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Introduction

     The term “tropics” refers to the continuously warm and frost free zone of the world that lies approximately between the Tropic of Cancer (or latitude 23.5º north of the equator) and the Tropic of Capricorn  (or latitude 23.5º south of the equator) (Juo et al., 2003). This area of the planet is inhabited by millions of people who rely on sustainable agriculture to feed themselves, their fellow countrymen, and provide a means of profit. 

Geography
     Geographically, the tropics encompasses the entire region of Southeast Asia, Central America, the islands in the South Pacific and the Caribbean Basin, a major part of Africa, South America, a large portion of the Indian subcontinent, and a small part of northern Australia (Juo et al., 2003).  The land area described accounts for approximately 36% of the world’s land surface area (Juo et al., 2003). Though a third of the Earth’s land area is within the tropics, not all of this land is utilized for agriculture.
Soils 
     For there to be agriculture there must be soil within which the plants can take root and grow. The type of soil can determine what crops will succeed and what will fail. There are several major soil types within the tropics: Kaolinitic, Oxidic, Allophanic, and Smectitic soils. Kaolinitic soils are deeply weathered with a sand, loamy sand, or sandy loam texture in the surface horizon, a clayey B horizon, low silt content and the dominant mineral is the kaolinite clay mineral. Kaolinite is a 1:1-type layer silicate with mostly hexagonal crystals that range from 0.2 to 2 micrometers in diameter and does not expand upon wetting; hence it exhibits less plasticity, stickiness, and cohesion (Juo et al., 2003). Oxidic soils are strongly weathered red and yellowish, fine textured, contain more Fe than Kaolinitic soils, and typically have a low bulk density. Allophanic soils are dark-colored young soils derived mainly from volcanic ash and have a low bulk density. Finally, Smectitic soils are loamy to clayey alluvial soils containing moderate to large amounts of the mineral smectite (Juo et al., 2003). Smectite is a 2:1-type layer silicate and shows the greatest interlayer expansion of all clay minerals when wet (Juo et al., 2003). See Figure 1 for an example of Kaolinite and Smectite structure. Many more characteristics of each soil type are known but too numerous to be detailed in this paper. A summary of potentials and limitations for common food crop production is given in Table 1 (Juo et al., 2003).

Table 1: (Juo et al., 2003).
[image: image1.jpg]KAOLINITIC SOILS
Potential
e Natural forest and tree crop plantations in humid regions
e Grassland and managed pasture in drier regions
e Annual crops with intermittent natural or planted fallow
Limitations
e Water erosion in humid and sub-humid regions
Wind erosion in semi-arid regions
Drought stress in semi-arid regions
Crusting in semi-arid regions
Easily compacted under frequent tractor traffic
Easily acidified under continuous fertilizer use
Multiple nutrient deficiencies and Al toxicity on low-base-status soils in humid regions

OXIDIC SOILS
Potential
e Trees and cash crops in humid regions
o High-value annual crops in sub-humid regions
e Low-intensity grazing in drier regions
Limitations
e Low nutrient reserve
e High phosphorus fixation capacity
e Subsoll acidity in low-base-status soils

ALLOPHANIC SOILS

Potential
e High-value annual and perennial crops
e Food crops

Limitations
e High phosphorus fixation

SMECTITIC SOILS
Potential
e Cotton and sorghum production in drier regions
o Irrigated rice in drier regions where water is available
e Multiple cropping of paddy rice and upland grain and horticultural crops with appropriate
irrigation and drainage control in wetter regions
e Grazing land with a low stocking rate in drier regions
Limitations
e Vertic soils or cracking black clays in drier regions; difficult to work when wet
e Medium-textured alluvial soils in wetter regions: flooding or high groundwater table during
the rainy season




 
Figure 1: (Juo et al., 2003).
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Figure 2-2 Structure of 1:1- and 2:1-type layer silicates.




