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ABSTRACT

A study was conducted in Kwalei village. Lushoto district to evaluate the influence of

identified through a transect walk, cropping systems on the slopes (monoculture tea.

coffee/banana and maize/beans intercropping systems) and vegetable cropping systems in

valley bottoms. Other cropping systems were woodlot systems (Eucalyptus. Grevillea.

Wattle in a mixture of tree species) and fallows. Three soil profiles representing summits.

slope and footslope

1998) classification system three soil levels were identified namely Lixisols (summit).

Fluvisols (slope) and Lixisols (footslope). The corresponding USDA-soil classification at

soil order levels were Alfisols (summits). Entisols (slopes) and Mollisols (footslopes).

Soil samples were taken at a depth of 0-20 cm from each identified cropping system for

physical and chemical analysis. Core samples from the same cropping systems were taken

for bulk density determination. The results from cropping systems on the slopes showed

that soils from monoculture tea had low levels of plant nutrients compared to

coffee/banana and maize/beans cropping systems. However, the soil physical properties in

all three cropping systems

conducive for tea production. The DTPA extractable Fe was significantly higher (P=0.05)

in monoculture tea than in other cropping systems and the opposite was true for DTPA

extractable Mn. DTPA extractable Zn did not differ significantly (P=0.05) between the

on the slopes were suitable for crop production. Soil pH was

areas were dug. According to World Resource Base (WR.B) (FAO.

selected cropping systems on soil properties. The following cropping systems were
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cropping systems while DTPA extractable Cu was higher in coffee/banana cropping

system. Most of the plant nutrients in soils from vegetable growing area were adequate for

vegetable production except for available P. DTPA extractable Fe and Zn were within the

acceptable range while DTPA extractable Cu and Mn were above the critical level for

vegetable production. Soil properties in four woodlot systems were variable. Except for

Eucalyptus, other tree species showed superiority in one or more properties. Eucalyptus

had the least effect on soil properties, which suggest that the tree have low potential for

amelioration of soil fertility compared to other tree species. From the study it can be

concluded that fallow systems did not improve the soil fertility of degraded soils in

Kwalei village. This is possibly due to the young age of the fallow systems. It takes long

time to restore soil fertility. It can be recommended from this study that, for optimum crop

production, farmers should control soil erosion, use cover crops and organic fertilisers like

composts, crop residues and farm yard manures.
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CHAPTER ONE

1.0 INTRODUCTION

Land is one of the most important resources for human existence. Arable land, the shallow

mantle of the earth, is necessary for feeding, clothing and providing shelter for human

being (Buol. at el., 1980). Arable land is especially critical in countries where the

economy is predominantly agriculture, like in Tanzania.

According to URT (1994) the agriculture sector accounted for nearly 60% of the GDP in

1990. Crop production is the largest subsection in agriculture, contributing around 63% to

agriculture GDP. Agriculture is the main source of food supply, provides employment

opportunities and raw materials for the industrial sector and accounts for more than 75%

of the total export earnings (Amani, 1992).

One of the constraints to agriculture production in Tanzania is low productivity, which is

associated with soil fertility depletion due to mismanagement of land and poor agronomic

practices. Other problems include lack of capital, poor marketing facilities, fluctuation of

output and input prices and land tenure system. Other constraints include inferior tools,

poor storage facilities and unreliable weather condition (Akinsanmi, 1975).

These problems are widely spread in the country and Kwalei village (the study area). The

village is in Lushoto district and it is an example of a highly populated area. Land is
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scarce and can no longer sustain the population pressure in this village. A high population

grow th rate of both humans and domesticated grazing animals is a major cause of land

degradation. In Kwalei village, soil erosion has led to low soil fertility, which is

accelerated by cultivating along the steep slopes without using any conservation measures.

The soil is highly weathered with continuous mining and export of nutrients without any

replenishment.

There are inadequate management practices in these marginal lands; hence there is a great

danger of losing soils through erosion processes. Soil losses and reduction in inherent soil

fertility are therefore, increasingly severe constraints to crop production in the tropics

(Gardner. 1986)

Farmers have cited declining soil fertility and land fragmentation as the major cause of

low crop production in the village (Lyamchai el al, 1998). Low soil fertility problem is a

product of deforestation, overgrazing, frequent burning of vegetation, continuous

cultivation, nutrient export and poor agronomic practices. Farmers’ efforts to restore soil

fertility are inadequate since very few can afford to use inorganic fertilisers. Inorganic

fertilisers are very expensive and smallholder farmers can hardly afford to buy them.

These fertilisers are also not available when required due to bad condition of rural roads

especially during the rain season. At the same time, the use of manure is also restricted as

farmers have only a limited number of animals. The manures are bulky and expensive to

transport them to the field.
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like a change in type of crops grown on the farm and cropping systems. This situation has

made farmers in Kwalei village to adopt intensive cropping systems, which cater for their

needs (Lyamchai et al.; 1998). Most of such intensive cropping systems involve mixing of

trees and agricultural crops or mixing different crops in an intimate combination with each

other. The common intercropping systems in Kwalei village are coffee intercropped with

banana and maize intercropped with beans. Tea is grown as a monocrop. Vegetables like

cabbages, potatoes, onions, tomatoes, eggplants and sweet pepper are grown in valley

bottoms. Some fanners have woodlots on which Eucalyptus, Grevillea and Wattle tree

species are mainly planted.

The intimate association between the components of mixed cropping system results in

both negative and positive interaction, in both space and time. Intercropping increases the

combined yields from the intercrops and do make efficient use of resources (Mango.

1999). One of the obvious influences of mixed cropping of genetically diverse crops is the

change in the microclimate around the component plants and in soil properties in which

the plants are growing. Nyambo et al. (1980) noted that physical shading by taller plants is

presumed to reduce wind speed and amount of solar radiation reaching the shorter plants

and soil surface. This may affect the vapour pressure, photosynthetic activity and thus

competition for water, nutrients and air as well as causing allelopathic effect.

productivity of the shorter plants. Other negative effects of these crop associations are
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Crops in association have tremendous effects on soil properties. Investigations by Sanchez

(1976) reported that cropping systems are a major cause of changes in soil characteristics.

This is because crops in association have a direct influence on soil physical properties like

soil structure, chemical and biological properties. Growing crops can for example affect

the chemical properties of the soil by their different absorption capacity of nutrients and

by their excretions. Consequently they affect the biological properties of that soil. The

cropping systems that control the amount of organic matter added to the soil are ven’

important in ensuring sustainable crop production. This is because organic matter has a

great influence on physical, chemical and biological properties of soil.

With the need to produce greater amounts of food, and fibre for the world's population.

the development of appropriate technologies to maintain and improve soil fertility is of

paramount importance. This is so in tropical countries where population growth is the

highest in the world and yet soils tend to be highly weathered and have low inherent

fertility.

There is a need therefore to improve the existing cropping systems instead of introducing

new ones so that they can alleviate soil fertility problems and increase crop yields. The

improvement of these cropping systems in these areas with harsh climatic conditions must

be based on a thorough understanding of the soil properties, if they are to be successful.
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Kwalei village is not available.

Il is important to obtain basic data related to changes in soil properties, which occur due to

the effect of intercropping of genetically diverse crops. The proposed study will provide

information required by stakeholders to make sound advice to farmers aimed at improving

specific cropping systems. This information is necessary so as to alleviate soil fertility

problems and to increase crop yields. It is within this context that the study was conducted

to investigate the influence of selected cropping systems on soil properties at Kwalei

village. Specifically the study was aimed at:

Evaluating the effect of selected cropping systems on soil physical propertieso

Determining the effect of selected cropping systems on soil chemical propertieso

Assessing the availability of some micronutrients in the selected cropping systems.o

1'his information on soil properties and their relation to management in Lushoto including
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Factors which influence crop production

genetic factors.

environmental factors, the interaction between genetic and environmental factors and the

skills of the farmer to control or eliminate unfavourable factors (Marshner. 1986).

Environmental factors include temperature, moisture supply and soil properties. Soil

properties include biological, physical and chemical characteristics. Soil temperature, soil

moisture content, water retention and plant nutrients are very much affected by these soil

properties.

2.1.1 The role of soil physical properties on crop production

The final crop yield is the result of all factors, which influence growth during that season,

soil physical factors inclusive (Lal et al., 1975). Soil physical factors per se are not a crop

growth factor, but they control the environment in which the plant roots develop. Davies

(1982) identified some agriculturally important properties, which are influenced by soil

physical characteristics. These are:

Maximum production potential of a particular crop depends on
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• Raintail acceptance by the soil (infiltration rate) and the ease with which excess water

is shed from the soil.

• Storage of available waler and ease with which roots can absorb this water.

• Mineralisation of organic matter that involves temperature, oxygen supply and

moisture supply.

Thus improving the soil physical properties ultimately increases crop yield by creating

favourable environment for plant roots to grow and to develop under a given cropping

system. Fertilisers alone.

introduction of measures to control pests and diseases will not preserve productivity if

significant deterioration of soil physical condition occurs (Sanchez. 1976).

2.1.1.1 Soil texture

Soil texture refers to the size range of particles in the soil, that is whether the panicles of

which a particular soil is composed are mainly large, small or of some intermediate size or

range of sizes (Hillel. 1982). In coarse textured soils, like sandy soils, air and water can

easily slip into the gaps between the particles and roots can penetrate without any

difficulty. Fine textured clay soils are rich in plant nutrients but the plant roots find it hard

to penetrate because there is hardly any room between the clay particles (Uriyo el al.;

1979;

or even in conjunction with improved crop varieties and
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Soil texture is known to affect plant growth through its influence on water infiltration, the

capacity to hold water in a condition available to plant, aeration and nutrient supply. For

example Woomer. cl al.. (1994) reported that the availability of nitrogen supply to plants

usually increases as a texture become finer. Soil texture also influences the soil

temperature. Root penetration and the workability of the soil depend on soil texture. For

example soils with high silt and clay contents usually retard root growth and its extent of

branching. The machines can work easily to loose-textured soils than to the soils with high

silt and clay contents. VanDyk, (1999) revealed that soil texture affects the occurrence of

risks. Fields with sandy loam soil had lower disease risk than clay soils.

2.1.1.2 Soil structure

Soil structure pertains to how the particles of sand, silt and clay are bound together into

aggregates by organic matter and clay. The soil pores between and within the aggregates

contain air and water and provide networks through which plant roots move.

Good structure is essential for the production of optimum soil tilth. Well aggregated soils

provide stable traction for farm implements, adequate physical condition for the

penetration, growth and anchorage of plant roots and free drainage with moderate

retention of rain water (Davies, 1982). These conditions facilitate the existence of an air­

moisture regime favourable for crop growth and microbial activity.

Phytophihora disease on soyabeans. The higher the clay content, the greater the disease
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2.1.1.3 Soil bulk density

1 he composition and stability of the soil separates and peds, their volume and weight.

determine the soil physical properties. The space not occupied by soil solids is called pore

space and is occupied by air and water. Thus soils with a high proportion of pore space to

solids have lower bulk densities than those which are more compacted and have less pore

space. Bulk density is the indicator of porosity and compaction of the soil (Helalia. 1993).

