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1. The Economic Importance of the Oil Palm

The oil palm, Elaeis guineensis JACQ., is only second in terms of production to coco-
nut as a tropical perennial which produces vegetable oil. Its products, palm oil, palm
kernel and palm kernel oil are important sources of foreign exchange earnings of
many developing countries, the chief of which are Malaysia and Indonesia in South
East Asia and Nigeria and Congo (Kinshasa) in Africa. In Malaysia, the oil palm is
also a major element in agricultural diversification which aims to lessen the country's
dependence on natural rubber. Although world production of palm oil constitutes
less than 5% of the total production of all edible oils and fats, production of palm oil
has been increasing, particularly in the past few years (Table 3), mainly due to rising
production from Malaysia and the Congo. Other countries in Africa such as the Ivo-
ry Coast and Cameroons are expanding palm oil production to increase their export
earnings, whereas countries in Latin America are establishing oil palm plantations to
meet domestic oil requirements. Thus, it can be seen that the oil palm has become a
significant sector of the economy of many developing countries and further expan-
sion of production capacity can be envisaged.

1.1 Yield of oil

The oil palm is recognised as the most prolific producer of vegetable oil and this can
be easily substantiated. Despite improvements in plant breeding and cultural prac-
tices of other oil crops, the relatively superior position of oil palm has not altered
because research and development in the oil palm industry has not lagged behind.
Thus, the previous comparison made by Tempany [5] and shown in Table I still
holds. It can be seen that the oil palm produces the largest quantity of oil bearing
products and secondly, the mesocarp of the fruit has one of the highest oil contents
compared to the other crops.
From the above, it is evident that the oil palm produces the largest amount of oil and
this is also the conclusion made by Jacoby [4] as given in Table 2.
It may be felt that the preceding estimates for short-term oil crops are rather on the
low side and consequently the oil palm has been placed in an unduly favourable light.
In view of overall advancements in crop science and practices since the above esti-
mates were made, a new assessment of the current situation is made here and this is
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presented in Table 2. It needs to be stressed that the estimates of yields are based on
the assumption that conditions of growth are favourable.
On marine clay soils of West Malaysia, yields of up to 6000 kg/ha/yr of palm oil have
been obtained. Thus, to this day and in the foreseeable future, the oil palm still re-
mains the foremost vegetable oil producer. If palm kernel oil were also taken into ac-
count, the position of oil palm would be further enhanced. However, in terms of
world production, palm oil still lags behind the other major vegetable oils as shown
in Table 3.

Table 1. Estimated yields of oil crops by Tempany

Crop Oil Production Oil Potential
bearing kg ha content oil
part % kg/ha

Groundnut .................... kernel 770 48 380
Soyabean ...................... seed 770 17 130
Sunflower ..................... seed 880 50 440
Rapeseed ...................... seed 990 42 405
Coconut ....................... kernel 1460 68 994
Oil palm ..................... ( kernel 330 25 1375 37" enl 330 49 162 13

Table 2. Oil content in oil bearing tissues (3) and estimated productivity of various crops

Crop %Oil kg/ha oil kg/ha oil
Jacoby Present estimate

Groundnut ................. 40-45 340- 440 600-1000
Soyabean ................... 16-19 230- 400 400- 600
Sunflower ................... 32-45 280- 700 600-1000
Rapeseed ................... 30-45 300- 600 800-1100
Coconut ................... 60-65 600-1500 1100-1600
Oil palm ................... 40-65 2500-4000 3000-5000

Table 3. Oils and fats. Estimated world production 1962-69 (1000 t-)

Oil 1962 1963 1964 1965 1966 1967 1968 1969

Groundnut ......... 2282 2 345 2405 2 517 2460 2 164 2 186 2464
Soyabean .......... 2609 2 723 2841 3014 2914 3 013 3 177 2735
Sunflower .......... 2282 2445 2232 2955 2 823 3268 3 613 3 582
Cottonseed ......... 2282 2 345 2405 2 517 2460 2164 2 186 2464
Rapeseed ........... I 173 1 082 1 127 1 514 1400 I 582 1 677 1 627
Coconut ........... 2 114 2200 2214 2 145 2 355 2023 2 117 2 113
Palm .............. 1 186 1 186 I 200 1 223 1 227 1 150 1 309 1 477
Palm kernel ........ 405 413 413 423 417 327 359 391
Total Edible
vegetable oils ....... 14 323 14 386 15 213 16218 16455 17 157 18 106 17 931
Total Animal
Fats ............... 11 095 I1 332 11 741 12 100 12073 12 582 12814 12723
Marine Oils ........ 1 235 1 020 1 137 1 136 1 157 1 334 1 345 1 309
Grand Total ........ 31 728 32039 33 553 34844 35 373 36073 37427 37485

* t = metric ton.
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1.2 World production

1.2.1 Palm oil

In the two years of 1968-69, there has been a significant expansion in production al-
though the 1969 output constitutes only about 5% of total world production of oils
and fats and about 10% of edible vegetable oils production. In the period 1960-69,
total oils and fats production increased by an average of 2.9% per year. In the case of
palm oil, the situation was more erratic. For 1964-66, the increase averaged 2.3% and
in 1967, there was a sharp decline of 9.3% but in 1968 and 1969, production in-
creased sharply by nearly 13% per year. It is further projected that for the 1970-75
period, palm oil output will have an annual growth rate of about 11.7% [2].
As far as producing countries are concerned, Africa still predominates over the Far
East although there has been a couple of internal changes. In palm oil production
(Table 4), Malaysia has overtaken Congo (Kinshasa) and Indonesia since 1965-66
and is fast catching up on Nigeria. It should be noted that Nigerian production is
only a very vague estimate as internal consumption and movements of oil are not
known. However, in palm kernel production, Malaysia still lies far behind Nigeria
and Congo (Kinshasa) as shown in Table 5.

Table 4. Palm oil production by countries (1000 t)

Country 1964 1965 1966 1967 1968 1969

A ngola ............................. 18 15 15 15 15
Cameroon .......................... 30 34 40 35 40
Congo (Kinshasa) .................... 165 125 147 179 210
Dahomey ........................... 45 44 39 34 44
G hana ............................. 26 37 37 38 38
Ivory Coast ......................... 28 28 30 32 35
Liberia ............................. 12 15 16 17 12
Nigeria ............................. 515 530 508 325 350
Sierra Leone ........................ 39 39 40 41 42
Indonesia ........................... 161 165 175 174 180
M alaysia ........................... 123 150 190 225 280 326
Others ............................. 34 38 40 44 59

Table 5. Palm kernel production by countries (1000 t)

Country 1964 1965 1966 1967 1968

Cameroon .................................. 35 38 37 38 49
Congo (Kinshasa) ............................ 110 75 80 95 105
Dahomey ................................... 56 55 49 43 56
G uinea ..................................... 14 12 10 13 12
Ivory Coast ................................. 15 16 17 18 21
Liberia ..................................... 7 12 12 14 14
Nigeria ..................................... 408 462 435 250 225
Sierra Leone ................................. 53 50 56 - 66
Indonesia ................................... 33 34 33 39 42
M alaysia .................................... 31 36 44 51 63
M exico ..................................... 25 26 26 27 27
O thers ...................................... 83 87 85 89 83
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Nevertheless, the rapidly rising trend of production of both oil and kernel in Malay-
sia is noteworthy. Malaysian production of palm oil has more than doubled from
1964 to 1968 and production for 1969 stands at 326000 t.
In terms of export of palm oil, however, Malaysia has overtaken Nigeria as the big-
gest exporter in the world (Table 6) since Nigeria is known to consume a large part of
her production. In so far as kernels are concerned, Nigeria still retains her prime posi-
tion.

Table 6. Palm oil exports from principal countries (1000 t)

Country 1964 1965 1966 1967 1968

Angola ..................................... 17.8 14.6 14.5 15.5 14.0
Cameroon .................................. 8.9 13.0 15.0 17.2 15.5
Congo (Kinshasa) ............................ 124 78.6 78.1 115 159
N igeria ..................................... 136 152 146 16.7 4.3
Indonesia ................................... 133 126 177 131 160
M alaysia .................................... 125 141 184 189 285

1.2.2 Palm kernel exports

The yearly exports of palm kernels from principal countries are shown in Table 7. Ni-
geria still leads the other countries by a long way with Sierra Leone being the second
largest exporter. The sharp declines in total exports in 1967 and 1968 are due to the
civil war in Nigeria but exports from the Far East increased. Kernel exports are much
higher in West Africa than in the Far East because (a) the total production is exported
and (b) kernels are extracted from nuts picked off the ground having fallen from
bunches from which no palm oil is extracted. This situation is likely to continue for a
very long time.

Table 7. Palm kernel exports from principal countries (1000 t)

Country 1964 1965 1966 1967 1968

A ngola ..................................... 17 14 14 17 12
Cameroon .................................. 24 24 17 20 26
Dahom ey ................................... 56 17 6 4 8
G uinea ..................................... 14 12 10 13 12
Ivory Coast .................................. 12 13 15 9 10
Liberia ..................................... 7 12 12 14 14
N igeria ..................................... 400 422 400 165 162
Sierra Leone ................................ 53 50 56 12 65
T ogo ....................................... 14 15 17 13 13
Indonesia ................................... 33 33 32 38 40
M alaysia .................................... 18 19 24 25 36
W orld total .................................. 682 662 622 364 423

1.2.3 Palm kernel oil

Fewer countries export this commodity, the principal countries being Congo (Kin-
shasa) and Nigeria as shown in Table 8. Exports increased sharply in 1966 and 1967,
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mainly due to Nigeria which is somewhat contradictory to the palm kernel situation.
However, Nigerian export fell in 1968 while Congo (Kinshasa) made up with an ap-
preciable increase.

Table 8. Palm kernel oil exports from principal countries (1000 t)

Country 1964 1965 1966 1967 1968

Paraguay ................................... 32.3 3.2 4.2 4.1 6.0
Cam eroon .................................. 1.3 1.1 0.9 1.0 5.0
Congo (Kinshasa) ............................ 44.3 31.3 32.3 41.7 54.8
Dahomey ................................... 0 16.7 11.7 16.4 21.0
N igeria ..................................... 0.9 1.0 32.6 37.8 27.3
W orld total .................................. 51.0 54.6 83.4 107.0 115.8

1.3 Importing countries

1.3.1 Palm oil

Europe is the largest purchaser of this product, the E.E.C. Group forming the big-
gest buying block (Table 9). North America takes a low second position. As far as in-
dividual countries are concerned, the biggest importers are West Germany, United
Kingdom and Netherlands. However, the figures show no appreciable increase of im-
ports over the period 1963-68.

Table 9. Palm oil imports into major countries (1000 t)

1963 1964 1965 1966 1967 1968

Europe
Germany, West ...................... 93 III 103 115 99 126
Netherlands ......................... 68 74 64 69 65 71
France ............................. 36 40 36 41 42 35
Italy ............................... 28 28 32 33 36 37
Belgium/Luxembourg ................. 37 42 28 27 28 28
Total E. E.C ......................... 262 295 263 285 270 297
United Kingdom .................... 114 116 117 150 99 109
Portugal ............................ 14 16 14 16 16 14
Ireland ............................. 3 5 3 5 2 2
Asia
Japan .............................. 17 18 16 20 22 28
India ............................... 37 36 7 II 8 I
Philippines .......................... 5 6 6 6 7 6
North America
U .S.A .............................. II 3 3 34 29 47
Canada ............................. 12 6 9 12 10 8
Total ............................... 486 509 446 550 468 525

1.3.2 Palm kernels

As in the case of palm oil, Europe is the largest buyer with Netherlands, West Ger-
many and the United Kingdom again in the forefront (Table 10).
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Table 10. Palm kernel imports into major countries (1000 t)

Country 1963 1964 1965 1966 1967 1968

Netherlands ......................... 128 134 113 131 66 113
Germany, West ...................... 129 131 126 124 69 90
France ............................. 79 90 66 50 46 41
Belgium/Luxembourg ................ 21 25 30 26 8 20
United Kingdom .................... 211 194 207 168 98 52
Denmark ........................... 16 20 14 19 9 18
Poland ............................. 14 11 26 3 10 6
Portugal ............................ 16 21 17 11 6 10
Japan .............................. 26 25 22 23 19 23
Total ............................... 650 663 635 570 346 385

1.4 Prices

As far as the price of palm oil is concerned, it has not seen wide fluctuations from
1960-67 but in 1968 and most of 1969 there was a sharp decline. However, since the
end of 1969, the price made a striking upturn and it appears that for 1970 at least, the
recovery will be sustained. Comparative prices for the major vegetable oils (Table 11)
show that soyabean oil prices and to some extent sunflower seed oil are closely related
with those of palm oil, indicating the competitive positions of these three oils.

Table I. Major oil prices U.S. ct/kg c.if. European ports

Year Palm oil Soyabean Sunflower Groundnut

1960 ......................... 22.4 21.8 24.0 32.6
1961 ......................... 22.9 27.7 31.2 32.81962 ........................ 21.8 22.2 23.3 27.5
1963 ......................... 23.1 21.6 23.5 26.8
1964 ........................ 24.0 22.9 25.5 31.5
1965 ......................... 27.3 27.1 29.0 32.6
1966 ........................ 23.5 26.0 25.7 29.5
1967 ........................ 22.4 21.6 21.1 28.1
1968 ......................... 16.9 17.8 16.9 26.6
1969 ......................... 16.7 18.7 19.6 32.8
(January-October)

Apart from the above vegetable oils, cottonseed and rapeseed oils, animal fats and
fish oil can also compete with palm oil as shown by the following prices of these com-
modities in the sixties (Table 12).

Table 12. Prices of other vegetable and animal oils

1960-68 1968 prices 1969 prices
U.S. ct/kg % of 1960-68 average % of 1960-68 average

Rapeseed ............... 23.1 70 76
Cottonseed .............. 25.7 111 93
Tallow ................. 15.6 82 103
Lard ................... 23.5 72 87
Fish oil ................. 16.7 59 78
Palm oil ................ 22.7 77 81
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The preceding picture shows that on the long term basis, prices for most fats and oils
have been trending downwards since the mid-1950's and this decline may continue.
The decline reflects the increasing per capita supplies and the inelastic demand in the
major cash markets.

1.4.1 Palm kernel prices

Unlike the case of palm oil, prices of palm kernel have trended slightly upwards from
1960-67 although the price also declined with that of palm oil in 1968-69 (Table 13).

Table 13. Palm kernel prices. European ports [1].

Year U.S. ct/kg

1960 ........................................................................... 14.4
196 1 ........................................................................... 13 .7
1962 ........................................................................... 13 .6
1963 ........................................................................... 15.3
1964 ........................................................................... 15.1
1965 ........................................................................... 17.9
1966 ........................................................................... 15.5
19 67 ........................................................................... 16 .1

1.5 References

1. Anon.: Production Yearbook 22, FAQ 564 (1968).
2. Anon.: World production and exports of oilseeds, fats and oils at last years record levels. For-

eign Agriculture Circular, U.S.D.A. FFO 10-69 (1969).
3. Cobley L.S.: An introduction to the botany of tropical crops. Longmans. London, 1965.
4. Jacoby T.: Die Olpalme, Anbau und Dtingung. Ruhr-Stickstoff, Bochum, 1954.
5. Tempany H.: The tropics as sources of vegetable oils and fats. World Crops 6, 62-66 (1954).
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2. Distribution of the Oil Palm

The oil palm is found in wild, semi-wild and cultivated states in the equatorial re-
gions between 10' N and 10° S of three continents. However, fossil and historical ev-
idence suggests that Africa, probably West Africa, is the original home of the oil
palm [3]. It was introduced to South America with the advent of the slave trade in
the early seventeenth century and abundant groves are found in Brazil. There is no
record of direct introductions of the oil palm to the Far East from Africa. The ear-
liest record shows that four palms, two from Amsterdam and two from Rtunion or
Mauritius were planted in Bogor, Java in 1848. It is believed that progenies of these
palms were transferred to Deli in Sumatra and it was from seeds of the Deli palms
that the first commercial plantation was started by Hallet in 1911. About this time,
Deli palms were also established in Selangor, Malaya and seeds of these palms were
used to commence the first estate known as Tennamaram in Selangor [1].
A major difference between Africa and South East Asia is that in Africa, the oil
palm occurs mainly in semi-wild groves [4,5]. Prior to World War 1I only the Congo
had plantations in Africa but after the War, plantations were also developed in West
Africa. The oil palm groves are dominant in West Africa and have been propagated
by hunters or new settlers in jungle clearings. Thus the palm became a common relic
of abandoned villages, compounds and cultivated patches. With increasing popula-
tion and settlement, expansion of palm groves occurred and they still constitute the
major production unit in West Africa, the most important being in Nigeria, which
until 1966 was the world's major exporter of palm oil. Other important centres are
Sierra Leone and Cameroon. The extent of these groves is thought to be in the region
of a fewmillion hectares although no accurate measurement has been undertaken. Palms
are mainly Dura but there is evidence of Tenera being planted in relatively recent times.
Productivity of these groves is low with no modern upkeep practices such as manur-
ing, weeding, pest and disease control. The density varies from very dense (up to 200
adul t palms per ha) to very sparse; the oil extraction methods practised often provide
oil of low quality though the bulk of Nigeria's grove-oil exports is marketed at below
3-5% f.f.a. Density, however, increases with land settlement as shown below:

Secondary rain forest/oil palm .......................... 30/ac 75/ha
Palm bush ........................................... 30-60/ac 75-150/ha
Farmland palms ...................................... 60-80/ac 150-200/ha
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Obviously, yield increases with density. A survey near Abak in Nigeria [2] showed
that yield increases from 1412 to 6094 kg/ha from a stand of 25-50 to 175 and above.
Generally, yield is about 2750 kg bunches per ha per annum. Replanting with selected
planting materials is a major instrument in raising yields.
As far as can be ascertained, the distribution of natural and planted oil palms is
probably as follows.

West and Central Africa
Major countries - Congo (Kinshasa), Congo (Brazzaville), Nigeria, Republic of

Cameroon, Dahomey, Ivory Coast, Ghana, Sierra Leone,
Guinea, Liberia, Togo, and Angola.

Minor countries - Tanzania, Uganda, Zambia, Kenya, Madagascar.

South East Asia
Major countries - Malaysia, Indonesia and Papua-New Guinea.
Minor countries - Thailand and Ceylon.

South America . (tentative classification)
Major countries - Brazil, Colombia, Ecuador, Costa Rica, Honduras.
Minor countries - Venezuela, Peru, Panama, Guatemala, Mexico and Nicaragua.

2.1 References

I. Gray B.S.: History and development of the oil palm industry in Malaysia. Sci. Malaysian /,
43-47 (1968).

2. Hartley C. W.S.: The Oil Palm. Longmans, London, 1967.
3. Zeven A.C.. The origin of the oil palm (Elaels guineensis JACQ.). A summary. J. Nigerian Inst.

Oil Palm Res. 4. 208-225 (1965).
4. Zeven A.C.: The oil palm groves in southern Nigeria. Part 1. Types of groves in existence. J.

Nigerian Inst. Oil Palm. Res. 4, 226-250 (1965).
5. Zeven A. C.: The semi-wild oil palm and its industry in Africa. Centrum voor landbouwpubli-

katies en landbouwdocumentatie. Wageningen, 1967.
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3. Botanical Description of the Oil Palm

Morphologically, the oil palm comprises an extensive fibrous root system extending
from the prominent bole of the base, an erect stem of 0.3-0.6 m in diameter which
can exceed 16 m in height if more than 30 years old, and a crown nesting on top with
25-0 pinnate leaves.

3.1 The root system

The anatomy and composition of the root system of the oil palm has been studied by
Purvis [8] and Ruer [10]. There are four types of roots distinguished viz. primary,
secondary, tertiary and quaternary, the last two being commonly called feeder roots.
Primary roots are mostly horizontal although some grow downwards for anchorage;
they are 8-10 mm in diameter. Secondaries arise from the primaries and mostly grow

Soil 
surface

Ascending
secondary root

Tertiary roots

Horizontal
primary roots

Descending* Quaternary root
primary roots

Descending
secondary root

Figure 1. The root system of the oil palm
Source: Purvis C.: J.W.Afr.Inst. Oil Palm 1, No.4 (1956)



lIotanIal I)ec riplion of the (Oil aI 13

tipssards tow\ards the Noll siod [face and Iurn to gro hori/ontall%. he '. arIe about 2 4
mm in diameter. Terliary roots arise al right angles to secondaries and are about 1.5
'IIn il diameter, F inally quatelniaries ar at right angles from tertiaries. being 0.5
nm in diameter ( Fiile I)
Oil palm roots are klow to Ir, crse a Jolng distancne and Iwaufio n," 6 traced ile
plillarv roolt, ofill atli palm , to as far as 21 Iln from tire palm base. fio %er, as farl
a, total roots are concerned, all the studies 3, , 9, 10 Made show that the grealts
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the soil sLrface wrtically As for the imporlant feeder rools, its qtilallitali<C distlibi-
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feeder iools are found wilhin 2.4 i of the palm base. and in palims of 4 .8 e 9 1oars,
they are abotll evell1 divided belween 0 2.4 Il and 2.448 In of ile basc In maturc
palms of 10 17, ycars, the ntajoritv are located ill he 2.4 4.8 fit region ( rabies 14
atid IS).
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I le piimary root has a single laver of closely packed epiderlal cclls whicl are short

Ivted. Benleath this is tIle lignitied hypodertis Mich surrounds a corlc %kit h yell de-
veloped air ]acuinac. Il the centre of the coitex are the vascular cylindcrs consititlg of
xylem and phloein and tile pith or nledltlla.
A characteristic of the oil pall is tile pre'etice of plctilalllhodes lhich are similar to
ordinary roots i oigin btt burst their epidernis aind expose the cortex
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3.2 ilh stem
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3.3 Leaves
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.*\irae inC
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leaves are produced per year. A leaf takes about 20 24 monhls to dewclop to the first
open leaf stage and elongation is most rapid in the last 5 6 months 2.3 .
I Im Martue palns, to sets of spirals of leaves call be seen, eight running one \aN and
thirteen the other. If the spiral o[ eight ascends the palm in a clockwiise direction, (lie
palm is said to be left handed: if it ascends in an anti-clockmise direction, tie paln is
right handed Ilo ever, the direction of fpinal ascent is not determined geneticalk,
lhe leaf is connected to the stem by a petiole wich broadens considerably to\ards

the junction with the stem. Fie petiole is about I I .* In in length aid continues as
the rachis on which the leaflets are borne. Leaf length varies appreciablv but 7 8 m is

3.4 Inflorescence (Figures 2 and 3)

'Tile oil palt is said to be llonoecioLs. i n. male and fiemale loers oCLr separtely
on the sane plat. The primordilnt of each flower is a potential producer of a male
atid fheiale orgali though one or the other almost always renains rudimentiary. B'ir-
MwrI I Made tle earliest study oil Iloral compositioti of tie o i palm il inllores-
cence eerges at (lie axiI of every leaf and is a coiiipound spike or spadix carried on a
stout peduncle enclosed in a woody spathe. The spikelcts ale spirall arranged front
a central rachis About a month after the inflorescence emerges ahove tile base of ihe
petiole, the outer spathe splits open. A further tvo to three weeks later, the inner
spathe splits and the flowers more or less embedded in the spikes are esposed. There
may be I() 300 spikelets and over 201O ind ividual Iflowers.

I ig re ..rc.Cpt/I. I Zac in oresce nceSon re: c ar k C/.r Zi iller R? (1i9f63



1t Botanical I)escripion oftihe oil Paihn

Ihe ferarle flower Consists of a perianth of ix segnitnt s I o ee horl, a Iearpellate
ovary and a trilid stigma. I he rc eptixe faces of the stigma lbes are pressed on each
oither when votIng but open ota hen mnature. the Ile flower is bone on a lng pe-
dult and consists of long linger-like cylind ricA! spikelets, eachr of whih coinprises
70M I'04) male flowers. The inl[orescence is composed of a pewinth of siS mintti seg-

rents, a tular androecini xih six s amens. Flowrs begin to open hoI 1w base
of Ihe spikeet In Malaysia Itssers usiall\ open " thm two days though duiing iny
set'ilher opening na take fomr days. Mos pollen is shed wilhi 2 3 day, aler the
beginrning of anthesis and production ceases whiin 5 days Pollintion is cenetially
ihotight to be by %ind and developmen t) altur Witt ,s 5 6 monlths
A silelv var)ing numbet of fmale inflorescence is succeeded h) an infinite series of
male ifllorescen . resulting in !fail indelini te sexual phares. The cause of this phe-
noillenon is not very "eell tnderstood at presenit but environment Is sid to hae a
o1tajor elcit.

3.5 Fruit (MigtLreIs 4a and 41h)

Fhe fruil is a sessile drupe varying in siape front nearl; spherical to ovoid or clongal-
ed. In egh it vares firm ibout 2 5 cm. The Deli frtn of the IFar las is ustuilly
consilerably larger than the fruit of African [)uras,
he. fluit consists of a thin exocarp or skill, an oily pull ) or mesocarp, a hard stony

endocarp or shell, and ai endosperm or kernel. The endocarp and the kernel consii-
title the seed. Oil occurs in both the ie ,ocarp and kernel hut palIm oil is obtained
from tie utesocaip sshich contains about II 21w of fibros material
The external a ppearance of the fruit varies considerably. especially at ri pening, lhe
commonest tvpe of fruit is deep violel io black at the apex and colourless at the base
before ripening. This kind ol urtii is described as 'ordinary' or nigrescens. At ripen-
ing the colour vaies frOm orange to ed, believed to be associated with cartene con-
teta. A ielatively uncomon type is green before ripening and this is called green-
fruited or virescens At ripetiiig it chaniges to a light reddish orange colotr, Iruit
wlithout carotene in the Iesocarlp is Ireftred to as albescens, which is most tincol-

In internal structure the frutt shoes considerable arialion, tihe most important being
in shell thickness Fruit nuts be shell-les or have shells up to 8 mmt in thicknex. In-
lernal fruit ornm is a genetic character 4 arid can be described as follows.

f Dio: shell 2 8 nl thick, lo" to medijin menc icrp ontent of 35 5', but in
the Dura of the Far ILast, this may lie a, high as 65",,. No tibrc ireg.

it, l'nra: shell U.- 4 trial thick, mediunL it) high itesocitrp content of 60 95 ...., ibre
ring, hybrid of shell-less pisiiera and the common thick shelled Durla forn.
oiii! t'i.'il'> : shell-less.

lhie term inlcrocarya, which refers to dun pahlms wih thicker shells, i e 6 8 rit,
found in the (ongo and est Africa, as distinct 'rorn the less thick shelled I)eli Dura
of the Far Fast, his largely gone out of Use,
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Iv,,4 L [i r 4k f Irl s of [he oil pil

3.6 Seed

The oi pal i seed is the nut Ilhat rela ins afer the o Iv in esocinp i : i nme It con -
sists of a hard shell and in most cases one kernel although to or even three jnats he
encountered. Nut i/we var greatl bU C t1ommol the length is 2 4cm. lehe sh e]l ha,
fibres passing logitudinally through and adhering to it. Each shell has three germ
pores corrcsponding to three pals of the tricarpellate ovary. Inside the shell lies the
kernel which consist, of laves of lard oily enrdosperi, grCyish M s lle ill colous sUl-
rounded by t dark broo, n testa covered %ith a netm' ork of fibres, I nibedded in the
endosper n and opposite of the germ pores lies the embr*yo about 3 mur in length. In
germination the emnhryo aftcr emerging friom the geti pore srkelle to f-olll a btllion
from wkhich the radicle and plthule are diflerentiated Germination is hvpoeeal.

3.7 American oil palh (orozoolkifera

Fornerl called iht c uwif tt-a (this name a pplrently regi ii iiig faroIr) Ithis
pall is found in the tropical parts of South America and has certain morphological
features qtite distinct from the African, or Asian oil palm. The leaflets sie in one
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plane only and the trunk is at ll , erect hu itel hecomes procumlbent. I ruit bunches
are smallel so are the ullills vhich lre yellow to bright red in colour. A high pro-
[i!ilpio Ii the frntlt's a re prtnocIarpic and there is no tibl' ring in the iiiesocarp.
It appear, that thii ilmn his some potetial in long-teri brceding prograrme of
the oil pa ni because o n i redued heighlt and aparenti resisance to wisea,.s. Hybrids
of ilnecsis and iilainococca plestiley esisin lie C inote i I r polItant o il paIl brIee ding
slt lion , in Aflrica and the ir Las.

3.8 Relrretees

BcIrB ii , lot i nd iiu n It bi.i Omarilortile dui pino i fl a to c. I N I A ( c ienl.
11)351

2 Ti'...... .. I (irowtl. Il wicrint. ind 'cik of the oil pithn in Nigeri i \ n, Xl hic.
(i[ lt11111 , 2. 1S? 22th (1957)
6 ( S \ tid, oI the niutlc t o ni t tiononac11 anti 'irnonico1 11 it 1it11 tnt ihc
pow Al " itottcnc anid bunch protmtut ol tic on patii on wlK Z, c oif \Xpsi cl M In tm
th 1) I hom . k ,i..rsi ii \ibrdwon. Soil ind. 1969

4 / ri , I it I hli t 'aii I ongnliilus I oi Ion. 1167
A H wi /' Mplgigc de lio i & Wmlh ait ui m tOtist dn Sitl Rowibretkti 'tutuHo do

Bolaittino 62 IN9 31 (1915)
Z I .... iil.....siiri . No t oI he ioii oi bit of o il iplr. M aL.t \. n' I A i . 552 ' ! l9 I

ntI. . It. .t.. o Iu'nt (i...G ocIh and liowring ui the oil pahni Amo App. Bil Y2, 410 421

I Miroi . the til sI a n tun ii l O oill h in H i isth bulutinor, tnou-pltlul.g diin t1ton33 .' in. X
An too. Oil Ftint I I fi0 S2 (iA

I, \, S A. iamhooA t Di S ,it i P. Nutarlei ontcttinl il otoil phn in Mala H i ni ctilnis
IluiliuO tistilu s Xlii I o 1 ,git j 46PW J W1.91 T i').

Ill k"t' P, surall " til isrihlion t e r.. th i f \oho il oli oil p ain. Owltirlu l 22. 53
t  

537
( Iu67 ),

II .. ....... P B \ton" of Ihe rnoc /c'lid nu II I1,lnac OmorLk~ 196 1.
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4. Ecological Requirements of the Oil Palm

4.1 Climate

4.1.1 Temperature

According to Hartley. for high production, mean maximum temperature should be
29-30' C and mean minimum about 22-24' C. These conditions are found in most
parts of the tropics. However, in high altitudes, temperatures can fall below 210 C
and in the inland areas of Congo, night temperature is also below 210 C. Such low
temperatures are said to reduce crop considerably by affecting bunch development.
With young seedlings, there is evidence that below 150 C, cessation of growth occurs.

4.1.2 Rainfall

This is the most important element of climate for the growth of the oil palm. Present
knowledge and experience indicate the optimum rainfall to exceed 2000 mm per year
and this should be well distributed throughout the year, i.e. there is no long dry sea-
son.
While highest yields are obtained with the most favourable conditions set out above,
the oil palm has been profitably cultivated in regions where rainfall is poorly distrib-
uted or very high, and where temperatures are low in certain months. This is because
of botanical and social-economic reasons. The oil palm is well adapted to areas of
summer rainfall and winter drought. Though bunch production is reduced by
drought conditions, three months without rain does not markedly reduce the health
of the palm and the growth of the bud continues but spear leaves tend to remain un-
opened until the onset of wet weather. During the dry period, midday stomatal clo-
sure prevents excessive loss of moisture. Further, the oil palm is such a high producer
of oil that even under poorer environmental conditions, production may still be rela-
tively economic. Nigerian plantation production of 1.2 t oil, 0.06 t kernel per ha/an-
num is still superior to output from coconuts [4].
The limitation of rainfall is prominent in West Africa where drought of 2-4 months'
duration occurs in Nigeria and Dahomey. In such areas, there is a tendency for large
fluctuations in yield from year to year, with a very low yield occurring at intervals of



Table 16. Rainfall data of oil palm regions in South-East Asia, Africa and Latin America

Month West Malaysia Sumatra Ivory Dahomey Nigeria Congo Colombia
Coast (Kinshasa)

Telok Ulu Medan Marihat La Me Pob6 Benin Umudike Yangambi Barran-
Anson Remis Baris cabermeja

J ............. ins 9.39 11.09 5.4 12.25 1.54 0.67 0.41 0.86 3.35 2.40
mm 238 282 114 311 39 17 10 22 85 61

F ............ ins 7.43 6.28 3.6 8.79 2.52 1.89 0.99 1.99 3.90 2.92
mm 189 160 91 223 64 48 25 51 99 74

M ............ ins 9.46 10.33 4.1 11.31 4.96 4.57 3.53 4.46 5.83 4.61
mm 240 262 104 287 126 116 90 113 148 117

A ............ ins 10.33 9.67 5.2 12.02 6.11 5.91 6.38 8.03 5.91 9.65
mm 262 246 132 305 155 150 162 204 150 245

M ............ ins 6.78 8.08 6.9 11.66 10.72 7.13 7.61 10.50 6.93 12.49
mm 172 205 175 296 274 181 193 267 176 317

J ............. ins 4.37 5.44 5.2 8.43 17.81 8.04 9.90 10.76 5.00 10.72
mm I1 138 132 214 452 204 250 273 127 272

J ............. ins 4.20 6.27 5.3 7.92 8.27 4.65 12.63 12.28 5.75 7.68
mm 107 159 135 201 210 118 321 312 146 195 0

A ............ ins 5.20 6.53 7.0 10.91 1.54 2.01 7.92 9.96 6.66 11.32
mm 132 166 178 277 39 51 201 253 169 287 "

S ............ ins 6.86 7.07 8.3 14.11 3.74 4.61 11.62 12.21 7.09 14.42
mm 174 180 211 358 95 117 295 310 181 366

O .... ....... ins 10.96 9.40 10.2 17.81 7.60 6.15 9.07 10.30 9.26 18.08
mm 278 239 259 452 193 156 230 262 235 459

N ............ ins 11.39 8.75 9.7 16.19 7.17 1.85 2.66 3.32 7.21 12.06
mm 289 222 246 411 182 47 68 84 183 306

D ............ ins 10.55 9.71 9.0 11.50 3.62 0.47 0.40 0.69 4.85 4.69
mm 268 - 247 229 292 92 12 I0 18 123 119

Total ......... ins 96.92 98.71 79.9 142.90 75.69 47.95 73. 12 85.36 71.79 111.03 0
mm 2513 2507 2032 3627 1921 1217 1857 2168 1822 2818 0
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4-6 years (1). Rainfall in Malaysia and Sumatra is slightly higher than that of West
Africa but it is better distributed. Rainfall patterns in the Congo and Central America
are more comparable to those of the Far East (Table 16).
Estimates of evapotranspiration according to Thornthwaite show that in Malaysia [7]
and the Congo, there are one to three months when potential evapotranspiration
(P. E.) exceeds rainfall but the negative values are small, being less than 50 mm. How-
ever, in Benin in Nigeria, for 5 months P. E. exceeds rainfall for 3-5 months by great-
er than 100 mm. It is due to this difference in distribution that such a marked differ-
ence in fruit production occurs as shown in the Ivory Coast where Desmarest in-
creased yield from 5.5 to 22 t/ha/yr by irrigating young palms during the dry period
so that total rainfall was raised from I 110 mm to 2250 mm. He showed a negative re-
lationship between annual moisture deficit and yield of fruit bunches (Figure 5).

