


The Oil Palm, its Culture; Manuring
and Utilisation



The O1l Palm, its Culture,
Manuring and Utilisation

by Ng Siew Kee, Ph. D.*

* Deputy Director, Rubber Research Institute of Malaya. Formerly Senior Soil
Scientist, Department of Agriculture, West Malaysia.

Published by: International Potash Institute, P,O. Box, CH-3000 Berne 14/ Switzer-
land, in collaboration with Institut de Recherches pour les Huiles et Oléagineux
(I.LR.H.0.), Paris{France.



Acknowledgement

Revision of this Monograph (the first edition was published in 1957) was made possi-
ble by the assistance and co-operation of a number of research associates. Special
thanks are due to Mr. C.W.S. Hartley for valuable comments and criticisms and to
Mr. Hew Choy Kean for suggestions and loan of colour slides. The co-operation of
Mr. J. W. L. Bevan, Dr. P.D. Turner and Dr. B. S. Gray is also gratefully acknowledged.
The author is also indebted to Mr. M. Offagnier, Director of Research, Institut de Re-
cherches pour les Huiles et Oléagineux, Paris (France)for having rendered his co-opera-
tion in finalising the publication of this Monograph. Finally, thanks are due to
Dr. H. Oschatz for sustained interest and assistance in the production of the Mono-
graph.



Contents

[P ]

=8

—_—— i — e —
[N O PPRF N I

P -G N N N LPERE VERE PERR VR FERN PO RN PE RN PE RV
QG ~] N B L B e

L Lba Lh La LA
E e S

The Economic Importance of the Oil Palm
Yield of oil

World production

Importing countries

Prices

References

Distribution of the Oil Palm
References

Botanical Description of the Oil Palm
The root system

The stem

Leaves

Inflorescence

Fruit

Seed

American oil palm - Corozo oleifera
References

Ecological Requirements of the Oil Palm
Climate

Soil

References

Planting of Palms

Seed germination and nursery preparation
Field planting

Estabtishment of cover crops

References

Agronomic Practices
Weeding

12
12
14
14
15
16
17
17
18

19
19
22
23

24
25
29
32
35

36
36



2 Contents
6.2 Castration 37
6.3 Assisted pollination 38
6.4 Pruning 39
6.5 Inter-cropping 39
6.6 References 41
7.  Diseases and Pests 43
7.1 Nurseries 43
7.2 Field palms 44
7.3 References 54
8.  Nutrition and Manuring 56
8.1 Dry matter production 56
8.2 Nutrient requirement 60
8.3 Soil fertility conditions 63
8.4 Fertiliser experiments 71
8.5 Leaf analysis 94
8.6 Soil analysis 100
8.7 Deficiency symptoms 102
8.8 Fertiliser recommendations 109
8.9 Other aspects of fertiliser use 109
8.10 Economics of manuring 110
8.11 Yield projections of fruit bunch 112
8.12 References 118
9.  Harvesting and Processing 123
9.1 Harvesting techniques 124
9.2 Processing at the mill 125
9.3  References 130

10.  Composition, Processability and Uses of Palm Qil and Kernels 131

10.1 Composition 131

10.2 Refining 133

10.3  Uses of oil palm products 136

10.4 References 137

1i.  The Future 138

11.1 References 140

12.  Subject Index 141



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 [vo-
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 palin 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 1 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 !. Estimated yields of oil crops by Tempany

Crop il Production 0Qil Potential
bearing kg ha content oil
part o kg/ha
Groundnut .................... kernct 770 43 380
Soyabean ...................... sced 770 17 130
Sunflower ... ... ... 000l seed 880 50 440
Rapeseed ...................... seed 990 42 405
Coconut ....oovvvivnninna vy, kernel 1460 68 994
; fruit 5500 25 1375
Oillpalm .............cvveiiit, kernel 330 prs 162 } 1537

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

Crop %z Gil kgfha oil kglha oil
Jacoby Present estimate

Groundnut ................. 40-45 340~ 440 600-1000
Soyabean ................... 16-19 230~ 400 400- 600
Sunflower,.................. 3245 280~ 700 600-1000
Rapeseed ..........,.... .. 30-45 300- 600 800-1100
Coconut ................,.. 60-65 600-1500 1100-1600
Oilpalm ................... 40-65 ’ 2500-4000 3000-5000

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

Qil 1962 1963 1964 1965 1966 1967 1968 1969
Groundnut ......... 2282 2345 2405 2517 2 460 2164 2186 2464
Soyabean .......... 2609 2723 2841 304 20914 3013 3177 2735
Sunflower .......... 2282 2445 2232 2955 2823 3268 3613 3 582
Cottonseed ......... 21282 2 345 2405 2517 2460 2164 2186 2464
Rapeseed ........... 1173 1082 1127 1514 1400 1582 1677 1627
Coconut _.......... 2114 2200 2214 2 145 2 355 2023 2117 2113
Palm .............. 1186 1186 1200 1223 1227 1150 1309 1477
Palm kernel ........ 405 413 413 423 417 327 359 3N
Total Edible

vegetable oils ....... 14323 14386 15213 16218 16455 17157 18106 17931
Total Animal

Fats ............... 11095 11332 11741 12100 12073 12582 12814 12723
Marine Qils ........ 1235 1020 1137 1136 1157 1334 1345 1309
Grand Total ........ 31728 32039 33553 34844 35373 36073 37427 37485

* t = metric ton.
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1.2 World production
L2.1 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
Angola ... 18 15 15 15 15
Cameroon ........coveieiiiniinn.a 30 34 40 35 40
Congo (Kinshasa) .................... 165 125 147 179 210
Dahomey ................ . ... o0l 45 44 39 34 44
Ghana ........coiiiiii i, 26 37 37 38 38
Ivory Coast ... ..coiiviieiinnnnnn.... 28 28 30 32 35
Liberia ........ ... ... ... .o 0l 12 15 16 17 12
Nigeria .....oovveiniiiiii ., 515 530 508 325 350
Sierra Leone ......coviiiiiini.... 39 3% 40 41 42
Indonesia ............... ...l 161 165 175 174 180
Malaysia .....ooiiiiiiiii i 123 150 190 225 280 326
Others ...l 34 38 40 44 59

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

Country 1964 1965 1966 1967 1968
[0 Ty s ' T+ T a5 38 37 38 49
Congo (Kinshasa) .......ooviiiniiiennnn.. 110 75 RO 95 105
Dahomey .........c.oiiiiiiiiii i 56 55 49 43 56
GUINEa ... e 14 12 10 13 12
Ivory Coast ..ovviinir i iiai e 15 16 17 18 21
Liberia ... e 7 12 12 14 14
Nigeria ... ... .. 408 462 435 250 225
Sierra LeOne .. ..ottt e i i 53 50 56 - 65
Indonmesia ......... ... . i 33 34 33 39 42
Malaysta ... .. i e e 31 16 44 51 63
Mexico ... s 25 26 26 27 27
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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
L0111 1= £ o) | . 8.9 13.0 15.0 17.2 15.5
Congo (Kinshasa) ............ ... vvieiiunans 124 78.6 78.1 115 159
Nigeria . ... ... e 136 152 146 16.7 4.3
Indonesia ....... ... iiiiiiiianiii i 133 126 177 13 160
Malaysia ... e e 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 exporis from principal countries (1000 t)

Country 1964 1965 1966 1967 1968
ANgola ... e 17 14 14 17 12
CaAMETOON o\t i v e e ierve e iaaaeennn 24 24 17 20 26
Dahomey . ... ... . 56 17 6 4 8
GUINER o et iie i iia i iian e iaansrenns 14 12 10 13 12
Ivory €Coast ... 12 13 15 9 10
Liberia . oot e 7 12 12 14 14
| -2 o T P 400 422 400 163 162
Sierra Leone . ... .ovtt it e i e e 53 50 56 12 65
10 7 T 14 15 17 13 13
Indonesia ........coiiiiiiriiiier s 33 33 32 18 40
Malaysia ... ... oo i e 18 19 24 25 36
Worldtotal ... oo s 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 i 1964 1965 1966 1967 1968
Paraguay ... e 323 3.2 4.2 4.1 6.0
CaAMEIOON . .vvtiiteiiet i e nareenannann. 1.3 L1 0.9 1.0 5.0
Congo (Kinshasa) 44.3 31.3 323 41.7 54.8
Dahomey ................ 0 16.7 1.7 16.4 21.0
Nigeria ... .ot 0.9 1.0 6 3718 213
Worldtotal .. ... e, 51.0 54.6 831.4 107.0 115.8

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 ................0o.... 93 111 103 115 99 126
Netherlands ......................... 68 74 64 69 65 71
France .............. ..ol 36 40 36 41 42 15
Italy ..o e 28 28 32 33 16 37
Belgium/Luxembourg ................. 37 42 28 27 28 28
Total EEC. ...........civiieiio... 262 295 163 285 270 297
United Kingdom .................... 114 i16 17 150 99 109
Portugal ......... ... i, 14 16 14 16 16 14
Freland ......... ... . . . . 3 5 k] 5 2 2
Asia

Japan ... 17 18 16 20 22 28
India ... 37 36 7 11 8 1
Philippines .......... ...l 5 1] 6 6 7 6
North America

