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ABSTRACT,

The results of fertiliser experiments conducted in the major oil palm growing

countries of the world are reviewed here.

The review mainly deals with the effect

of major nutrients like N, P, K, Ca and Mg on the growth, yield and tissue concen-

tration of oil palm.

INTRODUCTION

Field experiments to study the
effect of major and secondary nutrients
on the growth and productivity of oil
palms have been carried out in the main
oil palm growing countries of the
world like Malaysia, Nigeria, Indonesia,
Ghana, Ivory Coast, Cameroon and
Dahomey. Several workers reviewed
oil palm nutrition and fertiliser require-
ments in relation to soil and climatic
factors existing in the major oil palm
growing countries from time to time
(May, 1956; Broeshart, 1957; Rosen-
quist, 1962; Hew and Ng, 1968;
Ollagnier, Ochs and Martin, 1970; Hew,
Ng and Lim, 1973; Lo et al., 1973; Tan,
1973; Warriar and Piggot, 1973; Foster
and Chang, 1976 and Hartley, 1977).
This compilation covers an updated

comprehensive review on the nutri--

tional aspects of oil palm in the
world.
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NUTRIENT REMOVAL BY OIL PALM

The nutrient removal of oil palms
in twenty years in Nigeria was 460,
160, 340, 260 and 234 kg N, P, K,
Mg and Ca per hectare respectively
(Tinker and Smilde, 1963) whereas
in Malaysia the removal was 960, 8o,
1300, 290 and 40 kg N, P, K, Mg
and Ca per hectare respectively (Ng,
1968). According to Ollagnier et al.
(1970) the nutrient removal of oil
palms was 30, 7, 18, 13 and 10 kg
N,P,K,Ca and Mg per hectare per year
respectively.  According to Ng (1976)
the estimated annual uptake of N, P, K
and Mg by 8-10 year old palms was
192.5, 26.0, 251.5 and 61.3 kg per
hectare respectively.

Tinker and Smilde (1963) esti-
mated the N, P, K and Mg requirements
of oil palm plantations in Nigeria
yielding 9.6 tonnes of fresh fruit
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bunches per hectare per year and found
to be 0.20, 0.04, 0.23 and o.03 kg per
palm per year respectively. Under
Malaysian conditions N, P, K and Mg
requirements were 0.49, 0.08, 0.63 and
0.14 kg respectively per palm per year
(Ng and Thamboo, 1966) for a plan-
tation yielding 15 tonnes per hectare.

EFFECT OF FERTILISERS ON
GROWTH, YIELD ATTRIBUTES AND YIELD

Nitrogen

Nitrogen exerts a major role in
controlling the growth and fruiting of
oil palm and it is commonly required
for rapid growth of oil palm in the
field (Hartley, 1977).

Rosenquist (1962) and Corley and
Mok (1972) reported a higher rate of
leaf production and total number of
leaves per palm with increased nitrogen
application.  Tan (1973) found that in
inland soils of Malaysia, out of three
levels of nitrogen fertilisers tried, the
middle level of o.36 kg of Nitro-26
(26%N) per palm gave the highest
number of leaves.  Breure and Rosen-
quist (1976) could not get a significant

effect on frond production in the
volcanic soils of Papua New Guinea.

They, infact noted a reduction in frond
production with 1.5 kg urea application
per palm per year.

Beirnaert (1935) found that female
flower production was decreased b
nitrogen application due to high photo-
synthetic activity or high C/N ratio of
plants.  Sparnaaij ( 1960) supported
this view and opined that increase in
nitrogen application reduced sex ratio,
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Nair (1981) also

reported similar
results.

Warriar and Piggot (1973) observed
that number of bunches and weight of
bunches increased in plots with N
fertilisation. They found that bunch
number and bunch weight were higher
in plots treated with 12.2 1b of N, 10.6
Ib of P, 25.4 Ib of K and 2.7 1b of Mg.
Tan (1976) noted bunch abortion in
treatments receiving 6.78 kg of ammo-
nium sulphate.

Several workers like Van der Vossen
(1970), Green (1972), Tan (1976) and
Nair (1981) got favourable responses

to nitrogen application in the yield of
oil palm.

Tan (1973) reported that appli-
cation of Nitro-26 at o.54 kg per palm
per year gave consistently and signi-
ficantly higher weight of FFB compared
with lower levels.  Optimum yield in
oil palm was obtained with an appli-
cation of 3 kg of sulphate of ammonia
per palm per year (Anonymous, 1974).