Annual deficit
in mmn

Control
600-

500-

400-

300-

Figure 5. Relationship between 200
moisture deficit
and fruit bunch production 100-
A - Irrigation to saturation A
B - Irrigation only

after stomatal opening 0 I l 2 I
(Desmarest [3]) 0 5 10 15 20 25

t/ha

However, potential evapotranspiration is only an indication of balance, the actual
moisture shortage also depends on other factors such as the water holding capacity of
the soil. Moisture stress exerts a greater effect on plant growth on sandy or shallow
soils than clayey and deeper soils. Data on the actual moisture regime in the soil dur-
ing dry months are not available but the general indication is that a large deficit oc-
curs in West Africa.
As far as very high rainfall is concerned as found in the East Coast of West Malaysia,
little is known but it is possible that a greater incidence of disease, poorer pollination,
waterlogging or excessive leaching of nutrients will retard growth and yield.

4.1.3 Solar radiation

For optimal production, it appears sunshine should be constant and amount to at
least 5 hr/day in all months and up to 7 hr/day in some months. Inadequate sunshine
reduces nett assimilation rate and production of female inflorescence. Because of this,
the oil palm is called a light loving plant. Relative to rainfall, solar radiation is a less
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important factor although in West Africa, sunshine hours are below the lower limit
for about three months from July to September (Table 17), particularly in the Camer-
oons.

4.2 Soil

Terrain is of great importance in oil palm development. Although the oil palm can
be successfully planted on hilly land with slopes greater than 200, in order to avoid
greater cost of establishment and problems of harvesting as well as extensive erosion,
flat or gently rolling or undulating land is most desirable. Preferably, no extensive
areas should have slopes exceeding 15'.
The oil palm can be found on a wide range of soils ranging from loamy sand to heavy
clays and deep peats. However, there is evidence that within a certain set of climatic
conditions, soil variation can cause appreciable differences in yield due mainly to
impeded drainage leading to disease, shallow rooting and moisture stress because of
shallow soil profile [6]. Fertilisers can be applied to correct nutrient shortages but
physical limitations such as impenetrable soil layers and poor water retention are dif-
ficult to rectify. Thus, physical soil properties like depth, texture and structure of the
soil decide the suitability of a soil for oil palm planting.
As the palm can grow to a height of more than 8 m in its normal life cycle in a plan-
tation, firm anchorage in the soil is necessary. Although the majority of its roots are
found within the first 60 cm of the soil an appreciable quantity, mainly of anchorage
roots, still occurs down to 90 cm or more. Thus soil depth should be at least 90 cm
and no physical barrier or permanent water table should occur above it. Oil palm
roots are fibrous and ramification is best in an open soil. As water is such an impor-
tant element in growth processes, the soil should have a good capacity for retaining

Table 17. Sunshine at centres of oil palm cultivation (hrs/day)

Month West Malaysia Sumatra Ivory Dahomey Nigeria Congo
Coast

Kuala Chemara, Medan La M6 Pobe Benin Yangambi
Lumpur Johore

J ............. 6.2 3.5 5.4 5.2 6.0 5.6 6.6
F ............ 7.4 5.1 7.1 6.1 7.0 6.0 6.8
M ........... 6.5 5.0 7.0 6.5 6.4 4.9 6.0
A ............ 6.3 5.7 7.2 6.4 6.1 5.3 6.1
M ........... 6.3 6.1 7.7 5.2 5.9 5.4 6.0
I ........... 6.6 5.1 8.1 2.9 4.7 4.2 5.5
J ........... 6.5 5.4 8.1 3.3 3.3 2.6 5.0
A ............ 6.3 5.0 7.5 3.2 3.3 2.4 4.4
S ............ 5.6 4.1 7.0 3.1 3.7 2.6 5.2
O ........... 5.3 4.4 6.2 5.0 5.2 4.2 5.1
N ............ 4.9 3.9 5.9 5.7 6.4 6.0 5.5
D ............ 5.4 3.7 5.4 5.9 6.6 6.4 5.7
Mean ........ 6.1 4.8 6.9 4.9 5.4 4.6 5.6
Total/yr ...... 2230 1729 2508 1781 1963 1692 2054

Source: Hartley [4].
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waler. A good soil is one which permils extensive root ievelopmient and tir anchol-
age and "hich also stores plentiful supplies of water and plant nutrients A ,kell-
drained sandy clay loam or clay loan soil with a friable consistency meets these re-
quirements. A heavy clay soil is also uitable provided it is v,elI structured and not
compacted. As the oil pail is thought to have a swamp origin, a wiell drlined alluvial
soil is Irobably best.
(hemically, niost soils planted t oil palls are found in the acid range from neutrali-
ty down to pl 4. 1here is Ittle information oil th elect of alkalinity oi oil panll

growt but in view of tBlikely suppression of uptake ol potassium and other oit-

Irietls, alkaline soils are probably Unfa lvouratile for oil Iatn pkianting. On the other
extrellle, highly acid soils of less than p 3.5 such is ih acid suilphlale soils 2 are
also not suitable for large scale deielopmenlt.
A oil rich in asailable and potential plant nutrient, is good if at lanable but the in-
herent fertility of a soil is of lesser importance becatli prohitabkl ploduction1 Can hi
achieved by the use of inorganic Itertilisr. In l We tiliisia, \,, 5 considers tile
rcent marine clays to be the best but a \s.ide range of soils dciixed from igneous and
sedinmentiry rocks ofa lo"Wr nutrientH sftla is also) quiLe sulitable. fhe Uinfavotliable
soils include laterites, sands, deep peats and acid sulphate soils. The major clliteria
for asessing soil suitabiliiy for large scale oil palm planting in Malaysia are store,
detqh of soil, tetmure, struttirle. p1 and general nutriet Amu,

4.3 References
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5. Planting of Palms U iguc 6)

( p to about 190, plantation,, par trulrly those in Malaysia were made up of Dura
materials but since then lenera Dura x flisitcia) seeds became available from breed-
ing, wolk and today Tenlera material is exclusively used in new plantings. This is be-
cause the new material contains more mesocarp which gives abot 20o more oil per
hectare thall the [MLira.

he ratoplatiol of planting canl be cornenienlv divided in to two aspects. VI

I Seed zernination and nLrsCr techn~iques.
2 I ield planting.

Iigflr? ,An I It) 0 iederE Land I)ctopmcnt \uthoriIt Scheme i Martc,,ic
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These techniques and their organisation and control for large scale plantings are de-
scribed in detail by Bevan, Fleming and Gray [3] and Bevan and Gray [4] respectively.

5.1 Seed germination and nursery preparation

5.1.1 Germination

Seeds are obtained by depulping individual fruit in a rotatory device developed by the
'Institut de Recherches pour les Huiles et Ol6agineux' (I.R.H.O.). It has a hexago-
nal framework which can be made of angle iron round a central steel shaft. It rotates
at about 30 r.p.m. and can depulp at the rate of 6000 fruits per hour. After depulp-
ing, the seeds are dipped for three minutes in a fungicidal and bactericidal solution.
For most successful germination, proper moisture content, aeration and a relatively
high temperature of 38-40'C are required. Previous methods of germination either in
sand beds or Congo chests have been superseded by the commonly known Dry Heat
Method in which an electrically heated germinator is used [13]. The germinator was
originally developed by the West African Institute for Oil Palm Research (now the
Nigerian Institute for Oil Palm Research). Temperature and humidity conditions are
controlled in the germinator. The germination success at 85-90% is definitely superi-
or to previous techniques and a further advantage is that the incidence of brown
germ disease believed to be caused by thermophilic fungi is considerably less. The dis-
ease attacks the shoot and roots. To avoid this, moisture is kept at 18% of dry matter
which inhibits too rapid germination at the high temperature.
After soaking for 7 days and drying off in the shade for 24 hours, seeds are kept in poly-
thene bags and stacked side by side on galvanised wire shelves for 80 days. In Ma-
laysia, 40 days has been found generally sufficient for Deli dura seed. After the heating
period, the seed is re-soaked for 7 days and air-dried for a short period to bring it to the
saturation moisture contents of 21-22% for dura or 28-30% for tenera seed. The seeds
are then re-bagged and kept at ambient temperature, no superficial moisture being al-
lowed in the bags. Approximately 10 days later, the radicle emerges and continues to
grow for about 30-40 days but germinated seeds are not allowed to develop to this stage
in the bags. Instead, the newly germinated seeds are removed from the bags at weekly in-
tervals and are despatched to growers around 4 days from the commencement of germi-
nation, to minimise damage to root tips during transit. On arrival at the plantation, the
seeds should remain in the bag at room temperature until planting out in the pre-nursery
about 10-14 days later.
The capacity of a germinator can vary fairly widely according to requirements but in
practice, it is probably in the region of 200000 seeds or more.

5.1.2 Pre-nursery

Germinated seeds are first raised in a pre-nursery which should be located near the
main nursery to reduce cost during transplanting and to make the best use of water
supplies in the main nursery. A medium textured soil such as a loam is desirable and
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if only clay is available, it should be mixed with river sand at a ratio of 3:2. Insecti-
cides should not be mixed with the soil as the young germ will be killed. Water can
be applied by a watering can or an overhead sprinkler unit if the area to be planted
exceeds 4000 ha. Three main systems are used for planting germinated seeds, viz: (a)
baby polybags, (b) beds or trays and (c) large polybags.
- Baby polybag system. The polythene bags are 15 cm wide and 23 cm deep lay flat,
and 250 gauge is suitable. Bags are filled with about 1.6 kg of soil to within 1.2 cm
from the top and placed under shade in rows 10 bags wide. A small hole in the sur-
face soil is made with the finger and the germinated seed planted with root pointing
downwards and the seed covered by about 1.2 cm of soil. Major advantages of the
baby polythene technique compared with beds or trays are (a) less shock to seedlings
when transplanting to the main nursery and (b) less labour intensive when seedlings
are planted out 4-5 months later at the 4th-5th leaf stage.
- Pre-nursery beds or trays. The beds are 2.3 cm deep, 1.2 m wide and any convenient
length filled with loamy soil and shaded. Timber or brick can be used for the longer
side and the ends must be removable to provide easy access for transplanting. There
should be drainage outlets at 1.5-1.8 m intervals along the bed. Planting of germinated
seeds follows the same procedure as used for baby polybags.
This technique is no more commonly in use in modern planting; it is superseded by
the polybag systems.
- Single stage large polybag system. In this system, the germinated seed is planted
directly into large polybags which are 38 cm wide and 50 cm deep lay flat and of 500
gauge. The lower half of the bag is perforated. The seedlings remain in the bags until
field planting, generally 12-14 months later. Each bag holds about 15 kg of soil. The
bags should be placed together in rows three bags wide. At approximately 6 months
when the leaves of the young seedlings are about touching each other, the bags are re-
arranged at a I x I m triangle spacing. Shade should be provided until the two leaf stage.
This system requires more labour and watering in the first four months compared
with the baby polybag system but Hew and Tam [8] showed that a faster rate of
growth could be achieved and the total period in the nursery may be reduced by as
much as two months. Production is therefore also slightly advanced. However, more
rigorous roguing of runts or sterile palms has to be carried out.

5.1.3 Two leaf bare root seedlings

If such seedlings are supplied, which is less common, they should be planted immedi-
ately on arrival and 13 x 23 cm bamboo baskets or 38 x 50 cm polybags can be used.
Considerable care has to be exercised in planting and it is best to fill the bag and cov-
er the roots by stepwise filling and consolidating rather than in one operation.

5.1.4 Maintenance in the pre-nursery

Daily watering is necessary to maintain the soil in a moist but not saturated condi-
tion. Weeding and light scratching of the soil surface is also practised. To encourage



Planting of Palms 27

heally grow tb, phillis are "alered weekl Iv ith a weak solutiOil of a lolnni lIn stl-
liat., urea or co1nrpound fertiliser mith a formula of 15: 15:6:4 ftoin the one leaf
stage to iansplanilii time, Ho-mver". more frequent applicalion may be made if
seedlings appear ycllowish green rea is applied at the rate if' 14 g iL 4.5 I of water
per I(X) seedlingls In thie case of the compound fertiliser, 14 g is used in the SanMC vol-
unle of ewatC and number of seedlings during (lie I 3 leaf slage but at the 4 5 leaf
stag, 14 g is used we. sTo prevent scorching, leaves must be subse ucLIClv washed
down wih a spla of wtval'
A round of eullutzg is usnallk caried Out prio It transplanting Abnormal plait , \tih
twsled shoots or leaves which are narromarkedly crinkled or tolled aid lpi or
diseased are elininated. The percentage ciled should not exceed 10%

5. I Alain lit, l

1\\o main types, polvhag and field nurseries can be used altholgh in Malavsia the
polvbag system has become nlre popular. Water availability is the crucial factor in
deciding on the type of inursery. Wihere "aler is easily available, the pokybag has sev-
eral important acsartages the chief of which are: llexibility in site selection with re-
gard to soil and drainage, less soil cultivation, I Luci low~er labour reulirement at
transpIlatning Froma nursely to held and less transplanting shock.

5.1.6 Poliiag ,,art'rt' (Figure 7)

As stated earlier, a good supply of water is essential. Terrain is not critical but a level
site is desirable, As for ipre-inilseries, a loams soil is prefera ile. Black polx hene bags.
38 50 cm lax flat wi lI perforations are gcneraly used . When transplanting seedlings
from ire-nulrseries, bags should be initially filled to a level that allows tile seedling
pilu its block uf earth to be stuspe.nded in tie bag with its collar abOut 1 2 in belovv

hlie rim. The rest of the Vacamlcy is then fillvd. Thie baby polvbag or bamnboo basket
has Io be removed before the seedling is transferred to tire bigger polybag. Seedlings
raised in prenrtery beds should Ie dug ou1t with a transplanting toot wlhich cuts out
the seedling sill a block of earth of 10 , 10 cat and 23 cm deep. Tinis is done b)
plushing the open end of the tool into the bed io its full vertical depth and w.idlh and
file uct edge co" lhe block of arth is cut wkith a knife.
The polybags wit I lhe transplanted seedlings should be regularly walered, at least
four inres a week. L nder dry conditions, about 9 18 litres of water is req uired by
each plant w\eekly.
Manuring of seedlings is described in a separate chapter. Seedlings sta in the poly-
bags for about 8 9 months beflre being transplanted iii the held. Prior to that, a fur-
tiler culling of rtnt palms siihotld be carried oul. These palhns include those which
have (a) elect fronds and acute angled pinnae comimonly relerred to as sterile, b flat
top appearance, Ic) short and limp form and fdl fused pinnac. Such rumits should not
nornallv exceed 10".
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5./t,7 1:ielt am'~t,t

The field nuvuci etic should be dose to the planning irca wnd the soil teslure and
stnucture should enable a good ball of earth to be retained wahen digging out It
should also be on fl t or undulating terain with good taiintge ' he site has ti be
cleared of all tinber and debris and disc ploughed Io a depth of about 3) cm.
rhe batgs and baskets holding the seedlings from thec luii-it is have to be re-
mov ed caredltll to aioid root daina Mkore planting in Ilic huh. Plhintii holes in
the field nusier should be about 30 30 AK 30cm nd the p1 itueg distance is I Inm
TO facilitate adequate inspection, paths should be provided bx les ing one row Out of
exer rten unplanted I Transplanting is best done in cooler sweather in the call morn-
ing or lae Aertoon. Until he transplanted seedlings are el estatblished, dail "*a-
ten og IIMust he ca rried out.
While the plants are in the Ild nursery, it his b en shown thKa rot pruning c 1ncU-
agces croth in he ield, Gann, Sit ail ('liapas 7 shosked that root pruning uilar-
lates and increases root development within the ball of earth before translanting, and
rcduttce , transplanting shock The praice is performed at 5 and 3 ssek s bef or field
plantng with a sharp garden spade of 25 cmi depth. In the irl operation, a clean cr-
tical cut is mrade on t)o adjacent sides. 0mt axa% Lum he palm bLae In the second
opelation, Ie rertlaing it o sides e ct C ut a gap of 13 ai" is lef nCut.
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After about 9-12 months in the field nursery, the palms are ready for transplanting
in the field. Removal of the palms is a laborious procedure. Firstly, the older and
lower fronds are closely pruned and the younger and upper fronds lightly pruned so
as to leave a diamond shaped pattern. The fronds are lightly tied to facilitate access
during travelling. Secondly, the palms are dug out with a garden spade and in the oper-
ation damage to young roots must be avoided. Two spades are used and are inserted
on opposite sides of the palm, outside the cuts made during root pruning. Thirdly,
the palms are lifted out carefully on to a gunny sack in which the ball of soil is wrapped
and tied, and placed on a metal tray for transportation.

5.1.8 Age of palms at field planting

The best age for planting out nursery palms is not absolutely known but there is gen-
eral agreement that palms of less than 9 months old are too young and more vulnera-
ble to attack by pests and diseases while too old palms of greater than 18 months in-
cur greater labour costs and transplanting shock although the period of immaturity
in the field is somewhat reduced. Hence, a compromise of 12-14 months from the
germinated seed stage is generally recommended.

5.2 Field planting

While pre- and main nursery seedlings are being raised, activities must also be afoot
to prepare fields for planting the nursery palms. Before field planting can be imple-
mented, two important operations have to be carried out and these are (a) land prep-
aration which includes clearing, drainage, terracing and construction of a transport
system and (b) cover cropping.

5.2.1 Land preparation

- Clearing for new planting and replanting. The method of clearing depends on the
nature of the existing stand and terrain. In most areas, existing stands comprise either
jungle or perennial crops of rubber, coconut or oil palm. As the existing timber and
root systems present a potential source of pests and diseases to the palms, it is consi-
dered most desirable to remove them as much as possible. In the Far East where the
oil palm is planted on plantation lines, there has been no social or economic need to
attempt to replant old oil palms by underplanting and selective thinning as may be
necessary in oil palm groves.
If the area is under forest, it is generally cleared by contract work and the operations
consist of under brushing or slashing the lower growth, felling of trees, burning dur-
ing the drier season about 6-10 weeks after felling, pruning of timber up to 15 cm di-
ameter, stacking them and reburning, and terracing and silt pilting where
necessary [10]. All these operations take about 5-6 months and it is important that
the felling should be so timed that burning coincides with a non-rainy season of the
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year. Long term rainfall records, if available, are useful as guides in this connection.
It cannot be over emphasised that proper programming and phasing of land clearing
is a critical aspect of land development and a critical path technique is advantageous.
The general practice of felling manually by chainsaw is still cheaper than mechanical
clearing [2]. However, if catch cropping is intended, mechanical clearing facilitates
such cultivation. In savannah country, mechanical land preparation can be practised
[15].
- Replanting after rubber. The common method of clearing rubber is to fell and de-
stump by bulldozer where terrain permits. Trees near drains have to be winched out.
De-stumping is desirable in order to eliminate potential breeding sites of insects, par-
ticularly the beetle, Oryctes rhinoceros, which can cause serious damage to immature
palms. If terrain is hilly or if de-stumping is not considered worthwile, trees can be
felled by chainsaw as close to the ground as possible leaving about 23 cm of stump
above the ground.
The felled trees should be pushed into broad windrows to facilitate a good burn and
provide access for a second burn. The felled timber should dry out adequately in 6-10
weeks and be ready for the first burn. Then the remaining material is pruned, stacked
and burnt for a second time and this should remove all the debris.
- Replanting after coconuts in Malaysia. A serious problem with oil palms replanted
from old coconut areas has been the incidence of basal stem rot caused by Ganoder-
ma spp. This usually appears most prominent in palms of 10 or more years after
planting and palms markedly decline in yield and succumb in a few years. Turner
[17] has found that the disease is most severe where coconut trunks were buried in
the soil. These later become the major sources of infection. The recommended prac-
tice is to winch out and push together the old coconut stand, cut up into lengths of
about 5-7 m, stack them in such a way that there is a clearance of about 0.6 m to
place the coconut shells which are used as starter fuel. Unlike jungle and rubber, co-
conut palms can be burned soon after felling but it is necessary to restack and burn
3-4 times. Burning the trunks also removes the habitat of Oryctes. In addition, it is
advisable to cross plough and harrow in order to break up as much of the old root
system as possible.
On heavy soils, mechanical operations can cause soil compaction resulting in poor
soil aeration. This induces a yellowish green colour in the leaves of young palms but
fortunately, this is usually a temporary setback in the first year.
Where mechanical equipment is limited but labour plentiful, the trunks can be cut
into shorter lengths of 0.6 m and split, and these are heaped for burning at the rate of
2-3 palms per heap.
- Replanting after oil palms in Malaysia. As in the case of coconuts, to remove po-
tential sources of Ganoderma and Oryctes, it is best to uproot the old stand, remove
or burn if possible. Burning success is more difficult to achieve but if weather condi-
tions are dry for a sufficiently long period, a satisfactory burn can be obtained. The
fibre waste from the mesocarp is a good aid in burning.
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5,2.2 I)roIwope and (/ It I!

Where oil Ipalns are planted or alluvial laI s, some dcgrIccof drtage is ahIass nec-
1ss rv t1emove exces water during periods ot heat' ran but the icnsity of dran-

age depends on Ihe rehef of the area, te perwN y wls ld water reention cafticii of
the soil, [or the marine clays of West Malaysia, experience sh)\, that satisfactory
drainage can he obtained by spacing main drain, at about 1320 1 apartl sit sub-
main, running at right angles to Ihese at 3R) 44) m intervak Withn idicidual
fields, the intetisity depends, on actual ,I.cnditions obtaining and can ar\ hrout a drain
every seCold a tLue IIo a d ral Cvery iayh eltlie, II o wC' r ads asb le to tall

Ith a Ilo intensity. lhe dimenions of these drain, are given In Fable I,

/ fi hit N .], f - 7 l~llf l~ l l { I

I"N" I's Il I""'i

lop Il 'lon)

Scc iI I ........ . . .. 7

Iw ld ... .... .. ..... ... ....I 2

Where the lrein is nor 0lt, the naessitx lt conservzttiot practices depends on the
steepness of the land. (it undulating to olling terain Q 12 q opel erracing Isget-
erally not necessary ahhough ailh sandy hms, silt pits are adisable Wher t e ter-
rain is hilly (12 20 slope) or steep (20 25 slope), terracing is necessar, particUlarly
for the steeper land. A he terraces should be 3 4 m broad and spaced at 10 m aparl,
whlich should ;iccomimodate a densit of 140 ha. On very sleep Land ( 25 slope) al-
though palms can be satisfacforily established 14 , this is restricfed to ,ois with
deep proties. On soils deIived from (Ual/ites and grey shales. terlacing is phyicall,
ha/ardous as parent rocks are often exposed. In %ev, of these liliations, large plat-
forms are preferable to terraces. Nesertheles two serious problens conliront pliimV
ing on ,ery steep and and these are (a) soul erosin and terrace maintenance and I )
difficulles of har\esfing, collection and tIansport "ith implicatHins on oil qctalit
The conmplete success of large scale plauing of oil patlms on steep land has tot really
been proven and meely from a coser'vationi vie point, it is advisale not to devclop
steep land for oil palls, unless such land forlls only ilsepalably smuall units in af

p -a it a fini.

I-or all the held operations of planting. ttpkeep. harvesting and collection an eicieit
svstlll of COItuLlicllaiol is llecessar y In Malaysia, both raill and roid systtus hae
been used but B11 111 Cf, 3 shoed that a rail systell is more costlrs Iltl a road
vsteui tlhese findings are show in tlable 19.
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la/ c 0/. [' Irt ed ct lt+d , I rail &Ioad iv1. piit ' .ct s hI , S Ila ; NI I I I S , I

t r~ini+ps+rt '+}tcni St~ 'r <I ~ Ilh+++l+

?ill/I 4400 (I)Of

iZ ath((i4 sitti tippin~tg~ .. . . . .. . . . . . . 4++ 6582 !
F,+Jaisi ',} Iitfs >tcriti',er rain . . . . . . I fli ) 672

RinW'c ''j, ',R o ad .. ... . . . . . . . . . ............. .. .. 2 54

Iht,, practically all new plantings in Maaa use road systes. One major ad'>, n-
tage ot the road system is thai expenditure can he phased out whereas for the rail, full
costs have to be incurred at the outset. Anothel is that the roads cIa he built accord-
ing to icquirments of establishinnt Ind larvestlng.

5.3 I-Istablishnent of c(ter Crops (I igur c)

rhe practice of cover crops has become at e'ablsfied field pt1icticc afle lite World
War II in tropical plantation atnictmure [he principal purpose is the conltol of 'oil
erosiOn which can wNrought irrepairable damage to the kand undel conditions of tol-
renlial rainfall, particularly on hilly terrain Other secondaLy reasons include the inm-
prowement ol soil organic matter and nutrient ,tatus. hette soil aeraiotn and coriser-

atiaon of soil inostture.

I ,,uo( S 'rOlt ong p lml +th !+gurne meo~r
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Of the types of covers which can be used, legume creepers have been shown to have
the greatest benefial effects on plant growth and soil fertility. Work by Watson el al.
[18] at the Rubber Research Institute of Malaya indicates that in the 4th and 5th years
of growth, leguminous covers may return a nett equivalent of about 1000 kg/ha of
sulphate of ammonia to the soil, which could be utilised by the planted crop.
Through the litter, there was also better cycling of other nutrients. The main effects
of the legumes are better girthing rate and earlier maturity and tappability of rubber.
This was also the main finding of Mainstone [9] who, however, attributed part of the
benefit to improvement of soil aeration as evidenced by a greater abundance of roots
on the poorly structured soil with which he was experimenting.
However, opinion on the advantages of legume covers is not quite unanimous; some
plantations prefer the use of grasses or naturals, largely because of the high cost of
establishing and maintaining pure legumes in the early years after establishment. For
rubber, Pushparajah and Chellapah [12] obtained evidence recently that on a deep
and well structured soil, naturals or grasses plus the use of additional nitrogenous fer-
tilisers could obtain the same growth and yield as legume covers. No doubt, such ex-
perimentation needs to be performed on other representative soil types. These results
for rubber, however, cannot be easily extrapolated to oil palms as the nutritional re-
quirements are rather different.
Investigations on covers in oil palms have been few and the little information availa-
ble indicates that yield levels can influence the choice of covers. Thus, in Nigeria [1]
a 13 year experiment showed that leguminous covers did not give larger yields over 8
years than weed cover regularly hoed. It is possible that water deficit prevented the
palms from the benefit of the cover. On the other hand, Gray andHew [6] in Malaysia
showed that even on the relatively fertile coastal clay, Puereria and Centrosema cov-
ers gave more than 6% higher yields than grasses over 4% years of harvesting. The
lowest yields were obtained with Mikania cover as shown in Table 20.
It was estimated that based on a selling price of M$600 per tonne of palm oil and $300
for kernel, the total additional profit obtained by the legume covers compared to grasses
for the period amounted to $327 peracre or S817/ha. These findings suggest that on low
nutrient status soils, a greater benefit from legume covers can be envisaged.
Legume covers can be sown in drills after the second burn in land preparation. On con-
toured land, the seeds are sown between the terraces. Generally, three drills, 1.5-1.8 m
apart are sown between avenues and a further three drills are sown at right angles to the
main drills. For creeping legumes, a suitable sowing rate is 2.2 kg of Puereria phaseo-
Ioides and 3.3 kg Centrosema pubescens per hectare. Commonly, Calopogonium mucu-

Table 20. Effects of covers on fruit bunch production over 21/-7/ years of young palms on
marine clay (I/ha)

As % of legume cover plot

With fertiliser No fertiliser With fertiliser No fertiliser

G rass ......................... 110.8 110.9 92.4 92.5
M ikania ....................... 106.5 94.1 88.8 78.8
Nephrolepsis ................... 116.7 103.3 97.3 86.1
Puereria-Ccntrosema ............ 119.9 117.8 100 98.2
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noides is also included in the mixture at half the rate of Puereria. In some cases, a
bushy cover, Flemingia congesta is used. To improve germination rate and accelerate
establishment, seeds are either soaked in dilute acid or scarified mechanically. To
promote good establishment, fertilisers are recommended. A compound 15:15:6:4
fertiliser has been found by practice to encourage growth and this is applied at 1-3
weeks after germination at 14 g per 2 m of drill. During the first 18 months of growth,
rock phosphate is broadcast at 62 kg/ha at 3-4 month intervals making a total of
about 245-370 kg/ha. Thereafter, the rate of application is 122-245 kg/ha.
To establish a pure legume cover in Malaysia and perhaps Indonesia stringent weed
control is necessary, particularly in the first 6 months when hand weeding at fort-
nightly intervals is needed. Thereafter and up to about 2 /-3 years, monthly rounds
are adequate. This form of weed control is expensive, costing M $200-250 per ha per
year, and for this reason, legumes are not favoured in some quarters. However, if le-
gume covers were established, it would be rather unsound not to maintain it clean for
a minimum of two years in order to enable the cover to fix the nitrogen that is aimed
for.
In other oil palm countries, however, Puereria and Calopogonium establish much
more easily and it may then be necessary to control Puereria from smothering young
palms.

5.3.1 Lining and holing

These two operations have to be completed before field planting can begin but in Ni-
geria, it has been shown that holing is not necessary on the Acid Sands. Lining is car-
ried out prior to the establishment of leguminous covers by surveying techniques, de-
pendent on the planting density decided upon. In Malaysia, holing is done immedi-
ately before planting. Holes should be adequately large, an 45 x 45 x 38 cm hole is
satisfactory for most soils. Where the soil is lateritic or gravelly, a bigger hole should
be used. On peats, which gradually subside due to physical shrinkage and chemical
oxidation, a 'hole within a hole' technique is advisable. The outer hole is
1.2 x 1.2 x 0.3 m deep and the planting hole is dug in the centre of the outer hole.

5.3.2 Planting density

A universally accepted optimal planting density for oil palm has not been experimen-
tally derived. In the Ivory Coast, Privot and Duchesne [11] obtained the maximum
yield with a density of 139 palms/ha although when the figure was reduced to 125,
there was only a drop of 1% in yield. Surre [15] claimed that the optimum economic
density is always below the optimum density for production. In Malaysia, planting
density ranges from 122-148, previous practices favouring the lower density. Howev-
er, Bevan et al. consider that the range of 140-148 per hectare is suitable. Recent
growth analysis carried out in Malaysia [5] also supports a higher planting density
and 148 seems most appropriate.
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5.3.3 Planting out

Experience has shown that palms must be planted at nursery level since deep planting
buries the young bud and causes severe retardation in growth. It is important to firm
soil carefully around the ball of earth in stages until the hole is filled. With polybag
palms, the side of the bag should be split and the bag removed.
Field planting is best done to coincide with the onset of a wet season as prolonged
dry spells after planting can retard growth considerably. Ground rock phosphate at
56-112 g per palm is sprinkled over the bottom and lower side of the planting hole.
With field nursery palms, the ball of earth should be wrapped in a gunny sack during
transportation and if it is shattered, a mound of soil should be made in the bottom of
the hole and the palm placed upon it.
In the first six months after planting, supply may be necessary due to failure of estab-
lishment but casualties should not exceed 2-3%.
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6. Agronomic Practices

This heading concerns all the husbandry or cultural practices followed in raising and
maintaining palms in the field but for convenience and because they form large topics
in their own, manuring and pest and disease control are treated separately. So the
cultural practices considered here are as follows:

(a) Weed control
(b) Castration
(c) Assisted pollination
(d) Pruning
(e) Inter-cropping

In discussing these separately, it cannot be over-stressed that they are closely inter-
related with manuring and plant protection measures.

