekiness of flesh flavour, flesh
colour, earliness of {ruiting, and height at first fruiting are also more or less wall
uriderstood.

The genetic Iimprovement of papaya has cerntinued for centuries, by raising
seodlings from selected frulits and eliminating unwanted male plants. Breeding
programmes besed on artificial hybridization were started in Hawall in 1915 (Storey,
1969), in South Africa in 1931 (Hofmeyr, 1933), in Colombia in 1%¢3 (Torres ani Rios
Castuno, 1967), in Peru in 1964 (Caldaza, 1967), and in Cc8Bte d'Ivoire in 1977 (Anon, ,
1978¢c).

Breeding goals dapend, among other things, on the market requirements of
different countries. In Hawall export to mainland USA requires smcll fruits (450-700
8), while local canneries demand large fruits (900-1,350 g). A.mg common to both
markets are: high yield, uniformity of fruit size and shape, thick and firm fruit flesh,
attractive flesh and skin colour, small cav'ty, high sugar ccitent, abgence of
unpleasant odours, absencoe of carpulloidyl’ and sterility, and resistance to diseases.

In general, papaya breeding seems to be relatively problem-free. A wide range of

1/ The abnormal davolopment of stemans Into fleshy structures which spoll the shape of the fruit - “"cat-face"
“‘ruits.
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varinbility exists in C. papaya and closely related species. The frult produces many
(300-700) seeds which germinate rapidly, and the plant has & short breeding cycle.
Darpite thelr breeding system, yinld is not depressed on inbreeding. The successful
hermaphrodite cultivar 'Solo' and strains developed from it (Yee, 1970; MNaekasone et al.,
1974) have resulted in improved crops in Hawali and elsewhere, but rasistance to papaya
mosaic and other virus diseases, and a juvenlle sex-linked character allowing the early
elimination of superfluous male seedlings, are etil) required.

Several Carica species are potentlally useful sources of disease resistance, but
the cresgs-compatibility of differont specles has been insufficioently studied (Sawant,
1958; Horovitz and Jiménaez, 1972; Hekako and Nakasone, 1975). The study of
graft-compatibility between different speclies could be valuable in the search for a
rootstock rosigtant to soll-borne disoames, notably Phytophthora spp.

6. GERMPLASM CONSERVATION

The risk of genetic erosion in willd cCarica specles may be low because the plants
grow and frult rapidly, often in disturbed habliats, produce numerous seede, and have 8
breeding system favouring out-crossing and occasional intarspecific crossing.

Collections currently contain a range of both cultivated end wild accessions of
several Carica species. Most are maintained as living plants, but several also contailn
Beeds . The seeds are orthodox (Ellis, 1984), and remaln viable for aboul a yesr Af
dried and kept at 12°C in a tlightly-capped Jjar, or longer under IBPGR preferred
conditions.
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Tabie 9. Collectlions of papaya

Nunbar of accesslons

Country Location
Carics pspaya Other Carlca spp.
Brazlt Bahia 42 caulifiora (1)

C.
C. goudotlana (I)
C. pubescons (1)

C. quercifolla (1)
Carlca spp. (3)

Colombia Palmira Valle 70 C. caulitfioras (5)
C. goudotliana (9)

Colombis Tibaltsta 8

Costa Rica Turriatbas 13

Cubs Habans 20

Equador Quito 10 C. pentagona (30)

tndisl/ Colmbatore 104

Indiel/ Hew Delhl 90 C. candamarcensis ()
C. caullfiora (1)
C. chllensis ()
C. chrysopetala (1)
C. goudotiana (1)
C. mlcrocarpa (1)

. C. monolca (1)

C. pentagona (i)

Malaysia Kuala Lumpur 35

Mexicol/ Varacruz LY Carica spp. (6)

Nigerlal/ tbadan 249

Peru Lima 39 C. monoica (2)
C. pubescens (1)

Peru fquitos 10

Phlllppln.s-'-/ Los BaRos 301 C. x hailbornil (1)
Carica spp. (24 of 7
specias)

Seychal lesl/ 2/ Mahé 37

USA Florida 13 C. chrysopetals (I}

C. goudotiana (3)

Jacsratia sploosa (1)
usal/ Hawal 29 C. caulifiora ¢I)

C. goudotiana (1)

C. mlicrocarpa (I)

C. monolca (1)

C. pettata (1)

C. pubezcens (I)
Usa Puerto Rlco 10
Venezue!al/ Maracay Carica specles

1/ Plants and seeds
2/ Grand'Anse Exparimental Cantre, Mahé Island, Seychel las.

IBPGR (1984) also |lsts the following smal! collections of papaya, but these can probably not be regarded as-
genetlc resourcas collections, at: Queansiand, Australla; Santisgo, Chlle; Keravat, Papua Now Gulnaaj
Nelsprult, South Africa; Wad Medani, Sudan.
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Ebenaceae

DIOSPYROS KAKI

(ltakl)

1. INTRODUCTION

The kaki or Japanese persimmon 18 one of S5 specles of Diogpyros with edible
fruits, which are mainly eaten fresh, but can be frozen, canned or dried, and are
sometimes used in oriental cooking. They cen be stored for up to 6 months, Keki is
high in vitemin A (from its red to yellowlth-orange carotenold pigments), and iz also a
modsrate pource of ascorbic acid (Table 1). Some cultivars are astringent when not
fully ripe, containing un average of 1.4% of soluble tannins in speclal cells. There
are old rveports from Japan (Trabut, 1925) and India (%Znon., 1952) on the use of kakl
frult tunnins. Kakl wood is dense, moderately hard, neavy and marblsd, and is used for

ornamental work in boxes, desks and mosalcs, and in Japan for golf-club heads.

FAO satatistlcs of world productlon (Table 2) are from 5 countries only, with
China (Talwan) producing 61% and Japan 29% of the crop in 1984, and the remainder from
the Ropublic of Xorea, Brazil and Israel. Persimmons are relatively minor crops of warm
temperato areas rather than the tropicz or sub-troplcs.

2. TAXONOMY AND BOTANY

Dioswvyros kaki L.f. (ayn D. chinenseis Blume), the oriental or Japanepse persimmon,
date plum, keg flg or kakl, belongs to the femily Ebenaceae. Heywood (1978) conslders
that the genus Dlospyros should contaln 400-500 specios which were previously
distributed among 5 genera. The only other genus Euclea has 14 specles. A number of
Diospyros specles produca ebony wood, and several have edlble frults, the mailn oneag,
apart from kakl belng , D. discolor Willd., the mabolo (cultivated in Southeast Asla and

occaslonally eliewhere), D. lotus L., the date plum or Central Asian persimmon (widely
distributed from Weost Asla to China), and D. virginiana L., the American or common
pergimmon. The latter spoclos 1s dloeclour, though monoeclous trees are sometimes algo

found (Darrow, 1975).

The kakl 18 a doclduous tree up to 12 n high, rounded or pyramidal in shape.
Leaves alternate, ontire, dark green, shortly-petioled, and varying In form according to
cultivar, 5-15 cm long. Flowers male and hermaphrodite Iin varying proportions on one
trov; male flowers in 3-flowered cymes in leaf axlls; calyx and corolla 4-lobed, 16-24
atamens in 2 rows on the potals; sometimes central flower of cyme is harmaphrodite;
female flowera also in leaf axils, but singly; calyx leafy with 4 lobes; corolla light
yellow, tubular at base, higher up divided in 4 1loben; 8 abortive stamens; ogvary
globular, more or less flattened with 4 cells each divided in 2 giving 8 compartments
each with a single ovule. Fruit a large berry of variable shape with a flno, menbranous
skin of varlable colour; frult flesh orange-yellow, more or loss soft and almosc fluld
whaen fully ripe; frult conslstonecy 1s influenced by pollination. Sweds up to 8 per
fruit, flattened, dark brown; many cultivars have 4 seods or less, or arce completoly
susadless (Poponoe, 1920).

In areas where kakl has been traditionally cultivatod, there were large numbers
of cultlivars: 800-1,000 in Japan, 2,000 in China (Itoo, 1980; Evrelnoff, 1948b). A few
of these were introduced into other countries, including the USA in tho 1860's and
1870's, Brazil and France (Poponoe, 1920; SimfAo, 1971; Trabut, 1924, 1925), and formed
the basls of new national cultivars. Very few cultivars are currently grown on a large’
acale, ‘Fuyu’' for lnstance occupylng half the area under kakl cultivation in Japan.

Cultivars can be classified as follows:

GROUP A: Trees with femala flowsrs only
1) ovaries develop asexually and frult 1s seesdless;
(11) oOvarles daveolop elther with or without pollination; and
(111) ovarlies develop only 1f pollinated.
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GROUP 8: Trees with male flowers only.
GROUP C: Trees with both female and male flowers
(1) Hale flowers produced regularly and abundantly; and

(11) Male flowers produced inconsistently.

A further division may be made according to the astringoncy of the frults into:

a) Fruits are non-astringent when mature, and independent of pollination (PCNA
cultivars: Pollination Constant Non-Astringent);

b) Frulte aro aotringent whon mature, indepondent of poliination (PCA
cultivaro); and

c) Fruits are astringent at maturity when not pollinated, and not or only

partly astringent when pollinated (PVA and PVNA cultivars: Pellination
variant Astringent or Non-Astringent).

Factors such as frult size, shape and colour, leaf pilze and shape, flowering and
frulting period, and others may also be used in classification. A catalogue doscribing
217 cultivars has recontiy been published in Japanesze by the Akitsu Branch of the Fruit
Tree Resoarch Station. Cho und Cho (1965) ildentified 186 cultivars {(including those of
D. lotus) in tho Republic of Koroa.

3. ORIGIN, DYSTRIBUTION_AND ECOLOGY

According to smith (1976), kakl originated from D. roxburghiil, a wild species
found in forests from Assam to Indo~China. Kaki has beon cultivated in northern China
for nabout 2,000 years (Evreinoff, 1948b), and wasg probably domesticated there; it was
introduced into Japan during the 8th Contury A.D. (Itoo, 1980).

Kakl was introduced into Europe in the carly 1700's, but only cultivated from
about 1850. It was grown in Italy from 1876, and in Algeria from 1898. The USA
impc-ted seeds from Japan in 1856, and grafted cultivars in 1870, and it ls now widely
grown there. Introduction to Australis took place in about 1880 (Bols, 1928), and to
the USSR, notably the Caucasus, in 1888. Japonegso immigrants took kaki to Brazil.

The area devoted to the kakl crop in Japan hao declined stoadlly since 1900, and
it 1p now reotricted mostly to the central Kanto-Tosan reglion spreading into the
southern Tohoku and Kinki reglons (Kajiura, 1980). Other countries which grow kaki
include Afghenistan, Brazil, China, Egypt, Indonesia, 1Israel, 1Italy, Philippines,
Republic of Korea, USA (Florida, Callfornia) and the USSR. Some may also be grown in
Algoria, Iran, South Africa, Spaln, Sri Lanka and Tunigia.

The American persimmon is native to southern USA up to 38°N, from Connectlcut
to Florida and west to Kansas and Toxas, where it used to be abundant in forosts of the

middle zone on a variety of soils (Trabut, 1925). D. lotus is netive to a large area
otretching from the Black Sea through central Asla to Japan, and has beon grown from
historical times (Trabut, 1926). In Japan it occurs mainly in wooded mountain areae.

It wa: found in the northwestern Himalayas of Indla at 600-1,800 m, but was not abundant
(Anon., 1952). In the USSR it grew wild in Tadzikintan (Seftelj, 1952) and in castern
and western Goorgla (Cltasvill, 1953). The present gtatus of these spocles in the wild
ls not known.

The kakl tree grows bost in mild climates, %but is dormant in winter and can
withstand mild frost. Some winter chilling is requircd for uniform bud break and shoot
growth. In experiments in Japan with onc ynar old plants, 5-10 days at 0°C to -1°C
was sufflclont vernalizatlion, and chilling w* -7°C for 30 days killed buds (Yoshimura,
1961). Growth is retarded and frult production 1is rror in tropical conditionn (Singh at
al., 1967; Terra, 1936). Kakl requlres a good water supply, but with irrigetion can be
grown in semi-arid areas like California. A doep, heavy and well-drained scil is ideal;
the range of suitable solls can be increasad by fertilization, liming and cultivation.
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4. AGRONOMY, DISEASES AND PEST3

The kaki ls may be propagated vegotatively, or from saed, but seadlingu may be
varisble, and are slow to crop. The methods most usually applied are bdudding and
grafting (Evreinoff, 19468b; Opitz end La Rue, 1975; Simfio, 1971). The rootstocks used
arev kaki itself, the American persimmon, and the Cantral iglien gpersimmon.

Cook (1975) 1lists 10 fuangal dJdiseases, many from only one country. Anthracnose
(Colletotrichum gloeosvorioldes) is sometimaes serious in Brazil, Italy and Japen. Small
spote devalop on frults, later coalescing to form lesions 1 em or more in dlareter, end
severely affected fruits droyp prematurely. High humidity and modsrately hot weather
favour spore gormination and disesne development. Contrel 1s by the pruning of effected

branches during tree dormancy, and by regular chemical sprays. Astringent cultivars
ugually have most resiatance. Bleck fruit epot (Phoma kakivora) causes dark spots 1-15

cm in diameter on the fruilt surface in Jupan. Bitter rot (Gloeosporium kaki) is an
important diseass of kaki cultivars like ‘'Fuyu' and ‘'Hiratanenashi', affecting fruits
and shootes (Kajiura, 1980). Kajiura mentions 5 other fungal diseapes, and a further 7
are known.

Crown gall, (Agrobacterium tumefaclens), causes y..lowing and eventually death of
kakl trees (Bvreinoff, 1948b; Opitz and La Rue, 1975). Infection may be avolded by
using disease-free nursery stock, by preventing injury to the trunk or crown roots, and
by protective copper sprays. Blast diseane, caused by Psoudomonas gpyrlngse, has been
reported from New Zealar.d (Cook, 1975). Symptoms are dark diocolocration of leaf bases,
petioles and small branches. It can be controlled chemically.

A virus disease, kak! mosaic, has been reported from Brazil. It may have the
game cause 88 B yeollowing or prcmature leaf fall which hac teen observed in Italy since
1947. Symptoms include leaf mottling and premature leaf drop, necrosis and flower fall,
necrotic spcts on fruits, and dle-back of shoots, twigs and branches. The virus 1is
transmitted mechanically, and may infect a wholeo range of host plants (Herbas, 1969).

Xrki has few serious pests. 17 specles of insect and mite pests were listed in
Japan, 6 in Brazil (Simfo, 1971), and 4 in California (Opitz and La Rue, 1975). An
estimeted 50 specles are mentioned 1), tho literature. Many belony to the Homoptera,

egpaecin’l,; the mealybugs, sBcale inoects and armoured scale insectu. There are also
gseveral Colejptera (beetles), Lepldoptera (frult and leaf-eating caterpillars), Diptera
(espoclially :‘rult flles) snd Acarina (mites). In most casmes control 18 by insocticide
spraying.

The root-knot nematode (Meloidogyne s8pp.) a.a the citrus nematode (Tylenchulus
senio~~a.cranu) occur on kakl in cCalifornia, but are not sarious (Opitz and La Rue,
1975). The latter species also occurred in Israel on T. virginiana used as rootstocks
for kakl (Cohn and Minz, 1961).

5. GENETICS AND IMPROVEMENT

The baslc chromosoms number of the genus Diospyros is xw=15. D. discolor, D.
lotus, and D. texana are diploids (2n=30), and D. kakl is a haxaplold (2na=90). D.
virpiniana has both tetraploid and thexaploid forms, each within well-defined
geographical areas, the best cultivars being hexaploid (Darcow, 1975). It 1. possible
to cross D. virginiana and D. kaki, but gocd seed 1s only formed with D. virginiana as
the female parent. Little is known about the genetlc ’nheritance of characters in kaki
(Oohata et al., 1964; Ikeds et al., 1975).

Systematic selection of kakl has been carried out since 1938 in Japan, the aims

being: a cultivar earlier than ‘'Fuyu' and 'Jiro'; large frult; good quality, i.e.
non-agtringent, 1independent of pollination (PCNA type), and of good taste; and
registance to anthracnose. Cross-pollination 1s easy because flowers are unisexual.

Fy seedlings take 5-6 years before producing frult, although the Jjuvenile pericd can


http:germlnat.on

- 39 -

be nlortened to 3 yeare by budding the seedlinge on to an adult tree. 1In Japan they are
budded on to ‘Fuyu', 7-f needlings per tree. The cultivars ‘fuyu’ and 'Jirc', which are
of excollent quality but not sufficlently early, are used as female parants, while an
early 4and non-astringent type, which also produres mala flowers, is uced as a male
purent.

The cultivar 'Izu' was selected from the cross ‘Fuyu' x 'A4' in 1960. ‘Izu’ 1is
very oarly, und of sgimilar quality to ‘'Fuyu’ but is prone to alternate bearing. The
cultivar 'Surupga’, from the cross ‘Hanagoshu' x 'Okugosho’ has non-astringent

high-quality fruits. Occasionally cultivars have beeon developed through mutation, like
'Metsumoto-wase Fuyu', a bud mutestlon which is two weeks earlier than 'Fuyu’.

6. GERMPLASM CONSERVATION

There 1is evidence that there has been serioua genetlc eromion in bYoth the
Japanese and American persimmone. Tha number of commarcial cultivars grown in Japan har
daclined from sbout 50 to 10-15 in a few decades. Many of the 1,000 or so previouusly
known non-commercial cultivars have also been lost (Kajiura, 198)). About 50 years ago,
ovor 60 cultivars were grown 4in USA (Smith, 1970); now 5 only are recommended in
Cnlifornia, while another € are under trial (Opltz and La Rue, 1975)., Manuy cultivars
were loat from ths collection at Okitsu, Japan, early this century.

The wild kaki, occawionally known as D. kakl var. sylvestris Makino, has been
reportd from Japan and tne Republic of Korea. D. oleifaera Cheng, which may be
synonymous with wild kaki, has been roported to grow wild in china. No information is
currently evailable on genetic erosion in wild kakl, or on p. wvirginiana or D. lotus.
Diospyros sgeeds are recalcitrant (Ellis, 1984), and therefore collections are currently

only maintained in fleld genebanksg.
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Table 10. Collections of persimmons

Number of accessions
Country tocaticn
Diospyros kakl Cther Dioxpyros spp.
Austratla Nambour, Qusensland 20
China Shens| 185
China Talwan 0. discolor. (2)
D. atensster (10)
Coata Rilca Turrialba Dlospyros sp. (1)
Isracl| Bet-Dagan t2
Japan Hiroshima 338 D. lotus (2)
D. virgintana (2)
Diospyros sp. (1)
Papua New Gulnea Keravat D. diseolor (1)
Phitippines tos Bafios B. blancol (5)
Dlospyros spp. (2)
Thai land Bangkok a4l
Turkey lzmlr (]
USSR teningrad Dlospyros spp. (7)
UsSA Davis, Callfornia 70
USA Urbanse, |llinois 46
USA Miami, Florida 37 accessions
of |2 species
UsSA . Hllo, Hewsi! 8

{BPGR (1984) also lists the following small collsctions of persimmons, but these can probably not be regarded
as genetic resources collectlions, at: Habana, Cubs; Nicosla, Cyprus.

There Is also reported to be a collection of 186 accessions, Inciuding both 0. kakl and D. lotus, at Kimhae
Branch Station, which Is & part of the Hortlcultural Experiment Station, 475 Imog Dong, Suweon S| - Gysonggl
Do, Postal code: 170, Suweon 42857, Ropublic of horea. There are reported to be some accesslions of 0. kakl at
the Provinclal Academy of Agricultural Sclences, Shaanxi, China.



- 41 -

Euphorblaceas

PHYLLANTHUS EMBLICA
(Emblic)

1. INTRODUCTION

The frults of emblic are small, round, sour and astringent, and moce sultable for
use in cooking, plckles, jams etc. than for fresh consumption. They ure notable for
their very high vitamin C content. Morton (1960) lists the following uses of the whole
plant: frult powder for tresting vitamin ¢ deficioncy (pcucvy); fe mented julce for
treating coughs, jaundice and dyspepsie; leaves for dlarrhoea and indigestion; seeds for
asthma and bronchitls; bark, which 1s strongly astringent, for treating diarrhoea and
for tanning leather; leaves and frult for dyes; follauge and frults as fodder for cattle;
and the hard and floxible red wood for construction, furniture and implements.

The emblic 1s a minor crop, which 1s malnly grown in home-gardens in India, and
no quantitative data on its economic value are available.

2. TAXONOMY AND BOTANY

Phyllanthus emblica L. (syn. Emblica officinalis Gaeortn.), the emblic or
myrobolan, and P. acidus (L.) Skeals (syn P. distichus (L.) Muell.-Arg.), the Otaheite
goosaberry, which is native to Madagascar and India, both have edible fruits.

The eomblic plant is a much-branched shrub or tree, 9-18(-30) m high. Leavss
entire, linear oblong, 1.2-1.9 cm long, 0.3 eom wide, obtuse, nearly sessile,
distichously arranged on very slender branchlets, glving an impression of finely pinnate
foliage. Flowers inconspicucus, yallow to greenlsh-yellow, in ~ompact clusters in axils
of lower lneves, apetalous; male flowers usually at the lower end of branchlets with
female flowers above them, but trees occasionally dloecious; sepalx 5-6, Iimbricated,
intrastaminal disec present; stamens 3, with connate fillamentc; ovary 3-4 celled with 2
ovules per cell, oach of tho 2 styles usunlly 2-cleft. Fruit a berry, nearly stemless,
round, indented at base, and smooth to obocurely é6é-lobed, initiully 1light green,
bacoming a duil greenish-yellow or mora rarely brick red ag it maturee, hard 2-3(-5) cm
in diameter; skin thin, translucent; flegh very crisp, Jjulcy; sptone containing 6 small
saedn (Balley 1949; Morton, 1960).

The breseding ugystcm of ewblic favours out-crossing, 8o peedlings are very
variable. Flowering lasts about a month, and pollination ig by wind, honey bees anl
gravity. Frult set may be increased by introducing hivres into orchards. Some Indian
cultivars with guperior fruits, which have bee': rather poorly described, are recommended
for vegetative propagation (Singh et al., 1967; Ram, 1974).

3. ORIGIN, DISTRIBUTION AND ECOLOGY

The origin and domesticatiocn of the emblic 1is not clear. The wild tree is widely
distributed in troplical Ania based on: Pax (1896) (Mascarene 4islands, India, Burma,
Bangladesh, Sunda igslends, China, Japan); Anon. (1952) (Indlia, Malaya, Sri Lanka,
Ching); Ram (1574) (wlld in forests of India tc 1,800 m); and Whitmore (1973), according
to whom, omblic ieg found throughout HMulaya in lowland forests (but not the hills of
northeastern Xelantan), and in the area from India to southern China and Malesla
eastward to Borneo and the lesser Sunda islands. It 1o not cultivated to any oxtent
outgide this area.

The emblic does not have particularly specific climatic requiremonts, and grows
in a falrly wide area of the tropics and sub-tropics. It i3 consldored to be 1deal for

dry reglons (Singh, 1974).

4, AGRONOMY, DISEASES AND PESTS

The emblic tree was grown from seeds for many yearsg, but recently methods of
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vegetative propagation have been developed in 1India, such as inarching, budding and
top-working (Singh et al., 1967; Ram, 1974). Seedlings start bearing after about 8
yeara; budded trees take about 6 years. Flower induction may be affected by day length,
with only one flowering period in northern Indiau, and two in southern India. Tho emblic
is often grown at a spacing of 9-12 m. An everage 1l5-year old tree rmuy yield 200 kg of
frult, or 20 tons/ha. Yields may be less than averagoe if trees have a high proportion
of male flowere (Dhar, 1979).

The following fungal diseases ars of minor impertance in 1Indla: Phakopsora
phyllanthi (lecaf rumt); Ravenelia emblicae (ring rust); Aspergillus piger (fruit rot);
Phoma emblicae (dry fcult rot, post-harvest) (Anon., 1950a; Jsmaluddin ot sl., 1975a,
1975b). An internal fruit necrosis of unknown cause occurs in India, affecting cultivar
‘Francise' wperilously, but not ‘'Chakaiya’ (Ram, 1974; Ram et al., 1976), but could be
controlled with follar sprays of borax.

In India, Betonsa stylophora causes the formation of shoot galls, which chack
growth 1f near the growing tip. It can be controlled by tregular pruning of affected
wood, followed by chemica' spraying (Rem, 1974). Emblic 18 the preferred host of
bark-eating caterpillars (Indarbele spp.) in Haryana State, India. In Indonesii, the
leaves of emblic are sometimos damaged by tho catecpillars of Parallelis Jjoviana
(Kalshoven and van der Vecht, 1950).

5. GENETICS AND IMPROVEMENT

Msngenot et al. (1977) consicers that the basic chromosome number of P. cablicp
ig x=13, although 2n values of 28, 91, 98-104, and 104 have been found. The Ly :mosomes
are vary samall. No othor genetlc data exists on emblilc, and no improvement other than
the selection of a few cultivars for clonal propagation, has been attempted.

6. GERMPLASM CONSERVATION

There uara currently large numbers of scedling trees of cultiveted ambliec, which
ars genotically heterogonoous. The status of wild emblic is not Yrnown. “here are a few
collections containing emblic trees. 1Its seed storage charactoristics ars ncie known.

There are really no proper genetic resources collec*ions of amblic, but IBPGR
(1984) 1liste some accessions inr the following placen: I abana, Cuba; Uttar Pradesh),
India; Udalpur, India; Bangkok, Thailand; Miami, Florida, tigs,



-~ 43 -

Guttiferae
GARCINIA MANGOSTAMA
(Mangostean)
1. INTRODUCTION
The mangosteen 1ls one of the most dellcious tropical fruits, Mowt mangosteens

are coneumad fresh, .ut the cdible segments can also be canned, cooked or mada into
squash or syrip. Tho frult flewh hes a similar nutritional composition to that of many
other Juicy €riits (Table 1). Thae rind is reolatively rich in protein and can be made
into Jjelly. it can elso be used for tanning by virtue of its high tannin content
(7-14%), and has several mcdicinal uses. The wood, which is heavy, dark bcrown, hard and
durable, is suitable for cabinet work, building purposes and rice pounders.

Mangontecen 1is only grown to any oxtent in Southeast Agla, often as a minor
component in mixed fruit holdings, but extends westwards to Bucrma and ceast India.
Production dats are not published by FAO. The main producing countries, in descending
order of yleld, are Thailand (£9,200 tons in 1978), peninsular Malaysin (1,640 ha in
1972, which is assumed to yield about 16,000 tons), Indonesia-East Java (2,500 tons in
1972), and a group of countries including c8te d'Ivoire, India, Honduras, Panama, Sri
Lanka and the Philippines (Lum, 1975; Vangnai, 1980).

2. TAXONOMY AND BOTANY

The mangosteen (Garcinla mangogtana L.), dodol, mang-khut (Thal) :v manggls
(Maley, Indonesian, Philippines), belongs to the Guttiferae. The genus f-nrch‘.‘.{._a_ L. has
at least 400 specios, mostly in Asia. Characteristics of the gernus include:)\ habit -
usually small or medium trees, occaslonully shrubs, rarely over 30 m in height; ‘\erown -
monopodial, dense; inner bark with a gticky exudato; loaves with basen clasping the
twigs, the uppermost pair concealing the terminal bud; flowering habit - mostly
dlocecious: stigma ususally congpicuous; fruit - a fleshy to woody, non-dohilscent berry

(Whitmore, 1973).

Many Garcinia spp. yileld useful products, such as timber (not very valuable),
dyes (yellow piginent from the latex of G. hanburyi Hook f. iIn Indonesia, Malaysia,
Thailand and Indo-China), vogetables (leaves of G. lanceaefolia Roxb. in Agsam, India),
medicines and fruits (Heyne, 1950; Burkill, 1966; Anon., 1956; Brown, 1954). G. dulcls
(Roxb.) Xurz, is the gcurka, or ma-phut (Thal), mundu (Malay, Indonesian), or baniti
(Philippines), which 1s cultivated for its edibls cruits in Malesla and India (IBPGR,
1980). Pijnaert listed 44 specios with edible fruits (Bourdeaut and Moreuil, 1970).

Hangooteen is a dioceclous tres of 10-25 m high and 25-35 em trunk diameter,
Leaves opposite, shortly-stalked, ovate-elliptic-oblong, entire, thickly coriaceous,
12-23 em x 4.5-10.0 cm; petiole 1.5-2.0 cm. Male flowersl/ in fascicles of 2-9 at the
ende of branches, rather long-stalked; gepals 4, erect; petals 4 yellowish-red inside,
grer~nish-red outside; stamnens numerous, inserted on a disc under rudimentary ovary.
Fsumale flowers terminal at tips of young branchlets, solitary, ca. 5.5 em in diameter;
pedicol short and thick; gepals 4, biseriate; outer sepals 2 em long, yellowlsh-groen;
inner sepals somewhat smaller than euter ones, bordered with red; paetals 4, thick
fleshy, yellowish green, bordered with red or almost entirely red, 2.5 em x 3.0 cm;
gstaminodes more or less arrar;3d in groups of 1-3, ca. 0.5 ecm long; ovary sessile,
sub-globose, 4-8 celled; stipma sessile. Fruit a berry, suessile on the persigtent

1/ According to other sources, male flowsrs are nover found on frult-bearing mangosteans (Bourdeaut and
Moreulf, 1970).
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culyx, crowned by stigma, 3.5--7.0 cm diameter, black or derk violet; pericarp cu. 0.9 cm
thick, purplish-violet, containing very bitter yellow Julce. Seeds usually 0-3
wall-devaeloped, ovoid-oblong, laterally compressed; thas other onos minute or abortive;
all surrounded by a white, flas®y julcy aril (Ochoe and Bakhuizen van den Brink, 1931).

virtually all of the mangostaens iu the world are more or less uniform, and could
be considered as a mingle cultivar. They arc mostly grown from seeds but these develop
from the nucellus without pollination, and so in effoct roproduce them clonally. There
ure a few, older reports of mangosteens which differ from tho ususl type, but whether
they oripinated from different ancestors or through mutation is not clear.

3. ORIGIN, DISTRIBUTION AND ECOLOGY

The origir of the mangostecen is a matter of some controversy. WWhile Zeven and de

Wwt (1982) coneider it to be derived from wild G. gllvestris Boerl., a species found in
both Malaywla ind Indla, vhitmore (1973) states that thoe true wild home of the
mangozteen lv not known. Indeed, Whitmore does not mention G, gillvestris ae part of tha

tree flora of Malaya, but mnotes that the vegotative characteristics of mangooteen
resemhle thowe of other npoeclow in Malaya, G. hombroniana Plerre, also indigenous in the
Nicobar iclands, and G. malaccensis Hooker f. Almeyda and Martin (1976) rtate that wild
mangostoen grows in the Malay peninsula, Burma, Thallund, Kampuchea, Viout Nam, tha Sunda
islands and the Moluccas. Both Zeven and de Wet, and Almeyds and Martin were quoting
other publiszhed sources, while Whitmore's statementy are .ased on recent fleld work,
The mangosteen spread to tropical countriocs outeide Southeast Asia only within the last

few centurias (Bourdeaut and Aoroull, 1970; Cox. 1976).

An a tropical tree adapted to regilons of heavy ond well-distributed rainfall, the
mangoeteen requires a minimum of about 1,250 mm of rainfall per annum without
irrigation. The optimum temperature range is 25°C-35°C and the optimum humidity is over
80%. The profertred solils are deep and rich in organic matter, and do not drain too
rapidly. Hany other types of soll are also suitable, hut the tree grows slowly and may
die prematurely on poor and alkalino solilgc.

4., AGRONOMY, DISEASES AND PESTS

The mangosteen 1s upually propagated from seeds, which germinate in 10 days to 9

wagke, depending on seod age and other factoru. The scedlings may reach 25-35 cm after
a year, but are not vigorous or easy to transplant, and may not produce fruilt for 10-15
yaars. Vegetative methods of propagation have boen developed in which mangosteen is

grafted or budded on to related species, which are ecasjier to astablish as seedllngs and
grow more rapidly, but asuch propagation can prove to be difficult. Some wild Garcinia
opeclies, such as G. speclosa, which has some drought reslstance, are graft-compatible
with the mangostcen. Hitherto the method has not beon commercially adopted, and seed
propagation romains the method commonly used (Bourdeaut and Moreoull, 1970; Cox, 1976,
Almeyda and Martin, 1976). Yields, which may not start until about 15 years, increase
rapidly untll trees are about 50 years old, but older trees may produce smaller fruits.
Average ylelds over a poriod of 18 years were about 360 frults/tvee/year (Krishnamurthi
and Madhava Rao, 1965), but may be as high as 500. Mangooteen is rather prone to
irregular bearing, but without a consistent year-to-year rhythm; the causes of these
fluctuations are not clear.

Though mangostoon is falrly oxacting in its climatlc and soll requirements, it
has been grown guccessfully on a small scale outside Southeast Asla in such countriles as
Costa Rlca, COte d'Ivoire, Ecuador, India, Madagascar and Panama.

Seven fungal discanses have beon reported from peninsular Malaysia, of which only
brown root (Phellinus noxius) and red root (Ganoderma puoudoferreum) are serlous and
economically important (Singh, 1973). fruit rot (Botryodiplocia theobromae) is common
in Sabah, and two other fungal pathogens occur rarely (Willimas and Liu, 1976). Thread
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blight (Pelliculsris kaleroga) has been seen frequently in Puerto Rico, affacting

lesves, young brenches and young fruits (Almeyda and Martin, 1976). Bourdeaut and
Moreuil (1970) reported anthracnose from Clte d'Ivoire, a scab from Nicaragua, and a
sooty mould from Madagagcar. Chemlcul contrul measures have beon recommended for many

of the digocases.

Mangostoens 1In Malabar, India are affected by 2 physiological conditions:
“ganboge canker", which may occur if there ir heavy rainfall during the periocd 2-8 weeks
before fruit maturity, and in which gum exudes on to the pericarp; and fruit-cracking in
the rainy scason due to absorbtlon of molsture through the placenta - nffected fruits
develop swollen arlils and the pulp becomes mushy. A conditicn known as little leaf has
been reportod from India (Singh st 8l., 1967).

Hangosteen 1o attacked by up to 12 1ingsects and mltes including: loaf-eating
caterpillars in Indonesla and Malaysia, wupeoclally Stictoptera spp. (Lepidoptera); a
trunk and branch-boring ant in Puerto Rico; fruit surfance capsids in Indonesla and C&te
d'Ivolre; ani mltes damaging the frult gurface in Puerto Rico. Control measures
racommended are mainly plantation and plant hygiene and chemical methods (Kalshoven and
van der Vecht, 1950; Anon., 1956; Bourdeaut and Moreull, 1970; Almeyda and Hartin, 1976).

5. GENKETICS _AND IMPROVEMENT

The chromogome number of mangosteen can not be unequivocably stated. Counts of
about 2ns«76 and 2n«96 have boen publishud, while 2n=120 to 120 were also racorded in
some unpublighed work. The very high flgures may indicate that th? mangosteen 18 a
high-laevel polyploid (Jong ot al., 1973). Polyploid serles of 2n=44, 60, 64, ¢8, 88,
and 90 have boen obsarved in the genus Garcinia (Soepadmo, 1979). There has boen no

breeding work.

6. GERMPLASM CONSERVATION

Mangosteen 1s an wunusual case in which there 15 narrow diversity in the
cultlvated species. Nevertholeso, Sastrapradja (197S) considered that there has been
severe genatic urosion of mangosteen in Southcast Aela. There are no truly wild
populatlons of mangosteen, either of male or female trees. Many other Garcinla specias
may be ugeful olther for thelir fruits, or ar rootstocks for the mangosteen. They are
typically trees of Southeast Asian rainforests, and are likely to be under conglderable
threat as this habitat continues to be dostroyed.

Mangosteen sceds are recalcitrant, und lose thelr viability rather quickly,
especially when the thin membrane around the seed lg damaged, or when good ip placed in
@ dry or cool atmosphere (Chin and Roberts, 1980; Hanson, 1984), Viabllity is best
maintained by keeping the seeds in moist charcoal or moss at room temperature, but evon
80 the gtoragoe period wars net more than a few months (Cox, 1976). Clearly seod storage
is qulte impractlicabla, and all of the field gonebanks contain trees.
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Teble 11, Collaections of mangosteon

Nunber of accessions
Country Locatlion -
Qarcinis mengostens Other Garcinle spp.

indonesia Bogor Garcinlia spp. (T)
Philippines Los Bafos 10 accesslons of 8 specles
Thalland Chantaburi 440

Thalland Songkla 39

atroviridis (3)
duicls (2)
prainisng (4)
speciosa (1)

. xanthochymus (1)
arcinia spp. (2)

.

1o 1o ie [

USA Miaml, Floride 2% accesalons of || species

IBPGR (1964) also tists the following smsll collections of mangostoen, but these can probably not be regarded
as genetic resources collections, st: Njombe, Cameroon; Cozolapa, Oaxaca, Mexico; Keravat, Papua New Guinea}
Hito, Hewall, USA.

Thare are also reported to be sonwe accesslons at Hainan Botanica! Garden of Troplical Econamic Plants, Academy
of Tropical Crops of South China, Ministry of Agriculture, Halian Island, Guangdong Province, China,
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Lauraceaes

ERS RIC N
(Avocado) '

1. UCTIO

Avocedoes are mootly consumed fresh as a salad frult. They constitute a staple
ingredient of the dieot in meny Latin American countries, being unusually high in oil and
low in asugsr (Table 1). The oll content varles with genetlic und environmental factors,
frult age and ripeness from (3)-5-26-(40)% of pulp welght (Chandler, 1958; Bergh, 1983
pers. comm,). The main components of the oil, which 1ig very digestible, are the
unsaturated futty aclds, olelc and linoleic, and palmitic acid, which is saturated. The
amino acid balance of the protein ie well-guited for hurian requirements. They are a
good source of vitamins A, B (thiamine), C and G. Avocado oil extracted from the seeds
comnands a high price, and is used in cosmetics, high quality soaps, pharmaceutical
products, and as a high grade salad oil.

