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Foreword

In 1982, the Department of Development Economics of the Agricultural Uni-
versity of Wageningen embarked upon a project aimed at the production of a se-
ries of monographs on the economics of tropical and subtropical crops. Each mo-
nograph was intended to cover the aspects of production, processing and trade for
a specific crop, with the intention to fill the gap between the existing ample agron-
omic documentation, and the generally broad and aggregate data on production
and trade. The studies are based on information from professional publications
and statistical sources, complemented by more detailed field studies in a selection
of producing countries.

The first phase of the project covers four crops with different ecological and
economic characteristics: coffee, cotton, maize and oil palm. Each study will de-
vote attention to the following aspects:

- Ecology in various regions.

— Farm types, farming systems and production.

— The position of the crop in relation to other crops with either similar uses or
similar ecological requirements.

— The stages of processing and marketing between farm gate and consumer or im-
porter.

— Supporting services for production, processing and marketing.

— National institutions, programmes and policies.

— International trade.

We hope that this comprehensive approach will make the monographs useful as
reference works for institutions and people involved in policy-making and field
work.

Professor Dr F.P. Jansen

Department of Development Economics,
Agricultural University, Wageningen
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Preface

The oil palm is the major oil crop grown in developing countries. This book de-
scribes and analyses the oil-palm sector and its role in the national economy of
producing countries. Emphasis is given to micro-economic aspects of production,
processing and marketing, and macro-economic aspects of the sector as a whole.
In addition, attention is paid to physical and institutional factors that have a pro-
found influence on the economic performance, such as ecology, organization of
services and policy matters.

Eight countries in the three major production regions, South-East Asia, West
Africa and Latin America, have been selected for analysis. Together, these coun-
tries offer a representative view of the situation in about thirty producing coun-
tries. For each of the selected countries, the oil-palm sector is reviewed and ana-
lysed in sections dealing with the following: general background; ecological condi-
tions; availability of production factors; production, processing and marketing,
with methods applied and costs; provision of supporting services and government
policies. The findings in these eight countries provide the basis for conclusions
about the possibilities and limitations of the oil-palm sector in producing coun-
tries.

The description of the actual situation in producing countries and the subse-
quent comparative analysis offer general and specific insights into the oil-palm
sector to readers with different fields of interest. Specialists will find it useful to
get a comprehensive picture of the sector as a whole and to compare specific situ-
ations in several producing countries; planners may use data and parameters on
the various production stages for planning purposes; policy makers may compare
the performance of one or more producing countries with the actual situation in
their country and identify potential areas for improvement.

The book consists of two parts. Part 1, Chapter 1 provides a general review of
the present state of knowledge about the oil palm and its products, and serves as
an introduction for those who are not acquainted with the oil palm or with agricul-
tural production in general. The comparative analysis based on the eight countries
studied is presented in Chapter 2. The individual studies form the second part of
the book, Chapters 3-10. These studies foliow a standard outline to facilitate the
comparison of specific aspects.

The data in this book refer to the situation in 1982. Prices and parameters will
change with time. However the framework of analysis employed together with the
relatively constant basic factors and technical coefficients mean that individual us-
er can update sections according to needs.
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1 Introduction to the oil palm

1.1 General aspects
1.1.1 origin and distribution

The centre of origin of the oil palm is the tropical rain forest region of West
Africa. It was spread by man from Senegal to Angola in a wide belt along the
coast and into the interior aleng the Congo River. Palm fruits were taken by the
early slave trade in the 16th Century to the New World, where the oil palm be-
came established in Brazil.

(il palm grows and reproduces itself readily in forest clearings, and shifting cul-
tivation practised in Africa and later in Brazil resulted in extensive areas of semi-
wild palm groves. Qil-palm seedlings were grown in European botanic gardens in
the 18th Century and brought from there as ornamental tree to Calcutta, Mauriti-
us, Java and Singapore. Regular trade in palm oil and palm kernels between West
Africa and Europe started early in the 19th Century with the industrial revolu-
tion, partly as a replacement for the slave trade. Oil and kernels were produced
by traditional extraction methods from fruits collected in the semiwild palm
groves.

