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FOREWORD 

' The growing of trees and crops intermixed on the same place of 
land is an old and indigenous ]?rx{:ice followed ry farmers .iLn 

: many ecological zones in many countrzcs ,OP the world. Agro- 
/~forestry - the elegant term for the practice - is being 

increasingly recognized as a land-use/food production system 
wh&ch has a high potential for stabilizing food production, 
for providing'many "tree" products - both traditional, e.g. 
charcoal, and new - while at the same time, exerting a 
stabilizing influence on the environment. 

ICRAF realized that information on plant materials which could 
be used in agroforestry systems was scattered in many publica- 
tions and papers, some of which were scarce or out of print. 
To fill this gapr Dr. Nair has undertaken to,bring together a 
set of "crop" sheets describing some plant materials which 
can be used in agroforestry. 

This is neither an exhaustive treatment of the species described 
nor is it a definite list of species to be used. Rather this 
is a selected list of *crops* and has not treated the subject 
of'tree species although some tree crops are included, for 
example, cacaoI cashew and rubber to name but three. We expec? 
this publication to be the first of a series; a future one will 
fina 1 r..*i CL + c- l ,332 A.2 ,--1 
---.-L_ I.&U. rlcr SpeCLe%5 all&a mUULCI”*.G%& c;;rGp= Sat can be used in 
agroforestry - as more information is obtained, the usefulness 
of the publications will be enhanced. 

One further component of agroforestry systems, namely the 
animal, will also be dealt with in a future publication. 

We invite your comments on the usefulness of the crop sheets, 
and your suggestions for material to be treated in future 
publications. We trust that you, the agroforestry worker, 
whether you were trained as a forester or an agriculturist, 
will find it of benefit to you in your work. 

Nairobi 
October, 1980 

Howard A. Steppler 
Director-General Interim 
ICRA?? 

c 



PREFACE 

With the increasing realization of the importance of agroforestry 
: as a' sustainable land-use system, there is a growing enthusiasm 

among foresters to learn about agricultural species and their 
_'cultivation practices, and similarly among agriculturalists 

ow about forestry species and tht3i.r management. In view 
is, we at ICRAP deemed it aWisnble to prepare "crop 

on species suited to agroforestry, so ;'ts to collate 
information available in a variety of books and other reference 
materials, and to prepare short, concise accounts on such species 
from the point of view of their suitability for agroforestry. 

The choice of species to be included in such a manual has 
tremely difficult because there is no distinct group 

of agroforestry species, nor has a sizeable body of knowledbe 
been built up on the preformance of species in agroforestry- 
like situations. Most of the imp.>i'tant agricultural crops and 
their management have hitherto been developed and promoted to 
suit sole cropping conditions, and they give their best yields 
under optimum agronomic and environmental conditions, including 
an uninhibited supply of sunlight which cannot be obtained in 
agroforestry situations. At the same time the very need for 
agroforestry implies that the important agricultural species 
- especially food crops like cereals and pulses - need to be 
includecl, ciitt+ftc the fact-that there wrli be sub-optimal 
conditions for their growth. Under the circumstances, a few 
species each have been selected arbitrarily from the different 
groups of economic plants, based on their importance in peasant 
farming and dietary habits, adaptability to low input systems, 
and supposed amenability to agroforestry; the list is by no 
means exhaustive. Since agroforestry is intended mainly for 
the tropics, only species suited to tropical conditions have 
been included. 

The manual is arranged in three parts. Part I, which deals 
with the general principles and concepts of agroforestry in 
the context of tropical land-use patterns, was felt necessary 

l 

because those principles have not previously been adequately 
owing to the nascent stage of the discipline. 
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PREFACE 

Part II contains the crop sheets of 40 selected species that are 

widely cultivated and whose production potentials have been 
relatively Mel1 exploited. -Considering the diversity in the 
growth requirements and growing habits of the different cultivars 
and agronomic varieties of each of the species and the volume 
of research information available for some of them (though mostly 
for monoculture conditions), only a very general treatment is 
attempted.'" The information is grouped under a uniform format 
consisting of scientific and common (English, French and Spanish) 
names, uses and economic importance, origin and distribution, 
plant characteristics, physiology and composition, agronomy, 
yield, pests and diseases and a brief account on the supposed 
agroforestry potential of each species. The names of major 
research institutions carrying out research on the crops in 
the developing countries, together with a small selected 
bibliography has also been included. In addition, a list of 
general references is given to indicate sources of detailed 
information. Besides these relatively important species, there 
are some underexploited and localized species with agroforestry 
potential: short notes on 50 such species are included as Part 
III. The general reference's give additional information on 
these species also. 

I hope that the manual will serve as a ready ~rlrznr fnr the 
worker - especially the forester - in the field. It is 
expected to be useful in the choice of agricultural species 
for areas whose agricultural history is unknown or little- 
known, and as a glossary and aid in the preparation of farming 
system projects and crop calendars for specific regions. Along 
with the subsequent volumes of crop sheets on additional tree 
and fodder species which ICRAF intends to publish in due course, 
the manual could al+o be useful in agroforestry education and 
training.‘ 

The reference materials and text books that have been listed in 
the general references, notably Acland (1971), ICAR (1966), 
Kay (1973; 1979), National Academy of Sciences (1975); 1979) 
and Purseglove (1974), have been liberally consulted in prepar- 
ing the crop sheets, especially for describing plant characteris- 
tics. The sources of the tables and figures used in the text 



have beq indicated and copyright permission obtained wherever 
necessary. Due credit has also been given to the photographs 
obtained from external sources. I am extremely thankful to 
all concerned for their cooperation in this matter. 

The proposal to compile and publish the crop sheet was accepted 
and many useful directives were given by ICRAF's Board of 
Trustees and its programme committee. Dr. K.F.S. King, the 
first director-general of ICRAF, provided the necessary driving 
force for its expeditious compilation and publication by his 
constant encouragement and support. Dr. Howard A. Steppler, 
ICRAF's interim director-general, also lent his full support 
and cooperation to the effort and he wrote the foreword. My 
scientist colleagues in ICRAF contributed to the endeavour by 
many suggestions and active participation in the discussions. 
Mr. David Spurgeon, who has been ICRAF's Senior Science Writer, 
helped me splendidly in technical-editing and publication 
aspects. Much of the draft typing was done by MS Charity 
Kanyeki, while the camera-ready typescript was prepared by 
Ms Winifred Kuria. I am grateful to all of them for their 
support and cooperation. 

Nairobi 
October, 1980 

P.K.R. Nair 



PART I 

GENERAL PRINCIPLES OF AGROFORESTRY 



THE TROPfCAL ENVIRONMENT 
IN RELATION TO AGROFORESTRY 

THE TROPICS 

In geographical terms, "that part of the world located between 
23.5 degrees north and south of the equator" constitutes the 
tropics. This land mass accounts for 38 per cent of the earth's 
surface and 45 per cent of the world's population (about 1.8 
billion people in 1975). Since most of the developing countries 
are in the tropics and few regions in the tropics (e.g. tropical 
Australia, Hawaii) are considered "developed" areas, "the tropics*' 
is usually used as a synonym for "the developing regions", al- 
though the reverse is not true. Since the climatic changes with 
respect to latitude are gradual, a quantitative definition of 
the tropics based on latitude loses its value at the geographical 
tropical boundaries. Therefore, countries like India, Bangla 
Desh, Mexico and Brazil, which transcend geographical tropical 
boundaries, are still considered to be tropical countries in 
common parlance (see Fig. 1). 

CLIMATIC FEATURES 

Temperature and rainfall are by far the two most important 
parameters determining the climatic features of a region. In 
general, the mean monthly variation of temperature between the 
warmer and colder seasons in a tropical area is S°C or less, 
and this is true even in tropical highlands, where the overall 
temperatures are low. For every 100 m increase in elevation 
in the tropics, there is a decline of 0.6OC in the mean annual 
temperature. Thus, if the mean annual temperature at sea level 
is 26'C, it will be 20°C at 1000 m and 14OC at 2000 m. These 
temperature patterns, including the relative constancy of 
temperature, affect the growth of 'certain crops in tropical 
highlands, where neither lowland tropical species nor temperate 
species find their optimum growth requirements. 

In terms of annual rainfall, the tropics present a most diverse 
picture: it varies from 0 to 10,000 mm. Thus, both deficits 
and excesses of rainfall create problems for plant production 
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in the tropics. The annual rainfall regimes of tropical and 
subtropical regions of the world are given in Fig. 1. However, 

the distribution rather than the total amount of rainfall is 
more important for plant growth. When the average precipitation 
at a place during a period is more than the average evapotrans- 
piration, that period is termed humid, and depending upon the 
number of humid months, some climatic descriptions have been 
attempted (see later). As a corollary, different climatic 
regions have been formed based on the length of the dry season, 
a dry month being one in which rainfall is less than 100 mm. 
Thus, four major climatic regions have been identified in the 
tropics and they are given in Table 1. 

Depending upon the rainfall distribution pattern, there is also 
seasonal variation in received solar radiation in the tropics. 
In general, the tropics receive an average solar radiation of 
400 langleys*/day (as compared with an average of 200 langleys/ 
day in the temperate areas), and there is little seasonality 
in solar radiation in areas with even rainfall distribution. 
On the other hand, in areas with distinct rainy and dry seasons, 
there is considerable seasonality. For example, at Los Bafios, 
in the Philippines, the average solar radiation in January is 
295 langleys/day whereas in May it is 439 langleys/day. These 
differences influence plant growth considerably. De Wit 
(1965) has estimated the potential crop yields in different 
latitudinal belts based on solar radiation and length of 
growing season. Calculations from his data indicate the very 
high production potential per hectare per year in the tropics, 
where the "photosynthetic factory'* can be kept operative through- 
out the year, unlike in the temperate regions. Therefore, land- 
use systems in the tropics should aim at maximizing total produc- 
tivity per unit area rather than that of a particular seasonal 
crop in a year. 

CLIMATE DIAGPAMS 

In order to consider climate from an ecological point of view, 
Walter il973j has proposed the climate diagram (KZimadiagramm), 
which gives information concerning the mean temperature and 

* 1 ZangZey = 1 gram-calorie/cm2 
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precipitation at a particular locality over the course of the 
year. The diagrams also show the occurrence, length and 
intensity of relatively humid and arid seasons. Some climate 

diagrams from different parts of the tropics are given in Fig. 
2a. 

The abscissa on a climate diagram shows the calendar months from 
January to December for the Northern Hemisphere, and from July I 
to June for the Southern Hemisphere, so that the warm season is 
always in the middle of the diagram. The ordinate gives mean 
monthly temperature and precipitation at the scale ratio of 
10°C = 20 mm precipitation up to 100 mm, while above 100 mm the 
intervals are changed to 10°C = 100 mm. The smooth curve denotes 
temperature and the uneven curve is for precipitation. At the 
scale ratio of 10°C = 20 mm, when the precipitation curve cnder- 
cuts the temperature curve, a drought season is implied, and 
that is indicated by stippling in the space where the precipi- 
tation curve remains below the temperature line. Humid seasons 
with monthly precipitation in excess of 100 mm are indicated 
by hatching in that drea on the diagram, and the vertical 
shading corresponds to relative humid seasons. For a more 
complete description, see Walter (1973) or Walter et aZ.(1975). 

These climate diagrams, which can be easily constructed from 
the basic meteorological data of a locality, are very useful in 
indicating the duration and severity of the aridity/humidity 
of the climate of the locality. Based on these climate diagrams, 
Ellenberg (1979) has prepared the humidity/aridity series of the 
natural ecosystems and classified them into eight classes; they 
are reproduced in Fig. 2h. 

VEGETATION TYPES 

The classification systems of tropical climates employ distinct 
names for the predominant vegetation types in the different 
climatic regions of the tropics. The five general categories 
are savannas and other grassland (43 per cent of the area); 
broad-leavsd evergreen rain-forests (30 per cent); semi-deciduous 
forests and shrubs (11 per cent): deciduous forests and shrubs 
(11 per cent): and desert shrubs and grasses (7 per cent). The 
savannas, which range from pure grass stands to tree savannas 
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with trees and grasses, comprise approximately 28 per cent of 
the American tropics, 57 per cent of tropical Africa and 34 
per cent of tropical Asia and the Pacific (mostly in Australia); 
for details, see Eyre (1962). Tropical rain-forests characte- 
rized by a three-layered canopy and a low proportion of deciduous 
trees cover about 30 per cent of the tropics: 52 per cent in 
tropical America; 12 per cent of Africa and 38 per cent of 
tropical Asia and the Pacific; for details, see Odum (1972). 
The deciduous and semi-deciduous forests are found in areas 
with seasonal rainfall and pronounced dry season; they cover 
about 15 per cent of the tropics, mainly in Asia and Africa, 
and are also called monsoon forests, miombo forests, or tree 
steppes. Large tracts of these forests have been converted 
to savannas by shifting cultivation. Desert and semi-desert 
scrub, which cover about 7 per cent of the tropics, are found 
in the extreme arid regions. About 5 per cent of the area of 
the tropics is devoid of any vegetation cover. 

Various estimares are available for the annual dry matter 
production of various tropical vegetation types. The net 
primary productivity map of Golley and Leith (1972) gives the 
following figures of mean annual increases in dry matter 
production in tons/ha, with the range in brackets: tropical 
rain-forest 20(10-35); tropical deciduous forests 15(6-35); 
temperate deciduous forests 10(4-25): tropical savannas 7(2-20); 
and croplands 6.5(1-40). 

TOPOGRAPHY 

Approximately 77 per cent of the tropical area forms what is 
termed "lowlands", with elevations below 900 m. Regions with 
elevations from 900 to 1800 m constitute about 20 per cent of 
the area in about half of the Andean highlands of Central and 
South America, parts of Venezuela and Brazil, the mountain 
regions of the Caribbean, most of East Africa, the Cameroons, 
the Deccan Plateau of India and some parts of the southeast 
Asian mainland. The altitude exceeds 1800 m in about 3 per 
cent of the tropical area in the Andes of Central and South 
America, the Ethiopian and Kenyan Highlands, northern Burma, 
and parts of Indochina and New Guinea. 
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SOILS* 

Soils of the tropics possess a wide range of properties because 
of the variations in climate, vegetation, parent material, geo- 
morphology and age. Highly weathered, leached soils, previously 

called "latosols" occupy 51 per cent of the tropics, while sandy, 
shallow, high-base status, alluvial and moderately leached soils 
cover the rest. Distribution of the soils in the tropics by 
climatic regions is given in Table 2a and the extent of major 
soil orders in the three tropical continents is gi.ven in Table 
2b. A description on the general fertility status and the 
management problems of these major soil groups is not attempted 
here, because usually the fertile soils are used for agriculture 
or plantations, with the result that the soils available for 
agroforestry are infertile and poor, either inherently or as a 
result of defective management. 

LAND-USE PATTERNS 

A general account of the major vegetation types of the tropics 
has already been presented, according to which forests account 
for about 40 per cent of tropical vegetation. Agriculture is 
the main economic activity, but only about 10 per cent of the 
total area is used for that. Pastures and meadows account for 
an additional 20 per cent, but many of these areas are not used 
to any measurable extent. It Is estimated (US President's 
Science Advisory Committee, 1967) that there are about 1.7 
billion ha of potentially arable land in the tropics, of which 
only about 500 million are currently in use. However, it may 

be pointed out that the criteria used to denote what is poten- 
tially arable or grazing land refer to the average level of 
agricultural technology in the developed countries. Table 3 

indicates the iaqd-use pattern and population in the three 
tropical continents. 

Farming systems in the tropics also vary considerably depending 
upon the crops grown, population intensity, type of land, resource 
availability, etc. In general, the farming systems of the tropics 

can be grouped under five major categories: shifting cultivation, 
covering 45 per cent of the area: settled subsistence farming 

a adopted from Sanchsa (1976) 

- 
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Table 2b. Approximate extent of major soil suborders in the 
tropics (million ha) 

Order 
Total 

Suborder Africa America Asia Area Percent 

Oxisols 

Aridisols 

Alfisols 

u1tiso1s 

Inceptisols 

Entisols Psamments 
Aquents 

Vertisols Usterts 

Mollisols All 

Orthox 
Ustox 

All 

Ustalfs 
Udalfs 

Aquults 
Ustults 
Udults 

Aquepts 
Tropepts 

“Mountain areas" 

370 
180 

550 

840 

525 
25 

550 

0 
15 
85 

100 

70 
0 

- 
70 

300 
0 

300 

40 

0 

0 

380 
170 

550 

50 

135 
15 

150 

40 
35 

125 

200 

145 
75 

220 

90 
10 

100 

0 

50 

350 

0 
0 

0 

10 

100 
rJ 

100 

0 
50 

200 

250 

70 
40 

110 

0 
0 

0 

60 

0 

250 

750 
350 

1150 

900 

760 
40 

800 

40 
100 
410 

550 

285 
115 

400 

390 
10 

400 

100 

50 

600 

15.0 
7.5 

22.5 

18.4 

15.4 
0.8 

16.2 

1.0 
2.0 
8.2 

11.2 

6.0 
2.3 

8.3 

8.0 
0.2 

8.2 

2.0 

1.0 

12.2 

Total 2450 1670 780 4900 100.0 

Source: Sanchez (1976) 
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(17% of the area) ; nomadic herding (14%); livestock ranching 
(11%) and plantation systems (4%). Shifting cultivation is 
practised all over the tropics; in West and Central Africa, 
the Amazon Basin, Central America and the hillslopes of South- 
east Asia. In general, the term denotes the system of felling 
and burning of woody vegetation followed by one to several 
years of cultivation, and then by a period of forest or bush 
fallow; the cycle is then repeated. (For a detailed description, 
see Ruthenberg, 1980). Shifting cultivation occurs usually in 
the least developed areas, but more than 250 million people 
depend on it as their means of subsistence. But because they 
have had to reduce the length of the fallow perSods in recent 
years to accommodate increasing populations, the practice has 
caused considerable degradation of the soil. On the other 
extreme, plantation agriculture provides the moat sophisticated 
land-use systems-in agriculture in terms of the use of fertili- 
zers, machinery etc., and the soil in this case is usually well- 
managed. 

TROPICAL DEFORESTATION AND AGROFORESTRY 

With the increase in the human population, man's activity in 
the forests and the use of forests and forest products have 
also increased. This has led to exploitation and over-use or 
misuse of forests to such an extent that vast areas of once- 
forested Lands have been lost permanently to forestry and other 
vast areas degraded and damaged beyond recovery, (for example, 
see Fig. 3). The word deforestation is used to collectively 
denote all these maladies inflicted on forests by human activity. 

The process of tropical deforestation is proceeding at such an 
alarmingly fast rate that many authorities believe that by 
the end of the century, much of the biome will have been 
reduced to improverished remnants - if not destroyed altogether. 
According to one estimate (FAO, 1977), the forests of the humid 
tropics had been reduced by the early 1970s to less than 60 
per cent of their original area, and the annual loss of these 
forests was proceeding at a LU-- ra+e of 11 million hectares per 

y-r I which is equivalent to as much as 2.0% of the forests in 
the humid tropics, a rate that would be devastating if allowed 
to continue for some time. However, as King (1980) has pointed 
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Fig. 3a. “The Wasted Lands” 

3b. Degradation of the forested land when it is conveRed to agricultural field by conventional 
practices in Peninsular Malaysia (top) and Amazonia, Brazil (bottom). 
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out, these data on tropical deforestation should be viewed with 
caution because of the ambiguity between areas lost to forestry 

and those going through a process of unmanaged natural regene- 
ration. Therefore, the figures compiled by UNEP (1980) for 
true deforestation, i.e.1 the areas with forest cover that are 
to be replaced by non-forest types of vegetation, are relevant. 
They are: 

(a) in Central and South America, the natural tropical hardwood 
forests will shrink from 788 million ha in 1975 to 562 
million by the year 2000; 

(b) in Africa south of the Sahara, the natural moist tropical 
forest estate will be reduced from 202 million ha in 1975 
to 187 million ha in the year 2000; and 

(c) in Asia and the Far East, closed natural forests will 
diminish in area from 291 million ha in 1975 to 243 million 
ha in the year 2000. 

This decline of tropical forests will have many disastrous 
consequences; important among the recognized ones are the 
following: the deleterious effect on the biosphere caused 
by the conversion of the forest biomass to gaseous carbon 
dioxide: changes in the water status and hydrology of the 
general area; increased water runoff along the soii surface 
causing enhanced soil erosion and silt deposition in rivers 
and reservoirs; decline in the water table and drying of the 
land, making the area more prone to drought: loss of a poten- 
tially renewable source of foreign exchange to the tropical 
countries: and the extinction of the many uniquely valuable 
yet unidentified species of plants and animals that will be 
of importance to agriculture, forestry, medicine and industry. 

The major reasons for clearing the forests are three: to make 

land useful for agriculture, to provide firewood, and to yield 
wood for lumber. On a global scale the last reason is not as 
important as the first two. By far the largest loss of tropical 

forests is due to the transfer of forest land to food production, 
principally by defective shifting cultivation, and by creation 
of new settlements in forest areas. Due to demographic factors 

such as increased nonulation and miaration. and in some instances 
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~ due to governmental policies leading to a reduction of the 
land available for shifting cultivation, the area that is 

available per family has been considerably reduced. That 
results in destruction of more and more forests and shortening 
of the fallow periods between shifting cultivation cycles, so 
that the soils are not allowed the time to be rehabilitated. 

The demand for firewood and poles is also inflicting serious 

losses to the tropical forests. According to King (19801, 
about 90 per cent of the wood that was harvested in Africa, 
82 per cent of that in Central and South America and over 73 
per cent of that felled in Asia and the Far East was utilized 
for firewood. The firewood situation is predicted to worsen 
so alarmingly that by the year 2000, even if we produce enough 
food to feed the world's population, there won't be enough 
firewood to cook it. 

It is thus evident that tropical deforestation can impose 
severe stresses and adverse consequences on the ecosystem and 
the biosphere at large, and that deforestation is likely to 
continue if the people who are compelled to do that have no 
viable alternatives to meet their basic demands of food and 
wood. As Odum (1971) has pointed out, an ecological re-evaluation 
of tropical agriculture in particular, and environmental manage- 
ment in general, is urgent if man is to correct his past mistakes 
and avoid future disasters as he quite literally bulldozes his 
way into the jungles seeking more food and living space. The 
governments of these regions, confronted with mounting economic 
problems, cannot desist from commercially exploiting the forests 
to raise money for essential development, or effectively prevent 
the shifting cultivators and settlers from felling the forests. 
The new agricultural technology for increased food output is, 
unfortunately, not acceptable to both these farmers and their 
governments because of the high demand it places on costly 
inputs. It is therefore essential to evolve a system that would 
permit both forest land and marginal lands rated unsuitable for 
profitable production systems, to be utilized for the production 
of food and/or the rearing of animals, and at the same time 
ensure that the protective cover of forests in the tropics is 
maintained and/or restored. Such a system, which produces as 
well as conserves, is agroforestry. 
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AGROFORESTRY AS A LAND-USE SYSTEM 

We have seen that agroforestry is a relatively new name coined 
to denote the type of land-use system that, according to King 
(1978), eschews the false dichotomy of agriculture and forestry, 
conserves the ecosystem, and at one and the same time provides 
food and wood. Some form of agroforestry has long been practi- 
sed by many farmers, particularly those with low levels of 
technology and resource inputs, and in areas believed to be 
unsuitable for more profitable production systems. However, 
the people who depend on this type of "primitive" land-use 
system - an estimated 630 million, or 358 of the total popu- 
lation of the developing countries - are the poorest of the 
world's poor (King, 1978). Recent advances in agricultural 
production technologies, often collectively called the green 
revolution, have bypassed such people. Furthermore, agricul- 
tural scientists, in pursuit of their discipline or of commodity- 
oriented research, have ignored them. Agroforestry is designed 
primarily with these unfortunate farmers in mind - the poor who 
eke out a living by practising some sort of farming in the 
marginal lands of the tropics and sub-tropics, and who by their 
activities often cause considerable degradation of the ecosystems 
in which they operate. 

CONCEPTS OF AGROFORESTRY 

Since agroforestry encompasses some age-old farming practices 
for which modern concepts are only now being developed, a 
universally acceptable definition of agroforestry has not 
been evolved. The definition suggested in Trees, Food and 

?eopZe: Land ,Yc;~:~;:erent in the Tropics by Bene et a 2. (1977) 

was later amplified slightly by King and Chandler (1978) to 
read as follows: "Agroforestry has been defined as a sustainable 
land management system which increases the overall yield of 
the land, combines the production of crops (including tree 
crops) and forest plants and/or animals simultaneously or 
sequentially on the same unit of land, and applies management 
practices that are compatible with the cultural practices of 

I -.. 
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the local population". The subject was debated at a conference 
in Nairobi in July 1979, when various suggestions and modifica- 

tions were proposed (ICRAF'/DSE, 1980). 

Whatever be the definition, agroforestry can best be considered 
as a philosophy of integrated land-use particularly suited for 
marginal areas and low-input systems. Like multiple cropping, 
it is a generic term, having various manifestations of different 
forms. The major specific components of agroforestry are: 

AgrisiZvicuZture - concurrent production of agricultural crops 
(including tree crops) and forest crops. 
SiZvopastoraZ systems - integration of silviculture with animal 
production, with grazing within the forests. 
Agro-siZvo-pastoral systems - concurrent production of agricul- 
tural and forest crops and rearing of domesticated animals; in 
other words, a combination of agrisilvicultural and silvopastoral 
systems. 
Multipurpose forest tree production systems - regeneration and 
management of trees capable of producing useful wood, leaves 
and/or fruit that are suitable for food and/or fodder. 

A hierarchial organization showing the components of the agro- 
forestry systems as suggested by Torres (1980b) is given in 
Fig. 4. The underlying principle in all these systems is that 
the system should optimize the combined production of an agri- 
cultural and a forest crop and at the same time conserve and 
improve the site. As mentioned earlier, an analogy can be 
drawn between multiple cropping and agroforestry in order to 
make the principles and concepts of agroforestry more easily 
understood. Thus the "mixed cropping" and "intercropping" 
types of multiple cropping are similar to agrisilviculture, 
and these systems could be either haphazard or organized, as 
in multiple cropping. The sequential cropping type of multiple 
cropping is roughly equivalent to the planned fallow of agro- 
forestry, which is designed to control and harness shifting 
cultivation and to reduce the fallow period without deteriora- 
tion of the site quality. These concepts have been further 
elaborated by King (1980). 



23 

- 

4 
d 



2i- 

THE VALIDITY OF AGROFORESTRY CONCEPTS 

The best test for the soundness and validity of the concepts of 
any land-use system is certainly its field performance, based 
on the results of which the concepts can be modified and the 
system suitably refined. However, the premises on which the 

concept is based and the evidence for its possibilities can be 
taken as strong indications of its validity until field trials 
demonstrate its applicability. 

The premises on,which the concepts of agroforestry are based 
are both biological and socio-economic. The biological premises 
include all the advantages of the forests on the soil and the 
environment, such as closed and efficient nutrient cycle, 
maintenance of organic matter, prevention of run-off and soil 
erosion, regulation of micro-climate, and above all the adapta- 

bility of trees to soils that are incapable of sustaining 
annual agricultural crops. The socio-economic factors that 
substantiate the potential value of agroforestry are that the 
poor farmers in developing countries, existing in an environment 

of mounting population pressure and lack of resources, are 
forced to utilize inherently unproductive areas for food produ- 
ction and practise land management systems that have disastrous 
consequences, such as deforestation, desertification, degradation 
of soils, floods and droughts. These farmers should be given 

the alternative of a system of land management that combines 
the practices of agriculture and forestry to provide food and 
wood without causing deterioration of the ecosystem. 

The field examples that indicate the feasibility and desirability 
of agroforestry are many. Surveys conducted by the International 

Council for Research in Agroforestry (ICRAF) in 1978 indicate 
that some forms of agroforestry are prevalent in almost all the 
developing countries of the world. One prominent system is 
taungya, reported to have originated in Burma in 1856 (Blanford, 

1958). The practice has since spread throughout Asia, Africa 
and Latin America, and is known by different names: kaingining 

in the Philippines: Zadang in Malaysia; chena in Sri Lanka; 
kumri, jhooming, ponam, tai la and tuckZe in India; shamba in 

Kenya: parcelsro in Puerto Rico, consorciacao in Brazil, etc. 
However, taungya is, by far, the most widely adopted term in 
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most of these and other countries: it is a Burmese word, 

literally meaning hill cultivation. Many of the forest 

plantations in the tropics, particularly in Asia and Africa, 

have been established by the taungya system, which indicates 
that agricultural crops and trees can be grown together, at 
least during the initial stages of existence of a forest 
plantation. A second convincing example of agroforestry is 
homestead farming in the tropics. Highly efficient land-use 
systems involving orchard trees and other horticultural and 
annual agricultultural species are a common practice in the 
small fa-rm holdings of the thickly populated tropical regions 
(Nair, 1979). Farmers in Central America imitate the structure 
and species diversity of tropical forests by planting a variety 
of crops with different growth habits, together corresponding 
to the layered configuration of mixed forests (Wilken, 1977). 
In addition to these, evidence accumulating from the mixed 
cropping of annuals and the advantages attributed to that 
(Papendick et aZ., 1976) also apply, in a way, to agroforestry 
situations. Thus, there are sufficient grounds to assume that 
agroforestry might be a sustainable land-use system in fragile 
ecosystems. 

RESEARCH IN AGROFORESTRY 

Research on agroforestry systems has, so far, been almost non- 
existent. There are probably two reasons for this: first, the 
focus in agricultural science has been directed towards capital- 
and resource- intensive systems. Traditional farming systems 
that have been practised primarily in marginal and scientifi- 
cally-neglected areas have not received the benefits of these 
innovations. Secondly, agriculture and forestry have, in the 
past, developed rather independently with established boundaries 
and with very little interaction, and as a consequence, interac- 
tive disciplines such as agroforestry were benignly neglected. 
However, the importance of agroforestry and other integrative 
land-use systems is now being increasingly realized, and the 
science of agroforestry is being developed. 

As Nair (1980) has pointed out, the science of agroforestry is 
distinct from other related disciplines in that it is a 
"synthetic" science that draws upon and integrates different 
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disciplines, not only of the natural sciences but also the 

social sciences. It is a holistic science that encompasses 

the integration of different disciplines to deal with supra- 
individual levels of organization such as a plant community, 
a field, a farm, a village, an ecosystem, etc. And it is 
teleological in nature, concentrating on goals, purposes and 
social objectives rather than a deterministic or mechanistic 
one aiming at establishing cause-effect relationships. More- 
over, developmentally and operationally, the science of agro- 
forestry is distinct in that it has originated in the tropics 
and sub-tropics and therefore deals with continuous growth and 
aseasonal production cycles. Its value is assessed not only 
in terms of production, but also in terms of social and economic 
benefits. And it is interdisciplinary in nature, so that agro- 
forestry researchers may have to shed their conventional 
commodity and discipline orientation. 

Since practically no research has been done to improve agro- 
forestry systems, the research needs are many and they have to 
be properly programmed and assigned priorities. Testing the 
shade tolerance of various agricultural species: identifying 
suitable forest species that protect the soil and permit the 
growth of understorey crops; determiping espacements and other 
management schedules for both trees and agricultural species: 
these are the practical problems of immediate concern. Simul- 

taneously, investigations need to be undertaken on nutrient 
dynamics in agroforestry systems, the complementary and competi- 

tive interactions of species, the evolution of genotypes of 

trees and agricultural species suitable for agroforestry, etc. 

Because of the location-specific nature of agroforestry, it 
may be presumptuous to make uniform recommendations for agro- 
forestry practices and research programmes on a regional or 
zonal basis. Nevertheless, there are some broad general 

considerations that might be applicable to each zone or region. 
A few such generalized considerations for possible agroforestry 
systems and research priorities for these areas, as suggested 
by Nair (19801, are given in Table 4. 

It may be pointed out in this context that the research methodo- 
logies and strategies in agroforestry also have to be different 
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from those developed for the conventional disciplines of 
agriculture and forestry. Some such approaches have been 
presented by Nair (1980), Torres (1980a) and Huxley (1980). 
The phases involved in agroforestry research as suggested by 
Nair (1980) are given in Fig. 5. Based on these considerations, 
Torres (1980b) has outlined the strategies and framework for 
research in silvopastoral systems. He argues that a balanced 
research strategy between "testing" a simple hypothesis and 
"quantifying" process rates is an appropriate strategy to be 
followed in silvopastoral research, and to accomplish this he 
has proposed a framework for research programmes aimed at 
improving existing systems and simultaneously looking for new 
woody components of the primary production system. 

AGROFORESTRY AND FRAGILE ECOSYSTEMS 

When discussing agroforestry, the emphasis is usually on low- 
input land-use systems and marginal areas. The question 
is often raised whether agroforestry is confined only to such 
areas. There is no reason why it should be, but there is a 
general consensus that agroforestry systems are most likely to 
be considered for "fragile" environments and "degraded" environ- 
mental situations, with inputs restricted by economic necessity. 
The bulk of tropical land is not considered suitable for the 
growth and production of high-yielding varieties of cereals 
and the application of other advanced agricultural technologies. 
Moreover, if sedentary agriculture is practised on these lands, 
they lose their ecological equilibrium and become degraded. 
Such areas, in which natural resources are currently being 
wasted either through over-exploitation, under-utilization and 
misuse, or through sheer neglect, have been described as wasted 

Zands by King and Chandler (1978), and they have been grouped 
under four principal ecological zones: 

W arid and semi-arid zones; 
(ii) acid savannas of the tropics; 
(iii) tropical highlands and other mountain ecosystems; and 

(iv) shifting cultivation areas. 

ICRAF has estimated (King, 1979) that 4900 million hectares or 
65% of the land in the tropical world may be classified as 
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"wasted" or as occupying fragile ecosystems. The successive 

degradation of these ecosystems and the role of agroforestry 
as a viable alternate land-use system are schematically presen- 
ted in FiL. 6. 

In the arid and semi-arid areas, the removal of protective trees 
and shrubs for fuel and shelter and the cultivation of soils 
that are ill-suited to agriculture, are on the increase today. 
Moreover, some of the intensive farming practices that have 
been attempted,although have increased yields in the short 
run, have also made the soil more vulnerable to erosion and 
have accelerated the rate of desertification. Agroforestry's 
emphasis in supporting and improving the economy of these arid 
zones is on (a) intensive fuelwood production; (b) integration 
of trees with animal production; (c) integration of trees with 
crop production and (d) multi-purpose trees. 

The infertile acid savannas, which are found mainly in the 
lowland American tropics and extend over approximately 300 
million hectares, are characterized by distinct dry and wet 
seasons with fairly heavy rainfall (1000-3000 mm p.a.) of a 
unimodal pattern. The population of savannas is low now, but 
is increasing, and the economy is based largely on cattle 

breeding. But the land has very low carrying capacity (8-16 ha 
per head of cattle) and stock farmers customarily practise rota- 
tional burning of the mature forage during the dry season. The 
soils are very infertile and prone to erosion (Sanchez and Tergas, 
1979). The agroforestry focus on these fragile ecosystems will 
be on areas suitable for "natural savanna grazing" in combination 
with improved pastures and agriculture. The programme should 
consist of elimination trials of multi-purpose fodder species, 
introduction of selected fire-resistant fodder trees, dcvelop- 
ment of live fences to assist rotational grazing, and monitoring 
the effect of selected shade tree groves on soil fertility and 
fodder quality. 

The tropical upland ecosystems are being subjected to in(:rt-:C1:;ing 
rates of deforestation and degradation because of the quest for 
wood by rapidly growing populations and to yield land for 
farming. The improper land use in these highly fragile areas 
results in denudation of forest cover, soil erosion, silting 
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of rivers and reservoirs, floods, droughts, etc., which affect 
not only those living in the uplands but also those far away 
in the valleys and plains. The most glaring examples are the 
recurring floods and droughts in the Indian sub-continent, con- 
sequent to the ravaging of the forests in the Himalayas. Agro- 
forestry's role in improving land use in these mountain eco- 
systems will consist of efficient integration of suitable tree 
species in the farming systems to assist in soil conservation, 
improve soil fertility, and provide wood, fuel and fodder. 

The magnitude of the problems and the ecological hazards of 
shifting cultivation have already been outlined. The importance 
of agroforestry in providing an acceptable alternative to shifting 
cultivation and improving the slot of the millions who depend 
upon that practice is being realized. Co-ordinated action 
programmes in this direction should include (a) a description 
of traditional shifting cultivation systems and their effects 
on the soil: (b) testing tree fallows of controlled botanical 
composition; (c) espacement trials of tree planting in conjunc- 
tion with crop cultivation: (d) multi-storey continuous cropping 
systems: and (e) regeneration of degraded soils by integrated 
land-use systems. 

Agroforestry, however, is not a panacea for all the evils of 
land management in the tropics, nor is it the only or the most 
desirable system of land use. It is only one system that looks 
potentially useful and relevant to the specific conditions of 
the fragile environments. 

SPECIES ADMIXTURE IN AGROFORBSTRY 

A general classification of the major components and types of 
agroforestry has already been presented. But the actual task 
of selecting the appropriate species and deciding the suitable 
methods to be adopted to grow the species together is really 
difficult - it is also the most important step in initiating 
agroforestry programmes. The considerations are many because 
of the complex and long-term nature of the programme, the 
multiplicity of variables, variations in the growth habits and 
requirements of the intended forestry and agricultural species, 
and other factors. Unfortunately, there is little field data 
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from actual research, and it takes a long time to generate 

such data. Proposals for new programmes in agroforestry, or 

even for improvements in existing agroforestry-like land-use 
systems, have therefore to be based on existing data from 
studies in related land-use disciplines. Here again, there 
will be a substantial body of information on certain.components 
such as the annual agricultural species, whereas the available 
information on other components such as woody perennials may 
be very meagre. 

The method of admixture of the species will depend upon the 
species themselves, climatic conditions, the most important 
objective(s) of the programme, and the level of management. 
Some of the schemes suggested by ICFW? in the agroforestry 
research projects that have been prepared for a few ecological 
situations are summarized in Fig. 7 to indicate the range of 

possibilities. The schemes given here are confined to agri- 

silvicultural systems because agrisilviculture is the most 
important form of agroforestry and the patterns of agrisilvi- 
culture would also serve to illustrate the possibilities of 
other systems. Moreover, the schemes are only broad presenta- 

tions; details concerning the species and their planting and 

management for each of the schemes are the subject of studies 
proposed for those projects. Other forms of admixture and 

combinations of the individual schemes mentioned here are also 

possible. 

A. Intercropping of tree species with annual agricultural crops, 
both agricultural and forestry species to be planted simulta- 
neously (or in the same season). The espacement of forestry 

species will vary considerably, depending upon several factors: 

as a general rule, the espacement will be wider in drier regions. 

This scheme can be also applied to agricultural plantation crops 
such as rubber, oil palm, etc. 

B. Clearing strips of about 1 m width in primary or secondary 
forests at convenient intervals and ,planting shade tolerant 
perennial agricultural species such as cacao. Subsequently as 

the planted species grows up, the forest vegetation will be 

selectively thinned and in about five years, there will be a 

two- or three- layer canopy consisting of the perennial agricul- 
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tural species and the selected forestry species. 

C. Introducing management practices such as thinning and 

pruning to existing forestry plantations, so as to allow 
penetration of more light to the plantation floor, and planting 
selected agricultural species between rows of the tree species. 
The extent of thinning or pruning will depend upon the tree 
density, canopy structure, etc. 

D. In areas with sloping land, selected tree species could be 
planted in lines across the slope (along the contour) in 
different planting arrangements (single rows, double rows, 
'alternate' rows), at varying distances between tree row units, 
and soil-binding grasses established between the trees along 
the contours. The area between the tree row units could be 
utilized for cultivation of agricultural species. 

E. Close planting of multi-purpose trees around plots of 
agricultural fields. The trees will form live fences and wind 
breaks, provide fodder and fuel, and demarcate the boundaries 
of agricultural plots. The scheme is particularly suitable 
for extensive land-use areas. 

F. Interspersing intensively managed agricultural areas with 
trees, in a regular or haphazard manner. The system is popular 
in smallholder farming in Asia and the Pacific, Africa and 
South America. Several species of plants belonging to the 
conventional domains of agriculture, horticulture and forestry 
can be seen to exist together on the same plot of land. 

G. Some form of zonal planting of the different species -' trees, 
shrubs and herbs. The width of the zones or strips for indivi- 
dual species will be small so that there will be some interaction 
between adjacent zones over a significant proportion (i.e. more 
than 50 per cent) of the area involved. The method is particu- 
larly suitable for the integration of herbaceous shrubs and 
annual agricultural species in semi-arid areas where the shrubs 
will provide the herbaceous plant materials that can be used 
as mulch in a "woody mulch farming - minimum tillage" system 
(Huxley, 1979). 

Some examples of agroforestry-type land-use systems are shown 
in Fig. 0. 
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Fig. 8a. Agroforestry in Kenya’s highlands: tea in 
the foreground; bananas, maize and 
beans- bottom of slope; coffs, maize 
and wattle - lower slope; pasture with 
croton trees - mid-slope; Euca/yptuS 

trees in the woodlot above. 

Fig. 8b. Pasture (Cynodon spp.) under 
Eucalyptus deglupta in Turrialba, Costa 
Rica. (P:loto credit: CATIE. Turrialba, 
Costa Rica). 

Fig. 8c. Cacao under Cassia in the Cameroun. (Photo credit: Royal Tropical Institute, Amsterdam). 



Fig. 8d. Rice intercropped with teak (Tectona 
grandis) in Indonesia. ’ 

Fig. 8e. Yams with Leucaena leucocephala in 
Nigeria (Photo credit: A.G. Seif-el-Din). 

Fig. 81. Mixed farming of 5 year-old rubber trees and broilerchicken in Malaysia. (Photo credit: Rubber 
Research Institute of Malaysia). 
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., AGROFORESTRY SPECIES 

The most important factor deciding the success of agroforestry 
is the choice of suitable species of economic plants that can 
be grown together. The more important among such plants are 
usually considered to fall under either of the two broad cate- 
gories of agricultural and forestry crops - not to mention 
others, for example, horticultural - and though not based on 
any precise criteria, there is an apparent distinction between 
these two groups of crops. However, there are also a few less- 
important and relatively underexploited plants that are not so 
clearly classified as agricultural or forestry species. If we 
examine the history of the development of agriculture and 
forestry as separate disciplines, we notice that most of the 
species that were cultivated with greater managerial attention 
and were harvested at frequent intervals for their most important 

' economic produce - either through repeated generations of the 
same short-duration species, or by repeated harvesting from the 
same plant- came under agriculture. Therefore, this criterion 
is usually implied while talking about agricultural species. 
However, the important point here is to determine the suitabi- 
lity of the species to agroforestry, no matter whether it falls 
under the conventional agricultural, forestry or any other 
group of plants. 

Although as mentioned, the choice of appropriate agricultural 
and forestry species is important, the immediate possibility 
for agroforestry seems to be in introducing "agricultural" 
species - as understood in the common usage of the term - 
into existing natural and planted forests and into marginal 
areas where some form of native forestry vegetation already 
exists, rather than into areas where fresh plantations are 
envisaged. In the former, some of the existing forestry 
species will be retained while introducing agroforestry, so 
that the choice of "forestry" species may not be an immediate 
concern. Even in fresh plantations, a decision on the choice 
of the forestry or other perennial species would have already 
been arrived at before embarking on such programmes. Thus, in 
the initial agroforestry ventures, the choice of appropriate 
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species which give economic yield in relatively short time span 
seems to be more urgent. 

CRARACTERISTICS OF SPECIES SUITED FOR AGROFORESTRY 

There is not yet any distinct group of agroforestry species, nor 
a sizeable body of knowledge on the performance.of species under 
agroforestry-like situations (except that some species are 
known to grow best under *trees, for example: cardamom, vanilla). 
Moreover, almost all of the important agricultural species have 
hitherto been promoted as monocrops so that crop improvement 
and selection progranunes have been mostly oriented towards those 
traits and characters that would make the improved cultivars 
most suited to sole crop. conditions.. Therefore, the agroforestry 
characteristics of the species are essentially speculative in 
nature at this stage. 

In conventional intercropping in agricultural tree crop 
plantations, certain criteria have been suggested for choosing 
suitable 'subsidiary' crops. Thus Allen (1955) stated that 
the second or subsidiary crop grown under or between a tree 
crop should be tolerant of partial shade, and should not: 

1. grow as tall as the main crop; its root system should 
exploit different soil horizons: 

2. be more susceptible than the main crop to diseases they have 
in common: 

3. demand harvesting or other operations that would damage the 
main crop or induce soil erosion or damage soil structure: 
and 

4. have an economic life longer than that of the main crop. 

In addition to these, Hartley (1977) adds that: 

1. the soil shall be suitable for both crops: 

2. the combined yield of the two crops shall be greater in 
monetary terms than that of the main crop when grown without 
the subsidiary crop: and 

3. if and when the subsidiary crop comes to the end of its 
bearing life, the yield of the main crop shall continue at 

an economic level unaffected by the previous presence of 
the subsidiary crop. 



However, experience gained from intercropping and other forms 
of crop combinations with agrLcultura1 tree crops indicates 
that it is.not necessary to fulfil all these exacting require- 
ments to have successful crop combinations (Nair, 1979). The 
experience from taungya and other forms of agroforestry is 
similar. Of course, based on the knowledge of the ecophysio- 

- logical requirements of different groups of.plants in general 
and the individual species or cultivars in particular, some 
predictions can be made with reasonable accuracy about the 
conditions that would be optimum for their best growth. Thus 
it would be possible to list a large number of physiological 
and agronomical characters that would decide the compatibility 
of the species in admixture, and the ability of the species to 
produce a reasonable yield under conditions or reduced supply 
of growth factors such as light and nutrients'when it is grown 
as an understorey species. Furthermore, from the practical 
point of view, the ease of management of the species, its 
ability to withstand adverse climatic and managerial conditions, 
its adaptability to low-input systems and marginal areas, the 
marketability/local use of the produce, etc. are important 
considerations. But in the absence of any distinct group of 
agroforestry species ;'<I% :J;_, and the lack of extensive 
information on the performance of present-day cultivars of 
the important species under agroforestry-like situations, it 
is imperative to look for the species characteristics that 
might be relevant for agroforestry, and to exploit the relati- 
vely less-important species that show promising agroforestry 
potential and economic value. These considerations have to be 
taken into account when evaluating the agroforestry potential 
of the species. 

AGROFORESTRY POTENTIAL OF COMON CROPS 

The agroforestry potential of a species can be defined and 
assessed in terms of its growth and productivity when grown 
under diverse agroforestry situations, which will, in most . 
cases, be sub-optimal for the agricultural species. The 
manifestation of the potential of the species will depend 
upon environmental conditions, and as far as agroforestry I 
conditions are concerned, there will be no uniformity with 
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respect to these conditions; the conditions vary considerably 
from farm to farm. Moreover, the ultimate choice of species 
will depend upon the agricultural and eating habits of the 
farmer and the local socio-economic conditions. In general, 
the canopy density of the overstorey species, the rooting 
patterns of the different species and their phenology and 
branching habit, are the important characteristics in this 
regard. Within a given set of soil and climatic conditions, 
some of these, for example canopy density, depend upon manage- 
ment, and it is common knowledge that certain basic characters 
of the species that are genetically controlled are little- 
modified by environmental and management factors. Therefore, 
a number of logical steps should be followed while choosing 
agricultural species for agroforestry: evaluate the ecophysio- 
logical requirements for optimum growth of the species; examine 
their growth habits under usual cultivated conditions; assess 
the specific agroforestry possibilities in the situation: and 
compare the potential systems with any successful case studies 
under similar circumstances. Such information on the growth 
requirements and growth habits of some selected species of 
the major economic groups of crops have been compiled in the 
following section. 

The species that have been selected are by no means exhaustive 
nor do all of them fall in the category of "agricultural" 
species. From the several groups of economically useful 
plants (cereals, pulses, tubers, oilseeds, etc.) a few species, 
each of which is expected to have some possibilities in agro- 
forestry under varied climatic conditions, are selected. One 
of the objectives of preparing this sort of inventory for a 
limited number of species has been to highlight the variability 
in crop characteristics between the species and its consequences 
in relation to climatic adaptability. In addition to these 
widely cultivated and more researched species, there are several 
species that are more localized in distribution and have received 
little or no attention; some of them are already growing under 
agroforestry-like situations in their natural habitats and are 
of high economic value. Such under-exploited species might 
prove to be of great advantage in agroforestry. Short notes 

on 50 such species have also been included. 
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The criterion for assessing the performance of these species 
under agroforestry situations should not, however, be the 
yield or other measurable parameter of the individual species 
in comparison to that of its sole crop raised under optimal 
conditions, because agroforestry is designed mostly for marginal 
and low-input production systems. Moreover, in addition to the 
yield or other immediate economic gain, the long-term effect on 
growth and productivity of the perennial species and its effect 
on the soil and environmental parameters., of growing a particu- 
lar species in combination with other species, is also very 
'important. The competitive or complementary effects of the 
interaction of two or more species that are grown together 
might be different from those that would be anticipated, based 
on the present state of knowledge accrued from sole species 
populations. One good example of an unexpected complementary 
interaction is the yield increase of coconuts consequent to the 
interplanting of cacao (Nair, 1979; Nair and Varghase, 1979). 
Therefore, predictions about the potential of agricultural 
species for agroforestry situations for which no case histories 
are available, are speculative. 

ENVIRONMENTAL ADAPTABILITY OF CROPS 

Adaptation refers to a crop's ability to survive and reproduce 
in diverse environments. While referring to the "wide adapta- 
bility" of a species, it actually means something more than 
natural wide adaptation; there is a definite expectation of 
the performance of the species in relation to the environment. 
As mentioned earlier, in agroforestry, the environment involves 
not only the usual climatic and ecophysiological parameters but 
also a restricted supply of some of the growth parameters, 
resulting in a condition that may not be ideal for the optimal 
growth of certain species and cultivars. The general pattern 
of adaptability of the 40 selected species to specific eco- 
regions of the tropics is given in Fig. 9. Such a crop 
adaptability chart gives the optimum set of conditions for 
the different species and also indicates variations among the 
species with respect to their climatic requirements to produce 
economically useful yields. This variation in the environmental 
adaptability of species is very beneficial and advantageous in 
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selecting appropriate species for varied situations. It 
should be noted that the environmental requirement of certain 

species, particularly annuals such as, say, maize or pigeon 
pea, is such that conditions that permit their reasonable 
growth can be found during at least a part of the year in many, 
parts of the tropics. On the other hand, certain other species, 
such as cacao or pyrethrum have rather precise environmental 
requirements, so that their adaptability is restricted to some- 
what limited areas within the tropics. Thus the general environ- 
mental conditions of the locality will decide the adaptability, 
and therefore the choice, of the species to suit that set of 
conditions. In order to assist in the choice of species to 
suit specific situations, the selected crops are also grouped 
(Table 5) in a very general way according to their adaptability 
to different ecological regions in the tropics. 

The important point to be considered with ,respect to individual 
species is how far the optimal growth requirements will be 
satisfied in agroforestry situations and what effect the 
modified environment (produced by agroforestry) will have on 
the growth and productivity of the species. The one growth 
factor whose supply will be restricted most to the understorey 
species is light. Therefore, the growth habit of the species 
with respect to its light requirement will be the most important 
factor deciding its adaptability to agroforestry conditions. 
Consequently, the part of the plant that is economically useful 
will also have a bearing, because the grain-producing crops 
such as cereals and grain legumes are known to require full 
exposure to sunlight for optimum production. On the other 
hand, there are several species known to be adapted to, or 
tolerant of, partial shade, though to varying extents and such 
plants are an obvious choice for agroforestry. For the 'sun 
plants' also, the extent of yield reduction caused by shade 
will be the important factor. 

Another group of plants that lend themselves to agroforestry 
situations are those that interact physically with other 
species, such as trailing or climbing species that need 
physical support. Most such species will also be adapted to 
reduced light conditions. Pwper r wms, and some of the cucur- 
bitaceous species are good examples. The other major growth 
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habit of importance in this context iS a desirable rooting 

pattern. However, the criteria for desirability will depend 
upon the circumstances, such as the rooting pattern of the 
companion species, environmental conditions, etc. In certain 
situations a superficial or restricted root system with minimum 
spreading will be ideal, whereas in other situations (such as, 
say, drier regions) an extensive root system will be preferable. 
The ideal rooting configuration will, therefore, be situation- 
specific. An example of a desirable rooting configuration in 
a poly-culture with coconut palms has been presented and dis- 
cussed by Nair (1979). 

Thus, within the climatically determined range of adaptability 
of a species to a locality, the major considerations for 
determining its suitability to agroforestry are its adaptabi- 
lity to shade, ability to give a reasonable yield under sub- 
optimal conditions; and special growth habits (if any) that 
necessitate its cultivation along with other species. The 
'Crop Sheets' presented in the following sections have been 
compiled with this in mind. 
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FINGER MILLET 

SCIENTIFIC NAME Eleusine coracana (L.) Gaertn 
Family GramCneae 

2n = 36 

COMMON NAMES Finger millet (E) 
Coracan (F) 
Coracan (Sp) 
Ragi (India) 
Wimbi (Swahili) 

USES AND ECONOMIC IMPORTANCE 

Finger millet is an important cereal crop and staple food in 
parts of East and Central Africa and in the southern parts of 
India. It is usually converted to flour and made into cake, 
porridge, pudding or gruel, and eaten with other foodstuffs. 
It is also used for malting and brewing. The grain is nutri- 
tious and is considered good for infants and invalids. Its 
great advantage is that the grain can be stored without insect 
damage for several (up to 10) years. 

ORIGIN AND DISTRIBUTION 

Supposed to have originated in India or in East Africa: is now 
cultivated mainly in these regions. 

PLANT CHARACTERISTICS 

A profusely tillering grass-like plant, of 3-6 months duration, 
growing up to 1 m in height. It has a shallow, branched, 
fibrous, adventitious root system from the base of the main 
stem. The stem is noded, slender (4-12 mm thick), erect and 
smooth and covered by the leaf sheath: leaves are 30-75 cm long 
and often folded though with strong midribs. 

The inflorescence is terminal and consists of 4-6 digitally 
arranged sessile spikes, curved to inside and compact, often 
with an additional one or two spikes below the terminal whorl. 
Each spike has about 60-80 spikelets arranged alternatively 
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in two overlapping rows towards the outer sides of the spike. 
Flowers are hermaphrodite and almost entirely self-pollinated 
within about 8-10 days. Flowering takes place from top to 
bottom in the spike, but in the reverse direction in the 
spikelets. Seeds are very small, about l-2 mm in diameter. 

A number-of cvs have been recognized, and many improved cvs 
have been selected and bred in India, for earliness in bearing 
as well as for higher yields. 

ECOLOGY 
CLIMATE Finger millet is one of the hardiest crops suited for 
dry cultivation in areas with annual rainfall of 700-1200 mm. 
It does not tolerate heavy rainfall, and it requires a dry spell 
at the time of grain ripening. However, the crop requires a 
well-distributed rainfall during the vegetative stages. It 
grows best in areas at 1000-2000 m altitude with average 
maximum temperature about 27OC and average minimum above 18OC. 

SOIL In India, finger millet is cultivated mostly in red 
lateritic loams. Relatively fertile and free-draining soils 
are the most suitable. 

PHYSIOLOGY AND COMPOSITION 

Finger millet is a short day plant with an optimum of 12 h 
photoperiod. Photoperiod and temperature influence the time 
to maturity. While it does not tolerate waterlogging, it can 
tolerate dry spells during the early stages of growth. 

The grains contain an average of 8% protein, 72% carbohydrate, 
3% fibre and 2.7% ash. The protein of the grain is of good 
biological value, and the grain is a good source of calcium. 

AGRONOMY 

CROPPING SYSTEM In India, finger millet is grown in 2-3 year 
rotations with many other crops such as millet, pulses, ground- 
nut, maize, tobacco, vegetables, etc. depending upon the locality. 

It is also grown as an irrigated crop all the year round, and 
as a mixed crop with pigeon pea, sorghum, etc. A system of "ash 

culture" known as citemene cultivation is practised in the 
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infertile soils of northern and central Zambia.- It consists 
of raising a broadcast crop of finger millet in the ash 
obtained by burning the trees and woodlands. 

PROPAGATION By seed; seeds germinate quickly. 

LAND PREPARATION A clean, friable and smooth seedbed is 
required for even distribution and coverage of the small seeds 
and to avoid competition from weeds. Farmyard manure is 
incorporated into the soil at the time of seedbed preparation. 

I SOWING The seeds may be broadcast or drilled about 2.5 cm deep 
in lines about 20-25 cm apart: or 3-4-week-old seedlings are 
transplanted, under irrigated conditions, at 15 x 20 cm spacing. 
About 30 kg seeds are required for broadcasting in.one hectare, 
whereas for drilling, less than 10 kg/ha are required. 

AFTERCARE Thinning the stand to lo-15 cm between plants when 
the plants are 3-5 'cm high, and weeding are important operations. 
The first needing is done along with thinning, which is followed 
by one or two more (hand) weedings. Thorough seedbed prepara- 
tion reduces the incidence of weeds, but drilling in rows is 
preferred because weeding in the broadcast crop' is more diffi- 
cult than in the line-sown crop. E. africana and E. {ndica 

are the common weeds and they occur in large numbers because 
during the early stages of growth they look similar to finger . 
millet. 

MANURING It is a usual practice to apply large quantities 
(20-25 t/ha) of farmyard manure. Ferilizer trials have shown 
good response to nutrients, especially N. Depending upon m 
moisture conditions, soil type and cultivar of the crop, ferti- 
lizer recommendations vary from 25-90 kg N, 20-40 kg P205 and 
45 kg K20/ha. Fertilizers are given as basal dressing except 
N, which is given in two equal instalments,one before sowing 
and the other when the plants are 6 weeks old. 

HARVESTING The crop matures in 33-6 months, depending on the 
cv.and location. In India, the plants are cut close to the 
ground, tied into sheaves and stacked to dry, and threshed by 
beating with sticks or trampling by oxen or by stone rollers. 
In Africa, individual heads are cut with hand-knives with 
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small portions of straw attached; the heads are pxled in heaps 
and then threshed by beating with sticks or rubbing between 
two stones. The crop does not attain maturity simultaneously, 
especially under irrigated conditions, when frequent harvestings 
may be necessary. Combine harvesting is also possible. 

YIELD ./ 

Average yields of rainfed crop vary from 700-1000 kg/ha; 
irrigated crop yields double the quantity; still higher yields, 
up to 5000 kg/ha, have been obtained. 

PESTS AND DISEASES 

The crop is relatively free from damage by pests and diseases, 
but the fungus PirhmZaria sp. causes leaf and head blasts, 
the hairy caterpillar Amsacta aZbi8triga eats the vegetative 
tissues, and birds cause damage during the ripening stages of 
grains. 

AGROFORESTRY POTENTIAL 

The crop is useful for agroforestry because of its hardy nature 
and short duration and is valuable as a "catch crop" before or 
at the time of starting new plantations. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Agricultural universities in Bangalore and Hyderabad, India, 
conduct research on finger millet, and the research results 
can be found in Indian research publications. 