6.1 Weeding

6.1.1 Immature areas

Weed control is relatively more critical in the immature period in order to reduce
competition for nutrients and water to a minimum. Control mainly consists of weed-
ing the clean circle and some of the inter-rows. Clean circle weeding usually begins
soon after field planting with an initial circle of 2-3 m in diameter. This is gradually
enlarged until at about 2 Y-3 years when harvesting begins, the diameter reaches 3-4
m. Hand weeding is generally practised in young palms because of the risk of damage
by certain herbicides which either scorch the leaves or cause the spear and the upper
leaves to twist or fasciate. Sheldrick [13, 14] found that on 8-12 month old seedlings,
dalapon and 2,4-D had the most damaging effect causing leaf distortion and fascia-
tion and death at high concentrations, while paraquat and aminotriazole caused chlo-
risis. Simazine and monuron appeared safe at low rates. However with manual weed-
ing, care must be exercised that young roots are not damaged or a saucer-like depres-
sion produced around the palm. In the early stages, monthly rounds are necessary
but this can be relaxed progressively with time. At about 15-18 months in the field,
the lowest whorl of leaves only can be pruned to facilitate access to the palm base.
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In Malaysia, where legumes have been established, noxious weeds such as Mikania,
Eupatorium and grasses have to be removed manually by maintaining fortnightly
rounds of selective weeding in the first six months and monthly rounds thereafter. In
Africa, such weeding for cover establishment is much less frequent. Sporadic lallang
(Imperata cylindrica) can be controlled by wiping with a commercial oil.
However, in view of the higher cost of manual weeding, selective weeding in 1-2 year
old plantings may be done by using appropriate herbicides such as paraquat and a
mixture of MSMA and diuron although care should be exercised in spraying to avoid
damage to fronds. More recently in Malaysia, Seth [12] reported that a combination
of 0.27 kg/ha paraquat plus 0.27 kg/ha diuron plus 1.8 kg/ha of MSMA provided
lasting control of Paspaltm conjugatum, Panicum nodosum, Axonopus compresses and
Digitaria species in weeded circles.

6.2.1 Mature areas

For ease of fruit collection as well as fertiliser application, a clean circle of about 2-3
rn radius around the palm base should be maintained by alternate rounds of clean
weeding manually and spraying with herbicide at 3 monthly intervals. In additions,
harvesters' paths also need to be cleared by slashing or spraying with herbicides. In
Malaysia, Palmer [9] reported that diuron at low rates gave adequate control al-
though the addition of paraquat improved control during the first 6-8 weeks. Rama-
chandran et al. [11] found that alternate rounds of spraying with paraquat and
MSMA/sodium chlorate mixture at 4 monthly intervals gave satisfactory control of
circles at economical costs. Work in West Africa [15] indicates that of the newer
chemicals, the urea derivatives and triazines appear most promising. Where Eupato-
rium or lallang occurs in patches, they can be eradicated by 2,4-D and dalapon re-
spectively.
The various herbicides, their chemical names and uses are given in Appendices I and 2.
Where grasses are controlled by mechanical mowing it has been found (Hew & Tam,
priv. comm.) that this has a depressive effect on leaf nitrogen and phosphorus but the
actual cause is not known.

6.2 Castration

This practice has become quite common in plantations in Malaysia and consists of
the removal of young male and female inflorescences and bunches. This is carried out
on monthly rounds beginning from about the 14th month to the 27th month after
planting in the field. Harvesting is thus delayed somewhat but it does appear to ren-
der the following advantages:
(a) a higher yield at beginning of harvesting thus making better use of the factory,
(b) higher oil to mesocarp contents from the beginning of harvesting,
(c) a likely improved rate of growth by diverting assimilates to vegetative dry matter
production during the pre-harvesting period,
(d) a more uniform stand tends to result and more uniform bunches,
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(e) a lower incidence or complete absence of Marasmius bunch rot, less rat damage
due to the removal of uneconomic and un-harvested fruit bunches under Malaysian
conditions.
Similar advantages have also been found in West Africa by Ochs and Brdchas [10].
The cost of castration is not high as one worker can castrate approximately 120-150
palms a day.

6.3 Assisted pollination

Inflorescences on oil palms appear in phases of male followed by female or vice versa
and it is unusual to find ripe male and receptive female inflorescence on a palm at the
same time. Cross pollination is the means of fertilization and Jagoe [7] showed that
pollen was disseminated more by wind than insects and wind dispersal was reckoned to
be less than 33 m. Recent investigations by Hardon and Turner [4] indicated that the
distance of pollen disposal was greater than previously thought, and rain could cause
an immediate drop in pollen density. However, pollen densities were influenced more
by the number of rain days than total rainfall. The viability of pollen in female flow-
ers was estimated to be six days. It is now well established in Malaysia that in the ear-
ly years of bearing, the production of male inflorescence of Tenera material tends to
be low and this results in poor fruit set or aborted bunches. This can cover hundreds
of acres and a substantial shortfall of yield can occur. It has been shown that this sit-
uation can be prevented by supplying pollen artificially, commonly known as assisted
pollination [2].
Experience of the practice has given conclusive evidence that much better fruit set
and larger bunches can be obtained, thus preventing any loss of potential crop due to
inadequate pollination. Simple indices such as pollen density which may indicate the
need for assisted pollination are being sought but so far no direct relationship be-
tween pollen density and percentage fruit set has been found [4]. Therefore, a field
criterion, the presence of a significant number of bunches with poor fruit set over a
period of 2-3 months is used.
Direct experimental evidence of the benefits of assisted pollination is not yet available
because of the appreciable problems confronting experimentation and the need of pro-
perly isolated areas. However, Gray [3] showed that in five fields, about 5-6 months
after the commencement of assisted pollination, monthly yields increased from about
0.5-0.75 t to 1.2-2.7 t per ha during the first year of harvesting of DxP palms.
Fears had been expressed that continuous assisted pollination might bring about a re-
duction in yields in later years due to a more rapid exhaustion of nutrients. However,
Gray presented evidence to show that on the coastal clays of West Malaysia, provided
increased fertilisers were applied as guided by leaf analysis, no reduction in yield
over a 7 year period was discerned. Thus, if additional fertilisers are supplied espe-
cially on soils of low nutrient status, there is no theoretical reason why yield levels in
the long term should be depressed by assisted pollination. A further point to be borne
in mind is that if assisted pollination were not carried out in the early period, palms
would tend to remain longer in the female inflorescence phase resulting in low yields
over a longer period.
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Pollen can be collected from ripe male inflorescences of similar plantings, sun or oven
dried and mixed with fine talc in the ratio of I to 10. One g of the pollen mixture
should be adequate to pollinate one female inflorescence. The pollen mixture is
dispersed over the inflorescence by means of a hand puffer if access is easy, or a lance
puffer if access is difficult. For taller palms, a motor blower has been used. Pollina-
tion should be carried out at 8-10 rounds per month.
In so far as the length of time assisted pollination needs to be continued, it is difficult
to be categorical but it is unlikely that it needs to be longer than 5 years of harvest-
ing. However, to gauge the need, it is advisable to lay aside control plots of 2 ha in 40
ha fields or blocks and observe the condition of fruit set in these controls.
The above largely applies to Malaysia for in West Africa, it has not been found nec-
essary to assist pollination as abundant supplies of air-borne pollen are almost always
available everywhere.

6.4 Pruning

A desirable objective of pruning is to retain as much photosynthetically active tissue
as possible, while providing sufficient access for cultural practices such as weed con-
trol, castration, assisted pollination and harvesting. The practice of leaf pruning is
more vigorously followed in the Far East than in Africa or elsewhere.
For palms not yet in bearing, at about 18 months, the lowest whorl of leaves is re-
moved to facilitate circle weeding and castration. Thereafter, only very light pruning
should be allowed for purposes of castration or assisted pollination. In the Far East,
the first systematic pruning can be carried out when the lowest ripe bunch is about 60
cm above the ground. Care should be taken that the whorl of leaves immediately be-
low the ripe bunches is not pruned.
After three to four years, pruning should be confined to those fronds which obstruct
bunch cutting and loose fruit collection. The most common practice is to leave at
least a whorl of leaves below the ripe fruit bunch.
Pruning experiments carried out in Nigeria [16] show that pruning every 6 months
all leaves up to the one subtending the lowest bunch yielded 7018 kg/ha while annual
pruning of dead leaves only yielded about 20% higher at 8316 kg/ha. Heavier prun-
ing up to a flowering inflorescence was loxest at 6633 kg/ha. These results are also
supported by leaf area studies in Malaysia by Hardon et al. [5] who found that yield
increased with leaf area of palms up to a maximum at about 10 years when the rela-
tionship levelled off, the leaf area index being about 5 at the highest point. Thus, the
dangers of over pruning of palms are clearly evident from the above results.

6.5 Inter-cropping

Where the oil palm is cultivated in smallholdings as in West Africa, inter-cropping is
an established part of land use. Crops such as dry or hill rice, cassava, maize, yams
and legumes are most common as they are sources of food to the cultivators. Such
cropping is prevalent in the so-called 'farmland with palms' in West Africa. In most



40 Agronomic Practices

of these areas, there is a steady decline in soil fertility with suppressive effects on
palm production as nutrients removed are not ploughed back. Experiments conducted
in Congo and Nigeria [17] indicate that such cropping can probably be sustained
for 2-3 years on forest land only but not on previously cultivated land. Bunch yields
over the first three years were about 20% higher with inter-cropping although in Ni-
geria over 19 years, there was no advantage. It seems clear that satisfactory levels of
both food crops as well as oil palm can only be sustained if sufficient fertilisers and
other inputs are provided. Such inter-cropping is only possible in the first three years
of planting as there will be insufficient light for the inter-crops after that.
In the Far East, oil palms are cultivated on a plantation scale and therefore economic
circumstances are quite different. Inter-cropping with food crops necessitates mechan-
ical clearing which increases capital expenditure and the uncertainty of markets and
prices have deterred any extensive cultivation of inter-crops. In recent years, however,
low prices had engendered more interest in inter-cropping and Chandapillai and Yeow
[I] showed that on undulating land, economic production of groundnuts is feasible.
However, many questions on markets for large scale production, proper crop rota-
tion systems and long term effects on the oil palm remain unanswered.
As for mixed cropping with other perennials, the most probable ones are coffee and
cocoa. In both West Africa and Malaysia, it has been the experience that oil palm
provides excessive shade for cocoa and early trials were not very successful [8]. Ac-
cording to Hartley [6], on the Acid Sands of West Africa, satisfactory yields of cof-
fee and cocoa could not be obtained alongside with oil palm. On the other hand, in
the Congo basin, it was found that three crops of coffee amounting to 3 t per ha
could be obtained in the immature period although under mature palms, yields of
only 135 kg dry beans were got. In Sierra Leone, results seem to indicate that inter-
plantings of coffee between wide spacings of oil palms on an alluvial soil gave a higher
combined yield of bunches and beans in the early years than the two crops planted
separately.
In Malaysia where yields are high, it is doubtful whether part of the production
would not be sacrificed if another perennial is to be planted with oil palm.

Appendix 1

Common and Chemical names of some Weedicides

Type Common name Chemical name
Contact Sodium chlorate Sodium chlorale
Contact Sodium arsenite Sodium arsenite
Contact TCA Trichloroacetate
Translocated 2, 4-D 2, 4-dichlorophenoxy acetic acid
Translocated 2, 4-D amine Amine derivative of 2, 4-D
Translocated MCPA 4-chloro-2-methylphenoxyacetic acid
Translocated 2, 4, 5-T 2, 4, 5-trichlorophenoxyacetic acid
Translocated Dalapon (Dowpon) 2, 2-dichloropropionic acid
Translocated Amitrol (Aminotria- 3-amino-i, 2, 4-triazole

zole)
Contact/translocated MSMA Monosodium methyl arsonate
Mainly contact Diquat I : I ethylene - 2:2 dipyridilium dibromide
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Type Conatuonn naie Chemical name
Mainly contact Paraquat (Gramoxone) I. l-dimethyl 4, 4-bipyridilium dimethyl sul-

phate
Translocated Atrazine 2-chloro-4-ethylamino-6, isopropylami-

no-s-triazine
Translocated Simazine 2-chloro-4. 6-bis (ethylamino)-s-triazine
Translocated Monuron (CMU) 3-(p-chlorophenyl)-l,

I -dimethylurea
Translocated Diuron (DCMU) 3-(3. 4-dichlorophenyl)-l,

1-dimethylurea
Translocated Fenac 2, 3, 6-t richlorophenylacetic acidTranslocated Lasso 2-chloro-2, 6-dimethyl-N-(methoxymethyl)

acetanilide

Appendix 2

Principal uses of some herbicides

Herbicid Control
A. Asfoliar application 2, 4-D and MCPA Selective translocated spray on broadleafed

plants. Do not affect grasses or hard woody
species at normal rates.

2, 4, 5-T As for 2, 4-D but controls many broadleafed
weeds not affected by 2, 4-D or MCPA.

Arsenicals, e.g. sodium Non-selective, control all types of vegetation.
arsenite, MSMA
Sodium chlorate Non-selective, as above.
Dalapon Controls grassy but not broadleafed weeds.

absorbed by roots and leaves.
DiquatfParaquat Controls broadleafed and grassy annuals, but

mainly contact effect on grasses.
Amitrol Controls hard to kill perennials, usually used

in a mixture with other chemicals, does not
persist in soil.

Atrazine Controls both broadleafed and grassy weeds,
also used as a soil treatment.

B. As soil application Atrazine Prevents seedling growth for varying periods
according to dosage rate.

Diuron Controls germinating seeds and young seed-
lings, best effect with high soil moisture.

Fenac Controls germinating seeds and young seed-
lings. Long persistence.

Simazine Controls germinating seeds and young seed-
lings.
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7. Diseases and Pests

The oil palm, like any other agricultural crop, is beset by problems of diseases and
pests which, if uncontrolled, can lead to its death.
Diseases such as vascular wilt, bacterial bud rot, dry basal rot and Ganoderma trunk
rot have been devasting in Africa while in the Far East, basal stem rot is equally de-
structive. Pests are becoming increasing important and while some control measures
are available, more long term investigations are necessary. Disease and pest problems
are dealt with according to the period of growth of the palm. Diseases are predomi-
nantly of fungal origin. More detailed works on diseases and pests have been pub-
lished recently [12, 17, 18].

7.1 Nurseries

Pre-nursery

7.1.1 Diseases

Leaf diseases are more prevalent in Africa than in the Far East and are described be-
low.
Freckle: This is a serious disease of nursery seedlings in West Africa. First indications
of infection are small hyaline spots surrounded by a yellow green halo on the youn-
gest leaves. These increase in size and turn dark brown and slightly sunken at the
centre. Conidiophores and conidia are formed in the brown lesions and these can
cause secondary infection. Consequently, the dark lesions can coalesce. The fungus
responsible is Cercospora elaeidis. Fortunately, it can be partially controlled by spray-
ing with Dithane 45, Captan or Cuman. This disease also extends to field plantings.
Seedling blight caused by Curvularia masculans, and Anthracnose caused by Glom-
erella cingulata. There are similarities between the diseases. First symptoms appear
on the youngest opened leaves as minute, chlorotic spots which later become bigger
with a reddish-brown centre. As leaves mature, these spots develop a yellow to
orange halo around the margin. In seedling blight, the spot is of variable size and has
a brown dead spot with concentric rings within the yellow to orange halo. In An-
thracnose, the spots are confined to areas between veins and are small and reddish
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brown in colour inside the yellow to orange halo. Anthracnose can also be caused by
species of Botryodiplodia and Melanconthm in Nigeria whereas in Malaysia, it is
mainly due to Glomerella.
Mild infections have no apparent effect on seedling growth but in severe cases entire
leaves may be killed. Excessive watering favours the incidence of Anthracnose. Dead
or dying leaves should be removed. For control, carbamate fungicides such as Zineb
for Anthracnose, Thiram, Zineb or Captan for Curvularia, should be sprayed.
A further disease that can affect nursery seedlings is a root disease called blast,
caused by a species of Pythium. The cortex of root is destroyed leaving the stele.
Leaves become dull green and then brown and dessicated and the plant eventually
dies. Lowering soil temperature by shading, watering and mulching helps to reduce
the infection.

7.1.2 Pests

Nursery palms are attacked by a fairly wide range of pests from mites, insects to rats.
Most are leaf eating insects but rats are the most damaging as whole plants are de-
stroyed. The more common pests, their damaging habits and control measures are
given in Table 21.

Table 21. Major pests of nursery palms and control measures

Pest Damage Controt

I. Insects
a) Red spider mite Causes pin sized chlorotic spots Spray with Rogor 40.
(Oligonvchus Spp.) over upper leaf surface.
b) Night flying beetles Small round holes over entire leaf. Lead arsenate sprays.
(Apogonia spp.)
c) Grasshoppers Cut out large lobes of leaf tissue. As above.
( Valanga nigricornis)
d) Crickets Cut into base of spear and feeds on Drench soil with dieldrex.
(subterranean) bulb.

2. Snails Eat tender leaf tissue. Bail with metaldehyde.
3. Rats Eat in stem base and may destroy Use poison bait containing

seedling. Tomorin or Warfarin.

Besides the above, symptoms of disorder due to fertiliser scorch or copper fungicides
may also occur.

7.2 Field palms

Disease and pest problems change somewhat in field plantings as a new environment
sets in although some of the nursery problems merely extend into the field. On the
whole, pests pose greater threats but in certain conditions, diseases such as Ganoder-
ma can prove to be fatal.
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7.2.l DfaxcM

the most prevalent diases, in chronological order ate spear rot. bunch rot. upper
sten rot, basal otein rot and in West Africa, vascular ill and dry basal ot.

Spear Ot is ill(,,( coalion in 2 3 sear old palms but OCCurS sporadically and is not
clealy associated with husbandry practices or soil conditions. However, palms gener-
li recoe re thm e alad'. The brosa nish rot appeais on tile spear tinc. ul ially
about half way along is length Ih. te older spears bend over ille Ifronds are cured
with leallet stumps renainig in the region "here rotting occurred in the spear stage.
The actual organism responsible has not been authentically identified. As a mleasre
of control. the diseased spear lissue is eci sed it preven inifection of nesy]v enmelgine

Bud rot: TI, disease attacks the spear bases and the bud of nainly young palins and
is often associated wilh insect damirage. Ihe centrial spear can easily be pulled out of
the bud and a foul odour detected. If the bud is affected, usually the palm dies but if
not. ne leaves will deelop although they are short and compacted gi" ing the Little
Leaf' appearance. In Malaysia. ie cause of bud rot has not been established but in
West Africa, DuIf .? slomsed that bud rot ittle leaf s\as caused by a bacterium of
the gents W/oi,,.
tpp'l sit'mp rot: This is not a seriots disease aind is found on palIs over 8 ycars old
in the Far East. In Malaysia, this disease was first Studied by 7]man,,la I.? 1 who
found that in some cases pahs niight not show any folhar syiptomis in the often ad-
vanced stages. However, later \Nork 16 indicates that it is common to find oil dis-
eased palns symptorns si ilar to those caused by root diseaes lower leaves !irst be-
come yellow and die from the ip to the base. Ihis condition progiesses to the inmiddle
ofrthe crown and finally the spear leaves are affected. Initially, the sem tissues show a
brmn rot while te roots of tie pahni ame not aflected.
The fungus responsible fort His disease is Iitnvws novirui. The mode of inlfection is by
neans of spores which colonise lie ct surfaces of leaves or pat ning wounds and in-
vade the leaf bases and stem. uticiications are greyish brown in colour with a vel-
vety broun inargin, usually fotunid at least 2 in up the steinI Pain stens my snap off
prior to the appearance of these fruiting bodies. Nuvearatnam and (hw 7 round lhat
the disease vas more associated with potash deticient palins.
Sound nutrition may mitigate against the occurrence of the disease. In mild cases the
infected tissue can be cut outi and the eXposure painted with coaltar 16
Birmh rot: [Ihis disease is found in the Far Fast and is caused by a ftnlgts, IMas-
niun pa/nhuicoircus anid occuars tnost frequent1v at the colnnmencemient of ha-vest and in
areas where pollination is inadequate. It is mos prevalent during "set weather and ap-
pears as "shire nycelia running over and between the fruits. On leaf stalks, it is found
at the base. Normally, the fungus atiacks fruits at abot ripening "hen the Inehia
penetrate the pericarp and consequently, oil quality is imupaired. Fruiting bodies are
abundant and have a white cap 5 7 cm across bat in dry weather the cap is pinkish
and smaller.
Control consists of remlioving the toor+l pollhated and sterile bunlches by sanitation
rou nds, particularly belre ihe olet season and introdtioniOu of assisted polliniation.
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. r

I tio. S, vnlptois o f Basal let Rot on a 7 year old paIit, shoIng dcath and desiccatioll ofite
loiwermIost leaves and :111 aCeuI Ill nIOI Of Linel,pnded spear tcaw.
Soure: Diseases a nd Disorderi of the Oil Palm in Mlaia. TIfl P 1) nd Bul R, I Ico rp
Soc. Platters,. Kuala LunIpotr 1 9i67)

(h,,j, dcrma ctr!ml rot or basel su tem r-cr ( Figure 9): 1 lIe d ise a se know I i as G6atoder ina i
itunk rot is endemic in Africa bull in Malaysia it is known as basal stem rot and at-
tained significance in posl-wSar plantings particularly on alluvial soils and this led to a
si /able amount of inves( Igal ions in to its nature and fact ors Infl Llencing its occ I rrence.
In Malaysia. the disease USL~atlV alfects palmis of 10 years of age o0 more; in Africa it
is a disease of senescence in the palmi groves and so far has not been a serious plantIa-
tion disease According to a 'unr 15 at least three species of G anoderma have
been recorded, viz. G. aplohn/am, G. hidam and G. psmdao/lcur., oif which the most
Co1o1no is G. Nll. jr/an, '01 t/u/Re 5 was success inf ill imoctIating oil palos \with a

PuLICCIu cre of G. htintm.
the ultimate efiect of the infection is to CLII o supplies of water and nutrients to the
aerial parts of the pain. The lirst indication of infIclion i, the production of a nuo-
ber of unrol led fronds or spears in excess of the normal 2 3 per month. The upper
fronds become pale yellowish green in co 1our while fihe lower ones become brown
from the tip backwards, die and droop or fracture. I veilILIall, the whole crown dies
with rolling of the stem base. If the infection is restricted to the central core of the
stem, the palm may fall before fruCtilhcations are produced.
Fructifhcations first appear as small while bilttons at the stem base. Ihese gradually
develop into typically shell-like brackets with a brownish shifty surface and dull whitle
under surface. The bodies arise directly from the side of the diseased tissue. Irting
bodies are perennial and a new sporophore is someti[les formled olle below, another
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thaI is dead. The internal symptoms show a characteristically yellow zone at the edge
of the infected area within ",hich occur the reaction ,ones or dark brown hands.
Within these brown bands or lines, the tissue is brittle and tinch lighter brow n in co-
our and contains mycelia. The rot is typically dry. Infection can be mainly in the
centire of the trunk, lateral or both.
In Malaysia, Ttuner 14, /5 tound that the incidence of (anoderma is ireIted to the
previous crop. The malady wacts light in the case of areas planted frot forest or rob-
her, maximum infection being 2.2% and 5.5", respectiely for palns of 5 1 7ears old
Means were all less than 2%. 1or old palms, it wkas found that the incidence in-
creased ,with age, from 3.7". at 21 years of planting to over 25%. at 35 years or more
This implies that the incidence in palms replanted from oil palns could be expected
to be g-eater. Another crop wk hich wonuld lavour the incidence of Gamdaema is coco-
nut. It was found that on es-coconut fields onil coastal alluvial soils, fron about 10
years of planting onward,, the incidence increased from I 7 to over 4o t-
It was thought that from abott the second to eighth year, the flnguis wotrld cololle
Sllllps of COCOnut, especially the bole and front 8 10 years, the pallhogel wouId
grow along oil palm roots. from then on, the fungus Nkould establish itself vwilhin the
base of the stem.
There is no known control of the disease butl p-event ve measuresare possiile, At tibet ime
of land clearing, all potential sources of infection from old stein and root, of coconut
or oil palms should be destrcyed. Infected palms should also be removed and burnt-.
i'uscular Itwi/l: lhis ldisease is found in West Africa 21 and the (.l.ngo and is not
known in the Far East (Figure 10). In mnature palns, lower leaves lose turgidity and
change colot r fron green to brown at tile tip first. They then break at some distance
from the base and hang dowkn around the upper part of the trunk T hese syni ploms
appear gradually in middle fronds producing a tent of dessicated bromn broken
leaves. New leaves arc much reduced in size and it may be sone yealrs before all
leaves of affected palmis dry out conpletey. In young pallus. a condition knoun a ,

lemon frond' first develops in a niddlc frond.
The disease is caused by -iea-iam o.mt porium which gains ent ry into the palm ', ia the
root lip from the soil. It cannot be controlled easily or econonlicaIly by fungicides its
the fungus is soil borne. However, selection of resistant palms by I. R 11.0. and 1 ii-
lever Plantations holds good promise 12 -

D)i- /ma/ rot: The patlhoge t reponsible lr this disease is a lU lrgkls (r C10a14 /' li P --
Java 9 - Rotting of fruit bunches in a normal paln is the lirsi sym toii followed b
a sub-medium fracture of the rachis of lo, er leaves which then wither and die. lhis
condition then progresses tipwards to the voungest spear leaves and is due to the ces-
sation of water and nutrients because (Ile Ihasal trunk tiSSle is destroyed. In ctoss Sec-
tion, there is a clearly defined transition zone between the diseased and healthy Its-
sies. *here are two types of conidia, the thin walled hyirine cylindrical microconidia
and tie thick walled dark chain-like macroconidia, Fihe fungus enters the piallm either
via the roots or cut leaf bases. In Nigeria this disease has been locally devastating.
Dry basal rot is not commlion in Malaysia.
In Africa, WIard/ar 22 found thai root and trtink rot cotld also be caused by the ftin-
gus, Armi/laria nelea. The ftlngls originates in old infected stlunips of certain forest
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Igu ..e Ili V%,ItLiSi4 kill ..n tI 16 lscur
old panm. I h. raclidts tit I IS C
,how suhmdifin Irjitutre ld th
lease then torn, ea ik ntiait t
steni oI the ptInl
Si.4 ..l M Robc I ...t . I x, P, enA , Ir
A.> G aml/ h J rf "A 3 \kx l ,11 hlt,

Oil Il' n I,,, 4, N , I6 1196 8)

species. It enteis tie toots of adjacent palms and exploit, tihe ot[cx ol' the root and
then passes into the cortex at [he base of lhe trunk The rhlivololrphs then spread
lOUnd the trunk ciusing rolling and eventual falling away of the leaf bases, and in-

wkard and upward rotting of the Ltnk Mush room-like fructifications are abulldant
on the trunk and near the glound dluring the wet season. I xtentl im tuptons include
chlttosis and willing and bieaking of fronds, not unlike those of vascular wilt Palls
of 4 10 year, of age are inore susceptible aid death can occur s+ ithin 2 3 years.
COn1troleasllreS include CliilatiOn of sources of ilntction and 1elling and remloval
of palil1s in severe cases

7,2.2 Pexl-

Pests of field ialns comprise a fair number of insects, small inamusals and birds; the
manlmals atid soic of' tie insects can lead to complete destruction of the palm, Most
insect pests devour green leaf tissue while tie small mammnals atltack the bud lissue
and fiuit. The elsUillng accoitnlS on major pests of' Al'rica and Sotith America have
been Ia rgely drani from the text of Hartley.
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Figare 1/. 1cat ot urser, palm damtiged h, co kc hilers by Apo ia Itleman d Adoretus (righi.Source: Wood BJ. PeSs (if Oil PaIm, in Ma'siai and Iheir Control.l ncorp.Soc. PaItmers. Koial
Itnmipkr (I968)

- (lcop(eta (Beetle.i)
The comnon beetles which attack palms are:
(a) Cockchajers or night f/ing heet/cs (f igure I I ): These nod tnal beetles are COIn-
mon ini Malaysia, the species being Apogitu expeditionis and Apoe o i( pibrieoli
a small black beetle approximately 9 tmm long. The other species is A4dorets compres-
sits, which is a leathery brown beetle abouL the same siei as Apu',oa. Both these bee-
tles cat out round or j agged holes over the enlire leaflet surface and in a severe an(ack,
leaflets are almost devoid of laminac They feed beteen dusk and dan and during
the day, hide themselves in the soil around the palm.
The pest cam be controlled to varying degrees of success with insecticides such as Dip-
telex, lead arsenate or BIIIC.
Recently in West Malaysia, It ood and 'oc 20 reported that young pal is could be
completely destroved by another specites of cockchafer Psilopis rcstita, the atrlack
affecting individual palms within a field of about 25 hectares. The havoc is wrought
by the grubs or larvae which teed cxtensively on the root system of the palm. ( on'e-
q uently, Ihe palm turns yellow resembling nitrogen deficiency and the spear leaves
fail to unfold and eventually the palm ,,hithers and dies.
The adult is a large brown beetle and the sexes cannot be distinguisbed b% ekternal
appearance. The eggs are laid in the soil and the larvae or grttbs are white fleshy C
shaped Muhich mature in about ten month,. (;rubs are mostly found in the first 15 cm
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of soil although they can be located as far down as 4, cm. It i, these grubs that feed

on the roots and if unchecked go on to destroy the palni ths cockdher is ditferent

from the smaller leafeating cockchafers such as Adoretus compressus
( omplete conuoil of the pest has not been obtained bult grub population can be signili-

cantl reduced by a combination of rotavatmn and soil drenching wil 4.5 Ipain of di-

lute solution of Telodrn W0025 a.i.), aldrin (005% a.) or heptachLor (OAK>. Al-

though expensive, this measute can remove thte risk of paIin deat h.

, Rhinocelos bect /[s Ort yesvfpet cse Rhinoceros beetles ami of econot1ic im port-

ance in oil palm growng an.res in the Far East, 0. rhbinicrov is the dominat species

hut in Africa. the Iost cotloll is 1), bo. le MlAe adult has the characteristic rhi-

uncoils horn, which is small i the lenle. It is a large black beele being 40 60 null

long and 20 30 null broad The beetle is noctirnal in habit and reeds on the develop-

ing spears in the crown and bores thiough the petiofes into the softer tissues of tlhe
unopened leaves. If the iachis is penetrated, leaves may slap off. An attack (In young

pans is most dangerous because once the bud is affected, bttd rt may set in and thn

can lead to death of the palm. The eggs are lid in decompoing matter such as tree

trnk' or stallps. refuse heaps or sawdutt
( ontrol by insecticides oi trappings have been unsuccessfuI or too costly and sanitary

meaXsures have proved to be the mosi prtctical and elwcciye. breeding sites such its

rotting vegetable matter should be eradicated and hollowed by collection and burning

of larvae. This is not always easy as the co-oteration of neighbourin grao, ers of olh-
ei crops may have to be sought.
In South America. the etuivalett is tie Sirategus Beetle. I he adults attack mursery or

young field palms by entering the ground and bore their "aN into the growing point

and thts killing the plain. The pali call also be consumed by larvae from eggs laid in
te palM.
This beele, like Orytes, also breeds ini rotting vegetltion and oaed Aeld saliitation is

importallt as a prevelltive Ceaiure. In severe outbreaks, drenltin ie soil aronld
the laln will 0.2!, solution of Endrill was f otnd to be etlective im ( oltlihl.

cs likpid hn, uinne.c In West Africa. the beetle (C>e/aenmummu a iidi s isof si-

ihcace. Recently, seriouts atlacks by the pest haNe OKtttrled in Ivor) Coast ard

West (ameroon. 1 he lalvae, about 5 lm long. binfrw under the upper epidernis of

tie leaflets of palm, normally above Tihree years in Bfe field and destiox the leaf tis-

sue In severely attacked palms, tile ytng leaves w hich are nioslly irlallected remain

green but ti remaider ar re l-brown and withe aith dessicated rolled-it leaves.

Later, the withered laminae shatter, leaving the midribs only. The adult beetle is pale

cl5 wtilh reddish i mg cases lggs are Iaid on the under side of Ihe leaf.

lfective control of the adult insect can e achieved witl 25 BI( a, a dlust. ('on-

trol of the larval stage is Hore difficult and expensive.
In I ctador, the Alurnus beetle is an nlportan pest. This beetle is arger than the leaf

miner, pre iously etntioned. Eggs are laid typically in rows of(seven to ten in tile leaflets

or rachis. The larvae are light brown and reach 41 niull before upatling. lit ht severe at-

tack, tile laminac are almost eaten tiwa leaving the midribs. Larvae can also be ound in

ite unopened spear leaves
rhe naturtl predators are mites and wasps but in serious outlbreaks, Iteptchlor, I ox-

aphene and Metokychlor are reporied to have given control.
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(d) Curculionidae ( Weevils): Temnoschoita species. These weevils are found in Africa
but appear to be more common in the Congo than in West Africa. The commonest
species is T. quadripustulata. The adults are 8-10 mm long and dark brown in colour
with light brown wings. The eggs are laid on cuts and wounds on the leaf petioles of
young palms. The young larvae tunnel their way into the heart of the palm and can
cause death. In bearing palms, the eggs are preferably laid in the inflorescences and
bring about rotting.
Measures suggested for limiting damage by this pest include (a) avoidance of wound-
ing by excessive pruning, (b) collection and destruction of rotten bunches and scat-
tered fruit, and (c) a general cleaning of the crown followed by dusting twice with
BHC at three weekly intervals, the dust applied in the crown from centre to the base.