The bulk density has an effect on soil air. soil water movement and invariably pores affect

root growth and development. When a soil is compacted the soil structure is destroyed.

partially or totally, depending upon the degree of compaction. Bulk density of a

compacted soil is light and water retention and movement are significantly reduced.

The cropping systems and soil management employed on a given soil is likely to influence

its bulk density, especially of the surface layers (Alegre and Cassel. 1986). Addition of

crop residues or farmyard manure tend to lower the weight of the soil, hence lowering its

bulk density (Tester. 1990). Dao. (1996) observed an increase in bulk density due to

removal of crop residues in the field. When crop residues are incorporated into the soil.

after decomposition increases porosity through granulation. Intensive cultivation makes

the soil more compact and increases the weight per unit volume. Alegre and Cassel.

(1996) in their study on dynamics of soil properties under alternative systems of slash and

burn noted that bulk density was lower after 4 years for the systems with trees and cover
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crops. 1 he implication is that soil management and cropping practices can alter bulk

density.

2.1.1.4 Soil porosity

Fhe sum total of spaces not occupied by solid matter in the soil is called porosity. These

spaces are filled with water and air (Hillel. (19S2). Soil porosity is affected by all factors.

which affect soil density. These factors include texture, shape of the individual particle.

structure, organic matter content and compactness of the soil (Pagliai and Antisari. 1993).

The distribution of these pore spaces is more important in crop production than total pore

spaces in the soil. The distribution of pore size affects other soil properties like soil air.

soil temperature and soil water (Thiessen and Stewart. 1983). These properties are more

important in crop production because they affect chemical and biological processes in the

soil and in the plants (Tester. 1990).

2.1.1.5 Soil air

Adequate aeration is needed for successful crop production. Air is an important factor for

crop growth and soil microbial growth, development and their activity. Oxygen is required

for respiration of plant roots, microbes and other fauna. Carbonic acid helps to dissolve

the plant nutrients from rocks and minerals. Soil air is affected by soil properties like soil

texture, structure, organic matter content and soil moisture content. These factors affect air
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capacity and permeability in the soil. The presence of growing plants tend to reduce

oxygen content and increase the amount of soil carbon dioxide due to respiration (Renault

et ul.: 1994). Soil air can be managed by improving soil physical properties, through

addition of organic matter and by adjusting the plant density (Leffelaar. 1993).

2.1.1.6 Soil temperature

Soil temperature affects plant growth and it influences moisture content, aeration, soil

structure, microbial and enzyme activity (Bussiere and Cellier, 1994). The decomposition

of organic matter and the availability of plant nutrients are also affected by soil

temperature (Stott el al.: 1986). Mulching, addition of organic matter and vegetation

keeps the soil relatively cool (Grant ei al.: 1995). Some of the cropping systems like

intercropping also reduce soil temperature (Olasantan el al.: 1996).

2.1.1.7 Soil water

Soil moisture deficiency is one of the primary limiting factors to crop production in many

of tropical countries. Water plays an important role in the soil-plant system. According to

Brad}’, (1984) water is involved in physical, chemical and biological activities, which are

taking place in the soil. Water is a solvent and carrier of plant nutrients. Water is essential

for photosynthesis and is part of protoplasm (Marshner, 1986). Thus moisture deficiency

retards plant growth and hence lowers crop yield. Soil formation through weathering
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processes mostly depends on water. Weathering and decomposition is one of the sources

of plant nutrients in the soil. Microbial activity in the soil also depends on availability of

water in the soil (Friedel et al.: 1996. Stolt et al.: 1986). The capacity of the soil to store

water depends on its depth, texture, structure, clay type and amount of organic matter

(Parvathappa and Murthy 1994).

Soil texture for example can have an effect on the availability of water and holding

capacity. The type of clay for example influences water holding capacity titrough

influencing soil structure and expansion of the clay on which water is absorbed internally.

Emerson. (1995) reported that organic matter content has great influence in water holding

capacity of the soil through influencing soil structure.

2.1.2 The role of soil chemical properties in crop production

Chemical properties affect soil-plant relationship mainly by exerting influences on root

environmental conditions and nutrient availability to plants (Tester. 1990). Similarly.

chemical properties influence the type, population and activity of soil organisms

responsible for several useful transformations between organic and mineral constituent

availability of plant nutrients, soil reaction (soil pH) and cation exchange capacity. These

chemical properties are affected by soil physical and biological properties (Juma. 1993).

Roles of some soil chemical properties on crop production are briefly discussed below.

(Brady. 1984). Some of soil chemical properties, which have influence on crop yields, are
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2.1.2.1 Soil reaction

Soil reaction (pH) is an indication of the acidity

1993). Soil pH provides various clues about soil fertility. The effect of soil pH is great on

the solubility ot minerals or nutrients (Motavalli et al.; 1995). Extremely and strongly

acidic soil can have concentration of soluble Al. Fe and Mn. which may be toxic to

growing of some plants. A soil pH range of approximately 6 to 7 promotes the most ready

availability of plant nutrients ( Marshner. 1986). Oborn et al.. ( 1995 ) studying the

influence of soil pH on nutrients, established that soil pH affects the growth of plants.

microbial growth, population and activity. The pH tolerance limits of different crops vary

greatly, but most crops have a neutral range of between pH 6 to 7 (Landon. 1991). The soil

pH can also influence the plant growth by its effect on the activity of beneficial micro­

organisms ( Beyer. 1994). Bacteria that decompose organic matter are hindered in strong

acid soils (Parr and Papendick. 1978). This prevents organic matter from breaking down.

resulting in accumulation of organic matter and the tie up of nutrients, particularly

nitrogen that is held in the organic matter (Barrios, et al.; 1996).

2.1.2.2 Cation exchange capacity

nutrients. It is also an index of clay activity and mineralogy which is important in

calculating mineralisation rates, leaching rates and interaction with pollutants. The CEC

measures the quantities of sites on soil surfaces that can retain positively charged ions by

or alkalinity of the soil (Bickelhaupt.

The cation exchange capacity (CEC) is a measure of the soil's ability to retain cationic
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and Mn2*. The cations retained eleclrostaticaly are easily

exchangeable with other cations in the soil solution and thus readily available for plant

uptake. Therefore CEC is important for maintaining adequate quantities of plant nutrients

in the soil (Khanna et al.; 1994). CEC is made as part of the overall assessment of the

potential fertility of the soil and their response to fertiliser application (Russell. 1973).

Soil texture, soil structure, organic matter content, clay type and soil reaction can affect

the CEC of the soil. For example fine textured soil tends to have higher CEC than coarse

higher the CEC the more the fertile and productive the soil is (Landon, 1991).

2.1.3 The influence of biological properties on crop production

Microorganisms occur in soil, water, air and various organic and inorganic substances.

Also can occur on or within the bodies of other organisms. Microbial activity in the soil to

a certain extent regulates the supply of nutrients ( Beyer, 1994). They influence soil

properties that affect plant growth. Brendecke et al., (1993) observed that soil bulk

density, nitrogen mineralisation rate and water regimes were the first parameters that

exhibited

microorganisms and soil fauna serves to promote soil aggregation (Martems el al.; 1992)

leading to reduced erosion and greater water infiltration.

K2*. Na*. H\ Al-'\ NH4*

ones. Motavalli et al.. (1995) found out that CEC increased with increase in soil pH. The

a significant change following earthworm inoculation. The activity of

electrostatic forces (Riffaid. et al., 1994). The positively charged ions include Ca2+, Mg**.
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Soil from termitaria is sometimes used as fertiliser in tropical cropping systems. Costantin

et al..(1996) indicated that maize production was significantly increased using soils from

the mound. Plant materials particularly roots, produced in the presence of earthworms had

higher nitrogen and phosphorous concentration (Ghodrat. 1995).

2.1.4 Effect of soil erosion on soil properties and crop yield

Soil erosion is defined as the wearing away, detachment or physical removal and

transportation of top soil (soluble and insoluble materials) from one place and its

deposition to another by various agents, including water, wind and gravitation force (Lal.

1990). Dregne (1990) reported soil erosion had an adverse effect on crop yield. Soil

erosion being self-accelerating process, results in reduced plant cover, which in turn

increase surface runoff and nutrient loss (Morgan. 1995). Stocking (1994) summarised the

effect of soil erosion on soil physical properties as reduced rooting depth, reduced

infiltration, increased surface runoff, loss of soil water holding capacity, crusting and soil

compaction. Macharia et al., (1996) observed other physical effects caused by soil erosion

as increased bulk density, changes in soil texture due to the preferential removal of fine

particles and organic matter. These structural effects may adversely affect seedling

emergency, leading to low crop yield. Soil erosion can expose subsoils which are mostly

less productive as they are associated with low CEC, low inherent fertility and nutrients.

toxicity of aluminium and manganese and high soil acidity ( Macharia et al.; 1996,

Stocking, 1994).
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2.2 Factors influencing soil properties

2.2.1 Weathering

Weathering is the physical and chemical disintegration and decomposition of rocks and

minerals, which take place because the minerals contained in them, are not at equilibrium

under the temperature, pressure and moisture conditions of atmosphere-lithosphere

interface (Buol el al.. 1980). The kind of parent material determines the physical and

chemical properties of the resulting soil. For example, acid igneous rocks and sandstone

usually weather to form coarse sandy soils with low base status. On the other hand most of

the basic igneous and sedimentary rocks weather to fine-textured soils, which have high

bases status dominated by montmorillonitic clays (L’riyo el al., 1979). Physical and

chemical weathering influences particle size distribution (texture) while decomposition of

organic matter influences chemical and some of physical (eg soil structure) properties of

the soil. The products of decomposition of organic matter bind soil particles together to

form granular structures, which facilitate air and water movement. Soil chemical

properties are also influenced by decomposition of organic matter because it increases the

overall exchange capacity of the soil. Decomposition of organic matter increases plant

nutrients and soil water holding capacity.
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Charterjec er al.; (19S6) defined cropping system as a cropping patterns used on a farm

and their interaction with farm resources, other farm enterprises and their available

technology which determine their makeup. A cropping system is a major cause of

changing soil characteristics because it influences directly the chemical and physical

properties of the soil (Sanchez. 1976). Dalland er al., (1993) suggests that some of the

cropping systems may influence the whole hydrology and soil temperature regime which

control soil organic matter balance, root development and plant nutrient availability.

Cropping systems alter soil structure and aggregate distribution, especially in the Ap

horizon, through the type or duration of crops and the frequency and intensity of tillage

(Low. 1972). Crops affect soil structure differently because of diverse rooting habits.

rhizosphere processes, type of organic matter and amount of additions and providing

crops like potatoes, maize and wheat

when intercropped with others, lead to deterioration of soil structure.

The quantity and quality of organic matter depends on the cropping system and its

management (Brendecke el al.; 1993). The presence of soil organic matter enhances

nearly all soil properties. The absence of soil organic matter and the persistent use of

practices, which diminish, deplete or destroy organic matter threatens to impair soil

quality and sustainability ( Koudokpon. el al.; 1994). Thus, enhancing the quality and

surface soil. Sanchez (1976) reported that some

2.2.2 Cropping systems
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quantity ol soil organic matter should be the goal of all long-term soil management. The

quality oi organic matter is determined by its Carbon:Nitrogen (C:N) ratio. The organic

matter with C:N ratio between S and 13 is termed as a good quality whereas above 20 is of

poor quality (Kileo. 2000). Soil organic matter contributes to plant growth through its

effect on the physical, chemical and biological properties of soil.

the soil

One of the products of decomposition of organic matter is humus. Humus has a profound

effect on the structure of many soils. The deterioration of structure that accompanies

intensive tillage is usually less in soil adequately supplied with humus ( FAO. 1978).