Thomas, D.G. 1970. Finger millet fEiteu8ine coracana (L) Gaertn.). 
In J.D. Jameson ted.). Agriculture in Uganda. Oxford 
Univ. Press, London. 
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MAIZE 

SCIENTIFIC NAME Zea may8 L, 
Family Cramineae 

2n - 20 

COMMON NAMES Maize, corn (E) 
Mall2 (F) 
Maiz (Sp) 

USES AND ECONOMIC IMPORTANCE 

Next to wheat and rice, maize is the most important cereal in 
the world and is one of the highest yielding of all grain crops. 
It is a staple food, particularly in the tropics; is used as 
a livestock feed especially in temperate and advanced countries, 
and is a raw material for many industrial products such as 
starch, syrup or sugars, oil, alcohol etc. Over 500 important 
products and byproducts are reported to be obtained from maize. 

ORIGIN AND DISTRIBUTION 

Maize is believed to be a native of southern Mexico. It is now 
cultivated throughout the world in areas with suitable growing 
conditions. The major producer is the USA, which accounts for 60% 
of the maize of international trade. However, most of the maize 
produced is consumed locally. It is the leading crop of the 
USA and a staple food in East Africa and many tropical regions. 

PLANT CHARACTERISTICS 

Maize is an annual grass. It is usually single-stemmed but 
sometimes produces tillers, and grows up to 4 m tall. 

The adventitious roots develop about two weeks after germination, 
during which period the seminal roots are present. Roots are 
profusely branched and grow both vertically (up to 2 m) and 
horizontally. Roots also grow from the lower nodes above 
ground level. These are called prop roots and they lend some 
support. 

The stem is solid, usually 2-3 m high and 3-4 cm in diameter 
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with 8-20 clearly-defined nodes. Internodes are shorter and 
stouter at the base. Buds in the axils of the leaves of the 
three lowest internodes may produce tillers, but this is not 
a preferred character.‘ 

Leaves are alternate, produced on either side of the stem at 
the nodes. Leaf sheaths, usually with hairs along the upper 
margins, enclose internodes for varying distances. The leaf 
blade is linear-lanceolate; 30-150 x 5-15 cm. 

Both male and female inflorescences are produced separately on 
the same plant. The male inflorescence, called 'tassel', is 
a terminal panicle, about 40 cm ions, with a central axis as 
the continuation of the stem and several erect or flexuous 
lateral branches. Paired spikelets are borne in rows on the 
main axis and branches, each spikelet has two glumes of equal 
size, and two staminate flowers within the glumes. 

The female inflorescence called the 'ear' is a modified spike, 
produced from a short lateral branch in the axil of one of the 
largest leaves in the middle of the stem. The.ear has a 
central axis or cob, which is a thickened modified stem protec- 
ted by 8-13 modified leaves from the lowest internode of the 
ear-bearing lateral branch, and these modified leaves become 
the husks of the cob. The cob bears paired spikelets in 
longitudinal rows. Each plant usually produces only one ear, 
but sometimes two or three. The fruit, known as kernel or 

'grain' is a caryopsis which matures in about 50 days after 
fertilization. A mature cob is 8-40 cm long, 3-7.5 cm in 
diameter, and contains 300-1000 grains arranged in an even 
number of rows varying from 4 to 30 along the length of the 
cob. 

The kernel consists of a short spongy pedicel or tip, a smooth 
pericarp or hull which constitutes about 5.5% of the kernel, 
the endosperm (c. 82%) and an embryo (c. 11.5%), which lies to 
one side of the base of the seed and is rich in fat, protein 
and minerals. 

Self-pollination takes place only up to about 5% in maize, 
because it is protandrous - the pollen sheds before the silks 
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1 are receptive. The tassel sheds its pollen within a period of 
over a week and the pollen remains viable for about 24 hours, 
viability being less in hot dry weather. The pollen is produced 
in enormous quantities: about 2-5 million grains per tassel. 
The silks emerge during a period of 3-5 days and remain receptive 

i for about 14 days. 

I The time to maturity of the crop varies greatly according to 
variety and altitude. At low altitudes and warm climates, it 

/ flowers in two months and matures in four, whereas at higher 
altitudes and colder climates, it takes about 6 months to flower 
and 9-12 months to mature. 

Maize is the crop that has been subjected to maximum genetic and 
cytogenetic studies. Consequently tremendous advancements have 
been attained in improving the crop. Mass selection, hybrid- 
zation, use of inbred lines, exploitation of cytoplasmic male 
sterility, development of synthetic cultivars etc. are the 
methods employed to develop strains for higher yield, adaptation 
to specific conditions, time to maturity, response to soil 
fertility conditions, tolerance of drought, pests,diseases, and 
adverse soil conditions, ear characters, chemical composition 
etc. Thus, the type of cv. grown or recommended will depend 
upon local conditions. In low input systems of agriculture, a 
synthetic cv. is preferable as it permits using seed from one 
crop to the next. 

ECOLOGY 

CLIMATE Strains or cvs of maize adaptable to a wide range of 
ecological conditions are available. However, it is essentially 
a crop of the warmer parts (seasons) of temperate regions and 
the humid tropics. It is not suited to arid conditions and ever- 
wet tropical evergreen forests. It is grown from sea level to 
about 3000 m altitude and from SOoN to 40°S of the equator. 
The optimum temperature for germination is 18-21°C and for 
tasselling, 21-30°C. In the tropics, maize grows best in 
areas with rainfall of 600-900 mm during the growing period, 
but also grows in areas receiving as low as 200 mm during the 
growing period. The young maize plant is ..,oderately drought- 
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resistant, the most critical period being the 30 days of 
maximum growth before pollination, when the weather should 
be warm and wet, with at least loo-125 mm of rain. The crop 
does not tolerate frost and waterlogging. 

Si?Il;S Maize prefers well-drained and deep soils, well-supplied 
with plant nutrients. It is highly susceptible to waterlogging 
the crop can be killed if it stands in water for as long as a 
day. It can be grown on soils with a pH from 5.0-8.0; but 6.00 
7.0 is optimum. 

PHYSIOLOGY AND CilMPOSITION 

Maize is next only to rice in its eco-physiological adaptability; 
for optimum growth it requires full sunlight, but under subsis- 
tence farming conditions and in homestead gardens, it is grown 
under partial shade. Maize is a plant with very fast rates of 
growth and photosythetic production during vegetative stages. 

Maize grains at harvest contain 20-30% moisture, but before 
storage, the moisture content is brouqht down to below 13%. On 
dry-weight basis, the grain contains about 77% starch, 9% protein 
(varying from 6-15%), 5% fat and 2% ash. 

AGRONQMY 

CROl’PIiVG :T ?ciTZl? Maize is grown mcstly as a sole crop, in 
rotation with other cereals, legumes, potatoes, sugarcane etc. 
It is also grown mixed with legumes and low-growing vegetables. 
In Africa, many peasants still grow Eluch maize by shifting 
cultivation and the 'shamba' (taungya) sys tern. 

p&?(Ypi c-4 TfJi”: Always by seed: in moist warm soils, germination 
takes place in 3-5 days after sowing, when the plumule breaks 

through the seed. The coleoptile emerges from the soil 6-10 
days after plantinq. 

L.4 ,yo ,"Ef'&Pii.".< 'T ;g,fy Thorough cultivation is generally practised 

to give a fine seedbed free of weeds and with good crumb structure. 
But of late, the tendency is to minimize the tillage operations 
to reduce the cost of cultivation and minimize soil erosion. 

SUlv'SNI; Maize is sown by hand in peasant farming in the tropics, 
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and mechanically in commercial cultivation. Depth of planting 
is 5-12.5 cm depending upon climate, soil type, etc. Seeds are 
sown deeper in dry soils. Maize is usually sown early in the 
season, immediately after the danger of frost is over in 
temperate regions, and at the beginning of the rainy season 
in the tropics. It may be planted on ridges or hills or in 
rows. The spacing will depend upon the local climatic conditions 
and the cv. The usual row spacing is 75-100 cm and about 30 cm 
between plants, giving a stand of 50,000 plants/ha, for which 
the seed rate is 9-16 kg/ha. In drier areas, the spacing is 
wider. When sown by hand, the plant population is adjusted to 
the required level by thinning, when the plants are about 15 cm 
tall. 

MANURING Maize is a heavy feeder and requires high quantities 
of nutrients, especially nitrogen, r;.e amount being dependent 
on the soil conditions, CV., etc. Fertilizer rates as high as 
200 kg N/ha have been recoxnended. For best results, nitrogen 
is applied in three equal instalments at the time of sowing 
and one and two months after planting; sometimes two-thirds 
of the total quantity of nitrogen is given when the plants are 
knee-high. In commercial production, P and K, and secondary 
and micronutrients are also given, especially sulphur and zinc; 
but in tropical Africa, response to P is variable and there is 
little or no response to K. 

AFTERCARE During, the pre-tasseling period, which varies from 
SO-75 days depending upon genetic and environmental factors, 
the crop is kept weed-free either by hand-weeding and inter- 
cultivation or by the use of herbicides. 

HARVESTING Maize grain is physiologically mature about 8 weeks 
after flowering when the grain contains 35-40% moisture. When 
fully mature, the leaves become yellowish and the husks papery, 
and the grains will be hard and shiny in appearance. The cobs 
are left to dry to about 25% moisture for combine harvesting 
and about 15% for hand harvesting. 

When harvested by hand, the cobs are removed with as little 
stalk attached as possible. The grains do rrot shatter. For 
proper storage, the moisture content of the grains has to be 
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reduced to 12-13%, which is usually done by sun drying. Cobs 
are stored in cribs made of wire mesh, or grains are stored 
in simple granaries. The shelling percentage is 70-80%. 

YIELD 

Yields vary greatly: average yield in tropical regions is about 
1500 kg/ha: under good management, the yields are from 3000-5000 
kg/ha. In the corn belt of the USA, they are much higher. 

PESTS AND DISEASE 

Stem borers belonging to the genera BusseoZa, ChiZ?, Diatraea 

and Ostrinia, corn earworms fiieiio$h*ts spp.),cutworms and army- 
worms are the major insect pests. The major fungal diseases 
are leaf blight (Helminthosporium turcicum, also known as 
Trichometasphaeria tttrcicai, downy mildew lscZerospora spp.), 
and smut (Vstitugo and Sphacelothecn). Stored grains are 
attacked by moths and weevils, and by rats, squirrels and 
other rodents. 

AGROFORESTRY POTENTIAL 

Maize has replaced sorghum and other millets in areas with more 
assured rainfall in many parts of the world because maize yields 
more grain per unit area, requires less labour to grow and is 
easier to store, and because cvs with varying agronomic 
characters and adaptability to varier? conditions are available. 
However, substitution of maize in borderline areas may be disas- 
trous in years with unfavourable climate. The widespread 
preference for maize in varied climatic and agronomic situations 
sometimes makes it imperative to grow maize in areas that are 
less than ideal. This is often the case when it is used in 
agroforestry. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Because maize is perhaps the most intensively researched food 
crop n research reports relating to it appear in almost all 
agricultural research journals and publications from all parts 
of the world. All the major maize-growing countries have their 

own national research and development programmes. CIMMYT, the 
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International Wheat and Maize Research Center in Mexico, is i 
the leading international centre. 

Aldrich, S.R. and E.R. Leng. 1965. Modern corn production. 
Farm Quarterly, Cincinnati. 

Cunard, A.C. 1967. Maize agronomy. World Crops, 19, Nos. 
1-4. 

Pierre, W-H., S.A. Aldrich and W.P. Martin. (eds). 1966. 
Advances in corn production: principles and practices. 
Iowa State University Press, Ames. 

Fig. IOa Maize with Cupressus lusitanica. Kenya. Fig. lob. Maize and beans with C. lusitanica. Kenya 
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Fig. 10~ Maize and beans under Eucalyplus sahgna. Kenya 

Fig. 10d Maize and Leucaena leucocephala - Alley cropptng (Photo credit 6 T Kang. IITA. Nlgf !rla) 



67 

CEREALS 

PEARL MILLET 

SCIENTIFIC NAME Pennisetum gtaucum (L.) ' 
syn: P. typhoideum Rich 

P. typhofdes (Burm. f.) Stapf 
6 Hubbard 

Family Gramineae 
2n = 14 

COMMON NAMES Pearl millet, bulrush millet, 
spiked millet, cat-tail millet (E) 
Millet perl6, petit millet (F) 
Mijo perla, panizo (Sp) 
Bajra (India) 

USES AND ECONOMIC IMPORTANCE 

A major food crop in the drier parts of tropical world, especi- 
ally in India (where it is the fourth most important cereal 
after rice, sorghum, and wheat) and the northern terrJtories 
of West Africa. It is consumed mostly after husking. It may 
be cooked in the same way as rice, or ground into a flour and 
made into a porridge. The grain may be fed to poultry and 
other livestock or used to produce malt: in Africa, the malted 
seed is an important source of beer. The green plant is a good 
fodder. The straw, which is inferior to other cereal straws 
as a cattle feed, is also used for bedding, thatching, fencing 
and fuel. 

ORIGIN AND DISTRIBUTION 

Considered to have originated in western tropical Africa. The 
major producing regions are India and tropical Africa - especi- 
ally in the Sahel and Sudan zones. It is not a crop of 
international trade. 

PLANT CHARACTERISTICS 

An erect tillering annual usually 1-2 m high, but grows as high 
as 3.5 m. Has a single seminal root, followed by fibrous. 
adventitious roots from lowest nodes of stem and tillers. Solid, 
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slender stem; prominent nodes with a ring of silky hairs; 
leaves in 2 vertical rows on either side of stem; 30-100 cm 
long and 0.5-5.0 cm broad leaf blade. Inflorescence is a 
contracted panicle or false spike, resembling a bulrush, and 
is terminal, dense, 15-140 cm long, cylindrical, l-4 cm in 
diameter. Spikelets usually borne in pairs, two-flowered, 
3-9 mm long, lower floret usually male. Fruit is a caryopsis, 
small, usually obovoid or elliptic, about 4 mm long, white, 
yellow or grey in colour. The plant is markedly protogynous 
and cross-pollinated. 

The spike emerges about 10 weeks after sowing and the grain 
begins to develop about a week after, and is fully developed 
about 30 days later. Thus the total duration of the crop is 
about 4 months. 

A number of races and cultivars are recognized in Africa and 
India. Based on the total duration of the crop, these are 
short- (80 days), medium- (100 days) and long- (150 clays) 
duration types. There is considerable variation in most 
cultivars as a mixture of cvs is usually planted and the 
crop is cross-pollinated. High-yielding hybrids have also 
been evolved. 

ECOLOGY 

CL IMATZ Pearl millet is relatively drought-resistant and 
suited to drier and sandier regions than sorghum, but it 
requires a certain minimum amount of moisture for growth as 
it does not remain dormant during periods of drought. Early- 
maturing cultivars are found in lowest rainfall areas and 
late-maturing ones in areas with more rainfall. The northern 
limit of pearl millet in West Africa is about 250 mm isohyet. 
Even distribution of rainfall is more important than total 
precipitation. 

SOIL.5 It can be grown on a variety of soils, but light loans 
are preferred. Its merit is that it can give economic yields 
in sandy and poor soils that are too poor for other cereals 
except a few minor millets. 
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PHYSIOLOGY AND COMPOSITION 

It does not withstand waterlogging. It is tolerant of weed 
competition and comparatively free from Striga hermontheca, 

the parasitic weed, whereas most other cereals are susceptible 
to it. Its most serious disadvantage is its susceptibility 

i to bird damage. 

The grains contain approximately, 12.4% water, 11.6% protein 
(high in tryptophane and cystine! but low in lysine and methio- 
nine)., 67% starch (composed of amylopectin and amylose in 2:l 
proportion), 1.2% fibre and 2.7% ash. 

AGRONOMY 

CROPPING SYSTEM Usually grown as a rainfed crop, but sometimes 
as an irrigated crop also (in India). Mostly grown in sole 
stands, but also grown on ridges, with sorqhum in the 
furrows between the ridges: also grown mixed with pulses. 

PROPAGATION Always by seed: under favourable conditions, the 
seeds germinate about five days after planting. 

LAND PREPARATION Deep preparatory cultivation does not seem 
~ necessary, and the land is usually not in a workable condition 

towards the end of the dry season when the crop is sown. The 
crop may be grown on the flat or on ridges. 

I 

SQVINC Broadcast or drilled. Very rarely, 3-week old seedlings 
are transplanted. 

SEED RAT&/SPACING 3-9 kg seeds/ha; when drilled, rows are about 
75 cm apart; wider spacings are compensated by increased tiller- 

I ins. 

NUTRITION Good response to N, and P in the presence of N. 
Farmyard manure is the most commonly applied manure. 20-25 kg 
N/ha and lo-15 kg P205/ha increase the yield up to 50%. 

AFTERCARE Profuse tillering suppresses weed growth, but 
weeding is necessary in the early stages. 

fiARVESTING Harvested by cutting off the heads when the grain 
is fully ripe. If tillers ripenunevenly, more t&n one harvest 
may be necessary. Ears are threshed by beating with sticks or 
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treading by cattle. Fodder crop is usually harvested at milk 
stage. The seeds store well: they are usually consumed locally. 

YIELD 

Afrida: 250-270 kg/ha 
India: Rainfed: 700-1200 kg/ha 

Irrigated: up to 2000 kg/ha 

PESTS AND DISEASES 

Susceptible to bird damage: also fungus diseases; downy mildew 
(Sclerospora graminicoZa) and smut fToZypO8pQriMm peniciZZarfaei 

-at,- 
art? 1110. JUL bi=esses. 

AGROFORESTRY POTENTIAL 

Because of its adaptability to marginal areas (poor soils and 
drier areas) the crop has good potential for agroforestry in 
such areas. It is grown under dcocicr spp., Baobab fdciansonia 

digitatal and other trees in West Africa. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

ICRISAT, Hyderabad, India. 
Many Agricultural universities of India. 
S.R.A. de Saria and S.R.A. de Farako, Upper Volta. 

Bourke, D. O'D. 1963. The West African millet crop and its 
improvement. Sols Afr., 8, 121-132. 

Ferraris, R. 1973. Pearl millet (Pen*zL8eti(r': tyyhoidesl. 
Review series No. l/1973. Commonwealth Bureau of Pastures 

and Field Crops, Hurley, Maidenhead, U.K. 
Krishnaswamy, N. 1962. Bajra. Indian Council of Agricultural 

Research, New Delhi. 
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Fig 11 Pearl mtllet with Acma a/b&. Senegal 
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Fig. 12 Finger millet (Photo credit: Centre d’Etude de I’Azote. Zurich) 

Fig. 13. Sorghum under Acacra a/b/da. Upper Volta 
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SORGHUM 

Sorghum bicotor (L.) Moench 
syn. Andropogon sorghum (L.) Brot 

Sorghum vu tgare Pers. 
Family Gram<neae 

2n - 20 

Sorghum (E) 
Sorgho (F) 
sorgo (Sp) 
Great millet, sorgo or milo USA 

Jowar or cholam India 

USES AND ECONOMIC IMPORTANCE 

Sorghum can rightly be termed the staple food of the people in 
the relatively drier parts of the tropics and subtropics. It 
is the world's fourth most important cereal crop (after wheat, 
rice and maize). The grain is ,ground into a flour that is 
used for a variety'of preparations: it may be cooked like 
rice: it is used for brewing beer especially in Africa; and 
it is a valuable,cattle feed in developed countries. The 
plant residues and stems are used for fuel and sometimes for 
thatching huts. 

ORIGIN AND DISTRIBUTION 

Sorghum IS supposed to be a native qf Ethiopia or Northeast 
Africa. It is now cultivated in over 50 million hectares 
throughout the warmer parts of the world. China, India, East 
Africa, the drier parts of West Africa - especially Nigeria - 
and the USA are the principal producers. In certain wetter 
parts, maize is replacing sorghum as the staple cereal. 

PLANT CHARACTERISTICS 

Sorghum is a vigorously-growing, single-stemmed but tillering 
annual grass, 0.5 to 5.0 m in height. Adventitious roots are 
produced from the lowest nodes of the stem; roots are much 
branched and they occupy the soil more fully, mostly to about 
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1 m depth and 1.5 m lateral spread. The stem ii solid, erect, 
0.5-3 cm in diameter, noded, each node having a leaf; height 
of stem and number of nodes variable. Leaves vary from 7-20 
in number, erect when young, alternate in two ranks, lamina 
lanceolate, 30-135 x 3.5-l..'cm, midrib prominent. The 
panicle is terminal, may be erect or goose-necked, densely 
packed with conical and short or long with primary, secondary 
or tertiary branching. The spikelets are borne in pairs, one 
of which is aessile and hermaphrodite and the other pedicelled 
and sterile or male. The inflorescence begins to flower when 
elongation of the peduncle is completed: opening cf flowers 
begins at the top and continues downwards and is con:pleted in 
6-10 days. Flowers remsin open for about 2 hours in the fore- 
noon; pollination occurs from stamens in the same flowers, from 
other flowers.of the same inflorescence or from other inflores- 
cences (by wind). Usually about 5% cross-pollination, but as 
high as 25% in cvs with open panicles. The fruit is a 
caryopsis; it matures within about 30-70 days after blooming. 
The grain is partially covered by glumes; awns may be present 
or absent: the seed coat varies in colour from pale yellow to 
various shades between brown and red. 

The crop matures in 21 to 9 months depending upon the cv. and 
climatic and soil conditions. 

A considerable amount of breeding and selection work has been 
done with sorghum'. Moreover, sorghum is an extremely variable 
crop with a large number of cvs and varieties of different 
characteristics which cross readily. Selection, hy;zrdization, 
exploitation of cytoplasmic male sterility, polyploidy etc. are 
the methods used in improvement, and the main improvement 
objectives are yield, time to maturity, plant height, palata- 
bility, adaptation to mechanical harvesting, resistance to 
pests, diseases, weeds, lodging and shattering, etc. 

ECOLOGY 

CLIMATE Sorghum is essentially a plant of hot and warm 
localities. It can tolerate droucrht and dry conditions, but 
can also be grown in areas with high rainfall and occasional 
waterlogging. The optimum temperature for growth is 30°C and 
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it needs about 25004c3 mm rainfall during the growing period. 
Being a crop of the warm regions, sorghum is usually cultivated 
in lower elevations, but hig 2~ altitude cvs have also been 
developed. Sorghum does not tolerate frost. 

SOIL Sorghum can tolerate a wide range of soil conditions. It 
grows best on reasonably fertile soils, but also grows well on 
heavy soils or on light sandy soils, in the pH range of 5.0 to 

: 8.5. It will produce a crop on soils too poor for other 
crops 1 . 

PHYSIOLOGY AND COMPOSITION 

The greatest physiological adaptability of advantage of sorghum 
is its resistance to drought as well as occasional waterlogging. 
The drought resistar.de is due to a very efficient and well- 
branched root system which develops quickly before the above- 
ground parts, silica deposits on the roots, lesser leaf area 
(compared to maize), waxy coating on the leaves, its ability 
to remain dormant during adverse periods etc. In areas with 
more favourable growing conditions, maize is a better crop 
than sorghum, but under marginal conditions maize may be a 
disaster whereas sorghum will give a crop. 

Sorghum is a str.;A-day plant, but cvs vary in their sensitivity 
to photoperiod. However, the length of the growing period is 
determined by the interaction of genotype, photoperiod, and 
temperature. 

The air-dried sorghum grain contains 8-15% protein, 2-S% fat, 
68-74% carbohydrates, 1.3% fibre, 1.5-28 ash and 8-168 water. 
Lysine and methionine are the most limitink amino&ids. Sorghum 
shoots contain the cyanogenic glycoside dhurrin, which on 
hydrolysis produces HCN which is toxic in concentrations more 
than 750 ppm. The quality of HCN varies with cv. and growth 
conditions: fresh growth contains more. HCN is destroyed when 
fodder is made into hay or silage. 

AGRONOMY 

CROPPING SYSTEM Usually grown as a rainfed crop, but also 
grown with irrigation especially in parts of India, Sudan and 
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the USA. Grown in rotation with other crops, mainly cotton, I 
groundnut, finger millet, tobacco, pulses, etc. Continuous 
cultivation in the same plot leads to heavy infestation of 
the parasitic weed Striga. It is believed that sorghum 
depletes the soil of fertility ("sorghum injury."), probably 
because of the high sugar content of its voluminous roots and 
depletion of soil moisture. So it is usually the preferred 
crop in soils depleted by previous croppings. Also grown in 
admixture with other crops. 

PROPAGATION By seed. Properly stored seeds remain viable for 
long periods. Usually no dormancy; germination within about 
seven days after sowing. 

LAND PREPARATION When grown after other crops or in the second 
rainy season, land preparation is not very difficult. Since 
the seeds are rather small, a firm fine seedbed is desirable, 
but in peasant farming this is seldom attained. Being a heavy 
feeder, sorghum should have a heavy dressing of farmyard manure, 
which is usually incorporated into the soil at the time of 
seed-bed preparation. 

SOWING Sown broadcast (4-10 kg seeds/ha) or dibbled in rows 
about 60 cm apart. When grown as a fodder crop, seed rate is 
higher (about 50 kg/ha) and seeds are broadcast. Before sowing, 
seeds are treated with sulphur to protect the plants from smut 
disease. Time of sowing depends on the conditions; in dry 
regions, the crop is sown at the time of onset of first rains. 
When grown in pure stand, 60-90 x SO-20 cm spacing is adopted 
depending upon moisture availability and soil fertility. 

NUTRITION Sorghum responds well to manures. Depending upon 
moisture availability, 20-45 kg N/ha and about half that 
amount of P205 are recommended in addition to the liberal 
application of organic manure. Nitrogen is given in two 
instalments, half as basal dose and the other half at the 
time of flowering. 

AFTERCARE Thinning and first weeding are done with hand-hoes 
about 2 weeks after sowing. Subsequent weedings, especially 
to control the parasitic weed Striga, are done with bullock- 
drawn hoes in row crops or hand-hoeing in broadcast crops. 
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Scaring off birds is an important operation when the crop . ' 
! nears maturity. 

~IAHVC;SY~NG Either tne enicite plants are cut and stacked 
. and earheads are removed later, or the heads are cut from 
: the standing plants. Dried heads are threshed either by 

cattle-trampling or with stone rollers. Grain is well dried 
in the sun before-storage. 

STORAGE The grain can be stored either in heads or after 
threshing: in either case , proper drying to about 10% moisture 
is necessary because stored grain is subject to attack by many 
insects. Usually stored in earthen or metallic containers, 
closed tightly on the top. 

YIELD 

Yield varies considerably depending upon cultivation practices, 
cv. etc. Average yield in Africa is in the range of 600-1500 
kg/ha. In India, the rainfed crop gives almost equal yields, 
and the irrigated crop about 2500 kg/ha. In the USA, irrigated 
hybrid sorghum yields over 5000 kg/ha. 

PESTS AND DISEASES 

Striga sp., known as witchweed and belonging to the family 
Scrophutariaceae, is a semi-parasite attached to the roots of 
flowering plants, usually grasses. They are annual herbs with 
tubular corollas. Two major specie are S. asiatica, an erect 
slender herb occurring wild in Asia and Africa, and S. hermon- 

theca, a more robust plant with large showy flowers that occurs 
mainly in Northeast and West Africa. 

Seeds of both are minute and are produced in large numbers. 
They remain viable in dry soils for several years and germinate 
while in proximity with host roots. The parasitic plants draw 
their requirements of water and nutrients mainly from the host 
roots, through haustoria. Severe attack by Striga causes 
drought-like conditions to the crop. Careful weeding reduces 
the weed's population. 

BIRDS Many spelies of birds attack sorghum in different parts 
of the world, the most serious in Africa being the small red- 
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billed or black-faced Quelea birds, which attack in large 
numbers. Quelea control units are explosives, flame-throwers 
01 puiaurr =pAaiJ iia ZZGGZfCY c=la~~l@s or roosting sites nF %e 
birds. 

INSECTS Sorghum shoot-fly, Antherigona varia soecuta, the 
larvae of which burrow into the meristems of young shoots and 
kill the shoots, is a serious pest. Many stem borers and 
sorghum midge (Contarinia sorghicotal, are also major pests 
of sorghum. 

DISEASES Several diseases cause serious crop losses; most 
important are anthracnose fCoZZetotrichum graminicota), leaf 
blight (HeZminthosporium turcitaum), downy mildew (Sclerospora 
sorghil, and smut diseases (Sphacstotheca spp.). 

AGROFORESTRY POTENTIAL 

Being a drought-resistant, sturdy, and easy-to-manage crop 
that is also a staple food in the poorer parts of the world, 
sorghum is a very important crop for agroforestry. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES . 

ICRISAT, Hyberabad, India. 

A considerable amount of research is being carried out in many 
of the sorghum-growing areas; see CARIS (FAO, 1978), vol. 1 for 
details. 

Voluminous research results are available on various aspects of 
sorghum. Some of the relevant compendiums are: 
Curtis, D.L. 1968. Sorghum in West Africa. Field Crop 

Abstracts 18, 145-152. 
Doggett, H. 1970. Sorghum. Longman, London. 
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COWPEA 

Cr~CMTTFlf N.AMF v; a-4.. - 
s-e-..-. -- . -j*ru u~~~~icz.t Lata (L. 1 Walp. 

syn. V. sinensis 

Family Leguminosae-Papi tionoideae 

2n = 22, 24 

COMMON- NAMES Cowpea, China pea (El 
Pois B vache, dolique de Chine (F) 
Judia de vaca, judia tropical (SP) 

USES AND ECONOMIC IMPORTANCE 

The dried seeds are an important pulse crop in the tropics and 
subtropics, providing an inexpensive source of protein, especi- 
ally in Africa. They may be cooked together vith veqjatabies, 
or the decorticated and dried seeds may be ground into a flour, 
or steamed. The young pods, stems, and leaves are used as a 
vegetable. Also grown as a fodder plant, and the residue of 
the grain crop is also used as an animal feed. 

ORIGIN AND DISTRIBUTION 

Cowpea is an ancient food crop, whose area of origin is uncertain, 
but possibly is in Asia or Africa. Now it is cultivated through- 
out the tropics and subtropics. The main producer is Africa, 
particularly the West African savanna zone, comprising Nigeria, 
Niger and Upper Volta. Also produced in East African countries, 
India, Australia, the Caribbean, southern U.S.A. and South and 
Central America. 

PLANT CHARACTERISTICS 

An annual herb showing great variation according to cv., 
climatic and soil conditions. Erect, trailing, climbing and 
bushy forms exist. 31ost cvs are indeterminate: life cycle 
varies from 60 to 240 days or more. The tap-root is stout 

and well developed with numerous laterals spreading in surface 
soil, and large nodules, often collected in groups. The stem is 
rounded, thin and strong, sometimes with a purple tinge. The 

leaves are alternate, trifoliate; the petiole is stout and 
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grooved, 5-15 cm iang; and the leaflets are large (6-15 x 4-11 
cm) - 

Inflorescence is an axillary raceme having a long peduncle, with 
a few flTer$ crowded near the tip in alternate pairs. Flowers 
are conspicuously coloured; they open early in the day, close 
around mid-day and fall off on the same day: self-pollinated. 

Pods vary greatly in size, shape, colour and texture; they are 
linear, crescent-shaped, or coiled, 8-80 cm long, 8-20 seeded. 
They are indehiscent, usually yellow when ripe. Seeds also 
are very variable in size, shape and colour; 2-12 mm long, 
globular to kidney-shaped; 100 seeds weigh lo-25 g. 

Several cvs are identified and numerous species names have 
bee:1 given to the various forms: a great deal of confusion and 
disagreement exist on the classification. The catjang pea and 
the asparagus bean, V<gna sesquipedaZi8, widely cultivated in 
Asia, are also considered as forms of cowpea. Numerous high- 
yielding hybrid strains have also been produced. 

ECOLOGY 

CLIMATE Cowpea can be grown under a wide range of conditions, 
but it is predominantly a hot weather crop in elevations up to 
1500 m. Optimum temperature range is 20-32OC. It is sensitive 
to cold and killed by frost. Short-duration determinate types 
can be grown in areas of less than 600 mm annual rainfall, 
whereas medium- and long-duration types are grown in areas 
of up to 1500 mm rainfall. Excessive rainfall and high humidity 
are not preferred. It grows well in semi-arid climates. 

SOILS Cowpea can be grown on a wide range of soils if well- 
drained and not subjected to waterlogging. Optimum pH is 5.5- 
6.5. On heavy and highly fertile soil, excessive vegetative 
growth and poor grain yield occur. 

PHYSIOLOGY AND COMPOSITION 

Short-day, day-neutral and long-day types of cowpea exist: 
optimal photoperiod for flower induction is 8-15 h; but seed 
yield, dry matter production and nodulation are all reduced 
in photoperiod of less than 12 h. Cowpea requires adequate 



81 

PCYLSES 

sunlight for high grain yield. 

COWPEA 

The dry seeds contain approximately 11% water, 23.4% protein, 
1.3% fat, 56.8% carbohydrate, 3.9% fibre and 3.6% ash. 

AGRONOMY 

Cowpeas are grown either in pure stands or mixed with other 
crops, especially cereals like sorghum, maize OX millet. 
Propagation is by seed; the seeds are usually broadcast at 
the rate of 20-39 kg/ha: higher when grown for fodder. 

When grown for dry seeds, they are also drilled in rows 60-100 
cm apart, and 5-12.5 cm within the lines for erect types and 
about 30 cm for the spreading types. In hill planting, as 
praeti~led in francophone Africa, the recommended hill spacings 
are 50x50 - 50x60 cm. 

Cowpeas must be kept free from weeds during the early stages, 
which is usually done by hand. Cowpeas are more sensitive to 
herbicides than many other crops. 

In peasant farming, very little manuring is done, but cowpeas 
respond well to 600-1000 kg/ha of a 4:8:8 NPK mixture which 
should be placed in bands 5 cm below the seeds, before sowing. 
Early cvs mature in about 3 months and green pods will be ready 
for picking 50 days after sowing. The pods tend to ripen 
unevenly. For hay making, the crop is cut when most of the 
pods have matured. When grown as a grain legume, time of 
harvesting is critical as the mature pods shatter easily and 
the seeds germinate quickly if there is little moisture. 
When harvested manually, the mature pods are picked by hand 
at intervals of Z-4 days; when harvested mechanically, the 
whole plant is cut or uprooted when the leaves begin to fall 
and at least two-thirds of the pods are dry. After threshing, 
the seed should be dried in the sun to 14% moisture content. 
Cowpeas are extremely susceptible to insect damage while 
storing. 

YIELD 

Yields vary considerably from as low as 150-350 kg/ha in peasant 
farming in Africa to over 3000 kg/ha reported in IITA, Nigeria. 
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With improved cvs and good management, average yields of 
1000 kq/ha ;IT~ &ttiscd *Z~CZ 22~15 <Ga&iiiuns. 

PESTS AND DISEASES 

Cowpea is susceptible to a wide range of pests and diseases. 
There are about 15 major pests including the hea.? fly Nelarza- 
.??.?TV?;.-- L vignalis, the weevil Piezotrnchcl?ds varaius, etc. Major 
diseases include the rust Uromyces ph~xseal;, bacterial canker 
Xa*thomonas vignicola, fusarium wilt F’r4s~7ri1tw oxys~~~r..~~~ etc. 
The root-knot nematode MeZoidogyne ja?janica also attacks the 
plant. 

AGROFORESTRY POTENTIAL 

The high food value of the crop, its role in peasant aqricul- 
ture and diet, its short duration, the adaptability of the crop 
to varied soil and climatic conditions, and it5 leyuminous 
nature are characteristics that add to the agroforestry 
potential of the crop. However, it requires full sunliqht 
for optimum grain production. The best possibility for c:!~...I.c~ 
in agroforestry seems to be during the early years of estai,li- 
shment of tree species, in dense canopied plantations, and 
with deciduous trees. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Considerable research has been done on cowpez in many parts of 
the world and most of the agricultural research institutions 
in the major cowpea-growing countries have strcnq rcscarch 
programmes on cowpea. The International Institute for 
Tropical Agriculture, Ibadan, Nigeria, has since its i:stLli- 
shment in 1971 been involved in research on the crnp. 

Some of the notable literature references are: 

Commonwealth Bureau of Pasture and Field Crops. Annotatcci 
Bibliography 1255 on Cowpeas (Vigna un?uicuIata! 

1962-70; Berks, England. 
El-Baradi, T.A. 1975. Cowpeas. Abstr. Trop. Agric. l(12 

9-19. 
1 I 

Faris, D.G. 1967. A bibliography of cowpeas. Nigeria. Inst. 
Agric. Res; A.B. Univ. Samaru Misc. Pap. 22. 
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I Grain Legume Improvement Program, IITA, Nigeria. 
Kay, D.E. 1979. Food legumes (TPI Crop and Product 

No. 3). Tropical Products Institute, London. 
Krishnaswamy, N. 1970. Pulse crops of India-cowpea 

232. Indian Council of Agricultural Res., New 
Rachie, K.O. and L.M. Roberts. 1974. Grain legumes 

lowland tropics. Adv. Agron. 26, l-132, 

COWPEA 

Digest 

pp. 201- 
Delhi. 
of the 
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PULSES 

MUNG BEAN 

SCIENTIFIC NAME Vigna radiata (L. ) Wi.lczck 
syn. Phaseotus aureue Roxb., 

P. radsatus L. 
Family Laguminosas - Papi ZConoideae 

2n = 22 

COMMON NAMES Mung bean, Green gram (E) 

The word 'mung be&s* is also used sometimes for urd or black 
mm Vigno mmgo. 

Amberique, boubour (F) 
Judia de mungo, frijol 
de oro (Sp) 

\ 
USES AND ECONOMIC iMPORTANCE 

Mung bean is the principal bean crop in Asia east of Pakistan, 
and an important crop in India. It i.; highly digestible and 
is free from the flatulence effect commonly associated with 
many grain legumes. DhaZ is made from the beans, or the dried 
beans are boiled and eaten. Flour is also made from the beans, 
and the green pods are used as a vegetable. Mung beans are 
also grown for hay and as a fodder crop. 

ORIGIN AND DISTRIBUTION 

The crop originated in India or Southeast Asia: it is an 
important pulse crop throughout South and Southeast Asia, 
especially in India, Burma, Thailand, Indonesia and the 
Philippines. It is also grown, to a lesser extent, in East 
and Central Africa, the West Indies and the USA. 

PLANT CHARACTERISTICS 

A rapidly growing, multi-branched,somewhat hairy, deep-rooted 
annual, 0.5-1-O m tall, showing considerable variation in form 
and adaptation. The tap-root grows very deep into the soil, 
and the laterals arising from it also extend obliquely downwards. 
The stem is Rulti-branched and a few cvs have a spreading habit. 
Leaves are trifoliate, alternate, with ovate, entire or rarely- 
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lobed leaflets and long petioles. Flowers are yellow to 

greenish, occurring in clusters: normally self-pollinated. . 
x%.2t- l ..\. .I.  ̂ I .w-L..ra 
* WY” cze yrey or ULUWAA~~.. m.I-m -_- __ _ . Jona and slender, with 
lo-20 seeds. Seeds are small, globular, often green: 100 seeds _ 
weigh 3-4 g. 

Several cvs have been sorted out and high-yielding strains 
developed in India and to some extent in the USA. Two main 
types are aureu8, yellow or golden gram, usually grown for 
fodder purposes, and typica, the green gram cultivated for 
grains. 

A black-seeded type, grandis, and a brown-seeded one, bruneus, 
are also grown in India. 

The crop matures in 80-120 days; longer-duration cvs have also 
been identified. 

Black gram, or urd, Vigna mungo, is morphologically very similar 
to Y. rudia*a. 

ECOLOGY 

Mung bean is grown in areas from sea-level up to 1800 m altitude 
where there is a warm and equable temperature of 30-35OC, and 
a well-distributed rainfall of 750-1000 mm per annum, of which 
about 400 mm is received during the growing season of the crop. 
Excessive rains prolong the vegetative phase. It is fairly 

tolerant of drought; does not tolerate frost. It can be grown 

on a wide range of soil types if they are well-drained and free 
from waterlogging. It grows on clayey soils also. 

PHYSIOLOGY AND COMPOSITION 

Mostly a short-day plant: but day-neutral cvs have also been 
identified. It is fairly tolerant of saline-alkaline conditions. 

The dry seeds contain about 6-11% water, 19-24% protein, 1.2% 
fat, 60-65% carbohydrates, 3.3% fibre and 4% ash. Protein 

content as high as 31.2% has been reported. 

AGRONOMY 

Mung bean is usually grown as a catch crop after rice, utilizing 
the residual soil moisture in areas with limited rainfall; also 
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mixed with other field crops. It is propagated by seeds; 
seeds retain viability for 2-3 years. They are sown broadcast 
or in rows 4-5 cm deep, about 50 cm apart, and 5-10 cm between 
plants. when bGXT: bm;rdcas.t, the seed rate is about 15 kg/ha 
or more. Seed rate is lower when sown in lines. The crop 
requires a good tilth. Mung beans respond well to phosphorus; 
in commercial production, 20-40 kg P205/ha (higher amounts in 
laterite soils) is recommended. For best results, the phosphorus 
fertilizer is placed in bsnds below the seeds at the time of 
sowing. The crop matures in 80-12C days, but shorter-duration 
cvs have also been developed. ?Iany cvs do not ripen uniformly, 
so +he ripe pods are usually hand-picked at 5-6 day intervals. 
The cv. Pusa Baisak?zti developed recently in India matures in 
65 days, and 75% of the crop can be harvested in the first 
picking and the remaining 10 days later. The nna c 3 CC-r =--d, u*Bdti* 
picking, are dried in the sun prior to threshing by hand; the 
seeds are winnowed free of chaff and other plant parts and dried 
to 10% moisture content. 

YIELD 

Average yields vary from 300-800 kg/ha at the farmer's level. 
Yields up to 2400 kg/ha have been reported. 

PESTS AND DISEASES 

Like other legume crops, mung beans are also susceptible to many 
diseases and pests, some of'which are common to other legume 
crops. The serious pests include the Asian bea fly Opt~iomyia 
:' !.lc iuxc. ~POYLJZ,G) pi:gseo Zi; aphids i;r;:ic .zr:zc.zi>~~,*~; the hairy 
caterpillar AEsacta spp., etc. The cowpea weevil Ca! tosobrucklts 

ckinensis is the most serious pest of stored grains. Major 
diseases are those caused by the fungi Cel*costora spp., 
L'zzt*cFko,?ina spp. , and Cn i 7_e fr,*$ ,J?:c;:~.~*. spp. The root-knot 
nematode EeZoidogyne spp. also attacks the plants. 

AGROFORESTRY POTENTIAL 

Simlar to cowpea; mung beans are more drought resistant than 
cowpeas. 
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MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Considerable research has been conducted on the crop in India, 
z?r_d recently in the Asian Vegetable Rese?wrrh ?nrl !kvelc~vnt 
Center, Taiwan. 

Numerous research reports on mung beans can be seen in Indian 
Farming and Indian J. Agric. Sci., both published by the Indian 

Council of Agricultural Research. Other major references are: 

Indian Council of ?.qric. Res., New Delhi. 1970. Pulse crops 
of India (Kachroo, P. and M. Arif. (eds.). 

Milner, M. (ea.) 1975. Nutritional improvement of food legumes 
by breeding. John Wiley, New York. 

Poehlman, J.M. and F.F. Yu-Jean. 1972. Bibliography of mung 
beans research. Agric. Exp. Stn. Spec. Rep. 171 Univ. 
Missouri, Colombia. 

Proceedings of the Grain Legume Improvement Workshops, IITA, 
Nigeria. 

Rachie, K.O. and L.M. Roberts. 1974. Grain legumes of the 

lowland tropics. Adv. Agron., 26, 1-132. 
Symposium on food legumes. 1972. Tokyo: Tropical Agric. Res. 

Series 6, Trop. Agric. Res. Cent; Ministry of Agric. and 
For- Japan. 
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PIGEON PEA 

SCIENTIFIC NAME 

COMMON NAMES 

Cajanus cajan (L-1 Millsp. 
syn . c. indicus Spreng. 
Family Leguminoshe - PapiZionoideae 
2n = 22 

Pigeon pea, red gram, 
Congo pea, yellow dhal (El 
Pois cajan (F) 
Guando, fri jol de la India, 
guisante de paloma (SPI 
Arhar, thuvara (India) 

USES AND ECONOMIC IMPORTANCE 

Young green seeds are used as a vegetable: the ripe dr;y seeds 
are boiled and eaten as a pulse; the split dried seeds known 
as dha2 are a major protein source for the people of India; 
the dried husks and broken dhal are a good cattle feed; green 
plants provide an excellent fodder; and the dried stalks are 
used for firewood, thatching and basket making. 

ORIGIN AND DISTRIBUTION 

Supposed to be a native of the region between Egypt and East 
Africa: now it is widely spread throughout the tropics and 
subtropics. India is the largest producer, accounting for 
over 90% of the total world production. 

PLANT CHARACTERISTICS 

A woody, short-lived, perennial shrub, but mostly grown as an 
annual; l-3 m tall, with a deep tap root and long laterals. 
Stems are angular, hairy and branched: branching begins 15-25 
cm above ground, between 6th and 10th node. Leaves trifoliate, 
spirally arranged in a 2/5 phyllotaxy, inflorescences small, 
terminal and/or axillary racemes, 4-12 cm long. Flowering 
extends over several months, flowers self- or cross-compatible, 
about 5-40% cross pollination: rain at flowering reduces 
fertilization. Fruit is a flattened pod with 2-8 seeds, usually 
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hairy; does not shatter in the field. See& ;-ary in size, 
shape and colour; usually round or oval: 100 seeds weigh 
10-15 g. 

VARIETIES Two botanical varieties: 

var. fZavue - early maturing, shorter plants; green pods 
become light-coloured when ripe, usually 
3-seeded; called Tur in India. 

var. bicotor - perennial, late-maturing, large, bushy plants, 
hairy pods, 4-5 seeds, pods darker-coloured 
when mature; called Arhar in India. 

Many cultivars (over 100) 'are recognized, and they are classi- 
fied into early-, medium-, and late-maturing types. Numerous 
improved (high-yielding, short-duration, etc.) cvs have been 
developed. 

The growth period varies considerably, from 120 to 300 days, 
according to the cv., location, and time of sowing. Late- 
maturing cvs take over 200 days, medium ones 150-200 days and 
short-duration types less than 150 days. 

ECOLOGY 

CLIMATE Wide adaptability; grows well in semi-arid regions 
with less than GO cm rain per year: best growth when there is 
good rainfall during the first 2 months followed by a dry 
period during flowering and harvesting; less suitable for 
very wet tropics; most cultivars are sensitive to frost. The 
most favourable temperature range is 18-30°C. They are grown 
at a wide range of elevations, up to over 2000 m. 

SOIL Can be grown on almost all soil types that are not very 
poor in lime and are not subjected to waterlogging. Optimum 
growth and yield are obtained in deep loam, with pH 5-7. 
Saline-resistant cvs have been developed. 

PHYSIOLOGY AND COMPOSITION 

Pigeon-pea has a deep root system, and it is somewhat sturdy 
and drought-resistant. Good growth in semi-arid regions, and 
during dry months in wetter regions. Most cultivars, notably 
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the tall, late-maturing ones, exhibit a photoperiod effect. 
They are short-day plants; this affects time of maturity and 

I height of plants according to date of sowing, and thus the 
ease of harvesting. For optimum yields, bright sunshine is 
essential. 

The approximate composition of mature dry seed is: moisture 
7-10%: crude protein 14-29%: carbohydrate 36-59%: fat 2%; 
fibre S-9%; ash 3.8%. Pigeon peas are rich in Vitamin B, 
but are low in the essential aminoacids methionine and cystine. 

AGRONOMY 

CROPPING SYSTEM Usually grown mixed with other crops such as 
maize, sorghum, or millets and are left to mature on residual 
soil moisture after the cereal has been harvested. Also grown 
as a pure. crop. 

PROPAGATION By seed: inoculation with suitable Phizobium strain 
increases the yield. Germination is hypogeal and is usually 
good (85-953) with good seed; the seeds lose viability in 3-4 
months after harjesr .lr, areas of high humiditi,. 

LAflD PREPARAT1CZ Ghen grown as a mixed crop, pigeon pea also 
receives the same lane' preparation for the other crop, mainly 
.~Gr~&l~. tidge plantin.; recommended in areas liable to water- 
logging. 

SOWI:JG When grown as a pure crop, the average spacing is 30-45 
cm between plants and 40-60 cm between rows: wider spacings 
are also adopted, especially in East Africa. Spacing also 
varies depending upon the growth (spreading) habit of the 
plant. 

When grown with other crops, there is usually one row of pigeon 
pea for every 3-5 rows of the main crop. 

Seed rate is 1.5-6 kg/ha when intercropped and 13-22 kg/ha 
when grown as a sole crop. 

AFTERCARE Very little aftercare needed. The crop grows' 
slowly during the early stages, i.e. in the first two months. 
Weed control is essential at this stage. 
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Very little information on nutritional and manure requirements; 
but studies indicate good response to phosphorus (20-80 kg P205/ 
ha is recommended). It also requires good supply of calcium, 
sulphur, and zinc. 

HARVESTfNG Unevenness of ripening mtrkes hand-picking necessary; 
Green pods are harvested as vegetables or ripe pods are picked 
as they mature. Finally when most of the leaves have dried 
and been shed, the plants are cut at the ground level, tied 
into bundles, left to dry for a few days, and then threshed. 

Dhal is prepared by the dry method (drying the seeds in the 
sun for 3-4 days and splitting them in a miil) or by the wet 
method (soaking in water for 6-10 hours and then sun drying 
and splitting in a handmill). The dry method gives about 66% 
recovery of dhal and the wet method about 80%; the former 
fetches a better price. 

YIELD 

In pure stands, yields of 1500-2000 kg dry seeds per ha are 
obtained under good management, but average yields are 800- 
1200 kg/ha for pure crops and 300-900 kg/ha in mixed stands. 
In East Africa, yields normally average 450-650 kg/ha. 

The conversion ratio from fresh green pods to dried peas is 
about 3.3. 

PESTS AND DISEASES 

The major pests of pigeon pea in India are the gram caterpillar, 
HeZiothCa armigsra (H. obsolota), the red gram moth, Exslaotio 

afomotva, and the pod fly, MsZanagromysa IAgromusal obtusu. Root- 
knot nematodes, mainly Meloidagyna javaniaa, also attack the 
crop. The stored grains are infested by pulse beetles, CaZlo- 

sobrwhua chineneis. Chemical treatments are recommended 
against all theee pests, but most of them are not very effective. 

The most important disease is the soil-borne fungal wilt, caused 
by Fueardum osyeporum sp. u&m. Crop rotations and mixed 
cropping are effective measures to control it. There are a 

few minor diseases also. 
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I AGROFORESTRY POTENTIAL 

Pigeon pea is an important species for agroforestry because of 
its adaptability to marginal conditions, drought-resistant and 
sturdy nature, food value, and amenability to mixed farming 
systems. Even though it needs fu: _ sunlight for optimum 
growth, fairly good yields can be expected under conditions 
of agroforestry. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Research on various aspects of pigeon pea is undertaken in 
several agricultural Universities and other research centres 
in India and other major pigeon pea-producing countries. ICRISAT 
is the leading international research centre. 

Numerous research reports and data are available on pigeon pea 
and they have been compiled by: 
Kay, D.E. 1979. Crop and product digest No. 3 - food legumes. 

Tropical Products Institute, London. 

Other major references include: 

ICRISAT. 1975. International workshop on grain legumes. 
Hyderabad, fndia - -- ~~ - 

ICAR. 1970. Pulse crops of India. Indian Count. Agric. Res; 
New Delhi. 

Leakey, C.L.A. and J.B. Wills. (eds). 1977. Food crops of the 
lowland tropics. Oxford Univ. Press, Oxford. 
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ARROW ROOT 

SCIENTIFIC NAME Maran ta arundinacea L. 
Family ~aPUntaCeUe 
2n - 48 

COMMON NAMES Arrowroot (E3 
AXXWUZ (F) 

Card mace, 
sag% yuquilla (SP) 

USES AND ECONOMIC IMPORTANCE 

Arrowroot starch, which is eluted from the rhizomes, has a 
high digestibility and is therefore a preferred food of 
infants and invalids. It has a high viscocity, it produces 
a very smooth jelly and it is used for certain types of glues. 
The fibrous residue, after extraction of starch, is fed to 
cattle. It is also supposed to have medicinal value for 
healing wounds. Arrowroot is one of the most important export 
products of St. Vincent, West Indies. 

nOTCTN ANl-l ~lCTRlf.k!!TfON i..ii-.. . .-ii i-4 i_:i__ z * -- 

It is a native of South America, and is widely distributed 
throughout the tropics, but is of little commercial importance 
outside the West Indies, where St. Vincent is the main producer. 

PLANT CHARACTERISTICS 

It is a shallow-rooted perennial herb, 1.0-1.5 m high. Roots 
are adventitious and fibrous, produced at the base of the plant. 
Rhizomes are sympodial and distally swollen, 20-40 cm long and 
2-5 cm in diameter. Stems are slender and erect; leaves 
distichous; lamina lo-15 x 3-10 cm, ovate to oblong; inflores- 
cence is borne terminally and branches are subtended by 
deciduous bracts. Flowers are small (2 cm) and borne in pairs: 
cross pollination is aided by ants and other insects. Fruits 
are very small (about 7 mm) and seeds are two-lobed. Seeds are 
seldom produced in some cvs. 
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Two main cvs are recognized: the widely-grown 'creole' with 
long thin rhizomes, which develops useless thin rhizomes 
called "cigar roots" when grown in poor infertile soils; 
and the *banana' type with shorter and thicker rhizomes, 
growing in clusters very near the soil surface, which are 
higher-yielding but have poor keeping quality. 

The rhizomes mature in lo-12 months after planting. 

ECOLOGY 

Arrowroot prefers tropical 1orJland conditions (up to iO00 m 
altitude) with 1500-2000 nun of well-distributed rainfall; it 
does not tolerate waterlogging. Fertile and friable sandy 
loams are preferred for better tuber development and easy 
harvesting. 

v‘ 

PHYSIOLOGY AND COMPOSITION 

Very little is known about the physiology of the crop, but it 
prefers shade to some extent, especially when grown on light 
soils. 

The starch grains are 15-70 u in length and are oval in shape. 
Fresh rhiznmes contain 69-72% water, ___ - 1 n-9 7s frwtrir., 2;;: 
19-228 starch. 

Arrowroot starch retains its high viscocity on heating, unlike 
that of cassava and sago, whose viscocity falls when temperature 
increases. 

AGRONOMY 

Arrowroot, on a commercial scale, is grown as a sole crop; but 
it can also be intercropped with other crops and in light 
shade. The crop is propagated by selected 2-4 node-long tips 
of rhizomes known as "bits"; about 3500 kg are required to 
plant one hectare. Portions of rhizomes remaining in the soil 
after harvesting provide part of the ratoon crop. After 
thorough ploughing and forking, the bits are planted 5-7.5 cm 

deep and about 30 cm apart. The crop is hand-weeded 3-4 times. 
Fertilizers are applied before flowering begins at the rate of 
70-130 kg N, 50 kg P205 and 200 kg K20 per hectare. The crop 
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matures in lo-12 months, as indicated by yellowing and wilting 
of the leaves. ,Usually harvesting is by hand. Successive 
cropping on the same land is allowed for 5-6 years. Yield 
varies considerably from lo-35 t rhizomes per ha. 

The rhizomes contain the maximum amount of starch when the 
crop is 12 months old, but then they are more fibrous and the 
starch is difficult to extract. Cleaned and washed rhizomes 
are rasped, crushed, and mixed with water and the pulp is,passed 
through a seriaa of sieves. The starch settles in troughs and 
the fibrous tissue or bittie is separated. The starch is then 
mixed with more watar and resettled (which may be done by 
centrifuging), and dried in the air or in mechanical driers. 
Chlorination of water used for processing helps to prevent 
bacterial fermentation. About 16-18% starch is recovered 
from rhizomes. It is graded on the basis of colour (white is 
preferred), cleanliness, freedom from specks, pH, viscosity 
etc. 'Banana' cv. has higher moisture and protein in its 
rhizomes and less fibre and starch than 'creole', but the 
starch can be extracted more easily from the former. However, 
'banana' rhizomes must be processed within 48 hours after 
harvesting, whereas 'creole' rhizomes can remain before 
processing for several (up to seven) days. 

YIELD 

Yield varies considerably from lo-35 t rhizomes per hectare. 

PESTS AND DISEASES 

Under high rainfall and poor drainage conditions, a burning 
disease caused by RoseZlinia bunodes occurs. In poor and 
infertile soils, long, thin rhizomes known as cigar roots 
are produced, which are useless. 

AGROFORESTRY POTENTIAL 

Arrowroot requires moderate shade and is a species of good 
potential for agroforestry in tropical lowlands. 

RESEARCH INSTITUTIONS AND REFERENCES 

Very little research has been done; breeding work is difficult 
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owing to poor seed-setting and germination. The Field Crops 
Division, Department of Agriculture, Thailand is doing some 
agronomic work on the crop. 

Holttum, R.E. 1951. The Marantaceae of Malaya. Gardens' 
Bull., Singapore. 13, 254-296. 

Kay, D.E. 1972. Arrowroot. . In Root Crops. pp. 16-23. Tropical 
crop and product digest No. 2. Tropical Products Institute, 
London. 

Tcxnlinsl:n, P-B. 1961. Morphological and anatomical characte- 
ristics of the Marantaceae. J. Linn. Sot. (Bat.), 58, 
55-78. 
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CASSAVA 

SCIENTIFIC NAME 

COMMON NAMES 

Manihot escutenta Crantz 
syn. M. utitissina Pohl 
Family Euphorbiaceae 

2n = 36 

Cassava, maniac, tapioca (El 
Maniac WI 
Mandioca, yuca (Sp) 

USES AND ECONOMIC IMPORTANCE 

Cassava root tubers are an important food and carbohydrate 
source in many parts of the lowland tropics, where cassava 
cultivation has been encouraged as a famine reserve. Starch 
is also prepared from the tubers. Waves are used as a 
pot-herb, and dried leaves as a fodder for cattle. Beer and 
other alcoholic drinks are also made from cassava. 

ORIGIN AND DISTRIBUTION 

Believed to be a native of north-eastern Brazil or Central 
America (Mexico and parts of Guatemala). Now, cultivated in 
the area between 25ON and 25OS. Africa has more cassava than 
all the rest of the world. 

PLANT CHARACTERISTICS 

A short-lived shrub, l-5 m in height, with latex in all its 
parts. 

Tubers develop as swellings on adventitious roots a short 
distance from the stem by a process of secondary thickening. 
There are usually 5-10 tubers per plant, cylindrical or 
tapering, 15-100 cm long, 3-15 cm in diameter. The edible 
portion is the core or the pith covered by an outer skin 
(periderm) and a thin rind or cortex: it is rich in starch 
and usually white in calour. Old tubers become lignified. 
The stem varies greatly in length, branching habits, etc. 

Leaves are spirally arranged in a 2/5 phyllotaxy; petiole S-30 
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cm long, lamina deeply divided with 3-9 lobes. 

Flowers are borne in axillary racemes near ends of branches: 
flowers are unisexual: male and female flowers occur in the 
same inflorescence and are cross-pollinated, entomophilous: 
the fruit is a globose capsule, 1-5 cm long, 3-seeded. Under 
natural conditions, germination is protracted and erratic. 

Usually plants are harvested 6-11 months after planting, but 
long-season cultivars are left for longer periods. 