U A i 11 3 3 M 29 47
Canada .........ooviiiiiiii i 12 6 9 12 10 8
Total oo e 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 ........cooviiiiiieins 128 134 113 131 66 113
Germany, West . .....cv i iieren 129 131 126 124 69 90
France ...... ... ... .. .. . . .. 79 90 66 50 46 41
Belgivm/Luxembourg ................ 21 25 30 26 B 20
United Kingdom ..................., 211 194 207 168 98 52
Denmark ....coveieiiiiiinniinn 16 20 14 19 9 18
Poland ......... ... ... ..., 14 11 26 3 10 6
Portugal .......ociiiiiiniianiiinian 16 21 17 11 6 10
Japan ... .o e 26 25 22 23 19 23
Total ..o i i i 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 11. Major oil prices U.S. ct/kg c.i.f. European ports

Year Palm oil Soyabean Sunflower Groundnut
1960 . ... . i 224 21.8 24.0 32.6
1961 ... e 229 27.7 31.2 328
1962 o 21.8 222 23.3 27.5
1963 . e 23.1 21.6 23.5 26.8
1964 ... e 24.0 229 255 3.5
1968 i e e 213 27.1 29.0 326
1966 e 23.5 26.0 25.7 29.5
1967 . e 224 21.6 21.1 28.1
1968 . oiiiii it 16.9 17.8 16.9 26.6
1969 .t 16.7 18.7 19.6 328
(January-October)

Apart from the above vegetable oils, cottonseed and rapeseed oils, animal fats and
fish oil can also compete with paim 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/ke % of 1960-68 average % of 1960-68 average
Rapeseed ............... 23.1 70 16
Cottonseed .............. 257 111 93
Tallow ........cccvvunes 15.6 82 103
Lard ...........00vvenn 235 72 87
Fishoil ................. 16.7 59 78
Palmoil ................ 227 77 g1
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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 3. Palm kernel prices. European ports /{].

Year U.S. ct/kg
L0 e e e e e e 14.4
L PN 13.7
LOB e e e 13.6
L3 i e e e e 15.3
S 15.1
U 17.9
FO66 o e e e i 15.5
DO T e e e e, 16.1

1.5 References

—

. Anon.! Production Yearbook 22, FAO 564 (1968).

2. Anon.: World production and exports of oilseeds, fats and oils at last years record levels. For-
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. Jacoby T.: Die Olpalme, Anbau und Diingung. Ruhr-Stickstoff, Bochum, 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 ey-
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 Réunion 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 Halles 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 [ /].

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 II 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
unttl 1966 was the world’s major expoiter of palm oil. Other important centres are
Sierra Leone and Cameroon. The extent of these groves is thought to be in the region
ofa few million 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
adult palms per ha) to very sparse; the oil extraction methods practised often provide
oil of low quatity 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/oilpalm ................ ... ....... 30/ac 75/ha
Palm bush ... ... . . . e 30-60/ac 75-150/ha
Farmland palms . ...... ... .00 i e 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

1. Gray B.S.: History and development of the oil palm industry in Malaysia. Sci. Malaysian /f,
43-47 (1968).
. Hartley C. W, S.: The Oil Palm. Longmans, London, 1967.
. Zeven A.C.: The origin of the oil palm (Elaeis guineensis JacQ.). A summary. ). Nigerian Inst.
Qil 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 industty 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 vears old, and a crown nesting on top with

25-40 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
S
¥ === S Ascending

Harizontal
primary roots

Descending -
primary roots

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

v Tertiary roots

'ﬁﬁ Quaternary root
T'y Descending
R secondary root

l





















4, Ecological Requirements of the Qil 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 21°C
and in the inland areas of Congo, night temperature is also below 21° C. Such low
temperatures are said to reduce crop considerably by affecting bunch development.
With young seedlings, there is evidence that below 15° 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 gut 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. Ramnfall data of oil palm regions in South-Fast Asia, Africa and Latin America

0z

Month West Malaysia Sumatra Ivory Dahomey WNigeria Congo Colombia
Coast (Kinshasa)
Telok Ulu Medan Marihat La Mé Pobé Benin Umudike Yar;gambi Barran-
Anson Remis Baris cabermeja

Joe ins 9.39 11.09 54 12.25 I.54 0.67 0.41 0.86 3.35 2.40

' mm 238 282 114 KRR 39 17 10 22 85 &1

| SN ins 7.43 6.28 36 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 4.46 583 4,61
mm 240 262 104 287 126 116 90 113 148 117

A ... ins 10.33 9.67 52 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 t267 176 37

J o ins 4.37 5.44 5.2 8.43 17.81 8.04 9.90 10.76 5.00 10.72
mm 113 138 132 214 452 204 250 273 127 272

J o 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

A oiiie 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 14.11 374 4.61 i1.62 12.21 7.09 14.42
mm 174 180 2t1 358 95 117 295 310 181 366

[ 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 1.21 12.06
mm 289 222 246 411 182 47 68 84 183 306

D........oehs ins 10.55 2.7 9.0 11.50 3.62 0.47 0.40 0.69 4.85 4,69
mm 268 - 247 229 292 92 12 10 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
mm 2513 2507 2032 3627 1921 1217 1857 2168 1822 2818

wied O Y1 jo spuswalinbay jeaigojoog
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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 Thornthwaire 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-
cnce in fruit production occurs as shown in the Ivory Coast where Desmarest in-
creased yield from 5.5 to 22 tfha/yr by irrigating young palms during the dry period
so that total rainfall was raised from 1110 mm to 2250 mm. He showed a negative re-
lationship between annual moisture deficit and yield of fruit bunches (Figure 5).

Annual deficit
in mm

Control
600 ’
500
400 -
300
200 2
Figure 5. Relationship between
moisture deficit
and fruit bunch production 100
A — Irrigation to saturation A
B — Irrigation only
after stomatal opening 0 T T T T 1
(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 sotls. 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 discase, 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 Seil

Terrain is of great importance in oil palm development. Although the oil palm can
be successfully planted on hilly land with slopes greater than 20°, in order to avoid
greater cost of establishment and problems of harvesting as well as extensive erosion,
fat 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 1o 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. Qil 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 I7. Sunshine at centres of oil palm cultivation (hrs/day)

Month West Malaysia Sumatra Ivory Dahomey Nigeria  Congo
Coast
Kuala Chemara, Medan La Mé Pobé Benin Yangambi

Lumpur Johore

oo 6.2 35 5.4 5.2 6.0 5.6 6.6
F ..ol 74 5.1 7.1 6.1 1.0 6.0 6.8
M ... 6.5 5.0 7.0 6.5 6.4 4.9 6.0
Ao 6.3 5.7 7.2 6.4 6.1 5.3 6.1
M ... 6.3 6.1 N 5.2 59 5.4 6.0
ool 6.6 5.1 8.1 29 4.7 4.2 5.5
1 6.5 5.4 8.1 33 13 2.6 5.0
s 6.3 5.0 1.5 32 33 2.4 4.4
S i 5.6 4.1 1.0 31 3.7 2.6 5.2
O ..o 53 4.4 6.2 5.0 5.2 4.2 5.1
N, 4.9 39 59 5.7 6.4 6.0 5.5
D............ 5.4 37 5.4 59 6.6 6.4 5.7
Mean ........ 6.1 4.8 6.9 4.9 5.4 4.6 5.6
Totalfyr ...... 2230 1729 2508 1781 1963 1692 2054

Source: Hartley [4]. .
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These techniques and their organisation and control for {arge 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
$.1.1 Germinatian

Seeds are obtained by depulping individua! fruit in a rotatory device developed by the
‘Institut de Recherches pour les Huiles et Oléagineux’ (IR, H.Q.). 1t has a hexago-
nat framework which can be made of angle iron round a central sieel shaft. It rotales
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, acration 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 /[ /.37. 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-mursery
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
tength 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 stuge 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 1 X | 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 Muintenance 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
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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 iightly 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 seil 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 vylnera-
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
systemn 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 cither
Jjungle 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
Fis].
— 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.
— Replaniing after coconuts in Malaysia. A serious problem with oil palms replanted
from old cocenut 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 seils, 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 pientiful, 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, lo 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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Of the types of covers which can be used, Iegume\crcepers have been shown to have
the greatest benefial effects on plant growth and soil fertility. Work by Watson et al.
[ 18] at the Rubber Research Institute of Malaya indicates that in the 4th and 5th years
ol growth, leguminous covers may return a nett equivalent of about 1000 kg/ha of
sulphate of ammwonia 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 acration 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 ol 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
lfor 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 and Hew {6 ] in Malaysia
showed that even on the relatively fertile coastal clay, Puereria and Centrosema cov-
ers gave more than 6% higher vields 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 cil and $300
- for kernel, the total additional profit obtained by the legume covers compared to grasses
for the period amounted to $327 per acre or $817/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 Pucreria phaseo-
loides and 3.3 kg Centrosema pubescens per hectare. Commonly, Calopogonium mucu-

Table 20. Effects of covers on fruit bunch production over 214-714 vears of young palms on
marine clay (t/ha)

As % of legume cover plot

With fertiliser No fertiliser With fertiliser No fertiliser

LT 110.8 1109 92.4 92.5
Mikania ...........ooi L 106.5 94,1 88.8 78.8
Nephrolepsis ................... 116.7 103.3 97.3 86.1
Puereria-Centrosema ............ 19.9 117.8 100 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> 45x38 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 1.2%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, Prévot 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 er 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

(c) 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 Immarture areas

Weed control is relatively more critical in the immature peried 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 34-3 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 ficld,
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
(Imperara 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 Paspalum conjugatiun, Panicum nodosum, Axonopus compresses and
Digiraria 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
m 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 spraving with herbicides. In
Malaysia, Palmer [9] reported that diuron at low rates gave adequate control al-
though the addition of paraguat 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 | 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 Bréchas [ 10].
The cost of castration is not high as one worker can castrate approximately 120-150
palms a day.