When humus is lost, soil tends to become hard, compact and cloddy (Hoffman and

Carroll. 1995). Aeration, water-holding capacity and permeability are all favourably

affected bv humus.

The frequent addition of easily decomposable organic residues leads to the synthesis of

complex organic compounds that bind soil panicles into structural units called aggregates

( Cogle el al.; 1995. Thiessen and Stewart. 1983). These aggregates help to maintain a

loose, open, granular condition. Hence water can infiltrate and percolate downward

through the soil. The roots of plants need a continual supply of oxygen in order to respire

and grow. Larger pores permit better exchange of gases between the soil and atmosphere.

Humus usually increases the ability of the soil to resist erosion ( Lee el al.; 1993) as well

2.2.2.1 Effect of soil organic matter on physical condition, erosion and buffering of
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as enabling the soil to hold more water. In soils with low clay content, organic matter

functions as a buffer system that stabilises pH and the general ionic environment (Bohn et

a!.: 19S5).

2.2.2.2 Effect of soil organic matter on soil biological properties

Organic matter serves as a source of energy for both macro and micro faunal organisms

(Palm, et al.:2000 ). The population of bacteria, actinomycetes and fungi in the soil is

related in a general way to humus content. Earthworms and other faunal organisms are

strongly affected by the quantity of plant residue materials returned to the soil (Gupta et

al.: 1994). Organic substances in the soil can have a direct physiological effect on plant

growth. Some compounds such

(Jones. 1994); others such as the auxins enhance plant growth.

Organic matter functions as a sorption or an exchange agent especially in kaolonitic soils

with naturally ven’ low CEC ( Riffaid et al.; 1994). In such soils, organic matter

contributes considerably to storage and release of nutrient ions (Dalland et al.; 1993). On

acidic, highly weathered soils, organic matter is responsible for almost the entire exchange

capacity. Agboola (1975). found a high significant and a ven' close correlation between

the content of organic matter in the soil and CEC (r=0.988) in a western Nigerian soil.

2.2.2.3 The influence of Soil Organic Matter on availability of plant nutrients

as certain phenolic acids have phytotoxic properties
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Organic matter (OM) influences the supply of nutrients from other sources, for example.

OM is required as energy source for N-fixing bacteria (Hesse. 1984).

Organic matter also works as a slow-release source of nutrients, thereby reducing the risk

of leaching. This function is very important as it reduces nutrient loss in region with high

rainfall as well as on all permeable soils especially sandy soils (Karl and Johannes. 1994).

Humus plays an indirect role in soil through its effect on the uptake of micronutrients by

plants and the performance of herbicides and other agricultural chemicals. The organic

matter reduce the toxicity of heaxy metal by forming stable complexes with a high

molecular weight and therefore less available to plants (Allison. 1973).

Growing crops in an association can affect the biotic condition in the soil by their different

absorption of nutrients from it and by their excretion into it. Crops in single or association

may cause a shift in pH of the soil; for example, a fall in pH was reported when jute was

grown as a monocrop in India (Chalterjee er al., 1986)

2.2.2.4 Limitations of soil organic matter as a source of plant nutrients

Organic resources have a number of shortcomings, which limit their use as sole source of

nutrients for sustaining high crop yield. The organic matter contain ven' low amount of
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nutrients per unit weight, and thus, large quantities are needed to satisfy the requirement

of erops (Kasembe. el al.: 1983)

immobilisation of nutrient elements from soil, thus making them unavailable to plants

(Parr and Papendick 1978). Nutrient imbalances are often encounted in organic matter.

The element frequently quoted as being out of balance is phosphorous and. this is due to

low amount of element present in organic materials and slow rate of its release from the

organic forms (Kasembe el al.; 1983)

There is a competing need for crop residues. A variety of crop residues are used in many

places as animal feed and as building materials. Many smallholder fanners consider crop

residues more as animal feeds and building materials than as soil amendment resource

(Mabula. 1999).

Low rate of decomposition in arid and semi-arid areas is caused by unavailability of

adequate soil moisture. This factor makes organic materials incorporated into the soil

decompose slowly and hence, a slower release of nutrient contained in them (Franzluebber

and Arshad. 1996).

The application of organic material with wide C:N ratios (>30:1) can cause



The use of some of contents of organic materials may cause health problems to mankind.

Some of the crops like wheat, barley, maize, vegetables and rice can absorb heavy metals

which arc released by organic materials (Bingham el al.: 1975)



CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Site characteristics

Kwalei village is located in Mamba ward, Soni division in the southern part of Lushoto

District, about 12 km south of Soni town. According to 1988 census the village is

estimated to have about 4120 people. The village stands at an elevation ranging from 1290

to 1395 m a.s.l., with hilly steep slopes and medium tall mountains with narrow valley

bottoms. It is in the humid warm agro-ecological zone with an annual rainfall ranging

from 1000 to 1600 mm (Lyamchai, el al., 1998). The rainfall pattern is described as

uni modal. The annual mean temperature ranges from 17 to 23 °C but sometimes during

cooler months the temperature can be below 17 °C and higher than 23°C during the dry

having no effect on crop development. The indigenous trees have been replaced to a lesser

extent by exotic tree species including Eucalyptus sp., Grevillea sp. and black wattle.

3.2 Land use

One of the dominant land uses in the village is the permanent cultivation of coffee and tea.

Coffee receives much more attention than any other cash crop in the village due to higher

economic returns. Other crops grown in the village include maize, beans, wheat, potatoes

and cassava. Vegetable production is also an important business and is practised in the

season. Relative humidity is very high during the rain season. Wind speed is moderate
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valley bottoms. Livestock keeping is also practised in the village. The animals kept

include sheep, goats, cattle, poultry and pigs.

Six main cropping systems were identified in the village through observations made

during a transect walk from the southern part of the village to the north (Lyamchai. et al.:

1 998) The cropping systems are described below:

3.2.1 Coffee-banana cropping system

The system is based on perennial crops which are intercropped. This cropping system is

found in sloping physiographic units. A hand hoe is used to perform cultivation activities

in the field. The system is also found in other densely populated areas of Tanzania like

Arusha. Kilimanjaro. Mbeya. Ruvuma and Kagera regions. Soil fertility in this system is

maintained with mulch from crop residue. Inorganic fertilisers are not used because most

of the farmers are unable to purchase them. The poor infrastructure makes transportation

difficult especially during the rainy season and therefore makes the price of the fertilisers

to be high.

Soil samples for soil fertility evaluation were taken as described in section 3.4. The soil

samples were taken from fields which had not previously received inorganic fertilisers.
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3.2.2 Maize-beans cropping system

Maize is intercropped with beans. This system is found along the slopes and sometimes in

valley bottoms especially during the dry season. All field operations are done by hand hoe.

There arc no soil conservation practices which are carried out in these areas although the

slope varies from 25 to 35%. Very few farmers intercrop maize with cowpeas. The system

is very common in highlands. In this system sometimes few scattered banana, fruit and

other trees can be seen. Some farmers use crop residues from this system to feed their

animals. Others leave it to decompose or burn it. Inorganic fertilisers are not used in this

cropping system.

Soil samples for soil fertility evaluation were taken from fields which were continuously

under maize beans cropping system as described in section 3.4.

3.2.3 Tea cropping system

Tea is grown as a monocrop. The system is found in sloping land with a slope of more

than 20%. Land preparation and weeding are done by hand hoe. Very few farmers are

growing tea in this village because the price is low and the market is not reliable. The

farmers sell their tea leaves to the nearby private estate. No inorganic fertilisers

application is practised in this system.



26

Soil samples tor soil physical and chemical properties determination were taken from

three selected tea fields which had not previously received inorganic fertilisers.

3.2.4 Vegetable cropping system

Valley bottoms are used by many farmers for growing vegetable crops, which fetch a good

price. They sometimes apply manure or inorganic fertilisers depending on the type of

vegetables grown. The main vegetable crops are cabbages, tomatoes, spinach, egg plants,

sweet pepper, carrots and onions. During the dry season some fanners also grow maize or

beans in these valleys using traditional irrigation system.

Soil samples

production for soil physical, and chemical analysis as described in section 3.4.

3.2.5 Woodlot and agroforestry systems

Farmers grow both indigenous and exotic types of trees. However most of them prefer

exotic type of trees because they grow faster compared to indigenous type of trees. Some

of the indigenous trees grown in the village include Albizia species, Dracaena species and

Rauvolfia species. The most popular exotic trees are Eucalyptus, Grevillea and Acacia

species.

were taken from four valleys, which were continuously under vegetable
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1 hose trees can be intercropped with crops or planted in small woodlots. Woodlots are not

are emerging due to new fuelwood market in the nearby Herkulu tea factor}’. Acacia

species is used mainly for building poles and fuelwood. Occasionally it is used as fodder

for goats and their barks are sold at Lushoto wattle factor)’. Grevillea species are mainly

used for timber and fuelwood, but are also perceived to improve soil fertility.

taken from eucalyptus.

grevillea. wattle and a mixture of woodlot systems. The woodlot systems used in the study

were about 5 years old.

Due to increased population growth in the village, the fallow system is becoming

impossible to practice. However some farmers do leave the land under fallow for few

years because it is infertile and they harvest nothing from that particular land. Most of the

land left as fallow is that which was affected mostly by erosion or was under continuous

cultivation for a long time. Two fallow systems were used in the study. The selection was

based on the physiogragraphic units. In this study one fallow system was on summit and

another on sloping land. Both fallow systems were 3 years old. These fallow systems were

covered with grass, shrubs and indigenous tree species.

The soil samples for soil physical and chemical analysis were

a very common practice in the village due to land shortage. Eucalyptus species woodlots
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Soil samples were taken from both fallow systems for soil physical and chemical

determination as described in section 3.4.

3.3 Soil profile description

Three representative soil profiles were dug to a depth of at least 100 cm. Each soil profile

represents a physiological unit (Summit, slope and footslope). Soil samples were collected

from each horizon for soil physical and chemical analysis. Core samples were taken from

different depths in all three soil profiles for bulk density determination. The

morphological characteristics of the profile were described in detail using guidelines for

soil profile description (FAO. 1990). Soil colour was determined using the Munsell Soil

Colour Chart (Munsell Colour Company, 1975). Based on both field and laboratory data.

the soils were classified to the subgroup level according to USDA Soil Taxonomy System

(Soil Survey Staff. 1998) whereas according to World Resource Base (FAO.1998) soil

classification system, the soils were classified to level-three.

3.4 Soil sampling and processing

3.4.1 Undisturbed soil samples

The undisturbed surface soil samples for bulk density were randomly taken from each

cropping system using cylindrical metallic cores at a depth of 0-5 cm. Fresh weight of

soils was taken before oven drying. The cores were removed from the oven after 48 hours
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and the cooling process was done using dessicators. Oven drying was done at a

temperature ot 105l'C until constant weight was reached. Oven dry weight was determined

by weighing the already cooled samples. Before calculating the bulk density, the volume

of the cores was determined by measuring the diameter and height of cores.