- Lepidoptera (moths and butterflies)
The important pests found in this group include bagworms and various types of
caterpillars, and the African spear borer.
Bagworms: These pests are mainly associated with the Far East and the common
species are Metisa plana and Cremastopsyche padula. The larvae are encased in bags,
made of pieces of leaf bound with silk. They feed on the upper surface of the leaf and
the scraped portion first becomes dried out and forms a hole. Further damage is
wrought by the removal of leaf to make the case. The larvae prefer to feed on older
leaves and as a result, it is usual to find the younger leaves free from attack.
For control, if attacks are minor, hand picking may be used but for larger outbreaks,
lead arsenate or Dipterex can be used.
Caterpillar (Tirathaba mundella): This pest is commonly known as the oil palm
bunch moth. The adult moth has black eyes and orange yellow abdomen and hind
wings. In the male, the forewings are grey pink and in the female, they are green with
red veins. The adult is about 23 mm in length. The caterpillars are light to dark
brown in colour and feed on the young inflorescences and fruit bunches, resulting in
damage of young kernel. The pest can be controlled by spraying with Dipterex.
Nettle caterpillar (Setora nitens): This pest is found throughout South East Asia. The
adult is a robust moth with a wing span of 30-35 rm. The forewings are brown and
somewhat glossy. The female lays its eggs on the underside of the leaflet near the tip
and the caterpillars usually feed on the under surface and eat away the whole lamina,
leaving the midrib. They then drop to the soil and pupate. The larva measures about
35 mm when fully grown, its colour varying from greenish yellow, orange, pale bluish
green to almost brick red.
The caterpillar has a number of natural predators and outbreaks have been claimed
to be attributed to the use of insecticides. However, where attacks are serious, control
can be obtained with lead arsenate.
Other common nettle caterpillars in South East Asia are Orthocraspe Ierima and
Plonetta diducta which attack the whole leaf surface and in severe cases, only midribs
remain. They can be controlled with lead arsenate sprays.

- Shlg caterpillars (Parasa viridissima and other sp.)
This caterpillar is found mainly in West Africa [1]. The adult is a green hairy moth,
the pupal cocoons being attached to the rachis or old leaf bases. Attacks are mostly
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on adult palms, the caterpillars feeding from the tip of the leaflets and may result in
complete defoliation. Fortunately, fungi and natural predators keep the population in
check by attacking the larvae and pupae and general control measures with insecti-
cides are not necessary.

- The African spear borer (Pimelephila ghasquiery)
This pest damages leaves of young palms in Africa, especially those of 2-5 years old.
The eggs are laid at the base of the upper leaves and the larvae penetrate the rachis
and leaflets of the unopened spear. The attack may proceed downwards towards the
growing point and the young leaves may later snap near the base. Generally, the
caterpillar does not kill the palm but secondary bud rot may. The caterpillars change
from dark red to yellowish as it develops while the moth is olive to brown.
In the Congo, it has been found that serious attacks can be checked with sprays of
DDT or Endrin.

-. Grasshoppers (Acrididae)
These are relatively large insects which feed on the pinnae of nursery and young
plantings. Generally, the attack is not serious but in some cases, a considerable
amount of green tissue can be lost and this can have an effect on yield. In Malaysia,
the most common species is Valanga nigricornis. The adult is large, being 70-80 mm
in length. It is yellowish green in colour with black markings while the hind wings are
reddish. The eggs are laid in the soil and on hatching feed on the ground vegetation
and later on the palms. They are active during the day.
The grasshopper has natural predators which include small mammals, birds and bee-
tles. Where the population is large, control with insecticide is available. Lead arsenate
at 4 kg/ha may be applied or alternatively, aldrin or dieldrin at 150-300 g/ha should
give a good kill.

- Mammals
Rodents: Porcupine and Cutting grass. Both in South East Asia and Africa, severe
damage and often total destruction of newly planted palms are done by rodents. In
Malaysia, in recent plantings from jungle, the porcupine is the culprit [2] while in Af-
rica, the-equivalent is known as cutting grass (Thryonomus swinderianus). In both
cases, the animal eats through the leaf base to get at the heart of the plant. As a re-
sult, the apical bud is devoured and the young palm dies.
In Malaysia, it has been found that painting the palm collar with a poison paste
containing zinc phosphide can be effective. A protective wire collar is of little avail.
In Africa, however, the only effective measure of control appears to be the wire collar.
Rats: In West Africa and Malaysia, rats can cause considerable damage to nursery
and newly planted palms by eating the young apical tissues or bud resulting in death
of such palms.
In mature palms in Malaysia, rats can also become a major problem by attacking
fruit bunches and young inflorescence. Wood [19] has estimated that rats can con-
sume about 330 kg mesocarp per hectare per annum.
The most effective means of control is the use of stomach poison bait containing
products called Warfarin or Tomorin,.which can be mixed with bran and applied in
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weeded circles or on bunches [3]. For young immature palms, a protective wire col-
lar fixed to the palm base can also be effective.
Birds: In very recent years in Malaysia, parakeet damage has been reported [19]. No
effective measure of control is known at present.

- Natural biological balance
An understanding of the biological balance in nature with respect to pest problems
can help considerably the judicious use of pesticides. Many insect pests have natural
predators and these can be used to advantage. Indiscriminate use of insecticides has
been shown to eventually worsen pest problems because natural predators were also
eliminated in the process and as a result, a natural check on a particular pest no longer
existed. In the case of oil palm, numerous observations in Malaysia have shown
that major outbreaks on a big scale of leaf eating caterpillars occurred after the use of
certain insecticides initially applied against minor outbreaks [18]. Reliance on natu-
ral control in such minor cases would probably have avoided this situation.
In view of such reactions, the more modern concept of pest control centres on the in-
tegration of techniques involving knowledge on biological balance, cultural methods
and insecticides.
The major pests of field palms and their control are summarised in Table 22.

Table 22. Major pests of field palms and their control

1. Insects
a) Night flying beetles Eat green tissue. Lead arsenate spraying
(Apogonia and Adore- 0.36-0.6 X or Dipterex

ius) (0.1%).
b) Cockehafer grubs Feed on root system, ultimately Rotavate and drench soil with
(Psilopholis vestita) killing palm. 0.5% a.e. ofAidrin, Hepta-

chlor or Telodrin.
c) Hispid leaf miners Destroy leaf tissue. BHC dust.
(Coelaenomenodera)
d) Rhinoceros beetles Attack young and spear leaves, Control by eradicating breed-
(Oryctes) leading to bud rot. ing sites and grubs.
e) Bagworms Eat leaf tissue. Spray with Dipterex at 1-11/2
(Metisa and Crema- kg/ha is preferable to lead ar-

stopschye spp.) senate
f) Nettle caterpillars Eat laminae, leaving midribs only. Lead arsenate at 4 kg/ha or
(Setora and Ploneta Dipterex at 2 kg/ha.

spp.)
g) Grasshoppers Cut out edges of pinnae. Lead arsenate at 4 kg/ha or
(Valanga) spray with aldrin or dieldrin.
h) Bunch moth Feed on mesocarp and Spray with Dipterex -
(Tirathaba) kernel. 0.5 kg/ha.

2. Rodents
a) Porcupines Eat out apical bud. Bail with zinc phosphidejco-

conut or flour.
b) Rats As above. Bait with mixture containing

rice bran and Warfarin or
Tomorin. Also use protective
wire collar.
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Appendix 1

Common and chemical names of fungicides

Group Common name Chemical name

Carbamates Ferbam Ferric dimethyldithio carbamate
Thiram (TMTD) bis (dimethylthiocarbamyl) disulphide
Zineb Zinc dimethyldithiocarbamate
Ziram Zinc ethylenebisdithiocarbamate

Organo-mercurials Antimucin WBR Phenyl mercuric acetate
Arecan 6 Contains 6% mercury as methoxy ethyl mercury

chloride
Other organic com- Captan N-(trichloromethylthio) cyclohex-4-ene-1,
pounds 2-dicarboxyamide

Appendix 2

Principal insecticides used in oil palms

Chemical Common name Main mode Insects controlled
classification of action

Organo-chlorine Aldrin (Aldrex) Contact Grasshoppers, root feeding
cockchafers.

BHC (Agrocide-lin- Contact Caterpillars, cockchafers, leaf
dane, gammexane) hispid miners.
Dieldrin (Dieldrex) Contact Ground dwelling insects, grass-

hoppers, caterpillars.
Endrin (Endrex) Contact Caterpillars
Heptachlor Contact Ground dwelling insects, cock-

chafers, rhinoceros
beetle.

Telodrin (Isoben- Contact Caterpillars, root feeding
zan) cockchafers.

Organophosphate Dimethoate Contact and systemic Red spider mites.
(Rogor)
Malathion Contact Caterpillars, red spider mites.
Trichlorphon Contact and stomach Caterpillars and cockchafers.
(Dipterex)

Carbamate Sevin (Carbaryl) Contact Caterpillars.
Inorganic Lead arsenate Stomach Caterpillars and cockchafers.
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8. Nutrition and Manuring

Like other crops, the oil palm requires both macro- and micro-nutrients for growth and
reproduction. Although the ash composition also contains sodium, silica and alumini-
urn, the practically important mineral nutrients are nitrogen, phosphorus, potassium,
magnesium, and boron. In the immature period of 2 V-3 years in the field, vegetative
growth dominates but later and during maturity, production of fruit bunches becomes
equally important. Growth and bunch production reach a peak from about 7-10 years in
the field and it is evident that if growth and production are to remain satisfactory, ade-
quate nutrition is essential. Thus, in assessing the nutrient requirements of the oil palm,
it is necessary to consider rates of vegetative and inflorescence production during the
normal lifespan of the oil palm.

8.1 Dry matter production

The oil palm produces dry matter throughout the year and this comprises vegetative
tissues such as leaves, stem and roots, and reproductive organs, i.e. male inflorescence
and fruit bunches. While inflorescence production can be measured fairly accurately,
with a perennial crop like the oil palm measurement of annual vegetative dry matter
production on an experimental level is not only difficult but takes a very long time. The
expedient approach of sampling whole palms of various ages is normally chosen by
workers in this field and the rates of dry matter production are deduced from the
cumulative data. A main limitation of this approach is that the sites used may be
biased in terms of environmental factors and the sampling unrepresentative. Be that
as it may, within the past ten years, separate growth analysis studies have been car-
ried out in Malaysia and Nigeria.
Rees and Tinker [82] sampled palms of six age groups varying from 7 to 22 years old
in WAIFOR Main Station, Benin, Nigeria. The data they obtained on dry matter pro-
duction are shown in Table 23.
In Malaysia, separate estimates of dry matter production by palms from the time of
planting to 17 % years planted on marine clays in Banting, Selangor were made and
the results are as follows (Table 24).
It is evident that the biggest difference between Nigerian and Malaysian palms lies in
the production of fruit bunches, which is about two to four times as great in Malay-
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Table 23, Dry matter production of palms in Benin, Nigeria (kg/palm/yr)

Age (yrs) Leaves stem Fruit Total

7 ............................... 55 - 25 -
10 ............................... 62 31 35 128
14 ............................... 54 19 29 101
17 ............................... 66 22 48 136
20 ............................... 86 Is 30 132
22 ............................... 84 17 28 129

Table 24. Dry matter production of palms in West Malaysia (kg/palmfyr). (I) Based on Ng et al.
[55] (2) Based on Gray [40]

Age in field Male
(yrs) Leaves Stem Roots Fruit- inflorescence Total

(]) (2) (1) (2) (1) (2) (1) (2) (1) (1) (2)

0-1 5.2 n.d. 1.1 n.d. 0.6 n.d. - - n.d. 6.9 n.d.
1-2 35.9 n.d. 14.8 n.d. 4.4 n.d. - - n.d. 55.1 n.d.

21/-41/ 63.0 80.0 20.6 14.9 12.3 10.2 42 50 n.d. 137.9 155.1
41/2-6/ 71.8 92.8 24.2 17.6 16.2 2.1 90 100 n.d. 202.2 212.5
6 /,-81/2 83.0 93.6 25.9 12.4 10.2 1.7 100 100 4 223.1 207.7
8'/2-101/2 83.2 105.0 30.5 20.8 5.2 2.5 100 100 4 222.9 228.3

101/2-141/ 87.5 105.6 37.5 21.8 3.5 5.0 100 100 4 232.5 232.4
141/2-17'1, 85.9 105.6 37.5 19.4 2.0 2.4 100 100 4 233.4 222.6

- Estimated from yield records

sia. Leaf dry matter production is also somewhat higher in Malaysia. In total dry
matter production, Malaysian production is nearly double that of Nigeria.
These differences are not due to a difference in leaf area index which is higher in Ni-
geria because of lighter pruning, but mainly to lower nett assimilation rate (Table 25).
As a result of the lower nett assimilation rate, total dry matter production per hectare
per annum is much lower in Nigeria as shown in Table 26. A notable point in the
Malaysian data is the very rapid increase in dry matter production from the second
year of planting. As a matter of fact, dry matter production in the second year is esti-
mated to be eight times that in the first year and this has an important bearing on nu-
trition and manuring.
The much lower values obtained in Nigeria are due to climatic factors, the principal
limitation being a long dry spell of 4-5 months in the year. Malaysia on the other
hand, does not suffer from such a handicap and consequently growth is not retarded.

Table 25. Leaf area index (L.A.l.) and nett assimilation rate (N.A. R.) of Nigerian and Malay-
sian palms

Age (yrs) L.A. 1. N.A.R. gfdm/week

Nigeria Malaysia Nigeria Malaysia

7 ............................... 2.97 3.0 - 0.169
10 ............................... 3.74 3.9 0.097 0.169
14 ............................... 3.76 3.7 0.077 0.146
17 ............................... 4.42 3.6 0.088 0,146
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Table 26. Rate of total dry matter production (t/ha/annum)

Age (yrs) Nigeria Malaysia

0- 1 ....................................................... n .a. 1.0 1
1-2 ....................................................... n.a. 8.58

2 1/z, 4 / ..................................................... n.a. 22.9
4 1/,-81/2 ..................................................... n.a. 31.2
8/-17/ ........ .................................... 18.3 34.0

The results also suggest that assimilates are first channeled towards vegetative tissues
and only when these requirements are satisfied is the excess directed to fruit bunch
production.

8.1.1 Leaf and inflorescence development

The estimates of total quantities of nutrients necessary for production of vegetative
and inflorescence dry matter do not indicate the rates in which these nutrients are
needed. The rates are dependent upon the process of morphological development of
the tissue concerned and while no estimates of such rates have been made, the study
of growth and flowering carried out by Broekmans [/0] has contributed significant
information on the matter. He defined three stages of development as follows:

(a) The stage of initiation of the leaf or inflorescence bud,
(b) the stage of sex differentiation of the inflorescence, and
(c) the critical stage in the development of the leaf or inflorescence when their rapid

development makes them particularly susceptible to external influences.

The leaf and the corresponding inflorescence are initiated at about the same time and
it has been estimated that a period of about two years may elapse between initiation
and the central spear stage. Including anthesis, the whole period of development of
the inflorescence from initiation to anthesis, which is about 9-10 months after the cen-
tral spear stage, is estimated at approximately 33 months.
In leaf development, two phases have been distinguished. In phase one, which is from
initiation to about the 7th to 10th leaf younger than the central spear leaf, the growth
of the leaf is rather slow. However, in phase two, which is from the end of phase one
to the central spear stage, the leaf grows rapidly from about 2 cm to round about 6 m
in length in a short period of 4-6 months (Figure 12). This is a critical stage of devel-
opment because adequate quantities of water and nutrients are necessary for full de-
velopment. Broekmans considered that the growth of leaves in phase one is less affected
by unfavourable conditions than that of leaves in phase two.
The development of the inflorescence is also associated with that of the leaf but there
are certain distinctly different features. The most important stage is the stage of sex
differentiation as at this stage is fixed the proportion of female to total number of in-
florescences or sex ratio. Sex ratio varies considerably within seasons and between
seasons. Broekmans estimated that sex differentiation takes place at about two years
before flowering or anthesis and suggested that light and a dry season favour differen-
tiation of female inflorescence as he found significant correlations between dry season
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Figure 12. Development curves of the leaf in connection with leaf number obtained from the dissection
of six palms in July 1955 and seven palms in March 1958 (leaf 0 is the central spear).
Source: Broeknans A.F.M.: J.W.Afr.lnst.Oil Palm Res.2, No.7 (1957)

rainfall and both the average and maximum values of the sex ratio of inflorescences
two years later.
The development of the inflorescence also goes through two phases. In phase one,
which is from initiation to about leaf No.7 in the crown, the development is slow.
From the end of phase one to about leaf No. 17, i.e. phase two, the inflorescence in-
creases in size rapidly (Figure 13). Broekmans found that it is at the beginning of phase
two that the inflorescence is most likely to abort. This critical stage corresponds to
about half way between the central spear stage and the anthesis stage, i.e. 4-5 months
before flowering. Again, adequate supplies of water and nutrient are required during
this critical stage to avoid abortion. Further investigations indicate that once this crit-
ical stage is passed, abortion is unlikely to occur. Furthermore, floral abortion is like-
ly to have an important influence only in young palms.
Fluctuations in bunch yield of mature palms are largely under the influence of vari-
ations in the sex ratio. A close correlation was found by Broekmans between dry sea-
son rainfall and sex ratio and between dry season rainfall and bunch number two
yield cycles later. Subsequently, much higher correlations were found by Sparnaai] et
al. [89J between measures of <<effective sunshine ) and yield, effective sunshine being
a measure of duration of sunshine in the dry season corrected for severity of drought.
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Figure 13. Development of the inflorescences of two Deli Palms in relation to leaf number (leaf 0 is
the central spear)

8.2 Nutrient requirement

8.2.1 Major nutrients

The dry matter produced by the palm contains 6-10% mineral elements but the ac-
tual quantities of nutrients concerned depend on the amount of vegetative and inflo-
rescence material produced. By chemical analysis of various component tissues, it is
feasible to determine amounts of nutrients associated with dry matter production.
Tinker and Smilde [97] determined nutrient contents in palms of 7-22 years of age in
Nigeria while Ng et al. [65] analysed palms of 0-15 years in the field. The latter
workers showed that Malaysian palms were richer in plant nutrients especially in po-
tassium. Potassium contents in the Nigerian palms were generally rather low.
From their data, Ng et al projected the basic nutrient requirements of palms from the
time of field planting to 15 years and these are given in Table 27.
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Table 27. Estimated nutrient uptake for annual vegetative dry matter production (kg/palmyr)

Year in field N K P Mg Ca S

0-1 0.068 0.095 0.0056 0.017 0.013 0.012
1-2 0.509 0.965 0.0595 0.140 0.151 0.079
2-3 0.586 1.383 0.0673 0.139 0.145 0-170
3-5 0.771 1.533 0.0922 0.131 0.150 0.204
5-7 0.805 1.213 0.0897 0.091 0.118 0.181
7-15 0.809 1.086 0.0930 0.090 0.136 0.205

It can be seen that in the second year of planting, total uptake of all nutrients showed
the greatest jump, being about 10 times that of the first year. This is because of the
pattern of dry matter production. For the next three years, the additional increments
were either considerably less or insignificant. Nitrogen and phosphorus uptake
reached a maximum at about the 4th-5th year and this level was maintained up to
the 15th year. In the case of potassium, uptake declined after the fifth year, probably
indicating the drain due to fruit bunch production. These data show the order of nu-
trient uptake for vegetative growth of palms from planting to 15 years of age in a
high yielding situation in Malaysia. In view of the fact that leaf analysis did not re-
veal any evidence of excessive or luxuriant uptake of nutrients, it was further assumed
that in order to attain an equivalent rate of vegetative dry matter production, the val-
ues can be taken to represent basic nutrient requirements. A notable point is that re-
quirements in the 2nd and 3rd year of field planting are high relative to the maximum
figures and this has relevance to manurial schedules.
The uptake values for sulphur are notable because they are about double those of
phosphorus. As sulphur occurs in the amino-acids, cystine and methionine, and it is
also known to be important for some oil bearing crops, the nutritional role of this
element in oil palm should not be overlooked. Of course, the presence of sulphur in
common fertilisers such as ammonium sulphate, superphosphate and kieserite probably
acts as some safeguard against any major occurence of sulphur deficiency.
As a result of the higher dry matter production, palms in Malaysia would be expected
to have higher nutrient requirements than those in Nigeria or parts of Africa with cli-
mates similar to that of Nigeria. This is also borne out by the greater contents of nu-
trients in Malaysian palms as shown in Table 28.

8.2.2 Fruit bunch production

For a crop plant which exports such a considerable amount of produce off the land,
the quantities of nutrients drained away for fruit bunch production are of major con-
sequence to nutritional considerations. The early work in the Far East [8, 38] and
the Congo [107] on this aspect are quite familiar to researchers on oil palm. Howev-
er, there is appreciable variation in their values and new estimates have been obtained
since. In previous cases, estimates were based on analysis of a limited number of fruit
bunches. However, Ng and Thamboo [64] analysed bunches of various sizes and
found very significant correlation between fresh weight of bunch and content of nu-
trient in the bunch. From the regressions obtained, they estimated quantities of nu-
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Table 28. Total nutrient contents of palms in Nigeria and Malaysia (kgfpalm). (a) = Nigeria
(b) = Malaysia

Age (yrs) N P K Mg Ca

(a) (b) (a) (b) (a) (b) (a) (b) (a) (b)

7 ................ 0.94 2.58 0.11 0.29 0.93 5.58 0.29 0.62 0.40 0.60
10 ............... 1.67 3.34 0.15 0.35 1.34 6.62 0.42 0.80 0.58 0.91
14 ............... 2.11 4.32 0.25 0.43 1.35 8.25 0.63 1.11 0.72 1.27

trients taken up by various levels of bunch production. These were compared with
those obtained previously and are shown in Table 29.
On the whole, there is better agreement amongst post 1960 data for N, P, and K; es-
timates of Ferwerda. Tinker and Smilde, and Ng and Thamboo are in reasonable
agreement. For Mg and Ca, values of . R. H. 0. and Ng and Thamboo are higher than
those of Ferwerda and Tinker and Smilde.
From the nutrient data for vegetative growth and fruit bunch production, Ng and
Thamboc estimated quantities of nutrients taken up annually for growth and repro-
duction of 8-15 year old palms planted at 148/ha (Table 30).

Table 29. Various estimates of nutrients removed by I tonne of fresh fruit bunches (kg)

Source Country Fruit N P K Mg Ca
form

Mans Sumatra Dura 4.4 1.1-1.9 7.4-10.4 - -
Georgi Malaya Dura 2.6 0.41 5.9 - -
Blommendal Sumatra Dura 6.0 1.1 7.5 - 1.9
Wilbaux Congo (Kinshasa) Dura 4.5 0.68 4.2 0.4 0.54

Tenera 4.5 0.76 4.5 0.65 0.70
Ferwerda Congo (Kinshasa) - 2.9 0.46 3.0 0.38 0.46
Tinker and Snilde Nigeria Dura 2.8 0.58 3.3 0.43 0.50
L R. H.0. Ivory Coast - 4.7 0.67 4.7 0.67 0.67
Ng and Thamboo Malaya Dura 2.9 0.46 3.7 0.82 0.77

About a third of the N, K, and Mg, and nearly half of the P taken up is removed
from the land in fruit bunches. Only about a fifth of the calcium is removed though.

Table 30. Estimates of total nutrients uptake by 148 adult palms per hectare per annum

Component N P K Mg Ca

kg % kg %1 kg % kg % kg %

I. Nett cumulative
vegetative matter 40.9 21.2 3.1 11.9 55.7 22.2 11.5 18.8 13.8 13.9

2. Pruned fronds 67.2 34.9 8.9 34.2 86.2 34.3 22.4 36.5 61.6 61.9
3. Fruit bunches

(25 tonnes) 73.2 38.0 11.6 44.6 93.4 37.1 20.8 33.9 19.5 19.6
4. Male inflores-

cence 11.2 5.9 2.4 9.3 16.1 6.4 6.6 10.8 4.4 4.6
Total 192.5 100 26.0 100 251.4 100 61.3 100 99.3 100

(26.0 kg P = 59.5 kg P20,, 251.4 kg K = 302.8 kg K2 0)
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8.2.3 Trace elements

Data on trace element contents and distribution in oil palms are limited but Ng et al.
[66] found the following micronutrient contents in whole palms in Malaysia (Table
31).

Table 31. Micronutrient contents in aerial parts of palms (g/palm)

Age in field (months) B Cu Zn Mn Fe

14 .................................. 0.1 0.1 0.3 0.8 1.3
40 .................................. 1.1 1.4 3.1 19.2 30.0
64 ................................ 1.6 1.7 6.4 34.9 34.8

104 .................................. 3.1 3.0 9.5 36.1 61.2
129 .................................. 3.7 4.6 9.3 30.5 68.6
160 .................................. 4.5 4.7 18.4 50.9 106.9

Boron and copper contents are the smallest, zinc about 2-3 times as much as the for-
mer two, and manganese and iron being the most abundant. For the period of 40-160
months of growth, it is estimated that the average amounts accumulating per annum
are given in Table 32.
As can be seen, the quantities are quite small and suggest caution in the use of trace
element fertilisers.
With the preceding data as background, it is feasible to plan out field experiments
which take into full account the physiology of growth in a particular climatic region.
The other major factor to consider is the soil i.e. its morphology and nutrient status.

Table 32. Estimated annual uptake of micronutrients by mature palms (g/palm)

Component B Cu Zn Mn

I. Cumulative vegetative matter .................. 0.34 0.33 1.53 3.16
2. Pruned leaves ................................ 0.85 0.60 1.20 20.00
3. Fruit bunches ............................... 0.36 0.79 0.82 2.52
Total .......................................... 1.55 1.72 3.55 25.68

8.3 Soil fertility conditions

The more modern approach to efficient fertiliser use on crops involves a better under-
standing of the physical and chemical properties of soils used for cropping. Soils are
natural bodies produced as a result of the interaction of parent rocks, relief, climate,
organisms and time. The pedological entities are defined in the field by soil surveys
and then generally classified according to their profile characteristics of which the
physical plays a major role. Thus, soil depth, colour, texture, structure, consistence,
mottling and presence of impervious pans or layers, and the order of arrangement of
soil horizons are the main criteria used in defining a basic soil unit. The most com-
mon unit of classification in the field is the Series which encompasses soils of similar
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profile characteristics derived from the same parent rock material. Further divisions
called phases due to variations in depth or texture are also made but on the whole,
the Series is probably the most suitable for agronomic purposes. For national map-
ping and soil correlation purposes, soil series are grouped at higher levels into Fami-
lies and Great Soil Groups.
With soils thus defined morphologically, the associated chemical and mineralogical
properties are also determined and wherever possible, the fertility or nutrient rela-
tionships are drawn. In this manner, the physical and chemical properties of classified
soil units are known and this information is useful in the planning of field experi-
ments as well as the interpretation of results.
Such information on soils of all oil palm regions is not available but since the Second
World War, there has been some fairly extensive studies of soils in countries where oil
palm is cultivated [61. 91, 92, 98] and these have thrown considerable light on the
agronomic potential of soils in the areas concerned. This is particularly true of Ma-
laysia and West Africa. Hartley [48a] has given a good account of the major soils in
the various oil palm regions and it is not intended to cover the same ground here.
However, a brief account of soils in the principal countries such as West Malaysia
and Nigeria is attempted.

A. South East Asia

- Malaysia

The majority of oil palm plantings of Malaysia are found in West Malaysia or Ma-
laya as it was formerly called although about 30000 ha are found in Sabah in East
Malaysia. Soil information available [62, 72] has shown that for the oil palm, the
following soils are of greater importance.
Gley soils of marine origin: These soils occur exclusively on the West Coast of Malaya
and those supporting oil palms are mainly in the northern and central belts. They are
essentially gleys of heavy texture with a naturally high water table but with artificial
drainage, they are the most productive soils in the country. The most common soils
are Selangor and Kangkong Series which are silty clays with organic content in the
top soil varying from 2-8%. These soils are charactcrised by a moderate acid pH of
4.5-5.5, high cation exchange capacity and high magnesium and potassium status and
moderate to high phosphate status. Generally, these soils do not respond to phos-
phate and magnesium application but occasional responses to nitrogen and potassium
by adult palms have been obtained [51].
Within these gleys are also found the acid sulphate soils developed under brackish
conditions. Intensive drainage aggravates acidity with pH values commonly below
3.0. These soils generally have a mucky surface horizon overlying the cat-clay layer at
30-60 cm which on drying shows a characteristic yellowish encrustation which has
been found to contain partly jarosite [9]. Yields of palms on normally drained areas
are very low compared to the normal marine clays but recently satisfactory methods
of amelioration have been devised [49].
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Alluvial soils of river flood plains: These soils occur along the lower reaches of the ma-
jor rivers on the West Coast and have been deposited over marine sediments. These
soils are silty clay loams to silty clays in texture with strong orange brown mottles
with a low to moderate organic matter status. The nitrogen status is generally low but
phosphorus, magnesium and potassium contents are moderate to high. Yield respon-
ses to nitrogen and potassium application have been obtained [63].

Redyellow podsolic soils: These soils are the most extensive in the oil palm industry and
comprise soils derived from igneous, sedimentary and older alluvial deposits. Parent
rocks range from granites, quartzites and sandstones, sandy shales, and older alluvia.
In most cases, they are deep (> I m), sandy loam to sandy clay loam in texture, fria-
ble to loose consistence and free drainage. The more common are Rengam and Jeran-
gau from granitic rocks, Serdang and Kedah from sandstones, Bungor from sandy
shales and Harimau and Ulu Tiram from older alluvia. The granitic and older alluvi-
al soils are most extensive in the south of Malaya.
All these soils are characterised by good physical conditions of depth, porosity and
satisfactory water holding capacity but chemically are low in organic matter, phos-
phorus, potassium and magnesium and cation exchange capacity. Their potassium
and magnesium reserves are very low [42, 60]. These soils are thus deficient in all
major nutrients and responses to fertilisers have been obtained [83].

Grey yellow podsolic soils: These soils are derived from iron poor shales and conse-
quently coarsely structured. They are pale yellowish grey clay loam to silly clays with
blocky structures of very firm consistence in the subsoil which is impeded in drainage.
Cultivation is difficult on these soils. Also, thin bands of lateritic concretions are
commonly found within 60 cm of the surface although they are not impenetrable to
roots. The most common Series are Batu Anam and Durian, which are marked by
extremely low phosphorus and nitrogen status, the latter further aggravated by
impeded drainage. The potassium status, however, is greater than that of the Red
Yellow Podsolics due to variable amounts of micaceous clays present although
it is not adequate to meet the demands of the oil palm. Magnesium contents
are also low.

Reddish brown lateritic soils: These soils are clay loam textured derived from diorites
and tufts and moderately iron rich shales. They are well structured and friable and
are among the best sedentary soils for oil palm. Chemically, they are also poor in nu-
trients but in the shale derived soils, potassium status may be moderate to high.
Common series are Munchong, Kampong Kolam and Jempol.

Latosols: These are deep dark red or brown clays with crumb structure, derived from
basic rocks, mainly basalts and andesite. Because of their good structure, they feel
lighter in texture than the mechanical composition reveals. They are rich in iron, the
contents of which are 20-30% FeO 3 . Phosphate status is moderate to high but po-
tassium status is distinctly low. Nitrogen and magnesium contents are low to moder-
ate but are higher than those of podsolic groups. A physical disadvantage of these
soils is that they tend to dry out readily and this is important at planting time. These
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soils are new to oil palm planting as they have been under forests but so far, growth
seems to be good. The common series are Kuantan and Segamat.

Laterites: These soils have a shallow surface horizon overlying a continuous solum
of nodular or massive iron rich concretions, which generally constitute a physical

barrier to root penetration. Water relations in such soils are poor because of the pre-
ponderance of coarse material. Where the surface layer is less than 38 cm, the soil is
certainly not suitable for oil palm as there is evidence that yields are relatively low

[62].

Peats: These organic soils occur on swampy conditions and on the West Coast, a limited
acreage has been planted with oil palms. The raw and woody nature of the peat,
poor drainage and high acidity (pH 3-4) are major characteristics. Where the peat is
less than I m thick and overlies a non-acid sulphate clay, satisfactory yields can be
obtained but where the peat is deep or overlies acid sulphate clay, yields are variable
and low. Potassium, phosphorus and copper deficiencies are the more common fac-
tors in nutrition.
Chemical properties of Great Soil Groups found under oil palms are presented in Ta-
ble 33.

- East Malaysia (Sabah)

Most of the oil palm plantings are located in the Tawau area in the south eastern

seaboard but sizeable plantations are also found in the Labuk Valley in the north-central
part of the state. In the Tawau area, soils are mainly latosols derived from recent basic
volcanic ashes some of which have a high base saturation of over 80% and a pH near
neutrality. These soils also have a high phosphate status and are therefore the most

fertile in Sabah. Other latosols are more leached, not unlike the Kuantan and Segamat
series found in West Malaysia. Associated with these soils are red yellow podsolics
derived from sedimentary rocks. In the Labuk Valley, soils are mainly hydromorphic

derived from recent alluvium of the river flood plain and the lower lying areas are
subjected to seasonal flooding.