On a world gcale, avocadoes are not a major crop (Table 2). An 1increase 1in
production has occurred over tha lagt decade, concomitant with a slight decremse !n the
proportlon grown in developing countries. The leading producers in 1984 wera Mexico,

USA (Florida and Californic), Dominican Republic, Brazil, Indonesia, Peru aond Halti.
Most of tho crop is grown for home consumption, but a fow countries, notably South
Africa, Israel and Kenya, export fresh fruit to Europe. Crops are not usually grown
solely for oil extraction.

2. TAXONOMY AND BOTANY

Wwilliams (1977) considered that there are 2 specles of cultivated avocadoes,
Pergea americana Mill. (syn. P. gratigeima Gaertn.) and P. nubigensa L. Williams.
Earlier botanists usually treated them as one species, P. americena, but recognized 3
races (groupas of cultivars with many characteristics in common): a Mexican, Guatomalan
and West 1Indian race; plus a hybrid Broup (P. zmericana x P. drymifolia Cham. and
Schlacht.), according to their probable origin. Williams put the West Indisn race in P.
nubigena, and the otner 2 in P. americaona. P. drymifolia is an old name for the Mexican
sroup of cultivars. Bergh (1983 pers. comm.) considers that there is only one valid
specles, namely P. americana, wlth 3 botanical varieties, which are eoquivalent to tha
races racognized earlier. This is the system which is used here.

The avocado is an evergreen tree up to 20 m high. Leaves, simple, elliptic,
ovate-oblong or obovate-oblong, 5-30 cm x 3-15 cm, spirally-arranged. Inflorescence a
compact axillary panicle cruwded at the ends of branches. Flowers numerous

greenish-yellow with & perianth segments; ptamens 9 perfect arranged in 3 oeries,
innermost whorl of androecium is of 3 staminodes surrounding a one-celled superior ovary
with a single gvule. Fruit a large fleshy berry, pyriform or globose, 7-20 em long;
mesocarp yellow or yellowlsh-green of a butter-like consistency. Seed single, large,
globosge, with 2 seed coata and 2 large fleshy cotyledons enclozing a small ambryo.

The avocado exhibits protogynous, diurnially-synchronlzed dichogamy. The flowers
opan twice, firetly when the stigma 1is receptive, but the stamens not yet mature;
secondly when the pollen is ready but the otigma is no longer receptive. Avocado treas
may be grouped into 2 classos: the flowers of class A open first in the morning, wnd for
the uecond time on the following afternoon; class B flowers open first in the nfternoon
and again the next morming. The flowering mechanism is partly controlled by weather
conditions, and ensures cross-pollination unless the two stages overlap, as sometimas
happens. Pollinatlon 1ig by insects, often bees.

There are several hundred named avocado cultivars, but most of the crop 1is
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preduced from only a few of them. Cultivaras are clausified primarily on the basis of
the 3 botanical varioties, but there may alsc be natural or man-iade hybrids between
them. Hany cultivars have been described (Bergh, 1975; Morin, 1967; Simbo, 19713
Meulen, van der, 1970). The cultivars 'Duke' and 'G6' are moderately resistant to
blight (Gaillard, 1982 pers. comnm.).

3. ORIGIN, DISTRIBUTION AND ECOLOGY

The wild ancestors of present-day cultivated avocado are assumed to have been
indigenous in Central America, where their frults were probably picked for many
centuries. Poasibly South American Indians carried out some selection, As when the
Spanish arrived in tho 15th century, the 3 races were already known. The Mexican, which
probably originated in highland Mexico, 1is the oldost saelection; thoe West Indian one may
have been developoed from it also in Mexico; and the Guatemalan one which may have been
selected in the high interior valleys of Guatemala 1s more recent.

The transfer of races outvide their area of origin resulted in the development of
hybrids, like ‘Fuerte’' (Guatemala x Mexico). At the time of the Spaenish conquest,
avocadoes were already well-Xnown in Central America, Colombia, Venezuela, Peru and
Ecuador. Their spread to the West Indies and the lower Amazon basin was probabdbly
post-conquest (Patifio, 1963). Avocadoes are now widely grown throughout the tropics and
sub-tropics.

The ecological requirements of avocado vary somewhat with races. They are
sensitive to frost, especially the West Indian one, being particularly susceptible
during flowering. Mexican cultivars are rather less susceptible to cold than Guatemalan
cultivars (Gaillard, 1982 pers. comm.). Using the bsst sources of cold resistance, it
has been possible to eoxtend the range of commerciel production up to 43°N (Corsica).
Their usual range, depending upon other climatic factors as well, is between 36*N and
36°s. In some areas, such as Florida, high winds may cause considersble damage to
trees. Avocadoes grow well of a wide range of poil type from sandy to clayey, but the
roots must not be waterlogged. High pH and salinity may be a problem is socme areas.

a. AGRONOMY, DISEASES AND PESTS

Propagation of avocado has traditionally been from seeds, which liave to be sown
very soon after removing them from the frults. Modern plentations are usually
established by budding or grafting sclected cultivars on to seedling rootstocks.

The mort severe fungal disecase is probably root rot, caused by rhytophthora
cinnamomi, which regults in tree decline and death. The disease is particularly serious
on poorly-drained solils. Care should be taken to use disease-free planting materisl,
ralsed in a nursery in sterilized soil. Chomical soll treatments in plantations have
been only partlally successful and are contly. A new systemic fungicide which is
sprayed on to foliage has slso been tested. The best solution to the root rot problem
would seem :0 be oeither reslstant cultivars or tolerant rootstocks, The cultivar 'Duke’
18 moderately reaistent. Soveral wild species, such as P. borbonia, B. caerula, and P.

veraguagensis, ave completuly resistant, but are graft-incompatible with P. americana.

Othar important dijecses 4include anthracnose (Colletotrichum gloeosporioides),
cercospora spot blotecn (Cercospora purpurea) and scab (Sphaceloma perseae), all diseases
of leaver and fruits. They may be controlled by using chemical sprays. Cercospora spot
blotch is particulasrly severe in hot tropical climates. The vest of the 26 fungal
diseatas recorded on avocsdo ere generally of minor importance and not controlled.

The bacterial discase blast (Pseudomonas syringae) has been recorded on avocado
but is of little significance. A viroid disoase, known as "sun blotch", has been found

in meveral countries. It affects tree growth, and results in reducsd frult set and
small misshapen fruits, but is not a major problem. The disease is transmitted through
infected budwood and secod, and no insect vector 1is known. Virus-free propagating

material can only be obtoined by Iindexing secudlings, which takes from 3 to 24 months
(Cook, 1975).
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Several dozens of insect and mite spescies attack avocado, but the pest problem is
much less gerious than that of cltrus. Chemical control methods are generally used.
Theru may be varietasl differences in suscoptibility to insect damage; frult flies (Pagus
tryeni) in Queenslend, for instance, prefer the thin-skinned, early and mid-season
cultivars {Smith, 1973).

5. GENETICS AND IMPROVEMENT

All FPorsea species examined have Ine2x=24 chromosomes. There 13 virtually no
other genatic data on the crop. Dasirable fruit types were prasumably selected by South
American Indiane, and their =seads, resulting from uncontrolled pollination, were
planted. Ganotic improveme:t based on controlled pollination and selection haa only
been practised in a few countries, notably Australia, Israel and USA (California), but
progress ev far has been slight (Bergh, 1969).

Major alims in the breeding of rootstocks 4include: regigtance to root rot;
tolerance to salinity; tolerance to high pPH; tolerance to low soil temperatures at
higher latitudes and altitudes; and a limiting effect on growth of the scion for more
easgily managed trees. The aims with respect to the scion include: spreading habit; cold
hardinews; heat tolerance; early, Leavy and consistent yleld; and fruits of the required
walght, shape, skin and flesh colour, flavour, storage and ripening behaviour, and oil
content.

Selection within open-vollinated seedlings has resulted in many valuable avocado

cultivars, and much has been achieved in the solection of rootstocks. The rootstock
selections 'G.A.-13' and 'Maoz' from Israel exhibit a high tolerance to saline and high
lime conditions (Xadman and Ben-Ya'acov, 1980). Several sources of resistance to

Phytophthora cinnamomi derived from P. semericana 4in addition to 'Duke' are known
(*Huntalis', G6, G22). Posoibly half of the commercial avocadoes planted in California
are on Phytophthora-resistant clonel rootstocks, chiefly 'Duke ?' (Bergh, 1983 pers.
comm. ).

6. GERMPLASM CONSERVATION

Deforestation in Central America, where wild Persea trees grow, is doubtless
leq@ding to loas of genetic reaources. P. theobromifolia, a native of lowland wet
forest, but now only found in the Rio Palenque Biological Center in Ecuador, is listed
in the Hed Data Book as being in the ‘endangered’ category. It is potentially important
ag a blight-resistant rvotstock for the cultivated avocado (IUCN, 1978). Avocado seeds
are recalcitrant (Ellis, 1984), 80 the collections 1listed are all of trees.
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Table 12. Collectlions of avocsdo

Numbar of accasslons
Country Locatlon
Persea americana Other Persea spp.
Austratla Merbeln, Victoria 294 P. Indlea (1)
P. achledeana (1)
Austraita Alston llle, N.S.W, 8
Australla Darwin, N.T. 26
Austrailila Nembour, Queenstand 23
Brazi| Itajal, Santa Catarina 32
Brazi! Jaboticabal, Sbo Paulo 343 B. Indica (1)
Brazi| Planaltina 24
Brozil Londrina, Parana 20
Chile Santlago Persea spp. (I10)
China Talwan 20 P. drymifollia (2)
China Y/ Halnan ? :
Colombia Tolima 20
C8te d'Ivoire Abidjsn 42
Cuba Habana 260
Cuda Villa Clara 47
Cyprus Nicoslia 20
Ecuador Quita (INIAP) 36
Ecuador Quito (Universidad
Central) 6
France (INRA) San Nicolso, Corsica 75
France (IRFA) La Réunlon 40
Groece Crete 24
indonesta Matang 21
indoneslia Lembang 2]
fsrael Bet-Dagan 211 Parsea spp. (7)
Jamalica Kingston 108
Msdagascar Tananarive 27
Mex | co Celaya, Guanajuato 164 P. clperascon. (1)
P. indica (1)
P. schiedeana (1)
Max|co Gullacén, Sinaloa 28
Nicaragua Departamento de 40
Masays
Papua New
Guinea Keravat 26
Phillppines Los Baflos 246
Seychel les rg Mahé 30
South Africa Nelsprult 25
Spain La Laguna,
Canary Islands 20

Halnan Botanlcal Garden of Troplcal Economic Plants, Academy of Troplcal Crops of South China, Ministry of
Agriculture, Hainan Istand, Guangdong Province, Chlna.

Grand'Anse Experimental Centre, Mahé Island, Seychelles.
NOTE: (RFA also maintains small coliections In Camaroon and Togo, but further detalls are lscking.
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Table 12, Collectlons of avocado (Contlnued)

Country

Number of accassions

Locatlon

Persea amaricans Other Persss spp.

vhaljand
Thal tand
USA

USA
USA
Usa

Venezuala

Chantabur] 136
Tak Province 227
Rivarside,

California 70

20 accesslions Including:

B. floccosa, P. glgantea,

P.

nubt

na, P. subg.

Persea clnerascens,

(]

0 10 10

P.

subg.
subg.
subg.
subg.
subg.

Parsen schledeana,
Persea steyermarkil,
Erlodnphne borbonla,
Erlodaphne csarulea,
Erlodaphne

donnel!-smithli,

[
O

0 FUIP 1o

Miami, Florida 408

Hilo, Hawall 107

Mayaguet,

Puario Rlco 12 P.

Meracay,
Estado Aragua 74

subg.
subg.
suby.
subg.
subg.
subgy.

Erledaphne indica,
Erlodaphre !lingua,
Eriodephne longipes,
Erlodaphna pachypoda,
Erlodaphne voraguasensis,
Eriodaphne vesticula

schledaana (1)
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Malpighiaceae

MALPIGHIA EMARGINATA

(Acerola)

1. INTRODUCTION

Acerola fruits, which taste pomewhat like European cherries, are best made into
Juice, sauce or Jelly, relatively ftew b .ng eaten raw because of their lsesrge stones.
Their vitamin C content 13 excaptionally high (Table 1), and about 88% of it can be
recovered from the jJjuice (Santinli and Nevarez, 1955). The tree 1lso produces a gum
which was used in folk madicine. The bark has been sold for jite tannin content, and the
wood can also be used (Ostendorf, 1963).

The acerola is currently of minor importance in the West Indles, Florida, Hawall
and parts of northern South America. Between 1945 and 1965 a significant increase in
production occurred in Puerto Rico, znd to a smaller extent in Florida and Hawall, for
procegsing frults into powders and julces high in vitamin C. The crop also became more
widely grown in orchards and gardens elsewhere. About 200 ha of acerola trees wera
planted in Puerto Rico, some of which are still harvested, frozen fruits being exported
to the USA for use in health focds (Asenjo, 1980).

2. TAXONOMY AND_ BOTANY

The genus Malpighia L. contains about 40 spocles (Balley, 1949). vivaldl (1979)
has recently reviewed the genus. The acerola or Barbados cherry, which 1s native to
Maxico, 18 M. emarginata DC (Asenjo, 1980). The following species also havue ediblna
fruits: M. urerns L. (Puerto Rico), M. coccigera L. (Antillec), and M. setosn Spreng.
(northern Antilles, Puerto Rico, Cuba, Hispaniola). None of (hess are cultivated, but
M. mexicana A. Juss 1ls grown in Mexico for ite frults (Fouqué, 1973). M. glatra L. (syn
M. punicifolim L.), which has small insipid fruits, and grows from southern USA to South
America, may be known by the name semeruco in Venezuela. Both Latin names are sometimes
incorrectly used as synonyms for M. emarginata, hut M. emarginata and M. glabra have

very different gynoecla (Vivaldi, 1979).

Acerola 15 a glabrous shrub to 8 m high. Leaves opposite, almost sessile,
entire, (1.0)-2.0-2.5-(8.5) cm long, (0.7)-~1.5-2,5-(5.0) cm wide, sub-chartaceous to
chartaceous, variously obovate, in some cultivars almost ovate, the apex obtuse and
usually emarginate, very rarely somewhat acute in some cultivars, the base acute to

cuneate, Inflorescence a (1-)2-4(-6) flowered, umbel-like raceme 1.5-2.0(~2.5) cm
long. Flowers bilsexual regular, ca. 1.3 cm across; sepals 5 persistent, some or all

bearing large sesslle glands, up to a total of 6-10 in the calyx; petals erose or
fringed, at anthesis (10-)13-17(-20) mm in diameter; stamens 10, all anther-bearing, the
filaments united helow, glabrous; ovary styles truncate or obtuse at the apex, but
rarely somewhat uncinate, the lateral styles thick, somewhat curved, (2.5-)3.0-3.5(-4.0)
mm long, the anterior style thin, stralght 0.5-1.0 mm shorter than the 'ateral styleo.
Frult = 3-pyrenous drupe, red or scarlet, depressed-ovold, 1-3 cm in diameter, acid,
with thin skin; epicarp thin and delicate; mesocarp of large Julce-filled cells;
endocarp of 3 hurd ptones, each formed by tho lignified, oclongated cells of vascular
strands and adjoining cells. The development of the stones depends upon the degres of
seed development in each carpel (Balley, 1949; vivaldi, 1983 pers. comm.).

Some Malpighia speclies, inclu“.ng M. emerginata, have to be pollinated by bees
for a high rate of fruit set. Centris dirrhoda performs this role in Jamaica, but poor
fruit ylelds in Hawail were not improved when honey bees were introduced into orchards
(Raw, 1979). There may be gelf-incompatibility in addition; both self-compatible and
self-incompatible cultivars occur (Parthasarathy and Xalyanasundaram, 1979). Occasional
cagses of parthenocarpy have been found (Miyashita ot al., 1964). The seaedling progeny
of open-pollinated accrola trees nre very variable. A number of selected seedlings have
been cloned in Florlda, Puerto Rico and Hawall, and have cultivar status.
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3. ORIGIN, DISTRIBUTION AND ECOLOGY

The cultivated acerola originated somewhere in the area extending from southern
USA through Maxico and Central America to northern South America and the Cacribbean
islands, and now only grows wild in the Yucatan area of Mexico. Domestication must have
taken place before 1492; its distribution to countries outside tropical America has been
gince that date, and in many cases only since the beginning of this century. The crop
is rarely cultivated outside of these areas.

1he acerola is & tropical tree, but is quite drought-vesistant. In aoraes of low
rainfall it way bo declduous and only green in the rainy season, as in the Guajira
poaineila of Colombla (Rieger, 1976). More vain is required for good fruit production.
In Puerto Rico thae best crops are grown where there ig over 1,800 mn of rainfall/year,
but too much rain may result in tender fruits of low quality. The acerola i3 nct very
oxacting se to soll quality, but the hoavier solls of Puerto Rico are preferrad since
they ars usuvally less infested with nematodes (Py and Fouqué, 1963; Marty and Pennock,
1945).

4. AGRONOMY, DISFTASES AND PESTS

The acerola can easily be grown from seed, desplte the stony endocarp, but many

seeds contain non-viable embryos, and germination may be poor (Argles, 1976). Methods
of vegetative propagation, most commonly using hardwood cuttings, but also by air and
ground layering and several grafting techniquag, can be employed Buccessfully.

Seedlinge are raady for grafting aut 10-12 months after sowling (Holmquist, 1967).

Seedlings commence flowering when only 6 months old, and depending on climutic
conditions, continue to bloom the whole year round or with geasonal peaks. A single
plant may =zarry flowers and fruits at the same tlme. Yields vary with cultivar and
growing conditions, but may vary from 20-£0 kg per tree, which 1is equlivalen. to 8 to 20
tons/ha when plants are at a S m x 5 m spacing. The maln factor limiting production of
&carola 1s the avallebility of bee pollinators of the genus Centris.

Fui.gus diseases do not seem to be a great problem (Cook, 1975). Anthracrose
(Colletotrichum spp.) may be important in 1Indla. Cercospora leaf spot (Cercospora
bunchoela) occurs in Florida and Hawall, especlally Iin conditions of high humidity.
Cultivars '269-2' and ‘'Florlda Sweet' have some resistance. Cercospora leaf spot may
also occur in Puerto Rico (Meléndez, 1563).

Insect pests, including scale 1insects, aphids, mealy bugs, mites, leaf-oating
caterplillars and sgoil-borne insects, do not often cause excessive damage and may be
controlled with insecticides. Nematodes arc probably the most serlous pests of acerola
(Ostendorf, 1963). There has been some research in Florida on resistant rootstocks
(Argles, 1976).

5. GENETICS AND IMPROVEMENT

Until about 35 years ago seed propagation was usually practised and little
selection had been attempted. Since then, selection for degireble characteristics,
including high vitamin C content and flavour lias been carried out in Florida, Puerto
Rico and Hawril (Miyashita et al., 1964; Knight, 1980), some of the work in Florida
belng based o. hybridization (Singh, 1961). Consldorable improvements in the yield and
quality of acerola have been achieved.

Some work has been done on the use of specios related to acerola, such as M.
suberosa, M. urens and M. cubenuis, as rootstocks in orde:r to obtaln nematode resipgtance

(Argles, 1976).

6. GENETIC CONSERVATION

There 18 1little evidence of genetic erosion in elther wild or cultivated
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acerola. A few collections contain acerola trees, and although the seeds are orthodox,
it 48 not known that they are stored in any genebanks. IBPGR (2984) L/ 1igts the
following, which are too minor to be regarded as genetic resources collections: Manaus,
Amazonas, Brazil; Habana, Cuba; Cozxolapa, Oaxaca, Mexico.

/ M. glabra |s used instead of M. smarginata In IBPGR (1984).

Table 13. Colliections of acerola

Number of accesslons

Country Location

Malpighia amarginata Other Malpignia spp.
UsA Miami, Florida 10 Malpighia spp. (3
USA Mayaguez, Puerto Rico 6

USA Hllo, Hawall 6
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Meliuceas

LANSIUM DOMESTICUN

(Langsat)

1. INTRODUCTION

The edible arils of the langsat fruit are usually eaten fresh, but can be
preserved in syrup or candied. 1Its white flesh 1g sweet to #lightly acid, fairly julcy,
free from fibres, easy to peel and to seperate from the fow sueds. It i low in protein
and fats and moderate in carbohydrates (Teble 1). The peal emite an aromatic odour like
burning incense and may te used as a mosquito repellant. Peol, soods and bark have
medicinal usaz and the wood 1s suitabla for tool handles and housa posts (Anon., 1962a).

The langsat 1is cultivated av a garden crop in Southesst Asia, but 1s almost
unknown outoside this area. Production <(lgures from various sources Buggest the
following approximate areas may be grown: thilippines (1979) 7,710 ha, Thailand (1978)
7,000 ha, Peninsular Malaysia (1972) 1,7¢D ha; the crop 1s =also grown in Indonesia.
Mort frult is consumed locally, as it doos not ntore well.

2. TAXONOMY AND BOTANY

The genus Lansium Correa compriges 7-10 species, distributed in India, Malaysia,
the Philippines, Indo-Chinn and Indonestia. Species in Indonesia include L. pedicellatum
Kosterm., a shrub 4 m tall in southern Sumatra, L. sepalinum Xosterm., a small tree 4 m
tall in central Sumztra (Kostermans, 1960), and L. kostermansil B. Prijanto found on

Sumbawa island (Prijanto, 1965). Besides the cultivated langsat (L. domasticum Jack.),
the following have edible fruits, but are not cultivated:

1) L. anamallayanum Bedd., a treec up to 15 m high in evergrecon forests of the
Western Ghats in Kanara, Wijnaad, Anaimalai thills, Travancore and
Tinnevelly in India at between 450-900 m (Anon., 1962a).

(11) L. dubium Merr., a tree up to 15 m high, which occurs in primary forests at

low and medium altitudes in the Philippines from central Luzon to southern
Mindafiao (Brown, 1954).

The langsat is a wslender but faoirly tall treec (135-20 m) with fluted trunk and
grean bark. Laaves alternate and pinnately compound, 30-50 cin long, with 5-7 alternate
leaflets, 12-35 cm x 7-12 cm. Inflorescences solitary or in fancicles of 2-10 on the
trunk or on the oldesc branches, many-flowered. Flowers bigexual, sessile or very
shortly stalked, solitary, small; enlyx fleshy, cupular, S5-lobed, smnll; lobes yellowish
green to light yollow; patals erect, fleshy, white or pale yellow, 2-3 mm long and 4-5
mu wide; ovary globose, 4-5-cellaed. Fruit @ berry, ovold-oblong or ovoid-globular,
Pubezcent, 2-4 cm long; pericarp sordidly light yellow, rather thin, lactiferous. Seeds
usually 2, often with 2 embryos, very bitter; aril thick fleshy, white, somewhat
transparent; other cells of the fruit contain only an aril without a seed or with an
abortive one (Ochse and Bakhuizen van den Brink, 1931).

Three majin groups have been recognized in Indonesia (Ochse and Bakhuizen van den
Brink, 1931; Heyne, 1950):

(a) duku - fruits oblong-globose, rolatively large; rind thin, at maturity pale
yellow with a little latex; aril thick and very rweet; seeds fow, often
only 1, and large or small,

(b) langeut - fruits smaller; rind thicker, pale ye'low at maturity and with
more latex than a); aril less swaet and seed larger.
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(c) kokossan - small, round fruits; cind dark yeilow at maturity; arll sour to
vary sour.

Many cultivars within the duku group are named after their place of origin, e.g.
Menteng, Depok, Rejoso, and Karangkajen. The duku, uné the langsat and kokosan
together, were given botanical variety status as var. typica Backer, and var. pubesceng
Koorders et Valeton, respectively (Ochose and Bakhuizen van den Brink, 1931). Later the
kokosan was gilven opecles rank with the nsme L. squeum (Jack.) Kostorm. (Xostermans,
1965).

In Malaysia, 2 groups have boen digtinguished (Burkill, 1966; Milsum, 1919):
(a) duku - a very varliable group of cultivars from Java with rounded fruits and
a thick gkin free of latex. Fruit 3.5-5.0 cm in diameter

(b) lanpgeet - includes wild troes and some cultivars

In Thailand, at leasst 3 groups are distinguished (Vangnal, 1980):

(a) dulu
(b) langseat

(c) long_gong
In the Philippines, 2 groupse are recognized (Valmayor and Espino, 1975):

(=) duku ~ locul cultivars with thick rind and sweet arile
(b) common - local cultivars with thin rind and sub-aclid to sweet arils

There 18 clearly a need for a thorough revision and comparative demcription of
cultivar groups of langsat.

3. ORIGIN, DISTRIBUTION AMD KCOLOGY

According to Zeven and de Wet (1982), the langsat is native to the Malaysian
archipelago and Indo-China. Brown (1954) and Burkill (1966) reported wild trees in the

southern islands of the railippines and in Peninsular Malaysla, respectively. The
existence of cultivar groups in the langsat suggests that it may have been domesticated
in sevoral different areas more or less simultaneously. The langsat has spread very

little outslde Southeast Asia and is virtually known only in exporimental stations in
Africa and the New World.

The langeat is a tree of tropical lowland rainforest and is damaged by frost.
Suitable areas have an average yearly temperature of 27°C, with only slight monthly
variation. In Java the tree grovs in areas with from é to 12 wet months in which there
is over 100 mm rainfall monthly. Though not exacting about soil conditions, loamy
well-Arained soils are i1deal. The crop could doubtless be grown much more widaly.

4. AGRONOMY, DISEASES AND_ PESTS

Seed propagation is usgsually practised. Seeds should be sown soon after removal
from the fruit, and goerminate in 1-3 weeks. wWhen seedlings are 15 cm high, with at
least 2 palrs of leaves, they are transferred to a nursery bed for 18-30 months before
being planted in the fleld. Vegetative propagation, by budd g or grafting on to
seedling rootstocks, and by cuttings, is poseible, but not yet commerclally practiged.
A seedling tree may produco its first crop after 10 years; grafted trees crop seveoral
years earlier. The fruit takes about 3 months to mature. Ylelds increase with tree age
and about 1,000 fruits per tree is normal (Almeyda and Martin, 1977). In the
Philippines, trees ylelded from about 10-100 kg/tree or about 7 tona/ha (Anon., 1980).

The langsat has few fungal diseases. Anthracnouse (Colletotrichum
gloeosporioides) may cause fruit spotting and premature drop, but can be controlled

P
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using a copper fungicide (Almeyda and Martin, 1977). Other fungal diseases are not
economically important. There are no records of bacterial or virus digeases.

There are also few records of insect peats. In Indonesia a woavil (Curculio spp.
- Coleoptera) attacks the ripening fruits; a scale 1insaect (Asterolecanium spp. -
Homoptera) causes malformation and dle-back of the tlps of twigs; and several
caterplllars (Lepidop%era) eat tho loaves (Kalshoven and van dor Vecht, 1950). In
Puerto Rico, much dumage can be done to young ¢treos by the sugarcane root borer
(Piaprepes abbreviatus - Coleoptera); two specles of acale insect; and the red spider
mite Tetranychus bimaculatus may be troublesome. Recommendations for control are mogtly
based on pesticides (Almoyda and Martin, 1977).

5. GENETICS AN THMIOUVEMENT

The langsat is congldered to be an octoplold with 2n=8xm=72 chromosomes (Bernardo
and Rsmlrez, 1959), but little elpe is known about its genetics, nor has there been any
systematlc selectlion, or work on rootstocks.

6. GERMPLASM CONSERVATION

Sastrapradja (1975) concluded that there was extensive genetic erosion of
cultivated langsat in Indonesin, Malaysla, southern Viet XNam and Thalland, and moderate
erosion in the Phllippinos, rosulting from the replacement of traditional cultivars with
a limited number of selected clones. Some loss of wild langsat has also occurred due to
destruction of rainforests. Thare are 296 accesslons of langsat at Chantaburl, and 22
at Songkla, Thalland, and also a few plants at: Bogor, Indonesla; Keravat, Papuz New
Guinea; Los Bafios, Phllippines; Miaml, Florida and Hawall, USA (IBPGR, 1984).

Hitherto it has not been rosslble to use any of theo relatod species as rcotstocks
for the cultivated langsat, so tho need for conserving them is difficult to assess.



- 58 -

Moraceae

ARTOCARPUS ALTILIS AND A. HETEROPHYLLUS
(Breadfruit and Jackfruit)

1. INTRODUCTION

(=) There are seeded and seedless forms of the breadfruit, the pulp of which may be
bolled, roasted or sgteamed, and used in various main and slde dishes. It has a high
nutritional value (Table 1), betwoeen that of rice and potatoes. The seeds can also be
eaten after cooking.

The bresdfrult 18 a minor crop on a world scale, but ia quite important in
Polynesia, whero it may supply a large proportion of the dally food requirements.

(b) The Jackfrult, a large frult, alao contalns edible pulp and =seeds. Young
immature frults are cooked ag a vegetable, and the pulp of ripe frults may be eaten
frogh, cooked, or preserved in syrup. Seeds can be boiled or roasted. The rind can be

used as® a fodder for livestock; the wood for tlmber; the latex as an adheslive and for
medicinal purposes; and the leaves aw fodder and for medicinal purposes (Morton, 1965).
The frult of the champedan ls used much as 18 the jackfrult.

The Jackfruit is of some significance in southern Indima, Sril Lanka, Malaysis and
Indonesia. The champedan 1is grown throughout the Malaysian archipelago. All of these
crops are usually cultivated 11, gardens or small-holdings and used locally. as they do
not etore or travel well.

2. TAXONOMY AND BOTANY

The genus Artocarpus was revised by Jarrett (1959). About 50 specles are
indigenous in Asia and Polynesla, including 3 which are commonly cultivated for thelr
edible frulte: A. altills (breadfrult), A heterophyllus (jackfruit) and A. champedsn
(champedan) . A number of other wild and sometimes cultivated gpecies also have edible
fruits, including A. elasticus Relnw. (both pulp and seeds edible) and A. ocdoratissima
Blanco (edible pulp of very dellcate flavour and edible seods), both reported from the
Philippines (Brown, 1951).

(a) The breadfruit treoe 1s large and up to 15 m and more broad, with heavy foliage.
Leaves 45-60 cm long, ovata, pinnately-lobed with large deciduous stipules.
Inflorescences male and female: male inflorescences - 15-30 cm 1long, club-shaped,
yellow, drooping or downward curving; female inflorescences -~ globular to oblong splkes,

ripening into syncarp. Fiults weigh 800-1,200 g on average and up to 5 kg.

Two main groups of cultivars of breadfruit are distinguished: gseeded and
seedless. The seedless ones contaln about 70% edlble pulp; the seeded one 30% pulp and
5% edible seeds. They are very wimllar morphologically, but the sceded forms are taller
and more vigorous (Léon, 1968). The number of seeds Jin the seecded forms varies; some
intermediate types have only 10-15 seeds. Sometimes the sceds are not viable and the
tree 18 propagatod vegetatlively. In the seedless forms, which have to be propagated
vegetatively, a number of clonal cultivars are distinguished (Jarrett, 1959; Murai et
al., 1958; Coenen and Barrau, 1961).

(b) The Jjackfruit differs from the breadfrult notably in its entire leaves, the
fenale inflorescence which devolops on short stalks on the trunk and thicker branches
and the much larger size (up to 30 kg) and less globular shape of the fully mature
gyncarp or pseudo-fruit. Pollination is probably by small flles and beetles.

As the Jjackfrult is wusually propagated by speed, the sgoedlings may be veory
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variable. Nevertheless, two main types can be distingulshed: with soft or firm (crisp)
pulp (Singh et al., 1967), which can apparently be maintained by seed propagation.
There are also small-fruited €forms, known as ‘rudrakshi’, which are widely grown in
India but conslidered to be inferior. A few cultlvars have been dascribe? and nnmed in
India, Srl Lanka, Thailand and the West Indles (Morton, 1965).

3. ORIGIN, DISTRIBUTION AND ECOLOGY

(a) The centre of origin of the breadfruit probably lies within a large eres
including tho Indo-Malayan Archipelago and Pupua New Guinea, extending northwards as far
a9 western Micronesia (Fosberg, 1960; Coenen and Barrau, 1961). The breadfruit was

spread emstwards over the Micronesian and Pclynesion islands many centurles before
Buropean explorers first arrived. It may have hybridized with A. mariannensis Trécul, a
species indigenous in the Marlan islands. Breadfrult was firat describad in 1595 from
1ts occurrence on Tauta island in the Harquesa group. The peedless breadfrulit clones,
which have been cultivated on certain Pacific islands for centuries, are probably
triploid and resulted from diploid x tetraploid crosses, but mutation may also have
played a role.

The food value of breadfruit was soon appreclated, and was introduced to several

tropical countries. Probable introduction dates were: 1772 - Mauritius, 1782 - Jamaica
and some other Wesnt Indian islands (firset intrcduction); 1792-1800 - (sacond
introduction - seedless fruits; 1802 - Penang; 1836 - Malacca; 1897 - Cuinea (from where
iL spread to other countries in French West Africe). Currently the malin area of

breadfruit cultivation is in the Paciflc islands, especially Polynesia, although it is
grown throughout the troplics.

All of the other Avtocarpus species with pdible fruits, except Jackfruit, alao
originated in the I-.do-chinese - Indonesian centres. A.champaeden, the champedan, occurs
wild in Malaya, while selectod forms of it are cultivated throughout the Halayan
archipelago.

The breadfruit is adapted to hot, tropical lowland conditions and grows well on a
variety of soils as long as thoy are well-drained. cCultivars differ in their tolerance
of saasonal drought and solil salinity. The tree is ruscoptible to damage by windas
causing branches to broak and flowers and young fruit to fall (Purseglove, 1968; Mamsal
and Barrau, 1954).

(b) The Jjackfrulit originated in the Hindustani contre of diversity, but is now only
known in cultivation. It has a long history of cultivation in India, and was taken by
the Arabgs to the eaot coast of Africa at an early date, but was only relatively recently
introduced to the ilew World. The Jjackfruit is more tolerant of higher altitudes and
cold than the breadfruit.

4, AGRONOMY, DISERASES AND PESTS

(a) Soeded forms of breadfruit are usually propagated by seecd. Seedless forms are
usually propagated by root--suckers, but the method is often unreliable and glow, and
there may be losgses during transplanting, Several other methods of vegetative

propagation are possible, but may glve varying degrees of success (Rowe-Dutton, 1976).
Breadfrult trees typicully yleld well, but may suffer from drought when grown on porous
coral solls in the Pacific, strong winds and salt spray damage (Reddy, 1970).

Artificial pollination, a relatively simple operation, has resulted in.
congsiderably incrensed fruit yields in some parts of India (Singh ¢t al., 1967),.

Breadfruit trees may be affected by up to 16 fungal disecases, including 8 of
economic importance: 3 root rots, 1 crown rot, 1 leaf blotch and 3 frult rots. Tha
fruit rot caused by ihizopus artocarpi can be partially controlled with copper saprays
(Anon., 1978a). One inadequately understood condition is 'pingelap’, causing wilting
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and tree die-back, but root rots inay be involved. Thousands of trees died of ‘pingelap’
in the Mariana and Marshall islands, Oceania. Some cultivare may possess resistance.
There are no racords of bacterisal ot virus diseases (Zaiger and Zentmeyer, 13%67).

A few insects and mites, notably the Egyptian fluted scale and coconut scale, may
damage breadfrult traees. Both of them can be controlled chemically, and excellent
control of Egyptian fluted scale hau beon achieved in some Pacific 1island by the
introduction of ladybirds (Hill, 1975; O'Connor, 1%969).

(b) The Jackfruit 1s normally propagated by seeds, which are often sown ip situ,
because the secdlings develop a strong taproot and are not easily transplanted.
Alternatively, i1f planted in rontaulners, transplanting is eaay. Treaes start bearing

when betveen 4 and 14 ysars old, depending on climatic conditions. The frults take
betwaen 100 and 120 days ‘o develop after pollination (Rowo-Dutton, 1976).

Bhutani (1978) 1liated 9 fungal discases on jackfrult, the main ones baing
Rhizopus artocarpl and Pellicularia galmonicolor, the "pink diseaso". This fungus,
which Bhows itself as & pinkioh colour on the bark, causes premature leaf-fall and
drying out of young branches. Control is by removal of affectoed branches, by applying
crude carbolic acid to scraped areas on branches, and by spraylng with a systemic
funglcide.

Bhutani (1978) 1listed 41 insect pests of jackfrult in Indis, about half of them
Hemiptera (aphids, scale insects, weevils etc.) or Coleoptera (beetles and weevils).

The major pests are:

- Diaphanja caesalls (Lepldoptera), a shoot borer which tunnels in young

shoots, bude and developing frulits. Control 1s by removing affected
portions, covering the fruits with alkathane bags and spraylng with
insecticides.

- Several species of bark borers, notably Indurbela tetraonis (Lepldoptera)
and PBatocera rufomaculats (Colecoptera). They are controlled by introducing
a fumigant into thu holen.

- The bud weevil, Ochyromera artocarpi (Coleopteora). The grubs bore into
tender buds and fruits and the adults feed on lecaves. Control is by plant
ganitation and the use of insecticldes.

—-— Spittle bug, Cosmoscerts relata (Hemiptera), which feeds on young shoots
and leaves. Contcol is by collecting the froth produced by the nymphs and
degtroying them.

- Mealy bugs, Ferrisia virgata snd Nipaecoccus viridis (both Homiptera).
Control is by spreying.

Several species of nematodes attack jackfruits. In Bahla, Rrazil, 7 specles were
recorded; 2 of them had been previously noted in Indis and one in Zalre. Affected traes
in Bahia showad die-back of twigs and yollowing of the follage (Sharma and Sher, 1973).

