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ABSTRACT

A pedological investigation was carried out in Kitanda village, Mbinga district

(Tanzania) with the objectives of characterizing the soils in terms of their physical, chemical

and mineralogical composition, classifying the soils of the village and assessing the

potentials and constraints of the soils. Soil profiles representative of six mapping units

covering an area of 5563 hectares were studied and classified according to FAO-UNESCO

and USDA Soil Taxonomy systems.

Results indicate that most soils are red to dusky red, well drained, clayey, friable,

slightly sticky to sticky and plastic. Soils of the river valleys are brown to dark grey, poorly

drained, sandy clay loam to clay, slightly sticky and plastic. Soil pH ranges from slightly

acid (6.1) to very strongly acid (4.8). Organic carbon ranges from very low (0.1%) to very

high (5.5%). Cation exchange capacity (CEC) ranges from low (6 cmol(+)/kg) to medium

(24 cmol(+)/kg). Base saturation ranges from 28% to 67%. Soil clay fractions are dominated

and iron. Most soil properties correlate well with• by kaolinite and oxides of aluminum

landform. Pedogenically the soils are old, highly weathered and have a high potential for

fixation of phosphorus. Soil micronutrient levels are optimal except for Zn in the moderately

dissected piedmonts.

Soils classify as Umbric Leptosols, Dystric Leptosols, Ferric Acrisols, Ferric Lixisols,

Rhodic Ferralsols and Dystric Fluvisols respectively for hill summits (H1), hill shoulders

(H2), strongly dissected slope facet complex (H3), strongly dissected piedmonts (P1),

moderately dissected piedmonts (P2) and river valleys (V).

The hilland has mostly shallow stony surface soils, steep slopes and high risk to

soil erosion hence unsuitable for mechanized agriculture, but suitable for afforestation,

development of catchment systems and tree crops. Piedmont soils are physically suitable

for most crops grown in the area but are low in base saturation, nitrogen, and
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micronutrients especially zinc. The river valleys are poorly drained, low in base saturation.

nitrogen and phosphorus but high in micronutrients. Due to perennial water availability

these valleys are suitable for vegetable growing. Most of the studied soils have low to

medium water retention capacities.

It is recommended that fertilizer application in most soils includes nitrogen.

phosphorus, potassium and micronutrients due to their low supply in the soils. Rates for

phosphorus should consider P-fixation. For most soils timeliness of cultural practises like

tillage and planting will help avoid moisture stresses to crops. Soil management and

conservation practises like the local tie ridge (ngoro) and conventional ridge cultivation

systems are also recommended.
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CHAPTER ONE

1. INTRODUCTION

According to Buringh (1979), food and fibre production in the developing world is

hampered by, among other factors, the unreliable climate, pests and diseases, poor post

harvest techniques, and unfavourable soil conditions. In Tanzania, unfavourable soil

conditions caused the collapse in the late 1940s of the famous "Tanganyika Groundnut

Scheme" four years after its establishment (Kauzeni et al., 1993). Soil information was not

sought before initiation of this project.

Decline in crop yields per unit area due to decreasing fertility of soils in the arable

lands of Tanzania is an area that has caused concern to the government and soil scientists

for a long time now. Some remedial measures like proper soil and water management

practices and fertilizer application have been developed to the district level (Samki and

Harrop, 1984) although based on meagre soil information. In some districts, yields per unit

area have not been improving despite adoption of fertilizer recommendations. Mbinga

District for example, is reported to have the highest agricultural potential compared to other

districts in Ruvuma Region (Avendano et al., 1991). For over ten years now (from 1983 to

date), there has been a progressive decline in yields per unit area in almost all crops (van

Enckernvort and Komba, 1992). The decline in yields in Mbinga is reportedly caused by

declining soil fertility which is contributed by poor soil management practices and

inadequate use of fertilizers (Avendano et al., 1991; Mchau, 1993).

Tanzania, and due to the vastness of the country, Samki (1989) suggested adoption and

utilization of fertilizer rates based on soil specific research findings from neighbouring

countries (Uganda, Kenya, Zambia, Zimbabwe, Malawi etc.) that have similar environmental

characteristics. Soil information in Tanzania is however lacking, or, when available it is

Realizing the limitation of blanket and general fertilizer recommendations in
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concentrated in only few areas (Kilasara et al., 1993; Msanya and Magoggo, 1993).

Soil information for Mbinga District is generally lacking. The district has never

conducted any formal soil survey for pedological characterization to cover the whole district

at any scale larger than 1:2 000 000. The only pedological soil survey to have been

conducted in the district was done by Baker (1970) at a scale of 1: 2 000 000. A soil fertility

appraisal work by a team of Yugoslavian experts (Regional Development Director -

Ruvuma, 1982) did not base its observations on analyzed chemical properties, nor were

the pedological aspects of the soils considered.

In an effort towards generating soil data the National Soil Service (a government

institution coordinating soil surveys in Tanzania) earmarked Ruvuma region as one of the

priority areas for systematic soil survey and land evaluation (National Soil Service, 1976),

but, to date no land resource survey has been undertaken in the region. Thus soils and

land resources in Ruvuma, including those in Mbinga are largely unknown (National Soil

Service, 1987).

It was therefore felt that any pedological investigation preferably through soils and

land resources survey at a large scale (1:50 000 or larger) in Ruvuma region would provide

soil information that is presently lacking. Such studies would generate database sufficiently

recommendations.

Recently, a bilateral project between Sokoine University of Agriculture and Kyoto

University (Japan), called Miombo Woodland Research Project (MWRP) began doing soil

and land resource inventories in some parts of Mbinga district, a pilot area representing part

of the Miombo Woodlands of Tanzania. Several villages in the district were earmarked as

pilot villages for the project. So far, some villages, including Lupilo, Tukuzi, Litembo and

Mahenge have had their soils characterized and mapped. Their technical reports are

available (Kimaro et al., 1995a,b.; Kimaro et al., 1996.; Msanya et al., 1995a,b.; Magoggo

detailed to allow determination of future soil management packages like fertilizer
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et al., 1996). The most recent field soil survey is that of Kitanda village to which the author

contributed (Msanya et al., 1996). The current study is a continuation of the soil and land

resource survey already conducted in Kitanda village. Specifically this study intends to:

characterize in detail the soils in terms of their physical, chemical and mineralogical(i)

composition,

classify the soils of the village using internationally recognised systems of soil(ii)

classification commonly used in Tanzania i.e FAO-UNESCO and USDA-

Soil Taxonomy, and

(iii)

the village.

assess the potentials and constraints of the soils and land resources of
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CHAPTER TWO

2. LITERATURE REVIEW

2.1 Basic definitions

Pedology was defined by Birkeland (1974) as a branch of soil science that deals

with soil genesis, morphology, classification and mapping of soils. The term "pedological

investigation" is used in this study to imply application of soil science techniques to

understand the genesis, morphology, type and spatial distribution of soils in a given area.

The term "land resource characterization" is used in this study with the meaning of all

organized and systematic activities and procedures done in the field and office with the

objective of providing information about what features and attributes are found in a given

land and what potential they have for use by mankind. In general terms land charaterization

embraces soil and land resource surveys also referred to as soil surveys in this study.

These surveys have traditionally remained the most preferred technique of collecting data

related to land characterization.

2.2 Objectives of pedological investigations and land resource surveys

Pedological studies and land resource surveys are done in order to obtain a better

understanding of spatial changes in the characteristics of the soil continuum so that soils

may be used more efficiently for the benefit of mankind (Smyth, 1981). Soil and land

resource surveys have traditionally been used for comparisons of environmental situations

so that experience may be exchanged in many areas of land use for example transferring

research findings to another area, farm planning, rural land classification, agricultural land

evaluation, town master planning and settlement arrangement, forestry and forestry

management, engineering purposes, international sharing of knowledge in soil science etc.

(Coulter, 1964; Anderson et al., 1978, Dent and Young, 1981; Landon, 1984). In ecological

studies, soil and land resource surveys provide geographical information on soils which can
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be used to correlate with vegetation data to obtain a more complete picture of a given

ecosystem (Breimer et al., 1986)

In Tanzania, pedological studies and land resource surveys have been used for

many purposes including soil characterization, soil classification, soil correlation, soil

mapping and prediction of soil behaviour and consequences of certain land utilization types

(Msanya and Magoggo, 1993).

2.3 Historical development of pedological studies and land resource characterization

in Tanzania

The first attempt to classify and map the soils of Tanzania was probably that by

Milne (1936). Milne published a provisional soil map of East Africa comprised of Tanganyika

(now mainland Tanzania), Kenya, Uganda, Zanzibar, Nyasaland (now Malawi) and

Rhodesia. Milne introduced the famous catena concept (a regular repetition of a certain

sequence of soil profiles in association with a certain topography). His work summarized

soil conditions in Tanzania into four groups:

the tidal muds of mangrove forests or scrub fringing many of the inlets and(i)

river mouths and to a considerable extent in the delta of Rufiji river

the discontinous and shallow but fairly heavy red earths found(ii) on

narrowred benches of coast and limestone immediately adjoining the coast

the deep sandy red earths, the favourite soils for sisal plantations(iii)

occupying broad and low ridges

the most extensive and continuous types of all, a complex consisting of(iv)

light coloured loose sands passing into sandy black or grey clays wherever

waterlogged.



6

Realizing the important role landform played in the properties of the soils, Milne

(1937) reclassified Tanzanian soils into nine groups; desert soils, saline soils, plain soils.

non-laterized red earths, laterized red earths, plateau soils, podzolized soils, volcanic soils

and loose sands. The major limitation in the work by Milne was that his classification was

on a very general reconnaissance basis with very little consideration for analytical data.

Improving on Milne’s work, Calton (1954) produced a soil map of Tanganyika which

distinguished elluvial from illuvial soil types and several catenary associations. The soils

were classified on pedological basis. His soil map suffered reliability as it mostly covered

only the accessible areas like those adjacent to the railway lines or major roads.

Inaccessible areas were not surveyed. The resultant scale of 1: 4 000 000 also limited the

usefulness of his map for predictive purposes.

A similar landscape-based approach was adopted by Scott (1963) in his regional

soil map of East Africa. Scott showed soil-topography associations. Like Calton (1954), his

work had low reliability as it covered only the accessible areas. The 1: 4 000 000 scale of

his soil map further reduced its predictive usefulness for regional planning purposes.

Anderson (1963) classified the soils of Tanzania using drainage and relief. Despite

his attempt to give details on Tanzanian soils his work suffered the same constraints of

limited access to the entire country hence the predictive usefulness of his work remained

in those areas actually surveyed.

D’Hoore (1964) gave a very limited and highlyIn his soil map for Africa,

generalized presentation of Tanzanian soils at a scale of 1: 5 000 000. This scale is too

small for practical planning purposes at national and regional level.

Baker (1970) classified the soils of Tanzania. He carried out a nationwide appraisal

of land resources. His work produced a 1: 2 000 000 soil map of Tanzania which was

followed by four bulletins, one for each zone (he had divided the country into four zones)

at a scale of 1: 1 000 000. Baker traversed most of the territory, but, even then some
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inaccessible areas remained unsurveyed and were later on delineated on the basis of aerial

photographs. Baker described the land resources in terms of physiography, geology,

rainfall, soils and vegetation. His work classified the soils of Tanzania into 31 units. The

major limitation in Baker's work is that it was highly generalized. Only 40 soil profile pits

were studied in the entire country which undermines its degree of representation of ground

truths.

Other land resource studies conducted include those by Stuart and Duckworth

(1969) in south west, Sheehy and Green (1969) in north east and Hathout (1973a) in south

east Tanzania. These studies were not published but were later compiled into maps with

scales ranging between 1: 2 000 000 and 1: 2 500 000 (Hathout, 1972b; 1972c; 1973a).

These studies used some soil properties for mapping, for example, soil colour (Scott, 1963),

parent material (Baker, 1970) soil texture and drainage (Hathout, 1972a) etc.

Using a slightly different approach, Samki (1972) classified the soils of Tanzania

on ecological basis in which rainfall and parent material were given more consideration.

Samki's work resulted in 19 soil ecological zones. These soils were later on classified

according to the legends of FAO-UNESCO (Samki, 1977), published on a 1: 2 000 000

map scale and eventually formed the basis for the district by district fertilizer

recommendations (Samki and Harrop, 1984). The major limitation in Samki's work was its

small scale.

Hathout (1983) published "A Soil Atlas of Tanzania" which was a compilation of

results of various studies related to land evaluation and land capability classification in

Tanzania. Like in the past studies this work was also published at a 1: 2 000 000 scale and

therefore has a high degree of generalization.
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De Pauw (1983) described the major agro-ecological zones (AEZ) of Tanzania and

published a 1: 2 000 000 scale map describing the major land resources including soils in

each zone. However, some areas were not surveyed at all in his work. The major part of

Ruvuma region for example was not surveyed, and hence reliability of the soil information

in his work is doubtful because it was derived from geological and topographical maps,

satellite imagery, papers and small scale maps. In his work though, 18 major soil units can

be identified for the whole country as presented in Table 1.

Table 1. Approximate aerial extent of different soil types in Tanzania

Soil Type % Proportion

Source: Msanya and Magoggo (1993)

It can be argued that since Baker (1970) no systematic soil mapping has been

undertaken to cover the entire country for a soil map of a scale larger than 1: 1 000 000.

Instead, the regions have been conducting their own pedological and land resource studies

at a larger scale (1: 500 000), but for different purposes.

Cambisols 
Ferralsos 
Vertisols 
Xerosols 
Lithosols 
Nitosols 
Gleysols 
Arenosols
Luvisols 
Fluvisols
Planosols 
Phaeozems 
Solonchaks 
Andosols 
Chernozems 
Histosols 
Solonetz 
Regosols

Area
(Million hectares)

28.2
15.1
8.7
7.1
6.8
5.8
5.7
4.8
3.9
3.5
2.9
2.1
1.6
1.6
1.1
0.6
0.4
0.07

23.3
12.5
7.2
5.9
5.6
4.8
4.7
4.0
3.2
2.9
2.4
1.7
1.3
1.3
0.9
0.5
0.4
0.06
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According to Msanya and Magoggo (1993), more than half the country has been

covered in this way. Examples of this type of land resource studies include the regional

surveys of Kilimanjaro (Iseki, 1977), Mbeya (King, 1982), Tabora (Acres, 1983; Corker,

1982 & 1983; Mitchell, 1982 & 1984), Tanga (Agrar und Hydrotechnik, 1976a & b) and

Rukwa (King et al. 1979; Rombulow-Pearce, 1980). Similar works have been done in

Biharamulo and Ngara districts in Kagera region, Kahama and Meatu districts in Shinyanga

and Mbulu district in Arusha region at a scale of 1: 250 000.

Magoggo (1992) and Kilasara etal. (1993) reported that a wide range of areas have

been covered in terms of detailed soil survey and land evaluation studies of farms, estates,

irrigation schemes and village areas. These projects are scattered throughout Tanzania and

their areal extent is about 10 000 sq. km. which is negligible taking into consideration the

vastness of the country. These studies however have a direct impact on the lands in

question as they are being used to solve production constraints and for planning.

