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PART 1. INTRODUCTION

PREFACE

Work began on this project in 1965 and a draft report was submitted to the
Government of The Gambia in 1968. It is now published with their kind
permission.
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work; the Director and staff of N.I1.F.0.R., Benin, Nigeria, for information
on tnhe oil palm, particularly in dry areas, and for the analyses of the leaf
samples; the Director and staff of the O.R.S.T.0.M. Centre at Dakar, Republic
of Senegal, for advice on the soils; and Mr. C. Hartley, Mr. J. Sly,

Dr. B. Tinker, Mr. L. Chapas and Mr. A. Rees, all at one time members of

WA I.F.O.R. staff, for a useful discussion of the project.

ABSTRACT

The climate, geology, relief, vegetation and soils of the Western Division of
The Gambia are described. Most of the environmental factors are unfavourable
for optimum oil palm growth, in particular the low rainfall and long dry
season of seven months. The unfavourable conditions are reflected in the
poor establishment and growth of planted palms.

High establishment costs and low yields suggest that the profitability of oil
palm development in The Gambia is very doubtful, but such development may be
desirable for social or other reasons. 1If so, development should be on the
least unsuitable sites for o1l palm growth, which have been selected, and
mapped, principally on the basis of soil and soil moisture characteristics
interpreted in terms of the growth of wild palms.

RESUME

Le climat, la géologie, le relief, la végétation et les sols de la Division
Occidentale de La Gambie sont décrits. La plupart des constituants du milieu
physique sont défavorables a la culture du palmier & huile, en particulier
les pluies éparses et la saison séche longue de sept mois. Ces conditions
défavorables se manifestent dans la croissance insuffisante des palmiers
plantés,

A cause des frais élevés de 1’établissement des palmeraies et des rendements
bas de 1’huile, la rentabilité du palmier & huile dans la Gambie serait
douteuse, mais le développement de cette culture pourrait etre souhaitable
pour des raisons sociales entre autres. En ce cas, le développement devrait
etre dans les localited les moins défavorables au palmier & huile On a
distingué les localités les moins défavorables en considérant surtout les
caractéristiques des sols et la croissance actuelle des palmiers sauvages.
LLes limites des localités sonlL indiquées sur des cartes.

(113389) 3
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PART 2. THE PROJECT

ORIGIN OF THE PROJECT

In 1965 the Government of The Gambia asked the Land Resources Division to

undertake a survey of the Western Division of the country with the following
terms of reference:

1. To 1nvestigate and map the landform units and their associated
solls.

2, To map the areas at present occupied by wild palms.

3. To assess the potential for the cultivation of oil palms,

and to map the most suitable areas

1.  To assess the possibilities of growing citrus, cashews and
rice, and to indicate the most suitable sites for each crop.

PROCEDURE
The project began in October 19635 when the author was assigned to the project.

Initially, the relevant literature and maps were consulted and reviewed.

Next, the air photography at a scale of 1:25 000 (made in 1962 by Fairey
Surveys Limited) was examined stereoscopically, a provisional analysis of tue
landform units was made, and the distribution of naturally occurring palms
mapped at a scale of 1:50 000. Field investigations were made from *larch 1966
to May 1967. These included a check and revision of the air photo 1inter-
pretation, a landform analysis, a reconnalssance soil survey and measurements
of the growth and rooting of wild and planted palms.

This report contains an assessment of the potential of the area for growing
oil palms. More detailed information on tihe geomorphology and soils of
Western Division is contained in a provisional report on the soils of
Yestern Division (11111, 1969). Time did not allow a full assessment of tne
area for citrus, cashews and rice, but the soil data and reconnaissance soil
map contained in the provisional report will provide a basis for such an
assessment

(113389) 5



(68€€10)

16:’00' West of Greenwich

X v 16°30"
Q REPUBLIC

OKUNTAIR

OF

N'JA (N'JABA)
O KUNDA

12°30'N S —
r 30

13°30'N

o Y
KEREWAN o
SALEKINI ____

BATHURST

KWINELLAO

O
OBRUFUT LAMIN

OyUNDUM KENEBA |

BRIKAMA FARABA

BANTA ©

BINTANG

OGUNJUR

REPUBLIC OF SENEGAL
KARTUNG

16°30" West of Greenwich 16°00’
1 |

Study area Scale 1:500,000 (Approx)

TEXT MAP 1  Location and drainage of the study area



PART 3. THE ENVIRONMENT

LOCATION

The Gambia, lying between latitude 13°N and 14°N, forms a narrow band on
either side of the Gambia river, extending into the Republic of Senegal for
some 500 km (300 mi): boundaries are political and correspond to no
geographical features.

The area of this study, approximately 1 500 km? (500 mi?), corresponds to the
administrative unit of Western Division. It extends approximately 108 km

(67 m1) inland from the coast and is bounded in the north by the swamps on the
south bank of the Gambia river and its tributary the 3intang Bolan, in the
south by the international boundary with Senegal (Text Map 1)

CLIMATE

The Gambia has a Sahelo-Soudan type of ciimate (Aubréville, 1949) characterised
by a long dry season, and a short intense wet season. Near the coast the
climate changes to the Guinean-Lower Casamance type, which differs mainlv in
having a higher rainfall.