Many cultivars or clones are known. Generally they are divided 
into sweet cassavas, with low HCH content (which are short- 
season cvs) , and bitter cassavas, which have more firm and 
yellow flesh thar: i*il *sweet cassavas and tend to be long- 
season cvs. 

ECOLOGY 

CLIEIdTE Cassava is essentially a tropical lowland crop0 but 
it can be grown up to 1500 m above sea level. It cannot with- 
stand frost or cold. It is grown in areas with 500 to 4000 mm 
rains per annum; it can withstand drought (except at planting), 
but not waterlogging. ._. 

SOIl, Generally cassava prefers a loose and friable soil, but 
it can be grown on diverse soil types that are not too shallow 
or stony. It will produce an economic crop on relatively poor 
soils that are unsuitable for other crops. However, heavy 
clays and saline and swampy soils are unsuitable. 

PHYSIOLOGY AND COMPOSITION 
. 

Cassava can produce a reasonably good crop in partially shady 
conditions, but too much shade results in lanky growth. Highly 
fertile soils may result in excessive vegetative growth at the 
expense of tuber and starch formation. 

Cassava contains the toxic principle, hydrocyanic acid (HCN) 
in the proportion of lo-370 mg/kg of fresh tuber. In sweet 
cassava, HCN is confined to the rind, whereas in bitter cassava 
it is more widely distributed, and must be destroyed by boiling, 
roasting, fermentation, etc. The average composition of peeled 
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cassa-.+a tubers ia: moisture 62-65%; carbohydrate 32035%; 
protein 0.7-2.68; fat 0.2-0.5%; fibre O-8-1.3%. 

I AGRONOMY 

Cassava is grown either as a pure crop or is interplanted with 
hozneel',e?ad horticultural crops; Propagation is by stem cuttings, 
2.ir-33 cm longp taken from the middle of mature stems. Usually 
land is prepared by a deep ploughing which facilitates maximum 
tuber development. The crop may be planted on the flat, on 
ridges, or on mounds: the usual spacing is 1 m x 1 m; may be 
planted at wider spacings also; sometimes 2-3 cuttings are 
planted together. Germination takes place within the first 
week, and usually it is about 95%. Adequate moisture is 
necessary at the time of planting, but after establishment 
the plant can withstand drought during which it will shed its 
leaves; the leaves reappear after rains. Weeding is done during 
the early stages. Earthing-up the soil around the stems 2-3 
months after planting favours tuber development and removes weeds. 

Cassava is seldom manured in marginal areas and under suboptimal 
conditions of management. But optimal manuring can give good 
yields: 100 kg K20 and 50 kg N/ha, depending upon soil fertility, 
can give yields of over 30 t/ha. Organic manures are applied in 
the planting pits a+ the +I-* zf -a..." FlQiitiiq and rertilizers are 
applied after the crop's establishment at the time of earthing- 
up= 

Maturity is indicated by yellowing and shedding of leaves. 
Harvesting is done by pulling out the whole plant, for facili- 
tating which the above-ground portions are sometimes removed 
before pulling out, and/or the soil at the base is wetted or 
loosened. Tubers cannot be kept for more than 48 hours after . 
harvesting: therefore, harvesting is done as the demand or 
marketability is assured. 

Sweet cassava may be eaten raw after peeling: in bitter cassava, 
HCN is destroyed by washing and cooking. Fresh tubers do not 
keep long, but may be sliced and dried in the sun with or 
without parboiling, the latter enhancing keeping quality. 
Starch is prepared by grating or grinding washed peeled tubers 
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and squeezing in repeated changes of water. 

YIELD 

Yield varies considerably depending upon cv., soil, climate, 
management, age at harvesting etc.; yields from small holdings 
average 5-15 t/h?.. Intensive cultivation can give yields over 
30 t/ha. 

PESTS AND DISEASES 

Various pests such as leaf-eating caterpillars, stem borers, 

spider mite, scale insects, etc. can cause considerable damage. 
The nematodes Metoidogyns and Prctylenchus also are serious, 
especially in the Ivory Coast and Nigeria. 

Cassava mosaic virus, which causes mosa*.c an3 curling of leaves, 
is the most serious disease. It is tlee-,smitted bv whitt! flies, 
Bemisia spp. Leaf spot caused by the fungus i's~,+;r;pa~ict ,?GS:WVUB, 
bacterial wilt, Xanthomonas maniho tis, and others al'.2 r:;i.iicr 
diseases. 

AGROFORESTRY POTENTIAL 

Cassava can be grown in areas where other crops do not grow 
well, under partial shade, and with little labour and care; it 
can be kept in the ground until required or for times of food 
shortages; and the virus disease is its cnly serious threat. 

Thus, cassava has excellent agroforestry potential. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

There are several institutions doing research on cassava. For 
example, Brazil, Fiji, Indonesia, India, Nigeria, Zambia, Zaire, 
etc. have national institutions which carry out research on 
various aspects of cassava production, protection and processing. 
CIAT (Centro International de Agricultura Tropical) at Cali, 
Columbia, and IITA (International Institute of Tropical Agricul- 
ture) at Ibadan, Nigeria are the major international research 
centres. 

Major references include: 

CIAT. 1975. 2000 Abstracts on cassava. Centro International 
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de Agricultura Tropical, Cali, Columbia. 
Kay, D.E. 1973. Cassava. In Root crops. pp. 24-39. The crop 

and product digest No. 2, Tropical Products Institute, 
London. 

Proceedings of the symposia of the International Society for 
Tropical Root Crops. 

Weber, E.; B. Nestel and M. Campbell. 1979. Intercropping with 
cassava. IDRC 142e: International Development Research 
Centre, Ottawa. 
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Fig. 14a Cassava under coconuts (Photo credit: Central Plantation Crops Research 
‘Kasaragod, Kerala. India). 

institute, 

Fig. 14b. Six month-old rubber tree intercropped with cassava (Photo credit: Rubber Research Institute. 
of Malaysia). 
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POTATO 

SoZanum tuberosum L. 

Family SoZunaceqe 

2n = 48 

Potato, Irish potato (El 
Pommes de terre (F) 
Patatas (Spl 

Potato is the major starchy root crop of temperate countries, 
and an important crop in some tropical highlands. It is the. 
most important vegetable in the world today. Potatoes are 
eaten boiled, roasted, baked or fried and are processed into 
a wide range of products. Potatoes have subsidiary uses as 
stock feed and for preparation of large-grained starch, flour, 
and alcohol. 

ORIGIN AND DISTRIBUTION 

Potato originated in South America in the Andes between lOoN 
and 20'S latitudes at about 2000 m; primarily around lake 
Titi-caca Fr! Pc~~-.F~z. =~-~-a- the laraest producer is Europa A"Ub.1 
(accounting.for 90% of world's potato crop), but it is grown 
more universally than any other crop, except in the tropical 
lowlands. 

PLANT CHARACTERISTICS 

A herbaceous branched annual, sometimes with a perennial habit 
because of its ability to reproduce from tubers, 0.3-1.0 m high. 
The root system consists of fine, fibrous, adventitious roots 
and swollen stem tubers. The stem is erect in early stages, 
but later becomes spreading or prostrate. Leaves are alternate 
and compound, irregularly odd-pinnate with petioled leaflets 
between the main pinnae. Many cvs produce a determinate flower 
cluster, consisting of white, red or purple flowers with five- 
lobed corolla. Mostly self-pollinated, the fruit is a small 

spherical inedible berry. The tubers are modified thickened 
underground stems, their size, shape and colour varying 
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pccording to the cv. Considerable progress has been achieved 
in improving potatoes, and several cvs suited to specific 
growing conditions and with specific characteristics have 
been produced. Maturity periods vary considerably; early 
cultivars mature in 3-34 months, medium in 4-5 months, and 
late cvs in up to 7 months, depending upon environmental 
conditions. In the tropics, the crop usually matures in 
3-4 months. 

ECOLOGY 

CLIMATE The potato has specific temperature requirements. 
Optimum temperatures for maximum yield are in the range of 
15-18°C throughout the growing season. Tuberization is 
retarded when soil temperature rises above 20°C. Day tempe- 
ratures above 21°C and night temperatures above lo-14OC have 
adverse effects. However, the crop does not withstand frost. 
Rainfall of SO-75 cm, evenly distributed throughout the growing 
period, is optimal. The crop does not tolerate drought. Under 
humid conditions, the control of late blight disease is difficult. 
In the tropics the crop is grown in altitudes above 1500 m; the 
essential requirement is a marked cool season. 

SOIL For optimum yields, the potato prefers a deep well- 
drained or sandy loam, with a pH of 5.5-6.0 and well-supplied 
with plant nutrients. Heavy clays and poorly-drained soils 
are unsuitable. 

PHYSIOLOGY AND COMPOSITION 

Short-day and long-day cv5 are available: South American cvs 
produce reasonable yields with a day length of 12-13 h, whereas 
the early cultivars grown in temperate regions require 15-16 h- 
long days. Long-day cvs are unsuitable for the tropics. The 
crop grows under reduced light intensity, but for better yields 
the light intensity should be higher. 

Approximate composition is: water 63-87%; protein 0.704.5%; 
carbohydrate 13-30%; fibre 0.2-3.5%. Potato starch contains 
25% amylose and 73% amylopectin. Potatoes are also an important 
Source of protein, iron, riboflavin and ascorbic acid in potato- I 
rich diets. 
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AGRONOMY 

In commercial cultivation, potatoes are grown as a sole crop, 
but being vegetables, they are also grown mixed with other 
crops on the homestead. 

Propagation is by whole or, sometimes, cut tubers, known as 
"seed", weighing about 50 g. Good, healthy planting material 
is essential. Potato tubers have a dormancy of about 8 weeks, 
which can be broken by keeping the tubers in 20-30°C for 30-40 
days n or-by chemical treatment. Tubers are sprouted before 
sowing, by the process known as chitting which involves 
spreading the tubers one or two layers thick in diffuse light 
at a temperature of more than 10°C. Seed potatoes are treated 
with various fungicides before sowing. 

Planting is done on ridges that are about 75 cm apart. When 
planted on the flat ground, soil is heaped around the stem 
during weeding, which facilitates tuberization. Usually, the 
seed is planted 10 cm deep, at a spacing of 20-30 cm along the 
rows. Seed rate depends upon spacing, type of seed material 
(whole or cut tubers) etc., but usually it is 1200-1800 kg/ha. 
The plants grow and cover the ground quickly so that weeding 
may not be necessary about six weeks after sowing. The crop 
is irrigated about once a week in dry weather. 

Potatoes respond well to manures and fertilizers. They are 
particularly heavy fet-iers of potassium. Zertilizer require- 
ments vary considerably according to cultivar, soil type, and 
climatic conditions. General recommendations are in the range 
of 35-70 kg N, 50-100 kg P205 and 80-150 kg K20 per hectare. 
Potassium sulphate, rather than potassium chloride' is used as 
the source. Maturity is indicated by yellowing and drying of 
the foliage. In commercial production, the foliage is killed 
by mechanical and/or chemical methods 2-3 weeks before harves- 
ting, during which time the skin of the tuber hardens so that 
there will be less damage while transporting. Harvesting is 
done mechanically in commercial production, but can also be 
done manually, by digging. 

The tubers can be stored successfully for periods up to 8 months 
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at temperatures of 3-4OC. Prolonged storage favours the 
accumulation of excessive quantities of sugars. Chemicals 
such as maleic hydrazide, iso-propyl phenylcarbamate etc. are 
used to suppress' sprouting in storage. 

YIELD 

In the tropics, yields are usually lower, in the range of 6-10 
t/ha. In temperate regions with longer growth periods, yields 
of over 40 t/ha can be obtained with efficient farming methods. 

PESTS AND DISEASES 

Different species of aphids (most important: potato aphid, 
Macrosiphum suphorb5ael and flee beetles (most important: potato 
flea beetle, Epitrix cucumeris and tuber flea beetle, E. tubs&s) 

attack the crop. 

But the most widespread and serious malady is the fungal 
disease called late blight, caused by Phytophthora infestans. 

Early blight, AZternaria soZani is another widespread disease. 
In addition, there are several other fungal, bacterial, and 
viral diseases and nutritional and physiological disorders. 

AGROFORESTRY POTENTIAL 

The potato can be profitably cultivated as an agroforestry 
species in tropical mountain ecosystems and during the cooler 
season in the subtropics. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

There are several research institutes on the potato in different 
potato-growing countries. The International Potato Centre in 
Lima, Peru, is the major international institute. Publications 
from these institutes, the proceedings of the Symposia on 
Tropical Root and Tuber Crops, the American Potato Journal, 
and the common journals of agricultural sciences publish the 
research resuits. Piajor books on potato are: 

Rurton, W.G. (1966) The potato. 2nd ed. H. Veenman and Zonen, 
Wageningen. 

Hawkes, J.G. and J.P. Hjerting. (1969). The potatoes of 
Argentina, Brazil, Paraguay and Uruguay: a biosystematic 
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study. Clarendon Press, Oxford. 
.Ivins, J.D. and F.L. Milthorpe- (eds.) 1963 . The 

the potato. Butter-worth, London. 
Ministry of Agriculture, Fisheries and Food, U.K. 

Potatoes, HMSO Bulletin No. 94. 
Pushkarnath. 1969 . Potato in India: Varieties. 

Delhi. 
Smith, 0. 1968 . Potatoes: production, storing, 

Avi, Westport, Connecticut. 
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SCIENTIFIC NAME fpomoea Eatatas CL.). Lam. 
Family ConuoZ~uZaceqe 
2n = 90 

COMMON NAMES Sweet potato (El 
Patates deuces IF) 
Batatas, camotes (SP) 

USES AND ECONOMIC IMPORTANCE 

The edible tubers of sweet potato are an important source of 
food throughout the tropics. The tubers are eaten boiled or 
baked, may be candied with syrup: also used for canning, 
dehydrating, and as a source of starch, glucose and alcohol. 
Sweet potato vines ar $2 an important animal feed, especially 
during the dry season. The tender tops and leaves are used as 
a pot-herb in Africa and Southeast Asia. 

ORIGIN AND DISTRIBUTION 

Originated in tropical America. NW& it is cultivated throughout 
the tropics, the largest area being in Africa. Outside the 
tropics, the major producers are Japan, China, the U.S.A. and 
New Zealand. 

PLANT CHARACTERISTICS 

Sweet potato is a perennial herb although it is treated as an 
annual crop. It has a vine-like, trailing, sometimes twining 
stem, 3-10 mm in diameter and l-5 m long, with latex in all 
parts. Internodes are 2-10 cm long. The stem seldom rises 
more than 50 cm from the ground. An extensive, superficial, 
fibrous, adventitious root system is produced from the nodes 
of the planting material; stems in contact with the soil also 
produce roots at the nodes. Tubers, about 10 per plant, develop 
in the top 25 cm of soil by secondary thickening of some adven- 
titious roots, mostly from the original cutting, but also from 
the trailing vines. Tubers are smooth or ridged, globular; 
colour of the periderm and flesh varies depending upon the 
cultivar. 
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Fresh sweet potatoes contain 70% water, 1.5-28 protein, 0.2% 
fat, 27% carbohydrate and 1% fib&. Sugar content varies from 
3 to 6%. Yellow- and orange-fleshed cvs are rich in vitamin 
A. Leaves contain 3.2% protein and 8.5% carbohydrate. 

AGRONOMY 

CROPPING SYSTEM Usually planted as a pure crop8 but in rotation 
with other crops. In freshly-cleared areas, sweet potato is the 
first crop, as it covers the ground quickly and smothers the 
weeds. It is also cultivated in steep slopes where it checks 
erosion better khan most other crops, on small plots near the 
homestead, along roadsides where tall crops are prohibited by 
law and in valley bottoms. On homesteads, they are grown as 
intercrops under the perennial (tree) crops. 

PROPAGATION Invariably propagated by apical stem cuttings from 
mature plants. Length of the cuttings varies from 30-90 cm 
depending upon local customs. Sometimes partially wilted 
cuttings are preferred. A limited stock of planting material 
can be multiplied in a nursery, which will be ready in 4-6 
weeks. In temperate countries, sprouts or slips obtained by 
planting medium-sized tubers close together in nursery beds 
are used for planting. In breeding work, propagation by seed 
is adopted, for which the seeds are treated with concentrated 
sulphuric acid for 45 minutes. Germination is, however, very 
irregular. It is also possible to propagate by single leaf 
cuttings, but it is not practised commercially. 

LAND PREPARATION Sweet potato is usually planted on ridges 
or mounds. Ridges are about 45 cm high, usually 1 m apart 
and cuttings planted 30 cm apart on either side. Mounds are 
about 75 cm high, about 90 cm apart and 3-4 cuttings planted 
per mound. If the soil is sufficiently friable and well- 
drained, sweet potato is planted in beds. 

PLANTING, P~AIVT r”Gr”ULAT-TilN Cuttings are planted at any angle 
with half of their length from the cut end buried in the soil. 
Long cuttings are planted flat; occasionally only the middle 

part of the cuttings is buried, both ends being exposed. 
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Leaves are spirally arranged with 2/S phyllotaxy, very variable 
even on the same plant. Lamina is mostly ovate in outline, 
entire to deeply lobed. 

Most cvs flower freely in the tropics; flowers are axillary, 
solitary or cyxnose; the peduncle is 3-15 cm long; calyx deeply 
S-lobed: corolla funnel-shaped, 3-5 cm long. Flowers open 
before dawn and close and wilt the same morning about 10 o'clock; 
the time of closure will be delayed in cool and cloudy weather. 
Natural cross-pollination occurs through bees and other insects. 
Almost all cvs are self-sterile and some are cross-incompatible. 

The fruit is a glabrous or hirsute dehiscent capsule, 5-8 mm in 
diameter, containing up to 4 seeds. 

The first tubers can be harvested in about 4 months, but the 
duration of the crop'depends upon climate, soil, cultivar, etc. 
They can be left on the ground and harvested according to demand. 

There are many cvs with considerable variability among different 
cvs. Many high-yielding hybrids have also been evolved. 

ECOLOGY 

CLIMATE Grows well in places having a 4-6 month growing period 
with an average temperature of 24OC, and 75-125 cm of well- 
distributed annual rainfall. 

It is grown from 40°N to 32'S; on the equator, it is grown from 
sea level to about 2,500 m. It does not withstand prolonged 
drought; in East Africa, sweet potatoes are often planted along 
swamp margins during the dry season in order to maintain adequate 
planting material and provide out-of-season tubers. 

SOILS The crop is grown on a wide variety of soils, but a 
well-drained sandy loam with clay subsoil is ideal. Better 
yields are obtained in fertile soils rich in organic matter. 

PHYSIOLOGY AND COMPOSITION 

Sweet potato is a short-day plant: flowering takes place at a 
photoperiod of 11 hours or less. No flowering occurs at all 
at 134 hours dayliuht, so little flowering occurs in areas above 
30"N and S. The crop does not withstand waterlogging. 
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A plant population within the range of 20,*00-40,000 per 
hectare seems to have little effect on yield. 

PLANT NUTRITION, MANURING The crop responds well to organic 
manures. Too much nitrogen encourages excessive growth of 
vines dt the cost of tubers. An NPK mititure of 6:9:15 at 
the rate of 50001,000 kg/ha is recommended for good yields. 

AFTERCARE Usually very little aftercare -is necessary; weeding 
is not a great problem because the crop covers the ground 
quickly. However, during the first month or two after planting, 
weeding is done once or twice. The vines are sometimes turned 
back from time to time to prevent rooting at the nodes in order 
to ensure a more uniform crop. 

HARVESTINC"'Usually harvested as required because fresh tubers 
do not keep for more than a few.ddys. The time taken to 
maturity is 3-6 months depending on the cv.: maturity can be 
judged by.,&e leaves turning yellow and dropping, or by cutting 
a tuber, the sac of which, if mature, will dry up rapidly. A 
sharpened stick or a small hand tool can be used for harvesting. 

PROCESSING Fresh tubers, which do not keep for more than a few 
days I are usually eaten baked or' boiled. In temPerate countries, 
the tubers are cured before storage by keeping them at about 
30°C and 85-90% relative humidity for 2-3 weeks and then 
gradually reducing the temperature to lo-12OC and relative 
humidity to 80%. The tubers can be,stored for longer if 
they are sliced and dried, but it is rarely practised. 

YIELD 

Yield varies considerably from as low as 3 to as high as 50 t/ha 
depending upon the CV.~ management practices, etc. A yield of 
15-20 t/ha is considered satisfactory. 

PESTS AND DISEASES 

Sweet potato weevil, CyZas formicarius is the iajor pest: the 
larvae tunnel into the vines and tubers, causing discolouration 
and bitterness. Crop rotation and dipping the planting material 
in insecticidal solution are the recommended control measures. 
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; Sweet potato virus, transmitted by the white fly Bemisia spp., 
causes stunting, excessive branching, yellowing of the vines 
and hardness of the tubers. 

; AGROFORESTRY POTENTIAL 

:~ Sweet potato is a good species for agroforestry because of its 
wide adaptability, tolerance to partial shade, ease of culti- 
vation and management, facility for staggered harvesting, etc. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Central Research Institute for Agriculture, Padang, Indonesia. 
Central Tuber Crops Research Institute, Trivandrum, India. 

Also several research units in many institutions in different 
parts of the tropics. 

Important publications include: 

Edmond, 3.B. ar,d G.R. Ammerman. 1971. Sweet potatoes: production, 
processing and marketing. Avi Westport, Connecticut. 

Kay, D.E. 1973. Sweet potato pp. 114-159. In Root crops. 
Crop and product digest No. 2: Tropical Products Institute, 
London. 

Proceedings of the International Symposia on Tropical Root and 
Tuber Crops. 

Steinbauer, C.E. and L.J. Ku&man. 1971. Sweet potato culture 
and diseases. US Dep. Agric.; Agric. Handbook No. 338. 
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TAR0 

SCIENTIFIC AND COMMON NAMES 

&tany members of plants belonging to the botanical family 
Aracsae produce edible tubers and rhizomes known as taro, 
dasheen, cocoyam, etc. The more important are: 

Coi!ocasia esculenta (L.) Schott var. esculenta 

Colocasia eecutenta (L-1 Schott var. antiquorum 

Xanthosoma sagittifol-i .-..- (L.) Schott, an& 
Amorphophaltus campan ,,atus (Roxb) Blume (elephant yam). 

Taro, colocase 09 
Taro, colocasia (Sp) 

USES AND ECONOMIC IMPORTANCE 

Tar0 is grown as a root crop throughout the humid tropics, 
especially in Southeast Asia (mostly C. escuZezta1 and the 
West Indies (mostly C. antiquorum and Xanthosoma). The corms 
and rhizomes are roasted, baked or boiled and eaten, sometimes 
as a substitute for potatoes. The young leaves and stem are 
used as a vegetable and sometimes for soup. Elephant yam is 
cultivated in South India and Southeast Asian countries. 

ORIGIN AND DISTRIBUTION 

Colocasia is a native of Southeast Asia and Xanthosoma is of 
tropical American origin. Both are widely distributed in the 
humid parts of the tropics and of many subtropical countries. 

PLANT CHARACTERISTICS 

Colocasia is a l-2 m tall herb: has an underground starchy corm 
which produces a whorl of large leaves with long erect petioles. 
C. csctctenta corms are usually cylindrical, about 15 cm in 
diameter and 30 cm long, with short internodes and axillary 
buds and few small side-tubers. The root system is fibrous 
and superficial. Petioles are stout at the base and up to 1 m 
long. The iamina is broad and oblong-ovate. Tnflorescence i3 
a Spadix with a stout peduncle, cylindrical in shnpe, with 
female flowers to the base. Many cvs do not flower. 
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C. antiquorum produces a large number of tubers, clustering 
around the main central corm, and some cvs are much shorter 
than C. escutenta. The tubers are free from acridity and, 
when cooked, have a pleasant flavour. 

Xanthosoma is more robust than CoZocasia and has a shorter stem 
and larger-stalked leaves. About 10 lateral tubers are produced, 
each 15-25 cm long and flask-shaped with a broader apex. 

Colocasias and Xanthosomd show considerable variations with 
respect to size and shape of leaves and tubers and other plant 
characteristics: several cultivars are grown. 

ECOLOGY 

Taro prefers a warm humid climate with about 2500 mm of annual 
rainfall and wet, fertile soils. In dry regions and loose 
soils, the growth is poor unless supplemented with ir;-igatioi; 
and manures. It grows in swampy areas and in tropical rain- 
forests.' 

PHYSIOLOGY AND COMPOSITION 

Not much is known about the physiology of this crop. But it 
prefers light shade, tolerates swampy conditions and waterlogging 
which makes it an ideal sp, ties for agroforestry in tropical 
lowland forests and mangrove areas. 

The approximate composition of tare is: water 60-80%; protein 
1.5-3.5%; fat 9.2-0.4%; carbohydrate 15-25%; fibre 0.6-1.2% 
and ash 0.6-l 2%. It contains appreciable quantities of 
vitamins B and C. 

AGRONOMY 

CROPPING SYSTEM Usually grown in wetter areas either in pure 
stands, mixed with other annual garden land crops, or as 
understorey crops in tree crop areas. Also grown as a nurse 

crop for cacao. 

PROPAGATION Taro is propagated vegetatively by planting tops 
of the main corm or rhizome, or by small side tubers or suckers. 
Elephant yam is propagated by cuttings of the corms, each bearing 
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one sound bud and weighing 300-500 g. 

SOWING Usual spacing for taro is 60-90 cm and for elephant 
yam 90-120 cm. Taro is sometimes planted on ridges 1 m apart 
or on raised beds as in the case of ginger and turmeric. 
Planting depth is about 10 cm for taro and 15 cm for elephant 

Y-0 

AFTERCARE Taro and elephant yam respond well to manuring. It 
is a usual practice to apply a good amount of organic matter 
(l-2 kg per plant) in the planting pit, 'and to mulch with 
organic materials after planting. The'general fertilizer 
recommendation in Hawaii is about 100 kg N, 200 kg P and 300 
kg K per ha, whereas in India the recommendation is for 
80:60:80 kg N, P205 and K20 per ha. Nitrogen, and sometimes 
K, are applied in equal quantities as basal dressing and top 
dressing. One or two weedings (hand hoeing) and earthings up 
are also done. 

HARVESTING The crop matures in 7-9 months when the leaves 
begin to turn yellow. Harvesting is done by digging; staggered 
harvesting is possible. 

The tubers can be stored under dry and well-ventilated conditions 
for several weeks. Sometimes they are stored under shade in 
dry sand or in rice husks or similar light dry materials. 

YIELD 

Average yield varies from 15-20 tons of fresh tuber per 
hectare; but yields are lower in dry areas and under poor 
management. Much higher yields are possible under better 
management. 

PESTS AND DISEASES 

Leaf hopper, leaf blight caused by Phytophthora cotocasiae, 

attacks by saprophytic fungi such as Pythium, and root knot 
nematode, Meloidogyne spp., are the major enemies. 

AGROFORESTRY POTENTIAL 

The different species of taro are well adapted to agroforestry 
conditions of low light, marginal lands, etc. Moreover, they 
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tolerate waterlogging and swampy areas. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Agricultural Research Station, Kade, Ghana. 
Central Tuber Crops Research Institute, Trivandrum, India. 
Dobuilevu Rese,arch Station, Nausori, Fiji. 

Campbell, J-S. and H.J. Goading. 1962. Recent developments in 
the production of food crops in Trinidad. Trop. Agricul- 
ture, Trin. 39, 261-270. 

Coursey, D.G. 1968. The edible aroids, World Crops 20(4), 
25-30. 

Kay, D.E. 1973. In Root crops. TPI Crop and Product Digest 
No. 2. Tropical Products Institute, London. 

Plucknett, D.L., R.S. de la Peiia and R. Obrero. 1970. Taro 
(Cotocaeia escu2enta). Field Crop Abstr. 23(4), 413-426. 
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Fig. 15. Taro (Xanthosoma spp.) (left) and arrowroot (right) (Photo credit: Centre d’Etude de I’Atote, 
Zurich). 

Fig. 16. Home garden with sugarcane. bananas, groundnut, cassava r,nd taro in Columbia (Photo 
credit: Royal Tropical Institute. Amsterdam). 



Fig. 17a. Yams under coconut palms (Photo credit: CPCRI, Kasaragod, Kerala, Indirt) 
left: Lesser yam, Dioscorea escuienta. 
right: Greater yam, Dioscorea alata. 

Fig. 17b. Yams supported by live, pruned Leucaena leucocephala (Photo credit: G.F. Wilson, I ITA. 
Nigeria). 
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SCIENTIFIC NAME Rio5corea spp. 
Family Dioscoreaceae 

COMMON NAMES YZ3lM 

(There are different species; see below) 
Igname 
Name, yame 

(El 

0-1 
(Sp) 

USES AND ECONOMIC IMPORTANCE 

Edible yams provide the staple carbohydrate food in the yam 
zone of West Africa (between central Ivory Coast and the 
Cameroon mountains, including Ghana, Tobago, Dahomey and 
Nigeria). They are also grown in the Caribbean and in South 
and Southeast Asia (India, Indonesia, Oceania) and to some 
extent in other tropical countries. They are usually consumed 
after peeling and boiling, roasting whole or small tubers, or 
partial boiling. ALSO eaten as fufu, a gelatinous dough 
prepared either with yam alone or with cassava, banana, etc. 
by pounding in a wooden mortar after peeling boiled cut pieces. 
Yams are also used as food in times of scarcity and famine. 
Some species are used in the manufacture of oral contraceptives 
and sex hormones. 

ORIGIN AND DISTRIBUTION 

(See the previous and the next sections). 

PLANT CHARACTERISTICS 

The edible portions of the Dioscorea yams are rhizomes which 
are enlarged annual storage organs. The planting material 
produces twining shoots and then shrivels away: afterwards, 
tubers develop and enlarge. The shoots dry away during the 
dry season, but the tubers remain dormant and produce new 
shoots when the rains set in. Aerial axillary bulbils are 
formed in some species. 

The genus Dioscorea contains about 600 species, of which 
the important ones cultivated for their edible tubers are: 
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D. alata: water yam, greater yam 
D. escutenta: lesser yam, Chinese yam 
D. rotundata: yellow yam, Guinea yam, and 
D. trifida: tush-tush yam. 

D. atata is a native of Asia, the highest yielding of the 
cultivated yams ,.and the preferred species in most parts of 
the world. The stems are square, spineless, and twining to 
the right: leaves opposite and ovate lo-30 x S-20 cm: tubers 
usually single, large (5-10 kg) and cylindrical (but shape of 
tubers varies considerably). Usual growing period is 8-10 
months, with 2-3 months dormancy before sprouting. 

D. cayenensie is a native of and grown widely in West Africa. 
It is hardier and higher-yielding than D. rotundata. The flesh 
has a pale yellow colour; the tubers have a short dormancy and 
do not store well. The stem is long (to lo-12 m), cylindrical, 
twining to the right, spiny) the leaves are opposite or alter- 
nate, 8-10 x 3-6 cm. 

D. escuZentu is a native of Southeast Asia, and is not widely 
grown outside Asia and the Pacific. A cluster of 15 820 small 
cylindrical tubers of 15-20 cm length are produced near the 
soil surface; the tubers have a thin 'srolwnish skin and a short 
dormancy; the flesh is white, with few fibres, soft in texture, 
and of good palatability and slightly sweet taste. Stems are 

cylindrical, spiny, twining to the left; leaves are alternate, 
simple, rounded and about 12 cm on the longest plane. 

D. rotundata is a native of West Africa, where it is the most 
important cultivated species. Grows well in places with longer 
dry periods, being well-adapted to the savanna regions of West 
Africa. Tubers are cylindrical, have smooth brown skins and 
white flesh: usually weigh 2-5 kg per tuber; and have a dormancy 
that facilitates their storage. Stems are cylindrical, up to 
lo-12 cm long, twining to the right, usually spiny: the leaves 
are usually opposite, simple, lo-12 x 6-8 cm. 

n +. trifida is a native of South America and is cultivated along 
with D. alata throughout the Caribbean area. Tubers are small, 

15-20 cm long, and produced in groups; flesh is white, yellow 
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or pink: stems are quandrangular and twining to the right; 
leaves are large, palmately 3-5=lobed, 15-25 cm long and 
broad. 

ECOLOGY 

CLIMATE Yams are tropical crops that grow well in the tempera- 
ture range of 20030°C. They require at least 1000 mm of 
rainfall per annum, preferably more. D. cayenensis cannot 
tolerate more than 2-3 months of rain-free period. D. aZata 
and D. rotundata require about 8 months to complete their life 
cycle; the critical period when they cannot tolerate drought 
is about 3-5 months of growth when the food reserves of the 
sett (planting material) are exhausted by the rapidly-growing 
shoots before new tubers have been formed. If the drought 
period extends, tuber size and yield are reduced. 

~ SOTA Yaxns require loose and friable soils of moderate fertility 
that are not subjected to waterlogging. Usually they are grown 
as the first crop after clearing the "bush fallow" in shifting 
cultivation. 

PHYSIOLOGY AND COMPOSITION 

Since the stems climb by twining, it is a general practice to 
trail the vines to trees; the vines reach the top of the tree 
canopy and the leaves expose themselves to sunlight. Thus 
yams can F:2 grown under trees. 

The effect of photoperiod on yams has not been fully understood; 
day lengths greater than 12 h appear to favour development of 
the vine and short days (lo-11 h daylight) favour tuber growth. 

The approximate composition of edible yam tubers (90-95% of the 
whole tuber, the rest being skin which is lost by peeling) is: 
water 65-75%, protein l-2.5%, carbohydrates 15-25%, fibre O-5-1.5% 
and asn O-7-2.0%. They contain 8-10 mg/lOO g of ascorbic acid, 
which is not lost in cooking. 

AGRONOMY 

CROPPING SYSTEM Usually grown on small holdings in areas of 
traditional and subsistence agriculture, and trailed on trees 
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and other supports. Also intercropped with maize, vegetables, 
etc. 

PRUPAGATIUN 

Yams are propagated by means of small tubers or tuber cuttings 
of 0.2 to 0.5 kg weight, called "setts". In D. escutenta and 
13. trifida which produce a number of small tubers, a whole 
tuber is used as a sett. In the case of others, it is common 
practice to harvest immature tubers from the growing plant, 
leaving the top of the tuber intact, which will then forrr new 
tubers. Setts from the top of the tuber (proximal e?A; sprout 
more quickly and give higher yields than from other portions. 
It is a usual practice in India to dip the cut tubers in cowdung 
slurry and dry in the shade for a day prior to sowing; the 
t*-tatment is supposed to have insecticidal and nutritive 
advantages. 

LAND PREPARATION Usually planted on mounds or hills; the size 
and height of the mounds vary greatly, but usually they are 
SO-100 cm high and 75-150 cm in diameter. On sloping lands, 
ridges are preferred. In Southeast Asia, yams are also 
planted in trenches filled with topsoil and organic matter. 

SOWING Usually one sett per mound, but, on large mounds, 3-4 
setts are planted: mounds are at about 1 x 1 m spacing, and 
ridges 1.5 m apart with 0.5 m between plants along the ridges. 
Number of setts per hectare is lO,OOO-15,000. Planting is 
usually done towards the end of the dry season. It is a common 
practice, especially under West African savanna conditions, to 
mulch the top of the mounds with dry leaves, straw, grasses etc. 

NUTRITION The normal practice is to apply farmyard manure and 
organic matter before planting: '-5-50 tons/ha are given. In 
fertilizer trials in all growing regions, good response to N 
has been reported. Fertilizer mixtures high in N and K and 
top-dressing with N have been recommended for good yields. 

AFTERCARE Plants that are supported for trailing on to trees, 
poles, bamboo, or a growing support are reported to yield well. 
Strings are provided for the vines to climb up the trees when 
trees are used as the support. 
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HARVESTING The maturity of tubers is indicated by drying of 
the leaves and gradual withering of the stem. The time taken 
for maturity depends upon the species and cv. Under homestead 
conditions, staggered harvesting is possible on a limited scale. 
The tubers should be free of cuts and bruises to facilitate 
storage. 

STPQR’ACE In places like West Africa, where yams are the staple 
crept the tubers are stored for several months by tying them 
to vertical wooden structures so as to facilitate adequate 
ventilation and check against termite'attack. During storage, 
the tubers lose weight - up to 30% in six months - due to 
respiration and shrinkage. 

YIELD Yields vary considerably, depending upon cultivation 
practices and cvs. Usual yields are 7.5-18 t/ha in West Africa, 
12.5-25 t/ha in Southeast Asia and 20-30 t/ha in the West 
Indies. 

PESTS AND DISEASES 

Yam beetles (the most widespread of which is HeteroZigus meles, 

whose adults feed on the tubers), various fungi causing leaf 
spots, and storage rot affecting stored tubers are the serious 
threats. Nematodes also cause considerable damage, especially 
iVe Zoidogyne spp., ScutetZonema bradys and Prattilcnchws spp. 

AGROFORESTRY POTENTIAL 

Yams are of great value in agroforestry because of their food 
value, adaptability to growing under trees, relative ease of 
management, etc. 

MAJOR RESEARCH INSTI TUT1 ONS AND REFERENCES 

The Indian Institute of Horticultural Research, Bangalore, and 
the Central Tuber Crops Research Institute, Trivandrum, are 
the two national (ICAR) institutes doing research on yams in 
India. 
National Root Crops Research Institute, Umuahia, Nigeria. 
There are several research units in other yam-producing 
countries. 
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Proceedings of the Symposia of the International Society for 
Root and Tuber Crops and tropical agricultural research 
journals publish research findings on yams. Other major 

TUBERS TUBERS YAMS YAMS 

Proceedings of the Symposia of the International Society for 
Root and Tuber Crops and tropical agricultural research 
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references include: references include: 

Coursey, D.G. 1967. Yams. Longman, London. 
Kay, D.E. 1973. In Root crops. TPI Crop and Product Digest 

No. 2. Tropical Products Institute, London. 
Waitt, A.W. 1963. Yams, Dioscorea species. Field Crop 

Abstracts 16, 145-157. 

Coursey, D.G. 1967. Yams. Longman, London. 
Kay, D.E. 1973. In Root crops. TPI Crop and Product Digest 

No. 2. Tropical Products Institute, London. 
Waitt, A.W. 1963. Yams, Dioscorea species. Field Crop 

Abstracts 16, 145-157. 
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SCIENTIFIC NAME 

COMMON NAMES 

Musa spp. 
Family Musaceae 

2n = 22, 33, 44 

Banana, plantain (El 
Banane, plaintain (F) 
Banana, pldtano (Sp) 

USES AND ECONOMIC IMPORTANCE 

Bananas are the most important tropical fruit crop, and form 
one of the biggest single items in international fruit trade. 
Banana is the staple food in many parts of Africa. It is eaten 
raw when ripe , while unripe fruits are cooked, both providing 
a starchy food; the former Porm is called banana and the latter 
plantain, though botanically most of the fruits eaten are 
bananas and the names are used differently in different parts 
of the world. Beer and sweetmeats of various kinds are made 
from banana. After removal of the outer bracts, the male 

buds are boiled and eaten as a vegetable in parts of Southeast 
Asia. Fibre can be extracted from the pseudostem; split 
pseudostem is a good mulch in plantations, and the sap can 
be used as a marking ink. 

ORIGIN AND DISTRIBUTION 

Banana originated in humid tropical Asia. It is now grown 
throughout the tropics for local consumption: the largest area 
is in Africa, which accounts for about 50% of the total world 
production: Asia and America account equally for the rest. The 
biggest producer is Uganda. Most of the bananas that enter 
international trade are produced in Central and South America 
and the Caribbean. 

PLANT CHARACTERISTICS 

A perennial herb, 2-9 m tall; has a corm, a pseudostem, and a 
terminal crown of leaves through which the inflorescence emerges. 
Root system is shallow and forms a dense surface mat to 15 cm 
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depth; roots are adventitious, somewhat corky when mature, 
5-8 mm in diameter, about 200-400 per plant and produced from 
the corm. 

The underground stem (corm) has little lateral growth, and is 
covered with closely packed leaf scars. Leaves are produced 
in spiral succession from the terminal growing point and 
finally the centre of the meristem is transformed into 
inflorescence. Buds are produced opposite each leaf, and 
a few develop into secondary corms with shoots or suckers and 
emerge close to the parent plant, thus giving a clumped appea- 
rance . Suckers that originate from the upper part of the 
parental corm soon develop with large green leaves; these are 
called water suckers. Those from the lower part of the corm 
have initially pale, pointed, small leaves and are called sword 
suckers. 

The pseudostem, composed of tightly packed leaf sheaths, is 
functionally the stem of the plant, and'it varies in height 
from 2-8 m. 

The leaf sheath gradually contracts into a petiole, and a broad 
lamina'with a stout midrib. Leaves are borne in a left-handed 
spiral with a l/3-4/9 phyllotaxy. Lamina of mature plant varies 
from 150-400 x 70-100 cm depending upon the cv. The leaf 
emerges as a rolled cylinder in an upright position, slowly 
unfurls in 6-8 days and gradually becomes horizontal and then 
lowers. There are lo-15 functional leaves. At the end of the 
vegetative phase, the leaves become shorter. 

The inflorescence emerges about 7-10 months (up to 18 months in 
high altitudes) after planting a 5-7 month-old sucker. The 
growing point at the base of the pseudostem is transformed into 
an inflorescence and it pushes through the centre of the pseudo- 
stem and emerges in the centre of the leaf crown in about 30-45 
days. After emergence, the inflorescence becomes pendant 
(drooping). 

The inflorescence is a complex spike and consi$ts of a stout 
peduncle and cluster of flowers arranged spirally, but not 
encircl‘ing the peduncle, each cluster subtended by a large 
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brown-to-reddish coloured:.bract which withers off after the L 
flowers fall off. The first few nodal clusters produce female 
flowers and the distantbnodes produce male flowers. The bracts 
and flowers open in sequence and the peduncle elongates progres- 

,sively until the mature bunch is formed, consisting of a few 
hands of fruits at the basal and a long bare axis at the distal 
end, with a growing point that continues to produce bracts and 
male flowers. 

The fruit is a berry, and in cultivated edible bananas, partheno- 
carpic fruits are developed without pollination. Most clones 
are female-sterile. But both male and female flowers, which 
open during the night, produce an abundant nectar that attracts 
bats, birds, and bees, wasps and other insects which aid in 
pollination (mostly self-pollination). 

The fruit bunch matures within about 100 days after shooting of 
: the inflorescence. Each cluster of fruits at a node is called 

a 'hand' and individual fruits 'fingers'. The number, shape, 
skin colour, size, flavour, etc. of fruit vary with the cultivar. 

CD’LTIVARS Cultivated banana is usually referred to as Muss 
sapienturn L. ( syn. N. parndCsia~.z var. s?p:'er(t~n; (L) Kuntze), 
and plantains as M. ~aradisiaca L. It is considered more 
appropriate to use the genome classification instead of the 
Latin one. About 300 clones are thought to exist: they are 
either diploids (AA Group) or triploids and triploid hybrids. 
The agriculturally significant cvs belong to the triploid 
groups and hybrids and include Gros Michel (the best bananas 
in the world) and the Cavendish subgroup. Tetraploid (AAAA 
Group) bananas have been produced by breeding small groups of 
diploid hybrids (AB), and triploid hybrids (AAB) have also been 
produced, mostly in India. The plantain subgroup, which is of 
importance in South India, belongs to the AAB Group. 

ECOLOGY 

c L?:,(::TE Bananas prefer tropical humid lowlands; they are 
grown between 30°N and S of the equator from sea level to 1000 m; 
they can be grown at elevations up to 1200 m, but at higher 
elevations growth is poor. Optimal temperature is 27'C; an 
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average, well-distributed rainfall of 2000-2500 mm per annum 
is considered satisfactory. Bananas are subject to wind 
damage and it is preferable to plant wind breaks in areas with 
strong winds. 

SOIL Well-drained soils with good fertility and an assured 
supply of moisture are the best-suited. Deep and retentive 
loams, often of volcanic or alluvial origin with pH above 5, 
are preferred. 

PHYSIOLOGY AND COMPOSITION 

Bananas require good supply of sunlight, but there is no evidence 
of photoperiodicity. They do not tolerate waterlogging, high 
temperatures and frost. 

Nutritionally, banana is similar to potato. The edible pulp of 
ripe banana contains about 70% water, 27% carbohydrates, 1.2% 
protein and 1% ash. The carbohydrate, which is stored as starch, 
is converted to sugars (glucose and fructose) on ripening. 
Bananas are rich in vitamin A, fair in vitamin C, and poor in 
vitamin B. 

AGRONOMY 

CROPPING SYSTEM Banana is planted both in pure stands and in 
mixed stands with other crops. In Africa, it is invariably 
interplanted with maize, beans, potatoes and other food crops. 
It is also grown as a 'nurse' crop (to give shade and protection) 
for cacao, coffee, etc. However, bananas are not considered the 
ideal shade plants for coffee because of the possible overlapping 
or the root systems. 

PROPAGATION Banana is propagated vegetatively, but the planting 
material varies widely in different parts of the world. These 
include pieces of rhizomes (known as "bull heads" in Jamaica) 
weighing about 2.5 kg each, very young suckers (peepers) with 
only scale leaves, sword suckers and water suckers: maiden 
suckers, which are taller, 5-8 month-old suckers, are planted 
after removing all opened leaves and sometimes the top portions 
of pseudostem. While selecting suckers for planting, it is 
important that as much of the rhizome as possible is attached 
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to the sucker. A uniform type of planting material tends to 
produce a uniform crop. 

PLANTING Planted in hand-dug planting holes of about 60 cm 
depth and diameter, the holes being deeper in heavy soils. The 
holes are filled with topsoil, organic matter and phosphate 
fertilizer. 'Suckers are planted about 30 cm deeper than they 
were while attached to the mother plant. Time of planting 
depends upon the local climatic conditions. In dry areas, 
planting may be done at the beginning of the rainy seasons. 
Planting can also be adjusted to suit market conditions. 

SPACING Spacing also varies considerably depending upon the 
clones (Gros Michel and such big clones require wider spacing), 
soil characteristics (fertile and good soil can support more 
plants per unit area), moisture pattern (wider spacing in dry 
areas) management practices (weeding, pruning, mechanization) 
etc. The usual spacing is 3-3.5 m square for bigger plant 
types. Hedge planting is practised in some places. 

MANURING Banana is a heavy feeder and needs considerable amounts 
of N and K. Fertilizer recommendations vary considerably. N 
may be applied in small quantities at frequent intervals, and 
P and K at the time of planting. A fertilizer dose of 500 g N, 
200 g P205 and iOO0 g K20 per plant is an average rate. Ferti- 
lizers are scattered in a ring around each stool and raked into 
the soil. 

AFTERCARE Bananas require about 25 mm of water per week for 
successful growth, and when natural rainfall is not adequate, 
it is supplemented by irrigation. 

Mulching is a common practice, and old banana pseudostem, leaves 
etc. are the common mulching materials. However, mulch is not 
allowed to come into contact with banana 'stems' so as to 
minimize weevil attack. 

Aftercultivation, if done, should be shallow because banana 
has a shallow root system. Pruning and removal of unwanted 
suckers may be done regularly. usually only 2-3 healthy suckers 
are retained per plant. Staking the maturing plant with forked 
poles is done to prevent bending due to weight of the heavy 
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bunch; the male part of the inflorescence is removed after the 
bunch has been fully formed. 

HARVESTING, Some clones change colour when the bunch is ripe, 
but others remain green. The bunch is harvested carefully 
without bruising the fruits. The stage at which the bunch is 
harvested depends on the use - fruits for cooking can be 
harvested before they are fully ripe. 

YIELD 

Yield varies considerably. On average, about 1500 bunches of 
about 20 kg each can be obtained per hectare from a planted 
crop. With good husbandry, the yields can be much higher. 

The life of the banana plantation varies from 3-15 years: on 
a commercial scale, it takes 5-8 years before the field rncy 
be replanted or changed. 

PESTS AND DISEASES 

The most serious disease is Panama disease or banana wilt, 
caused by the fungus FLtsari:f*r: ~~J*J~P/~~~PI~:~~ f. l.:8tt't!~;~d. It has 
caused widespread damage, particularly in Central America and 
the West Indies. Planting disease-free suckers is the most 
effective remedy. Leaf spot caused by E!y~~ct:;~i~~~~r~~ I lz rnrl~.:zo :a 
(Imperfect stage: Cer~co8pora rtf!i8czL: i and bacterial. wilt caused by 
Poez~domonau so Zauac~!arum are the other serious diseases. 
Bunchy top virus, transmitted by the aphid !'t?r; t (1 ic:rlid uii;;ro- 

nemosa, causes serious damages in Asia, the Far East and 
Australia. 

The major pest is the banana weevil CoemopoZites GDP~~~XL'. 

The burrowing nematode Radopholue simiZ?:s has also assumed 
serious 'pest' proportions. 

A number of mineral deficiency diseases also occur. 

AGROFORESTRY POTENTIAL 

The importance of bananas in agroforestry is due to their 
tolerance to partial shade as well as the ability to provide 
shade to other crops during the early growth of such species. 
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Moreover, Moreover, bananas are adaptable to a wide range of conditions bananas are adaptable to a wide range of conditions 
and can be easily cultivated. and can be easily cultivated. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

A number of institutions throughout the A number of institutions throughout the world carry out research world carry out research 
on various aspects of banana production and improvement; a large on various aspects of banana production and improvement; a large 
volume of literature is also available. volume of literature is also available. 

The journals Tropical Agriculture Trinidad, and Fruits contain The journals Tropical Agriculture Trinidad, and Fruits contain 
a considerable volume of literature on banana. a considerable volume of literature on banana. 

Simmonds, Simmonds, N;W. 1966. N;W. 1966. Bananas. Bananas. 2nd ed. Longman, London. 2nd ed. Longman, London. 
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BREADFRUiT 

SCIENTIFIC NAME Art-ocarpus aZt{Zict Fosberg 
syn. A. communis Forst 

A. incisa L.f. 
Family Moraceae 

2n = 56 

COMMON NAMES Breadfruit 03 
Arbre B pain (F) 
&rbol de1 pan (Sp) 

USES AND ECONOMIC IMPORTANCE 

Grown for the edible fruit, which is an important food in 
Polynesia; used as a vegetable: usually eaten after cooking; 
biscuits are also made from it. The timber is useful. 

ORIGIN AND DISTRIBUTION 

A native of Polynesia; now spread throughout the tropics: 
important in Polynesia and the West Indies. 

PLANT CHARACTERISTICS 

, A striking monoecious tree up to 20 m high; evergreen in the 
ever-wet tropics; deciduous in monsoon climates; has latex in 
all parts. Roots adventitious; dense surface mat of feeding 
roots. Trunk straight with thick twigs, and pronounced leaf 
and stipule scars. Profuse foliage, leaves large 30-60 x 20-40 
cm, thick, spiral arrangement with 2/5 phyllotaxy, pinnately 
cut and several-lobed. Inflorescence axillary, club-shaped, 
15-25 cm long, male inflorescence drooping on stout 3-8 cm long 
peduncle with minute flowers. Female inflorescence stiffly 
upright on stout peduncle with numerous flowers embedded in 
receptacles. Fruit is a syncarp formed from whole inflorescence, 
oblong, lo-30 cm in diameter, yellowish-green rind with hexa- 
gonal reticulous markings and sometimes short spines. 

The fruit has a central core surrounded by numerous abortive 
seedless flowers, which form the edible portion. Flowers are 
wind-pollinated; hand-pollination results in better fruit set 
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.and larger fruits. Fruits .will set without pollination also, 
but the fruits so produced are small. 

Very little scientific breeding work has been done for the crop. 
The cvs from several territories in the South Pacific have been 
collected to identify and select early, late, or year-round 
producing cvs. 

ECOLOGY 

Breadfruit is a tree of the humid tropical lowlands, thriving 
best in areas of 150-250 cm rainfall, preferably all the year 
around, and in temperatures of 22034OC. The trees are grown 
on a wide variety of soils, but they do not withstand very 
shallow soils and waterlogging. 

PHYSIOLOGY AND COMPOSITION 

Very little is known about specific physiological characteristics. 
But the young plants require shading and grow well under the 
shade of other trees; later they require full exposure. 

The edible portion, which constitutes about 70% of the fruit, 
contains about 20% carbohydrates, 1.8% fibre and 1.3% protein. 

AGRONOMY 

Propagated vegetatively (usually no seed setting) by root 
cuttings of about 2-3 cm diameter and 20 cm length, which are 
planted either horizontally or slantingly in shaded moist beds; 
well-transplanted about 8-10 m apart. The tree grows rapidly 
and begins to bear when it is 3-5 years old. The fruits are 
ready for harvesting about 2-3 months after the emergence of 
the inflorescence, when they are still firm: the main harvesting 
season lasts about 4 months. 

YIELD 

Trees yield up to 700 fruits per year, each weighing 1-4 kg. 

PESTS AND DISEASES 

No serious pests or diseases: soft rot of the fruits caused by 

Rhisopus artocarp; has been reported from India. Also, immature 
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fruits drop off occasionally. 

BREADFRUIT 

t 

AGROFORESTRY POTENTIAL 

Breadfruit is a good tree for agroforestry in homestead gardens; 
the canopy is dense and luxuriant, but it offers good shade under 
which poultry can be reared. Moreover, crops like greater yam 
lDinscoreu alata) can be cultivated underneath, and trailed on 
to the mature trees. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Institutions in Rodovia, Brasilia, Brazil; Santa Rosa, Chile; 
San Jose, Costa Rica; and the Agricultural Universities in the 
southern parts of India carry out some research on breadfruit. 

Coenan, J. and Barrau, J. 1961. The breadfruit tree in 
Micronesia. South Pacific Bull., Oct. 1961, 37-39. 

Singh, S., S. Krishnamurthi and S.L. Katyal. 1963. Fruit 
culture in India. Indian Count. Agric. Res., New Delhi. 
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Fig. 18. Papaya (Photo credit: Centre d’Etude de I’Azote. Zurich) 
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PAPAYA 

SCIENTIFIC NAME 

* 

Carica papaya L. 
Family Caricaceae 

2n = 18 

COMMON NAMES Papaya, papaw, pawpaw 
Papaye 
Papaya 

USES AND ECONOMIC IMPORTANCE 

(El 

(F) 

(SP) 

Ripe fruits are eaten fresh for breakfast, dessert and in fruit 
salads throughout the tropics. Unripe fruits are cooked as a 
substitute for marrow and for apple sauce. Papaya is also 
grown for the enzyme papain which is extracted from dried latex 
of immature fruits. The enzyme is used as a meat tenderizer, 
in the preparation of chewing gum, as a drug for digestive 
ailments etc. Young leaves are sometimes used as a vegetable 
and the seeds as a counter-irritant and abortifacient. 

ORIGIN AND DISTRIBUTION 

Papaya is not found in the wild state; it is believed to have 
originated in South Nexico and Costa Rica. Today it is culti- 
vated throughout the tropics. Sri Lanka, Tanzania, Uganda and 
Hawaii are the major producers. 

PLANT CHARACTERISTICS 

A short-lived perennial, 2-10 m tall, unbranched, erect, cylind- 
rical, soft-wooded, hollow stem with prominent leaf scars: 
leaves are clustered near the apex of trunk: they are spirally 
arranged aAd have long (25-100 cm) petioles; and the lamina has 
7-11 palmate and deep lobes and prominent veins. Plants are 
usually dioecious or rarely hermaphrodite. Male flowers are 
produced in pendant axillary panicles, 25-75 cm long. Female 
flowers are short (3-5 cm long), axillary and short-stalked, 
borne singly or in few-flowered cymes. Hermophrodite flowers 
externally resemble female flowers. The proportion and type' 
of flowers produced on the same tree can vary depending upon 
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its age, season etc. Male and hermophrodite trees undergo 
sex reversal, but not female trees. Female sterility is 
favoured by warm weather and such trees become female fertile 
in cool weather. If hermaphrodite flowers are self-pollinated, 
the seeds produce hermaphrodite and female plants in the ratio 
2:l. 

Fruit is a fleshy berry, f-30 cm long, ovoid-oblong, weighing 
up to 9 kg with thin smooth skin, green in colour, turning 
yellowish or orange when ripe; the central cavity is S-angled. 
Many spherical dark or greyish seeds are attached to the interior 
wall in 5 rows; there are about 20 dried seeds per gram. 

There are several cvs, but these are difficult to maintain in 
dioecious plants. Hermaphrodite types can be maintained true 
to type by self-pollination. 

Plants flower 4 months after planting and the fruits are ready 
after another 6 months. Although the trees live up to 20 years, 
yields decline with age. Economic life span is 5-6 years. 

ECOLOGY 

Papaya is a tropical plant, grown between 30°N and S latitudes, 
at elevations from sea level to 2000 m near the equator, and 
in areas with a wide range of rainfall. For papain production, 
lower altitudes are preferred. Good supply of soil moisture 
is essential. Papaya prefers a well-drained fertile soil with 
pH 6-6.5; it cannot withstand frost and waterlogging. 

PHYSIOLOGY AND COMPOSITION 

Being a soft-wooded plant with hollow trunk, it is subject to 
wind damage. It does not tolerate waterlogging and extreme 
climates. High temperatures induce female sterility. The plant 
tolerates light shade. 

The edible portion of the fresh fruit contains approximatelY 88% 
water, 10% sugar and 0.5% protein. It is rich in vitamins A 
and C. 

AGRONOMY 

Papaya is cultivated 0~ homesteads, field bunds, or plantations. 
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It is usually propagated by seeds; vegetative prop gation .:"i,- .',l': ; * '::!-i ,.: : .: '.& 
though possible, is not- usua'lly practised. Seeds are sown in . 

*I I: 9y . 3 fi~Eizix23 nursery beds or plastic or woode$?o~~ai%:s; ? .i and are xeadf f$;‘. -; .L’ : 

.QYl,3003 transplanting 8-10 weeks after sowing, wfxl; ~~do~i~B'i~Q"ls'i-I'B";‘r :: 
: 

cm tall. vd &a L' 3 Usually 5-7 seedlings ,al;e plan'$e& p#y&g'i';ji;3~~:.& a .-T 
'i 

apart; after about 6 months when sex chin :!wJ‘& tdiEes:L&d .&:-. --: ; I' 

flowering, all except one female plant 
Sometimes seeds are sown at stake, 

. 1o 
- 

- ync t '.~)~~V zsy 
eventually only one female plan4!"isY&ain&. f& >'g~&r$L~5~$*x 5;;';.‘ 

female plants, one male plant is i~~l~o”-l~~~~~~~~~~~*~ff~v~:~~~~’~.: 1’.: ,’ :, ’ 

'Solo', %J r E)x i 2 ;- i 9'1 . only hermaphrodite plar???$ .$e9?G aMed in' order I!6 g&'. ' ' -i! 
fruits of uniform size and shale. -','.t"'i' ,I"> i ;-: i) ) p irx., ; f: : i ;: ;- , . 

') i,r&c 1 jr;;: - fJ E.i:.: .i..i j; :,'&. , J - _ .I : 
Transplanting is usually done in the rainy season. Irrigation 
during dry months and mulchin~~bl?$i~~~f%~~JQ~c!TI~~~a~i~r.,~ :,: ..; ., '! 