- Indonesia (Sumatra)

Oil palms in Indonesia are planted mainly on the eastern seaboard of Sumatra. There

have been no recent systematic studies of the soils of this region but previous ac-

counts of Hall and Koppel [46], Dell and Areas [28] and ienema [102] indicate that

soils of oil palm areas are derived from acid and basic volcanic materials, sedimenta-
ry rocks and recent alluvial deposits. Venema called the soils of sedimentary origin

latosols, which might be equivalent to the podsolic soils of West Malaysia. They are

clayey sand to clay in texture and yellow to grey in colour and are usually low in nu-

trients, especially phosphorus. The rhyolitic, basaltic and andesitic soils also appear

to be somewhat similar to those in West Malaysia but the recent liparitic soils are



Table 33. Properties of Major Soil Groups found in oil palms plantings in West Malaysia

Property Great Soil Group

Latosols Reddish Red Yellow Marine
Brown Yellow Grey Gley
Lateritic Podsolic Podsolic

(i) pH ................................. T 3.5-5.3 3.7-5.6 4.3-5.0 4.0-5.0 3.9-5.3
S 4.1-5.0 4.3-4.6 4.3-5.2 4.0-4.8 3.7-5.4

(ii) C% ... T 1.20-5.81 1.10-4.37 1.08-4.74 0.56-3.90 1.26-7.25
S 0.61-3.34 0.30-1.14 0.23-0.71 0.31-0.89 0.36-5.34

(iii) N % ................................ T 0.10-0.38 0.07-0.41 0.05-0.25 0.05-0.31 0.15-0.48
S 0.04-0.22 0.04-0.14 0.02-0.14 0.03-0.12 0.07-0.31

(iv) Inorganic P (NaOH) ppm ............. T 65-406 26-95 20-75 17-86 65-158
S 49-389 12-80 15-65 13-64 32-135

(v) Exch. K m.e. % ...................... T 0.06-0.60 0.05-0.40 0.07-0.32 0.04-0.29 0.23-1.57
S 0.03-0.34 0.02-0.49 0.03-0.13 0.03-0.16 0.34-0.97

(vi) Exch. Mg m.e % ..................... T 0.31-0.93 0.21-0.83 0.16-0.59 0.10-0.73 1.27-12.6
S 0.10-0.59 0.05-0.30 0.05-0.42 0.05-0.58 0.42-10.0

(vii) Exch. Ca me. % ..................... T 0.10-0.78 0.10-0.45 0.05-0.32 0.21-0.42 1.16-6.90
S 0.03-0.20 0.05-0.21 0.02-0.20 0.05-0.21 0.58-5.20

(viii) 6N HCt Sol. P ppm ................... T 220-1320 90-260 52-190 46-187 209-580
S 214-1110 26-231 46-142 28-160 90-500

(ix) 6N HCI Sol. K m.e. % ................ T 0.37-1.97 0.57-9.83 0.32-4.73 0.96-14.1 0.50-12.5
S 0.32-1.69 0.81-10.8 0.30-5.93 2.52-18.1 6.36-13.6

(x) 6N HCI Sol. Mg m.e. % ............... T 1.68-6.91 1.08-9.48 2.48-4.66 2.36-6.51 2.38-10.6
S 1.60-5.28 1.28-15.4 0.80-4.68 2.34-5.95 2.67-17.8

T = 0-15 cm
S = 15-30 cm
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said to be richer in potash minerals. On the coastal flats, recent accounts indicate
that clay soils of marine and riverine origin as well as peat exist. It is possible that
these coastal soils are somewhat similar to those found on the West Coast of West
Malaysia.

B. Africa

- Zaire

The oil palm region lies in the north of the country between latitudes I' S and 3' N,

as well as the south in Kinshasa and Kasai provinces between 4-7' S. In the north, the
climate is more even whereas in the south there is a dry season of 3-4 months.
Sys [91] has made a study of the soils in the Congo. In the northern region, impor-

tant soils are latosols which are also called hygro-kaolinitic ferrasols, free draining
but low in mineral reserves. The most common is the Yangambi type which has a pH

of 4.4-4.6, a cation exchange capacity of 3-5 m.e.%, a sand fraction of 60-70% and
organic carbon of about 1.2% in the top soil. They are mainly brown to reddish yel-

low in colour. The major parent material is wind blown sandy deposit but granites
and sedimentary rocks are found in some cases.
The other major soil group in the north comprises Gleys which are formed on recent
alluvial deposits. These soils have a high cation exchange capacity and are richer in
nutrients. They are thus the better soils for oil palms.
In the southern region, very poor sand Latosols prevail. They are derived from wind
blown sands and contain only 6-8% clay and are thus very low in nutrient status.
Slightly better soils are found to a limited extent on sedimentary rocks and are called
the Karoo latosols. They are better in nutrient status and good groves are associated
with these soils.

- Cameroons

Podsolic and hydromorphic soils are amongst the major soils of the Cameroons [17].
Soils of oil palm areas are derived from ancient basaltic flows which are fairly leached
because of high rainfall. On the coastal flats, marine alluvial soils occur but they are
lighter in texture than those in West Malaysia. On the west, plantations have been es-
tablished on latosols derived from basement complex rocks of granite, mica and

quartzose schists which have been affected by gravelly drift. The topography of the
formations is generally steep and consequently soils are shallow. On less steep terrain,
soils are deeper and more favourable for oil palm growth. These soils are low in ni-

trogen, phosphorus and magnesium but potassium can be in moderate supply accord-
ing to Nigerian data for similar soils.
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- Nigeria

Soils of oil palm areas in Nigeria have been studied by Vine [103], Tinker and Ziboh
[98] and Tinker [92].
The basement complex soils of Eastern Nigeria are similar to those of Cameroons but
the greater portion of oil palm groves in Nigeria is established on Cretaceous and
Eocene unconsolidated beds of coarse sandstone interspersed with varying layers of
clay. These soils are very extensive, surrounding the Niger delta and running some

500 km from west of Benin to Calabar. These soils have been studied by Vine and
Tinker and Ziboh. The sandy parent materials are referred to as Benin Sands from
which two major latosols developed. They are:

(a) Benin fasc, which are generally reddish clayey sands to sandy clays with reddish
brown topsoil. This soil is developed in areas of high rainfall of about 1780 mm
with a severe dry season. The sand content is commonly 80-90%.

(b) Calabar fasc, which is similar in texture and depth to the Benin fasc but yellow to
yellowish brown in colour, occuring in areas with a slightly higher rainfall but a
less severe dry season (2000 mm). Sand content is about 90%.

Both these soils are low in organic matter content but the Calabar fasc is relatively
more leached. Thus, while the Benin fasc soils are markedly deficient in potassium
with magnesium contents being moderate, the Calabar fasc soils are markedly defi-
cient in both potassium and magnesium. The main problem with these soils is their
poor water holding capacity and retention of added nutrients; water stress is particu-
larly prominent during the long dry season.
lntergrades of these soils are also known to occur while lateritic soils occur in places
and are even poorer than the Acid Sands. Chemical analysis of the major soils in Ni-
geria are shown as follows in Table 34.

- Dahomey

The climate in Dahomey is even drier than Nigeria although it is still an important
producer of oil palm products. However, yields are low generally. Accounts of soils
of the oil palm areas have been given by Furon [37] and Surre and Ziller [90]. The
most common soil appears to be a sandy clay soil derived from sedimentary rocks.
The surface horizon of 30-40 cm is a greyish brown sandy loam overlying a deep red
sandy clay subsoil. This soil bakes hard during the dry season. Exchangeable potas-
sium content is low being about 0.1 m.e. % on average but magnesium content is
higher.

- Ivory Coast

According to Leneaf and Riou [55]. the greater part of the oil palm plantings is on
soils derived from Tertiary sandstone which are not too different from the Acid Sands



Table 34. Chemical composition of Nigerian soils planted to oil palms

Property Soil series or derivation

Benin fase Calabar fasc Benin/Calabar Basement complex
Intergrade Granitic Schistic

(i) pH ................................. T 4.9-6.0 4.4-5.2 4.7-5.8 3.6-4.9 4.0-4.6
S 4.5-6.4 4.0-4.9 4.5-5.3 5.2-5.3 4.9-5.3

(ii) C% ................................ T 0.72-1.33 0.88-1.46 0.79-1.61 1.42-2.00 3.00-4.68
S 0.34-0.95 0.45-0.81 0.56-1.33 0.38-0.90 0.60-0.78

(iii) N % ................................ T 0.060-0.103 0.059-0.086 0.071-0.108 0.065-0.102 0.090-0.309
S 0.030-0.062 0.038-0.051 0.047-0.086 0.037-0.053 0.038-0.085

(iv) Exch. K m.e. % ...................... T 0.06-0.25 0.06-0.10 0.06-0.08 0.12-0.20 0.17-0.25
S 0.03-0.21 0.03-0.12 0.03-0.06 0.05-0.10 0.08-0.12

(v) Exch. Mg m.e. % .................... T 0.26-0.34 0.10-0.14 0.18-0.35 0.15-0.48 0.44-0.74S 0.01-0.36 0.03-0.07 0.01-0.20 0.08-0.16 0.18-0.26
(iv) Exch. Ca m.e. % ..................... T 0.50-1.60 0.06-0.25 0.63-0.66 0.16-0.96 0.44-5.86

S 0.41-1.48 0.03-0.19 0.13-0.25 0.08-0.20 0.14-0.20
(vii) 6N HCI Sol. P ppm ................... T 130-180 130-390 115-170 127-160 230-300

S - - - 127-190 270-440
(viii) 6N HCI Sol K me.. % ................ T 0.26-0.40 0.27-0.75 0.47-0.54 0.90-1.85 2.85-5.80

S - - 1.35-2.35 4.00-6.90
(ix) 6N HCI Sol. Mg me.. % ............... T 0.50-1.10 0.76-0.80 0.35-2.50 2.80-6.00 3.90-6.20

S - - - 1.70-7.30 3.80-5.30

T = 0-7.6 cm
S = 15-30 cm Z

C

0
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of Nigeria. They are considered to be yellow latosols with a deep and uniform profile.
The topsoil is a brown clayey sand and the subsoil is more clayey, reaching a clay
content of about 20% at about 100 cm. The sand content of the first 50 cm is about
80%. As may be expected, these soils are very low in exchangeable nutrients particu-
larly potassium, values in the top 20 cm being 0.05-0.07 m.e. % for potassium and
0.30-0.60 m.e. % for magnesium.
Latosols derived from older rocks also occur to a limited extent.

- Sierra Leone

Soils of the oil palm areas were studied by Tinker [93].
Two major soils occur and they are:

(a) latosols derived from the recent sandy sediments of the coastal areas, rather simi-
lar to the fasc soils of Nigeria and

(b) ground water laterite soils, mostly overlying basement complex rocks among
which are granites and gneiss. According to the analysis of Tinker, the laterite
gravels appear at about 15 cm and constitute over 60% of total earth. The fine
fraction is mainly sandy. The soils are distinctly low in all nutrients particularly
potassium and magnesium.

Although total rainfall is high (> 2500 mm) its distribution is uneven with a dry peri-
od of 3-4 months. Thus, both soils and climate do not appear favourable for oil
palms.

C. South America

Oil palm development in this continent is fairly recent and information on soils planted
to oil palms is limited. However, from general accounts [52] it seems that the low-
land alluvial flats of tropical America contain the best soils because they are periodi-
cally refilled by nutrient rich deposits of recent volcanic origin from the Andes
ranges. On undulating land, a wide variety of soils can be found but the common ap-
pear to be leached latosols of sandy clay texture derived from sedimentary rocks.

From the preceding accounts, it is evident that except for the recent marine alluvial
clays, the majority of relatively free draining sedentary soils of all oil palm growing
countries are rather leached and potassium status is particularly low. In view of the
importance of potassium in the nutrition of the oil palm, this deficiency assumes ma-
jor significance in fertiliser use.

8.4 Fertiliser experiments

The exact fertiliser requirements of oil palms growing on a specific soil type in a certain
environment can only be determined finally by statistically designed field experiments.
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With a perennial crop like the oil palm, yield recording for 3-5 years is necessary before
any definite conclusions can be drawn and if the immature period is also included, the
time of experimentation is extended to 6-8 years. This is a long period to wait and there-
fore, it is of considerable importance that such experiments are soundly planned. Ideal-
ly, as much information as possible on the growth physiology, nutrient uptake, soil mor-
phology and nutrient status and climatic conditions ought to be integrated into experi-
ments. To a large extent, this has not been possible in past experiments because it is only
lately that relevant data on the various factors concerned have become available. Be that
as it may, there is no doubt that past experiments coupled with leaf analysis have provid-
ed information of major practical importance.

8.4.1 Early experiments

Few experiments were carried out prior to 1940 and extensive trials were only laid
down at the close or after the Second World War. Up to 1955, these experiments
were reviewed by May [57. 58]. In Africa, the experiments were conducted by Uni-
lever, WAIFOR and I. R. H.0.

- Malaya (West Malaysia)

The earlier experiments were reviewed by May [57]. The early experiments laid down
in the twenties and thirties tested N, P, K and Mg in combinations but unfortunate-
ly, treatments changed during the course of experimentations and yield recordings
were not long enough and consequently long term conclusions were not possible.
Nevertheless, certain guidelines in manuring were apparent. On 8 year old palms
planted in 1922 on a sandy soil derived from quartzite, 7 treatments of various com-
binations of 0.45 kg sulphate of ammonia, 1.4 kg of superphosphate (changed to
Christmas Island rock phosphate in 1935), 0.45 kg muriate of potash and 0.7 kg mag-
nesium sulphate were applied. Four years yield records up to 1934 showed that phos-
phate alone was as efficient as in combination with other fertilisers, the response
being 35-55% [108].
In a second experiment on a similar planting, 7 years' yield recording indicated that
the main response was to phosphate at 2.7 kg rock phosphate or basic slag but there
was a suggestion that nitrogen was also necessary at 0.9 kg calcium cyanamide. It was
learnt that a time lag of 18 months was necessary before response was noted.
For 5 year old palms planted from virgin forest, Guest [41] reported there was no re-
sponse to phosphate or phosphate with nitrogen in the two years of yield recorded.
With regards to potassium, the only response was reported by Hartley [41] who ob-
tained a significant response to Patentkali with a composition of 29.6% K 20 and
9.8% MgO on 9 year old palms planted in 1930. The rate of application was 2.7 kg
per palm per annum. From 1940 onwards, bunch number and bunch weight in the
treated plots were much greater than control and leaves were much greener.
No response to Mg was recorded although the Patentkali experiment could have
been an indication.
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West Africa (I. R. H. 0.)

The 1. R. H. 0. was responsible for experiments in Ivory Coast, Dahomey, French Cam-
eroon and French Congo since about 1946-50. Bachy [6] has presented results of
these early trials. The major finding on mature palms was the outstanding effect of
potassium in preventing drops in yield. Magnesium was also shown to be required to
avoid K-induced deficiency.

- Ivory Coast

In La M6, I kg muriate of potash increased yield of 21 year old palms by about 28%
in the presence of nitrogen but nitrogen alone had no effect.
At Grand Drewin, natural groves thinned to 140/ha responded to application of I kg
muriate of potash, the increase in yield from 1949-52 being 24%. The increase was
mainly due to a greater number of bunches.
At Dabou, a fertiliser trial on 16 year old palms planted on a laterite soil was started
in 1946 [29] (Figure 14). Only muriate of potash at I kg per palm had a significant ef-
fect, increasing yield by more than 100% in the first three years after treatment and
this difference enlarged further in later years as shown below:

kg/palm/annum
Period K after 1946 K after 1950 K after 1956
1947-49 ............. 32 17 18
1950-55 ............. 64 59 17

A second experiment at Dabou on 19 year old palms showed that 1.5 kg of muriate
of potash in the presence of 3 kg of superphosphate applied in 1951 only increased
yield to 233% of control over 1953-54 but there was no residual effect after this as
yellowing was said to set in during 1954 [2].
In another experiment on 21 year old palms at Dabou, 1.5 kg of muriate of potash
increased yield by about 200%, through an increase in number of bunches and in
bunch weight (Figure 15).
The relative efficiency of uraform and sulphate of ammonia was tested on 20 year old
palms in Dabou in 1950, the rates being I and 2 kg respectively. Results showed that
sulphate of ammonia gave higher yield.

- Dahomey

The early experiments were conducted at Pob6 and the important finding was the
need for potassium, I kg of potassium chloride increasing bunch yields by about 40%
[80].
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Figure 14. Effect of muriate of potash on course of yield of palms in Dabou, Ivory Coast
Eb - I kg KCI/palm/annum applied since 1949
A +C + D - 1 kg KCI/palm/annum applied since 1946
T - I kg KCI/palm!annum applied since 1956.
Source: Surre Ch. and Ziller R. (1963)
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In an experiment on 19 year old palms in 1948, treatments consisted of KP, NK, and
NPK, the rates being 1 kg of muriate of potash, 3 kg of rock phosphate and 3 kg of
sulphate of ammonia annually. As treatments were altered during the trial, interpre-
tation was difficult but on average, K increased yield by about 40% and good corre-
lation between bunch yield and leaf K was established [81]. Prvot [75] recommended
I kg of muriate of potash yearly or every two years to palm groves in Dahomey as
well as Togoland as being economic.
In an experiment on young palms in 1948 testing single application of N (0.5 kg am-
monium nitrate), P (I kg rock phosphate), K (0.2 kg muriate of potash), organic
manure (5 kg) and castor seed waste (5 kg), growth measurements over 1950-51
showed no difference in number and length of leaves. However, leaf analysis showed
that K increased leaf K level and potassium deficiency was stated to appear rapidly in
the third year of planting and an application of 0.5 kg KCI was proposed.
An experiment on 23 year old palms tested different forms of phosphate in 1949 and
it was found that there were no differences between ammonium phosphate, triple su-
perphosphate and kourifos.

- Cameroons (formerly French)

The only experiment on 30 year old palms at Edea showed a 15% yield increase due
to nitrogen but no response to potassium, which is distinct from results for other
parts of West Africa.

- Congo (Brazzaville)

At Etoumbi in 1948, an experiment on palms of unknown age was laid down to in-
vestigate the effects of major fertilisers in combination with one of the micronu-
trients. This stemmed from the common problem of 'little leaf' encountered in the
area. The NPK + trace element treatment consisted of 2 kg sulphate of ammonia, 3
kg rock phosphate, 1 kg of muriate of potash plus 250 g of the salt of a trace element.
Ferrand, Bachy and Ollagnier [30] concluded that Mg and Mn showed the greatest
improvements, yields being 48% and 49% higher than control respectively in the sec-
ond year and 41% and 57% higher in the third year. Increases were also found to be
effected by zinc, copper and boron.
However, in a second experiment with a 25 design testing NPKMg and trace element
on II year old palms, no significant effects were found although leaf analysis showed
that K increased leaf potassium, and decreased Ca while Mg increased leaf magne-
sium.

- Summary

N- Generally, no positive effect was found except at Edea in the former French Cam-
croons.
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P - No favourable effect was found.
K - Positive responses were registered in Ivory Coast, Dahomey but not in Cam-

croons or Congo (Brazzaville). The rate of application was about 1 kg muriate
of potash and it was found that both bunch size and bunch number were in-
creased. The response was discerned after about 12 months after application
and 1 kg could last for about two years.

8.4.2 Unilever experiments

These were also known as Crowther Experiments, which were 33 NPK factorial in de-
sign and were laid down in 1940 and as a result the fertilisers were not regularly made
because of difficulties over supplies during the War. There were 10 experiments alto-
gether, five in the former British Cameroons, 4 in Nigeria and I in Congo (Kinshasa).
In the Cameroons and Congo, the palms were planted in 1933 while in Nigeria, they
were 1936 plantings but in one experiment, the palms were planted in 1942. As stated
earlier, the quantities of fertilisers applied in each treatment were not consistent but
approximate amounts applied every three years for the periods concerned are as fol-
lows.

Fertiliser Period
1940-1946 1947-1952
kg/palm kg/palm

1 II I1 1 It I1

Sulphate of ammonia ............. 0 1.5 3.0 0 4.5 9.0
Rock phosphate ................. 0 1.5 3.0 0 4.5 9.0
Muriate of potash ............... 0 0.5-1.0 1.0-2.0 0 3.0 6.0

The soils were either very sandy or gravelly.

Fertiliser effect

Detailed results of these trials have been reported by Haines and Benzian [44]. Brief-
ly, it was shown that palms on sands responded significantly to both P and K, and on
gravels, there was response only to K, but the response was greater than twice that on
sands. The general yield level improved slowly on gravel but markedly on sands.
There was a small but fairly consistent improvement from N. The Nigerian type of
palms responded moderately well to N on all three kinds of soil, fairly well to P on
Ndian sands and Cowan sand, very well to K on Ndian gravels and Cowan sands,
much less on Ndian sands. The Deli palms were more responsive to K than the Nige-
rian variety.
These experiments also revealed the importance of poaching and the need for ade-
quate guard rows. It was also observed that there was a long term cycle of responses.
The fluctuations of N effect were closely followed one year later by similar trends in
K effect.
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8.4.3 Zaire

In addition to the Crowther Experiments just described, experiments in Congo (Kin-
shasa) were also conducted by 1. N. E.A. C. (Institut National pour f'Etude Agrono-
mique du Congo Beige) and the Research Department of Huilever S.A. The
I.N. E.A.C. experiments have been discussed by Focan [33] and Vanderwveyen [l0/]
while those by H.S.A. were reported upon by Broeshart [/] and Ferwerda[31, 32].

- H.S.A.

In a replanting experiment on riverine soil in southern Kasai bank, Ferwerda [31]
found that the treatment of felling plus NPK manuring produced the greatest number
of leaves as well as longer leaves up to the sixth year of growth. On the whole, man-
uring increased female inflorescence and bunch production. On this soil, K, Mg, B
and to a lesser extent P were required.
In an experiment on young palms of 2 years, Ferwerda [32] tested sulphate of am-
monia and rock phosphate at rates of 1.2 and 2.4 kg and 0.9 and 1.8 kg respectively.
He found that P decreased 'Little Leaf' while N increased it. Male inflorescence pro-
duction was increased by both N and P 18 months after application and fruit bunch
production was also increased by N and P.
In a further 27 factorial experiment testing K, Mg, lime, Cu, Mn, B, and other trace
metals on 3 year old palms, Ferwerda found that there was no effect on leaf length or
number but B reduced 'Little Leaf'.
On 14 year old palms, Broeshart [11] showed that 0.2-0.3 kg K.0 increased bunch
production by about 100% and in the case of young palms, potash increased leaf
length.

- I. N. E. A. C. Experiments

The majority of the experiments showed no responses to N, P or K. Vanderweyen re-
ported on four experiments in Yangambi on 9-12 year old palms where nil responses
to the major nutrients were recorded. However, in one experiment on a 1939 planting
on unburnt land, NPK with Mg added significantly increased yield by 22% and 24%
in 1948 and 1949.

- Summary

N - No outstandingly beneficial effect was demonstrated. On the contrary, it was
suggested that it enhanced 'Little Leaf'.

P -The I. N. E.A.C. experiments showed no response but the H.S.A. trials gave
positive responses in young replants and adult palms.
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K - Again, the H.S.A. experiments obtained responses in fruit bunch production to
K although the I.N.E.A.C. experiments showed no effects.

Mg- Yield responses of 22-30% were attributed to Mg.
Ca - In one experiment, it reduced leaf length of young palms while in another, fem-

ale inflorescence and bunches were said to have been reduced.

Trace elements - Little Leaf was shown to be related to B shortage and this could be
aggravated by application of N and K. In one experiment, B
decreased female inflorescence and fruit bunches.

8.4.4 Nigeria

The older experiments tested farm yard manure and wood ash during the War years
because of the absence of fertiliser supplies. In the Moore Plantations in the Western
Province, 32 t/ha of farmyard manure applied to 1931 plantings in 1941 increased
yield in 1943-45 only. At Umudike in Owerri Province, 55 t farmyard manure per ha
applied to 1925 plantings in 1941 increased yields by 40-45% in 1942 to 1944 but
thereafter, the difference was not significant. At the lower rate of 16 t farmyard man-
ure, yield increases were 16-30% for the same three year period.
At Moore Plantations, no response to 620 kg/ha of bean ash rich in phosphorus and
potash was obtained in 1941-45 after its application in 1940 to 1931 palms on a red-
dish yellow sand. However, in Onitsha Province, an immediate and dramatic re-
sponse to a total application of 42 t incinerated ash over 1940-42 on 1931 plantings
was obtained. The yield jumped in 1941 and increased by about 900% in 1943 and
1944, being equivalent to 8800 kg of fruit bunches/ha. The ash contained 4.43% K20
and 0.50% P,O5 , indicating the effect of potassium.
At Nkwele, different rates of wood ash were tested, the treatments being 13.5, 27,
40.5 kg incinerated ash per palm. The experiment was on 1931 plantings on gravelly
sand and the ash applied in 1943. The yield records up to 1952 showed that only the
highest rate gave significant responses two years after application.
The above indications of potassium shortage were supported by results of experiments
using potash fertilisers. In an experiment on mature palms showing severe Confluent
Orange Spotting at Nkwelle theeffects of potassium were tested. The rates of application
of sulphate of potash were 3.4 and 9 kg per palm. These applications were put down for
two years in 1944 and 1945. A large yield increase to the higher rate of potash was ob-
tained; for 1945-48 and 1949-52 periods, these yields of the higher K plot were 413%
and 222% of control. Bunch yield was increased from 13.5 to 26-50 kg per palm in
1946-52 (Figure 16).
At Akwete, a 33 factorial experiment was laid down to test three rates of potash and
three intervals of application, i.e. annual, biennial or triennial, and three numbers of
dosages as shown below:

Rates of sulphate of potash .............. 0 2.7 5.4 kg/yr
D oses per year ......................... 1 3 6
Frequency ............................ Annual Biennial Triennial
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Figure 16. Experiment 703-4, NKwelle ....... 7Y2 lbs potash
Yield of fruit bunches per palm for 20- --- 20 lbs potash
the period 1941-52 for the potash (per palm)
treatments
K = 3.4 kg of KSOJ per palm 10-
K2 = 9.1 kg of KSO4 per palm.
Source: May E. G.: J. W.Afr. lnst.
Oil Palm Res.2, No.5 (1956) Year 1941-44 45 46 47 4'8 49 50 51 52

The palms were planted in 1929 and the experiment was started in 1949. The soil was a
leached sand. Results of this experiment were presented by May [58].
The highest rate of potash significantly increased yield, as indicated below:

Bunch yield in 1949-55 0 Potash 18.6 kg/palm/yr
5.5 kg Potash 27.7 kg/palm/yr

However, this 5.5 kg needed to be applied only over 7 years and higher quantities
produced no further positive effects. Also, no extra benefit was gained from applying
the potash in frequent doses during the rainy season.
At Umidike in 1948, a 34 experiment on 23 year old palms on an intergrade acid'sand
soil tested large doses of N, P, K and lime, the rates being 616 kg and 1232 kg/ha
each of sulphate of ammonia, superphosphate and potassium chloride and 1232 kg
and 2464 kg/ha of lime applied in 1948. Only potassium was found to increase yields
which were about double those of control in 1950-55 except for the 1952 figure and
the highest rate gave no added advantage (Figure 17) [23].
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Figre 17. The effect of a single application of 616 kg (K,) and 1232 kg (K,) of KCI per ha on the
yield of fruit bunches at Unmudike.
Source: Clapas L. C. and Bull R. A.: J. W. Afr. Inst. Oil Palm Res. 2, No.5 (1958)

Summary

N - No significant response was observed; rapid leaching was thought to be partly
responsible.

P - No response was obtained, fixation was thought to be responsible.
K - Positive responses were obtained within a year of application. Both bunch num-

ber and bunch weight were increased and the effect of a large dose of 5.5 kg
could last 6 years.

Mg- Some suggestion of it limiting production was apparent.

8.4.5 Recent fertiliser experiments

Indonesia

Post war experiments have confirmed the need for nitrogen and phosphorus on
rhyolitic soils. On a replant, yield in the 7th year was increased by 21 % by the appli-
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cation of 1.5 kg sulphate of ammonia per palm, the N plot and control yields being
23.5 and 19.5 t/ha respectively. On 20 year old palms, NP was the best combination,
the rates being 150 kg/ha sulphate of ammonia and 200 kg/ha Christmas Island rock
phosphate. The yields are shown below [106]:

N ,P . ............... ........................................... 14 .6 t/ha
N . ............................................................ 15.8 t/ha
P , .............................................................. 16.5 t/h a
N ,P , . ..... ...................................................... 18 .1 t/ha

Malaysia

After the War, sizable yield responses to fertilisers were reported by Rosenquist [83,
84].
Four experiments on mature palms were laid down in the fifties, two on a granitic
soil and two on a sedimentary soil. However, fertilisers were not applied consistently
throughout and results of one site of each soil only can be presented. On the granitic
soil, fertilisers were applied yearly from 1949-56 while on the sedimentary soil, fertil-
isers were put down in 1949-53. Consequently, yield data are for periods 1956-59 and
1950-53 respectively. The experiments were of either the 33 or 33 x 2 type and rates of
fertilisers are as follows:

N 0 0.9 1.8 kg/palm/yr of sulphate of ammonia
P 0 1.36 2.72 kg/palm/yr of rock phosphate
K 0 0.9 1.8 kg/palm/yr of muriate of potash
Mg 0 0.9 - kg/palm/yr of kieserite

On the granitic soil, the main response was to potassium, the increase in yield being
about 82% at the highest K level as shown below:

K, K, K,

kg/palm /yr ................................. 66 89 94

Further, in the presence of potassium, significant secondary responses to N and P
were obtained, increases being 42% and 29% respectively. A small increase due to
Mg was also indicated.
On the shale derived soil, the main responses were to P and N, the increases being
80% and 42% respectively.

kg/palm

P, P, P,

N o  ........................................ 45 54.5 57
N , ........................................ 48 55 57
N ........................................ 35 63 64

The experiment on granitic soil also showd the inter-dependence of nutrients. Re-
sponses to N were dependent on an adequate supply of K. Where K was sufficient, N
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responses were positive at all levels of P and the highest yields were obtained from

N2P1 and N1P. with K1, and N2 P2 with K. There was a slight response to phos-
phate at the P, level with N, and K2. These results are shown in Table 35.

Table 35. Interactions between N and Pal different rates or K on Rengam Series Soil (kg)

P. P, P2

K . ............................................ N o  50 75 73
N, 71 73 65
N. 66 66 58

K 1 (0.9 kg KCI/palm) ............................ No 85 99 92
N , 72 97 107
N, 96 109 100

K, (1.8 kg KCI/paln) ............................ No 86 76 96
N, 90 99 103
N, 99 101 113

N,= 1.8 kg sulphate of ammonia
P, = 1.8 kg Christmas Island rock phosphate

The yields of these experiments are not high, the highest yields being about 15
t/ha/yr. This is because the palms were neglected during the War years of 1942-45

and also they were more than fifteen years old. Nevertheless, substantial yield in-

creases could be obtained provided a balanced supply of nutrients was maintained.

In a follow up experiment on mature palms, also on granitic soil, a fertiliser mixture

with a composition of 6.6% N, 3.0% P 2O,, 21% K2O and 7.8% MgO was applied at

the following rates:

0 kg per palm per year
2.7 kg per palm per year
5.4 kg per palm per year

Substantial increases were obtained and the highest yields were given by the highest

fertiliser treatment as shown below:

Fertiliser 7 yield increase
Site A Site B

2.7 kg .............................................. 17.9 12.7

5.4 kg .............................................. 33.0 25.4

Further evidence of the fairly large nutrient requirements of old palms on inland soils

was also given by Martineau el al [56]. A 23 NPK experiment was laid down on

15 year old palms which were established on a pale, coarse structured shale derived

soil (Batu Anam Series) just before the Second World War. At the start of the experi-

ment, the palms were already deficient as they received little or no fertilisers during

the period 1942-45. The rates of fertilisers are as follows:

N, 1.36 kg Sulphate of Ammonia
P, 2.7 kg Christmas Island Rock Phosphate
K, 1.8 kg Muriate of Potash
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The highest yield obtained during the 1953-60 period was given by the full treatment.

Average yields of most effective treatments
for 1953-60 f. f. b.t/ha/yr

C o n tro l ....................................................... 10 .6
N K .......................................................... 13.7
P K ............... ..... ....... ........... ....... ...... ...... 14 .4
N P K ......................................................... 15.9

Main effects

N . .. .. . .. .. .. .. .. .. . ... . ... . ... .. .. .. .. .. .. .. ... . ... .. .. .. .. . 1.2 7
P . .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... .. .. .. .. .. .. .. .. .. .. . 1.7 2
K . .. . .. .. .. .. .. ... . ... .. .. .. .. .. .. .. .. .. ... . ... .. .. .. .. .. .. .. 2 .5 2
m .s.d. at 5% .................................................. 0.77

Thus, main effects accounted for almost all the increase and potassium gave the larg-
est effect. Bunch number was increased more than bunch weight.
By 1959, magnesium deficiency had become widespread in the trial and a blanket ap-
plication of 1.36 kg kieserite/palm/year was given to correct the deficiency and by
1965, the deficiency was well taken care of. Yields during the 1961-65 period were
comparable to those previously obtained.
Later in 1965, the experiment was converted to an observation in which high doses of fer-
tilisers were applied to all the treatments; the rates before and after 1965 areas follows:

1960-65 2.3kgNPK(13: 13:20) + 1.36kg KCI + 0.45kg Urea
1966 and 1967 4.5 kgNPK (13:13:20) + 4.5 kgsulphateofammonia +

4.5 kg KCI + 7 kg magnesium limestone

There was a 40% increase in yield as shown by the yields for the years concerned.

