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Three main landforms are found in Malaysia — the high mountainous interior under
natural forest, the well-drained, undulating uplands planted in rubber (Hevea brasiliensis) and oil
palm (Elaeis guineensis); and the lowlands, most of which are planted in wet rice.

Rubber replaced the natural forest on large areas of upland soils (Oxisols and Ultisols)
more than 100 years ago.  Improved technology for large-scale rubber production generated by
the Rubber Research Institute of Malaysia is being utilized far more effectively by the large es-
tates than by smallholders.  This technology includes the use of high-yielding clones, balanced
fertilizer applications, legume cover crops on steep terrain and proper tapping systems.  The
Rubber Industry Smallholders Development Agency (RISDA) has used similar technology to im-
prove the production of millions of rubber smallholders.  Replacing the natural tropical forest
with the man-made monoculture of rubber is being economically and ecologically sustained by
sound soil and fertilizer management.  Replacing old rubber trees with modern high-yielding
clones on highly weathered soils requires careful soil and fertilizer management.  In the early
1970s, oil palm began to replace rubber on some better inland soils.  Oil palm has a high K
and N demand, and if these requirements are met, can produce 25 - 30 mt (fresh-fruit bunches)
per hectare per year.  The land application of nutrient-rich oil palm factory wastes replaces
some of these nutrients, and also minimizes environmental pollution.
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Geomorphologically, Peninsular Malaysia
consists of a central core of granite mountains run-
ning from north to south, with major flood plains
running along the coast and in between hilly, well-
drained uplands.  The mountains and most of the hilly
uplands are at present still under natural forest.

The flood plains on the west coast of the
peninsula are much more productive (Ng 1977b)
than those on the east.  The alluvial plains on the west
coast are fringed by large mangrove swamps, and are
still largely underdeveloped.

The production of plantation tree crops
covers vast areas of upland.  The widespread use in
plantations of superior, high-yielding planting mate-
rials since the beginning of this century has led to an
increased use of commercial fertilizers (Fig. 1).
Since Malaysia’s even temperatures permit year-
round growth, there is the possibility of a rapid

decline in inherent soil fertility through erosion and
nutrient loss unless there is careful soil management.
The use of ground cover and a nutrient budget are the
basic methods in the management of soils and fertil-
izers for sustained production of plantation tree
crops in Malaysia.

This paper examines various methods of
soil and fertilizer management currently being used
in Malaysia to sustain various crop production sys-
tems.
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For operational purposes, the soils of Ma-
laysia can be divided into three broad categories:
soils under forest in the mountains of the interior;
upland soils under plantation crops, rainfed field
crops and forest in the interior uplands; and soils on
the alluvial plains.  Pedogenetically, soils in the

Keywords: Cocoa, coconut, erosion control, fertilizer, nutrient recycling, oil palm, pepper,
plantation crops, rice, rubber
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Source: von Uexkull 1983

mountains are young, shallow and are covered by
natural forest which is maintained by an efficient
nutrient cycle.  Inland soils on the undulating upland
terrain are deeply weathered, acidic and highly
leached, with a low to moderate inherent fertility
related to the natural forest cover and the parent
rock.  They are mainly Oxisols and Ultisols, and
occupy some 24 million ha or 72% of the total land
area of the country.  Although such soils have a good
physical make-up, they are devoid of most nutrients,
and have a low CEC, a low base saturation and a high
aluminum saturation with values often exceeding
80% (Tessens and Shamshuddin 1983).

In contrast, soils on the flood plains are
strongly gleyed, contain a relatively high CEC and
varying levels of organic matter, and are predomi-
nantly silty clay loams or clay loams.  The various
properties of arable soils and the crops normally
grown on them are presented in Table 1.

Rubber

Rubber trees originate from the jungles of
the Amazon Basin of South America, and have now
replaced the natural forest in much of the interior
uplands of Peninsular Malaysia, especially on the
west coast.  Planting began last century, and by 1940

covered 2 million ha, 60% of which was farmed by
smallholders and 40% by large commercial estates.
To-day, Malaysia is the world’s third largest pro-
ducer of natural rubber.