5. GENETICS AND IMPROVEMENT

(a) Chromosome numbers of 2n=54, 56 and 81 have been counted in the breadfrult, The
basic chromosome number of the genus Artocarpus is probably 28, and the seedless
breadfruit 1s likely to be triploid with 2n=3x=84, explaining the absence of seeds
(Jarrett, 1959). To date there has been no deliberate broeding of breadfruit; the only
selection has been that done by farmers in seedling populations.

(b) The jackfruit 1s a diploid with 2ns=2x=56 chromosomes. There has been no genatic
work or breading.
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6. GERMPLASH CONSERV. (o]

(a) Breadfruit cultivation ls declining especlally in Polynesia, so genetic erosion
resulting from reduced interest in the crop is possible. The 'pingelnp' disease, which
has caused the deuth of many trees, may also be a cause of genetic erosion.
Sastrapradja (1975) consldered that some loes of cultivated breadfrult was occurring in
Indonesla, Malaysla and southern Viet Nam, but that there was no corresponding loss in
1ts wild relatives.

The potential value of wild Artocarpus species in breeding work is unknown. Some

species, such as A. camansi Blanco, A. elasticus Reinw., and A. rigida Blume have been
used with some success as rootstocks. The importance of the breadfrult is both

localized and declining, and it has hardly gained popularity outside Ocoanla despite the
high food value. Tts potential in relatlon to agro-forestry remalns to be explored.

(b) Moderate genetic erosion of cultivated jackfrult was indicated by Sastcrapradja
(1975) to be occurring in Southeast Asia, as a result of the replacement of scedlings by
clonal cultivars. Singh et al. (1967) found that tree populations grown from soeds were
highly variable, although some types maintain their individuality even when
seed-propagated. The jackfrult is more widely-grown than the breadfruit.

Both breadfruit and jackfrult have recalcltrant seceds (Ellis, 1984), which must
be sown socn after the fruit ripens, so seed storuge is not possible.
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Table 4. Colloctions of bresdfrult and Jeckfrult
Numbar of sccassions
Country Location
Artocarpus altills Artocarpus heterophyllus Other Artocarpus spp.
Brazil Manaus, Amazonas 10 2 A. odoratiysima (1)
Brazi! Jabotlcabal, Sko Paulo A. Integrifolla (2}
il Nausorl 70 A. Integra (3
Indonesia Bogor 3 30 A. elasticus ()
A. Integra (1)
A. rotundus (D)
Jamaica Kingston 3
Papua New Guines Keravat 6 2
Peru Iquitos Artocarpus spp. (3)
Philippines Los Bafios ! 30 A. odoratissima (4)
Artocarpus spp. (9)
Seychal lazl/ Mehé i 4 A. altitis ver.
sement!fera (!)
Salomon i3lands2/ Honlars 60
Thai land Chantaburl 6
USA Mlami, Florida 2 2¢ A. odoratisshaa (1)
Artocarpus spp. (3)
USA Hilo, Hawall 3 A. champaion (1)
USA Mayaguez, Puerto Rlco 2 i
Western Samoa Apla 50

1/ Grand'Anse Experimental Centre, Mahé Isiand, Seychelles.
2/ Dodo Creek Research Station, Ministry of Agriculture and Lands, P.O. Box GI3, Honlara, Solomon Islands.

There Is reported to be | accession of A. heterophyllus and | of A. Integer at Nanyang University, 12A Faculty
Road, Slingapore 22, Singapore. .
There are reported to be iome accassions at Hainan Botanical Carden of Tropical Economic Plants, Academy of
Tropical Crops of South China, Minlstry of Agriculture, Halnan !sland, Guangdong Province, Chlna.
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Moraceae

FICUS CARICA
(Fig)

INTRODUCTION

About 40% of the wourld flg crop is dried, the remainder being used fresh, canned,
or in jams etc. Low-grado figs can be roasted to produce 'filg coffee', or converted
into alcohol. Dried figs and those unfit for huran consumption, can be used as fodder.
The nutritional value of fresh figs is comparable to that of many other fruits. They
are high in calcium. Dried figs, with only 20% wator are very nutritious (Table 1).
All parts of the fig tree contain a latex rich in the proteolytlc enzyme ficin, which
can be used as an anthelmintic and for tenderizing meat.

The fig is a moderately important world crop (Table 2). In 1984 about 33% of the
crop was produced by Turkey. Other major producers in descending order of production
were Greece, Moroczws, Spaln, Portugal, Syria and Italy. While production by Italy and
Spain has dec-eased over the lagt decade, tha’ of Turkey, Syria and Brazil has increased.

2. TAXONOMY AND BOTANY

The genus Ficus, family Moracese, contains over 1,000 woody species ranging from

small, craeping shrubs to large trees. Thelr inflorescence, a ‘'syconium' 1s unique to
tha genus, conslsting of a hollow vagse-shapad peduncle, inside which are implanted the
flowers, It has a narrow mouth, or ostliole, which is cloped with interlocking scales.

The ‘fruit' is actually a psceudo-fruit developed from the sayconium, The taxonomy of
figs has been studied by Condit (1947, 1969) and Corner (1965). PEesldes the flg (Ficus
esrica L.), F. gycomorus L. is grown locally for lts fruits mostly in Israel and Egypt.
Several other ficus species have edible, but non-pulatable fruits.

The fig tree is deciduous and 4.5-10.0 m tall. Leaves large, broadly ovate or
nearly orbicular, more or less deeply 3-5 lobed. Infloresconce a syconium, Flowers
numerous, tiny, unisexual; male flowers with a single carpel, contalning one ovule,
usually a bifid stigma and long (1.75 mm) or short (0.7 mm) styles. Fruit (botanically)
a tiny drupe - usually called the ‘'seed' of the fig.

Two main types of trfras are distinguished according to the sex of the flowers in
the syconium: the caprifig anua the true fig. In caprifigs, the syconia contain
short-styled pistillate flowers distributed over most of the inner wall and stamlnate
flowers massed around the interior of the ostiole; in the true fig the syconla contain
only long-styled pistillate flowers.

Tre fig and other Ficus gpecles are pollinated by small wasps, which develop in
some of the flowers and live symbioticully inside the syconium. Each Ficus specles has
its own species of pollinating wasp; in fig 1t is Blantophaga psenes L. (Hymenoptera).
The system is rather complicated, and pollination 1is a prerequisite for the development
of the syconia ln certain cultivars. Syconia of capriflg trees fulfil the double role
of being - in the short-styled pistillate flowers - the breeding place of now wasps, and
of producing pollen in the staminate flowers. Caprifig trees should be grown close to

flg trees requiring pollination, or caprifig syconia in 8 proper gtage of development
should be hung in them, an operation known as caprlficatlon. The fig wasp is indigenous
in areas nf traditional fig cuitivation. In other areas like southern USA, Brazil and

Kenya, 1t has been necessary to introduce the wasp, or to only grow cultivars which do
not require pollination.

Numerous fig cultivars have been distinguished, usually considered in 4 types:

) caprifips (not edible)
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(i) figs (edible)

(a) ‘Smyrna‘: usvally develop inflorescencen twice a year; the second
ones only result in fruit production, assuming that pollination was
guccessful. Pollination is mlways necessary and the frults are seedy,

(b) '‘San Pedro': also produces 2 batches of inflorescences per year: the
firnt develop parthenocarpically into seedless fruits; the second require

fertilization for fruit development.

(c) *Common’ : usually produces one, but in nome cultivars 2 tatches of
inflorescences per year. Pollination ls not necessary.

Condit (1955) reviewed earlier work on cultivar classificstion, and described

geverd\ hundred cultivars. The distinctions within typas woere mainly made on the basis
of s8¥ir. and pulp colour, but also on {fruit size, shape and taste, seasonality and
sultatility for different usaes. of 625 cultivers (many with different names in

different areas), 75% were of the 'Common' type, 18% of the 'Smyrna’ type, &nd the rest
of the 'San Pedro' type or caprifigs (Condit, 1941, In a recent study of USSR figs,
Arondt (1972) discussed about 270 cultivars.

For many yoars, the old ‘Common’ cultivar 'Dottat>' dominated dry fig production
in Italy (Plinius mentioned 1t about 2,000 years ago, and California, where it was
introduced during the last century. The *'Smyrna‘' cultivar 'Sarl Lop', was grown in the
Meander Valleoy of Turkey for several centuries and has been successfully introduced to
California, and 1is highly valued in both areas. In many new flg-growing countries tha
principal cultivars used can be truced back to their Mediterranean origin. Some of the
cultivars introduced into California, such as ‘Azendjar’', ‘'Taranimt’' and 'Zidi' show
promising levels of nematode resistance.

2. ORIGIN, DISTRIBUTION AND ECOLOGY

The fig probably originated in southern Arabia, where wild fig and caprifig trees
are still found, It was montioned in Jewish and Egyptian writings up to 6,000 years
ago. It was spread throughout Southwest Asia and the Mediterranean countries and becama
naturalized in many places. European explorers carried it to many other courtries
following the discovery of the New World in 1492 and Magellan's clircumnavigation of the
world in 1519-21 (Storey, 1976).

The typlcal fig-producing reglons have mild winters and hot dry gummers. In
sub-troplcal n:d warm temperate areas, the trees lose their leaves in late autumn end
early winter, and become dormant for soveral months in which condition they can
withstand considerable cold. The degree of cold-hardiness depends upon cultivar, ago,
older trees balng less susceptible, and tree health, premature defoliation by filg rusnt
or drought making them more susceptible. Temperatures of -8°C to -10°C will kill
young branches and of -129C to -15°C the trunk, but the underground parts may form new
shoots. Fig trees are particularly susceptible to frost damage during spring and autumn.

High gummer temperaturea (35-42°C) do not adversely affect the treos provided
there 1ip sufflclent soll moisture, but above 40°C the fruit may be tough and ripen
prematurely. Where the flg is grown for drying, high tomperatures during the drying

period are favourablo. Figs require a continuous and adequate water supply for high
yields, but rainfall during fruiting may cause frults to split and favour growth of
fungal rots. The flg troe can survive sgevere drought by shedding 1ts leaves and

becoming dormant.

Figs cen be grown on a wide range of solls, including heavy clays, loams and
light sands, 1idnrally well-drained. The plant 1ls moderately tolerant of high salinity,
but not of black alikall conditions. It tarivas on high lime or calcareous soils, and
rarely suffers from iron and zinc deflclency whon other specles do. Light sands may
favour the build-up of nematodes.
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4, AGRONOMY, DISEASES AND PESTS

The flz tree can aeasily be propagatod vegeotatlvely by cuttings or layering.
Grafting techniques may be used for top-working old troes to effect a change of sclion
cultivar. Cuttingn are commonly used for large-ncale productlion, and may start Lo bear
fruit after 6 months, but high ylolds can only be expected a fow years lacer. Troes may
ramain in production for 35 years.

At least 30 specles of fungl attack figs, Ilncluding root rots, branch wilt and
canker, leaf rusts, branch and follage blights, frult gurface mould and gpot rot,

internal frult rets, mould and smut, and fruit gouring. Most aro of slight importance
only and can be controlled by chemical spraygz, but differences in disease resistance
have been noted in some cultivars (Condit, 1947; Cook, 1975). Bacterial canker can be

locally important in the USA and Italy, although different bacteria may be involved in
the two countrles. Control is by pruning diseased wood (Cook, 1975).

Mosale, the only virus dilsease of flgs, is a major threat to production. It ie
prevalent in areas of the Mediterranean and the Middle East and has been recorded in

Australia, China, Indla, New .caland and Puerto Rico. Infected treos are stunted and
have severcly malformed leuaves, and frults are spotted and may drop prematurely.
Several, but not all Ficus specles, are susceptible. The virus is transmitted by
grafting and by the mito Acerla flcus. Selection of virug-free propagating material may

help to 1imit its spread.

A large numbter of insect and scveral mite speclos cause damage to figs Condit
(1947) discussed 84 insect and 4 mite specles; Hill (1975) ilsted 3 major and 17 minor
insect pests; Bhutanl (1975a) mentloned 59 insect pests, mostly in India. The larvae of
savoral Lopldoptera and Coleoptera (long-horn beetles) cause considerable damage by
tunnelling into the branchos and somotimes the trunk of fig. Many leaf-eating beetles
(Coleoptera) and Caterpillars (Leplidoptera) damage foliage. Branches, leaves and frults
may be attacked by & dozen or more sgpecles of scale lnsects and meuly buga (Homoptera).
The larvae of sgeveral frult flioes, specloes of Dacus and Coratltir (Diptera), feed on the
pulp of fruits, resulting in their rotting and premature drop.

Fully-ripened frult, either stil) on the tree or having fallen to the ground may
be invaded by saveral specles of Insects, whlch often enter through the ostlole. Some
also carry pathogens, llke smut and ourlng organisms. This group of pests includes the
dried frult beetln (Carpophilus hem!.erus - Coleoptora) and tho vinegar fly (Drosophlila
melanogaster and other Drogophila specles - Diptera). The flg wagsp may be included in
this category too. At loast 8 spncles of mltes (Acarina), which llve an the lower sglde
of leuves and suck the cell sap have been recorded. Leaves become blotchy and
ultimately dry and fall off. The erlophyld mite (Aceria ficus) is a vector of the flg
mosalc virus.

Dried flgo may be infested by the troplcal warchouse moth (Ephostia cautella -
Lepldoptera), the Indian meal moth (Plodla interpunctaells - Lepldoptera), the Angoumols

graln motli (Sitoctroga cerealella - Lepidoptera), and the uaw-toothed grain bentle
(0ryzaephllus surinamensis - Coleoptora). Other groups of inpects include several leaf

rollers (Lepidoptera), a faw gpecles cof midge maggots (Diptora) fceceding on the frult
pulp, and a few sgpecles of psyllids (Homoptora), thrips (Thysanoptera) and bugs
(Heteroptera), all follage suckers of minor importance.

Although considerable damage cnn be caugsed by insects and mites, the post
populations can generally be kopt down to acceptable levels by chemlcal and cultural

meuang. Differonces in cultivar susceptibllity and tolorance have been recorded. In
California, the Pacific mite (Tetranychus paclficug - Acarina) prefers the cultivar
‘Kadota' among the 4 princlpal flg cultivars. Cultivars with large ostioles are more

likely to become infocted by organisms caugsing fruit docay.

The flg 1ls very susceptible to nematodes, including specles of Heterodera,
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Meloidogyne, Pratylenchus, Trichodorus and Xiphinema. Experiments are in progreses to
study the feaaiblility of grafting the fig on to other Ficus specles which are
nematode-resigtant. F. glomerata shrws promise in this respect.

S. GENETICS_ AND TMPROVEMENT

The somatic chromosome complemrant of ¥. carica is 2n=2x=26, and all cultivars
studied are diploid. Chromosome counts have been made of about 100 Ficus speclen: &
African speclies are tetraploids with 2n=4x=52; F. elastica var. decora is triploid with
2n=3x=39; and the rest are diploids with 2n=2x=26 (Storey, 1776).

Sex is determined by 2 closely~linked pairs of alleles, G-g and A-a. G is the
dominant allele for female flowers w th stort-styled pistils; g is recessive for female
flowers with long-styled piatilas. A 18 dominant for male flowers; a is recesnive for
flower suppression. Caprifig trees are elither GA/GA or GA/ga; flg trees are always
ga/ga. All commercial caprifigs are probably GA/ga. When crossed to figs, ga/ga, they
produce 50% heterozygous caprifigs and 50% figs. The 2 types can only be separated
after the seedlings have started frulting, since they have no juvenile sex-linked
characters.

The genetic control of paersistence of syconia, i.e. whether thoy renain on the
tree without pcllination, has also been studied. A single palr of alleles, P-p, control
the character: P is n dominant mutant allele for persistent syconia and gvule abortion:
p is the recessive wild type for non-persistent (caducous) syconia and normal ovule
develcpment. Trees with non-persistent syconia have the genotype p/p; those with
persistent syconia are P/p. Because the allele P i3 onlv carried by the pollen donor,
crosses between caprifigs and figs result in the following progeny:

Flg ( ) Caprifig ( .{) Progeny
non-parslstent (p/p) x non-parsistent (p/p) all non-parsistent
non-persistent (p/p) x persistent (P/p) 1 non-persistent;

| persistent
parsistent (P/p) x nor.-persistent (p/p) all non-parsistent
persistant (P/p) x persistent (P/p) | non-persistent:
| parsistent

Most fig cultivars are probably the result of centuries of selection among
open-pollinated seedlings, and few are from seedlings grown because of their superior
parentage. The breeding of cultivars by controlled pollination only dates back to 1922,
when work was stuarted in California (Storey and Condit, 1969; Storey, 1975) and to 1939
and work by Tanikawa in Japan ond Rjabov in the USSR (Condit, 1947).

The major objectives of the breeding programme early this century in California
were (Storey, 1975):

—— Elimination of the need for caprification. The cultivar 'Calimyrna' (synonym
for 'Sari Lop') 1s a Smyrna type needing caprification for fruit setting.
Apart from being time-consuming and costly, there 1is also the risk of
transmission of Fusarium moniliforme var. fici and other pathogens by the fig
wasp. The French cultivar ‘'Croisic’, which sets edible persistent fruits,
but also has zome male pollen-producing flowers, was used as the caprifig

pollen parent in this work.
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-- Resistance to nematodes, particularly the root-knot nematode Meloidogyne
incognita var. acrita, which can be very damaging on light, sandy sgoilsa.

The production of inter-cultivar crosses in figs i3 relatively straightforward.
Pollen can be euasily collected, stored for at least 120 days s8nd blown into fig fruits
to be pollinated. One rruit may yleld 200-500 seeds. or drupelets. Seeds germinate and
grow rapildly. The juvenile period, usually 5-7 years, can be shortened abouc 4 years
by grafting buds from ssadlings on the branches of trees of 3 years or older. The gcion
grows rapidly uand may produce frult within 1 to 3 years. Additional advantages of the
method are: one tree may carry up to 2¢ seedlings; there is no problem of sucker growth;
and the branches of the carrying tree can be cut back and re-used for testing the
following year.

The cultivar ‘Condria’ was released in 1956, and several others are in various
stages of development. Progress is being made at Louisiana State University un the
development of nematode-resistant cultivarc based on 'Hunt' and ‘Celeste', but none have
yst been commerclally released. A new very cold-hardy fig, 'Alma', was roaleased in 1975
by the Texas Agricultural Experiment Statlion (Storey, 1975).

Of the many Flcus specles, only a few such as F. palmata, F. pseudocarica and F.
pumila have been used as parents in flg breeding: F. pumila, en evergrean climber, was
crossed with the flg in order to Jdevelor a vine-like fig plent in californis. An Fy
pilatillate plant was successfully back-crossed with a E. caricu caprifig in 1971, and
the work 1ls still in Progress. In the USSR, flgs have been pollinated with various
specles of the Moraceame and even of some other families, which led to apomictic fruit
productlion, but no hybrids ware released (Storey, 1975).

6. GERMPLASM CONSERVATION

Logss of fig rermplasm in traditional arees of cultivation is expected to follow a
reductlon 1in %the number of cultivars grown. There are in principle two groups of wild
flg treesc: those directly descended from wild trees; and ecscapes of cultivated trees.
Fig production 1is declining, especially in some Mediterranean countries with an ancient
history of cultivation, and in newer fig-growing areas, like Callifornia and Brazil, the

crop may have a more or less narrow genetic base. Rather fow related Ficus spacles have
been used in fig breeding. The collections listed are mostly of cultivars, but some,
notably that at Miami, Florida includu large numbers of wild Flcus species. Seeds can

and should also be stored.
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Tabla 15, Coilections of tig

accessicns

Country Location
Ficus carica Other Ficus spp.

Algerias Boutarik 58

Chille Santlago 3

Cyprus Nicosia 39

Gresce Kalamata 34

Indla Bangalore 23

Iindia Rahur!, Maharasiitra ]

india Yarcaud, Tami| Nadu 9

Itaty Rome 430

Jamaica Kingston F. aursa (1B}

Japan Nagasaki 37

Papua New Guinea Keravat F. coplosa (4)
E. tinctoria 21)
E. wassa (1)

Syrla Damascus 360

Thal land Bangkok 8 E. auriculata (2)
E. racemoss (D)
F. zemicordeta (1)

Turkey lamir 29!

USSR Yalta, Crimes 270

USA Davis 67 F. patalensis (1)
F. roxburghll (1)
F. stephnocarpa (1)
F. superba (1)
E. virens ()
F. wightiana (1)
Flcus spp. ()

USA Mlami . ofzeill (1)

IR RN M MM M m m mm mmm

ImImmmmm

altissima (4)
amplissima (3)
aurea (1)
auriculata (4)
benghalensis (14)
benjamina (21)
bussel! (2)
caliosa (2)
capensls (2)
citrifoila (8)
clementis (i)

cocculifolia (1)
costaricana (1)
cotinifolia (7)
cumingll (1)
drupacea ()
dusenll (1)
elastica (8)
fuiva (2)
gnaphatocarpa (2)
heteropoda (1)
hispida (4)
Ingensy (2)
1teophylta (3)
kerstingl 1)
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Table 15. Collections of fig (Contlnuad)

Number of eccessions

Country Location
Elcus carica Othar Flcus spp.

USA (Continued) Miami

lucescens (1)
lyrata (1)
macrophyi la (6)
maliotocarp: (1)
marlannongis (3)
microcsrpa (4)
F. minahassas (1)
F. mysorensis (24)
E. patatensis (3
F. pekbudy C1)

E. nerifolia ()
F. nots (4)

- nymphelfolja (2)
oblliqua (%)
obtuslfolla (2)
sdorata (%)
papaya (%)
perforata (4)
pertusa (4)

prc orlise (1)
pseudopalima (1)
pumila (2)
racamosa (22)
radutins (3
relligiosa (8)
rubiginosa (%)
septica (3)
stricta (1)
subcordats (5)
superba (2)

sycomorus (5)
tinctoria (10)

. tinctoria subsp. parasitice
)

. triangutaris (1)
trigonata (5)
uilmifolia (6)
umbeiiata (2)
virens (24)
vogeli! (3)

F. watkinsiana (10)
Flcus spp. (1)
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hyrtaceae

PSIDIUM GUAJAVA

{Guava)

1. INTRODUCTION

The guava 18 consumed principally aa a table frult, but is also used in Juices,
jamg, Jellies and other preserves, often different cultivars being grown for each tyge
of use. The aroma of guava fruits is quite thormostable, which makes them well guilted
for processing. Guavas have a remarkably high vitamin C content, sometimes 3 or 4 timas
that of many citrus frulits (Table 1), and red-flewhed puavas are a fair source of

carotene (Nagy and Shaw, 1980) Guavas are rich in pectin. The 1lsaves are rich in
tannins whic: can be used for tanning leather, and also contaein an aromatic oll used as
a flavouring. The bark alsc contains tannina used for tanning and dyeing. Various

parts of the plant have medicinal uses.
Though not a major crop, gusvas arc widely grown throughout the tropics. A
recent estimate of the world crop was 1 million tonu, with India, Pakistan and Mexico

being the major producears.

2. TAXONOMY AND BOTANY

The genus Psidium contains about 150 speclies of trees and shrubs, mostly native
to tropical and sub-tropical America, about 20 of which have edible fruits. The
following species, apart from tha guava, may be cultivated (Weater, 1915; Zeven and de
Wet, 1982; chandler, 1958):

1) P. cattleianum Sabine, syn. P. littorale Raddl (strawberry guava) has small
fruits. It is more tolerant of cool summers and frost than the common
guava, and could be a replacement of guava in condltions like those of
tropical highlands;

(11) P. friedrichsthalianum (Berg.) Nied. (Costa Rican guava). Indigenous in
Central America. A small tree cultivated for its acid fruits;

(iii) p. guineense (Sw.) Araca. Indigenous in the West Indies and troplecal

America, and occasionally cultlvated. The small (1.5 cm) fruite are of
excellent flavour;
(iv) P. molle (Bertol.) Guisare. Southern Mexico and Central America. A

spacles closely related to P. guajrva. The frults are very small but quite
aromatic and of excellent flavour;

(v) P. montanum Sw. Indigenous in the West Indies, but rarely cultivated.
Fruits globose, about 2 cm in diameter, aromatic and of good flavour;

(vi) P. partorianum (Berg.) Nied. wWild and cultivated in Mexico; and

(vii) P. chinensis, a dwarf shrub which may have potential as a dwarfing
rootstock.

The guava plant ls a small shrub or tree up to 6 m high, with broad, spreading
top. Leaves opposite, oblong, 7-17 cm long, with prominent veins and finely pubescent
below, especially when young. Flowers hermaphrodite, white, fragrant, solitary or in
amall groups in leaf axils of younger branches; calyx tubular; petals 4, white, frae:
ovary inferior, of 4-5 united carpels, each with numerous ogvules, placentation axile;
stamene numerous, arranged in groups surrounding the central style. Fruit a globular or
pear-sheped berry, 5 cm or more in diametor. Seeds small and hard, naturally spread by
birds.

Pollination is mechanical or by insects such as the honey bec. Cross-pollination
frequently occurs; Sobrinho and Gurgel (1962) recorded up to 41% in Sf8o Paulo. Some
cultivars are cross-incompatible, due tco inhibition of pollen tube growth in the styles
(Seth, 1960). Incompatibility may be a cause of seecdlessness.
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Two botanical wvarietlies are recognized within p. guajsva: var. pirifera
(pear-shaped fruits), and var, pomifers (apple-shapod frulitae). In carlier
classifications they were given specles status, but they are not completely ponetically
isolated.

Open-pollinated guava gseedlings are very warliable as raported, for example, in

Nexico (Lakshminarayana and Moreno Rivera, 1978b) . There are relatively few
clonally-propagated cultivars. Frult-characters, such as gshape, sgiza, skin texture, and
colour, texture and flavour of the flesh may vary widely, and are useful in cultivar
identification. While some cultlvars are almoet sesdless, most contain hundreds of
veeds comprising up to 35% of tha frult weight. Somc of the best cultivars in Florida
arae: ‘Supreme* (white-fleshed), ' Ruby* (red-fleshed), *Blitch* and '‘Patillo’
(ririi-fleshed), °'Miaml red’, ‘'Miami white' and ‘Red Indian'. Two of the best hybrids

are 'Ruby' x 'Supreme' and 'Webber' x ‘'Suprame’.

3. ORIGIN, DISTRIBUTION AND ECOLOGY

The guava originated in tropical Americs, probably in an area extending from
Mexico to Peru (Chandlor, 1958). It was grown in Panama and the West Indies by 1526
(Patifio, 1963), and was taken to many other tropical countrles after the digcovery of
the New World.

The crop is now grown roughly within the latitudes 25°N and 25°S. It is at
ite 1limits of cultivation in Florida (USA), South Africa, northern New South Wales
(Auptralia) and Israel. Growth 1s severely reduced at temperatures below 16°C. A
climate with practically no frost and at leoast 4 rainy months ip required. Soils
ranging fror heavy clay to very light sands may be suitable for guava, and it is quite
tolerant of wet soll conditions (Anon., 1969), In geveral countries it has become
naturaliz.d.

4. AGRONOMY, DISEASES AND PESTS

The guava is easy to propagate from seeds, which germinate in 3-4 weecks. Plants
start flowering at about 2 years old, and are in full production after a further 4
years. Vegetative propagation 1s necessary to maintain the charucteristica of selected
cultivars, but 1is relatlively difficult. Alr layering is the easlest mathod, but is
impractical when large numbers of plants sare needed, and the source of material is
limited. Veneer grafting and chip budding can be uped, and leafy stem cuttings can also
be rooted in a mist box (Malo and Campbell, 1968). Vegotatively propegated trees begin

to flower in the second year and are in full production after 6 years. A tree may
continue to crop for over 50 years. Frult development from flowering to maturity takes
3-5 months.

At least 15 fungi may attack guava. Fusarium wilt (Fusar‘um oxysporum ¢f.
peidii), which is soil-borne and may remain viable in infected soil for many years, is a
Berious disease in Indla. Control is by using pathogen-fraee nu-sery sitas, by chemical
disinfection of nursery soil, by destroying diseased plants, and by plantsation hyglene.
Injury to roots should be minimized to reduce the chance of infection. sther fungal
diueages may be controlled chemically. A number of fungi cauae frult cot., elther on

the tree or during storage, such as Colletotrichum spp. (anthracnose), Pestulotia upp.
and Penicillium spp. (Lakshminaraysna and Moreno Rivera, 1978a).

About 60 spacies of insects ond mites may damage the guava, the following being
significant on u world scole: Ferrisla virgate (Homoptera), a mealybug; Icerya purchasi
(Homopteru), cotton cushion scale, or fluted scale; Selenothrips rubrocinctus
(Thysanoptera), red-banded thrips; and fnastrepha spp. (Diptera), frult flies, thae
larvae of which burrow through the ripe frult. Control of these pests is by plant and
orchard hygiene, and the use of insecticides. There muy be differences in cultivar
susceptibllity to mealybugs.
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other less important groups of pests include: cockcuafer larvae which fead on
roots; moth caterpillars which feed on bark and bore into wood; acale insects which suck
cell pap and excrete honey dew on tender gtems and leaves (cn which the sooty mould
fungus grows); root knot nematodes which damage the roots; moth caterpillars which feed
on fruit pulp; and mites which damage the epidermis of leaves and frulits (Hill, 1975).

5. GENETICS AND IMPROVEMENT

Most guavas are diploids with 2n=22, but a seedloss triploid cultivar with 2n«33
chromogomes has been found. Little 48 know. about tho inheritance of various
characters. White pulp is recessive to red julp. but other genes and environmental

factors may modify expression.

The Iimprovement of guavas has for centuries depended only on sgelection of
seedlings by farmers. Many countries niw have programmes of seloctlon, followed by
vegetative multiplication, and in a fow the work is based on hybridization followed by
selection in the Fy generation. Interspecific hybridization has been attempted 1ia
India, where the F; hybrids of P. chinensis x E. guajava, P. molle x P. gusjava, and
P. chinensie x P. molle are under obmervation (IIHR, 1980).

Countries with guava breeding programmes include Brazil, Colombia, Cbte d'Ivoire,
Egypt, India, Mexico, Nigeria and USA (Puerto Rico, Hawaii ond Florida), many of which
have released improved cultivars. The anime generally include high and reliable yioeld of
large bLright red, tasty fruits containing few seeds but a high soluble wolid content,
and good keeping and transporting qualities. Friilte for processing should be relatively
acld. Lakshminarayana and Moreno Rivera (1979) reported work in Mexico in which trees
were selected on the basis of several characteristlics, including vitamin C content of
the fruits. Ten selections wore made, 9 of which had 500 mg or more vitamin C per 100 g
of pulp, while 1 had more than 1,000 mg. Some bracding programmos have resultwd in
hybride which also grow well outside the area where they were daveloped.

6. GERMPLASM CONSERVATION

In common with several fruit specles, genetic erosion of cultivated guava {is
likely to accelerate as clonally produced cultivars increarsingly roplace trees grown
from seeds. sastrapradja (1975) reported that moderate erosion is already occurring in
Southeast Anin,. Insufficient information on the wild related specios is availladble, and
they have gererally not been used in breeding. Related wild specles have occasionally
been used as rootstocks for guava, and advaniages reolated to tree size, resistance to
Fusarium wilt, and to nematode registance bave been noted (Bourke, 1976; Singh et al.,
1976).

Guave seeds can be stored at low molsture content and low temperature (Ellis,
1984), but it is not known whether seeds -.e stored in any collections.



Table 16. Collections of guava
Number of accessions
Country Location
Psidlum guajasva Other Psidlum spp.
Australla Alstonvilla, 12
New South Walaes

Brazil Jabotlcabal, Sbo Paulo 10 P. acutarguium (1)
P. cattleianum (3)

Brazli Bahla 23 Psidium spp. (3)

Brazil Londrina, Parana 2t

Braztl Itajal, Senta Catarina 5

Brazl| Manaus, Amazonas 3 P. acutanguium (?)
P. araca (3)

Camaroon Njambe ] P. cattislanum (1)
Pslidium spp. (10)

China Talwan 10

Colombla Paimira Vulle 24 P. acutenguium (3)

Costa Rica Turrialba 18 P. frisdrichsthaiianum ()
P. gulnsense (1)
P. llttorale (2)
Pslidium spp. (iB)

Cuba Habana 142

India &/ Bangalore 1 P. arscs (1)
P. cattlslanum (2}
P. corlsceum (1)
P. frisdrichsthallanum (1)
P. guinesnse (1)
P. molle (1)
P. montanum ()

Malawl Limbe 8

Peru Lima 35

Phil1pplines Los Bafios 48

Seyche|les 2/ Nahé a3 P. Llttorale (2)

South Africa Nelsprult 10

Sudan Wad Medan| 49

That land Bangkok it

(Kasetsart University)

USA M|am| 17 P. friedrichsthallanum (3)
P. littorale (3)
Psidium spp. (14)

USA MayagUez, Puerto Rico 32

USA tilo, Hawall 4)

1/ Parts of the collection maintained at 17 different !nstitutes.
2/ Grand'Anse Experimental Centre, Mahé Island, Seychelles.

IBPGR (1984) also lists small coilections of Quava at: Nambour, Queensland, Australis; RaJshahl, Bangladesh;

Nicoslias,
Bangkok (Dept. Agric.), Thalland.

Cyprus; Gullacan,

Sinaloa and Cozolapa,

Oaxaca,

Mexico;

Keravat,

Papua New Guinea;

iqultos,

Peru;



- 74 -

Myrtaceane

EUGENTIA JAMBOS, E. MALACCENSIS £ND _E£. UNIFLORA
(Rose apple, Malay apple and Pitanga)

1. INTRODUCTION

This chapte~ covers three species of the genus Eugenia cultivated for thelr
edibla fruits. The Malay apple has the largest fruit followed by the rose-apple, while
the pltanga is the size of a cherry. They differ also in other fruit characteristics,
such as shape, colour, texture and flavour. A)l aro Jjuicy, of low calorific and
nutriti~nal volue (Table 1), and can be eaten fresh, or in jams, pickles, syrups etc.
Members of the gonus Eugenia are rich in tarnins and essential cils, which are the basels

of some secondary uses of the plants. A yellow essontial o0il can be steam-distilled
from the leaves of the rose-apple troe. The root, bark and leaves of the Malay apple,
and the leaves and fruit of the pitanga have various medicinal uses (Anon., 1976;. Tha

pitanga is also grown nrs an ornamental plant in Florida.

All 3 gpecles are minor crops in the tropics and sub-troples, and statisticsl
production data covers limited areas only (Lum, 1975; Anon., 1978b). The pltanga growsg
at higher asltitudes in the tropics, and is more widely grown in the sub-tropics than the
other 2 specles.

2. TAXONOMY AND_ BOTANY

Kostermans (1631) published a monographic revision of the genus Eugenia, family
Myrtaceue. Distinguishing charactoristlics of the genus are: evergreen trees or shcubs;
leaves oppoulte, mostly ertire and flnely penniveined; flowers white or creamy or
pinkish red; stamens numerous; frult a drupe-like berry, globular or pear-shaped, 1-5
seeded. Many of the specios have at tlmes been placed in different genera, notably
Syzygium. Kochummen (1973) recognized 192 gpecies of Eugenla, at least 20 of which have
Aadible fruits. The specles E. pgemarangensie (Jjumbu sgemarang), which has seedless
frulitse, is a highly-esteemed local crop 1ln Java.

(a) E. jambos L. (syn. Jembosa vulparie D.C., Syzygium jambos (L.) Alston), the
rose-apple, is known by various names, including pomar(r)osa and manzanita de rosa in
Spanish, pomme-rcso in French, jambu mawar in Malay, and jambo rosa in Brazll. The
roge-apple 1s an attractive glabrous tree up to 9 m high. Laeaves oblong-lanceolate,
12-20 cm long, acumlnate, thick and shlny, short-petioled. Flowars greenish-iwshite, 6-8
sm or more across, in short terminal corymbs; stamens numerous much longer than the
petals. Fruit a berry, round or oval, 2-5 cm long, greenlsh to pale yellow flushed with
pink, with a taste rather lilke apri-ot and an aroma of rogo.L/ Seeds groy, 1-2, loosu
in cavity of succulent pericarp, polyembryonic, producing 1-2 plento (Balley, 1949;
Anon., 1976; Flsch, 1976; Ochse and Bakhulzen van den Brink, 1931).

(b) E. malaccensis L. (syn. E. domestica Balley, Jambosa malaccensis (L.) DC,
Syzygium palaccense (L.) Merrill und Perry), the HMalay apple, mountain apple,
jambo-vermelho (Malay) or pomarrosa de Malaca (Spanish-Cuba), 18 larger than the
rose-apple, arnd has red, but some<imes white fruits.

The Malay apple ls a small te moedlum-sircZ tree, 5-20 m high, branched near the

base with a broadtly-ovold, dense leafy c(rown. Leaves opposite, shortly stalked,
alliptic-obiong, or obovate-oblong with entire margin, 15-50 7-20 cm. Inflorescence in
the axils of the fal.ien leaves, short, dense, 1-12-flowaered. Flowars very

1/ The frult of roso-appie s somatimes woolly and tasteless, although ususlly sweet and crisp, end rather
infoerior to several other specles in tho genus.
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shortly-stalked, brilliant red, 5-7 cm in diameter when axpanded; calyx
oblong-campanulate or turbinate, cslyx-tube 1.5-2.0 cm long, at the base 0.3-0.5 cm, at
the mouth 1.2-1.5 cm diameter, segments 4, the outer 2 ones 3-5 mm long and 10-15 mm
wide, tha 2 inner ones 7-10 mm long and 10-15 mm wide; petals 4, dark wine red, 12-20 mm
long and 7-15 cm wide; gtamens numerous, insertad on a quadrangular disc, unequal, the
outer ones 2.5-3.5 c¢m, the inner ones often hardly 1 «m long, filaments red; ovary
oblong, red, style straight, 3.0-3.5 cm long. Fruit ellipsoid-globose, rarely elongate
and pear-shaped, flattened at the apex, crowned by the enlarged, fleshy calyx segments,
when ripe dark red or often pale yellow with purple streaks, rarely uniformly
yellowish-white, 1 seeded, usually 5-8(-12) cm long, 5-6 cm diameter, flesh thick, juicy
white, fragrant savoury, 0.5-2.5 cm thick. Seed globoso, brown, 2.5-3.5 cm diameter,
polyembryonic (Ochse and Bakhulzen van den Brink, 1931).