Table 1.1. World production of oil palm products (1000 1).

Palm oil Palm kernels

1961/63 1971/73 1981/83 1961/63 1971/73 1981/83

World 1294 2407 5874 1034 1343 2074
Africa 1011 1278 1372 778 861 739
Nigeria 520 654 695 408 425 355
Zaire 225 180 153 112 110 65
Central America! 21 32 64 47 36 18
South America! 7 59 165 147 226 302
Asia 235 1035 4184 62 220 984
Indonesia 145 272 881 33 59 151
Malaysia 110 - T20 3116 28 149 784
Ocecania - 3 89 - - 31

1. Production data for palm kernels refer to babassu nuts and probably nuts of the cohune palm as
well.
Source: FAQO {1961-1983)
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The first commercial plantings for production of edible oil were made in Suma-
tra and Malaysia in 1911 and 1917, respectively. In the Belgian Congo, plantings
started in the 1920s. By 1938, there were 90 000 ha planted in Sumatra, 30 000 ha
in Malaysia and 20 000 ha in Belgian Congo and British West Africa. After World
War II, production increased considerably, especially in Malaysia and Indonesia
where large areas of rubber plantations were replanted with oil palm in addition
to new plantings in forest areas. In Central and South America oil palm received
renewed interest around 1960 and many new plantations were started. Papua
New Guinea started production in the 1970s and has reached a considerable pro-
duction volume. Production in West Africa is still to a large extent based on the
fruits from semiwild oil palms but the area with planted improved palms greatly
increased in Ivory Coast, Cameroon and Nigeria in the 1970s.

The recent statistics on production of oil-palm products are listed in Table 1.1,

1.1.2 Botany
1.1.2.1 Classification

The oil palm, Elaeis guineensis Jacq., belongs to the subfamily Cocoideae of
Palmae, which also includes the coconut. The fruits of oil palm vary widely. The
following classification is based on variations of the internal structure of the fruit:

— Dura: shell 2-8 mm thick.

— Pisifera: shell-less.

— Tenera: shell 0.5-4 mm thick. The tenera fruit form is a hybrid of the dura and
the pisifera forms, often stated as ‘D x P’. A further classification can be made
on the colour of the fruit:

- Nigrescens: unripe fruits deep violet to black, ripe fruits with brown or black
cap.

- Virescens: unripe fruits green, ripening to reddish orange.

— Albescens: without reddish colour as carotenoids are absent.

Most commercially planted palms are tenera and the fruit type nigrescens is
predominant.

The American oil palm, Elaeis oleifera, is another species in the genus Elgeis. It
is also referred to as Elaeis melanococca or Corozo oleifera. The palm occurs in
Central and South America, where the oils from mesocarp and kernel are used
locally. The trunk becomes procumbent after several years and is slow growing.
The palm as such is of no economic importance but could become useful for
breeding purposes as hybridization between E. guineensis and E. oleifera presents
no difficulties (Section 1.5.3).
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Fig. 1.1. Cross-section of oil-palm fruit (1/1).

1.1.2.2 Morphology

During the early growth of the oil palm, the lower internodes are formed into a
basal cone or bole. Thousands of primary roots, 6~10 mm in diameter, arise from
the bole and spread horizontally or descend into the soil. Secondary roots, 2-4
mm in diameter, descend or ascend from the primary roots. Tertiary and quater-
nary roots form a dense mat in the upper 30 cm of the soil. Most roots are to be
found near the palm stem but a second concentration is found 1.5-2 m from the
base. Oil palms have a single erect stem resting on the basal cone. The width of
the stem varies from 25-75 cm. The annual increase in height is 35-50 cm and the
palm may reach a height of 20-30 m. In plantations, the palms are cut down long
before they reach such a height, as harvesting becomes more and more difficult
with increase in height.