Kendrew (1961) and Cocheme and Franquin (1967) have analysed the climate of

this part of West Africa which is controlled by two main influences: thenorth-
easterly harmattan, a dry continental air mass coming from the Sahara, and the
south-westerly monsoon, a humid oceanic air mass. They meet in the belt of
low pressure known as the intertropical convergence zone, where their inter-
action produces thick low cloud and heavy rain, with thunderstorms. The
northward migration of this convergence zone brings rain to the area from June
to October. Tn winter the convergence zone moves southwards, anticyclonic

conditions prevail and the area is mainly dry.

The main features of the climate are described below. Unless otherwise stated
the temperature, rainfall and wind records shown in the tables were supplied by
the Meteorological Office, Yundum.

Rainfall

The rainfall is mainly convectional and torrential, though spells of cloud and
steady rain are common. Within Western Division rainfall decreases eastwards
from Yundum which has an annual average of 1 326 mm (52.28 in). The markedly
seasonal rainfall distribution is shown by rainfall data in Table 1 and the
histograms in Figure 1. The rainfall in any one month may vary widely from
year to ycar as shown by the values in Table 1 for standard deviation from the
mean rainfall, whilst the decrease in rainfall to the north and east of the
area is 1llustrated by the data for Keneba, Kerewan, Georgetown and Basse.

The latter two towns lie east of the project area, in MacCarthy Island Division
and Upper River Division, respectively.

Rainfall during June and July governs the earliest date at which oil palms nay
be planted. The percentage probabilities of obtaining certain amounts ol rain
during June have therefore been calculated using the method of Glover and
Robinson (1953) and are shown in Table 2. These data are considered in
relation to the soil moisture deficit on page 26 of this report.

(113389) 7
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TABLE 1  Mean monthly rainfall and standard deviation (1) values for stations in The Gambia

Month Yundum 1049-66 Pwiam 1919-58 Kegefis(Q) Kerewan 1949-58 Georgetown 1949-65 Rasse 1949-66
mm in s.d.,in |mm in s.d.,in| mm in mm in s.d.,in | mm in s.d ,in | mm in s.d.,in

Jan. 1] 0.05] - 0000l - 0| 0.01 0] 0.00 | - 0l a1 | - o loo0o| -
Feb L 0.05] - 1] 0.04] - 0| 0.00 1l 013 | - 0l 0.0l - 1] 0.00] -
Yar. 0] 000 - 01000 - 0| n.00 ol oon | - 0l 0.00| - 0000 -
Apr. 0 0.00| - 0000 - 0ol oon 0| 0.00 | - 0] 0.00| - 91 0.08| -
May 8l 030 - 70099 - 0l 003 50 0.91 | - 11| 0.45 | - 24 | 0.04| -
June 76| 2.97| 1.39 0 | 3.87| 1.47 136 | 533 | 84 3.30 | 9% | 12| 82| 2 119 | .70 | 2.04
July | 31712.50 | 3.10 315 [12.41| 4.71 188 | 739 | 956| 10.08 | 2. 14 29 | 8.88 | 2.58 224 | 8.83 | 3.36
Aug. 198 | 19.63 | 7.70 343 [13.51| 5.33 481 [ 18.94 | 356| 11.04 | 6.68 333 [13.12 | 5.18 348 |13.60 | 1.55
Sept. | 3151 12.43 | 4.04 201 |11.46 | 5.00 249 | 9.81 | 240] 9.78 | 400 . 230 | 0.05| 3.62 | 921 |10.°7| 3.34
Oct. 99 | 3.80| 2.80 129 | 5.06| 2.53 o) 368 | 07| 383 349 95| 3.75| 2.86 05 | 3.74| 92.30
Nov. 10| 0.41| - 6 0.95 - 0 006 | 21| 0.84] - 50010 - 1] 0.43] -
Dec. | 1.95] 0.05] - 0| 000 - 0| 0.00 ol 008 - 1| 0.02] - 0 o0.01| -
Year |1 326 52.98 1 101 |46 90 1148 | 15 25 11 073] 19.99 1023 | 40.30 11085 42,71

(1) Standard deviation (s d ) was calculated only for the period June to October, because rainfall during the rest of the vear was
too low to give meaningful figures.  Standard deviation was not calculated for Keneba as rainfall records were availablce for
a five year period only.

(?) Data from Miglioli and Thornton (19756)
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TABLE 2 Percentage probability of June rainfall exceeding certain amounts
A ]
Station Extent Percentage probablllty of June
of record rainfall exceeding
25 mm 50 mm 75 mm 4] 100 mm 150 mm | 200 mm
(1 in) (2 in) | (3 1n) (4 in) | (6 1in) (8 in)

Yundum 1949-66 91.4 75.5 45.2 26.1 2.7 0.0

Bw1i am 1949- 58 97.4 90.3 66.3 48.0 8.1 0.3

Kerewan 1949-58 83.4 69.5 52.4 41.6 14.6 0.0

Georgetown} 1949-65 95.1 87.2 77.3 65.7 30.6 0.0

Basse J 1950-63 96.1 90.9 77.6 64. 4 27.4 5.0

These figures show that at Yundum, for example, in nine years out of ten June
rainfall exceeds 25 mm (1 in) but only in two to three years out of ten does
June rainfall exceed 150 mm (6 in).