The rubber tree has an economic life cycle
of 30-40 years.  This can be divided into two main
phases, the immature period of five years (previously
seven years) from planting to tapping, and the ma-
ture period during which the trees are tapped.  Al-
though the soil management during these two phases
is much the same, there are marked differences in
their fertilizer management.

Nearly all the early plantations were estab-
lished on land cleared from virgin forest, and the
trees thrived on the high inherent fertility from the
organic matter reserves built up over a long period.
Overall growth was generally considered satisfac-
tory, even with clean weeding, and fertilizers were
not used.  However, in experiments with nitrogen
(N) and phosphorus (P) fertilizers, better growth
was obtained on almost all inland soils but not on
alluvial soils (RRIM 1939).  Similarly, response to
potassium (K) fertilizer depended on the soil type.
On coastal and heavier inland soils, added K often
depressed growth, especially in the absence of fertil-
izer N, but on sandier soils, growth was increased.
On most soils there was some response to fertilizer,
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especially if a combination of N, P and K fertilizers
was used, and this became  recommended for general
use on rubber, once a forest tree, in Malaysia (Bolton
1964).

After World War II, high-yielding clones
grown on sandier soils showed magnesium defi-
ciency in the leaves (Bolle-Jones 1954; Bolton and
Shorrocks 1961).  The fertilizer recommendations of
the Rubber Research Institute (1958) were therefore
modified to include this element.  A mixture of
sulphate of ammonia (N), rock phosphate (P), potas-
sium chloride (K), with or without kieserite (for
Mg), was recommended for all inland soils, while
fertilizer was not considered necessary on alluvial
coastal soils.

On the basis of terrain alone, which affects
drainage and run-off, two broad groups of soils for
rubber were therefore differentiated, and fertilizers
are managed accordingly.  Under the high rainfall
and highly acidic conditions of inland soils, various
types of phosphatic rocks are widely used, which
slowly release available P to plants over time.  Rock
phosphates remain a cheap source of P for both
rubber trees and leguminous cover crops.  They have
a high residual value so that they benefit the crop for
a long time (Middleton and Pushparajah 1966).

Legume cover crops have long been an
important part of soil management for rubber.  Ini-
tially they were used to provide effective cover
against soil erosion in newly planted or replanted
rubber on steep terrain, and later to supply additional

nitrogen.  Over the years, field experiments with
various types of cover crops and fertilizers have
shown that the amount of fertilizer, especially N,
required by young rubber trees can be reduced after
the third or fourth year from planting if a good
legume cover is maintained (Table 2) (Mainstone
1961, Coulter 1972, and Broughton 1977).  How-
ever, regular top dressing with rock phosphate dur-
ing the first few years is required to establish and
maintain the legume cover (Watson 1966).  With
good management of cover crop and fertilizer, trees
can be brought into production at only four or five
years, reducing the immature, unproductive period
by one or two years.  Cover crops also protect the
soil, and at the same time maintain or even increase
its overall fertility.

These management practices represent the
basic principles for managing cropping systems in
the humid tropics.  To maintain soil fertility and
sustained crop productivity,  soils in Malaysia and
other countries of the humid tropics have to be kept
moist, covered, cool and undisturbed most of the
time.  These conditions follow closely those found in
the original forest environment which is now occu-
pied by the present rubber plantations.

Oil Palm

Oil palm was first planted in Malaysia in
1917.  It now (1990) occupies 2.1 million ha of land,
making Malaysia the top world producer of palm oil.
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As a result of the crop diversification policy begun in
1969, this crop replaced rubber on better inland and
coastal soils, especially from 1956 to 1975 when the
price of rubber fell.  The oil palm, unlike rubber, is
managed largely on an estate basis, and only a small
percentage is grown by smallholders.

Like rubber, oil palm has two growth phases:
the immature and the production phase.  The nutrient
requirements were determined by weighing the dry
matter production, yield and nutrient uptake of palms
from one up to ten years after planting.  These studies
showed that the oil palm is a more demanding crop
than rubber, in terms of nutrient requirements, both
for early growth and for mature production (Ng and
Thamboo 1967, Ng et al. 1968), as is shown in Table
3.