The palm has one terminal growing point and leaves are produced continuous-
ly. Annually, twenty to thirty leaves are produced under plantation conditions. In
the axil of each leaf is a bud, which may develop into a male, female or occasion-
ally in a hermaphrodite inflorescence. Female and male inflorescences occur on
the same plant. The female inflorescence consists of several thousand flowers on
100-250 spikelets on the central rachis. After pollination by wind or insects, the
fruit bunch develops in 5 to 6 months. A bunch may contain 500-2000 fruits with
an individual weight of 3-30 g. A fruit consists of the outer exocarp or skin, the
mesocarp or pulp and the seed consisting of endocarp or shell and kernel (Figure
1.1). Palm oil is produced from the mesocarp and palm-kernel oil from the Kernel
by a subsequent processing technique. The oil content is generally stated as oil-to-
bunch ratio; in D x P palms, the ratio is around 25 % for mature palms. The ker-
nel-to-bunch ratio is 45 %.

1.1.2.3 Propagation

Propagation is by seed. Most modern plantations are planted with hybrid
material from selected dura x pisifera (D x P) parents. These D X P hybrids are
tenera types with thin-shelled fruits. A recent development, which is still in the
development stage, is vegetative propagation by tissue culture. Small pieces of tis-
sue from root tips or other parts are induced to grow into plants in a laboratory.



24

This method of propagation opens new possibilities for the selection and devel-
opment of clones; groups of uniform plants derived from a single parent palm with
favourable characteristics (Section 1.5.3).

1.1.3 Uses and competitive products

Palm oil and palm-kernel oil are to a large extent interchangeable with other
fats and oils of various origin. Palm oil is one of the major vegetable oils produced
and traded (Table 1.2). Palm oil contains saturated fatty acids about 53 % and
unsaturated fatty acids 47 %. In this, it differs from the vegetable oils listed under
‘edible’ which all contain higher proportions of unsaturated fatty acids. Palm oil,
and its fractions after refining, can be used for edible purposes, such as manufac-
ture of margarine and compound cooking fats, as well as for the manufacture of
soap and candles. The improved quality of the oil and new technological devel-
opments result in a tendency to increase the proportion used for edible purposes.
A new development is the use of palm oil as fuel for diesel engines. This applica-
tion is still under development.

Table 1.2. World production and export of fats and oils (1000 t oil equivalent).

Type Production Export
1981/83 1981/83
Vegetable oils 45 330 17 510
edible 44 120 16 750
coconut oil 2 890 1410
cottonseed oil 3140 440
groundnut cil 3090 610
olive oil 1770 210
palm-kernel oil 720 450
palm oil 5430 3240
rapeseed oil 4 630 1290
soya-bean oil 14 010 6 900
sunflower seed oil 5690 1640
other 2750 1320
industrial oils 1210 760
Animal fats 16 920 3 160
edible 10 920 1070
butter 5960 670
lard 4720 400
industrial
tallow 6 240 2 090
Marine oils 1140 710
Total 63 390 21 380

Sources: IASC in Oleagineux, FAO (1961-1983)



Plate 2. Seedlings in polythene bags in a nursery, Ivory Coast.
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Plate 1. Germination of seeds
in the electrically controlled ger-
minator of the research institute
in Marihat, Indonesia.
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&t 2

Plate 3. Qil palms in the first
years of production, Indonesia.

Plate 4. Harvesting bunches
with a hook attached to a alumi-
nium pole, Ivory Coast.




INTRODUCTION 27

Palm-kernel oil consists for 85 9% of saturated fatty acids. The oil is similar to
coconut oil and both oils are used in edible tats, confectionery and bakery prod-
ucts, the preparation of ice-cream and mayonnaise, and in the manufacture of
soaps and detergents. The presscake is used for livestock food.

In West Africa, palm oil produced by traditional methods is consumed directly
without further processing. This palm oil contains a large proportion of free fatty
acids and is rich in vitamins.

Palm wine can be produced, at the expense of bunch production, by cutting the
inflorescence and collecting the sugary solution. Production of palm wine is of im-
portance in West African countries.

1.2 Ecology
1.2.1 Climatic requirements

The oil palm requires a humid tropical lowland climate. The following require-
ments are stated:

— Rainfall. An average annual rainfall of 2000 mm or more, distributed evenly
throughout the year is optimal. A period of three months with less rainfall than
100 mm is considered the maximum deviation acceptable.