8-u-6 NPK 
recommended. 
prevent overcrowding. 

are produced throughout the year. 
L , ' : I_ ,',,-'-ii I" : -, ' . * 

Papain is obtained by tappinq;il;nripa.,~~~i~~ ,ofjc,at J+;?st-ld I'cm!, 
.- 

. i.. . 
diameter, by making 3-4 longitudinal cuts of afbout 3 mm !depth. . The latex is collected in trig$ &G T&i; eztiir$iei. .iii C,~~h$~~~ 'Q;Y' ' ': 

d 
or polythene linings, which are clamped to the trunks. The 
latex coagulates in the trays, is scraped with a wooden scraper, 
and is dried quickly in the sun or in special ovens at 55-60°C 
for 5-7 hours. Tapping is not done in hot weather; mature 
fruits do not yield latex: fruits tapped once are tapped again 
at weekly intervals; tapping is usually done for two years only; 
the plant gives 50% of latex yield during the first year of 
tapping. 

YIELD 

Yield varies from 30-150 fruits per year per tree, giving up 
to 400 t marketable fresh fruits per ha per annum. 

Yield of dried latex is about 150 kg/ha p.a. under ideal 
conditions. 
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PESTS AND DISEASES 

FAPAYA 

Papaya is comparatively free of pest attack; but diseases such 
as mosaic virus, collar and foot-rot caused by the fungi Fythium 

spp'. I and anthracnose, caused by CotZetotrichum spp., cause 
considerable damage at times, 

AGROFORESTRY POTENTIAL 

The crop has good agroforestry potential as it is suitable for 
intercropping and hedge planting on the border of agricultural 
fields. It is relatively free of pests and diseases, easy to 
manage and it gives quick returns. However, it is not suited 
for marginal conditions of soil and climate. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

The Indian Institute of Horticultural Research, Bangalore, 
India; the Agricultural Research Centre for Humid Tropics 
(CPATU), BelGm, Brazil; the University of Hawaii; and the 
Agricultural Research Station, Boralanda, Sri Lanka are some 
of the leading institutions conducting research on papaya. 

Becker, S. 1958. The production of papain - an agricultural 
industry for tropical America. Econ. Bot. 12, 62-79. 

A few publications in the East Afr. Agri. For. Journal. 
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PASSION FRUIT 

SCIENTIFIC NAME Fassif Dora eduZZs Sims 
Family PassifZoraceae 

2n = 12 

COMMON NAMES Passion fruit (El 
Passiflore (F) 
Fruta de la pasio'n @PI 

USES AND ECONOMIC IMPORTANCE 

The juice of passion fruit is a very popular beverage. The 
yellow gelatinous pulp around the seed is used for making jams 
and jellies and in sherbets, and the fruit is eaten directly 
or used in fruit salads. 

ORIGIN AND DISTRIBUTION 

Passion fruit is a native of southern Brazil. It is now commer- 
cially grown in Australia, South Africa, New Zealand, Hawaii 
and Brazil. 

PLANT CHARACTERISTICS 

The plant is a woody perennial climber, up to 15 m long with 
green, grooved stem and axillary, robust, spirally coiled 
tendrils. The lamina is deeply palmately J-lobed, lo-15 x 12- 
2S cm, but undivided in young plants. Flowers are axillary, 
fragrant and showy, about 10 cm in diameter. The fruit is a 
berry, globose or ovoid, 4-6 cm in diameter, deep purple when 
ripe, dotted and hard but with a thin pericarp. There are many 
seeds, surrounded by yellowish aromatic pulpy juice with a 
pleasing flavour. Passion fruit is cross-pollinated by bees, 
wasps, and humming birds. The economic life-span of the plant 
is 5-6 years. 

Two forms have been recognized: 

F. eduZCs f. edutis is the common purple passion fruit. It has 
a better flavour, especially when eaten directly, and it does 
well at higher altitudes (of about 1800 m) in the tropics; it 
does not grow well in wet lowlands. 
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P. edutis f. fitavicarpa is the yellow passion fruit, which is 
slightly larger (5-6 cm diameter); the pulp is more acidic, 
and is better suited to tropical lowlands. 

P. quandrangularis, the giant grandiflora, is a similar species 
giving much larger fruits, and growing at low altitudes. 

ECOLOGY 

An average annual rainfall of 750 to 1250 mm is ideal: the 
crop does not fruit well in regions with heavy rains because 
the pollen grains burst on contact with water, and thus rains 
prevent pollination. 

The purple passion fruit'does best in the tropical. highlands 
while the yellow form tolerates lower altitudes. Passion fruit 
grows on a variety of soils, but does not grow well on very 

heavy and poorly drained soils. 

PHYSIOLOGY AND COMPOSITION 

Not much is known about the physiology of the crop with respect 
to its shade tolerance and adaptability to specific conditions. 
Fruits are produced on new growth of shoots. 

The pulp and seeds contain approximately 72% water, 2.4% protein, 
2.8% fat, 17% carbohydrate and 4% fibre. 

AGRONOMY 

Passion fruit, being a climber, is trained on trellises made of 
posts and wire 2-3 m apart and 2-3 m high, so that the vines 
provide partial shade which can be used with advantage during 
the early stages of growth of crops like cacao. 

Usually propagated from seeds (but can also be propagated by 
2-3 internode-long stem cuttings), which are thickly sown in 
nursery beds and shaded. Seedlings at the two-leaf stage are 
transferred to pots, baskets or polythene bags, and are trans- 
planted when about 30 cm tall and 3-4 months old. The seedlings 
are planted 3-5 m apart and two leaders are allowed to grow 
from each seedling to reach the wire. The plants are sometimes 
pruned to induce the growth of new shoots. In Hawaii, a 10:s: 
20 NPK fertilizer mixture is recommended at the annual rate of 
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1 kg per plant. 

During the first year, only a few fruits are produced. 'There- 
after, there are two main fruiting seasons per year. The _ 
fruits mature in 2-2$ months after pollination, and are allowed 
to fall on the ground and are picked up every 2-3 days. The 
fruits can be kept for about one week without deterioration 
before processing. In the preparation of juice, the pulp is 
extracted from the fruits and the seed is separated from the 
juice by centrifuging. 

The commercial life span of purple passion fruit is 5-6 years. 

YIELD 

Average yield is about 20,000 kg fresh fruits per hectare; they 
contain 30-40% by weight of juice, and about 4 kg fruits are 
required to produce 1 litre of juice. 

PESTS AND DISEASES 

woodiness disease, supposed to be caused by an aphid-transmitted 
virus, is the major disease. grown spot, caused by AZternaria 
passif torae, which causes defoliation as well as spotting of 
the fruits, also assumes serious proportions. 

Different types of fruit flies puncture the young fruits and 
cause immature fruit crop. 

AGROFORESTRY POTENTIAL 

Passion fruit has agroforestry potential because it can be used 
to provide shade to other species when they are young, and it 
could also be grown under the partial shade of trees. 

REFERENCES 

Chapman, T. 1963. Passion fruit growing in Kenya. Econ. Bot. 
17, 165-168. 

Lippman, D. 1978. Cultivation of PassifZora edulis. S. German 
Agency for Technical Cooperation (GTZ), Eschborn (Fed. Rep. 
Germany). 

University of Hawaii. 1954. Passion fruit culture, Ext. Cir. 
354. 
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Fig. 19a. Passion fruit and potato, Kenya. 

Fig. l9b. Passion fruit and pyrethrum, Kenya. 
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PIPJEAPPLE 

SCIENTIFIC NAME Ananas comosus (L.) Merr. 
syn. A. saeivus Schult. 
Family Brome tiaceae 

2n = 50 

COMMON NAMES Pineapple, ananas (El 
Ananas IF 1 
Piiias, anan& (Sp) 

USES AND ECONOMIC IMPORTANCE 

Popular dessert fruit also used by the canning industry for 
juice and jam. Fresh fruits contain a protein-digesting enzyme 
bromelain, but it is not produced commercially. The leaves 
yield a strong white silky fibre used for a fine fabric called 
pina cloth in Southeast Asia in village industry. The fibre is 
not produced economically from plants grown primarily for fruits. 
Young fruits are sometimes used as an abortifacient. 

ORIGIN AND DISTRIBUTION 

Believed to have originated in South America in the Parana- 
Paraguay river delta. Now grown widely throughout the tropics 
and subtropics; the major producing regions are Hawaii, Southeast 
Asia, Brazil, East and southern Africa, and Australia. 

PLANT CHARACTERISTICS 

It is a perennial herb of about 1 m height with a leafspread of 
130-150 cm and a terminal inflorescence and fruit. In natural 

conditions, axillary buds in the leaf axils grow into vegetative 
branches and produce fruits while still attached to the parent 
plant. The plants may continue living and fruiting for several 
years. In commercial production, however, only one or two 
ratoon crops are taken. 

Roots are fibrous and superficial, seldom going below 60 cm. 
Stems are short and thick, 20-25 cm long, usually curved at 
the base in plants grown from shoots and slips. Leaves are 

arranged in a right- or left-handed spiral with a 5/13 phyllo- 
taxy. Leaves at the base elongate up to about 1 m, younger 
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leaves being shorter. Some cultivars have spines along the 
leaf margins. The upper surface of the leaf is smooth and 
dark-green, whereas the lower surface is silvery white and 
scurfy. 

Inflorescence is produced at the tip of the stem 12-18 months 
after planting depending upon the planting material used (see 
propagation). Peduncle stout, 7-15 cm long; flowers 100-200 
in number, hermaphrodite. Flowers open 5-10 per day from the 
base of the inflorescence upward. . 

&+ The fruit is a parthenocarpic multiple fruit or syncarp formed 
by almost compl asion of 100-200 berry-like fruitlets, sub- 

, tending leafy bracts=to>ach other and to the central fibrous 
axis or peduncle of the inflorescence. Mature fruit is broadly 

& cylindrical, tapering slightly towards the tip, about 20 cm 
long, 14 cm in diameter and 1.5-2.5 kg in weight. The fruits 
carry a crown of small leaves, formed by continuation of growth 
of the peduncle. Growth of the crown continues during fruit 
development, but ceases when fruit is mature and becomes 
dormant. Cultivars are seedless when grown in pure stands, 
but 2000-3000 seeds may be produced when natural or hand- 
pollination takes place. Flowers are self-incompatible, and 
pollination is mostly by humming birds. 

A large number of cultivars have been recorded. Cayenne is 

the most widely grown cv.; others are Queen (Australia and 
South Africa), Red Spanish (in Central America), Singapore 
Spanish (Maiaysia), Abacaxi (Brazil), etc. 

ECOLOGY 

CLIMATE Mostly grown at low elevations between 25ON and S 
in areas with a temperature range of 15-30°C. Pineapples 

cannot withstand frost, and very little growth takes place 
below 20°C and above 35OC. In Kenya, they are grown at 

elevations from 1400-1800 m; the fruit is too sweet at lower 
altitudes and too acid at higher altitudes, both being unsuit- 
able for canning. 

Pineapples are tolerant of drought because of the special water 
storage cells. They can be grown within a wide range of rainfall. 
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'from 600-2500 mm per annum, the optimum being XOOQ-1500 mm. 

SOiL Can be grown on a wide range of soils, but do not 
: tolerate waterlogging. Sandy loams with a pB of 5-6.5 are 

preferred. 

\ .PHYSIQLC@Y AND COMPOSI'TION 
:. 
: Because it can withstand drought and be grown in partial shade, 

pineapple is a good crop for agroforestry. 

About 60% of the fresh fruit is edible and the edible portion 
contains about 1-4% sugar. 

; AGRONOMY 

: CROPPING SYSTEM Usually grown as a sole crop in plantations in 
commercial production, but can also be grown as an understorey 
crop in tree crop areas in small holdings. The normal crop 
cycle is 3-4 years, consisting of one planted crop and one 
ratoon crop. 

PROPAGATION Propagated vegetatively by crowns, slips, suckers 
or shoots.. Crowns are produced on the top of the fruit normally 
at the rate of one per fruit. Slips are leafy shoots borne on 

. the peduncle on the base of the fruit or just below. They 
develop only on vigorous, healthy plants and they increase in 
length after the fruit is harvested. Those that weigh about 
400 g are best for planting, and 2-3 can be obtained from a 
healthy plant. Suckers develop from the buds below or just 
above the soil surface at the same time as inflorescence, 
usually 2-3 per plant; those weighing 200-300 g are best for 1 
planting. Shoots are leafy branches arising from buds in the 
leaf axils, O-3 per plant, and are suitable for planting when 
30-35 cm long; if left on the plants they produce a ratoon crop. 

The planting material, after removal from the mother plant, may 
be dried in the sun for l-2 weeks to make it more sturdy and 
resistant to butt rot. It may also be treated with insecticides 
to control meal.y bugs and other insects. 

The length of the period from planting to maturity depends upon 

the planting material - 15-16 months for shoots, about I.8 months 
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for suckers, 20 for slips and 22-24 for crowns. Thus it is 
possible to spread the harvest season by using different 
planting materials. Crowns produce the most uniform crop. 

LAND PREPARATION Deep cultivation is considered desirable. 
A fine tilth and smooth surface are necessary if mulching 
paper is used. When replanting, the remains of the old crop 
are chopped up and incorporated to the soil. 

PLANTING, PLANT POPULATION Usually planted in beds (sometimes 
in shallow trenches), each with two rows about 50 cm apart, 
with 40 cm between each plant in a row, plants in adjacent rows 
alternating, and a distance of 90 cm between beds. About 40,000 
plants are planted in one hectare. In commercial production, 
mulching with black polythene is a regular practice: it improves 
the growth of pineapples, suppresses weeds, conserves moisture 
and increases soil temperature. The mulch is laid in strips 
before planting, separately for each bed, and the plants are 
inserted through the mulching paper. 

NUTRITION Heavy applications of fertilizers, especially 
nitrogen, are needed: usually about loo-150 kg N/ha per year, 
applied in equal instalments every 3-6 months, and about 100 kg 
and 60 kg P 0 per hectare in two instalments. 25 In Australia, 
1500 kg/ha of 10:6:10 NPK mixture is applied in an annual 
dressing supplemented with 50 kg N/ha in two instalments. 

AFTERCARE Weeding is an important operation, and is done with 
a combination of mulch, herbicides, and hand-weeding. Irrigation 
is seldom practised. Around the time of harvesting, unwanted 
slips and suckers are removed in a process called "stripping". 
For a ratoon crop, only one healthy sucker, originating from 
below the ground, is retained. In commercial plantings, uniform 
flowering is induced by spraying hormones (NAA or its sodium 
salt at the rate of lo-100 ppm) after floral differentiation. 
Maturing fruits are protected from sun-scorching and rodent 
attack by covering them with the old leaves of the plant. 

HARVESTING Mostly by hand, but also done mechanically in 
Hawaii. Fully ripe fruits can be easily detached from the stem 
by hand. Fresh fruits are marketed with the crowns intact. 
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PINEAPPLE 

PROCESsING The base of the fresh fruits is sometimes treated % 
with benzoic acid and talc to prevent fungal rotting caused 
by Thie taviopsCs paradoxa. Most pineapple is canned in 
producing countries, for which the central core and the 
'shell' of the fruit are removed. The.juicy flesh is cut or 
sliced and sterilized, and hot syrup made from juice and sugar 
is added. Also canned as fruit salads and in mixed fruits. 

PESTS AND DISEASES 

Mealy bug wilt caused by Dysm<coccus brevipes and D. neobrevipes 

is the most serious disease of pineapple. It is believed that 
the mealy bug is the vector carrying the virus that causes the 
rot. The symptoms appear as rot of the roots, Collowed by 
wilting of leaves. Control of the mealy bug is the best way 
to control the disease. Heart and roots rot is caused by 
Phy toph thora cinnamomi, whereas butt rot is caused by ThieZa- 
viopsis paradoxa. 

Root knot nematodes, Me Zoidogyne javanica, and other nematodes, 
1 particularly RotyZenchuZus reniformis, cause considerable 

damage, and they can be controlled by soil fumigation. 

Rats and rodents damage the crowns and maturing fruits. 

AGROFORESTRY POTENTIAL 

Pineapple is grown both as a smallholder crop and on a 
plantation scale. It can withstand drought as well as partial 
shade. It gives a reasonable yield even under marginal condi- 
tions. Thus, pineapple is a good species for agroforestry. 

1 MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

~ There are several institutions in Brazil, Hawaii, India, Kenya 
and other pineapple-growing regions, that conduct research on 

~ the crop; many research publications are also available. 

Collins, J.L. 1960. The pineapple. Leonard Hill, London. 
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Fig. 20a. Pineapple and bananas interplanted with 18 month-old rubber trees (Photo credit’ Rubber 
Research Institute of Malaysia). 

Fig. 20b. Pineapple interplanted with pines in Salvador, Brazil. 
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CASTOR 

: I SCIENTIFIC NAME Ricinus communis L. 
Family Euphorbiaceae 

2n = 20 

Castor (El 

Ricin (F) 
Ricino (Sp) 

I USES AND ECONOMIC IMPORTANCE 

Castor is an oil seed: the seeds contain 40-55% of a non-drying 
oil, which is used for industry, medicinal, lubricating and 
lighting purposes. Industrial uses include coating fabrics 
and other protective coverings, dyeing of textiles, preservation 
of leather, manufacture of paints and varnishes, waxes, polishes, 
candles, etc. The cake (residue after crushing; is used as a 
manure; it is toxic due to the presence of ricin, but ir can be 
used as a cattle feed after detoxication. Plant stalks are used 
as fuel, thatching material, and for preparing pulp and paper. 
In eri silk-producing areas, the leaves are fed to eri silk worms. 

I ORIGIN AND DISTRIBUTION 

The castor plant is believed to have originated in North Africa 
and India. It is now grown in many parts of the tropical and 
subtropical world. Brazil is the largest producer, followed by 

India and Thailand. It is also cultivated in the USA, Egypt, 
Ethiopia, Tanzania, and many other Asian, African and Central 
American countries. 

I PLANT CHARACTERISTICS 

An annual herb (to 1 m tall) or a short-lived perennial (up to 

6 m): usually cultivated as an annual. Root system is well 
developed with a tap-root and prominent laterals and produces 
a surface mat of feeding roots. Stem is green or reddish: 
becomes hollow with age, and has distinct nodes and prominent 
leaf scars. The single ster.1 that is produced first terminates 
in an inflorescence, and 2-3 sympodial branches grow out, one 
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from each node immediately below the inflorescence; these 
branches also end in inflorescences and the sympodial branching 
continues. Thus the plant will have inflorescences at various 
stages of development. 

Leaves are-arranged spirally with 2/S phyllotaxy, lamina orbi- 
cular, lo-75 cm in diameter, palmately divided for about half 
the length with about 5-11 lobes. 

Inflorescence is a terminal, many-flowered penicle, lo-40 cm 
long: flowers are unisexual, with male flowers at the base 
and female flowers on top of the inflorescence. Female flowers 
open before the male flowers, so there is high degree of cross- 
pollination; mainly wind-pollinated. Each female flower 
produces a thick-walled spiny capsule with three loculi; each 
loculus contains one seed. 

Seed is ovoid, dorsally compressed, shining, dark and mottled, 
very variable in size, 0.5 to 1.5 cm long; testa is brittle 
and forms about 20% weight of the seed. 

ECOLOGY 

CLIMATE Castor grows well in relatively dry, warm regions 
having a well-distributed rainfall of 500-750 mm. Heavy 
rainfall promotes excessive growth and the crop assumes a 
perennial habit. Castor is fairly drought-resistant, owing 
largely to its deep root system. It cannot tolerate frost 
and the crop needs at least 150-180 frost-free days. The crop 
is grown over a wide range of altitude in the tropics, up to 
2000 m. In still higher altitudes , perennial varieties are 
grown for shade in coffee estates. 

SOILS Grows well in all types of soils if they are well- 
drained; but it grows best in rich, well-drained, sandy-to- 
clayey loam and light alluvium. 

PHYSIOLOGY AND COMPOSITION 

Castor does not tolerate waterlogging and frost. Perennial 
varieties shatter seeds, but most annual cvs are non-shattering. 

Castor oil contains 80-90% of ricinoleic acid which is not found 
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in any other plant. On dehydration, a drying oil is produced 
which does not turn yellow on drying or baking, hence its 
value in paints and varnishes. The seed contains a toxic 
protein, ricin, which acts as a blood coagulant. The oil cake 
can, however, be detoxicated. Leaves also contain smaller 
quantities of ricin. 

AGRONOMY 

CROPPING SYSTEM Crown as a sole crop of the year in rotation 
with finger millet, groundnut, cotton, seame, etc. or mixed with . 
one or more of these crops in the same or alternating groups of 
rows. It is also planted on the sides of irrigation channels 
and borders of garden crops, and allowed to stand as a windbreak 
for several years. 

PROPAGATION By seed: good seeds retain their viability for 
2-3 years. Germination is epigeal; emergence 7-10 days after 
sowing. 

LAND PREPARATION Deep and thorough preparation of seed-bed is 
considered desirable. 

SOWING, SPACING, SEED RATE In the USA, where dwarf cvs are used 
for mechanized production, the seeds are sown 4-8 cm deep, in 
rows 1 r0 apart, at a spacing of 20-25 cm between plants within 
the rows, and a seed'rate of about 15 kg/ha. In India, with 
taller varieties, the rows are l-l.5 m apart and the plants 
within the rows 60-80 cm, and the seed rate is 8-10 kg/ha. In 
Africa, three seeds per hole are dibbled at 0.9 x 0.3 m spacing, 
and later thinned to one plant per hole when the plant is about 
25 cm tall. 

MANURING, AFTERCARE Weeding is necessary during the first l-2 
months: sometimes plants are also earthed up. Castor responds 
to fertilizers. In the USA, 40-120 kg N/ha is usually applied 
in two splits. Fertilizer recommendations in India vary from 
25-90 kg N, 25-75 kg P205 and O-45 kg K20 per hectare. 

HARVESTING The crop matures in 6-8 months. For the crop sown 
in June-July, the capsules start ripening in December and 
continue doing so till March-April. When one or two capsules 
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in a bunch start drying, the whole cluster is generally 
removed, stacked and covered. However, since immature capsules 
have a lower oil content, it is preferable to grow non-dehiscent 
types and collect the fruits as they ripen. When the whole crop 
is gathered, it is dried in the sun for a few days and the seed 
is brought out by beating with sticks. 

The seed contains about 50% oil, about 85% of which is extracted 
if power expellers are used. The efficiency of recovery by 
local types of extractors is about 70%. 

YIELD 

In India, the average yield is about 600 kg of seeds per hectare: 
but can be up to 1000 kg/ha. In the USA, yields of 1200-2500 
kg/ha are obtained. In Africa, yields of rainfed castor are in 
the range of 500-1000 kg of seeds/ha. 

PESTS AND DISEASES 

The castor semi-looper (Achaea janata), the castor hairy cater- 
pillar (Euproctis Zutrata) and the capsule caterpillar (I'icThocl~osis 
punctifercrtis)are the serious pests of castor. Seedling blight 
caused by Phytophthora coZocasiae, and leafspots caused by 
AZternaria ricini are the major diseases. Damage caused by 
pests and diseases is greater in areas with higher rainfall. 

AGROFORESTRY POTENTIAL 

Owing to its drought resistance, amenability to mixed cropping, 
relative ease of management and adaptability to a wide range of 
growing conditions, castor is a good species for agroforestry. 

MAJOR REFERENCES 

The important journals that publish research results on castor 
include: 
Indian Oil Seeds Journal, Lucknow, India: 
Oleagineux, IRHO, Paris; 
Tropical Oil Seeds Abstracts, CAB, England: and 
East African Agric. and Forestry Journal. 
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El Baradi, .T.A. 1969. Castor bean IR<cinus commun$s L.). 
Review Article. Tropical Abstracts 24(g), September. 

Weiss, E.A. 1971. Castor, sesame and safflower. Leonard Hi1 
London. 

Zimmermann, L.H. 1958. Castor beans: a new oil crop for 
mechanized production. Advances in Agronomy 10, 257-288 
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COCONUT PALM 

Cocos nucifera L. 
Family Pa Zmae 

2n = 32 

Coconut palm (El 
Cocotier (F) 
Cocotero (SP) 

USES AND ECONOMIC IMPORTANCE 

A major producer of vegetable oil. Total estimated world 
production is 3.3 million tonnes of copra (dried endosperm), 
equivalent to about 2.3 million tonnes of oil. 

Also yields valuable by-products like coir, charcoal from the 
coconut shell, leaves for thatching houses, and shells and 
husks for fuel. Because of the multiplicity of uses of its 
products, the palm has been described as the "Tree of the 
Heaven", "one of Nature's greatest gifts to man", etc. 

ORIGIN AND DISTRIBUTION 

The coconut is believed to have originated in Southeast Asia. 
Now cultivated in the tropics , predominantly near sea-coasts, 
between 20°N and 20°S of the equator, The Philippines, India, 
Indonesia, Sri Lanka and the Pacific islands are the major 
producers. 

PLANT CHARACTERISTICS 

Thick, erect, unbranched, continuously growing stem, with a 
crown of fully and partially opened leaves. About 30 opened 
leaves, each 6 m long and containing about 200 leaflets of 
90-135 cm length. The leaf.primordium is initiated about 30 
months before leaf emergence; about 12-14 leaves are produced 
per year and they are arranged with a 2/S phyllotaxy. 

The root-producingbole is about 90 cm long: there are about 
7000 roots per adult palm. The root system extends up to 4-S. 
m from bole; but the majority of roots can be trained to be 
concentrated in an area of 2 m radius from the bole. 
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Each leaf axil produces a spadix with numerous male and female 
flowers. Inflorescence primordium is initiated about 36 months 
before the emergence of inflorescence. Flowering commences at 
S-10 years of age. Monoecious; female flowers are few in 
number and towards the base of inflorescence; male flowers 
total up to 30.0. There are distinct, non-overlapping male and 
female phases, which prevent self-pollination. Mostly cross- 
pollinated by insects which are attracted by the nectiferous, 
sweet-scented flowers. The fruit is a fibrous, usually ovoid 
drupe. 

The coconut of commerce consists of seed and endocarp, lo-15 
cm in diameter, and O-5-1.0 kg in weight. The fruit attains 
its full size six months after fertilization; after that the 
endosperm begins to form, which at first is thin and jelly-like. 
The mature endosperm is thick, firm, white, and 1-2 cm thick, 
and is firmly attached to the shell or endocarp. The centre of 
the seed is a large cavity, partially filled with sweet 
'coconut-water', which is completely a'bsorbed when the harvested 
nuts are stored for over about six months. 

There are two distinct varieties - the Tat2 and the DG~;P,~. 
Several cultivars have been identified; different hybrids have 
also been produced and they are popularly cultivated. 

ECOLOGY 

CLIMATE Coconuts require an equable climate with high humidity, 
which is usually found near the sea. The ideal mean annual 
temperature is 27OC with 5-7OC diurnal variation: the palm does 
not withstand prolonged spells of extreme variations. A well- 

distributed rainfall of 1300-2300 mm p.a. is preferred: long 
periods of drought adversely affect growth and production. 

With few exceptions, successful cultivation is limited to the 
tropics, between 20° parallels from the equator and at lower 
altitudes below 300 m. 

SOIL Coconuts grow well on a wide variety of soils, but well- 
drained soils of at least 2 m depth with no hard pans are 
ideal. They tolerate salinity and a wide range of pH, from 
5.0-8.0. 
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PHYSIOLOGY AND COtfPOSITION 

Coconut does not grow well under shade and does not tolerate 
prolonged waterlogging. Though it is said to withstand 
salinity, most coconut-growing soils are acidic. Because of 
the long time lag (about 3 years) between the initiation of 
flower primordia and the harvesting. of ripe nuts, the producti- 
vity of the palm is considerably influenced by environmental 
factors during this period. . 

Tender coconuts, which when harvested for coconut-water give 
as much as 0.5 litre of water per nut. Coconut-water contains 
about 0.6 g sugar/100 ml and it is somewhat aerated as it is 
saturated with carbon dioxide that is derived from the respi- 
ration of internal tissues. 

The fresh endosperm contains approximately 36% water, 4.5% 
protein, 41.6% fat, 13% carbohydrate, 3.6% fibre and 1% minerals. 
The copra has an approximate composition of 6.8% water, 7.6% 
protein, 63.7% fat, 16.1% carbohydrate, 3.8% fibre and 2.0% 
minerals. 

AGRONOMY 

CROPPING SYSTEM In commercial production, coconuts are cultivated 
in large estates, but the majority of the crop in India ana the 
Philippines is in smallholdings, where it is grown mixed with 
various other annual and perennial agricultural species. Inter- 
cropping of varying intensities 'is found in different countries 
and pastures are sometimes established under the palms. 

PROPAGATION By seed; completely,ripe seeds of desirable 
characters, harvested from selected mother palms, are sown in 
nursery beds with well-drained (dandy, or sandy loam) soils 
25-30 cm x 25-30 cm apart, centre t'o centre. Germination is 
slow and it takes 3-6 months for the shoots to emerge. Early . 
germination is considered a sign of vigour in seedlings, and 
seedling vigour is important for quick establishment in the 
field and early bearing. 

FIELD PLANTING Land clearing is necessary as coconuts do not 
establish well in thick vegetation. Usually the square system 



164 

OILS AND FATS COCONUT PALM 

of planting is adopted at 7-9 m spacing for the Tat2 palms, 
thus providing 130-180 palms/ha. Large planting holes of about 
1 x 1 x 1 m are dug and partially filled with bulky organic 
matter; year- to 18 months-old seedlings are planted and mulched. 
Watering is necessary during dry periods. 

MANURING l4anuring of the young palms before flowering is 
necessary for encouraging vigorous growth and early bearing, 
while adequate nutrition of bearing palms is necessary for 
sustained yield. Palms respond well to N and K, but there is 
little response to P. As mentioned earlier, effect of manuring 
and other cultural practices on yield are not apparent until 
after 24-3 years. Regular manuring with 0.5 kg N and 1.0 kg K 
per palm is recommended annually: for best results, the fertili- 
zers are applied in frequent instalments. Foliar analysis is 
used as a guide to fertilizer application in plantations. 
Critical amounts of nutrients in the 14th fully opened leaf 
(from top) as percentages of dry matter are: 1.8-2.0 N; 0.1 P; 
0.8-1.0 K; 0.5 Ca; 0.3 Mg. 

AFTERCARE Regular intercultivation of the interspace of pure 
stands of coconuts, by digging or harrowing, to control weeds, 
is a common cultural operation. The palms do not withstand 
prolonged drought; irrigation during dry months increases the 

yield considerably. 

HARVESTING First harvest is usually 6-8 years after planting: 
harvesting is usually done by male c.limbers, but also by pig- 
tailed monkeys. Nuts that are ll-12-months-old are harvested 
for copra production: 6-7 months-old for tender nuts (the nut 

water is used for drinking). Usually there are 6-8 harvests 
of 12-14 bunches per year. 

PROCESSING Copra is the main product and is prepared by 
dehusking the nuts and drying the split nuts in the sun for 
60-80 h. Kiln drying is also practised. Good quality copra 

should contain less than 7% moisture. The other major product 

is coir, prepared from fibre extracted after retting the husks 
in water. About 85 kg of coir is produced from 1000 husks. 
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Average yield is 40-60 nuts per palm in a year, and good yields 
(from high-yielding types) are up to 120 nuts. Palms producing 
an average of more than 500 nuts per year have also been found. 
Usually 5000-6000 nuts (from TaZZ palms) are needed for 1 ton 
of copra; copra contains 65-70% ,oil. 

PESTS AND DISEASES 

The most serious insect pests are the Rhinoceros beetle, Oryctes 

rhinoceros, the beetles of which burrow into the terminal bud, 
damaging the unopened leaves: the red palm weevil, Rhynchophorus 

ferrugineus, the larvae of which burrow into the trunk and kill 
the entire palm; and the leaf-eating caterpillar, Nephantis 

serinopa. A large number of Lepidoptera and other pests have 
also been recorded. 

The serious diseases are bud rot, caused by Phytophthora palmi- 

voPa, and several other fungal diseases. However, the greatest 
threat to coconut production are certain diseases of unknown * 
aetiology such as the "root (wilt) disease" of Kerala, India: 
the lethal yellowing of Jamaica; Cadang-Cadang disease of the 
Philippines, etc. 

AGROFORESTRY POTENTIAL 

There is tremendous scope for intercropping in coconut stands. 
Intercropping of varying types and intensities are practised, 
especially in smallholder farming. Mixed plantings of coconuts 
and other perennials such as cacao and spice trees are common 
in India and Malaysia. Cattle under coconuts is popular in 
Sri Lanka and the Pacific islands. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Central Plantation Crops Research Institute, Kasaragod, 670124, 
Kerala, India. 
Coconut Research Institute, Bandirippuwa, Lunuwila, Sri Lanka. 
L'Institut de Recherches pour les Huiles et OlGagineux (IRHO) 
11, Square Petrarque, Paris 75016, France. 
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The Philippine Coconut Administration (PHILCOA), Elliptical 
Road, Quezon City, The Philippines. 
See: Coconut Research Centres and Organizations for Inter- 
national Cooperation, Oleagineux 22 (19671, 241-244. 

BOOKS/MONOGRAPHS 

Child, R. 1974. Coconuts. 2nd ed. Longman, London. 
Fremond, Y., R. Ziller and N. Lamothe. 1966. The coconut palm. 

international Potash Institute, Berne. 
Menon, K.P.V. and K.M. Pandalai. 1959. The coconut palm - 

a monograph. Indian Central Coconut Committee, Ernakularn, 
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Nair, P.K.R. 1979. Intensive multiple cropping with coconuts 
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Fig. 21. Multistorey crop combination of 25 year-old coconut palms, cacao, 
(Photo credit: CPCRI, KasarEigod, Kerala, India). 

pepper and pmeapple 
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GROUNDNUT 

SCIENTIFIC NAME Arachzs hypogaea L. 
gamily Leguminosae - PapitConoideae 

2n = 40 

COMMON NAMES Groundnut, peanut (El 
Arachide W 
Cacahuete, mani (Sp) 

USES AND ECONOMIC IMPORTANCE 

Groundnuts are the second largest SOurCe of UegetZ%ble oil for 
cooking (the largest being soya beans), and for the manufacture 
of vegetable ghee (vanaspati) and soap. The kernels are also 
eaten raw, sweetened, or roasted. The oil-cake is a high- . 
protein livestock food or organic fertilizer (containing 7-S% N, 
1.5% P205, and 1.2% K20). The plant stalks are used as cattle 

l feed. Groundnut shell is used as fuel, and in the manufacture 
of coarse boards, cork substitutes, etc. 

ORIGIN AND DISTRIBUTION 

Groundnut is native to Brazil from where it was introduced into 
Asia and Africa in the 16th century. It is now cultivated in 
all tropical and subtropical countries. India, China, West 
African countries, Nigeria, the U.S.A., Brazil and Argentina 
are the major producing countries. 

PLANT CHARACTERISTICS 

Groundnut is a low-growing (15-60 cm high), erect or trailing, 
sparsely hairy annual herb. It has a well-developed tap-root 
with many laterals, usually with good nodulation. Branching 
of the stem is dimorphic with monopodial vegetative branches 
and reduced reproductive branches. The arrangement of these 
branches is of two distinct types: sequential and alternate. 
Sequential branching occurs in the true erect bunch forms. 
They have an upright main stem with 5-6 ascending monopodial 
branches from lower nodes (which may or may not have secondary 
branching), followed by reproductive branches from the next 
nodes and ending in a series of sterile branches. The alternate 
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branching occurs in the true runner (prostrate) types and the 
less spreading (spreading bunch) types. In these, the main 
stem produces lateral monopodia, on which the first 2 axils 
produce secondary monopodia, followed by reproductive branches 
at the next 2 axils, then another pair of vegetative brsnches 
and so on with alternate pairs of vegetative and reproductive 
branches before the branch terminates in a series of sterile 
axes. 

Leaves are spirally arranged with a 2/5 phyllotaxy, pinnate 
with 2 opposite pairs of obovate leaflets. 

Flowers are borne on compressed spikes in the axils of foliage 
leaves, but never at the same node as vegetative branches, with 
more flowers in the lowest nodes. 

Flowering occurs 4-6 weeks after planting with peak flowering 
in the next 4 weeks. Pollination (self-pollination) takes 
place within the closed keel before the flower opens; usually 
only one flower opens on one day on an inflorescence. The floral 
parts wither away 5-6 hours after opening of the flower. After 
fertilization, the meristems at the base of the ovary grow to a 
peg, grow downwards to the soil, penetrate the soil to a depth 
of 2-7 cm, and put the ovary at a horizontal position, where 
it swells rapidly. If the peg fails to reach the soil (at 
distances more than about 15 cm), the tip containing the ovary 
dies. 

The fruit is an elongated pod containing l-6 seeds: the dry 
and hard pericarp is .reticulate, and the endocarp in mature 
fruit fo3ns a thin papery lining. 

The seeds are elongated and cylindrical or ovoid. The testa 
of the seeds varies in size, shape and colour in different cvs. 
Seeds have two massive cotyledons, but no endosperm. 

There are several cultivars; the identifiable agronomic 
characteristics are (i) branching habit - sequential or alternate: 
(ii) habit - erect bunch, spreading bunch, or runner, (iii) size 
and shape of pod, (iv) number of seeds per pod, and (v) colour 
of testa after storage. The main cvs belong to the following 
sections: 
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Virginia: alternate branching; runners or spreading bunch 
types, long season forms or slightly indeterminate growth 
habit or weakly perennial, dark green foliage; seeds have a 
dormancy of 30-60 days: 2 seeded pods; testa colour is deep 
brown. 

Spanish - Valencia: sequential brd&i&, erect bunch form, 
main axis exceeds laterals in length, annual short-duration 
forms of 90-110 days duration, light-green foliage-, no seed 
dormancy, pods 2-6-seeded, and&wide range of kernel size and 
test= t-w-b-l -a*- WYIYYL . 

Many cvs are cultivated in different parts of the world. Improve- 
ment by breeding is difficult because the crop is inbred and 
crossing is difficult. Some high-yielding types have been 
developed in India. 

1 
ECOLOGY 

Groundnut is cultivated in areas lying between the 40°S and N 

parallels of equator, up to about 1000 m elevation and receiving 
50-125 cm annual rainfall, of which about 50 cm is received 
during the crop's growth. It is a warm season crop and dry 
weather is required for ripening and harvesting. It does not 
tolerate frost. 

Groundnuts grow well in reasonably fertile, light, well-drained, 
friable soils that are well-supplied with calcium and moderate 
amounts of organic matter. They do not tolerate waterlogging. 

PHYSIOLOGY AND COMPOSITION 

Groundnuts require adequate but not excessive moisture during 
the period from flower formation to flowering; excessive rains 
prolong vegetative growth.' They do not tolerate frost. They ' 
are usually grown in the open, but also intercropped with other 
crops and under thin stands of dense-canopied trees. ._' * 

The oil content of the seed varies from'40 to 50%; the Spanish 
types contain more oil. The average composition of shelled 
nuts is protein 30.4%, fat 47.7%, carbohydrate 11.7%, fibre 
2.5%, ash 2.3% and water 5.4%. The oil contains about 53% oleic 



170 

OILS AND FATS GROUNDNUT 

acid and 24% linoleic acid. Groundnuts are rich in vitamin 
A and E and some of the B2 group. 

CROPPING SYSTEM Usually grown in rotation with cotton, tobacco, 
maize, millets, etc. Sorghum-groundnut-cotton is a very popular 
crop rotation in central parts of India. 

LAND PREPARATION The crop may be planted on ridges or on the 
flat; the former reduces plant population but facilitates 
harver-+*na -w-- _. 

SOWING, SEED RAT& The pods should be shelled just prior to 
sowing. Only well-formed seeds should be selected, and they 
should be treated with mercurial dressing as a prophylactic 
measure. Spacing and seed rate depend on growth habit, but 
usually closer spacing gives better yield. Sowing is done by 
hand in about 10 cm deep furrows and covered, or mechanically. 
For bunch types, 15 x 25 cm spacing with about 80 kg shelled 
seeds/ha is' recommended, and for spreading types and runners, 
30 x 60 cm spacing and about 40 kg seeds/ha. Though 250,000 
plants/ha are desirable, the plant population is usually around 
2OO,OOO/ha. 

MANURING AND AFTERCARE In peasant farming the only manure 
applied is farmyard manure at the time of sowing, but the crop 
has'.been found to respond to fertilizers. Fertilizer recommen- 
dations for groundnuts in different States in India vary from 
lo-30 kg N, 20-60 kg P205 and O-60 kg K20 per hectare. Better 
results are often obtained if fertilizers are applied to the 
previous crops in rotation rather than directly to the ground- 
nuts. The crop requires a good supply of calcium in the soil. 
It receives a hand weeding and one or two hoeings during the 
early stages of growth. But the soil should not be disturbed 
after the 'pegs' have commenced to form. 

HARVESTING The crop attains maturity in 3f months (bunch type) 
to 5 months (spreading type). When mature, the lower leaves 
turn yellow. Usually harvesting is done by pulling out, by 
hand. To make this easier, a light stirring of the soii or a 
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light irrigation may be necessary for the spreading type. The 
pods are stripped from the vines after harvest, and dried in 
the sun. 

Yield varies from 1200-1500 kg/ha of unshelled pods for 
spreading types and from 800-1200 kg/ha for bunch types. But 
under good management, yields up to 3000 kg/ha are possible. 
The shelling percentage is 80 for the bunch types and 65-70 
for the spreading types. 

PESTS AND DISEASES 

Tikka disease, caused by the fungus Cercospora spp., results in 
serious leaf spots and defoliation in most groundnuts-growing 
countries. Other fungal diseases are also comm31. 

Rosette virus is the most serious disease in Africa, particularly 
in the wetter parts. Aphids tAphi Zaburnil, and the red hairy 
caterpillar Amsacta atbistriga, are the major pests in India, 
and the caterpillar Anticarsia gemmataZi8 is the common pest in 
the U.S.A. 

AGROFORESTRY POTENTIAL 

The crop is traditionally grown in the open, but is also inter- 
cropped with other agricultural species. However, it also grows 
under thin stands of light-canopied trees, as in West African 
countries, which shows its agroforestry potential: moreover, its 
short duration and leguminous nature are added advantages. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Agricultural research institutions in the different provinces 
of northeast Brazil; Kwadaso Agricultural Experiment Station, 
Kumasi, Ghana; Central Research Institute for Agriculture, 

~ Padang, Indonesia: Agricultural Research Institute, Mogadiscio, 
Somalia: National Agricultural Research Centre, Bambey, Senegal; 
etc. are some of the research institutions in the developing 
countries. 
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Considerable research has been done on all aspects of 
cultivation of groundnuts: reports can be seen scattered 
in several journals dealing with tropical oilseed crops, 
notably Olgagineux, East African Agri C For. J., Empire J. 
Exp. Agri. (Exptl. Agric.), Indian Oilseeds J., Indian J. 
Agric. Sci., e&c. 

Fig. 22. Groundnut under Acacia, Senegal. 
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SCIENTIFIC NAME Etaez8 ~Ui?ltWl8i8 Jacq. 
Family Patmae 

2n = 32 

COMMON NAMES Oil palm (El 
Palmier 3 huile (F) 

. Palma de aceite (Sp) 

USES AND ECONOhIC IMPORTANCE 

The three principal commercial products of oil palm are palm 
oil, palm kernel oil and palm kernel cake. Oil palm gives 
the highest yield of oil per unit land area of any plant. 
Palm oil is obtained from the fleshy mesocarp of the fruit, 
which contains 45-558 oil. It is used for food preparation 
and in the manufacture of soaps, etc. 

Palm kernel oil is obtained from the kernel or endosperm, which 
contains about 50% oil. It is similar to coconut oil and has 
a high proportion of saturated fatty acids, especially lauric. 
The palm kernel cake obtained after extraction of oil from the 
kernels is an important livestock ,feed. 

The leaves are sometimes used for thatching and the petioles 
and rachises for fencing. 

ORIGIN AND DISTRIBUTION 

The oil palm is believed to have originated in the tropical rain 
forest region of West Africa. Today it is cultivated in the 
equatorial tropics in West Africa, Southeast Asia and Central 
and South America. The major producing countries in West 
Africa are Nigeria, Sierra Leone, Ivory Coast, Dahomey and 
Zaire, and in Asia, Malaysia and Indonesia. New oil palm 
plantations are being established in Latin America, in Brazil, 
Colombia, Costa Rica, Ecuador, Honduras, Guatemala, Nicaragua, 
Panama, Mexico and Venezuela. 
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PLANT CHARACTERISTICS 

An unbranched tree, 20-30 m high , which lives up to 200 years. 
The seedling radicle is replaced by adventitious primary roots, 
8-10 mm in diameter, which extend either downwards or radially 
in a somewhat horizontal direction in the top 1 m of the soil. 
They produce secondary roots, 2-4 mm in diameter, which descend 
downwards in the soil. Tertiaries and quaternaries are also 
produced. Most of the roots are concentrated in the top 15 cm 
of the soil, mainly near the palm, but also at 1.5-2 m from the 
base. There are no root hairs'; absorption seems to be through 
quaternaries which are not lignified. 

The trunk is formed within 3-4 years after planting: it has a 
wide base: elongates at the rate of 25-50 cm per year: leaf bases 
are retained on the stem for several (about 12) years: stem 
diameter is usually 45-50 cm. 

The crown consists of 40-50 opened leaves and a central spindle 
with 40-50 leaves in various stages of development. In fully- 
grown palms, the leaves are arranged in two sets of spirals, 
eight leaves in one direction and 13 in another. Usually about 
two leaves unfurl every month - more in young and less in old 
palms, and the leaves fall off about 2 years after unfurling. 
Mature leaves are simply pinnate bearing linear leaflets on 
each side of the leaf stalk. Leaf lets linear, 250-300 per leaf 

and semi-xerophytic with thick cuticle. 

An inflorescence is initiated in the axil of every leaf but 
some abort before emergence. In each inflorescence, either 
the male or the female remains rudimentary, so that either a 
male or a female inflorescence is produced; the proportion of 
female to total inflorescence is known as sex ratio; it depends 
on both genetic and environmental characters. Sex differen- 

tiation occurs about 10 months after inflorescence initiation, 
and anthesis takes place a further 2 years later. The male 
inflorescence is borne on a peduncle longer than that of the 
female, and contains long finger-like spikelets, each with 
700-1200 closely packed small male flowers. The female inflores- 

cence reaches a length of about 30 cm before opening. Female 
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spikelets are thick and spiny; about 12-30 flowers on central 
spikelets and 12 or less in lower and upper ones. Hermaphrodite 
inflorescences are also produced occasionally. Pollination 
is almost exclusively by wind, 

The fruits are ready for harvest 5-6 months after flowering. 
Fruit bunches are massive, nearly spherical, 10-90 kg with an 
average of 15-30 kg in weight, containing 500-4000 fruits per 
bunch, with an average of 1500, which constitute 65% by weight 
of the bunch. The number of bunches per palm depends on a 
number of factors. 

The fruit is a sessile drupe, nearly spherical to ovoid, 2-5 
cm long, 3-30 g in weight. Fruits in the inner part of the 
bunch are somewhat flattened and less pigmented. Exocarp is 
smooth and shiny; the oil-rich mesocarp or pulp, which consti- 
tutes 40-95% of the fruit is orange-coloured and contains 
lo-208 of longitudinal fibres. The fruit usually has one seed, 
but sometimes contains 2-3. The endocarp or shell around the 
seed constitutes l-50% by weight of the fruit, is very hard, 
and dark brown with longitudinal fibres. The seed or kernel 
weighs 2-4 g and is 2 cm long or less. 

vARIETZE.7 L.C.3 GLASSIFIGATIO~~ Strictly speaking, botanical 

cultivars do not occur; individual palms are very heterozygous. 
Based on the structure of the fruit, there are three types. 
Dora (DD) is the most abundant type in West Africa; the endocarp 
(shell) is 2-8 mm thick and constitutes 25-50% by weight of 
fruit. Tenera (Dd) has a thin (O-5-3 mm) shell, high (60-958) 
mesocarp content and smaller kernels than dura. It has a higher 
sex ratio and more bunches than dura, but a lower mean bunch 
weight and lower fruit-to-bunch ratio. Pisifera is shell-less, 
and is predominantly sterile; the palm is of little commercial 
value, but has now attained importance in breeding commercial 
palms, using pisifera as the male parent. 

Tenera is a monofactorial hybrid between dura and p<sifsra. 

Most commercial plantings are made with tenera palms produced 
by crossing dura with pisifera. 
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CLIMATE oil palm grows best in areas with a mean maximum 
temperature of 30-32'C, a mean minimum of 21-24OC, and an 
average of at least five hours of sunshine per day throughout 
the year. This sets the'limits of altitude and latitude at 
which it can be grown. It is grown in low-lying areas between 
lOoN and S latitudes, which receive an annual well-distributed 
rainfall of 200 cm or more. However, it can tolerate 2-4 months 
of dry period. 

scIr'Ls Ihe palm grows dn a wide range of tropical soils; soil 
mcisture characteristics seem to be more important than 
nutrient supply. The adult palm can withstand occasional 
waterlogging, but frequently-waterlogged, extremely sandy, 
highly lateritic and stony or peaty soils should be avoided. 
Many of the soils used for the crop have pH 4-6, but it can 
be grown on soils with a wider range of pH. 

PHYSIOLOGY AND COMPOSITION 

Production physiology and effect of climatic factors on the 
crop's growth have been studied extensively. In general, oil 
palm is a light-loving plant or heliophile; shading palms of 
all ages reduces growth and net assimilation rate. Under good 
growing conditions in Malaysia, annual crop growth rates of 
30-40 t dry matter per ha have been obtained. 

The palm oil contains 39-52% oleic acid, 32-45% palmitic and 
S-11% linoleic acid, thus giving a high content of unsaturated 
fatty acids. Palm oil is rich in carotene. Palm kernel oil 
contains 46-52% lauric acid, 14-17% myristic acid, and 13-19% 
oleic a&d. Palm kernel cake contains approximately 11% water, 
19% prot&n, 48% carbohydrate, 5% fat, and 13% fibre. 

AGRONOMY 

CROPPING SYSTEM The palms grow naturally in groves in West 
Africa and Brazil. Commercial plantations have also been 
established, mostly in cleared primary and secondary forests. 
In areas where it is feasible and economical to clear the 
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undergrowth, food crops can be grown during the palm's early 
stages of growth. Mixed planting with other perennial crops 
and cattle grazing are also practised, though on a limited 
scale. 

PROPAGATION Fully ripe seeds are selected, and their pulp is 
removed by retting for 10 days and then pounding with sand. 
Seeds are then dried in the shade for 1-2 days, after which 
they can be stored for up to one year in the ambient temperature. 
Heat treatment is necessary for germination, which can be done 
in boxes of fermenting vegetable matter or germinators. The 
seeds are soaked in water for 7 days with a daiiy change of 
water, then dried in the shade for 24 hours, and then tied in 
polythene bags and kept for 80 days at 39OC in the germinator. 
Then they are again soaked in water for 7 days, dried in the 
shade to evaporate the water on the surface and placed in poly- 
thene bags at the ambient temperature for germination. Seeds 
are examined.occasionally and sprinkled with water. Germination 
starts in about three weeks and is completed in the next two 
weeks. Germinated seeds can be transported long distances in 
polythene bags. 

NURSERY When the radicle and plumule are clearly differentiated, 
the seeds are planted in raised pre-nursery beds made of friable, 
well-drained soil, or in trays or baskets. Black polythene bags 
are preferred for ease in transportation. When the seedlings . 
reach the 4-5-leaf stage (in 4-5 months),they are planted in a 
field nursery 75-90 cm apart, or in larger black polythene bags. 
Nurseries are manured with N, P, K and Mg. 

FIELD PLANTING If planted in cleared forest areas, the under- 
growth is seldom completely cleared: instead, an area of about 
1 m radius around the planting holes is cleared of all vegetation. 
Usually 12-18-month-old seedlings are transplanted at a tri- 
angular spacing of 9 m between palms (and 7.6 m between rows) 
thus giving a density of 150 palms per hectare. Transplanting 
may be done at the beginning of rainy season. 

AFTERCARE Porcupines and wild bores sometimes damage the young 
1 palms. On large plantations, leguminous cover crops such as 
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CaZopogonium mucunoides Desv., Centrosema pslbescens Benth. 
and Pueraria phaseoZoides (Roxb.) are established. On small 
holdings, intercropping with food crops is practised. 

MANURING Oil palm is a heavy feeder and adequate amounts of 
nutrients may be given to ensure good yields. Fertilizer 
recommendations vary considerably depending upon the soil 
conditions and yield level. Foliar analysis is used as a 
guide for determining the nutrient needs. General fertilizer 
schedules consist of about 1 kg N, 0.5 kg P205 and 2 kg K20 
per palm annually. 

HARVESTING It is important to harvest bunches at the optimum 
stage of ripeness; under-ripe fruits have oil with a high 
fatty acid content. Initial bunches, produced when the palms 
are 3-4 years old, are often of poor quality and are discarded, 
the process being known as 'castration'. Bunches are harvested 
about once a week, with a steel chisel during the first few 
years, with an axe later, and with a curved knife attached to 
a long bamboo pole when the palms are older. Tall palms are 
also climbed with ladder or ropes. One man can harvest 100-150 
bunches per day. 

PROCESSING The fruits are removed from the bunches after the 
bunches are transported to the processing site. Indigenous 
methods for extraction of oil are practised in Nigeria; these 
include a hand-operated curb press. Improvements such as the 
hydraulic hand press have resulted in increases in efficiency 
of 75-85%. In Malaysia, large power-operated mills are used 
on large plantations of about 8000 ha. The steps involved are 
sterilization of bunches, stripping of bunches, digestion and 
mashing of fruit, extraction of mesocarp oil, clarification of 
the palm oil, separation of fibre from the nuts, nut-drying, 
grading and cracking of nuts, and separation and drying of the 
kernel. Importing countries stipulate a free fatty acid 
content of about 5%. To assure this, fruits when shipped 
must have FFA content of about 3%, because it increases in 
transit. 
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YIELD Estate yield in Africa varies from 7.5-15 tons of bunches 
per ha annually: in Malaysia it is 20-30 t, and sometimes up to 
40 t/ha. With 15-20% recovery of oil from a bunch on a weight 
basis, yields well over 5 t p&lm oil per ha per annum are 
obtained. 

PESTS AND DISEASES 

Many pests of coconut such as the red palm weevil,, Rhynchophorus 

sPP*# attack oil palm also. Several fungal diseases affect the 
seedlings and adult palms, causing leaf spots, basal and crown 
rotting, etc. Diseases of unknown aetiology and those caused 
by mineral deficiencies and imbalances are also common. 

AGROFORESTRY POTENTIAL 

The role of oil palm in agroforestry is as an overstorey species 
in the adult stages of the palm, and as a species with which 
other crops can be intercropped during the palm's early stages. 
Mixed plantings of other perennial species and cattle raising 
are also possible in adult plantations. 

RESEARCH INSTITUTES AND REFERENCES 

~ Considerable research has been done on oil palm both in West 
Africa, mainly by the Nigerian (formerly West African) Institute 
of Oil Palm Research and in Malaysia (Palm Oil Research 
Institute and Malaysian Agricultural Research and Development 
Institute), and a voluminous literature has been produced. 

The Journal of the NIFOR (formerly J.West Afr. Inst. Oil Palm 
Res.) (since 1953) and the publications of the Incorporated 
Society of Planters, Kuala Lumpur, are the foremost periodicals. 
The most comprehensive book on oil palm is: 
Hartley, C.X.S. 1977. The oil palm. 2nd ed., Longman, London. 
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Fig. 23. Vegetables with young oil palms, Malaysia. 
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PJPESEED - MUSTARD 

SCIENTIFIC NAME AND COMMON NAMES 

Several oil-seeds belonging to the family Cruciferae are grown 
in the Indian subcontinent, under the names rapeseed and 
mustard. The important ones are: 

Brass&a juncea (L.) Czern and Coss; 2n = 36; Mustard 
B. campestris var. toria Duthie and Fuller; 2n = 20;Rapeseed 
B. campestris var. sarson Prain; 2n = 20; Yellow sarson 
B. mmpe8tri8 var. dichotoma Watt.; 2n = 20; Brown Sarson 

Colza - moutarde (W 
Colza - mostaza (Sp) 

USES AND ECONOMIC IMPORTANCE 

The seeds contain 30-48% edible oil, which is the most important 
cooking oil in India. The seed is used as a condiment and the 
oil for the preparation of pickles and as a flavJuring agent 
for curries and vegetables. The oil cake is used as a cattle 
feed, and the young leaves and plants as green vegetables. The 
oil has only limited industrial use. 

ORIGIN AND DISTRIBUTION 

The Brassicas are believed to be natives of the Mediterranean 
region. They are widely cultivated in the subtropical regions 
and the higher altitude areas of the tropics. B. juncoa is 
extensively cultivated from eastern Europe to China, and in 
Africa. Both B- jtincea and ti. campestris are important oil 
seed crops in India. 

PLANT CHARACTERISTICS 

A slender, erect, branched annual, up to 1 m high. The plant 
has a tap root with numerous laterals. The stem is slender 
and thicker at the base. Leaves alternate; lamina broad, ovate 
to rounded; petioles long. Inflorescence is terminal. Flowers 
open from the base of the inflorescence and proceed upwards. 
Flowers are bright yellow, 7-9 cm long in B. juncea and 2.5-5 
cm long in B. campestris. Flowers are self-sterile. Fruits 
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are slender, many-seeded, 2.5-5 cm long, dehiscing. The 
a--- -wL.---- - 7C td.vy ‘UUbYL~ca rn I e a"- --4 -1nn ilavfz- Several improved, high-yielding 
strains have been evolved in India. 

ECOLOGY 

The crop requires somewhat cool weather for satisfactory growth. 
In northern parts of India, it is sown in the autumn before the 
main winter (rabi) crop. In temperate regions, it is cultivated 
during summer. B. campestris var. toria is more susceptible to 
cold and frost, and is usually harvested in December. Water 
requirement of the crop is less than 500 mm. It can be grown 
in soils ranging from light loam to heavy loam, if rainfall and 
fertility are adequate. Waterlogged soils are unsuitable. 

PHYSIOLOGY AND COMPOSITION 

Day length is not critical for the plant, but it does not 
tolerate excessive heat, and is susceptible to drought. How- 
ever, B. campestris often matures early enough to escape the 
drought. 

Oil content is 40045%, of which only 3-6% is saturated fatty 
acids. Rapsseed oil contains 20-45% erucic acid which can 
serve as a substitute for -.lein in flotation agents. 

AGRONOMY 

Rapeseed and mustard are usually grown mixed with other winter 
crops or in sole stands as a catch crop in rotations between 
early varieties of summer crops and late varieties of winter 
crops. The seeds are either broadcast or sown in lines about 
50 cm apart. After germination, the plants are thinned down 
to a stand of lo-15 cm between plants. The seed rate is about 
6 kg/ha for a broadcast crop. The crop is weeded and hoed 
twice; it responds well to manuring: for good yields, 30-60 kg 
N and lo-30 kg P205/ha are recommended as a basal application. 
Harvesting is done when the crop begins to turn yellow, about 
90 days after sowing for rapeseed and 120-160 days for sarson. 
The whole plant is cut and stacked: threshing is usually done 
by beating with sticks or pounding by animals. After winnowing, 
the seed is stored in gunny bags. 
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YfFI D 

Average yield of seeds is about 500 kg/ha; under good conditions, 
yields over 1000 kg/ha are obtained. Oil is extracted either 
by pressure or with solvents. 