2.4 Pedological studies and land resource surveys in Ruvuma- Mbinga area

Most of the pre-independence pedological and land resource studies in Ruvuma

region concentrated in the Singe - Tunduru area because of their agricultural and

hydroelectric potential (Grantham, 1956; Glover, 1949). Characteristic of the resource

studies of the period, soils were classified based on their underlying geology and not on

chemical or mineralogical properties.

Northwood (1962) did some pedological studies in the Ruvuma region. His work

concentrated in the Tunduru and Namaskata area and was done for cashewnut production.

Northwood reported the soils in the area as being formed from Karoo sediments, light in

texture except for valley clays. The hilltops were observed to have red sandy loams.

Texture and drainage were the main criteria used for classifying soils.
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information at all from Ruvuma region and Mbinga district in particular. Studies by Milne,

Anderson, Samki and De Pauw were not based on actual field traverses in Mbinga. They

were derived from secondary data sources. Therefore, the country wide survey by Baker

(1970) was probably the first to have made actual field observations in Mbinga district (the

current study area). Mbinga was grouped in the "South west zone". The geological

description by Baker locates the present study area in the "fault blocks adjoining lake

Nyasa", an area Baker described as being dominated by hornblende-biotite-garnet gneiss

and some granitic rocks.

Some appraisal on the fertility of the soils in Mbinga district was done by a team

of Yugoslavian experts as part of the Regional Integrated Development Plan in the late

1970s (Regional Development Director - Ruvuma, 1982). Soils were mapped based on their

assumed fertility, not on analyzed chemical or mineralogical properties.The entire work did

not include any pedological aspects of the soils in the area. The scale used to map the

soils was also too small (1:300 000) for any practical use at village or specific soil

management level.

2.5 Soil conditions in Mbinga district

The first pedological description of soil conditions in Mbinga district is probably that

of Baker (1970). He described the soils of the area as being mostly sandy to sandy loam,

having low water holding capacity and low fertility. The soils are well drained, medium to

slightly acid in reaction, often containing iron nodules and manganese concretions.

Fragipans are common, soils are highly leached with low cation exchange capacity (CEC)

with sandy clay loam subsoils. Their clay fraction is mostly kaolinite.

In Ndolela, (an area in Songea but very close and similar to Mbinga) a land

resource study by the National Soil Service (1987) had different observations, the soils

Most of the soil works reported as covering the whole country collected little or no
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were found to be mostly clayey in the subsoils and sandy clay loam in the topsoils.

Fragipans were not observed and relief was observed to be a major factor that influenced

soil properties in the area. However, some observations similar to Baker's were also made.

The soils were highly weathered, kaolinitic, of gneissic parent material and low in fertility.

The soils mostly classified into Acrisols, Ferralsols and Lixisols.

A later study covering the entire district in a form of a rapid rural appraisal

(Avendano et al., 1991) observed that soils in Mbinga were mostly Humic and Haplic

Acrisols with the position of each depending on the relief (toposequence). The soils were

dominated by kaolinite and iron oxides on their clay fraction, deeply weathered with low

(0.5%) to high (>3%) content of organic matter. Nitrogen and phosphorus were limiting in

most areas, the CEC of most soils ranged from 3-15 cmol(+)/kg soil. Soil reaction was

observed to vary from pH 5.2 to 6.8 while about 70% of the observed CEC was explained

by the organic matter content of the soils. Unfortunately no soil maps were produced from

this study nor are the soil conditions mentioned above referred to specific villages. There

is no mention of scale or intensity of observations. This study also revealed soil fertility

decline, poor soil management practises and uncontrolled deforestation in many parts of

the district as being causative to the low crop yields being realized by farmers and to soil

and land degradation in the area. Later, Mchau (1993) also observed significant

mismanagement of the forest and other land resources in Mbinga which was associated

with a decline in soil fertility and reduced productivity in the farming system.

The Sokoine University of Agriculture has recently began conducting land resource

studies in some villages of Mbinga district. In Mahenge village, Magoggo et al. (1996)

identified four soil types which correlated well with landform. Cambisols were found to

occupy the piedmonts, Regosols on the hillslopes, Leptosols on the hill summits and

Acrisols on the hill shoulders. Information on most soil properties and other land resources

is similar that reported by Avendano et al. (1991) and Mchau (1993).
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In a nearby village of Litembo similar observations were made by Kimaro et al.

(1996). However, they observed that piedmonts in Litembo were occupied by Ferralsols and

Acrisols which are soils that are more weathered than Cambisols. The valley bottoms in

Litembo village were found to be comprised mainly of Fluvisols.

Msanya et al. (1995a) conducted a similar study in Lupilo village neighbouring

Kitanda village, the site of this study. They identified six soil units in Lupilo village namely,

Leptosols (on hill summits), Cambisols (on very steep linear slopes and in broad well

drained river valleys), Acrisols and Luvisols (on strongly dissected piedmonts), Ferralsols

(on the moderately dissected piedmonts) and the Fluvisols (in the almost flat, poorly

drained river valleys). Again as was the case for Litembo and Mahenge villages, relief was

identified as the major soil forming factor that affected soil properties in the area. Regarding

soil properties, soil fertility decline, mismanagement of land and forest resources and low

crop yields the authors had similar observations like previous studies in the district.

The most recent soil and land resource survey in Mbinga district for which the

author of this dissertation contributed is that of Kitanda village (Msanya et al., 1996). The

survey identified three major landforms in the village, the hilland (H), the piedmonts (P) and

the river valleys (V) which could be further divided into six mapping units on the basis of

relief and drainage pattern (see Table 3). It was the intention of this study to use soils

collected from the representative profiles in this survey for detailed characterization and

classification so as to generate soil data which would form the basis of recommending

some soil management practices in the area.
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Site description

3.1.1 Location

06’ 44.1" E and 10° 55' 24.6" S. The village is about 17 km from Mbinga town in the low

Kigonsera Hills. According to De Pauw (1983) the village falls in the Hilly and Mountainous

agro ecological zone (AEZ) HM3 which is characterized by altitude ranging from 900 m -

1500 m a.s.l. The approximate location of Kitanda village is shown in Figure 1.

3.1.2 Climate

The nearest climatic weather station is that found in Mbinga town hence its weather

records have been used to infer climatic conditions in Kitanda village. Rainfall distribution

in Mbinga district is monomodal. The rain starts in November and ends in May. Kitanda

village falls in the relatively drier part of Mbinga district and is estimated to receive a total

annual rainfall of slightly less than 1000 mm. The higher altitude areas in the district get an

average rainfall ranging between 1200 to 1500 mm per annum (Mchau, 1993). The average

annual temperatures for Mbinga district range from about 13°C in the Matengo highlands

to about 30°C on the shores of Lake Nyasa (Mchau, 1993). Kitanda village is expected to

be in between with mean annual temperatures between 20°C and 25°C. Minor seasonal

variations in temperature exist whereby the dry season (May to September) is cooler than

the rainy season. Rainfall data for a period of six years as received from the district

authorities is summarized in Table 2.

Mbinga district is located within longitudes 34° 24’E and 35° 28’E and latitudes 10°

15’S and 11° 34’S. The approximate geographical coordinates for Kitanda village are 35°
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3.1.3 Landform

Kitanda village has three major landform which correspond to altitude and setting.

The hilland (H) at 1200 m to 1500 m a.s.l. occupies the highest position in the village. The

piedmonts (P) lie in the middle and are found at 1100 m - 1400 m.a.s.l. The river valleys

(V) at 1200 - 1250 m.a.s.l. form the lowest landscape. These landform have six soil

mapping units, the hill summits (H1), the back slopes (H2), the strongly dissected slope

facet complex (H3), the narrow strongly dissected piedmonts (P1), the broad gently

dissected piedmonts (P2) and the river valleys (V).

3.1.4 Geology

The underlying geology in Kitanda village is comprised of garnet-sillimanite­

cordierite-granulites and cordieritised amphibolites. These are old precambrian rocks of the

archean period. Pockets of migmatised and hornfelsed granulites, migmatitic gneisses and

amphibolites, charnockite, norite and enderbites are found (Geological Survey Department,

1956). The major parent rocks in this village are of metamorphic type and for this reason

the term "metamorphosed granitic rocks” has also been used in this study for the

description of the parent material of the surveyed area.

3.1.5 Vegetation and land use

The major vegetation in the area is the Miombo woodland. This vegetation is

comprised of the following tree species, Brachystegia spp., Parinari curatefolia, Uapaka

kirikiana, Pterocarpus angolensis etc. (see Table 3). The grass undergrowth in most of the

miombo woodlands includes Hyparrhenia spp. and Cynodon spp. etc. In Kitanda village.

the miombo provide the major vegetation cover. Recent occupation of these lands for

agricultural use has left this vegetation (miombo) concentrated on the hillands while the

piedmonts and the valley bottoms are getting increasingly cleared of them.
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3.2 Materials

3.2.1 Soils

Soils were obtained from the land resource survey of Kitanda village (Msanya et

al., 1996). A total of 33 disturbed samples from seven representative soil profiles were used

for detailed characterization in the laboratory. For determination of bulk density and water

retention characteristics, 24 undisturbed soil samples were collected from four soil profiles

that had suitable conditions for their collection.

3.3 Methods

3.3.1 Soil analyses

Soil samples were air dried, ground and sieved through a 2 mm sieve (Gee and

Bauder, 1986) to obtain the fine earth fraction. Particle size distribution was carried out by

the hydrometer method (Gee and Bauder, 1986) after dispersing the soil using calgon.

Water dispersible clay was determined following the methodology described by McKeague

(1976), using water alone as dispersing agent. Soil aggregation index (Al) was computed

using the formula provided by Breimer et al. (1986), i.e.

Al = 1 - (water dispersible clay content I total clay content) x 100

Bulk density was determined by the core method (Blake and Hartge, 1986). Water retention

characteristics were determined as described by Peters (1965).

Soil pH was determined potentiometrically in a 1: 2.5 soil water ratio with a pH

meter glass electrode (Peech, 1965). Electrical conductivity (ECw) was determined by an

EC meter at a standard temperature of 25°C (Rhoades, 1982). Exchangeable bases were

extracted using 1 N NH4OAc and determined by atomic absorption spectrophotometer

(Thomas, 1982). Cation exchange capacity (CEC) of the soils was determined by NH.OAc
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method at pH 7.0 (Hesse. 1971). Total exchangeable bases, base saturation. ESP. CEC

of clay were determined by calculation. Organic carbon was determined by the Walkley

and Black wet -acid dichromate digestion method (Nelson and Sommers, 1982). Total

nitrogen was determined by the Kjeldahl digestion method (Bremner and Mulvaney, 1982).

Available phosphorus was determined by the Bray-Kurtz I (Olsen and Sommers 1982).

Sodium dithionite, ammonium oxalate, and sodium pyrophosphate extractable oxides of

iron, aluminum and manganese were determined using the methods developed by

Sheldrick (1984). Hematite and goethite (%) were calculated as being the difference

between dithionite and oxalate extractable iron oxides (Parfitt and Childs 1988). Degree of

crystallinity/ activity ratio was computed as being the ratio between the oxalate extractable

iron (Fe0 ) and dithionite extractable iron (Fed ) (Jackson et al., 1986). Micronutrients

manganese, iron, copper and zinc were determined using the DPTA method (Cox, 1968).

Exchangeable acidity and aluminum were analyzed using the method by Thomas (1982).

Soil samples for mineralogical analysis were prepared according to the method

described by Msanya et al. (1995b). About 20 g of fine earth subsoil sample were first

treated with 30% H2O2 in 500 ml beakers to remove organic matter and excess H2O:2

evaporated on a water bath. Samples were dispersed by adding 1 ml 1 N NaOH and then

300 ml of deionized water. The samples were shaken overnight in an end over end shaker

for maximum dispersion. The suspensions were transfered to 1000 ml cylinders made to

volumes and allowed to settle. At appropriate time and depth according to Stokes law. clay

fractions (< 2pm) were siphoned out of the cylinders into glass beakers. The clay fraction

saturated air dry, K* saturated

saturated ethylene glycol solvated, K’ saturated heated to 350°C and K

saturated heated to 550°C. A scanning angle of 3 - 30°, 3-15°, and 3 - 20° was used for

Mg-air dried samples, Mg-glycol solvated samples and potassium saturated samples

respectively. X-ray diffraction techniques were employed using a Shimadzu x-ray

was mounted on a glass slide using five treatments; Mg2'

air dry, Mg2*
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diffractometer model (XD - D1) equiped with Cu tube to study the mineralogy of the soils.

Identification of clay minerals was done using standard guidelines and books

(Whittig, 1965; Brindley, 1980; Dixon and Weed, 1989). Relative abundance of clay

minerals was semi-quantitatively assessed by measuring the peak height characteristics

for respective mineral species (Araki and Kyuma, 1986).

3.3.2 Soil classification

Soils were classified up to level-2 soil names according to the FAO-UNESCO soil

classification system (FAO, 1988) and up to family level according to the USDA Soil

Taxonomy (Soil Survey Staff, 1990).
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION
4.1 Characteristics of the soils

4.1.1 Physical characteristics

Soil morphology

complete description of the soil profiles is given in appendix 1.

Profiles KTP-1 and KTP-7 represent soils of the strongly dissected part of the

hilland (mapping unit H3). The soils are very deep (over 190 cm), well drained, friable, dark

reddish brown to dusky red clays, with thin dark reddish brown sandy clay loam topsoils.

Except for the topsoil (0-9 cm) in KTP-1, and (0-22 cm) KTP-7 the remaining depths of the

two profiles are clayey with moderately strong medium subangular blocky structure. The

subsoils have sesquioxide rich clay cutans indicating that there has been both clay

illuviation into the Bt horizons and an advanced degree of pedogenesis.

Profile KTP-2 represents the strongly dissected piedmonts (mapping unit P1).

These soils are very deep (over 190 cm), well drained friable, clays, with moderately thick.

dark reddish brown sandy clay loam topsoils. The profile is clayey throughout in the

subsoils and is of moderate medium subangular blocky structure. Iron and manganese

nodules are detected from 80cm and below. The wet consistence is slightly sticky and

slightly plastic on the surface and sticky and plastic in the subsoils indicating an increase

in clay content in Bt horizons. Clay illuviation is the main pedogenic process in this soil.

Profile KTP-3 represents soils of the moderately dissected piedmonts (mapping unit

P2). These soils are very deep (over 165 cm) well drained, dark red, very friable clays, with

very thin brown, sandy loam topsoils. The soils are generally clayey in the subsoils, the

topsoils are sandy loam. The wet consistence is mostly slightly sticky and plastic throughout

the profile.

Some morphological properties of the soils are presented in Table 4 while a
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Clay cutans are not observable in KTP-3 but there are frequent hard angular

nodules of iron and manganese detected at 120 cm and below. The profile clearly indicates

a higher degree of weathering.

Profile KTP-4 represents soils of the river valleys (mapping unit V). These soils are

very deep, very poorly drained, dark grey to dark reddish brown, stratified, mottled, loams

and sandy clay loams with thick, dark reddish brown sandy loam topsoils.The soils have

a sticky and plastic consistence throughout their depth. Stratification indicates that these

soils are depositional and probably the least developed among the three major landscapes

in the village. Presence of yellowish red to brown Fe mottles at 20 cm and below is

indicative of fluctuating water table levels which creates alternating oxidizing/reducing

conditions within the profile. The soil has what the FAO (1988) defines as gleyic properties.

