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the soil in many ways, influencing its physical properties, its chemical 
properties, and its microfauna (Ahn 1974). For this reason humus changes 
often have been considered as fundamental ones that to some extent lead 
to most other soil changes. Decreases in the amounts of humus in the soil 
often lead to the following (Ahn 1974): 

• Loss of crumb structure in the topsoil; 
• Lower total porosity and lower macroporosity; 
• Poorer aeration; 
• Poorer rainfall infiltration; 
• Increased runoff and surface erosion; 
• Lower cation exchange capacity; 
• Changes in exchangeable bases, degree of saturation, and soil pH; and 
• Lower nutrient levels due to lower amounts of humus mineralized. 

All of these factors can play some part in reducing soil productivity under 
shifting cultivation. 

The physical properties of the soil that affect its fertility and may 
det~iiorate with cropping are covered by the term "soil constitution" (Nye 
and Greenland 1960). The constitution of the soil is governed by the size 
and continuity of its pores, which determine its permeability and drainage 
characteristics, the amount of water stored for crops when drainage has 
ceased, and the exchange of carbon dioxide and oxygen in the root zone. 
The constitution of the soil is linked closely with its erodibility (Nye and 
Greenland 1960). 

Until the first crop is fully established on cleared land, rapid organic 
matter decomposition and the battering effect of raindrops on the soil can 
cause degradation of soil structure (Cunningham 1963). Forest fallow periods 
promote a humus topsoU with a favorable aggregation. After the land is 
cleared, however, the impact of raindrops on the bare surface shatters the 
aggregates and seals the pores with suspended silt. The unhumified organic 
matter on the immediate surface, which serves to keep the pores open, 
decays rapidly. Once an effective vegetative cover has formed, further decline 
in soil constitution is slight. 

Natural aggregation of the soil, as distinct from that caused by humus, 
varies markedly from soil to soil. Ahn (1974) found a relatively low degree 
of aggregation in some fertUe West African forest som (tropudalf and 
eutropept) developed over basic rocks. In a range of profiles developed over 
phyllites and granites of the basement complex, however, microaggregation 
was greater in Oxisols (haplorthox and eutrorthox) of the older surfaces 
than in the more widespread Ultisols of contemporary slopes. The degree 
and stability of natural aggregation indicate to what extent a soil retains a 
favorable structure and inherent constitution after loss of humus during 
cropping. For example, there was less decline in soU structure during shifting 
cultivation cropping on Oxisols than on Ultisols in Brazil (Seubert 1975). 
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The total nitrogen content of the soil after fallowing is high and is 
usually sufficient for at least several years of cropping. The mineralization 
ofhumus and raw organic matter that is added to soil depends on temperature, 
moisture content, aeration, vegetation type, the nature of the organic matter 
itself, and soil pH (Ahn 1974). In Oxisols the rate of nitrogen release from 
the soil organic matter is low during the fallow period but is markedly 
increased by the rise in pH after burning. According to Nye and Greenland 
(1960), the pH of the top 15 cm of Oxisols does not fall below 5.0 even 
after eight years of cultivation; therefore, there is no significant decline in 
the rate ofmineralization for a two" to three..year cropping period. Nitrification 
proceeds rapidly in almost all cultivated tropical soils during the first rains 
following a dry season. Losses of nitrate occur through leaching during the 
cropping period, especially in the wetter forest regions with continuous 
rainfall and particularly during the period before a full crop cover is 
established. 

Phosphate availability is increased after burning, and the decline in soil 
phosphate during the cropping period is due to crop uptake and a decrease 
in availability, particularly when iron and aluminum oxides are present and 
there is a drop in soil pH. Leaching losses are negligible. Nye and Greenland 
(1960) estimate that 27 kg phosphorus per ha is added by a ten"year forest 
fallow, and about 9 kg phosphorus per ha is added annually from humus 
mineralization during the cropping period. 

Although parts of the ash are washed away by the first rain, the burning 
of a forest fallow adds considerable quantities of nutrient cations to the 
exchange complex of the soil (Webster and Wilson 1966). During cropping 
the quantities of exchangeable cations tend to decline because of leaching 
and removal by the crop, but they are compensated to some extent by 
cation release from nonexchangeable forms. The loss of cations tends to 
reduce their percentage saturation in the exchange complex, as well as their 
aVailability, but this may be compensated by an overall reduction in exchange 
capacity due to humus oxidation (Nye and Greenland 1960). 