(113389) 9



The Dry Season

The long dry season of seven months generally begins in mid-October and ends 1in

the second half of June. During this period the days are usually very hot and
the nights cool. The harmattan wind carries Sahara desert dust and causes
haze and very low humidity. Potential evapotranspiration exceeds rainfall by

over 88 mm (33 in) and desiccation is intense.

Temperature

The mean monthly temperatures in Table 3 show that the eastern part of The
Gambia 1s hotter throughout the year.

TABLE 3  Mean monthly temperature data for three stations in The Gambila

Mean monthly temperature (1)
lonth Yundum Georgetown Basse
1949-66 1949-65 1950-63
OC OF OC OF OC OF

M|
January 23.3 73.9 24.8 76.7 24.17 76. 4
February 24.6 76.2 27.1 80.7 27.2 80.9
March 25.2 77.3 29.2 84.5 29.6 85.2
April 25.5 77.9 30. 4 86.7 31.3 88.4
May 25.7 78.3 31.4 88.6 32.1 89.8
June 27.1 80.8 29.8 85.6 29.8 85.7
July 26.7 80.0 27.6 8L.6 27.7 83.0
August 26.3 79. 4 26.9 80.5 27.1 80.7
September 26.5 79.7 27.3 81.1 27.3 81.2
October 26.6 79.9 28.0 82.4 27.9 82.2
November 25.6 78.1 27.2 80.9 27. 4 81.4
December 23.4 | 74.1 24.3 75.8 24.3 75.7
iWean monthly 25.95 78.0 27.8 82.1 28.0 82.5

(1) % (Monthly mean minimum) + % (Monthly mean maximum).

The range of temperature 1is considerable as shown by the maximum and minimum
temperature figures shown in Table 4. Mean monthly minimum temperatures fall
below 18°C (65°F) from December to March at Yundum and Georgetown, whilst from
February to May mean monthly maximum temperatures rise above 329C (90°F) at
Yundum, and during March, April and May they rise above 37°C (100°F) at
Georgetown and Basse.

(113389) 10



TABLE 4  'ean monthly maximum and minimum temperature data for three stations

in The Gambia

]
| Yundum > Georgetown Basse
1949-66 ‘ 1949-66 1950-63
°C | OF °C OF oc OF o
l
’ Mean maximum 31.6 88.9 35.1 95.2 35.8 96. 4
Vean minimum 20.1 68.2 20.5 68.9 20.3 | 68.5
Extreme maximum 41.7 107.1 43.9 111.0 - -
Fxtreme minimum 7.8 46.0 3.3 46.9 | - -

Relative Humidity
Throughout the country the highest relative humidity occurs during the rainy

season. Figures for percentage relative humidity are available only for
Yundum and these are given in Table 5.

TABLE 5 Mean monthly percentage relative humidity at Yundum

| Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. Decj_w

L Jan. | Feb
|
|

| |
53 51 ‘ 55 63 69 75 82 87 85 82 73 59 '

L

Winds

The region 1is influenced by three air currents: the hot, dry, dusty
harmattan, a north-easterly wind which often brings haze; a hot and damp
south-westerly wind, which blows during July, August and September, and the
north-east trade wind, affecting only the coastal areas.

Potential Evapotranspiration

Estimataes ol evapotranspiration were calculated for Yundun, Georgetown and

RBasse using the formula of Thornthwaite (1948). Similar estimates using
Penman’s formula (1948) could only be made for Yundum as there are
insufficient data for the other stations. These figures are presented in
Table 6 but it must be stressed that they are only estimates based on
theoretical considerations. Garnier (1956) has shown that during the dry
season 1n Northern Nigeria estimates of evapotranspiration computed by the
Thornthwaite method are lower than measured evapotranspiration; during the

wet season the Thornthwaite figures are higher than measured

evapo- transpiration. Cocheme and Franquin (1967) indicate on a generalised
sketchmap a Penman estimate of annual potential evapotranspiration of less
than 1 600 mm (63 in) for the whcle of The Gambia, a figure which 1is consider-
ably lower than those given here.

(113389) 11
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TABLE 6  Average monthly and annual potential evapotranspiration in milli-
metres and inches for stations in The Gambia, based on data for the
period 1949 to 1966

r OISO N ————

Penman estimate

|
L

{ . Thornthwaite estimates \

e Easae—— it }

\ Yundum : Yundum Georgetown i Basse

| o | m | o | m | o | ] ]

| mm in | mm in mm 4{ in | mm | 1n {

‘ —

Jan. 145 5.70 [ 86 3.40 | 95 | 3.73 | 93 | 3.66
Feb. 169 6.66 | 104 4.08 140 | 5.53 | 143 | 5.63
Mar. 199 7.84 114 4. 50 196 | 7.72 l 208 8.19 |
Apr. i 213 8.40 119 4.68 232 9.14 | 262 | 10.33
May 3 209 8.23 121 4.77 267 10.53 | 294 | 11.56
June ‘ 194 7.63 145 5.72 211 8.31 | 213 ‘ 8.39
July 172 6.76 138 | 5.43 152 5.97 | 158 | 6.21
Aug. 159 6.27 130 | 513 137 5.37 | 139 5.49
Sept. 157 6 19 135 5.32 144 5.67 | 147 | 5.79
Oct. 150 5.90 135 5: 82 164 6.46 159 \ 6.21
Nov. 131 5, 17 119 4.68 144 5.67 | 147 5.70
Dec. 135 3. 33 88 3.48 86 3 42 ; 7 3.43
1
Total | 2 033 80.08 |1 434 56.51 | 1 968 ‘ 77.52 { 2 050 80.74

The relationship between rainfall and potential evapotranspiration is shown in
Figure 2. It can been seen that there are only 3 months in the year during
which rainfall exceeds evapotranspiration.