From these data, it is obvious that oil palms
need a soil with a high inherent fertility level.  While
N can be partially supplemented through the use of
legume cover crops, particularly on upland soils
previously under rubber (Broughton 1977, Agamuthu
et al. 1981), the high demand for K has to be met by
fertilizers, except on soil with high K reserves.  Oil
palms on soils with high K reserves give higher yields
and do not respond to K fertilizer, unlike those on
soils with low K reserves (Hew et al. 1973, Tan
1973).  From the point of view of the nutrient budget
for the crop at various growth stages (Fig. 2), oil
palm shows a sharp rise in its uptake of major
nutrients, particularly K and N, from the second year
after planting.  This uptake levels off after 5-6 years
of growth.  It is thus of critical importance to provide

adequate nutrition through appropriate management
of fertilizer and cover crops while the palms are
immature, if early harvests are to be large and rapid
increases in yields to be sustained.  These would
bring in an early return from investment.

If nutrient budget data is compared to the
ability of soils to supply these nutrients, fertilizer
requirements can be determined to give economic
production levels (Hew and Ng 1968, Ng 1977a).
Soils with a low K content, mainly upland Ultisols
and Oxisols, require earlier and heavier applications
of potash than those with high K reserves.  Magne-
sium is also important, particularly on the highly
weathered and leached soils found in some inland
areas (Tan 1979).  Nitrogen N is the most expensive
nutrient per unit applied.  Palms on heavy inland soils
formerly planted in rubber require good, early le-
gume cover if maximum early growth of the crop is
to be sustained.  The value of legume crops to oil
palm production, both as ground cover and as a
source of N, has been clearly demonstrated (Hew et
al.  1973).  The symbiotic N fixation of legume cover
crops can be exploited even more effectively if low-
cost pre-emergence herbicides are used (Agamuthu
et al. 1980, 1981).  The banking of nutrients obtained
from the soil and from applied fertilizers by all
vegetative cover —legume crops and natural ground
cover — can be utilized as grazing by sheep or cattle.
This further benefits the nutrient budget and nutrient
cycling on oil palm plantations.

Proper nutrient management is needed to
balance the inputs and losses of the different nutri-
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Source: Pushparajah 1984
* 450 trees/ha; period of 66-72 months
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ents.  This is particularly important with the N:K and
K:Mg ratio, and also with micro-nutrients on certain
soils such as peat.  On soils with a low K content, a
good K-N fertilizer balance can give improved yields
even from mature palms on sandy soils (Ollagnier
and Ochs 1973).  An increased supply of N and K
without an adequate supply of Mg on soils with a low
Mg status can lead to the development of Orange
Frond symptoms in younger palms — a nutritional

disorder which later depresses growth and eventu-
ally yields.

Using the improved planting materials pro-
duced by tissue culture and good management prac-
tices, average yields have increased from 25 to 30
mt/ha.  At the same time, replanting oil palm in old
plantations has highlighted the critical role of micro-
nutrients.  Immature trees can be badly damaged by
boron (B) and copper (Cu) deficiency (Rajaratnam
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Source: Ng (1977a)
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1973a).  Boron deficiency is widespread because the
available boron in the surface soil has been exhausted
by the previous oil palm crop, while applications of
potash also suppress B uptake by the palm
(Rajaratnam 1973b).  As a preventive measure,
fertilizer management for replanted estates includes
the application of about 100-150 g borate fertilizer
two or three times a year from the second year after
replanting (Ng 1977a).