3.4.2 Composite soil sample

Random composites sub-samples were taken from each cropping system at 0-20 cm depth.

air-dried and ground to pass through a 2 mm sieve. The

prepared samples were used for physical and chemical soil analysis.

3.5 Soil analysis

3.5.1 Soil physical analysis

Particle size distribution was determined by the hydrometer method (Gee and Bauder.

1986). The textural class was arrived at by using USDA textural class triangle. Soil bulk

density was determined using the core method (Okalebo et al., 1993). Water retention was

determined by equilibrating the samples with water at various suction levels using a

ceramic plate extractor as described by Peters (1986).

The composite samples were
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3.5.2 Soil chemical analysis

Soil pH was measured potentiometrically in water using 1:2.5 soil: water ratio (Maclean.

1982). Total nitrogen was determined by the semi-micro-Kjeldahl digestion method

followed by ammonium distillation titrimetric method (Bremner and Mulvaney. 1982).

Organic carbon was determined by wet-acid dichromate digestion method of Walkley and

Black (Nelson and Sommers. 1982). Extractable P

and Kurtz 1 procedure for soils with pH < 7 (Olsen and Sommers. 1982). Cation exchange

capacity and exchangeable bases of the soils were determined by saturating soil with

neutral IM ammonium acetate extraction and the bases determined by atomic absorption

spectrophotometry (Okalebo er al.; 1993). DTPA extractable micro-nutrients (Cu. Zn, Mn

and Fe) were determined by extraction with 0.005M DTPA and quantified using atomic

absorption spectrophotometry method (Lindsay and Norvell 1978).

3.6. Statistical analysis

The means of all soil properties from all identified cropping systems were separated using

Duncan’s New Multiple Range Test. MSTATc computer software was employed to

analyse the data.

was detemiined following the Bray
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Classification of the studied soils

Information on soil profile description and analytical data are presented in appendices 1. 2

and 3. Table 1 gives a summary of morphological and diagnostic features while Table 2

presents the classification of the studied soils according to both World Resource Base

(FAO.1998) and L'SDA-Soil classification (Soil Survey Staff. 1998) systems. Three soil

levels namely Lixisols. Phaeozems and Fluvisols were identified according to World

Resource Base (WRB) (FAO. 1998). Lixisols were dominant in the summit physiographic

unit. Fluvisols were found on sloping areas while Phaeozems were dominant in footslope

(Summits). Entisols (Slopes) and Mollisols (Footslopes).

The average percentage of Base Satutaion (%BS) for soils in summit, slope and footslope

good index for evaluation of soil fertility. The soils in slope and footslope were fertile

because they had %BS were above 50% which is the critical value. This may be attributed to

the deposition of materials from the summit. The soil in the summit has %BS below the

critical value and is an indication that Alfisols have low capacity to store plant nutrients. The

low soil fertility in summit may be attributed to the leaching of exchangeable bases and

were 49. 72 and 80%. respectively (Appendices 7.8 and 9). Percentage base saturation is a

areas. The corresponding USDA-soil classification at soil order levels were Alfisols
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erosion processes, which occur during the rain season. The exchangeable bases increased

with the depth (.Appendix 7) which is an indication that leaching is active. It is therefore

concluded that addition of plant nutrients from external sources may be required for

improvement of crop production in the summit.



1 able 1: Summary ot soil profile morphological and diagnostic features

PROFILE DIAGNOSTIC HORIZON OTHER DIAGNOSTIC

LOCATION FEATURES.'PROPERTIES

PERI Argillic horizon. Ferralic. Endoleptic. Umbrihumic.

Summit Umbric horizon. Profondic. Rhodic *Udic soil

*Umbric epipedon moisture regime . *isothermic soil

temperature regime

Ferralic. Fluvic. Orthieutric. HumicFerralic horizon.PFK2

*Udic soil moisture regime .Ochric horizon.Slope

*Ochric epipedon

Chromic. Hypereutric. Mollihumic.Cambic horizon.PFK3

*Udic soil moisture regime .Mollie horizon,Footslope

*Mollic epipedon

Mollie, Pachic

Note:

classification system (Soil Survey Staff, 1998/

^isothermic soil temperature regime

*isothennic soil temperature regime

* diagnostic horizons and other diagnostic features according to USDA -Soil
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4.2 Soil physical and chemical properties under the cropping systems on the slopes

4.2.1 Tea monoculture system

1 he data on soil physical and chemical properties from monoculture tea are presented in

Tabic 3 and Appendix 1. The soils have bulk densities ranging from 1.09 to 1.19 g/cm3. The

total porosity ranged from 47.78 to 57.65%. The observed bulk density and total porosity are

conducive to good soil physical properties and hence suitable tor tea production. It has been

demonstrated that high bulk density imposes man) problems such as mechanical resistance.

poor aeration and reduced permeability to plant rooting systems (Marshner, 1986). The soils

of Kwalei village under monoculture tea system are thus free from problems associated with

compaction. The soils are well drained sand clay loams.

The soil pH ranged from 4.64 to 5.09 and it was rated as ven low to low according to

Landon (1991). Wilson. (1969) reported that the soil pH range of 5.3 to 5.6 was optimal for

the availability of exchangeable bases and available P for tea plants. Therefore, the soil in

this cropping system is likely to be deficient in exchangeable bases and available P. Results

in Table 3 indicate low levels of exchangeable bases and available P. Observations made by

Lieffering el al (1996) on the effect of soil pH on cation exchange capacity of the soils also

found that soil pH has great influence on the capacity of the soil to retain plant nutrients.

There is a possibility that, the growth and activity of microorganisms will be reduced due to

the obsened low soil pH. This is further supported by Beyer (1994) who found that strong

acid soils have a negative effect on the activity of beneficial microorganisms which

decompose organic matter, leading to reduced availability of plant nutrients.
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1 he low soil pl I may be due to leaching of exchangeable bases and soil erosion. Increased

soil erosion can be attributed to lack of soil conservation practices in this village. Macharia

et al (1996) in a study on the relationship between some chemical properties and soil erosion

in Western Kenya also observed that soil erosion increased the acidity of the soils. How ever.

the low soil pH observed in this study is conducive for tea production because the crop

requires an acidic environment. Mabbett (1999) found that tea requires acid soils w ith a pH

values between 4.5 and 5.5 and perform poorh in soils which are alkaline.

Soil organic carbon ranged from 2.01 to 2.46% and was classified as low according to the

rating system by EL’ROCONSL’LT (1989). The Low level of soil organic carbon is a

reflection of low soil organic matter. The low soil organic carbon may be attributed to low-

input of crop residues because the tea leaves are harvested and processed for human

consumption. The low organic materials returned to the soils will likely affect the capacity

of the soil to supply plant nutrients. The low level of cation exchange capacity in the soils

supports this observation. However, the results are contrary to the observation made by

Wilson (1969) that well maintained tea plants generate a lot of organic matter from leaf fall

and pruning, leading to high percentage soil organic carbon content. These contrasting

observations could be probably due to the small quantity of organic matter present and its

slow rate of decomposition.

The cation exchange capacity of the soil ranged from 9.73 to 11.80 Cmol(+)kg’' and this

range was rated as low' according to Landon (1991). These values indicate that the soils are

probably dominated by kaolinite which is commonly in highly weathered, well drained soils.

Such soils are fragile and easily degraded if are mismanaged. The results suggest that the



soils have poor inherent fertility status, as their ability to retain cations is low. Othieno.

(1992) reported that in intensively leached soils in which tea grows best the predominated

clay minerals are kaolinite. These type of clay minerals are low in CEC. and have low' ability

to retain plant nutrients. Tandon. (1991) concluded that the CEC of such soils mainly

depends on the organic matter content because these are highly weathered and contribution

of the clay fraction to the CEC is very limited. Therefore, the low CEC is attributed to low

organic matter content in the soils.

Soil organic matter is an important component of a productive soil. Therefore, the low soil

organic matter together with low cation exchange capacity of the soils are a reflection of

poor soils in terms of nutrient supplying power. Thus inorganic fertilisers must be applied to

supply plant nutrients, and if possible organic sources should be identified and spread on soil

surface as a mulch. This will not only be a source of plant nutrients but also a conditioner to

improve on soil physical properties and conserve soil moisture.

The level of exchangeable bases varied from very low to low (Ca ranged from 1.10 to 2.62.

Mg ranged from 0.32 to 0.47 and K ranged from 0.11 to 0.16 Cmol(+)kg’:). The low level of

exchangeable bases may be due to leaching and washing by runoff due to lack of soil

conservation practices. This argument is similar to that of Macharia el al.; (1996) who

studied the relationship between some chemical properties and soil erosion in western

Kenya. The low exchangeable bases may also be due to low crop residue incorporated into

the soil and exportation of nutrients through harvesting of the tea leaves. The argument is

similar to that put forward by Wilson. (1969) who observed that plucked tender shoots are

highly concentrated in nutrients.
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Percentage base saturation is a good index for soil fertility evaluation. The average

percentage base saturation for the soils in tea cropping system is 20.1%. This is far below

the 50° o critical level, indicating that the soil fertility status is ven low. This is an indication

that a serious intervention is required to improve on tea production in the village.

The available P ranged from 2.41 to 6.00 mgkg'1 which is low according to Baize. (1993)

classification system. Phosphorous is very important in division of plant cells and its growth

as well as root growth and crop maturity. The low level of available P will generally affect

plant growth and development. This low level may be attributed to long-term P mining by

plants, nutrient export and low inherent P levels. Othieno (1992) found that tea plant takes

about 4 to 5 kgP/ha/year to yield about 2000 kg of made tea. Loss of P in soils through

leaching is virtually non-existent because of its low mobility. The observed low P status ma\

also be due to low levels of organic matter content as a result of limited organic matter

accumulation and slow decomposition, high activities of Al and Mn in the soils which form

insoluble complexes with phosphorous. Similar observations were also made by Sandanam

et al.; (1978) in tea fields in Sri Lanka. Other contributing factors are lack of addition of

phosphatic fertilisers and soil erosion. The soils in this village could be inferred to as having

a serious limitation of phosphorus.

The total nitrogen content in the soils ranged from 0.10 to 0.21% and was categorised as low

according to EUROCONSULT (1989). Other workers have reported almost similar results

of total nitrogen in tea growing areas of the world (Dey, 1969. Sandanam et al.; 1978). The

low level of total nitrogen in this cropping system may be due to low level of organic matter

which is attributed to low amount of crop residues returned to the soils. This argument is



supported by the observation made by Heenan. el al ,(1995) who found that a cropping

system with a high amount ot crop residues returned to the soils reduced the loss of nitrogen.

result ot frequent plucking of the tender succulent shoots and leaching due to high rainfall.

Nitrogen being the major nutrient element is needed in very high amounts and hence, it has

to be applied adequately to meet the demand.

The low level of exchangeable bases, available P and total nitrogen is a reflection of low soil

fertility status which can only lead to a low tea yield. In order to increase the production

level of tea. there is a need to apply fertilisers which will supply these plant nutrients.