Climate  
     The climate of the tropics varies depending upon location and altitude. Several climate types exist within the tropics. Equatorial regions (continuously wet) are regions that encompass areas close to the equator where air convergence is common and rainfall is persistent (Webster et al.) with a range from 1800 to 5000 mm (Juo et al., 2003). Seasonal climates (humid) are areas of great diversity as the length of the rainy season and the total precipitation reduces with latitude (Webster et al.) and generally ranges from 800 to 1800 mm (Juo et al., 2003). This category can be further split into regions with two wet seasons and high rain fall, two wet seasons and low rainfall, a monsoon, or one short rainy season (Webster et al.). The semiarid tropics receive even less rainfall, approximately 250 to 800 mm (Juo et al., 2003), and serve as the transition zone from the wetter climates to the arid zones. The arid climate within the tropics receives an annual rainfall amount below 250 mm and is often characterized by deserts (Webster et al.). With increasing latitude toward the edge of the tropical zone, the overall trend is for less precipitation which greatly influences the type of vegetation, specifically those for agriculture, which can be successfully grown.
Figure 2: See included caption for description (Juo et al., 2003).
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Figure -3 Map showing agro-climatic regions of the tropics. (So
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Agriculture
     The previously mentioned soil and climate data for the tropics determines what type of agriculture can be performed and what plants can be cultivated in a given area, though the type of climate has proven to be a dominant factor of the two. Where there is no season change and it is continuously moist the cash crops that flourish are perennials such as rubber, oil palm, coconut, cocoa, and bananas. Root crops are important for subsistence and include yams, cassava, cocoyams, and tannia. Livestock is limited to pigs and poultry due to the high humidity and limited rangeland (Webster et al.). For the seasonal climates cash crops include coffee, tea, sugar cane, cocoa, bananas, and fruits like pineapple. Subsistence crops include maize, millet, sorghum, groundnuts, rice (Asia) and pulses (Webster et al). Areas dominated by an a semi-arid or arid climate often contain little crop based agriculture and rely on large herds of livestock (goats, camels, sheep, cattle) for subsistence (Webster et al.). 
     Now that a brief overview has been provided for the tropics’ geographic location, soil types, various climates, and agriculture, this paper can focus on examining a growing problem in the tropics. There are numerous factors that are beginning to inhibit long-term sustainable agriculture in the tropics. The chief concern is the degradation of soils, especially soil organic matter or SOM, and its effects on current and future agriculture. 
Natural Tropical Soils
In natural ecosystems, such as forest and grassland, mineral nutrients are internally recycled and there is little or no loss of nutrients from the ecosystem (Juo et al., 2003). Soil organic matter (SOM) is an essential reservoir of carbon, nutrients, and energy in the cycle of life. Without SOM, the Earth’s surface would be a sterile mixture of weathering minerals (Craswell et al. 7-18). We also know that SOM is the central element of soil fertility, productivity, and quality (Katyal et al. 77-88). Tropical soils are not necessarily lower in SOM content than temperate soils, but the breakdown rate of SOM can be significantly faster in the tropics. The inputs of carbon to tropical systems can be much greater also and may explain why there is a lack of difference between temperate and tropical areas (Craswell et al. 7-18) SOM content. It is also known that SOM content under forest or grassland is usually higher than in similar soils under cultivation (Juo et al., 2003). The tropical soil is often a highly leached, acidic soil (Craswell et al. 7-18) that relies on the SOM for efficient nutrient recycling. Natural tropical soils are also known to contain high contents of Fe and Al oxides which create the acidic soil property. Tropical soils are often considered infertile and phosphorous deficient (Schlesinger 110) even though they are flush with vegetation. Despite the numerous problems that tropical soils have, they are naturally very productive and large amounts of natural vegetation can be grown and sustained. This is only possible due to the formerly mentioned SOM stability and efficient nutrient recycling. Disruption in the natural cycle can lead to the reduction or possible destruction of the SOM and soil productivity.
The Effects of Agriculture on Tropical Soils
Often the rich biodiversity and high primary productivity of tropical areas misleads many into believing that the tropics are an ideal location for sustainable agriculture. Unfortunately most of the tropics are not suited for sustainable agriculture because of the previous sections explanation of various natural tropical soil properties. Agricultural intensification of an area, through clearing and clean cultivation of soils for annual cropping, almost universally causes a decline in soil organic content. The change from a natural ecosystem to an agroecosystem can involve significant changes in carbon input and turnover rates (Craswell et al. 7-18). These changes affect the amount of SOM which alters infiltration, water retention, bulk density, and strength of the soil (Katyal et al. 77-88). Chemical soil properties contributed by SOM that are altered include mineralization of nutrients and their availability to plants, cation exchange capacity, and binding of heavy metals and pesticides (Katyal et al. 77-88).  With the amount of SOM reduced there is a need to supplement the soil with additional nutrients in the form of fertilizers. A problem arises because many resource-poor farmers cannot obtain fertilizers and are forced, by their circumstances, to consider SOM as a source of nutrients to be exploited (Craswell et al. 7-18). Continued exploitation of SOM will eventually yield a soil so degraded that it is no longer productive. This creates the need to allow the soil to lie fallow with a cycle of 5 years of cultivation and over 20 years of regeneration (Tiessen et al. 99-103).  If fertilizers are used then the amount of time land can be cultivated is extended, but it cannot be used indefinitely without additional soil management regimes which attempt to conserve SOM and supply nutrients (Katyal et al. 77-88). Sustainable agriculture on tropical soils is a difficult task that is often detrimental to the soil and natural ecosystem unless proper soil management techniques are used. 