RELIEF AND DRAINAGE

The area 1s part of a Tertiary plateau, which has been partially dissected.
The landform of the area is greatly influenced by the presence of two layers
of cuirasse or ironstone, and by relative uplift of the land (greatest in the
east) 1n the early Quaternary period. This has given rise to a broadly
undulating terrain, with slopes rarely greater than 39, In the west, the low
hills are separated by depressions up to three miles in width. Frequently
the lower parts of these depressions are infilled by sandy colluvium, giving
an almost flat plain often a mile in width. In the east the valleys are
narrower and often separated by broad, almost flat interfluves, probably
remnants of the Tertiary plateau.

The drainage of the area is controlled principally by the Gambia River and 1ts
tributary the Bintang Bolon (Text Map 1). Both are tidal throughout Western
Division and fringed with mangrove swamps. Temporary streams, flowing during
the rainy season, have cut into the Tertiary plateau and flow mainly north to
north-eastwards. The Allahein River drains a system of broad flat valleys in
the south-west and i1s tidal for much of its meandering course. There 1s
little information regarding streamflow and the extent and depth of flooding
of any of the Gambian rivers, but the extreme flood rise of up to 12 m (40 ft)
reported in the east of The Gambia during the rains, does not occur in Western
Division. During the rains many of the valleys do become flooded, but the
very sandy permeable soils drain rapidly so that, in general, the watertable
has fallen by November.

(113389) 13



GEOLOGY

Only a brief outline of the geology 1s given below. More detailed accounts
will be found in Cooper (1927), Tessier and Alloiteau (1952), Michel (1960),
Sénégal, Service des Mines et de la Géologie (1962) and Maignien (1965).

The area is one of late Tertiary, mainly continental deposits, overlying early
Tertiary and Cretaceous marine sediments.

The deposits outcropping in Western Division are generally referred to the
Continental Terminal, and Tessier and Alloiteau (1952) have dated them as
Pliocene. They are mainly pink, beige and variegated clayey sands with inter-
bedded clays and sands of variable thickness. Dabin et al (1967) point out
that during the late Cretaceous there was a humid climate in much of West
Africa south of the Sahara. Ferrallitic soils were formed and the Continental
Terminal largely represents the remains of these soils reworked by aeolian and
fluviatile agents (Jacquet and Nickles 1943). During the early Quaternary,
lateritic cuirasse or ironstone was formed in these deposits and then hardened
(Michel 1960 and Maignien 1965). Generally the ironstone is a cellular
indurated layer overlying vesicular material with mottled white and yellow
interstitial material. In places it forms a massive purplish ferruginous
sandstone.

LLate Quaternary marine deposits are fragmentary in The Gambia. Small areas
of terrace are found on the coast and close to the Gambia River; beach
boulders occur at Cape St. Mary and fragments of raised beach along the coast.
Recent deposits of alluvium form a complex pattern over the river floodplain.

VEGETATION

The vegetation of The Gambia is commonly referred to as Guinea savanna. Keay
(1959) classed it as undifferentiated relatively moist savanna woodland as most
of the trees are fire-tolerant and grass i1s dominant in the herb layer.
Aubréville (1949) classified most of the vegetation of Western Division as
Sudano-Guinean forest savanna, often degraded by cultivation; Blair Rains
(1967) places the vegetation in the shrub woodland physiognomic unit.

A list of the species commonly occurring in The Gambia has been compiled by the
Government of The Gambia, and Dawe (1922), Ruxton (1949), Roberty (1962) and
Naegele (1967) have also listed the principal species. In the upland areas
these include Terminalia albida, Parkia biglobosa, Daniella oliveri, Acacia
senegal , Pterocarpus erinaceus and Cassia sieberiana. Other common species
are Piliostigma thonningii, Anona senegalensis, Guiera senegalensis,
Dichrostachys glomerata and Combretum spp. Adansonia digitata, Ceiba pentandra
and Mangifera indica occur in areas that have been cleared and cultivated.

Towards the west, palms occur in the area classed as ‘oléo-palmerai en garenne
culturale’ by Roberty (1962) and as ‘Guinean-Lower-Casamance’ by Aubréville
(1949); Borassus aethiopum is widely distributed while Elaeis guineensis, the
wild oil palm, 1s mainly restricted to the depressions. In many of the swampy
valley bottoms the oil palms occur in small clumps, frequently raised above
the surrounding grasses or rice fields on old termite mounds. The distribution
of wild palms 1s discussed later on page 29 of this report.

Grasses occur throughout the woodland, but become dominant in cleared areas;
Hyparrhenia spp., Andropogon spp. and Diheteropogon spp. are commonest. The
grasses are usually burnt during the dry season.