Where the Halay apple has traditionally been seed-propagnoted in Indoneslia, thaere
are at least 3 different types, including cultivars which are entirely red, ones with
light red fruits and dark red longitudinal stripes, and white ones with oblong to
pear—-shaped fruits (Ochse and Bakhuizen van den Brink, 1931; sSastrapradja, 1983 pars.
comm. ). Oblong and pear-shaped fruits are also found in Indonesia, with other less
common shapes. A white-frulted cultivar was cultivated in Hawanll, and a race with 90%
Beedless fruita was found in the Philippines (Burkill, 1966).

(c) E. uniflora L. (syn. E. uniflora Berg, E. michelii Lam., E. parkeriana DC,
E. michelii Aublet, Myrtus brasilianes L.), the Surinam(e) cherry, is also known as the
pitanga, Cayenue cherry, cerislier de Cayenne, cerise carré, ginga (Amazonia, Brazil),
ceriege A4 cOtes or cerise-c8tes (French Antilles), cerezo de Cayenne (Cuba) and goraka
jambu (Sc<i Lanka).

The pitanga is a broad, compact glabrous shrub or small tree up to 7.5 m high.
Leaves nearly sessile, ovate to ovate-lanceolate, 2.5-5,0 cm long, acuminate, rounded at

bage, derk green an? sghiny above. Flowers solitary on the ends of long slander
peduncles, one or sgseveral together in the axilo of leaves, about 1.3 cm across, white,
slightly fragrant. Frult a berry, oblate, 1.3-1.5 em in diameter, conspicuously

8-ribbed, deep crimson when ripe, with a spicy flavour. Seed wusually 1, relatively
large and round, sometimes 2, (or 3 or 4 in Florida), hemispherical (Popenoe, 1920;
Balley, 1949).

The pitanga 1is pollinated by bees and probably by other insects (Popenoce, 1920).
Little data is available about cultivars. Sturrock (1940) reported 2 typos in Florida:
one with black fruits brought in by early settleru; and one with fruits varying from
pink to dark red. These types hybridized but the fruits of the resultant seedlings ware
inferior to the original black fruits. Varlation within the types was also observed.
The cultivar 'Selected Black' is maintained at a nuragery in Florida (Fogle 1981).
Argles (1976) noted that some superior graofted selections of pitanga are grown for Julce
production in Florida.

3. ORIGIN, DISTRIBUTION AND ECOLOGY

(a) The rose-apple has had a long history of cultivation in the Malesian
archipelago and in 1India, and grows wild in these areas. Fomestication probably
occurred in Malaysia, from where it was moved to southern and later, northeastern India,
arens where it is now naturalized. Ridley suggested that rogse-~apple originated in India
(Burkill, 1966).

The rose-apple has been introduced to many countries, 1including Sierra Leone
where it is semi-naturalized, Cuba, USA (Florida and Hawaii), and Brazil. It is vary
adaptable, since it grows under quite different climatic rogimes in both tropical and
sub-tropical areas. Hany solls also are sultable, provided they are not waterlogged,
but plants grown in Flocrida en highly calcareous soils (pH 8.0+) are often chlorotic.

(b) The Halay apple also probably originated in Moloysia, and has been
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introduced to many areas, including Cuba, Florida, Honduras, India, Philippines, West
Africa and the West 1Indies. It grows in a wide range of tropical and suv-tropical
climates, and solls, 1f well-drained, but will not stand frost. It also naturalirzes
eagily, for example, on Hawall (Popence, 1920).

(c) The pitanga grows wild in Uruguay and southern Brazil (Zeven and de Wet,
1982). It is not known whether it was cultivated hefore The Spanish conqueat, but the
Portuguese took it from Brazil to Italy and Goa, India (Burkill, 1966). 1In the present
century it has becn widoly distributed in countries with a suitable climate.

Though sub-tropical in origin the pitanga thrives at both 1low and higher
altitudes in tropical areas, for instance in Java, Indonesia, Singapore (Burkill, 1966)
and Central Amecrica from mea level to 2,000 m (Popanoe, 1953). It survives some frost,
and is quite drought-resistant, althougk in dry areas like Algeria and California,
yields may be low compared with those in warm, molat areas like southern Florida, and
even here it responds well to irrigation. A good water supply is especially important
during fruit development. The pitanga succeeds remarkably well on shallow, sendy and
calcareous soils in southeant and southern Florida, where it is often grown in hedges
(Campbell, 1983 pers. comm.); in its native area 1t grows on clay or clay loams
(Popenoe, 1963).

4. AGRONOMY, DISEASES AND PESTS

(a) The rose-apple is easily propagated from seeds, which are polyembryonic and
cont.in sexual and asexual embryos. The sendlings are difficult to distinguish, g9
methods of vegetative multiplication by grafting, alcr layering, layering and cutting
have been developed but ara not
widely used. E. densiflora and E. javanica have been used as rootstocks in Java} the
forner being the better (Argles, 1976; Anon., 1976).

A numbor of fungal diceases attack rose-apple, but none ure serious: Asterinella
puiggarii ‘black spot or black mildew), and Clytocybe tabascons (mushroom root cot)
occur in Florida (Fisch, 1976); Antennulacia spp. (sooty mould) occurs in Jamaica
(Leather, 1967); Capnodium ougeniarum is found in India (Anon., 1976); and Puccinia
peidil occurs in Jamaica (Leathor, 1967) and Cuba (Ro.enada, 1973).

Scveral insectn which foed on plant sap or eat loaves of rose-apple have been
recorded, but control measures werc not indicated (Anon., 1976). The plunt is also hoet
to several speclos of fruit flies in different areas: Ceratitis capitata (Mediterranean
fruit fly), Pterandrus rosa syn. Ceratitis rosa (Natal fruit fly), Anastrepha ).dens
(Mexican frult fly), and Dacus dorsalis (Orlental fruit fly) (Fisch, 1976). At luwst 2
gpecies of scale insect have boen recorded oa the rose-apple.

(b) Most of the camments made on rose-apple propagation apply also to Malay
apple. Propagation by budding was highly ruccessful in Indonesia (Argles, 1976). A
peedling tree may start fruiting at 4-5 years, Fruit development tclieas about 3 months.
An average yield in Indonesia was 370 fruits per tree per year, but up to 25,000 has
been recorded (Tohir, 1970).

Similar diseasns - 2 species of sooty mould, 2 specles of leaf spot, a rusot
species and a thread blight (Leather, 1967; Singh, 1973; wWiliiams and Liu, 197%8) - also
affact it. Itse per%s include tho fruit flles Dacus dorsalis and Anastrepha spp., and

several sap feederrn, defollators, mlners and borers. Seedlings may be affacted by
termites. In Java treecs sometimes die after a heavy attack of the stem borer (Nothopeus
hemipteruve - Coleoptera). The nymphs of Psyllidae usually defotm young leaves by

inducing gall formation and thus reducing photosynthesis (Sastrapradja, 1983 pers.
comm. ).

(e) Pitanga plants grown from seeds begin to flower and fruit at 3-4 years
old. They may be propagated by grafting and cutting (Argles, 1976). The frults
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take 3-6 weeks to develop. Usually one, but occasionally 2 ¢ ops are produced per
year. In India ylelds of 3-4 kg per tree hava been recorded (Singn et al., 1967).

5. BREEDING AND IMPROVEMENT

Somatic chromosome numbers of 28, 33, a2, 44, 46 and 54 have been reported for
the rose-apple, which may be a polyploid. Both the Malay apple and the pitanga are
diploids with 2n=22 chromogomes. There has been no other genetic work, and virtually no
breeding of any of the species.

6. GERMPLASM COMSERVATION

Sastrapradja (1975) considers that there has been some genet\c erosion of
cultivated rose-apple in Indonesis and southern Viet Nam, but no erosion in Malayrniu,
the Philippines and Thailand; there has been some loss of wild rose-apple gemaplasm in
Malaysia but not In other countries. Similarly, there has been moderate genetic erosion
of Malay sapple in Indonesia, Malaysia and southern Viet Nam, but not in the Philippines
and Thalland. The wild Malay apple does not currently sewm to be at risk.

It is wunlikely that there 1s a risk of genatic erosion elther of wild or
cultivated pitanga. The cultivated crop 1s variagble and need-propagated, while the wild
pltanga was reported to be common in Rio de Janeiro, Parana, Santa Catarina, and Rio
Grande do Sul in Brazil (Anon., 1935; sShamel and Popence, 1916), and naturalized in
India (Anon., 1952), Jamaica (Adams et al., 1972) and the French Antilles (Fournet,
1978).

various fleld genebanks contain one or more specles of Eugenla. Seed could alsgo
be sgtored. The seeds of rose-apple (and possibly the other 2 specles as well) are
polyembryonic, so 2 genotypes - one clonal and one segregating - can be stored at the
same time.

Table 17. Collections of Eugenia spp.

Number of accesslions

Country Locatlon
E. Jambos E. malaccensls E. uniflors Other Eugenia spp.

China Talwan E. Jjavanica (1)

Philippines Los Bafos Eugenla spp. (3)
Syzygium cuminl (20)
Syzyglum spp. (25)

USA Hlami, Florida Eugenla spp. (9)
Syzygium spp. (16)

No collections of cultlivars of E. jasmbos, E. malaccensis and E. unlifiora excoed 3 sampies, but smatl
collections are listed In the following countrias in IBPGR (1984): Alstonville, N.S.W., Australlas; Rajshahl,
Bangladesh; Jabotlcabal, S8o Paulo, Brazil; Amazonas, Brazil; Njombe, Camercon; Palmira Valle, Colombla;
Turriaiba, Costa Rica; Habana, Cuba; Yercaud,Taml| Nadu, Indla; Cozolapa, Oaxaca, Moxico; Keravat, Papus New
Gulnea; Iquitos, Peru; Hllo, Hawall, USA.
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Palmae

PHOENIX DACTYLIFERA
(pate Palm)

1. INTRODUCTION

Most dates are consumed where they are produced as a staple food, elther as an
ingredient of many recipes, or in syrups, julces, jams, paste etc. Dates have a high
nutritional value, and because of their low molsoture and high sugar content, a long
storage lifa. They are a good sgource of enorgy, minerals and some vitaminse (Table 1).

Dates are one of the lesns important world fruit crops (Table 2), and are almost
entirely produced in developing countries. In 1984, the major producers, in descending
order were: Egypt (450,000 tonnes), Saudi Arabia (450,000 tonnes), Iran (330,000
tonnes), Pakistan (225,000 tonnes), Algeria (207,000 tonnes) and Iraq (115,000
tonnes). Production in Iraq has declined dramatically since 1980 when 597,000 tonnes
were produced, while production in Algerla, Egypt and Saudi Arabias has increased in the
last decade. zxports consist of elther low-grade dates used as an inexpensive food or
for processing, or of high-grade datcs used as a table fruit, or in confectlonary or
baked products.

2. TAXONOMY AND BOTANY

Tho genus Phoenix contains about 12 specles, the most important of which are P.
dactvlifera L., the date palm; P. atlantica Chev., the false date palm which closely
resembles the date palm (but may not be a good species); E. canariensis Chabaud. (syn.
P. Jubse), an ornamental palm; and P. oylvestris Roxb., a wild date palm, and a source
of sugar and wine in Pakistan, India and southern Iran. PE. dactylifera diffors from P.
sylvestris and P. caenariensis in that it can produce basal suckers, and from the other
specles by its tall, columnar, and relatlvely thick trunk. It could be arguaed that all
Phoenix species should be included in a single opecies because of the ease with which
they hybridize.

The datoe palm may reach a helght of over 30 m. The trunk only increases in
dismeter at any heipght while thn leaves are growing, and the stem and new leaves grow
from the single terminal bud at the stem apex. Roots grow from the base of the trunk,
gsometimes about 50 cm above the ground. Maln roots, about 1.5 cm thick, are branched,
and secondary roots give rise to a ne2rk of very fine, halr-like roots. Leaves have a
normal iife of 3-7 years and dead ones are usually removed.

The date palm is dioccious. The inflorescence, which ls produced in the axli of
a one year old leaf, is a branched spadix onclosed in a tough spathe which bursts open
when the flowers are mature. Malo flowers are waxy and creamy with 6 stamens and no
carpels; female flowers are whitish, with 6 rudimentary stamens end 3 carpels; and both
flowers have 3 petals ard 3 sepals. Pollen is produced in abundance, and spread over
short digtances by wind. The inflorescences are often hand-pollinated, a single male
palm producing sufficient pollen for 30 to 50 female palms. Unfertlilized flowers can
set fruit parthenocarplcally; such frults are often smaller and ripen later than frults
containing embryos, btut aro almost as sweet. only one carpel develops in fertllized
fruits, the other 2 abort; all 3 carpels may develop in parthenocarpic fruits.

The frults are yellow to reddish-brown in colour, and ripen 6-7 months after
fertilization. The frult has a single gseed up to 2.5 cm long, which is deeply grooved
and has a very hard endosperm. Date growers dlstingulsh several stagcs of ripening:

(@9 “kimrl" - green frult;
(11) “khalaal®” - includes full-sized dates changing in colour to red or yellow;
(111) "rutab” - characterized by a discoloration process to shedes of brown or

black, and by squashy texture and loose skin; and
(iv) “tomar" - the last stage of maturlty which ls best rfor storage.



There are hundrede of date cultlvars, of which only about 60 ace widely grown
throughout the 15 major date-growing countries (Munier, 1973b). Cultivars are usually
claseified on the basis of frult characteristics into 3 groups:

(a) Boft cultivars in which a very high proportion of the sucrose in the unripe
fruit is converted into reduclng sugars during ripening;

(b) pemi-dry cultivars with a medium degree of sucrose converslon; and

(c) hard cui*ivars contalning up to a third of their sugars as sucrose when
ripea.

Frult conslstency i3 nlso affectod by climatic conditions and mothods of
handling. Othor characters used in cultlvar classification ln.lude: ripening speason;
frult slze and shape; colour of unripe and ripe frults; checking, l.e. the prosence of
irregular buff-coloured lines generally coufined to the apical half; gultabllity for
consumption fresh or after bolling; kecping quality; seed dimens'ions; tree dimensions;
and leaf s8ilze and gtructure. Some frult characters are influenced by the pollen
source. It is difflcult to distlnguish between all cultivars unambigunusly,

Some work has been dcne on date doscriptora (Munier, 1973b). Nixon (1950)
produced a key to cultivars which have beon introduced into the USA. Groups of
cultivars are often known by an Arabic name in thelr coun:ry of origin, which may
dascribe a gingle member of such a group introduced elsewhore.

3. ORIGIN, DISTRIBUTION AND ECOLOGY

Areas which have been suggested as belng where the date palm originated range
from sgoutheast of the Azores, an area now under the Atlantic Ocean in the west, to
Pakistan in the cabt. Domogtication may have occurred simultaneously in geveral
locations (Oudejans, 1969). Hunler (1973b) suggesta that hybridization betwueen
different Phoenix specles may have played a part ln its origiu, and P. pylvestris and P.
dactylifera, which are closely related, may have a common ancestry.

Wild Phoenix species are found in the troplcs and sub-tropics of Africa and
Asla. P. reclinata occurp in much of Africa south of “‘he Sahara, including Madagascar.
P. atlontica grows chiefly in the Canary and Cape Verde islands. The digtribution of P.
paludosa extends roughly from Bangladesh to the southern tip of Sumatra, crossing the

equator. P. farinifera has the most easterly distribution, ranging from easterm
mainland China to Taiwan. Date palms are now malnly grown 1in deser:t ureas from

northwestern Africa to Indla, although thuy are algc grown in California.

The date palm can survive temperaturecr ranging from -5°C to +50°C without

damage. For commerclal production, the following climatic conditlions are required: a
long summer with high day and night temperstures; a mlld winter without prolonged frost;
and dry and punny weather at pollination, flowering and fruit-petting. The optimum

temporature for frult maturatlon varles with cultlvar: that for soft cultivars belng
2¢.6°9C; for hard ones 32.2°C; and for lntermediate types botween these 2 figuren.

Though palms are grown in sollg varying from gsands to clays, sojls should be
well-drained. They are tolerant of salinity, but oxcessive salt reduces growth and
results in fruits of poor quality. The high salt tolerance of the date palm is
atcributod to its sbllity to eoxclude chloride iono during water abpocrbtion from sallnce
solls.

a, AGRONOMY, DISEASES AND PESTS

As  the date palm is dloeclous, its seedling offopring 1s heterogeneous.
Propagation is best effected bz using the apontaneous shoots from the base of the trunk,
but the multiplicatlon rate lao slow. Rapld methods of vogetative propagation using in
vitro techniques have beon developed in several countries, and commercial propagation of
date palm by such methods i now possible (Tisserat, 1981).
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Yields of date palm are gunerally low, but may be increased by improved cultural
practices and disease and pest control. Artlficial pollination 4is required for
commercial production of datoes, but is often neglected, and ylelds are consequently
poor. The pollen source largely determines frult quality, the efficlency of pollination
being influenced by the amount of pollen, the recoptivity of female flowars and the
weather conditlions. Pollen may be collected, drlied and stored until required. The
trees have to be climbad several times during the flowering period for uffective manual
pellination. Other important management aopects include the pruning of dead or dying
leaves, and frult thinning to allow remaining frult adequate space for growth, and to
improve flowering in the succeeding year, and nitrogen fertilization and Iirrigation
(Dowson, 1982).

Carpentor and Elmer (1978) reviewed the dlnesses and pests of date palm: 11

fungal discases were mentioned with 21 associated pathogensr. The mcot serious is bayoud
or fusariose, cauped by Fusarjum oxysporum f. s8p. albedinis, and characterized by
congestion of the vascular tissues, and perhape also a toxic effect. Bayoud, which is

soll-borne, had killed 2-thirds of the date palm crop in Morocco by 1950, including most
of the vigorous and productive trees of the best cultlvars, und is a serious threat to
production in southwestern Algeria and elsewhere. The disease can be mitigated by
careful 1rrigation and cholce of cultlivar. Several countries have adopted atrict
quarantine measures to prevent or delay the spread of bayoud. Other fungal diseases of
note are khamedy or inflorescence rot (Mauginioella sgcaattae), frult rots (at least 6
different pathogens), and graphlola loaf spot (Graphliola phoenicla). Most of the fungi
noed high humidity and raln for development, and ure moru common in imarginal date areas.

A minor dipease in Epypt called dry bone may be caused by bacteria, but this has
not been confirmed. Several Phoenlx specles including the date palm have ghown symptoms
resembling tha lethal ycllowing disease of coconut, probably caused by a mycoplasma-like
organism and aproud by insccts. There are a number of disorders of dato palm of unknown
cause, none yet of wildespread 1importance, 1including: faroun, a rapld and fatal palm
decline in Mauritania; rhlzosls or rapid decline in Callrornia; al-wijsm decline 4in
Saudl Arabla; barhee disorder, a crown-bending in the cultivar ‘Barkee’ in California
and at Basra, Iraq; Iinternal frult browning 1in several cultivars in Csalifoernia; and
black scald in the UsA.

Four specles of mites and 50 inseocts, including 23 Coleoptera, 11 Lepldoptera, 7
Isoptera and 7 Homoptera, and ? nematodes are listed as damaging to date palm. The
Banks grass mite (Oligonychus pratensis) 1in USA, and the 0ld-World date mite (Q.
afrasiaticus) damage the leaves and the frult agkin, and may ruin entire bunches of
frult. In moat date-growing reglons, except the USA, the parlatoria date scale
(Parlatoria blanchardi), and in Iran and Iraq the green sccle (Asturolecanjium pheenjicus)
feed on the folliage and fruit, reducing tree vigour, frul’t yleid and quality. The dubas

or Old-World date bug (Ommatissus binotatus var. lybicus) feeds on folliage and fruits
and excretes honey dew on which bacteria and fungl deovelop. Affected parts shrivel and
dry up. Soveral opecles of nitidulid beetles (e.s. Carpophilus hemipterusa) damage
fruits on palms, on the ground, and in storage, in both California and the 0ld-wWo: ld,
making them prone to damage by micro-organisms. The palm stalk borer (Pseudophilus
testaceus) 1s espoclally prevaleant in Iraq and parts of Saudl Arabla. Poor frult
development may result from attack by the frultstalk borer (Ocyctes eleganse) in Iran,
Yraq and Saudi Arabia. The larvae of several specles nf frult moths damage the ripening
fruits on the tree and in storage. Entire crops can be destroyed by the dewert locust
(Schlatocera americana gregaria), In addition to reducing tho cropping capacity in
subsequent years.

Among control measures, plant sanitation, plantation and packhouse hygiene and

pesticide sprays are important. The parlatorias date scale was checked in oases in
Mauritania by introducing paraslites. Some differcnces in cultivar susceptibility have
been noted: ‘'Deglet Noor' is especially prone to damage by Banks grass mite in

Californla; several cultlvars are tolerant to the Old-World date nite; and the nitidulid
dried fruit beetle prefers certain cultivars.
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5. GENETICS AND TMPROVEMENT

The chromosome number of 6 Phoenix species and 10 P. dactylifera cultivars
studied was 2n~36. The chromosomes of all sgpecies and cultivars were very similar in
shepe and size, which may explain the cross-compatibility of several of the specles
(Oudejang, 1969%). Virtnally nothing 1s known about inheritance of characters in date
palm, a subject difficu. to study becsuse of the effacts of dloecy, rnetaxenia and the
long juvanile growth period.

Host currently grown date palm cultivars have resulted from thousa.ds of years of
selection and clonal propagation albe’t in a non-systematic way. An indbreeding
programme was sgtarted in 1912 in Arizene to improve the cultivar ‘Deglet Noor® from
Algeria, which suffers from high humidity, and has a narrow range of adaptation to
climate and soil, but the project was discontinued ufter 3 generations. An attempt was
made to daevelop a 1line of ‘'Deglet Noor' in Algeria between 1947 and 1962 which would
breed trie from seed. Male cultivars were als. selected for esrly flowering and
abundent production of high quality pollen. A date breeding programme was initiuted at
Indio, California in 1948. A programme was 8leo started in Morocco to select
bayoud-resistant cultivars.

There are different objectlives for male and femalo trees. In California, the
objectives for female cultivars were: fruit quality and yleld equal os superior to
Deglot Noor; freedom from the physiologlcal disorder black nose; tree and ruouilt adapted
to mechanical hurvesting and procesoing (large fruit clusters with uniformly loug
strunda borne on a long and flewxible stalk; simultaneousn ripening of the fruits in a
cluster; firmness of fruit); reduced growth rate, short trees being easier to manage
than tall ones; spineleze leaves, which makes working with palms easiar; hermaphrodite
flowers, making poullination unnecessary; and precocious flowering and fruit production,
wiilch both raduces the length of the breeding cycle and g ves the grower an earlier
ceturn on inveutmen®.

Salection criteria for male cultlvars were: a flowering season colnciding with
that of the fomale; larges inflorescences with many flowers and abundant easily-shed
pollen, with a fovourable effect on maturity, quality and size of fruits. The metaxenlc
effect of pollen can only be evaluated in test crosses. Breading mathodology is
re’atively easy because: the date palm is dloeclous; male and female inflorescencas can
easily ba bagged; pollen is abundant and can be stored; and geeds are numerous and
easily stored for 5-6 years with little loss of viabllity.

A number of female and male palms were chosen as parents from exlsting cultivar
collection Jn california. Each female was crossed with a male, and in ecach of tho flirst
generations, comprising both uale and female scedlings, some males were chosen to
back-cross w~ith thedr female parent. The process was ropeated from the 2nd to the S5th
generation. Males selected in the progony of the fifth back-cross are used to pollinate
a different female cultivar. It 1s hoped that seedling offspring will contain some
female treas worthy of recognition as cultivars.

Date breeding 1s - lengthy process. The average cycle between pollination &and a
wew generation is 5-6 yeatrs, so 3 back-crosses and a first selection from a cross

between cultivars takes at least 25 years. A further 5 years elapses before offshoots
are &vailable, and the rate of vegetative reproduction is comparatively low, but in
7itro mothuds should be much faster. Ifpart from the unprcdictable inheritance of some

checacters in date palm, several undesirable features may appear in the back-crossed
generations, the most seriocus belng fallure of some or all of ths flowers in male palms
to produce pollen. Another 1s the tendency for shedding in some female progeny, and a
third is the absence of chlorophyll (albino leaf) in some advanced back-cross lines.

Hditherto the programme in California has nnt yielded any new commercial cultivars
(Carjenter and Ream, 1976; Carpenter, 1979a). Of the 35 cultivars originally in the
collection in 1948, 14 are still being grown. Several have advanced to the 4th or Sth
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back-cross generation, and a number of crosses between cultivars have been made and are
belng aevaluated. The programme in Morocco has not resulted in any improved cultlvars
resistant to bayoud, but is otill active.

6. GENETIC CONSERVATION

Although there are numerous date palm cultivars, many are represented as a few
gpec mens in collections or grown in limited geographical areas, and most of the world
crop 1s the produce of relatively few cultivars. As production methods are
standardized, a further reduction in the number of cultivars grown is likely.

There are assumed to be no truly willd dates. A number of Phoenix specles,
including the date palm are easlly hybridized, and soma specles may be useful in date
breeding and pollination, but the fruit of the progeny 1s generally of greatly inferlor
quality. There 1is 1little information on the occurrence, frequency and variability of
wild Phoenix species. The species P. theophrasstl Greuter, the Cretan date palm, is now
known at only S5 1localities 1in Crete, and 1its habitat 1s threatened. It is a
multi-stemmed specles (IUCN, 1978). Pollen of P. humilis has been found to induce
small.-seededness 1in several date cultivars. The much smaller tree size of many wild

specles might usefully be transfeir'red to the daile palm.

The fleld genebanks are shown 1in the table. The only wild species in any
collection are in the USA, and not in thelr sncestral home in Africa and Asia. Though
the seeds can be stored, they are not known to be in any major collections.



- 83 -

Table 8. Collections of date paim

Number of accessions

Country Locatlon
Phoenix dactytlfera Other Phoenix ipp.
Algeria &/ El-Arfine ars
Indla Jodhpur, Rsjasthan K2
indla Abohar, PunJnb 34
Iraq Baghdad 182
Horocco HKarrakech M
Nigar (IRFA) Bonl.oukou 12
Nigaria Zaria 174
Saud! Arable 2/ 198
Suden Wad Madanl 26
usa &/ Brasley, California 65+ . sylvestris (2)
USA Miaml, Florida 3 . abyssinica (4)

acaulis (1)
canasriensis (1)
pusilia (8)
reclinata (2)
roebslanlii (3)

. 3ylvastris (2)
Phoenix spp. (13)

T UI'UI'UI:I-A‘UNN

1/ Institut Nationa! de la Recherche Agronaniqua d'Algérie (INRAA), Direction Génerale, B.P. |5, El-Annasser,
Alger.

2/ For detalls sec: Asif et al. (1983).

3/ At imperial Valley Conservation Rasearch Centor, Brawley, Californla - moved fram Indio, Callfornia In
September 1982 (Carpenter, 1975b and pors. comm. 1982).

NOTE: It is likely that thaere may ba a collection &t Guoa no. 2 near Tripoll, Libys, but further detalis are
not known. Somalia was reported to have a collection of about 1,000 palms raprosenting over B0 cultivars from
7 countries, but up-to-date Information s lacking. There was also a collection of 70 tocel cultivars at the
Agricultural Station at Ahwa: In Khuzistan, Iran, but many of these dled because of inadequate dralnage, end
the current situation Is not known.
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Palinae

BACTRIS GASTIFPARS
(Pejibaye)

1. INTRODUCTION

The pulp of psjlbaye fruits 1la edible when cooked. It hne twice the starch
content of potatoes, and 1 high in oll, protein and carotene, and wso 1is highly
nutritious (Table 1). The etarch can be extracted snd vzed for making tortillas, a
rtaple food in Central America usually made with malze flour. The frults can de stored
for 10-14 days in a dry room, and are some.imed cunned. Poor quality fruits may be fed
to piga. The heart of the young palm, or palmito, 1is also edidble, & wine (coquillo) can
be tapped from the stemas, and a beer (chicha) le sometimas made from the cooked, mashed
unmalted fruits. The outer 2.5-5.0 cm of the stem 1s a very hard timber used in
carpentry and bullding, while split stems can be used for re-inforcing concrete. The
palms are also grown as shade trees for cocoa and coffma.

Dasplte ivs qualities, pejibaye 1s a minor crop cultivated on a emall-holder
ruther than plantation scale, and is rarely grown outslde central and northern South
America and the West Indles. Palmito production is of commorcial importance in Costa
Rica. No production statlistics are available.

2 TAXONOMY AND BOTANY

The pejibaye, Bactris gasipaes HBX (Wessaels Boer, 1965) ia one of over 200
spacles in the genus (McCurrach, 1960). Pejibaye hus also been classified in the genus
Guilielma, and has other synonyms including Gasipaes chontadura Triana, G. mi.rocsarpa
Hub., G. utilis Oerated, G. macana Mart. and G. clliata (R. and P.) Wendl. (Almeyda and
Mrrein, 1980; Hora-U-—g! and Clement, 1781).

The pejlbaye plant hag & stralght, slender stem (10-)15(-25) cm in diamoter, and

13(-20) m tall aftor 10-15 or more years. The clrcular leaf scars leave smooth zones on
the stem about 2.5 cm across. The internodes are 16-15 cm long on the lower part of the
stem decreasing to 2.5-5.0 cm higher up the tree. The no2des Are normally densoly

covered with sharp, hard, black spines up to 10 cm long, which become erect within hours
of leaf abocleslon, but ell gradatiors from very dense to splneless occur. The leaf
gheath 1s also normolly covered with spines.

A new leaf (frond) 1s formed every 2-4 weeks depending on the vigour of the palm
snd the climate. Fronds are spirally arranged around the trunk with =& phyllotaxy of
110°, and asre 2.4-2.6 m long. The petlole normally has short, firm spines in 3
longitudinal stripc on it lower surface, eppeciully near the basal attachment.
Typlcally thera are 10-13 frunds per palm; the leaflets (pinnae) are linear-lancecrlata
with a bristly or prickly mary'n, (20-)40(-60) cm long and (1-)3(-5) cm wide, and with a
dark green upper surfece 'aid light green lower surface. They are groupsd in units of
2-9, the spacling within the unit being about 0.5 cm and betwsen units 1.0-1.5 cm.

Though suckers can grow from the base of the stem throughout its life, munt are
formed durlng the first 5 years. 01¢ palms may produce a flush of suckars from the
stump after felling. Most palms produce an average of 8, but up to 18 shoots can grow,
of which 2-4 are ugually ullowed to develop. After 10-15 years th? oldest shoot may be
ap long as the maln stem.

The inflorescences, or racemes, develop in tho leaf axils of older fronds or very
occasionally above the leaf scars just below tho crown. They ara protacted by an eroct
spiny 9vpathe of A45-60 cm. The inflorcocence is about S50 cm long with a central stalk
(rachis) to which branchlets (rachillae) are attached. The small, segaile
cream-coloured flowers are found on the rachillae, with femala flowers scattered baetween
the more abundant male flowers. They have an annular, lengthy calyx, a small
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round-campanulate 3-toothed corolla, and a trilocular ovary with 3 gessile stigmas., The
male flowers normally drop within 24 hours of releasing their pollen. A bunch of fruits
may weigh 10-15 kg, with 3-5(-13) bunches on a single palm and 50-100(-300) fruits per
bunch.

The base of the fruit is nearly covered by a 3-toothed green, leathery calyx.
The fruit is 2-6 cm in diemeter and length, and round, rippled, cylindrical or
pyramidal. Fruit colour 14 constant for any given palm, but different palms may have
green, yellow, orange-red to brown fruilts, orange belng most common. Many palms produce
fruits with 2 or 3 colours in specific bands around the frult. Frulty welgh 29-100 g.
The nut 1g conical, about 2 cm long end has a hard black shell of 1-2 mm thick enclosing
a white kernel. The average nut weight 1s around 3 E. Malnly soedless fruite, known as
pejlbaye macho, are produced in some palms and are in some dcmand.

Eseig (1971) studled pollinetion in Bactris spacles, while Mora-Urpf{ and Solis
(19680) studied pollination in pejibaye, but more work is required on the identification
of insect pollinators. The information is needed both for plant breeding and seed
production.

Many different forms of pejlbaye have been distingulshed, either as cultivars or,
in the past, often as different gspaecles. Morera Monge (1981) assensed the value of
saveral descriptors, and described the collection at CATIE, Costa Rica.

3. ORIGIN, DISTRIBUTION AND ECOLOGY
The genus Bactris is native t» rorthern South America. Pejibaye probably

originated from Bactrie microcarpe of eastern Peru, which is known locally as pupunha
(Corner, 1266), but a hybrid origin has also been suggestad. The pojlbaye grows in
virgin forest on slopes too oteep for agriculture in oastern Peru and Ecuador,
suggegting that it 18 endemic. It hus been cultivated since pre-Columblan times.
Paejibaye 18 also found from Tapachula, HMexico and the West Indies in the north to Peru
and the Amazon basin in the south. It may have been sapread to these areas by Carib
peoples; though locally abundant, 1ite scattered distribution at old village sites or
along strecams nuvigablo by canoe, indicates spread by man. Pejibaye has never been
establishod on u commercial scale outslde Central and South America, but many areas of
Africa and Asja are guitable for its cultlvatlon.

Tae optimum temperature for pejibaye is 18-24°c, in sub-tropical pre-montane
waet forest formations. The palm grows well up to 700 m, and ig very occasionally even

found at 1,500 m. At low altitudes there is sometimes a second fruiting season. Some
2,000-4,000 mm of evenly-distributed ra‘nfall 1is required per annum; drought 1is
deleterious as many of the roots are near the surface. Growth and ylield are gieatly

influenced by soll type, which is ideally loamy and developed from rilvor alluviums
(Johannessan, 1966b).

4. AGRONOMY, DISERASFES AND PESTS

Pejibaye 1s usually propagated from seeds germinated 1in trays contalning a
mixture of coconut flbre and sand, and kept moist and shaded. Germination is slow and
Jtarte after 30-70 days, the shoot emerglng in 10-14 days later. Seedlings are planted
in A nursery after a month when at the 2(-3) leaf stage, and in the field 3-5 months
later.

Vegetatlve sghoots in the axils of basal leaves can be grown to produce
ripldly-established, uniform plants. Methods of enhanclng sucker formation by removing
ayical dominance (Blaak, 1980), and by treating young palms with 10 ppm flurenol (Arias,
19/9) have been reported, but in practlce clonal propagatlion is rather difficult. The
development of tissue culture techniques for propagation s axpected to ve a
slgnificant impact in the future.

Palms typically begin to flower at 3-4(-8) years old,. In the lowlands in Costa
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Rica, flowering is from April tc June, and fruits ripen roughly 6 monthe later.
Harvesting is awkward because fruit bunches are 10-12 m above the ground, and because of
the vary wsharp spines. Fruit ylelds depend on plant age, planting density, and
environmental factors. Denpities used range from 1,667 plents/ha for palmito production
(not for fruit); to 400 ylants/ha for multiple-stemmed fruiting palms. At the widest
spacing, A4-year old plants ylelded 6.7 t/ha, while matura plants yleldad 10.5 t/ha on
average over a 4 year period (Johannessen, 1966c). High ylelds depend on effective
pollination. Pejibaye introduced into West Africa falled to gset good wsoad presumably
because its native pollinating insects were not present.

In general pests and discases do not seriously limit production. Several frult
diseases ara known, such as white rot (Monillia spp.), "tizon de racimo” (Graphium spp.),
and black rot (Ceratocystis sepp.). Several fungl cause leaf diseases, including

Peptalotiopsis spp. (yellow spotting), Mycosphaerella cpp. (grey spotting) and
Col)etotrichum =pp. (bluck spotting). Phytophthora spp. causes a heart rot (Vargas and
viloplana, 1979). Tha larvae of Hetsmasius hemipterus bore through the peduncle of the
fruit cluster which then rots before ripening. Ante can cause considerable damage to
the shoots of germinating seeds (Anon., 1973; Braun, 1968; Johannessen, 1966a; Popence
ead Jiménez, 1921).

5. GENRTICS AND IMPROVEMENT

The chromosome number of pejibaye is 2na28 (Mora-Urpi and Solis, 1980), but
little else is known nbout its genctics. Blaak (unpuhlisghed) studied the presence of
spines on seedlings from open-pollinated seed from a spineless, a nlightly spiny, and a
very spiny palm., The results indicated that absence of spines is a racesaive trait but
several genos may be involved. The genetic control of spine length ~n the leaf stalk
seems to be rolated to that of spine density.

Very little work has been done on pejibaye improvement, but fruit quality and
abgence of stem spines were characteristics selected during its domestication. As
pajibaye grown for palmito production is already a commercial crop, breeding programmes
to support this potential are a first priority. Relatively few variables puch as
spineleseness and palmito volume, which 1is related to leaf growth, need to be
considered. Other programmes may attempt oll production, protein and carotene rich pulp
for human and animal consumption, and flavour. A collection hag been established by
CATIE at Turrialba in Costa Rica frrom which improved seed could be produced. The
tnatituto Naclonal de Pesquisas de Awnazonla, Manaus, Brazil started a pejibaye breeding
programme in 1980.

6. GERMPLASM CONSERVATION

The genetic resources and variability of pejibaye were discussed at un
IBPGR-aponsored meeting held at CATIE, Costa Rica. Genetlic erosion was conglidered to a
significant threat in parts ol Latin America. rcjibaye populations in Bolivia are
generally less variable than those in Centrsl America and the Amazon basin. There seem
to be 3 distinct populations in the Braziilan Amazon:

1) Rio Amazonas (Amazcnia Oriental) types which may be a hybrid, now being
mlxed with and replaced by those from further west;
(11) Rio Solimoes (Anoazenia Occidental), noted for the oll content of the fruit;

and
(1i11) Rio Negro (western Amazonia), which has dry frults and dwarf plant
characteristics.