1960-65 ................................................ 11. t f.f.b./ha/yr
1966 .................................................... 19.2 t f.f.b./ha/yr
1967 .................................................... 18.1 t f. f. b./ha/yr

It is noteworthy that these relatively high yields were obtained by palms about 30 years
old and the response was apparent within one year.
The above experiments refer to rather old plantings which were neglected for some time.
However, there is evidence that younger mature palms also have large fertiliser require-
ments. Piggott [74] showed that 10 year old palms planted on a sedimentary soil re-
sponded linearly to nitrogen up to 0.8 kg N/palm/yr. Yield was increased from 11.2
to 17.5 t f.f.b./ha/yr. In a second experiment on a rather infertile soil, responses to
large dressings of N, P and K were obtained, the greatest response being given by ni-
trogen at 4.5 kg sulphate of ammonia. The yield was almost doubled from about 10
to 20 t f.f.b./ha/yr. However, this was only achieved when adequate K and P were
supplied at 4.5 kg muriate of potash and 4.5 kg superphosphate. Similarly, responses
to K and P were maximum when N was at 4.5 kg sulphate of ammonia.
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In contrast, responses to fertilisers on the more fertile coastal alluvial soils are not so
prominent or widespread. On the marine clays which are non-acid sulphate, the main
response is to potassium and this usually does not become evident till after the 10th
year of planting (Hew, priv. comm.), the rate of application being 2.7 kg muriate of
potash per palm per year. On the very fertile members of the marine clays, nil respon-
ses have also been obtained with 10 year old palms [59]. On riverine clays deposited
over marine sediments, responses to both potassium and nitrogen have been obtained
but there again this does not become evident till about the 4th or 5th year of harvest-
ing.
The preceding data have indicated a fairly definite trend to respond earlier to fertil-
isers by the oil palm in Malaya, particularly on the leached inland soils. In the light of

Table 36. Results of 34 NPK Mg Experiment on shale derived soil in West Malaysia

Treatment kg/ha* Yield data t/ha Foliar analysis. Leaf No. 17. Dec. 1969

2nd yr I st and 2nd N P K Mg

No  ............. 28.51 45.00
N .............. 94 N 29.32 45.28
N .............. 188 N 29.82 45.32

P, ............. 26.70 42.16 2.60 .146 1.28 .35
P, ............. 91 P,0 30.38 46.88 2.67 .164 1.20 .35
P. ............. 182 PO 30.58 46.71 2.70 .168 1.18 .35

K0  ............ 27.46 42.46 2.64 .159 1.19 .36
K . ............ 210 K2O 30.09 46.63 2.66 .159 1.22 .34
K . ............ 420 K,O 30.11 46.66 2.66 .159 1.26 .34

Mg 0  .......... 29.03 45.13
Mg. ........... 59 MgO 28.45 44.31
Mg. ........... 117 MgO 30.16 46.29

Mean .......... 29.22 45.25

S. E. ± 0.62 0.02 0.002 0.02 0.006

- At 140palms/ha

Table 37. Results of 42 NK Experiment on a sandstone derived soil in West Malaysia

Treatment kgfha* Yield t/ha Foliar analysis. Leaf No. 17. July 1969

1st yr N K P Mg

No  .............. 19.61 2.64 1.05 .190 0.37
N. .............. 66 N 19.36 2.66 1.00 .196 0.37
N. .............. 132 N 20.13 2.68 1.04 .194 0.36
N. .............. 196 N 20.53 2.71 1.08 .196 0.36

Ko  .............. 16.82 2.65 0.85 .196 0.39
K . .............. 227 KO 20.77 2.64 1.06 .192 0.37
K . .............. 454 KO 21.22 2.73 1.11 .195 0.35
K . .............. 689 KO 20.82 2.67 1.15 .194 0.34

S.E. + 1.01 0.02 0.04 0.002 0.01

* At 140 palms/ha; P - 70 kg/ha P2O6 , Mg = 50 kg/haMgO
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the more recent data on rate of dry matter production and nutrient uptake by the oil
palm, this is not altogether surprising and Ng [63] has shown that most recent fertil-
iser experiments designed on the basis of recent data on growth, nutrient uptake and
soil nutrient status have borne out his earlier conclusions that the nutrient require-
ments of the oil palm are large right from the second year of planting in the field. In
three such experiments, there was evidence of response to potassium and phosphate
in the first two years of fruit bunch production and a definite need of magnesium
from foliar analysis data. The presence of a vigorous legume cover masked any effect
due to nitrogen but later response to N is well anticipated. Relevant data from these
trials are shown in Tables 36, 37, 38 and 39.

Table 38. Results of 34 NPK Mg Experiment on marine clay in West Malaysia

Treatment kgjha* Yield t/ha Foliar analysis. Leaf No. 17. Dec. 1969

1969 Cumulative N K P Mg

412-5/ yrs (51/ yrs) %

N o  .............. 26.39 120.2
N. .............. 53 N 26.97 121.9
N. .............. 106 N 26.18 120.9

P. ............... 27.17 122.0
P, ............... 91 PO, 26.33 120.4
P, ............... 182 P.0, 26.06 120.5

K .............. 25.14 116.9 2.54 0.93 .174 .26
K . .............. 227 K O 27.22 123.8 2.56 0.94 .173 .25
K I .............. 454 K.O 27.17 122.3 2.56 0.99 .173 .24

M g. ............. 26.68 119.7
Mg. ............. 66 Mg 0 26.60 121.7
Mg. ............. 132 MgO 26.28 121.7

S.E. + 0.69 0.02 0.01 0.002 0.01

* At 140 palms/ha

Table 39. Results of 3 NPK Mg Experiment on riverine clay in West Malaysia

Treatment kg/ha Yield t/ha Foliar analysis. Leaf No. 17, Aug. 1969

Cumulative N K P Mg

41/2-5'/2 yrs 51/2 yrs %

N O  .............. 23.74 108.0 2.53 0.96 - .170 0.33
N. .............. 27 N 25.07 112.9 2.59 0.95 .175 0.33
N. .............. 53 N 24.26 111.6 2.62 0.95 .173 0.33

PO ............... 24.48 109.9
P. ............... 70 PO 24.63 110.9
P. ............... 140 PO 23.96 111.7

K. .............. 23.00 103.8 2.57 0.95 .174 0.33
K . .............. 118 K O 25.32 115.4 2.59 0.96 .172 0.32
K . .............. 235 K.O 24.75 113.2 2.58 0.97 .173 0.33
Mg ...... ...... 24.28 110.3
Mg. ............. 33 MgO 24.72 112.6
Mg. ............. 66 MgO 24.06 109.7

S. E. + 0.74 0.03 0.02 0.002 0.01
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In West Malaysia, oil palms are also planted on acid sulphate soils which occur along
with the marine clays and it has been found that the hyperacidity produced on drain-
age causes a severe reduction in pH to below 3.0 and dessication of leaves [9, 100].
More intense drainage aggravates the acidity and a reversal of the process by keeping
the water table as high as feasible seemed to arrest the acidification. Bloomfield et al.
also noted that natural leaching could not improve the situation either. Yields of such
areas are generally very low, i.e. less than 5 t f.f.b./ha/yr. A practical method of
ameliorating such soils has been worked out by Hew and Khoo [49], who combine
blocking up of drains to arrest excessive oxidation of sulphides to acid sulphates with
application of 9 kg of bunch ash, and increased yields substantially (Table 40). Limestone
had very little effect on yield but potassium and magnesium enhanced the response to
bunch ash.

Table 40. Effects of various treatments on yields of oil palms on acid sulphate soils in Malaysia

Treatment Fruit bunch production over 21 months I/ha

No Kieserite 9 kg Kiescrite

C ontrol ..................................... 12.4 12.4
68 kg limestone/palm/yr ..................... 14.8 14.8
68 kg bunch ash/palm/yr ...................... 24.0 26.0
34 kg bunch ash/palm/yr ...................... 14.9 13.9
68 kg dolomite/palm/yr ....................... 16.1 15.7
23 kg refuse/compost mulch/palm/yr ............ 15.6 19.5

Africa

Experiments since 1959 designed to determine the fertiliser needs for the first 8-9
years of the life span of the palm were of the 4 n type.

- Nigeria

On the Acid Sands, there is evidence of requirements for nitrogen and potassium by
immature palms of modern pedigree. For nitrogen, yield for the first six months indi-
cated a response.

New Area Treatment Rate/palm g kg/ha fruit bunch
C ontrol ....................................... 0 2479
Sodium nitrate ................................. 290 2399
Sulphate of ammonia ............................ 227 2792
Ammonium phosphate .......................... 422 2895
U rea .......................................... 109 2686

L.S.D. 365

On a replant, potassium increased growth as indicated by height at the K, level as
given below.
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Treatment kg Palm height at 2 years cm

K . .......................................... 0 274
K . .......................................... 0.34 294
K . .......................................... 0.68 298
K . ...................................... ... 0.98 300

L.S.D. 9.6

Thus, it is recommended that urea and sulphate of potash be applied at 0.1 kg per
palm in the initial year, rising to 0.45-0.9 kg during the non-bearing period. As N
and K application can induce magnesium deficiency on sandy soils, it is also recom-
mended to apply magnesium sulphate in a rising order of 0.1-0.7 kg during immatur-
ity. The requirement for phosphate appears less definite.
For adult palms, the outstanding response is to potassium. In a trial near Benin, an
NK interaction was also obtained.

Yield at 2 years after first fertiliser application, kg/ha/yr:

K, K, K, K -K,

N . ....................... 10978 10551 10400 - 567
N 1  .......................  10395 11 496 12466 + 2071

N = 1.8 kg sulphate of ammonia
K*, = 2.3 kg potassium sulphate
K. = 4.5 kg potassium sulphate

In the absence of nitrogen, there was no early response to potassium.
In the case of magnesium, on Benin fasc, there was no yield response to Mg despite
the appearance of deficiency symptoms on young palms. However, on the Calabar
fasc, palms with Orange Frond symptoms responded strikingly to magnesium [22].
C.O.P.E. Ex 522

Treatment Years olapplication Yield kg/ha/yr

1954-57 196-61

Control 3535 2488
Mag. sulphate 2.3 kg/palm 1953, 1954, 1961 5206 5428
Mag. sulphate 3.1, 1.1, 1.1 (kg/palm) 1953, 1954, 1961 6303 5599
Mag. sulphate 4.5 kg/palm 1953 only 4467 3542

A rate of 2.3 kg per palm per year appears minimal and usually potassium is also re-
quired on such soils.
On basement complex soils, there is limited experimental data but recent evidence indi-
cates that fertilisers are required in the early years. On soils derived from granitic gneiss
and granites, there is indication of P and Mg requirements, the rates in the first four years
are 0. 1, 0.23, 0.45 and 1.7 kg superphosphate and 0.23, 0.45, 1.36 and 4.1 kg magnesium
sulphate. On granitic soils, Tinker [92] has also shown a need for potassium. On soil
derived from mica schist, there was a growth response to potassium followed by early
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yield response to phosphate. On soils derived from basalts, growth and early yield
responses to both nitrogen and potassium were recorded, the rates of application
being 0.45-0.7 kg in the first year rising to 1.36-1.8 kg of fertiliser in the third year.
For adult palms on these soils, responses have not been very clear. On soils derived
from mica and quartzose schists, highest yields were obtained from applying 2.3 kg
per palm every three years of each of ammonium phosphate and potassium sulphate.

- Ghana

On soils overlying Tertiary sandstone, a marked response to phosphate was obtained
at Aiyinasi with suggestions of possible nitrogen and potassium responses in later
years as shown below [48b]. The palms were planted in 1954 and for each fertiliser,
the rates were 0.23 kg at planting, then 0.45 kg for each age in the field, making a
total 9.8 kg up to 1960. There was suggestion of a response to magnesium at Bunsu.

Treatment Yield kg/ha/yr
Aiyinasi Bunsu
1958-61 1961 1958-61 1961

N ................. 9 153 12679 10 147 13 696
N . ................. 9263 12389 10817 13912
P0  .................  7 644 10594 10388 13842
P, ................. 10772 15 574 10576 13 765
K . ................. 9223 12760 9958 13 137
K . ................. 9 193 13408 11 005 14470

At Bunsu, there was a K/Mg interaction

Mg. Mg,

K ...................................................  10 515 9 403
K ................................................... 10 326 It 686

West Africa (formerly French)

Principal results have been reported by Bachy [6].

- Ivory Coast

Young palms

At La Me, on a 1959 planting, growth in immaturity was improved by nitrogen appli-
cation and the N, treatment was as good as the higher levels. The area was previous-
ly under forest.
At Dabou in the savannah area, different sources and rates of nitrogen were tested on
a 1962 planting. Foliar analysis data for 1965 indicated that urea was as effective as
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sulphate of ammonia. At the N1 and N, levels, there was no difference between single
and split applications and between sulphate of ammonia and urea but at the Na level,
urea was better and split doses seemed better than single application. The general rec-
ommendations at Dabou are as follows:

N1 250 g sulphate of ammonia in Ist year
350 g sulphate of ammonia in 2nd year
500 g sulphate of ammonia in 3rd year

Potassium: Potassium manuring depends on the previous cultural history. In the sa-
vannah zone, it is necessary to apply K to palms on tertiary sands but in the forest
zone, the effect on growth and early production is slight.

Magnesium: In the tertiary sands, magnesium deficiency is commonly induced by ap-
plication of potassium on young palms and a growth response to magnesium applica-
tion has been obtained where potassium is applied on a 1964 planting. Growth mea-
surements at June 1967 are as follows:

No Mg With Mg
G irth at collar cm ................................... 167 179
Frond length cm ..................................... 263 284
Number of inflorescence .............................. 15.9 17.2

Adult palms

The principal deficiency of palms is potassium, but some response to phosphate was
indicated. However, no response to nitrogen or magnesium has been obtained.
At La M& in the forest zone, an application of 2 kg/KCI/palm on 1946 plantings in-
creased yield by over 60% as shown below.

Period kg bunches/palm/yr

No K K

1957-60 ............................................ 60 96**
1961-65 ............................................ 63 99**

On older palms at Dabou, planted in 1930, yield was increased from about 2.5 tonnes to
12.5 tonnes/ha/yr with a sustained application of 1 kg muriate of potash since 1946.

kg bunches/palm/yr

K after 1946 K after 1950 K after 1956

1947-49 .............................. 32 17 18
1950-55 .............................. 64 59 17
1956-60 .............................. 83 82 44

The response became ostensible after four years, due to the fact that the palms were
rather deficient.
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At Grand Drewin, an experiment on eight year old palms planted in 1948 also showed
that the largest yields were obtained with the highest level of potash application.

kg bunches/palm/yr

No K 0.8 kg KCI 1.2 kg KCI 1.6 kg KCI

1957-60 ..................... 69 67 76 83
1961-65 ..................... 50 55 57 64

In the same experiment, it was also shown that the response to potassium was aug-
mented by phosphate.

kg bunches/palm/yr

K0  K, K, K,

Po ..................................... 62.6 71.7 62.8 72.7
P i ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60.1 62.6 90.0 92.2

P1 = 3 kg superphosphate.

Phosphate: In La Me, no response to 2 kg superphosphate applied to 1946 plantings
was obtained. However, in the region of Sassandra, there was a positive effect.

kg bunches/palm/yr

No P P

1957-60 ................................................ 68 80
1961-65 ................................................ 54 59

At Grand Drewin, there was a interaction effect of potassium with phosphate.

kg bunches/palm/yr

K, K, K,

1957-60 ................................. Pa 65 64 75
P, 73 87 91

1961-65 ................................. P0  51 49 59
P1  49 65 69

- Dahomey

The main response is to potassium but nitrogen is also important.

Young palms

Although the potassium status of soils is relatively better than that of soils in the Ivo-
ry Coast, response to K application to young palms has been shown. At Pobe,
growth of 1959 plantings was enhanced by potash.



Nutrition and Manuring 91

Index of growth

June 1961 June 1962

N o K ........................................... 130 448
Sm all dose of K .................................. 165 593
M edium dose .................................... 156 563
L arge ........................................... 176 629

Mature palms

On 1929 plantings on alluvial soil, a yield increase of about 50% was achieved by ap-
plication of potash in 1948. There was also a suggestion of response to nitrogen.

Yield kg bunches/palm/yr

No K K NK PK NPK
1953-64 ........................ 50 73 81 86 83

It was found that on heavy soils, potash could be applied round the palm but on sandy
soils, broadcast was thought to be preferable. There was no difference between sulphate
of potash and muriate of potash.

- Cameroons (La Dibamba)

Young palms

The soils are similar to those in the Ivory Coast and on the ferrallitic sands and grav-
els, nitrogen is indispensable to young palms although relatively small doses are ade-
quate. Urea was found to be comparable to sulphate of ammonia.
There has been no response to potash application.
Magnesium deficiency has been found to be important in young plantings as shown
by the following foliar analysis data on palms planted in 1960.

Leaf analysis % Mg
1961 1963 1965
Fd. l Fd.17 Fd.17

M gSO4  .................................... 0 .28 2  0 .3 24  0 .2 80
M gO ...................................... 0.259 0.334 0.282
Dolom ite .................................. 0.230 0.296 0.256
Control .................................... 0.206 0.249 0.215

Mature palms

A response to nitrogen has not been evident as indicated by the following data on a
1951 planting.
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kg bunches/palm/yr
No N N

1957-60 ............................................... 57 58
1961-65 ............................................... 88 86

No positive effect of potassium was obtained on six year old plantings over the peri-
od 1957-65. However, a suggestion of a response to magnesium at 1 kg magnesium
sulphate per palm after the 10th year of planting has been obtained.

kg bunches/palm/yr

No Mg Mg

1957-60 ............................................... 57 59
1963-67 ............................................... 82 92

A significant response to phosphate in the presence of potassium has been given by a
1951 planting.

kg bunches/palm/yr

K, K,

1961-65 ....................................... Po 66 61
P, 63 79

P1 = 2 kg superphosphate.

- Sierra Leone

Magnesium deficiency symptoms are widespread on inland alluvial and laterite soils.
On the latter, there is an early need for nitrogen, and phosphate and potassium had
been shown to increase leaf production.

- Zaire

The history is one of lack of response to fertilisers and part of the reason could be
due to the over emphasis on phosphate in the experiments because of the fear of
phosphate fixation. Liberal doses of phosphate were generally given and there was lit-
tle or no provision of potassium. As shown elsewhere, where potassium is the prima-
ry requirement, phosphate can have a depressing effect on yield.
In northern Congo, an experiment at Bingo on a 1951 planting strongly indicated the
need of manuring. Different rates of a fertiliser mixture with the following composi-
tion were applied.

A m m oniujm nitrate ................................................. 18.9%
Triple superphosphate .............................................. 19.1%
Potassium nitrate .................................................. 41.9%
Potassium sulphate ................................................. 20.1%
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The fertiliser was applied yearly in 1958, 1959, 1960 and 1961 at the rates of I, 3, 4
and 4 kg per palm and the yields are given below:

kg bunches/palm
Year Control With fertiliser
1956-57 ......................................... 15.4 20.0
1957-58 ......................................... 31.2 46.7
1958-59 ......................................... 37.8 55.6
1959-60 ......................................... 37.1 46.3
1960-61 ......................................... 64.9 81.7 [3]

The Unilever Experiments gave more positive results; responses to potassium and
phosphate had been obtained as well as suggestions of magnesium requirement.

- Congo (Brazzaville)

Young palms

A growth response to nitrogen applied to 1959 palms was obtained on a heavy soil.
Urea and sulphate of ammonia were better than ammonium nitrate.

Index of vigour

Fertiliser Rate/Palm 1962 1963 1964
Sulphate of ammonia .......... 2 kg 568+ +  1410 + +  2.17+ +

Sulphate of ammonia .......... 0.5 kg 491++ 1440 + +  2.29 + +

Urea .................... .... 0.25 kg 453+ +  1250 + +  2.15 + +

Ammonium nitrate ............ 0.5 kg 291 710 1.46
Control ..................... 0 273 540 1.47

Adult palms

The limited information available indicates that magnesium deficiency is a major
problem in old palms as shown by the following leaf analysis data for palms in
Etoumbi.

% Mg in leaf 17
Year of planting No chlorosis With chlorosis
1930 ............................................ 0.267 0.040
1941 ............................................ 0.280 0.005
1947 ............................................ 0.251 0.030

In an experiment on II year old palms, I kg of muriate of potash increased bunch
yield from 76 to 83 kg/palm/yr over the period 1953-61 but this was not significant. It
is possible that the amount applied was too low to produce a significant effect.
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8.5 Leaf analysis

The technique of leaf analysis can be said to have contributed considerably to better
nutrition and yield of oil palms in all oil palm growing regions. Early information on
leaf levels were mainly based on comparative analysis of leaves of healthy palms and
those with symptoms such as Confluent Orange Spotting and Orange Frond (Mbawsi
disease) [18. 27, 45]. As experiments were laid down to eliminate such deficiency
symptoms, more precise knowledge of nutrient levels associated with healthy condi-
tions and better yields was obtained. As time went by, these guidelines were further
refined by results of experiments on fertiliser rates. Thus, there is considerable infor-
mation on leaf analysis data but yet, the exact relationship between specific nutrient
values and yield is still not fully understood. Firstly, nutrient inter-relationship or
balance may be more important than individual nutrient values and although this has
come to be realised in more recent years, its effect on yield is not precisely known.
Then, nutrition is only one of the factors that affect growth and production and it
may be necessary to take into account in interpretation of leaf analysis data factors
such as solar radiation, rainfall data for possible influence on flowering, rate of dry
matter production, soil moisture and soil nutrients. It appears that an exercise such
as crop-logging is worthwhile for the oil palm and the more recent work of Ng et al.
[65] and Corley el al. [25], on rates of dry matter production of palms since field
planting is a major step in the right direction.
However, at present, the main point still lies in determining the so-called critical limits
above which no yield response would be obtained. Experience with the use of leaf analy-
sis has tended to indicate that it is probably more realistic to speak of a critical range
than an absolute value. In West Malaysia, experience has shown that critical levels are
not standard; in the case of potassium and to a lesser extent nitrogen, those for inland
soils tend to be 0.1-0.2% higher than those for the coastal clays. Whether this phenome-
non is due to better water relations in the alluvial soils needs to be verified experimental-
ly. Thecrux of the difficulty may be due to the fact that in many plantings, the nutritional
status is or has been brought to a sufficient region where the relationship between yield
and nutrition is less discernible. Be that as it may, leaf analysis remains a valuable aid in
assessing nutrient needs of the oil palm but wherever possible, it should be used with all
relevant data on growth and yield, soil conditions particularly nutrients and water and
climatic conditions.
The application of leaf analysis more or less pursued parallel courses in Malaysia and
Africa. In West Malaysia, Chapman and Gray [24] showed in conjunction with fertil-
iser experiments on adult, deficient palms that nutrient contents in lamina tissue varied
with the portion of the pinna and age of leaves. These workers came to the con-
clusion that the middle section of the pinnae taken from the middle part of leaf or
frond No. 17 showed the least variation and was most sensitive to fertiliser applica-
tion. They found significant correlations between leaf P and K and yield of bunches
and considered that the K 2O/PO..5, ratio in the leaf ash was important in depicting
potassium needs and potassium-phosphorus balance and optimum ratios were pro-
posed.
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Yield response P0  P, K0  K ,

% ................................... 100 193 100 168
Leaf level % .......................... 0.128 0.153 0.56 1.09

Coulter [26] studied variation in leaf 17 of healthy young and old palms on inland
and coastal soils in West Malaysia as well as the effect of time of day of sampling on
nutrient levels. He found no significant variation from 7.00 a.m. to 11.00 a.m. and
recommended that field sampling be confined to this period. From his survey, he sug-
gested tentative critical levels for leaf 17 as follows:

% of dry matter
ppm

N P K Mg Ca Mn
Young palms (6 years)
coastal clay .......... 2.70 0.17 1.20 0.29 0.45 250-350
Old palms (30 years)
coastal clay .......... 2.60 0.17 1.10 0.26 0.30 200-300
Young palms (6 years)
upland soils ......... 2.60 0.17 1.10 0.25 0.70 200-300
Old palms (20 years)
upland soils ......... 2.60 0.17 1.10 0.25 0.70 250-350

The Ca levels are somewhat arbitrary as they are not related to definite deficiency
symptoms or responses. In any case, even the limits for the other nutrients are mere
deductions as they were not derived from fertiliser experiments but they were useful
guidelines in the absence of adequate experimentation.
These limits have not been altered substantially in later years although Rosenquist
[84] has proposed higher critical levels as follows:

N P K Mg Ca

% ................... 2.70-2.80 0.18-0.19 1.30 0.30-0.35 0.60

These levels for leaf No. 17 were largely for palms planted on inland soils in Malaysia.
For leaf No.3, Rosenquist proposed the following tentative critical levels:

N ......................................................... 2.8-3.0
P ............................................................ 0 .19 -0 .2 1
K ............................................................ 1.50- 1.80
M g ............................................................ 0.30-0.35
C a ............................................................ 0 .30-0.50

In addition to the above, Rosenquist also suggested the following values for micronu-
trients for leaf No. 17:

Mn B Cu Zn Mo
ppm ....................... 150-200 10-20 5-8 15-20 0.5-1.0
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As very little is known about the effects of micronutrients on yield, these values
should be treated as rough approximations only.
In Africa, French workers are the ones who have used leaf analysis most extensively
in association with deficiency symptoms and fertiliser experiments with major empha-
sis on potassium. Prvot and Ollagnier are amongst the early workers in this field [76,
77] and they proposed the following critical limits for leaf 17.

N P K Mg Ca

% .................................... 2.5 0.15 1.00 0.24 0.60

The nitrogen and phosphorus values are slightly lower than those of Coulter and Ro-
senquist. Later, these workers stressed that the critical level was only a first approxi-
mation and should not be applied mechanically and they showed the importance of
the concept of nutrient balance and inter-dependence in their effects. Furthermore,
environmental factors and husbandry conditions could also affect critical levels. The
significance of nutrient balance was demonstrated by the influence of the N level on
the response to K application and vice versa as shown below [78].

Yield correlation between leaf N and K levels

N < 2.70% K: Yield correlation r = 0.239 N.S.
N >2.70% K: Yield correlation r = 0.643+ + +

K <1.10% N: Yield correlation r = 0.042N.S.
K > 1.10% N: Yield correlation r = 0.655 + + +

Similarly, Ochs [69] showed such interdependence between K and P.

P <0.15% K: Yield correlation Insig.
P >0.15% K: Yield correlation r = 0.739. + +

K < 1.0 % P: Yield correlation Insig.
K > 1.0 % P: Yield correlation r = 0.832 + + +

To illustrate the nutritional inter-relationship of palms, L R. H. 0. uses a pentagonal

diagramme as shown in Figure 18. The critical levels are shown on a circle which cuts
through five axies for N, P, K, Mg and Ca.
As for environmental effects, Ruer [85] found in the Ivory Coast an association be-
tween critical K levels and effective sunshine hours. Critical levels were lower where
effective sunshine hours were low and he suggested that for regions of lower sunshine
as the Ivory Coast, the critical level was 1.0% but for areas with more solar radiation
as Malaysia, the critical level was probably 1.2%.
A similar relationship has not been noted in Malaysia but it is noteworthy that palms
yielding about 25 t/ha/yr on marine clays on the West Coast usually had K levels in
leaf 17 of 0.90-1.00% whereas comparable yielding palms planted on inland soils had
values of 1.10-1.20%. Ng [63] suggested that different soil moisture regimes could
probably be responsible for this difference in healthy leaf levels.
In Nigeria [4], tentative critical levels are more in line with those of I. R. H. 0., indic-
ative of similar climatic conditions. The levels are:
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Figure 1S. Diagrammatic representa-
lion of leaf analysis data for plots of
palmswith K(---)andwithout K(-)
in Pob6 and Dabov. Critical levels are Mg
shown as intersections between Dabou Ivory Coast
the circle and the five axes, 0 ,757 057T
Source: Surre Ch. and Ziller R. (1963) C 0.768 K

N P K Mg

% ............................ 2.5 0.145-0.155 1.00-1.10 0.28-0.30

For the Congo (Kinshasa), Broeshart [12, 13, 14] studied leaf analysis and the nu-
trition of young palms in sand culture and proposed the following critical levels for
leaf No. 3.

P K Mg Ca
, ........................ 0.21-0.23 1.7-1.9 0.25-0.35 0.55-0.65

These values are reasonably comparable to those of Rosenquist.
For young palms, Bachy [5] also proposed critical levels for leaf 9: N 2.70%, P
0.160%, K 1.25%, Ca 0.500% and Mg 0.230%.
In terms of nutrient balance, the effect of a particular nutrient fertiliser on other ele-
ments is also of considerable importance. The antagonistic effect between K and Mg
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or Ca is well known but interpretation for other nutrients is not often easy because a
particular fertiliser also contains another anion or cation which may also have an ef-
fect. Thus, application of rock phosphate not only raises P level but can suppress K
uptake because of the presence of Ca in the rock phosphate. Also, a nitrate or chlo-
ride salt tends to leach out more exchangeable K and Mg than a sulphate salt, and
this may lower the uptake of these cations. Thus, the effect of a fertiliser on leaf nu-
trient levels should not be attributed to the nutrient element alone. Nevertheless,
Hartley [48c] has presented the effects of major elements of leaf composition as follows.

Leaf nutrient

Fertiliser nutrient N P K Mg Ca

N .......................... + 0+  - 0
P .......................... 0 + 0 +
K .......................... 0 ++  0 + -

M g .......................... 0 - +
Ca .......................... 0 0 0 +

+ increase. - decrease. 0 = no marked effect.

0+ both increases and decreases have been recorded.
0+ + small increases have been reported.

Thus, urea might possibly have a lesser depressive effect on K and Mg than ammo-
nium sulphate or nitrate which tends to accentuate leaching of these cations. The de-
pressive effect of phosphate on potassium is most probably due to the calcium in the
phosphate fertiliser. The antagonisms between K and Mg and K and Ca have rele-
vance for balanced manuring in sandy soils where both natural potassium and magne-
sium are in short supply.
It has become apparent in Malaysia at least that leaf analysis alone is inadequate in
assessing fertiliser needs. Data relating to rainfall, sunshine, vegetative growth, soil
moisture and nutrients and the results of fertiliser experiments are necessary to make
the whole business more objective and precise.
Recently, LR. H. 0. workers (Ollagnier M. and Ochs R., Olagineux 26, 1-15 [1971])
have claimed chlorine to be an essential element for oil palm. As this claim is based
solely on leaf analysis data, its verification by experimentation would be necessary.

8.5.1 Field sampling errors

While foliar analysis from experiments may be entirely representative of the plots be-
cause all the palms are sampled, the same cannot be said of commercial fields which can
vary from 10 to 100 ha in size. In practice, a sub-sample of the population is taken and
most commonly, a 1% random sample of palms is practised [7]. This has stemmed
mainly from the work on leaf No. I of palms in Nigeria [104]. How precise such a
sampling device is in different conditions has not been as extensively studied as the
diagnostic aspect. The few studies that have been made are largely confined to Nige-
ria and Malaysia.
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In Nigeria, sampling studies were carried out by Smilde and Chapas [86] and Smilde
and Leyritz [87], who investigated individual palm nutrient variation of 15 year old
palms. For leaf No. 17, they found that N and P were the least variable, followed by
Ca and Mg and last by K which was quite variable. They concluded that in a 2 ha
homogeneous block, 30 random palms had to be sampled to give results accurate to
within 20% of mean values for K, 10%-20% for Mg and Ca and about 5% for N and
P. These authors were of the opinion that sampling only 30 palms from a field of 20 ha
would not achieve the precision desired.
Ward [104] carried out a larger sampling investigation on leaf No. I which allegedly
is equivalent to leaf No. 3 in Malaysia, also in Nigeria. 512 single palms were sampled
and analysed and he found that N, P and K were less variable than Mg, and Ca was
extremely variable and proposed that a 1% sampling would achieve the precision re-
quired except for calcium. It was based on this finding that the 10th palm every 10th
row technique was evolved.
More recently, Ng and Waiters [68] studied nutrient variation of leaf No. 17 of indi-
vidual palms in three 10 ha sites with a uniform soil type in each site. In the three
instances, the numbers of palms sampled were 312, 750 and 1250. They found that on
the whole, N and P were less variable than K and the most variable were Mg and Ca.
Similar to the finding of Ward, they also found that in one site, there was a large and
systematic variation in Ca. These results point to the need to have a prior assessment
of variation in a particular field and the dangers of blindly applying one sampling
scheme to all areas.
Correcting the Nigerian data to the same formula as used in Malaysia, the sample
sizes in term of individual palms for estimating average nutrient contents in leaf
No. 17 within 5% and 10% of the mean values for the major nutrients are summarised
in Table 41.

Table 41. Oil palm sample sizes (number of palms) for each nutrient and set precision limits
(a) = Smilde and Lerritz (b) = Ward (c) = Ng a,,d Walters

(a) (b) (c)
Site I Site 2 Site 3

5% 10% 5% 10% 5% 10% 5% 10% 5% 10%

N ............... 5 1 12 3 22 4 6 I 3 I
P ................ 5 I 17 4 16 4 87 3 22 1
K ............... 106 27 15 4 125 21 51 13 21 5
Mg .............. 65 16 47 12 141 45 158 50 59 17
Ca .............. 58 15 1231 307 56 11 75 31 173 123

Broadly speaking, the results of Nigeria and Malaysia are in reasonable agreement
and indicate that if a I% sampling intensity is followed such as the 10th palm every
10th row method, for N and P, the precision should be better than 5%, for K about
10% and for Mg 10-20%. For more rapid sampling on rolling to hilly terrain, Ng
and Walters proposed an alternative scheme involving five random points and nine
palms at each point.
Seasonal effects on leaf nutrient levels have not been extensively investigated. In Ni-
geria [87], seasonal variation was found to be small and it was suggested that sampling
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could be carried out at any time of the year except during the April-June period of ni-
trogen flush at the beginning of the wet season. Published data are not available in
Malaysia but work conducted (Hew, unpublished) has shown that differences be-
tween single months could be appreciable but over a yearly period, coefficients of vari-
ation were of the order of 6-10%.
As far as size of sampling unit is concerned, it seems 10 ha would be optimal from
considerations of practicality and palm variation.