PESTS AND DISEASES 

Rapeseed and mustard are attacked by a number of insects, the 
most important being the mustard aphid, Lipaphis e+ysioni, and 
the mustard saw-fly, AthaZia proxima. Alternaria blight, 
Alternaria Erassicae, is the most destructive disease. 

AGROFORESTRY POTENTIAL 

This short-duration crop is relatively easy to manage and can 
be grown with residual soil moisture after the rains. It can 
be grown as a catch crop in plantations after pruning and 
thinning. 

RESEARCH INSTITUTIONS AND REFERENCES 

Several agricultural Universities in India have research 
projects on rapeseed and mustard. The Department of Agriculture 
of the Government of India has a directorate for oil seeds 
development. 

Indian Oilseeds Journal published since 1956, Indian Farming, 
The Indian Journal of Agricultural Sciences, and Oleagineux 
(Paris) publish articles and research findings on these crops. 



185 

OILS AND FATS 

SESAME 

SCIENTIFIC NAME Sesamum indicum L. 
syn. Sesamum orientate L. 
Family PedaZiaceae 

2n = 26 

COMMON NAMES Sesame, gingelly, til (El 
Sesame (F) 
S&am0 (Sp) 

USES AND ECONOMIC IMPORTANCE 

The edible seeds of sesame are the source of sesame oil, a 
--. semi-arying oil used as a substitute for- oiive oil in salads, 

and for cooking. The oil-cake is rich in protein and is a 
good cattle feed. Seeds are used for various culinary purposes 
and the young leaves are used as a soup vegetable. Also used 
in native medicines. Dried stems are burnt as fuel. 

ORIGIN AND DISTRIBUTION 

Sesame was first cultivated in Africa and was taken at a very 

early date to India where a secondsry centre of diversity deve- 
loped. Now India has about 2-3 million hectares under sesame, 
which is about 50% of the world area. China, Burma, Sudan, 
Mexico, Pakistan, Turkey, Venezuela, Uganda, Tanzania and 
Nigeria are other countries where sesame is now cultivated. 

PLANT CHARACTERISTICS 

Sesame is an erect, branched or unbranched annual herb, 0.8- 
1.8 m tall, maturing in 90-180 days. It has a long (90 cm) tap 
root and a dense surface mat of feeding roots. Leaves are hairy 
on both sides and variable; the lower leaves are opposite, broad, 
and palmately lobed, and the upper leaves are alternate, narrow 
and lanceolate. Flowers are small; are white, pink, or purple 
and produced in the axils of upper leaves, l-3 per axil; mostly 
self-pollinated, but about 5% cross-pollinated. 

The fruit is a capsule, 1 x 3 cm: it bursts open through 2 
apical pores when mature, causing considerable loss of the crop. 
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Seeds are small, 3 x 1.5 mm, ovate, about 300 seeds to one 
gram; seeds white or black. 

There are a large number of cvs and races of sesame, differing 
in duration, season of planting, degree of branching, number 
of flowers per axil, etc. High-yielding hybrids have also 
been evolved. 

Most cvs mature in 3-4) months after sowing. 

ECOLOGY 

Grown in hot, dry areas, from sea level up to 1000 m altitude, 
with an annual rainfall of 50-120 cm. Sesame needs 40-50 cm 
rain during its growing season; adequate moisture is necessary 
during the early part of growth; but heavy rains after sowing 
are a disadvantage. Does not tolerate waterlogging; moderately 
drought resistant after establishment. 

Not very exacting in so;1 requirement: does well on sandy loams; 
can grow reasonably well on poor soils. 

PHYSIOLOGY AND COMPOSITION 

Most cvs of sesame are sensitive to photoperiod; both short- 
and long-day forms occur. Sesame has poor ability to compete 
with weeds in the early stages of growth. 

Seeds contain 45-553 oil and 19-25% protein. Oil is of high 
quality, odourless, does l,qt become rancid; contains unsaturated 
fatty acids - mainly olttic a.\d linolc.ic, about 40% each. 

AGRONOMY 

CRUPPIRG SYSTEiri Usually grown as a rain-fed crop in pure 
stand. Also grown as a 'catch crop' as the first or the last 
crop of arable seasons and mixed with other crops such as 
pigeon pea, millets, etc. 

LAND PREPARATTOfi A rough seed-bed is preferred so that even if 
rains occur immediately after sowing, the crust or cap formation 
is minimum. 

PROPAGi TION By seeds. 
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SOWING Seeds are usually broadcast at the rate of 5-8 kg/ha. 
Often mixed with soil before sowing in order to achieve an 
even spreaci. Ir sown in lines, or if thinning is done, the 
optimum plant population is 170,000-200,00O/ha in rows about 
25 cm apart. 

AFTERCARE Plants are very slow-growing and intolerant of weeds 
during early stages, when the plants should be weeded and thinned. 

NUTRITION Usually not fertilized, but fertilizer experiments 
in different parts of India and other countries have shown 
good response to N and K; 30-50 kg N, lo-20 kg P205 and 30-40 
kg K20 per hectare are recommended in different countries. 

HARVESTING Uehiscence and non-uniform ripening of capsules are 
two problems: so plants are cut or uprooted with minimum shaking 
when lower capsules are dry, and the plants are stacked in the 
field to facilitate ripening of upper capsules. Sometimes the 
cut plants are also dried in bunches hanging downwards on racks 
for 1-2 weeksp so that the dry seeds fall on a mat kept below. 

YIELD 

Peasant yields vary from 250 to 500 kg/ha: with improved 
husbandry, yields are double those amounts. High yields of 
up to 2000 kg/ha are reported from Venezuela and Mexico. 

PESTS AND DISEASES 

Leafspots caused by Pseudomonas sesami a@ Cercospora sesami 

are the serious diseases, whereas the webworm Antigastra catalau- 

naZis defoliates the plants. 

AGROFORESTRY POTENTIAL 

Sesame is a good crop for agroforestry because of its drought 
resistance, ease of management, adaptability to poor soils, 
and suitability for intercropping. 

IMPORTANT REFERENCES 

Indian Oilseeds Journal (since 1956), OlGagineux. 
Tribe, A.J. 1967. Sesame. Field Crop Abst. 20, 189-194. 
Weiss, E.A. 1971. Caster sesame and safflower. Leonard Hill, 

tr>ndon. 



Fig 24. Sesame and Acacra Senegal In sandy soil of the Sudan (Photo credit, A G Self-el-Din) 

Fig. 25 Soyabean intercropped wlt9 18 month-old budgrafted rubber trees (Photo c;redll Rubber 

Research Institute of Malaysla) 
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SOYA BEAN 

SCIENTIFIC NAME GZycine mm (L.1 Merr. 
Famiiy Leguminosae, PapiZionoideae 

2n = 40 

COMMON NAMES Soya bean, soybean (E) 
Soja, soya (F) 
Soja, frijol de soya (SP) 

USES AND ECONOMIC IMPORTANCE 

Soya bean is the most important plant source of oil and protein. 
Soya sauce,which is made from mature fermented beans, is one of 
the principal sauces of East Asia; there soya bean is also an 
important food crop, both unripe (as a vegetable) and dried 
seeds being eaten. The oil obtained from the seed is a semi- 
drying oil and is used for dietary purposes in the Far East and 
in the U.S.A. Oil is also used for industrial purposes. Soya 
meal, which is the residue after the extraction of oil, is a 
protein-rich feed for livestock. Soya flour prepared from the 
whole beans is used in bakery and other food products. 

ORIGIN AND DISTRIBUTION 

Soya bean has been in cultivation in China and the Eastern 
countries since very ancient times. The major producers at 
present are the U.S.A. and China. It is also cultivated in 
other areas of subtropics and tropics where suitable ecological 
conditions exist. However in many parts of Africa and in India, 
the local people find the beans difficult to cook and unpala- 
table. 

PLANT CHARACTERISTICS 

A bushy, erect, pubescent, annual, 40 to 180 cm tall, with small 
grey hairs on stem, leaves, calyx and pod. Some cvs are pros- 
trate with a tendency for twining. Cultivars with determinate 
and indeterminate growth habits occur. 

There is a well-developed tap root descending as deep as 150 cm. 
Most of the roots are in the 30-60 cm layer of the soil. 
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I l 
Nodules are usually small and spherical, and sometimes lobed. 
The main stem branches into 3-5 laterals depending upon the 
cv. and density of planting. Leaves are alternate, usually 
trifoliate with long narrow cylindrical petioles and ovate 
to lanceolate leaflets: pale green in colour. Flowers are 
small, borne on short, clustered axillary or terminal (in 
determinate types) racemes, with 3-15 flowers in axillary 
and up to 30 in terminal racemes. Usually self-pollinated; 
ZO-80% of flowers drop off without forming pods. Pods are 
borne in clusters on short stalks in groups of 3-15; they are 
hairy and slightly curved: contain l-5 seeds. Seeds are mostly 
globose, testa varies in colour - yellow, green, brown, black 
or mottled; 100 seeds weigh 5-40 g, usually lo-20 g. 

Length of growth period depends upon the cv. and day length 
of the growing season; but usually the crop matures in 75-i00 
days. 

. Soya bean is a crop that has received considerable research and 
therefore many improvements have been made. Introduction of cvs, 
selection, hybridization, and irradiation are the common techni- 
ques adopted with the objectives of increased yield, time to 
maturity, freedom from lodging and shattering, oil content, testa 
colour, disease resistance, fodder quality, etc. 

ECOLOGY 

CLIMATE Climate requirements of the soya bean are somewhat 
similar to those of maize; it is grown mainly in areas where the 
summer is hot and humid. However, it does not withstand extreme 
summers and winters. It is less susceptible to frost than cow- 

pea= Soya bean is a subtropical plant, but its cultivation at 
. . a particular latitude is decided on the basis of the time taken 

for maturity. Nine maturity groups from 0 to VIII are recognized 
in the U.S.A., each having a narrow range of latitude. 

SOIL Soya bean grows on a wide range of soils, but sandy or 
clay loams and alluviums with good fertility are the best. When 
taking up cultivation in a new area, inoculation with the 
bacterial culture of Rhizobium japoniclcm is desirable. 
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PHYSIOLOGY AND COMPOSITION 

Soya bean is a short-day plant and is very photo-sensitive. Tf 
-~iL:l AGrucrin vegetative almost indefinitely if the days are long 
enough, aqd kill flower in less than a month from sowing if the 
days are short. Most cvs have a narrow range in which they will 
mature properly. For best yields, soya beans require full expo- . 
sure to sunlight; with shade, the prostrate arrd twining tendency 
increases. 

The composition of soya beans varies with the cv. and the soil 
and climatic conditions. Cultivars with black seeds are richer 
in protein than those with yellow seeds; but yellow-seeded 
cvs are richer in oil than black-seeded ones. The dried seed 
contains S-9.4% water, 29-508 protein, 13-24% fat, 14-24% 
carbohydrate; 3-64, fibre and 3-68 ash. Soivent-extracted soya 
meal contains about 45% protein and 30% carbohydrate. Soya 
bean oil contains about 51% linoleic acid, 30% oleic acid and 
6.5% linolenic acid. 

AGRONOMY 

Soya bean is usually grown as a sole crop, but it is also inter- 
planted with other field crops like maize or in rotation with 
them. It is propagated by seed. It requires a well-prepared, 
firm seedbed. The seeds are sown 3-5 cm deep; the spacing 
depends upon the cv. and the purpose (grain or fodder) for 
which it is grown. Row spacing in the U.S.A. varies from 
0.5-1.0 m, with plant-to-plant distance of 5-10 cm. In the 
Far East, the spacing along the rows is lo-15 cm, and the row 
spacing is 60-90 cm. Seed rate varies from 40-60 kg/ha. Soya 
bean production is almost fully mechanized in the U.S.A. 

The crop responds well to phosphate and potash fertilizers and 
to calcium in calcium-deficient soils. The usual recommendation 
is 30-60 kg P205 and 50-80 kg K20,/ha. Intercultivation, mainly 
for removing weeds, is done until the plants flower. 

Harvesting is done by cutting the plants at ground level before 
the pods shatter: they are dried for sometime before threshing: 
when grown for hay, the plants are cut when the pods are well- 
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formed but before the leaves are shed. 

Average yiela in the U.S.A. is 1500-2500 kg/ha; in the Far 
East, yields are lower. The hay crop yields up to 5 t hay/ha. 

PESTS AND DlSEASES 

Though it is relatively free from insect pests, podborers 
(Laspeyresia gZycinivoreZ2a and EtielZa zinckereZZa) sometimes 
damage the crop. The commonest diseases are bacterial blight 
caused by Pseudomonas spp. and Xantlzomonas spp. and fungal leaf 
spots caused by Cercuspora spp. 

AGROFORESTRY POTENTIAL 

Soya beans contain a higher percentage of protein than any other 
pulse and the plant is relatively drought-toierant and easy to 
manage. It gives a fair crop even under partial shade. 

RESEARCH INSTITUTIONS AND REFERENCES 

The U.S.A., which is the leading producer of soya bean, is also 
the leading country in research on the crop: most agricultural 
experimental stations there have research programmes on soya 
bean. Most of the developing countries in the tropics also 
have strong soya bean research and development programmes. 

Ol&gineux, Indian Oil Seeds Journal, Indian Farming, Experi- 
mental Agriculture and others publish research results 
on soya bean from tropical regions. 
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CACAO 

SCIENTIFIC NAME Thsobroma cacao L. 
Family Stercutiaceae 

2n = 20 

COMMON NAMES Cacao or cocoa (El 
Cacao, cacaotier (F) 
Cacao, cacaotero (Sp) 

USES AND ECONOMIC IMPORTANCE 

The word 'cacao' is used for the tree and its parts and 'cocoa' 
for the products of manufacture. Cocoa is an important 
beverage and is prepared from cacao bean= . . . . The shelis of 
the pods are used as cattle feed or manure. 

ORIGIN AND DISTRIBUTION 

Its origin was in South America on the eastern equatorial slopes 
of the Andes. At present, West Africa (mainly Ghana, Nigeria, 
Ivory Coast and Cameroon) and South America (mainly Brazil and 
Ecuador) are the major cocoa producers. It is also cultivated 
in Asian countries (Malaysia, India, New Guinea) and the West 
Indies. Though cocoa is produced by a comparatively few 
tropical countries, the product is consumed mainly in temperate 
countries. 

PLANT CHARACTERISTICS 

Cacao is a small tree, 6-8 m tall, usually grown as an under- 
storey species. 

The tap root, which goes straight to 2 m depth, depending upon 
soil conditions and depth to the water table, gives rise to 
secondary roots up to 20 cm depth, and also from the tip of 
the tap root. The secondary roots near the soil surface grow 
laterally in the humic layer and produce a dense mat of feeding 
roots, which results in about 80% of roots being present within 
about 15 cm of the top soil. The secondary roots from the tip 
of the tap root may also grow towards the surface mat of roots. 
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The tree has a dimorphic branching habit. The main (single) 
- ‘ .- . aLeill WA L&l+: sn.s~:urs~r~ :rz?bs UD at l-l.5 m height into the sc- 

called jorquette, producing 3-5 lateral (plagiotropic) fan 
branches which may be almost horizontal. An axillary bud just 
below the jorquette produces an orthotropic branch called chupon 
which elongates and repeats the growth pattern of jorquette and 
tiers of fan branches. The number of tiers retained on the tree 
depends on the plantation practices. 

Leaves are large, simple, dark-green when mature, 12-60 x 4-20 
cm, those in the middle of the tree, where they receive less 
light, being largest. Leaves are produced in flushes on fan 
branches, the frequency of flushing being higher with high 
temperature or defective nutrition. In healthy trees, new 
flushes appear 2-4 times a year and the leaves persist through 
2 further flushes, after which they drop off. 

Cacao is cauliflorous, producing flowers on older leafless wood 
of the main stem ?nd fan branches. Flowers originate from the 
"cushions" formed by the broadening of shortened, minute branches , 
arising from the axillary bud of an ordinary leaf. One cushion 
produces about 50 flowers in one season. The inZlorescence is 
a much-compressed cyme with greatly reduced branches. Flowers 
are hermaphrodite, and whitish or reddish. 

Pollination takes place in the first 2-3 hours after dawn, but 
during the peak flowering season, only 2-5 of the flowers are 
pollinated and only a few of them set seed. It is estimated 
that only one in every 500 flowers matures to a ripe fruit. 
Fruit set in cacao,is complicated by self- and cross- incompati- 
bility. Self-incompatible clones are usually shown themselves 
to be cross-incompatible, but are cross-compatible with self- 
compatible trees. The site of incompatibility is in the embryo 
sac and not in the stigma and the style, and is genetically 
controlled. The main pollinating agents are the midges. 

The fruit is a drupe, but is commonly called a pod. It is 
variable in size, lo-30 cm long, nearly spherical to cylindrical 
in shape. Young pods are green, purple or white and turn 
colour, upon ripening, to green, yellow and red or purple. 
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Pericarp (husk) is usually thick and flesl?y. The seeds are 
usually called beans, and one pod contains an average of 
20-60 seeds, usually arranT%?d in 5 rows. Seeds vary in size, 
2-4 x l-2 cm, and in shape from ovoid to elliptic. Seeds 
constitute 25% by weight of mature fruit; 600-1000 seeds per 
kg of fermented beans. 

VARIETIES The cultivated and wild cacao are divided into 3 
main groups based on the Venezuelan trade names. 

CRIOLLU Pods yellow or red when ripe, deeply furrowed, usually 
conspicuously pointed. The pod corlpresses when pressed in the 
hand. This group gives cocoa of the highest quality, lacking 
any astringent characteristics. Yields are comparatively low; 
beans ferment quickly; only small quantities are now available 
on the world market, Can be sub-divided into Central American 
Criollo and Venezuelan Criollo. 

FORASTERO Unripe pods are green or whitish, turning yellow when 
ripe, surface smooth and inconspicuously furrowed; pod walls 
relatively thick; usually gives an astringent product. Trees 
hardier, more vigorous and highrr-yielding than Criollo types. 
This group now supplies the buik of world's cocoa. 

TRINITARIO Hybrids between Criollo and Amazonian Forastero. 
oct'uriiz;: !n Trinidad: very he+ ieroganw~s and exhibiting a wide 
range of characters such as colour and shape of pods, shape 
and pigmentation of cotyledons, etc. Best clones combine the 
vigour of Amazonian Forastero and the quality of Criollo. It 
is of great importance in breeding, and in the trade it is called 
'fine'. 

I 
I ECOLOGY 
I 

CLIMATE Cacao is a typical tropical crop with somewhat exacting 
climatic requirements. Areas of tropical evergreen rain-forest 
and semi-evergreen rain-forest are the most suitable ecological 
zones for cacao. The optimum temperature range is 21-32'C with 
a range of fluctuation not greater than 9OC. This exacting 
requirement precludes cacao being grown commercially beyond 
the lS" parallels north and south of the equator and at altitudes 
higher than 650 m within the tropical zone. Potential evapo- 
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transpiraticn within the cacao belt 13 between 100 and 125 mm 
per month, which necessitates a well-distributed annual rainfall 
exceeding 1250 mm, without drought periods longer than 3 months. 

SOIL Cacao has rather exacting soi', requlxements also; it 
requires a deep (at least 1.5 m, but deeper in sandy soils), 
well-drained, well-structured, moisture-retaining soil with a 
high nutrient and organic matter content. The optimum pH of 
the soil for cacao growing is around 6.5. The best cacao soils 
in West Africa are derived from igneous rocks, while those in 
Trinidad are formed from marine sediments containing calcium 
carbonate and are rich in potassium and phosphorus. 

PHYSIOLOGY AND COMPOSITION 

In its natural habitat, cacao survives in dense shade but it 
can survive considerable exposure. During the early years 
of growth, shade is provided; seedlings grow best under about 
25% full sunlight, which is subsequently increased to about 
50%. Later, self-shading occurs and under optimal conditions 
of other environmental and soil factors, best growt!l and 
production occur under high light intensities. However, it 
is a usual practice to provide permanent shade from tall- 
growing trees. Flowering and leaf-flushing do not seem to be 
affected by pir~t:~~i nd. 

Oven-dried fresh cocoa kernels contain 7.7% starch, 1.8% sugars, 
54% fat, 14.8% protein and 2.3% theobromine, whereas dried 
cocoa powder contains 22.2% starch, 4.3% sugars, 26.5% fat, 
22.2% protein and 1.3% theobromine. 

AGRONOMY 

Cf?L'f7F' TNG SY::TEM Cacao is usually planted as an understorey crop 
after selectively thinning the original forest, or along with 
other economic trees which may be planted before or the same 
time as cacao. However, under very favourable conditions and 
with fertilizers, cacao can be grown without shade. 

PRUPAGATIGN Propagated commonly by seed, but vegetative propa- 
gation is also possible. Seeds may be sown at stake (at the 
rate of 3 per hole to be thinned later to one plant), or seedlings 



197 

BEVERAGES CACAO 

may be grown in a nursery, either in nursery beds or in baskets 
or polythene bags. Adequate shade may be provided in all these 
cases; the intensity of shade can be reduced as the seedlings 
become older. 

Seeds germinate immediately on attaining maturity and are 
viable for only a short time. Germination may take place in 
the pod. Seeds may be sown shallow (3-5 cm deep). Germination 
is epigeal. 

Propagation by grafting, layering and cutting is also possible 
and practised. Various types of propagators are available for 
inducing rooting in the cuttings. 

LAND PREPARATION AND PLANTING Forest areas are selectively 
thinned and planting holes are dug about 3.5 x 3.5 m apart. 
In completely cleaned areas, shade plants are also planted. 
The planting holes are filled with organic matter and one year- 
old seedlings are transplanted. The spacing varies considerably 
depending upon environmental conditions, cv., etc. Closer 
spacing gives better yields in early years, but yields tend to 
even out in later years. 

AFTERCARE Hand-weeding round the seedlings, gap filling, 
removal of ground shade in the 3rd year, regulation of overhead 
shade (initially SO%, to be reduced subsequently), watering and 
pruning are the main operations. The objective of pruning is 
to allow the development of a desirable framework (inverted 
cone) and canopy. Unwanted chupons are removed and growth is 
controlled at the first or second jorquette. Sometimes lower 
jorquettes are removed to facilitate movement on the farm. 
Plants propagated by cuttings are allowed to form 3-4 branches 
at the base, or a chupon is allowed to come up from ground 
level and the first fan branches then removed. 

~~,l?~l~RI?JG Cacao is self-manured (by fallen leaves), especially 
when grown under shade. However, when grown without shade, the 
plant responds very well to manuring, especially to N. Conse- 
quently, fertilizer practices vary considerably, but an annual 
application of 200 kg urea (90 kg N), 100 kg triple super- 

I phosphate (47 kg P205) and 400 kg potassium sulphate (200 kg K20) 



198 

BEVERAGES CACAO 

per hectare can maintain yields around 2000 kg dry cocoa per 
ha in unshaded high-yielding cacao. 

BARVESTING Bearing commences 2-3 years after planting and full 
bearing is attained in 6-7 years; the yield declines after 30 
years. Pods are produced throughout the year, but usually 
there are one or two main harvesting seasons per year. Ripe 
pods assume distinctive colours and the seeds rattle inside. 
The pods are cut off with a sharp knife, care being taken not 
to damage the flower-bearing cushion. 

FERMENTING The beans should be fermented to get the characteristic 
cocoa flavour and this sSould be done soon after harvesting to 
prevent germination and spoilage of beans. During fermentation, 
the mucilage around the seeds is removed, the precursor of the 
chocolate flavour is produced, and the astringency disappears. 
Cacao is usually fermented in heaps or baskets or wooden sweat 
boxes with provisions for aeration and free drainage of the 
sweatings. 

The harvested pods are cut open to collect the beans and beans 
are fermented for 6-7 days. Criollo takes less time for 
fermentation than Forastero. 

The fermented beans are spread on mats, trays or drying floors 
and dried in the sun for about 7 days, during which the moisture 
content is reduced from about 50% to 6%. During fermentation, 
the beans lose about 60% of weight. The dried beans are 'poli- 
shed' by rubbing one against the other, either mechanically or 
with the feet. 

YIELD 

Yields vary considerably. On an average, 20-30 pods yield one 
kg of dried beans. Peasant yields are about 300 kg/ha dry beans 
for unselected plantings and about 800 kg/ha for selected ones. 
With high-yielding types, good management and fertilizers, yields 
as high as 3000 kg/ha are obtained. 

PESTS AND DISEASES 

Black pod disease, caused by Phytophthora palmiuora; witches' 
broom, Maraenlirn pexicborxs, which causes proliferation of 
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branching with broom effect: and the swollen shoot virus, 
transmitted by mealy bugs, which causes the development of 
swollen shoots and branches and the death of the tree, are 
the major diseases. Cherelle wilt is a natural physiologic 
mechanism by which the immature pods shrivel and drop off so 
that only a limited number of pods, depending upon the food 
reserves, are brought to maturity; but sometimes it assumes 
pathogenic proportions and is aggravated by adverse environmental 
conditions and pathogenic organisms. Deficiency of various 
mineral nutrients also causes different disorders. 

Capsids are the most important insect pests, of which Distan- 

tieZZa theobroma and SahZbergeZZa singuzaris are the most 
damaging, and they cause blast, persistent but weak flushinGi 
etc. 

AGROFORESTRY POTENTIAL 

In areas where cacao can be grown (from the point of view of 
climatic and soil factors) , this crop is one of the most promi- 
sing and remunerative agroforestry species. However, it needs 
constant and painstaking managerial attention. 

RESEARCH ItJSTITUTIONS AND REFERENCES 

Considerable _ -- rz~=urc% nas been done on cacao, the more prominent 
institutions being the Cocoa Research Institute, Tafao, Ghana, 
and the Cacao Research Centre at Bahia, Brazil. 

Notable references are: 

cafe, Cacao, The - Journal. 
Cocoa Growers Bulletin, published since 1963. 
Wood, G.A.R. 1975. Cocoa. Longman, London. 



Fig. 26a. Cacao under rubber in the Cameroun (Photo credit: Royal Tropical Institute. Amsterdam). 

Fig. 26b. Cacao under Deguelia and Ormocarpum glabrum (Photo credit: Royal Tropical Institute, 
Amsterdam). 
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COFFEE 

SCIENTIFIC NAME AND COMMON NAMES 

Coffea arabica L. (2n = 44) Arabica coffee 
Coffea canephora Pierre (2n = 22) Robusta coffee 
(syn. C. robusta Linden) 
Coffea tiberica Bull (2n= 22) Liberica coffee 
Family: Rubiaceae 

Cafe (F) 
Cafg (a?) 

USES AND ECONOMIC IMPORTANCE 

Coffee and tea are the most popular beverages in the world: the 
dried and roasted coffee beans (seeds) are ground and brewed to 
make the beverage. Coffee is one of the most important and 
valuable commodities in international world trade. About 90% 
of the world's coffee is produced from C. araSi?a, 9% from C. 
robusta and 1% from C. Ziberica and other species. 

The secondary uses include coffee pulp and parchment, which are 
used as manures and mulching materials. 

C. arabica is a native of the Ethiopian highlands, C. canephora 

of the equatorial forests of Africa from the west coast to 
Uganda, and C. Ziberica of Liberia. Coffee is now produced in 
almost all tropical countries in Asia, Africa and Latin America. 
It is an important crop in many Latin American and East African 
countries. The U.S.A. and West European countries import coffee 
in large quantities. 

PLANT CHARACTERISTICS 

A robust, glabrous, evergreen shrub or small tree; arabica coffee 
grows to about 5 m height and robusta to 10 m. The root system 
consists of a short, stout tap root with laterals that grow 
vertically to about 2 m depth. The root system is superficial, 
usually confined to the top 60 cm soil. 
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Stems have dimorphic branching with a central upright ortho- 
tropic stem with plagiotropic fruiting or primary branches 
arising on the opposite side of each node in succession from 
the base upwards. In each leaf axil there are two buds, one 
above the other. Usually only the upper one develops into a 
primary. But when the main stem is damaged or topped, the 
lower axillary bud grows under the primary branch to produce 
an upright orthotropic vegetative shoot called a sucker or .I .* 
water shoot. Bending the main axis also stimulates 'production 
of suckers from several axes. 

There are six buds in the leaf axils of primary branches, the 
one distal from the petiole being the largest and the oldest. 
Any or all of these buds may develop into inflorescences or 
secondary plagiotropic vegetative shoots;usually the first 
3-4 buds develop into inflorescences. The sub-laterals 
(secondaries) can produce tertiary fruiting branches. 

Leaves are opposite, dark green when mature, elliptical with a 
prominent acuminate tip; lamina is lo-15 x 6 cm in arabica and 
15-30 x 5-10 cm in robusta. 

Inflorescence, produced from 3-4 buds in the leaf axils of 
- - -L-ew;l. pA=y~uL*Yr-- branches, consists of four flnwprc in i-km 3~+y~~pa+~ 

pairs. Flowers are fragrant and white, and borne in clusters 
of 2-20 per axil. Flowering usually occurs in a flush and is 
stimulated by the onset of rains after a dry period. Flowers 

remain open for two days. Arabica coffee is se.'f-fertile and 
usually self-pollinated; about 40% of flowers sr;t fruits. But 

robusta coffee is self-sterile due to the faiLtire of formation 
and growth of the pollen tube. Pollination is by wind and 

insects; usually 40% of flowers set fruits. The fruit is a 

berry, containing two beans, each enclosed in a tough membrane 

called parchment. Closely adhering to each bean is the very 
thin testa called silver skin. After removal of the silver 

skin, the dried beans become the coffee beans of commerce. 

VARIETIES, CVLTIVARS Arabica coffee has two botanical varieties: 
C. arabica var. arabica - it is vigorous; it grows quickly into 
a sturdy tree if not topped;' it produces the bulk of the world's 
coffee. C. arabica var. bourbon is a more slender tree if not 
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topped; it is slightly higher-yielding than var. arabica 

About 30 mutants of arabica coffee have been recognized. In 
addition, there are sev+yal best-known cultivars. A 
considerable amount of breeding and improvement work has been 
done. There are different types and forms of robusta coffee 
also, but their classification and re-identification aie 
difficult because the species is self-sterile and it crosses 
readily. Upright and spreading forms are the two popular 
forms of robusta coffee. 

ECOLOGY 

CLIMATE The ideal growing conditions for arabica coffee are 
found on the equator at approximately 1500-1800 m, with 15-24OC 
temperatures, an annual rainfall of 1800 mm well distributed 
during 9-10 months and a dry period for the remaining 2-3 months. 
The altitude at which coffee is grown depends upon the distance 
from the equator; on Mount Kilimanjaro in Tanzania, it is 1200- 
1600 m: in Kenya 1500-1700 m; in Mexico 900 m; and in Parana, 
Brazil at latitude of 24OS, it is grown at sea-level. 

At temperatures above the optimum, forced rapid growth, early 
and over-bearing, die-back etc. will result, whereas too cold 
a temperature cause= =.V?ffPCF.~~ =a?.2nl_;ry GF.2 Lertiary vegetative 
branches, and stunted growth. In areas with lower than optimum 
rainfall, the crop may be irrigated. 

The crop is killed by frost. Early plantings were as an under- 
storey crop in forest plantations or under shade trees. But, 
as in cacao, where growing conditions are ideal, coffee yields 
best in the open. 

Robusta coffee is suited to warmer conditions, and shows a wide 
range of adaptability. It is grown from sea level to 1500 m, 
but the optimum altitude is 300-600 m. Optimum temperature 
is 20-32OC, and optimum rainfall about 170 cm per year, with a 
dry spell for favouring flower initiation. 

SOILS Coffee requires a well-drained and well-aerated soil: 
medium loams are ideal: heavy loams and clays are unsuitable. 
Being evergreen, coffee requires sub-soil moisture at all times, 
but the surface feeding roots require a drier period for part of 
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the year to slow down vegatative growth and initiate flower 
buds. For best growth, the ideal pH is 6.0 to 6.5: but plants 
grow well even under iflore acidic conditions if there is an 
adequate sc,+ly of calcium and other nutrients. 

PHYSIOLOGY AND COMPOSITION 

The physiology of flowering in coffee, as mentioned earlier, is 
related to water stress: moisture stress is required to initiate 
flower buds, but they remain dormant until wetting breaks the 
dormancy. Dormancy can also be broken by gibberellic acid 
sprays. Phytotron studies have shown that coffee is a short-day 
plant: more flower buds are initiated at 8-to 10-h photoperiod 
than at a 12-to 13-h period. 

Coffee is killed by hot temperatures as well as by frost. It 
does not withstand waterlogging. Much coffee is still grown 
under shade. 

Raw dried coffee beans contain approximately 12% water, 13% 
protein, 12% fat, 9% sugar, l-1.5% caffeine, 35% cellulose and 
carbohydrates and lo-14% water-soluble substances. 

AGRONOMY 

LITUYY'IN~ 313Z'CM contrary to popular nelier, corree is FL=- 
dominantly a smallholder's crop. It is usually grown mixed 
with bananas in the Kilimanjaro region, and with shade trees 
like Grc?viZZea robusta, AZbizia spp., Erythrina spp., etc. 
During the early stages of growth, coffee is intercropped with 

beans, groundnuts, etc. 

PROPAGATION Commercial propagation is by seed; seeds should 
be selected from high-yielding, progeny-tested trees. Vegetative 

propagation (by budding, grafting and soft-wood cutting) is 

possible, but it seems to have little advantages, except in 
breeding work and top-working. 

NURSERY Seedlings are raised in nurseries on level ground, near 
a water source, and with deep fertile loams. The beds are 

usually raised 60 cm from the ground, 1.2 m wide and of conve- 
nient length. Seeds are hand-pulped: light beans that float 

in water and large ones are rejected; after a floating test 
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seeds Are dried in the shade until they contain 15-18% moisture 
and then sown in the nursery beds about 1 cm deep. Shade is 
provided: also occasional watering as necessary. After germi- 
nation in about 4-8 weeks, the seetIlings at the cotyledon 
stage are transplanted at 15-25 cm llistance from each other. 
Sometimes the seeds are sown at this distance to avoid trans- 
planting in the nursery. Seedlings are also raised in polythene 
baqs and similar containers. 

?fCELD PLAYT:NC The field is prepared at least a few months 
before Qlancing by clearing the area of weeds (such as couch 
grass, DCgitaria 8csZarkm: and digging the planting holes about 
60 cm deep and wide. The usual spacing is 2.7 m x 2.7 m or 
3.0 x 2.4 m (to improve access between the rows). 

Triangular and hedge systems of planting are also recommended. 
Transplanting should be done early in the rains. When used, 
shade trees should be quick-growing, tall, not very brittle 
and easily breakable, long-lived, deep-rooted and preferably 
leguminous species. It is advantageous to plant them from 
large cuttings. They should be established before planting 
coffee. In Brazil, when coffee is planted on virgin soils 
after removal of forests, direct seeding is done in the field 
with lo-12 seed= P"';z in car;ir hole (J-3.5 m apart), and thinned 
down to 3-4 plants per hole. 

AFTERCAR!? Cover crops are not popular in coffee plantations, 
but they are better than weeds. Weeding should be done by 
inter-cultivation, slashing or weedicides. Mulching is found 
beneficial, especially in areas with low and erratic rainfall, 
and it suppresses weed growth. Dry grasses, especially 
Fe~nfsetz?? 1)2z*p2re~1~, banana trash, etc. are spread about 10 
cm thick, usually in alternate rows, before the onset of rain, 
Dry grass, however, presents a fire hazard. Repeated mulching 
with grasses and other bulky materials may cause nutritional 
disorders for coffee. 

?RL’#iNC This is an essential operation in the management of 
coffee to control the height and shape of the tree and to 
maintain a correct balance between vegetative and reproductive 
growth. Pruning is done to induce the growth of fruiting 
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branches on which the following season's crop will be borne. 
It consists of topping the main stem at a desired height, 
removing weak, dead or surplus branches, restricting the 
growth of the primary branches to the desired level, and 
reducing the number of fruiting branches. There are two main 
systems of pruning - single-stem pruning and multiple-stem 
pruning. Single-stem pruning aims at establishing a permanent 
framework of strong primary branches. It consists of retaining 
the original seedling stem and keeping it topped at about 2 m 
height, removal of all suckers, and thinning of secondary 
fruiting branches. It is also done by capping the main stem 
at knee-, waist-and head-height, permitting only one axillary 
branch to develop at each capping, and finally restricting the 
height at about 2 m. The aim of multiple-stem pruning is to 
encourage the growth of two or more main stems, which are 
replaced by selected suckers every 4-6 years: the crop is 
borne mainly on laterals. The first topping is sometimes 
done in the nursery. E&(-ii lateral bears two crops and is 
then removed, thus the crop is borne higher and higher up 
the stems in successive years until a new cycle is commenced. 
This method is easier and cheaper and is extensively practised; 
but single-stem pruning keeps the plant shorter, thus facilita- 
tina easier hat-v-=tiy,r: zr.fl o-r-a..< m-a” -?t 

-F--J “-7 - - - 5~ +hm svstam followed 
at lower altitudes. Agobiado is a variation of multiple-stem 
pruning, in which the main stem is bent over And pegged to 
the ground so that orthotropic upright shoots emerge, 3 or 4 
of which are allowed to grow. Candelabro is the system of 
pruning used in Costa Rica, by which 8 main stems a?-e obtaine.3 
on each tree by 3 prunings. 

The best time to prune is the dormant period after harvesting 
but before the new flush of growth. A light pruning is 
desirable every year if the crop is healthy and vigorous. 

MANURING Coffee responds well to manurinlr; fertilizer practices 
vary considerably in different countries. The amount of nut- 
rients also dcpcnds upon the expected yield, shading, etc. 
Nitrogen is by far the most important element. For a small 
crop of about 900 kg/ha, the nitrogen requirement is about 
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90 kg/ha, whereas a heavy crop of 1300 kg/ha needs about 120 kg 
N/ha/year. For best results, a split application of N is 
recommended. The requirement of phosphorus is high when the 
plants are young , whereas potassium is necessary,in adequate 
quantities during the development of berries. An excess of 
K causes Mg deficiency. Proper nutrition is important for 
the proper quality of coffee also. Foliar analysis is now 
used as a diagnostic tool. Deficiencies of other elements 
such as boron, sulphur and zinc have also been reported. 

RARVESTING First bearing occurs 3-4 years after planting, and 
full bearing at 6-8 years. Bearing continues for several years 
depending upon the environmental conditions and management. The 
average longevity is 30-40 years in Brazil; 50-70 years is 
common in other places. 

Harvesting, usually called plucking, is done by hand. Fruits 
mature 7-9 months after flowering. Only uniformly ripe berries 
can produce good quality coffee; so selective pickings at lo-14 
days' intervals, spread over several weeks, are necessary. 
The berries should be handed over to the factory for processing 
the same day; the yield of clean dry coffee from ripe berries 
is 15-20%. 

PROCFT.T.7 1 NG There are twn ma+heilr -= processing: the dry and the _-e--w "4. 
wet methods. In the dry method, the berries are spread out 
thinly and dried in the sun, the process taking about 15-25 
days: after drying, the berries are hulled (this method is 
widely used in Brazil). In the wet method, which is widely 
used to process arabica coffee in East Africa, the berries 
are pulped as soon as possible after picking, by feeding into 
a pulping machine along with water; the parchment coffee is 
then left for two to four days in fermenting tanks where the 
sticky mucilage is broken down by micro-organisms; the beans 
are then washed to get rid of the adhering mucilage, graded, 
and dried in hot air or in the sun for 8-10 days. The dried 
parchment is hulled, polished, and graded; the process is known 
collectively as curing, which imparts a shine to the surface. 
The produce is then called "clean coffee". The quality of 
coffee is judged by the characteristics of the raw bean, roasted 
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bean and the liquor. 

YIELD 

Yields vary considerably: the average yield of clean coffee is 
about 800 kg/ha in Kenya and South American countries except 
Brazil, where it is much lower. Good management and care 
results in yields as high as 1500 kg/ha. Yields are usually 
higher for robusta. 

PESTS AND DISEASES 

Coffee is attacked by several insect pests such as the leaf 
miner, capsid bugs, berry borer, mealy bugs and stem borer. 
Insecticides that have no persistent residual effect are used 
to control the pests. BHC is never used because it causes a 
'bricky flavour' in the liquor. 

Diseases cause more serious losses to the crop than do pests. 
Coffee berry disease (CBD), caused by the fungus CoZZetotrichu~ 

coffeanum,is serious in East Africa. Leaf rust, HemiZeia 

vastatrix, is the most serious disease at low altitudes and 
when the tree is debilitated by over-bearing. Leaf rust can 
be controlled by spraying Bordeaux Mixture or 50% copper 
formulations just before the rains start, whereas CBD can be 
controlled by fungicidal sprays during welt "eather. Browil-eye 
spot, caused by Cercospora coffeico i!a and F!rsu~~i;.(m bark 

disease, are diseases of lesser seriousness. Numerous mine- 
ral deficiencies and disorders have also been reported in 
coffee. 

AGROFORESTRY POTENTIAL 

Coffee is a good species for agroforestry because of its 
amenability to mixed planting with trees. 

RESEARCH INSTITUTIONS AND REFERENCES 

Being an important commercial crop, considerable research has 
been done on all aspects of coffee production. There are 
coffee research institutes in all major coffee-producing 
countries. There are also specific journals for coffee: e.g. 
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Fig. 27a. Coffee and banana, Arusha, Tanzania. 
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Fig. 27b. Coffee in partially cleared secondary forest, Brazil. 
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KAPOK 

SCIENTIFIC NAME Ce i i,d ~etarrdra (L.) Gaertn. 
Family Eombaceae 
2n = 72 - 84 

COMMON NAMES Kapok, ceiba cotton 
Silk-cotton (E) 
Kapokier (F) 
Kapok, ceiba (SP) 

USES AND ECONOMIC IMPORTANCE 

Kapok, which is obtained from two members of Bombaceae family, 
is a good commercial fibre. The fibre is the floss derived 
from the inner capsule wall of the fruit. Each hair (fibre 1 
is 0.8-3 cm long, thin-walled, single-celled, with a wide, 
air-filled lumen. The hairs are lustrous, elastic, water- 
repellent, long lasting, and resistant to insects and pests . 

Kapok is 8 times lighter than cotton for the same volume, and 
5 times more bouyant than cork. Because of this, kapok is 
used in mattresses, upholstery, protective clothing, life 
jackets, aviation clothing, etc. 

Very tender pods are eaten in Java. In West Africa, roasted 
seeds are crushed and used in soups. Seeds contain 20025% oil 
used for culinary purposes and soap manufactur". The pressed 
cake is used as cattle-feed. 

. 

ORIGIN AND DISTRIBUTION 

It is believed that the cultivated kapok, Ceiba pentandra var. 
pentandra, is a natural hybrid between the other two varieties, 
C. pentandra var. guineensis and var. caribaea; the former 
originated in the savannas of West Africa and the latter in 
tropical America. 

The main producing countries now are Thailand, Combodia, 
Indonesia, - * East African xuntrxes; India and Pakistan. Kapok 
is also grown in Brazil and West Africa. 
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PLANT CHARACTERISTICS 

A deciduous, fast-growing tree, lo-25 m height (var. oaribaea 

reaches 70 m height), trunk tapering to the top, with or 

without sharp spines on trunk and branches: shallow root 
system: thin crown: dimorphic branches in whorls, usually of 
three, giving pagoda-form; leaves alternate, crowded towards 
the end cf twigs; flowers and fruits produced after leaf fall, 
especially in areas with a dry seas'on. Flowers in axillary, 
many-flowered fascicles; flowers open immediately after sunset, 
and the petals fall off the following day. Either self- 
pollinated or cross-pollinated by bees or bats. The size of 
pod and amount of kapok are proportional to the number of 
seeds set: at temperatures below 20°C, the growth of the pollen 
tube is too slow for them to reach the ovary and therefore 
fertilization does not take place. 

The trees come to bearing in the 3rd or 4th year, attain full 
bearing in 7-10 years, and remain productive up to 60 or more 

years. 

Little work has been done to improve the crop, except for some 
selection work done in Madagascar, for higher yield. 

ECOLOGY 

Kapok prefers a warm tropical climate at low elevations (up to 
500 m), and a minimum temperature of at least 20°C during the 
flowering period. It requires 1250-1500 mm of annual rainfail 
with a rainy period during the vegetative phase and a dry warm 
period during the flowering and fruiting period. The tree grows 

best in deep permeable soils free from waterlogging. It is 

easily damaged by wind. 

PHYSIOLOGY AND COMPOSITION 

Little is known about the physiology of the plant. 

The kapok pods contain by weight, approximately, 44% husk, 
32% seeds, 17% fios's and 7% placenta. The fibre contains 64% 

cellulose and 13% lignin; the seeds contain 20-25% oil: and 
the pressed cake, which is used as cattle feed, contains 26% 
protein. 
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AGRONOMY 

Kapok trees are planted on field bands and the border of roads 
and pavements, or on a plantation scale. usually propagated 
by seeds, but vegetative propagation is also possible by 
cutting of 2-3-year-old branches, l-l.5 m long and 5-7 cm in 
diameter. Seedlings are raised from seeds of mature, full- 
sized pods from high-yielding trees, and are sown in nursery 
beds at 20 x 30 cm spacing. Germination is rapid; seedlings are 
transplanted when they are about one year old. Very little 
is done by way of aftercare. Fully ripe pods are harvested, 
often by climbing the tree; in dehiscent types, harvesting is 
done before the pods open. Pods are hulled and the kapok is 
dried in the sun in cage-like structures: seeds are removed 
by beating with sticks or mechanically. 

YIELD 

Trees bear in 3-4 years, when they produce about 100 pods/tree. 
In full bearing, in about 7 years, the yield is about 350-400 
pods per year. One hundred pods yield about 0.5 kg floss. 

PESTS AND DISEASES 

Kapok is the alternate host of cacao swollen shoot virus in 
Ghana. 

AGROFORESTRY POTENTIAL 

Kapok is a good species for agroforestry, especially on field 
bunds, pavement sides, and wasted lands. It requires practi- 
cally no extra attention and at the same time offers good 
economic returns. Its thin canopy, pagoda type branching 
and deciduous nature are of advantage in agroforestry; however, 
its shallow root system is a disadvantage in this respect. 

RESEARCH INSTITUTIONS AND REFEREWE 

Practically no research has been done on the crop. 

Kirby+ R.H. M-4. 196-4 Vegetabie fibres. Leonard Hill, London. 
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Fig. 28. Sisal (Photo credit: Centre d’Etude de I’Arote, Zurich). 

Fig. 29. Kapok (Photo credit: Contre d’Etude de I’Azote, Zurich 
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SISAL 

SCIENTIFIC NAME 

COMMON NAMES 

Agave sisotana Perrine 
Family Agavaceae 

2n = c 138 

Sisal (El 
Sisal (F) 
Sisal (SP) 

USES AND ECONOMiC IMPORTANCE 

Sisal leaves provide about 65 per cent of the world's hard 
fibres for the manufacture of twines, cordages, coarse open- 
mesh sacks, mattings, etc. About 70% of the world production 
is used for binder and baler twines for agriculture. One kg 
of sisal fibre produces approximately 440 m of binder twine 
or 150 m of baler twine. Sisal was Tanzania's most valuable 
export commodity till the early 6Os, and has again gained 
prominence in the 70s. The fibre is also used for 'arpet 
backing, bags, padding in motor cars and upholstery, rein- 
forcing plaster boards, etc. Sisal poles are used for building 
in Africa and their pith for filling mattresses. 

ORIGIN AND DISTRIBUTION 

A_~L~?w sisatana is found wild in Central America and Mexico. It 
was introduced into Tanzania, now the world's largest producer, 
in 1893. Now it has been widely introduced throughout the 
tropics, and is produced substantially in Kenya and Brazil also. 

PLANT CHARACTERISTICS 

Sisal is a xerophytic, relatively short-lived perennial with a 
short, thick stem and a close rosette of flowers.. A long stout 

/ 
flowering shoot known as the pole is produced 7-12 years after 
planting and thereafter the plant does not produce leaves, and 
dies. On a dry weight basis, the leaves account for 70%, the 
bole 6% and the roots 22% in a mature plant. 

Roots are fibrous, adventitious, and spreading within a depth 
of about 40 cm of the top soil. The bearer or anchoring roots, 
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2-4 mm in diameter, arise from the leaf scar at the base of the 
bole and extend horizontally up to 3 m. Feeder roots, 1-2 mm 
in diameter, arise from bearer roots and produce numerous root 
hairs. The bearer roots get considerably lignified, so that 
they decompose only very slowly after completion of the life 
cycle. 

The stem or bole is a short, thick structure, about 20 cm in 
diameter 2 years after planting and reaching a height of about 
1.2 m before poling commences. It appears thicker because of 
the presence of the basal end of the cut leaves. The stem 

has an apical meristem and a close rosette-bf about 100 leaves 
in unharvested plants. 

The suckers grow from the axils of the leaves on the rhizomes 
at the base of the bole, and may be about 2.5 cm in diameter; 
they grow to about 2 m in length at a depth of 5-15 cm and 
emerge out of the soil surface producing a miniature sisal 
plant. Sucker production begins about a year after planting 
and is most prolific during the first half of the life cycle; 
as many as 20 suckers are produced from one plant. Rhizomes 

are white and fleshy with numerous small (2-3 cm long) scale 
leaves, each with an axillary bud which remains dormant until 
the sucker is removed. Rhizomes do not have roots, but suckers 
have adventitious roots at their base. Suckers may be used for 

propagation. 

During the 8-12 year growth period, a sis‘ll plant will produce 

200-250 leaves, which unfurl from the central tightly-packed, 
vertical cabbage at the rate of 2-3 per month, the angle with 
the stem gradually widening until the lower leases are almost 
horizontal. Mature leaves are rigid, linear--lanccolate, usually 
about 1.2 cm, but sometimes up to 2 m, widest (lo-15 cm) in the 
middle, and dark bluish green in colour. 

Each leaf contains about 1100 creamy white fibres whicn are 
either the mechanical fibres that constitute 75% of the total 
fibres and are commercially important, or the ribbon fibres 
associated with the conducting tissues. Structuraily, no 

further change takes place in the number, length and strength 
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of the fibres after the leaf unfurls. 

SISAL 

Flowers are produced on the flowering branches at the tip of 
the pole after the pole itself attains its full length of about 
6 m. There will be 25-40 flowering branches per plant, each 
about 30 x 2 cm and having about 40 flowers. Flowers shrivel 
and fall by an abscission layer at the top of the pedicel, so 
seed setting is rare. 

Bulbils are the miniature sisal plants that are borne on the 
inflorescence; one pole produces as many as 3000. They fall 
to the ground naturally, are of the same genotype as the parent 
plant, and have rudimentary roots making them good planting 
material. 

Most of the commercial sisal is A. sisalana. Because of the 
low rate of seed setting it is difficult to breed new varieties. 
However, an interspecific hybridization programme was started 
at Amani in Tanzania in 1939 and a few hybrids have beeen 
produced, the most promising being hybrid 11648. This is a 
cross between A. awaniensis and A. angustifotia, back-crossed 
to A. ammiensis, which produces 500-600 leaves per plant and 
over 50 t of fibre per ha, compared to about 250 leaves per 
plant and 20 t fibre/ha for A. sisalanu. Unfortunately, this 
hybrid poles about 2-3 years after planting at elevations higher 
than 600 m. 

ECOLOGY 

CLIMATE Sisal is a hardy, drought-resistant plant: optimum 
rainfall is 1200-1500 mm, well distributed throughout the year; 
it is also grown in areas of 600 mm rainfall per year but yields 
are lower in those areas. Excessive rainfall is harmful. The 
number of leaves produced during the life of the plant is fairly 
constant, so in areas of two rainy seasons per year, the plant 
completes its life cycle early. Good sunlight and moderate 
httmi Ai tw ---..--.a. kJ are preferred s Gl-OWE from sea level to about 2000 m. 
Most of Tanzania's estates are below 900 m whereas those of 
Kenya are mostly above this level. 
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SOIL Can be grown on a wide range of soils provided they are 
well-drained and rich in bases, especially calcium. 

PHYSIOLOGY AND CQMPOSITION 

It is a hardy plant requiring good sunlight; it does not 
tolerate waterlogging. 

Sisal fibre contains, on a dry weight basis, 78% cellulose and 
8% lignin. Normal commercial fibre contains lo-12% moisture. 
The leaf cuticle contains about 20% wax. 

AGRONOMY 

CROPt"IiVG 5 YSTEiY Commercial product?.on in estates: also grown 
as hedge plants by smallholders, especially in the lower 
altitude areas. Difficulties in extraction of fibres, poor 
marketing facilities, etc. affect smallholder production. 

PROPA GA Vt2.Y Propagated vegetatively by suckers or bulbils. 
Plants from suckers are not uniform and suckers are few in 
number per plant. Bulbils produce a more uniform crop, and 
about 2000 are produced per plant. Bulbils can be collected 
from the field after they have ,fallen, or by shaking the poles; 
they are not collected from plants having leaves with spiny 
margins. 

‘5, I'"SER ! Nursery planting is essential; direct planting in the 
field results in less uniformity and high maintenance costs. 
Transplanting from a nursery also helps to reduce the time 
taken from planting to first harvest. Nurseries are prepared 
by deep ploughing to give a friable tilth and free-draining 
soil. Incorporating about 50-100 t/ha sisal waste, either by 
digging it into the soil or using it as a mulch, has been 
found beneficial to seedling growth. Bulbils shorter than 10 

cm are not used for planting. Selected bulbils are planted 

shallowly (about 1.3 cm deep) at 25 x 50 cm spacing. If not 

manured with sisal waste, about 30 kg N/ha is beneficial. 
- ---- Overhead irrigation is sometimes prou'ided. Weeding is done 

by hand or with herbicides. 

Sometimes a primary (or smother) nursery is also raised, where 
bulbils are planted at 5 x 7 cm spacing and transferred to a 

. 



219 

FIBRES SISAL 

second nursery after about 3 months. A primary nursery is 

useful to eliminate undesirable plants at an early stage and 
to economize on irrigation and manure. 

Plants are transferred to the main field when they are about 
50-70 cm long, which occurs in 14-18 months. 

At this stage, the plants will have about 15 unfurled leaves 
and will weigh about 2-4 kg. The fibrous roots are chopped off 
and the lowest sand leaves are pulled off from the transplants 
before they are planted. 

LAND PREPARATIQN Land clearing is usually done mechanically. 
When clearing an old sisal field, the poles are first removed 
and then the boles are dug out with bulldozers. The debris is 
broken up and either incorporated to the soil or burned. Fire 
breaks and feeder lines for leaf transport should be provided. 

TRANSPLANTIL~C The transplants are graded according to size; 
the best are about 40 cm high. Can be planted any time of the 

year, but the period just before the rains is preferred so that 
the crop establishes well. Planted 5-7.5 cm deep. 

SPACIlJG, PLANT PCPVLATION The optimum number of plants per 
hectare and adequate space for cultivation, weeding etc. are 
the factors to be considered. Sisal is usually planted in double 
rows, the distance between two rows of each pair being about 1 
m; two pairs of rows are spaced 3.5 to 4.0 m apart, and plants 
in a row are spaced 0.75 to 1.0 m, thus giving a plant popu- 
lation of 5000-6000 plants/ha. Wider spacing between pairs of 
rows is advantageous for easy management, such as'weed and pest 
control, cultural and harvesting operations etc. 

KANVRTNG Good response is obtained to manuring, especially when 
sisal is grown continuously on the same soil. On soils poor in 

N, 50-100 kg N/ha is applied per year at frequent intervals; 
lime deficiency is corrected by liming at the rate of 2-4 t/ha 
of ground limeston, e broadcast before the first ploughing. 
Mulching or manuring with sisal waste is very beneficial. 

AFTERCARE During the early years of growth, weed con?ro,i is 
very important. Prominent weeds are perennials, such as couch 
grass (Digitaria scuZarm1, nut grass (Cyperus spp.) and lalang 
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(Imperata cylindrical. PTeeds may be controlled by hand 
weeding, slashing, tractor cultivation, or herbicides. Legu- 

minous cover crops, such as Calopogonium mucunoides, Pueraria 

phaseoloides and Centrosema pubescens, are grown in the inter- 
spaces between double rows, and they suppress weeds, control 
erosion, and improve the soil fertility. Intercropping is also 
practised during the first 2-3 years after planting sisal in 
the field. Maize, beans, cotton and pineapple are common 

intercrops. 

Sisal suckers may be removed as they are produced and the small 
sand leaves at the base of the plants may be removed to facili- 
tate weeding. 

!fARVESTING Leaves are harvested by hand using small knives 
with straight edges. The first cutting is done whek: the 

average height of the plants is 1.5 m and the plant has 
produced about 120 leaves, which happens 2-3 years aftar 
planting. The harvesting is usually carried out once a year; 
in hot humid conditions, as in Indonesia, it is done once every 
six months. Too frequent cutting is wasteful of labour and 
excessively long cutting intervals lead to losses through 
withering of older leaves. Over-cutting reduces plant vigour; 
about 25 leaves should be left after the first cutting, which 
can be reduced to 18-20 at subsequent cuttings. One labourer 

can cut about one ton of leaves per day. There will be 5-8 

cutting cycles psr plant. 

PRQCESSTNG Deco?.tication is the process by which the fleshy 
tissue, which forms about 96% of the weight of leaves, is removed 
from the fibres. Leaves should be decorticated within 24 hours 
of cutting. Water is sprayed continuously on the decorticator 
drums that wash the fibres and carry away the waste leaf pulp. 
A modern decorticator requires 36-45,000 1 of water per hour. 
Fibres from the decorticator are graded for length and dried 
as quickly as possible by spreading them thinly on three wires 
stretched over poles in the s-iii-i. This brings the moisture 

content down from 60% to the permissible limit of 10% in 4-8 
hours in good weather: over-exposure results in sun-burning. 

The fibres become stiff on drying, and are then 'brushed' by 
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beating lightly to separate individual fibres from each other 
and to remove the short fibres, called tow. Long fibres 
constitute about 95%, and tow about S-6% of the total output. 
The long fibres are graded according to length, freedom from 

colour (creamy white is the preferred colour), etc. There 
are 5-6 grades of long fibres and 2 of tow. 

Yields are usually expressed in tons of fibre per cycle. Average 
yields are 11-12 t/ha; intensive management produces about 20 

With an average cutting cycle of 6 cuttings per plant at 
annual intervals, a 12 t/ha crop yields 2 t fibre/ha in one 

Recovery of dried fibre is 4% of fresh leaves on weight 
An annual output of 1500 tons of fibre is regarded as 

the optimum for one decorticator, for which 750 ha of sisal 
ut once a year are required. Including the area for roads, 

fallow for re-planting etc., the total area of the 
lantation to produce 1500 : fibre per annum is approximately 

ESTS AND DISEASES 

isal weevil, :~hy; iz::;-;Fzor;~s interstitL:!is, (whose larvae kill 
oung plants by boring into their boles) is a major pest. 
ebra disease, caused by the fungus :?y t :m;:;; tJzC.?!a:; spp. , is 
sually found in areas with poor drainage. The fungus As;;erg,i- 

~i.:er causes bole rot, resulting in yellowing of leaves 
nd the death of plants. 

