Effects of Shifting Cultivation on a Tropical Rain Forest Soil in
Southwestern Nigeria’

ABSTRACT

The chemical and physical properties of soils (Oxisols) in
shifting cultivation sites in southwestern Nigesia were com-
pared with those of soils under rain forest. The levels of orga-
nic maiter, total nitrogen and exchangeable calcium, magne-
sium, potassium and sodivm in shifting cultivation sites are
fower than forest soils. The exteni of organic matter and
nutrient decline in shifting cultivation soil, relative to forest
levels, is greater in the 0-10 cm layer than in the 10-30 cm la-
yer, Soils in shifting cultivation sites had higher bulk densities
and lower total porosities,

INTRODUCTION

s with most countries in the tropics, shifting
cultivation is the dominant systern of arable
s farming in Nigeria Agronomic studies on shift.
ing cultivation in Nigeria have focused on soil dynam-
ics under experimental contintous cropping {1, 10);
finding planted fallow substitutes to replace the natu-
ral bush faliow (8, 10); changes in the properties of
soils under natural bush fallows over time (2, 3), and
on the effects of land clearing on soil properties (12).
These studies have made valuable contributions to an
understanding of shifting cultivation and the pro-
blems of intensifying it, but have largely ignored
changes in soil properties that occur during the crop-
ping phase of the shifting cultivation cycle. Such soil
changes have been documented generally for the trop-
ics by Nye and Greenland (11). Soil and ecological
condition vary considerably in the tropics. So de
crops grown, nature and restorative ability of fullow
vegetation, climatic conditions and length of cropping
relative to fallowing Hence, studies such as those of
Nye and Greenland (11), which give an overview of
the general features of shifting cultivation in the trop-
ics, should be complemented with studies that are
area-specific or soil-specific This is necessary to
ensure that bianket measures are not taken to inten-
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COMPENDIO

.as propiedades fisicas y quimicas de Jos suelos Oxisoles
en sitios en donde se practica la agricultura migratoria se
compararon con aquellas de suelos existentes en forestas tro-
picales humedas. Los niveles de materia orpdnica, nitrégeno
total ¥ calcio, magnesio, petasio y sodio intercambiables en
suelos bajo cullivo migratorio son mas bajos que en suelos de
foresias rimedas. El nivel de disminucion de Ia materia orgi-
nica y de los nutrimentos en suelos bajo agriculiura migrato-
rit, en relacion con los suelos forestales, es mayor en ka capa
0 2 10 cm de la superficie del suelo que en Ia capa 10 a 30
e¢m. Log suelos bajo agricultura migratoria presentaron mayo-
res densidades masales y porosidades totales mds bajas.

sify shifting cultivation in the tropics and that the
measures adopted tzke full cognisance of the ecologi-
cal and pedological conditions of the area in question

The present study examines the effects of the
cropping phase of shifting cultivation on an Qxisol in
the rain forest zone of southwestern Nigeria by com-
paring the physical and nutrient status of soils in
shifting cultivation sites at the cessation of cropping
with seils in forest control sites

The study aren

The present study was carried out in the Ibeju —
Ode area, part of the coastal plain of southwesiern
Nigeria. The climate is hot, humid sub-equatorial with
a double-peak rainfall regime. The mean annual rain-
fail is between 1 300 and | 600 mm and the natural
vegetation is tropical rain forest. Most of the original
rain forest has been destroyed as a result of the pre-
valent practice of shifting cultivation. Remnanis of
the originally continuous forest cover arg now con-
fined to forest reserves and sacred groves. The rain
forest is floristicatly diverse, with some trees over 30
m tall. Some of the major tree species inciude Chloro-
phora excelsa, Lamiea swehvitchii Antiaris afiicana,
Basqueia angolensis and Pentaclethra macrophyila.

The soils are Oxisols They were derived from
sandstone parent materizl and have been intensively
leached Kaolinite is the dominani clay mineral in the
soils.
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Cassava and maize are the main crops grown in the
study area. These are frequently intercropped with
pepper, melon and yams Farmlands are cultivated for
1-3 years and thereafter fallowed for 3-10 years
depending on soil fertility and the amount of land
available to the community.