8.5.2 Choice of leaf

The common use of leaf No. 17 for diagnostic purpose may not be the best indicator
as alone it may not be sufficiently sensitive in showing more rapid or short term
changes in nutrient supply. Because of this, it has been suggested that use of a nu-
trient gradient analysis involving leaves Nos. I, 9 and 17 may be more appropriate.
Certainly, this proposal is worthy of further examination. Ng et al. [67] suggested
that for boron and manganese, leaf No. 3 may be more sensitive.

8.6 Soil analysis

Soil analysis for assessing fertiliser requirements of oil palms has lagged behind leaf
analysis, principally due to the following limitations: (a) there is a large volume of
soil for the oil palm roots to extract nutrients and this cannot all be accounted for by
soil analysis, (b) the oil palm, being a perennial, can take up nutrients released by
slowly weathering minerals and (c) nutrient availability is affected by other factors
such as moisture regime, soil structure which are not measured in chemical analysis.
These difficulties had contributed to the generally poor correlations obtained and
therefore the lack of interest in soil analysis by oil palm research workers. Yet, in re-
trospect, it is to be wondered whether many of the fertiliser experiments conducted
would not have had an enhanced value if primary information on profile characteris-
tics and chemical properties had been provided in complement to leaf analysis.
At least, the extrapolation of experimental findings to other soils or localities would
have a better base. Also, the effect of past manurial applications on soil nutrient sta-
tus might have been better known.
The use of soil analysis in oil palm nutritional work has been mainly confined to Ni-
geria and Malaysia. In Malaysia, soil analysis specifically for oil palms had been lim-
ited and information on nutrient status and physical properties has been drawn from
more general analysis performed on soil units defined by soil surveys. However, the
analytical work done [42, 60] has given a fairly clear pattern of nutrient status as
briefly described as follows.

1. The generally higher nutrient status of the marine clays on the west coast of West
Malaysia, particularly in P, K and Mg and occasionally N.

2. The very low K and Mg reserves in soils derived from granites, sandstones and
quartzites, older and sub-recent alluvial sediments.
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3. The very low K status of soils derived from basalts and andesites.
4. The variable but higher status of K of soils derived from shales.
5. The very low N and P status of soils derived from pale coloured shales.
6. The extreme acidity of acid sulphate soils and low K and Mg status.
7. The generally low N and P status of most inland soils derived from acid igneous

and sedimentary rocks, and the higher P status of soils derived from basic rocks.

Admittedly, such information is not precise enough for making exact fertiliser recom-
mendations but it is at least an aid in planning fertiliser experiments and interpreta-
tion of results. This dual approach of soil morphology and nutrient characteristics is
in line with international advances in Soil Science. In a broad sense, there has been
reasonable agreement between this macro-differentiation and main results of fertiliser
trials for both oil palm and rubber in Malaysia. Thus, on the granitic soils, Rosenquist
[83] and Pushparajah [80] found potassium to be the major limiting factor in yield
performance during maturity. On soils derived from sandstone, Ng [63] reported
a yield response of young palms to potassium and this is in agreement with a similar
finding for rubber.
In Nigeria, soil analysis had been carried to a more advanced stage at the Nigerian
histitute for Oil Palm Research. In earlier work, Tinker and Ziboh [99] found a sig-
nificant relationship between K mole fraction (Exch. K/cation exchange capacity)
and yield of fruit bunch in most areas. Later, Tinker [95] obtained a better relation-
ship by using thermodynamic parameters of activity ratio (AR), which also took alu-
minium into account. For an Acid Sand soil, correlations were found between ex-
changeable K, mole fraction and AR without aluminium and leaf potassium as well
as individual palm yield [36]. If the mole fraction was 0.015-0.020, K status was
probably marginal and when it was less than 0.015, a likely response was expected.
An activity ratio of 0.006 was considered critical.
In Dahomey, Ochs [70] also found relationships between exchangeable K in the top
20 cm and leaf K. When K in leaf No. 17 was 0.9%, soil K was about 0.2 m.e., but
when it was 0.1 m.e., leaf K was around 0.3-0.5%.
In Congo (Brazzaville), Prvot and Ziller [79] showed a relationship between water
soluble Mg and deficiency symptoms. Tinker andZiboh [99], working on 26 Nigerian
and 10 Congolese soils found that symptoms were usually related to exchangeable
Mg. However, exchangeable K also had an effect. In 1963 Tinker and Smilde [96]
found a correlation between exchangeable Mg/K ratio and Orange Frond score of
palms near Benin. Where the Mg/K ratio was greater than 4, a score of less than 10%
was found but where the ratio was 4-2, the score went up to 30%.
No clear correlationships between soil N and P indices and leaf N and P or yield
have been recorded.

8.6.1 Changes in soil nutrients during life of plantation

This aspect has only been studied in Nigeria [54, 94]. The most serious loss is in K
but Mg and Ca losses from Benin fasc were also substantial.
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K Mg Ca

Depth cm ................. 0-15 15-45 0-15 15-45 0-15 15-45
Loss kg/ha over 1945-61 .... 97 113 71 147 632 539

The type of treatment of vegetation can also affect soil nutrients. In burnt areas, there
was a large initial build-up of K due to the ash of the vegetation but this lasts only
about 5 years and a gradual decline then ensues. In areas which were not burnt, it
was found that there was a rapid release of K from the vegetation followed by Mg
and Ca in the top soil.

8.7 Deficiency symptoms

Certain nutrient shortages in plants are reflected in well defined symptoms. Generally.
when such symptoms become visually distinct, the deficiency is already in a fairly ad-
vanced stage. Symptoms of known and suspected nutrient deficiencies of the oil palm
have been elaborately described by Bull[19, 20]. Broeshart et al. [16] and Turner and
Bull [100].

8.7.1 Nitrogen deficiency (Plate No. 1)

N deficiency is mostly found in young immature palms in situations where the soil is
inherently poor such as very sandy soils, ill drained or very shallow as found in later-
ite soils. A general chlorosis of the leaflets is the main symptom. The fronds first be-
come pale green, then pale or bright yellow as the deficiency advances. Both the up-
per and lower rank leaflets are equally affected. Finally, purple or brown discolora-
tions appear, usually towards the tip of an affected pinna. Pinnae of newly emerging
leaves may become progressively narrow.

8.7.2 Potassium deficiency (Plate No. 2 + 3)

This disorder is characterised by three major symptoms, i.e. Confluent Orange Spot-
ting, which is common in Malaysia and Africa, Orange Blotch and Mid-Crown Yel-
lowing which are found more commonly in Africa. Potassium deficiency is most com-
mon on light sandy soils.
(a) Confluent Orange Spotting. Initially, this disorder is shown by the appearance of
small, rectangular-like pale green spots on the pinnae of older leaves. The spots are
best seen against light. As the deficiency advances, the spots increase in size and
change to olive green and then bright orange. These spots or lesions may fuse to form
compound orange spots, hence the name Confluent Orange Spotting. The lesions are
usually less than 5 mm in length and may be partly necrotic. Finally, the spotting
ends in terminal and marginal necrosis of affected leaflets in older leaves.
Orange Spotting may also be of genetic origin [34] which can be distinguished by its
occurrence on isolated palms only.
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(b) Orange Blotch: In Nigeria, this was known as Mbawsi symptom but orange
blotch is probably more precise. Large, somewhat elongated, diffuse olive green
blotches on pinnae of older fronds constitute the first symptom. These blotches usual-
ly appear about halfway along the length of the pinna. As leaves become older, the
blotches become bright yellow and later orange with little necrosis. Ultimately, the
tissues are invaded by weak parasites and become brown or purple in colour. This
symptom is rare in the Far East, being reported only in sands and some peat soils
[100].
(c) Mid-Crown Yellowing. This disorder is marked by a dull brown or ochre chlorosis
on young fronds on the upper part of the crown and the discoloration is strikingly
uniform. The chlorosis first appears at some point in the leaflet, expands until the en-
tire leaf is uniformly yellow in colour. Later, a clear band of necrotic tissue develops
around the margin of the yellow pinnae. Often, affected palms also show Orange
Blotch symptoms.

8.7.3 Magnesium deficiency (Plate No. 4)

This deficiency is generally termed as Orange Frond in view of the vivid chlorosis seen
in severely deficient palms. The disorder first appears as olive green or ochre-coloured
areas at some point on the leaflet and these merge gradually into the healthy green
tissue. The discoloration begins as a narrow ochre patch or strip lying between two
adjacent lateral veins and the yellow colour spreads along the leaflet towards the base
of the leaflet as the deficiency advances. The colour changes from ochre to bright
chrome yellow and finally to a deep orange. A characteristic is that areas of the leaflet
protected from direct sunlight by shading are not chlorotic. Thus, lower rank leaflets
remain greener than those of the upper rank. Usually, these affected leaflets are at-
tacked by fungi. The symptom characteristically appears first in the older fronds.

8.7.4 Boron deficiency (Plate No. 6)

Various symptoms thought to be attributed to boron deficiency have been described
in Africa [16, 32] and Malaysia [100]. Boron deficiency has been reported to have
affected large areas of palms in Colombia in South America [Ollagnier, priv.
comm.]. In Malaysia it was considered that the various symptoms represent differ-
ent facets of the same syndrome. In Malaysia, the most common symptom is Hook
Leaf but other symptoms such as Leaflet Shatter, Blind Leaf, Bristle Tip and Hook
Leaf-Little Leaf are said to be associated with boron deficiency. It should be empha-
sised that there is little experimental evidence that boron deficiency is really responsi-
ble for all these symptoms and the following statements are therefore largely tenta-
tive.
Hook Leaf gives a rounded outline to the tip of the youngest frond. The pinnae in the
terminal section of the leaf are shortened and the leaflets are abnormally rigid and
more closely packed. A distinctive terminal hook then appears at the apex of one or
more pinnae on an affected leaf. The hook may itself be corrugated and is normally
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fragile. In severe cases, the midrib may show one or more acute bends which give the
lamina a zig-zag outline. However, Hook Leaf may also be associated with abnormal
palms.
Leaflet Shatter tends to be associated with palms less than 10 years old. Affected leaf-
lets droop very abruptly from one particular point along their length and bending is
usually more severe on one side of the leaf than the other. Complete fracture at the
midrib occurs at the point of bending. Whether wind has any influence on this is not
known.
Bristle Tip is usually associated with Hook Leaf but at the apex of the leaf, the nor-
mal pinnae are replaced by a tuft of long fibrous bristles arising from the tip of the
rachis of the truncated leaf.
Hook Leaf-Li/tle Leaf. This is different from the Little Leaf of pathogenic origin.
Advanced symptoms of this disorder are uncommon in Malaysia. In affected palms,
the newly emerging leaves are reduced in size and show extensive deformation of the
pinnae. The pinnae normally show extensive hooking or folding. The apical leaflets
remain laterally fused to produce a large compound mass of laminar tissue.
To correct the deficiency, an application of about 110 g (4 ounces) per palm is generally
used in Malaysia.

8.7.5 White Stripe (Plate No. 5)

This disorder is commonly encountered in oil palm plantings in Malaysia and is most
prominent in palms of 3-6 years old. Less severe symptoms can be observed in palms
up to 20 years old. The symptoms pass through different stages of severity in growing
palms. Typically, light symptoms are seen in palms of 2-3 years in age, then they turn
severe at 3-5 years as crop builds up and finally a phase of less obvious White Stripe
from 5-6 years. Observations indicate that it is strongly associated with ground cover
conditions. A vigorous legume cover on a light soil or inadequate potassium manur-
ing, generally provides the most severe symptoms.
The first symptom is indicated by the youngest leaves becoming abnormally dark
green in colour, and erect in habit and the rachis does not bend downwards away
from the spear. The leaflets show narrow bands or stripes of chlorotic tissue as the
disorder develops. Initially, the chlorosis produces a clear white or very pale yel-
low longitudinal stripe which is very sharply defined from the adjacent green tissue.
As symptoms become more severe, the chlorotic stripe widens and the margin be-
comes more diffuse but usually one stripe is found on one side of the leaflet. Rajarat-
hlam [private communication] found that the white tissue is devoid of mesophyll cells.
The rachis and leaflets become abnormally slender and the latter fragile and finally
the entire leaf becomes fore-shortened.
There is no direct evidence of the actual cause of White Stripe but foliar analysis has
indicated high nitrogen and low potassium are mostly associated with it. Turner and
Bull suggested that White Stripe begins to appear when the N/K ratios in leaf No. 17
exceeds 2.5 but this does not always apply to all situations. Boron shortage has not
been entirely ruled out as a possible cause as it has been reported in South America
that borax application alleviated White Stripe symptoms. More recent opinion is that
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the disorder, like some type of Confluent Orange Spoting, may also be of genetic ori-
gIn.

8.7.6 Peat Yellows

I his disorder has been observed in palins on peat soils in West Malaysia and it has a
marked effect on yield.
The malady is indicated by the appearance of pale green to whitish interveinal chlo-
rotic streaks of leaflets on the youngest expanded leaf 1The chlorosis extends from the
pinna tip to within 5-7 cm of the base. As the disorder ad' ances, a diffuse uniform

yellow speckling develops within the chlorotic streaks which become more pro-
nounced yellow in colour. ]he lesions coalesce and large areas of tle pinna become
unifornly pale orange In colour. In older palms of 8 10 years of age, young flonds
and leaflets are considerably shortened and except for the very new and spear leaves,
the rest of the crown is chlorotic.
The cause is still uncertain but uricronutrient deficicncies may be involved as copper
levels are commonly very low, i.e. I 4 ppim; potassiuam is also low although magne-
slum is high. Lately, N.g and Hew wpubliheds ' lound that zinc levels in leaf No 17

were also very I ow at 5-8 ppm as against 15 ppl In normal pahls. Experiments with
urace elements have been ]aid down to correct the disorder but in view of the con-
mon finding that responses to trace elenentus are inconsistent i5I, other factors may
also be involved.

8.7.7 Ihyperaeiditv disorder (Plate No. 7)

The disorder is found on palms planted on acid sulphate clays or cat clays wshich had
developed by the drainirg of former brackish and sulph u rous swamps. Such soils ale
found in the coastal areas of Malaysia and yields are very low. The pl of the surface
horizon is generally less than 3.5 in water and this drops to below 30 in the subsoil.

Intensive drainage accentuates the disorder rather than improves it. Undoubtedly this
very low pI has a strong influence on nutrient availability.
Apart from soil characteristics, the extremely acid condition is indicated by very
spiarse or bear ground cover. Legumes hardly establish on this land and grasses are
sparse, the common vegetation being a sedge, Firitjlis sptp. The typical symptom
is the gradual necrosis of leaflets and as it progresses, more and more leaves beconie
dessicated except for the spear and young leaves. At this stage, there are hardly any
fruit hunches on the palm.
UntiI recently, there were no profitable means of ameliorating these soils. Heavy ill-
tmg is neither successful nor economic bul lieus and Khoo have shown that a coombi-
nation of blocking tip the drains during dry spells, application of bunch ash, potas-
sitin and magnesium could bring such palins back to econoliic production,.
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8.8 Fertiliser recommendations

The preceding data have indicated that through the years, the requirements of the oil
palm for fertilisers have been on the increase steadily especially with the newer plant-
ing materials. However, there is considerable variation in fertiliser needs, depending
on climate, soil type and nutrient status, age of palms and level of fruit production.
As a result, general fertiliser recommendations may not be as valuable in practice and
very few recommendations have been published prior to the sixties but since then, Ja-
cob and von Ueykull [53], Werkhoven [106] and Geus [39] have assembled useful infor-
mation on manuring oil palms. Although not specific, such data serve as general
guides and refinement can be made after evaluation of soil and leaf analysis data and
yield records. More recently, more elaborate fertiliser recommendations have been
made for the Far East, Africa and South America and these are presented in Appen-
dices 1-7.

8.9 Other aspects of fertiliser use

8.9.1 Placement

In principle, nutrients should be applied at sites with the highest concentration of
feeder (tertiary and quaternary) roots in order to achieve maximum uptake. For the
oil palm, it can be surmised that the feeder roots expand outwards with palm age
after establishment in the field. The distribution of tertiary and quaternary roots of im-
mature and mature palms has been studied in the Ivory Coast by Ruer and in Malay-
sia by Gray. Both these workers found that in palms of up to 2 years in the field,
most of the feeder roots were located within 2 in of the palm base. In palms of 3-5
years, the feeder roots were mainly found within 4 m of the base although the higher
density was still within the 2 m radius. For older palms, the feeder roots were more
evenly distributed and in 9 year old palms, Ruer found that the majority were within
3-5 m of the base and this is more or less the finding of Gray.
As a result, Ruer recommended that for palms of 1-2 years in the field, fertilisers
should be placed in a circle band between 1.5-2.5 m of the base and for palms of 3-5
years, application should be restricted to 1.5-4.0 m. For palms of such age, these rec-
ommendations are also practical because of the existence of either legume or natural
covers in the inter-rows. Thus, during this period, applying fertilisers at the periphery
of the weeded circle is quite sound. Placement studies using radioactive tracers car-
ried out by Broeshart [15] have also shown that for immature palms, placement near
the palm base is most effective but for mature palms, no optimal position was estab-
lished. It appears that for mature areas, two options are open to choice. On terraced
land or areas with appreciable growing vegetation, fertilisers can be applied near the
edge of the weeded circle, and on flat land with little ground cover, inter-row broad-
cast may be practised and there is also the possibility of mechanisation.
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8.9.2 Frequency

Work in Africa, mainly with potassium on mature palms has indicated that annual
application is not necessary and one large application can last for three years. In the
Far East, similar experimentation has not been conducted and comparison is not
meaningful. Generally, for mature areas in Malaysia, potassium, phosphate and mag-
nesium are usually applied once a year while nitrogen may be applied twice. For
palms in the first two years, 4-8 rounds a year are common. Clearly, there is a need
to examine current practices in the Far East because of the large rates of application
and the occurrence of rainfall in heavy thunderstorms when more than 250 mm of
rain can fall in a few hours. Under such conditions, leaching losses may well be sub-
stantial should heavy rain follow fertiliser application. This is particularly pertinent
for nitrogenous fertilisers.

8.9.3 Form of nutrient

This mainly concerns nitrogen because of the developments of alternate sources of ni-
trogen. With the advent of more concentrated and cheaper sources of nitrogen, the
efficiency of urea against sulphate of ammonia or ammonium nitrate for oil palms
needs to be thoroughly evaluated. Results of investigations in Africa seem to show
that urea is as efficient as sulphate of ammonia or ammonium nitrate. Unfortunately
similar work has not been carried out in Malaysia. However, it has been shown [105]
that on inland soils, as much as 28% of the N in surface applied urea can be lost but
on the coastal clay soil, the loss was only 6%. Also Acquaye and Cunningham [1]
showed that losses were considerably reduced by raking urea into the soil. In view of the
prospects of considerable savings, investigations on the use of urea should be actively
encouraged.
A problem with nitrate fertilisers is that not only is it more easily leached out but also
it accelerates leaching of basic cations. On the other hand, ammonium sulphate in-
creases soil acidity and eventually leads to greater leaching of nutrients.
As far as phosphatic fertilisers are concerned, rock phosphate has been found to be
effective because soils planted with oil palms are generally strongly acid with a pH of
less than 5.5. Where the soil is only weakly acid as some of the volcanic soils with pH
of above 6.0, it is likely that soluble phosphates are more effective.

8.10 Economics of manuring

Fertiliser cost is a major input factor in palm oil production and the prospect of get-
ting profitable returns from such expenditure is constantly in the mind of plantation
management. Few studies on the economics of manuring oil palms have been carried
out but those that have been undertaken have shown that economic responses depend
on yield levels as well as market prices but on the whole, profitable returns are not
difficult to achieve. In one of the earliest studies, Guenn [43]. in Nigeria estimated that
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for palms yielding in the region of 12000 kg/ha/yr, a response of 7.5% to a total ap-
plication of 6.4 kg/palm of complete fertiliser comprising sulphate of ammonia, rock
phosphate, muriate of potash and magnesium sulphate would be profitable. The
prices of fertilisers used for the calculations are given as follows:

Fertiliser £/t Plant nutrient £/t

Sulphate of ammonia ........................ 24 N 114
Rock phosphate ............................ 19 P.O 53
M uriate of potash ........................... 26 K 2 0 43
M agnesium sulphate ......................... 19 M gO

For palms which are more productive as those in the Far East, it can be predicted
that break even responses are lower and this was shown by Paterson [73] in Malay-
sia. The various increases in yield required to show a profit in Malaysia are presented
in Table 42. Thus, it can be said that for palms yielding in the region of 25 t/ha/yr, a
significant response obtained in a fertiliser experiment strongly suggests that such a
level of response is also economic.

Table 42. Percentage increases in yield required to show a profit

Fertiliser kg/palm Nutrient Yield I/ha 7.4 12.4 17.3 22.2 27.2
kg/ha 0/0

Nitro-26 ............. 1.8 66 N 21.7 13.0 9.3 7.2 5.9
CIRP ............... 1.8 91 P'O 10.3 6.2 4.4 3.4 2.8
Muriale of potash .... 1.8 151 K,O 16.3 9.8 7.0 5.4 4.4
Kieserite ............ 1.8 66 MgO 13.3 8.0 5.7 4.4 3.6

Fertiliser cos: per tonne material per kg nutrient

Nitro-26 MS275 N MSl.06
CIRP M$120 P,0 s  MSO.33
Muriate of potash MS205 K,O MsO.34
Kieserite M$165 MgO M $0.63

Table 43. Economic analysis of responses obtained in experiments on young mature palms in Ma-
laysia

Yield Net income at palm
oil' f.o.b.

Expt, Response Response Duration Costs/ha SM Prices (S/t) of
level t/ha yrs F H&P total 400 500 600

No.I K, 4.17 2 195 126 321 351 450 546
P. 4.74 2 82 143 225 383 489 635

No, 2 K 3.95 I 242 118 360 339 427 504
No.4 K, 6.84 51/ 395 205 600 590 736 867
No.5 N, 4.92 511 143 148 291 440 553 679

K, 11.58 5/ 198 348 546 1188 1252 1509

F = Fertiliser H &P = Harvesting & Processing
* After deduction of duty
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Using responses actually obtained from very recent fertiliser experiments on young
palms in West Malaysia, Ng [63] showed that the small to moderate early responses
during the 3rd to 8th year of planting were very profitable at palm oil prices of
MS500/t but even at a low f.o.b. price of M$490/t, most of the responses were prof-
itable (Table 43).
Therefore, the preceding findings clearly indicate that fertiliser use, if effectively ap-
plied, can be a very sound investment and enables planting of oil palms to be more
profitable.

8.11 Yield projections of fruit bunch

The productivity of the oil palm is dependent upon the type of genetic material, cli-
mate, soil conditions, husbandry practices and incidence of pests and diseases. As dis-
cussed earlier, climate, primarily rainfall, exerts an overriding effect on the level of
expression of full genetic potential. This is evident in the vast difference in yield levels
of comparable planting materials in Malaysia which has a favourable climate and in
Nigeria which has a pronounced dry season. Such differences in yield levels can be
expected to have an appreciable influence on the intensity of fertiliser use on oil
palms in a given environment. Thus, yield data of plantations of various oil palm re-
gions serve a very useful guide to the projections of probable fertiliser needs.

Table 44. Bunch yields of post war Dura plantings on inland and coastal soils in West Malaysia

t f. f. b./ha/annum [2]

Years from planting (a) Inland soils (b) Coastal soils
Average Best Good Average Poor

4 ............................... 2.3 4.5 9.9 7.4 6.1
5 ............................... 5.8 9.5 19.8 11.1 8.6
6 ............................. 8.9 13.4 18.6 14.4 12.4
7 ............................. 11.3 18.3 2 1.0 17.3 14.9
8 ............................. 13.7 20.8 23.6 19.8 16.0
9 ............................. 15.5 22.3 24.8 21.0 18.6

10 ............................. 16.7 21.8 23.6 22.3 19.3
11 ............................. 17.6 21.3 22.8 21.8 19.8
12 ............................. 18.1 21.0 22.3 21.0 18.6
13 .............. ............... 18.2 20.8
14 1............................. 8.3 20.6 21.0 19.8 18,6
15 ............................. 18.2 20.31 ............................... 18 0 20.016 18.0 2.
17 ............................... 17.7 19.7
18 ............................... 17.5 19.3 19.3 18.6 16.0
19 ............................... 17.2 19.0
20 ............................... 16.8 18.6
21 ............................... 16.4 18.2
22 ............................... 16.1 17.8
23 ............................... 15.7 17.4 16.0 14.9 13.6
24 ............................... 15.3 17.0 I
25 ............................... 14.9 16.71
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Table 45. Bunch yield of D x T and D x P material on inland soils in West Malaysia
t ff.b./ha/annum [21]

Years from planting Dx T Dx P

Range Mean Range Mean

3 ....................................... 0-6.2 2.7 0-8.6 1.2
4 ....................................... 1.2-18.6 8.9 0-17.3 6.0
5 ....................................... 6.2-26.0 15.8 6.2-23.5 12.1
6 .................................. .... 9.9-22.0 16.5 5.0-28.2 18.1
7 ....................................... 15.0-25.0 20.2 16.0-25.0 21.2
8 ....................................... - - 17.3-23.6 21.1

Table 46. Yield estimates for D x T material on coastal clays in West Malaysia
I f.f.b./ha/annum [7]

Years after planting Class A areas Class B areas

3-4 ...................................................... 12.5 11.2
4-5 ...................................................... 2 1.2 17.5
5-6 .............................. ....................... 23.7 2 1.2
6-7 .............................. ....................... 26.2 23.7
7-8 ...................................................... 27.0 24.5
8-9 ...................................................... 27.2 24.7
9-10 ..................................................... 27.2 25.0

For West Malaysia, such projections of yield of various planting materials have been
made by Bull [21] and Bevan el at. [7], and these are presented in Tables 44 to 46. It
can be seen that major soil differences have an influence on yield levels in West Ma-
laysia. Yield projections for West Africa are not available but from miscellaneous
published records, yield levels are probably within 40-60% of those in Malaysia.
More recent observations indicate that the expected declines in yield after the tenth
year of planting are likely to be appreciably smaller due to advances in husbandry
methods including sound manuring programmes.



Appendix I (A)
Rates of Sulphate of Ammonia (N) and Muriate of Potash (K) recommended for young plantings on four major sail groups in West Malaysia
(kg/palm)

Years in field 1. Sandy loams to sandy clays 1I. Clays from basic igneous Ill. Silty clay from shales IV. Marine clays
from granite, sandstone, older rocks
alluvium

N K N K N K N K

1 0.68 0.45-0.90 0.45 0.68 0.45-0.68 0.45 0-0.23 0
2 0.90-1.36 1.36-2.50 0.68-0.90 1.36-1.60 0.68-1.36 1.14 0-0.23 0.45-0.68
3 0.90-1.36 2.27-3.41 0.68-0.90 2.04 0.68-1.36 1.60-2.04 0-0.23 1.14-1.60
4 0.90-1.60 2.73-3.86 0.90-1.14 2.04-2.73 0.90-1.60 2.04-2.73 0-0.23 1.14-1.60
5 1.14-1.81 2.73-3.86 0.90-1.14 2.73 1.14-1.81 2.04-2.73 0-0.23 1.81-2.04
6 1.14-1.81 2.73-3.86 1.14-1.60 2.73 1.14-1.81 2.04-2.86 0.90-1.14 1.81-2.04
7 1.81-2.04 2.73-3.86 1.60 3.41-3.64 1.60-2.04 2.73-2.86 0.90-1.60 1.81-2.73
8 1.81-2.73 2.73-3.86 1.60 3.41-3.64 1.60-2.73 2.73-2.86 0.90-1.60 1.81-2.73

Source: Hew and Ng [50]

Appendix 1 (B)
Rates of Christmas Island Rock Phosphate (P) and Kieserite (Mg) recommended for West Malaysia (kg/pal,)

Years in field 1. Sandy loams - sandy clay 11. Clays from basic rocks Ill. Silty clay oams -silty clays IV. Marine clays
loams from granites, sandstone from shales
and older alluvium

P Mg P Mg P Mg P Mg

1 0.45-0.90 0.23-0.45 0.23-0.45 0.23 0.45-0.90 0.23 0 0 .
2 0.68-1.14 0.45-1.14 0.23-0.45 0.45 0.68-1.14 0.45 0 0 0
3 0.68-1.60 0.90-1.14 0.45-0.68 0.45-0.68 0.68-1.60 0.68-0.90 0 0

4 0.90-1.60 0.90-1.60 0.90-1.14 0.68-0.90 0.90-1.60 0.90-1.14 0.23-0.45 0-0.23
5 1.14-1.60 1.14-1.60 0.90-1.14 0.68-0.90 0.90-1.60 0.90-1.36 0.23-0.45 0-0.23
6 1.14-2.04 1.14-1.81 0.90-1.14 0.90 1.14-2.04 1.14-1.36 0.23-0.45 0-0.23
7 1.60-2.04 1.36-1.81 1.14-1.36 0.90 1.14-2.04 1.14-1.60 0.45-0.90 0-0.45
8 1.60-2.04 1.36-1.81 1.14-1.36 0.90 1.36-2.04 1.14-1.60 0.45-0.90 0-0.45

Source: Hew and Ng [50]
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Appendix 2
A schedule of maurintig poivbag nursery paints in IVest Malaysia, using a compound 12/12117/2
(NPK Mg) fertiliser [7]

Age (months) Amount/palm
(g)

5 ..................... ............................................... 7
6 .................................................................... 14
7 ......................................... ............ .......... .... 14
8 .... ..... .... .... .... .... .... .... .... ...... .... ... ..... ... .... .... .. 14
9 ..... ..... ... ..... ... ..... ... .... .... ..... ... ..... ... ..... ... .... ... 2 1
10 .... . 21
II ....... ............................................................ 28
12 .................................................................... 28
13 .................................................................... 28
14 .............................................. ...................... 4 2

Appendix 3
Rates offertiisers recomnended for oil pains in Indonesia (kg/palm). Ollagnier et al. [71]

Year in field Sulphate of Rock Phos- Muriate of
Anmonia phate Potash

N ursery .................................... - - -
I ......................................... 0.50 1.0 0.5
2 ......................................... 0.75 1.25 1.0
3 ......................................... 1.0 1.5 1.25
4 ......................................... 1.0 2.0 1.5

> 4 ......................................... N ot stated 2.0 2.0

Appendix 4
Rates of fertilisers recommended for oil pahn plantings in West Africa (kg/palm)

Country Source Yearin Sal- Urea Phos- Mu- Kieserite
field phate phate riateof

of At- Potash
,notnia

Dahomey Surre & Ziller [90] 0-1 0.50 0.20
1-2 0.75 0.20
2-3 1.00 0.50
3-4 1.00 0.75
4-5 n.a. 1.00
>5 n. a. 1.0-1.5

Dahomey Ollagnier et al. [71] 0-1 0.175 0.20
1-2 0.250 0.50
2-3 0.300 0.75
3-4 0.300 1.00
> 4 n.a. 1.25

Ivory Coast Ollagnier et al Forest Saan- Saannah Savan-
nah nah

0-1 0.25 0.375 0.75 0.125
1-2 n.a. 0.50 1.00 n.a.
2-3 n.a. n.a. 1.25 n.a.
3-4 n.a. n.a. 1.50 n.a.
>4 n.a. n.a. 1.50 n.a.
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Countr, Source Year in Sol- Urea Phos- Mu- Kieserite
field phate phate late of

of Am- Potash
mania

Liberia Ollagnier et al. 0-1 0.50
1-2 0.75 0.50
2-3 n.a. 0.50
3-4 n.a. 0.75
>4 n.a. 0.75

Nigeria Werkhoven [106] 0-1 0.225 n. a.
1-2 0.450 n.a.
2-3 0.900 n. a.
3-4 n.a. n.a.
>4 n.a. 2.27

every 3 yrs

Nigeria, NIFOR Ollagnier et al. [71] 0-1 0.45 0.23
1-2 0.94 0.45
2-3 1.40 0.94
3-4 n.a. 1.40
>4 n.a. 2.30

Sierra Leone Ollagnier et al. (super)

0-1 0.20 0.25 n.a. 0.15
1-2 0.30 0.375 n.a. 0.15
2-3 n.a. 0.50 n.a. 0.60
3-4 n.a. n.a. 0.50 n a.
4-5 n.a. n.a. 1.00 n.a.
>5 n.a. n.a. 1.50 n.a.

Togo Ollagnier et al. 0-1 0.35 0.20
1-2 0.50 0.50
2-3 0.60 0.75
3-4 0.60 1.00
>4 n.a. 1.25

n. a. = data not available

Appendix 5

Rates of fertilisers recommendedfor oil palnt plantings in Central Africa (kg/pain)

Country Yearin Sulphateof Urea Phosphate Muriateof Kieserite
field Ammonia Potash

Cameroon Ollagnier et al. 0-1 0.15 n.a. n.a.
[71] 1-2 0.25 n.a. n.a.