(113329) 14
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l'xtensive Phizophora and Avicennia mancrove swamps occur along the main rivers
and Giglioli and Thornton (1965) have discussed some aspects of these
vegetation types. A stunted vegetation 1s associated with the narrow helt of
dunes occurring along the coast. The distribution of the main vegetation
types 1s shown in Text Map 2.

SOILS

The soils of the Western Division are described in detail in a provisional

rcport by the author (Hill, 1969) which 1s uccompanied by a Reconnaissance Soil
‘lap showing the boundaries of the map units which are discussed briefly below.
The units are classified (see Table 7) according to a system set out by Aubert

(1965) and Aubert and Ségalen (1966).

The typical occurrence of the soils in relation to the topography is shown in
1gure 3. Descriptions of some typical profiles with analytical data are
given 1n Appendix I, together with definitions of high, medium and low nutrient
levels given by Metson (1956).

In general, all the soils are extremely low in available nutrients, whilst
reserves of phosphorus, potassium and magnesium, as shown by the figures for
total P, K and ‘g, are also very low. Even in the surface horizons the
nutrient levels remain low because there 1s little organic matter present.
Potassium 1s often only just detectable in the laboratory, a serious deficiency
for the cultivation of o1l palms which are gross potassium feeders. The
fairly high percentage base saturation of the soils 1s due to calcium and
magnesium on the exchange complex. As both the Ca/K and Mg/K ratios are
sreater than 2, the level of exchangeable calcium and magnesium makes little
difference to the o1l palm at present, but the low levels of both nutrients are
potentially limiting factors because the addition of potassium fertiliser would
depress the ratios

These data show that the soils in The Gambia would need much fertiliser before
they could support oil palms successfully. In addition, the extremely sandy
surface horizon, the low exchange capacity and the lack of organic matter,
combined with the intense rainy season, make 1t probable that much of the added
nutrients would be lost by leaching.

terrallitic Seoils

itan Lmit 40. Tubakuta  These soils are found principally on the crests of
ridges and grade downslope into the Jambanjeli Lnit. Always more than two
metres deep, they are well drained, very red soils. They are sandy througnout
and although there are higher clay contents in the lower parts of the profiles,
tue soils remain friable, giving a very fine granular structure in which
pseudo~sand 1s commonly found. The highly weathered soils have mainly
kaolinitic clay minerals, a very low cation exchange capacity and a high
percentage base saturation. The pH in water ranges from 5 to 6, tne profiles
becoming more acid at depth. The soils dry out rapidly at the end ol the
rains, particularly in the sandier upper horizons. The soils are frequenti-
cultivated although in some areas they may be under shrub woodland.
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TABLE 7  The soils of Western Division classified according to Aubert (1965)
and Aubert and Ségalen (1966)
Class ( Subclass Group J Subgroup Family Map unit |
J, number and name
’ [
|Ferrallitic Weakly Depleted Modal soils 1 Soils on 40.  Tubakuta
solls desaturated solls | sandy clays ’
solls | and | ]
r L, L4§andstones J 41.  Jambanjeli
\ — \ —
Soils with | Tropical Depleted Soils with Soils on 43. Mayo
sesquioxides [ ferruginous soils mottles sandy clays ,
‘ soils and and
{ concretions sandstones {
; Soils on 30. Nyambai )
sandy 34. DBwiam
colluvium ,
—
Soils on 30.  Nyambai {
sandy 33. Kalaji |
| colluvium
{over ! i
culrasse |
I
Hydromorphic | Soils on ’ 30. Nyambai |
soils sandy {
l colluvium [ l
Hydromorphic | Soils with Gleyed I Soils Soils on 22. Jabang [
solls little soils gleyed sandy | 20, Abuko (1) |
organic throughout colluvium | }
matter the profile L, ‘ ;
Pseudo- Soils with I Soils on 32.  Sifoe \
gleyed mottles and sandy [
soils concretions colluvium J
} |
Raw mineral Soils of Soils of Soils of | Soils over 42. Bintang
soils non-climatic| accumulation | aeolian / culrasse f
origin origin | {
(Weakly Soils of Soils of Modal Soils on 23.  Solifor (1)
i developed non-climatic| accumulation | soils recent |
soils origin beach sands r
\ Soils on 44. Sanyang (1)
early |
' | Quaternary f
Lﬁsands |
] | Soils on ’ 24. Mandinari (1)|
| Quaternary T
E ! marine %
( | terraces { ‘

(1) These mapping units are of little importance for this report and are not described here.
They are described in the author’s provisional account of the soils of Western Division

(H1ll, 19/9)
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Numbers refer to soil map units.
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FIQURE 3

Idealised sections across valleys showing the typicul occurrence of the main soils (a) West of Brikama

(b) South of Bwiam (c) East of Bwiam




Map Unit 41. Jambanjeli The soils in this unit are very similar to those
mapped in the Tubakuta Unit. They generally occur on the mid-slopes below
the Tubakuta soils but may occur on some low ridges; they merge downslope
into hydromorphic soils.

Generally reddish or yellowish brown, the soils may be mottled at depth, though
evidence of impeded drainage 1s uncommon.

