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ABSTRACT
Accelerated soil erosion is one of the
factors responsible for rapid decline in crop yield on
arable lands in the tropics even within a few years of
deforestation and new land development. Engineering
practices of water runoff management are expensive to
install and their effectiveness depends on regular
maintenance. Research in West Africa and elsewhere in
the tropics has indicated the potential of biological
control measures associated with mulch farming techniques
and of no-till system in reducing runoff and soil erosion
to within tolerable limits. The magnitude of soil loss
reduction and of water conservation produced by the notill system, however, depends on the quantity and
durability of the crop residue mulch. The "mulch factor"
also depends on slope gradient, on soil erodibility and
hydrological properties, and on crop characteristics.
Biological control measures and crop residue mulches
influence runoff and soil erosion directly by preventing
drop impact, and indirectly by improving hydrological
properties through their effects on soil structure,
moisture regime, and water transmission properties. For
slopes ranging between 2 and 20%, mulch rates of 6-8 t
ha
have been found to be adequate if regularly maintained.
The effective mulch rate to control soil erosion was
generally less with the no-till than with conventional
methods of seed-bed preparation. Mulch rate was also
less for crops that develop a rapid canopy cover close to
the soil surface. Results from the tropics are reviewed
in terms of their implications for soil and crop management systems.
Aperçu des besoins
en paillis
dans la lutte
contre
1'érosion
en système de non-travail
du sol dans les
régions
tropicales
RESUME
L'érosion accéléré du sol est un des facteurs
responsable de la baisse rapide de la productivité des
sols arables dans les tropiques, même dans les quelques
années qui suivent la deforestation et la mise en valeur
de nouveaux terrains. Les pratiques d'ingénierie d'aménagement de l'écoulement sont généralement trop chères et leur
efficacité dépend d'une maintenance régulière. La
recherche en Afrique de l'Ouest et ailleurs soulignent
le potentiel des mesures de contrôle biologique, comprenant des techniques de déchaumage, et du système de non475
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travail du sol dans la réduction au niveau tolerable du
ruissellement et de l'érosion du sol. Cependant, l'ampleur
de la réduction des pertes de sol et de la conservation
des eaux obtenue avec le système de non-travail du sol
dépend de la qualité et de la durabilité de la couche
protectrice de paillis. Le "facteur mulch" dépend aussi
de la pente (inclinaison, longueur et forme), du sol
(e.a. l'érodibilité, propriétés hydrologiques) et des
caractéristiques de la culture (le couvert végétal, système
racinaire, durée, etc). Les techniques de contrôle
biologique et de paillage influencent le ruissellement et
l'érosion directement en prévenant l'impact des gouttes
et indirectement en améliorant les propriétés hydrologiques à travers leurs effets sur la structure du sol, sur
le régime d'humidité et sur les propriétés de transmission
d'eau. Pour des pentes entre 2 et 20%, des quantités de
6 à 8 t ha- sont adéquates, si la couche est régulièrement
maintenue. En général, les besoins en mulch sont moins
dans le système de non-travail du sol que dans les méthodes
conventionelles de culture. Le développement rapide d'un
couvert végétal, près de la surface du sol, réduit aussi
la quantité requise de paillis. Les résultats obtenus
sous les tropiques sont évalués sur leurs implications
dans les systèmes d'aménagement du sol et des cultures.

INTRODUCTION
Whereas the lack of a protective vegetation cover at the onset of
monsoon rains causes severe erosion in semiarid regions and in the
Sahel (Rapp et al.,
1972; Adu, 1972; Talbot & Williams, 1978; Barth,
1978; Fauck, 1977), unprecedented rates of deforestation and the use
of heavy equipment for land clearing and subsequent cultivation are
responsible for accelerated soil erosion in the forest zone of subhumid and humid climates (Wilkinson, 1975; Greenland & Lai, 1977;
Dunne, 1977; 1979; Lai, 1976, 1981). In the humid zone, erosion is
generally of no consequence on forested lands and on farmland
cultivated by traditional methods (Lai, 1981). Two questions of
immediate concern are firstly, how serious is the soil erosion, and
secondly, how can it be controlled while permitting an intensive
land use.