The different strata observed in this profile represent a lithological discontinuity. The river

valleys are situated in the lowest landscape which acts as the ultimate sink for materials

from the adjacent landscapes. This unique position of the landscape gives the soils of the

river valleys their fluvic properties.

Profile KTP-5 represents soils of the shoulders of the hilland (mapping unit H2).

These soils are very shallow to shallow (15 cm), excessively drained, dark red, extremely

gravelly friable clays, with very thin dark reddish brown, sandy clay loam topsoils. The soils

have a sticky and plastic consistence throughout. The structure is generally weak, medium

and fine subangular blocky. The limited depth, surface stoniness and high slopes (47%) are

indicative of intense denudational processes taking place on this unit. Absence of a clearly

developed B-horizon in profiles KTP-5 indicates that soil development has been minimal

and development (Stabler, 1950). Pedogenically KTP-5 is a young soil.

Profile KTP-6 reperesents soils of the sill summits (mapping unit H1). The soils are

moderately shallow , well to somewhat excessively drained, yellowish red. very gravelly

on this unit and this is due to steep slopes and faster rate of soil removal than formation
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profile with a sticky and plastic wet consistence. Absence of a B-horizon indicates that

these soils have suffered intense denudation hence leaving the soil no time for horizonation

processes to develop the profile. In terms of pedogenic development profile KTP-6 is most

probably the youngest.

Particle size distribution

All soil profiles are predominantly clayey except KTP-4, KTP-5 and KTP-6 in which

the subsoils are predominantly of sandy clay loam texture. The texture in topsoils is sandy

clay loam for all profiles except KTP-3 and KTP-6 which had sandy loamy texture. The

textures of profiles KTP-5 and KTP-6 are qualified as very gravelly in all depths. The

distribution of clay with soil depth (Table 5 and Figure 2) shows that for profiles KTP-1,

KTP-2 and KTP-7 there is clay illuviation in the subsoils. This observation is supported by

presence of clay cutans in these profiles and the increase in clay content with soil depth.

Despite net increase of clay content with depth in KTP-3, clay cutans were not observable

in the field. There is an increase in clay content with depth in KTP-4 though irregular.

Presence of stratification in this profile means that the soil has a lithological discontinuity.

Thus the clay distribution is more influenced by the nature of parent material in each

stratum than illuviation of the clay from topsoils to subsoils. For profiles KTP-5 and KTP-6,

there is clay increase with depth, but the landscape positions of these profiles (summits and

backslopes) are a limiting factor to serious pedogenic development. The clay increase with

depth in these shallow soils indicates that clay illuviation has been taking place but since

these profiles are exposed to much denudation, the soil material has been removed and

transported to the lower landscapes faster than soil development, hence absence of

diagnostic B-horizons.

friable sand clays, having thin, black, very gravelly, clay loam topsoils. It is a typical AC
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Table 5. Selected physical properties of soils of Kitanda village

Sand Silt C'av Bulk Particle vol f .j rrvm

KTP-1

Ah 0-9 66 8 26 SCL 1 2 2 67 56 14
B(1 9-33 34 18 C48 nd nd nd nd
Bl2 33-70 24 12 64 C 1 5 2 78 46 17 176
Bt3 70-120 26 12 62 C 1.3 2 75 51 20
BI4 24120-190 12 64 C nd nd nd nd

KT P -2

Ap 0-15 46 20 34 SCL 2 73 611.1 10
BH 15-40 38 10 52 C nd nd nd nd
Bt2 40-80 32 14 54 C 1 2 2 78 55 17 154

BI3 80-120 32 12 C56 1 2 2 73 56 19
BI4 120-190 30 10 60 C nd nd nd nd

KTP-3

77 6Ah 0-15 17 SL 0.8 291 72 9

15-35 54 14 32 SCLBA nd nd nd nd

52 2.7935-80 40 8 C 1 2 58 13Bts1 131

38 10 52 C 2 85 59Bls2 80-120 1.1 13

10 54 CBts3 120-165 34 nd ndnd nd

KTP-4

18 SCL0-20 54 28 nd nd ndApg nd

21 SCL20-45 63 16 nd nd nd nd

65 21 SCL45-60 14 nd ndnd nd

8 32 SCL60-80 60 nd nd nd nd nd

CL42 20 38 nd nd80-100 nd nd

SC40 nd nd nd100-120 46 14 nd

C nd120-150 42 14 44 nd nd nd

KTP-5

22 SCL nd16 nd nd nd620-15Ap
SCL nd16 30 nd nd nd15-25 54 ndBA

C nd nd nd44 nd25-90 42 14BC/CB

KTP-6

SL15 nd nd nd77 8 nd0-10Ah
SCL246 nd nd nd nd nd70AC 10-20

26 SCL18 nd nd nd nd5620-35C

KTP-7
SCL 1 0 259 63 102412640-22Ah
C nd nd nd nd14 444222-40BA

17C 1.2 2 70 5612 54 1573440-80Btl
55C 1.3 2 80 185432 1480-130Bt2

54 C nd ndnd nd1432130-200BI3

nd = not determined

2Cg

3Cgr

4Cgr

5Cgr

6Cgr

7Cgr

Profile/H 
orizon

Depth 
(cm)

Parbcle size
D<stribufcon(%)

Texture 
class

Density 
<0’cm’ )

Ava:iab'e 
water 
capacity

Porosity 
(%)
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Table 5. Selected physical properties of soils of Kitanda village

Sand Silt Clav Bulk Pafl'de vol (•'.) r-rn'm

KTP-1

Ah 0-9 66 S SCL 5626 1 2 2 67 14

34011 9-33 18 48 C nd nd nd nd

012 33-70 24 12 C 1 5 2 78 17 17664 46

0(3 70-120 26 12 C 2.7562 1.3 51 20

120-190 24 12 C0(4 64 nd nd nd nd

KTP-2

46 20 2730-15 34 SCL 61 10Ap 1.1

38 C0(1 15-40 10 52 nd ndnd nd

55 1732 C 1 2 2 7840-80 14 54 1640(2

5632 12 56 C 1 2 2 73 1980-1200(3

10 C120-190 30 60 nd nd0(4 nd nd

KTP-3
7208 291 977 6 17 SL0-15Ah

SCL nd54 32 nd nd nd15-35 140A
279 58 13 131C 1 28 5235-80 400tSl
2 85 59 1852 C38 10 1 180-1200ts2

C nd10 54 nd nd120-165 34 noBts3

KTP-4

SCL nd18 28 nd nd nd540-20Apg
nd21 SCL nd16 nd nd6320-45

SCL nd21 nd65 nd nd1445-60

32 SCL nd nd nd8 nd nd6060-80
CL nd28 nd nd nd204280-100

ndSC nd nd10 nd46 14100-120
C nd ndnd nd14 4442120-150

KTP-5
nd ndSCL nd22 nd16620-15Ap

ndSCL nd nd nd nd30165415-25BA
ndC nd ndnd44144225-90BC/CB

KTP-6
nd nd ndSL nd158770-10Ah

SCL nd ndnd nd rd2467010-20AC
ndSCL nd26 ndnd185620-35C

KTP-7
2 59 63 10SCL 1 02412640-22Ah

nd ndC ndnd44144222-40BA
56 172.70 157C 1254123440-80Btl
55 182 8054 C 1.332 1480-1300(2

nd nd ndC54 nd1432130-2000(3

nd = not determined

2Cg 
3Cqr
4Cgr
5Cgr
6Cgr
7Cgr

Profile/H 
onzon

Depth 
(cm)

Particle size
D str.buton(%)

Texture 
class

Dens*ty 
(g/cm’ )

Porosity 
(%)

Ava<at>*e 
water 
capacity
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Bulk density, particle density and porosity

Bulk density, particle density, porosity and available water capacity were measured

in only four profiles (KTP-1, KTP-2, KTP-3 and KTP-7). Samples were not taken from KTP-

4 due to its permanent water saturation and KTP-5 and KTP-6 due to their shallow depth.

Generally bulk density ranges from 0.8 - 1.2 Mgm

for subsoils. The lowest topsoil bulk density value is in profile KTP-3 and the highest in

profile KTP-1. Subsoils have higher bulk density values than the topsoils. The values

for KTP-1. According

for most soils are considered

normal for recently cultivated soils. For the soils not recently cultivated but not compacted

like those of Kitanda values of 1.1 - 1.4 Mgm'3 are regarded as normal except for profile

KTP-1 which has a bulk density of 1.5 Mgm'3 in the clayey subsoil, a condition which is

likely to cause root impedance. Lower bulk density values in the topsoils relative to the

subsoils can be attributed to the influence of organic matter and higher biological activity

in those parts of the profiles.

In the topsoils, particle density ranges from 2.58 Mgm'3 for profile KTP-7 to 2.91

for

KTP-3. Particle density is relatively high in KTP-3 and relatively low in KTP-7. The order

distribution of iron oxides in the studied soils. Generally, particle density increases with soil

depth in most of the profiles. The low particle density values in topsoils suggest influence

of organic matter while higher particle density values in the subsoils are probably related

to an increase in iron oxides with soil depth (see Table 9). According to Landon (1991) soils

rich in humus have low particle density (around 1.37 Mgm'3) while those rich in iron oxides

have a higher particle density (around 3.74 Mgm'3). The particle density ranges from 2.6

to 2.9 Mgm'3 which suggests that the soils have moderate levels of humus, are more

for KTP-2, KTP-3 and KTP-7 to 1.5 Mgm'3

in KTP-2 to 2.85 Mgm'3

to Taylor et al. (1966) bulk density values of 0.9 -1.2 Mgm'3

Mgm'3

for topsoils and from 1.2 - 1.5 Mgm'3

for KTP-3. In the subsoils, it ranges from 2.73 Mgm'3

ranged from 1.2 Mgm'3

of magnitude is KTP-3>KTP-2>KTP-1>KTP-7. This order is similar to the order of
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ferruginous and hence highly weathered. Soil fertility maintenance in these soils is crucial

for their sustainable utilization. The highest total porosity value of 72% is observed in profile

KTP-3 while the lowest is 56% observed in profile KTP-1. Total porosity in the subsoils

ranges from 51% in KTP-1 to 59% in KTP-3. Generally there is a decrease in total porosity

in all profiles from topsoil to subsoil thus indicating an increase in the degree of compaction

in the subsoils. The overall order of the total porosity is KTP-3>KTP-7>KTP-2>KTP-1.

Water retention characteristics

Moisture retention capacities from 0.01 to 15 bars for profiles KTP-1, KTP-2, KTP-3

and KTP-7 are presented in Appendix 2 and Figure 3. Generally the available water

capacity in each profile increases with soil depth as is the increase in clay content. The

highest available water capacity in topsoils is observed in profile KTP-1 (14%) and the

lowest in profile KTP-3 (9%). Profile KTP-1 has more available moisture (20%) than other

profiles while profiles KTP-3 nd KTP-7 have the lowest (18%).

Available water capacity (mm/m) is highest in profile KTP-1 (176mm/m) and lowest

in profile KTP-3 (131 mm/m). The order is KTP-1 >KTP-2>KTP-7>KTP-3 which parallels the

clay content for the four profiles thus indicating that clay content has a great influence on

the water retention capacities in the studied soils. The correlation between clay-plus-silt

content of soils and moisture retention is positive for most soils (Salter et al., 1966; Jamison

and Kroth, 1958). According to Landon (1991), the available water capacity (mm/m) for all

the four profiles can be categorized as medium (120-180 mm/m). In view of the

predominantly clayey texture of the soils, most of the unavailable water could be associated

with micropores in which water is held more tenaciously and thus becomes unavailable to

plants. Clay soils though high in residual water values are known to have low to moderate

available water capacities (Hillel, 1982).
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4.1.2 Chemical characteristics of the soils

Some of the chemical properties of soils from hilland, piedmonts and river valleys

of Kitanda village are presented in Table 6 and Figure 4.

Soil pH and electrical conductivity

Soils of Kitanda village are generally acidic. The soil pH in the topsoils ranges from

slightly acid (pH 6.1) for profile KTP-1 to strongly acid (pH 5.2) for KTP-3. The pH in the

subsoils ranges from slightly acid (pH 6.1) for profile KTP-5 to very strongly acid (pH 5.0)

for KTP-3. Generally the pH decreases with soil depth in all profiles except profile KTP-3

in which there is a slight increase of pH with depth and KTP-4 in which there is no clear

trend. The soils in the river valleys have lower pH values than soils in the other landscape

positions. Soils in the river valleys are formed from the acidic material transported from

other landscapes (hilland and piedmonts) through erosion and deposition. Further lateral

movement of water removes more bases leaving the soils more acidic and hence the low

pH values observed.The electrical conductivity of all soils is less than 0.1 mS/cm a range

indicating there is no salinity hazard at present.

Organic carbon and total nitrogen

Organic carbon contents in topsoils range from 2.4% (KTP-2) to 5.5% (KTP-6).