GROFORESTRY POTENTIAL 

isal is an important crop for agroforestry because of its hardy 
d drought-resistant nature and the possibilities of inter- 

But it is not an economical crop for small-scale 

PORTANT REFERENCES 

nya Sisal Board Bulletins. 
G.W. 1969. Sisal: thirty years' sisal research in 
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CARDAFlOrl 

SCIENTIFIC NAME EZe ttarin ca~ddun!nr~~~~i Naton 

Family Zingiberacsac 
2n = 48 

COMMON NAMES Cardamom (El 
Cardamome (F) 
Cardamom0 fSp) 

USES AND ECONOMIC IMPORTANCE 

Cardamom, known as the "queen of spices", is an important spice 

used for flavouring, chewing and medicinal purposes. -The 
seeds contain 2-8% of a strongly aromatic volatile oil having 
a pleasant smell, which is used in perfumery, for flavouring 
liqueurs etc. and as a stimulant. The seeds are also included 
in betel quid with arecanut and leaves of betel vine. 

ORIGIN AND DISTRIBUTION 

Cardamom is indigenous to the moist evergreen forests of the 
hiily regions on the Western Chats of southern India. India is 
the largest producer (with cultivation confined to the southern 
states of Kerala, Karnataka and Tamil Nadu) and exporter. 
Guatemala and Sri Lanka are the otl\er major producing countries. 
Principal importing countries are in Western Europe and the 
Arab region. 

PLANT CHARACTERISTICS 

A herbaceous perennial, 2-5 m tall: has a branched subterranean 
rhizome, from which arise lo-20 erect leafy shoots and panicles. 
Roots are superficial; shoots form a thick clump; leaves have 
long sheaths, lamina lanceolate and acuminate dark green, and 
are long and narrow (30-90 x 5-15 cm). Inflorescence arises 
from root-stock at the base of leafy shoot, 60-120 cm long; 
and is an erect or decumbent, slender panicle. Flowers are 
hermaphrodite, about 4 cm iung, self-sterile; pollination is 
by insects. Fruit is a trilocular capsule, fusiform to globose, 
pale green ,when mature, with 15-20 seeds per fruit. Seeds about 
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.'<"'3 mm long, dark brown, aromatic. 

A few agronomic varieties (races) have been recognized; the 
most important are Malabar and Mysore. The former possesses 
medium-sized plants, prostrate panicles and small, globose, 
rounded or ovoid pods. The Mysore variety has robust plants, 
coarse leavi$s, erect panicles and large, three-cornered, ribbed 
pods. It is suited for cultivation at higher elevations. 

ECOLOGY 

Cardamom thrives best in evergreen tropical forests at 800-1500 
m elevation where there is a well-distributed annual rainfall 
of 1500-5000 mm and a temperature range of lo-33OC, moderate 
shade, and protection from strong winds. 

The crop is raised chiefly on well-drained, rich, forest loams 
and deep, good-textured soils well-supplied with humus. 

PHYSIOLOGY AND COMPOSITION 

The crop prefers partial shade and fertile soils: it cannot 
withstand waterlogging. 

The aroma and therapeutic value of cardamom is due to the 
volatile oil contained in the seed (2-8%). The capsules contain: 

protein 10%: fat 2%: carbohydrate 42%; fibre 20%; ash 6%; and 
water 20% or less, depending upon the degree of drying. 

AGRONOMY 

CROPPING SYSTEM Cardamom is grown under coffee or areca palms, 
or in cleaxed forest. areas with thinned overhead shade. 

PROPAGATION Cardamom is propagated by planting a section of 
the rhizome called the 'bulb', from an established clump, or 

by transplanting the seedlings from a nursery raised from 
seeds. 

Clonal propagation permits planting of high-yielding clones 
and such plants start yielding earlier. But the practice is 

no longer popular because of the prevalence of ‘Katte’ virus. 

For raising nursery seedlings, seeds are collected from plump, 

fully ripe capsules from disease-free clumps. The seeds are 
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cleared of mucilage, soaked overniyht in water and sown 
broadcast in raised beds of loose fertile top-soil rich in 
humus, 60 cm wide, 20-30 cm high and 3-4 m long. After sowing, 
the seeds are covered with a'thin layer of soil and mulch, and 
the nursery is adequately watered and provided with thatched 
shade. Germination starts in 30-40 days and continues much 
longer. Seedlings, when 3-4 months old, are transferred to a 
second nursery and they remain there for at least one year, 
during which they are sprayedawith Bordeaux mixture occasionally 
to keep them free of disease. One kg of seeds produce enough 
seedlings for one hectare. 

PLA~?!‘IIVG One or two seedlings are planted in pits 60 x 60 cm 
and 45 cm deep, 2-3 m apart: seedlings are planted 5-7 cm deep; 
the soil around is well pressed and the seedlings are tied 
securely to a stout wooden stake to prevent them being laid low 
by heavy rains and winds. 

AFTERCARE Weeding at regular intervals, especially during the 
early years, clearing and digging the soil around the clumps, 
yap filling, mulching, removal of old and drying stems, regu- 
lating the shade, etc. are the regular aftercare operations. 

EANJL'PI EG Concentrated organic manures such as castor cake, 
bone meal, fish manure etc. and fertilizers are given commonly 
to provide 33-66 kg N, 33 kg P205 and 60-100 kg K20/ha. If 
planted with arecanuts, cardamom benefits by the cultural 
practices and manuring given to arecanut. 

HARVESTING Cardamom starts bearing three years after planting 
and reaches full bearing in 7-8 years. The economic life is 
lo-15 years. 

In India, flowering commences in April and continues until July. 
Fruits mature 3-4 months after flowering; several pickings are 
necessary. The capsules with peduncles are harvested just 
before full ripening so as to avoid splitting of the capsules 
during drying. 

PROCEs”SIR& Harvested capsules are dried in the sun or with 
artificial heat, for 3-4 days. Artificial drying retains the 

light green colour preferred for export. Sometimes, they are 
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bleached with sulphur fumes. 

YIELD 

Average annual yield of dried capsules is 150-300 kg/ha from a 
well-maintained plantation. The number of dried capsules 
amounts to 20025% of the number of fresh fruits. 

PESTS AND DISEASES 

The major malady of cardamom is the mosaic virus known as 'Katte' 
or 'marble' disease, which is transmitted by the aphid Penta- 

tonia nigronervosa, and is characterized by mottling, curling 
and reduction in size of the new leaves. Planting disease- 
free clumps and killing the vector insects are the recommended 
control measure. Thrips Toeniothrips cardomomi are the most 
serious insect pests. 

AGROFORESTRY POTENTIAL 

Cardamom is a good species for agroforestry: in fact, as 
practisednow,the cultivation of cardamom constitutes a good 
agroforestry system. 

RESEARCH INSTITUTIONS 

Very little research has been done on cardamom. The institutions 
that carry out research on cardamom in India are: 
Central Plantation Crops Research Institute (CPCRI) of ICAR, 
Research Centre for Cardamom at Appanyala, Karnataka State; and 
th6,Agricultural Universities of Kerala and Karnataka States, 
India. 
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-- CINNAMON ' 

:. SCIENTIFIC NAME Cinnumomum aeyZanicum Breyn 
Family Lauracsas 
2n - 24 

:* COMMON iAMES 

. r 

Cinnamon W 
Cannel& de Ceylan (F) 
Canelo de ceilbn, Canelero (Sp) 

USES AND ECONOMIC IMPORTANCE - 

Cinnamon bark (quills) is used as a condiment for flavouring 
cakes, confections and in curry powder and perfumes. Cinnamon 

i oil distilled from both the ba& and dried green leaves is also 
used in perfws and in the synthesis of vanillin. 

ORIGIN AND DISTRIBUTION. :- 

Believed to have originated in Sri Lanka or on the Western 
Chats in south-western India. Cinnamon is reported to have 
reached Europe in commerce in very early times. Now it is 
cultivated in Sri Lanka, southern India, the Seychelles, 
Wdagascar and Brazil; the best quality cinnamon is produced 
in Sri Lanka. 

I PLANT CHARACTER I ST"1 CS 

An evergreen tree, up +A 15 m high if left undisturbed. But 
when cultivated, repeated harvesting of the stems for the bark- 
imparts a bushy appearance. Leaves are stiff, evergreen and 
aromatic, reddish when young, lamina ovate or elliptic, 5-17. 
to 3-8 cm, strongly veined. Stems are branching; bark is 
aromatic; flowers are borne in axillary and terminal panicles 
at the end of twigs. In Sri Lanka and South India, trees 
flower December-January, fruits ripen in about 6 months. ' 
Different types of cinnamon have been recognized and some are 
known to be more aromatic and superior. However, little or no 
work has been done on the improvement of the crop. 

ECOLOGY 

Cinnamon grows up to about 1800 m altitude: the best cultivated 
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cinnamon however, is grown at lower altitudes. Humid tropical 
evergreen rainforest conditions favour the best growth of 
cinnamon. 

PHYSIOLOGY AND COMPOSITION 

During the early stages of establishment the young plants are 
lightly shaded; fully-grown cinnamon is also to some extent 
adaptable to shade. 

The principal aromatic substances in cinnamon are eugenol and 
cinnamic aldehydes; the brirk oil contains about 10% eugenol and 
60% cinnamic aldehyde, whereas the leaf oil contains 65-95% 
eugenol and less than 3% aldehyde. 

AGRONOMY 

CROPPING SYSTEM Not usually grown as a smallholder crop because 
of the difficulty of extracting oil from small lots of leaves; 
but grown in small scale for bark only. It withstands shade to 
some extent and is, therefore, grown with other species. Promising 
results have been obtained in trials with cinnamon as an under- 
storey crop in coconut plantations. 

PROPAGATION Usually propagated by seed and seedlings are raised 
in a nursery. Seeds are protected from birds by netting the 
trees or putting bags around ripening seeds; harvested seeds 
are heaped to allow rotting of pulp, then washed and dried in 
the shade, and sown thickly in finely-prepared nursery beds 
under light shade. The seedlings are transferred to baskets 
when they are 4-5 months old to facilitate transportation to 
the field, and are ready for planting after a further period 
of 4-6 months, when they will be about 45-60 cm tall. 

LAND PREPARATION, PLANTING Planting holes are dug 2-3 m apart 
in freshly cleared areas: tall trees are left at about 15 m 
intervals to provide light shade. An organic mulch is provided 
after planting, but waterlogging in the planting holes is to be 
avoided. 

AFTERCARE, PRUNING Weeding is done during early years tntil 
the plant canopy develops and suppresses weeds. The main stem 
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is stumped a few centimetres above*ground after 2 years of . 
growth in the main field, and the cut end is- covered with-earth 
and coti dung. This facilitates formation of fresh shoots, 4-6 
of which are allowed to grow and are kept straight by timely 
pruning of the-twigs and branches for a further 2 years before 
they are narvested. 

: HARVESTING, PROCESSING AND GRADING The stems are cut when they 
are about 2 m high and 2-5 cm in diameter, which is after about. 

; 2 years'- growth. Harvesting is.done in rainy periods which 
I facilitates .easy peeling of the bark.and a.lso regeneration of 
~ the plant. After trimming off the leaves and twigs .from the 

stem, a longitudinal slit is made along the stem, and the bark 
is peeled off either full or half the circumference. The bark 
is then fermented in heaps for a day and the outer skin and green 
cortex are scraped off (sometimes peeling is done after scraping). 
The scraped bark is dried when it contracts to a quill or pipe 
form. The dried quills are kept:onp inside. theAother and the. . 
compound quill,about 1 m long, is again dried!.and rolled daily 
by hand to make it compact, Best quality quills are obtained ! . 
from the thin bark from the middle portion of shoots in the 
centre of the clump. 

The quills are graded into 4 categories based on the thickness 
of bark, appearance, colour and aroma. The best quality bark 
is thinner than 0.5 cm and is pale brown. Broken quills are 
called quillings. Bark from twisted branches and the inner 
side of twigs is called feathering: trimmings from cut shoots, 
shavings of outer and inner bark, etc. are exported as chips. 

I 
Cinnamon oil is extracted by distillation from both the bark 
and the leaves. Under smallholder conditions, it may not be 
economical to have distillation sets as there may not be enough 
material for running the unit and small-scale distillation sets 
have not yet been developed. The method and time of distillation 
and the containers used for the purpose affect the quality of 

I oil. 

YIELD 

I. Yield of quills from the first cutting after 4-5 years !s 50-60 
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kg/ha per year, increasing to 150-250 kg in subsequent years; 
yield declines after about 15 years. 

PESTS AND DISEASES 

The crop is fairly free of diseases and pests. Stripe canker, 
a fungus disease, caused by Phytophthora cCnnamomC, causes some 
damage in young trees. 

AGROFORESTRY POTENTIAL 

The crop has good potential for agroforestry because of its 
adaptability to shady conditions, amenability to combination 
culture, and suitability for marginal areas and low-input 
systems. 

REFERENCES 

Reports of the All India Coordinated Project on Medicinal and 
Aromatic Plants (ICAR), New Delhi. 

Reports of the Central Institute of Medicinal and Aromatic 
Plants (CSIR), Lucknow, India. 

Samarawira, 1.ST.E. 1964. Cinnamon. World Crops 16, 45-49. 
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SCIENTIFIC NAME Syzygium aromaticur/i Merr. et Perry 
syn. Eugenia caryophyZ2u.q 

(Sprengel) Hull. et Harrison 
E'. aromatica Kuntze 
Family Nyrtaceae 

COMMON NAMES Clove 4E) 
Clove de girofle (F) 
Clavo de olor (Sp) 

USES AND ECbNOMIC IMPORTANCE . 

Cloves, one of the oldest Oriental spices, are the dried 
unopened flower buds of S. nromaticm. Cloves are an essential 
ingredient in the preparation of curry powder and mixed spices, 
and are used in medicines as a stimulant, carminative and 
antispasmodic. Clove oil, produced by distillation of cloves, 
is used in the manufacture of perfumes, in medicines, in the 
production of vanillin, etc. 

ORIGIN AND DISTRIBUTION 

Cloves are believed to be native to the small volcanic islands 
in the Moluccas, which continued to be the sole producers until 
the end of the 18th century. Now they are also produced in other 
parts of Indonesia, India, Zanzibar, Madagascar, the Seychelles, 
and elsewhere. Zanzibar and Madagascar are the principal expor- 
ters. 

PLANT CHARACTERISTICS 

The tree is a small evergreen that grows to about 15 m; it has 
a conical shape when young, later becoming cyiindrical. 

The root system is shallow with fibrous lateral roots up to 
about 10 m, originating from a short tap root, which produces 
2-3 primary sinkers reaching up to 3 m depth. The trunk forks 

near the base to 2-3 erect Wanches. 

Leaves opposite, aromatic: petiole short but swollen at the 
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base, lamina 7,-13 x 6 cm; leaves pink when young and turning 
dark green with maturity. 

Inflorescence terminal, about 5 cm-long paniculate cymes, 3-20 
flowers per infloxxscence. Flower buds 1.3-2.0 cm long. Flowers 
hermaphrodite with reddish colour. Fruits, called mother of 
cloves, are fleshy drupes, dark red, oblong-obovoid, contains 
one or sometimes two seeds. Dried flower buds (cloves) about 
1.5 cm long, dark in colour; domed rounded head with prominent 
sepals. Most of the flowers drop off without fruit setting: 
flowers are cross-pollinated, mainly by bees. 

No recognizable varieties or cultivars have been identified and 
very little work has been done on the improvement of the crop. 

ECOLOGY 

In its original habitat in the Moluccas, the annual rainfall is 
200-350 cm and temperatures 25-33OC. In Zanzibar and Pemba, 
the temperatures are 25-30°C and rainfall 150-200 cm per annum. 
Cloves appear to thrive best in maritime climates at low alti- 
tudes in the tropics, but drier weather is desirable for harve- 
sting and drying. 

The best clove-growing soils are deep, sandy, acid loams. 

PHYSIOLOGY AND COMPOSITION 

Not much is known about the plant's physiology. It does not 
tolerate waterlogging; similarly, a continuously humid climate 

is not preferred. The plant prefers shade in the early stages. 

Commercial cloves contain approximately 16-19% clove oil, 13% 
tannin, 16% water, and 10% fibrous matter. The inflorescence 
stalks also contain S-6% clove oil. Clove oil contains 80-90% 
eugenol (75-85% in oil from the leaves). 

AGRONOMY 

Usually planted by cutting lanes through the forest in new areas, 
or under-planted when re-planting old plantations, or inter- 
planted with banana, cassava, cacao, etc. to get the required 
shade and protection from wind in the early stages of growth. 
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Propagation is by seed for which fully ripened, fresh seeds 
are used: they are hulled and washed and sown shallow at 20 x 20 
cm spacing, with radicles downwards, in shaded nurseries. .I 
Watering and shading are reduced when seedlings get older; 
transplanted when about 12-15 months old with a ball of earth 
.adhering to the roots. Occasional success has been reported 

:' in vegetative propagation (layering, approach-grafting, etc.). 

usual spacing in the field is 9 x 9 m; sometimes they are 
planted closer and later thinned. Ring weeding around the 
seedlings is carried out, especially to protect them from 
Imperata cyZindrica Beauv. grass. The plants are not usually 
pruned. Good response'has been reported to organic manuring 

: and nitrogen. 

Trees begin flowering in about 6 years: are full-bearing in 
15-20 years; production continues,until 70-80 years. There is 
considerable variation within the years: a good crop is expected 
axe in about 4 years. Buds are ready for harvest 6 months 
after initiation. Harvesting is by hand: inflorescence clusters 
are picked up before the buds open. Upper branches are lashed 
together and distant branches are pulled nearer by a crook for 
facilitating harvesting. While harvesting, care should be taken 
that only as few branches as possible are broker.. 

Harvested flower buds are dried immediately in the sun in thin 
layers on mats on cement floors: quick drying gives best quality 
cloves. In good weather, drying will be completed in 4-7 days. 

The clove stems, which are approximately one-fifth the weight of 
green cloves that have been separated from them, are also dried 
and used for extraction of oil, the oil content being 6% of dried 
weight. 

*In Zanzibar, there are two flowering seasons: the rwaka crop 
from July-October and the v,uZi crop from November-January. 

YIELD 

The average annual yield is 3 kg dried cloves/tree: in favourable 
years, up to 20 kg/tree is obtained. There are reccjrds of single 
trees yielding up to 90 kg dried cloves per year. Best quality 
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cloves should be sound, bold,,somewhat regular, containing not 
more than 5% stems and extraneous matter and less than 16% 
moisture. , 

PESTS AND DISEASES *- 

The major disease is called "sudden death", which is believed to 
be caused by the fungus VaZsa eugenia'e, which causes blocking 
of the vessels. Die-back caused.by the fungus Cr$ptosporeZZa 

eugeniae is also a serious pathogen. j Termites attack the young 
seedlings both in the nursery and dur,ing the first few years 
in the field. 

AGROFORESTRY POTENTIAL 

In the humid, low-altitude areas of the tropics, clove can be 
used advantageously in agroforestry as an overstorey species, 
and it gives high economic returns. 

REFERENCES AND RESEARCH INSTITUTIONS 

Not much research has been done on the tree. 

Nutman, F.J. and F.M. Roberts. 1953. Investigations into 
diseases of the clove in Zanzibar. E.Afr. Agric. J. 18, 
146-154. 

Tidbury, G.E. 1949. The clove tree. Crosby Lockwood, London. 
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.( GINGER 

SCIENTIFIC NAME ‘. ” ’ --’ ” Zingder offioinaZe Rose, 
Family Zingiberaceae 

i- . . 2n ='22 . 
,' . . 

-: COMMON NAMES , . , Ginger (El . ,.* , 
~; Gingembre (F) .> .-J ;: 

p ‘ Jengibre (SP) -. . ._ 7 i 

-USES AND ECONOMIC IMPORTANCE . 
Ginger is one of'the earliest oriental spices valued for its 
flavour, pungency and aroma, and is still very popular. The 
dried rhizomes constitute.the ginger of commerce. An essential 
oil is also extracted from the rhizome, but it lacks pungency. * 

! Ginger is used in the production of ginger ale, ginger beer, 
) etc. i and in various medicines in India and the Far East. 

ORIGIN AND DISTRIBUTION 

Native to tropical Asia, possibly India. Major producing 
_ countries are China, India, Nigeria, Jamaica, Sierra Leone, 

Fiji and Australia. 

I 
‘. - 

PLANT CHARACTERISTICS 

A slender perennial herb, to 1 m tall. Leafy shoots, usually i 
8-12, are annual, erect, about 50 cm long with dark green 
laminae that are about 25 cm long. TFe rhizomes are thick 
and hard, palmately branched,.pale yellow*within, covered with 
small scales, and with fine fibrous roots'in top layers of the 
soil. Flowers are seldom produced: they arise from root-stock, 
15-25 cm long. 

Ginger can grow as a perennial, but is cultivated as an'annual, . - 
maturing 9-10 months after planting. 

The number of clones is limited. In India, the type introduced 
from Brazil and known as 'Rio de Janeiro' is reported to be a 
high-yielder. 
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ECOLOGY 

CLIMATE Ginger is cultivated in the tropics from sea level to 
about 1500 m altitude with 1500-2500 mm of annual rainfall, or 
irrigation. It prefers a short dry season with high tempera- 
tures towards maturity. 

SOILS A deep , well-drained, friable-loam, rich in humus is 
ideal for ginger. Ginger is usually the first crop grown after 
clearing.the forest. It is also grown in hill slopes. 

PHYSIOLOGY AND COMPOSITION 

Ginger does not withstand waterlogging. It can tolerate partial 
shade though it is grown on large areas in the open. 

Dry ginger contains about 10% moisture and 103% of volatile oil. 
The pungent principle of ginger is the zingerone CllH1403, which 
is present in the oleoresin. 

AGRONOMY 

CROPPING SYSTEM Usually grown once in three years in rotation 
with cassava, sweet potato, yam, banana, groundnut, vegetables, 
etc. It is also.grown mixed with other crops that give partial 
shade such as pigeon pea, and as an intercrop in tree crop areas. 

PROPAGATIO,V Propagated by pieces of rhizomes, 2.5-5 cm long and 
having at least one sound bud: sometimes the setts are stored 
for sprouting before sowing. 

LA!!D PREPARATION A good tilth is required; usually planted in 
raised beds or in rows between rows of taller crops. 

PLANTING Planted in May in India and Jamaica, and in September 
in Queensland. Seed rate varies depending upon the extent of 
mixed cropping; the usual rate is 1000-2000 kg/ha. When planted 

in beds, spacing is 20-30 cm between plants in either direction , 
and planting depth about 7 cm. Leaf mulch is provided after 

planting. 

AFTERCARE The new shoots emerge in lo-20 days, hand weeding . 
is done 2-3 times, and plants are earthed up along with each 

weeding. 
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MANURING Ginger is a heavy feeder: it is usually grown with 
heavy dressings or organic manures, applied at the time of 
seedbed preparation. Moreover, application of fertilizers, 
particularly N and K, gives high yields. The fertilizer 
recommendation in India is 50-60 kg R, 30-40 kg P205 and 
100-120 kg K20 per hectare. Nitrogen is given in two equal 
instalments - basal dressing and top dressing at the time of 
second earthing-up. 

BARVESTING The crop matures about 9 months after sowing when 
the leaves turn yellow and wither off. For manufacture of 
preserved ginger, the crop is harvested before it is fully 
mature so that the fibre content and pungency are low. Harvest- 
ing is by hand digging. The crop can also be left unharvested 
for sometime. * 

PROCESSING AND STORAGE The rhizomes are cleared free of the 
adhering soil and soaked in water, scraped carefully to remove 
the outer skin and then dried in the sun for 4-5 days. Some- 

times the peeled ginger is soaked in thick lime water for 
some time, fumigated with sulphur fumes for 12 hours and dried 

~ in the sun. The process is repeated once or twice more until 
a fully bleached white produce is obtained. 

Y1EL.D 

Yield varies considerably; in India it is about 10 t/ha of fresh 
ginger and in Australia about 20 t/ha. With good cultural 
practices, the yield can be much higher. 

PESTS AND DISEASE 

The fungus Pythium aphanidermatum causes serious soft rot of 
the rhizomes: crop rotation and good drainage are the best 
means of control. Leaf spots and bacterial wilt are also 
common diseases. Root knot nematode MeZoidogyne spp. also 
attacks the crop. The shoot-borer Dichocrosis punctiferatis 

causes some damage. 

AGROFORESTRY POTENTIAL 

Because of the shade tolerance of ginger, it is a good species 
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for agroforestry, but it is not very well suited to marginal 

and infertile soils. 

RESEARCH INSTITUiIONS AND REFERENCES 

Agricultural Research Station, Kade, Ghana. 
Central Plantation Crops Research Institute (ICAR), 
Regional Station, Calicut, Kerala, India. 

Commonwealth Secretariat. 1969. Plantation crops. Commonwealth 

Secretariat, London. 
Kannan, K. and K.P.V. Nair. 1965. Zing;ber officinate (Ginger) 

in Kerala. Madras Agric. J., 52, 168-76. 
Tewson, L. 1966. .Australian ginger. World Crops 18(3), 62-65. 
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Fig. 30. Cardamon under trees (Photo credit: Centre d’Etude de I’Azote. Zurich). 

Fig. 31. Turmeric under coconuts (Photo credit: CPCRI, Kasaragod, Kerala. India). 

Fig. 32. Ginger under coconuts (Photo credit: CPCRI, Kasaragod, Kerala, India). 
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Fig, 33a. Pepper garden (Photo credit: Centre d’Etude de I’Arote, Zurich) 

Fig. 33b. Pepper interplanted with rubber, Brazil. 
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SCIENTIFIC NAME f piper.nigyum L. 
Family Piperaceae 

2n = 52 

COMMON NAMES Pepper, black peper (El 
Poivre noir (F) 
Pimienta negra (Sp) 
I. 

Red, green, and sweet pepper are Gapsicum spp. of SoZanclceae 

family. 

USES AND ECONOMIC IMPORTANCE 

Black pepper, known as the king of'spices, is the most important 
and one of the oldest of all spices. It is used as a flavouring 
agent, in powdered form after grinding, and has extensive culi- 
nary uses. White pepper is the fruit , whose mesocarp has been 
removed by retting in water. Pepper oil is distilled from 
fruits and used in perfumes. Pepper was one of the first 
articles of trade between the East and the' West. Annual world 
export of pepper is 50,000-80,000 tons. 

ORIGIN AND DISTRIBUTION 

A native of the Western Ghats of India. Its cultivation has been 
prevalent in the Malabar coast of India, and many parts of 
southeast Asia even before the 17th century. In addition to 
India, Indonesia (Sarawak) is the other major producer. Pepper 
jrj also cultivated in other parts of southeast Asia, Brazil 
and r4alagasy Republic. 

PLANT CHARACTERISTICS 

Pepper is a perennial woody climber growing up to 10 m height. 
Depending upon the type of standard used, the overall appearance 
of the plant will vary. 

The main roots at the base of the stem are about 10-20, 3-4 m 

long, and are adventitious. In addition, there is an extensive 
mat of feeding roots near the soil surface. 
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The framework of the plant is given by the orthotropic climbing 
stem, which becomes stout, woody, 4-5 cm in diameter; inter- 
nodes S-l.2 cm long; nodes swollen; each node has an axillary ':: . 
bud and short adventitious roots which adhere firmly to the 
support (standard). The axillary buds grow out to produce 
plagiotropic fruiting branches. 

Leaves are present on both climbing and fruiting branches; 
they are alternate, simple: petiole 2-5 cm long; Samina ovate, 
8-20 x 4-21 cm, dark green and shiny above with 5-7 prominent 
veins. t -I._ - 

Flowers are borne opposite leaves on fruiting branches in 
pendant spikes, 3-20 cm long, up to lS0 cm per spike. Flowers 
unisexual (monoecious or dioecious) or hermaphrodite, very 
small, white to brownish in colour. Fruit is a drupe, 4-6 mm 
in diameter, with pulpy mesocarp; exocarp turns bright red when 
ripe: fruiting spike S-20 cm'long. Seeds are 3-6 mm in diameter; 
100 seeds weigh S-10 g. 

Flowering begins at the P.&se of the: spike and continues towards 
the tip over a week. Rainsthelp in pollination because pollen 
occurs in glutinous masses and,,lfght rain breaks up the mass 
and increases the efficiency of pollen distribution. Hermaphro- 
dite cvs are self-fertile, and self-pollination can occur 
without the action of rain or wind. Pollination is confined 
to individual spikes. 

Pepper is a perennial plant giving economic yield until about 
15-20 years after planting, after which the garden is re- 
planted. A large number of cvs occur in India, where Balczrzzcta 
(large leaves, long spikes, regular yields) and A‘aZS~~vaZ?.y 
(small leaves, large berries) are the two most popular ones. 
Two cvs are recognized in-Sarawak: ~uching (large-leaved, 
susceptible to foot-rot disease) and Sariksi (small-leaved). 
High-yielding hybrid Parzniyu~ *--I has been developed at the 
Pepper Research Station, Panniyur, Kerala, India. 

ECOLOGY 

CLIMATE Pepper is a plant of hot humid tropical climates at 
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low altitudes with rainfall from 2000-2500 mm per annum which 
needs to be fairly well-distributed. It cannot withstand 
waterlogging and prolonged droughts. 

SOILS Pepper can be grown on a variety of soils provided they 
are fertile and well-drained. The ideal soil is a friable 
alluvium rich in humus with a pH about 6. 

PHYSIOLOGY AND COMPOSITION -’ 
: * 

. 

Waterlogging encourages the growth of fungi causing wilt 
diseases. The plant needs support (called "standard") in the 
form of wooden or concrete poles or living trees. Even though 
yields are higher with dead standards, pepper is widely culti- 
vated with living standards and it can withstand shade. 

Pepper contains S-8% piperine, an alkaloid, C17H19y03. Its 
pungency is due to the resin in the mesocarp, chavicine. Thus 
white pepper is less pungent than black pepper. Pepper also 
contains l-2% volatile oil. 

AGRONOMY 

CROPPING SYSTEM Since pepper needs support, it is traditionally 
cultivated by planting at the base of existing trees, or by 
using specially planted quick-growing shade and support trees . 
such as Erythrena indica and E. Zithosperma. Commercial 
plantations of sole crops of pepper on dead or living standards 
are common, especially in Brazil. But it is widely grown inter- 
planted with coffee, arecanut, Ceiba cotton, and other tree 
crops. 

PROPAGATION Propagated vegetatively 'by cuttings. In India, 
stolons from the base of the vines are used for planting. In 
Sarawak, Malaysia and Indonesia, the cuttings are taken from 
the upper part of the orthotropic shoots of vines less than 2 
years old. The terminal bud of the selected shoot is broken 
off and the leaves and small branches between the 3rd and the 
7th nodes from the apex are stripped off. After regeneration 
of the terminal bud in about 2 weeks, the shoot is cut below the 
7th node and the cutting, SO-60 cm long, may be planted in the 
nursery for rooting or planted in s<tu in the main field. 
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Cuttings are planted 3-4 nodes below the,soil surface; some- 
times rooting is done in polythene bags filled with potting 
mixture, which facilitates transport of the rooted cuttings. 
Rooted cuttings are .also produced by layering. The nursery is 
shaded with coconut leaves and other plant parts. 

LAND PREPARATTON While planting pepper in fresh areas with 
live standards, the land is cleared and the 1 m-long cuttings 
from the standards are planted fi$st at 2.7 x 2.7 m spacing 
and 60 cm depth, When they are established in about 6 months' 
time, rooted (sometimes also unrooted) cuttings are planted 
at the base of the standard on about 10 cm-elevated platforms. 
Since planting is usually done on hill slopes, soil conser- 
vation measures have to be adopted. 

PLANTING, PLANT POPULATION Planting is done in the rainy 
season so that the plants are easily established. Three to 
four vines are planted at an angle of about 4S" at a distance 
of 75 cm from the base of the standard and trailed on to the 
standards by dried fronds and palm leaves. In India, the 
northern aspect of hills is preferred, and planting is done 
on the northern side of the standard to protect the tender 
young vines from the scorching southern sun - when sun comes 
to the northern hemisphere, it will be rainy season in the 
pepper areas there. Usually spacing is 2.3-2.7 m square with 
a plant population of 1700=1400/ha. 

AFTERCARE Young vines are shaded with dry leaves to,protect 
them from sun, watered as necessary, and occasionally tied 
to the standard to keep them adhered. Pruning of the growing 
main climbing stem induces development of lateral fruiting 
branches. The vines are pruned at periodic intervals for a 
total of 7-8 times before they reach the top of the 3 m 
standard posts. Plants trailed on live standards are not 
allowed to go to greater heights, so as to facilitate harvest- 
ing. Lopping the branches of support trees is a regular 
operation to allow penetration of light, and to get green 
leaves for mulching and manuring the pepper plants. vines 
are not permitted to produce flowering spikes until they are 
more than 2 years old. 
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I 
NUTRITION Pepper responds well to fertilizers, and high amounts 
of nutrients are needed for sustained production. Fertilizers 
to supply 220 g N, 300 g P205 and 180 g K20 per vine per annum 
are considered optimum. Mulching and addition of organic matter 
are strongly recommended. 

HARVFSTIIVG Fruits ripen about 4 months after flowering, and 
5-6 months after emergence of flower spikes. First harvest is 
about 3 years after planting. Spikes are picked by hand after 
a few of- the fruits have turned red and the rest are yellow or 
green, and during the harvesting season, the spikes are picked 
once in every 10 days. 

The berries are separated from the spikes by rubbing by hand 
and winnowing, and the berries are dried in the sun for 3-4 
days to about 12% moisture content. 

PROCESSING For producing white pepper, the spikes are crushed 
lightly and then soaked in sacks in slowly running water for 
7-10 days, by which 'Lime the mesocarp is rotten. The spikes 
are then trampled under feet to loosen the stalks and skins, 
and then washed in sieves and dried in the sun. 

I YIELD 

Fresh green berries give about 33% black pepper or 25% white 
pepper. Yields vary depending upon the level of management. 
Intensively cultivated gardens yield about 31 kg green pepper 
per vine in the third year, 4-8 kg annually in 8th-15th years, 
decreasing with age. 

PESTS AND--=DISEASESs 

Pepper is affected by shoot rot caused by Phytophthora paZm&vora 

and wilt diseases caused by many fungi, mainly Fusarium spp., 
and aggravated by poor soil conditions such as low fertility 
and impeded drainage. Sprayings with 1% Bordeaux mixture after 
heavy rains, and field sanitation are necessary. The root-knot 
nematode Me toidogyne javanica, and the burrowing nematode 
RudophoZus 8imiti8 alSO attack pepper. 

I 
Pepper production in Brazil is threatened by a devastating 
disease of unknown aetiology. The vines are completely destroyed 
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. . 1.’ 1.’ within about 5 years after planting, within about 5 years after planting, necessitating replanting. necessitating replanting. 

,, ,, ". ". As a result, pepper cultivation is being abandoned in many parts As a result, pepper cultivation is being abandoned in many parts 
of Brazil. of Brazil. _: _: 

7 : 7 : i j. i j. AGROFORESTRY POTENTIAL AGROFORESTRY POTENTIAL 

i.; i.; 
1.,.-L 1.,.-L Pepper is widely cultivated with living supports, and it can Pepper is widely cultivated with living supports, and it can 
:,I! :,I! withstand shade. withstand shade. Thus pepper cultivation is usually an agro- Thus pepper cultivation is usually an agro- 

q q forestry .practice. forestry .practice. <- <- 

_ _ MAJOR RESEARCH INSTITUTIONS AND REFERENCES MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Central Plantation Crops Research Institute (ICAR), Regional Central Plantation Crops Research Institute (ICAR), Regional 
Station-, Calicut, Kerala, India. Station-, Calicut, Kerala, India. 

!- !- ',. ',. y ; y ; Pepper Research Station, Pepper Research Station, Kerala Agricultural University, Kerala Agricultural University, 

Panniyur, India. Panniyur, India. 
;' ;' 

De Waard, P.W.F. 1964. De Waard, P.W.F. 1964. Pepper cultivation in Sarawak. Pepper cultivation in Sarawak. World World 

Crops, 16 (31, 24-30. Crops, 16 (31, 24-30. 
De Waard, P.W.F. 1969. Foliar diagnosis, nutrition and yield De Waard, P.W.F. 1969. Foliar diagnosis, nutrition and yield 

stability of black pepper in Sarawak. stability of black pepper in Sarawak. Royal Trop. Inst., Royal Trop. Inst., 

Amsterdam. Amsterdam. 
. . 



SPICES 

TtiRfAERIC 

SCIENTIFIC NAME Curcuma Io,nga L. 
Family Zingiberaceae 

2n = 63 

COMMON NAMES Turmeric ~ (El .. 
Curcumai safran des Indes (F) 
CGrcuma (SP) 

USES AF!D ECONOMIC IMPORTANCE 

Turmeric is an important condiment among the people of South 
and .C outheast Asia, and is an indispensable ingredient and 
colouring agent for curry powder. It also has medicinal 
values, and is used externally for pain relief and internally 
as a stimulant. It is also used as a cosmetic by women and 
in Hindu religious ceremonies. 

ORIGIN AND DISTRIBUTION 

Believed to be domesticated in South or Southeast Asia. The 
crop is widely distributed throughout the tropics, but its 
cultivation as a condiment is col.fined largely to India and 
Southeast Asia. India is the largest producer, the crop being 
cultivated on about 60,000 ha. 

PLANT CHARACTERISTICS 

Turmeric is a perennial herb to 1 m tall with a short stem and 
a primary tuber at the base of the aerial stem bearing many 
rhizomes with a distinctive smell and bright orange-coloured 
flesh. Leafy shoots to 1 m tall, 6-10 leaves, bladeless sheaths, 
leaf sheaths forming a pseudostem. The secondary and tertiary 
branching at the base gives a dense clump-like appearance to 
the plant. Inflorescence is borne apically on leaf shoots, 
lo-15 x 5-7 cm in size. Turmeric can grow as a perennial, 
but is cultivated as an annual; it matures 9-10 months after 
planting. 

A number of cvs are popular in India;, they are distinguished 
by the names of the localities in which they are grown and they 
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show considerable variation in rhizome size and colour. Hard, 
bright-coloured rhizomes are preferred for dyeing; softer, 
more aromatic, ligher-coloured ones produce the best spice. 

ECOLOGY 

CLIMATE Grown in areas with annual rainfall of 1000-2000 mm; 
in drier areas irrigation is required. Grows from sea level up 
to 1500 m altitude in the Himalayan foothills. A warm moist 
climate is preferred. 

SOIL Thrives best on loamy or alluvial soils of loose and 
friable texture. Well-drained and fertile soils, rich in 
organic matter, give best yields. The plant does not with- 
stand waterlogging. 

PHYSIOLOGY AND COMPOSITION 

Turmeric grows well in the open as well as in partial shade when 
intercropped in plantations of fruit trees and other perennial 
agricultural species. It does not tolerate waterlogging or 
prolonged drought. 

The approximate chemical composition of dried turmeric is: 
water 13.1%; protein 6.3%; carbohydrate 69.4%: ash 3.5%; fibre 
2.6%. The colouring agent in turmeric is curcumin, C12H2006. 
On distillation, it yields 1.5~5% of a volatile aromatic, 
orange-red oil, the main constituent of which is termerone, 

C15H200' 

AGRONOMY 

CROPPING SYSTEM Often grown as an irrigated garden crop; in 
wet lands, in rotation with rice, sugarcane, banana, etc. in 
3-to 4-year rotations and in garden lands, in rotation with 
chillies, vegetables, maize, pulses, etc. Castor, pigeon pea 
and other "bushy" crops are often grown on the bunds of turmeric 
plots. Turmeric is also grown as an intercrop in plantations 
of fruit trees and other perennial agricultural species. 

PROPAGATION Propagated by finger or rhizomes 4 to 5 cm long 
and having at least one sound eye-bud: sometimes sprouted under 
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-moist straw before sowing. 

&AND PREPARATION The land should preferably be thoroughly 
prepared: organic matter is added at the time of last ploughing. 
Often planted in beds, or on ridges, which are prepared after 

*the final ploughing. 
.- 

\. SOWING, SPACING, SEED RATE The rhizomes are planted &bout 7.5 
' cm deep: if planted on ridges, one or two rows per ridge, ridges 

30-45 cm apart and 20-30 cm between plants; closer spacing gives 
higher yields. If planted on beds, 20-30 cm between plants in 
either direction. Depending on the spacing adopted and the 
extent of mixed cropping, seed rate varies from l,OOO-2000 kg/ha. 
In India, the crop is best planted in April or May, and a leaf 
mulch is provided, especially if planted in beds. 

AFTERCARE Leaves appear 3-4 weeks after planting. Weeding, 
usually by hand, and earthing-up are done three or four times. 
Good response to manuring; usually only organic manures and 

: potash are given, but of late, fertilizers especially N and K 
are recommended, at the rate of 80 kg N and 80 kg X20 per 
hectare. A part of N is given at the time of planting and the 
rest as top-dressing at the time of earthing-up. 

HPPVESTrMC I . The crop planted in April-May will be ready for 
harvest in December-January when the leaves turn yellow and 
begin to dry. Harvesting is by digging, and can be staggered 
according to convenience. A portion of the crop can be kept 
unharvested to supply seed for the next crop., 

P.POCESSTI:G The leaf stalks and roots are removed, and the 
primary tubers are separated from the- rhizomes; the former are 
sometimes split before processing. For immediate local use, 
fresh rhizomes can be used. Others are "softened" by boiling 
in water for about 30 minutes. Then they are dried in the sun 
for lo-35 days. The bits of adhering roots and scales are 
removed by hand and the dried produce is polished by rocking 
in suspended bamboo baskets containing small granite stones. 
Raw turmeric yields 18-25% of the dried produce, which is then 
graded as bulbs or rounds and splits and fingers for marketing. 
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YIELD 

TURMERIC 

Yields are variable, ranging from 15 to 25 tons-of “green" or 
raw turmeric per hectare. Under good management, yields up to 
40 tons/ha can beeobtained. 

PESTS AND DISEASES 

The shoot-boring caterpillar Dichocrosis punctiferalis, and the 
fungi Taphrina maculans and ColZetotrichum eapsici which cause 
leaf spots, are the major enemies of the crop. 

AGROFORESTRY POTENTIAL 

The shade-tolerant nature and relative ease of management of the 
crop make it a good species for agroforestry. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Central Plantation Crops Research Institute, Regional Station; 
Calicut, Kerala, India (Indian Council of Agricultural Research). 

Parry, J.W. 1962. Spices: their morphology, histology and 
chemistry. Chemical Pub. Co., New York. 

Sopher, D.E. 1964. Indigenous uses of turmeric in Asia and 
Oceania. Anthropos 59, 93-127. 
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ARECANUT 

SCIENTIFIC NAME Areca catechu L. 
Family PaZmae 

2n = 32 

: COMMON NAMES Areca or betel palm (El 
Arec cachou, a&quier (F) 
Areca, palma catecfi (SP) 

USES AND ECONOMIC IMPORTANCE 

Arecanut is a masticatory, chewed with betel (Piper betZe L.) 
leaves and a little slaked lime. Sometimes other substances 
like cardamom, clove, tobacco etc. are also added to the quid. 
Chewing of arecanut causes continuous salivation and is 
believed to make teeth and gums strong, and also to help 
digestion. i- Arecanut is also grown as an ornamental plant. 

ORIGIN AND DISTRIBUTION 

Arzcanut is believed to be a native of South or Southeast Asia, 
and its cultivation is confined mainly to India, Bangladesh, 
Sri Lanka, Malaysia and Indonesia. India has the largest area 
and production of the crop. 

PLANT CHAR.ACTER I ST I CS 

Arecanut is a slender, delicate, erect tropical palm that 
attains a height of about 25 m and lives for 60-100 years. 
Adventitious roots are produced from the bole; primary roots, 
about 1.5 cm in diameter, branch to give secondary and tertiary 
roots. Roots are mostly confined within a radius of 1 m from 
the bole and in the top 60 cm of soil. Stem is unbranched, 
cylindrical, straight, 25-40 cm in diameter, about 25 m tall, 
ringed with leaf scars, and has a crown of leaves at the tip. 
The crown is about 2.5 m in diameter: leaves 1.0-1.5 m long 
with a smooth sheathing base that completely encircles the 
stem. Leaves are retained for about two years after unfurling: 
mature crown contains about 12 functional leaves. 
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Flowering begins 4-6 years after planting; every leaf axil 
produces an inflorescence and is protected by the leaf sheath 
until emergence. A few inflorescences abort and an average of 
3-5 bunches are produced annually. 

The spadix is enclosed by a double boat-shaped spathe, about 
60 x 18 cm. The rachis is 30-60 cm long with 20-25 secondary 
branches which bear tertiary branches. Flowers are unisexual; 
male flowers are numerous, minute and deciduous and are borne 
above female flowers. Female flowers are borne in the base of 
secondary and tertiary branches, 200-500 per spadix. 

Male flowers open first, and shed off completely in 2-4 weeks: 
the maximum dispersal of pollen is between 9.00 and 12.00 in the 
forenoon. Female flowers open later and remain receptive for 
3-4 days. Pollination is mostly by wind. The first inflores- 
cences on young palms produce only male flowers. 

The fruits mature 8-10 months after pollination. All female 
flowers do not set fruits, and one spadix produces SO-400 fruits. 
The fruit is a fibrous drupe, variable in size and shape, green 
when unripe, turning yellow-to-orange when ripe. The seed, 
wrongly called "nut", is ovoid or ellipsoidal, and weighs lo-20 

9- The endosperm, which is the edible portion, is hard in 
texture and pale brown in colour. 

Various types of areca have been described based on physical 
characteristics, and cultivators classify them according to 
the length of time taken for maturity,' compactness of the 
inf lorescence, etc. A few high-yielding, early-bearing types 
have been developed in India. 

ECOLOGY 

CLIMATE Areca grows well in regions of heavy, well-distributed 
rainfall or assured moisture supply (by irrigation). Cultivation 
extends over areas of 1000-5000 mm annual rainfall, and from 
sea level to 900 m altitude. The optimum temperature range is 
16035OC. 

SOIL Grows well in well-drained laterite or reddish soil, 
fertile clay loams and alluvial loams. Grows very poorly in 
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ill-drained soil. ; 

i’HYSIOLOGY AND COMPOSITION . 

Areca prefers a cool and shady atmosphere for protecting its 
stem against sun scorching; however the crown should be exposed 
to full sunlight. It does not withstand drought or waterlogging. 

1: P, The endosperm contains 0.2-O.?% alkaloids, the most important ,. 
being arecoline, C8H1302N. It also contains ll-25% of catechol 
tannins,. the content of which is reduced during ripening, and 
about 47% carbohydrates, 30% water, and 5% each protein and fat. 

-_ 
AGRONOMY 

CROPPIfr’C SYSTEM Usually grown among other fruit trees which 
provide the required shady and cool environment. Also grown 
with pepper, cardamom, etc. When young, areca plants are 
usually grown in the shade of bananas. A number of annuals, 
especially tubers, are also grown as LItercrops. 

PROPAGATION By seeds; seedlings are usually raised in a 
nursery. Mature nuts of good size and shape are selected from 
healthy palms, dried in the shade for 3-4 days, and sown shallow 
lo-20 cm apart, in raised nursery beds during March-May. The 
nursery is watered regularly and provided with suitable shade. 
In some places, seedlings are transplanted to a second nursery 
when they are 9 months old. 

LAJD ?RiY PA PC. l-1 0,N The land is well-prepared by repeated ploughings 
and water channels and drains are provided according to require- 
ments. Sixty cubic cm planting pits are filled with a,mixture 
of earth and compost. 

FLA;.'~"I;Z.~G Healthy robust seedlings are usually transplanted when 
they are a year old: seedlings are sometimes retained in the 
nursery for 2 years. Usual spacing is 2.7 x 2.7 m, i.e. about 
1300 plants/ha. But spacing will vary depending upon the 
intercropping proposed. Seedlings sometimes are underplanted 
in 20-year-old or older areca gardens. 

I 

KA if I; RI ,I’ S Regular manuring with organics and inorganics is 
customary in certain parts. Green leaves, cattle manure etc. 

E 
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are applied to the basins around the palms or to trenches near 
the bases. General fertilizer recommendation is 100 g N, 40 g 
R205 and 140 g K20 per palm annually in two splits in September- 
October-and March&April. 

AFTERCARE The plantations are hoed and weeded twice a year. 
Driining of surplus water in heavy rainfall seasons and irrigation 
during dry periods are essential. 

HARYESTItb Rearing commences 6-10 years after planting and full 
production about 8 years afterwards. Sometimes immature nuts 
are harvested during July to December, but mostly the nuts.are 
harvested when ripe, from December to May. Trained labourers 
climb up the palms and pluck the bunches that are ready. They 
move from one,palm to another by bending the palms, without 
descending to the ground. 

CURING AND PROCESSING The nuts are separated. from the stalk and 
the husk is removed: then the endosperm is cut into four pieces 
or shredded into smaller pieces and boiled for 2-3 hours in 
water containing the pounded bark of aromatic plants (to impart 
colour), in a copper vessel. The nuts are then taken out with 
perforated ladles and dried in the sun or artificially for 
6-7 days. 

PESTS AND DISEASES 

The major pest is the spindle bug, Cazwalhoia arecae, which sucks 
the juice from the unopened spindles. 

The fungus Thytophthorq paZmivora causes the serious disease 
fruit rot, causing immature nut fall. Regular sprayings are 
recommended with 1% Bordeaux mixture during breaks in the rainy 
season. Other furigal diseases also cause considerable damage. 

In recent years, a yellowing disease of unknown aetiology has 
affected the palms in India. It causes a considerable decline 
in vigourand-productivity. 

Sun-scorching causes drying of the affected parts and splitting 
and bending of the stem. To prevent this, it is usual either 
to interplant other plants with medium-height canopy, or to 
plant them around the garden as border rows. 



ARECANUT OTHER CROPS 

AGROFORESTRY POTENTIAL 

Areca is a plant of potential value for agroforestry because of 
its amenability to combination culture. However, it is not 
suited for marginal or dry areas and prefers to have intensive 
care. 

i 
MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

Central Plantation Crops Research Institute (ICAR) Regional 
Station, 'Vittal, Karnataka, India. 

Arecanut Journal published by the former Indian Central Arecanut 
Committees (now Directorate of Arecanut and Spices Develop- 
ment), Calicut, Kerala, India. 

Journal of Plantation Crops. Published by the Indian Society 
for Plantation Crops, Kasaragod, Kerala, India. 
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:. CASHEW 

: I SCIENTIFIC NAME Anacardium occidentale L. 
Family Anacardiaceae 

. . 
2n = 42 

,- 
1: ,^ 
i_ COMMON NAMES Cashew (E) 
': i Anacardes (F) -. ', AcajG !SP) 

t USES AND ECONOMIC IMPORTANCE 

An important cash crop, grown mainly for the highly-priced 
kernels which are used in confections and desserts all over 

p the world. Cashew-shell oil, which is obtained from their 
shells or pericarps, is also valuable and is used for a 

: number of industrial purposes such as paints and varnishes, 
inks, brake-linings, etc. The juicy cashew apple is edible, 
and the juice may be fermented and made into a wine, or 
distilled to make a liquor. 

ORIGIH AND DISTRIBUTION 

Cashew is a native of tropical America, including Brazil and the 
West Indies. It is now widely distributed throughout the tropics. 
The main producing countries are India, Mozambique, Tanzania 
and Brazil. 

PLANT CHARACTERISTICS 

A spreading, evergreen, tropical tree that grows to about 12 m: 
old trees commonly have canopies of up to 12 m diameter. Roots 
penetrate to considerable depth and also spread horizontally to 
an area twice that of the canopy. 

Leaves are alternate, simple and obovate: lamina lo-20 x 4-12 
Cm. Inflorescence is a lax panicle, produced on new shoots of 
current season's growth, about 25 cm long, consists of man:- 
sweet-scented, small flowers: male (about 85%) and hermaphrodite 
(the remainder) flowers are present in the same inflorescence. 
An inflorescence contains about 60 hermaphrodite flowers, about 
30% of which are pollinated; mostly cross-pollinated: pollination 
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by insects: there is a considerable amount of immature fruit 

drop both for physiological reasons and as a result of pest 
attack: less than 10% of the hermaphrodite flowers produce 
mature fruits (3-5 per inflorescence). Fruit is a kidney- 
shaped nut (achene) about 3 x 2.5 cm with a hard shell (peri- 

carp) l The cashew apple is an enlarged pedicel; it is shiny, 
juicy, thin-skinned, has an astringent taste, is red (or 
yellow) in colour when ripe, lo-20 x 4-8 cm. 

Hearing commences about 3 years after planting, full production 
in about 10 years; trees continue bearing until they are about 
50 years of age. 

No distinct varieties have been identified: but there is consi- 
derable variation among the trees produced from seedlings. 

ECOLOGY 

CLIMATE Cashew is grown under a wide range of climatic 
conditions varying from SO-375 cm annual rainfall and from 
sea level to about 1300 m altitude. However it prefers lower 
altitudes. Cashew is hardy and drought-resistant. Flowering 

and fruit-set take place during dry weather; rain during this 
period causes withering of flowers, fungal diseases, and 
darkening of the developing nuts. Cashew does not tolerate 
frost. 

SOIL Cashew grows under a wide range of soil conditions. It 
grows satisfactorily on relatively infertile and rocky areas 
that are unsuitable for other crops. 

PHYSIOLOGY AND COMPOSITION 

Cashew requires good drainage, it prefers a dry period for 

good flowering and fruit set, and it grows in rocky, sloping, 
and infertile soils: .shus it is an ideal species for marginal 
lands. 

The nuts contain 20% protein: 45% fat; 26% carbohydrate, 5% 

water and 2.5% minerals. The shell (pericarp) contains 

approximately 50% cashew-shell oil, which consists of 90% 
anacardic acid and 10% cardol. The cashew apple contains 

about 12% carbohydrate and is rich in vitamin C. 
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AGRONOMY 
/ . * 

grows scattered in marginal la&s or is cultivated on a 
plantation scale: also sometimes mixed with other tree crops . 
in the homestead such as-mango, jackfruiti coconuta, etc. 
Intercropping with cassava,- maize', bananas and similar crops 
can be done during the 3-4 years ofzgrowth untiX the canopy 
nears closure and the roots spread out. Cattle grazing can be 
practised in mature plantations. 

Propagation is usually by seeds which are sown at stake (in siku) 
5-8 cm deep, in planting holes about 30 cm wide. Germination . 
is slow and usually occurs.2-4 weeks after sowing. Because of 
poor and slow germination, three seeds are usually planted per 
hole, and after germination and establishment, only one is 
retained. Nuts with high specific gravity (and which sink in 
water) germinate fast and establish well. Cashew can also be 
propagated vegetatively by layering or grafting. Usual spacing 
is 9 x 9 m with thinning after five years to a lesser plant 
density. After establishment, very little aftercare is needed 
for cashew. The trees are shaped by removing the lower branches 
to allow nut collection and human movement. When established on 
a plantation scale, the undergrowth may be checked by slashing 
or cattle grazing. 

Manuring is not usually practised, but recent trials in India 
have shown good response to N and K fertilizers, which may be 
applied annually at the rate of 500 g N and 640 g K20 per tree. 
Nitrogen can also be given as a foliar spray along with insecti- 
cides. 

Bearing commences in the third year after planting; full 
production in 7-10 years. The nuts are harvested by pgcking 
them from the ground where they fall. In good weather, the 
nuts can be collected from the ground once a week, but in rainy 
seasons, they have to be collected every day to prevent dis- 
colouration. When the nuts are ripe, as indicated by the size 
and colour of the apple, they can also be harvested with a 
sickle tied to the tip of a long bamboo or other light wooden 
pole, to prevent damage by birds. The birds, attracted by the 
ripening apples, scatter the nuts at a distance from the trees 
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after sucking the juice of the apple. The nuts may be removed 
from the apple immediately after harvesting and dried in the 
sun for 2-3 days. 

The dried nuts are roasted either in open pans over a furnace 
or in rotary cylinders and oil baths. Shelling is done by hand 
soon after roasting. The kernels are dried in the sun or in 
hot-air chambers, .and are .later packed in tin cans under vacuum. 

YIELD 

Yield per tree varies considerably, ranging from l-20 kg per 
year. In well-managed plantations, the annual yield is 800-1200 
kg/ha. 

PESTS AND DISEASES 

The major pest is the "tea mosquito", HeZopeZtis spp., which 
sucks tender parts of the inflorescence and causes black lesions 
in the affected parts and considerable flower drop. It is also 
responsible for inflorescence blight. Two insecticidal sprays 
during the time of flower emergence reduce the extent of damage. 

AGROFORESTRY POTENTIAL 

Cashew is a very promising tree crop for agroforestry because 
of its ecophysiological adaptations mentioned earlier. 

MAJOR RESEARCH INSTITUTIONS AND REFERENCES 

All India Co-ordinated Cashew and Spices Improvement Project, 
CPCRI (ICAR), Kasaragod, Kerala, India. 

Nambiar, M.C. 1977 . Eco-physiology of cashew. Jr: Alvin, P.T. 
de and T.T. Kozlowski. 1977. Eco-physiology of tropical 
crops. Academic Press, New York. 

Ohler, J-C. 1979 . Cashew. Royal Tropical Institute, Amsterdam. 
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CINCHONA 

SCIENTIFIC NAME Cinchona spp. 
Family Rubiaceae, 

;. COMMON NAMES Cinchona, Quinine (E) 
Cinchone (F) 
Quino (Sp) 

USES AND ECONOMIC IMPORTANCE 

: Before World War II, the alkaloid quinine obtained from the 
bark of the cinchona plant provided the most important anti- 

i malarial drug in both prophylactic and curative treatments of 
the disease. Now it has lost much of its importance because 
of the fall in incidence of malaria and the development of 
synthetic anti-malarials. Cinchona is also used as a tonic 
and antiseptic and for minor pharmaceutical uses. 

ORIGIN AND DISTRIBUTION 

Cinchona existed in the Andean region of South America from 
early times. It is believed that it was introduced from there 
to South and Southeast Asia and Africa. During the pre-war 
period, Jndonesia (mainly West Java) accounted for about 90% 
of the total world production. Also grown in India, Sri Lanka, 
East Africa and South America. 

PLANT CHARACTERISTICS 

Evergreen shrubs or trees. Leaves opposite, simple, deciduous. 
Inflorescence is a terminal panicle; flowers are small and 
fragrant. Cross-pollinated by insects, mainly bees. Fruit is 
a capsule, bursting open from base upwards and having 40-50 
small, winged, flat seeds. 

There are four main economic species: 

1. C. calzsaya (2n-34). Large tree with stout, straight trunk; 
occurs in Peru and Bolivia at 1000-1500 m altitude. Also grown 
in India at 400-900 m altitudes. 

* 



OTHER CROPS CINCHONA 

2. C. tedgeriana (2n=34). Weak, profusely-branching, quick- 
growing tree; 6-16 m height. Flowers at the end of the rainy 
season in Java and fruits ripen in about 8 months. Bark thick 
and brown; yields the Ledger Bark of commerce. Clones giving 
11016% quinine have been evolved. All cinchona in Indonesia 
is of the ledgeriana type; also grown in India at 1000-2000 m 
altitude. 

3. C. officinatis (2n-34). Slender tree, 6-10 m tall; indigenous 
to altitudes'of 200-300 m in Colombia and Peru, often in montane 
forest. Rough brown bark yields the crown or Loxa bark of 
commerce, poor in quinine content; not grown commercially. 