The mean values of DTPA-extractable Fe and Mn for monoculture tea soils are 36 and 56

mg/kg respectively. These

(1991). The DTPA-extractable Zn and Cu mean values w ere 0.53 and 1.89 mg kg which

values are 0.2 to 2.0 mg/kg and 0.1 to 2.5 mg kg of soil for Zn and Cu respectively, based on

Sims and Johnson (1991). Soils with high lev els of available Fe and Mn could be due to low

soil pH. w'hich favours the dissolution ofFe. and Mn compounds in the soils (Alloway and

Ayres. 1990)

From this study, it can be concluded that soil physical conditions in this cropping system

allow for both good rooting and aeration. However, the soils have low capacity to retain

plant nutrients. The levels of available macro-nutrients are also very low to low. This system

can only be utilised optimally if good soil management practices are adopted including soil

were w ithin the acceptable range for normal plant growth and development. The critical

are above the normal range suggested by Sims and Johnson

Othicno (1992) observed that the low level of total nitrogen w as due to nutrient mining as a



erosion control and incorporating organic materials into the soils. Use of inorganic fertilisers

will be necessary as the lex els of plant nutrients are low in the soils.

Table ?: Comparison of soil properties among the cropping systems on the sloping land

SEMLSDCropping systemParameter

Maize be .insTea Cc:':'ee. banana

0.225.9s 0.674.7s 7.055.8spH t water'

0.393.93s 1.1S19.024.64s

11.421* 1.4124.20s 4.5113.2123.62sCEC

0.9S8.33s 2.9326.6S9.0Ss

0.310.9333.S32.09s0.57

0.110.21s 0.345S.400.23s 0.53s

0.030.04s 0.09H4.100.10s0.02

46.7620.10 51.65

0.020.15’ 0.26s 0.0514.820.29s%TN

o.ss2.632.21s 43.103.66s? mg kg

1.438.17- 5.6110.1635.77sFe mgkg

113.20s 52.0223.35125.50sMn mgkg

0.200.56s 0.7943.590.53s 1.33sZn mgkg

0.240.9618.561.333.62sC j mgkg

0.040.83s 0.126.921.18s 0.95s

C’\ .r.eans coefficient of-.ariation

LSD means least significant difference

SEM means standard errormeans

Cnx'!(-'Az

Ca

sZk dinsm-
z:nr

Cn»I(-lk;
Mg 

Cmclt-'A:
K

Cn»h-ik;

56.26’

1.89’

2.19-

29.08-

l.61b

CV %

°oOC



41

4.2.2 Coffec/banana mixed cropping system

and the total porosity ranged from 62 to 66%. This is an indication that the soils are suitable

well drained sand clay loam.

The soil pH ranged from 5.63 to 6.96 and the range was rated as medium according to the

classification system established by Landon. (1991). Soils with such a pH range are likely to

have satisfactory plant nutrients for coffee and banana production. This is supported by the

observed medium capacity of supplying plant nutrients in this study. Also the medium soil

pH range max create conducive condition for the growth and microbial activity. Parr and

Papcndick (1978) observed that bacteria are responsible for decomposition of organic matter

were hindered in strong acid soils, thus preventing the break down of organic materials. This

resulted in accumulation of organic matter and tie up of nutrients, particularly nitrogen that

is held in the organic residues.

The soil organic carbon ranged from 7.24 to 8.72% and it was rated as medium according to

Baize (1993) rating system. The cation exchange capacity of soils ranged from 20.40 to

27.47 Cmol(^-)kg'' and this range was classified as medium (Landon, 1991). The

exchangeable bases were rated as medium to slightly high. Their ranges were as follows,

from 8.39 to 10.18, Mg2+ from 2.35 to 2.56 and K’ from 0.39 to 0.69 CmolHJkg’’ .

The medium levels of both soil organic carbon, cation exchange capacity of the soil and

for coffee and banana production due to conducive soil physical properties. The soils are

1 he data on soil physical and chemical properties from cotYee/banana growing fields are

Ca,2+

presented in Table 3 and appendix 2. The soil bulk density ranged from 0.92 to 0.96 gcm':
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exchangeable bases may be due to relatively high amount of organic residues produced in

this cropping system and returned to the soil. Banana and coffee leaves together with coffee

primings and cofiee husks are returned into the soil and contributed to an appreciable

amount ol organic matter in the soils. The quantity and quality of organic matter is

influenced by the nature of the above and below-ground litter inputs (Palm, et al.: 2000).

regulator of temporal and spatial pattern of nutrient availability. This can be supported by

the amount of soil organic matter in the soil which ranged from 4.21 to 5.07% and it was

rated as medium (Landon. 1991). Another factor may be micro-climatic condition created b>

these perennial crops, which favoured the growth, and activities of micro-organisms, hence

enhanced the decomposition of organic matter. The decomposition of organic matter results

into release of plant nutrients (Dalland et al.: 1993). The decomposition of organic matter

produces humus which increases the ability of the soil to resist erosion (Lee et al.: 1993) as

well as enabling the soils to hold more water for plants.

The average percentage base saturation for the soils in coffee 'banana cropping system is

52%. This is slightly higher than 50%: which is a critical level, indicating that the soil

fertility status is adequate. It is an indication also that the soil is suitable for coffee and

banana production.

The total nitrogen ranged from 0.32 to 0.35% and was rated as medium according to the

rating system

may be due to adequate amount of organic residues produced by coffee and banana crops.

was established by Baize. (1993). The medium level of nitrogen in this system

Soil organic matter constitutes both a sink and a source of plant nutrients and hence acts as a
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reflection of organic matter content.

1 he available P ranged from 3.66 to 6.47 mgkg'1 and according to Singh et aUXWl) rating

system, this range was rated as low. This level is an indication that there is P-deficiencv in

this cropping system. The argument is related to that put forward by Le Mare (1991) who

observed that many soils in the tropics lack sufficient amount of P in a form that is available

to plants to ensure satisfactory grow th. The low level of P may be due to nutrient mining.

Since P is accumulated in the reproductive portion of the plant which is usually harvested.

then the crop residues returned to the soil often have a low level P. The soil is medium

acidic, therefore P can be fixed by exchangeable Fe/Al Mn and their oxides

It can be concluded from this stud} that the medium level of soil organic carbon and cation

exchange capacity of the soils is an indication that the soil can retain a satisfactory amount

of plant nutrients for coffee and banana production while the medium level of exchangeable

bases and total nitrogen implies that the soils have satisfactory amounts of plant nutrients for

the same purpose. Addition of phosphatic fertilisers is highly required.

DTP.A extractable Fe. Mn and Cu levels in the soils were 29. 126 and 3.62 mgkg

respectively. These

while extractable Zn (1.33 mg/kg) was within the acceptable range. The high level of

available Cu may be due the use of pesticides (mainly Cu fungicides) in controlling pests

and diseases, which affect coffee. These results are supported by the findings made b}

Mkindi (1990) who found that Cu contents w'erc higher in the coffee cropping systems

were above the normal range according to Sims and Johnson (1991)

1 his can be supported by the observed medium level of soil organic carbon which is a
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which were sprayed with Cu fungicides like copper oxychloride (cupric chloride 50%

wettable powder) and cupric hydroxide 50% wettable powder in Moshi district than non

sprayed farms.

4.2 3 Maize/beans mixed cropping system

Data on physical and chemical soil properties in soils from maize/beans cropping systems

while total porosity ranged from 62 to 73%. The low level of bulk density and the high level

of total porosity suggest that the soils do not have a serious problem of compaction. The

soils are well drained sand clay loams which are suitable for maize and beans production.

The soil pH ranged from 5.75 to 6.26 and it was classified as medium according to

classification system established by Landon. (1991). The level suggests that the soils have

satisfactory plant nutrients for maize and beans production. This is supported by the medium

level of cation exchange capacity and medium to slightly high level of exchangeable bases

observed in the study. The soil pH range is also conducive for microbial activity. Beans are

also likely to contribute to the N pool through biological nitrogen fixation.

The soil organic carbon ranged from 6.56 to 7.20% and it was classified as medium. The

cation exchange capacity of the soils ranged from 22.2 to 24.52 Cmol(+)kg-1 and the range

was classified as medium (EURONCOSULT. 1989). These levels indicates that the soils can

supply adequate amounts of plant nutrients for maize and beans production. The

exchangeable bases were classified as medium to slightly high except exchangeable Na

which was classified as very low according to Baize (1993) classification system.

are presented in Table 3 and Appendix 3. The bulk densities ranged from 0.79 to 0.88 g enf
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1 he medium level ol soil organic matter, cation exchange capacity and some of

exchangeable bases (Ca. Mg and K.) may be due to appreciable amount of crop residues

incorporated into the soil. Incorporation of organic residues is

cropping system. The incorporated organic materials contribute considerable to storage and

release of nutrient ions. This is supported by the observation made by Riffaid. et al.: (1994)

who found that the amount of crop residue incorporated in the soils has considerable effect

responsible for decomposition of incorporated crop residues.

The average percentage base saturation for the soils in maize/beans cropping system is 47%.

This is slightly below the 50% critical level, indicating that the soil fertility status is slightly

low. This is an indication that intervention in form of soil fertility improvement is required

to improve on maize and beans production in the village.

The total nitrogen in the soils ranged from 0.25 to 0.29%. This range was rated as medium

according to Baize (1993) rating system. Nitrogen is the most limiting nutrient in plant

growth and is a constituent of chlorophyll, plant protein and nucleic acids (Marshner. 1986).

The medium level of total nitrogen in the soils indicates that the soil can supply moderate

amounts of nitrogen to the plants. This medium level is probably due to the amount of crop

residues returned to the soil and the good quality' of some of the crop residues (bean crop

residues). This is supported by the observation made by Palm, (2000) who found that the

quantity and quality of organic matter is influenced by the nature of the above and below­

ground litter inputs. The medium level also is probably due to biological nitrogen fixation

on chemical properties of the soils. Another contributing factor is that the cropping system

a normal practice in this

has favourable conditions for the growth and activity of microorganisms, which are
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processes in the soils because beans

capable in fixing nitrogen. Soil pH was optimal for biological nitrogen fixation.

The available P in the soil ranged from 1.01 to 2.72 mg/kg. According to Singh et al (1977)

classification system, this range was classified as low. Low P value indicating low P

supplying power of the soils. Such low values are likely to lead to very poor crop

performance. The low level of available P will reduce the growth and delay the maturity of

the crop (Miller and Donahue, 1992). The low level of available P might be due to nutrient

mining because the phosphorous is accumulated in the reproductive portion which is usually

harvested.

In the maize/beans cropping system the means of the DTPA extractable Fe. Mn. Zn and Cu

of normal range for the DTPA extractable Fe and Mn while the rest were within the

acceptable range for normal plant growth and development. The high level of extractable Fe

and Mn may be due to parent materials, and the acidic pH level which favours their

solubility.

land

Data on the comparison of soil properties between cropping systems on sloping land are

presented in Table 3. The soil pH in tea cropping system was significantly (P=0.05) lower

than values from coffce/banana and maize/beans cropping systems. The percentage soil

were 8.17. 113.20, 0.56 and 1.33 mg/kg of soil respectively. These means were rated as out

4.3 Comparison of soil properties among cropping systems on sloping

arc one of the main crops in this system which are
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significantly (P-0.05) lower than those from coffee/banana and maize/beans cropping

systems. The organic matter and CEC from soils in coiTeebanana and maizebeans

cropping systems were twice as much when compared with the values in the tea system.