THE SEVERITY OF EROSION IN TROPICAL AFRICA
Some soil erosion is inevitable even in an undisturbed environment ,
because it is a natural process. Soil erosion is severe when the
rate of soil removal exceeds the rate of new soil formation. The
productivity of the exposed subsoil becomes uneconomic, even with
improved systems of soil and crop management and with additional
agronomic inputs. These criteria do not involve the off-site
damages and the effects of erosion on the environment.
The rate of soil formation is difficult to determine, and little
is known about it for soils in Africa. Even less is known concerning
the effects of erosion on the productivity of African soils. The
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latter depends on many factors including the distribution of plant
nutrients in the soil profile, effective rooting depth, the physical,
chemical and biological properties of the subsoil, and the
availability of agronomic/technological strategies to manage subsoils. A qualitative assessment of characteristics of soil B shown
in Fig.l shows the yield to be more susceptible to erosion than in
the case of soil A, even for the same magnitude of soil erosion.
For the purposes of planning for future land development, it is
important to delineate regions predominantly containing soils of
type B and to ensure that these soils are left undisturbed awaiting
further technological developments.
This over-generalization should, however, not be interpreted to
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imply that soils of type A can be subjected to indiscriminate land
use regardless of the climatic constraints. No soil is durable
against mismanagement. What it means is that the severity of erosion
risks and the probability of losing soil A as a resource are less
than for soil B.

TERRACING
Technological measures for the management of marginal lands (i.e.
category B soils) can be of two types. For those soils with
relatively favourable subsoil characteristics, land forming is
possible, provided that agronomic practices of nutrient management
are developed and are easily and economically available. In south
and southeast Asia bench terraces have been used for centuries in
conjunction with a very intensive land use. Although paddy
cultivation is a rather special case, because continuous inundation
drastically alters the root-zone environment, the art of managing
exposed subsoil has also enabled Asian farmers to use sloping lands
for an intensive cultivation of upland crops. The decision is made
on the relative merits of managing undisturbed sloping land for
cultivation of upland crops and risking the loss of nutrient rich
surface soil, or developing bench terraces as water control devices
and developing appropriate agronomic practices to manage an infertile
exposed subsoil. Learning the art of managing the "subsoil" is
extremely important regardless of the approach adopted.
The bench terraces used in south and southeast Asia are different
from the graded channel terraces commonly employed on mechanized
farms in tropical Africa. Whereas the Asian terraces are primarily
water control devices constructed to ensure an equitable water
distribution for paddy cultivation the principal function of graded
channel terraces is to control soil erosion. The former terraces
are 3-4 m wide and nearly flat. They are regularly and intensively
maintained, and there is no risk of soil erosion. The graded channel
terraces established for mechanized arable cultivation are generally
wider, with inter-terrace widths of 20-30 m depending on slope, and
are rarely flat. These terraces are constructed to prevent
accumulation of runoff on long slopes and to reduce velocities of
flow, ensuring its comparatively safe disposal into specially
devised grass waterways. They are effective if the predominant
slope is gentle to medium, and if terrace channels are regularly
maintained. The data shown in Table 1 relate to an exceptionally
intense rainstorm (Fig.2) recorded at.IITA, Ibadan, and indicate the
lack of effectiveness of graded channel terraces at slope gradients
exceeding 5%. These intense storms with a return period of about
5-10 years cause enormous damage to arable lands and urban structures.
Inter-terrace soil management to reinforce mechanical structures is,
therefore, essential for effective soil and water conservation on
these erodible soils in harsh environments.

MULCH FARMING
Accelerated soil erosion is a symptom of land misuse and soil
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TABLE 1
Erosion from 10 and 20 m inter-terrace
of varying slope gradient
(IITA, Ibadan) (in t
Slope
%

Slope
lO m

1
5
10
15

0.15
16.10
24.00
60.11
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widths
ha~x)

length:
20 m
0.13
1.90
18.01
59.10

mismanagement practices. Sloping lands with soils highly susceptible
to severe erosion are more suited to perennial crops than to arable
land-use. With an ever increasing land shortage, however, even
marginal lands are being subjected to intensive arable use.
Mulching has proved to be an effective technique in many
ecological environments on a wide range of soils. In East Africa,
mulches are widely recommended for erosion control on tea estates
(Shaxson, 1975; Othieno, 1975; Othieno & Laycock, 1977). Roose (1975)
and Roose & Asseline (1978) demonstrated that mulching of pineapple
plots in Ivory Coast was the most effective means of combating erosion
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(Table 2). In the Sudano-Sahelian plains of northern and central
Ivory Coast, Collinet & Valentin (1979) concluded that straw mulching
is the only entirely effective technique for maintaining high
infiltration rates. Mensah-Bonsu & Obeng (1979) concluded from plot
measurements at Kumasi, Ghana, that compared with bare fallow,
TABLE 2
Effect
of residue
(t ha-1)
from pineapples
in
Roose & Asseline,
1978)

management
on soil
Ivory
Coast
(adapted

Slope
(%)

Bare
soil

Soil erosion
under different
Residue
burnt
Incorporated

4
7
20

15
102
253

0.2
3.8
16.7

erosion
from

treatments:
Mulch

0.03
0.06
9.7

O.OOl
O.OOOl
O.OQ7

mulching reduced runoff by between 11 and 35 times and erosion by
between 188 and 750 times. Similar results have been reported by
Hudson (1971) for Zimbabwe and Lai (1976) for southwest Nigeria.