Hew etal. (1973) could get yieid
response from the sixth year with 3.2 kg

Nitro-26 with an average yield of 3.87
tonnes per hectare per year in the

Munchung series soils of Malaysia.
They further noted that in Briah series
soils, there were significant responses
to the application of 1.8 kg of Nitro-26
from the sixth year and it was also
found that the nitrogen response in
yield increased with the age of palms.

Breure | and Rosenquist (1976)
found that urea application had no
significant effect on yield of oil palm in
volcanic soils of Papua New Guinea,
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during early bearing stages. But during
later stages, N produced a positive effect
on yield. Umar Akbar et al. (1976)
reported that the effect of N in yield was
only 10% in the early years and there-
after increased to 409%. They noted
that application of 4 kg of ammonium
sulphate increased the bunch yield by
44 kg per palm which was 439, higher
than the yield from palms which did
not receive nitrogen. Nair (1981)
reported significant increase in yield
with the application of 8oo g N/palm/
year in the lateritic soils of Kerala.

However, Bachy (1968) and Molle-
gaard (1971) did not find response to N
fertilisation in yield of oil palms.

Phosphorus

Combhaire (1968) regarded phos-
phorus manuring as pivotal in oil
palm fertilisation. ~ According to Olla-
gnier et al. (1970) phosphorus is
required for full expression of qualiti-
tative characters in oil palm. Experi-
ments in Africa showed that P was
needed only after several years of
bearing (Hartley, 1977).

Tan (1976) obtained significantly
higher number of fronds with rock
phosphate at 1. 36 kg/palm per year
compared with 0.68 kg and 2.72 kg/
palm.

Mollegaard (1971) reported that
rock phosphate significantly increased
number of bunches and bunch weight.
He further noted that production of
male inflorescence was also significantly
higher under P fertilisation. Tan (1976)
observed significantly higher number of
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undeveloped bunches under lowest

level of P.

Chapman and Gray (1949) from
Ivory Coast, got positive and relatively
constant responses to  phosphatic
manures upto 17% in a 12 year old
plantation and 9% in a 13-17 year old
plantation. Rosenquist (1962) also got
response to P upto 2.7 kg of rock
phosphate per palm per year, in soils
derived from granite. = Werkhoven
(1965) obtained yield increase of 12-20
tonnes/ha by P application in the
volcanic soils of Sumatra. Bachy (1968)
got response to dicalcium phosphate at
2 kg/palm/year when the soil P was
very low. Mollegaard (1971) obtained
substantial yield increase in the collu-
vial alluvial soils of Malaysia with
3.8 kg of rock phosphate per palm per
year. Lo et al. (1973) showed that
the lowest level of P fertilisation (5 1b/
palm) had produced the highest yield in
soils derived from granite. Tan (1976)
reported that rock phosphate application
at 2.72 kg/palm gave better response.
Umar Akbar et al. (1976) got a
production of 34 kg bunches with 3 kg
superphosphate per palm per vyear,
which was 32% more than control.
Nair (1981) got significant yield increase
for 400 g P,Os per palm per year.

Van der Vossen (1970) from Ghana
observed that application of single
superphosphate at 4.54 kg/palm gave
increased yield over control. Green
(1972) stated that in Cameroon, soils
derived from bassaltic flows, P response
was obtained in early growth stages.
Foster and Goh (1976) showed that P
application was profitable in all soil
except alluvium and peat in Malaysia.
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According to Hartley (1977) P is
required in specific soils and produced
large increases in yield in such soils.

However, on examination of
results from Zaire, Vanderweyen (1952)
found a lack of response to P and
suggested that it was due to P fixation
in soils. Dell and Arens (1957) could
not get response to P dressing in certain
types of Sumatran soils. In areas
previously cropped by grass vegetation,
there was no response to P and a
response at 2 kg/palm of dicalcium
phosphate was obtained when the soil P
was very low (Bachy, 1968). Experi-
ments conducted at the United Planta-
tions in Malaysia did not show response
to P application at 2.7 kg/palm/year of
rock phosphate (Hartley, 1977). Breure

and Rosenquist (1976) also got no
effect on yield with application of
disodium phosphate.

Potassium

Ollagnier et al. (1970) concluded
that K was the fundamental element in
the manuring of oil palms and observed
its requirement to the crop under
various situations. Hartley (1977) also
found K as the most commonly required
element in oil palm nutrition.