6.3 Assisted poliination

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 low-
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
poliination [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 ficlds, 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 leafl 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 sirnilar plantings, sun or oven
dried and mixed with fine talc in the ratio of 1 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 pufler 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 lissue
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 { /6] show that pruning every 6 months
all leaves up to the one subtending the lowest bunch yiclded 7018 kg/ha while annual
pruning of dead leaves only yielded about 20% higher at 8316 kg/ha. Heavier prun-
ing up to a Aowering inflorescence was lowest at 6633 kgfha. These results are also
supported by leaf area studies in Malaysia by Hardon et al. [ 5] who found that yicld
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 cuitivators. Such
cropping is prevalent in the so-called ‘farmland with palms’ in West Africa. In most
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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 Conge and Nigeria [ /7] indicate that such cropping can probably be sustained
for 2-3 years on forest land only but not on previously cultivated land. Bunch vields
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 vears
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. [nter-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
£ 1] 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 paim
provides excessive shade for cocoa and early trials were not very successful /8. Ac-
cording to Harrley [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 il palm.

Appendix 1

Common and Chemical names of some Weedicides

Type Common name Chemical name

Contact Sodium chlorate Sodium chlorate
Contact Sodium arsenite Sodium arsenite
Contact TCA Trichloroacetate

Translocated
Translocated
Translocated
Translocated
Translocated
Translocated

Contact/transtocated
Mainly contact

2,4-D

2, 4-D amine
MCPA

2,4, 5.T

Dalapon (Dowpon)
Amitrol (Aminotria-
zole)

MSMA

Diquat

2, 4-dichlorophenoxy acetic acid
Amine derivative of 2, 4-D
4-chloro-2-methylphenoxyacetic acid
2, 4, 5-trichlorophenoxyacetic acid
2, 2-dichloropropionic acid
3-amino-1, 2, 4-triazole

Monosodium methyl arsonate
1:1 ethylene — 2:2 dipyridilium dibromide
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Type Conunon name Chemical name
Mainly contact Paraquat {Gramoxone) 1. I-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 (cthylamino)-s-triazine
Translocated Monuron (CMU) 3-(p-chlorophenyl)-1,
l-dimethylurea
Translocated Diuron (DCML) 3-(3, 4-dichlorophenyl)-t,
l-dimethylurea
Translocated Fenac ' 2, 3, 6-trichlorophenylacetic acid
Translocated Lasso 2.chlore-2, 6-dimethyl-N-(methoxymethyl)

acetanilide

Appendix 2
Principal uses of some kerbicides

Herbicid Control

A, As foliar 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, ¢.g. sodium  Non-selective, control all types of vegetation.
arsenite, MSMA

Sodium chlorate Non-selective, as above.

Dalapon Controls grassy but not broudleafed weeds.
absorbed by roots and leaves.

Diquat/Paraquat Controls broadieafed 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 sceds 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 cil paim, 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 Curvilaria 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 Melanconium 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 Control
1. Insects
a) Red spider mite Causes pin sized chlorotic spots Spray with Rogor 40.
{Oligonychus spp.} over upper leaf surface.
b) Night flying bectles Small round holes over entire leaf.  Lead arsenate sprays.
{Apogonia spp.)
¢} 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. Bait with metaldehyde.
3. Rats Eat in stem base and may destroy Use poison bait containing
scedling. Tomorin er 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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{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 7. guadripustulata. 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 (¢) 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 leal 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. kn 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 mm. 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 caterpiilar 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 netile caterpillars in South East Asia are Orthocraspe terima and
Plonetta diducta which attack the whole leaf surface and in severe cases, only midribs
remain. They can be controlled with lead arsenate sprays.

~ Slug caterpillars ( Parasa viridissima and other sp.)
This caterpillar is found mainly in West Africa f/]. 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 necar 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. Tt 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 cutling 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.
Rars: In West Africa and Malaysia, rats can cause censiderable 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.

- Natuaral 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 [ /8. 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 controt

1. tusects
a) Night flying beetles Lead arsenate spraying
( Apogonia and Adore- 0.36-0.6 %, or Dipterex
fus) (0.154).

Eat green tissue.

b} Cockchafer grubs
{ Psilopholis vestita}

¢) Hispid leaf miners

{ Coelaenomenodera)

d) Rhinoceros beetles

{Oryctes)

¢) Bagworms

{ Metisa and Crema-
stapschye spp.}

f) Nettle caterpillars

(Setora and Ploneta
spp.)

g} Grasshoppers

(Valanga)

h) Bunch moth

( Tirathaba)

2. Rodents
a} Porcupines

b) Rats

Feed on root system, ultimately
killing palm.

Destroy leaf tissue.
Attack young and spear leaves,

leading to bud rot.
Eat leafl tissue.

Eat laminae, leaving midribs only.

Cut out edges of pinnae.

Feed on mesocarp and
kernel.

Eat out apical bud.

As above.

Rotavate and drench soil with
0.5% a.e. of Aldrin, Hepta-
chlor ot Telodrin,

BHC dust.

Control by eradicating breed-
ing sites and grubs,

Spray with Dipterex at 1-114
kg/ha is preferable to lead ar-
senate

Lead arsenate at 4 kg/ha or
Dipterex at 2 kg/ha.

Lead arsenate at 4 kg/ha or
spray with aldrin or dieldrin.
Spray with Dipterex —

0.5 kg/ha.

Bait with zinc phosphide/co-
conut or flour.

Bait with mixture containing
rice bran and Warlarin or
Tomorin. Also use protective
wire collar.
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Appendix 1

Common and chemical names of fungicides

Group

Common name

Chentical name

Carbamates

Organo-mercurials

Other organic com-
pounds

Ferbam

Thiram (TMTD)
Zineb

Ziram
Antimucin WBR
Arctan 6

Captan

Ferric dimethyldithio carbamate

bis (dimethylthiocarbamyl) disulphide

Zinc dimethyldithiocarbamate

Zinc ethylenebisdithiocarbamate

Phenyl mercuric acetate

Contains 6% mercury as methoxy ethyl mercury
chloride

N-(trichloromethylthio) cyclohex-4-cne-1,
2-dicarboxyamide

Appendix 2

Principal insecticides used in oil palms

Chemical
classification

Common name

Main mode lusects controlled

Organo-chlotine

Organophosphate

Carbamate
Inorganic

Aldrin (Aldrex)

BHC (Agrocide-lin-
dane, gammexane)
Dieldrin {Dieldrex)

Endrin {Endrex)
Heptachlor

Telodrin {[soben-
zan)

Dimethoate
(Rogor)
Malathion
Trichlorphon
(Dipterex)

Sevin (Carbaryl)
Lead arsenate

of action

Contact Grasshoppers, root feeding
cockchafers.

Contact Caterpillars, cockchafers, leal
hispid miners.

Contact Ground dwelling insects, grass-
hoppers, caterpillars.

Contact Caterpillars

Contact Ground dwelling insects, cock-
chafers, rhinoceros
beetle.

Contact Caterpillars, root feeding
cockchafers.

Contact and systemic Red spider mites.

Contact
Contact and stomach

Caterpillars, red spider mites.
Caterpillars and cockchafers.

Contact
Stomach

Caterpillars.
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-
ur, the practically important mineral nutrients are nitrogen, phosphorus, potassium,
magnesium, and boron. In the immature period of 234-3 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 life span of the oil paim.

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
T e e 55 — 25 —
10 e e 62 3 a5 128
I 54 19 29 101
R 66 22 48 136
20 e e 86 18 30 E32
P27 2N 84 17 28 129

Tuble 24. Dry matier production of palms in West Malaysia (kg/palm/yr). (1) Based on Ng er al.
{55 (2) Based on Gray [40]

Age in field Male
(yrs) Leaves Stem Roots Fruit* inflorescence Total
y @ )] (2) (1) (2) m @ m (1) (2)
0~1 5.2 n.d. 1.1 n.d. 0.6 n.d. — = nd 6.9 n.d.
1-2 359 nd. 148 n.d. 44  nd. — — nd 551 n.d.
25-414 630 800 206 149 123 102 42 50 n.d. 1379 155.1
45-614 71.8 928 242 176 162 2.1 90 100 n.d. 202,2 2125
615-814 830 936 259 124 102 1.7 100 100 4 2231 2017
815-1014 832 1050 305 208 5.2 25 100 00 4 2229 2283
1015-141, 875 1056 375 218 35 50 100 100 4 2325 2324
1414-1715 859 1056 3715 194 2.0 24 100 100 4 2334 2006

* Estimated from vield 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 (vrs) L.A.L N.A.R. gfdm¥/week
Nigeria Malaysia Nigeria Malaysia

T e e e 2.97 3.0 — 0.169

10 e e e 3.74 3.9 0.097 0.169

I 176 37 0.077 0.146

4.42 16 0.088 0.146
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Table 26. Rate of total dry matter production (t/ha/annum)}