- Temperature. Mean maximum temperatures of 29-33 °C and mean minimum
temperatures of 22-24 °C are optimal. A mean minimum temperature below
18 °C is unfavourable as growth stops and yields at a later stage are reduced.
— Sunshine. At least 5 hours per day throughout the vear.

Water supply, i.e. rainfall under natural conditions, is the major aspect of the
oil palm’s climatic requirements in present-day regions of oil palm. The effect of a
temporary shortage of water has been clearly demonstrated by an irrigation trial
set up by the Institut de Recherche pour les Huiles et Oleagineux (IRHO) in
Grand Drewin, Ivory Coast (Table 1.3). Considerable areas in the oil-palm region
of West Africa are affected by a dry period of 2—4 months per year and production
in those areas is restricted by lack of water. There are two approaches to calculate
the availability, or lack of, water. The first is calculation of the water deficit, ex-
pressed in millimetres per year. A water deficit occurs if the potential evap-
otranspiration exceeds the precipitation plus the soil water reserve in a certain pe-

Table 1.3. The vield without and with irrigation in a trial in Ivory Coast.

Treatment Yield Irrigation water
(tf.f.b./ha) (mm)

Control, without irrigation - 105 0

Abundant irrigation till 150 mm per month 23.5 1130

Controlled irrigation 22.0 6350

Source: Ochs & Daniel (1976)
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riod, Usually 10-day periods are taken to calculate the water balance and the total
deficit over a year gives the annual water deficit. An average annual water deficit
of 300 mm limits production and few commercial plantings are found in areas with
water deficit of 400 mm and more. The second method, developed by FAQ in the
agro-ecological zones project (FAQ, 1978) is also based on water balance. How-
ever the period is calculated during which there is sufficient water available for
the plant to be productive. The period is called ‘growing period’ and it is express-
€d in days. Qil palm requires a growing period of 270 days or more.

Temperature in the tropics can be a limiting factor in areas at higher altitudes
and in are¢as further away from the Equator than 13°N and 12°S latitude with a
more pronounced colder season.

Sunshine, in general calculated as solar irradiance, is important as is shown by
the negative effects of shade. Exact data on requirements are not available.

1.2.2 Soil requirements

Oil palms are grown on a wide range of soils. An adequate supply of soil mois-
ture is more important than nutrient supply. The water-holding capacity of the
soil becomes important as rainfall becomes only marginally suitable. Certain soils
are unfavourable to the oil palm and must be avoided: poorly drained soils, lateric
soils containing concretionary ironstone, very sandy coastal soils and deep peat.

The topography is especially important for oil palms as a great volume of har-
vested product, 15-25 t of fruit bunches per hectare, must be transported annually
once the palms are in full production. So flat or gently undulating land is pre-
ferred, in order to minimize establishment costs for palms and a road system, and
running costs of transport.

il palms tolerate periods of flooding provided they are not prolonged.

1.2.3 Suitable zones for oil palm

A general overview of suitable zones can be given on the basis of the classifica-
tion of growing conditions developed by FAQO. The system is based on two vari-
ables: temperature; growing period. By temperature, 14 major climates are dis-
tinguished under three headings: tropics, subtropics and temperate. The maps
published by FAQ, showing major climate areas and isolines for different growing
periods, give a broad indication of the suitibility for different crops by region.

The requirements of the oil palm in terms of this system are ‘warm tropics’, 24-
h mean daily temperature during growing period more than 20 °C, and a growing
period of 270 days or more. These conditions exist in the following regions: Afri-
ca, the coastal belt in West Africa from Guinea to Zaire, the Congo River Basin
and the east coast of Madagascar; Central America, the Caribbean coastal arca
from south Mexico to Panama except the Yucatan Peninsula; South America, ex-
tensive areas in the Amazon Basin in Brazil, Colombia, Ecuador and Peru, and
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Fig. 1.2. Oil-palm areas in the world.

several other areas in these countries; South-East Asia, Malaysia, Indonesia in-
cluding the islands of Sumatra, Kalimantan, and parts of Sulawesi and of Irian
Jaya, and Papua New Guinea; South Pacific, the Solomon Islands (Figure 1.2).