2-3 n.a. n.a, n.a.
3-4 n.a. n.a. 0.40
4-5 n.a. n.a. 0.40
5-6 n.a. 0.50 0.50
>6 n.a. 1.00-1.50 0.50

(double
super)

Congo(Kinshasa) Ferwerda [32] 0-1 0.25-0.50 0.15-0.30 0.20 0.12
1-2 0.50 0.30-0.60 0.40 0.25
2-3 0.75 0.45-0.90 0.60 0.36
3-4 1.00 0.60-1.20 0.80 0.50
>4 0.50-1.00 0.50-1.00 0.80-1.00 0.80-1.00
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Continuation

Country Year in Sutlphate of Urea Phosphate Mtriate of Kieserite
fiehl Ammonia Potash

(triple
super)

Congo (Kinshasa) Ollagnieretal. 0-I 0.10 0.23 0.25 0.10
[71] 1-2 0.15 0.34 0.35 0.15

2-3 0.20 0.46 0.50 0.20
3-4 0.50 0.50 0.75 n.a.
4-5 0.50 0.70 0.85 n.a.
>5 n.a. 1.00 1.00 n.a.

Congo (Brazza- Ollagnier et al. 0-1 0.30 n.a. 0.15
ville) 1-2 0.40 n.a. 0.20

2-3 n.a. n.a. 0.30
3-4 n.a. n.a. 0.40
4-5 n.a. 0.50 0.40
>5 n.a. 1.00-1.50 0.50

Appendix 6
Rates offertilisers reconmendedfor oil pahn plantings it South America (kg/pah).
Ollagnier et al. [71]

Year in Sal- Urea Phosphate M11- Kieser-
field phate riate of ite

of An- Potash
nlon/a

Brazil S. Bahia 0-1 0.50 0.30
1-2 0.75 0.75
2-3 n. a. 1.00
3-4 n.a. 1.20
>4 n.a, 1.20

N. Bahia 0-1 0.50 n.a.
1-2 0.75 n.a.
2-3 1.00 0.50
3-4 1.25 0.75
>4 1.50 1.00-1.20

Para 0-1 0.50 1.00 (super) 0.75 0.125
1-2 1.00 n.a.
2-3 1.00 n.a.

Savan- Forest (super) Savan- Forest
nah nah

Amapa 0-1 0.50 0.50 0.65Savannah 0.35 0.50
1-2 0.50 0.75 1.00andforest 0.50 0.75

(slag) Borax
Colombia 0-I 0.25 1.00 0.50 0.50 n.a.

1-2 n. a. n. a. 0.75 0.50 0.05
2-3 n.a. n.a. 1.25 0.65 0.075
>3 n.a. n.a. 1.25 0.65 0.075

Peru 0-I 0.20 n.a. 0.10
1-2 0.20 n.a. 0.10
2-3 n.a. 0.50 n.a.
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Appendix 7
Rates offertilisers used in the nurseries in Africa and South America (gfpalm). Ollagnier et at. [71]

Country Sulphate of Urea Phosphate Muriate of Kieser-
Ammonia Potash lie

Dahomey .................. - 125 - 200
Ivory Coast (Forest) ......... - 125 -

(Savannah) ..... - 250 250 50
Liberia .................... 400 - --
N igeria ................... . 450 -- - -
Sierra Leone ................- 200 125 (super) - 100
Togo ..................... 250 - - 200 -

Cameroon .................. - .100 -
Congo (Brazzaville) .......... 200 - - - 100
Congo (Kinshasa) ........... 100 - 120 (triple super) 125 50
Brazil S. Bahia .............. 250 - - 250 -

N. Bahia ............. 250 -- - -

Para ................. - 250 500 (super) 250 60
Amapa (Savannah) ..... 250 - 650 (super) 250 -

(Forest) ........ 250 650 (super) 250 -
Colombia .................. - 125 500 (slag) 250 -
Peru ....................... - 100 -- 50
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9. Harvesting and Processing

Although the quality of palm oil is affected by several field factors [8], harvesting forms
a most critical part of oil palm production because all preceding operations can be
largely negated if harvesting is not carried out efficiently. The principal products of
the oil palm are palm oil and palm kernels; palm kernel oil is later extracted from the
kernels leaving palm kernel cake as a by-product. The objective of harvesting is to ob-
tain as high a quantity and quality of oil as feasible. Hitherto, consumer requirements
of palm oil reaching ports of destination are that it should have low amounts of dirt
and moisture, and a free fatty acid (f.f.a.) content of less than 5%. Since a margin
must be allowed for a slight increase in f.f.a. during shipment, it is desirable that palm
oil leaving producin, countries should have an f.f.a. content of less than 3.5%. A dis-
count is levied if f.f.a. exceeds 5% while a small premium may be awarded if it is be-
low this level.
The harvesting of oil palm fruit bunches has to contend with three factors. Firstly,
fruit ripening does not take place evenly on all palms and secondly ripening within
a fruit bunch is also uneven. These two conditions make it impossible to harvest all
fruit bunches which have a maximum oil content of high quality. Bunches varying in
ripeness are therefore harvested and the pragmatic approach is to obtain an optimal
amount of oil of good quality. The third factor is that fruit bunch production is also
not even throughout the year, the peak month having about 12!/2% of the total annual
crop while the lowest month may have only 4% of the total. This means that a flexible
system of labour and transport organisation should be available to ensure that ripe
fruit does not deteriorate in quality.
As the fruit in the bunch ripens, the colour changes from deep purple to reddish
orange and the oil content increases in the process. When the oil content reaches a
maximum, the fruit becomes loose and falls on the ground. As a result of uneven ri-
pening, it takes about 16-20 days for all fruitlets in a bunch to ripen; hence the im-
possibility of getting all fruitlets of the same ripening stage. When the fruitlet falls on
the ground, the f. f. a. content rises rapidly because the enzyme lipase present in the
fruitlet brings about the splitting of fatty acids from the glycerides.
Thus, the fruit bunch has to be harvested neither in an under-ripe nor over-ripe stage.
However, there is no exact criterion for optimal ripeness and it is common practice
bred from experience to harvest when there are two loose fruitlets on the ground per
estimated kilogramme of bunch weight, e.g. 40 loose fruitlets for a 40 lb or 18 kg
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bunch [3,7]. As fruit ripening is not even, it is not economic to harvest daily and the
usual interval between harvesting is 7-10 days as a practical compromise between
quantity and quality of oil.

9.1 Harvesting techniques

9.1.1 Cutting of bunches

The implements used comprise chisels, axes and knives on bamboo poles, depending
on the accessibility of bunches as determined by the height of the palm. Generally,
chisels are used from first harvesting until the ripe bunches are produced at about
3-A m high, after which knives on bamboo poles are used.

9.1.2 Collection of bunches and loose fruit

There are a number of ways to collect cut bunches and loose fruit but the most ac-
ceptable appears to have adult male workers performing the cutting and carrying of
bunches while the women and young workers gather loose fruit. The bunches and
loose fruit are carried to a collecting point or platform near the roadside or rail in
rattan baskets and a kanda stick. On level terrain, wheelbarrows may be used. From
the collecting points, fruit is transported by tractor-trailer or lorry to the factory.
Where a railway system exists, fruit is loaded directly onto tipping trunks or steriliser
cages. In Malaysia recently, there have been developments in transportation of fruit
from the field to factory. In one [5] a container system of transportation was fol-
lowed while in the other, fruit is placed in a large net instead of a container, spread
out at a collecting point and the net with fruit is then lifted into a lorry by a crane
system built into the lorry [10]. This latter method of loading is not only quicker and
cheaper but involves less handling than the conventional manual lifting method. In
the container system, fruit bunches are transferred directly into V2 t capacity contain-
ers which are then lifted onto trailers. It is likely that these systems or modifications
will become increasingly popular because of the following advantages:

(a) there is less handling of fruit and thus oil quality is not lowered,
(b) labour requirement is less as containers or nets are lifted into a lorry or trailer in

one operation, and
(c) crop weights of individual harvesting teams and individual fields can be easily and

more accurately obtained.

The harvested fruit should be transported on the same day to the factory where the
fruit should be processed within 24 hours in order to avoid oil deterioration. This
means that field harvesting and factory operations ought to be co-ordinated to ensure
that processing of fruit is not unduly delayed. In general, it must be the aim to pro-
cess all fruit not more than 48 hours after harvesting.
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At the factory, fruit from lorries or trailers are tipped into specially constructed
ramps [4] and thence into steriliser cages.

9.2 Processing at the mill

In parts of Africa where oil palms are planted by smallholders, traditionally crude
and inefficient methods have been used and generally, oil of poor quality is produced.
Since World War 11, there have been significant improvements such as the develop-
ment of the curb press and later the hydraulic hand press [9]. Improved methods of
sterilisation and the use of the hydraulic press have helped to enhance the quantity
and quality of smallholder palm oil from Africa.
However, for most efficient processing of fruits and production of good quality palm
oil on a large scale, the use of a palm oil mill is essential. First used in Africa before
World War 1, such mills are now exclusively used in the oil palm plantations in the
Far East as well as in plantations in Africa and South America.
Palm oil mills can vary in capacity according to the size of the plantation. For planta-
tions of up to 2000 ha, a 10 t/hr throughput is sufficient to handle crops at peak peri-
ods. A 20 t/hr mill should be adequate for plantations around 4000 ha. For very large
plantations of about 8000 ha or more, it has been estimated that a central large mill
of 40 t/hr capacity is preferable to two smaller 20 t/hr mills because of economy of
scale [4].

The milling process (Figure 19)

The major stages of fruit processing are as follows.
(a) Sterilisation: Most sterilisers are of the horizontal cylinder type and sterilisation
is carried out by steam under pressure. Steriliser cages charged with fruit bunches are
entered into the steriliser and steam is gradually introduced until the pressure and
temperature are at 2 kg/cm2 and 1300 C respectively and these conditions are main-
tained for about 40-55 mins. The total time of sterilisation is 60-75 mins. Usually, a
steriliser can hold 2 or 4 cages each of which has a capacity of 2 % t of fruit. The pri-
mary objective of sterilisation is to loosen fruitlets on the bunch to facilitate subse-
quent stripping but at the same time, the fat splitting enzyme, lipase is destroyed.
(b) Stripping of fruitlets from bunches. The fruitlets are separated from the bunch
stalk and spikelets in a rotary drum or beater arm stripper, the latter being used only
in small mills of less than 10 t/hr capacity. The rotary drum is made of horizontal
metal bars with adequate space between them to permit the stripped fruitlets to fall
through onto a conveyor which takes them to the digester. The empty bunch waste is
carried out at the other end of the drum.
(c) Digestion: The purpose of digestion is to press out the oil from the mesocarp of
the fruit end this process is therefore most important. Heat is provided in order to as-
sist in the loosening of oil containing cells from the fibre in the mesocarp. Digestors
of present day are steam jacketed cylindrical vessels with a central rotating shaft. The
fruitlet is mashed by pairs of stirring arms attached to the shaft. Steam pressure is
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maintained so that the mash leaves the digestor at about 900C. About half of the oil

in the mash can seep through the perforations at the bottom to the crude oil tank.

(d) Oil extraction: Centrifuges were widely used in the past and are still being used

although it is likely that they will gradually disappear from the scene. The digested

mash is charged into a basket of 1.0-1.3 m in diameter and centrifuged at a speed of

950-1250 r.p.m. The load is equivalent to 1-2 t fruit bunches per hour. The opera-

tion from filling to discharging takes about 20-25 mins and the oil is discharged

through the mass via the perforations of the basket into the clarification section. Cen-

trifuges give an oil which is generally sludge free and clarification losses are small. On

the other hand maintenance is more difficult and the outlay is higher. The throughput

is also lower.
Hydraulic presses have generally replaced centrifuges. Two types have been developed;"

the standard with a capacity of about 3 t fruit bunches per hour, and the automatic press

with a higher capacity of 4.5-6.5 t/hr. The standard press seems to be more advanta-

geous for Dura than Tenera fruit. The mash is introduced into the perforated press cage

from the digestor through a hole in a sliding door, and a ram moves upwards to press the

mash and then returns by its own weight. It has been shown that there is an increased loss

of oil in the fibre when the proportion of nuts to fruit exceeds or falls short of a certain

percentage but no explanation for this has been advanced. According to Bek-Niesen

[2], the wear and tear of the standard press is greater than that of the automatic

press in terms of throughput but the latter has a higher maintenance cost.

Very few comparisons of centrifuges and hydraulic presses have been made but the

one study by Georgi [6] in Malaysia showed that there was no difference in efficiency

between the two types of machine but centrifuges gave a clearer crude oil, lower losses

in sludge but a higher oil content in residual cake. However, in view of higher

throughput and lower labour requirement, hydraulic presses have a slight advantage

although this point can be strongly contended.
Screw presses appeared on the scene since the 1950's but developed slowly because of

their higher wear and tear and feared effects of metals on oil quality. However, more

recent tests with screw presses indicated that they were as efficient as the hydraulic

presses and oil was of equal quality and losses were even less [2]. One countervailing

consideration is that screw presses are more suitable for D x P materials because with

Duras, a high proportion of nuts is cracked. Major advantages of the screw presses

are (a) high throughput of 9-15 t/hr and (b) lower capital outlay and power con-

sumption. The maintenance cost is about comparable to those of hydraulic presses.

9.2.2 Clarification

The crude oil from the presses also contains water, dirt and cellular matter. At the

crude oil tank, the oil passes through vibrating screens to remove larger impurities

and whatever material that does not pass through is automatically returned to the

digestor. The screened crude oil is pumped to clarification tanks and nowadays, a

continuous system of separation is usually followed. In these clarifying tanks, the

crude oil is passed to near the bottom of the tank and the oil rises as a thick layer un-

til it reaches the top where it is discharged through an outlet pipe. The intermediate
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sludge-water layer which has a higher gravity than the oil is syphoned off at a slightly
lower level and the oil in it is further recovered in special sludge separators. The
sludge, being the heaviest, collects at the bottom and can be discharged to the sludge
tank. In order to reduce oxidation of the clear oil in the tank, floats can be used.

9.2.3 Kernel extraction

The matter from the press or centrifuge consists of nuts and moist fibre and the first
step is the separation of the nuts from the fibre. Pneumatic fibre separators are most
commonly used. The mixture passes into a large rotating drum which has baffles
mounted on the inside and these carry the mixture upward and allow it to drop. A
current of air passing through the drum carries the partially dried fibre to the exit
tube and blows it out. The nuts fall into smaller lower rotating drum where they are
polished by friction. Recently, stationary direct air separation columns have been in-
troduced in place of the rotating drum and they occupy less space.
The nuts are generally dried in a silo before being screened and graded into size prior
to cracking. Silo drying is not absolutely necessary but for Tenera material, it is of
greater importance. The nuts are then fed into nut crackers where they are hurled
against a cracking ring. Usually, a 90-95% cracking success is achieved. The kernel
and shell are separated in a waler-clay mixture of 1.17 specific gravity. The shells sink
to the bottom while the kernels float and are skimmed off, washed and dried.
More recently, hydrocyclones have reduced the use of clay baths as they use water only.
The mixture is introduced into a tank of water and forced with the water to a cyclone
[2]. Due to a combination of centrifugal and non-tangential forces, the kernels are
discharged at the vortex and the shell at the apex of the cyclone. The kernels are sub-
sequently dried in a silo.

9.2.4 Mill efficiency

In a commercial mill, there is no direct method of measuring efficiency and this is es-
timated by determining oil losses in various components, i.e. steriliser condensate,
bunch refuse, dry fibre, nuts and sludge. Generally, the biggest loss is in the fibre.
The efficiency of present day mills is round about 92-95%.

9.2.5 Quality control at the mall

In every mill, there is a quality control laboratory to carry out certain specified tests
on the oil [I]. These are: moisture content, dirt and free fatty acid content. On the
kernels, amount of foreign material and moisture are normally determined. Discolor-
ation is also assessed by eye.
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10. Composition, Processability and Uses of Palm Oil
and Kernels

10.1 Composition

Palm oil is a semi-solid fat which varies in colour from orange yellow to deep orange.
Oil of low acidity will separate on standing into a yellow solid fraction and a deep red
liquid fraction. It is well known that the oil consists mainly of triglycerides of palmit-
ic, oleic and linoleic acids. Eckey [4] and Lonct and Jacobsberg [I/] have given
ranges of fatty acid composition of 21 samples of commercial oil from the Far East,
and Africa as follows.

Fatty acid Eckey Lonc, and Jacobsberg
Far East and Africa Congo

M yristic .............................. 0.6-5.9 1.2-2.4
Palm itic .............................. 32.3-45.1 41.0-4 3.0
Stearic ............................... 2.2-6.4 4.4-6.3
Oleic ............................... 38.6-52.4 38.0-40.2
Linoleic .............................. 5.0-11.3 9.9-11.2

It can be seen that Eckey's figures are more variable than those of Loncin andJacobs-
berg. More recently, Jacobsberg [6] has given mean values of fatty acid composition
of palm oils of three countries, sampled over a period of six months in 1968 and these
indicate a fairly stable composition (Table 47).

Table 47. Average fatty acid composition of palm oils [6]
Fatly acid Malaysian Cameroon Congo S.P.B.

plantation oil plantation oil plantation oil

Saturated Lauric C, ......................... 0.07, 0.12 0.12
Saturated M yristic C . . . . . . . . . . . . . . . . . . . . . . . .  1.27 1.14 1.02
Saturated Palmitic C, . ....................... 39.60 38.90 45.50
Saturated Stearic C,, ......................... 6.17 6.51 5.90
Mono-unsaturated Oleic C, ................... 39.30 40.80 34.60
Di-unsaturated Linolenic C1  ..................  12.18 10.74 11.81
Tri-unsaturated Linolenic C,. .................. 0.37 0.51 0.29
Iodine value ................................. 58.60 57.70 53.50
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Thus, there is a slightly higher proportion of unsaturated acids in Malaysian palm oil
and Loncn andJacobsberg established the following estimates.

Triglycerides S-S-S approximately .................................... 6%
Triglycerides S-S-U approximately .................................... 48%
Triglycerides S-U-U approximately .................................... 43%

Triglycerides U-U-U approximately .................................... 3%

S = saturated acid, U = unsaturated acid

Palm oil also contains unsaponifiable matter amounting to about 0.3% of the total.

The principal components are phosphatides, carotenoids which give the oil its colour,
tocopherols and sterols. An average composition of such constituents is presented in
Table 48 as given by Jacobsberg.

Table 48. Average composition of unsaponifiable matter in palm oil [6]

Constituents Abundance Compositionppm

Carotenoids .............................................. 500-700 a Caroten 36.2
0 Carotene 54.4

Carotene 3.3
Others 6.0

Tocopherols .............................................. 500-800
Sterols ................................................... 300
Phosphatides ............................................ 500-1000
A lcohols ................................................. 800

Carotene content can vary considerably in the mesocarp of the fruit as Purvis (12)

found that oil from red and orange fruits contained 2560 and 1100 ppm carotene re-
spectively.
Palm kernel oil: Unlike palm oil, palm kernel oil is colourless and resembles coconut
oil and the composition range of fatty acids is shown in Table 49.

Table 49. Composition of palm kernel oil

Fatty acid %

Caprylic C, .................................. ........................ 3-4
C aproic C 10 .......................................................... 3-7
Laurie C l .......................................................... 46-52
M yristic C 14 . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14- 17
Palm itic C, ................ ........................................ 6-9
O leic C , .......................................................... 13- 19
Stearic C,1 ......................................................... 1-2.5
Linoleic Cl ........................................................ 0.5-2

Properties. The common properties of palm oil and palm kernel oil are given by Gehl-

sen [5] as in Table 50.
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Table 50. Common properties of palm oil and kernel oil

Property Palm oil Kernel oil

M elting point * C ....................................... 27-42.5 23-26
Solidification value ' C ..................................... 31-41 20-23
Specific gravity at 15c C .................................... 0.920 0.952
Specific gravity at 401C .................................... 0.896 0.912
Saponification value ....................................... 199-202 241-255
Iodine num ber ............................................ 53.6-57.9 10-23.4

Free fatty acid (f.f.a.). Free fatty acids are formed by the splitting of the long chain
fatty acids from the triglycerides and the f.f.a. content has been the principal criteri-
on of palm oil quality. An upper limit of 5% f.f.a. at port is imposed by consumers
and oil with f.f.a. higher than 5% is considered inferior and a discount is levied be-
cause of greater loss of oil during refining. However, as can be seen later, refining of
palm oil also depends on other factors besides f. f. a.
Free fatty acids are formed by two processes, both of which involve hydrolysis. These
are (a) enzymatic hydrolysis and (b) acid catalysed hydrolysis.
Enzymatic hydrolysis is due to the action of the fat splitting enzyme lipase which oc-
curs naturally in the mesocarp of the fruit. Normally, the oil is protected from the en-
zyme by the membranes of the vacuoles but these can be mechanically ruptured when
the fruit is bruised or crushed during harvesting or transportation. Thus, f.f.a. con-
tent can increase very rapidly although the original content in intact fresh fruit has
less than 0.5% f.f.a. Desassis[3] found that within 15-20 mins, f. f.a. content in meso-
carp increased from about 5% to nearly 40% following crushing. This indicates.
that handling the fruit is relatively more important than getting the fruit to the mill
quickly. Lypolitic degradation can also be brought about by the invasion of fungi
and other microorganisms into the mesocarp, particularly in over-ripe fruit as well as
bruised fruit contaminated by soil during harvesting [14].The enzyme can be com-
pletely inactivated by heating at 55' C and this is achieved during sterilisation. Turner
also found that in Malaysia, further f.f.a. build-up was unlikely during processing at
the mill.
Where water is present, spontaneous autocatalytic hydrolysis can be brought about by
the f. C. a. already in the oil and sufficiently high temperatures around 70' C [9]. Lone/i
and Jacobsberg [10] studied spontaneous autocatalytic hydrolysis of palm oil at 70'
C and found that over a period of 120 days, the content of triglycerides decreased by
more than 50% and the f.f.a. increased from about 5% to 40%, and there were
smaller increases in diglycerides and monoglycerides. Moisture is thus the most criti-
cal factor in this form of hydrolysis. At a moisture content of 0.1%, the splitting rate
becomes negligible. Thus, in well dried oils, no f.f.a. increase should occur during
storage.

10.2 Refining (Figure 20)

Palm oil has to be refined before it is used for the manufacture of edible fats, and this
consists of three steps, (a) neutralisation (b) bleaching and (c) deodorisation. Of the



134 Composition, Processability and Uses of Palm Oil and Kernels

three, bleaching is the most important. The alternative systems of refining are outlined
in Figure 20 [7].
Three bleaching processes are used depending upon the oil concerned. These are as
follows:

(a) bleaching with Fuller's earth at low temperature of up to 100' C,
(b) heat bleaching at about 240' C, and
(c) earth catalysed heat bleaching at 180' C.

With higher temperatures of bleaching, a subsequent neutralisation is necessary be-
cause of the increase in f.f.a. Generally, heat bleaching with Fuller's earth is most
common.
In the bleaching process, the carotenes are destroyed and/or absorbed by the Fuller's
earth. Formerly, it was thought that Malaysian palm oil was better in bleachability
than Nigerian oil merely because it contained less carotene i.e. less than 500 ppm
against 700-1300 ppm. However, later investigations showed that this was not en-
tirely correct; oxidation products probably played a greater role as shown by two
groups of workers. Ames, Raymond and Ward[1] suggested that the inferior bleach-
ability of Nigerian crude palm oil was due to the formation of yellow degradation pig-
ments which were less readily absorbed by the bleaching earth. These resistant pig-
ments were said to be formed from the coupled oxidation of carotenoids and the oil,
the latter being attacked by the enzyme lipoxidase. It was also mentioned that atmo-
spheric oxidation, catalysed by iron could cause a further deterioration of the oil.
Similarly, Loncin and Jacobsberg [1O] thought that autoxidation of the unsaturated
fatty acid bonds led to the formation of hydroperoxides and this action was strongly
catalysed by copper and iron. Copper was found to be about 10 times more active
than iron and amounts as low as 0.3 ppm could cause irreversible damage over very
short periods. Oxidation also destroys the carotene and tocopherols. However, the
peroxide value itself gives no reliable indication of the degree of spoilage since the hy-
droperoxides are highly unstable products. In Sweden, Johannson [8] claimed that
Benzidine value gave a better indication of the state of autoxidation. It is evident that
more research is needed to elucidate the mechanism leading to poor bleachability.

Palm kernel oil: Like palm oil, kernel oil should also have a low f.f.a. content and a
light yellow colour which is easily bleached. The major cause of high f.f.a. is lypolitic
microorganisms and rapid drying is required to prevent such deterioration [14]. A
moisture content of 6-7% in kernels is said to be near the border line of the safe
moisture limit. Turner has also shown that aflatoxin producing moulds such as Asper-
gillusflavus may be found in kernels and a low moisture content is desirable to avoid
such development. There are about six methods of refining kernel oil depending on
the quality of the crude oil.
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Crude palm oil
1 11 111 IVI I Ill I

neutralise heat-bleach neutralise 3% earth-bleach
240-260' C 180 C

(0.5% f.fa. increase) (1% f.f.a. increase)
heat-bleach neutralise 3% earth-bleach neutralise
240-260' C 1800 C

(0.5% f.a. increase) (1% f.f.a increase)

re-neutralise earth-bleach re-neutralise earth-bleach
> 1% earth, 85O C > 1% earth, 85' C

(residual f.f.a. (residual ff.a.
> 0.1%) > 0.1%)

earth-bleach deodorise earth-bleach deodorise
> I% earth, 85' C 1800 C 1% earth, 850 C 180, C

(residual f.f.a. (residual f.La.
> 0.1%) > 0.1%)1 1

deodorise deodorise
1800 C 1800 C

V VII
neutralise 1% earth pre-treatment

earth-bleach steam distillation
> 1% earth, 850 C 30-90 min./230-240 ° C/3 mm

(permissible residual f.f.a. > 0.1%) (residual f.f.a. 0.1%)

deodorise & bleach neutralise
2400 C

carth-bleach
> I% earth, 850 CI

deodorise
170-2400 C

Figure 20. Methods of processing crude palm oil.
Source: Jasperson H. and PriteharIJ. . R.: Trop. Sci. 7 (1965)
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10.3 Uses of oil palm products

Palm oil: The principal end uses are as follows:

(a) edible fats
(b) manufacture of soap
(c) manufacture of candles
(d) tin-plating of iron sheets
(e) fuel for internal combustion engines
(f) greases and lubricants

Of the above, edible fats form the dominant outlet for palm oil. The main edible
products are margarine, bakery and table, and shortenings. Palm oil is particularly
suited to the manufacture of margarine because of its low tendency to turn rancid
and therefore longer shelf life. It has been estimated that world margarine and short-
ening consumption in 1969 totalled about 6 million t [2] and it can be assumed that
palm oil would have had an important portion of this consumption.
For the manufacture of solid edible fats, soaps and candles, hydrogenation of palm oil
is necessary and this is carried out with a catalyst, usually nickel. The hydrogenation
also renders the fat more stable.
The industrial uses of palm oil are very limited.

Palm kernel oil: This oil is also used for the manufacture of edible fats, soaps and de-
tergents. Refined kernel oil has a limited application in pharmaceutical and toilet
preparations.
Palm kernel cake: This by-product is principally used for the preparation of com-
pound animal feeds. It is mixed with more palatable feedstuffs because it has little fla-
vour. Pressed kernel meal has about 6-9% oil while solvent extracted meal has a low-
er oil content of 2%. The press cake tends to turn rancid. Some analytical data for
German and Malaysian kernel cake are presented in Table 51.

Table 51. Malaysian and German chemical analysis of some kernel cakes

Malaysian German
analysis- analysis**

M oisture Y .............................................. II 9.9
F at ............................... .... ................ 8 7.1
C rude Protein ............................................ 15 15.6
C rude fibre ............................................... 10 19.2
N-free extractable substances ............................... 53 44
A sh .................................................... 3 3.9

* The Oil Palm in Malaya. Min. Agric. Co-op. Malaysia p. 232, 196 6.
The Oil Palm, its Culture, Manuring and Utilisation, Inter. Potash Inst. Berne p. 101, 1957.

Palm wine: In West Africa, mainly Nigeria, smallholders obtain palm wine by cutting
the budding inflorescence and collecting the exudates in a vessel. This is very similar
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to the juice called (toddy> collected from the coconut palm. The wine is consumed
locally and apparently, there is good profit in the limited business [13].
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11. The Future

Through increasing world population and rising standards of living, the overall de-
mand for edible fats and oils will continue to expand but whether palm oil can cap-
ture much of this expansion depends largely on its competitive position. Although
palm oil production at present constitutes only about 5% of the total edible oils and
fats, it has to compete keenly with vegetable oils like soyabean and sunflower as weil
as fish oil. As statistics indicate, prices of palm oil in the sixties have trended down-
wards and this also being the long term prospect, it is vital that the oil palm industry
undertakes to modernise itself in production and consumer requirements, and be-
come as highly efficient as feasible. To achieve this, the following considerations need
to be taken into account:

(a) selection of favourable climatic and soil conditions for new plantings,
(b) replanting with high yielding Tenera materials,
(c) expand research on all aspects of production, particularly in breeding, physiology,

nutrition and processing,
(d) initiate consumption research to improve oil quality and meet consumer require-

ments, and enlarge end uses,
(e) secure economy of scale in developing land with oil palm, and
(f) provision of effective and extensive advisory services to growers.

The first point on environment has been adequately dealt with earlier and needs no fur-
ther elaboration.
Since existing oil palm stands greater than 10 years of age are largely Duras, replanting
of old stands with Tenera materials which have an average oil content of 21-23% in the
bunch compared with only 17-18% in Duras, should give about 20-25% more oil on the
same production of bunches per hectare. However, current experience in Malaysia indi-
cates that bunch production of Tenera plantings in early maturity is also higher, proba-
bly because of heterosis or hybrid vigour.
Research on oil palm production in the past 15 years has already brought considerable
benefits such as improved planting materials, polybag techniques, assisted pollination,
better nutrition and plant protection. To reduce cost of production, still higher yields of
oil are necessary and for this purpose, work on genetics and plant breeding has to be sus-
tained. Hardon [4] has provided evidence to indicate that the potential of oil content
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in bunch is as high as 30%; so there is still good prospect of using superior planting
materials in future. Coupled to this, a better understanding of the physiological basis
of flowering, fruit set and development may help to achieve an optimum sex ratio and
even bunch production throughout the year.
Only rudimentary research on oil quality and end use has been carried out thus far
and there is an urgent need to launch investigations in this important field. Markets
for palm oil can only be assured if palm oil is of the right quality and meets consumer
requirements. The development of S. P. oil from the Congo is a step in the right direc-
tion. Production of palm oil to technical specifications from producing countries as in
the case of natural rubber will go a long way to satisfy consumer demands. To ex-
pand markets or outlets for palm oil, it is necessary to promote research into existing
and potential areas where palm oil is used or can be substituted. In addition, techni-
cal advisory services to major consumers should also be provided.
Finally, from the point of view of producer countries to achieve maximum. efficiency
in production, there should be economy of scale in development of new oil palm
plantations. In Malaysia, it is generally considered that a unit should be at least 2000
ha in view of the heavy capitalisation for establishment and factory construction.
Bevan and Goering [2] estimated that to establish an estate of approximately 2400 ha
from jungle into bearing at the end of three years, a total outlay of about M $ 8.3 mil-
lion would be required, inclusive of a factory. They further computed that for such
development on a good inland soil in West Malaysia, the internal rate of return to in-
vestment was 16.9% per annum, using a declining price projection for palm oil of
M 5 600 to M $450 in the seventies. For a plantation of 8000 ha, Cooper and Bevan [3]
in a separate exercise showed that a large central factory with a capacity of 40 t/hr
was more economical in the long run than two 20 t/hr mills, provided the mill was
suitably sited from the point of transportation. Thus, if such advantages in large scale
development are taken and with prospects of better planting materials, the return to
investment in the oil palm industry should be reasonably attractive to potential inves-
tors.
However, the preceding remarks do not imply that oil palm plantings can only be
successful if they are large plantations. Economy of scale and maximum returns from
investment are not the only criteria; social and political considerations may also be
very important. Thus, other forms of development which invariably involve small-
holders are feasible but to ensure economic viability, the small plantings should be
organised as

(a) large land settlement schemes but run along plantation lines,
(b) blocks closely associated or contiguous to a nucleus plantation with processing fa-

cilities and
(c) co-operatives of existing cultivators.

Hartley [5] has described such forms of development in the Far East and West Afri-
ca. The first type of smallholder development has been the normal practice in Malay-
sia where the Federal Land Development Authority develops large parcels of forest
land of more than 2000 ha on behalf of settler families each of which gets a share of 4
ha although the land is not subdivided into such basic units. The scheme is run al-
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most like a plantation with central management and supervision and over the past
decade, this development can be considered to be successful. In the Ivory Coast, the
second form is found and this comprises a nucleus industrial area of 1000-9800 ha
surrounded by individual plantings averaging 3.7 ha per owner [I]. In Dahomey, the
co-operative schemes are found involving original land owners and peasant propri-
etors. In Colombia and Ecuador [Hartley, priv. comm.] smallholder schemes of medi-
um size are also being developed with fair success. With the preponderance of small
cultivators in most developing countries, these types of oil palm development are
likely to gain ascendance over private plantations.
Finally to bridge the gap between research and husbandry practices, the provision of
extensive and effective advisory services to oil palm growers in the first instance is
most necessary. This service is particularly critical for smallholders and some form of
group organisations such as small growers associations are desirable to facilitate des-
semination of technical information. In addition, a technical advisory service to con-
sumers on the use and technological properties of palm oil and kernel needs to be de-
veloped.
If all the above measures are undertaken by the oil palm industry, the future can be
faced with reasonable confidence and so will the wellbeing of any developing country
be better secured.
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