Except for potassium, there are generally no serious nutrient deficiencies 
during a cropping period of one to three years. Deficiencies may arise with 
more prolonged cropping, however, or over successive cropping with in.. 
termittent short fallows. Unlike the trees in a natural forest, field crops do 
not transfer nutrients from the subsoil to the surface. Consequently there 
can be net losses of nutrients due to leaching beyond the shallow root 
zone during cropping. Many forest soils are low in exchangeable potassium, 
an element that can be taken up in large quantities by carbohydrate crops 
such as cassava and plantain. A consequent decline in yields due to insufficient 
potash may occur rapidly (Nye and Greenland 1960). 

Soil Changes During the Fallow Period 

Nutrient changes in the soil occur because organic matter is added from 
vegetation and because nutrients are recycled from the subsoil, removed 
by cropping and leaching, or react chemically with the soil (see Figure 2.5). 
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During the fallow period these changes are closely linked with increases 
in soU organic matter and soil humus, which helps to hold exchangeable 
cations added to the topsoil, stores important amounts of phosphorus and 
sulphur, and acts as a nitrogen reservoir (Nye and Greenland 1960). Under 
moist lowland evergreen or semideciduous forest, the maximum soil organic 
matter attained after very long periods of fallow (e.g., twenty to thirty years) 
averages about 67,000 kg per ha carbon and 6,150 kg per ha nitrogen in 
the 0-30 cm layer. On free...draining soils, more humus occurs in highland 
areas when the soils are clayey and when the clay fraction contains allophane... 
like clay minerals (Kalpage 1974). Using the carbon/nitrogen ratio as a rough 
guide to the rate of mineralization, Kalpage (1974) estimates the carboni 
nitrogen ratio is around 8 to 12 in forest Ultisols and 14 to 17 in forest 
Oxisols. 

Organic matter is added to the soil as litter and from dead roots and 
root products. Annual litter production in moist tropical forests is about 
12 tons of dry matter per ha, about 10-20 percent contributing to soil 
humus (Kalpage 1974). This compares with an average of 2.5 tons per ha 
in temperate hardwood forests and 7 to 10 tons per ha in high...grass savanna. 
The initial rate of increase of humus carbon ranges between 280 and 670 
kg per ha annually. Humus carbon decomposes at a rate directly proportional 
to its amount, and ultimately an equilibrium level is attained. More humus 
is found in forest fallow soils that have been cultivated and fallowed over 
many cycles. 

Nye and Greenland (1960) have estimated that a typical rate of input of 
nitrogen to a tropical forest soil is about 40 kg per ha per yr, and the 
principal source of nitrogen is the atmosphere. Most of the nitrogen stored 
in the slash is lost in the bum, so only soil nitrogen remains for use by 
the crop, and most of that is available only after the first year of cropping. 
In the heavily leached acid soils of some rainforests, symbiotic nitrogen 
fixation is an important source of soil nitrogen, but in moist semideciduous 
forest zones, the main input of soil nitrogen comes from nonsymbiotic 
nitrogen...fixing bacteria. The increase in soil phosphorus under a ten...year 
fallow level is around 13 to 34 kg per ha in the forest. The amount of 
phosphorus accumulated in the vegetation is about 34 to ·45 kg per ha. 
Therefore, increasing soil organic phosphorus is 'probably the most useful 
function of fallow. 

During the fallow period, more nutrients are accumulated in the vegetation 
than in the topsoil. There is a net transfer of nutrients from the subsoil 
to the topsoil, however, as a result of the pumping effect of deep roots. 
Soils under forest contain more total phosphorus and calcium in the surface 
horizon (0-12 cm) than in the lower horizon. In Africa (Nye and Greenland 
1960) exchangeable calcium and exchangeable potassium contents of the 
topsoil were not altered appreciably during three ten...year cycles of wattle 
plantation, despite losses by leaching and losses to standing vegetation. 
These conditions indicate that nutrients brought up from the subsoil and 
returned through the litter to the topsoil are sufficient to compensate losses. 
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The change in exchangeable nutrients in the topsoil during the fallow 
period is the result of a balance between the addition of subsoil nutrients 
through litterfall and rainwash and a loss of nutrients by uptake from the 
topsoil by fallow vegetation and by leaching to the subsoil. After a suffiCiently 
long period of fallow, the exchangeable nutrients in the topsoil will be 
restored nearly to their original levels. 

CONTEMPORARY PROBLEMS 
AND POSSIBLE IMPROVEMENTS 

The length of the fallow period is the key to long...term success in shifting 
cultivation. Because of the rapid increase in human population densities 
and the high demands for cash crops, however, the practice of shifting 
cultivation has gradually been intensified. Cropping becomes more intensive 
and prolonged and fallows are shortened, resulting in a deterioration in 
the physical condition and nutrient status of the soil. 