Age (yrs) Nigeria Malaysia
n.a. 1.01
n.a. 8.58
n.a. 229
n.a. 31.2
18.3 34.0

The resulis 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 nuirients 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 {10] 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 leal number obtained from the dissection
of six palms in July 1955 and seven palms in March 1958 (leaf 0 is the central spear).
Source: Broekmans A.F. M.: J. W._Afr.Inst. 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 [rom initiation to about leal No.7 in the crown, the development is slow.
From the end of phase one to about leal 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 hall 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 ol mature paims 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 Sparnaaif et
al, [89] between measures of «effective sunshine» and yield, effective sunshine being
a measure of duration of sunshine in the dry season corrected for severity ol drought.
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Figure 13. Development of the inflorescences of 1wo Deli Palms in relation to leal number (leaf Qis
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 apalysis 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 er 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 feld planting to 15 years and these are given in Table 27.
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Table 27. Estimated nutricnt uptake for annual vegetative dry matter production (kg/palm/yr)

Yearin 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
57 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

1t 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 [/ /07] 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) by (@ (b (a) (b) @ by  (a) »
T e 094 258 Q11 02% 093 558 029 062 040 0.60
10 ...l 167 334 015 035 134 662 042 080 058 091
4 ... 211 432 025 043 135 825 063 111 072 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. /. 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
Thamboo 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 1 tonne of fresh fruit bunches (kg)

Source Country Fruit N P K Mg Ca
form
Muas Sumatra Dura 4.4 1.1-1.9 7.4-104 — —_
Georgi Malaya Dura 2.6 0.41 59 — —
Blommendal Sumatra Dura 6.0 1.1 1.5 — 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 0.4¢6
Tinker and Smilde Nigeria Dura 2.8 0.58 33 0.43 0.50
LR H.O. Ivory Coast — 4.7 0.67 4.7 0.67 0.67
Ng and Thamboo Malaya Dura 2.9 0.46 3.7 0.82 077

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.

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

Component N P K Mg Ca
kg % ke % ke % ks % ke %

1. Nett cumulative
vegetative matter 409  21.2 3.
8

1 11.9 5§57 222 115
9 342 862 343 224 365 616 619

188 138 119

2. Pruned fronds 67.2 349
3. Fruit bunches

(25 tonnes) 732 380 11.6 446 934 371 208 339 195 196
4. Male inflores-

cence 11.2 59 24 9.3 16.1 64 6.6 10.8 44 4.6
Total 192.5 100 26.0 100 2514 100 61.3 100 99,3 100

(260 kg P = 59.5 kg P,0,, 251.4 kg K = 302.8 kg K,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
3.

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

Age in field {(months) B Cu Zn Mn Fe
R 0.1 0.1 03 0.8 1.3
L L 1.1 1.4 3 19.2 30.0
64 <o 1.6 1,7 6.4 349 34.3
104 o e e i1 3.0 9.5 36,1 61.2
120 e e e e .7 4.6 9.3 30.5 68.6
2 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 growih 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

l. Cumulative vegetative matter ..............,... 0.34 0.33 1.53 3.16
2, Prunedleaves .....c.uiiiiiiin it 0.85 0.60 1.20 20.00
3. Fruit bunches ............coiviiiiiiiiiinie., 0.36 0.79 0.82 2.52
Total o i e i e e e e e 1.55 1.12 3.55 25.68

8.3 Soil fertility conditions

The more modern appreoach 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 characterised 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 [5/].

Within these gleys are also found the acid sulphate soals 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 1o nitrogen and potassium application have been obtained 63,

Red yellow 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 (> 1 m), sandy loam to sandy clay loam in texture, fria-
ble to loose consistence and [ree 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 oider 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 silty 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 tuffs 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.

Larosols: 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% Fe,O,. Phosphate status is moderate to high but po-
tassium status is distinctly iow. 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 1 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 arca 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 805/ 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 ieached, not unlike the Kuvantan 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], Delf und Arens [28] and Venema [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
10 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
@ pH 3.5-5.3 3.7-56 4.3-5.0 4.0-5.0 3.9-5.3
4.1-5.0 4.34.6 4.3-5.2 4,048 3.7-5.4
() GO e e 1.20-5.81 1.10-4.37 1.08-4.74 0.56-3.90 1.26-7.25
0.61-3.34 0.30-1.14 0.23-0.71 0.31-0.89 0.36-5.34
() N e 0,10-0.38 0.07-0.41 0.05-0.25 0.05-0.31 0.15-0.48
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 ............. 65406 26-95 20-75 1786 65-158
49-389 12-80 15-65 13-64 32-135
(v) Exch. Km.e. % o ooiuiiiiiii i 0.06-0.60 0.05-0.40 0.07-0.32 0.04-0.29 0.23-~1.57
) 0.03-0.34 0.02-0.49 0.03-0.13 0.03-0.16 0.34-0.97
(vi) Exch. Mgm.e 9 . ooennnnrien., 0.31-0.93 0.21-0.83 0.16-0.59 0.10-0.73 1.27-12.6
0.10-0.59 0.05-0.30 0.05-0.42 0.05-0.58 0.42-10.0
(vii) Exch.Cam.e. % .vovvnvena ., 0.10-0.78 0.10-0.45 0.05-0.32 0.21-0.42 1.16-6.90
0.03-0.20 0.05-0.21 0.02-0.20 0.05-0.21 0.58-5.20
(viii) 6N HCISol. Pppm .. ..ovvvvrvnnnnn., 220-1320 90-260 52-190 46-187 209-580
214-1E10 26-231 46—-142 28-160 90-500
{ix) 6M HClSol. K m.e. % ... .cviviiniiunn, 0.37-1.97 0.57-9.83 0.32-4.73 0.96-14.1 0,50-12.5
0.32-1.69 0.81-10.8 0.30-5.93 2.52-18.1 6.36-13.6
(x) 6N HCISol. Mgm.e. % ............... 1.68-6.91 1.08-9.48 2.48-4.66 2.36-6.51 2,38-10.6
1.60-5.28 1.28-15.4 0.80-4.68 2.34-5.95 2.67-17.8
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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 1° 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 £917 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.¢.%, 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 [ /7],
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 Fine [ 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
Tintker and Ziboh. The sandy parent materials are referred to as Benin Sands from
which two major latosols developed. They are:

(2} 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.

Intergrades of these soils are also known to occur while lateritic soils occur in places
and are even poorer than the Acid $ands. 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 Furen [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 Leneuf and Rion [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

Soil series or derivation

Property
Benin fasc Calabar fasc Benin/Calabar Basement complex
Intergrade " L
Granitic Schistic
() PH .. i i e e e e 4.9-6.0 4.4-5.2 4.7-5.8 3.6-4.9 4.0-4.6
4.5-6.4 4.04.9 4.5-.5.3 5.2-53 4.9-53
(B) C% e 0,72-1.33 0.88-1.46 0.79-1,61 1.42-2.00 3.00-4.68
0.34-0.95 0.45-0.81 0.56-1.33 0.38-0.90 0.60-0.78
Gl N % o e e 0.060-0.103 0.059-0.086 0.071-0.108 0.065-0.102 0.090-0.309
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. % o oiiiiiiiiiaiiiannanes 0.06-0.25 0.06-0.10 0.06-0.08 0.12-0.20 0.17-0.25
0.03-0.21 0.03-0.12 0,03-0.06 0.05-0.10 0.08-0,12
(v) Exch. Mgm.e. % .......... ... . ... 0.26-0.34 0.10-0.14 0.18-0.35 0.15-0.48 0.44-0.74
0.01-0.3¢6 0.03-0.07 0.01-0.20 0.08-0.16 0.18-0.26
(iv) Exch. Cam,e, % ..., 0.50-1.60 0.06-0.25 0.63-0,66 0.16-0.96 0.44-5.86
0.41-1.48 0.03-0,19 0.13-0.25 0.08-0.20 0.14-0.20
(vii) 6N HCISol. Pppm ......ccvvvnvunnnns 130-180 130-390 115-170 127-160 230-300
— —_— —_ 127190 270440
(vili) 6N HCISol K m.e. % ..o oiiviiaen o 0.26-0.40 0.27-0.75 0.47-0.54 0.90-1.85 2.85-5.B0
_— — — 1.35-2.35 4.00-6.90
(ix) 6N HCl1Sol. Mgm.e. % . ccceeeeennn.nn 0.50-1.10 0.76-0.80 0.35-2.50 2.80-6.00 3.90-56,20
— — [ 1.70-7.30 3.80-5.30

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

Qi palm development in this continent is fairly recent and information on soils planted
1o oil palms is limited. However, from general accounts [52] it seems that the low-
land alluvial Rats 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 1o 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 {ertiliser 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, Thisis 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-
¢d 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.O.

- 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 {417 who ob-
tained a significant response to Patentkali with a composition of 29.6% K.,O 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 contro! 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 (1.R.H.0.)

Thel.R. H. 0. was responsible for experiments in Ivory Coast, Dahomey, French Cam-
ercon 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.

- hory Coast

In La M¢, 1 kg muriate of potash increased yield of 21 year old palms by about 28%
in the presence of nitrogen bult nitrogen alone had no effect,

At Grand Drewin, natural groves thinned to 140/ha responded to application of 1 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 | 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/palmfannum

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 {9 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 1 and 2 kg respectively. Results showed that
sulphate of ammonia gave higher yield.