Most topsoils have organic carbon around 3% or more which is high according to Landon

(1991). Organic carbon in subsoils ranges from 3.5% for KTP-4 to 0.1% for KTP-1. For all

profiles there is a regular decrease of percent organic carbon with soil depth except for

KTP-4. This profile has an exceptionally high and irregular distribution of organic carbon

with soil depth. Being situated in the river valley landscape, the soil has formed from

different cycles of deposition of soil material and stratification is an evident morphological

feature of the profile.
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Table 6. Selected chemical properties of the soils of Kitanda village

%oc CEC Ca AlpH C N K Na
BS

sat

cmot (•)

KTP-1
40 17Ah

16
6

5261

KTP-2
04

15

KTP-3
243 5Ah
44BA

1418 1
04

02

KTP-4
14
14

15

205

KTP-5
2 1

06 0 1 1 3130 4

KTP-6
46

KTP-7
S3Ah

2 1

NB - means not observed

8 
7

30
7

Bts1
Bts2
Bts3

16 
17

16
10

02
02

BA 
B11 
8t2 
Bt3

Apg 
2Cg 
3Cgr 
4Cgr 
5Cgr 
6Cgr 
7Cgr

Profile/ 
Horizon

0-22 
22-40 
40-80 
80-130 
130-200

0-15
15-25
25-90

0-10 
10-20 
20-35

0-20
20-45
45-60
60-80
80-100
100-120
120-150

0-15

15-35
35-80 
80-120 
120-165

0-9
9-33
33-70
70-120 
120-190

Depth 
(cm)

52
50

53
5 7
57

3.7
22
07

03
02

09
07

0 1

39
35

0 1b
0 10
0 03

0 24
0 07

0 05 
0 03
0 04

0 18
0 10
0 06 
006
0 04

15
12 
10 
10
40

18
15
17

18
17
16
17

16
17

6
2

3
2
2
1

6

2

6
3

24

10

5 
3

24

10

13
8
8
8
7

24

16
18

16
16
18
18
12

52
32
20
1 8

06
08
09
06
06

0 30
0 10
0 27

0 13
0 10

0 05
0 02
0 16
0 02
0 02

0 02
0 02
0 10
0 08
0 07

0.02 
0 07 

0 02 
0 02 
0 02

0C3 
0 02 
0 02 
0 02 
0C4 

0 03 
0 02

0 06
0 02
0 10

03 
03 
02 
03 
05

03
03
03

03
08

03
06 
0 9

06
06

46 
7 5

0 4
5
3 8

46
56
59

67
53
63

Ah
AC
C

Ap
BA 
BC/CB

Ap
Bll
B12
Bt3
Bt4

Bt1
Bt2
Bt3
Bt4

0-15 
15-40 
40-80 
80-120 
120-190

57
5 1
4 9
5 1
53

60
6 1
59

57
53
5 1

4 8 
50
5 1 
5 1 
50

53
5 1

6 1
59
57
56
57

56 
56 
5 7 
54
54

55
24

1 0

39 
3 1 
20
2 1 
20

0 22
0 11
0 06
0 02
001

0 32
0 16 
006

0 25 
021 
0 26
0 17 
0 12 
0 13 
0 12

0 23 
0 13 
004 
0 05 
0 02

13 
12 
8 
5 
5

18
17

46
6
3

P 
(mg/ 
*9)

17 
9 
8 
6 
6

20
20
8

18 
16 
10 
6 
6

10
96
4 0

106
36
26
1 6
1 7

40
56
38
38
39
39
3 7

3 5 
1 6 
09 
0 7 
09

1 2 
08 
09 
08 
06 
08 
07

22 
08 
0 1 
05 
02

04
05

2 3 
06 
09

1 9
0 65
0 62
0 98
0 48

1 61 
0 32 
0 13 
0C6 
0 07

1 52 
0 37 

021 
0 17 
0 30

1 21
0 56 
0 40

0 85
0 22
0 34

0 02
0 07
0 02

06
05
04

0 1 
08 
07

2 8
5

4 3

05
33
7 5
12
15

55 
12

49
28
39
40

48
33

34 

1 3 
06 
02 
04

29
1 7

78
68
46

26

25
35
34

05 
04 

03
05 
05

0 20
0 13
0 12
0 26
0 18
C 14
0 20

53
54

0 02 
0 14 
0C4 

0 02 
0 05

0 1 
03 
06 
07 
09

02 
0 4 
C8 
0 ■’ 
08 
i 0

30
31
26
27
39

24 

1 2 
05 
03 
02

66
62
39
27
22

1 5 
0 i 
32

i 6

1 2
1 0

2 8

39
47

18
23
3

C5 
0 8 
i 2 
• 6 
i 6

2 1
1 3

S3
55
55
55
51
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These features are referred to as fluvic properties (FAO, 1988). The relatively

higher levels of organic carbon in the topsoils of all profiles is probably due to higher levels

of organic matter in the surface soils as a result of decomposed surface vegetation. Burning

of vegetation is a common practice in this village and it could exaggerate some of the

observed organic carbon values especially for KTP-1, KTP-3 and KTP-6.

The relatively lower level of organic carbon in profile KTP-2 compared to other

profiles is probably due to the land use practises. The profile is located in what used to be

a coffee farm in the near past while the other profiles were dug from fresh sites. The effect

of tillage in exposing the soil organic matter to faster rates of decomposition and hence low

level in the soil has been explained by Donahue et al. (1990).The total nitrogen content

in the soils follows a similar trend to the organic carbon in terms of amounts among profiles

and distribution within each profile. A positive correlation between organic carbon and total

nitrogen in soils has also been reported by Donahue et al. (1990). The levels of total

nitrogen are mostly medium (0.21-0.50%) for the topsoils except KTP-2 and KTP-5 which

have low levels of total nitrogen. In the subsoils nitrogen levels varied from low (0.1 - 0.2%)

to very low (less than 0.1%).

The C/N ratios give an indication of the quality of the organic matter and in

particular, the degree of humification (Landon, 1991). The C/N ratios in the topsoils of

Kitanda village range from 13 to 18. This range represents soils of good to moderate quality

organic matter. Profile KTP-2 has a C/N ratio of 13 (good quality organic matter). Other

profiles have ratios ranging from 16 to 18 (moderate quality organic matter). The relatively

narrower C/N ratio for profile KTP-2 is probably influenced by land use practices. The

profile is located in what used to be a coffee farm and in which the "ngoro" (local tie-ridge)

cultivation system has been practised. Beans are normally grown on the”ngoro" and their

residues incorporated into the soil. The incorporation of legume residues in the soil tends

to narrow the C/N ratio owing to their high nitrogen content. The slightly wider C/N ratio (18)
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for profile KTP-5 could probably be related to higher levels of erosion on this mapping unit

as observed in the field. Since erosion sediment is the richest part of the soil containing

high levels of organic matter and nitrogen (Donahue et al., 1990), its loss leaves the soil

with very little nitrogen reserves and hence wider C/N ratios. The quality of the organic

matter in terms of C/N ratio in the soils of Kitanda can be regarded to be in the order

piedmonts

Available phosphorus

The topsoil phosphorus levels range from high (> 20mg/kg) for profiles KTP-1, KTP-

3, KTP-5 and KTP-6, to low (< 7 mg/kg) for profiles KTP-2, KTP-4 and KTP-7. In the

subsoils, phosphorus levels are generally low. Surface soils have relatively higher levels

of phosphorus probably from decomposed vegetation deposited onto the soil surface. The

low levels of phosphorus in the soils indicate a potential problem of deficiency to sensitive

crops and P-fixation in these soils. Therefore any future recommendation on phosphatic

fertilizer use for these soils should consider this factor. For all profiles except KTP-4 there

is a gradual decrease of phosphorus with soil depth which suggests that the observed

levels of phosphorus are associated with the organic matter. The irregular decrease of

phosphorus with soil depth in KTP-4 is most probably associated with its fluvic properties

and the lithological discontinuity observed in this profile.

Cation exchange capacity (CEC)

The CEC in the topsoils of the studied soils ranges from 13 cmol(+)/kg of soil to 24

cmol(+)/kg of soil for profiles KTP-3, KTP-1 and KTP-6 . The levels are classified by Baize

(1993) as being medium (12 - 25.0 cmol(+)/kg soil). The CEC in the subsoils is low (6-12

cmol(+)/kg soil) in all profiles except KTP-4 and KTP-6. There is a general decline of CEC

with soil depth as does the organic carbon content (see Figure 4). Clay content though

> river valleys > hilland.
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increases with soil depth. Organic matter, pH and clay content are factors known to affect

the CEC of soils (Bohn et al., 1985). The decrease of CEC with soil depth while the clay

content increases, suggests that the observed CEC in the topsoils is mostly contributed by

the organic matter while in the subsoils it is largely contributed by the clay fraction of the

soil.

Exchangeable bases and base saturation

The distribution of the major exchangeable bases with soil depth is given in Figure

5. In profile KTP-1, exchangeable calcium and magnesium are high (10.6 cmol(+)/kg soil

for calcium, 3.5 cmol(+)/kg soil for magnesium) in the topsoils. In the subsoils they become

very low for calcium (1.6 cmol(+)/kg soil) and low for magnesium (0.7 cmol(+)/kg soil).

Potassium levels in the topsoil are high (1.8 cmol(+)/kg soil) while sodium levels are very

low (0.06 cmol(+)/kgsoil). In the subsoils these levels drop to low (0.4 cmol(+)/kg for

potassium while the sodium levels remain very low (<0.1 cmol (+)/kg soil). Base saturation

drops from 67% at the surface to 52% in the subsoils. There is a gradual decrease of

bases and base saturation with soil depth except for sodium which has irregular decrease

with depth. Calcium is the dominant cation accounting for nearly 80% of the total

exchangeable bases. The general trend in all horizons was Ca>Mg>K>Na.

Profile KTP-2 has medium levels of calcium (6.6 cmol(+)/kg) and magnesium (1.4

cmol(+)/kg) in the topsoils. In the subsoils both calcium and magnesium are very low (<0.5

cmol for Ca and <0.25 cmol (+)/kg soil for Mg). Potassium levels in the topsoils are high

(1.52 cmol(+)/kg) while in the subsoil they become low (0.3 cmol(+)/kg). Sodium levels are

very low throughout the profile. Base saturation in profile KTP-2 remains almost uniform

throughout. At the surface it is 53% and drops only to 51% at the bottom of the profile.
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gradual decline in the content of exchangeable bases with soil depth except for sodium

which shows an irregular pattern of decrease with soil depth.

Profile KTP-3 has low calcium (about 3.5 cmol(+)/kg) and magnesium

(about 0.6 cmol (+)/kg) throughout the profile. There is no clear pattern of distribution of

calcium and magnesium with soil depth in this profile. Potassium level in the topsoil is low

(0.3 cmol (+)/kg) and decreases to very low (0.1 cmol (+)/kg) in the subsoil. Sodium levels

remain very low throughout profile KTP-3. Generally, there is an increase in base saturation

with soil depth. The last two horizons have a base saturation slightly above 50%.

In profile KTP-4 the topsoil levels of calcium are low (4.0 cmol(+)/kg) and show

irregular decline with soil depth to 3.7 cmol (+)/kg at 150 cm depth and below. Magnesium

levels are medium (1.2 cmol (+)/kg) in the topsoil and are low in the subsoils and they show

irregular decline with soil depth. Base saturation in profile KTP-4 remains below 50%

throughout its depth.Base saturation shows an irregular decrease with soil depth. The

irregular decrease of the exchangeable bases in profile KTP-4 is related to the fluvic

properties observed in this profile.

Profiles KTP-5 and KTP-6 have similar characteristics in terms of exchangeable

bases. Both profiles are shallow and represent the hilland. They have medium levels of

calcium (about 10.0 cmol(+)/kg) and magnesium (about 2.0 cmol(+)/kg) in topsoils and

gradually decrease to medium for calcium (about 4 cmol(+)/kg) and low for magnesium

(about 0.6 cmol(+)/kg in the subsoils. The base saturation values of KTP-5 remain above

50% throughout, while those of KTP-6 are below 50% throughout the profile.

Profile KTP-7 has medium levels of calcium and magnesium (5.2cmol(+)/kg and 2.2

cmol(+)/kg respectively) at the surface and gradually decrease to very low levels in the

subsoils (<2.0 cmol(+)/kg for calcium and <0.3 cmol(+)/kg for magnesium). There is

decrease in the levels of both calcium and magnesium with soil depth. Potassium is high

Calcium is the dominant cation throughout the depth of profile KTP-2. There is a
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(1.61 cmol(+)/kg) in the topsoils but very low (<0.13 cmol(+)/kg) in the subsoils. There is

a regular decrease in potassium with soil depth while sodium shows an irregular decline.

Calcium is the dominant cation accounting for nearly 50% of the exchangeable bases. Base

saturation is generally below 50% throughout the subsoils.

Aluminium saturation

According to International Land Development Consultants (ILACO) (1981),

aluminium toxicity in tropical soils is of more importance to crop performance than is the

absolute pH or soil acidity. The highest aluminium saturation is 15% and is found in the

subsoils of profiles KTP-2 and KTP-7. The lowest saturation is 0.4% and is in profile KTP-6.

These levels are classified by Baize (1993) as very low (<10%). Only four profiles have

slightly higher levels, KTP-2 (15%), KTP-3 (13.8%), KTP-4 (11.7%) and KTP-7 (15%).

These levels are still low. For most profiles aluminium saturation increases with soil depth.

Micronutrients (Zn, Cu, Fe, Mn)

The status of some micronutrients in the soils of Kitanda is summarized in Table

7. The distribution of the four micronutrients in the top and subsoils is graphically presented

in Figure 6.

The critical level for zinc by the DPTA method is estimated at 0.2 - 2.0 mg/kg (Sims

and Johnson, 1991). The highest topsoil zinc levels is found in profile KTP-1 (3.7 mg/kg)

while profile KTP-3 has the lowest value (0.46 mg/kg). In subsoils KTP-1 has the highest

concentration (1.16 mg/kg) while KTP-3 had the least (0.14 mg/kg). Topsoils in all profiles

have more zinc than the subsoils. Levels of zinc decrease with soil depth for all profiles.

The accumulation of zinc in the topsoils is normally attributed to the influence of soil organic

matter (Mitchell, 1971). Profile KTP-3 has relatively low levels of zinc in the subsoils (0.14

mg/kg). Soils represented by this profile may develop deficiencies if intensively cropped.
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Table 7. Levels of some micronutrients in the soils of Kitanda village

Concentration (mq/kq soil)

Zn Cu Fe Mn

Profile/ 
Horizon

KTP-6
Ah
AC
C

KTP-7
Ah
BA
Bt1
Bt2
Bt3

KTP-3
Ah
BA
Bts1
Bts2
Bts3

KTP-1
Ah
Bt1
Bt2
Bt3
Bt4

0-22
22-40
40-80
80-130 
130-200

0-15 
15-40 
40-80 
80-120 
120-190

0-15 
15-35 
35-80 
80-120 
120-165

0-20
20-45
45-60
60-80
80-100
100-120
120-150

0-15
15-25
25-90

0-10 
10-20 
20-35

0-9 
9-33 
33-70 
70-120 
120-190

3.70
0.92
0.77
1.16
0.99

1.23
0.23
0.27
0.37
0.30

0.46
0.20
0.25
0.17
0.14

0.82
0.70
0.99
0.54
0.46
0.40
0.34

1.02
0.92
0.25

1.42
1.23
0.32

0.73
0.26
0.19
0.33
0.22

2.81
2.82
1.56
1.81
1.29

18.27
3.64
2.25
1.51
0.96

1.46
1.59
0.92
0.47
0.41

4.52
3.38
3.22
4.62
4.96
5.22
4.45

2.81
4.25
3.19

1.35
2.41
0.96

1.48
1.49
0.87
0.60
0.42

57.34
50.63
39.70
29.02
16.64

57.22
42.34
22.38
12.16
11.05

64.43
29.89
24.93
25.31
19.10

228.53
892.66
940.27
758.80
451.70
608.92
679.48

67.78
36.68
24.15

70.44
41.33
22.76
12.00
11.70

126.80
115.24
53.28

197.34
24.79
104.24
105.25
63.76

141.68
90.07
86.53
114.86
83.49

18.22
18.22
11.13
1.54
0.89

134.60
89.06
53.13
97.91
80.96
89.31
93.10

58.70
40.99
27.32

54.14
39.97
8.02

26.31
31.88
27.32
11.64
6.96

KTP-4
Apg 
2Cg 
3Cgr 
4Cgr 
5Cgr 
6Cgr 
7Cgr

KTP-5
Ap
BA 
BC/CB

KTP-2
Ap
Bt1
Bt2
Bt3
Bt4

Depth 
(cm)
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Generally, all profiles have adequate levels of copper. According to Sims and

Johnson (1991), the critical level for copper by the DPTA-method (used in this study)

ranges from 0.12 to 0.25 mg/kg. None of the profiles has copper less than 0.12 mg/kg. In

the topsoils copper is highest in profile KTP-2 (18.77 mg/kg) while profile KTP-5 has the

lowest (1.35 mg/kg). In subsoils, the highest level is in KTP-4 (5 mg/kg) while the lowest

is in KTP-3 (0.4 mg/kg). There is a gradual decrease in the levels of copper with soil depth

except in profile KTP-4 which has an irregular distribution throughout the profile probably

due to the fluvic properties observed in this profile. The availability of copper in the soils is

influenced by, among other factors, level of organic matter, soil pH, calcium carbonate and

phosphorus levels (Sims and Johnson, 1991). Organic matter is probably the major

contributor of the observed levels of copper in the topsoils of Kitanda. The relatively higher

concentration of copper in the topsoils of KTP-2 is most probably associated with the land

use in this unit. The profile is located in a former coffee farm. The copper levels could

therefore be associated with copper fungicides normally sprayed in coffee farms. High

levels of copper have been found in Kilimanjaro region coffee farms (Mkindi, 1990). Profile

KTP-4 was found to have more copper than the other profiles which is probably due to its

landscape position, being in the valley bottom which is a position of enrichment.