Tan  (1973) reported that in
Malaysia, application of 3.63 kg of
muriate of potash per palm produaced
highest number of leaves. He observed
that maximum potassium would be
required for frond production.

" Mollegaard (1971) found that
potash application increased the male
flower production and consequently low
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sex ratio. He further noted increased
bunch weight and bunch number with
K fertilisation.

Corley and Mok (1972) in Rengam
soils of Malaysia recorded increase in
dry matter of production, leaf area index
and crop growth rate by K application.

Response to K fertilisation in oil
palm yield were also reported by many
workers.  Bachy (1968) from Ivory
Coast reported that application of one
kg of potassium chloride per palm per
year had increased the yield from 17 to
82 kg in Savannah soils. He also found
that when the quantity of muriate of
potash was increased to 2 kg per palm
per year, the yield increased upto 98
kg/palm, which was 8% more than
zero potassium. Hew and Poon (1973)
reported responses to potassium chloride

in the marine clays. In Malaysia, Hew
et al. (1973) got linear increase for
K dressing up to 2.5 kg potassium
chloride per palm per year. de Taffin
and Ochs (1973) recommended 0.75 kg
potassium chloride per palin per year in
K deficient Dahomey soils. Breure and
Rosenquist (1976) reported that muriate
of potash had significantly increased the -
yield and the production had reached
17% of FFB by the fourth year of yield.
Tan (1976) reported that muriate of
Potash at 5.46 kg/palm/year produced
significantly higher yield in the early
stages. - But after the ninth year,
muriate of potash at 2.73 kg/palm
gave the highest yield. Nair (1981)
reported significantly increased yield
with 1.8 kg of K,0 per palm per year
in an eight year old plantation.
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Calcium

Published literature on the calcium
nutrition of oil palm is very meagre.
Ollagnier et al. (1970) in their review
on the manuring of oil palms in the
world mentioned that not much work
has been done on the calcium nutrition
of oil palm. However, one experi-
ment conducted at the United Plan-
tations in Malaysia showed that
there was an increase in yield to the
extent of 10% by application of calcium
(Hartley, 1977). The experiments
conducted by Nair (1981) however
showed lack of response to calcium.

Magnesium

Magnesium as a constituent of
chlorophyll has an important role to
play in the physiology and yield of
oil palm.

Breure and Rosenquist (1976)
reported that the frond production in
oil palm increased by magnesium chlo-
ride application. Chan and Rajaratnam
(1976) observed that female flower
production was mnot influenced by
magnesium application in forest soils.
Similar results were obtained by Nair
(1981) also. Tan (1976) observed
more number of aborted bunches at
higher levels of magnesium.

Yield improvement resulting from
application of magnesium to deficient
palms was observed by Ferwerda (1955)
in Ivory Coast. Gunn (1962) found
response for 3.41 kg/palm/year of
magnesium sulphate. Application of
1 kg kiesierite per palm per year was
found to respond well in oil palm
(Green, 1972). A cumulative yield of
35.58 tonnes/ha in four years with 2.72
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kg of magnesium sulphate per palm per
year was obtained in Nigeria (Anonymous
1972). Experiments on young palms in
Peru, revealed that magnesium chloride
application increased the yield signifi-
cantly (Daniel and Ochs, 1975).

However, lack of response to
magnesium fertilisation in oil palm has
also been reported by many workers.
Very low and irregular response to
magnesium application in young as well
as old palms were reported from Nigeria
(Anonymous, 1966). Van der Vossen
(1970) did not get response to
magnesium sulphate at 2.72 kg/palm/
year in Ghana. Hew and Poon (1973)

could not get vyield response in
acid soils of Malaysia by Magnesium
application. Hew et al. (1973) and

Lo et al. (1973) also reported lack of
response to magnesium in oil palm.
Chan and Rajaratnam (1976) while
reviewing the results on magnesium
requirements of oil palm in Malaysia,
concluded that response to magnesium
was invariably obtained only after 23
years of growth of palms in forest soils.

NUTRIENT INTERACTIONS

The studies conducted with various
nutrients in oil palm revealed that full
expression of one nutrient was obtained
when other nutrients were supplied in
adequate quantities.

Dell and Arens "(1957) got positive
interaction of N and P. They got 40%
increase in yield by application of N
and P individually while 100% increase
in yield was recorded by NxP combi-
nation. Vanderweyen (1952) reported
instance of negative response to P in the
absence of K fertilisers.
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Rosenquist (1962) observed that
responses to N were dependent on an
adequate supply of P and K. High p
application caused the N effect to be
negative and vice-versa, When X was
sufficient, response to N was positive at
all levels of P, He also noted that K
alone had no significant response even
at the highest level of p. Mollegaard
(1971) showed that the highest rate of
P application gave significant increase
in yield only in the presense of K
fertilisation.