The southwest Amazon area extending into Bolivia und Peru, where B. coccinoca and
B. insignis also grow, may ualso cortain a primitive population of pejibaye. Related
wild species weve observed in Colombia in Narifio (Patia-Telembi rivers), Valle del
Cauca, Sierra Novada and Guajlve, Cordilleta Orlental (Santanderes). All pejibaye
populations in Costa Rica are highly variable. A related, but unidentified wild
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spoclee, occurs between 1,200 and 1,700 m in the eastern foothills of the Andes in
Ecuador. There is great variability in populations in Peru, including a high degree of
spinelessness and reduced epininess.

Characteristics which piant breeders currently require include prucocity of
production, absence of stem uplnes, short-stemmed types with sghorter internodes and
Reedless frults. Pest and diseass reaiscance may be reguired in future breeding work.
Improved mothods of vegectatlive propagation are expected to accelevate the introruction
of auperior selections from breeding programmes. The few collections <=ontaining
pojibaye are listed overleaf. Accessions ccn be maintained buth as seeds and as trees.
USAID sponsored collection of pejibaye in the Amazon bagln batween 1981 and 1984,

Othor seources: Blaak (1976), Burrett (1938), camacho V. (1969), Camacho V. and

Soria V. (1970), Hunter (1969), Mora-Urpi et al. (1984), del Perrugla (1955), Raymond
and Squires (1951).

Table 19. Coilections of pe)ibaye

Number of accesslions
Country Location
Bactris gasipses Other Bactris spp.

Brazit Manaus, Amaronas 283 Bactris spp. (3)
Colorbla 1/ Valle de! Cusca 220

Costa Rica 1/ Gulpl les 872

Costa Riza Turrialba 292

Panama RENARE 65

Usa Miami, Florida 17 Bactris spp.(2)

1/ Collection partiy mainteined as seed.

1BPGR (1984) slzo lists the following small collections of pelibaye, but these can probably not be regarded as
gonstic resources collectlons: Hebana, Cuba; Cozolepu, Oaxaca, Maxico; Hilo, Hawall, USA.



Pagglifloraceane

PASSIFLORA spp.
(Passion Frults)

1. INTRODUCTICH

Pausion fruits have an aromatic pulp surrounding the seeds, whic’ is eaten fresh,
or processed into julces, sherberts atc. Nutritionally, they are similar to many other
Julcy fruite with no sepecirl merit (Tuble 1). A ton of yellow passion frultz yleld
about 360 kg of ’uice, 110 kg of gkins and 510 kg of seecds. After drying or ensiling,
+he skins are sulteble as 8 livestock feed. The sesds contain. ZC% of an sdible oll,
which compares favourably in feering value and digestiblility with cotton seed oll (Sesnla
and Shorman, 19%9).

The crop 3s grown widely throughout the tropice and uub-tropics in gardens and
small-holdinge, but production statistics are not compiled by FAO. Commorcial
production occurs in coastal rreas of New South Wales, and Queersland, Australia; Hawai}
and South Africa.

2. LAXOHOMY AND BOTANY

Thure are about 370 species of Pasesiflora L., 350 of which are native to fmerica,
and 20 to Asia and Angtrulla (de Wilde, 1976). A key to the American Pasgeiflora specles
(Killip, 1938) is useful for 1dentifying species with oedible fruits also, becausn they
are native to the area. Bailey (1949) provides a key to 11 cultivated species, but does
not completely cover the 16 minor edible species llsted by Martin and Nakapon« (1970).

The major cultlvated spwcles 1s P. edulls Sims, the purple passion f£frult or
purple grenadilla, with its yellow form P. edulis f. flrvicarpa Deg. Next in importance
ig probably P. quadrangularis L., the glant grenadilla, which is frequently cultivated
in tropiral lowland gardens. Some other cultivated specles are: P. aleta Dry. (Brazll),
P. laurifolia L., water lemon or bell-apple (West Indies, northeastern South Amorica),
P. 1ligulaiig Juss., sweet grunadilla (throughout the Andes to Central America, mnstly
batween 2,200 and 2,700 m), P. maliformis L., curuba (low valleys in Ecuador and
Colomhia, &and on some West Indian 1islands), P. mollissima (HBK) 3alley, tasco
(throughout the Andes between 1,800 and 3,000 m in altitude, and also in Hawall and New
Zealand), P. plnnatistipula Cav., tausco, gutupa (grown on & gmall-scale from Chlle to
Colombia &t 2,500 to 3,000 m), P. popenovil Killip, grenadille de quijos (small-scale
productlon in Ecuador), P. tripartita (Juss.) Polr, tasco (garden plantations in Ecuador
at 1,800 m), and P. van-volxemil (occasionally grown in Colombia). At least 30 other
ppecles have edible frults,

P. edulle 1s a vigorous, woody, perennial climber up to 15 m long with greon,
grooved stems and rohust axillary tendrils. Leaves with stipules, potiolea 2-5 cm long;
lamina usually deeply palmately 3-lobad, but often ovate and undivided on young plants.
Flowers hermaphrodite, sollitary, fragrant 5-10 cm in diameter; calyx tubular at baze
with 5 spreading roflexed lobes, white ubove; petalas 5, free, inserted on the throat of
the calyx, wnlto; corona of 2 outer row3 of wavy, radlating filaments, 2-3 cm long,
purple at base, white above, and wevural inner rows of ghort purple--tipped papillae;
gstamens 5, fillaments united in a tube around gynophore for about 1 cm and then widoly
parted for 1 cm; anthers large, versatile, pale yellow, hanging dovnwards below level of
ovary; ovary carried on a gynophoru, ovold, pale yellow, 1l-locular with 3 parietal
placentas; styles 3, horizontal, pale green, 1.0-1.5 cm long. Frul# of the purple form
a globaoo or ovold berry, deep purple when ripe, dotted, glabrous, 4 -6 cm long; pericarp
hard, thin with greenish mesocarp and white endocnrp. Seeds many, attached to peg-like
funlcull on ovary wali, surrounded Ly yellowish, aromatic julicy aril; testa blackish,
3~toothed at base, flattened 5 cin x 3 cm (Purseglove, 1968).

Flowers of P. edulls are pollinatad most offectively by boney boes and carpenter
boes. Though bluaxual, mout flowers are self-sterile, the pollen belng releasod beforo
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the flowers open, and the stigma is receptive for only a short time. Some plunts are
also self-incompatible (Crane and Walker, 1984).

Seedling populatlions, though falrly homogeneous, are not unlform, and are best
described as strains rather than cultivars. A number of clonal cultivarse of both the
purple and yellow forms of P. edulis, as well as seedling rontatocks, are recognizod,
and are routinely used in Australia. Single clone plantatlons may be unfruitful because
of self-incompatlibility, so clones grown together should be cross-compatible. Seale and
Sherman (1969) mentioned 9 selected types (of one or more strains) grown in Hawail.
Work on cultivers is in progrecs at La Réunion, Cameroon, CAte d'Ivoire and the West
Indies by IRFA (Gaillard, 1978).

3. ORIGIN, DISTRIBUTION AND ECOLOGY

Host of the cultivated specles of Paselflora orilginated in South America. The
purple passior. fruit came from asoutherr Brazil, and 1s now widely distributed throughout
the troplcs and sub-troplcs. The yellow passion fruit orlginated as a sport from the
purple passion frult in Australla or South America. Ocher cultivated specles originated
as follows: P. guadranpularis (tropical South America), P. alata (Peru and 8razil), P.
laurifolia (West Indies and northeastern South America), P. ligularis (tropical
America), P. maliformis (tropical America), FP. mollisima (Andes), P. pinnatistipula
(Andes of Peru and <hile), P. popenovil (slopes of eastern Andes), P. tripartita
(Ecuador), and P. van-volxemii (Colombla) (Zeven and de Wet, 1982; Fouqué, 1972a).

Hany specles of Pagulflora, including cultivated ones, naturalize 2aoily outside
thelir area of origin. De Wilde, (1976) notud 8 native and 25 exotic opecies in the
Malaysian and Australasian Pacific flora, and at least 5 cultivated species grow wild in
Hawail (Akamine et nl., 1979).

As a group the cultivated species of Passiflora grow in climates ranging from
lowland equatorial to wmountainous sub-tropical. The species of Pasgiflora have probably

not yet been spread to all suitable areau. They also grow on a range of soil types.

4. AGRONOMY, DISEASES AND PESTS

Host commercial production of passion fruit is based on seed-propagation, the
seod? usually beilng sown in nuraery beds. Tho young mneedlings are transferred to
baskets or pots, and 3-4 months after sowing when about 30 cm tall are planted in the
field, to bu trained on trellises of posts and wires.

One way of overcoming the problem of root diseanes, especlially Fusarium spp., is
to graft seedling scions on to discase-resistant vegetatively-propagated rootstocks.
Tha yellow passicn frult is commonly used as a rootstock for the purple passion fruit in
Queensland.

Flowerlns begins at about 10 months and fruita develop {in about 10 weeksn. A
reasonable crop may be harvested 18 months after sowing, and thercoafter there may be 2
crops annually. Fruits are only produced on new growth, whilch is stimulated by
pruning. For table use the fruits are picked by hand, while for processing ripo fruits
are allowed to fall on the ground, and are collected every 2-3 days. A plantation 1is
beut renewed every 5-6 years. Average ylolds of the yellow passion frult in Hawalli are
2J-55 tons/ha, and of the purple form somewhat less; elsewhore cultivation standards aund
ylelds may be lower.

Serious losses can be caused by Altermaria passiflorae (brown spot), which
affects vinas, but can be controlled by spraying loaves and frults, and Fusarium
oxysporum f. paseiflorae (wilt). Wilt is soil-borne affecting the whole plant; fleld
resistance is found in a selected ptrain of the yollow pasmion frult and several other
Paseiflora epecies, but not the major cultivated ones. Coatrol is also effected by
using resistant rootstocks. The main fungus dipeases of passion fruit in Queensland,
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Australia are septoria Bpot (Septoria passifloraa), phytophthora leaf blight

(Phytophthora nicotjunse var. paerasitica), damping-off (Rhizoctonia solan} and Pythium
spp.) and base rot (possibly Pythium spp.) in addition to those mentioned above (Inch,
1978).

Cucumber mogaic virus (CHV) and passion frult woodiness virus (PFWV) frequently
occur in Australia, separately or together. PFWV, also called '"bullet disense’, affects
leaves and gtems, and the fruits become hard, distorted and inedible. The yellow
passion fruit has sgome fleld tolerance, as also 4o yellow and purple hybrids. Some
control has been achieved by infecting the plants with wild strains of the virus. The
bacterium Pseudomonas pagsiflorae causes grease spot which may result in serious damage
to stems, leaves and fruits. Control 1s by pruning of diseased leaves, runnors and
fruite, and spraying with Bordeaux mixture.

Pests of passion fruits include aphids, mealybugs, leaf hoppers and neked scales
(Homoptera), bugs and shield bugs (Heteroptera), thrips (Thysanoptora), butterflies and
moths (Lepidoptera), fruit flies (Diptera), a beetle (Coleoptera) and mites (Acarina).
Control 18 usually by pesticides, resistance breeding having roceived little attention.

The passion fruit 1s susceptible to nematodes, the root-knot nematode
(Meloidogyne javanica) being particularly damaging (de Villiers and Milne, 1972; Levitt
and McGillivray, 1958). Control is by fumigation and crop rotation.

5. GENETICS AND IMPROVIMENT

According to Darlington and Hylie (1955), and based on wo-k with 7 specles, the
genus Passiflora has a basic chromcsomo number of x=9. Storey (1950) examined 26
plants, mainly different species, but anlso botanical forms, interspocific hybrida and a
polyploid race, and concluded that it was 3 or 6. Most of the speclos, including those
of horticultural importance, were 2n=18
with regular moiosis, as was also a cross between purple and yellow passicn frult. Some
lind up to B84 chromosomes, but their origin and relatlonships in the genus were not

clear. Beal (1969, 1973) found that the chromopome numbera of 3 native Australian
species, P. gurantia Forst., P. herbertiasna Lindl., and P. cinnabarina Lindl. were
2n=2x=12; those of 3 exot’'c gpocies -~ P. maliformis L., P. geemanni Griseb. and P.
quadrangularis L. -~ were 2n=2x=18; and that of P. suberosa L. wos 2n=2Xm.<.

The inheritance of a fow characteristics has been studied in cultivated passion
fruits. Nakasone ot al. (1967) working with crosses of purple and yellow passion fruit,
noted that the purple form was susceptible to crown rot and leaf wilt disease (probably
Fusarium spp.), and the yellow resistant; probably a single dominant gene was involved.
Purple tendril colour in yellow passion fruilt is dominant to preen in purple passion
fruite. Frult sholl colour appears to be controlled by o single pair of genes with no
dominance, as 3 colour types were found in the Fo. Oother characteristics have been
studied by Ruberté-Torres and Martin (1974) and Beal (1975).

HMany of the sgpocles in the genus can be crossed; at least 13 specles, 9 of them
with edible fruilts have been used in interspecific hybridization. Growth regulators
have been uged with some of the crosses to prevent fruit absecisuion (Martin and
Nakasone, 1970; Ruberté-Torres and Martin, 1974; Paydn and Martin, 1975). Most breeding
has been with yellow and purple forms of P. edulis. A major aim has been to overcome
the Fusarium wilt susceptibllity of the purple form. Another has been to combine the
delicate flavour of the purple form with the greater disease resistance and adaptation
to warmor conditions of the yellow form.

Crossing is simple and large numbers of F; seedlinge can be produced quickly.
The earliest breeding work was in Queensland, where Kanjewskl (1941) crossed P. edulis
with PB. Jincarnata, an American cultivar with fruits of a golden colour (possibly
synonymous with P. edulis f. flavicarpa). The F; was back-crossed using P. edulis as
the pollen source, but further reports of results have not bean found, Groszmann and
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Purgsg (1958) also reported crosses between yellow and purple forms of P. odulis aimed at
corbining the best characteristics of each. Hybrids with resistance to Fusarium wilt,
tolerance of PFWV, longer cropping periods and higher ylelds were released in 1959
(Beal, 1975). Several clonal cultivars have been roleased in Hawaii, including 'Noel's
Spacial’, which 1ls tolerant of Alternaria pamssiflorae. and fruits at one year old. It
is self-incompatiblo and nceds a pollinator (Ito, 1978). The aim of some work currently
in progross at the IRFA station in Cuyana is to select self-compatible types, and/or
types with a long flowering period (Galllard, 1983 pors. comm.).

6. GERMPLASM CONSERVATION

While commerclal passion frult production contlinues to bc based on secd
propagation, the cultivatod crop 1s buffered somewhat agalnst genetic loss. The wild
gpecles naturalize easlly in new arecas. Insufficlent data on the potential of most
Passiflora specles in breeding, or for use as rootstocks, 18 currently avallable.

It 1s possible to conserve passion frult seeds (Fllis, 1984), and they are
included in somo collections, for instance at Hawall, USA. 7The prescent level of genetic
erosion in both wild and cultivated Pasgiflora specles raelative to thelr value as a crop
is not a cause for concern.
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Collactions of Passiflora spp.

Country

Location

Number of accesslons

Passliflora adulls
purpie yol low

Other Passifiora spp.

Australla
Brazl|
Brazii
Camoroon
Colomblal/
Colombia

Costa Rica
Ecuador
Jamalca
Malawl

Now Zealand
Papua New
Gulnea

Peru

Paru

Seychal (es3/
South Africa
UsAa

nsad/
usa

Nembour, Queens!and
Bahla

Londrina, Parana
NJjombe

Bogoté

Paimira

Vaille

Turrialba

Quito

Kingaton

Limbe
Ormistond’
Xeravat

Lima
tqultos
Mahé
Netlspruit
Mlami,
Florids

Puerto Rico
Hilo, Hawall

23 28

P. odulls x P.
Passiflora spp. (20}
Passifiora spp. (%)

Incarnata (10)

Passiflora spp. (41)

Passlfiora spp. (12)
P. motilssima (3)

Passifloras spp. (16}
Passiflora spp. (3)

Pazsiflora spp. «10)

Passifio~a spp. (2)

Passiflora spp. (6)

Passiflora spp. (%)
P. alata ()

P. cinclnnata (2)
P. fostida (4)

P. incarnsta (6)
P. laurifolla (14)
P. ligularls (3)
f. lutea (2)

P. mallformls (3)
P. platyloba (2)

P. gquadrangularis (B)
P. rubra (2)

P. subsrosa (3)
Passiflora hybrids (58)
[$:3}]
Passifliora spp. (7)

Passifiora spp.

Passiflora spp. (5)

1/ ICA - Tibaltaté-A.A.

131123, Eldorado-Bogotd, Colombia.
2/ Radlands Hortlcultural Rasearch Statlon, Delancay Streat, Ormiaton, New Zealand.
3/ Grand'Anse Experimsntal Centro, Mashé, Seychslies.

Plants and soeds stored.

4/ Mayaguezr !nstituto of Tropical Agricultuyre, Puerto Rico (Payén and Martin, 197%).

18PGR  (1984)
regarded as
Phllippines.

also

genetic rosources
There ars also

Iists tho following small

collectlons:

|lkely to be specimens

collections of Passiflora spp.,
Cyprus;
In the Wilson Popenos Botanlic Garden

Habana, Cuba; Nicosia,

but these can probediy not be
Maxico}
In Lancetl!ilae,

Veracruz, los Bafos,

Honduras and the Summit Gardens in the Panama Canal Zone, but further dotalls are not avallable.
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Proteaceae

MACADAMIA INTEGRIFOLYA AND M. TETRAPHYLLA

(Smooth-shell and Rough-shell Macadamla)

1. INTRODUCTION

The ediblo sood kernels of macadamia nuts are eaten in desgerts and cocktails, or
used in con »ctionary, chocolate, lce-cream and baking. They have a very high fat
content as do pecan nuts, but compared with cashew and pistachio nuts, are relatively
low in protein (Table 1), which 1s also of a rather low biological value. The oil ias
about 65% oleate, 19% palmitoleate and 7% palmitate.

The macadsmia is a minor nut crop. Most commercial production is in the Hawailan
Archipelago with at least 4,000 ha; over 90% of the world crop is produced in Hawall
itself. Other countrios/states growing or oxperimenting with the crop are Australia,
Brazil, california, Costa Rica, Guatomala, Kenya, Malawl, South Africa and Zimbabwe.
The total world crop 1s about 14,000 tons of in-shell nuts annually (Hamilton et al.,
1980) .

2. TAXOGNOMY AND BOTANY

Of the 10 evergreen trecs and shrubs !w the genus Macadamia F. von Mueller, 6 are
native to Australla, 3 to New Caledonia and 1 to Sulawenl, Indonesia (Storey, 1965).

M. integrifolia Maiden and Betche, the emooth-shell macadamia, 1s the most
important commercial species. M. tetraphylla L.A.S. Johnson, the rough-shell macadamia,
has by compaiison a minor role, and way only produce about 1% of the crop. These 2
species have bteen known incorrectly as M. ternifolia F. von Mueller, u species with
emall, bltter and unpalatable seeds which has rarely been cultivated.

The smooth-shell macadamia is an overgreen tree 18 m or more high and with a
spread of about 15 m. Leaven, long linenc-lanceolate and often spiny when juvenile,
usually entire or nearly no when adult, 10-30 cm long and 2.5-7.5 cm. wide, in whorls of
3 or occasionally 4. Inflorascence racemose, pendant, borme on 2, 3 or more year-old
wood; rachis 10-30 em long. Flowers 100-300, small (ca. 12 mm at anthesais), perfect, in
pairs in the axils of minute bracts; perianth regular, of 4 petaloid uopals; ovary

superlor, with sgsin: - carpel contalning 2 ovules, only one of which usually develops;
atamens 4, perigynous and attached to the upper part of perilanth. Fruit a folllicle
comprising a more or less fleshy pericarp (husk). Seed sphericul, 1.2-2.5 ecm in

diameter with a very hard testa (shell) and a creamy white kernel, rich in fat. The
husk splits open along a suture from the stalk to the distal end as the frult ripens.

Only a small proportion (3% or less) of the flowers result in harvestable
fruits. Honey bees are the usual pollinating inmocts of macadamia in Hawaii, but wind
pollination may also occur. Most cultivars are partlally self-incompatible and some are
completely go. Cross-pollination gave greatly increased fruit get in Hawall (uUrata,
1954), and the beneficial effects of inter-clonal pollination have also been observed in
South Africa.

Natural stands of macadamia in eastern Australia are highly variable 4in
characteristics like fruit size and shell thickness, Individual trees ere heterozygous
and predominately out-breeding, soc clonal propagation is the only way of maintaining
selected cultivars. A number of cultivar descriptions based on tree vigour, branch
angle, fruit slize otc. have been publishnd (Hamilton et al., 1952; Hamilton and
Fukunaga, 1970).

3. ORIGIN, DISTRIBUTION AND FECOLOGY

The 2 cultivated macadamias are indigenous and still both occur wild in the



rainforoatn on the eastern slopes of the Great Dividing Range in Queensoland and New

South Walns, Australla. M.integrifolia 1is found between latitudes 28° and 25° s,
and M. tetraphylla between 29° and 2775 (Stcrey, 1905). The aborigines of eastarn
Aurtralia gathered tha nutg, but did¢ ot cultivate the trees. Eurcpean geottlers
cultivatsd them from about 1870 and they were {introduced to California and Hawali 10-25
years later. Macadamla trees are now grown in many sub-tropical areus and tropleal
areas at higher altitudes, albelt often on . small ocale.

The trees require between 1,250 and 3,000 mm well-distiributed rainfall, and are

best irrigated under drier conditlons. An average temperature during the growing season
of 25°C with a maximum rarely over 38°C, and only slight frost in winter are
sultable condltions. M. tetraphylla is slightly more frost-resistant than M.

integrrifolia. Macudamla treen arve very enslly damaged by wind, so both staking and tie
uge of winabreaks 1s important (Allan, 1972).

a, AGRONOMY, DISEASES_AND PESTS

All of the commerclal orchards in Hawall are of the smooth-shell ma:adamia. The
rough-shell macadamia 1is less sultable f~r pruceasing because of its lower oil and
higher sugar content, and ica major use has been as a rootslock for smooth-shell

cultivars. Several methods of vegetative propag.tion have been developed, such as
cutting, alr-layering, Lnarching aund greftirg on to seedling rootstocks (Cormack and
Buchanan, 1973; Leign et al., 1971; Ohler, 1969; Tonks, 1972). Trees ir. orchards are
gpaced at 9.0-10.5 m x 6.0-8.0 m in Hawall. Yields of mature treecs, over 16 years old,

grown from seed vary widely from 60--120(-180) kg kernels per ynevr; grafted ireos usually
yleld 4-5 timos as much, with an - ‘chard prolucing 8-9,00C kg/ha. M. tetraphylls may be
valuable in countries with a greater rvrisk of frost, and Australla, Calijornia, South
Alrica and Kenya have included the rough-shell types in their developmrent programmes
(Gathunpu and Likimani, 1975). Mature nuts are usually gathered from the ground.

Trunk and branch canker csused by Phytophthora cinpnamomi is probably the major
diseaze of macadamia in Californio, #Hawall and Queensland. Control measures include

avolding poorly-dralned soill on which avocado may previously have been grown, troe and
plantation hygiene and approoriale use of chemlcals. Other diseases nre rcelatively
unimportant, but the following are 1listed hy Cook (1975): racemc nand nut blight
(Phytophthora palmivora or P. nicotlanae var. poungitica), caceme blight (Beturytis
cinerea), enthracnose and husk rot (Colletotrichum spp.), blossom blight (Glososporium
app . ), branch canker (Dothiorella gregaria), crown gall (Agrobscterium ftumafaciens), and
pythium roct rot (Pythium carlinianum).

The mosc comprehensive information on lusect and mite pests of macadamin comes

from Hawail (Hamilton et ul., 1980) and Queensland (Ironside, 1973). The larvae of a
number of moths (Lepldoptera) danage nuts, flowrers or leaves in both areas. Two bugs
(Heteroptera) feed on the nuts In Queensland A specles of scale insect (Homoptera},
the macadamin felted coccld, may have severe cffects on prcduction in Queensland. Othe -
pests In Hawall 1include the black citrus aphid, the s~uthern green stink bug
tHomop*era), the brou¢ mite (Acuarina) and varlous other thrips and mltes. Most pests
can be controlled if necessary by the use of Insecticides. Stink bug haus heen reduced

in Hawal) by intrecduvcing parasites (HMamilton et al., 1360).

5. GENGTICS AND_TMPROVEMENT

The cultivated Macadamla specles and M. ternifolia have 2n=28 chromosomes. At
least one tetrapluid clone of M. integrifolia has boen found with 2n=56. In certain
valluyrs 1a southern Queensland where M. inteprifolia and M. ‘etraphylla are sympatric,
fertlle hybrid trees are found. Chance hybrids are alse occaslonally found in Hawall

and Californla.

The key to progress in the sclectlon of superior macadamia cultlivars was the
development of methods of clonal projpagation. Criteria for seclectlon of smooth-shell
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macadamia in Hawail include: & truse which is vigorous, wind resistant, high-yielding,
regular cropping and with a short harve:iting season; branches which are strong and
widely-anglad; fruits which are of medium size (2 em diameter) or larger, with shells
which are not too thin because this may result in damsge to the kernel during cracking;
and a high proportion of well-filled frults containing at least 35% by weight of kernel,
with over 72% oil and with a mild, nutty flavour, and a creamy-white colour,.

Hacadamia breeding started in Hawail in 1936 (Hamilton and Fukunaga, 1959). Flve
cultivacrs were released in 1948, and since then a further 6 have been produced (Hamilton
et =l., 1980), geveral of which have been succeasfully grown in other countries.
Breading was started in Queensland, Australia in 1948 and gseveral selectlions hava been
released, including u M. integrifolia x M. tetraphylla hybrid (Anon., 1961). Selectlons
with thin shells at the apical end of the nut are rejected in Quecnsland because thoy
vre attacked by ants and often germinate whilst still on the tree. Thoy are also often
attacked by the fruit spotting bug (Amblypelta lutescens), a cnruse of serious kirnel
damage. Germination in the fruit ls not a problem in California because ripening takes
place in the dry season (Leverington, 1962). Improved cultlvars have also been sclected
in South Africa (Anon., 19€9/70-1978/79), Zimbabwe (Hobson, 1972), Costa Rica (Anon.,
1974) and Brazil (0jima et al., 1976).

6. GERMPLASM CONSERVATION

There is likely to be some genetic erosion of cultivated macadandia as clonal
propagation is more wldoly used, and as scands of wild trees in Australia are cleared.

Other Macadamia specles muy be Iimportant for future breeding work, for use as
roototocks, or as crops in their own right. Areas wherc these grow are New Caledonia

(M. frapcii, M. rousselii, M. velllardii), Sulawesl, Indonesia (M. hildebrandil) and
eastern Australia (M. heyana, M prealta, M. ternifolia, M. whelani) (Storey, 1965), M.

hildebrandi! has cyanogenic and incdible kernels, but is interesting as a specles sulted
to the wet tropica. M. whelani is a troplical sopecles 1ith edible nuts (Sloumer, 1955).

Uermplanm collections of macadamia trees are shown in the table. It 1ls not known
whether seed storage is possible or practisedq,
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Col lactlons of macadamia

Number of accassions

Country Location
M. Integrifolia M. tetrsphyiia Other Macadamla spp.
Australla Alstonviilo, N.S.W. 23 6
Australla Nambour, Queens|and 25 Macadamia hybrids (3)
Chilo Santlago
Israet Bet-Dagan 6 9 M. integrifolia x M.
tetraphytla (1)
Malawi Limbe 6 4 M. Integrifolla x M.
tetraphylls (1)
Kaxico Corolepa, Oaxaca Macadamla spp. (6)
South Africa Nelsprult Macadamia spp. (14)
USA Miaml, Florida 1+] 3
UsA Hllo, Hawall 9 9 M. hlldebrandil (1)

IBPGR (1784) also lists the following small collections of macadamia, but these can probably not be regarded

as gonetic resources collections:

collections

are Brazll,

NJombe,
Costa Rica, EI

Zealand, the Phllippines and Zimbabwa.

Camaroon;

Salvador,

Habana,

France

(La

Cuba.

Réunion),

Guatemals,

Indonos|a,

Other countries which may have smal!
Kenya,

New
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Puniceceae

PUNICA GRANATUM
(Pomegranate)

1. INTRODUGTION

The pomogranate may be caten as a fresh dessgert frult, oc processed into julce,
often being blended with other Jjuices. Further processing may yleld a syrup, citric
ncid and a type of wine. Pomegranates are high in easily-digestible roducing sugars,
but do not have any special nutritional value (Table 1). Other parts of the plant can
be usec: the frult rind for tanning leather, as a source of dye for wool and silk, and
as an astringent for diarrhoea and dysentry: the dried bark of the root and stem as a
medicine against tapeworm; the leaves in preparlnzg ink; and the powdered flowoerbuds for
treating bronchitis. Pomegranate sceeds with the adhering portions of flerh are sold in

India as ‘anardena’, which ls used in food flavouring. The chomical constituents of tho
tree include: a d-ying oll from the seeds with anti-bacterial properties; alkalolds from
bark and stem with medicinal value; and alkalolds and tannatcs with insecticidal and

antiblotic properties from many parts of the tree (Anon., 1969).
Pomegranates, though locally important in several Aslan and Mecditerrancsn
countries, are not a major crop. The total world crop was cstimated as 0.8 m tonm of

fruit in 1982 (Levin, 1983, pers. comm.). They are rarely traded lnternationally,

2. LAXONOMY AMD BOTANY

The faemily Punicaceae contains a slingle genus Punlica L. of 2 species, P. granatum
L. (pomegranate) and P. protopunice Balf.f., syn. Socotria protopunica Balf.f. (Heywood,

1978). The latter 1s 1indigenous to the 1sland of Socotra, Democratic Lepublic of
Yemen. Two subsrecles of P. granatum have been distinguished on the basla of ovary
colour, a stable character which is retained when they are grown from seeds. Subspacles

chlorocarpa is found malnly in the Transcaucasus and subppecivs pocphyrocarps malnly in
central Asia. (Anon., 1969).

The romegranate 1s a shrub or small tre) (2-)5-10 m high with a smooth, dark grey
bark and branchlets which are sometimes spilny. Leavas oprosite, short-petioled, 2-8 cm
long, oblung or obovate, glossy, bright green and glabrous. Flowers bisexual, axillary,
solitary or in small clusters borne towards the ends of the branchlets, 4-6 cm in
dlamaeter; calyx tubular, parsistent 5-7 1lobed; petals 5-7, brilliant orangoe-red,
lanceolate, ingerted baetween the calyx lobes, wrinkled; gstamens numerous; govary
inferior, with several locuies in 2 series, one above the other. Fruit a berry, globose
or somewhat flattened, 5-12 cm in dlameter, crowned by thick tubular calyx; pericacp
smooth, corliaceous, woody, from brownlsh-yellow to red when ripe; interior divided in
several chambers by a horizontal diaphragm and vertical septa, each chambLor being filled
by many seeds crowded on thick, spongy placentae. Seeds many-slded, ca., 1.3 em long
conelsting of thin, transparent fleshy testa containing reddish juice and surrounding
the elongated angular seed kernei (Anon., 1969; Balley, 1964; Purseglocove, 1968).

Flowers are typlcally of 2 types: large fertile oneos with anthers and stigma at
the same helght on old wood; and smallor sterlle flowers on new wood in which the stigma
is much below the anthers. The latter have defective pollen and do not ugually form
fruita. Pollination of pomegranate 1s probably effected by bveectles. As little or no
nectar ls produced by the flowers, any insects visiting them are likely to be pollen
collectors. Both self and cross-pollination probably occur (Crane and Walker, 1984).

There are numerous cultivare and some of the !iterature dates back t¢ the 13th
century (Popenoe, 1920). Publications on cultivars include: Bolis, 1928; Evreinoff,
1947, 1949 (33 cultlvars in Afghanistan, Greece, Malta, Saudi Arabia, Spaln, Tunisla,
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Turkey and USA); Cheema ot al., 1954; Anon., 1969 (10 Indlan cultlivars); Brooks and
Olmo, 1972 (3 American cultlivars); Levin, 1980; Arendt and Sinjko, 1981 (USSR
cultivars); and Dokuzoguz and Hendllcioglu, 1978 (12 Turkish cultivars). Heny of the
cultivar descriptlions are lnadequate.

Characters used to dlistinguish cultivars includa: size, welght and shape of fruit
(oblate, globose, round, obovate); colour (deep purple red, bright red, pale yellow
etc.) and roughness of skin; rind thickness; flesh colour; number of seeods; size
(including stoneless), colour and hardness (very soft to hard) of seeds; and ju’:e
content and taute of pulp,

3. ORIGIN, DISTRIBUTION AND ECOLOGY

The pomegranate grows wild and probably uriginated in Iran, Afghanistan and
Baluchistan (Zeven and de Wet, 1982). The wild types of central Asla vary widely in
frult size, sweetness, ripening time, julciness and the proportions of seeds and flesh,

Pomegranates have been cultivated in the HMiddle East for over 5,000 years. They were
introduced from Syria and Israel to Egypt about 1,600 B.C., became widely grown and
naturalized in the Maditerranean area, and were also moved to 1India. After the

discovery of the New World, they were taken to the Americas. They are now grown in many
tropical and asuo-tropical countries, both for the frults and as an ornamental plant.

Pomegranates grow best in sewl-arid sub-tropical climates with cool winters and
hot summers. They can be grown in cuaditions ranging from the deserts of California to
the molst lowlands of Java, Indonesia, but ylelds are usually low in tropical climatec.
Although there is varlation in frost resistance, the trees are not usually damaged until
temperatures are down to ahbout -11°C, and even lower in parta of the USSR. idigh
teamperatures and an adequate woter supply esre important during fruit ripening.

Deop, loamy solls are best for good ylelds, preferably calcareous and contalning
lime nodules, but pomegrrnates will alao grow on light and ponr golls (Anon., 1969).

A, AGROMOMY, DISEASES AND PESTS

The pomegranate ls usually propagated by hardwood cuttings; root suckers and air
layering may also be used. Seed propagation is not recommended becaune of segregation.
After 1-2 years in a nuracry, the young trees are planted in the field at a spacing of
4-7 m, but at closer npacings of 4 x 2 or 3 m in Tadjikistan, Uzbekistan and
Turkmenistan, USSR (Levin, 1983, pers. comm.). They require some pruning and begin to
produce a regular crop when about 7-8 years old. Frults usually tuake 6-7 months to
develop. In areas where there 1s a distlnct winter, the trees are declduous, but in
more temperate climates and with sufficlent molsture, they may flower and fruit more or
less continuously, unless dellberately prevented from so doing by root pruning and
manipulation of the irrlgation supply. The frults can be stored for 5-6 monthao if
picked when not fully mature. The numbers of frults per tree may vary from 20-25 (4
years old), to 100-150 (10 years old) to 200-250 at maturity (Singh et al., 1967).

In general, fungal dlseases do not serlously limit production. Levin (1983,
pers. comm.} noted that up to 50 may occur in USSR. Cook (1975) mentions only 23
diseases, none of which are serious, although Ceuthospora phyllosticta, a twig canker,
occaslonally kills trees. Bacterial leuf spot (Xanthomonas punica) causes irregular,
light-brown legions that become dark-brown with distinct water-soaked margins, and
leaves may drop if infection is severe. Frult pulp rot (Agrobacterium tumefaciens)
occurs only in more humid climates. The bacterium penetrates the frult through the
pilstil, causing the frult to rot, although the skin remains intact. Control 1is only
possible through the use of vesistant cultivars (Evreinoff, 1949).

Bhutanl (1976) listed 38 insect specles which attack pomegranate, mostly minor
pests; Levin (1983, pers. comm.) calculated that there may be 100 in USSR. The anar (=
pomegranate) butterfly (Vicrachola isocrates) is a serlous pest in India, and sometimes
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half or more of the frults are attacked by the larvae. Control is by the removal and
destruction of affected frults and use of insecticides. The relatedé V. livia has been

reported from Egypt (Awadallah et al., 1971). Next In importance are several specles of
frult flies, including Anastrepha ludens, Pacue dorsalis and D. zonatus in India, and
Ceratitis capltata especially in Mediterranean countrles. The larvae feed inside the
frult and cause rotting and fruit drop. Bark-eating caterpillars (Indarbela tetraonis
and I. guadrinotata) prevent sap translocatlon in pomegranate, and several other
speciles, by tunnelling into the bark. Other insects include 10 species which cause
defoliation, 1 termite, 1 whitefly, 2 thrips and mealy bugs and B8 specles of scale
Insects. Control of most of them is by orchard hyglene and insectlicldes.

5. GENETICS_AND IMPROVEMENT

Somatlc chromosome numbers of 2n=16, 18 &ad 19 have been reported for Punica
Rranatum (Darlington and Wwylle, 1955). Nath and Randhawa f1959) found 2n=16é for 6
Indian cultivars, except for the ornamental cultivar 'Double Flower' which had 2na«18.
Das and Sur (1968) found a tetraplold with 2n232 which was obtalned from the cultlvar
'GB-1' (2n=16) by alr-layering. The tetraplold haod somewhat larger anc¢ broader leaves,
slightly larger stomata, larger frults and much larfer pollen grains, but also a high
percentage of sterile pollen. Kihara (1965) found a somatic chromosome number of 2n=16
for a cultivar from Pakistan with soft sced kernels In which only 1 of the 2 layers
enclosing the embryo and endosperm wus lignified, but the flowers were pollen sterlle.

Crop improvement in pomegranate has for centurles dopended on the selection of
spontanecous seedlings and thelr clonal propagation. Selection of seedlings from
open-pollinated or artificlally-pollinated mother trees 1s more reocent. The cultivar
‘Ganeshkind no. 1' wus selected in India from cultivars sulted to the Deccan condlitlions
of soll and climate (Cheema at al., 1954). Strebkova (1969), and Strebkova and Masaceva
(1969) reported the selectlon of 13 cultlvars from 612 hybrid seedlings 1n USSR.
Breeding work in USSR 1s also discussed by Levin (1979).