Iron levels in all profiles are higher than the critical range 2.5 - 5.0 mg/kg (Sims and

Johnson, 1991). The relatively high levels of iron in these soils could probably be

associated with the parent materials from which these soils are derived. However, as the

parent materials were not analyzed, this remains an area that may need further research.

In all profiles except profile KTP-4 there is a regular decrease of concentration of iron with

soil depth. Profile KTP-4 has an irregular distribution of iron in the profile. Highest levels of

iron in the surface soils are observed in profile KTP-4 (228.53 mg/kg) while the lowest are

observed in KTP-3 (57.22 mg/kg). In the subsoils highest levels of iron are observed in

KTP-4 (940.27 mg/kg) while the lowest are in KTP-3 (11.05 mg/kg). Two factors may have
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contributed to the relatively high levels of iron in profile KTP-4, the landscape in which the

profile is located is an accumulation area and hence continuous soil enrichment with soil

indicated by the presence of mottles in the profile (see Appendix 1). Low soil pH and redox

soluble forms of ferrous iron and hence the higher concentration of iron in such soils

(Romheld and Marschner, 1986).

Levels of manganese in the soils of Kitanda are generally above the critical level

of 1.0 - 5.0 mg/kg (Sims and Johnson, 1991). In topsoils the highest levels of manganese

are observed in profile KTP-1 (197 mg/kg) and the lowest levels are observed in KTP-3

(18.22 mg/kg). In the subsoils highest manganese levels are observed in profile KTP-2

(114 mg/kg) while the lowest is observed in profile KTP-3 (0.89 mg/kg). Generally, there

is a decrease of manganese with soil depth in all profiles. The higher levels of manganese

in the topsoils are probably associated with influence of organic matter. Despite a higher

concentration of manganese in the topsoils and its gradual decrease in the subsoils,

manganese levels in the subsoils of profile KTP-4 remained uniform, most probably due to

reducing conditions dominating this profile.

4.1.3 Mineralogical characteristics of the soils

Results indicate that the clay fractions of the soils have similar mineralogy. This

could be attributed to the fact that soils are developed from the same type of parent

material (Geological Survey Department, 1956). In all mapping units, the strongest

diagnostic peaks were at 7.15Aand 3.59A which are both first and second order reflections

of kaolinite respectively, thus indicating that these soils are dominated by kaolinite. Lack

of appreciable levels of smectites in these soils suggests that they have already undergone

an intense degree of weathering. Other minerals detected at low intensity include gibbsite

nutrient elements, also soil conditions in KTP-4 are dominated by reduction processes as

conditions in soils are known to favour solubilization of ferric forms of iron into the more
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and quartz which are represented by 4.38A and 4.86A peaks for gibbsite and 3.34A peak

for quartz.

Saturating samples with glycol and potassium did not change the magnitude of the

observed peaks thus suggesting absence of expanding clay minerals in the studied soils.

Heating to 350°C did not change the diagnostic peaks 7.15A and 3.59A. Heating of

potassium saturated samples to 550°C resulted in the disappearance of all diagnostic

peaks, which confirms that peaks 7.15Aand 3.59Awere of kaolinite (Whittig and Allardice,

1986).

Presence of kaolinite in the river valleys (KTP-4) is probably attributed to

inheritance of these minerals from kaolinitic material detached and transported through

water erosion and deposited in the river valleys. Since smectites were not detected in the

higher landscapes, inheritance of kaolinitic materials from other landscapes seems to be

the most plausible explanation for the dominance of kaolinite in the soils of the river valleys.

Figure 7 gives diagnostic x-ray diffractograms for the studied subsoil samples. The

mineralogical composition of the samples is present in Table 8 and the relative abundance

of the clay minerals is summarized in Table 9.
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Table 8. Mineralogical composition of Kitanda soils

d- space (A)Profile

K-350 ’ CMg-sat. Mg-gly K-sal K-550

KTP-1 No peak
7.15 7.15

KTP-2 No peak
7.15 7.15 7.15

No peakKTP-3
715 7.15

No peakKTP-44
7 157.15

No peakKTP-47
7.157.15

No peakKTP-5
7.157.15

No peakKT P-6
7.157.15

No peakKTP-7
7.157.15

Kaolinite
Gibbsite

3.59
7.15
3.34

3 59 
7.15
4 38 
4.86

3.59
7.15 
4 38 
4.86

7.15
4.86

7.15
4.86

7.15
4.86

7.15
4.86

7.15
4.86

Diagnostic
Minerals

Kaolinite
Quartz
Gibbsite

Kaolinite
Quartz

Kaolinite
Gibbsite

Kaolinite
Gibbsite

Kaolinite
Quartz
Gibbsite

Kaolinite
Quartz
Gibbsite

Kaolinite
Quartz
Gibbsite

3.59
7 15
3.34
4 38
4.86

3 59
7 15
4.38
4.86

3.59
7.15
3.34
4.38
4.86

3.59 
7 15 
3.34 
4.38
4.86

3.59 
7 15 
334 
4.38 
4.86

7.15
4 89

7.15
4.86

’ C
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Table 9. Relative amounts of the clay minerals in the soils of Kitanda village

Depth (cm) Mineral species

Kaolinite Smectite Gibbsite Quartz

Free oxides (Fe, Al, Mn,)

Levels of free oxides based on three extraction methods are presented in Table 10.

Values for dithionite extractable iron oxides (Fed ) are larger than those for oxalate

extractable iron oxides (Fe0 ) and the pyrophosphate extractable iron oxides (Fep) in all

profiles. Similar observations were made elsewhere by Parfitt and Childs (1988) who

attributed it to high dissolution of goethite, ferrihydrite and hematite in dithionite extractant

than in the other two extractants. With the exception of profile KTP-4 which has a

lithological discontinuity, levels of Fed and Fe0 generally increase with soil depth in all

profiles thus suggesting the presence of crystalline oxides of iron in these profiles. Likewise,

predominance of Fed over Feo suggests that, in these profiles, the crystalline oxides of iron

) are more in the topsoils and progressively decrease with soil depth. Similar observations

with soil depth. The pyrophosphate extractant is known to extract more efficiently the free

3>KTP-2>KTP-4>KTP-1>KTP-7>KTP-5>KTP-6.

Profile/
Horizon

nd 
nd

nd 
nd 
nd 
nd 
nd 
nd 
nd

KTP-1
KTP-2 
KTP-3 
KTP-4 
KTP-5 
KTP-6 
KTP-7 

RS

120 - 190
120 - 190
120 - 165

- 120
- 90
- 35

60
25
20
130 - 200

nd not identified,
* less than 15%
•• 15% - 30%

30 - 60% 
’**’ more than 60%

were made by Parfitt and Childs (1988) who attributed it to falling levels of organic matter

exceed the non-crystalline oxides (Schwertmann, 1984a). Levels of pyrophosphate iron (Fe0

oxides associated with organic matter in the soil (Sheldrick, 1984). The order is KTP-
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Table 10. Free oxides in the soils of Kitanda village

Iron oxides Manganese oxides Aluminum oxides

Fe0 Fe0 Mna Mn0 Mnp

Subsenpts: d = dithionite method o = oxalate method p = pyrophosphate method

Profile/ 
Depth 
(cm)

KTP-7
0-22
22-40
40-80
80-130
130-200

KTP-6
0-10
10-20
20-35

KTP-4 
0-20 
20-45 
45-60 
60-80 
80-100 
100-120 
120-150
KTP-5 
0-15 
15-25 
25-90

KTP-3 
0-15 
15-35 
35-80 
80-120 
120-165

KTP-2 
0-15 
15-40 
40-80 
80-120 
120-190

KTP-1 
0-9 
9-33 
33-70 
70-120 
120-190

3.24
4.43
3.71
4.31
3.54

2.83
3.38
3.37

5.40
5.04
4.90
6.03
6.20

3.48
4.43
4.68
5.00
5.54

2.93
4.21
6.03
2.34
2.53
1.50
1.43

1.07
1.50
0.99

1.09
1.01
1.71
1.31
1.84

1.01
2.00
2.10
1.71
1.41

1.17
1.09
1.04

1.19
1.23
1.81
1.68
1.87

1.59
1.33
1.64
1.88
1.50

0.87
0.64
1.04
0.94
1.00

1.97
2.56
4.04
1.81
1.63
1.21
1.11

0.83
1.07
0.81

0.97
0.91
0.81

1.01
1.04
0.99
0.80
0.81

0.89
0.87
0.66
0.80
0.71

0.86
0.90
0.81
0.76
0.68

0.07
0.05
0.02

0.10
0.08
0.06
0.04
0.04

0.35
0.25
0.24
0.28
0.22

0.35
0.38
0.34
0.43
0.34

0.08
0.05
0.03
0.02
0.02

0.13
0.04
0.06
0.02
0.01
0.01
0.01

0.16
0.12
0.03

0.07
0.05
0.02

0.07
0.06
0.05
0.02
0.04

0.31
0.34
0.25
0.29
0.21

0.39
0.36
0.39
0.47
0.29

0.07
0.06
0.03
0.01
0.01

0.17
0.05
0.12
0.02
0.02
0.01
0.01

0.14
0.09
0.07
0.02
0.02

0.39
0.18
0.08
0.07
0.05

0.16
0.17
0.06
0.07
0.04

0.05
0.04
0.02
0.01
0.01

0.18
0.06
0.05
0.03
0.03
0.03
0.02

0.09
0.19
0.04

0.11
0.07
0.03

1.02
0.86
1.09
0.92
0.85

0.81
1.17
1.11
0.90
0.74

2.97
3.49
3.46
3.63
1.04

1.69
2.40
2.65
3.28
2.23
2.01
1.96

1.06
2.38
1.14

2.15
2.76
1.58

2.42
1.98
2.36
1.82
1.84

0.45
0.46
0.49
0.56
0.65

0.58
0.75
0.67
0.68
0.52

1.25
0.91
1.35
0.87
0.55

1.08
1.80
1.54
1.76
1.41
1.08
0.89

1.17
0.77
0.36

1.30
0.90
0.46

1.12
0.72
2.00
0.56
0.73

0.35
0.36
0.31
0.23
0.22

0.59
0.59
0.57
0.48
0.23

0.81
0.57
0.56
0.57
0.54

0.82 
1.00 
0.23 
0.52 
0.53 
0.42 
0.19

0.19
0.24
0.24

0.42
0.36
0.13

0.27
0.15
0.04
0.06
0.01

2.9
3.01
7.15

3.66
4.87
4.47
5.94
5.17

0.12
0.11
0.07

5.31
7.33
10.7
4.63
4.68
3.60
4.17

Ala Alo AL.
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Oxides of manganese decrease from surface soils to subsoils suggesting that their

higher concentration in topsoils is probably linked to organic matter. More aluminum oxides

were extracted by the dithionite than the other extractants. This observation is contrary to

what was reported by Parfitt and Childs (1988) and Parfitt and Webb (1984) who observed

oxalate extractable aluminum oxides to be more than dithionite extractable aluminum

oxides. Soils used in their studies however were of volcanic origin and hence rich in

strongly weathered. According to van Wambeke (1992) such soils tend to lose fertility within

a few years of intensive use unless measures are taken to restore their fertility. Soils rich

in sesquioxides also tend to fix phosphorus. Application of phosphatic fertilizers in Kitanda

village must therefore consider this factor in terms of application rates if any reasonable

response is expected.

Weathering status of the soils

Parameters related to weathering (water dispersible clay content, aggregation index.

) and their

respective values in the soils of Kitanda village are summarized in Table 11 and Figure 8.

The water dispersible clay content is 10% or less in all profiles except KTP-1 and KTP-2

in which the values are greater slightly greater than 10% particularly in the top sections of

the profiles. In the subsoils of all profiles the water dispersible clay contents are less than

10% and in most cases much less than this value reaching as far low as 2%. Low values

of water dispersible clays are associated with a higher degree of weathering in the soils.

The FAO (1988), considers a value of 10% or less to represent a degree of weathering

sufficient for a ferralic-B (oxic) horizon, a highly weathered subsoil horizon mostly found in

the humid tropics where conditions allow a faster rate of weathering of the soils (Sanchez,

1976). Since most soils had less than 10% of water dispersible clay content it can be

predominance of crystalline forms of these oxides in these soils suggests that they are

hematite and goethite content, crystallinity index, silt/clay ratio and CECclay

allophanes. Presence of free oxides of iron, manganese and aluminum and the
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Table 11. Some parameters related to degree of weathering for the soils of Kitanda

village

Note: (i) Feo = Oxalate extracted Iron oxides (ii) Fea = Dithionite extracted iron oxides

Profile/ 
Horizon

Water 
dispersible 
clay (%)

Aggregation 
index (Al)

KTP-3
Ah 
BA 
Bts1 
Bts2
Bts3

KTP-6
Ah
AC 
C

KTP-7
Ah
BA
Bt1
B12
Bt3

KTP-1
Ah
Bt1
BI2
8(3
Bt4

0-15 
15-25 
25-90

0-9 
9-33 
33-70 
70-120 
120-190

0-15 
15-40 
40-80 
80-120 
120-190

0-15 
15-35 
35-80 
80-120 
120-165

0-20 
20-45 
45-60 
60-80 
80-100 
100-120 
120-150

0-10 
10-20 
20-35

0-22 
22-40 
40-80
80-130 
130-200

Depth 
(cm)

10
8
2

8
8
6
2
2

6
18
2
2
2

12 
14 
12 
2 
2

65
73
78
98
97

93
81
90
88
95
85
86

73
67
62

67
82
89
96
96

55
73
95

2.47 
2 43 
2.58 
3.29
4.13

2.07
3.54
2.83
4.06
3.67

4.21
3.81
3 09
4.35
4.33

2.38
3.12
4.65
2.29
2.15
2.1
2.74

2.15
3.42
2.00
3.00
1.70

1.73
1.92
6.11

1.76
1.88
238

0 29 
045 
0 45 
0.34 
0 25

0.43 
0 27 
0.37 
0.32
0.29

0.22
0.24
0.37
0.28
0.30

0 55 
0.57 
0.56
0.51 
0.54 
0.42
0 34

0.40
0.36
0.15

0.38
0.44
0 29

0.34
0.23
0.46
0.30
0.52

0 31 
038 
0.19
0 19 
0.19

Silt/Oay 
ratio

0 59 
0 19 
0.26
0.21 
0.17

0.64 
076 
0.67 
0.25 
0.52 
0.35 
0.32

0.73
0.53
0.32

053
0.25
0.69

0.50
0.32
0.22
0.26
0.26

CEC-day 
cmol (♦)/ 
kg clay

53
31
18
11
10

26
25
15
15
15

91
66
18

160
67
69

KTP-5
Ap
BA
BC/C8

KTP-4
Apg 
2Cg 
3Cgr 
4Cgr 
5Cgr 
6Cgr
7Cgr

KTP-2
Ap
Bt1
Bt2
Bt3
Bt4

2
2
4
2
2

4
8
10

77
63
97
97
97

6
94
92
96
96

035 
0 44 
0 15 
0 19 
033

92 
21 
13 
11
9

50
67
76
50
47
45
27

71
20
15
11
11

2 
4
2
4
2
6
6

Hematite + 
Goethite 
(%)

Fe0/ 
Fe.
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assumed that Kitanda village has soils which are highly weathered.