Tropical Ferruginous Soils

Map Unit 43. Mayo  These soils occur on the margins of the broad, almost flat,
interfluves in the east of the area. They are deep reddish soils, well
drained in the upper parts of the profile, though mottling at depth indicates
some drainage 1mpedance. A very sandy surface horizon overlies the more
clayey lower horizons. Low in nutrients, these soils probably form an inter-
grade from ferrallitic to ferruginous soils. The massive structure, the
absence of pseudo-sand, pH 6.0 in the surface horizon falling to pH 5.0 at
depth, and a percentage base saturation of more than 60% suggest that thesc
soils should be classed with the tropical ferruginous soils. These soils are
generally cultivated, but are sometimes under shrub woodland.

Map Unit 30. Nyambai Complex This complex occurs mainly in depressions in
the western part of the area, and grades into soils of the Sifoe Unit.
Profiles* 100, 97 and 5 represent the range of variation in the soils mapped
in this unit. Reference to Table 7 shows that soils belonging to three
families occur within the same mapping unit, but they are difficult to
separate at the 1:25 000 mapping scale as they differ mainly in the depth at
which a concretionary layer occurs, and in drainage. Thus Profile 97 1is
representative of the soil more than 2m (6 ft) in depth with mottles and
concretions in the lower part of the profile. Much of the iron segregation
may be fossil, and in some cases the concretions may be reworked cuirasse
included in the parent colluvium. Profile 5 1s typical of the shallow phase
of this soil, with less than Im (3 ft) of material overlying reworked or
massive culrasse. Profile 100 represents the more poorly drained soils within
this complex. Present-day iron segregation is taking place, but may take the
form of additions to fossil concretions

All the soils within this complex are of yellowish-brown colour, and are
imperfectly drained. They all have a distinct textural change from a loamy
sand surface horizon to sandy clay loam lower horizons. Associated with the
textural change is a structural change from friable crumb structure to massive
blocky structure. All the soills are acid with a pH of about 5.0. Percentage
base saturation is low, with the exception of the surface horizon, and the
solls are low in nutrients. The soils are rarely cultivated and generally
support shrub woodland, frequently with many scattered wild oil palms.

* These profiles are not described in detail in this report.  They are described in the
author’s provisional account of the soils of Western Division ('ill, 19A9).
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Map Unit 34. Bwiam Thesc soils are similar to many soils found in the
Nyambai complex. They occur mainly in the depressions of the undulating area
south of Bwiam. Generally about 2m (6 ft) in depth, the soils are yellowish-
brown, imperfectly drained, with mottles and concretions in the lower horizons,
many of which may be fossil. A textural change from the sandy surface
horizons to the more clayey lower horizons 1s associated with a change from
friable surface structures to strong angular blocky structures. The soils are
acid with a pH of 5.0. Percentage base saturation 1s low except in the
surface horizon and the soils are low in nutrients. These soils are rarely
cultivated and generally support shrub woodland.

Map Unit 33. Kalaji  These soils are found on the interfluves in the east of

the area. Generally less than Im (3 ft) in depth, they are yellowish-brown in
colour and have a dark humus-stained surface horizon. They are imperfectly
drained and overlie massive or reworked cuirasse. Some mottling may be
present-day, but most of the concretions are fragments of reworked fossil
culrasse. A sandy surface horizon overlies sandy clay loam material, and
associated 1s a structural change from a friable crumb structure to a strong
angular blocky structure. Acid, with a pH of 5.0, these soils are low in
nutrients. Percentage base saturation is low These soils are hardly ever

cultivated and are covered with shrub woodland.

Hydromorphic Soils

Map Unit 22. Jabang  These soils typically occur on wide flats in many of
the valley bottoms. They may grade into the Sifoe Unit soils or into mangrove
swamps. Deep, almost white in colour with a dark humus-stained surface
horizon, tihey are poorly drained, very sandy soils, and virtually structureless.
They are acid, with a pH of about 5.0 and have a very low nutrient status. The
soils are completely flooded during the rains, but the watertable falls fairly
rapidly to at least Im (3 ft) in the dry season. The soils are widely used
for growing rice and are referred to as ‘banta faro’ in landinka; when not
cultivated they support rough grasses with scattered wild o1l palms.

Map Unit 32. Sifoe These soils occur next to the Jabang soils forming a
narrow band on the lower parts of valley slopes. Generally more than 2m

(6 ft) deep, the soils are grey or yellowish grey in colour. They are
imperfectly drained, and reddish brown mottles are commonly found through most
of the profile. A sandy topsoil overlies the slightly more clayey lower
horizons, which have correspondingly a more massive structure. Poor 1in
nutrients, with a pH of about 5.0, the soils dry out during the dry season,
and the watertable is frequently below two metres. They are not widely
cultivated, and the vegetation 1s usually shrub woodland with dense groves of
wild palms (Plate 1). Descriptions of typical profiles are given in
Appendix 1.

Raw Mineral Soils

Map Unit 42. Bintang These are skeletal soils occurring over massive 1iron-
stone or culrasse. They are of no agricultural value.
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PLATE 1  Dense grove of wild palms on Sifoe soils (Map Unit 32) forming a narrow belt
on the margin of a temporary swamp

SOIL MOISTURE

In order to assess the moisture available in the soil to plants, samples were
taken at intervals from the end of the 1966 rainy season until May 1967. Of
the sites studied, those within the areas considered least unsuitable for oil
palms, that is, on Sifoe Unit soils are discussed below. Their location

1s shown in Text Map 3. Further details of all the sites are given by Hill
(1969).