Nutritional disorders of palms on deep peat
(>2m) are reflected in the common incidence of
palms with chlorotic and dessicated leaves, a condi-
tion which Turner and Bull (1967) termed ‘Peat
Yellow’.  Such palms produce no fruit bunches.  This
situation was assessed by Ng et al. (1974) who
concluded that Cu deficiency was responsible for the
disorder, and could be prevented by repeated foliar
applications of CuSO

4
 to immature palms.  Singh

(1983) also showed that foliar spraying with ZnSO
4

reduced peat yellow symptoms.
Elsewhere on normal soils, sustained high

yields produce large amounts of factory wastes, the
disposal of which can be a problem to the industry
and the environment.  The land application of nutri-
ent-rich wastes from palm oil factories has been
tested on a large scale (Wood 1977; Wood et al.
1979), and found to be an efficient means of nutrient
recycling.  A better understanding of the actual
nutrient uptake-path, sources etc. by high-produc-
ing palms has also been achieved by tracer studies
(Zaharah et al. 1991).  These may ultimately produce
systems of fertilizer management which are eco-
nomically and environmentally acceptable for large-
scale plantations in the humid tropics.

Cocoa and Coconut

When cocoa is grown under mature coco-
nut, this dual crop combination has special nutrient
requirements.  Both crops have an extensive surface
root system (Tan 1979, Ng 1968).  When cocoa is
planted in the shade provided by mature coconut,
balanced nutrient management is essential to satisfy
its high nutrient requirements during early growth
and yield.  The nutrient uptake by cocoa is high
(though not as high as that of the oil palm), and on
less fertile inland soils, fertilizers are needed in large
quantities.  Some of these requirements have been
met through the appropriate use of nutrient-rich oil
palm residues, coconut husks and other agricultural
wastes (Sharifuddin and Zaharah 1987).  Mycor-
rhizal root associations, such as vesicular-arbuscular
mycorrhizal inoculation or VAM, (Chulan 1991,
Chulan and Ragu 1988) have also been successfully

exploited to give efficient use of limited amounts of
P in highly weathered soils.

Pepper

Pepper is grown mainly by smallholders in
Sarawak.  As with other perennial crops, the nutrient
demand is high during early growth and early matu-
rity.  At a planting density of 1600 vines/ha, the total
nutrient uptake could be around 200 kg N, 13 kg P,
156 kg K, 18 kg Ca and 68 kg Mg per hectare per
year from the third to the eighth years after planting
(Wong 1986).

Covering the soil and terracing conserve
soil moisture and fertility, and reduce soil losses by
as much as 150% (Hatch 1982).  Sarawak pepper is
being sold for a good price on the international
market, and further research and development work
is now in progress.

Orchard Fruit

The traditional dusun or mixed horticul-
tural holding of the Malaysian smallholder needs
little soil and fertilizer management, apart from
annual clearing of the soil around durian trees.
However, the development of commercial produc-
tion for export, using improved planting materials
planted at a high density, means a higher nutrient
demand from high-yielding fruit crops.  At present,
fertilizers are applied regularly around each tree, and
the high K demand of fruit crops such as banana,
papaya and carambola is partly met by using K-rich
oil palm residues.

Rice

The sustainable production of annual crops
such as rice will require major changes in current
production methods.  At present, the inherent soil
fertility of rice-growing areas on the west coast of
the peninsula and flat alluvial areas in Sarawak and
Sabah is almost exhausted, as a result of being
continuously cropped with high-yielding varieties.
Rain-fed rice production is much less reliable than
irrigated rice.  Since 1979, smallholders have re-
ceived enough fully subsidized fertilizer for up to six
acres at the recommended rate of 60 - 90 kg/ha N
(Urea), 30 - 40 kg/ha P (soluble P source), and 20 -
30 kg/ha K (muriate of potash).  Even with relatively
high yields of 4 - 5 mt/ha-1, the amount of nutrients
directly removed in the grain is small, especially if
crop residues are returned to the soil.  Field studies
indicate that 34 - 98 kg N/ha are removed by the rice
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crop, of which 34 - 56 kg N/ha are the original soil
N.

Other nutrients such as P,K, Ca, Mg and
even S, need to be formulated in a balanced manner.
For sustainable production, greater attention should
be given to the management of the supply of plant
nutrients from renewable sources (Patnaik and Rao
1979).  The use of direct seeding may make possible
the more efficient use of fertilizer as well as natural
N sources.