Table 2 displays how soil organic carbon contents varies from fallow to heavily cultivated soil under different management regimes (Juo et al., 2003).
Table 2:

[image: image4.jpg]Table 9-3 Soil organic carbon content in the surface soil (0-15 cm) of a kaolinitic soil
(Alfisol, sandy loam) under different land-use systems in the sub-humid tropics of
West Africa

Land use Organic C (%)

Natural bush fallow for 15 years after clearing from secondary forest 1.9

Guinea grass (Panicum maximum) fallow for 15 years after clearing from 2.2
secondary forest; two cuttings per year and grass residue returned as mulch

Continuous no-till maize for 15 years (2 crops per year) after clearing from 1.0
secondary forest; crop residue returned as mulch after each harvest

Continuous no-till maize for 15 years (two crops per year) after clearing from 0.6
secondary forest; crop residue removed after each harvest

L.S.D. (0.05)¢ 0.7

“ Least Significant Difference (p = 0.05).

Source: A.S.R. Juo, K. Franzluebbers, A. Dabiri and B. Ikhile. 1996. Soil properties and crop performance on a
kaolinitic Alfisol after 15 years of fallow and continuous cultivation. Plunt & Soil 180: 209 217). With kind
permission of Kluwer Academic Publishers.




Soil Management Techniques for Sustainable Agriculture

The term “soil management” refers to human manipulation of chemical, physical, and biological conditions of the soil for the production of agricultural plants. Good soil management helps maintain and improve soil fertility while sustaining optimum crop yield over time (Juo et al., 2003) and is necessary for the long-term success of tropical agriculture. The effects of tropical agriculture were mentioned in the previous paragraph and can be minimized using several guidelines. 

Tillage and Seedbed Preparation

     Proper tillage techniques and seedbed preparation are the first step. There are many methods that can be implemented and those that cause the least amount of soil disruption, like manual as opposed to mechanized clearing of land, have proven to be the most beneficial (Juo et al., 2003). An example of a harmful technique is conventional tillage, involving plowing and harrowing, for large-scale mechanized food crop production on kaolinitic soils. This can cause severe erosion and decline in crop yield because of nutrient deficiencies and destruction of SOM. Table 3 provides a real-world example of tillage affects on reducing organic carbon in a kaolinitic Alfisol in Kenya 
Table 3: (Juo et al., 2003)

[image: image5.jpg]Table 9.2 Effect of tillage on organic carbon
content of a kaolinitic Alfisol in Kenya

Organic Carbon (%)

Depth (cm) Uncultivated Cultivated
0-10 1.9 1.2

10-20 1.4 1.0

20-30 1.2 0.74

Source: B.O. Mochoge and S.M. Mwanga, 1988 The
effects of tillage on organic carbon and other physical
and chemical properties of a semi-arid soil in Kenya. In:
P.W. Unger. W.R. Jordan, T.V. Snecd. R-W. Jensen (eds).
Challenges in Dryland Agriculture. A Global Perspective,
Proceedings of the International Conference on Dryland
Farming, 15-19 August 1938. Amarillo/Bushtand, TX.
pp. 382-384.