The moisture content of 100 g of soil was determined for samples taken at the
surface, and at depth of 25, 50, 75, 100, 150 and 200 cm at each site.

Wilting point was measured in the laboratory at a pressure of 15 atmospheres
and the results are summarised in Appendix 2. Field capacity was measured in
the field but unfortunately gave widely variable results, probably because
excess moisture from the previous rainfall had not drained from the site at

the time of sampling. As laboratory measurement of field capacity on
disturbed soil samples may not give meaningful results, available water
capacity was assessed on the basis of texture (Williams 1967). This gives a

figure of 167 mm available water per metre (2 in per ft) for the Sifoe Unit
soils which compares with a figure of 140 mm per metre (1.7 in per ft) given
by Ochs and Olivin (1965) for a sandy ferrallitic soil. Rees and Chapas
(1963) give a figure of 83 mm per metre (1l in per ft) for soil near Benin,
containing 30% clay in the lower part of the profile. Williams’ method was
developed for English soils, but it has been assumed to apply to the Gambian
soils; the textures are sandy loams or lighter with low organic matter content
and consequently anomalies due to the type of clay mineral or organic matter
will be minimal.
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Nov. 1966 Jan. 1967 Mar 1967 May 1967

PROFILE No. 9
0 100% 0 1007
0-15

0 100 .
o-1sr
25-40 |
50-65
75-90 |
100-115 |
150-165 |
200-215 |

Depth, cm

PROFILE No. 13

5065
75-90
100-115 |
150-165
200-215 |

Depth, cm

PROFILE No 29

0-15
25-40 |
50-65
75-90 |

100-115 |

150-165

200-215

Depth, cm

FIQRE, 4 Soil moisture deficit as a percentage of available water capacity for selected
profiles in Sifoe soils (Map Unit 32) (100 cm = 39.4 in)
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PROFILE No. 9 PROFILE No. 13
100 100

Soil moisture deficit as
9% available water capacity
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FIGURE 5 The increase in soil moisture deficit as a percentage of available water capacity, in the surface 115 an (45 in) of
selected profiles in Sifoe soils (Map Unit 32), over the period November 1966 to January 1967
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FIGJRE 6 Theoretical water balance for the surface 50 cm (19.7 in) of a Sifoe soil
(Map Unit 32) in the Yundum area
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lHowever, Salter and Williams (1965) have shown that the percentage moisture at
field capacity is approximately three times the percentage moisture at the
permanent wilting point. At the permanent wilting point the mean percentage
moisture of the surface 50 cm (2 ft) of Sifoe Unit soils is 2.5%, rather lower
than the values given by Salter and Williams for soils of similar texture.
Thus, the values for available water capacity calculated on a textural basis
may be too high for these soils, but in the absence of other data they have been
used below for estimating soil moisture deficit.

The results are summarised in Appendix 3 and some are shown in igures 4 and 5.
Total soil moisture deficit figures are not given as the profliles were not
sampled continuously with depth. Soil moisture deficit 1s thus given as a
percentage of available water capacity for each 15 cm (5.9 1in) depth sampled.
‘lore usually moisture deficit 1s based on the field capacity but this was not
possible with the available data. Moisture deficit based on the available
water capacity is a slight overestimate, but nonetheless shows the rapid drying
of the surface horizons of the soil, and the increasing drying out of the lower
horizons as the dry season proceeds. This 1s of considerable significance, as
most o1l palm roots occur in the surface 50 em (2 ft) of soil. Thus for much
of the year the main rooting zone has the least available moisture.

The soil moisture data can also be related to the optimum conditions for
planting of palms. Seedling palms should only be planted when the soil is at
or near field capacity. Figure 4 shows that at the end of the dry season the
surface 50 cm (2 ft) of the soil is almost completely dry, and will need
approximately 80 mm (4 in) of water to bring it to field capacity, assuming
the available water capacity to be 167 mm per metre (2 in per ft). This 1s
illustrated by the histogram in Figure 6 showing theoretical water balance,
based on mean monthly figures for the Yundum area. The figure shows that
there 1s a moisture deficit of 69 mm (2.72 in) in June due to the high
potential evapotranspiration in the dry season, and that there is insufficient
rainfall to bring the soil to field capacity until almost mid-July. Rainfall
probability figures for June, given in Table 2, show that there 1s little or
no chance of rainfall exceeding the potential evapotranspiration in that month,
and consequently it will be exceptional to find adequate soil moisture for
planting oil palms in June. During August and September, rainfall exceeds
potential evapotranspiration, but in October rainfall 1s again less than
potential evapotranspiration, soil moisture is reduced and by early November
the surface layers of soil are again almost at the wilting point.

Not enough data are available to make assessments of the water balance at
deeper levels for each site, as soil moisture differences may be due to
differences in the position of the watertable. As there 1s little i1nforma-
tion on watertable fluctuations in The Gambia, an attempt was made to measure
the level of the watertable in village wells, but records were not kept
consistently. However, 1t was observed that during the rainy season the
watertable was closer to the surface in all topographic positions, giving
flooding and waterlogged conditions in the valley bottoms, though on the crests
of ridges it was 15 m (50 ft) or more below the surface. The soil moisture
records indicate that during the dry season the watertable falls 2 to 3 m

(6 to 10 ft) so that even the valley swamps dry out.