The exchangeable calcium and magnesium in tea cropping system were significantly

(P=0.05) lower than from other cropping systems. Exchangeable potassium and sodium

did not differ significantly (P=0.05) between the cropping systems. However, the

exchangeable potassium in coffee.banana was slightly higher compared to other cropping

systems.

The available P was significantly (P=0.05) higher in maize/beans cropping system than in

other cropping systems while total nitrogen in tea cropping system was significantly

(P=0.05 ) lower than that of maize beans and coffee,-banana cropping systems. The available

Fe in tea cropping system was significant higher (P=0.05) than in other cropping systems

and the opposite was true for available Mn. The extractable Zn did not differ significantly

(P=0.05) between the cropping systems. Extractable Cu was significantly higher (P=0.05) in

coffee/banana cropping system than in other systems.

From the above information, the low lex els of soil pH. soil organic carbon. CEC. 

exchangeable Ca. Mg and percentage total nitrogen in tea monoculture compared to other 

systems may be due to low- organic matter which is attributed to low' input of crop residues 

in the soil. The low level of crop residues returned to soil is attributed to frequently plucking 

of tea leaves and lack of frequent prunning of tea plants. Other reasons may be due to 

increased soil erosion, which is attributed to lack of soil conservation measures and 

exportation of nutrients through harvesting of the tea tender leaves which are highly 

concentrated in nutrients.

organic carbon and cation exchange capacity of the soils in tea cropping system were
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4.4 Soil physical and chemical properties in the valley bottoms under vegetable

production

The soil pH ranged from 5.30 to 5.97 and was rated as medium according to Landon

(1991) rating systems. Knott. (19S0) suggested that soil pH between 5.0 and 6.8 is

suitable for vegetables such as beans, tomatoes, peppers, potatoes and cabbages.

Therefore the soil pH values observed from the study area are favourable for production

of most vegetables. The soil pH is thus likely to favour the activity of microorganisms

and availability of essential plant nutrients. The results are supported by the amount of

total nitrogen and cation exchange capacity of the soil

The high level ofDTPA extractable Fe in tea monoculture may be due to low level of soil 

pH which favours the dissolution of Fe compounds in the soils while the high level of Cu in 

coffee/banana cropping system may be due to the use of Cu-fungicides like cupric hydroxide 

50% wettable powder in controlling pests and diseases which affect coffee.

According to percentage base saturation values from all cropping systems, the soil fertility 

status from coffee/banana cropping system was moderate while in maize/beans was slightly 

moderate and in tea cropping system was very low. This is

an indication that, soil from maize/beans and tea cropping systems needs extra addition of 

plant nutrients from other sources like farmyard manure and composts.

The mean values of physical and chemical soil properties for the valleys, which are used 

for vegetable production, are given in Table 4 and Appendix 4. The soils are W'ell drained 

sand clay loams, and are good for vegetable production because the soils are not 

compacted. This is supported by low bulk density and high total porosity, which were 

observed to range from 0.86 to 0.92 g/cm3 and 62 to 69% respectively
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Tabic 4: Mean values of sonic physical and chemical properties of soils from four valley

bottoms under vegetable production

Mean value CV%Parameter SEM

5.7 7.2 0.24pl-1 (water)

4 37.3 0.9%OC

20 1.514.5CEC Cmol(+)/kg

0.36.2 8.1Ca Cmol(+)/kg

0.2T 15.5Mg Cmol(+)/kg

0.177.20.2K Cmol(-r)/kg

0.04300.2Na Cmol(+)/kg

42%BS

0.133.70.3%TN

0.9285.6P mg kg

0.8148Fc mg-kg

1.3103 1.7Mn mg/kg

0.152Zn mg kg

0.7127.7Cu mg-kg

0.040.9 7

CV means coefficient of variation and SEM means standard error of means.

Bulk density g/cnT
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which were also rated as medium. The observed soil pH values could enhance the

solubility ot sonic micro-nutrients (Fe. Mn. Cu and Zn) as supported by the high amounts

ot these nutrients and subsequently may be taken up in excessive amounts by the plants.-

The soil organic carbon ranged from 3.63 to 4.31%. This range was rated as low to

medium according to EL’ROCONSULT (19S9) rating system. This implies that the

amount of organic matter returned to the soil is low. The leaves of most of the crops

grown in these valleys are harvested and consumed by human beings. Some of the leaves

which are not suitable for human consumption are used to feed animals especially during

the dry season. The amount of crop residues returned to the soil is thus not as much as

compared to other systems in which the leaves are not used either as a source of human

food or animal feed. The low level of soil organic carbon observed can therefore be

associated with continuous cultivation of vegetable crops on the same piece of land.

The Cation exchange capacity of the soils in all valleys ranged from 18 to 23 Cmol(-r)kg’’ 

and are categorised as medium according to Landon (1991). This implies that the soil can 

moderately retain plant nutrients for vegetable production. According to Baize (1993; 

satisfactory level of CEC for most crops ranges from 15 to 25 Cmol^kg'1. The CEC in the 

soils is attributed to the content of soil organic matter and the amount of clay in the soil. The 

organic matter in the soils was found to be low thus, the medium CEC may due to the 

amount of clay content in the soils.

Exchangeable bases except Na in all valleys were categorised as low to medium according 

to Baize (1993). The Na ranged from 0.09 to 0.36 Cmol(-)kg'' and the range was classified 

as very low. Hence, the range is not expected to interfere with the nutrition of most field 

crops. The soils are thus not saline at the moment. Na in particular circumstances may be 

utilised by some crops as a partial substitute for K but it is not an essential plant nutrient. 

Knott (1980) found that its absence or presence in only very small quantities is therefore not 
usually detrimental to vegetable nutrition.
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42%. This is slightly below the 50% critical level, indicating that the soil fertility status is

indication that intervention is required to improve on vegetable

production in the village.

The DTPA extractable Fe, Mn and Cu were rated as out of range for normal plant growth 

and development, according to Sims and Johnson (1991) rating system where as Zn was

The low to medium level of exchangeable bases (Ca 5.98-7.33. Mg 1.63-2.25 and 0.13-0.35 
Cmol(+)kg 1 ) may be due to low amount of organic matter incorporated in the soil, because 

the crop residues returned is low. Another factor for low to moderate exchangeable bases 

may be due to nutrient mining by vegetables. The critical level of exchangeable K is 6 
CmoK-rJkg'1. while the deficiency level of Mg occurs at a level less than 1.25 Cmol(+)kg’’ 

for most vegetables.

The total nitrogen ranged from 0.27 to 0.2S% and was categorised as slightly medium 

according to Singh et r// (1977) classification system. The observed level of total N could be 

partly attributed to nutrient mining by vegetables and low organic matter content in the soil. 

Nitrogen is an important nutrient for vegetable production (Tindall, 1983). Therefore, for 

optimum production of vegetables in the village. N containing fertilisers such as urea and 

calcium ammonium nitrate should be applied.

The available P in the soils ranged from 4.9 to 6.7 mg/kg and was rated as low according to 

Singh, et al.; (1977) rating system. Magoggo et al (1996) found that an average P level of 

more than 7 mgkg is considered to be optimum below which P-deficiency symptoms are 

likely to occur in many crops including vegetables. These results indicate that vegetables 

grown in the village may require application of P-fertilisers in the soils. The low P observed 

could be probably due to the inherent low P content in the soil. Moreover low pH may be 

responsible for high phosphate fixation. Nutrient mining by vegetables may be another 

factor for low P in the study area (Miller and Donahue 1992).

The average percentage base saturation for the soils in maizebeans cropping system was

slightly low. This is an



4.5 Soil physical and chemical properties under woodlot systems

4.4.1 W oodlot systems in summit

The data on soil properties within woodlot systems in summit areas are presented in Table 5

and Appendix 5. Only one woodlot system was identified in summit areas. The woodlot

system had a mixture of Eucalyptus. Grevillea. Wattle and very few indigenous tree species.

The bulk density for soils from mixed trees ranged from 0.85 to 1.03 g/cmJ and total

porosity was 64%. The bulk density is a reflection of compactness of the soils. The low level

of bulk densities implies that the soil is not compacted at the moment, and hence it is free

from the problems associated with compaction. The soils were sand clay loams in mixture

woodlot systems.

The soil pH ranged from 4.57 to 5.40 in mixed woodlot system. This range was rated as low

according to a classification system by Baize (1993). The low soil pH value may be due to

great lignification or acidification by tree litter. The observation is supported by other

studies (Chavan el al. 1995. Alexander. 1986. and Greenland and Nye, 1959). which

reported tree litter to increase acidity of the soils.

within the acceptable range. The high level of available Cu and Mn may be attributed to 

spraying of Cu and Mn containing pesticides. Some of the pesticides which contain Cu are 

Blitox and Kocide while pesticides which contain Mn are Ridoinil and Dithane M45 which 

are used to control pests and diseases in vegetables. This is in agreement with the 

observation made by Mwalilino (1997) who assessed the heavy metal accumulation in soil 

of vegetable growing area in Mbeya district. The high level of Fe found in these soils are 

most likely due to the nature of the parent materials. Thompson and Troeh. (19S5) found 

that igneous rocks were rich in iron.
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Soil organic carbon from mixed woodlot system ranged from 4.86 to 5.25% and was rated as

medium according to the classification system established by Landon. (1991). Soil organic

carbon is a reflection of soil organic matter. Therefore, the medium level of soil organic

carbon implies that there is a satisfactory amount of organic matter in the soil, which is

attributed to turnover of organic materials in the soils.

The cation exchange capacity of the soils from mixture woodlot system ranged from 15 to

23 Cinol(-r)/kg of soil. According to EL’ROCONSULT. (1989) classification system, this

range was classified as medium. The medium level ofCEC implies that the soils from these

due to an adequate amount of organic matter in a mixed woodlot system which is attributed

to leaf fall.

Exchangeable Ca, Mg. K and Na in mixed woodlot system were 4.86. 1.12. 0.16 and 0.05

Cmol(+)/kg of soil, respectively. According to a classification system established by Landon

(1991) these values were classified as low to medium for exchangeable Ca and Mg while K.

and Na were classified as low. The low to medium levels of some exchangeable bases in soil

from a mixed woodlot system suggests low to medium transfer of the ions from deeper

horizons by the tree species to the surface of the soil layer. The low level of exchangeable

Na suggest that the soil from mixed woodlot system is free from salinity and other problems

related to high amount of Na in the soils.

The average percentage base saturation for the soils in mixed woodlot system was 26%. This

is far below the 50% critical level, indicating that the soil fertility status is very low.

woodlot systems can moderately retain plant nutrients. The medium level of CEC may be
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classified as medium according to a classification system by Singh et al.; (1977). The

observed medium level of total nitrogen may be due to appreciable input of organic matter

and possibly the biological nitrogen fixation of some of these tree species.