The aggregation index of topsoils is highest in KTP-4 and lowest in KTP-5.

Generally, aggregation index increases with soil depth in all profiles except KTP-4 probably

due to the depositional position and fluvic characteristics of this profile. The increase of

aggregation index with soil depth is probably due to the increase in the proportions of

sesquioxides with soil depth observed in most of the studied profiles (see Table 10). This

pattern is also seen in the distribution of hematite and goethite in all profiles except KTP-4.

The general trend of the index and hence the structural aggregate stability is KTP-3>KTP-

4>KTP-1>KTP-7>KTP-2>KTP-5>KTP-6. This is similar to that reported by Breimer et al.

(1986) in Kenya in terms of soil types in which Ferralsols (as was KTP-3) were observed

to have a higher aggregation index than Acrisols and Nitisols. Sesquioxides act as binding

materials and hence soils rich in sesquioxides (as was KTP-3) tend to have higher

aggregation index than those with low levels (Breimer, et al., 1986).

Use of Fe oxides (hematite and goethite) as indicator of degree of weathering that

a soil has undergone is based on the resistance to weathering for various minerals in the

soil as stipulated by Jackson and Sherman (1953) and later by Jackson (1964). Accordingly

hematite and goethite are considered to represent minerals that are highly resistant to

weathering and therefore their presence in a soil in any significant amount will indicate that

the soil has undergone a considerable degree of weathering. Soils having high values of

these oxides are therefore considered to be more weathered. According to Parfitt and

Childs (1988) Fe oxides (hematite and goethite) in soils can be estimated as the difference

between Na-dithionite extractable iron and ammonium oxalate extractable iron. These are

presented in Table 11. In the soils of Kitanda village more Fe oxides are found in the soils

of the piedmonts than other landscapes. In most of the studied profiles hematite and

goethite levels generally increase with soil depth thus indicating an increase in sesquioxides

with soil depth. In topsoils, highest levels of hematite and goethite are found in profile KTP-
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3 (4.21%) while the lowest level is observed in KTP-5 (1.73%). For subsoils, KTP-4 has the

highest level (4.65%) whereas KTP-7 has the lowest level (1.7%). On average the

distribution of hematite and goethite is in the order of KTP-3>KTP-2>KTP-4>KTP-1>KTP-

7>KTP-5>KTP-6. The higher levels of hematite and goethite in soils of the piedmonts

suggest that these soils are more weathered than those of the other mapping units. Since

the piedmonts have almost level gradients, most of the soil development has been in situ

with minimal disturbance from erosion or deposition. The higher proportion of hematite in

the piedmonts indicates predominance of oxidation reactions. During field inspections it was

observed that these soils are well drained getting redder and having more iron nodules with

soil depth. Redder soil colours are associated with increased hematite and goethite

contents (Torrent et al., 1983). The comparatively low values of hematite and goethite in

the hill summits and the backslopes (H1 and H2) are probably linked to higher rates of

topographic factors affect distribution of both hematite and goethite in soils (Schwertmann,

1984b). In the river valleys the level of hematite and goethite is slightly higher than in the

other landscapes and is irregularly distributed with depth. This is most probably due to the

fluvic properties of the soils.

Degree of crystallinity is a parameter normally used to determine the proportion of

crystalline iron oxides (extracted by Na-dithionite) as compared to non-crystalline oxides

of iron (extracted by ammonium oxalate). Proportionally, the more crystalline the soil

material is the more it has been subjected to weathering processes. Schwertmann is cited

by Jackson et al. (1986) as having used the ratios of acid oxalate extractable iron (Feo) to

that of Na-dithionite extractable iron (Fed) for the determination of degree of crystallinity of

soil materials. The latter is known to have a larger proportion of crystalline iron oxides while

the former has a large proportion of non-crystalline (amorphous) iron oxides (Sheldrick,

1984). The ratio Fe0 /Fed becomes smaller with advanced crystallinity in a soil material

denudational processes taking place on these units. Soil erosion, landscape and
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which reflects an advanced level of weathering. In all the soils studied the value of the ratio

Feo ^Fed's less ^an unity thus indicating the dominance of hematite and goethite in these

soils and probably an advanced stage of weathering (Jackson et al. 1986). The Fe3 /Fe
’0

ratios for profile KTP-4 are higher than those for the other profiles thus indicating that this

weathered than the other profiles.

The silt/clay ratios of the soils are higher in topsoils than in subsoils which indicates

. that there has been clay movement from the surface horizons to the underlying B-horizons.

The highest topsoil silt/clay ratio (0.73) is observed in profile KTP-5 while the lowest ratio

(0.31) is found in profile KTP-1. Profile KTP-4 has the highest subsoil silt/clay ratio (0.76)

while profile KTP-3 has the lowest ratio (0.15). The silt/clay ratio of 0.2 or less is

characteristic for the ferrallic B-horizon as used in FAO-UNESCO soil classification system

(FAO, 1988). Such values are observed in profiles KTP-1, KTP-2 and KTP-3. Morever

according to van Wambeke (1962) the silt/clay ratios of 0.25 or less represent soils which

are highly weathered. These values are observed in all profiles except KTP-4 and KTP-5.

The magnitude of the silt/clay ratios in the studied soils is generally in the order KTP-

5>KTP-4>KTP-6>KTP-7>KTP-3>KTP-2>KTP-1. On the basis of the silt/clay ratios it can

as a weathering index is based on three

principles (i) that type and amount of clay minerals in soils change with degree and stage

of weathering (Jackson and Sherman, 1953) (ii) that generally clay minerals tend to weather

from 2:2 and 2:1 mineral types to 1:1 types and finally into oxides (Jackson, 1964) and (iii)

that each clay mineral has its diagnostic range of CEC value (Landon, 1991). In the

values can be

particularly useful in indicating what mineral dominates the clay fraction in the soil. In

observed in profile KTP-3 (representing the broad piedmonts) implying that they are more

be said that the intensity of weathering in Kitanda village is in the sequence: piedmonts >

hilland > river valleys. The importance of CECclay

subsoils where the influence of organic matter is minimal, CECclay

profile is younger than the other profiles. The lowest values for degree of crystallinity are
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ranges from 9 to 21 cmol

values decrease with soil depth. In these two profiles, the

at 120 cm depth and below is around 10 cmol (+)/kg. This value corresponds to

that of kaolinite (Donahue et al., 1990; Landon, 1991). According to Jackson and Sherman

(1953) kaolinite represents an advanced weathering stage in the soil. The predominance

values characteristic of kaolinite in these profiles suggests that they are highly

values in profile KTP-2 vary from 10

decreases with soil depth. The higher values were observed

closer to the surface soils thus indicating influence of organic matter in the observed

of 10 to 11 cmol (+)/kg

which is characteristic of kaolinitic type of clay minerals. This profile too shows a high

degree of weathering. Similar observations were made for profile KTP-3. In profile KTP-4

values observed are higher than those associated with kaolinitic minerals. X-

ray diffraction analysis (see Figure 7 and Table 8) however showed that the clay fraction

is dominated by kaolinite. Expanding clay minerals were not detected. This profile has fluvic

values observed are most

probably influenced by the organic matter that remains fairly high throughout the depth of

this profile. Profiles KTP-5 and KTP-6 are both shallow soils. The profiles do not have well

values in

these profiles are most probably influenced by the young age of the soils and organic

indicate that, soils of Kitanda village are largely kaolinitic.

From a pedogenic point of view, the soils are of advanced weathering stage. The intensity

of degree of weathering seems to be in the order piedmonts > hilland > river valleys.

4.2 Soil classification

The soils are classified according to the FAO-Unesco Classification system as

matter. The values of CECclay

CECclay

developed B-horizons and therefore these profiles are fairly young. The CECday

of CECclay

properties due to its depositional landscape. The CECclay

the CECclay

weathered and pedogenically old soils. The CECclay

CECcl- . The deeper horizons at 150 cm and below have CECciay

to 31 cmol (+)/kg. The CECclay

(+)/kg. Generally the CECclay

profiles KTP-1 and KTP-7 (from same mapping unit), the CECclay
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Acrisols (KTP-1, KTP-7) which cover 34% of village area, Lixisols (KTP-2) covering 7%,

Ferralsols (KTP-3) covering 37%, Fluvisols (KTP-4) covering 4% and Leptosols (KTP-5,

KTP-6) which cover 18% of village area. These correspond to Ultisols (KTP-1, KTP-2, KTP-

3 and KTP-7) and Entisols (KTP-4, KTP-5 and KTP-6) in the USDA Soil Taxonomy. In

terms of areal extent the order is Ferralsols > Acrisols > Leptosols > Lixisols > Fluvisols.

Similar observations were made in the neighbouring village of Lupilo by Msanya et

al. (1995a) where Ferralsols were observed to form the largest soil type in that village.

Acrisols form the second largest soil type in Kitanda village. The Humic and Haplic Acrisols

reported by Avendano et al. (1991) as being common in Mbinga were not observed in

Kitanda. The Acrisols in Kitanda village are Ferric Acrisols and do not have enough

accumulation of organic matter to classify as Humic Acrisols. High soil temperatures like

those in Kitanda village are reported to promote faster rates of organic matter

decomposition leading to low level of organic matter in soils (van Wambeke, 1992).

Fluvisols form the smallest soil type in Kitanda village. In the studies conducted by

Msanya et al. (1995a) and Kimaro et al. (1996) in Lupilo and Litembo villages respectively,

Fluvisols are in a higher proportion. The relatively smaller proportion of the Fluvisols in

Kitanda village is probably linked with the narrower widths of the river valleys in Kitanda

compared to Lupilo or Litembo village where they are broader. In terms of occurence of soil

types in relation to landform, Leptosols were observed to occur on the hill summits,

Ferralsols on broad and moderately dissected piedmonts, Acrisols are observed in the

steep and strongly dissected part of the hilland while Fluvisols were observed in the river

valleys. A similar pattern was observed by Msanya et al. (1995a) and Kimaro et al. (1996)

in Lupilo and Litembo village respectively. The occurence of Leptosols on the hill summits

of Kitanda village is probably associated with repeated cycles of erosion and denudation

which removes soil material from this landscape hence resulting into the shallow depths

(typical of Leptosols) of the soils on the hill summits. The diagnostic horizons and other

features of the soils studied are presented in Table 12. Soil names are given in Table 13.
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Table 12. Diagnostic horizons and features of the studied representative soils

Profile Diagnostic horizons Other diagnostic features

KTP-1

KTP-2

KTP-3

‘ochric A (ochric epipedon)KTP-4

STR;‘ochric A (ochric epipedon)KTP-5

STR;‘umbric A (umbric epipedon)KTP-6

STR;KTP-7

ustic SMR; isohyperthermic STR; 
‘ferric properties

NB. * terminology used particularly in the FAO-Unesco Classification; those without * are mostly used in USDA 
System.

‘ochric A (ochric epipedon);
‘argic B (argillic horizon)

‘ochric A (ochric epipedon);
‘argic B (kandic horizon)

‘ochric A (ochric epipedon);
‘ferrallic B (kandic horizon)

‘ochric A (ochric epipedon);
‘argic B (argillic horizon)

ustic SMR; isohyperthemic 
STR;‘ferric properties; abrupt 
textural change to B horizon

ustic SMR; isohyperthermic STR; 
‘ferric properties

‘gleyic properties (aquic SMR); 
isohyperthermic STR; ‘fluvic 
properties (irregular decrease of 
OC with depth)

ustic SMR; isohyperthermic 
rudic phase; limited depth

ustic SMR; isohyperthermic 
limited depth; rudic phase

ustic SMR; isohyperthermic 
‘ferric properties
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The occurence of Fluvisols in the river valleys is most probably associated with the

depositional nature of this landscape while Ferralsols occurence in the broad piedmonts is

probably associated with the relatively higher rates of weathering observed in this landform

(see Table 10).

Lixisols are observed in the strongly dissected piedmonts. This observation is

different from earlier studies in the district. Magoggo et al. (1996) observed Cambisols in

similar landform in Mahenge village. Kimaro eta/. (1996) observed Ferralsols while Msanya

et al. (1995a) observed both Ferralsols and Luvisols in similar landform. The observed

differences are probably associated with different rates of weathering and movements (both

vertical and lateral) of soil constituents within the profiles at each site. According to

Sanchez (1976) higher rates of weathering commonly found in the tropics often lead to

highly weathered soils. Both Ferralsols, Lixisols and Acrisols are among soils considered

to be highly weathered. The fragipans reported by Baker (1970) as being common in

Mbinga were not observed in Kitanda village. However the Fe and Mn nodules were

observed in especially Acrisols and Lixisols and hence their ferric properties.

4.3 Constraints and potentials of the studied soils

Due to unavailability of comprehensive climatic data on the village, and supporting

socio-economic data it is presently not possible to conduct a fitting land suitability

evaluations for various crops grown or which can be grown in the village. Below is a

general interpretation of the field and analytical data to highlight the constraints and

potentials of the land units studied.

4.3.1 Physical conditions

The main physical constraints encountered in the hilland (H), include shallowness

of the soils, surface stoniness, steep slopes and high risk to erosion. Erosion is largely
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contributed by the high rate of deforestation of the natural vegetation of the hilland.

Mapping unit H1 (hill summit and broader slopes), has shallow soils and sufficient surface

stoniness to become a limitation. Similar conditions exist in mapping unit H2 (the hilland

shoulders) with an additional limitation of high risk to erosion due to steep slopes. Steep

slopes are also found in mapping unit H3 (strongly dissected part of the hilland). The above

limitations make the hilland (H1, H2 and H3) unsuitable for mechanized agriculture. Deep

rooted crops will not do well on mapping units H1 and H2 due to soil shallowness. The

hilland can, however, be used for afforestation and establishment of perennial tree crops.

As most of these units occupy the highest positions among the three landscapes.

afforestation seems to be the most reasonable use of these units as they may also serve

as water catchment areas. Physical conditions in the piedmonts (mapping units P1, and P2)

do not pose any serious limitation to establishment of most crops. The piedmonts have

adequate soil depth and aeration. The gentle slopes found on these piedmonts allow for

mechanization as well as growing of seasonal crops. Soils of the piedmonts though, have

low water holding capacity. Use of these soils must address itself to good soil moisture

management. Soils in the river valleys are poorly drained with narrow bottoms. These two

conditions limit mechanization of the river valleys. These valleys are suitable for horticultural

purposes and establishment of off-season crops.