6. GERMPLASM CONSERVATION

There 1s a contlnuing loss of genetlic varlabllity of cultivated pomegranate
because progagation 1is mostly clonal, despite the fact that the plants naturalize
easily. Nasir und All (1976) reported that wlld pomegranate trees are frequent in
Pakistan at 1,000 - 2,000 m altitude throug! ut the Western Range (Baluchistan, north
and south Wazirlstan, North West Frontler Province, Kurram, Dir and Cchitral) on
limestone solls, and in Salt Range and Haqzara, but they become scarcer further east.
They also grow in Kashmlr and the Himalayan areas. In India, wlld pomegranate trees
were reported in the warm valleys and outer hills of the Himalayas hetween 900 and
1,800 n (Anon., 1969). Levin (1977) discussed varlability in wild pomegranate in the
USSR, especlally Turkmenistan, while Levin (1982) consldered the genetlc diversity of
pomegranate at the VIR Turkmenian Experimental Station. There 1ls serlous genetlc
eroslon of pomegranate in USSR, and the plant is included in "The Red Book of the USSR"
and “The Red Books' of the Transcaucasus and Middl-» Asian rrpublics.

P. protopunica has not been used elther in pomegranate breedlng or as a
rootstock. The speclen 1s 1listed in the ‘endangered’ category (IUCN, 1978) due to
excesglve grazing by goais and cattle, but it is boing cultivated at several botanlecal
gardens including the koyal Botanic Gardens, Kew, UK. There ls conslderable scope for
in situ conservation of pomegranate.
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Table 22. Collecticns of pomegranste

Number of accessions
Country Locatlon —_—
Punica granutum
Iindla Jodhpur, RaJasthan 33
Indla Hissar, Haryana 37
Indla Rahurl, Maharashtra 37
Thal land Bangkok 9
Turkey famir 60
USSR Leningrad 800+
USA . Byron, Georgla 3%
usa L/ Pusrto Rico 16

17 Fople (1981).

1APGR (19C4) also ilsts the following small collectlons of pomegranate, but these can probably not be regarded
as genetic resocurces collectlions: RajJshahi, Bangltadesh; Santlago, Chile; Habana, Cuba; Nlicosla, Cyprus;
Papua Now Guines; Los Bafios, Phllippines; Wad Medanl, Sudan. There s alsu a

Kingston, Jemalca; Keravat,
Other collections are llkely

panagranata specimen st Grand'Anse Experimental Centre, Mahé Isisnd, Seyche!!les.
1o exist in Afghanisten, Iran and Morocco at Ah! Sousse ard Zagors.
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Rhamnaceae

ZIZYPRUS MAURITIANA
(Indian Jujube)

1. INTRODUCTION

The Indlan jujube or ber is grown chiefly for its fruits, which may be eaten
fresh, dried or candied, or canned or used in d.lnks. The frults are a rich source of
vitamin C, and are high in vitamin A, and generally quitae nutritious (Table 1) (Bal,
1982). Tha tree is one of the principal host plants for rearing lac insects in India,
which are used in the manufacture of ghellac (Anon., 1962a; Maurya et al., 1967). Other
uses include: fruit, bark, leaves and roots as medicines; wood for carpentry and
conatruction; leaves as fodder; as a food for honey bees; and as a hedge plant (Burlcill,
1566; Crane and Walker, 1984; Dalziel, 1955).

Few production statistics are avallable on the Indian jujube and those that exist
may be misleading as trees are often very scattered. Singh et al. (1967) mentions an
area of 10,000 ha in India, but improved budded cultivars were subsequently planted on a
large scale in Punjab, Rajasthan and Uttar Pradesh (Sidhu and Singh, 1979). It is grown
in several other places, including the west Indles, much of the drier parts of tropical
Africa, e.g. HMozambique along the Zambezi river, and in tropical Asia, including Sri
Lanka.

2. TAXONOMY AND BOTANY

Zizyphus mauritiana Lam., the Indian jujube, is one of about 80 specles in the
genus Zizyphus, family Rhamnaceae, of mainly spiny drought-resistant trees and shrubs,
several of which are cultivated.

Munier (1973a) mentlons 5 major and 14 minor cultivated Zizyphus species. The
Chinese jujube (Z. Jjujuba Lam.) is quite widely grown., According to Ballay (1949) the
Chinese Jujube 15 declduous und han leaves that are glabrous undernoath, while the
Indian jujube 1is overgreen and has densely tomentose twigs, Iinflorescences and lower
leaf surfaces. Singh ot al. (1967), howover, states that Indian Jujube sheds 1ts leaves
durlng the hot, dry season. The Chinese and Indian jujube are rather similar and have
occasionally been confused In the literature. The following specles may also bo grown:
Zz. sativa Gaertn. (jujube), Z. lotus (L.) Lam., Z. lotus Desf. (lotus fruit, jujubler de
Berbérie) and Z. spina-christl (L.) Willd. (Christ's thorn, jujubler de Palestine).

The Indlian jujube is a semi-deciduous shrub or small tree up to 12 m tall.
Leaves alternate, simple, 3-nerved, minutely dentliculate, obtuse, broadly oval to
rounded-elliptical, slightly unequal at the base, up to 8 cm long and 5 cm broad,

densely whitish woolly beneath, with single or palroed stipular thorns. Inflorescence a
cymule, gaub-capitate in the leaf axils. Flowers bisexual, small, actinomocphic,

pentamerous, greenlsh-cream, acrid-scented; petals 5, arising between and smaller than
the calyx lobes; calyx shortly tubular, S-lobed, lobes valvate; stamens 5, opposite the
petals, arlsing outside the margin of a usually consplcuous dlsc; anthers 2-locular,
opening lengthwise; ovary superior to half inferlor, 2-locular, basal placentation;

ovules anatropous; gtyles 2-lobed. Fruit a drupe, persistent lower part of the calyx
often evident, ellipsold to gsub-globose, ripening brownlsh--orange, fleshy,

2.0-2.5(-5.0) cm long (Adams et al., 1972).
- -@

Pollination of the Indian jujube is effected by honey bees which collect both

nectar and pollen from the flowers; house flles and wasps may also visit them In India

(Crane and Walker, 1984), Josan et al. (1981) found that the Indlan jujube was

gelf-incompatible, but that the pollen was highly viable.

At least 50 clonal.iy-propugated cultivars of Indlan Jujube are known in India,
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but many of them are rather poorly described (Singh et al., 1971). Bal and Jawanda
(1981) studied the physico-chemical characteristics of 36 cultivars at Punjab
Agricultural University. One of the most wildely-zrown cultivars in Punjab, which has
golden-yellow fruits, is 'Umran’.

3. ORIGIN, DISTRIBUTION AND ECOLOGY

The origin of the Indian jujube 1s a matter of some controversy. According to de
Candolle (1884) it originated 1In Indla, where it 1s known by 3 Sans%rit names and 11
names in newer languages. It spread graduelly both to Southeast Asla and to Zanzibar,
and the east coast of Africa. Further spread in Africa may have buen via ships calling
at ports on the west coast, and partly overland. According to Zeven and de Wet (1982)
the centre of diversity of the Indlan jujube i3 the Chinese-Japanese centre, but Bourke
(1976) gives its probable origin as Africa.

The Indian jujube 1s now found in many tropical countries. It naturalizes easily
in widely varying climatic conditions and thrives where meny other trees fall to grow.
A hot and dry climate 1s 1deal, provided there 1s an adequate water supply during
frulting. Excessive atmospheric humidity is considered to limit production. The trees
become dormunt at the end of May in Indla and can tolerate some frost until growth
resumes with the onset of rains (. .ngh et al., 1967). Frost damage occasionally occurs
in Florida, especlally to young trees. The Indian jujube can grow well on a range of
so0ill typeos, and can withstand both waterloggling and drought; deeci sandy loams of pH 7
are ldeal.

Z. gativa originated in an area comprising Afpghanistan, southern China, northern
India, Morngolla, Pakistan and Turkestan, and 1s now cultivated both in these areas, and
in the Mediterranean area, the Middle East, Japan and California. Z. lotus grows wild
in Afghanistan, north Africa, Cyprus, Greece, Saudl Arabia and Turkey, and is cultivated
also in southern Portugal, Spaln aond Silelly. 2. spina-christl grows wild in the Middle
East, Turkey, Iran, Saudi Arabia, the Sahara, Chad and Ethiopla, and is cultivated in
Indla, rckistan, Egypt, Tunisla, the Saharan oagses and Zanzibar.

Z. sativa 1s sulted to dry climates with cold winters and hot summers, while Z.
lotus and Z. spina-christi are best adapted to sub-tropical climates but also grow in
the troplcs.

4, AGRONOMY, DISEASES AND PESTS

The Indlan jujube has traditionally been propagated by sced; now vegetatlve

methods, partlcularly shleld and patch budding are Lincisasingly belng used. z.
maurltiana 1s usually used as a rootstock, but Z. cenoplis Mill., Z. rotundifolia Lam.,
and Z. rugosa Lam. have alvo been recommended for use in India (Bourke, 1976). Bal

(1983, pers. comm.) has recently established a rootstock trial, in which the cultivar
‘Umran’ was grafted on to rootstocks of the following specles: z. jujuba, Z. mauritiana,
Z. numularia, Z. xylopyrus and Z. zoaziroo. The tree grows quickly, dependlng of cotrse
on the rootstock used, and the flrst crop can usually be harvested 2-3 years after
planting. The trees acre regular bearers, and the mature troes of grafted cultivars can

bear 100-250 kg of fruit per tree. Frults take 22-26 weeks to mature.

Fungal dlaecases are In general not a great problem in Indian jujube, and can
usually be controlled chemically. The following may be found: Glomerella cingulata, a
brown rot of the fruit in Indla; a rust causing defollation and fallure to set frult 1in
Florida (Cook, 1975); Cercospora Jjujuba, walch causes dark sp:;ts on Leaves in many
countries; Oldiopsis spp. cousing leafspots and premature frult drop in humid areas or
during the rainy seuson in India and Paklistan; Isariopsis spp., especlally I. griseola,
causing lcaf drop in India and elsewhere (Munliur, 1973a); Cladosporium spp. on leaves in

western India (Choema ot al., 1954); Alternacia spp., a leafspot in India (Jeyarajan and
Cheema, 1972); 0idium erysiphoides, powdery mildew (Gupta et al., 1977); and Phoma

macrostoma, a leufspot in Punjab, 1tndia (Sidhu and Singh, 1979). Differences in
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cultivar susceptiblility have boen noted, for instance to Alternaria lecafspot and powdery
mildew (Jayarajan and Cheema, 1972) and to Phoma macrostoma (sidhu and Singh, :979),

The bacterium Agrobacterium tumefaclens has been reported from Epypt on Zlzyphus
8pp. (Muntier, 1973a). A witches' broom discase in Indla was ascribed to a
mycoplasma-like agent (Pandey et al., 1976). Galls in floral buds which prevented fruit
productlon were attributed to mites and thripas in Punjab, India (Yamdagni and Gill,
1968) .

Bhutani (1973) reviewed the lInsect pegta of the crop, 1llisting 43 speclesn,
including 7 of major, and 10 of minor importance. The major peats are: Carpomyia
vesuviana, the ber fruit fly, the maggots of which fced on the pulp; Droschiella
tamarindug, the ber mealy bug; Xanthochelus supercilosus, the ber woevil and 3 specles

of Adorestus spp. beotlna, commonly known as cockchafers. Control measures for these

and other pests include the use of ingecticldes, plant and plantation hyglene and
cultural and chomical treatment of the soll. Differences in susceptibility have been
observed, for instance, to the ber frult fly (Saxena and Rawat, 1968; Mann and Bindra,
1976).

Some nematodes also attack Indian Jujube: Hemicriconemoides communis, H. litchi
and Pratylonchus neonanus occur in India (Mathur et al., 1967).

5. GENETICS AND IMPROVEMENT

The somatlc chromosome number of the Indian Jujube, which may be a tetraploid, is
2n=48. Z. Jujuba Mill. has 2n=2a chromosomes; polyplold variants are also found with
2n=48 and 2n=96.

The improvement of Indlan jujube has been based upon selection by farmers of the
best troes and thelr clonal propagation by grafting. Cultivars differing in frult
characteriatics have been recognized in 1ndia for many years (wWatt, 1893), and gome
cultivars now have a degree of peat and digscase resistunce.

6. GERMPLASM CONSERVATION

The development of clonally-propagated cultivars may be expocted to lead to loag
of genetic diversity In cultlivated Indlan Jujube. The rootstocks, which are usually
grown from ogeeda, are an untapped source of variability, and wild trees have sometimes
been top-worked with improved cultlvaers (sSingh et al., 1967). Wild Indian Jjujube 1is
found either native or naturailzed 1in a wide area of tropical Africa snd Asia
(Hutchinson and Dalziel, 1958) and ig untikely to be wunder much rlsk of genetic
eroslon. Other Zizyphus species also arc not krnown to be under threat.

The 1Indisn Jjujube and related gpocles are particularly valuable because of their
ability to grow In troplcal areas with very low rainfall, and also because of the

secondary uses of the troe. Collectlons contalning Zizyphus opecles areo mostly of
cultivars of Indian jujube, and there are fow related gpecies. All collections are

likely to be of trees only, although the seeds can probably also be stored.
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Table 23. Collections of Jujube

Number of accessions
Country Locatlion
Zizyphus maurlitiana Other Zizyphus spp.
India Bahadurgarh, Punjab 4)
India 1/ Jodhpur, Rajasthan ? Z. pummularls (?)
Z. oenoplls (?)
Z. rotundifolla (?)
Indla 2/ Hissar, Haryana ? Z. rotundifolla (?)
[ USSR Leningrad ?

i/ Total of 8! accassions.
2/ Total of 72 accessions.

IBPGR (1984) also lists the following small collectlons of JujJube, but these can probably not be regarded as
genetic resourcos collections: Rajshahl, Bangladesh; Alqulzar, Nicosla, Cyprus; Los B8afos, Phillippines;
Nelspruit, South Africs (Z. nummularlia); Wad Medani, Sudan; lzmir, Turkey; Miaml, Florida, USA. Also a fow
accasslons exlst at CATIE, Turrialba, Costa Rica; Estaclén Central de Investigacionas de Citricas y Otras
Frutalos, Aiquizar, Cuba; Wilson Popanoo Botanical Garden, Lancet!lla, Honduras (Dickson, 1978); Grand‘Anse
Experimental Contre, Mahé Island, Seychelles. There are also some accesslons of Jujube In China at: Zhengzhou
Instituta of Pomology, Chinese Academy of Agricultura! Sciences, Zhengzhou, Henan Province, Provinclal Academy
of Agricultural Scliences, Shaanxl.
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Rutaceae
CITRUS SPECIES AND PONCIRUS TRIFOLIATA
(Citrus Crops and Trifollats Orange)
1. INTRODUCTION
(a) Most cltrus frults are eaten fresh or as julce, but lemons and limes are often
used for flavouring. Many products can be purepared or extracted from the fruits,

including jams, essentlal olls frow the glands in the pecl, and livestock feed from the
pulp. The juicy interior of cltrus frults contains some sugar, but is notably high 1in
organic aclds, mainly cltric acid, and vitamin € (Table 1). Ovranges also provide
significant amounts of follc acld and vitamin Bé.

Citrus frults are collectively the second world frult crop after grapes (unless
plantains are included with bananas, in which case they are the third). Production has
increasod considerably over the last decade with a concomitant Increase in the

percentage grown in developing countries (Table 2). The major groups of crops in
descending order of yleld are: sweet and sour oranges; tangerines, mandarins,
clementines and satsumas; lemons and limes; and grapefruit and pummelo. 126 countries

are listed by FAO as growing cltrus frultg, thae major ones in 1984, in descending order
of production, belng Brazil, USA, Italy, Japan, Spain, Mexico, India, China, Israel,
Argentina, Turkey and Morocco.

(b) The trifoliate orange is most frequently grown as a hardy rootstock for cltrus,
the frulits being acrid and inedible. It has been crossed with gpecles of Citrus as a
source of cold-hardiness, but the fruits of the hybrids ere also bitter. Some of the
hybrids have also been used as rootstocks. The drled fruits of trifolliate orange are
used in Chinese medicline, and the juice can be made into a syrup used in flavouring,
while the candied peel can be used to enhance the flavour of cakes. The specles |is
occaslonally grown as a hedge plant (Anon., 1969).

About 20% of the world's commercial cltrus crop Lls grown on rootstocks of
trifoliate orange, or on hybrid rootstocks in which trifollate orange 1s one of the

parents.

2. TAXONOMY AND BOTANY

Species of Citrus belong to the sub-famlly Aurantioldoae of the Rutaceae and the
tribe Citresme. All of the species in the Aurantioldese are evergreen trees and shrubsg,
except those in the 3 monotypic genera Poncirus, Aegle and Feronia, in 3 ppecles of the
genus Claugena and in one specles of Murcaya. The Aurantioideae lnclude 6 other specles
with edible frulits of some commercial importance: Aegle marmelos (L.) Corr. Bal frult

(east Indlan), Claugena dentata (Willd.) Roem., Claugena lansium (Lour.) Skeels (south
China), Feronia Jlimonia (L.) Swing., elephant apple or wood apple (South Asia),

Fortunella Jjaponica (Thunb.) Swing., Harumi kumquat (Japan) &nd Fortuneoclla margarita
(Lour.) Swing., Nagaml kumquat (Japan).

Hembers of the tribe Citreae all have o characteristic frult known as a
hesperidium, a type of berry contalning julce-filled pulp vesicles. There are currently
2 systems of cltrus taxonomy in common usage, namely due to W.T. Swingle and to T.
Tanaka (Hodgson, 1965).

According to Swingle, whose classification is usod here, the cltrus fruits are
agsigned to 3 genera: Fortunella (kumquats) with 2 sub-genera and 4 specles; Ponclrus
(trifollate orange) with 1 specles; and Citrus with 2 gub-genera and 16 specles. The

economically important Citrus specles belong to 8 of 10 specles of the sub-genus
Buclitrus, Papeda being the other sub-genus.
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Tanaka treats the genera Fortunella and Ponclrus approximately as does Swingle,
but recognizes 2 sub-gonera, B8 sections and at least 144 specles in the genus Cltrus.
The sub-genus Archicitrus contains 98 species in 5 sections: Papeda (12 species),
Limonellus (16), Citrophorum (21), Cephalocitrus (21) and Aurantium (21). The sub-genus
Metacitrus with 48 sgpecles comprises 3 sections: Osmocitrus (9), Acrumen (36) and
Ppeudofortunella (1) (Hodgson, 1965).

Formal taxonomic methods are difficult to apply in the genus Citrus becauas of
the onse with which many of the sgpeclies hybridize, and because of polyploidy,
polyembryony and spontaneous mutation (Purceglove, 1968). Chemotaxonomy and the use of
scanning electron microscopy on pollen are assuming increasing importance in determining
relationships. Field work is being inltiated In 1986 by the IBPGR, and .t lsg expected
that materials for taxonomlc revision will result.

(a) Cit us planty are evergreen shrubs or small trees, often with spines in the leaf
axils. Leaves dotted with glanda, simple with petiolar wings in some species. Flowers

usually hermaphrodite, fragrant, single or in small groups; calyx persistent, cup-shaped
with 3-5 projections; corolla (4-)5(-8) petals, white; stamens 20-40 In pgroups; ovary
superior of 8-15 carpels, cach containing several ovules In 2 rows, placentation axile.
Fruilt a hesperldium in whlch the oxocarp and mesocarp are leathery In texture; exocarp
has numerour glands contal ing an esscntial oll; mesocarp is rich in pectins, sugara and
cellulosge. The centre ot the frult is occupied by carpels fllled with multicellular
hairs in which julce 1s produced as the seeds develop; the carpela develop into the
gegments. The endocarp lg the thin, transparent membranc surrounding the segments.
Seeds polyembryonic, except in C. grandls, varying in number with species and cultivar,
some seedless and parthenocarpic (Swingle and Reece, 1967).

HMost citrus flowers are homogamous. Pollination 1is malnly by insects, often
honey bees, which collect both pollen and nectar from flowers. Self-polllnation may
occasionally occur, although some specios are solf--incompatible (Crane and Walker, 1984).

There are very many cultlvars. Hodgson (1967) described 419, including 173 sweet
orange cultivars and 97 with mandarin-like fruits. Oof cultivars which are commonly
grown, Chapot (1975) llsted 11 of orange, 6 of mandarin and tangerine, 2 of lime, 3 of
grapefruit and one of shaddock. A numoer of these cultivars may comprise several
clones. Samson (1980) presents a conclse summavy of information on cultivars within the
major clitrus crop groups. Fewer rootstocks are commercially used: Chapot mentions 8.
IBPGR is due to publish a doscriptor list for citrus in 1986,

(L) The trifoliate orange (Ponclrus trifoliata (L.) Raf.) is a ginall and
much-branched tree with twlgs of 2 types: normal twigs with 1-8 c¢m long internodes and a
single leaf at each node, In the axlls of which is a bud and often a strong splne;
foliage gapurs, which arlse from twlgs of the previous yecar's growth and have 1-5
extremely short nodes each with a normal follage leaf but no splne. They are tipped

with a small green bud. Leaves palmately 3-lobed; splnos stralght, acute 1-6 cm long.
Flowers almost sesslle, wusually S-merous, produced on one year-old twigs from
sub-globose flower buds; calyx of 5 srall sepals, perslsotent; corolla of S white petals,
18-30 mm x 8-15 mm, flat when fully open, papery thln, soon shed; gtamens 20 or more;
fllaments free, unequs! in length; ovary sub-globose, 2 mm in diameter with 6-8 locules;
ovules numercus; styles short, 1.0-1.5 mm long, merglng Into a rather large stigma.
Frult almost sesslle, 3-5 cm 1ln dlameter, pale lemon--coloured and fragrant whon ripe,
filnely pubesacent; pecl 5-10 mm thlck with numerous oil glands, rather tough; pulp
vesiclea fllled wlith very acid julce and numerous small droplets of acrid oil. Seeds
ovoid, plump, often polyembryonic, numerous (Swingle and Reece, 1967).

Though there is 1little morphological wvarlation in trifoliate orange, the
following 3 botanlcal varleties have been recognized in Japan (Swingle and Reeoce, 1967),
aithough Bitters (1983, pers. comm.) conslders that the second and third may now be
extinct:
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1) var. monstrosa, the ‘cloud dragon' trifollate orange, characterized by lts
extreme dwarfness, tortuous sglender branches, curved gplnes and very small
leaflets which may be reduced to llnear filaments on which there are groups
of oil glands. It 1s known as 'hiryo' In Japan and 1s grown as a potted
plant;

(i1) wvar., microcarpa, whlch has mlnute fruits; and

(111) var. punctata, known as ‘'sunago’ or ‘'gold-dust' trifollate orange, which
has leaves dotted with golden-yellow spots,

Platt and Opltz (1973) mention 2 groups of cultivars: one wlth large flowers,
upright seoedlings and a single trunk; and the other with small flowrrs, bushy seedlings
and multiple trunks. Numerous clonec can be distingulshed within each group, mostly on
the baspils of differences 1in vigour, which influences sgclon growth, flower slze, and
resistance to pesta &..d diseases. Over 40 clones have been named, many of them from the
USA, but sgome also come from other countrles, 1lncluding Argentina, Brazil, Mexico,
Morocco, Algeria and USSR (Laville and Blondel, 1979). Hany of the clones are known
only by code numbers.

Clones of trifoliate orange 1in China can be classified 1in 2 groups as
‘Dayezhi‘’and 'Xiaoyezhi'. The 'Dayezhl' have larger leaves and fruits, a rougher fruit
peel, approximately 13% of monoembryonlc seeds, and a later specason than 'Xiaoyeczhi'
clones, which have approximately 33% of mononebryonic sceds (tin-min, 1983, pers. comm.).

3. ORIGIN, DISTRIBUTION AND ECOLOGY

(a) The lime is the only important gpecies of Citrus which 1u still found growing
wild, 8o evidence on which to assess the origin of most Citrus specles is limited. The
home of C. sinenals (L.) Osbeck, the swcet orange, ls probably gouthern China or
Indo-China (southern Viet Nam); Iarael and spaln have become secondary centres of
diversity. The sour orange (C. aurantium I,.) probably comes from Southeast Asia or
Indo-China. The mandarin or tangerine (C. reticulata Blanco) may have originated in the

Philippines or Indo-China, but now has a secondary centre of diversity in Japan. wild
limo trees grow in northern India and the Malesian archipelago, und these may be areas
where C. aurantifolia (Christm.) Swing. originated. C. grandis (L.) Osbeck (pummelo)
and C. limon (L.) Burm. (lemon) are both probably of Southeast Aslan origin, the area
cast of the Himalayas in northern Burma and southern China having been suggested with
respect to the lemon. €. medica L. (citron) probably originated in southwest Aslia,
quite possibly originally from India. The grapefruit (C. pe.adisi Macf.) ig of fairly
recent oririn, elther as a bud mutation of pummelo, or as a hybrld between pummalo
(pomelo, shaddock) and sweet orange, prohably before 1750 in the Weat Indles (Zeven and
de Wet, 1982).

Cltrus specles are now wldely grown be“ween 40° north and south of the equator,

especially in Mediterranean and sub- tropical arecas. They are infrequent in tropical
lowlands, despite the fact that many of them originated in Southeast Agia, and are more
common above 500 m in the troplcs. Grapefruit and pummelo are more common in troplcal

lowlands than oranges.

Most specles of Ciltrus can withstand a wlde temperature range, but only grow

botwaen about 13°C and 37°cC. Resistance to cold varies with specles, the most reslstant
in descending order being wardarin, sour orange, sweet orange, grapefrulit, lemon, lime,
citron and pummelo. Adult troees, especlally those which are dormant, can withstand more
cold than young «nd actlively- growlng trces. While citron, lime, lemon and pummelo grow
and flower almogt contlnuously in sultable conditions, grapefrult, sweet orange, gour
orange and esgpecially mandarin, tend to become dormant in cool weather. Trifoliate

orange and kumquat, both of which have cltrus frults but are not Cltrus gpecles, are
both more cold-hardy than Cltrus species and have a pronounced winter rest perlod.

When there is ingufficlent rainfall, the formation of flower buds may be delayed
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and young frults and leaves may be shed or fail to grow. Many commercial citrus cropa
are irrigated, but excepsively wet conditions should bo avoided as theore may be
increared disease spread. Windbreaks are commonly planted to protesct crops from high
winds. Light, fertile loams are idenl although a wide ruange of soils support good crops.

(b) The trifoliate orange probably originated in central snd northern China, where it
has bheen grown for thousands of years. The flrot description, which included reference
to its use as a roototock, was in a Chinege documunt written in 1178. The plant was

brought to Japan around the $%th Century A.D., and in the last few centuries has been
introduced a’s a citrus rootstock to the USA and other countries (lodgson, 1967).

The toifoliste orange grows best in warm temperate climetes and requires some
wintsr chilling. Flower %ud dormancy 1is sometime: broken by excessively high autumn
temperatures. Troplcal or hot sub-tropical climates with mild winters are unsuitablae.
vigorous growth occurs on fiirly lieavy goils, which may often be too wet for other
rsototocks, but the tree will not tolerate saline and alkaline conditlons (Hodgson,
1967).

a4, AGRONOMY, DISEASES AND PESTS

() Commerclal citrus plantations are usually established by budding aselected mcions
on to seedling rootetocks. The rootstock controls the growth of the socion, for example
conferring cold-hardiness %y inducing dormancy. in addition to effects on disease
resistance, fruit quality etc. The rootstock used depends on the s+acles and cultivar
of the scion, common ones being sour orange, rough iemon and sweet orange and Ponatircus
trifoliata (Bltters et al., 1977).

Meny citrug ogsecds are polyembryonic, contalning both saxusl and nucollar
embryos. The nucellar embryos tend to produce more vigorous seedliugs than the sexual
onesn. Seeds can in principle therefore be used for vegetatlve propagation, but plants
grown from sexual and nucellar embryos can not be distinguished viguully, so thay are
only normally used for growlng rootstocks. Citrus fruits nearly all mature slowly, and
maintain their flavour weall for long periods at amblent tempetratures.

Citrus crops are aftected by numerous diseases, several of which are very serious
either 1locally or worldwide. Klotz (1978) mentioned 65 fungal diseases in a recent
survey . Most can bo controlled by cultural or chaemical methods, but often at high
coat. Different rootstonks and cultivar combinations can also be useful.

Four bacterinl diseases attack cltrus, the most important being canker
(Xanthomonas citri), which is most prevalent in humid tropical areas where the rainfall
ig evenly-distributed and the temperatures are high (20-32*C), and is not a problem in
California and the Mediterranean countries. Affected trees should be destroyed.
Tangerines, cltron, calamondin and kumquats have some resistance.

Wallace (1978) recently described 30 virus and virus-like diseases of citrus, but
some may be caused by mycoplasmas. The most serious and widespread are 'psorosis’ and
‘tristeza’. A serlous problem in India is ‘'citrus die-back' 'leaf mottle yellows
disease' has caused wldeopread damage in the Philippines; and numerous trees have died
of 'citrus vein phloem degeneration' in Java, Indonesia. Moot virus diseases may be
controlled by using virus-free budwnod, by controlling vectors if appropriate, and plant
sanitation and quarantine are also cruclal. Propagation by seed in cases of nucellar
emb—~yony 18 generally a safe way of obtaining virus-free plants.

Almost 900 specles of insects and mites may feed on cltrus crops worldwide, about
75 of which may be major pests. Talhouk (1975) 1listed the distribution and economic
importance of 143 ingsects and mites; a further 56 species occurring in only one country
ware mentioned. The most important pests are aphids, scale insects, mealy cugs, white
flien, fruit flies (Dipteran), fruit feedors and leaf miners (Lepidoptera), twig and
‘ run% borera (Coleoptera) and phytophagous mites., Many damaglng insects are only found
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in the Asiatic region where citrus “ive. The major pests in other arvas are of
foreign origin, 4including scale -cts, mealy bugs, white flieo, fruit fliee and
mites. Pest control in citrus crups is mainly based on the use of insecticides, but

promigsing results huve been obtained by biological methods, and methods of integratnd
contra) are buing developed in some countries.

Over 200 specles of nematodes have been reported in assoclation with citrus
roots, 16 of which are important parasites. Two major peuts are the burrowing nematode
{Radopholus pimllig) and the citrus nematode (Iylenchulus semipenetrans) (Balnes et al.,
1978).,

(b) The trifoliate orange is usually grown from foeds, although it is occasionally
propagated ar cuttings und by grafting. Most of the seeds are polyembryonic (Nishiura
ot al., 1974),

Many of the dlseases of Citrus specles also attack the trifoliate orange. Klotz
(1978) listed 40 fungal and 4 bacterial pathogens. The trifollate orange is immune to
Phytuphthora root rot, and to Fhymatotrichum root rot, but 1ia highly susceptible to dry
root rot end citrus canker.

Likewise, muany of the virus diseases of ci‘rus crops also affect it. The
trifoliate orange is, however, 1mmune to tristeza vi:us and to citrus yellow vein, but
is highly sunceptible to exocortss, and susceptible to =zristncortls and gum pocket
(South Africa) The specles 1le also a gsymptomless host of the loaf-mottle-yellows
diseaso. The trifoliate orange has boon extensively used as o rootstock in Japan, where
the tristeza virus has caused minimal lossos.

Mont insoct and mite pasts of citrus crops also attack P. trifoliata, but as the
trae i3 tyrlcally grown as a rovtstock, they hardly present a problem. The tree isg very
susceptible to red spider (Bitters, 1983, pers. comm.). It is susceptible to the
burrowing nematode (Radopholus similis), but many cultivars are highly rosistant or
immune to the cltrus nematode (Tylenchulus semiponetrans).

5. BREEDING AND IMPROVEMENT
(a) Most Citrus sopccies and related genera are diploild with 2n«18, but higher
chromosome numbers have roquently been found. Spontaneous tetraploids are quite

frequent In Cltrus and _Ln:irus as nucellar seellings, but tend to grow clowly, yleld
less than diplolds and huve frults with thick rinds and 1little juice. They are useful
for producing triploids, which are Benerally more vigorous than cetraploids and more or
less soodless, but many also are unproductive. The small stature of tetraploid trees
may be of practical value in developing dwarf trees for planting at high denasity. There
is some informatlon on the horitabllity of characters such as tree dwarfness, nucellar
embryony, frult acidity, tolarance to Phytgphthora root rot and cold-hardiness.

The alms of citrus breeding programmes may vary widely between countries, in some
of which there may be adequate varlation among hitherto untested cultivars. It 1is
important to Jistinguish between the roquirements for scion and rootstock improvement,
anc to understanda the way in which the 2 interact. Frost hardiness is neoded at higher
altitudes, while in the tvoplcs there 1s a need for cultivars which crop well under

continuously thigh temporaturas. Typws suitable for mechanical harvesting may be
imporrant whore 'abour costs are high, while in some camea salt-tolerant cultivars may
be needead. Fruits for table uoe must %he easy to peol, but this may be unimportant if

frults are to be processed for Julice.

The improvement of cltrus crops depcnded for many years on the selectlion of
desirable secedlings from amongst chance soedling populations. Programmes for tne
genotle improvement of cltrus based on artificial pollination wore started by the United
Stater Department of Agriculture in callfornia in 1948 and in Florida in 1893, by the
Univarolty of California in 1914, in the USSR in 1930, in Japan and Italy in 1950 and in
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corgica in 1966, and there are many others. Breeding programmes were started but later
interrupted in Indonesia, Zimbabwe and the Philippines.

Mutations have been artificially induced by irradiating budwood, seeds and callus
cultures with X-rays, neutrons and cobalt-60. Few uueful results have been reported,
although Honsz (1977) developed a colourful and high-ylelding grapefruit, °'Star Ruby’ in
Texau by this means. In the USSR, the treatment of Mueyer lemon pollen with a chemical
mutagen before using it to pollinate Citrus ichangensir Swing., & wild specles from
China (used as a rootstock), resulted in secdless fruite unlike those obtalned with
normal cross-pollination (Diasamidze, 1970).

(b) Most trifoliate orange cultivars are diploida with 2n=18 chromosomes.
Spontaneous autotetraploids have been found but have not yet been utilized. The
trifoliate orange cun be hybridized with many Ciltrus gpecles; hybrid seedlings are
easlly distinguished from nucellar seedlings because they exhibit the pgenetlically
dominant trifoliolate leaf characteristic.

There are fow reportes of genetic lmprovement of trifoliate orange per ga. At
least 4 new selections (for early-bearing. early-ripening, a dwarf and a tetraploid)
resulted from a programmoe in Goorgigx, USSR \Tutberidze, 1974; 1itberidze and
Xalandarishvili, 1978). The trifoliate orange 1s important in many cltrus rootatock
breeding programmes because of lts reslistance to cold, tristeza virus, Phytophthora root
rot and nematodes. Ssome of the hybrid rootstocks, such as Troyer and Carrizo zitranges,
which were selected amongst the F, progeny of navel orange x trifollate orange crosses
in Florida in 1909, have become widely grown (Hodgson, 1967; Cameron and Frost, 1968).

6. GERMPLASM CONSERVATION

Commercial citrus production 1s based on relatlively fow scilon cultivars. The
present ris) of geonetic erosion in cultivated citrus 1s difficult to agsess, but in
various parts of the world such as Colombia (Rios-Castafio, 1967), and in Southeast Asla,
the growing of non-uniform seedl’ng trees lis discouraged. A brief survey of the degree
of genetlc ecroslon in 10 cultivated Citrus specles in 5 Southeast Asian countries
indicated extensive erosion in Indonesia and Malaysia in the pummelo, moderate erosion
of orange in Indonesia, and of pumnmelo in southern viet Nam and some erosion in the
other cases (Sastrapradja, '975).

Early this century the only orange cultivar grown in Spaln was ‘'Comuna’. Later
the range of cultivars grown was increased to lengthen the harvesting period
(Gonzales-Sicilia, 1960). The range of genetic variability may widen if spontaneous
seedlings are allowed to grow lnto productive trees, as in some mixed gardens in Sri
Lanka, Malaysia and Indonesla (Mendel, 1963; Lum, 1975). Seedllngs are often allowed to
grow near the house, wherc food wastes are dumped. So, though genetlc erosion of cltrus
1s likely to have occurred in some areas, there may actually have beon an increase in
variabllity elsewhere.

Membors of the sub-famlly Aurantioldeae are probably at risk because of land
clearance for agriculture, or the selectlve felling of forests. The following
categorles of cltrus germplasm can be Tecogniznd:

L currently cultivated as rootstocks or sclons;

(1) germplasm which elther has been used in breeding new cultivars, or
possenses characterlstics whlch are of interest; and

(111) germplasm which may be required for future braeeding work.
Gormplasm in category (1) 1ls easlly-defined. Thst in the second category covers

all of the cultivated cltrus, Fortunella (kumquat) and Ponclrus spocles. Kumquats are
valuable both for thelr edible fruits and potentially also as parents in crosses with
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Citrus species and interspecific hybrids, but these have not yet become important. P.
trifolimta, the trifoliate orenge, 18 useful as a cold-hardy rootstock for cltrus, for
it possible contribution in the improvement of Citrus specles, and for its occasional
medicinal or ornamental use. Much of the useful genetle variation of cultivated
trifoliate orange is physiological. The wlld plant was reported to grow in Xiangsu
Province in ewstern China (Burke, 1967), but 1ts current distribution and genetic
varlabllity is not clear.

The folloving members of the Aurantioldeae comprise the third category for
germplasm conservatlon:

— Clausena lansium, the wampi, a highly-esteemed frult tree in southern
China, now widely grown in tropical and sub-tropical reglons for its small
berries.

- Severinia buxifolia (Polr.), the Chlnese box orange, s tolerant of high
salinity and boron, is immune to many Citrup diseases, and 1s useful as a
rootstock for catruas.