Replenishing Soil Nutrients

     With traditional agricultural methods the soil is left bare or without adequate vegetation cover during part of the year and significant amounts of soil nutrients can be lost through surface runoff, erosion, and through leaching into groundwater and streams (Juo et al., 2003). Nutrients can be replenished by using human or animal manure, composting, green manure (cover crop), proper crop-residue management, and inorganic fertilizers (Juo et al., 2003). For each crop and soil combonation there is a different solution that normally involves more than one method. Farmers must be careful that the methods they adopt are suitable for their situation. The improper use of nutrient replenishment methods can often result in as much damage as if no action had been taken. 
Soil Moisture Management

      Maintaining adequate soil moisture content during the growing season is critical to nutrient use efficiency (Juo et al., 2003). Many tropical soils have a low water holding capacity and methods must be used to conserve water and eliminate soil moisture deficiencies. There are many possibilities to conserve soil moisture with some examples being the usage of appropriate tillage, adjusting plant density, cultivating crops with low evapotranspiration, etc. (Juo et al., 2003). The use of irrigation and its effects are limited because of the difficulties in financing the high capital costs (Webster et al.) and are not discussed in this paper.
Maintaining Soil Organic Matter

     The quantity and quality of soil organic matter are determined by many factors, including rainfall, temperature, soil texture and mineralogy, extent of runoff and erosion, tillage practices, and most importantly, amount and type of organic inputs (Juo et al., 2003). The recommended strategies for maintaining soil organic matter are use of minimum tillage for seedbed preparation and weed control; return of crop residues to the soil as mulch; use of compost, manures, household, and municipal wastes to replenish nutrients and provide new organic matter (Juo et al., 2003).  
Conclusion
Managing SOM to reduce the sensitivity of agricultural production to climatic and other risks results in the increased protection of the land resource base so that the quality of land is maintained or enhanced. Ultimately, farmer adoption of such practices will depend on trade-offs between societal goals and the needs of the farmers (Craswell et al. 7-18). As global population increases and demand for food rises, there will be increasing pressure on the tropics to provide the agricultural products that the world needs and wants. Farmers will have to decide if they are more concerned with short-term yields or long-term sustainability and soil management. Their decisions are very critical as recent research has shown that the conversion of tropical forests to sustainable agriculture may be detrimental to preventing global climate change. The destruction of forests adds almost two billion tonnes of carbon to the atmosphere each year (Kourous, 2005). Instead of adding carbon to the atmosphere forests can be used to store carbon by preventing forests from being turned into other land-uses (Kourous, 2005). This data is most relevant for the tropics where vegetation grows rapidly and therefore pulls carbon from the atmosphere more quickly. Planting trees can remove large amounts of CO2 from the air within a relatively short time. There (the tropics), forests can fix as much as 15 tonnes of carbon in their biomass and wood per hectare per year (Kourous, 2005). Sustainable tropical agriculture is necessary to feed the increasing global population. This goal can be achieved if proper management practices are implemented by all farmers, rich and poor. Conserving soil nutrients and organic matter are practices that must be followed if sustainable tropical agriculture is to continue to meet increasing global demand. If conservation practices are not adopted then the soil will yield less and more deforestation and fertilizer will be needed to sustain output. If deforestation increases then tropical agriculture could further contribute carbon to the atmosphere and affect global climate change negatively. Sustainable agriculture is possible in the tropics. This sustainability is only possible with the adoption of soil management techniques that conserve nutrients, soil organic matter, and minimize the need for fertilizers. Though mechanized agriculture may be more efficient from a labor and short-term output perspective, the data presented in this paper illustrates that less intense and damaging methods can yield long-term nutrient and organic matter conservation. This conservation leads to long-term sustainability and possibly lower, but much longer crop output. The tropics are essential now and in the future for agriculture, natural ecosystem biodiversity, and the sequestering of carbon. International cooperation and funding will be required if proper techniques are to be taught and implemented so that all may benefit from sustainable tropical agriculture. 
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