4. C. succirubra (2n-34). Large, erect, rapidly-growing tree 
to 30 m height, sparsely branched but sheds lower branches. 
Grown from Costa Rica to Bolivia from 1000-3500 m altitude. 
Its brown bark with a few whitish markings is a source of the 
red bark of commerce, but it is difficult to extract quinine. 
Used as a root-stock for grafting with C. tedgeriana; grown in 
India from 600-2000 m altitude. 

In addition to these; a number of hybrids involving the above 

have been produced: 

C. hybrida=C. tedgeriana x C. succirubra 
C. robusta=C. officinalis x C. succirubra 

ECOLOGY 

CLIMATE Cinchona's optimum climatic requirements are at high 
altitudes in the tropics with fairly high rainfall (well- 
distributed annual rainfall of about 250 cm) and average 
minimum and maximum temperatures of 14OC and 21°C. .At low 
elevations arid limited soil moisture supply, alkaloid content 
is reduced. 

SOIL Grows best on light, well-drained, forest soils- rich in 
organic matter, and having pH above 5.0. It grows poorly on 

soils where the vegetation was burned off when preparing land 
for planting. 

PHYSIOLOGY AND COMPOSITION 

Cinchona does not tolerate waterlogging: growth is very poor 
. 
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I - below 8OC and above 27OC. 

The most important among the nearly 30 alkaloids isolated from 
cinchona is quinine (C20E24N202). The alkaloids occur in the 

_ bark of the roots, trunks, and branches; roots have the greatest 
: content and branches the least. The alkaloid content is affected 

by environmental conditions, species and genotype. C. Zedgeriana 
in Java contains 4-13.5% quinine in the stem bark. 

AGRONOMY 

CROPPING SYSTEM Best growth of cinchona is obtained when it is 
grown as a first cycle crop in new forest clearings. 

PROPAGATION Usually from seeds; seeds require light for 
germination: germination in 2-3 weeks: seeds lose viability 
quickly. Can also be propagated from apical stem cuttings. 
In Java, replanting is usually done with high-yielding clones 
of C. tedgeriana budded or grafted on to C. succirubra root 
stocks. 

SOWING A nursery is raised by broadcasting the seeds on shaded 
seed-beds and watering with fine mist-spray. Young seedlings 
are transplanted to a main nursery 4-5 months after sowing 
(when they will be about 5 cm tall with 2-3 pairs of leaves) 
at lo-15 cm spacing. Budding or grafting, when vegetatively 
propagated, is also done in the nursery. Planting in the main 
field is done when seedlings are 1-2 years old and 30-50 cm 

I high. 

SPACING, AFTERCARE Usual spacing in the main field is 1.3 x 1.3 
m. Saplings are pruned to obtain a sitlgle stout stem. Cinchona 
requires a good supply of nitrogen , @osphorus and lime for 
optimum growth and a better yield of bark in terms of both 
quantity and quinine content. 

HARVESTING Harvesting begins the fourth year after planting 
and the plants are selectively thinned annually to approximately 
25% of the original stand density, which is finally unrooted 
after 8-12 years. The bark has the maximum quinine content 
when the plants are in the final harvesting stage (8-12 years 
old). The harvested plants are cut into suitable lengths of 
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stems, roots and branches, and are beaten to detach the bark 

from wood. The bark is peeled off and dried in the sun or hot-air 
kilns from the original 70% moisture to 10%. 

YIELD 

An average yield of 5-8 kg dried bark is obtained per mature 
tree with a quinine'content of l-2.5 g/dm2, and a total of 
150-250 g quinine per tree. With about 1500 trees per ha at 
final harvesting, and an average yield of 1.5 g quinine sulphate 
per 1 g quinine, the yields of quinine sulphate per hectare 
will be 300-500 kg/ha, which is a high yield. Under normal 

conditions, the yield is about 150 kg quinine sulphate per ha. 

PESTS AND DISEASES 

Damping off of seedlings in the nursery, caused by Rhizoctonia 
sotani and other fungi; root rot of transplants caused by 
ArmiZtaria spp.; and the insect pest HeZopeZtis spp., are the 

major hazards. 

AGROFORESTRY POTENTIAL 

Cinchona is a good species for cultivation in the sloping and 
mountainous highlands of the humid tropics. 

RESEARCH INSTITUTIONS AND REFERENCES 

Owing to the decline in the importance of cinchona, not much 
research is now being done on the crop. 
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PYRETHRUM 

SCIENTIFIC NAME Chrysanthemum cinerariaefoZium (Trev.) Bocc, 
syn. Pyrethrum cinerariaefotium (Trev.) 
Family Compositae 
2n = 18 

COMMON NAMES Pyrethrum 03 

Pyrethrum (F) 
Piretrina (GP) 

USES AND ECONOMIC IMPORTANCE 

Pyrethrum, the insecticide, is obtained mainly from the flowers 
of C. cinerariaefotium. C. coccineum was the original source 
in Persia, but its toxicity is lower. In spite of the modern . 
chlorinated hydrocarbons and organo-phosphorus insecticides, 
pyrethrum still maintains its status as an effective insecti- 
cide against a broad range of insects with little development 
of resistant strains and low toxicity to mammals. It is non- 
inflammable and leaves no oily residues. The active ingredient 
is pyrethrin (l.O-1.3% in dried flowers). 

ORIGIN AND DISTRIBUTION 

Wild strains are found on the Dalmatian coast of Yugoslavia. 
It was introduced into Japan and Europe in the late 19th and 
early 20th century. Introduced into Kenya in the late 1920's, 
that country is now the leading producer (2/3 total world 
production) with an annual production of 12,000 tons of dried 
flowers. Now also cultivated in Tanzania, Uganda, Ecuador, 
Brazil, New Guinea and India. 

PLANT CHARACTERISTICS 

Tufted perennial herb, 30-60 cm high. Young plants have a 
rosette habit. Roots many and fibrous. Leaves alternate, 
lo-30 cm long including slender long petiole. Capitula 3-4 cm 
in diameter, borne singly on long, slender peduncles. Pyrethrum 
is self-fertile; it must be cross-pollinated to produce viable 
seed, usually by insects. A few high-yielding cultivars giving a 
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higher yield of flowers as well as higher content of active 
principle have been evolved in Kenya. 

ECOLOGY 

CLIMATE Pyrethrum thrives best in areas of 80-120 cm per year 
of evenly distributed rainfall. In the tropics, flowering and 
high pyrethrin content are obtained only at high altitudes - 
1800-2500 m in Kenya. Pyrethrin content is also higher in areas 
with low mean annual temperatures(up to 13OC). In Kenya, 
flowering starts in May and reaches a maximum from September 
to January. Monthly rainfall of up to 15 cm is good. 

SOILS Well-drained loams are the best suited. Cannot withstand 
waterlogging. In Dalmatia, pyrethrum is grown en calcareous, 
slightly alkaline soils. 

PHYSIOLOGY AND COMPOSITION 

Chilling (about 10 days at or below 15OC) is necessary to 
stimulate flower bud development. 

The insecticidal property of pyrethrum is due to the substances 
pyrethrin I, pyrethrin II, cinerin I and cinerin II, collectively 
known as pyrethrins. Pyrethrin I has the greatest toxicity. 
Kenyan pyrethrum contains a minimum of 1.3% pyrethrins with a 
high proportion of pyrethrin I. The pyrethrin content is greater 
at higher altitudea. 

AGRONOMY 

CROPPING SYSTEM Usually grown in rotation with wheat, maize, 
grass leys, etc. A crop of pyrethrum is normally retained for 
three years and then it is replaced by other crops in rotation. 
Therefore, to maintain the area under the crop, it is necessary 
to re-plant one-third of the total area every year. 

PROPAGATION From seed: sown thinly in the nursery and lightly 
covered with soil and kept moist under shade. Seedlings trans- 

planted when about 4 months old and lo-12 cm high. 

SOWING, SPACING Seedlings planted in rows along the contours 
at 90 x 30 cm: a good stand is important for which gap-filling 
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should be done as soon as possible. Ridge planting is 

recommended. On non-mechanized farms double rows of 30 x 30 
cm with 90 cm in between two pairs of rows are also common. 

NUTRITION Manuring does not influence pyrethrin content, but 
phosphorus application increases the yield. Usually 150-250 kg 
triple superphosphate per ha is applied and the effect lasts 
over'2-3 seasons. N and K have not been found to increase 
yields. A basal dressing of bulky organic manures is recommended. 

AFTERCARE Weeding is very important. Mulching between the rows 
especially'in dry seasons, and irrigation during the dry spells 
are beneficial. 

HARVESTING By hand-picking, usually by women and children. 
First picking is about 4 months after planting and thereafter 
at intervals of 2-3 weeks during the flowering period, which 
extends over 9-10 months in Kenya. The fully expanded flower- 
heads are harvested when the outer 4-5 rows of disc florets 
are open. An experienced picker can harvest up to 25 kg fresh 
flowers in a day. 

PROCESSING Harvested flowers are spread on trays and dried in 
special driers in which there is an upward draught of hot air 
passing over hot flues. In 6-8 h, the moisture content is 
reduced from about 80% to 8-10%. Fresh flowers should not be 
heaped: if heaped, they will start fermenting. Dried flowers 
are marketed as bales, or as an extract containing 25-30% pyre- 
thrins. 

YIELD 

About 200 kg/ha of dried flowers in the first year, and 800- 
1000 kg/ha during the second and third years at 2500 m elevation; 
yields are much less (300-400 kg/ha) at lower altitudes. 

PESfS AND DISEASES 

Pyrethrum thrips, Thrips niyro&G tosus, which damage the leaves, 
and T. tabaci, which damage the inflorescence, are the serious 
pests. The bud disease caused by the fungus RamuZaria bullu- 
nensis affects the buds, causing discolouration and distortion 
of the flowers developed from affected buds. 
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AGROFORESTRY POTENTIAL 

Pyrethrum is a good crop in tropical highlands with no 
pronounced dry seasons. It is usually grown mixed with, or 
in rotation with, other agricultural species in areas inter- 
spersed with trees. 

MAJOR REFERENCES 

Kroll, U. 1963. The effects of fertilizers, manures, irrigation 
and ridging on the yield of pyrethrum. E. Afr. Agri. & 
For. J., 28, 139-145. - 

Kroll, U. 1964. Effect of mean temperature on the content of 
pyrethrins of Chrysuntkzmum cinerariaefoZium. Nature, 
202, 1351-1352. 

Pyrethrum Post: Quarterly publication of the Pyrethrum Board 
of Kenya. 
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Hsvea brasC2Censis Ihell. - Arg. 
Family EuphorbZaceas 

Para rubber (El 
Caoutchouc (F) 
Gaucho (SP) 

USES AND ECONOMIC IMPORTANCE 

It has been estimated that some 50,000 different products are 
made from rubber directly or indirectly. About 70% of total 
rubber consumption is forthe manufacture of tyres and tubes, 
about 6% for footwear, and about 4% for wire and cable insulation. 
Rubber powder with bitumen is used for road surfacing. Synthetic 
products and the increasing use of plastics pose competition to 
natural rubber. The kernel, which constitutes 50-60% of the 
seedr contains 40-50% of a semi-drying oil, and the cake after 
oil extraction contains about 30% protein. 

ORIGIN AND DISTRIBUTION 

Para rubber is a native of the rain forests of the Amazon basin. 
It was introduced about a century ago to Malaya, which now 
accounts for 92% of the world's natural rubber. Other producing 
countries in Asia are Indonesia, India, the Philippines and Sri 
Lanka. Africa accounts for 7% of world production, Nigeria, 
Liberia and other West African countries being the main producers. 
Brazil, the natural home of the crop, accounts for less than 1% 
of the total production. 

PLANT CHARACTERISTICS 

A quick-growing, often deciduous tree up to 25 m high, with 
copious white latex in all parts. The tap-root is well- 
developed, with long,branched laterals. Trunks are tapering 
from the base in trees raised from seedlings, and cylindrical 
in trees raised from buddings. In saplings, leaves appear in 
tiers. The latex vessels are modified sieve tubes and are 
arranged in concentric cylinders in a counter-clockwise direction 
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at about 3.5O to the vertical. The number of vessels per ring 
and number of rings vary with age and thickness of the bark. 
The bark is usually lo-11 mm thick. The bark that is removed 
by tapping will be renewed in 7-8 years. 

Leaves are trifoliate and spirally arranged. Petioles vary in 
length from 2-79 cm, though usually are 15 cm. Lamina is 
usually 15 x 5 cm, but varies. Young leaves are purple bronze 
in colour and turn green and brittle on hardening and orange- 
yellow or red before falling. In Malaya, a 'wintering' occurs 
when the leaves are shed after $he dry weather at the beginning 
of the year, and new leaves are then produced. 

Inflorescences are many-flowered axillary panicles borne on the 
basal part of new flush. Flowers are small, scented and unisexual. 
Female flowers are larger, at the terminal ends of main and 
lateral branches; male flowers are many, 60-80 per each female 
flower, and smaller. 

Flowering lasts over 2 weeks. Only very few of the female flowers 
set fruits, which ripen 5-6 months after fertilization. The 
fruit is a 3-lobed capsule, 3-5 cm in diameter with 1 seed per 
carpel; seeds are large (3 x 2 cm),shiny, and weigh 2-4 g. 
Pollination is entomophilous, mainly by midges and thrips. Some 
clones are self-incompatible. 

Considerable progress has been achieved in rubber breeding (by 
hand pollination) and several high-yielding clones have been 
developed. They are mostly known after RRIM (Rubber Research 
Institute of Malaysia), or private plantations like Glenshiel 
(GL), Prang Basar (PB) etc. 

ECOLOGY 

CLIkYATE Rubber is grown mostly between 15ON and 10's latitudes 
in low altitudes (up to 300 m) having a hot, humid and equable 
climate with temperature ranging from 23 to 35OC, and a well- 
distributed rainfall of 180-250 cm per annum. Wide temperature 
ranges and pronounced dry periods are not preferred. 

SOIL In the native habitat, rubber trees are found growing in 
swampy areas, but cultivated plantations do best on deep, well- 
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,7; 
'drained loamy soils with pH 4.5 to 6, and moderate fertility. 
;; 

f:PHYS’OLOGY AND COMPOSITION ’ 

i:The tree does not tolerate prolonged drought. Production of 
i$atex is stimulated by application of hormones, the one used 
,r.: 
svidely being ethryl. 
i- 
:The latex consists of a colloidal suspension of rubber particles ~. 

(30040%) in an,aqueous serum. 

:-Rubber is a hydrocarbon, cis-1, 4-polyisoprene, (C5HS),. It is 
-manufactured in the plant from carbohydrates, but its exact 
'function in the plant is not known. Latex also contains proteins, 
resins, sugars, glucosides, tannins, alkaloids and mineral salts. 

AGRONOMY 

-CROPPING SYSTEt! Rubber is normally grown on a plantation scale, 
but when planting rubber on any but good soils on level grounds, 
leguminous cover crop- 3 are strongly advocated. Rubber is also 
grown on small holdings: in Malaysia, about 70% of the total 
area under rubber and 60% of total production are accounted for 
by small holdings of less than 4 ha. On most small holdings, 
intercropping is practised for the first 3-5 years. In some 
countries, rubber is planted at wider spacings with permanent 
mixtures of cro'ps like coffee and cacao. 

PROPACA ,“IS.? Earlier plantations were raised from seed. Seeds 
remain viable for a short time (one month) after collection and 
germinate 3-25 days after sowing. Even now seedling rubber is 
established in sizeable areas. Seeds are first germinated in 
shaded nurseries, with friable soil, coir dust, or sand, and 
after three weeks, the germinated seeds are planted in nurseries 
at 30 x 30 cm spacings. One hectare of nursery will give approx- 
imately 25,000-30,000 seedlings of the required size for pulling 
out when 10-15 months old, for planting in the field. 

In recent years, budding has been used widely for propagation of 
rubber, especially by progressive planters. By this method, it 
jas been possible to raise plantations with a high latex yield. 
Fhe stock plants are raised in nursery, and then can be budded 
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when they attain about 8 cm girth at about 8 cm height from the 
ground. !Fhe bud is taken in about three weeks and the budded 
stocks can be stumped 6-7 weeks after budding. In stumped 

budding, the scion is allowed to remain in the nursery for 
12-18 months after budding. Crown budding is also practised, 
mostly to produce a disease-resistant cram on a high-yielding 

frame. 

In recent years, the use of 'clonal seeds' obtained from good 

monoclonal plantations or from a mixture of high-yielding poly- 
clones is becoming popular. But the clonal seedlings are more 
variable than budded rubber and selective thinning of close 
plantings is adopted to improve production. 

PLANTING If a forest area is cleared for planting rubber, all 
commercial timber is removed and the stumps are removed along 
the lines or contours of the proposed planting. It is usual 

to burn the original growth to establish cover crops. 

Closer plantings give lower yields per tree and per tapper, but 
higher yields per hectare. Optimum planting density is based on 
a compromise between yield per tree and output per tapper. Of 
late, the practice is to plant more plants initially, 375-450 
buddings or 500-600 seedlings per hectare, to be thinned down 
finally to 250-300 per hectare in two stages, one when three 
years old, based on girth, and later after the next 3 years, 
based on the initial yield. Planting distances are 4.5 x 4.5 m 

for buddings and 4 x 4 m for seedlings: also used are rectangular 

plantings of 9 x 2 m. 

AFTERCARE Care of seedlings and maintenance of the leguminous 
cover are the major operations during the pre-tapping period. 
The usual cover crops are CaZopogonium mucunoides Desv., Cent- 
rosema pubescens Benth. and Pueraria phaseoZoides (Roxb.). 

MANURING Response to manuring depends upon soil type, culti- 
vation practice (cover crops), yield level, etc. Nurseries 

usually receive NPK fertilizers. Potassium and magnesium 

deficiencies are usually widespread. A general fertilizer 
dose consists of 120-140 g N, 110-140 g P205, 160-210 g K20 

and 70-100 g MgO per adult tree per year. 
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‘- TAPPIlllG The latex vessels are more numerous near the cambium; ,' 
,' therefore it is necessary to make the cut as near the cambium 

as possible. Because the latex vessels are disposed vertically 

.:. at a slight angle (3.S") to the right, the tapping cut slopes 
I- 1 down to the right. The latex flows along the cut and then down 
,. a vertical guide line at the base of which a metallic spout is 
::'- fixed which directs the latex to a cup (usually half a coconut I- ;i: )- 
;. shell). :_ The amount of bark removed at each tapping should be 
6, 
: minimal to re-open the vessel, at an average of 25 cm per year 

for alternate daily tapping. 

: The usual tapping is s/2-d/2 (indicating a half=spiral tapping 
cut with tapping in alternate days) and this is referred to as 
100%; s/2.d/1 is 200%. Trees are rested for some time, usually 

,; ,: at 'wintering' and during heavy rains: e.g., 5m/9 means the 
t, tree is rested for 3 months after 6 months of tapping. 

: Tapping begins at 6-6.30 a.m. One tapper can tap about 400-500 
trees between 6 a.m. and 9 a.m. 

Trees attain tapping age in 5-7 years after field planting, 
when about 70% of trees will have attained a girth of 50 cm at 
125-150 cm height from ground. Usually the bark renewal takes 
place in about 10 years. The second panel is opened at the 
opposite side of the first panel. Yields drop markedly in 
second renewal bark. When rubber is to be replanted, a 
slaughter or intensive tapping is done for three years. 

PRUCESSIIJG The latex, if not taken immediately to the factory, 
is prevented from coagulating by adding lo-25% ammonia. In 
the factory, the latex is strained and rubber content is 
estimated by special hydrometers for specific gravity measure- 
ments. For preparation of smoked rubber, the latex is diluted 
to 12-158 rubber by adding water and is poured into coagulating 
tanks where acetic or formic acid is added (one part of 4% 
formic acid to coagulate 100 parts of latex diluted to 12% 
rubber). The rubber coagulates as a soft whitish mass, which 
is taken out and passed through grooved rollers to produce a 
corrugated or ridged surface. The sheets are then dried in a 
smoke house for four days at SO-5S°C temperature, and then graded 
and packed in bales. 

I 
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Cre^pe rubber is produced by passing the coagulated sheet 
rubber through special rollers running at unequal speeds. 
Drying is done in smoke-free houses. 

YIELD 

Average yield of unselected clones is about 500 kg/ha, and of 
budded clones about 1000 kg/ha (dried rubber). Modern clones 
yield about 2000 kg/ha in commercial, estate production. 

PESTS AND DISEASES 

Rubber is affected by a num!r of fnungal diseases, the more 
serious being black stripe or leaf blight, Phytophthora palmfuara; 
powdery mildew, Oidium hsvsae; pink disease, Corticium satmoni- 
COtOr; and South American leaf blight, which is the major limit- 
ing factor to rubber production in South America, caused by 
Microc~ctus u hi. Plant protection by fungicidal sprays is a 
routine operation in rubber estates. 

Rubber is relatively less attacked by insect pests than by 
fungal diseases. Nutritional disorders also cause disease- 
like symptoms. 

AGROFORESTRY POTENTIAL 

Most of the rubber plantations have been establisCed in cleared 
forest land; of late, rubber is being taken up as a smallholder 
crop I and in such cases, intercroppings of various intensities 
and forms are practised. Leguminous cover crops, which form an 
essential part of rubber cultivation when intercropping is not 
practised, provide protection to soil and build up soil ferti- 
lity. Thus, rubber cultivation presents a good form of agro- 
forestry. 

RESEARCH INSTITUTIONS AND REFERENCES 

Considerable research has been undertaken on various aspects 
of rubber, and almost all the Asian rubber-producing countries 
have rubber research institutes. The foremost among them is 

the Rubber Research Institute of Malaysia (RRIM). 
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. 
The various publications of RRIM, including the Annual Report, 
Journal (published quarterly) and the Planters' Bulletins 
(published bimonthly), are the major reference materials. 

Two year-old budgrafted rubber 
Research Institute of Malaysia). 

trees intercropped with banana (Photo credit: Rubber 
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ic ‘. BAMBARA GROUNDNUT Voandzeia subterratzea (L.) Thou. 

:, (Leguminosae - Papitionoideael 

I*" Bambara groundnut is an important local African pulse crop, -). 
:-- and like the groundnut plant, Arachis hypogaea L., it produces I : 
ii:,- its fruit under the soil. The ripe seeds contain about 60% : .: carbohydrate, 18% protein and 6% fat. It is indigenous to 
8;. 

tropical Africa and is mainly grown there, but it is also 
;- found in Asia, and parts of South and Central America. 

i The plant is a branched, herbaceous, annual legume with a 
creeping, almost slubmerged, much-branched stem approximately 

. lo-15 cm in length. Rooting takes place at the nodes and the 
;-. internodes are very short, giving a bunchy appearance. '<‘ Leaves 

are pinnately trifoliate with long, erect, grooved petiole. 
_' Inflorescence is axillary, usually a-rflowered; flowers are 
1. usually self-pollinated. ,. After fertilization, the gynophore 
;. 
: elongates and pushes the ovary into the soil where the pods 

develop. Pods are 1-2 cm in diameter and contain one or more 
hard seeds. There are several types of bambara groundnut. 

'1 Bambara groundnut prefers a hot climate with an average day 
temperature of 20-28OC. It is usually grown in poor soils 
that are unsuitable for Arachis h3pogaea L. It is adaptable 
to a wide range of conditions, in elevations up to 1500 m. 

The crop is propagated by seed, and is usually intercropped 
with cereals such as pearl millet, other legumes, and cassava. 
Usual spacing is lo-15 cm along rows, and 45 cm between rows 
when grown in pure stand, for which the seed rate is SO-60 

' kg/ha. The rows are usually earthed up to promote fruiting. 

The crop is remarkably free from pests and diseases. It 
matures in 4 months, and is harvested by pulling up the entire 
plant. Average yield is about 700 kg/ha; yields over 3000 kg/ha 
have also been reported. 

' Because of its adaptability to grow on poor soils under a wide 
range of conditions, and its suitability for intercropping, 
bambara groundnut is a good species for agroforestry. 
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CUCURBITACEOUS CROPS 

Several members of the dicotyledonous family Cwcur&itaccas that 
are extensively cultivated all over the tropics for their 
fruits are of special importance in agroforestry. This is 
because of their adaptability to a wide range of conditions, 
their preference for shady conditions, the ability of some 
species to thrive on sandy and other poor soils and withstand 
high temperatures and low humidities, and their relative ease 
of management. 

Most of the cultivated species are quick-growing, prostrate or 
tendril-climbing annuals having extensive superficial root 
systems, and hollow angled stems which are usually prickly or 
hairy and have bicollateral vascular bundles. Leaves are alter- 
nate or arranged spirally with Z/5 phyllotaxy, usually simple, 
broad, deeply cut and borne on long petioles. A tendril, a 
leafy branch, and a flower occur on the leaf axil. Flowers 
usually occur singly; they are unisexual, and the plants are 
either monoecious or dioecious. The fruit, known as a pepo, 
is typical, fleshy, berry-like and has a hard rind. Seeds are 
without endosperm, and are usually flattened. 

The cultivated genera that are important for tropical agro- 
forestry are Benincasa, CitrutZus, Cucumis, Cucurbita, tuffu, 
Momordica and Trichosanthes. 

BITTER GOURD Momordica charant<a L. 

The young bitter fruits of this plant are used as a vegetable 
or pickled in India and Southeast Asia: they are also used in 
indigenous medicines. The tender shoots and leaves are used 
as spinach. The plant, the origin of which is unknown, is 
now spread all over the tropics. It is a slender monoecious 
annual climber with a 5-angled stem, simple tendrils, palmately 
lobed, medium-sized (5-17 cm) leaves, and axillary solitary 
flowers, about 3 cm in diameter. The fruit is 5-25 cm long, 
many-seeded and has numerous tubercles. Seeds are l-l.5 cm 
long and lightly brownish. 

Bitter gourd is ?:sually interplanted with other vegetables and 
given support. Well-drained soils with medium fertility are 
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best. The plants begin to flower about one month after 
planting; the first fruits are ready for picking about 3 weeks 
later, and plants continue to bear fruits lFor the following 
lo-12 weeks. 

. . 
CUCUMBER Cucumis satilua L. 

The fruit is popular all over the world and is eaten either as 
a vegetable a-fter cooking, or as a s-aZad before it is fully 
ripe. The tender vegetative parts are used as a spinach in 
Southeast Asia. The fruits, especially of the small-fruited cvs 
called gherkins, are also pickled. The plant has been in 
cultivation since very early times, and is believed to be a 
native of India. Today it is cultivated throughout the tropics 
and some types are also grown in temperate regions. Numerous 
cvs, differing mainly in their fruits, are cultivated. 

The plant is a trailing monoecious annual herb with extensive 
and superficial root system, rough branching stems, stiff 
bristly hairs, unbranched tendrils, long-petioled, alternate 
shallowly lobed, light-green leaves, large, showy male flcrers 
that are borne in groups of 2-3, and usually solitary, axiilary, 
female flowers. The fruit is globular-to-oblong, depending 
upon the cv., with pale green flesh, and seeds are flat, white, 
and 8-10, mm long. Bees are the main pollinating agent. 

Cucumber prefers a warm climate with mean day and night tempera- 
tures of 30°C and 20°C. It does not tolerate waterlogging; 
similarly, high humidity favours fungal diseases such as 
downy mildew. Fertile sandy loam soil with a pH cf 6.5-7.5 
is most suited. 

Like other cucurbitaceous plants, cucumber is propagated from 
seeds planted on hills about 1 m apart, with 2-3 plants per 
hill. The crop responds well to organic manures- The fruit 
is picked at different stages of maturity, beginning about 2 
months after planting. Average yields are 4000~.*6000 kg/ha. 

Cucumber is also a good species for agroforestrl, as it grows 
and yields satisfactorily under light tree canclpies in a . 
variety of conditions. 



LUOFAH Luffa sm. 

Two species of Luffa are grown, mainly in the Ea'st, for their 
tender fruits which are used as vegetables. 

Luffa acutangula (L.1 Roxb. is the angled loofah popular in 
Inida and the East; unlike other cucurbits, it grows well in 
the low humid tropics. It is a stout monoecious climber, with 
acutely S-angled stem, hairy tendrils, and 5-7 angled, shailowly- 
lobed pale green leaves. Fruit is club-shaped, 15-50 x S-10 cm. 
Loofahs grow better in richer soils. Fruits are harvested when 
they are tender; on maturity they turn bitter and inedible. 
Harvesting of tender fruits st arts about 2 months after planting. 

Luffa qjltindrica (L.) M.J. Roem is commonly called smooth loofah, 
sponge gourd, or vegetable sponge. Loofah is the fibro-vascular 
network of the ripe fruit, which is used as a sponge for clean- 
ing purposes and in the manufacture of table mats, gloves, pot 
holders, etc. The plant is a native of tropical Asia, possibly 
India, but the best loofahs are now produced in Japan. It is 
a vigorously climbing annual with 5-angled stem; broad, ovate, 
5-7 lobed leaves; and cylindrical fruits, 30-60 cm long with 
light furrows or stripes. It does not grow and flower well in 
very heavy rains. 8, moderately fertile and well-drained soil 
is preferred. Tender fruits are harvested for use as a vegetable 
in India and the East, but for loofah, the ripe fruits are 
required, and the.y are harvested 4-5 months after planting. For 
producing loofah, the fruits are immersed in tanks of running 
water until the outer walls disintegrate; the seeds and pulp 
are then removed by washing, and then the loofah is bleached 
and dried in the sun. 

MEL3N Cucumis melo L. 

The fruits of many varieties of the vine, Cucumis melo are 
cultivated all over the world for the fresh flesh of the fruit, 
which is eaten out of the rind. The centre of origin of the 
species is unknown, and different types are popular in different 
parts of the world. They include: 

Gantatoupss of Europe with thick yellow rind; Musk-Melons of 
U.S.A. which are smaller fruits with finely netted-to-smooth 
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rind; Casaba'MeZons with large fruits and smooth or striped 
: yellow rind, and melons grown in India, China,‘ etc. which are 

-,- -3+aa rrv.r=-,-. .' resembling cucumber and used as a vegetable. 

The~plant is a trailing, softly hairy monoecious annual with 
large superficial root system and ridged stem. Leaves are 
alternate, 8-15 cm in diameter, shallowly lobed and carried . . . 
on long petioles. Flowers are staminate or hermaphroditeb 
axillary, and solitary, and are pollinated by insects, mainly 
bees. Fruits vary depending upon the type. Seeds are whitish, 
flat, and 5-1s mm long. 

The plant does well in neutral soils of the hot, dry tropicss 
excessive rain and'humidity are detrimental; very acid soils : 
are also not preferred. It is propagated by seed which is . 
planted shallow, 1.5-2-O m apart in pits, on the k'iat, on hills 
or ridges. The plant responds well to organic manures.. The 
fruits are ready for harvest 3-4 months after planting. 

Melons give best results when they receive abundant sunlight. 
However, they produce fairly good yields under partial shade 
and they are somewhat drought tolerant. Thereftra, they are 
important species for agrofores,ry, especially on small farms 
and in backyards. 

PUMPKIN, SQUASH, MARROW CucurbLta spp. 

Several species of Gucurbita are cultivated throughout the 
tropics for their edible fruits; which are used as vegetables; 
however, there is considerable confusion in their commercial 
terminology. In general, the plant known as pumpkin, squash 
and marrow belong to the genera c'ucurbita. The important 
species are G. maxima, G. pepo, G. moschatn and mixta. All of 

them have originated in the Americas. 

G. maxima Duch ex Lam. (Pumpkin) is a monoecious, long-trailing 

vine that is popular in most parts of the world. There are 

several types and varieties, differing mainly in the shape 
and size of fruits; in some varieties fruits of enormous size, 
weighing more than 50 kg, are produced. They are grown commonly 

in the drier parts of the tropics or in drier seasons in humid 
areas, where they yield quickly and heavily with little attention. 
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Fruit is soft- or hard-shelled, dull or brightly-coloured with 
fine-grained yellow flesh. 

G, pepu L., COIWW&- I-=z?m as marrow, is widely distributed in 
tropical as well as temperate regions in a wide variety of forms. 
They prefer rather warm temperatures but are tolerant of cooler 
temperatures also. The stem is angularland rather prickly and 
the leaves are roughly triangular, somewhat deeply lobed into 
five rather pointed lobes. Fruits vary considerably in size 
and shape from long to rounded to flattened and more spherical, 

G. moschata (Duch. ex Lam.) Duch. ex Foir is commonly known as 
pumpkin or winter squash, Since it tolerates hotter climates 
than other species of Cucurbita, it is most widely cultivated. 
The stem is soft, and round or smoothly angled, and devoid of 
prickly !ttirs, Leaves are large and shallowly lobed. Fruit is 
variable, dull in colour; flesh is yeiiow-to-dark orange and 
fine-to-coarse in texture. 

G. mixtz Pang. is also known as winter squash or pumpkin; it 
was originally included in the species C. mO8chata. It is less 
widely cultivated in the tropics than other species. Stems are 
hard and five-angled; leaves large and moderately lobed, fruit. 
hard- or soft-shelled, dull in colour and coarse-grained. 

Propagation of cucurbits is by seeds and they are usually inter- 
planted with other crops, especially in peasant agriculture. 
Plants respond well to organic manuring. Mature fruits can be 
harvested 3-4 months after sowing, and they store well in 
temperatures of around 10°C. 

SNAKE GOURD Trichosanthes zucumeri~a L. 
syn. T. asguin~z L. 

The tender fruits of snake gourd are cooked as a vegetable and 
form one of the ingredients of curry. 

Snake gourd is believed to be a native of Asia, and is now 
cultivated mainly in India and Southeast Asia, and occasionally 
in the West Indies. The plant is a monoecious climbing annual 
with a slender stem, branched tendrils and angular, lo-25-cm 

long leaves. Flowers are axillary, white, and solitary. Fruit 



., 

SO-150 cm long and"tapering,* 15-25 cm in diameter. 
and bitter. 

,+-The crop prefers a well-drained fertile soil and warm climate: 
LL-e.xcessive rains are not preferred. i They are planted over 1 m 
:-,-apart and trailed on to trellises. Flowering starts about 1 C'- 
Lcmonth after planting and a weight is usually Sung to the end 
':of the growing fruit to keep it straight. I". The fruit is ready 
:- 
1 

I 

for harvest about 8 weeks after flowering, and the crop dies 
away 6-7 months after planting. It can be grown on trellises 
under light-canopied trees. 

WATERMELQN CitruZZus lanatus (Thunb.) Mansf 
syn. C. uutgaris Schrad 
Cotasynthis citruZZus (L.) 0. Ktze. 

rlon is a dessert fruit of the tropics and a preferred 

1' thirst quencher in the arid regions. The seeds contain an 
:-oil that is used as an illuminant and for cooking. The plant 
;. is a native of tropical and subtropical Africa, and is now 

cultivated throughout the drier parts of the tropics for 
local markets. There are a number of cvs with great variations 

! in the size and taste of fruits. 

The plant is a slender hairy monoecious annual with rough, 
angular stems and dark green, alternate, long-petioled leaves. 
The pale yellow flowers are smaller than those of pumpkin and 
squash, and they are produced singly in leaf axils. Pollination 
is by insects. Fruit is globose, up to 60 cm in diameter with 
a glabrous green or cream, mottled or striped rind. 

It is cultivated mostly on fertile sands, especially on the 
river banks, in hot and dry areas. Propagation is by seeds 
which are usually planted 2-3 m apart on mounds at the rate of 
6-8 seeds per mound. Fruits will be ready for harvest in 4-5 
months, and peduncles are retained on the fruits while they are 
harvested. Fruits can be stored for 2-3 weeks. An average 
crop gives about 1500 marketable fruits per ha, each weighing 
5-10 kg. 

I Watermelons prefer abundant sunshine for optimum results. 
However, they can be grown under trees on poor sandy soils in 
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the drier regions where other crops seldom grow. 

WAX GOURD Benincasa hispida (Thunb.) Cogn. 

'Fhe plant is also known as white Tourd or ash gourd. Its ripe 
young fruits are cooked as a vegetable, and as a substitute 
for cucumber. The seeds are fried and eaten and young leaves, 
vine tips, and flower buds are eaten as spinach. It is grown 
mainly as a household crop throughout the Asian tropics, and 
is little known elsewhere. 

The plant is a robust, fast-growing, creeping vine resembling 
pumpkin vine. Three to four crops can be grown annually. It 
is usually planted on mounds or ridges, and trailed on to 
trellises, trees, or roofs. The fruit is succulent and heavy, 
spherical-to-oblong, about 50 x 25 cm and weighing up to 25 kg; 
it needs firm support. The seeds remain viable for up to 10 
years and germinate in l-2 weeks. The fruit is usually harves- 
ted in 4-5 months. 

ONION AZZium cepa L. Ikltiaceae - Liliaceae) 

Onion is one of the oldest cultivated species, and one of the 
most popular vegetables in,the world. (It is also considered 
a condiment). The immature and mature bulbs, which are eaten 
raw, cooked, or as pickles, are the most important produce, 
but the green leaves are also eaten raw and used in salads. 

Onion is believed to be a native of the region from the Middle 
East to India, and is now cultivated throughout the tropics 
in the drier regions, sometimes under irrigation. The major 
producer is the U.S.A.; Spain, Turkey, Egypt and India also 
produce substantial quantities. 

The plant is a herbaceous biennial, usually grown as an annual. 
It has a very short flattened stem at the base from which shallow, 
fibrous roots arise. From the broadening apex of the stem, alter- 
nate glaucous distichous leaves are produced in succession, 
approximately one every week. The leaf blade, initially solid, 
later becomes hollow and emerges from the apex of the leaf sheath 
of the previous leaf. After some initial growth, the bases of 
the leaves become thickened and the innermost leaves form thic- 
kened sheath bases with aborted blades, and thus the bulb is 



The outer leaf bases become thin and dry. When the 
produced: instead, the stem 

apex elongates into 3~ izflszzzzer.ca ~~13 irnown as the scape; 
inflorescence, consisting of 

Flowers are cross-pollinated by / 
%': insec&.; the fruit is a globular capsule and seeds are smooth i 
1: and plump, 6 x 4 mm. Several,cvs have'been identified. 
- 
: Though adapted to a wide range of conditions, onions prefer a 

mild climate with cool conditions and adequate moisture but not 
excessive rains for early growth, and warm and dry conditions 
towards maturity. The optimum photoperiod is 11-16 h. They 
are grown on a wide variety of soils; optimum pH is 6-7. 

1:~ The crop is propagated by seeds (about Skg/ha) which are either 
; sown directly or 10012-weeks-old, and about 20 cm-long bulbs 
; are transplanted from a closely planted nursery. Normal spacing 
; is about 10 cm apart in about 40 cm-wide rows. Irrigation is 
? needed in drier climates. The crop responds well to organic 

manures; fertilizers are commonly applied when grown commercially. 
' Maturity is attained in 90-150 days, when the tops drop. Har- 

vested bulbs are cured by drying under shade for S-10 days. 
Average yield is about lot/ha; much higher yields have been 
reported. 

The crop needs some care, including manuring and irrigation, 
for optimum results. However, it can be grown for supplementary 
income in the backyard along with other species, and also under 
light canopies of trees. 

WINGED BEAN (GOA BEAN) Psophocarpus tetragonolobus (L-1 DC 
(Leguminosae - Papilionoideael 

This legume, which is also known as aspargus pea, four-angled 
bean and Manila bean, 3s grown mainly for its tender pods which 
are sliced and cooked like green beans, but the rip% seeds are 
also eaten: young leaves, shoots and flowers are used as a 
vegetable and the tuberous roots are also cooked and eaten. 
It is also fodder and green manure cover crop. 

The nutritive value of the ripe seeds is very close to that 
of soyabean, with high contents of vitamin A and lysine. 
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The plant is believed to be a native of Asia, or of Africa 
from where it spread to Asia. It is now grown mainly in South 
and 5outneast ASla (extensively in Melanesia), and to YU~~Z 
extent in West Africa. 

It is a climbing perennial, usually grown as an annual. It 
grows to about 3 m height when supported. Roots are numerous 
and heavily nodulated; they arise from main laterals running 
horizontally near the soil surface and become thick about 2 
months after planting. Leaves are trifoliate with long 
petioles; flowers are borne on axillary racemes bearing 2-10 
blue or whitish flowers; pollination is mainly by bees, in the 
absence of which pod set may be low: pods are four-sided with 
characteristic serrated wings, each containing 5-20 seeds up to 
1 cm hfig bind &it=, yelkxe =r bgych.7: j.r. -cl1 fit*r w-e---: 

The plant is grown between 10°S and 20°N latitudes, in elevat.ions 
up to 2000 m. It thrives best in hot wet climates with an 
annual rainfall of 1500-2000 mm; short days are preferred for 
normal flower induction. The crop is adapted to a wide range 
of soils provided they are well drained; it does not tolerate _.. 
salinity and waterlogging. 

Winged bean is propagated by seeds, and is often grown mixed 
with other annuals, and sometimes in pure stands. Trellises 
or wire fences are provided to support the plant. Usual 
spacing is 60 x 60 cm with 3 seeds per hole. Spacing varies 
considerably in different countr!es: closer spacing is adopted 
for root production. First greer pods are ready for picking 
8-10 weeks after planting, and production continues for several 
weeks. Tubers can be harvested 7-8 months after sowing. Yield 

varies considerably: seed yields from 1000-2500 t/ha and equal 
quantities of tuber yields are common. 

Winged bean is a crop of very higiz potentiai for small-scale 

production and it seems to be very suitable for agroforestry 

in tha humid tropics, where it can be grown under trees, and 
the trees can be used as supports or as trellis poles. 
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BRAZIL NUT BertholZetia exceha Humb. & Bonpl. 
(Lee? th7:.4flCbEc! 

-, 
Brazil nut, one of the important commercial nuts, is the seed of 
this tall large tree that grows to about 40 m height, mostly 

in a wild state,in the Amazon forests. The kernel contains 70% 
,- 

oil, and it is also used as a food by .tie local Indians in the 
Amazon basin. Nearly all the world's supply of Brazil nuts of 

'I 
over 50,000 t/year is obtained from Brazil, mainly from Para 
State (Brazil nuts are therefore also called Para.nuts); 
attempts to introduce the tree to Malaysia, the West Indies and 
elsewhere have not been successful. 

The tree has a straight trunk, which gives excellent timber: 
leaves are alternate: short-stalked and iarge i25-50 x 13-15 cm); 
flowers are pale yellow, about 5 cm in diameter, borne in up- 
right panicles; fruit is woody, globose, brown, 12-15 cm in 
diameter with a very hard, thick outer shell. There are about 
12-24 seeds in a fruit; seeds are triangular in transverse 
section, and the edible portion consists almost entirely of 
the swollen hypocotyl. 

The trees begin fruiting when they are lo-15 years old; the 
fruits take about one year to ripen. The fruits fall off 
naturally and are collected and then opened with a machete 
or small axe to separate the seeds. 

Since the tree grows very tall, it can be used in spite of its 
relatively dense canopy as an overstorey species in agroforestry. 

CUSTARD APPLE (SWEETSOP OR SUGAR APPLE) 
Annona squamosa L. (Annonaceae 1 

Custard apple is the most popular among the annonaceous fruits. 
Another species, A. reticulata, known as "bullock's heart", is 
alsa sometimes referred to as custard apple. The edible portion 
is tne custard-like, granular pulp in which the seeds are 
embedi3ed. The pulp contains 16918% sugars and it has a characte- 
ristic sweet, slightly acid taste: it is commonly used as a 
desse*Pt fruit. 



i:: _ I ’ I 52 c pi: .:.-- .-:, ‘: *- ,y,, ,-; .-i.;. .,. _- ,: i ._ ,,. _- -_ ., ,:’ _. ,-_i-. “^. _; , iao 
. , 
.- 
.-. 

FRUITS AND NUTS 

The plant is a native of the West Indies and Sc,'.h America and 
ill now wicieiy ijrz2 +hrouahcT:t t& trorJicn a_t x< ;: =-A m--*t.*+- - -*.1 .,-me V.. 
altitudes, especially in Southea:>t Asia. It is ,F woody shrub 
or emall tree with a fairly stout t:*unk that xeac)x+s a height 
of S-6 m. The branches have alterrbate, lenccl?olat:r. and acuminate 
leaves. The flowers are greenish-yel;urJ in &our and are 
borne singly or in small groupe in extraLLxillary position. 
The fruit is yellowish-green, heart-shaped, 7-10 cm in diameter 
and covered with rounded fleshy tubercules representing loosely 
adhering carpels that separate readily when the fruit is ripe. 
The fruit has a whitish or bluish bloom when it is ripe. 

The fruit is very perishable and is therefore not very popular 
out,~Ldn the area where it is grown. Fruit set, which under 
'natural circumstances is low, can be enhanced by hand pollina- 
tion. 

Similar to other annonaceous fruits, custard apple also has 
not received much research or commercial attention so that it 
has not gained much popularity. It is usually a crop of tha 

backyard where it grows in admixture with other fruit trees 
and shrubs and herbaceous species. Under such circumstances, 
it can be advantageously used as an agroforestry species. 

DURIAN Dtcrio atibs t+ltitl~ Murr. lP~~m~;la~?acsa~ ! 

Durian is a famous, but somewhat controversial fruit of the Far 
East. It is grown mainly in Malaysia, but is also popular in 
Indonesia, southern Thailand and the Philippines. At tempts 

to grow it in other places of similar climatic conditions have 
not so far been successful. 

Durian is a medium-sized or large tree growing up to 30 m height. 
Leaves are oblong and acuminate; flcwers are cauliflorous, large, 
and white or pink. Fruits take about 3 months to develop. The 

fruit is a large ovoid-to-spherical capsule that grows as larrle 
as 30 cm long and 15 cm in diameter. It has a hard, thick, 
sharp-prickled skin. The fruit does not mature until it falls 
from the tree. The interior of the fruit is divided into five 
cells, each containing up to four seeds enveloped in a firm, 
cream-coloured, edible pulp, which must be eaten within a short 
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time as it becomes rancid and sour quickly. 

The fruit has a strong, disagreeable odour that has bcsii 
Sscr;ibeci as an abominable stench of over-ripe cheese, rotten 
onion, turpentine and bad drains. People in Malaysia and the 
Far East are very partial to the fruit, but others find it 
difficult to overcom the odkur, Wild animals, particularly 
elephants, tigers and monkeys, are very much attracted by its 
odour. 

Durian is grown in humid lowlands up to 800 m elevation. 
Propagation is by seeds, but improved types can easily be 
reproduced by budding. Fruiting commences about 7 years after 
planting. The seeds lose their viability very quickly. There 
are a few other species of Durio, but they are virtua1l.y unknown. 

Durian trees provide important revenue for villagers and 
farmers, 9yTn with very little care. They are usually grown 
mixed with other species. Thus, in Southeast Asia, Durian 
can be used r\dvantageously as an agroforestry species. 

GUAVA Ptrtidium guojava L. fElyrtaceae) 

Guava is a very popular fruit of the tropics; the fruits vary 
in size and flavour, ranging from sweet to tart. They are 
either eaten raw or after removal of the seeds they are canned, 
and made into jam, jelly, paste, juice and nectar. Guava is 
rich in vitamin C. It is a native of tropical America, but 
today it is widely distributed all over the tropics; in some 
places (for examplec Fiji) it has even been declared a weed. 

The plant is a shallow-rooted large shrub or small spreading 

tree, 3-10 m in height. The main trunk branches near the base 
with several more-or-less erect branches, each with laterals. 
However, in cultivation, the trees are pruned to a more regular 
shape. Leaves are opposite and glandular, 5-15 x 3-7 cm. 
Flowers are axillary, 2.5-3 cm in diameter, solitary or in 2-30 
flowered cymes, white in colour. The fruit is a globular, pear- 
shaped berry S-10 cm in diameter: the calyx lobes persist 
at the tip: the exocarp is pale green to bright yellow; the 
fleshy mesocarp is of varying thickness and colour, and numerous 
3-5 mm long seeds are embedded in the flesh. There is considerable 
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variation in the size, shape, colour of flesh and flavour of 

fruits. 

Guava grows in the tropics from sea level to about 1500 m 
elevation in a wide range of conditions. It can withstand 
occasional waterlogging, high temperatures and drought, but 
not frost. 

The most common method of propagation is by seeds that are first l 

sown in a nursery. Vegetative propagation is also practised by 
budding and grafting, in which case the watershoots and suckers 
from the rootstocks will have to be removed. Suckers, the 
production of which can be induced by severing the roots about 
1 m from the trunk, also can be used for propagation. The usual 

spacing in the field is 5-6 m. Pruning to shape the trees and 
-_- -.. ,a,...: e-1 removal of watershoots and ~uuners are ~~~~~GU out regularly. 

The tree responds well to manuring, especially to nitrogen. 

Fruiting commences two years after transplanting; full bearing 
is attained in about 8 years, and continues for 30 years or 
more. The fruits mature five months after flowering and are 
picked up before they are fully ripe to facilitate transporting 
to distant markets. Average yield is about 500 fruits, i.e., 
about 100 kg per tree per annum; layered trees yield up to 2000 
fruits per annum. 

Guava can be interplanted with other species and as an under- 
storey species with tall trees. 

MANGOSTEEN Carcinia maugostana L. (Cuttiferael 

Mangosteen is a delicious tropical fruit cultivated in Malaysia 
‘ and other parts of Southeast Asia. Attempts to introduce it 

to other tropical countries have not so far been successful. 
But there are species of Garcinia that are indigenous to Africa 

and parts of India, the fruits of which are not as tasty. Some 

of them yield the dye gamboge from the latex. 

Mangosteen is a slow-growing, glabrous, evergreen tree, growing 
up to about 12 m in height. It has a compact conical shape 

with numerous simple, dark, shiny green leaves, 15-25 x 6-10 
cm in size. Flowers are male or hermaphrodite; male flowers 
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.-are carried in groups of 3 to 9 in terminal fascicles; hermaphro- 

dite flowers are larger, 5-6 cm in diameter, and are borne 
singly or in pair-, st the CUJ or the branchlets. Fruit is a 
globose berry, usually parthenocarpic, flattened at the base, 
with persistent fleshy calyx lobes at the base and stigma lobes 
at the tip. The pericarp is purple, rcugh, and thick; the soft 

- part of the berry consists of 4-8 translucent white fleshy seg- 
'.ments similar to the segments of the mandarin orange. Seeds are 

O-3, about 2 cm long. 

Mangosteen requires a hot, humid climate with a well-distributed 
rainfall, a well-drained soil and shade in the early stages of 
growth. The plant is difficult to establish since the seeds 
have a short viability and low germination percentage and 

s vegetative propagation is seldom successfal. *The seedlings 
are very slow-growing; they are transplanted when two years 

"old with a large ball of earth to accommodate the long tap root. 
Trees begin to flower lo-15 years after planting. Fruits mature 
in about 5 months, and are harvested when they are ripe. The 
average yield is 300-600 fruits per adult tree per annum. The 
fruits are eaten fresh. 

. Mangosteen is a preferred species for'orchard farming and other 
forms of mixed culture in Southeast Asia. However the plant's 
tendency to bear only in alternate years, the long gestation 
period of up to 15 years, and the difficulty in propagating it 
vegetatively are disadvantages. 

PEJIBAYE (PUPUNHA) GtiiZielma gasipaes (H.B.K.) Bailey Palmae 

Pejibaye or peach palm has been grown in tropical America since 
ancient times, and sizeable stands exist all over the region. 
The economic produce is the fruit which is 2-6 cm long, borne 
in bunches weighing up to 12.5 kg and consisting of up to 
300 fruits. The fruit has a starchy mesocarp surrounding a 
seed. It tastes similar to the chestnut, and has a high content 
of carbohydrates, protein, oil, minerals and vitamins. The 
seed kernel is also sometimes eaten. 

The piant is a monoecious feathery palm. The stem is slender, 
up to 15 m tall, spiny and emerges from a common root stock. 
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Fruit bunches mature in about 6 months and they remain on the 
palm in good condition for long periods; 5-6 bunches are 
produced OF. each RtPm OCR ~h-15~~: t~*lt^ ry~zs a~+ usuallv 
harvested per year. 

The plant is adapted to tropical conditions, up to 1200 m 
elevation, with annual rainfall of about 2000 mm. It is 
propagated by seeds, although suckers are also formed. Seed- 
propagated plants bear in 6-8 years and last for up to 70 
years. Pejibaye grows best on heavier soils like clay and clay 
loam. 

The fruits are boiled in salt water for about three hours, the 
outer skin peeled off, the seeds removed and then eaten. 

Pejibaye palm is widely adaptable, its fruit is very nutritious, 
and it is grown mixed with several other trea species; grass:es 
for cattle grazing are also grown under mature palms. 

Centro Agronomic0 Tropical de Investigation y Ensenanza, 
Turrialba, Costa Rica, is conducting research on Pejibaye. 

RAMBUTAN Nsphe lium Zappaceum L. fsapindaceae 1 

Rambutan is a delicious fruit of the East, and the plant is a 
native of Malaysia. It is seldom grown outside its native area, 
but is very popular in Malaysia and other parts of Southeast 
Asia. 

The plant is an evergreen, bushy, dioecious tree growing up to 
20 m height. Leaves are pinnate with 2-4 pairs of elliptical 
leaflets that are S-20 x 3-10 cm. Flowers are in axillary 
panicles, and are about 4 mm in diameter. Fruits occur in 
pendent clusters , greyish red or occasionally yellow, globose 
and 3-5 cm in diameter, covered with soft, 1-1.5-cm-long spines. 
The seed is covered with whitish, sweet, juicy, plum aril, which 
is the edible portion. 

The tree grows in the lowland humid tropics of Malaysia. It is 

usually propagated by seeds, but vegetative propagation by mar- 

cotts and budding is also possible. Seedling trees fruit in 5-6 

years. The adult tree yields 200-400 fruits per annum. The 

fruits are eaten fresh. 
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i:. mutan also can be mixed with other trees, shrubs and i 
'- herbaceous plants, ,._ especially in orchard farming and homestead 
t gardens in Southeast Asia. 

; SAPOTA, SAPODILLA, CHIKU ManiZkara achras (Mill.) Fosberg 
. . syn. M. zapotitta (Jacq.) Gilly 

/. Achras sapota L. (Sapotacsael 

'The ripe fruits of sapota (or sapodilla) are a much-preferred 
'dessert fruit, and the latex from the stem, which contains 
20-408 gum, is a raw material (chicle) for the manufacture of 

-chewing gum. The wood is very durable and is a good construction 
timber. 

::The tree is a native of Mexico and Central America, and is now 
"cultivated throughout the tropics, the major produciny regions 
-being Southeast Asia and South and Central America. 

Sapota is an evergreen forest tree growing about-20 m tall. 
Leaves are elliptic-to-obovate, 5-15 x 3-6 cm in size: flowers 
are solitary and are produced in leaf axils; fruit is a greyish 
brown globose or ovoid berry, 5-10 cm in diameter, and it 
contains about 14% sugar, chiefly sucrose. 

Sapota is usually propagated by seeds, but vegetative propaga- 
,'tion [budding and grafting) is also possible. Fruiting starts 
3-4 years after planting: fruits mature in about 4 months; 
mature trees yield 2500-4000 fruits per annum. Latex is 
obtained by tapping the trunk every 2-3 years. 

Sapota can be grown mixed with other trees and annuals and can 
be used as a good species for providing supplementary income. 

SOURSOP knncnu . Ei4?5C3 trci L . iAnnonaceae 1 

Soursop, which is known as guanhbana in Spanish and graviola 
in Brazil, is one of the several Annonaceous species native to 
tropical America that yield edible fruits. The fruits are 
mainly eaten fresh, but can also be processed and preserved 
without losing their aromatic flavour. Soursop also offers 
,export possibilities as a processed industrial commodity. 

I 
The plant is adapted to the lowland areas in the tropics up to 
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about 1000 m altitude; it is cultivated mainly from Central 
America to the coastal valleys of Peru, but is spread throughout 
khe iowlang tropics. it La L zr??l evergreen, low-branching, 
bushy-looking tree, growing to a height of up to 10 m. 

The tree is,adapted to a wide range of soil conditions, but will 
not tolerate waterlogging. It is the least hardy of the annonas. 
It is usually grown from seed, but can be easily propagated by 
budding onto rootstocks of then same species. Plants start 
flowering iti the'third year, but fruit setting is often poor 
because the flowers are protogynoua and the stigma loses its 
viability before-'it is shed. Fruit setting can be enhanced by 
hand pollination. 

The tree is not a prolific bearer in normal situations, the 
average yield being 1%25 fruits per tree. Fruits vary in size 
and form and often weigh 4 kg or more. The white, fibrous, juicy 
flesh smells somewhat like pineapple, but witn a unique musky, 
somewhat acid flavour. The fruits have very low keeping quality. 

Soursop is seldom grown extensively on a commercial scale, but 
it is a common species of the backyard where it grows well in 
combination with other species. Therefore it can be grown 
between or under tall-growing trees, and mixed with herbaceous 
species. 

E 
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ALLSPICE Pimenta dioica (L.) Merril 
syn. P. vff<cinalis 

(Myrtaceae I 

Allspice or pimento, also known as Jamaica pepper is the dried 
unripe berries of Pimenta divica. It combines the flavours of 
cinnamon, clove and nutmeg (and hence the name), and is a 
preferred culinary spice of commerce. The ripe berries are 
used in Jamaica for flavouring a special drink based on rum and 
known as pimento dram. 

The plant is a small evergreen tree, up to 9 m in height, native 
to the West Indies and Central America. It is closely related 
to the clove tree, with a slender erect main trunk branched 
profusely in its upper part. The trunk has a smooth grey bark 
that sheds twice a year. Inflorescences are terminal, many- 
flowered cymes and flowers are functionally dioecious although 
structurally hermaphrodite. Insects and possibly wind aid in 
pollination. The fruit is a sub-globose berry, usually two- 
see&d. 

The tree in its natural habitat grows in a hot, fairly dry 
climate, with rainfall exceeding 1500 mm per annum, up to about 
300 m altitude. It requires qood drainaue. Chlt4iiim .T3rnaim7 _i- - _ , 

it is also grown in South and Central America. In Jamaica the 
trees are usually self-sown or they regenerate naturally. In 
commercial cultivation, they are sown from seed or sometimes 
propagated vegetatively by cutting, budding and approach graft- 
ing. Seedlings for berry production are planted at 7-8 m ' 
spacing, while those for leaf production (for the leaf oil) 
are planted much closer. Very little care is usually given. 
In fertile soils, the trees come into bearing in 5-6 years, 
attaining full bearing in another lo-15 years, and lasting 
for the next few decades. Berries and leaves are usually 
not harvested from the same tree. The berries mature in 3-4 
months after flowering and are collected before they are fully 
ripe, when still green: the inflorescence branches are broken 
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off al-d the fruits then picked from the twigs. The berries 
are dries in the sun for 7-10 days with occasional rakings. 
Dried berries give a rattling sound when shaken in the hand. 
Recovery of dried berries from t.1~ green berries is about 
60%. Average yield is about 5 kg green berries per tree per 
year, but yiolds as high as 60 kg/tree have also been reported. 

Allspice is usually grown mixed with other crops including 
trees. In commercial plantings, cattle grazing under the trees 
is a common practice. Young trees are also intercropped with 
banana, maize, etc. 