MATERIALS AND METHODS

Soils in shifting cultivation sites were compared
with those in sites under mature rain forest to infer
the effects of shifting cultivation on soil properties.
The former were sampled at the end of cropping The
shifting cultivation and forest sites were located on
flat and gently slopping summits of topographical
sequerences in an-area of uniform parent material
{(sandstone) to ensure that catenary variations in soil
properties were minimal Soil samples were collected
from depths of 0-10 cm and 10-30 ¢cm in sampling
sites which measured 30 m x 30 m. Ten plots each
were studied for shifting cultivation and rain forest
sites. Bulk soil samples collected were air-dried, pas-
sed through a 2 mm sieve, and analysed for organic
carbon by the method of Walkley and Black (15).
Uncorrected organic carbon values were converted

into soil organic matter by multiplying by 2 factor of

1 274 Total nitrogen was determined by the Kjeldahl
method. Soils were leached with IM neutral am-
monjum acetate and the extracts used for determin-
ing soil exchangeable cations Exchangeable calecium,
potassiuvm and sodium were determined by flame
photometry and magnesium by atomic zbsorption
spectrophotometry Soil cation exchange capacity
was determined as the sum of the exchangeable ca-
tions and exchange acidity (5) Soil particle size com-
position was determined using the hydrometer meth-
od Undisturbed core sampies callected from the 0-10
crn layer were analysed for bulk density using the
core method (4), while total porosity values were

calculated from buik density values using an assumed
particle density value of 2.65 g cm™ (14) Bulk den-
sity and tfotal porosity were analysed for only the
0-10¢ cm layer,

RESULTS

Table 1 shows the properties of the 0-10 em layer
of soils under rain forest and in shifting cultivation
sites. The mean organic matter content of the shifting
cultivation sites is low, being 463% of the mean
forest level. Similarly, the levels of total nitrogen,
exchangeable calcium, magnesium, potassium and
sodium and the cation exchange capacity of the shift-
ing cultivation sites are significantly lower than the
levels in forest soils. Organic matter and nuirient
levels in the 10-30 cm layer under shifting coltivation
are also generaily lower than the levels in the corre-
sponding layer of forest soil However, the extent of
organic matter and nutrient diminution is greater in
the 0-10 cm layer of the profiles than in the
underlying 10-30 cm layer. The mean level of arganic
matter in the 0-10 cm layer of shifting cultivation
sites was reduced to 46 3. of forest level, while that
of 10-30 cm was reduced to 78 6% of the level in the
corresponding layer of forest soil. The mean levels of
exchangeable calcium, magnesium and potassium in
0-10 em layer of soils under shifting cultivation were
reduced to between 36% and 59% of forest soil
levels. The same nutrients were reduced to between
75% and 85% of mean forest levels in the 10-30 cm
layer There are no significant differences between
soils under shifting cultivation and rain forest with
respect to the levels of total nitrogen and exchange-
able calcium and sodium in the 10-30 cm layer
Again, this points to the fact that the effects of shift-
ing cultivation on nutrient decline in the soil are more
marked in the topsoil layer than in the subsoii layer.

Table 1. Properties of the §-10 cm layer of cultivated and forest soil. Values are means £ standard error. N = 10,

Soil properties Cultivated soil Forest soil
Organic matter {%) 25 = 018 54 &+ 0,14
Total nitrogen (%) 019 001 049+ 0.04
Exchangezble caletum (kgfha) 5047+ 371 10296 1461
Exchangeable magnesiuvm (kg/ha} 1567 = 97 2654 = 216
Exchangeable potassium {kg/ha) 472 x 67 673 = 203
Exchangeabie sodium (kg/ha) 180 = 70 466 + 64
CEC (me /100 g of soil) 84 z 056 177 ¢ 1¢
Bulk density (gfcm®) 119+ 003 098+ 001
Total porosity (%6} 544 = LO 632 = 03
Sand (%} 916 = 04 816 = 1.8
Silt (%) 34 = 02 108+ 1.0
Clay (%) 50 = 04 82 ¢+ 12
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Table 2. Properties of the 10-30 cm layer of cultivated and forest soil. Values are meuns + standard error. N = {0,

Soil properties Cultivated soil Forest soil
Organic matter (%) 1 o 004 i4 & 012
Total nitrogen (%) 0.10+ 001 ¢1l+ 001
Exchangeable calcium (kg/ha) 4651 497 5495 £ 1089
Exchangeable magnesium {kg/ha) 1656 = 7.7 2097 + 211
Exchangeable potassivm (kp/ha) 216 + 13 287 & 26
Exchangeable sodium {kg/ha) 420 = 15 411 « 13
CEC (me /100 g of soil} 47 & 017 69 = 049
Sand (%) 909 + 10 743 = 17
Silt (%) 22 % 0.2 100 =+ 11
Clay (%) 69 = 1.0 1537 &= 15