— Dahomey
The early experiments were conducted at Pobé and the important finding was the

need for potassium, | kg of potassium chloride increasing bunch yields by about 40%

{80].
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Figure I4. Effect of muriate of potash on course of yield of palms in Dabou, Ivory Coast

Eb — 1 kg KCl/palm/annum applied since 1949
A-+C+D -1 kg KCl/palm/annum applied since 1946
T - 1 kg K.Cl/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 /8. Prévor [75] recommended
1 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 (1 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 KCl 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 consisied 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 Oltagnier {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 22 design testing NPKMg and trace element
on 11 year old palms, no significant effects were found although leaf analysis showed
that K increased leal potassium, and decreased Ca whiie Mg increased leaf magne-
sium,

- Summary

N — Generally, no positive effect was found except at Edea in the former French Cam-
€roons,
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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 | 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 1 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 trcatment 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

I 11 n 1 11 [
Sulphate of ammonta ............. 0 1.5 3.0 0 45 90
Rock phosphate ................. 0 1.5 3.0 0 45 9.0
Muriate of potash ............... 0 0510 1020 0 30 60

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 lairly 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 1o 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 7. N.E. A.C. (Institut National pour I'Etude Agrono-
mique du Congo Belge) and the Research Department of Huilever S.A. The
I.N.E.A.C. experiments have been discussed by Focan [ 33} and Vanderweyen [ 101]
while those by H.S.A. were reported upon by Broeshart [ 11] 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 lemale inflorescence and bunch production. On this soil, K, Mg, B
and to a lesser ¢xtent 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 {.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 Leafl”.

On 14 year old palms, Broeshart [ 1] showed that 0.2-0.3 kg K ,O increased bunch
production by about 100% and in the case of young palms, potash increased leaf
length.

- ILN.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 eflfect 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 Leal 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
vield 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 10 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 Plantarions, no response to 620 kgfha 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% K ,O
and 0.50% P,0,, 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 the effects 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 194548 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 32 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 . . ............ 1] 2.7 5.4 kgfyr
Dosesperyear ...c..ooeivvncveeneannnn 1 3 6
Frequency ......cooveeiiiinieniiiaanen Annual Biennial Triennial
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Figure 16. Experiment 703-4,NKwelle | /... 7% Ibs potash
Yicld of fruit bunches per palm for 20 — —— 201bs potash
the period 1941-52 for the potash {per palm)
treatments
K; = 3.4 kg of K SO, per palm 104
K, = 2.1 kg of K,80, per palm,
Source: May E.G.: 1. W.Alr.Inst. L S S SR SN SAAS SR S
Year 1941-44 45 46 47 48 49 50 51 52

0Oil Palm Res. 2, No. 5 (1956)

The palms were planted in 1929 and the experiment was started in 1949. The soil wasa
leached sand. Results of this experiment were presented by May [58].

The highest rate of potash significantly increased yield, as indicated below:

0 Potash 18.6 kg/palm/yr

Bunch yicld in 1949-55
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 3% 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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Figure 17, The cffcct of a single application of 616 kg (K,) and 1232 kg (K,) of KCI per ha on the
vield of fruit bunches at Umudike,
Source: Chapas L.C. and Bull R.A.: J.W_Afr.Inst. il Palm Res. 2, No.5 (1958)

Summary

N - Nosignificant 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 vears.

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, vield 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 yvields 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]:

P 14.6 t/ha
N 15.8 t/ha
P 16.5 t/ha
I A 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, vield data are for periods 1956-59 and
195053 respectively. The experiments were of either the 3% or 3% 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 1.3 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:

Ky K, Ks
kgfpalmfyr ... ... ... 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

Py P, Py
Nig ettt 45 54.5 57
N o 48 55 57
N e e e 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
N.P, and NP, with K,, and NP, with K,. There was a slight response to phos-
phate at the P, level with N; and K,. These results are shown in Table 35.

Table 35. Interactions between N and P at different rates of K on Rengam Series Soil (kg)

Py P, P,
Ko «eveenenmeme et et N, 50 75 7
N, 71 73 65
Ny 66 66 58
K (09kg KClfpalm} ... .ot Np 85 59 92
N. 72 97 107
N. 96 109 100
K.{lL8kg KClfpalm) ..vovnvn i Ne 86 76 96
N, 90 99 103
N, 99 101 113
N,=1.8 kg sulphate ol ammonia
P, =1.8 kg Christmas Island rock phosphate

The yields of these experiments are not high, the highest yields being about 15
t/hafyr. This is because the palms were neglected during the War years of 1942-45
and also they were more than fifteen vears 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,0;, 21% K .0 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 % vield increase
Site A Site B

2T K ot e 17.9 12.7

BB KE oot ve e e i 330 254

Further evidence of the fairly large nutrient requirements of old palms on inland soils
was also given by Martinean et 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 beflore the Second World War. At the start of the experi-
ment, the paims were already deficient as they received little or no fertilisers during
the period 1942-435. The rates of fertilisers are as follows:

N, 1.36 kg Sulphate of Ammonia
P, 2.7 kg Chrisimas 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/hafyr
L5717 o) 10.6

BN e e 13.7

14.4

1 159

Main effects

S 1.27

1.72

) 2.52
M.s.d. At 500 . e e e 0.77

Thus, main eflects 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.

Laterin 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 are as follows:

196065 23kgNPK (13:13:20) + 1.36 kg KCI + 0.45kg Urea
1966 and 1967 4,5kg NPK (13:13:20) + 4.5 kg sulphate of ammonia +
4.5kg KCl + 7 kg magnesium limestone

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

1960-65 ... e .1 tf.f.b.fhafyr
1966 .. . e 19.2 ¢ I.1.b.fha/yr
1967 e e 18.1 t f.F.b./hafyr

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.{.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 ammenia. The yield was almost doubled from about 10
to 20 t [.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 1o 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 /52/. 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 3% NPK Mg Experiment on shale derived soil in West Malaysia

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

2nd yr Istand2nd N P K Mg
%

PR 28.51 45.00

|3 I 94 N 29.32 45,28

Ny eeerinnninnns 188 N 29.82 45.32

Po ooiviinann, 26.70 42.16 2.60 146 .28 35

P, 91 P,O4 30.38 46.88 2.67 164 1.20 35

182 P,O;, 30.58 46.71 2,70 168 1.18 .35

Ky coveniiannn. 27.46 42,46 2.64 .159 1.19 36

Ky vooveiiiian 210 K O 30.09 46.63 2.66 159 1.22 34

Ke covvvennnn. 420 K5O 30,11 46.66 2.66 159 1.26 34

Mgg +vvevrnnnns 29.03 45.13

Mg, . oevvnenn. 59 MgO 28.45 44,31

Mge ....oovuu 117 MgO  30.16 46.29

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

S.E. £ 0.62 0.02 0.002 0.02 0.006

* At 140 patms/ha

Table 37. Results of 48 NK Experiment on a sandstone derived soil in West Malaysia

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

Ist yr N K P Mg

%

| P 19.61 2.64 1.05 190 0.37
Ni ceveiiriennens 66 N 19.36 2,66 1.00 196 0.37
Ni civiiiiianns 132 N 20,13 2.68 1.04 194 0.36
Ne coiiiiiiiina, [96 N 20.53 2Mn 1.08 196 0.36
Kg coveiieaiins 16.82 2.65 0.85 196 0.39
Ki coeiiaiinnn 227 K,.0 20.77 2.64 1.06 192 0.37
K: coviireiniinns 454 K,0 21.22 2.73 1.11 195 0.35
Ky i 689 KO 2082 2.67 1.15 194 0.34
S.E. £ 1.01 0.02 0.04 0.002 0.01

* At 140 palmsfha; P = 70 kg/ha P,O;, 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 phosphale
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 kgfha* Yield t/ha Foliar analysis. Leal No.17. Dec. 1969
1969 Cumulative N K P Mg
dlh-Slh yrs (Slh yrs) %

Np coomeenennns 26.39 120.2
Ny e SIN 2697 121.9
Ni ovooiriannninis 106N 2618 1209
| 27.17 122.0
P 91 P,0, 26.33 120.4
Peviiniiiiiin, 182 P,O, 26.06 1205 -
Ko cooeeennnnnnn. 25.14 116.9 254 093 174 26
Ki ciiiiiiiiianas 227 KO 27.22 123.8 2.56 0.94 173 .25
. 27.17 1223 236 099 173 24
26.68 119.7
26.60 121.7
26.28 121.7
0.69 002 001 0002 001

* At 140 palms/ha

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

Treatment kgfha Yield t/ha Foliar analysis. Leaf No. 17, Aug, 1969
Cumulative N K P Mg
41554 yrs 5l yrs %4
23,74 108.0 2.53 0.96 - 170 0.33
27N 25.07 112.9 .59 0.95 175 0.33
SIN 24.26 111.6 2.62 0.95 173 0.33
24.48 109.9
70 P,O, 24.63 110.9
140 P,O; 23.96 111.7
23.00 103.8 2.57 0.95 174 0.33
i18 K,0 2532 115.4 2.59 0.96 A2 0.32
235 K.O 24.75 113.2 2.58 0.97 173 0.33
2428 110.3
I3 MO 2472 112.6
06 MgC 2406 10%.7

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, f00].
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 er 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 [.[.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 t/ha
No Kieserite 9 kg Kieserite