These results strongly support Sly’s (1965) recommendation that seedling palms
should be planted early in July There is insufficient soil moisture for
earlier planting and later planting reduces the period of abundant soil
moisture when the palms can be expected to flourish. Buring the period when
there is a moisture deficit, that is, from November to the following June,
Forde (1967) has estimated that 50 mm (2 1in) of water should be applied weekly
over a six foot radius round each palm, amounting to about 80 gallons of water.
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THE RELATIONSHIP BETWEEN THE ENVIRONMENT AND OPTIMUM CONDITIONS
FOR OIL PALM GROWTH

The highest yields are obtained from oil palms growing in a humid climate, with
a well distributed rainfall and little temperature variation, and on deep,
friable, porous soils with a good nutrient status. Surre and Ziller (1963)
described i1deal conditions for oil palm growth which are compared to Gambian
conditions in Table 8. It will be seen thut every climatic factor in The
Gambia, except sunshine, 1s outside the optimum range. It 1s true that
temperatures are favourable, but the minimum tcmperature is well below the
optimum. In these circumstances where climatic conditions are not ideal, soil
factors become increasingly limiting, so that minor divergences from the
optimum may have an adverse effect on yield.

TABLE 8 Comparison of environmental conditions in The Gambia with optimum
conditions for oil palm growth

Factor Optimum The Gambia, ‘
(Surre and Ziller, 1963) Vestern Division |
Rainfall mm 1 800-2 200 1 327
in 71-87 59
Relative humidity % More than 75 More than 75
June to Oct. only 1
Length of dry season Not more than 3 7
in months 1
— -
| Temperature mean °C 25.0-28.0 95.6
mean °F 77.0-82. 4 78.0
Wi, OC 18.0 7.8
min. ©F 64. 4 46.0 \
Pright sunshine h/a More than 1500 2000
i :
Soil (a) depth Not less than 1 m (3 ft) Seldom less than 1 m (3 ft)
(b) texture 25-30% clay; less than Many surface horizons with
10% clay 1s unsuitable less than 10% clay 1
|
(c) K content 0.15-0.20 meg% Generally 0.05 meq%
(d) Mg/K and Ca/K Greater than 2 Greater than 2
Moisture balance (1) R + P°E j R + P<E
Distance from surface Not more than 3 m (10 ft) [Hore than 3 m (10 ft) for
to watertable all except hydromorphic
| soils
Waterlogging No standing water | No standing water except in
_ | some hydromorphic soils
\
(1) R = soil moisture reserve P = rainfall E = evapotranspiration
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PART 4. THE OIL PALM IN THE GAMBIA

WILD OIL PALMS AND THEIR DISTRIBUTION

There 1s little information on the wild palms occurring in The Gambia.
Virtually all are of the dura variety, yielding fruit with a thin mesocarp
or flesh and a thick endocarp or shell, though a few tenera palms are also
present, The wild palms generally have small crowns with many dead leaves
probably due to water shortage; thin stems of uneven thickness also
reflect the unfavourable conditions.

The distribution of wild palms is shown on the map ‘Oil Palm Areas’
accompanying this report. 'The density of palms 1s shown in three classes

(Table 9), the division having been made subjectively in the field.

TABLE 9 Classes of o1l palm density shown on the map ‘Oil Palm Areas’.

Class Approximate density,
trees per acre
1. Few scattered palms < 5
2. Commonly occurring palms 5 - 15
3. Many palms > 15

As the palms often occur in clumps there may be small areas with a high
density of palms within any of the three divisions. The map shows a decrease
in tine number of palms from west to east. In the west the greatest density
of palms 1s almost always found on the slopes immediately above the swamps,
witih a gradual decrease upslope. In the east palms are again found just
above the swamps, but they form only a narrow band, with few palms, i1f any,
on the slopes (Figure 7). To the east of Western Division there are fewer
palms, and even on the margins of swamps dense groves are uncommon. Palms
are found in a narrow strip near the coast and in some valleys on the north
vank of the Gambia river west of Kerewan, but are rarely found in upland
areas.

It is probable tnat this pattern reflects the original distribution of the
palms, as it is similar in relatively undisturbed woodland. It 1s also
important to note that human influence on the distribution pattern of wild
palms 1s greatest in upland areas near the sites of intensive cultivation
surrounding villages where there are few wild palms. ilere the palms 1f
present eventually die out, probably because they are easily accessible,
and their fruit is collected regularly, so that natural regeneration stops.
Regular grass fires will also accelerate the loss of o1l palms from these
areas. In the valleys where there are most palms, there 1s little
cultivation, fewer fires and tihe human influence 1s slight.

The distribution of wild palms 1s important because in the absence ol
experimental evidence the environmental data have been interpreted partly
in terms of the growth of wild palms. Thus, it has been assumed tnat the
areas where wild palms do not occur are least favourable for oil palm
growtin, and areas with dense groves of wild palms are least unsuitable.
Comparison of the environment, and the known requirements of the oil palm
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support this assumption; for example, it is known that o1l palms require a
high rainfall, and the greatest numbers of wild palms in The Gambia occur in
the wetter coastal areas of Western Division.

(b)

T Wild palms it Wet season swamp

FIQURE 7 Idealised sections across valleys showing the distribution of wild oil palms in
(a) the west and (b) the east of Western Division, The Gambia
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