1.2.4 Crops with similar ecological requirements

Several crops can be grown under the same ecological conditions as oil palm.
These are tree crops like rubber, coconut and cocoa and root crops like cassava,
cocoyam and yams and to some extents grains, rice and maize. Tree crops are
more suited to the poor yellow and red podzolic soils in the humid tropics than
annual crops. The continuous cover, similar to the original forest vegetation, pro-
tects the soil from erosion and soil degradation which are major problems when
such soils are used for annual food crops. The major crops grown under similar
conditions to oil palm are briefly discussed below.

Rubber requires a growing period of 330-365 days and temperatures of
25-30 °C. It requires soils with a good physical condition. In Malaysia and Indo-
nesia, large areas of rubber have been replanted with oil palm in the past 20
years. Rubber production on a plantation scale is impossible in South America be-
cause of disease.

Coconut requires slightly less rainfall than oil palm. However for high produc-
tion, it requires an even distribution too. The palm tolerates saline conditions not
suitable for oil palm. In coastal areas, coconut and oil palm can be seen alongside
one another provided the soils are suitable.



30

Cocoa requires a growing period of 270-300 days and somewhat lower temper-
atures than oil palm. The shorter optimum growing period, the requirement of a
distinct dry season to induce flowering and the more specific requirements in soils
generally result in cocoa-production areas which are bordering oil-palm produc-
tion areas. In Indonesia and Malaysia, however, there is an increasing tendency
to plant cocoa under coconut in areas where oil palms are planted as well.

Root crops, such as cassava, yams and cocoyams are staple foods in the forest
zone of West Africa, the origin of oil palm. Cassava is a versatile crop that grows
even under the most humid conditions. Yams have a shorter growing period,
210-240 days. They are planted at the start of the rains and harvested at the be-
ginning of the drier period.

Bananas require conditions similar to oil palm but must be sheltered from wind,
which damages leaves and reduces yield. This requirement often makes coastal
areas less suitable for bananas.

Cereals require a distinct dry period for ripening and such a climate is only mar-
ginally suitable for oil palm.

1.3 Production of fruit bunches

Production of fruit bunches and the processing of fruit bunches into crude palm
oil and kernels are generally integrated. Fruit bunches must be processed within
24 h of harvesting to avoid deterioration of quality. Crude palm oil and kernels
are reasonably stable products, which can be stored before being processed into
end-products. This section deals with production of fruit bunches, which includes
all field operations from surveying the area to the delivery of bunches to the pro-
cessing plant on the estate or at the collection point from where they are taken
away for processing. The processing into crude palm oil and kernels is outlined in
Section 1.4, and linkages and services are discussed in Section 1.5,

1.3.1 Production systems

Three basic production systems can be distinguished: production by smallhold-
ers collecting from semiwild oil palms; production by smallholders, cultivating im-
proved oil palms in pure stands; production on estates.

Smallholders with semiwild oil palms. Extensive areas of semiwild oil-palm
groves exist in West Africa and Brazil. These groves result from shifting cultiva-
tion in rain forests, resulting in clearings suitable for spontaneous establishment
and growth of oil palms. In this extensive production, cultivators return to their
former clearings to collect fruit from which oil is produced for their own needs and
kernels for sale. Yields from these stands with generally less than 75 palms per
hectare are 1-1.5 t bunches per hectare annually, resulting in 100-200 kg of ker-
nels per hectare for sale. With increased population, fallow periods become short-
er and as the forest becomes more open the number of oil palms per hectare in-
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creases. Qil palm then becomes one of the activities of a more permanent type of
agriculture. Bunch production is still low with 2 maximum of 5 t/ha each year for
dense groves with 150 palms per hectare. Oil palm in the semiwild groves is pri-
marily a food crop cultivated for the grover’s own use or for local use, Kernels
provide cash, as local technology for extraction of kernel oil is not available.

Smallholders with improved oil palms in pure stand. This production system of-
ten results from development schemes aimed to improve the income of the popu-
lation. The introduction of modern production methods is combined with provi-
sion of comprehensive services, generally including transport and processing of
fruit bunches.