4.3.2 Chemical conditions

A guide on the rating of various analytical parameters of soils is provided in

Appendix 3. Data on exchangeable bases of the soils of Kitanda village is provided in Table

14. Chemical conditions in the soils studied indicate that soil pH is a potential limitation for

the soils in the broad piedmonts (KTP-3). The pH is strongly acid in the topsoil but

becomes medium with soil depth. Use of acid-forming fertilizers like the sulphate of

ammonia is discouraged in this mapping unit. Nitrogen is limiting in the narrow piedmonts

(KTP-2) and the back slopes (KTP-5). It is medium elsewhere in the village.
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The low reserves of nitrogen in the subsoils of Kitanda village will lead to nitrogen

deficiencies once the soils are intensively cultivated. Hence there is a need for application

of nitrogen fertilizers. Phosphorus is also limiting in the river valleys (KTP-4). narrow

piedmonts (KTP-2) and the strongly dissected hilland (KTP-7). Related to this is the high

potential for phosphorus fixation in these soils. Any future application of phosphate

fertilizers in this area must consider this factor. The availability of nutrients for uptake by

plants depends not only upon absolute levels but also on individual nutrient ratios (Mengel

and Kirkby, 1987). Hence consideration of nutrient balance is also crucial. The Ca/Mg ratio

in the soils of Kitanda is 3 to 5 in the topsoils which is rated by Euroconsult (1989) as

optimal for most crops. The Ca/Mg ratio of 4 to 6 in the subsoils however is not favourable

for deep-rooted crops. The Mg/K ratios of 3 to 6 are beyond the optimal range of 1 and 4

for most crops, and this poses a slight limitation related to potential K-deficiency. The

K/TEB saturation for most of the soils is more than 2%, which is favourable for most tropical

crops. However, in some soils, like those of the broad piedmonts (KTP-3) and the river

valleys (KTP-4), the saturation is less than 2%, indicating potential problems of K-

deficiency.

4.3.3 Clay mineralogy

The dominance of kaolinitic clay minerals and oxides of iron in the soils of Kitanda

village poses several limitations. The CEC of such soils tends to be low, base saturation

is normally low and the soils tend to have a high capacity for fixing phosphorus. Kaolinitic

soils (like those of Kitanda village) require higher rates of phosphorus fertilizers before any

meaningful response can be obtained (Sanchez, 1976). Soils dominated by this mineralogy

tend to have low water holding capacity as the mineral lattices of these minerals do not

expand appreciably to hold more water (van Olphen, 1977). Therefore use of fertilizers.

especially phosphate needs to consider phosphate fixation capacity of these soils.
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Considering the low capacity for holding cations against leaching (low CEC) for the studied

soils, it is important that fertilizer application be done in splits. Also, the low - medium water

holding potential of these soils demands that timeliness in all cultural practices like

cultivation and planting be emphasized so as to avoid potential moisture stresses that may

result from any delay in such operations.
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CHAPTER FIVE

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Based on the observations in this study it can generally be concluded that:

(■) Topography is the major factor influencing soil formation and most soil properties

in Kitanda village.

(ii) Soils in Kitanda village are mostly sandy clay loam on surface, clayey in subsoils

and very deep except on the hill summits and shoulders. The soils are well drained

except in the river valleys, weak to moderately structured and friable with Fe and

Mn nodules in some places. Kitanda soils are acidic, poor in chemical fertility. The

soils have optimal supply of micronutrients except Zn which is potentially lacking

in the broad piedmonts. Copper is higher in the soils where coffee is cultivated and

is probably due to copper fungicides commonly used in coffee farms. The clay

fraction is dominated by kaolinite and sesquioxides.

The soils in Kitanda village are highly weathered. In terms of pedogenic(iii)

development the weathering intensity is in the order; piedmonts > hilland > river

valleys. Piedmonts have relatively older soils than the other landform. The hilland

are second while the river valleys have the youngest soils.

The soils in Kitanda village classify into five soil units. The soils and their proportion(v)

in the village land are Ferralsols (37%), Acrisols (34%), Leptosols (18%), Lixisols

(7%) and Fluvisols (4%).

Shallowness of the soils, steep slopes and surface stoniness are major limitations(vi)

piedmonts are suitable for most crops grown in the village but their major limitation

is chemical fertility. The river valleys are limited in width and drainage and hence

unsuitable for mechanization but have good potential for horticultural purposes.

on the hilland. The hilland is suitable for afforestation and tree crops. The
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5.2 Recommendations

It is recommended that:

0) Clearing of the hillands be stopped. These lands should best be left intact and

protected as catchment areas. This is particularly so in the shallow soils of the

hilland where soil depth, steep slopes and surface stoniness are major limitations

for deep rooted crops and mechanized agricultural implements. Bush fires should

be controlled and afforestation of already cleared hillands should be done. Cultural

practises that encourage conservation of moisture and prevent soil loss like the

local ngoro cultivation must be encouraged.

Fertilizers be applied in splits due to low CEC values of the soils. Use of inorganic(ii)

N, P and K fertilizers will be necessary as the levels of these nutrients are generally

low in most of the soils. The low pH levels in most of the soils imply possibilities of

P-fixation problems, hence P-fertilizer recommendations should take this factor into

consideration. Use of non-acidifying inorganic fertilizers like calcium ammonium

nitrate (CAN) should be preferred.

The piedmonts have a potential deficiency of micronutrients. Zinc seems to be(hi)

available in lower levels than other micronutrients and this is particularly so in the

broad piedmonts. Inclusion of micronutrients in the fertilizer regime for the

piedmonts is recommendable. Iron is especially high in the river valleys and there

is a risk of creating an imbalance in the uptake of calcium and phosphorus unless

these nutrients are added to offset the imbalance.

Climatic data for Kitanda should be recorded so as to permit sound planning on the(iv)

use of the available land resources in the future.

Livestock keeping e.g. cattle keeping be encouraged. To avoid soil and land(v)

degradation, zero-grazing as opposed to extensive grazing would probably be the

most recommended practise.
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APPENDICES

Bt3 70 - 120 cm dusky red (10R3/4) dry, dusky red (10R3/4) moist, clay; hard dry, friable 
moist, sticky and plastic wet; moderate coarse angular blocks and strong medium 
subangular blocks; many fine and very fine pores; frequent small spherical hard Fe & Mn 
nodules; coarse and fine roots; gradual smooth boundary to

Soil: Very deep, well drained, dark reddish brown to dusk red. clays, with thin dark reddish 
brown, sandy clay loam topsoils; developed on colluvium derived from mixed metamorphic 
rocks. The mapping unit is a slope facet complex characterized by rolling to steeply 
dissected slopes with very deep red soils.The unit has agricultural potential coupled with soil 
conservation i.e ridges and ngoro soil conservation systems. The unit has very deep 
V-shaped drainage streams (dendritic) with permanent water flow which follow fault lines 
Presently there is mismanagement of catchments through grazing and burning

Appendix 1: Soil profile descriptions
Profile number: KTP-1 Mapping unit: H3
Agro-ecol zone:
Region
District

Bt4 120- 190 cm: dark red (2.5YR3/6) dry, dark red (2.5YR3/6) moist; clay, hard dry, friable 
moist, sticky and plastic wet; moderate coarse angular blocks and strong medium 
subangular blocks; many fine and very fine pores; frequent medium spherical hard Fe & Mn 
nodules; coarse and fine roots

SOIL CLASSIFICATION: FAO legend: Ferric Acrisol 
USDA-Soil Taxonomy: Ustic Kandihumult

Bt1 9-33 cm: dark reddish brown (2.5YR3/4) dry, dark reddish brown (2 5YR3/4) moist; 
clay, hard dry, friable moist, sticky and plastic wet; moderate coarse angular blocks and 
strong medium subangular blocks; patchy thin clay + iron hydroxide cutans. many fine and 
very fine pores, few small angular fresh quartz fragments, frequent small spherical hard Fe & 
Mn nodules, few coarse and common fine roots; gradual smooth boundary to

: Ruvuma 
■ Mbinga

Map sheet no : 298/3 
Coordinates 
Location 
Elevation

35° 8' 16 4" E/10° 36' 14.8" S
Kiblang'oma area (near chairman's farm)
1240 m asl Parent material: metamorphic rocks

Landform hill; steeply dissected. Slope: 25 %; straight
Surface characteristics Erosion: severe Deposition: none.
Natural drainage class well drained. Described by B.M Msanya. J.M. Wickama D.N.
Kimaro and J L Mehyo on 18/12/95

Bt2 33 - 70 cm: dusky red (10R3/4) dry. dusky red (10R3/4) moist, clay, hard dry, friable 
moist, sticky and plastic wet;moderate coarse angular blocks and strong medium 
subangular blocks; patchy thin clay + iron (hydr)oxide cutans; many fine and very fine 
pores, frequent small spherical hard Fe & Mn nodules; medium and few fine roots; diffuse 
smooth boundary to

Ah 0-9 cm: dark reddish brown (5YR3/2) dry, dark reddish brown (5YR3/2) moist, sandy 
clay loam; slightly hard dry,friable moist, sticky and plastic wet; moderate medium and fine 
subangular blocks, many fine and very fine pores; few coarse and many fine roots: clear 
smooth boundary to
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Mapping unit:P1 Agro-ecol zone

SOIL CLASSIFICATION:FAO legend: Ferric Lixisol 
USDA-Soil Taxonomy: Ustic Kandihumult

Bt3 80 - 120 cm: dusky red (10R3/4) dry, dusky red (10R3/4) moist; clay; slightly hard dry. 
friable moist, sticky and plastic wet; moderate coarse and medium subangular blocks, many 
fine and very fine pores; very few small angular fresh quartz fragments; frequent medium 
spherical soft Fe & Mn nodules; very fine roots; diffuse smooth boundary to

Ap 0-15 cm: dark reddish brown(5YR3/2) moist: sandy clay loam; friable moist, slightly 
sticky and slightly plastic wet; moderate medium and fine subangular blocks; few fine and 
many fine pores; few small spherical hard nodules; many fine and very fine roots; krotovina, 
termites and insect nests seen; clear wavy boundary to

Bt1 15 - 40 cm: dark reddish brown (5YR3/3) dry. dark reddish brown (5YR3/3) moist: clay; 
hard dry, friable moist,sticky and plastic wet; moderate medium and fine subangular blocks, 
few medium and many fine pores; common fine and very fine roots; gradual smooth 
boundary to

Soil: Very deep, well drained, dark red to dusky red, clays, with moderately thick, dark 
reddish brown sandy clay loam topsoils: developed on colluvium derived from mixed meta­
morphic rocks The profile was located in a site which was a coffee farm in the near past

Bt4 120 - 190 cm. dusky red (10R3/4) dry. dusky red (10R3/4) moist, clay, soft dry, friable 
moist, sticky and plastic wet: moderate coarse and medium subangular blocks, many fine 
and very fine pores; frequent small spherical soft Fe & Mn nodules, very fine roots

Bt2 40 -80 cm. dark reddish brown (2.5YR3/4) dry, dark reddish brown (2.5YR2.5/4) moist; 
clay; slightly hard dry, friable moist, sticky and plastic wet; moderate coarse subangular 
blocks and medium subangular blocks; many fine and very fine pores; frequent medium 
spherical hard nodules; few coarse and common fine roots; gradual smooth boundary to

Profile number KTP-2
Region Ruvuma
District Mbinga
Map sheet no. : 298/3
Coordinates : 35" 8'31.6" E/10c 55’50.9"S
Location . Kiblang'oma area
Elevation: 1180 m asl. parent material: metamorphic rocks. Landform: footslope undefined: 
undulating Slope: 5%; straight:Surface characteristics : Erosion: moderate Deposition none. 
Natural drainage class : well drained. Described by D.N. Kimaro, J.L. Meliyo, B.M. Msanya 
and J.M. Wickama on 18/12/95
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Mapping unit: P2

SOIL CLASSIFICATION: FAO legend: Rhodic Ferralsol 
USDA-Soil Taxonomy Rhodic Kanhaplustult

Bts3 120 - 165 cm. dark red (2.5YR3/6) moist; clay; very friable moist, slightly sticky and 
plastic wet; weak medium and fine subangular blocks; many very fine pores; frequent large 
angular hard fe & mn nodules; very few coarse and fine root

BA 15-35 cm' dark reddish brown (2.5YR2.5/4) moist; sandy clay loam; very friable moist, 
slightly sticky and plastic wet; weak medium and fine subangular blocks; many very fine 
pores; common coarse and many fine roots; gradual smooth boundary to

Bts2 80 - 120 cm: dark red (2.5YR3/6) moist; clay; very friable moist, slightly sticky and 
plastic wet, weak medium and fine subangular blocks; many very fine pores, few coarse and 
fine roots; diffuse smooth boundary to

Soil Very deep, well drained, dark red clays, with very thin, brown, sandy loam topsoils; 
developed on colluvium derived from mixed metamorphic rocks. The mapping unit is a 
piedmont moderately dissected. The unit has agricultural potential provided indiscriminate 
burning and clearing is controlled. Good soil management is essential for sustainable use of 
this unit.