Contral ..o e s [2.4 12.4

68 kg limestonefpalm/{yr ....... ... ... . ..., 14.8 14.8

68 kg bunch ash/palmfyr ...................... 24.0 26.0

34 kg bunch ashfpalmfyr ...................... 14.9 13.9

68 kg dolomite/palm/fyr ........ ... . ... ..., 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" 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 Arca Treatment Rate/palmg kg/ha fruit bunch
Control . ... .. 0 2479
Sodium nitrate ............. . .. e 290 2399
Sulphateofammonia ............ ... ... .. 227 2792
Ammonium phosphate ................ .. ... .... 422 2895
Urea ..o e 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 Paim height at 2 years cm
K oo et 0 274
S O 0.34 294
L 0.68 298
Ko e s 0.98 300
L.5.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 0f 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/hafyr:

Kg K, Ky K:-K,
No oo 10978 10551 - 10 400 — 567
Ny 10 395 11 496 12 466 -+ 2071
N, = 1.8 kg sulphate of ammonia

e
]

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.0.P.E. Ex 522

Treatment Yeaurs of application  Yield kgihafyr
1954-57 1960-61
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
are0.1,0.23,0.45 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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vield 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 /485]. 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

No «ooviiiit. 9153 i2 679 10 147 13 696
Ny o 9263 12 389 10 817 13912
Py o 7 644 10 594 10 388 13 842
Py o 10772 15 574 10 576 13 765
Ko oo, 9223 12 760 9958 13 137
Ky oo 9193 13408 11 005 14 470
At Bunsu, there was a X/Mg interaction

Mg, Mg,
10515 6403
10326 11 686

West Africa (formerly French)

Principal results have been reported by Bachy [6].

- Ivory Coast
Young palms

At La Mé, 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 urca was as effective as
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sulphate of ammonia. At the N; and N, levels, there was no difference between single
and split applications and between sulphate of ammonia and urea but at the N, level,
urea was better and split doses seemed better than single application. The general rec-
ommendations at Dabou are as follows:

N,; 250 g sulphate of ammonia in st year
350 g sulphate of ammonia in 2nd year
500 g sulphate of ammonia in 3rd year

Potassivm. 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
Girthatcollarcm ... ... ... .. . . ., 167 179
Frondlengthcm ... ... ... . ... ... ... ... ... ... 263 284
Number of inflorescence .............. ..., 159 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 Mé in the forest zone, an application of 2 kg/KCl/palm on 1946 plantings in-
creased yield by over 60% as shown below.

Period kg bunches/palm/yr
No K K

105760 ... e 60 96**

196165 e 63 99+

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

kg bunches/palm/fyr
K after 1946 K after 1950 K after 1956

194749 ... 32 17 18
1950-55 . . 64 59 17
1956-60 .. ..o 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 KCl
1957-60 ... ...l 69 67 76 83
1961-65 .............c0vit 50 55 57 64

In the same experiment, it was also shown that the response to potassium was aug-

mented by phosphate,
kg bunchesfpalmfyr

Ko K, Ks Ks
P o e e e 62.6 7t.7 62.8 72.7
P o 60.1 62.6 90.0 92.2

P, = 3 kg superphosphate.

Phosphate: In La Mé, 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
LS T—00 . .. e m e 68 80
196165 ... .o e e e 54 59

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

kg bunches/palm/yr

Ko K: K:!

195760 o oot P, 65 64 75
P, 73 87 91

196165 .o P, 51 49 59
' P, 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.
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Index of growth

June 1961 June 1962

No K o i e 130 448
Smalldose of K ... ... .. 165 593
Medium dose ...t e e 156 563
Large ... e, 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
195364 ... ... ... ... .. .. 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 lvory 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.1 Fd.17 Fd.17
MESO, .. e 0.282 0.324 0.280
MEO . 0.259 0.334 0.282
Dolomite .......... . . . e 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/palmjyr

No N N
L 7-00 .. 57 58
106165 . e e 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 magnesjum
sulphate per palm after the 10th year of planting has been obtained.

kg bunches/palm/yr

No Mg Mg
10780 . e 57 59
196367 . e e 82 92

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

1951 planting. )
kg bunches/palm/fyr

Ko K,
1961-65 ... ... Py 66 61
P, 63 79

P, = 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-
tton were applied.

AMMONIUM NIFALE .. .. ot e et 18.9%
Triple superphosphate . ... ... ... 19.1%
Potassium MItFALE ... .. ... ittt 41.9%

Potassiumsulphate ... ... . o i e 20.1%
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The fertiliser was applied yearly in 1958, 1959, 1960 and 1961 at the rates of 1, 3, 4
and 4 kg per palm and the yields are given below:

kg bunches/palm

Year Control With fertiliser
19565 e 15.4 20.0
[ T 1.2 46.7
195859 378 55.6
195960 ... . e 37 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 1o 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
Suiphate of ammonia .......... 2 ke 568+ 1410+ + 217+
Sulphate of ammonia .......... 0.5 kg 491+ + 1440+ + 2,20+
Urea ...ooiniiiiininannann.. 0.25 kg 453+ + 1250+ 215+
Ammonium nitrate ............ 0.5 kg 291 710 .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 lollowing leaf analysis data for palms in
Etoumbi.

% Mg in leaf 17

Year of planting No chlorosis With chlorosis
1930 e e 0.267 0.040
1941 ........... et e e et e e 0.280 0,005
L 0.251 0.030

In an experiment on 11 year old palms, 1 kg of muriate of potash increased bunch
yield from 76 to 83 kg/palm/fyr over the period 1953-61 but this was not significant. Tt
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) [ /8, 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 et al. [25], on rates of dry matter production of palms since field
planting is 2 major step in the right direction.

However, at present, the main point still lies in determining the so-called critica! 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. The crux 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 middie 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,O/P,O; 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 P, P, Kg K,
o e 100 193 100 168
Leaflevel % ... ... .. .. . i 0.128 0.153 0.56 1.09

Coulrer [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 teaf 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 arbilrary 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 allered substantially in later years although Rosenguist
[84] has proposed higher critical levels as follows:

N P K Mg Ca
Yoo 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 e 2.8-3.0
P e e 0.19-0.21
K 1.50-1.80
M e 0.30-0.35
£ T 0.30-0.50

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

Mn B Cu Zn Mo
PPM i e e 150-200 10-20 5-8 15-20 0.5-10
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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 leal analysis most extensively
in association with deficiency symptoms and fertiliser experiments with major empha-
sis on potassium, Prévor and Ollagnier are amongst the early workers in this field /76,
777 and they proposed the following critical limits for leal 17.

N P K Mg Ca
o e e 25 015 1.o0 024  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 leal N and K levels

N < 2.70% K: Yield correlation r = 0.239 N.5.
N >2.70% K: Yield correlationr = 0.6437++
K < 1.10% N: Yield correlation r = 0.042 N.5.
K >1.10% N: Yield correlation r = 0.655t++1

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

P < 0.15% K: Yield correlation Insig.
P >0.15% K: Yield correlation r = 0.7395++
K < 1.0 % P: Yield correlation Insig.
K >1.0 % P: Yield correlation r = 0.8321++

To illustrate the nutritional inter-refationship of palms, I. 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 leafl levels.

In Nigeria /4], tentative critical levels are more in line with those of . R. M. 0., indic-
ative of similar climatic conditions. The levels are:
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Figure 18, Diagrammatic representa-
tion of leaf analvsis data for plots of
palms with K {(-—-}and without K{—)
in Pobé and Dabov. Critical levels are
shown as intersections between

the circle and the five axes,

Source: Surre Ch. and Ziller R. (1563)

N P K Mg
b S 2.5 0.145-0.155 1.00-1.10 0.28-0.30

For the Congo (Kinshasa), Broesharr {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

e 0.21-0.23 1.7-1.9 0.25-0.35 0.55-0.65

These values are reasonably comparable to those of Rosenguist,

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



98 Nutrition and Manuring

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 [ 48 ¢] has presented the effects of major elements of leaf compaosition asfollows.

Leafl nuirient

Fertiliser nutrient N P K Mg Ca
N e + ot - - 0
P e 0- + - 0 +
K o e 0+t 0 + - -
Mg.. . . 0 - - + -
Ca o e 0 0 - 0 +

* increase, — decrease. 0 = no marked effect.
01 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, 1. R. H.0. workers (Ollagnier M. and Ochs R., Oléagineux 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 commerecial 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.l of palms in Nigeria [ /04]. 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 ina 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. 1 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 Walters [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 Hard, 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 cach nutrient and set precision limits
(a) = Smilde and Leyritz (b) = Ward (c) = Ng and Walters

1

(a) (b) (©
Site 1 Site 2 Site 3

59 10%; 59 10% 5% 105, 5% 109, 5% 109
N ool 5 1 12 3 22 4 6 | k) i
| 2 5 1 17 4 16 4 87 3 22 1
K oot 106 27 15 4 125 21 5t 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 1% 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 hiily 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], scasonal 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 vear 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 commen 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.1, 9 and 17 may be more appropriate.
Certainly, this proposal is worthy of further examination. Ng er 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 occastonally 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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The very low K status of soils derived from basalts and andesites.

The variable but higher status of K of soils derived from shales.

The very low N and P status of soils derived from pale coloured shales.

The extreme acidity of acid sulphate soils and low K and Mg status.

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.

~ SN B

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 Sctence. 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] Tound potassium to be the major Hmiting factor in vield
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
Iustitute for Qil 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 f36]. 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 ol 0.006 was considered critical.