- Limnoclitrus littoralis (Mig.) Swing., the swamp orange, which grows wild in
tidal swamps in Viet Nam, Java and Bali may be useful as a rootstock,
bacause of its high tolerance of ralinity.

—— Emerocitrus glauca, the Australian desert 1lime, a xerophytic specles
tolerant of high salinity and boron, which may also be useful as a
rootstock.

—_ Microcitrus spp., a genus of 6 specles, 5 of which grow wild in Queensland
and northern New South Wales, Australla, and one in southeasterm Papua New
Guinea. The hybrid M. sustralis x M. gustralasica may be valuable as a
rootstock in solls low in nrganlc niltrogen.

—— Swinglea glutinosa (Blanco) Merr., the tabog or boyag (Tagalog language), a
small, thorny tree widely distributed in Luzon 1sland in the Philippines,
grows woll at high temperatures, and may have potentlal as a cltrus
rootstock, but is sunceptible to canker.

- Feronia limonia (L.) Swing., the wood-apple (syn. Limonia acidissima L.,
Feronia elephantum Correa), 18 the only species in the genus Feronia
(Swingle, 1914). It 1s distinguished from ciltrus crops by having a hard

fruit shell and a gpingle cavity 1instead of segments. The wood-apple
stimulates early flowering in Cltrus specles when used as a rootstock,
which in of interest in breading programmes. The sweet and aromatic pulp

of the wood-apple may be eaten fresh, or used in drinks, chutneys, Jelly
etc. The fruit also has some medicinal uses (Anon., 1956). India end Sri
Lanka are the only countries where wood-apple 1s grown to any extent.

— Feroniella oblata Swing., the Indo-China feronlella is a medium-sized
forest tree, which 1s fairly common in the plains and mountalnas of
Indo-China and eastern Thailand. It stimulates early flowering in Cltrus

when used as a rootstock.

- F. luclda (Scheff.) Swing., the Java feroniella, is native to central Java,
and may be a possible rootstock for dwarfing Citrus and also for
stlmulating early flowering in the sclon.

Of the 16 specles of Citrus distinguished by Swingle, B8 are of ancient
cultivation, while most of the other wild relatives may be of possible value for
breeding. They aro:

- €. indica Tan., the Indian wild orange, which orlslnatdd in the Easterm
Himalayas.
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- €. tachibana (Mak.) Tan., the Tachlibana orange, which occurs wild from
gouthern Talwan to the southwestern province of the main laslard of Japan.
The form °'Shekwasha’, which may @be a hybrid of . tachibana x C.

reticulata, is a possibla rootstock.

- C. ichangensis Swing., the Ichang papeda, which grows wild in central and
southwestern China, is tha most cold-hardy of all the evergreen
Aurantioldeae, and 1s of interest for breeding. The 'Yuzu', probably a
natural hybrid between C. ichengepnsis and C. rpeticulata 18 occaslonally
cultivated in China and moro frequently in Japan, for its acid frults, and
ag & rootstock for the gatsuma and other citrus. The Ichang lemon
(probably C. ichengensis x C. grandis) is an ornamental tree in China, the
ripe fruite of which are used as a deodorizer. It is a hardy plant which
merits further utudy as a putentlal rootstock,

- C. latipes (Swing.) Tan., a thorny tree occurring willd in northeastern
India and northern Burma, at altitudes from 500 to 1,830 m, It is of
potential value as a parent in breeding new hardy acid citrus fruits and
hardy rootstocks.

- C. celebica var. southwickii (Wester) grows wild in the Philippines and in
Sulawesi, Indonesla. It may be of value in breeding as its frults are
juicy, smooth and thin-skinned, and 10 cm in diametor.

- C. macroptera Montr., the Melanesian papeda, grows wild in Thalland,
Indo-China, the Philippines, Papua New Guinea, New Caledonin and
Polynesia. It may have value in breeding for its vigour, fruit size (6.3
cm diamatar), resistance to citrus canker and immunity to withertip.

At least 2 new specias of Ciltrus have beer discovered since Swingle and 1l'noce
(1967) was published: C. halimil in Malaya and peninsular Thailand (Stone et al., 1%73);
and Microcltrug papusna in Papun New Guinea (Winters, 1976). Their potential value
needs to he studled.

(a) Numerous collections around the world contain Ciltrus specles g treces. Wider use
will doubtless be made of all classes of germplasm as broeding methods improve. Citrus
seeds are probably not kept in collections for long~term storago, althougn thoy may
often be usgsad for germplasm oxchange, but sceds of related genera are stored in
Argentina. The collections maintained by EMBRAPA in Bahia includes trees, seeds,
rootstocks, sclons and clones in both store and in tissue culture. IBPGR (1982) is a
report dealing speclfically with citrus genetlc resources, and should be consulted for
further detalils.

(b) Many of the collections of citrus crops also contaln some trifoliate orange. The
seeds, like thone of Cltrus species, may need speclal attontion for long-term storage.
They are very sensitive to drying, and should be consecrved at low temperature (ca. 4°C)
and high relative humidity (96%). sSatisfactory, though often much reduced germination,
wug thus obtained after 1 year. Germination can often be enhanced by treating the sceds
with gibberellic acid (Platt and Opitz, 1973). Collection and conservation of the
trifoliate orange should be included in the programme for the genetlc resources of
Cltrus species and its wilé relatives,
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Table 24(a). Coltectlons of cltrus

Number of accessions
Country Location
Sour and Lemons Mandarin Grapafrult, Other Related
swoet and cltron and Cltruz genera
oranges {Imes pummelo pp.
Algaria Boufarik 106 25 22 22 56 (9) 3 (3
Argentina Bella Vista - 277 (?) -~
Argentina Concordla @ e -474 ()
Argentina Montecarlo ———— --180 ()
Argentina Tucuman 19
Argentina Colombres 530 (7)
Augtralla Daraton (NSW) az 26 45 1s] 66 ()
Australia Marbeln 16 (4)
Australla Gosfrrd (NSW) - -- =332 (D)
Australlas Nambour 20 4 8 5 4 (4)
Bangladesh Rajshahl 4 (1)
Bollvia La Paz 48 29 24 e 2
Botivia Saavedra -~ 54 ()
Brazl| Bahia 243 | [1:] 37 138 (20) 7 ()
Brazl| S8o Pauto 294 28 166 98 183 C11) 30 (9
Brazi) Rlo Granda
do Sul $1s 17 -3 7 322 (24) 2 ()
Brazi| Manaus - 70 ()
Brazlt 1tajal 60 (7) —-—
China Sichuan a4 S 44 29 13 (6) 8 (7)
China Talwan —-———- -=74 (23) 9 (7N
Colombla Paimira Vatle a3 12 22 17 13 (9 24 (7)
Cotarbla TolIma - m==m 6 (V) e
Costa Rlca TJurrlalba - e 37 () e e
C3te d'lvolre Abid]an 30 5 16 17
Cuba Habana e em 394 ()
Ecuador Quito 60 (1)
FiJI Labassa ] 9 6 -3 4 (2 4 (2
France Corsica B77 35 496 143 1335 (9 104 C10)
Greece Crete 29 B 3 26 48 (1%) i
India Bangalorel/ 81 36 54 10 86 (4) 24 (1)
Indla Meghalaya 86 (12)
Indones|a Batlli 200 ()
Indonesia Malang 38 121 (3)
indonesia Bogor | 17 38 ()
Italy Palermo 59 7% 26 9 26 (4)
Jamaica Kingston e 63 (?)

1/ The collection is maintalned In 7 Indian Institutes.

NOTE: The figures In Uracxets In the last 2 columns ropresent the numbers of species and/or hybrids of
Citrus, or of related genera. |t may be an underestimate in many cases.
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Table 24(a). Coliections of clrrus (Contlnued)

Number of accesslions
Country Ltocation
Sour and fLemons Mandarin Grapefrult, Other Relatad
swoet and cltron and Cltrus genera
oranges 1imes pummaio spp.
Japan Hiroshima o8 24 32 19 84 () 10 (3
Japan Nagasaki 79 17 37 23 77 (D a (3)
Japan Shizuocka It 39 70 36 201 (14) 29 (%)
Japan Saga 6l 23 58 19 94 (9) 43 (2%)
Japan Yuasa Wakayama 133 (D)
Ksnys Kikambala 8 10 - 6
Madagascar Tananarive 3 13 20 5 3 ()
Malawl Limbe 17 6 -] 6 2
Meuritius 3/ Barkly 7 -
Mexico Nuevo Leon 16 6 23 6
Mexlco Sinafoa 533 6 21 6
Mexlco Guanajuata 2! 23 25 6
Morocco Kenitra 211 123 97 76 57 () 30 (D
Nepal Kosl Zonw 43 (1)
Nigoria ibadan 49 19 24 9 12 31
Philipplnes Los Bafics 7 4 a3 16 ()
Seychel les Mahé 3/ 52 - 61 8 24 () [P
South Africa Halaprult 335 69 (0] 148 () 100 (?)
Spaln Vatencla 108 30 58 14 26 (13) 21 (16)
Sudan Wad Medan| 20 42 6 9 3 6 (2)
Thal land Banghkok 40 59 62 213 158 (?7) o
Thal land Chantaburl 80
Tunisia Arlana 17 8 13 > a
Turkey lamlr 140 33 34 3t 44 (1) 6 (3)
Turkey Adana 188 1o 86 19 8) () 78
USSR Leningrad - 969 (?)
USA Riverside 166 138 76 133 82 (20) 156 (46)
USA Or lando 138 56 62 50 22 48 ()
USA Miami 4 3 2 3 s 68 (43)
USA Hawai | 27 9 33 4]

~

Department of Horticulture, Barkly Exporiment Station, Maurltius,.
Grand'Anse Exparimentsl Centre, Mahé (sland, Seychelles.

v N
~

NOTE: The flgures In brackets In the last 2 columns represent the numbers of species and/cr hybrids of
Citrus, or of related genara. (|t may be an underestimate in many cases.
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Table 24(b). Coltlecticns of trifollate orange

Number of accassions
Country Locatlion
Poncirus trifoliata
Brazl| Bahia 5
Brazl| S8o Paulo 39
Colambla Palmire Valle 6
France Corsica %0
india Bangalore 24
Japan Hiroshima 7
Japan Shizuoka 14
Morocco Kenitra 5
Nigeria Ibadan 20
South Africa Nalspruit 54
Turkay Adana 52
USA Riversida 42
USA Or tando 42

1BPGR (1984) also lists tho following small cotlectlons of trifo!late orange, but these can probably not be
regarded as gonetic resources collectlons: Bouferik, Algeria; Rio Grends do Sul, Brazll; Sichuan, China;
Telwan, China; Labassa, FiJl; Crete, Graece; Nagasakl, Japan; Saga, Japan; Tananarlve, Madagascar; Valoncla,
Spain; Wad Medanl, Sudan; lzmir, Turkey. Numerous collections contaln specimens of Poncirus irifollsta x

Citrus spp. (most frequently C. sinensis)
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sapindaceae

LITCHI CHINENSIS
(Litchi)

1. INTRODUCT!OE

The Jjuley aril is the edible paort of the 1itchl or lycheo. It may be eaten fresh
or prcsevved in syrup and canned, dried or frozen and has o dolicate flavour, but no
ppecial food value (Table 1). wpitchi nuts' are fruits which have peen dried, elither
artificielly or in the sun. The seeds have some medicinal proportlau and the tree bark
contains tanning (Anon .. 19628) .

Cchina has peen the leading producer of litchir and probably remains 80
(Evroinoff, 1950), while India io 1ikely to be in pecond place with 11,410 ha in 1966
(Anon., 19624 singh ot al., 1967). There wore 7,151 ha in Taiwan in 1981 (Yen, 1983,
pers. comm.) and Thaliand grew 2,611 ha in 1978 (vangnal, 1980). Litchis sre also Brown
in Australia, Madagapcar, Mexico, south Africas and USA (Florida, Hawail)d.

2. TAXONOMY AND BOTANY

The genus Litchi wasg earlier soon as containing 2 apecles, but was recently
revised to have only one gpecles, ritchi glnensis Sonn. (sym. Nephaelium }Ltcni camb. ),

with 3 googrnphicnl gubspecies (Leoenhout.s, 1978). A xey to the pubspecies is providod
below:

(&%) (a) Inflorescences with a few splke—like uyranches, flowers in sessile
clusters. Twigs thick, to 7 mm diametor..................subsp. 1gynnensia
(b) Inflorescenses widely branched, flowers in jax cymules. Twigs

glendeor, no more than 3.5 mm diameher..................................(11)

[E%D] (a) Lesves 1- or 2-, rarely 3-jugate. stamens mostly 7. rarely 6. Frultse
with acute, pyrnmldnl warts up to 3 mm high.............aubsp. phillggensie

b) Leaves 2-4 jugate. stamens mostly 6, oxcoptlonally up to 10. Fruits

nearly smooth or rarely with acute, pyrnmidnl warts up to 1 mm
T P R A ........subsp. chlnensisa

L. ghinenslu gubsp. javnnunsis fa known mainly from wost Java, where it 12
occaalonally cultivntod in gardend, but a few herbarium gpecimens exist from gouthern
Indo-China, pnrticulnrly Kampuchea. L. chinensis gubsp . ghiliggnnals 1g widely
diutributad in the philippine jglands (Luzon, sibuyan, samar and Mindafino), but is not
cultivated.

This chapter mainly concerns the Chinese 1itehi, L. chinensis gubsp - chinensis,
gn evergreen tree, 10-12 ®w high with =a vroad, round—tnppod crown of gloosy green
foliage. Leaves pinnate with 2-9 1caflets. Flowers small, gceonish»whlto or ycllowish,
in terminal panicles; male flowers with functional gtamens and an abortive ovaryi female
flowers with =8 wollrdavelopad pistil and rudimentary non~functionnl gtamens; ovary
usually with 2 locull, only one of which may grow to form 8 fruit; when poth develop @
double fruit is formed. ¥rults g-22 g in welght, globose, or oblong to ovate, 2.5 em or
morve in diameter. kind dark 0T 1ight red, orf yollow, brittle, and with glight or gharp
tubercles. The aril is pnur]~wh1te, translucent and Jjulcy and gurrounds 8 largc, dark

atr>>

brown, alliptlc seed, oxcopt in goodlees cultlivars (Xhan, 1929).

pollination is effected by 8 number of insects, including flies, antsd and wasps,
tut bees are very offactive (Crane and Walker, 1984) . pollination ig- 8 requlromont for
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fruit development in some seedless ~ultivars. Tho first flowers to open within an
inflorescence are mnales, followed later by females and then males again (Joubert,
1970). The factors determining flower sex at different times are not clear, but the
different cycles on a tree overlap such that sufflclent pollon {8 always uvallable when
the female flowers are receptive. A smull proportion only of the many flowers on one
panicle eventually develops into frults.

There are numerous cultivars of litchi which may be derived from more than one
ancestor (Anon., 1962a), the largest number belng in China. Higgilnas (1917) rocorded the
local name and its moaning, the frult charncteristicu and the aroas of production of 15
Chinese cultivars. Groff and Su-Ying (1951) describod 49 local cultivars, about half of
the estimated numbor of uwamed cultivars in china. At least 20 cultivars are known in
India (Anon., 1962a; Hlggina, 1917; Xanwar and Nijjar, 1975; Singh et al., 1967), but
wnecher they originatod in India, or are derived from cultivarr introduced from Chlna is
not clear.

Cultivars grown in othor countries can often be traced back to introductions from
China or 1India, and gometimes retain thelr original name or a name related to 1it.
Popenco (1967) mentioned a high-ylelding cultivar from Ambon (Molucca, Indonesia),
albelt with rathor poor quality fruits, but the treaes, which are smaller than most
litchi treos and grow true-to-type from seod, may poasibly be of a different specles.
Hamilton and Yeo (1970) dlascuss litchi cultivaro in Hawali.

3. ORIGIN, DISTRIBUTION AND ECOLOGY

The litchl originated in sgouthern China. The area of origin may also oxtend over
the north of Indo-Chlna where the litchi has boen found wild. It was common in thae
forasts of Mont-Bavl at an altitude of about 250 m (Chevalier, 1942), The crop was

mentioned in early Chinese litorature, and several cultivars had already been described
by the lath century.

The litchi spread little outuide its area of orlgin until relatively recently.
It wap probably introduced into India and Jomaica towards tho end of tha 18th contury;
to the USA, Hadagascar, GQueensland and South Afrcica during the 19th century and to
Israel in 1934 (Evreinoff, 1950; Higglna, 1917; Marloth, 1934; Horeull, 1973;
Opponheimer, 1947; Stephens, 1935).

The litchi is adaptad to sub-tropical conditlons with relatively high summer and
low winter temperatures. A cold perlod is required for flower initiatlion, but frost is

damaging. High temperaturcs and humidity during late spring and summor favour fruit
developmont. Though the treas grow well ln the troplcs, they may only flower and fruit
occasionally. Other factors which readice yield are low humidity, warm dcy winds,
causing skin cracking ond hail. Abou: 1,500 mm rainfall per annum i{s idaal.

The litchi thrives on a number of different soil typos provided thoy are deop and
woll-drained. In Tndia 1t grows well on the banks of irrigation canals. The soils of
sultable areas in Bihar and Uttar Pradesh are rich In lime, while in South Africa the
tree growu vigorously on acld soile, sometimes in association with root mycorrhiza
(Anon., 1962a).

4, AGRONOMY, DISHEASES AND PESTS
Seads do not produce secedlings truo-to-type, 80 vegetative propagation ia
necessary to maintain selocted cultivars. Trees grown from seods may take 20 years

before starting to frult, compared with 4-5 yoars for vegetatively-propugated trees.
Aerial-layering (marcottuge) is theo usual commerclal method for superior clones, but is
slow and oxponsive, and the root system of alir-layored plants may be somewhat
superficlal. Grafting onto wsecedling rootstocks is possible, and mlst propagatlon of
cuttings has been successaful in India.
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Trees are spaced in the orchard at about 8 m square (156 trees/ha), or 12 m
square with one tree in the middle of each square (138 treeass/ha) at the initial

planting. The population may be reduced later by thinning. A certain amount of
formative pruning in needed to ensure good tree structure, with regular malntenance
pruning thereafter. Fru’t devaicpument takes about 2 months. Major obstacles to the

expansion of litchi productlon have been: the lock of consistently-producing cultivars;
the rather exacting climatic requirements; and the difflculty of transporting the frults
without lous of taste and appearance.

There are no serious diseasc probloms of litchi (Singh et al., 1967). Cook
(1975) mentlons only canker and foot rot in Florida (Clitgcybe tabescens) and leaf spots
in India and South Africa (Botryodiplodia theobromae, Colletotrichum gloeosporioidasn,
and Pestalotia paucimaeta), which are usually of minor significance (Anon., 1979b).

There are no records of virus diseases of litchi, but Poupeonoe (1967) reported a
disorder known as rough-bark in Honduras, which caused dic-back and death of some
treen. This condition wao also found on rambutan (Nephelium lappaceum) and pulnoan (N.
mutabile). In South Africa an abnormality known ag browning may occur on the lltchi
fruit during ripening, which spolls the appesrance and lowera its value. The cause is
not known, but 1t s apparently not due to insects, fungi or mechanlicol affects
(Joubert, 1970).

In a recent review a total of 49 insecct and mite pests were mentioned as damaging
to litchi in India, but only leaf curl mite (Acerias spp.), and bark-boring caterplllars
(Indarbela spp., Lymantria mathura) were serious (Bhutani, 1977). The control measures
recommendad cre usually tree and plantation hyglene and the use of posticides. Several
nematodes cause serious root damage resulting in tsee declino and death in South Africa,
but may be controlled by soil fumigation (Milne and deo Villiers, 1975).

5. GENETICS AND IMPROVEMENT

The chromosome number of the litchi has beon roported as 2n=28, 30, 32, or 34
(Su~-Ying, 1954). The gonetic improvement of litchli to date has been by selectlon among
existing cultivars, o- nolection amongst the open-pollinated seedlings from such
cultivars. The nims of opelection include: regularity of bearing; high yleld; large
frult size; seodlossness or soed abortion resulting in small, shrivelled seods (''chicken
tongue' seads); changes in the ripening period; flavour; and fruit colour, bright red
being considered attractive.

6. GERMPLASH CONSERVATION

The extent of genotlic erosion in cultivated 1litchl is probably slight, but lis
difflcult %to assess. The other 2 subspecies of L. chinensis, subsp. Jjavanensis and
subep. philippensis, which are adapted to wet tropical conditions, may be of interest in
the future asn crops in their own right, or for the genetic improvement of the Chinese
litchy.

The collections lioted arc of trees of the Chlinese litchli, moastly of cultivars,
although some include a few breeders' lines. The other 2 subspecies should also be
collected and conserved. Seeds of litchi can be stored (Ellis, 1984), but no records of
storage are known.
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Table 25. Collections of |itchl

Number of accesslons
Country Locailon
Litchi chinensls

Australia Alstonviite,

New South Wales 17
Australio Nambour, Quoonstand 8
Bangladash RaJshahl ()
China Talwan [1+]
Indonesia Malang 7
Israel Bet-Dagan 14
Max | co Guliacan, Sinaloa 3
Seychel las 4/ Mahé 32
South Africa Nelsprult 40
Thalland Bangkok

{Kasatsart University) 10
Thai land Bangkok

{Agricuiture Dept. ) 28
Thalland Chantaturi 30
USA Miam!, Florida 39
USA Hilo, Hawall 20

IBPGR (1984) also lists tho following small collections of litchi, but these can probably not be regardoad as
genetic resources collections: Jaboticabal, S3o0 Peulo, Brazll; NJomba, Camarocon; Habana, Cuba; Nlcosia,
Cyprus; Kingston, Jamalca; Limbo, Malawl; Gullacan, Sinatoa, Mexico; Cozolapa, Oaxaca, Mexico; Keravat., Papua
Now Gulnea. In addition tharo aro a fow accessions at: Institut do Rocharches sur les Frults et Agrumas
CIRFA), B.P, 180, 97455 Sa!nt-Plorro Codex, La Réunlon; Wllson Popanon Botanlc Garden, Lancetllls, Honduires
(Popence, 1967); Phillppiro Councll of Agricultural Rasearch, los Bafos (Valmayor and Espino, 1975);
Grand'Anse Uxporimontal Contro, Mahé Island, Soychelles. Thaoro are also quite Ilkely to bo colloctions In
Indla, Mauritius and Zimbabwa, but no furthor dotallis are avallable. The titchl Is reprasented In the
‘ol lowing collectlons In Cnina: Provincial Acadomy of Agricultural Sciences, FuJien; South-China Botanlcal
Garden, South-China Botanical Institute, Acadomla Sinlca, Longyandong, Guangzthou, Guangdong Province; Halnan
Botanical Garden of Tropical Economic Plants, Acadaemy of Troplcal Crops of South China, Ministry of
Agriculture, Halinan Island, Guangdong Province.
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Sapindaceae

DIMOCARPUS LONGAN
(Longan)

1. I ODUCTION

The longan ls grown for the sweet, Jjuicy aril around the geeds, which is somewhat
similar in taste to that of litchi. The frults can be eaten fresh, drled or canned and
the frults can be frozen and gtored (Knight, 1969). It has no speclal nutritional
value. The leaves and flowers have pharmaceutical uses (Anon., 1952), and the sceds
contuin a saponin used as a shaempoo in China. The wood is useful in carpentry and as a
fuel.

Rather few statistlics on 1longan production are avallable. It ia grown In
Malaysla (Lum, 1975), southern Chlina, Indo~China and Indonosia. Production in Thalland
in 1978 was 116,000 ha, about one tenth of that of rambutan in the country (Vangnai,
1980). <The longan is not grown commerclally to any extent outside these arecas.

2. TAXONOMY AND BOTANY

The longan (Dimocarpus longan Lour., syn. Euphoria longana Lam. and Nephellum
longana (Lam.) Cam., famlly Saplindaceae, 1o one of 6 specles of trees or shrubs in the
genus Dimocarpus. Flve of the specles are found in Asla from Sri Lanka and Indlu to
eastern Malaysia; one ls from Queensland, Australla. Descriptions of the genus and
spacles are gilven in Leenhouts (1971, 1973),

The longan tree grows to a helght of 40 m and has a trunk up to 1 m in dlameter.
Leaves 2-4(-6)-jugated with petlioles up to 20 c¢m long. Infloredscence a psnicle, usually

terminal, raraly in the upper 1lea¥ axlils, B8-40 cm long. Flowers unisexual,
yellowlsh-Drown; camlyx lobes confluent at base, 2-5 x 1-3 mm; petals 5(-6); disc
volutinous; stumens (6-)8(-10) pistil 2(-3)-merous, with sussile bil.bed ovary. Usually

only one of the lobes develops into a frult. PFrult lobe(s) brood-elllpsold to globular,
1-3 cm dliameter, smooth to warty or sometimes up to 1 em aculeate, sometimes granular,
glabrescent (Leenhouts, 1971).

Leenhouts (1971) distingulshes 2 subspeclen and 5 botanical varletles, and
provides the followling key:

) (a) Midrib nearly always distinctly sunk above, -wrves above nearly
always grooved, velns and velnlets clearly dlfferent. Petals
wall-developed, outside hairy, inside fur-like woolly
.................... et eeret e aaser....8ubsp, malesianusg

(€% ) (a) Frult smooth to warty.......... e .....var. maleslianus

(€8 D] (b) Frult long-aculeate....... PN PN var. achinatus

1) (b) Midrib not sunk above, nerves above prominulous, velns and velnlets
hardly different. Petals more or less reduced, outside moatly
sub-glabrous, inside sparsely woolly........ vee......8ubsp. longan

(1i1) (a) Apex of leaflets rounded, solightly emarginate........ ..var. obtusus

(111) (b) Apex of leaflets blunt to cuspidate.

(iv) (a) Petiolules 2-10 mm; leaflets relatlively narrow, base at least 1in
upper leaflets distinctly oblique....... ceeseceerses....var., longan

(iv) (b) pPetiolulas 8-10 mm; leaflets relatively broad, base

equal-slded......... e e cieeesesss.var. longepetiolulatus
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The moot commonly cultivated taxon ig D. longan subop. longan var. lopran, mainly
in continental Southeast Asia and Java. The variety obtusus ls cultivated in Thalland;
the others occur wild. Longan 1is sgelf-incompatible, and cross-pollination may be
effacted by bees (Crane and Walker, 1984).

Chen et al. (1949) and Fang et al. (1949) described 25 cultivars from Putlen and
Foochow, Fukien Province, China, classifyling them by maturity poriod (early, mid-season,
late), quality (fleshlness), usape (dessert, drying, jam-making), yleld etc. vangnal
(1980) distinguished 3 groups embracing 11 cultivars in Thalland, but did not give any
descriptive characters. Soderholm (1981) mentioned 27 cultlivars in Florida, onec of them
being 'Kohala’, whlch la also grown In Hawall (Camptell, 1970).

3. ORIGIN, DISTRIBUTION AND ECOLO! ¥

The origin of t'e longan is not clear. It grows In southwestern India in the
forests of the Westernm Ghats, from Konkan southwards to the Tinnevelly hills, at up to
1,500 m high. It is algo very common in the evergroen forests of upper Assam and In the
hill districts and may be native to these areas (Anon., 1952). The centre of diversity
of tha lrngan is known to be central and southern China; Leenhouts (1971) otates that 1t
is als> Kalimantan (Indonesia). The longan became naturallzed in Indla, and has been
long cu.'tivated in China, where numerous cultlvars have been selected.

Tle longan 1o also cultlivated in southern Florida (26°N), Java (7-8°S) and the
island of La Réunion (21°S), but whether cultivars have become adapted to different
latitudea is not clear. At higher latltudes the longan grows best near sea level, while
in Javs it may be found at 300-900 m (Terra, 1948).

4, AGRONOMY, DISEASES AND PESTS

The longan tree can be propagated by seed, but seedling progeny are variable. Of
the posslble methods of vegetatlve propagatlon, inarching was commonly used in southern
China (Chandler, 1958), and budding has been roconmended 4in India, uslng Jlongan
goedlings as a rootustock. Both air-layering and grafting have been trind in I'lorida,
and though poasslble are considered difflcult (Campbell and Malo, 1981).

The trees are usually planted at about 10 m x 10 m, dependling on thelr vlgour,
s80il fertility etc. In Florida spacings of 7 m or 8 m square are recommended with
periodic topplng and hedging to prevent trees from growing too large. The greatest
obstacle to commerclal development of the longan in Florida, Indonesla and elsewhere is
the problem of lrregular bearlng (Campbell, 1970; Terra, 1948).

Little has been published on pests ond diseases of longan. Witches*' broom, a
virus disease, has been described in Hong Kong (So and Zee, 1972). In southetrn China
the longan (and 1litchi) are damaged by Tessaratoma papillosa (Hemiptera), a bug which
attackse the frult peduncles, while in Brazil, longan fruits are damaged by a coceld,
Florinla nephelll (Leroy, 1944).

5. GENETICS AND TMPROVEMENT

Gsnetlic improvement of longan has hitherto mainly consisted of selectlon of the
best types among existing cultivars. In gsome cases selection has also been amongst the
open-pollinated sgcedlings of psuperlor cultivars. Some such seadlings selected in
Florida bear excellent frults, although none of them bear frult regularly (Knlght, 1969;
Campbell, 1970). Crosses were made In 1965 by Watunae in Thalland between several
cultivars of the "“Galoke" group, which ls characterized by large frults with a thick
flaesh. The aim was improved fruit quality and regularity of bearing, and one of the
F; seedlings was promising (B. S!layol, Kasetsart Agricultural University, Bangkok,
Thailland, 1981 pers. comm.).
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6. GERMPLASM CONSERVATION

According to Sastrapradia (1975) there has boen extensive genetic erosion of
longun resulting from the use of a few clonally-propagated cultivars in southern Viet
Nam and Thailand, some in Indonesia and Malaysia, but none in the Philippines. There is
no data on germplasm lose in southern China, but outside the above ureas, there is
unlikely to be cause for concern.

Santrapradja (1975) considered that there was moderate erosion of the related
wild species D. longan subsp. longan. Some of the related uubspecies and botanical
varieties could conceivably be useful in future breeding work and should be represented
in collectionn. Seed can be stored (Ellias, 1984).

The only cellections with more than 10 sccecuions are at Hilo, Hawail (14) and
Miami, ¥lorida (27), USA. A few accessions are avallable at institutes in Australia,
Indonesia, Israel and Thalland. The longan is helu in the collections of the Provincial
Academy of Sclences, Fujioen, China.
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Sapindaccae

NEPHELTIUM LAPPACEUM
(Rambutan)

1. INTRODUCTION

Rambutan fruits have a sweet acid ~dible aril, which is consumed freuh, stewed or
canned. The percentage by wolight of the +:i1 may vary widely; 32% (Anon., 1966), and
46% (average of 2 cultivars} (Ng and Thamboo, 1767) having been reported. An analysis
2f the aril An Srl Lanka gave 82% water and 16% carbohydrate, 8.8% of which waa sugar
(Anon., 1966). Pynaert (1953) reported a sugar content of 11.3%, The seeds can bDe
eaten roasted and are a source of a tallow. The seed kornel contains 37-43% of an
edible solid fat, similar to cacao butter, which can also be used for making soap and
candles. The fruit skins, and leaves, roots and bark may have uses in local medicine
(Heyno, 1950; Burkill, 1966).

In Indonesla and Malaysia rambutans are often grown in mixed fruit gardens,
commercial orchards belng infrequent. The crop in Thalland amounted to 1,222,000 tons
in 1978, bringing it to third place after pineapple und coconut (Vangnai, 1980). 9,600
ha of rambuturs waere gi'own in Malaysia in 1972 (Lum, 1975), and the crop is also grown
in Indonesia and the Phiiippines.

2. TAXONOMY AND BOTANY

Nephelium lappaceum L. (syn. N. glabrum Noronh.), rambutan, is commonly
cultivated, A related species N. mutabilis Blume, pulasan, 1s also cultivated but less

commnonly. Both hanve cdible fruits. There avre numerous other related wild Nephelium
speclies (some graft-compatlble).

The ramburan is a large evergtreen tree up to 20 m high. Leaves pinnate with 2-4
nalrs of leafleta. Inflorescence an axi)lary panicle, superficlally terminal. Flowers
male, female or hermaphrodite, small greenlsh-white; calyx cupulur, 4-6 lobed; petals
absent; disc small, 4-6 angular. Male flowers with 5-8 stamens, placed within the diac;
ovary rudimentary. Female flowors with 5-7 sgstaminodes, ovary usually 2-lobed, 2-celled,
densely clothed with dark brown halrs, later with small tubercles; one ovule in each
cell. Fruilt usually of one well-doveloped nutlet (the other rudimentary one 1s present
on the f-uit pedicel), globose or ovoid, 3.5-8.0 cm leng, 2-5 cm in dlameter, red or
yellow covered with tubercles ending in soft spines; pericarp glabrous, 2-4 mm thick.
Sead 2.5-3.5 cm long, 1.0-1.5 cm diameter; aril white, transparent, sweet, julcy.

Both monoeclous and dioecious tree typos occur, cultivated rambutans being mainly
dioeclous. Monoecious trces are normally, but not always, cross-pollinated, producing
both male and fema.. flowers sequentlally on the same inflorescence. The seedling
offspring of these trees may includ: some trees with male flowers only (Anon., 1962b).
Seedn can be produced apomictically from female flowers when grown ln isolation from
male flowers (Yap, 1980). Insects gsuch as bees and flies are the usual pollinating
agents (Soeprdmo, 1979).

There are numercus named cultivars of rambutan, many of which have been
recognized since the end of the 19th century in Inaonesia and Malaysla (Ramlie, 1973;
Och.e and Bakhulzen van den Brink, 1931). Almeyda and Martin (1979) listed 30 important
cultivars, thelr country of origin, maln fruit characteristics and for half of them,
vwhether grown for fresh consumption or canning. Whitehead (1959) described 14 Malayan
cultivars, and Sastiapradjs (1973) described 16 Indoneslan cultlvars. Many published
descriptions are rather lmprecise and a itandardized descriptor list is needed.
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3. ORIGIN, DISTRIBUTION AND ECOLOGY

The centre of diversity of the genus Nephelium ls the Indo-Chinese - Indonesian
region and the rambutan originated in the Malayr.an archipelugo. Early this century
rambutan cultivation was limited to Indonesia z2rd Mnlaysia, but since then it has been
succesgfully introduced to India, the Philippines, Thailand and Honduras. Nonetheoless,
it is primariiy a Southeast Asian fruit grown in gardens and small orchards.

The rambutan thrives in humid tropical climates, especlally in lowla..a arcas with
high rainfall. Dry winds during flowering may result in defective fruit setting, while
drought du-=ing fruit deovelopment results in poor fruits. The soil should be
wull-drained (Terra, 1948). The pulasan occurs in similar climates to the rambutan, but
is eospeclally popular in western Java.

4, AGRONUMY, DISEASES AMD PESTS

Rambutans can be propagated from seed or vegetatively by bud-grafting; seedlings
do not grow true-to-type. Freshly harvested seeds germinate rapidly producing 2-leaved
seedlings within 14 days, providing the aril is removed and the seed is washed (Chin,
1975). Swedlings come into bearing 5-6 years after sowing, a year or 2 later than trovs
propagated vegotatively (Almeyda and Martin, 1979). Seedlings of rambutan are commonly
uged ans rootstocks, but N. mutabile and N. intermedium are also graft-compatible with
rambutan (valmayor et al., 1970). Tho irults, which are non-climacteric, take about 108
days to develop in the Phlilippines. They are picked when almost fully rips and do not
gtore well (Mendoza et ml., 1972).

The rambutan appears to be rather freoe from sgerious Jdiseases. Mildew
occasionally causes large flower and fruit losses in 1Indonesia and Malaysia
(Madiwidjaja, 1350), Lut may be controlled chemically. Fomes lignosus is reported as a
potentially serious disease (Anon., 1962b). Voln necrosis, caused by the bacterium
Xanthomonas nepheliae, is of minor significance in the Philippines (Pordesimo, 1969).
Popenoo (1967) reported a disorder called rough-bark discase on rambutsn and pulasan
trees in Honduras, which caused extensive dle-buck. It may be cauged by a virus, so the
transfer of vegetatlive material to other areas should be avolded.

Various lnsects damage the frults, foliege and bark of rambu:an in Indonesia
(Kelshoven and van der Veocht, 1950) and the Philippines (Anon., 1962b), but none are

serious pests. The most damaging insect pest of rumbutan in the American tropics is a
beotle, the sugarcane root oorer (Diaprepes abbraviatus). The adults feed on the loavaes
and the larvae on the roots (Almeyda and Martin, 1979). Insecticidal contral has been

recommended (Wolcott, 1955).

5. GENETICS AND IMPROVEMENT

The gomatic chromosome number of rambutan is 2n=22; no other genetic data are

avallable. The fruits of wild rambutan trees have probably been ecaten for very many
years. There may have been pome early selection of the best-quality frults for
planting, but as the tree is cross-pollinated, thls would have had limited effect in the
seedling generation. It only bccame possible to multiply selected cultivars when

methods of vegetative propagation were developed, and this 1is the current basis of
rambutan improvement. The vegetatlve propagatlon of rootstocks is not yet commerclally
practlised, and the selection and breeding of new rootstocks has not yet been undertaken.

6. GERMPLASM CONSERVATION

Sastrapradja (1975) considercd that genetic oroslon of cultivated rambuton was
extonsive in Indonesia, Malaysla, southern Viet Nam and Thailand, and slight in the
Philipplnes; in the wild rambutan it was slight in Indonesia and the Philippines, and
not a problem in the other 3 countries. There has been some loss of pulasan germplasm
in Indonesia. There has been sllight erosion of the related specles N. eriopetalum in



Indonesia and Malayola, but not in the other Southeast Asian countrir-. The main cauvse
of gonetic erosion was the more widespread use of clonally-propagates cultivars.