The available P in soils from mixed w oodlot system ranged from 1.69 to 2.33 mg-'kg of soil.

This range w as classified as low according to Singh, et al.; (1977) The observed low level of

available P may be due to the slow rate of its release from organic form (Kasembe. et al.:

1983). It max- also be due to P-fixation by Fe‘”. Mn2- and A1J* and the oxides of Fe. Mn and

Al.

In this stud}' the DTPA extractable Fe and Zn from mixture woodlot system w'ere within the

acceptable range for plant growth while DTPA extractable Mn and Cu were above the

acceptable range as suggested by Sims and Johnson (1991). The high levels of the DTPA

extractable Mn and Cu in mixture woodlot system may be due to accumulation of organic

elements. This is further supported b\ Bhandari and Rwandhawa (1985) who found that

accumulation of organic matter and the decrease in soil pH were responsible for promoting

the availability of micro-nutrients in the soils.

4.4.2 Woodlot systems on sloping land

The data on soil properties from three woodlot systems, which were identified on the sloping

area, are presented on Table 5 and Appendix 6. Bulk density in Eucalyptus, Grevillea and

lotal nitrogen tor mixed woodlot system ranged from 0.22 to 0.29%. This range was

matter in the soil surface which provided a favourable condition for availability of these



55

0.73. 1.13 and 0.9 g/cm\ respectively. Total porosity in

Eucalyptus. Grevillea and Wattle woodlot systems were 72. 54 and 63%, respectively. The

bulk density is a reflection of compactness of the soils. Therefore, the low level of bulk

density implies that the soil is not compacted at the moment, and hence it is free from the

problems associated with compaction. The soil total porosity indicates that the soils are well

aerated and well drained. The soils ranged from sandy clay to sandy clay loams in

Eucalyptus, sandy clay loams in Grevillea and sandy clay in Wattle.

Soil pH from soils in eucalyptus, grevillea and wattle woodlot systems were 4.8. 5.2 and 4.5.

respectively. According to Baize (1993) classification system, the soil pH in these three

woodlot systems was classified as low. The low soil pH values in these w'oodlot systems

may be due to great lignification or acidification of tree liner. Chavan et al. (1994)

investigated the effect of forest tree species on soil properties and observed that tree liner

reduced soil pH.

Organic carbon of soils from Eucalyptus. Grevillea and Wanle woodlot systems were 6.0.

classified as medium (Landon. 1991). Soil

organic carbon is a reflection of soil organic matter. Therefore, the medium level of soil

organic carbon implies that there is an adequate amount of organic matter in the soil, which

is attributed to the amount of leaf fall. The results are similar to those reported by Jaiyeoba

(1996) who found that the high percentage soil organic carbon in the woodlots was due to

the appreciable amount of organic matter in the soil which is attributed to leaf fall.

2.9 and 4.9, respectively. The values were

Wattle woodlot systems were
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Cation exchange capacity of the soils from Eucalyptus, Grevillea and Wattle woodlot

systems were 21.5. 21.8 and 17.0 Cmol(+)/kg of soil respectively. They were classified as

medium (EUROCONSULT. 1989). The medium level of CEC implies that the soils from

these w ood lot systems can retain a satisfactory amount of plant nutrients. The medium lex el

of CEC may be due to a satisfactory amount of organic matter in these woodlot systems

w hich is attributed to leaf fall.

Exchangeable Ca. Mg. K. and Na in Eucalyptus woodlot were 2.34. 0.34. 0.13 and 0.03

Cmol(-)’kg of soil, respectively. The levels were classified as low (Baize. 1993).

Exchangeable Ca. Mg, K and Na in Grevillea w’oodlot system were 3.61, 1.04. 0.16 and 0.03

Cmol(-)’kg of soil respectively. Exchangeable Ca, Mg. K and Na in wattle woodlot system

exchangeable Ca and Mg in soils from grevillea and wattle woodlot systems were medium

while that for K and Na were low (EUROCONSULT, 1989).

The low to medium levels of some exchangeable bases in grevillea, wattle and mixture

woodlot systems suggests low to medium transfer of the ions from deeper horizons by the

tree species to the surface of the soil layer. The low level of exchangeable bases in

eucalyptus woodlot system may be due to slow' rate of decomposition of leaf-litter and low-

content of these exchangeable bases in the leaf litter. The small amount of exchangeable Ca

in eucalyptus suggests a greater rate of immobilisation as was also observed by Greenland

and Nye, (1959)

were 2.67, 0.74, 0.16 and 0.06 Cmol(-r)/kg of soil, respectively. The content of
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Table 5: Comparison of soil properties among woodlot systems

Parameter Woodlot system LSD SEM

Eucalyptus (Ires i Ilea Wattle mixture

4.5b5.2’1PH 0.165.o9 0.55
(water)

6.01" 0.66%OC 2.2724.01

abab 24.00s 1.735.99CEC 14.2
CiikMc*) kg

2.67s3.6 r' 4.86 s2.343 0.933.234".97Ca

0.34b 0.74s 1.12s1.04s 0.120.4125.64
Cmo)(+)/k
a

0.17s 0.15s0.16 s 0.02 0.010.13 s 14.2SK
CnxM(-)kg

0.05s 0.05s 0.020.060.03s 80.180.03sNa
Cmol(-) kg

0.050.122621%BS 14

0.030.120.21s 19.530.34 s%TN

1.72b 0.612.114.59s 37.10P mg kg

0.371.2819.424.22 sFe

mgkg
34s 5.81202s 20.1110Mn

mg/kg
0.501.740.32c 55.592.85sZn

mg/kg
0.443.48s 1.5332.591.23'Cu

mg/kg
0.97b 0.048.41 0.151.13sBulk

CV means coefficient of variation. LSD means least significant difference and SEM means standard error of

means.

Cnx'l(

Mg

density

g/cm3
Note: within each row. the means carry ing the same letter(s) are not significantly different at P=0.05

CV%

86b 88s

2.9 lsb

0.90b

4.8’b

2.9Sb

0.29sb

17.00s

2.20"

4.96sb

2.4 lsb

3.32sb

0.91

0."3b

2.99"

0.30"

1.77*

2.70b

2.27"

4.8“

5.02sb
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lotal nitrogen in soils from Eucalyptus. Grevillea and Wattle woodlots systems were 0.34.

0.21 and 0.30%. respectively. These values were classified as medium according to Singh et

al.: (1977). The observed medium level of total nitrogen may be due to appreciable input of

organic matter.

Available P in soils from eucalyptus, grevillea and wattle woodlot systems were 2.41. 4.59

and 2.27 mg/kg of soil, respectively. The mean values are low according to Singh, et al.:

(1977). The observed low level of available P may be due to low content of element P

present in the tree litter and the slow rate of its release from organic residues. A study by

Kasembe. et al.: (1983) on organic farming in Tanzania observed that available P is

influenced by the rate of decomposition of organic materials. P- fixation by Fe2 . Mn- and

A1J and the oxides of Fe. Mn and Al is also a possible explanation.

In this study the DTPA extractable Fe from eucalyptus, grevillea and wattle woodlot systems

acceptable range. Extractable Zn

eucalyptus and wattle woodlot systems it was above the acceptable range. The DTPA

extractable Cu in Eucalyptus and Grevillea woodlot systems was in acceptable range while

in wattle and woodlot system was above the acceptable as suggested by Sims and Johnson

(1991).

The high levels of the DTPA extractable Mn in both eucalyptus, grevillea, wattle and

mixture woodlot systems, Zn in eucalyptus and grevillea and Cu in wattle and mixture

woodlots may be due to low soil pH and accumulation of organic matter on the soil surface

was within the acceptable range for plant growth while DTPA extractable Mn was above the

was within the acceptable range in grevillea while in
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which provided a favourable condition for availability of these elements. This is further

supported by Bhandari and Rwandhawa (1985) who found that accumulation of organic

matter and the decrease in soil pH were responsible for promoting the availability of micro­

nutrients in the soils.

4.4.3 Comparison of soil properties among woodlot systems

Data on comparison of some soil properties between woodlot systems are presented in Table

land under different tree species showed a wide variation. Soil pH.

percentage total nitrogen and available P were significantly higher (P=0.005) in grevillea

than in other woodlot systems. This max be due to the different amounts of organic material

produced by the tree species. Chavan. ei al (1995) observed that tree litter increased total

nitrogen and available P. They further observed that soils under Eucalyptus tree contained

high available P and exchangeable Mg. however in this study the opposite was true. This

may be due differences in the age of Eucalyptus studied, soil characteristics and the history

of land use.

The CEC in mixed w'oodlot system was significantly higher (P=0.05) than in other woodlot

systems. Exchangeable Ca. Mg K and Na did not differ significantly (P=0.05) between the

woodlot systems while exchangeable Mg was significantly lower (P=0.05) in Eucalyptus

woodlot system than in other systems.

The average percentage Base Saturation (%BS) for Eucalyptus. Grevillea. Wattle and mixed

were 13. 22, 21 and 26, respectively. The %BS are far below the critical value which is 50%.

5. Soil properties on
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This is an indication that these tree species are not good to be used for amelioration of soil

fertility. The Eucalyptus has very low potential for restoration of soil fertility. These

observation is supported by studies from Jaiyeoba (1996) who found that Eucalyptus has low

capacity of restoring soil fertility and often has a negative influence on soil properties like

lowering water table.

4.6 Soil physical and chemical properties under the fallow system

In this section two fallow systems are discussed, namely fallow one which is on summit and

fallow two which is on the sloping area. The data on soil physical and chemical properties

are presented in Table 6. Bulk densities values for fallow one and two were 0.71 and

O.S4g/cm3 respectively. The means of total porosity for fallow one and two w-ere 72.40 and

67.37%. These data imply that the soils

problems associated with compaction. The soils from fallow one were sandy clays while

those from fallow two ranged from sandy clay to sandy clay loams. In both cases the soils

are well drained.

The soil pH values from soils in fallow one and two were 5.32 and 4.89 respectively and

were classified as low according to Baize (1993). The low level of soil pH is likely to be

associated with low' nitrogen and P content in the soils. Other associated problems are

deficiency of exchangeable bases (like Ca. K) and reduced growth and activity of some

beneficial micro-organisms which are responsible for decomposition of organic mater. Soil

organic carbon in the soils from fallow’ one and two were 3.99 and 3.89% respectively and

were rated as low according to EUROCONSULT (1989). The low level of soil organic

carbon in these fallow systems implies that the soil organic matter is also low.

are not compacted and are therefore, free from



61

Both tallow systems were 3 years old. and therefore were not old enough to yield much

organic materials. Similar observations have been reported by Juo et al.: (1995) who found

that the low soil organic carbon resulted from low organic matter input when the bush

regrowth was still small. Furthermore Msaky et al (1996) observed that, the amount of

organic carbon increases with an increase in vegetation cover which is the function of time.

indicating an important contribution from the litter upon decomposition.

