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Since upland rice under shifting cultivation is common, the mean paddy yield in sub-Sahara
Africa (SSA), especially West Africa, has been stagnated at 1.3-1.7 t ha™! during the past 30
years of 1970-2000. There exist numerous small inland valley swamps (IVS), of which 10
million ha is capable of being turned into small scale irrigated rice fields, i.e., sawah* by
simple and low cost ecological engineering technology with farmer’s self-support efforts.
The fertility of lowland soils in West Africa was the lowest, particularly available phospho-
rous status was extremely poor and low pH as well as low exchangeable bases among the
three tropics of Asia, Africa and Latin America. However, because of multi-functional mech-
anisms of soil and water conservation and replenishment of nutrients, sustainable produc-
tivity of 1 ha of lowland sawah system can be equivalent more than 10 ha of upland fields.
Geological fertilization, nitrogen fixation, neutralization of pH and increase phosphorous
availability are the important functions of the sawah system. Sustainable development of
sawah systems in IVSs can contribute to increase food production and to restore the
degraded watersheds of SSA. *Sawah: The term sawah refers to leveled rice field sur-
rounded by bund with inlet and outlet connecting irrigation and drainage. The term origi-
nates from Malayo-Indonesian. The English term, Paddy or Paddi, also originates from the
Malayo-Indonesian term, Padi, which means rice plant. The term, Paddy, refers to rice grain
with husk in West Africa of SSA. Most of the paddy fields in the Asian countries correspond
to the definition of the term sawah. Paddy field is almost equivalent to sawah for Asian sci-
entists. However, the term paddy fields refers to just a rice field including upland rice field
in West Africa of SSA. Therefore in order to avoid confusion between the terms rice plant,
paddy, and the improved man-made rice growth environment through ecological engineer-
ing, the authors propose to use the term sawah.
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The distribution characteristics of major soils are
quite different among the three major tropics, i.e., tropi-
cal Asia, Africa, and America. Table 1 shows the esti-
mated area of each soil order in the three major tropical
zones (Sanchez 1976; Okagawa 1984; Wambeke 1992;
Eswaran et al. 1992, 1997; Soil Survey Staff 1998,
1999:; Kyuma 2001; Hirose and Wakatsuki 2002). In the
figures, although Psamments is a suborder belonging to
the Entisol order, they are dealt with in an order-equiva-
lent soil category. This is because they are mainly
quartzitic sandy soils containing almost no weatherable
primary minerals, like Oxisols. In tropical Africa, the
combined area of Oxisols and Psamments, the aged,
leached, nutrient depleted low pH soils, and Aridisols
accounts for 64% of all land. Although very acid low pH
Ultisols are widespread, since the geology is much

younger, Oxisols, Psamments and Aridisols, unsuitable
for agriculture, are little distributed in tropical Asia. In
tropical America, Oxisols have wide distribution, 43%,
but few distributions of Aridisols and Psamments. Of
tropical soil types, Andisols on upland and Inceptisols in
lowland have good moisture and fertility in general.
While intensive farming is practiced on Andisols in all
of the three tropical zones, Inceptisols in lowlands are
not very much used in tropical Africa (Windmeijer et al.
1993) and America. In tropical Asia, however, the low-
land Inceptisols are utilized for irrigated sawah based
rice production systems. The sawah systems produce
rice food for more than two billion people on a sustain-
able basis (Greenland 1997; Kyuma 2003).

In sub-Sahara tropical Africa (SSA), agriculture is
mostly upland cultivation by traditional sifting cultiva-
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tion systems even under rapid population expansion,
which destroys forests. In addition lowlands have not
yet been widely used. As a result, about 400 million ha
of forests have already been lost and turned into degrad-
ed land (UNEP/ISRIC 1991; UNEP 1997). West Africa
is a core region of sub-Saharan tropical Africa (SSA)
and a typical region where food and environmental cri-
ses is becoming increasingly serious and the deteriorat-
ing environment is threatening human survival (Hirose
and Wakatsuki 1997, 2002; Hirano 2002; Sanchez 2002;
Conway and Toenniessen 2003). During 1986 to 1998,
Wakatsuki conducted various survey trips on the rice
based farming systems in flood plains, inland valleys
and various uplands. Those soils, mainly lowlands, were
collected from most West African countries, including
Senegal, Guinea, Sierra Leone, Liberia, Cote d’lIvoire,
Mali, Burkina Faso, Ghana, Togo, Benin, Niger, Nige-
ria, Cameroon and the Dem. Rep. of the Congo. Soil
fertility characteristics were evaluated and their fertility
was compared with that of soils in tropical Asia and
Japan. The results were summarized in Table 2 (Waka-
tsuki 1988; Hirose and Wakatsuki 1997, 2002; Issaka et
al. 1997; Kawaguchi and Kyuma 1977; Buri et al. 1999,
2000). Total carbon and nitrogen content were low for
West Africa and tropical Asia. The mean values of avail-
able phosphorus and pH suggest that the phosphorous
status of West Africa is very critical. Base status such as
exchangeable calcium and potassium and effective cat-
ion exchange capacity were also very low. In addition,
some micro-nutrients, such as sulfur and zinc also, are
generally very low and about 60—80% of lowland soils,
both inland valleys and flood plains, are in deficient lev-
el (Buri et al. 2000). Comparison of soil fertility data of
tropical America by Tanaka et al. (1984, 1986) revealed
that the fertility of lowland soils in West Africa was the
lowest (Hirose and Wakatsuki 2002).

In high rainfall zones of West Africa such as equatori-
al forest in Liberia and Sierra Leone, Oxisols are wide-
spread in upland areas. The typical topsequence of
inland valley soils near Makeni in central Sierra Leone
was Oxisols in flat upland, Oxisols/Ultisols in slopes
and Inceptisols in valley bottom. The eCEC of the top-
soils were 1-5 cmol(+) kg™ and exchange acidity per-
centages were 10—-90% throughout the topsequence
(Smaling et al. 1985a,b; Hirose and Wakatsuki 2002).
The upland soils have especially low carbon and nitro-
gen contents, less than 1% and 0.1% respectively. Avail-
able phosphorus (Bray II, Bray and Kurtz 1945) was
also lower than that of lowland soils. Exchangeable
bases are also generally lower than those of soils in
inland valleys and flood plains. In Savannah zones, such
as Sudan and Guinea, although the upland soils are
mainly Alfisols but the eCEC of these soils is also very
low, normally less than 5cmol(+) kg™'. Low activity
clay soils are predominated. In addition to the poor soil
fertility, the recent shortage of rainfall also further
makes it difficult to conduct sustainable upland farming.

Table 1.
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Major soil distributions in the three tropics based on the Soil Taxnomy (Hirose and Wakatsuki 2002).
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