Rumbutan asreds cun not bo stored under normal conditions (Ellis, 1984), and at
room tomperature lose thelr viabllity within a matter of days. They can be kept for
several weeks in moist sawdust or charconl to which some aril Juice has been added at
21-28°C (chi:, 1975). Clearly seods are of no use for germplasm conservatlion, and all
the collactione are of trees, mostly of clonally-propaguted cultivars.

’

Table 26. Collections of rambutan

Number of accessions

Country Location

Nepha!lum |appscoum Other Nephetlum spp.
Australla Darwin, N.T, 20
China L/ Yunnen T
Indonesla Bogor (1PB) 70
fndonasia Lembang 23
Malaysia Kuata Lumpur Mephstium spp. (68)
Max|co Cozouiaspa, Qaxaca -1
Philippines Los BaKos o8 Hephellium spp. (2)
Saychelles 2/ Mahé 22 N. mutablle (2
Thattand Bangkok t
Thalland Chantabur/! 275
USA Miami, Florida 13 N. mutablle (6)

1/ Xishuang Banna Tropical Botanlcal Gardan, Yunnan Institute of Troplcal Plonts, Chineso Academy of
Sclences, Menyla, Xishuang Banna, Yunnan Province.

2/ Grand'Anse fxperimantal Centre, Mahé Island, Seychelies.
3/ Somo wild Yepheilum spp. aro held at LBN, Bogor.

IBPGR (1984) alsoc Iists tha following small collections of rambuten, but these probably can probably not be

regarded as genetic resources coftections: Manaus, Amaconas, Brezll; Njombe, Camarocon; Bogor (L.BN), Indonesia

-5-/x Keravat, Pspus Now Gulnea. Hilo, Hawall, USA. Thoro are also likoly to be a faw trees in collections in

Honduras and Puerto Rico.
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Sapotaceac

MANILKARA ACHRAS
(Sapodilla)

1. INTRODUCTION

The flesh of the sapodilla frult, when ripe, 1s soft, granular and very sweet.
Frults contaln e&n unusual-tasting gelatlinous materinl, which In the unripe fruits of
cartaln cultivars, may be qulite sticky (Chandler, 1958). Frults muay be eaten fresh or
used as an ingredient In 1ice-cream, but are rather unsultatle for jam-making or
canning. They are not partlculerly nutritious (Table 1). For many years willd trees
were an Important source of ‘chicle™, a gum tapped from the trunk and used 1In the
manufacture of chewlng gum, but now largoly replaced by synthetic gums (Dupalgne, 1979).

The totsl area of sapodilla production probably only amounts to about 12,000 ha,
with major producers, in descendiny order belng the Philippines (Anon., 1980), India,
Mexico, Malayola (Lum, 1975) and Venczuela (Rivas and de Martos, 1979). According to
Lakshminarayana (1980), 4,(2C ha of trees are still cultivated in Mexlico for chicle
productlon. They are alsc grown in Brazll, cCuba, 1ndonesia, Jamalca, Xampuchea,
Netherlands Antilles, Sri Lanka, Surinam, Thalland and USA (Florlida and Puerto Rico).

2. TAXONOHY AND BOTANY

The sapodilla (Manllkara achras (M1lll.) Fosberp syn. Achras sepota L., Sapota
achrags Mill.) also known as chicopote, nlspero, chlcku, sspote or naseberry, ls s member
of the Sapotaceae, a famlly of shrubs or troes wldely dlastributed mostly 1Iin the
troplcs. Closely related specles are M. gleben DC (Trinldad), M. bildentats (DC) Chev.
(South Amerlica) and M. spectabllis (Pitt.) Standl. (Costa Rica).

The sapodilla 1is a lactiferous tree, 5-15 m high with a globose or pyramldal

crown. Leavers alternate, oblong-lanceolate, tomentose when young, becoming glabrous,
dark green above, shining, 3.5-15.0 cm x 1.5-7.0 cm, plinnatinerved; petiole rather thin,
furrowed on anterior side, pubescent or glabrous, 1.0-3.5 cm long. Flowers solitcry in

leaf axils, wusually pendulous, scentless, ruddy, tomentose, 1.0-1.5 cin in diameter;
pedicel robust, terete or slightly angular, ruddy tomentose, warty 1-2 cm long; calyx
deeply 6-partite, densely tomentose inslde, densely grey or brown tomentose outside,
segments usually in 2 whorls of 3, light green, inner ones paler than outer 2 or 3,
ovate, obtuse or rounded, coriaceous; corolla gamopatalous, tubular or campanulate,
somewhat longer than caolyx, white, over one third of 1its 1length divided iInto 12
segments, only the outer serles being the true corolla, the ilnner ones being petalold
staminodes; stamens 6, filaments short, obliquely erect, anthers ovold-oblong,
yellowlsh-brown; style distinctly excerted from the flower, subulate. Frults pendulous
berrles, globose, ovold or ellipsoid, 5-9 cm dlameter, 75-200 g weight, reddish or
yellowlsh-brown when rilpe, densely lepldote wilth darker-colourad dots, dull, 3-8 cm
long, 3-6 cm in dlameter; pulp Jjulcy, reddlsh-brown, sweet. Saeds 6 or fewer, laterally
compressed, shiny, blackish-brown, hard (Ochse and Bakhuizen van den Brink, 1931).

Honey bees viesit sapodilia flowers to collect nectar, and probably pollinate them
(Crane and Walker, 1984>, Stands of seed-grown trees are commonly qulite variable, but
selaected wapodilla cultivars are propagatnd vegetatlvely in several countrles. Ochse
(1927) briefly described 10 Indoneslan cultlvara, while Gonzales (1932) gave a
description of 'Ponderosa’ in the Philippines. There are at least 14 named cultivars in
India (Singh et al., 1967) and 12 in Florlda (Campbell snd Malo, 1973).

3. ORIGIN, DISTRIBUTION AND ECOLOGY

Although Plttler (1914) conoidered the sapodilla to be native to Mexico (south of
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the Isthmus of Tchuantepec or a little further north), Guatemala and ponsibly also El
Salvador, northern Honduras, Colombia and Venozuela, its exact area of origin is not
clear. It le certainly wild in the forests of Venczuels and the Antilles. wild
@apodilla trees mainly grow in the tropical lowland ralnforests of southern Yucatan in
Mexico and adjoining areas in Belize and Guatemala. The treos often occur in gregarious
stands . It was domesticated by Central Amorican Indlans and gpread in pre-Columblan
timew to islands in the West Indles, and to Peru and Zcuador.

The wapodilla is now cultivated in many countries, with climates ranging from
continuously molst and hot, to seasonaul with long cool periods. They thrive best |{n
troplical lowlands, but grow at altitudes up to 900 m. Prolonged dry periods may result
in poor frult productlon, unless there la irrigation or adequate groundwater, but some
drought 1is tolerated. The digtribution range in Java, Indonesla covers areas with over
100 mn of rainfall per month throughout the yecar, to drier places in which there may be
less than 60 mm rainfall for halt of the year, but a high water table (Terra, 1948).

Young sgapodilla trees are very pusceptible to frost damage {Campbell and Malo,
1977). The trees arc, however, highly resistant to wind damage, and are falrly tolerant
of salt spray when grown by the coast in Florida. They grow qulte well ¢n many soll
types, including ones which are rocky, alkaline and ohallow (Chandler, 1958; Torres
Sepulveda, 1976). Production of sgapodilla could probably be conslderably extended,
although Singh (1970) reported serious problems of fruit set In India, which may have
resulted from self-incompatibility as obsecrved in Florida (Platos and Knight, 1975),

a4, AGRONOMY, DISEASES AND FESTS

Seed-propagotion of papodilla is easy and is stlll widely practised, but only by
such vegetative rethods as rarcotting, luyering and grafting can nelected cultlvars be
reproduced. Sapodilla scedlings can be used as rootstockr, but grow relatively slowly,
and other spncies have been tested, with v rying success, including: Msnilkara hexandra
(Roxb.) Dubard, M. kaukl (L.) Dubard, Madhuca latifolls Macbr. and Sideroxylon
dulcificum. The influence of differc¢at rootatocks on tree growth, and fruit production
and quality needs further study (Rowe- Dutton, 1976).

Planting distances used vary from 6-9 m depending on soil fertility and tree
vigour. Fruits may be produced almost continuously as there muy be several, sometimes
overlapping, flowering periods per year, depending on climatic conditlons, probably
especlally day-length. Frults take about 4 months to develop to maturity in India and
are picked when the brown scurf begins to drop from the skin (Singh et al., 1967). An
average grafted 10 year-old trec ylelds 200 kg of 11t annually (Lakshminarayana, 1980).

A leafopot discase caused by Phaecorhleospora lIndica may cause gerlous fruit
losses in India. vVvarletal differences in sus reptibllity have been identifled (Prasad et
al., 1979) and chemical methods of control tan be effective (Sohi and Sridhar, 1980).
Cook (1975) mentions a frult rot (Phytophthora palmivora) and a leafspot (Phyllostlicta
sapoticola) Iin India and Pestalotia scirrofaciens, which causes tumour and leofspot in
Florida. Srivastava (1°967) noted a post- harvest decay in India caused by Botuvyodiplodia
theobromae and Postslotia sapotae. Leaf spotting can be caused by Septorla batistae in
Brazil (da Matta, 1955), and by Colletotrichum aloeocsporioides In cuba (Rosenada,
1973). The leaf rust caused by Uredo gapotac has been recorded in Florida (Campbell and
Malo, 1977) and Cuvba (Ropefiada, 1973).

Sapodilla trees are usually prown as scattered individuals In mixe? ocrchards,
which may help to explaln the relative unimportance of linsect pests, Fruit- flies
(Diptera) are very damaging 1In some placeas, Dacus upp. being noteworthy 4in 1India
(Bhutani, 1975b), and Anastrepha upp. in Venezuelas and Brazil (Rubio, 1969; sSiméo,
1971). Infestation usually results in damaged frult and early frult dcop. Sapodilla
trees may also be attackad by bectlen, grubs and caterpillars which eat leaven, shoots
and buds and bark, branch and trunk-borers (Coleoptera and Lepidoptera), leaf-sucking
Homoptera and thrips which infest the flowers. Caterplllary eating lecuves and buds are
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the most destructive pests in India. Pest control. if attempted, may be by the usa of
chemicals end plant and orchard hyglene.

5. GENETICS AND IMPROVEMENT

The papodilla is a diploid with 2n=26 chromosomes. Ay with many other tree
crops, progross in cultivar lmprovement has depended upon the development of methods of
clonsl propagation. A programme of selection and testing has been carried out |in
¥lorida since 1933 . The main criteria were precoclty, total yleld, regularity of
bearing and frult quality. Other factors considered were soason of maturity, frult size
and shape, reeistance to handling damage, dlesease and insect resistance, flesh texture
and colour and number and size of secds. A number of selected treces have beon clonally
multiplied and compared, and 2 of them woere reloased ags 'Brown Sugar' and °'Prolit o
(Campbell and Malo, 1973).

6. GERMPLASHM CONSERVATION

The extent of gonotic erosion in the wider genepool is notr known, although there
18 loss of o0ld cultivars where this species 1is exotlc, o.g. Sastrapradja (1975)
concluded that there was a moderate amount of genetic erosion of cultivated sapodiila in
Southeast Ania.

Several specles closely related to the sapodilla and which are graft-compatible
with 1t, should be conserved. There msy be conslderable genotic ecrosion in these
spocles, as many of them aro forest trees, a habitat which is serlously threatened. The
following have beon used as rootstocks with some success (Rowe-Dutton, 1976):

1) Manllkara hexandra (Roxb.) Dubard (syn. Mimusops hexandra Roxb.), a small
to medium-sized tree, is common in the dry evargreen forestse of the Deccan
in India. 1Itse sweot and astringent frults are caten, fresh or driecd., The
tree 1s also cultivated (Anon., 1962a).

1) Man}lkara kauki (L.) Dubard (syn. Mimusops kaulkl L.), the kaukl, is a tree
up to 24 m tall with odible fruits, but used largely for its wood. It
occure wild in Burma, Thailand and Indo-China, through Halaysia to
northern Australia (Whitmore, 1973).

(111) Hadhuca longifoliam (Koenlg) Mach. (syn. Bassia longifolia Koonig), a large
evergreen trec common in the monsoon forests of the western Ghats in Indla
from Koukan southwards, usually along the banks of rivers and streams; it
also oxtends Into the Deccan and many parts of southern India. The seeds
ure collected and yield a fatty oll, called illipe butter (Anon., 1962a).

(iv) Madhuca latifolia Macbr. (syn. Basuia latifolis PRoxb.), is s species of
northern India, also having soeds containing illipe butter (Burkill, 1966).

(v) Madhuca betis (Blanco) Merrill. This medium tree (up to 30 m high) occurs
wild from Luzon to Mindafiao in the Philippines (Brown, 1954).

(vi) Palaquium foxworthii Merrill, a forest tree with a trunk dlamoter of up to
60 cm or more, reported in the Philippines from the provinces and lslands
of Bataan, Laguna, Pangasinan, Tuyabas and Zambales (Schnelder, 1916).

(vii) Palaguium merrillii Merrill, a forest tree up to 80 cm in trunk diamoter,
in the Philippines from the provinces Bataan, Camarines, Guimares, Laguna,
Mindoro, Nueva Ecija and Tayabas (Schneider, 1916).

(viii) pPalaguium philippense (Perr.) C.B. Rob, a trec up to 25 m high, very
common and widely distributed in primacy forests at low and medium
altitudes from northern Luzon to southern Mindafiao in the Philippines
{(Brown, 1954). Its fruito have tasty eodible pulp and the trees have
occasionally been planted.
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The collections 1listed mostly contain clonally-propagated trees or seedling
gelections of the cultivated sapodilla and 1little othor material. The sgeeds are
recalcitrant (Ellis, 1984). Conservation efforts should be centred on Central America
and representative samples of wild and related material should be incorporated in

collections.

Table 27. Collectlons of sapodllila

Number of accesslons
Country Locatlion
Manltkara schrss Other Maniikara spp.

Australla Darwin, N.T. 1%
Costa Rica Turriaiba 1e Y
Cuba Habana 20
Phllippines Los Baflos 7 ¥ Maniikara spp. (2 spocles)

2 accessions)

M. kauki 3/
Philipplines Tlaong, Quuzon 33 L/
usA Miami, Florlide 51 L/ M. hexandra ()

M. kauk! (1)
USA Hilo, Hawall 8
USA Mayaguez, Puerto Rico 30
Venazuela Maracay, Estado Aragua 27 %/

/ Listed In Troplcal Frults Directory (IBPGR, 1984) as Mani|kara zapota.
Liswnd in Troplcal Frults Directory (IBPGR, 1984) as Achras zapota.
/ Valmayor and Eaplno (1973).

fw N 1=
~

IBPGR (1984) also lists tho following small collections of sapodilla, but these can probably not be regarded
ss genatlic rosources colloctions: Alstonvilile, New South Walas, Australla; Manaus, Amazonas, Brazll; Gullacan,
sInaloa, Moxico; Kaeravat, Papua Now Guinea; Wad Msdanl, Sudan. Thero may also be a fow plants at the Wilson
Popunoe Botani~al Garden, Lancetilias, Honduras.
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Sapotacuae
POUTERIA spp.
(Canistel, Lucmo and Abiu)

1. INTRODUCTION

The caniutel, lucmo and abiu are all usually ocaten as dessert frults. The
canigtel is a rather dry fruit, which can be uzsed in milkshakos, ice-creams, drinks,
puddings, prescrves etc. It is high in cacbohydrate, fairly high in protein and
carotene (provitamin A), and contains useful amounts of vitamins and minorals. The

lucmo is simllar in many respects to the canlstel, including nutritional value (Table 1)
but is moister. Carotene is lacking in the abiu (Martin and Malo, 1978).

All 3 are minor crops, only occasionally grown outside GCentral and South
Amarica. About B70 ha of canlstel woere recorded in the Philippines, producing 1,347
tons of feuits in 1979 (Anon., 1980), but Burkill (1966) noted the failure of an attempt

to grow the crop in Singapore. The lucmo is only grown in Ecuador, Peru and Chlile and
the abiu in Brazil and Peru. There are in addition many other cultivated Pouteria
specieu.

2. TAXONGOMY AND BOTANY

Like much of the family Sapotaceae, the genus Pouteria has beon difficult to

delimit. There have been frequent changes in the numbera of species rocognized, both
because of the diacovery of now spocies and because parto or all of other genera, guch
ug Lucuma, have at timeso been included in it. They grow in arcas which have often been

only partially explored, and many of the herbarium specimens collected have been
inadequate, lacking, for instance, frults. Baehni (1965) recognizud 318 gpecios, while
Aubréville (1964) allocated only 16 species to the genug. Both authors present a key.
Fouqué (1972b) listed 10 Pouteria species with edible frults in tropical America alone,
3 of which are considoered hereo.

(a) Pouteria campochiana (HBK) Baehni, the canistel or egp fruit, may be known by the
following synonyms: Lucuma salicifolla HBX, L. nervosa ADC, L. gphaerocarpa ADC, L.
palmeri Fern, L. lsaeteviridis Pittisr, Richardella nervosa Plerro, R. salicifolia
Plerre, Poutaria campechiana var. nervosa Baehnl, P. campechiana var. salicifolia Baehnli.

The canlstel i a small, evergreen trae, 3.0-7.5 m high, with spreading

brancheo. Leaves oblong-obovate to oblanceolate, 10-20 cm long, glabrous, bright
green, acute. Flowers small, in the leaf axils of young branches in clusters of 2-5;

galyx 5-lobed, the inner ones rounded at the apex; corolla whitish with ovate lobes;
stamens 5; staminodes 5; style columnar; stigma sllghtly dilated; ovary 5 (or
6)~called. Fruit pglobose to ovoid, orange-yellow whan ripe, 5-10 cm long, frequontly
pointed at the apex; flesh brlght orange, soft and mealy, like the yolk of a hard-boiled
egg. Seeds usually 2-3 (Balley, 1949).

Seedling troes are very varlable, but a few cultivars have beon propagated
vogetatively.

(b) Pouteria obovata HBK (syn. Achras lucuma Rulz and Pavén, Lucuma obovata HBX,
Pouteria lucuma O. Xuntze, Pouteria insignis Baehni, Richardella lucuma Aubréville) lis

the lucmo, lueuma or rucma, names of Quechua-Indian origin.

The lucmo 1is a semi-deciduous tree from 6-15 m tall. Leaves entire, often
coriaceous, elliptic-ovate or obovate, 10-20 cm x 5-B cm. Flowers solitary or 2-3 in

leaf axlls; sepals ovate, 8-12 mm long; corolla fleshy up to 15 mm long, yellowish-green
with 5 lobes; stamens 5, implanted on the corolla throat; staminodes 5; pistll as long




ag the corolla with an gvary up to 7-8 mm long, 5 (or 4)-ceclled; ogvules attached to the

upper parts of the locules. Fruit a berry, glabrous, round or ovate, about 7.5 cm long,
apiculate or dopressed; green but yellowing towards maturlty; flesh yellow to deep
orange. Seeds (1-)2(-5), ovold or spherical; scar large, ovate, almost as long ag the

peeod (Baehni and Bermardi, 1970).

Two botanical varietles of lucmo have been distinguished (Bachni, 1965). Martin
and Malo (1978) described the cultivars By, B, and B, which were selected in Peru
from & large population of soedling trees. The Peruvian cultivars yleld well and have
omall seuds and other desirable attributes.

(c) pouteria caimito (Ruiz and Pavén) Radlk. (syn. Achras caimito Rulz and Pavén,
Lucuma caimito Roem and Schultes, Lebatian cajmito Mactius, Pouteria caimito Radlk.,
Guapeba caimito Plerre) is the ablu. Othose namea include calmito, cailmo (in the Cauca
valley, Colombia), asixe (in the now dead langusge of eastern Ecuador), anuncuetoa (in
Siona) and jifigogue (in Hultoto) (Patlifio, 1363). Gome of these names may aleo apply to
other specles; for lnstance, caimito for Chryrcophyllum caimite L., C. oliviforme L., and
C. auratum Miq.

The abiu 1is an evergreon tree, 4.5-6.0(-35.0) m tall; branchlets blackish
furrowad. Leaves entire, obovate to lanceolate but variable in shape, 10-20 ecm x 3-6
cm.. Flowara solitary or 2-5 in the leaf axils or above the leaf ocars, practically
sesslile; sepals usually 4, ovate, small (4-6 mn); corolla cylindrical, white or
greenish-white, 5-8 mm long with 4-5 lobes; gtamens 4-5 on the throat of the corolla;
rtamincdes 4-5; pistil a little longer than the corolla, with a small globoue ovary, 2
mm high, 4-celled with ovules attached to the bottom of the locules. Fruit a berry,
bright yellow, globose to cylindrical, obtuse or aplculate, 4-5 cm ln diumoter, 5-10 cm
long, tomentose when young; flash whitlsh, translucent, Jelly-like. Seeds 1-4,
cylindric--ovoid, slightly compressed on the sides (Bachni and Bernardi, 1970).

A botanical variety of the abilu, wvar. strigosa Is reported from Venezuela
(Monachifio, 1953). Little has beoen done on cultivar selectlcn, but scedlings may be

highly variable (Popenoe, 1920).

3. ORIGIN, DOMESTICATION AND ECOLOGY

The genus Pouterlia as recognized by Aubrévilie (1964) has a troplcal American
distribution. The much larger genus of Baehni (1965) covers much of the world.

(a) The canistel probably originatod in southern Mexico and northern Central America,
where the Mayan names kanlste, hulcomo and others indicate that it has been kncwn since
pre-Columbian times (Martin and Malo, 1978). It may have been introduced before the

Conquest to sgome Carlbbean islands, but was transported to other continents as shipping
developued. It was introduced to the Phillipplines in the 1920'r where it is known as
‘tiessa’ (Brown, 1958). Elsewhere it ls rvarely grown.

(b) The lucmo was cultivated on the lovwer slopes of the Andes and on the Pacific
coast trom the equator to northern Chile at the tlme of the Spanish Conquest. As thils
1s also where wild lucmo prows, it is asaumed to have originated there. Sauer (1950)
noted that the frult was one of the commonest motlfs in Peruvian archaeology. Lucmo 1is
now found In gcattered locatlons from 100 %o 3,000 m Iln altitude in Peru (Bachni and
Becrnardl, 1970) and is also grown in Chlile and Ecuador, but lts occurrence and frequency

is poorly documented. The crop ls unimportant outslde these arcas.
(c) The ablu was being cultlvated by South American Indlans before 1492 (ratifo,
1963). Two centuries ago wlld treces grew Iln the Amazon lowlands from Peru to the state

of Paréd in Brazil (Cavalcante, 1974). Accordling to Popenoe (1920), the ablu used to be
extenoively cultivated in Pard and elsewhere in the Amazon valley, and was common in
Bahia and Rio de Janelro, but was 1little known outside Brazil and Peru. The current
area of ablu cultlvation has changed little,
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4. AGRONOMY, DISEASES AND PESTS

Most of the following is based on Martin and Malo (1978).

(a) Canistel is usually seed-propagated, although vegetative methods, such as
slde-veneer grafting and chip budding, can also be used Buccossfully. A reanonable
yield is 500 fruits or more por tree at a spacing of 7-9 m. The fruits are yellow to
orange even when immature and do not mature synchronously. In Florida the tree flowers
from June to August and Cruitwu from August to March.

Few pestu and diseases of canistel have been recorded. A rust disease may causc
loss of mature leaves at certain timen of the year. In Cuba, the tree may be attacked
by wmevoral speclies of scale insects and mealy bugs (Homoptera). A hairy caterpillar

(Robinsonia formula - Lepidoptera), occurring in flushen during the summer and cutumn,
can completoly destroy the foliage (Bruner ot al., 1945). ranistel ig reportaed to be
tolerant of frult flies of varlous specivo. Soft mscale may be abundant in sgome years,
and affocted frults are coverad by a sooty mould.

(b) The lucmo is also usually seed-propagated. Secods ghould be plantod when fresh;
germination can be enhanced by soaking them in a gibberellic acid solutlion. Successful
propagation has also been achieved by side-veneer grafting, chip budding and mist-rooted
cuttings (buarte B. and Franciosi T., 1976). The recommendad opacing of the lucmo is
8~10 m. Ag the fruits approach maturity, they chenge in colour from green to light
green or to brownish orange, according to cultivar. They should be harvested at this
atage and allowed to ripen on a sholf. About 500 fruits per treo is a reasonable yleld.

There are few pest and digease problems; Martin an ‘alo (1978) only mention
powdery mildew (Oidium spp.), and 5 insects, including ‘e fruit fly Anastrepha
serpentina.

(c) The abiu Is usually grown from seeds, grafting being less succesaful than with
canistel or lucmo. Trees aro spaced at 8-10 m, and yiolds are not geriously limited by

pests and dipeaces.

5. GENETICS AND IMPROVEMENT

Nothing is known about the genetlcs or inheritance of any of the crops in the
gonus Pouterla. FEarly selections by Indiano werae of seedling trees, which may be quite
variable, all 3 sgspecios being probably out-breecding and insect-pollinated. A few
cultivars have been gelected from open pollinated seedlings of canistel in Florida, and
of lucmo in Poru and Chile.

6. GERMPLASM CONSERVATION

Should treos grown as seedlings of all 3 crops be widely replaced with clonal
cultivars, some loss of cultivated germplasm is inevitable. wWild populations still seem
to contain considerable variability: canistel in northern Central America; lucmo on the
lower slopes of the Andes and on the Pacific side of Ecuador; and abiu in the Amazonian
lowlands of Brazil. The extent of genotlc erosion in these areas in the wild gpecles
will depend on the rates of forest clearance.

Uniformity, good handling and storage qualities, and high and reliable yleldos may
be required by plant breeders, but there is little indication of consumer interest,
although all 3 crops could be more widoly grown.

A few collections contain one or more of these specios. The seeds of lucmo lose
their viability rapidly (Duarte B. and Franclosi T., 1976); and probably all 3 specles
have recalcitrant seeds, although data is lacking. Germplasm conservation should be

restricted to Central and South America.
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Tablo 28, Collections of canistel, lucmo and ablu

Number of accassions

Country Locatlon
Pouteria Pouterla Pouteris Related genera

campechiana obovata caimlto and spaclas

Brazi! Manaus, Amazonas 1 W 24 Pouteria mammosa (3)
Pouterls pariry (1)

Costa Rica Turrialba Pouteria sapota (242

Cuba Habana Poutaria spp. (%)

Paru Lima 36 L/

Peru Iqultos 9

Philippines Los Baflos 19 Chrysophyllum calmito (31)

USA Miaml, Florida t6 4 Chrysophyllum calmito (I2)
Chrysophyllum spp. (2)
Pouteria sapota (26)
Pouteria viridis (4)
Pouterla spp. (2)

y ¥

1/ Listed in Tropical Frults Directory (IBPGR, 1984) as Lucuma obovata.
2/ For detalls, see Morora Monge (1982).

IBPGR  (1984) also llsts the following small colloctions, but these can probably not be regarded as guintic
resourcos collections: Njomba, Camaroon (listed In Tropical Frults Directory (IBPGR, 1984) as Lucuma nervosu)i
Santlago, Chlile; Palmira Valle Colombla; Keravat, Papus MNew Guinea (llsted In Tropical Fruits Oirectory
(IBPGR, 1988) as Lucuma narvosa). Thare are a fow accessions at Institute of Tropical Agriculture, Masyveglisz,
Puerto Rico, USA,
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Solanaceae

CYPHOMANDRA BETACEA
(Tree tomato)

1. INTRODUCTION

Tree tomato or tamarillo frults resemble tomatoes, but may be red, orange or
yellow in colour, and have a gomewhat different fJlavour. They moy be eaten fresh in
salads or gtewed, and there are alsec varlous preccessed products in New Zealand «Dawes,
1972). They are of unexceptional nutritional composition (Table 1) (Dawes and
Callaghan, 1970), but are high in pectin, and therefore useful for Jjams and Jellles.
The sceds are hard and biltter, and the skin .g tough and has an unpleasant tasve.

The tcee tomato is a minor crop, usually grown on a home-gacvden scaie throughout
the cooler tropics and sub-tropics. Only in New Zealand is there slgnificant commercial
production, which amounted to 2,200 tons in 1982, and is increasing. Other countries in
which the tree tomato is important include Australia, Colombia, Costa Rica, Cuba, Indla,
Indonesia, Malaysia, Mexico, Philipplnes, Thalland and USA (Florida). Morton (1982) hasg
provide? a raviow article on the tree tomato.

2. TAXONOMY AND BOTANY

The genug Cyphomandra Sendt. embraces 30 or more South American herbs, shrubo or

small trees. All are erect, spineless plants with large, entire, 3-lobed or pinnatisect
leaves. The pediclllate flowers, arrangod in racemes or cymes, have a S5-lobed calyx and
a 5-lobed, rotate or bell-shaped corolla. The anthers open at the apex or the slide.

The frult 1s a 2-celled, many-seceded berry, and may be quite lavge (Balley, 1949),

C. costaricensis, a tree-like shrub or large herb known as pepinillo, has been
raecorded from Panama to Honduras. It was frequent in thickets and pasturcs below 1,000
m altitude in Costa Rica (Standloy, 19218). Solenum maurlitisnum is a tree or shrub up to
6 m high. Probably native to Brazil, Paraguay and Uruguay, 1t has been introduced to
many troplcal and sub-troplcal reglons of the 0ld wWorld (Hutchinson and Dalzlel, 1963).
S. aviculare Forst. occurs in Australia and New Zealand (Jackoson, 1895). C. betacea
Sendt. i3 a tree-like, gomewhat woody shrub, 1.8-3.0 m high, mostly pubescent or
puberulent. Lonves simple and entire, cordate, ovate, 20-30 cm long, short-polinted,
prominently pinnately velned, soft-pubescent. Flowers about 13 wmm diameter, pinkish,
fragrant; corolla lobes long and narrow. Fruit oval, 5-8 cm long, smooth, with a long
pedicel (Balley, 1949).

Plants ralsed from seed may vary considerably in fruilt characteclistics (Sutton
and Strachan, 1971). The skin colour may be purple, red, orange or yellow, while the
pulp varles from red to yellow (Hume and wWinters, 1948; sSingh et nl., 1967; IBPGR,
1980). Groups of plants sharing common frult characteristicas can be censlidered as
cultivarg, but named cultivars have to be clonally- propagated as cuttings. The cultlvar
'Kaltala Yellow' for canning has recently boen released in New Zealand (Patterson, 1980).

3. ORIGIN, DISTRIBUTION AND ECOLOGY

Peru is assumed to be the centre of origin of the trae tomato, because it has
been grown by the Peruvian 1Indlans since before the European discovery of South
Amarica. Popenoe (1920, 1924) noted that it was still oxtensively cultivated in the
Andean valleys of South America, especially Peru and Ecuador, in the esarly part of this
century. The plant now only survives in cultlvation and is not known wild. The tree
tomate has been introduced to many tropical and sub-tropical areas.

The crop 15 best adapted to the cooler conditlons of higher altitudes, and may



hardly set any frult 1in lowland areas (Poponoe, 1920). Typlcally it 1s grown at
altituden between 1,600 and 3,000 m in the Andes of Peru, whereas 1t is successfully
cultivated at 300-900 m in Puerto Rico at a latltude of 18°N (Gregory, 1965). The
tree tomato does not have sgpeciflic requirements for soil type, but grows best ln fertlle
soils well supplied with water. In Indonesla it grows woll where at least 100 mm of
rainfall occurs for each of 7 months annually (Terra, 1948),. Occaslonally it is grown
with lrrigation (Anon., 1950b), but waterlogged conditions should be avolded (Slack at
al., 1978).

4. AGRONOMY, DISEASES AND PESTS

The tree tomato is usuully propagated from sceds. Seeds germinate easlly und the
peedlings grow rapidly into vigorous plants. Cuttlngs gencerally glve weaker plants but
produce frults sooner. Tissue culture has been uscd for commercial propagation of tree
tomato in New Zealand. In vitro propagation of uninfected materlal, o.g. lateral buds,
i8 a way of obtalning virus-free plants which grow true-to-type (Cohen and Elliot, 1979).

Grafting has been tried with varying success. In 1ndonesia, Cyphomandra
coutaricensls (Donn.) Smith as a rootstock promoted longevity in the scion (IBPGR,
1980) . In New Z2ealand, cultivars grafted on to Solanum sviculare and S. mauritianum

Scopoll (syn. S. auriculatum Alt.) rootstocks had higher fruilt ylelds and increased
resistance to Phytophthora root rot, but gimilar work in New South Wales was
unsuccesgful (Slack et al., 1978; Endt, 1973). Recently Nicotlana glutlnosa has been
guccessfully used as a rootstock In New Zealand; it may confer some aphid resistance to

the tree tomato, but longer-term effects on croppling and the vesetative growth of the
plant have not been studled.

Recommended planting distances in commerclal orchards in New Zealand are 1.0 to
1.5 m betwecen plants within a row, and 4.5 to 5.0 m between rows. Seedlings enter into
production about 2 years from sowlnpg, cuttings about ¢ months earller. Trees remaln
productive for 6-10 yecars. In the troplcs flowerlng and frulting occurs throughout the
year, albelt wlth heavier crops at certaln tilmeu cf year. Fruit production is more
scagsonal at hlgher altltudes. Annual ylelds are about 18 kg/tree (Anon., 1950b) and 20
tona/ha (Jaime, 1977), the latter figure from a population of 1,100 plantasha.
Commercial ylelds In New Zeanland are typically 10-12 kg/plant (Bleleskl, 1983 pars.
comm) .

The frults can be transported successfully if carefully packed. Fungal rotsu in
storage are controlled by hot water treatment followed by waxling of the frult, Fruits
thus treated in Now Zealand and gtored at 3-4°C remalned in good conditlon for 12-14
weeks, and had a further shelf life of at least 7 days (Strachan and Dawesa, 1970; Jalme,
1977). The tree tomato can doubtless be much more wldely grown than at present, anc
recently has been promoted In geveral countrles Including Indla (Dadluni and Chandal,
1970) and Italy (Carnecvall, 1974).

Tamarillos generally huve few pest and dluscase problems (Gregory, 1965), but Lhey
may agssume greateor lmportance 1f the crop were to be grown mere widely. The following
fungal dlseases have been reoported: anthracnose, affectling frults, branches and leaves,
and mlldew (0idium wpp.), both in Colombla (IBPGR, 1980); leaf spot (Ascochyta spp.) in
Malaya (Slngh, 1973); bllght (Phytophthora palmlvora) 1In India (Cook, 1975); and wilt
(Fusarlum oxysporum f. s8sp. lyccpercicl In Brazll (da Silvelra and de Mendonca, 1964).
Sale (1982) reported that powdery mlldew (Oidlum spp.), sclerotinla disease (Sclerotinia
gclerotlorum), tree tomato leaf gpot (Phoma exlguan), bitter frult rot (Colletotrichum

acutatum) and root rot (Phytophthora cryptogea) occur Iln HNew Zealand, powdery mlldew
being the most ucrlous but also falrly easy co control with funglcides.

In New Zealand, trce tomato is affected by at least 4 viruus dlseases, lncluding
cucumber mosalc (Chamberlain, 1948), potato virus ¥ (Chamberlaln, 1954), and Arabls
mosalc (Thomas and Procter, 1972, 1977). All cause scvere losses of yleld, and all
except Arabls mosalc virus are transmltted by lInsects (Sale, 1982). The flrat 2 have
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also been reported from India (Cook, 1975). The tree tomato is also affocted by a
disorder known ap “mal-azul', "bleu-ill1" or *“big-bud". Work in Portugal has shown that
the causal agent, which may be a mycoplasma, is graft-transmissible between tomato and
tree tomato plantn (d°'Oliveira, 1970). Bacterizl blast disoase (Pseudomonas syringaa)
and bacterial canker (Corynebacterium michiganense) are respectively falrly frequent and
rare diseases of tree tomsto in New Zecaland (Sale, 1982).

Sale (1982) 1lists the following as pests of tree tomato in New Zealand: Myzus
persicae and other specles of aphids; the green vegetable bug (Nezara viridula) which
attacks the fruit and foliluge; the groen looper caterpillar (Chrysadeixis erimeoma); the
green-house whitefly (Trileurodas vaporariorum); and soveral specles of leaf rollers and
thrips. In Colombia, a fruit-boring insect (Lepidoptera) can cause considerable fruit
losses and fruit flies and aphids may also be a problem (Jaime, 1977). Frult flies and
aphids also occur in Queensland, Australia, although different spocies may be involved,
These peats can be controlled with ingecticides. The larvae of frult flier in harvested
fruits can be killed by fumigation, chilling or insecticide dips. (Rippon, 1979). The
tree tomato is susceptible to the nematode Xiphinema diversicaudatum, the vector of
Arabis moealc virus, but no special zontrol meusures are taken (Sale, 1982).

5. GENETICS AND IMPROVEMENT

The chromosome numbor of tree tomato is 2n=24 (Porter, 1967; Madhavadian, 1968;
Whitaker, 1933; van der Mey et al., 1969). The chromosomes are unusually large, and do
not show diatinct chromatic/achromatic regions (Roe, 1967a and b). Tamarillo breeding
wurk has only been ropo.,tod from New Zealand (Dawes and Pringle, 1983; Patterscn, 1980),
but cultivars hava been compared in trials in Malawl, New Zealand, New South Wales,
Australia and Florida, USA.

6. GERMPLASM CONSERVATTON

While the tree tomatu is propagated from seed and ‘he plants are genetlically
heterogeneous, there is little danger ~f geuvtlc erosion.

The ease with which Cyphomandra specles naturalize lessens the risk of pgenetic

erosion. Some species may be yet be useful as rootstocks, while othars may be
significant in breeding. Tree tomato is represented only in the ICA collection at
Bogotd, Colainbia (31), and flere are no collections of related species. Small

non-genatic rerources collecticns exist at Qulto, Ecuador; Limbe, Malawi; Miami, Florida
and Hilo, Hawali, USA (IBPGR, 1984). No data on accessions stored in seed genebanks are
available.
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