Shifting cultivation has adverse effects on soil
physical status {Table 1} as compared to soils under
rain forest. The mean bulk density of the 0-10 cm
layer of soils in the shifting cultivation sites is signifi-
cantly higher than that of forest soil, indicating that
shifting cuitivation results in seil compaction. Also,
the mean total porosity of shifting cultivation soil
is lower than that of forest soil (Table 1). This sug-
gests that soils in the shifting cultivation sites are less
porous and hence less permeable to water and air
than forest soil. Soils in shifting cultivation sites are
more sandy than forest soils This is presumably due
to vigorous downward eluviation of silt and clay
particles during cultivation, owing to site exposure.
The higher clay content of forest soils may be partly
atiributable 1o pgreater earthworn activity under
forest

DISCUSSION

The levels of organic matter in the shifting cultiva-
tion sites are low compared to soils under mature rain
forest This indicates that soil organic matter declines
during shifting cultivation, due to site exposure, a
reduction in litter quantity and the disruption of [it-
ter supply to the soil during cultivation Site exposure
results in high soil temperatures and accelerated soil
organic matter oxidation (11). As with organic mat-
ter, there is a decline in the fevels of total nitrogen
and exchangeable calcium, magnesium, potassium and
sodium in the 0-10 cm layer of soils in the shifting
cultivation sites The decline in the levels of nutrients
during the cropping phase of shifting cultivation is
due fo nutrient removal in harvested crops, leaching
and erosion (11), and also to a decline in organic mat-
ter Organic matter is a source and store of soil nu-
trients and is the main contributer to the cation
exchange capacity of kaolinitic tropical soils such as
occur in the study area. Hence, a decline in soil organ-
ic matter will resuit in a reduction in soil nutrieni-

adsorbing capacity, which In turn will lead to in-
creased leaching of nutrienis from the soil. Organic
matter and nutrient diminution is 2 universal feature
of shifting cuitivation and has been reported for
various parts of the tropics by Joachim and Kandiah
{9), Nye and Greenland {11}, Cowzill (G} and Rama-
krishnan and Toky (13} The extent of nutrient
decline is controfled by several factors, including
types of crops grown, length of cultivation, cultural
practices, cropping intensity, climatic conditions and
intrinsic soil nutrient status Cowgill {6) observed that
shifting cuitivation had little effect on the exchange-
able calcium status of soils derjved from limestone
that were cultivated for two years This is mainly
because the soils were very rich in exchangeable cal-
cium, having formed from limestone. In contrast, the
results of the present study indicate that shifting cul-
tivation leads to a substantial decline in the leveis of
exchangeable calcium and other nutrients in soils
cultivated for 1-2 years. Soils in the study are were
derived from sandstone parent material which is
deficient in miners! nuirients Thus, the soils are of
low nutrient status and are therefore prone to nu-
trient exhaustion during cropping if fertilizers are not
applied during cultivation

The extent of nutrient and organic matter decline
in shifting cultivation soil {relative to forest level) is
greater in the topsoil layer {0-10 cm) than in the
subsail layer (10-30 ¢cm). This is to be expected for
the following reasons. First, the topsoil is exposed to
the direct impact of adverse weather phenomena, in-
cluding intense solar radiation following site clearance
resulting in thermally-induced soil organic decompo-
sition and mineralisation. Secondly, the soil erosion
that results in considerable loss of organic matter and
autrients from shifting cultivation sites is confined
to the topsoil layer. Finally, there is a net loss of nu-
trients from the topsoil to the subsoil due to leaching.
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Soil physical status deteriorated as a result of shift-
ing cultivation. Soils in the shifting cultivation sites
are more compact and less porous than forest soil,
This is mainly due to site exposure prior to and dur-
ing cultivation (crops such as cassava, maize and yams
grown in the study arex do not completely cover the
ground), tillage prior to cultivation and to organic
matter diminution The implication of a reduction in
porosity in cultivated sites is that permeability will
decrease; hence surface runoff and soil erosion will
increase appreciably. leading to further loss of soil
nutrients and deterioration in soil physical status.

Site exposure appears to be the major factor ac.
counting for deterioration in soil chernical and physi-
cal status during the cropping phase of shifting culti-
vation. Cunningham (7) observed that site exposure
alone, following three years of forest clearance,
resulted in a 57% drop in the level of organic matter
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