In Dahomey, Ochs {70] also found relationships between exchangeable K in the top
20 cm and leafl 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), Prévot and Ziller {79] showed a relationship between water
soluble Mg and deficiency symptoms. Tinker and Ziboh [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 Swmilde [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 iess 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 leal 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
Depthem ... ... .. 0-15 1545 0-15 15-45 0-15 15-45
Loss kgfha 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 Nirrogen 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 (PlateNo, 2 4- 3)

This disorder is characterised by three major symptoms, i.e. Confluent Qrange Spoi-
ting, which is common in Malaysia and Africa, Qrange 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 Spotring. 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 Qrange 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.

Crange Spotting may also be of genetic origin [34] which can be distinguished by its
occurrence on isolated palms only.
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(h) 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 iater 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
[1o0].

{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 vellow 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 aflected 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 /76, 32} and Malaysia /[ /00]. 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 Leafler 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 Leal may also be associated with abnormal
palms.

Leaflet Sharter 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~Lirtle Leaf. This is different from the Little Leal 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 0il 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
patms. Typically, light symptoms are seen in palms of 2-3 years in age, then they turn
severe al 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 polassium 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. Rajarar-
nam [ private communication] found that the white tissue is devoid of mesophyll cells.
The rachis and leaflets become abnormally slender and the latter fragile and finaily
the entire ieaf 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
Buli 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















Nutrition and Manuring 109

8.8 Fertiliser recommendations

The preceding data have indicated that through the years, the requirements of the oil
palm for [lertilisers 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 vonUexkull [ 53], Werkhoven [ 106 ] and Gens [ 39] have assembiled 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
vield 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 réots 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 Ruwer 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 m 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, Ruwer 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 [-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 Broesharr {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 fat 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 ammeonium 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 [ 1053/
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 Acguaye 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 acceleraies 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 vield levels as well as market prices but on the whole, profitable returns are not
difficult to achieve. In one of the earliest studies, Gunn [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 [or the calculations are given as follows:

Fertiliser £ Plant nutrient £/t

Sulphate of ammonia ........................ 24 N 114
Rock phosphate ............................ 19 PO, 53
Muriateof potash ........................... 26 K.O 43
Magnesiumsulphate . ........................ 19 MgO

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 Parerson [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/hafyr, a
significant response obtained in a fertiliser experiment strongly suggests that such a
level of response is also economic.

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

Fertiliser kg/palm  Nutrient Yield t/ha 7.4 124 17.3 22 272
kgfha Yo

Nitro-26 ............. 1.8 66 N 21.7 13.0 93 7.2 59
CIRP .........cuul. 1.8 91 P,O; 103 6.2 4.4 14 2.8
Muriate of potash .... 1.8 151 K O 163 9.8 7.0 5.4 4.4
Kieserite ............ 1.8 66 MgO 133 8.0 5.7 4.4 16
Fertiliser cost: per tonne material  per Kg nutricnt

Nitro-26 Ms$275 N M51.06

CIRP Ms$120 PO, Ms$0.33

Muriate of potash MS5205 K,O Ms$0.34

Kiesecrile M3 165 MgO Ms0.63

lTnb.{e 43. Economic analysis of responses obtained in experiments on young mature palms in Ma-
aysia

Yield Net income at palm
© oil* lLo.b.
Expt, Response Response Duration Costsfha SM Prices ($/t) of
level tiha yIs F H&P  total 400 500 600
No.1 K, 4.17 2 195 126 321 351 450 546
P, 4.74 2 82 143 225 381 489 635
No, 2 Koy 395 | 242 118 360 339 427 504
No.4 K. 6.84 514 395 205 600 590 736 867
No.5 N 4.92 514 143 148 291 440 553 679
K, 11,58 514 198 48 546 1188 1252 1509

F = Fertiliser H&P = Harvesting & Processing
* After deduction of duty
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Using responses actually obtained from very recent [lertiliser experiments on young
palms in West Malaysia, Ng /637 showed that the small to moderate early responses
during the 3rd to 8th year of planting were very profitable at palm oil prices of
M$500/t but even at a low l.0.b. price of M $430/t, most of the responses were prol-
itable (Table 43).

Therelore, the preceding findings clearly indicate that fertiliser use, il 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 ol 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, cxerts 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.b.fhajannum /2]

Years from planting (a) Inland soils (b) Coastal soils
Average  Best Good Average  Poor
23 4.5 9.9 7.4 6.1
5.8 9.5 19.8 t1.1 8.6
8.9 13.4 18.6 14.4 12.4
11.3 18.3 21.0 17.3 14.9
13.7 20.8 23.6 19.8 16.0
15.5 223 24.8 21.0 18.6
16.7 21.8 236 22.3 19.3
17.6 213 228 218 19.8
18.1 21.0 223 21.0 18.6
18.2 20.8
18.3 20.6 } 21.0 19.8 18.6
8.2 20.3
18.0 20.0
17.7 19.7
i7.5 19.3 19.3 18.6 16.0
19 e e 17.2 19.0
20 e e 16.8 18.6
2 16.4 18.2
22 e 16.1 17.8 1
2 15.7 17.4 16.0 14.9 13.6
2 15.3 17.0 |
. Z P 14.9 16.7 )
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Table 45. Bunch yield of D x Tand D x P material on inland soils in West Malaysia
t £.f.b./hafannum [2{]

Years from planting DxT DxP
Range Mean Range Mean

23 0-8.6 1.2
8.9 0-17.3 6.0
15.8 6.2-23.5  12.1
16.5 5.0-28.2 18.1
20.2 16.0-25.0 21.2
— 17.3=23.6 211

Table 46. Yield estimates for D x T material on coastal clays in West Malaysia

t f.F.b./hajannum /7]

Years after planting Class A arcas  Class B areas

T P 12.5 11.2

L 21.2 17.5

S e e e e e s 237 21.2

L 26.2 23.7

. T 27.0 24.5

B e e e 21.2 247

L 1 PN 27.2 25.0

For West Malaysia, such projections of yield ol various planting materials have been
made by Bull [ 21] and Bevan er al. [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 inanuring programmes.



Appendix 1 (A)

Rates af Sulphate of Ammnonia (N) and Muriate of Potash {K) recommended for young plantings on four major soil groups in West Malaysia

(kgfpalm}

Years in field 1. Sandy loams to sandy clays II. Clays [rom basic igneous
from granite, sandstone, older  rocks

II1. Silty clay from shales

1V. Marine clays

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 2,73-31.86 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 0.90-1.14 273 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 2.7 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 3.41-13.64 1.60-2.04 2.73-2.86 0.90-1.60 1.81-2.73
8 1.81-2.73 2.73-1.86 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 {507

Appendix 1 (B)
Rates of Christmas Island Rock Phosphate ( P) and Kieserite ( Mg) recommended for

West Malaysia (kgipalin}

Years in fietd L. Sandy loams —sandy clay I1. Clays from basic rocks
loams rom granites, sandstone
and older alluvium

I11. Silty clay loams — silty clays

from shales

IV. Marine clays

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
2 0.68-1.14 0.45-1.14 0.23-0.45 0.45 0.68-1.14 0.45 ¢ 0
3 0.68-1.60 0.50-1.14 0.45-0.68 0.45-0.68 0.68-1.50 0.68-0.90 0 0
4 0.90-1.60 0.50-1.60 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 0.68-0.50 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 .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 0.50 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]

¥l
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Appendix 2

A schedule of manuring polyvhag nursery palms in West Malaysia, using a compound 12{12{172

(NPK Mg) fertiliser [7]

Age (months} Amouni/palm
{g)
A 7
A 14
T e e e e e, 14
B e e e e e e e e 14
O 21
L1 21
m........ E S 28
O N 28
D 28
I 42
Appendix 3
Rares of fertilisers recommended for oil palms in Indonesia (kglpalm). Ollagnier et al. [71]
Year in field Sulphate of  Rock Phos-  Muriate of
Ammonia phate Potash
NUISETY o i i it arraan s — — —

......................................... 0.50 1.0 0.5
e e e 0.75 1.25 1.0
. 1.0 1.5 1.25
e e e 1.0 2.0 1.5
T Not stated 2.0 2.0
Appendix 4
Rates of fertilisers recommended for oil paln plantings in West Afvica (kgipaim)
Country Source Yearin Sul- Urea Phos- Mu- Kieserite
field  phate phate riateof
of Am- Potash
monia
Dahomey Surre & Ziller [90] 01 0.50 0.20
1-2 0.75 0.20
2-3 1.00 (.50
3-4 1.00 0.75
4-5 n.a. 1.00
=5 n.a. 1.0-1.5
Dahomey Ollagnier etal. 71] (-1 0.175 0,20
-2 0.250 0.50
2-3 0.300 0.75
34 0.300 1.00
>4 n.a. 1.25
Ivory Coast Ollagnier et al. Forest Savan- Savannah 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.
34 n.a. n.a. 1.50 n.a.
~4 n.a. n.a. 1.50 n.a.