Table 6: Influence of fallow systems on soil properties

SE.MLSDParameter Fallow in slopeFallow in summit

4.89' 0.030.16o.spH (water) 5.32

3.891 1.19 0.193.99s%OC S.5S

I9.SJ 1.6819.1s 10.2014.9CEC Crv',-He

i.ss- 0.153.59s 9.67 0.93Ca Cm.-t-.kg

0.070.441.34s 12.90.62:Mg CmS -ike

0.17s 0.040.2243.1K Cn>- .kg 0.12

0.03s 0.020.0124.3Na Crxi -ilcg 0.02

13.64%BS 26.54

0.24s 0.010.037.50.23s%'FN

2.59s 23.6 1.7S 0.291.69 sP mg kg

3.09s 63.97 6.99 1.153.13sFe mg kg

106.4s 5.75 18.08 2.9772.77:Mn mg kg

0.65s 100.3 0.290.34s 1.75Zn mg'kg

2.66s2.21s 49.21 4.21 0.69Cu mg kg

0.86s0.73' 1.84 0.03 0.01

C V means coefficient of variation. LSD means least significant difference. SE.M means standard error of means

Bulk density 

g/cm;
Note: Within the row. the means with the same lelterfs) are not significantly different (P=0.05)

CV°o
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The cation exchange capacity of the soils from fallow one and two were 19.1 and 19.9

Cmol(-) kg and were rated as medium according to a classification system established by

Landon (1991). This medium level of CEC implies that the soil can moderately supply plant

nutrients.

Exchangeable Ca. Mg. K and Na for fallow one were 3.59. 1.34. 0.12 and 0.02 Cmol(+)/kg

respectively while means of exchangeable Ca. Mg. K and Na for fallow two were 1.88. 0.62.

0.17 and 0.03 Cmol(-) kg respectively. According to the classification established by Baize

(1993) exchangeable Ca. K and Na for both fallow systems were classified as low while

exchangeable Mg w as classified as medium. The low levels of most exchangeable bases

implies that the soil fertility status is low. Also the low level of these exchangeable bases

may be due to leaching, soil erosion and low' content of these exchangeable bases in the

organic materials returned to the soil. The exchangeable bases are ver.' important for crop

production especial cereals and the low' level will definitely lead to a very' poor crop

performance if these fallows will be used to produced crops.

The percentage base saturation in fallow one and two were 27 and 14. respectively. This also

is an indication that the soil is infertile because the values are far below 50% critical level.

Total nitrogen for fallow one and two were 0.23 and 0.24% and are thus low according to

the classification system established by Singh et al.; (1977). The low' level of total nitrogen

may be due to low level of organic matter in the soils from these fallow systems. The

observed effect of low organic matter on the availability of N is similar to the observation

made by Heenan el al.; fl 995) who found that the amount of total nitrogen in the soil

depend on the quantity and quality of organic materials produced by that system,
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Available P for tallow one and two were 1.69 and 2.59 mg/kg of soil and were classified as

very low according to Singh et al.: (1977). The low level of available P may be due soil

erosion and low P in parent materials.

Soil organic carbon. CEC exchangeable K and total N did not vary significantly (P=0.05)

between the two fallow systems. Soil pH. and exchangeable Ca and Mg in fallow one were

significantly higher (P=0.05) than in fallow two. The opposite was true for exchangeable Na

and available P.

In fallow one the DTPA extractable Fe. Mn. Zn and Cu were 3.13. 73. 0.34 and 2.21 mg/kg

of soil while the means of DTPA extractable Fe. Mn. Zn and Cu from fallow two were 3.09.

106. 0.65 and 2.66 mg/kg of soil respectively. The DTPA extractable Fe. Zn and Cu for both

fallow systems were within the acceptable range while available Mn was above the normal

range for plant growth and development (Sims and Johnson 1991). DTPA extractable Fe.

Zn. and Cu did not differ significantly (P=0.05) between the fallow systems while the DTPA

extractable Mn was significantly lower (P=0.05) in fallow system one than in fallow' system

two. The high level of DTPA extractable Mn

dissolution of Mn compound in the soils. The high level of extractable Mn will affect the

growth of most plants and sometimes interfere the uptake of other plant nutrients, for

example uptake and translocation of Fe in plants.

It can be concluded from this study that the fallow did not improve the soil fertility of 

degraded land. This may be due to the fact that the fallow's were young.

was due to low' soil pH. w'hich favour the
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

On the basis ot the present study and findings, the following tentative conclusions can be

drawn:

1. Soils from all cropping systems were acidic with low to medium soil organic matter and

nutrient supplying power. This was especially so for available P. total nitrogen.

exchangeable Mg and K

production were above the critical level for plant growth except for Zn which was within

the acceptable range. This situation may lead to toxicity if the amounts ofFe, Mn and Cu

continue to accumulate.

5. Soil properties differed in the four woodlot systems but were not significantly different.

Except for Eucalyptus, other tree species showed superiority in one or more soil

properties. This may be due to the nature and amount of organic matter produced. The

fate of decomposition and amount of plant nutrients released depended on the tree

2. Most of soil chemical properties were significantly (p=0.05) lower in tea 

monoculture cropping systems than in coffee/banana and maize/'beans cropping

systems.

3. The DTPA extractable Zn was within the acceptable range for crop growth and 

development on all cropping systems. Available Cu was within the range except in 

coffee/banana cropping system that was above the critical values. This may be due to 

continuous application of Cu containing fungicides. The DTPA extractable Fe and 

Mn were above the critical value for plant grow'th in all cropping systems in sloping 

land.

4. Extractable DTPA-Fe. Mn and Cu in the valley bottoms that are under vegetable
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species. Soils in the Eucalyptus had low levels of nutrients, which suggests that the tree

has low potential for amelioration of soil fertility compared to other tree species.

5.2 Recommendations

From the study the following recommendations can be made

systems which are found in sloping lands. It is therefore recommended that farmers

should start adopting erosion control measures like the construction of contour bunds

and terraces. The use of cut-off drains is recommended especially for coffee/banana and

tea cropping systems.

2. The use of Cu fungicides in coffee and vegetable production should be done with

caution and if possible an integrated pest management strategy be used.

3. The fallow period should be shortened by replacing bush or natural regenerated 

fallow with planted fallow systems. However, planted fallow systems should include 

several species with different rooting systems and growth rates in order to combine 

the advantage of rapid ground coverage with efficient biological N fixation and 

cycling of subsoil plant nutrients from deep rooted species.

1. Soil erosion control practices are the most important aspect of land management in all
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APPENDICES

Appendix 1: Soil properties under tea monoculture cropping system

MEANPARAMETER Replicate 2 Replicate 3Replicate 1

5.094.64 4.S1 4.9

2.462.01 2.12 2.2

9.73 13.2 11.33 11.4

1.10 2.02 1.61.71

0.61 0.60.770.32

0.140.16 0.160.11

0.020.0280.0190.004

202316

0.150.210.150.10%TN
3.7T2.416.02

15636.2131400

56524572

0.50.780.290.51
22.101.951.62

1.21.091.191.16
717070.73
4.855.4.5
24.3252523

SCLSCLSCL

Clay %

Textural Class

CEC Cmol(+).kg

Ca Cmol(-t-)/kg

Mg Cinol(+)/'kg 

K Cmol(+)/kg 

Na Cmol(+)/kg 

%Base saturation

pH (water)

%OC

P mg kg

Fe mg kg

Mn mgkg

Zn mg kg

Cu mgkg

Bulk density g'cmJ

Sand\ %

Silt %
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Appendix 2: Soil properties under cotYce/banana cropping system

PARAMETER Replicate 1 MEAN

5.63 5.96 5.95 5.S

4.65 5.074.21 4.6

20.40 23.00 .27.47 23.6

10.18 98.39 8.67

2.35 2.42.37 2.56

0.50.390.690.53

0.10.030.090.05

4756 52

0.32 0.30.320.35%TN
4.73.663.946.47

29263031
114 126141122

1.31.741.440.81
3.64.473.153.24

0.90.960.920.95

61606162
5.46.175.174.67
34343434

SCLSCLSCL

Clay %

Textural Class

CEC Cmol(+)/kg

Ca Cmol(+)/kg

Mg Cmol(+)/kg

Kcmol(+)/g

Na Cmol(+)/kg 

%Base saturation

Replicate
2

pH (water)

%OC

Replicate

3

P mg kg

Femgkg

Mn mg/kg

Zn mg kg

Cu mg'kg

Bulk density g/cnT

Sandy %

Silt %
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Appendix 3: Soil properties under maize/beans cropping system

PARAMETER MEAN

6
3.823.82 4.211 4

CTC Cino!(,+)■ kg 24.5324.53 22.2 24

Ca Cmol(+)/kg 7.06 7.06 11.60 S.6

1.95 11.95 2.52

0.20 0.20.280.20

0.040.03 0.050.03

4738 6538

0.30.290.25%TN 0.25
T2.7 12.7
S6 712

133125135SO

0.60.410.530.75
1.31.31.61.1
0.80.820.880.79
58595658
5.65.676.54.67
37353838

SCLSCLSCL

pH (water)

%OC

Clay %

Textural Class

P mg kg

Fe mg kg 

Mn mg'kg 

Z.n mg kg 

Cu mg kg 

Bulk density 

Sand} %

Silt %

Mg Cniol(-r)/kg

K Cmol(+)/g

Na Cmol(+)/kg

%BS

Replicate 1

5J5

Replicate 2

N75

Replicate 3

628
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Appendix 4: Some soil physical and chemical properties under four valleys which are

used for vegetable production

PARAMETER Walley I Valley 2 valley 4Valley 3

5.85 5.97 5.30 5.58

3.633.76 4.1S 4.31

6.256.47 7.19 7.42%OM

19 19 IS 23CEC Cmol(+)/kg

5.987.33 3.506.27Ca Cmol(+)/kg

1.63 2.042.251.93Mg C:nol(+)/kg

0.170.34 0.350.33K Cn'.<?l(4-ykg

0.210.180.370.09
37315446

0.270.270.280.28%TN
5.44.95.096.72P mg kg

5.7310.597.588.64

10797107100
1.661.951.691.78
7.427.457.658.05
0.920.850.840.91
68686671% Sand fraction

7.008.836.335.33% Silt fraction
26242723

SCLSCLSCLSCL

%Clay fraction

Textural class

Fe mg kg

Mn mg/kg

Zn mg kg

Cu mgkg

Bulk density g/cc

Na Cmol(+)/kg

%Base saturation

pl-1

%OC
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Appendix 5: Soil properties from woodlot system on summit land.

Soil properties Replicate 1 Replicate 2 MEAN

5.40 4.9S 4.96 5
4.94 4.S6 5

8.50%OM 9.04 8.36 8.6
CEC Cmol(-t-) kg 23.00 24 25 24

3.643.53 57.42

1.10 1.12 11.13

0.150.16 0.160.15

0.01 0.050.090.06

2621 3521

0.30.340.320.22%TN
1.71.432.001.69

3. 33.174.382.42
33.84335.1423.36

0.91.520.161.06
2.72.563.102.44

0.80 11.041.03

64.7666464% Sand

54.006.005.00% Silt
30303031

SCLSCLSCL

% Clay

Textural class

Ca Cmol(-r),kg

Mg Cmol(H-)/kg 

K Cmol(-r)/kg 

Na Cinol(+)/kg 

%Base saturation

P mg. kg

Fe mg kg

Mn ing'kg

Zn mg kg

Cu mg kg
Bulk density g ee

pH (water)

%OC

Replicate

3
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