Tan (1973) found that NP and PK
interactions gave the most favourable
effect on characters like frond pro-
duction and yield of oil palm. Chap
and Rajaratnam (1976) found that Mg
was necessary for fu]l expression of N
and X on yield.

Green (1972) obtained response to
Pand K in Jateritic soils, with P » K
interaction and a further yield increment
by N and Mg.

EFFECT OF FERTILISERS ON TISSUE
CONCENTRATION

Leaf analysis for diagnostic pur-
poses can be successfully made use of
in perennial crops where responses to
fertilisation will take 2 longer  time
(Hartley, 1977). In regions where water
deficits occur, Proper nutrient require-
ments can be assessed based on tissue
content of elements,

Prevot and Ollagnier (1959) found
an increase in leaf N content by N ferti-
lisation, Ollagnier et al. (1970) reported
that leaf N increased from 2.30t0 2.70%
by N application. Warriar and Piggot
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(1973) reported a high concentration
of tissue N in fertilised Plots. According
to Hartley ( 1977) N application increa-
sed leaf N,

An increase in leaf P with N appli-
cation was observed by Chapman and
Gray (1949). Ollagnier et al, - (1970)
also found’ an appreciable increase in
leaf P by N application. Umar Akbar
etal. (1976) found increased K level
with higher N fertilisation. Hartley
(1977) stated that N application resul-
ted an increase in P, decrease in K and
Mg in leaves, whereas there was no
marked effect on leaf Ca. Nair (1981)
found that N fertiliser increased the Jeaf
N, P, K, Ca and Mg contents and
reduced leaf chlorine content. He got
higher yield when the leaf N content
Increased from 2.36% to 2.68%.

Prevot and Ollagnier (1959)
feported that when the leaf N content
reached 2.70%, there was 2 positive
correlation between K levels and yield.
Forde, Leyritz and Sly  (1965)" got
Tesponses to yield at a level of 2.40%.
Ollagnier et al, (1970) reported an
yield increase of over 50% when the
leaf N' concentration was increased from
2.30 to 2.70%. Warriar and Piggot
(1973) also got similar results. Foster
and Chang (1976) got an yield increase
of one tonne per hectare of FFB by an
enhancement of leaf N content by o.03-
0.5%. Response to N was also obtained
in palms where leaf N content was
about 2.60% (Umar Akbar etal, 1976).

Forde et al. (1965) found that P
application helped to increase P content
of tissues. Warriar and Piggot (1973)
observed a low tissye P when p
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fertilisers were not applied. Hartley
(1977) reported that P application
enabled to increase the P and Ca

contents in the leaf and decreased the
leaf K. Similar results were obtained
by Nair (198r1). Further he reported
an increase in leaf N and Mg contents
by P fertilisation. Forde et al. (1965)
obtained yield increase to leaf P content
of o0.147%. Ollagnier et al. (1970)
obtained response to phosphorus only
when the tissue P content was higher
than o.150%. Reports of yield incre-
ment of about 32% by an increase in
leaf P was reported by Green (1972).
Foster and Chang (1976) in Malaysia
got an yield increase of one tonne/ha
by an increase in the P level by 0.003-
0.005%. But Bachy (1969) could not
get any increase in yield with increased
leaf P content, at Ivory Coast. Nair
(1981) showed positive correlation
between leaf P content and yield of
oil palm.

Warriar and Piggot (1973) found
very low levels of leaf K in the absence
of K fertilisers. They got an increase in
tissue K content only when KCl was
applied. Hartley (1977) observed that
K fertilisation eventhough helped to
increase leaf K, produced an antagonistic
effect on Ca and Mg. At the same
time, K application showed no marked
effect on leaf N and P.

Chapman and Gray (1949) noted
that K application resulted in an
increased uptake of nitrogen. The rela-
tion between P and K contents in tissue
was reported by Ochs (1965). He found
that when leaf P was less than o.15%,
there was no correlation between leaf K
and yield. When leaf P content was
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brought upto o.15%, there was strong
correlation between leaf K and yield.
He further noted that when K level was
below 1%, there was no correlation
between P and yield, but when leaf K
was about 1%, there was strong correla-
tion between leaf P and yield.