In the evergreen and semideciduous lowland forest zone, some runoff 
and erosion occur during the period between burning and the establishment 
of an effective cover by the first crops, especially on steep land (Webster 
and Wilson 1966). Therefore, erosion may become a serious problem if 
more intensive cropping is practiced on steep land. Exposure and disturbance 
of the topsoil during clearing, cropping, and weeding can lead to acceleration 
of soil removal by surface runoff 

It is clear that shifting cultivation can be maintained only as long as 
land is abundant. If the population increases and land becomes scarce, the 
system eventually will cease to provide sufficient fertile soil. There is a need 
either to improve shifting cultivation or to replace it with new systems. 
Because shifting cultivators may be attached to their way of life, improving 
the system seems to offer a better chance of success than complete replacement 
by new systems. There are several alternatives for improving shifting 
cultivation to restore soil fertility during the fallow period and to prevent
erosion. 

Controlled Shifting Cultivation (Corridor System) 

Controlling the crop/fallow ratio can help to maintain soil fertility. The 
corridor system in Zaire is an example of controlled shifting cultivation. 
Large forested areas are divided into strips or corridors, approximately 100 m 
wide and oriented in an east"'west direction to maximize sunlight penetration. 
Every other corridor is cleared every year, and every cultivated corridor is 
flanked by a forest fallow. The fallow strips provide a good source of tree 
seeds for regrowth during the fallow and in some cases prevent erosion 
(Sanchez 1976). This system, however, requires control of the human 
population, so it would be applicable only in some areas. 

Planted Fallow 

Replacing natural fallow by an artificial, planted fallow is another alternative 
to improving shifting cultivation. In densely populated areas with great 
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pressure on the land, improvement based on planted fallows seems preferable 
to the corridor system. The main purpose of a planted fallow is to restore 
the soil fertility at a faster rate than the natural fallow. Success depends 
upon the selection of plant species and cultivation techniques that are both 
economically attractive and technically feasible. Ahn (1979) has suggested 
that to be acceptable a planted fallow should restore soil productivity in a 
way comparable with or better than the natural regrowth vegetation and 
should provide the farmer with some sort of economic return, such as 
timber or firewood for sale or forage for livestock. The talun system described 
in Chapter 6 is an example of a planted fallow with a high yield of tree 
products. Caution is in order when making practical use of planted fallows, 
since the loss of large quantities of mineral nutrients contained in tree 
products removed from the site could lead to eventual depletion of soil 
nutrients. 

Improving Soil and Water Conservation 

Improving infiltration rates is an important principle of soil and water 
conservation in the tropics (Okigbo and Lal 1979), and mulching is one 
technique that has been successful in shifting cultivation areas. Mulches 
absorb the direct impact of raindrops, thus minimizing soil detachment. 
Moreover, runoff losses are reduced because the infiltration rate of the soil 
is maintained at its maximum level. An increase in crop yields by mulching 
occurs as a result of improvements in soil physical properties and in the 
general fertility level of the soil. Undecomposed crop residues also can 
improve the water retention capacity of the soil when applied as a mulch. 

Adequate cover crops protect the soil from wind erosion and rainfall 
erosion and improve soil bulk density and infiltration rates. Mixed cropping 
practices have been particularly useful, since they are highly productive and 
conserve the soil. Monoculture cassava has been associated with higher 
runoff, and therefore water and soil loss, than mixed cropping of maize 
and cassava (Okigbo and Lal1979). Increasing planting density is an effective 
way to improve cover and reduce soil, losses (Hudson 1973). 

Minimum tillage, which is common in shifting cultivation, is effective 
for controlling both wind and water erosion. A combination of minimum 
tillage, mulching, and mixed cropping has been successful in maintaining 
good yields on a continuous basis (Sanchez 1976). Performing tillage operations 
and planting crops on the contour rather than up and down the slope 
often result in reduced soil loss. However, the effectiveness of contour ridges 
for erosion control decreases with an increase in slope. Ridges are not 
effective for slopes steeper than 5 percent, especially when soil is of relatively 
coarse texture and low in soil organic matter. Engineering practices of soil 
and water conservation, such as terraces and waterways, are expensive and 
need a high initial capital input that is unlikely to be acceptable to shifting 
cultivators. Besides, such structures can worsen erosion if they are not 
constructed and maintained properly (Okigbo and Lal 1979). 

In conclusion, maintaining a continuous ground cover is the key to 
dealing with problems of ecological imbalance caused by forest removal 

Shifting Cultivation and Tropical Soils 239 

during shifting cultivation. A continuous ground cover may be achieved 
through minimum tillage, mulching, mixed cropping, and establishing planted 
fallows during fallow periods. 
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