AGRONOMIC PRACTICES TO PROCURE MULCH
Besides being technically viable, any successful cultural practice
must also meet the demands of ecological, climatic, and social
constraints. Mulch rates of 4-6 t ha- from a single crop are
difficult to procure, even in a labour intensive economy. Appropriate methods must, therefore, be developed to procure adequate
amounts of residue mulch.

TABLE 3
tropical
Cover

Some cover
Africa

crops

crop

Panicum coloratum
Psophocarpus
palustris
Stizolobium
deeringianum

used

for

Country

soil

of

Kenya
Nigeria
West Africa

and

use

water

conservation

in

Reference
Thomas
Okigbo
Wilson

(1975)
s Lai
s Lai

(1977)
(1984)

A variety of creeping and low growing legumes are recommended as
cover crops for erosion control on steep lands (Table 3). A study
of paired watersheds (5 ha) at Ibadan, Nigeria, has, for example,
clearly demonstrated the effectiveness of a cover of Mucuna
utilis
in runoff control
(Fig.3).
Merits of no-till farming for bio-structurally active soils have
been documented for some soils in tropical Africa (Lai, 1983). In
Ghana, Baffoe-Bonnie & Quansah (1978) reported from their studies
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near Kumasi that reduced tillage caused the least compaction,
maintained porosity, and suffered the least soil and water losses.
Mensah-Bonsu & Obeng (1979) also observed in Ghana that, in
comparison with conventional ploughing, no-tillage reduced runoff
by between 70 and 90% and soil erosion by 97%.
The effectiveness of no-till for erosion control, however, depends
on the quantity of crop residue mulch. Soil erosion and water
runoff losses can be severe if a no-till system is adapted without
an adequate quantity of crop residue mulch. Soil erosion and water
runoff losses can be severe if a no-till system is adapted without
an adequate quantity of crop residue mulch (Charreau, 1977). The
data in Table 4 show that for some alfisols in a subhumid environment, effective erosion control with a no-till system is achievable
with a crop residue mulch of 2-4 t ha - 1 per crop.
The mulch requirements for a no-till system applied to a wide
range of soils, slope gradients, crops and ecological environments
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are hard to generalize. This is the type of adaptive research that
is needed for regional soils, crops, and environments. Appropriate
farming systems have to be developed to meet the mulch requirements
for soil and water conservation, and for alternative uses. Mulch
can be procured from the previous crop residue, by cut and carry, by
growing suitable cover crops,, and from agroforestry. Soil and crop
management requirements differ widely among these systems.

TABLE 4
Effects
of different
mulch rates
on runoff
(mm)
and soil
erosion
(t ha~ season~
) under no-till
maize
from an alfisol
at
Ibadan
Mulch

rate

0
1
2
3
4
Ploughed
Ploughed

Runoff
(mm)

bare

Soil
(t

56.4
50.8
52.9
46.7
30.1
79.0
115.0

Data refer
to a plot
10 x 2 m with
are for the second season,
1981.

erosion
ha-1)

1.50
0.42
0.49
0.44
0.32
0.62
1.00
a gradient

of

10% and

APPLICATION OF A MECHANIZED NO-TILL SYSTEM IN THE TROPICS
No-till systems can be readily adapted for crop production by smallscale farmers providing herbicides are easily and economically
available. For large-scale mechanized agriculture, however, the
choice of appropriate farm equipment is important. Excessive use of
heavy equipment can cause severe compaction of surface soil leading
to low infiltration, high water runoff, poor and an uneven crop
stands, and low uneconomic returns. Soil compaction can be avoided
by the selection of appropriate crop rotations, ensuring an adequate
amount of crop residue mulch, reducing the frequency of traffic by
farm vehicles to an absolute minimum, planning the timing of farm
operations, and by using suitable combinations of seeding and
spraying equipment.
Measures for preventing soil erosion and compaction are to be
preferred over the curative techniques. The latter are too
expensive, are either temporary measures or ineffective, and are
often too late to prevent severe soil degradation. Mechanized notill systems should incorporate the concept of "zonal tillage",
with guided or controlled traffic. In addition to "seedling" and
"soil and water conservation" zones, sloping land should also have
a "traffic" zone. The farm equipment should always use the same
tracks so that soil compaction is limited to this zone.
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CONCLUSION
The severity of soil erosion depends on soil, crop, and management.
The most important parameter of soil erosion is the anthropogenic
factor. Irrespective of the erosion techniques adopted, mastering
the art of managing subsoil fertility is very important and relevant
in these times of ever increasing land shortage. Mulch requirements
for a no-till system vary among soils, crops, and agro-ecologies
and adaptive research to define these requirements should be given a
high priority.
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