FENUGREEK TrigoneZZa foenum-graecum L. 
(Leguminos4e - PapiZionoideae) 

Fenugreek is a native of southern Europe and Asia that has been 
in cultivation in India and parts of North Africa for several 
centuries. The seeds are used as a spice and a flavouring 
material. Though grown mainly for local consumption in the 
growing regions, they are also exported from India and Morocco. 
The plant is a softly hairy annual plant with erect fairly stiff 
stem which branches at the base, and attains a height of up to 
30 cm. It has a long tap root and a mass of nodulating fine 
13tnrs1m -_. --__-- - The leaves are alternate and trifoliate. The flowers 

are white, axillary, and are carried singiy or in pairs. The 

fruit is a narrow long indehiscent pod containing numerous 
small, oblong, greenish-brown seeds. 

The plant is propagated by seeds and the crop attains maturity 
in 3-4 months. Yield varies from 1000-2500 kg/ha in India. 
Seeds are highly aromatic and contain an essential oil. 

The plant is not adapted to lowland tropics and even in the 
areas where it is grown, it is not a major crop. However it 

can be grown under agroforestry-like conditions, though to a 
limited extent. 

NUTMEG Myristioa fragrans Houtt. (Myristicaceae) 

Two important spices are obtained from the fruits of this tree: 
nutmeg, the dried sebdl and mace, the dried aril. They are 

also used for medicinal purposes, in sauces and ketchups, and 
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as flavouring agents. 

Nutmeg is a native of the eastern island of Moluccas. It is 
now cultivated mainly in Indonesia, other parts of Southeast 
Asia, and to some extent in the southern part of India and in 
the West Indies. 

The plant is an evergreen, spreading, dioecious tree attaining 
a height of about 10 m in cultivation. The root system is 
superficial: the main trunk is thick and it produces spreading 
branches. Foliage is thick and somewhat luxuriant; leaves are 
alternate, ovate, simple and pointed, dark green and borne on 
short petioles. Flowers are unisexual and male and female 
flowers are produced on separate trees, but very rarely 
hermaphrodite trees are also found. Sex differentiation is 
difficult before the trees flower. Flowers are borne singly 
or in cymose clusters; male and female flowers are similar; 
they are bell-shaped, fragrant, pale yellow, and nectiferous 
at the base; male flowers are 5-7 mm long and female flowers 
slightly larger. The fruit is a fleshy drupe, yellow, smooth, 
6-9 cm long and with a circumferential longitudinal ridge and 
persistent remains of the stamina. Pollination is by insects 
or wind. 

Nutmeg reqMres t hot humid climate, with no pronounced dry 
season. The soil should be rich in organic matter and well 
drained. The tree prefers partial shade: sheltered valleys 
are the best-suited. 

Nutmeg is normally propagated by seed; germination takes 4-6 
weeks. Seedlings are transplanted when they are about 6 months 
old and 15 cm high. To overcome the difficulty of delayed 
(after 6-8 years) sex-differentiation, vegetative propagation 
(inarching and approach-grafting) is practiscd, though it is 
not yet very popular. 

Usual field spacing is about 7 m. Trees start bearing in 6-8 

years, attain full bearing in 15-20 years, and continue for 30-40 
years more. 'Vuits ripen 5-6 months after flowering. A tree 
produces 1500-2000 fruits per year. The aril attached to the 
tip of the seed is carefully detached, flattened by pressure 
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between boards, and dried t&T obtain the mace of commerce. 
Yields vary from 500-1200 kg nutmeg and loo-250 kg mace per 
ha per annum. 

Nutmeg prefers partial shade and in Moluccas it is grown under 
big trees. In spite of its spreading canopy, crops such as 
banana, yams etc. are interplanted with nutmeg. 

UMBELLIFEROUS SPICES 

Several herbaceous plants belonging to the family UmbeZliferao 

are cultivated in the tropics, mainly for their flavoured 
fruits which are used as spices, flavourings etc. The plants 
are mostly short-duration annuals and they do not grow well 
in the lowland humid tropics. Usually they have thick, erect, 
hollow stems, large alternate leaves, and an inflorescence that 
is characteristic of the family, in the form of a simple or 
compound umbel. A simple umbel has a number of peduncles, 
each with a single flower 3rd subtended by a tract. These 
plants are of some potential In agroforestry in a limited 
scale in the areas that are suitable for the crops. They are 
of short duration: they need little care and they can be grown 
under light shade. 

The species that are found throughout the tropics, especialiy 
in North Africa and India, and that could be of some potential 
in agroforestry are anise, coriander, cumin, dill (which is 
relrely grown in the tropics) and fennel. 

ANISE (ANISEED) PimpineZZa anisum L. 

This plant is native to the eastern part of the Mediterranean 
region and has been in cultivation for a very long time there 
and in India and Mexico. It does not grow satisfactorily in 
tropical lowlands. It is an annual, attaining a height of 

60-90 cm. The small white or yellow flowers produce small 
fruits that split into two mericarps, each 3-5 m long and 2 
mm wide. They are used to flavour curries and other culinary 
preparations as well as liqueurs. They also yield an essential 

oil on distillation, which is used in medicine, perfumes, etc. 
The leaves are 'also used for seasoning, cooking, etc. 
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CORIANDER. Coriandrum sa tividm L. 

Coriander is native to the area frora the eastern Mediterranean 
to the Middle East and is now extensively cultivated in India, 
the Middle East and some parts of Brazil, but is not suited to 
tropical lowlands. Its main trade in the East is as a consti- 
tuent of curry powder and for use in pickling and seasoning; 
it is also used in medicine and veterinary medicine. Coriander 
is the hardiest and most widespread of the umbrelliferous 
spices. It is an annual herb with a slender smooth sheathing 
base bearing leaves, and is 40-70 cm high. Fruits are globular, 
about 3 mm in diameter, 2-seeded, and pleasantly aromatic when 
fully ripe. In India, the usual seed rate is lo-20 kg/ha; it 
matures in 3-31 months and yields 1000-2000 kg dried fruits per 
ha. 

CUMIN Cuminun eyminum L. 

Cumin is another umbelliferous spice that is native to the 
Mediterranean region, has been in cultivation for a long time, 
and is now extensively cultivated in India, Iran, Sudan, Egypt 
and the Mediterranean islands. However, it is not adapted to 
tropical lowlands. It is an essential ir.g;rzdiznt cf ____ ""-7 
p:Jwder and is used as a flavouring agent. The essential oil is 
used in perfumery and for flavouring beverages. The plant is 
a slender much-branched annual herb, up to aYctut 30 cm height 
with fruits about 8 mm-long, greyish and narrow. The plant 
can be harvested 60-90 days after sowing. 

~ FEivlvEL FoenictrZum vtclgare Mill. 

Fennel is also a native of the Mediterranean region that has 
been in cultivation as a cold weather crop since early times 
in India, China and Egypt, and is used in curry powder and 
as a flavouring agent. All parts of the plant are aromatic 
and the leaves are used as a pot herb. The oil is also used 
as flavouring agent as well as for cooking. The plant is a 
stout, erect, glaucous perennial with much-divided leaves, 
small, yellow flowers, and ovoid, 5-6 mm long and prominestly- 
ridged seeds. The volatile oil content varies from l-6%. 
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BETEL VI NE Pipai- betle L. (Piperaceae I 

The leaf of betel vine (also known as betel pepper) is an 
essential ingredient of the betel quid or "pan", the other 
important ingredient being arecanut or betel nut (Areca catechu 

L.); the habit of chewing the quid to stimulate saliva produc- 
tion is very old among the people of India, Southeast Asia 
and East Africa. 

The plant is an evergreen perennial woody climber resembling 
black pepper, and is a native of Malaysia. It is-cultivated 
in Asia and East Africa where "pan" chewing is popular. The 

.stem is noded with dimorphic branching consisting of orthotropic 
vegetative branches with adventitious roots that adhere to the 
support, and plagiotropic axillary fruiting branches without 
roots. Leaves are dark green with 5-9 veins, a broad base and 
an acuminate tip. Several cvs have been recognized in India 
and elsewhere. 

The plant is cultivated from sea level to about 900 m elevation 
in the tropics, in areas with good rainfall and fertile soil. 
It is usually grown under shade in homestead gardens with 
'-L--Om:r.rr *.* W-I." * . w c'zr? in manurinq and irriaatian, Fropagation is by 
30-45 cm-long cuttings with 3-5 nodes taken from the tips of 
orthotropic vegetative shootc. Areca palms or specially 
planted quick-growing trees such as Sesbania grandtfzora and 
Ery>fi?tna indica are used as the supports. Close planting and 
heavy manuring are practised to promote leaf production. 

Harvesting (plucking of leaves) begins in the second year; 
usually leaves from the plagiotropic axillary branches are 
plucked four times a year on a rotational basis. The upper 

~ branches produce the best quality leaves for chewing; therefore, 
the vines are annually lowered and coiled around the base of 
the support. Thus the vines are not allowed to grow more than 
3-3.5 m high,which also facilitates harvesting. Since the 
economic produce is the fresh green leaves, harvesting is 
adjusted to meet the market demands. Yield varies considerably 
from 2-30 million leaves per hectare annually. Economic life- 
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span of good plantations is about 20 years. 

The cultivation of betel vine is an "intensive" agroforestry 
practice, involving high,labour requirement. However, most 

commercial plantations are less than 0.5 ha in area. 

BRAZILIAN CACAO (CUPUACIJ) .Theobroma grandifzorum (Wild et 
Spreng.) Schum (StercuZiaceae) 

This plant is very similar to the more prominent species of 
the genus, Theobroma cacao, with respect to its growth habits 
and requirements. The pulp around the seeds is used for 
making a drink in parts of Brazil, and is also used as a 
flavouring agent. It is grown as an. understorey species in 
cleared forests In the lowland humid tropics where cacao grows. 
The fruits are 2-3 times bigger than those of cacao, but the 
number of fruits Far tree,is less. No research seems to have 
been done on the species, nor any effort made to exploit its 
potential. 

COLA NUT Cola spp. (StercuZCaceae) 

Several evergreen medium-sized tropical trees belonging to the 
genus CoZa,are found in West Africa; they produce fruits 
containing seeds that are erroneously called nuts, and are 
used as stimulants in beverages and as masticatories. The best 
known species is CoZa nitida (Vent) Schott et Endl., also 
known as Gbanja kola. It is a native of the forest zones of 
Sierra Leone, Ivory Coast and Ghana, and it is now planted all 
over West Africa and also in the West Indies, Brazil and India. 

CoZa nitida is a lo-15 m high tree; the trunk is unbranched in 
its lower part; leaves are large and flat with prominent lateral 
veins: inflorescence is axillary; flowers hermaphrodite or male: 

usually self-pollinated; fruit is borne on short hanging pedun- 

cle, up to 12 x 7 cm,and containing 4-10 seeds per carpel in 2 
rows. There are two cotyledons and they are white, pink, or 
red. The fruits-mature in 4-5 months. 

Cola nut favours warm tropical climates with 140-170 cm of 
annual rainfall; its natural habitat has pronounced wet and 
dry seasons. It grows best on light, well-drained soils that 
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are fertila ahd rich in humus. However, soils that are not 
good for cacao are used for cola. Sometimes cacao and cola 
are :nterplanted, when cola provides the shade for cacao. 

Propagation'is by seeds and germination occurs in 7-12 weeks. 
Usually the seeds are planted at stake at 6-8 m distance. 
Growth is in flushes. During the early years of growth, food 
crops are usually interplanted. Fruiting commences in about 
7 years and full production is attained in lo-12 years. Trees 
continue bearing until about 80 years old. The main harvest 
in West Africa is from September to January: fruits are 
harvested by cutting with a curved knife tied to the tip of 
a long pole. The follicles are then split and the seeds 
fermented in heaps for 5 days, and then they are washed and 
cleaned. The average yield is about 250 kg nuts per tree per 
year: much higher yields are also reported. 

The seeds contain about 2% caffeine, a trace of theobromine, a 
glucoside called collanin and an essential oil. 

Cola nut is usually grown under agroforestry-like conditions. 

GUARANA PauZtin$a cupana (Sapindaceael 

The seeds of quarana contain 4-63 caffeine; a beverage la 
prepared from the seeds and it is about three times stronger 
than coffee. The drink prepared from guarana is very popular 
in Brazil, especially in the Mato Gross0 region, where it is 
also cultivated. It has some medicinal properties. 

Guarana is a perennial woody vine native to the Amazon basin; 
the cultivated form is a small shrub. There are tbo varieties, 
var. typica and sorbilis. The varieties differ in the structure 
(compact or loose) and colour (red or yellow) of the inflores- 
cence. The seeds are covered by a thick husk. 

It is usually cultivated as an understorey species with trees, 
in poor latosols, but having a layer of organic matter on the 
surface. It prefers warm humid climates with well-distributed 
rainfall. Propagation is by seeds, which have very short 
viability (about 3 days) after they are harvested. Therefore 
the seeds have to be sown quickly. It can also be propagated 
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by stem cuttings. Seeds are usually sown in nursery beds, after 
removing the husk and the seed coat. Germination is very slow, 
and the seedlings emerge in about- 3 months. They are trans- 
planted after about one year, at the commencement of rains at 
5 x 5 m spacing;. Young plants are t.railed on to the supports 
and trellises. Pruning is a routine operation to stimulate 
production of fruiting branches. Flowering usually starts in 
July and the fruits mature in November. Mature fruits are 
harvested by cutting the whole bunch (inflorescence);. they 
are left to ferment for a few days, after which the seeds are 
taken out and washed. The seeds are roasted at a low tempera- 
ture and the seed-coats removed. Seeds are stored or sold 
as such, or they are grounz, and moistened to form a paste 
which is then moulded to cakes and smoked. These harden on 
keeping, and can be kept in cake form for long periods without 
deterioration. Guarana is usually grown under trees and is a 
good species for agroforestry. 

Instituto de Pesquisas e Experimentacao Agropecuarias do Norte 

(IPEAN), Eel&n and INPA, Manaus are the Brazilian National 
Institutes that carry out studies on Guarana. 

MATE* (PARAGUAYA TEA) IZex paraguayensis fAquifoZiaceael 

Mate or Paraguaya tea is the most popular stimulant beverage of 
South America. Numerous species of Ibex produce caffeine-contain- 
ing leaves, and the wild plants occur in southern Brazil, Paraguay, 
Uruguay and Argentina. The dried leaves contain over 1% caffeine. 
The drink prepared from the dried and ground leaves is a stimulant 
believed to have medicinal properties. 

Mate is a shrub or Small tree growing to about 6 m height in the 
natural state but in cultivation it is a shorter, many-stemmed 
bush due to pruning. The main branches are fairly stout and 
there are several finer, highly branched laterals. Leaves are 

alternate, simple and ovate, lo-129 cm long with serrated margins 

and acuminate tip. Inflorescences are axillary cymes, consisting 
of small whitish flowersi. The fruit is a raddish drupe, that 

has very short viability. ' 
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The plant is, usually cultivated in the mountainous areas in 
poor soils. Propagation is by seed, but the se2ds should be 
sown immediately because of their short viability. The 
leaves are collected from the plants every tvo or three years: 
the young shoots are cut,and passed over a fire to dry the 
leavrs thoAu;lghly; the dried leaves are beaten with sticks 
ml,d broken to about S-cm-long pieces; they are.then dried in 
special ovens and finally crushed ready for use. Sugar and 
lemon are usually added to mate and it is usually drunk from 
cups with a narrow opening, by means of long tube with a. sieve 
at the distal end; the tube is'called a "bombilla". 

Very little mat6 is exported from South America, and the plant 
has not been introduced into other tropical countries. However, 
in South America it is a good species for agroforestry because 
of its adaptability to poor soils in mountainous areas. 

VANILLA VaniZZa pi?anCfoZia Andrews 
syn.. V, fragrans (Salisb.) Ames COrchidaoeae) 

Vanilla, the important and popular flavouring agent, is obtained 
by fermenting the fully grown, but not fully ripe, fruits of 
this orchid, usually referred to as vanilla beans. It is 
extensively used in ice-cream and confectionary. The plant i= 
a native of tierrico and Central America; today the major producers 
are Madagascar (which accounts for 90% of the world crop), 
Mauritius, the Seychelles, Southeast Asia and Brazil. 

Vanilla is a succulent climbing perennial vane; stems are brittle, 
1-2 cm in diameter, and reach a height of lo-15 m on trees or 
other supports; but in cultivation the stems are trained and 
kept shorter. Internodes are 5-15 cm long; each node produces 
fairly fleshy, thick, oblong and sharply pointed alternate 
leaves and whitish, thin aereal adventitious roots. Inflores- 
cence is a short axillary raceme with up to 25 large waxy, 
fragrant, greenish-yellow flowers. The fruit,commonly known 
as the bean,is a capsule, triangular in shape, 15-20 cm long, 
and 0.8-1.0 cm in diameter; when ripe it splits into two halves. 
Seeds are minute, black and numerous. 
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Natural self-pollination is impossible because the stamen and 
stigma are separated by a rostellum. In Mexico, cross- 
pollination occurs (by bees); in all other places, hand-aided 
self-pollination is carried out. 

Vanilla requires some sort of support to climb up, light shade, 
and a humus-rich soil. In commercial plantings propagation is 
by 90-160 cm-long cuttings. Sometimes quick-growing support 
trees are planted before planting vanilla: it is also grown up 
posts or trellises: in both cases, light shade should be 
provided. Mulching, organic manjrring, and regulating of shade 
are important. Plants flower aboLT four years after planting; 
sometimes the tip of the growing branch is pinched to induce 
flowering. Various hormones are also administered for the same 
purpose. The flowering season lasts about 2 rr.lznths. Hand- 
pollination is usually done by women and childrc.21 ar indivi- 
dual can handle 1000-2000 pollinations per day. 

Fruits mature in 7-9 months. Beans are harvested before thLay 
are fully ripe and they are cured by a process of alternate 
sweating and drying; by which the characteristic aroi,la develops. 
About 6 kg green beans yield 1 kg cured beans; an average of 
500 kg cured beans is obtained during a crop's life of about 7 
yP?ra - 

Vanilla cultivation is a system of agroforestry because it is 
usually gr0y.a on trees. Hand-pollination, which is a must, can 
be done by women and children. 
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BASIL Ocimum basiticum L. 
syn. 0. americanurn L. (LabCatael 

The dried leaves and flowering shoots of U&mum basiticum, 

known as basil or sweet basil, and of another species 0. canum, 
are used as a spice for soups, sauces, and other foods, and as 
a pot herb. Basil is native to the Old World tropics and is 
now distributed all over the tropics, sometimes as a weed in 
cultivated fields. It is a slightly hairy annual with highly 
branched angular stems with opposite leaves that are ovate and 
about 5 cm long. Flowers are small, white and carried in open 
racemes in leaf axils or terminally. Usually they are cross- 
fertilized. 

There are several species and forms and cross-fertilization 
occurs between' types. The quality of oil varies considerably, 
depending upon their growing conditions and forms. Basil oil 
is commercially valuable as it is used for scenting soaps, in 
the perfume industry and for flavouringliqueurs. It is a 
hardy species with wide adaptability and therefore will be of 
value in agroforestry, though only to a limited extent. 

BAY TREE Pimenta racemosa (Mill..) J.W. Moore 
C?"n P -4 n-n!? Tnatel. (Myrtaceaal 

Bay oil, which is distilled from the leaves of the bay tree, is 
used in perfumes and in the preparation of toilet articles and 
bay rum. The tree is,very similar to allspice, Pimenta dioCca, 

and is grown in the West Indies and parts of Central America. 
It has also been introduced to other parts of the tropics, 
particularly East Africa and Sri Lanka. 

It is a small, erect tree reaching a height of about 7 m with 
dark green, shiny, elliptical, leathery leaves up to 10 cm in 
length and short petiolc . . The flowers are small and white on 
much-branched cymes or corymbs, similar to those of allspice. 
Fruits are small and they turn black when ripe. 
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The bay tree is cultivated mainly in the West Indies, from where 
' the leaves are exported to distilleries in the U.S.A. In cultiva- 

tion the tree is kept to a height of less than 2 m by pruning 
to facilitate leaf collection. 

Though not commercially a very important species, the bay tree 
can be a good species for agroforestry in its natural habitat, 
since it grows in combination with other trees and shrubs, is 
easy to manage, and gives economic returns. 

CALAMUS (SWEET FLAG) Acome oahmus L. (Araceae I 

The rhizome of this plant contains l-3% yellow oil which is 
similar to patchouli oil in adour. The aromatic rhizome known 
as calamus root contains a glucoside, ascorin, used in Oriental 
medicine; the oil is used in perfumes and the candied rhizome 
is a popular confection. 

The plant grows wild in marshy places an; banks of streams in 
southern Asia, especially India and Sri Lanka, where it is also 
cultivated. It is a hardy semi-aquatic perennial herb with a 
creeping rhizome and erect sword-shaped leaves reaching to 90 
cm in length. The rhizome is much-branched, about 2.5 cm in 
diameter, and consists of spongy tissue in'which the oil glands 
are formed. The inflorescence is similar to,.that of taro (CoZo- 
cuuia spp. i except tnat It is not subtended by a spatne. 

The rhizomes from the wild or cultivated plants are collected, 
dried in the sun, powdered and steam-distilled. Sometimes, the 
powdered rhizome is also used in toilet powders, sachets, etc. 

The agroforestry potential of the plant is due to its hardy 
nature anb semi-acquatic habit, which makes it an ideal species 
for marshy lands where other species seldom survive. 

CANANGA (YLANG-YLANG) Cananga odorata (Lam.) Hook.f. & Thorns. 
(Annonaaeae) 

Cananga oil and ylang-ylang oil are distilled from the fully 
opened flowers of this tree. When the flowers are distilled, 
the first portion of the distillate is ylang-ylang oil, which 
is used in high-class perfumes, and the remainder is cananga 

. 
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I oil, which is used in chrap scents and soaps. 

It is an evergreen tree 3-30 m tall with drooping branches and 
elliptical 7-20 x 4-10 cm leaves. Flowers are very fragrant, 
yellow green, and they hang in clusters from older wood as well 
as on leafy twigs. Fruits are formed in bunches, 4-12 for each 
flower. 

The tree occurs wild in parts of southern and Southeast Asia; 
it is grown in gardens in India and Malaysia, and has been 

I introduced to other parts of the tropics. 

In cultivation, 

I 

the tree is pruned down to about 3 m height with 
the branches somewhat dragged down. The plants begin to flower 
when they are 14-2 years old; they yield 4-5 kg of flowers per 
year when they are 4 years old and 8-10 kg when 10 years old. 

The flowers are harvested for oil extraction when they attain 
maturity, which is indicated by the change of colour from green 
to yellow. Flowers are collected in the dark or early in the 
morning as heat dissipates the delicate perfume. Trees flower 
mall the year round, 

/ 

but maximum flower production occurs between 
November and March. Oil is extracted by steam distillation or 
solvent extraction, the latter giving a better product. 

Ylany-ylanu can be used as an agroforcstry species, because 
usually it is not grown in monoculture. 

CITRONELLA GRASS Cymbopogon nardus (L.) Rendle 
C. winterianus Jowett fGramineaeJ 

Citronella oil, distilled from the leaves of the grass, is used 
extensively in the soap industry and for production of the 
essential oils geraniol and citronellal. The grass grows wild 
or semi-wild in several parts of the tropics and is cultivated 
in Sri Lanka, Malaysia, Java, Fiji, Guatemala and elsewhere. 

It is a tall, strong, hardy perennial grass, 0.5-1.5 m tall, 
with broad leaves arising from the numerous narrow stems put 
up from the short rhizome. The panicles are mostly large and 
compound and the spikelets are awnless. There are several forms; 
the important are the Ceylon type and Java type. The former, 



312 

MEDICINAL AND AROMATIC PLANTS 

known as Zenabatu, is hardier and can be grown on poorer soils. 
The crop is first harvested about 8 months after planting and 
subsequently every 3-4 months for lo-15 years. The Java type 
is var. mahapengiri or Cymbogogon winterianus; it produces an 
oil with higher percentages of citronella1 (40-50%) and geraniol 
(30-453). The grass occurs in large clumps and harvesting is 
done once every 3-4 months after the first year's growth. This 
plant is now widely distributed throughout the tropics, but it 
is less robust than the Ceylon form. 

The Java-type citronella grows well from sea level up to 1000 m; 

it needs well-distributed rainfall and a well-drained sandy loam 
soil. Propagation is by root cuttings and they are planted at 
a spacing of 0.5'-1.0 m. The crop is replanted after about 5 
years. 

The grass is cut above the first node and dried for a short time, 

and then'steam-distilled. 

Average yield in Java is 45-80 kg/ha of oil per year; yields of 
over 100 kg/ha have been reported from Guatemala. 

Although citronella grass grows best in abundant sunlight, it 
is a good species for agroforestry in sloping lands and under 
light shade. The root matting of the grass offers good protec- 
tion to soil against erosion. 

LEMON GRASS Cymbopogon cCtratu8 (DC.) Stapf (West Indian Lemon 
Grass) C. fkxUo8U8 (Nees ex Steud.) Wats 
(Malabar Lemon Grass) (Gramineae) 

Lemon grass oil, which is obtained by steam distillation of 
lemon grass leaves, contains 75-85% of aldehydes, consisting 
largely of citral. The oil is used extensively in the soap, 
pharmaceutical and perfume industries. There are two important 
species of lemon grass, C. citratu8 and C. fteXuOSU8. 

C. citratue, known as West Indian lemon grass, is a tufted 
perenniai grass with numerous stiff stems arising from short 
rhizomatous root stocks. It tillers profusely: the leaf blade 
is narrow, linear, drooping, and about 1 m long: it seldom 
flowers in cultivation, and it is widely distributed throughout 
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the tropics, especially in the West Indies, Guatemala, East 
Africa, Congo, and Southeast Asia. The plant is propagated 
by root cuttings, and planted at a spacing of 1.0 x 0.5 m. 
Harvesting begins when the plant is 4-8 months old and then 
once every 3-4 months for about 4 years. Fresh grass yields 
0.2-O-4% oil, with an average yield of 50-120 kg oil/ha per 
annum. 

c. f lexuouaus, known as Malabar lemon grass, is a native of the 
Malabar coast of India and is cultivated in poorer soils and 
forest clearings, mainly in southern India. It has also been 
introduced to other parts of the tropics such as Honduras, 
Guatemala, the West Indies, Southeast Asia, etc. The plant 
is a tufted robust perennial grass, growing about 2 m tall and 
flowering profusely. Red-and white-stemmed types are available, 
but the oil is obtained only from the former. Propagation is 
by seed: the first cutting is taken in about 4 months and there- 
after once every 6-8 weeks for about 6 years. The oil is 
distinct from West Indian lemon grass oil, and is preferred in 
perfume-making. Average yield is about 40 kg oil/ha/year. 

Lemon grass prefers warm climates with a well-distributed rainfall 
and well-drained soil. Usually it is grown on poor, gravelly 
soils; when grown on fertile heavier soils, the oil content is 
reduced. 

Lemon grass is also a good species for soil conser-ration and 
can be used as a good species for agroforestry in poorer soils 
in marginal areas. Lemon grass is a smallholder crop in India, 
where its production is a village industry. 

OCIMUM CAMPHOR Ocimum kilimandscharicum Ilabiatae) 

Camphor is a ketone derivative of a di-cyclic terpene; it melts 
at higher temperatures, but at ordinary temperatures camphor 
exists as a transparent colourless solid. It is used in the 
manufacture of celluloid and cellulose compounds, and also in 
medicines. 

An essential oil containing about 60% camphor is obtained from 
Ocimum ki2imandacharioum. It is a perennial shrub growing 2-3 m 
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high in a wide variety of soil and climatic conditions, mainly 
in East Africa but also in India and other parts of Asia. The 
plant is usually grown in the lower hills on the fringes of 
forest and agricultural plantations, sometimes under tree 
canopies. The plants are best raised from seeds in a nursery 
and transplanted 4-5 weeks later at 30 x 60 cm spacing. The 
plant gives two harvests in the first year of its growth, and 
three harvests in later years. Usually only the leaves are 
distilled (steam distillation), leaving the stem for fuel. An 
average yield is 2000-3000 kg dried leaves per hectare in a 
year, giving 25-40 kg solid camphor. However, manuring gives a 
higher yield. 

PALMAROSA Cymbopogon martini (Roxb.) Wats. (Gramineael 

Palmarosa oil, which is distilled from the flowering tops of 
Palmarosa or rosha grass, is used mostly as an adulterant in 
other more expensive oils. It is also used in perfume-making, 
especially in the drier parts of India, and cultivated to a 
small extent in Java and Malaysia. Several varieties occur 
that are morphologically similar but considerably different 
in their habitats and also in the essential oils distilled from 
them. The two important varieties are var. motia and var. Sofia. 

Variety motia occurs in separated clumps on open, dry, hilly, 
well-drained areas with an annual rainfall of about 900 mm. 
The oil contains up to 95% of geraniol, and is now produced 
in Java, the Seychelles, Malawi and elsewhere. Variety 6ofia 

grows densely and abundantly at lower altitudes in areas with 
higher rainfall and poorer drainage. It yields the less valuable 
ginger grass oil. 

In both varieties, the oil is distilled from the flowering tops. 
Green grass contains about 0.3% of oil. 

Both varieties can be used in agroforestry practices in their 
habitats: they are adapted to marginal areas and poor soils and 
they can be grown under dense canopies of trees and used for soil 
conservation work. 
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Pogostsmon cabtin (Blanco) Benth. (Labiatael 

Patchouli oil, extracted from the dried young shoots of P. cabZ$n, 

is widely used in the making of perfumes, in scenting soaps, and 
to give the characteristic odour of cashmere shawls and carpets, 
It is native to the Philippines, and is now grown extensively 
in Malaysia and Sumatra. It has also been introduced to other 
parts of the tropics such as the Seychelles, parts of East Africa' 
and Brazil. 

The plant is a shrub, usually 1 m tall; the stem is square-angled 
and highly branched; leaves are opposite and are carried on 
fairly long petioles. When cultivated, it rarely flowers: 
flowers are white with purple streaks and are carried in 
axillary spikes. 

The plant likes a warm moist climate with an evenly distributed 
and grows best on ric:ler soils at higher elevations. 

Propagation is by stem cuttings; young shoots with leaves are 
harvested once every 6 months and continued for 2-3 years. Oil 
from the young leaves is of the best quality. Harvested tender 
shoots and leaves are carefully dried and baled for export. 

Patchouli also can be advantageously cultivated as an agroforestry 
species at higher elevations on richer soils. 

RauwoZfia serpevttina Benth. 

The roots of Rauwolfia have been extensively used in India and 
Southeast Asia since very early times as an effective remedy 
against high blood pressure, all sorts of pains (especially 
rheumatic pains), snake bites, scorpion stings, etc. The 
medicinal property is due to the alkaloids, 22 of which have 
been identified. The plant is also grown in the Wesi.. Indies, 

and the Pacific Islands. Rauwolfia is a perennial herb 
up to one metre high, growing in hilly areas and mountain slopes 
to about 1000 m elevation. It prefers partial shade and a well- 
distributed rainfall of 150-400 cm per annum; it is very sensi- 
tive to waterlogging. The plant is propagated by seeds or by 
cuttings of roots or stems, root cuttings being preferrable. 
The average yield is 2000-4000 kg air-dried roots per hectare 
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per year after the third year. Seeds are produced throughout 
the year, but the main ripening season is the cold weather 
period. Research on Rauwolfia is carried out by the Central 
Institute of Medicinal and Aromatic Plants, Lucknow, India and 
the All India Coordinated Research Project on Medicinal and 
Aromatic Plants, IARI, New Delhi, India. 

VETIVER Vet<veria ziaanioides (Linn.) Nash (Cramineae) 

The valuable aromatic oil known as khuskhus oil or vetiver 
oil is distilled from the roots of this grass which occurs wild 
in many parts of the Indian subcontinent, often on rich river- 
bank soils. It is also found growing in many parts of East and 
West Africa. The essential oil is used in perfumes and in the 
preparation of cosmetics. The dried stems are woven into 
"thatties" which when moistened cool and scent the atmosphere, 
and are used in hot summers. The plant is a tufted, wiry, 
perennial grass. It grows in large clumps from a many-branched 
rootstock (rhizome). The clumps are 0.5-l.C m high. It prefers 
warm and humid climates up to 600 m elevation, and loose, sandy 
soil. Root slips are used for propagation, planted at about 
40 cm spacing. The optimum time for harvesting is about 2 years 
after planting. The harvested roots are dried in the shade, 
powdered or crushed, and then distilled for 24-36 hours. The 
average yield is 5 t dried roots/ha per year, and at an oil 
content of 0.7-2.5%, this produces 40-100 kg oil per ha. 
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BABAcU (BABMSLS) PALM Orbignya martiana Barb. - Rodr. and 
Orbignya oZeifera Burret (Palmae) 

Bab& palm is the most important oil-producing plant, growing 
abundantly in Brazil. The kernel, which looks and tastes like 
coconut meat, contains about 70% oil, but its production has 
not been commercialized. 

The palm grows to 20 m in height: the crown consists of 15-20 
pinnate leaves 6-9 m long. Fruit bunches are up to 1 m in 
length, each containing 200-600 fruits: 1-4 bunches are produced 
per year. The fruits resemble small coconuts; they are 8-15 cm 
long and 5-9 cm thick, weighing 150-200 g. The mesocarp is thin, 
but the endocarp (shell) which comprises SO-60% of weight of the 
fruit, is very thick; there are 3-8 kernels, which constitute 
about 10% of the weight of fruits and contain 60-70% oil. 

There are two major species: 0. martiana and 0. oleifera. There 
are also other less-important species. 0. martiana grows in 
the wet forest areas of the Amazon basin and 0. oZeifera is 
adapted to the dry semi-deciduous forests of Brazil outside 
Amazonia. The palms grow in a somewhat wild state throughout 
the northern and northeastern parts of Brazil, either in sole 
stands or mixed with other woody species. They are abundant 
in river valleys and deltas that are not subject to prolonged 
flooding, and on a wide variety of soils. 

In commercial plantations, the plants are planted at about 
9 x 9 m spacing, and the cultural operations are similar to 
those for coconuts. The fruits ripen from July to November, 
and then fall to the ground; the collected fruits are dried 
in the sun to facilitate removal of the shell from the kernel. 

The babaGCi oil can be used for the same purposes as coconut 
oil, and its local processing for soap making is expanding in 
Brazil. The low recovery of oil (the oil-rich kernel consti- 
tutes only 10% by weight of the fruit), difficulties in 
cracking the hard, thick shell and collecting and transporting 
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the nuts are factors that limit production. However, existing 
stands of babaqc can be utilized profitably for intercropping 
and cattle grazing, as in the case of coconut stands. 

There are several publications on babaqti and some are listed 
in the U.S.A. National Academy of Science (1975) publication, 
Underexploited Tropical Plants with Promising Economic Value, 
pp. 89-94. 

BURITI PALM Maur< t<a f Lexuosa L. 
syn. M. vinifera Mart. (Pa lmae 

Buruti palm, which is the most plentiful species of palm in 
South America, is used for a variety of purposes by the local 
Indian tribes. The pulp of the fruits is edible and tasty, and 
contains 8-9% oil: the kernel has about 50% oil, similar to 
other vegetable oils: the shoots can be harvested and eaten as 
"palm hearts" and sago is obtained from its trunk; wines are 
made from the fruit: fibres extracted from the young leaves 
are used to make a strong twine that is used for fishing nets, 
mats, baskets, etc., and the trunk gives the light buriti wood 
used for floats and rafts. 

The palm is grown over most of northern South America, in the 
humid tropics, and especially along streams and in fresh water 
swamps. Extraction of its starch is at present important in 
the Orinoco Delta of Venezuela. It grows mostly in damp, 
marginal areas at low altitudes: other aspects of its agronomic 
requirements are not clearly known. 

Buriti grows up to 25 m: the number of leaves in the crown is 
less as compared to other palms: leaves are about 3 m long with 
long stalks and a cluster of leaflets at the tip. The fruit is 

green, roundish, and scaly and grows in bunches. Flowering and 

fruiting occur annually after maturity. 

Buriti palm is seldom grown outside its native habitat and no 
effort has been made to improve the palm and cotiiercislize it.5 
production. It seems to be a good species for marginal swampy 
areas unsuitable for agriculture, and to rehabilitate such 
areas. 
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I GUAYULE Parthenium argentatum Gray (Comp0sitaef 

Guayule is a potential source of natural rubber that grows 
naturally in the arid regions of Mexico and the southern U.S.A. 
Its potential was realized during World War II when America 
was cut.off from natural sources of rubber. Interest in 
guayule has increased in recent years consequent to the increase. 
in the cost of petroleum products, which are essential for 
manufacturing synthetic rubber. 

The plant grows in the desert regions and other marginal lands 
north of central Mexico and southwest U.S.A., at elevations of 
1000-2000 m where the annual rainfall can be less than 250 mm 
and the temperature ranges between lo-49OC. However, for 
commercial production, over 400 mm of annual rainfall is 
necessary. Annual rainfall over 650 mm promotes excessi71e 
vegetative growth at the expense of rubber production. A 
defini& dry season appears to be desirable. The plant seems 
able to withstand occasional frost, does not tolerate poor 
drainage and excessive salinity, but grows on soils that are 
too poor for other species. 

Guayule is a bushy perennial shrub up to about 60 cm high, with 
narrow, alternate leaves covered with a drought-protecting white 
wax. The flowers are carried in dense heads on long stems. The 
plant can survive under desert conditions for up to 40 years. 
The rubber is contained in thin-walled cells throughout the 
plant, but content is high in roots and stems. Rubber consti- 
tutes an average 10% of the total dry weight of the plant. 

I 
Commercial cultivation is from seedlings that are transplanted 
from a nursery. During the first year, the young plants may 
be smothered by weeds, but thereafter little weeding or culti- 
vation are required. 

The whole plants, including roots, are harvested. The age at 
harvesting depends upon the growth of the plant: it can be 
brought to economic harvest size in 3 years, but under dry-land 
farming the period is much longer. The whole plant is sliced 
into small pieces, the tissues are macerated and the lighter 
rubber is separated from vegetative residues by floatation. 

A 
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Harvesting and processing have been mechanized by equipment 
used for other crops. 

The agroforestry potential of guayule is its adaptability to 
extreme conditions of arid and desert regions and its potential .,_ 
high value. 

Guayule - An Alternative Source of Natural Rubber, published by 
the US National Academy of Sciences (1977) gives compiled infor- 
mation on various aspects of guayule production and processihg. 

JC,JOBA S?lmmondsia chin~nsis -(Link) Schneider (Buxaceae) 

\ojoba is a shrub that grows wild in the semi-arid region of 
the Sonora desert in northern Mexico and southwestern U.S.A. 
Its seeds contain an unusual liquid vegetable wax called 
jojoba oil, which can serve as a substitute for sperm whale 
oil in the manufacture of cosmetics, candles, etc., as well 
as in research establishments. The shrub is also a good 
browse plant for animals. 

Jojoba is a perennial shrub, growing 0.6 to 2 m tall, usually 
with many stems branching near the ground, though sometimes 
unbranched. There are great variations in form, foliage, 
fruit and yield within its natural habitat. Jojoba is dioecious; 
the first fruiting is in 2-5 years and thereafter annually. 

Jojoba grows best in areas with annual rainfall of 400-500 mm 
with at least some winter raiLfall. The summer temperature of 
its natural habitat is as high as 45OC; the minimum temperature 
well below O°C. The shrub grows up to about 1200 m elevation 
on a variety of soils, but preferably on well-drained coarse 
soils. One remarkable advantage is that it withstands fairly 
high levels of soil salinity. 

Jojoba is propagated both vegetatively (stem cuttings and tissue 
culture) and by seeds, the latter being more popular. Because 
of the dioecious nature of the plant, planting of extra sezds 
or seedlings is necessary. Usually one in every 7 plants will 
be male, so that for an eventual plant population of 1200 per 
ha, about 1400 plants are initially established. Sex differen- 
tiation occurs after a few years' growth. 



* 
(_ r:.) 

_, 1. 

321 

MISCELLANEOUS PLANTS 

Harvesting is usually by hand. Because of the slow and tedious 
nature of this operation, most of the seeds now produced in 
the wild stands are lost. Average yield obtained from planted 
stands of jojoba is 2250 kg/ha, or roughly 1.5 kg/plant annually. 
Clean, dry dehulled jojoba seeds contain about 50% oil, which 
may be extracted either by conventional expellers, or by solvents. 

Jojoba is a very good species for semi-arid and dry regions, and 
attempts are now being made to grow it in the natural scrub and 
forest stands of those areas. Therefore it is of potential 
value in agroforestry. However, its harvesting is a tedious 
operation. 

Jojoba: An Assessment of Prospects, published in 1979 by the 
Tropical Products Pnstitute, London is the most complete refe- 
rence material. 

SAG0 PALM NetroxyZon sczgzc Rottb. (Palmae) 

The commercial starch pellets known as sago are obtained from 
several tropical plants, the most important of which is Metro- 
xyZon sugu, the sago palm. Sago is also produced from Metro- 
xyZon rumphii, the prickly sago palm. Other major sago-produc- 
ing genera are Arenga, Caryota, Corypha, Mauritia and Oredoxa. 

Sago is a substitute for rice, and sometimes a staple food, in 
parts of Asia and other parts of the tropics. The leaves of 
the sago palm are an excellent thatching material. 

Sago palms occur wild in Papua New Guinea, Malaysia, the 
Philippines and other parts of Southeast Asia as fresh-water 
swamp trees. The palm has a stout erect trunk growing to 10 m 
height, which produces a vast terminal inflorescence when the 
palm is lo-15 years old. Subsequently the palm dies. Several 
suckers are produced from the main roots of the palm, which 
grow up about the base of the main stem thus giving a clump- 
like appearance in the natural stand. The crown consists of 
large, paripinnate leaves with broad stiff midrib and numerous 
pointed leaflets. When flowering starts, a large, stout spadix 
emerges from the ccntre of th.? crown. Flowers are borne spir- 
ally in pairs - me male and thrz other hermaphrodite but 
functionally female. The fruLt is globose with a very thin 
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endocarp enclosing a single seed. 

Propagation is by suckers. For starch extraction the palm is 
cut down juet before flowering when the starch reserves are 
maximum. The trunk is split longitudinally and the white 
floury contents scooped out. The material is then washed 
repeatedly and passed through sieves, dried in the sun or on 
hot iron trays. Crude sago ferments quickly. A single palm 
yielde about 250-350 kg sago. In the swamp foreet groves of 
Papua New Guinea, there are about 60 palms/ha. 

The agroforestry potential of the sago palm is for the swampy 
areas where it can grow in mixture with other species. 

Ruddle, K., Johnson, D., Townsend, P.K. and Rees, J.D. (1978). 
Palm Sag0 - A Tropical Starch from Marginal Land, The University 
Press of Hawaii. 

SHEA BUTTER Butyrospamum paradosum (Gaertn.f) v&r parkii 
(G. Don.) syn. 13. yarkii (G. Don) Kotschy 
mrpu taoerrs ) 

Shea butter, used as a cooking fat, illuminant, medicinal oint- 
ment, etc., is extracted from the seeds of the shea butter tree, 
Shea oil, which is extracted from the nuts exported from Africa, 
is used in the manufacture of soaps, candles, and in cosmetics. 

The shea butter tree is a medium-sized-to-small tree, 7-13 m 
tall, growing abundantly in the Central and West African savannas. 
The principal exporters of nuts are Nigeria, Ghana, Senegal, Mali, 
the Ivory Coast, Upper Volta and Dahomay. Another variety, var. 
niZot{cze, occura in Uganda. 

The tree ie deciduous; leaves are 10-20 x 5-8 cm; flowers sweet- 
scented and white, borne in clusters at the end of shoots: the 
fruits mature in 4-6 months, and when ripe they are hard, brown, 
about 5 am long with fleshy sweet pulp and are usually single- 
seeded. 

The ehea butter tree is adapted to drier parts of the equatorial 
belt of Central and Western Africa in areaa where oil palm doee 
not grow well. Dry lateritic slopes are the best suited; alluvial 
eoils and areas subject to flooding are not preferred. 
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Propagation is usually by seeds; since seedlings have a long 
tap-root, transplanting is often difficult. Field spacing is 
about 8 m. Trees start bearing fruits in 12-15 years, and full 
bearing is attained in about 30 years. The fruit is allowed to 
fall naturally from the tree and then collected. The peak 
season of maturity is June-September. The collected fruits 
are allowed to ferment when the pulp decays away. The seeds 
are then separated and dried: they contain 45-558 fat and 9% 
protein. 

Average yield is 15-20 kg fresh fruit per tree; 100 kg fresh 
nuts give 40 kg dry seeds. An average of one tree in every 
three is productive each year. 

Shea butter is a good species for agroforestry in the drier 
margins of the savanna with a very marked (4-6 months) dry 
season. It has a dense crown, and its cultivation is not 
labour-intensive. . 
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Abaxial: 

Achne: 

AcumCnate: 

Adaxial: 

Adventitious 

ASternate: 

Anemophi Zous: 

Annual: 

Anther: 

Anthssis: 

Apomixis: 

AriZ: 

Asexuai!: 

Auricle: 

Au togamy: 

Awn: 

Axil: 

Ax$ZZary: 

Bark: 

Berry: 
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the side, usually of a leaf, facing away from 
the stem or the axis (i.e., the underneath 
surface). 

A dry indehiscent one-seeded fruit with a 
pericarp that is separate from the testa. 

ending in a tapering narrow point with concave 
sides. 

the side, usually of a leaf, turned towards the 
stem; the upper surface. 

not in the usual place; e.g., roots on stems, 
or buds produced elsewhere than in the axils 
of leaves or tips of stems. 

leaves borne at different levels along the 
stem as distinct from opposite or whorled. 

wind-pollinated. 

a plant that completes its life cycle in one 
year. 

the part of the stamen that contains the sollen. 

process of dehiscence of the anthers; also 
refers to the time of opening of flower and 
dispersal of the pollen. 

reproduction from an unfertilized egg. 

additional covering or appendage of the seed 
developing from its stalk. 

reproduction that does not involve union of 
gametes; usually vegetative. 

An appendage, as at the base of the laminae of 
grasses. 

fertilization of a flower by its own pollen. 

A pointed bristle-like organ, as in grass 
flowers. 

the upper angle between the leaf and the stem. 

arising from the axil. 

usually refers to all the tissue outside the 
vascular cambium. 

a simple fleshy fruit with seeds immersed in 
the pulp. 
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Bi~qn<qZ : 

BiZocuZar: 

Bipinnate: 

BissxuaZ: 

B i?ads : 

Bract: 

Bulb: 

BuZbCl: 

Bush: 

CaZZus: 

CatHx: 

Capitate: 

CapeuZe: 

Carp Z : 

Carpopeis: 

Catch crop: 

CaulifZorous: 

Ciliat0: 

Clans: 

a plant that completes its life cycle in the 
second year or season. 

having two compartments or cells, 

a leaf in which the primary pinnae (divisions) 
are themselves pinnate. 

a flower in which both sexes are present and 
functional. 

refers to the enlarged or expanded part of a leaf 
or petal. 

a miniature leaf that subtends a flower or flower 
stalk. 

a shortened undergrouzrd shoot or bud having 
fleshy leaf bases or scale leaves. 

small aerial bulb that may form instead of 
flowers or axilJ.ary buds, and which, on separation, 
can propagate the plant* 

a low thick shrub with no distinct trunk. 

the new tissue produced when a part is injured 
or severed. 

the outer envelope of the flower, consisting of 
two or more carpels. 

collected into compact head-like clusters. 

a dry many-seeded dehiscent fruit consisting of 
two or more carpels. 

a leafy, spore-producing unit of the pistil or 
ovary: the pistil many consist of one or more 
carpels. 

a dry, indehiscent, one-seeded fruit in which 
the pericarp is closely adhered to the seed. 

a short-duration crop grown in the intervening 
period between two main seasons of the major 
crop. 

flowers borne on the stem, usually from the old 
wood. 

hairy along the edge. 

a group of plants developed from the same plant 
by vegetative propagation. 
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Corm: 

Corolla: 

Cotyledon: 

Cuttivar: 
(cu., cvsl 

Cyme: 

Deciduous: 

Decumbent: 

Dehiscent: 

Determiriate: 

DCchotomous: 

Dicotyledon: 

Digitate: 

Dimorphic: 

Dioecious: 

Dista2: 

Distichous: 

Dorsa2: 

Drupe: 

EZliptic: 

Embryo: 

a swollen, solid, short, usually rounded, 
underground stem, covered with scale leaves 
and buds appearing at the top. 

the usually coloured or showy part of the flower 
consisting of free or united petals. 

embryonic leaf. 

an agricultural or horticultural variety that has 
originated and persisted under cultivation; usu- 
ally referred to as "variety", but botanically a 
variety is distinct from a cultivar. 

a determinate inflorescence with sympodial 
branching: with the main axis ending in a flower. 

usu$ly refers to leaves, but also to flowers, 
that are falling off or subject to fall. 

lying on the ground, reclining. 

opening up spontaneously when ripe. 

the prolongation of the stem or inflorescence 
stalk stops when the terminal or the central 
flower of an inflorescence opens. 

partitioning regularly into two. 

angiosperms with two cotyledons. 

a leaf with leaflets originating from the same 
point like the fingers of a hand. 

having two forms or types, e.g., branches. 

plants with unisexual flowers: male and female 
flowers on different plants. 

farther from the point of attachment. 

regularly arranged on either side of the stem. 

refers to the back or outer surface. 

a fleshy, indehiscent, single-seeded fruit, in 
which the endocarp forms a strong encasement of 
the seed. 

oval shape with rounded ends. 

normally develops from a fertilized egg and 
consists of a rudimentary plant still in the seed. 
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Endocarp : 

Endosperm: 

Ensiform: 

Entire: 

EpCcotyl: 

Epigeal: 

Epiphyte: 

Exocarp : 

Falcate: 

Fascicle: 

FiZiform: 

FlabeZZate: 

Fi?exuose: 

FZore t: 

FoZZicle: 

FruCt: 

Frutescent: shrubby. 

Fueiform: spindle-shaped, tapering at each end. 
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the innermost layer of the fruit wall or pericarp. 

food reserve tissue enclosing the embryo and 
developed from the fertilized fusion nucleus. 

sword-shaped. 

an even margin without serrations. 

the stem above the cotyledons. 

above ground; when cotyledons are raised above 
the ground in germination. 

a plant which grows on another plant but without 
deriving nourishment from it. 

the outer layer of the pericarp. 

sickle-shaped. 

a cluster of organs (leaves, flowers, etc.) 
originating from the same point. 

thread-like, slender. 

fan-like. 

zigzag. 

individual minute-to-small flower. 

a dry dehiscent fruit of a single carpel. 

the structure that develops from the ripened 
ovary: but the term is,used loosely to denote 
structures formed from other components also. 

GamopetaZous: with petals that are united either completely 
or partially. 

Genotype : an organism comprising the sum total of its genes, 
or a group of organisms with the same genetic 
make-up. 

GZabrous: hairless. 

Glaucous: of greyish or greenish blue that rubs off. 

Gynaecium: collective name for the pistil(s) in the flower. 
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Halophyte: 

Haustor<um: 

Herb : 

Hermaphrodite : 

Heterogeneous: 

Hi Zum: 

Hirsute: 

Homogeneous: 

Ifusk: 

HypocotyZ: 

Hypogea 2 : 

Inflorescence: 

Lamina : 

Lance0 late: 

Ligule: 

Lobed: 

Ma2e sterility: 

Mesocarp: 

Midrib : 

Moni Ziform: 

Monocotytedon: 

Monopodia 2 : 

a plant that is more tolerant of mineral salts, 
especially sodium, in excess of the usual levels, 

an absorbing organ. 

a non-woody vascular plant. 

bisexual: stamens and pistil in the same flower. 

not uniform. 

the scar on a seed indicating its point of 
attachment. 

with coarse stiff hairs. 

showing no variability. 

puter covering of some fruits. 

the part of the stem that bears cotyledons. 

below ground; cotyledons remain below the 
ground in germination. 

a group of flowers having a definite arrangement 
and mode of development on the floral axis. 

the blade or expanded portion, mostly of the 
leaf, but also of the petal. 

long with a wide base and tapering apex. 

a thin membranous organ projecting from the 
top of the leaf-sheath of grasses. 

partitioned but not distinctly as leaflets. 

when pollen is absent or non-functional in 
flowering plants. 

the middle layer of the pericarp developing 
into the fleshy and succulent part. 

the prominent vein on the leaf as a continua- 
tion of the petiole. 

like a string of beads. 

angiosperm with a single cotyledon. 

when the primary axis continues its original 
line of growth to produce successive lateral 
branches. 
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Mycorrh3za: 

Nut: 

Ob ‘Long : 

Obovate: 

Obtuse: 

Opposite: 

OrthotropCc: 

Ovary: 

Ovoid: 

am.4 Ze : 

Patmate: 

Panic Ze : 

Paripinnate: 

Parthenocarpic: 

PediceZ: 

PeduncZe: 

Pendant, 
PenduZoua: 

Pepc: 

PerCanth: 

Pericarp: 
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a symbiotic association between a fungus and a 
root forming a structure outside the root 
(ectotrophic) or within the outer tissues 
(endotrophic) . 

a dry indehiscent one-seeded fruit with a 
woody pericarp. 

more long than broad with almost parallel sides. 

ovate to egg-shaped with the top half broader 
than the basal half. 

blunt at the end. 

when referred to leaves or branches: two are 
borne at the same node on opposite sides of 
the stem. 

vertically elongating. 

the basal portion of the pistil covering the 
ovules and eventually becoming the fruit. 

solid object that is egg-shaped in section. 

the structure containing the egg and developing 
into seed after fertilization. 

divided like the palm of the hand. 

an indeterminate racemose inflorescence with 
spikelets and stalked flowers. 

a pinnate leaf with an odd terminal leaflet. 

producing fruit without pollination. 

sta&,k of an individual flower. 

the main (and also secondary) axis of the 
inflorescence. 

hanging down: drooping. 

the berry-like fruit of Cucurbitaceae. 

the floral 'leaves' as a whole (sepals and 
petals). 

the fruit wall; it can be sometimes divided 
into exocarp, mesocarp and endocarp. 
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Petal: 

Pe tiote: 

Phenotype: 

PhZoem: 

PhyZZode: 

PhyZZotaxy: 

Pinna (e) : 

PirLnate: 

P<stiZ: 

PistiZtate: 

Pith: 

Placenta: 

Plagiotropic: 

Plumose: 

PZumute: 

PoIlon: 

Precocious: 

Procumbent: 

Protandrous: 

Pro togynous : 

Pubescent: 

Raceme: 

leaf-like structure forming a segment of the 
corolla; usually brightly coloured. 

leaf stalk. 

physical or external appearance of an organism, 
as distinct from the genotype. 

food-conducting tissue of the stele. 

flat thick petiole functioning as a leaf. 

arrangement of leaves (or floral parts) on their 
axis. 

primary leaflet of a pinnate leaf. 

a compound leaf with the leaflets (pinnae) 
arranged along each side of a common rachis. 

the female parts of a flower, which when complete 
consists of the ovary, style and stigma. 

a unisexual flower with pistil but not stamens. 

the central part of the stem or root enclosed in 
a hollow vascular cylinder. 

cushion-like part of the ovary to which the 
ovules are attached. 

lateral branches heading away from the vertical 
plane. 

feather-like, with fine hairs. 

the primary bud of a germinating seed: syn. 
Epicotyl. 

male reproductive element (grains) borne on the 
anthers. 

appearing or developing early. 

lying loosely on the ground surface. 

pollen being shed before the stigma is receptive. 

stigma being receptive before the pollen is shed. 

covered with short soft hairs. 

an unbranched, indeterminate, elongate inflores- 
cence with pedicelled flowers. 
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Ruchis: 

Radicle: 

Ratoon: 

Receptacle: 

Reniform: kidney-shaped. 

Reticulate: netted as in the case of smallest veins of a 
leaf. 

ReTin: oxidation product of various essential oils. 

Rhizome: an underground stem that usually grows just 
below the surface, and is distinguished from 
the roots by the presence of nodes, buds, and 
scale leaves. 

Rootstock: 

RostelZum: 

a seedling or.other plant upon'which the scion 
is budded or grafted. 

a small beak. 

Runner: a slender trailing shoot with roots. 

ScutelZum: 

Sei!f-polZZnation: 

SeZf-sterile: 

Sepa 1: 

Septate: 

Serrate: 

Sessile: 

Seta: 

Sett: 

Shrub: 

Simple: 

the main axis of an inflorescence. 

the first root of a germinating seed. 

new shoots that are produced after'the first 
crop, which can be used for subsequent crops 
from the same plant. 

the tip of the pedicel into which the floral 
parts are attached. 

another name for the single cotyledon of 
monocotyledonous plants. 

pollination with pollen from the same flower 
or from other flowers of the same plant. 

failure to complete fertilization after self- 
pollination. 

a segment of the outermost floral whorl, 
usually green in colour. 

divided by one or more partitions. 

saw-toothed. 

stalkless. 

a stiff hair or bristle. 

a short stem cutting used for propagation. 

a woody plant of small size and low branching. 

when referring to leaves, not divided or 
compound. 
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Sinus : 

SpadZs: 

Spathe: 

Spicate: 

Spike: 

Spike Ze t : 

Spirea: 

stamen : 

Staminate 

Stigma: 

stipaz: 

Stipde: 

sttJ le : 

Syn;podiaZ: 

Syncarpous: 

Tendril: 

I’gpY:i.?^:a :.: 

~Testa: 

Tiller: 

Tomentose: 
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the depression between two lobes or teeth. 

a racemose inflorescence similar to a'spike, but 
with a swollen fleshy peduncle to which sessile 
flowers are attached. 

a large bract enveloping the whole spadix. 

spike-like. 

a simple indeterminate inflorescence with sessile 
flowers along a single axis. 

a small spike consisting of one or more flowers 
with a common pair of glumes, as in grasses. 

a stiff, short, pointed, hard structure. 

a unit of the male reproductive organ of the 
flower. 

a unisexual flower with stamen but not pistil. 

the pollen-receiving part of the pistil. 

small secondary stipule at the base of a leaflet 
of a compound leaf. 

a small leaf-like structure at the base o.f a leaf 
petiole. 

a slender stem runner trailing above the ground 
and producing at the nodes roots and buds capable 
of reproducing the plant. 

the part of the pistil that connects the ovary with 
the stigma. 

refers to a stem in which the growing point either 
dies or produces an inflorescence, the growth being 
continued by a new lateral growing point. 

an ovary composed of united carpels. 

a slender, thread-like climbing organ formed from 
the stem or leaf. 

at the tip of a stem and limiting its growth. 

the seed coat developed from the integument. 

a shoot from the lower leaf axils. 

thickly covered with soft hairs. 
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Truncate: 

Tuber: 

Vmbs 1: 

VnStocular: 

Vencation: 

VerrtraZ: 

Vert7XZlate: 

Viability: 

Xsrophyte: 

xy lsm : 

Zygote: 

more or less squarely cut at the end. 

swollen underground stem or root that constitutes 
a storage organ that can also be used for 
propagation, and that usually lasts one year. 

a racemose, indeterminate, flat-topped inflores- 
cence with suppressed puduncle and pedicels 
arising from a common point. 

having a single cavity. 

arrangement of veins of a leaf. 

the surface (of a leaf) towards the axis; front. 

several leaves arising in a whorl from the same 
node. 

ability to live and develop. 

a plant that is adapted to conditions of limited 
water supply. 

the conductive tissue for water with minerals in 
the stele. 

a fertilized egg. 