Prevot and Ollagnier (1959) noted
that when leaf K level was more than
1%, there was significant positive corre-
lation between N and yield. Ochs
(1965) found that yield was raised by
4-127% for every gain of o0.1% of K level
in the leaf. He showed that yield
decreased linearly as the leaf level of K
declined below its optimum concentra-
tion. Forde et al. (1965) obtained yield
improvement of individual palms with
a leaf K content of 1.20%.

Bachy (1969), Warriar and Piggot
(1973) and Nair (1981) got increased
yield, when the leaf K content was
increased.

Ollagnier et al. (1970) showed
that the response of K was very closely
linked with the K content in the leaf,
particularly when this level was below
critical level. Foster and Chang (1976)
in Malaysia, got an yield increase of one
tonne FFB/ha by an increase in tissue K
content by o.5-0.8%. Nair (1981)
reported an increase in mean yield
when the tissue K level rose from 0.85%
to 0.947%.

Hartley (1977) showed that Ca
fertilisation did not have any effect on
N, P and Mg concentration in leaf.
However, a decrease in leaf K and
increase in leaf Ca was also noticed.
Magnesium application on the other
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hand decreased leaf P, K and Ca,
whereas it enhanced Mg content.
Nitrogen content of leaf was not
influenced by Mg application. Umar
Akbar et al. (1976) reported that raising

Mg levels to o.199 helped to increase
the yield by 41%.

Chan and Rajaratnam (1976)
reported that Mg tended to increase leaf
N. Similarly, application of Mg gave
only small decrease in leaf K. They
further observed that Mg requirements
in oil palms can easily be increased by
heavier application of N and P ferti-
lisers. There was no increase in FFB per
palm when there was an increase in the
leaf Mg content. They further noted
that there was no Mg response, if the
leaf levels were in excess of 0.20-0.22%.
Umar Akbar et al. (1976) reported
lowering of K content with Mg appli-
cation.

Recently the importance of chlorine
in the nutrition of palms has been
highlighted by Hartley, (1971); Ollagnier
and Ochs, (1971) and Ollagnier et al.
1976.

According to Ollagnier and Ochs
(1971), chlorine can be considered as
an essential element for oil palm
mineral nutrition. They noted this on the
study of K nutrition, as the intervention
of chlorine and linked to the value of
yield increases by correcting deficiency.
The correlation between chlorine levels
and yields enabled the effect of KCl to
be attributed to chlorine and not to
potassium.  According to Ollagnier
(1973) study of the correlation between
the levels of chlorine and cations in
oil palm leaves showed that Cl content
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was often in positive correlation with
a cation. This can be related to the
part played by chlorine in metabolic
functions and the main role of chlorine
is attributed to absorption of cations.

Prevot and Ollagnier (1954) studied
the connection between leaf Ca, Mg and
K contents as a function of foliar K and
found that the sum of K+ Ca+M
remained at 2% in the 17th leaf, what-
ever be the nutritional balances between
them. Antagonisms between K and Ca+
Mg was also exhibited. A decrease in
K content was indicative of not only
of low K content but also of higher
Mg and Ca contents above critical level.
An excess of K in leaf would lead to a
corresponding fall in Ca and Mg levels.

Broeshart (1955) found a quanti-
tative relationship between the cations
in the leaf. The K in tissue was accoun-
ted for 60% and Ca was accounted for
30%. Grunder (1960) and Bachy (1965)
were of the opinion that for optimal
growth and yield of oil palm, the sum
of Ca+Mg+K should be around 2.7%
of the dry matter and 67-70% of this
should be X alone.

CONCLUSION

The review on the nutrition of
oil palm in the oil palm growing
countries of the world revealed that
response to N and K are universal and
the above nutrients exert a major role
in the growth and production of the oil
palm. Phosphorus is required for full
expression of qualitative characters and
P response depends mainly on P status
of the soil. Investigations on the Ca
nutrition are meagre and the influence
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of Ca on oil palm has not yet been
established. Response to Mg fertilisers
is generally observed only after several
years of growth of oil palm in forest
soils. Based on the work done, a ferti-
liser schedule of 800:400:1800g of N,
P,Os and K,O respectively per palm per
year can be recommended for oil
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palms in Kerala. The range of leaf
nutrient contents for palms nearing
steady bearing under Kerala condition
is as follows: Nitrogen 2.3 -2.5%,
Phosphorus o.13-o0.15%, Potassium
0.85 - 0.94%, Calcium o.60 - 0.70% and
Magnesium 0.25 - 0.30%.
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