Estates. Production of bunches is more systematic with correct spacing, se-
lected planting material, adequate care and maintenance. This resuits in West Af-
rica in yields of 10-15 t/ha in areas where groves produce 2.5-5 t/ha. Plantations
in Malaysia and Indonesia reach yields of 20-30 t/ha, with optimum climate, a
high ievel of management and intensive research. Plantations may vary in size
from several hundred hectares to over 5000 ha.

1.3.2 Production stages and activities

Two production stages are distinguished: the establishment stage, a period of 3
to 4 years; the productive stage from the 4th or 5th year to the 25th or 30th year.
The activities on estates are outlined as they give the most comprehensive picture
of fruit bunch production.

Establishment stage. In this period, care and maintenance are aimed at obtain-
ing a full stand of healthy palms with a high production potential. The physical
work of establishment is done in the first year. The following activities are carried
out.

— Land and soil survey: to determine layout of blocks, roads, drains and fertilizer
requirements.

— Nursery: preparation field for nursery, seed treatment and raising of young
palms in polythene bags.

— Clearing: felling of forest or a previous crop, burning and land preparation.

— Terracing: in undulating land.

- Planting: lining, holing and planting of seedlings and protection against pests.
Normally 143 palms are planted per hectare.

— Laying of any drainage system.

— Road system: establishment of tracks for planting, and construction of foot-
paths for harvesters and roads for transport of bunches.

— Care and maintenance: establishment of a cover crop, weeding, fertilizing, re-
placing of palms as required.

Productive stage. The activities are grouped under two headings:

1. Care and maintenance.
— Ring weeding and path maintenance with a hand-hoe or with chemicals.
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— Pruning of dead or green leaves to allow inspection of the ripening of bunches.
There are several pruning systems but pruning of green leaves has proved detri-
mental to production.

~ Fertilizing, requirements being assessed by foliar analysis.

- Pollination. In regions outside West Africa, pollination can be insufficient
through lack of specialized insect species, so pollination is carried out by hand.
Recently pollinating insects have been introduced to Malaysia from West Africa,
so that hand-pollination is not longer necessary.

— Control of pests and diseases.

2. Harvesting.

- Finding and cutting ripe bunches in cycles of 9-14 days. Bunches are harvested
when there is at least one loose fruit per 0.5 kg of bunch. This ensures the highest
oil content and a still low proportion of free fatty acids, say 0.5 %. When the
palms are still low, a chisel or hooked knife is used; fater a hook attached to a pole
is required.

- Collection of bunches and loose fruit, and transport to roadside or railway.
Bunches can be carried by hand, transported with cart and buffaloes, by tractors,
or with four wheel-drive vehicles.

— Loading into vehicles and transport to the mill. There are several systems, such
as railway, lorry, dumptruck and tractor plus trailers. The loading operation is of-
ten mechanized: bunches are deposited on nets, the nets are lifted and emptied
into lorries or trailers by means of a hydraulic crane mounted on the vehicle.

1.3.3 Production levels

Production of bunches per hectare and production of oil and kernels from these
bunches after processing is to a large extent determined by biological factors,
which were studied by Corley & Grey (1976, p. 77-86). The main factors are out-
lined below. The extraction efficiency of processing installations will be dealt with
in the next section.

The two main components of the yield of oil per hectare are yield of fruit bun-
ches and the oil-to-bunch weight ratio. Both components can be divided into sub-
components. The yield of fruit bunches depends on:

— Number of palms per hectare. Planting density is normally around 143 palms
per hectare. The number of palms per hectare decreases through disease during
the lifetime of a plantation.

— Number of bunches per palm. The number of bunches produced annually per
palm decreases with age from 15-25 bunches in the 4th year to about 10 bunches
in the 12th year. After that, the number of bunches declines slowly.

— Bunch weight. This increases with age of palm from 5 kg in the 4th year to
20-25 kg in the 14th year. The combined effect of the three factors is that produc-
tion of fruit bunches in tonnes per ha per year increases rapidly to a maximum
around the 10th year after planting, followed by a gradual decline to 60-80 % of
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Plate 6. Fruit bunches from D x P palms, Indonesia.



34

kY

Plate 7. Loading fruit bunches
onto a truck for transportto a
mill, Ivory Coast.

Plate 8. Unloading onto ramp
of oil-mill, Indonesia.