Other Food Crops

In Malaysia, annual food crops such as
maize and groundnut generally fail on soils suited to
tree crops.  Excessive erosion, high acidity and
aluminum saturation are among the factors which
severely limit the yields of annual food crops grown
on upland soils (Mokhtaruddin et al. 1984,
Sharifuddin et al. 1984).  Data on the tolerance level
of various food crops to aluminium saturation (Fig.
3) makes it possible to select appropriate food crops
for various highly weathered upland soils.

With the appropriate use of locally pro-
duced ground lime and an appropriate legume-cereal
crop rotation, Anuar (1991) showed that it was
possible to obtain sustained yields of about 2 mt/ha-

1 from groundnut and about 6 mt/ha-1 from corn
grown on an Ultisol in Malaysia.  With such a
cropping system, the limed Ultisol can also produce
between 50 - 100 kg/ha-1 of plant N from inoculated
groundnut, to supplement the N needs of the suc-
ceeding corn crop.
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Improved genetic planting materials of tree
crops such as rubber, oil palm, cocoa, coconut and
fruit require substantial amounts of applied nutrients
if they are to give their maximum economic potential
yield.  The destructive nature of the humid tropical
climate in reducing overall soil fertility following
forest clearance is overcome by replacing that forest
with a tree crop ecosystem.  Both are stable and
sustainable systems, but the latter gives a better
economic return and is more demanding in terms of
nutrient supply.  On appropriate terrain, both protect
the soil against dehydration, destruction of the soil
structure and erosion, and add organic matter to the
surface soil.  The nutrient cycle which maintains the
sustainability of the forest ecosystem before clear-
ance is temporarily broken during the early phase of
tree crop establishment.  Providing immediate soil
cover by means of an appropriate fast-growing le-

gume cover crop protects the soil and helps to build
up a pool of nutrients in the topsoil, at the same time
restoring soil fertility temporarily lost after forest
clearance.  Cover crops of this kind take advantage
of one of the assets of the tropical climate – that the
warm, moist conditions favor the rapid re-establish-
ment of vegetation.  This generally takes longer in a
temperate environment with its shorter growing
season.

The use of perennial crops tolerant of acid
soils and aluminum toxicity, together with applica-
tions of rock phosphate to both the legume cover and
the main tree crops, is another technique being
widely used to overcome the chemical constraints,
particularly the lack of P, found in highly weathered
soils in upland regions.  Low-cost rock phosphate is
widely used, taking advantage of the soil’s acidic
nature which results in the slow release of P to tree
and cover crops.

Rapid early growth of tree crops has thus
been achieved with balanced fertilizer management
(von Uexkull 1990).  This gives the maximum growth
required for high and early yields of tree crops
representing improved superior genetic materials.
This in turn gives early return on investment, particu-
larly for oil palm (Ng 1977a).  Under such manage-
ment, continuous sustained high production is being
achieved.  This has led to the production of massive
quantities of agroindustrial wastes which at times
have caused environmental problems.  The applica-
tion of nutrient-rich oil palm mill wastes to mature
crops is one economic utilization of such by-prod-
ucts.  Wood (1977,  Wood et al. 1979) has suggested
that oil palm effluent should be treated before it is
applied, to make more organic N available to plants.
The recycling of agro-wastes reduces the need for
chemical fertilizer in mature oil palm and cocoa
plantations (Watson 1966, Broughton 1977), re-
storing some of the potassium and nitrogen removed
with the harvested crop (Table 4).  Full exploitation
of the yield potential of improved strains of rubber,
oil palm, cocoa and fruit by improving soil fertility
has been an outstanding feature of Malaysian agri-
cultural development for more than six decades.

The fertility of soils under major plantation
crops, mainly Oxisols and Ultisols, is being sus-
tained, and in some cases has been appreciably
improved beyond that found under the original
rainforest.  The continuous supply of organic matter
(pruned fronds) and applied agroindustrial wastes,
together with zero tillage in mature plantations,
helps to maintain continuous and sustained high
productivity of aluminum-tolerant tree crops on the
highly weathered and leached acidic soils of Malay-
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sia.  The production of animal feeds based on palm oil
by-products, still at an early stage, will further im-
prove nutrient cycling, and further demonstrate how
sound soil and fertilizer management can sustain
crop productivity without destroying the tropical
ecosystem in the process.
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