116 Nutrition and Manuring

Canntry Source Yearin Sul- Urea  Phos- Mu- Kieserite
feld  phate phate riate of
of Am- Potash
monia
Liberia Ollagnier et al. 0-1 0.50 —_
-2 0.75 0.50
2-3 n.a. 0.50
34 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  Oflagnier et al. {7{] 0-1 0.45 0.23
1-2 094 0.45
2-3 1.40 0.94
3-4 n.a. 1.40
=4 n.a. 2.30
Sierca 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
34 n.a. n.a. 0.50 na.
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
-2 0.50 0.50
2-3 0.60 0.75
34 060 1.00
>4 n.a. 1.25

n,a, = data not available

Appendix 5
Rates of fertilisers recommended for oif palm plantings in Central Africa (kglpalm)

Country Yearin Sulphateof Urea  Phosphaie Muriateof Kieserite
Sfield  Ammonia Potash
Cameroon Ollognier et al.  0-1 0.15 n.a. n.a.
{71 1-2 0.25 n.a, n.a.
2-3 n.a. n.d. 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
-2 050 0.30-0.60 0.40 0.25
-3 075 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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Continnation
Couniry Year in Sulphate of Urea Phosphate Muriate of Kieserite
field  Ammonia Potash
{triple
super)
Congo (Kinshasa}y Ollognier et al. 0-1 0.10 0.23 0.25 0.10
[71; -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 ol. 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
34 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 of fertilisers recommended for otl palm plantings in South America (kglpaln;.
Ollagnier et al. [71]
Year in Sul- Urea Phosphate Mu- Kieser-
Sfield phate riate of ite
of Am- Potash
monia
Brazil S. Bahia 0-1 0.50 0.30
1-2 0.7% 0.75
2-3 n.a. 1.00
3-4 n.d. 1.20
= n.a. 1.20
N. Bahia 0-1 0.50 n.a.
12 0.75 n.a.
2-3 1.00 0,50
-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
-2 050 075 1.00 and forest 0.50 0.75
(slag) Borax
Colombia 0-1 0.25 100 0.50 0.50  n.a.
1-2 na.  na 0.75 0.50 005
2-3 n.a. mna, 1.25 0.65 0.075
=3 n.a. n.a. 1,25 0.65 0.075
Peru 0-1 0.20 n.g. 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 of fertilisers used in the nurseries in Africa and South America (glpalm). Ollagnier et al. [71]

Country Sulphate of Urea Phosphate Muriate of Kieser-
Ammonia Potash ite
Dahomey .......coviiviiinn — 125 — 200 —
Ivory Coast (Forest) ......... — 125 — — —
(Savannah) ...... — 250 — 250 50
Liberia ....oovviniiiiinian, 400 — — — —
Nigeria o.ovovviiniiinern,- 450 — — . —
Sierra Leone .........cconut. — 200 125 (super) — 100
TOBOG ovceae e ianarnanns 250 — — 200 —
Cameroon «..ovvvnnriareians — 100 — — —
Congo (Brazzaville) .......... 200 — — — 100
Congo {Kinshasa) ........... 100 — 120 (triple super) 125 S0
Brazil §. 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 ... ... i i — 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 producinz 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 4% 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 resuft 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 falis 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 1b 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—4 m high, alter 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 14 t capacity contain-
ers which are then lifted onto trailers. 1t 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

() crop weights of individual harvesting teams and individual fields can be easily and
more accurately obtained.

The harvested (ruit should be transported on the same day to the factory where the
fruit should be processed within 24 hours in order to avoid oii 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 (ruit 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 1I, 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 I, 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 {ruit bunches are
entered into the steriliser and steam is gradually introduced until the pressure and
temperature are at 2 kg/cm? and 130° 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 214 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 [ruitlets are separated from the bunch
stalk and spikelets in a rotary drum or beater arm stripper, the latter being used only
in small milis of less than 10 t/ht capacity. The rotary drum is made of horizontal
metal bars with adequate space between them to permit the stripped f[ruitlets 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 mesocatp of
the fruit end this process is therefore most important. Heat is provided in order 1o 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. Steam1 pressure is
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maintained so that the mash leaves the digestor at about 90°C. 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 [ruit 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 mashis introduced into the perforated press cage
from the digestor through a hole ina sliding door, and a ram moves upwards to press the
mash and then returns by its own weight. [t 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 1930°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 10 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 stighty
lower level and the oil in it is [urther recovered in special sludge separators. The
sludge, being the heaviest, collects at the bottom and can be discharged to the sludge
tank. [n order to reduce oxidation of the clear oil in the tank, Aoats 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 mixturc 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 malterial, 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 water-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 mill

In every mill, there is a quality control laboratory to carry out certain specified tests
on the oil [/]. These arc: 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
tiquid fraction. 1t is well known that the oil consists mainly of triglycerides of palmit-
ic, oleic and linoleic acids. Eckey [4] and Loncin and Jacobsberg [11] have given
ranges of fatty acid composition of 21 samples of commercial oil from the Far East,
and Africa as follows.

Fatty acid Eckey Loncin and Jacobsberg
far East and Africa gongo

Myristic ....... ... 0.6-5.9 1.2-2.4

Palmitic ...................... ... ..., 32.3-45.1 41.0-43.0

Stearic ...... .. ... ... 2.2-6.4 4.4-6.3

Oleic ............. e e 18.6-52.4 38.040.2

Linoleic ...................... ... . ... 5.0-11.3 9.9-11.2

It can be seen that Eckey's figures are more variable than those of Loncin and Jacobs-
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 /67

Fatty acid Malaysian Cameroon Congo 5.P.B.
plantation oit plantation oil plantation oil
° o o,
o £ ] o
Saturated Lauric Cyy ..o i i i i 0.07, 012 0.12
Saturated Myristic Cyy ...l 1.27 1.14 1.02
Saturated Palmitic Cpg ... v vvvevvvin el 39.60 38.90 45.50
Saturated Stearic Cpg oovooiiin i iiinee 6.17 6.51 5.90
Mono-unsaturated Oleic Cyq . .ovaie oot 39.30 40.80 34.60
Di-unsaturated Linolenic Cig ..o oovvvvninnn.. 12.18 10.74 11.81
Tri-unsaturated Linolenic Cyg vovvvniinv ot 0.37 0.51 0.29

Todinevalue ... ... i, 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 Loncin and Jacobsberg established the lollowing estimales,

Triglycerides S-8-S  approximately ........... ... . .. i 6%
Triglycerides S-S-U approximately ......... ... ..o i 48%
Triglycerides S-U-U approximately ...... ... oo, 43%
Triglycerides U-U-U approximately ........ .. ..o i, 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 /67

Constituents Abundance  Composition
ppm va
CATOIENIOIIS -+« e e e e e e et e ettt a e e e e aaae 500-700  x Carotene 36.2

# Carotenc 54.4
» Carotene 3.3

Ovhbers 6.0
TOCOPREIOLS & oo i i it s 500-800
SEETONS « ottt e e e 300
Phosphatides ...........o i 500~1000
ALCONOIS & oot e e e i e 80O

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.

Paim kernel oil: Unlike palm oil, palm kernel oil is colourless and resembles coconut
oil and the composition range ol fatty acids is shown in Table 49.

Table 49. Composition of palm kernel oil

Fatty acid %
Caprylic o L LR EE PR N 3-4
Caproic O R R C AR 3-7
Lauric ~ o P R R 46-52
Myristic T 14-17
Palmitic A R PR 6-9
Oleic T R RN 13-19
Stearic o R R 1-2.5
Lineleic o LR 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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Tuble 50. Common propertics of palm oil and kernel oil

Property Palm oil Kernel oil
Melting point ®C ... . 23-Zo
Solidification value = C 20-23
Specific gravity at 15° C 0.952
Specific gravity at 40°C 0912
Saponrification value .................... 241-255
Jodine number ... oo it e e 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 [.[.a. content has been the principal criteri-
on of palm oil quality. An upper limit of 5% {.f.a. at port is imposed by consumers
and oil with £.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 oi! 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 /ipase 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 §% to nearly 40% following crushing. This indicates,
that handling the fruit is relatively more important than getting the fruit 1o 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 //4]. 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 al
the mill. '

Where water is present, spontaneous autocatalytic hydrolysis can be brought about by
the f.f,a, already in the oil and sufficiently high temperatures around 70° C [9]. Loncin
and Jacobsherg [ 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
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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 carth 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 Fulfler’s earth is most
commeon.
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 cil 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 [ 10] thought that autoxidation of the unsaturated
_fatty acid bonds fed 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, Jofannson [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.

Paim 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. Turrer has also shown that aflatoxin producing moulds such as Asper-
gillus flavus 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
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Figure 20, Methods of processing erude palm oil
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Source: Jasperson H. and Pritehard J, L. R.: Trop. Sci. 7 (1965)
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10.3 Uses of oil palm products
Palm eil; The principal end uses are as lollows:

(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 /27 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 kernef 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**
MOISEUIE et e e 11 9.9
201 S N 8 7.1
Crude Prolein oo ci i iiaria s i5 15.6
Crude fiBre . oo i it i a e 10 19.2
N-free extractable substances 53 44
721 T 3 3.9

* The Oil Palm in Malaya. Min. Agric. Co-op. Malaysia p. 232, 1966,
*+ The Oil Palm, its Culture, Manuring and Utilisation, Lnter. 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 [rom 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 itsell 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:

{(a1) 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 o growers,

The first point on environment has been adequaltely 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 Aowering, fruit set and development may help to achieve an optimum sex ratio and
cven 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
rcquirements. 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 35600 to M 3450 in the seventies. For a plantation of 8000 ha, Ceoper and Bevan [ 3]
in a separate exercise showed that a large central factory with a capacity of 40 (/hr
was more economical in the long run than two 20 t/hr miils, 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 smailholder 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 lvory 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 //]. 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 smail
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 smalihclders 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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