: Ruvuma
: Mbinga

Bts1 35 - 80 cm. dark red (2.5YR3/6) moist; clay; very friable moist, slightly sticky and 
plastic wet. weak medium and fine subangular blocks; many very fine pores: few coarse and 
fine roots, diffuse smooth boundary to

Ah 0 - 15 cm brown (5YR2 5/1) moist; sandy loam; very friable moist, slightly sticky and 
slightly plastic wet; weak medium and fine subangular blocks, many very fine pores; 
common coarse and many fine roots, clear smooth boundary to

Profile number: KTP-3
Agro-ecol. zone:
Region
District
Map sheet no. 298/3
Coordinates 35° 5' 39.5" E/10° 55' 44.0" S
Location Muungano area (close to a rocky hill)
Elevation . 1368 m asl.Parent material:metamorphic rocks Landform piedmont
plain;Rolling. Slope 15.5 %; straight Surface characteristics Erosion moderate Deposition 
none. Natural drainage class well drained Described by D.N. Kimaro. B M. Msanya. J M 
Wickama and J.L Meliyo on 19/12/95
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Agro-ecol. zone:

7Cr 120

4Cgr 60 - 80 cm very dark grey (5YR3/1) moist ;sandy clay loam; many fine faint diffuse 
7 5YR4/4 brown mottles; sticky and plastic wet;; partly decomposed fibrous materials 
present; clear smooth boundary to

150 cm. dark grey (7.5YR4/6) moist; clay; sticky and plastic wet; partly 
decomposed fibrous materials present

SOIL CLASSIFICATION: FAO legend: Dystric Fluvisol 
USDA-Soil Taxonomy: Aerie Fluvaquent

3Cgr 45 - 60 cm: dark grey (5YR4/1) moist; sandy clay loam; few fine faint diffuse 7.5YR4/6 
strong brown mottles; sticky and plastic wet; few medium and fine roots; fresh and partly 
decomposed fibrous materials present; clear smooth boundary to

2Cg 20 - 45 cm: dark reddish brown (5YR3/2) moist; sandyclay loam, many medium distinct 
clear 7 5YR6/8 reddish yellow mottles; sticky and plastic wet: many medium and fine roots; 
fresh and partly decomposed fibrous materials present; clear smooth boundary to

5Cgr 80 - 100 cm. very dark grey (5YR3/1) moist; clay loam; common medium distinct clear 
7.5YR4/6 strong brown mottles; sticky and plastic wet; partly decomposed fibrous materials 
present, clear smooth boundary to

Soil Very deep, very poorly drained, dark grey to dark reddish brown, stratified, mottled, 
loams and sandy clay loams with thick, dark reddish brown sandy loam topsoils; developed 
on alluvial-colluvium derived from highly weathered mixed metamorphic rocks The mapping 
unit is in a valley bottom

6Cgr 100 - 120 cm: dark grey (7.5YR4/6) moist; sandy clay; few fine faint diffuse 7.5YR4/6 
strong brown mottles, sticky and plastic wet; partly decomposed fibrous materials present; 
gradual smooth boundary to

Profile number. KTP-4 Mapping unit: V 
Region : Ruvuma 
District . Mbinga 
Map sheet no. : 298/3 
Coordinates : 35° 6'46.8" E/10° 5' 32.6" S 
Location River Mbangamao valley about 1km west of village centre Elevation: 1250 m 
asl. Parent material:unconsolidated mixed material.Landform: alluvial/flood plain; flat or 
almost flat. Slope- 1 %; straight Surface characteristics : Outcrops- 2 % Erosion: moderate. 
Deposition none.Natural drainage class: Very poorly drained.Described by B.M Msanya. 
J M Wickama, D.N. Kimaro and J.L. Meliyo on 19/12/95

Apg 0 - 20 cm: dark reddish brown (5YR3/2) moist; sandy clay loam; common medium faint 
clear 5YR5/6 yellowish red mottles; sticky and plastic wet; weak medium and coarse 
subangular blocks; many medium and fine roots; fresh and partly decomposed fibres 
present, gradual smooth boundary to
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Mapping unit: H2Profile number: KTP-5 
Agro-ecol. zone: 
Region 
District

Soil: Very shallow to shallow, excessively drained, dark red, extremely gravelly clays with 
very thin, dark reddish brown, sandy clay loam topsoils; developed on mixed metamorphic 
rocks. In places occur rock outcrops. The soils are very young and limited by depth.

BA 15 - 25 cm: dark reddish brown (5YR3/3) moist; very gravely sandy clay loam; friable 
moist, sticky and plastic wet; weak medium and fine subangular blocks; many fine and very 
fine pores; frequent medium angular fresh quartz fragments; many fine and very fine roots; 
clear smooth boundary to

BC/CB 25 - 90 cm red (2.5YR4/6) dry, dark red (2.5YR3/6) moist; gravelly clay; hard dry, 
friable moist, sticky and plastic wet; weak medium and fine subangular blocks; few medium 
and many fine pores; frequent medium angular fresh quartz fragments; common fine and 
few medium roots

SOIL CLASSIFICATION:
FAO legend: Eutric Leptosol
USDA-Soil Taxonomy: Lithic Ustorthent

Ap 0 - 15 cm dark reddish brown (5YR3/2) moist; sandyclay loam; friable moist, sticky and 
plastic wet, weak medium and fine subangular blocks; many fine and very fine pores, 
frequent large angular fresh quartz fragments; many fine and very fine roots; clear smooth 
boundary to

: Ruvuma
: Mbinga

Map sheet no : 298/3
Coordinates : 35° 6’ 49.0" E/10° 56’ 16.4" S
Location . Muungano area
Elevation : 1380 m asl Parent material: metamorphic rocks Landform: hill; steeply 
dissected. Slope 47 %; straight.Surface characteristics : Outcrops 1 % Stones: 1 % 
Erosion, moderate. Deposition: none. Natural drainage class : somewhat excessively 
drained.Described by B.M. Msanya, J.L. Meliyo, D.N. Kimaro and J.M.Wickama on 19/12/95
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Mapping unit: H1

Ah 0 - 10 cm. dark reddish brown (5YR3/2) moist; very gravelly sandy loam; friablemoist, 
slightly sticky and slightly plastic wet; weak medium and fine subangular blocks; many fine 
and medium pores; frequent large angular fresh quartz fragments; many medium and few 
coarse roots, clear smooth boundary to

AC 10 - 20 cm: dark reddish brown (5YR3/3) moist; very gravelly sandy clay loam; friable 
moist, slightly sticky and plastic wet; weak medium and fine subangular blocks; many fine 
and medium pores; frequent large angular fresh quartz fragments; many medium and few 
coarse roots gradual wavy boundary to

C 20 -35 cm yellowish red (5YR4/6)moist;very gravelly sandy clay loam; friable moist, sticky 
and plastic wet, weak medium and fine subangular blocks; few medium and many fine 
pores; frequent medium angular fresh e and medium roots;

Soil: Moderately shallow, weil to somewhat excessively drained, yellowish red, gravelly 
sandy clays with thin black, gravelly clay loam topsoils; developed on mixed metamorphic 
rocks. In places rock outcrops, boulders, stones and gravel appear at or near the surface. 
The mapping unit has potential for aforestation coupled with other soil conservation 
measures. The soil is limited in depth.

SOIL CLASSIFICATION:
FAO legend: Umbric Leptosol

USDA-Soil Taxonomy: Lithic Ustorthent

Profile number. KTP-6
Agro-ecol. zone:
Region : Ruvuma
District : Mbinga
Map sheet no 298/3
Coordinates 35° 5’ 8.5" E/10° 53' 56.4" S
Location : Msenga area (near the border with Utiri village). Elevation: 1460 m asl. Parent 
material: metamorphic rocks.Landform: hill summit; flat or almost flat.Slope: 1 %, convex 
Surface characteristics Outcrops: 1 % Stones: 10 % Erosiommoderate. Deposition: none. 
Natural drainage class : well drained. Described by D.N. Kimaro, B.M. Msanya, J M. 
Wickama and J.L Meliyo on 20/12/95
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Mappingunit: H3 Agro-ecol. zone:

Bt3 130 - 200 cm: red (10R4/8) dry, red (10R4/8) moist; clay, slightly hard dry, friable moist, 
sticky and plastic wet; moderate medium and fine subangular blocks; continuous thin clay 
cutans; few medium and many very fine pores; frequent small spherical fresh quartz 
fragments; frequent medium spherical soft nodules; coarse and fine roots; many crotovinas 
and high biological activity present.

SOIL CLASSIFICATION: FAO legend: Ferric Acrisol 
USDA-Soil Taxonomy: Typic Kanhaplustult

Ah 0 - 22 cm: very dark brown (10YR2/2) moist; sandy clay loam; friable moist, sticky and 
plastic wet, weak medium and fine subangular blocks; coarse and many medium pores; few 
small spherical soft nodules; many medium and fine roots; many crotovinas present high 
biological activity; clear smooth boundary to

Soil: Very deep, well drained, dark reddish brown to red, clays, with thin dark reddish brown, 
sandy clay loam topsoils; developed on colluvium derived from mixed metamorphic rocks. It 
has good agricultural potential if soil conservation and management are practiced.

Ruvuma 
: Mbinga

Bt1 40 - 80 cm: red (2.5YR2/8) dry, dark red (2.5YR3/6) moist; clay; slightly hard dry, friable 
moist, sticky and plastic wet, moderate medium angular blocks and coarse subangular 
blocks; continuous thin clay cutans; few medium and many fine pores; few medium irregular 
weathered quartz fragments; few medium irregular soft nodules; coarse and medium roots; 
many crotovinas present and high biological activity; diffuse smooth boundary to

Bt2 80 - 130 cm: red (10R4/8) dry, red (10R4/6) moist; clay; slightly hard dry, friable moist, 
sticky and plastic wet; moderate medium and coarse subangular blocks; continuous thin clay 
cutans, few medium and many fine pores, few small spherical fresh granite fragments; few 
medium spherical soft nodules; very fine and coarse roots; many crotovinas present and 
high biological activity present; diffuse smooth boundary to

BA 22 - 40 cm: dark reddish brown (5YR3/4) moist; clay; very friable moist, slightly sticky 
and plastic wet, weak medium and fine subangular blocks; many medium and few coarse 
pores; very few small irregular weathered quartz fragments;few medium irregular 
hardnodules; few medium and many fine roots; many crotovinas and high biological activity 
present, gradual smooth boundary to

Profile number: KTP-7
Region
District
Map sheet no : 298/3
Coordinates 35° 5" 51 O’E/10° 53" 10.3’S
Location . Rudisha-Msenga(Border with 
material, metamorphic rocks. Landform: hill;
characteristics :Stones 2 % Erosion: moderate Deposition: none. Natural drainage class : 
well drained Described by B.M. Msanya, D.N. Kimaro, J.L. Meliyo and J.M Wickama on 
20/12/95

Utiri village)Elevation:1340 m asl. Parent 
hilly. Slope: 42 %; straight Surface
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Appendix 2. Moisture retention characteristics of some selected soils of Kitanda

village.

KTP-1

KTP-2

KTP-3

KTP-7

AWC = available water capacity.

Profile/
Suction (Kpa)

Volumetric moisture content (%)

Surface soil
(0-1 Ocm)

Mid-horizon (45- 
50cm)

Subsoil (95- 
100cm)

0.1 
1.0 
10 
20
30
100
398 
1500 
AWC

0.1 
1.0 
10 
20 
30 
100 
398 
1500 
AWC

0.1 
1.0 
10 
20
30 
100 
398 
1500
AWC

0.1
1.0
10
20
30
100
398 
1500 
AWC

33.0
32.8
32.7
31.4
31.0
27.6
22.3
18.3
14.4

22.5
22.3
22.0
21.2
20.4
19.8
14.6
12.6
9.4

35.0
34.6
34.3
33.0
32.8
31.0
27.3
17.617.0

25.8
25.6
25.5
21.2
21.0
19.5
13.2
12.013.4

36.6
36.5
36.4
36.0
35.8
34.9
29.7
16.120.3

30.8
30.8
30.7
30.1
29.9
29.0
20.9
13.017.6

30.5
29.9
29.4
28.8
28.6
28.1
19.9
14.215.2

21.4
20.8
20.5
19.4
14.7
13.9 
12.0 
9.8
10.4

17.9
17.3
16.8
15.6
10.9
10.5
9.5
6.710.1

31.4
31.3
31.2
30.5
30.4
29.7
20.9
13.417.8

31.8
31.531.4
31.3
31.0
24.8
22.5
13.917.5

39.4
37.5
36.7
36.5
36.0
35.1
25.6
19.0
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Appendix 3. Guide to general evaluation of some chemical and physical properties

Compiled from Baize (1993), EUROCONSULT (1989) and Landon (1991)

1. Organic matter and total nitrogen

Very low Low Medium High Very high

Organic matter % < 1.0 1.0-2.0 2.1-4.2 4.3-6.0 > 6.0

Organic C % < 0.60 0.60-1.25 1.26-2.50 2.51-3.50 > 3.50

Total N % < 0.10 0.10-0.20 0.21-0.50 > 0.50

2. Soil reaction

extremely acid pH < 4.5 neutral pH 6.6 to 7.3

very strongly acid pH 4.5 to 5.0 mildly alkaline pH 7.4 to 7.8

pH 5.1 to 5.5 moderately alkaline pH 7.9 to 8.4strongly acid

pH 5.6 to 6.0 strongly alkalinemedium acid pH 8.5 to 9.0

pH 6.1 to 6.5 very strongly alkalineslightly acid pH > 9.0

3. Available phosphorus

HighLow Mediummg/kg

7-20 > 20< 7Avail. P (Bray-Kurtz I)

5-10 > 10< 5Avail. P (Olsen)

4. Cation exchange capacity (CEC)

HighMedium Very highLowVery lowcmol( + )/kg

25.0-40.06.0-12.0 12.1-25.0 > 40.0< 6.0CEC

CEC is determined using 1M ammonium acetate in soils with pH less than 7.5. In soils with pH greater than 7.5 
CEC is determined using IM sodium acetate.

Available phosphorus is determined by the Bray-Kurtz I method if the pH H2O of the soil is less than 7.0. In soils 
with a pH HjO of more than 7.0 the Olsen method is used.

C/N ratios give an indication of the quality of the organic matter:
C/N 8 - 13 : good quality
C/N 14 - 20: moderate quality
C/N > 20 : poor quality
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5. Exchangeable calcium

cmol( + )/kg Very low Low Medium High Very high

< 2.0 2.0-5.0 5.1-10.0 10.1-20.0 > 20.0

< 0.5 0.5-2.0 2.1-4.0 4.1-6.0 > 6.0

< 0.2 0.2-0.5 0.6-2.5 2.6-5.0 > 5.0

6. Exchangeable magnesium

cmol( + )/kg Low Medium High

< 0.3 0.3-1.0 1.1-3.0 3.1-6.0 > 6.0

< 0.25 0.25-0.75 0.75-2.0 2.1-4.0 > 4.1

< 0.2 0.2-0.5 0.5-1.0 1.1-2.0 > 2.0

7. Exchangeable K

HighLow Medium Very highVery lowcmol( + )/kg

0.41-1.20 1.21-2.00< 0.20 0.20-0.40 > 2.00

0.13-0.25 0.26-0.80 0.81-1.35< 0.13 > 1.35

0.05-0.10 0.11-0.40 0.41-0.70< 0.05 > 0.70

8. Exchangeable sodium

MediumLow HighVery low Very highcmol( + )/kg

The desired saturation level of exchangeable Mg is 10 to 15 percent; for sandy and kaolinitic soils 6 to 8 percent 
Mg saturation is still sufficient.
Ca/Mg ratios of 2 to 4 are favourable.

The desired saturation level of exchangeable K is 2 to 7 percent.
Favourable Mg/K ratios for most crops are in the range of 1 to 4.

Ca
(loamy soils)

Ca 
(kaolinitic and 
sandy soils)

Ca
(clayey soils
rich in 2:1 clays)

Mg
(clayey soils)

Mg
(loamy soils)

Mg
(sandy soils)

Very 
low

Very 
high

K
(clayey soils)

K
(sandy soils)

K
(loamy soils)

Na < 0.10 0.10-0.30 0.31-0.70 0.71-2.00 > 2.00
More important than the absolute level of exchangeable Na is the exchangeable sodium percentage ESP) 
calculated by dividing exchangeable Na by CEC (x 100). ESP values are a measure of the sodicity of the soil.
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9. Soil sodicity

ESP % < 6 6-10 11-15 16-25 26-35 > 35

10. Basic infiltration rate (IR)

IR < 0.1 cm/h extremely slow

IR 0.1-0.3 cm/h very slow

IR 0.3-0.5 cm/h slow

moderately slowIR 0.5-2.0 cm/h

IR 2.0-6.5 cm/h moderate

moderately rapidIR 6.5-12.5 cm/h

rapidIR 2.5-25.0 cm/h

very rapidIR > 25.0 cm/h

11. Available water capacity (AWC)

extremely low< 25 mm/mAWC

very low25-50 mm/mAWC

low50-100 mm/mAWC

medium100-1 50 mm/mAWC

high1 50-200 mm/mAWC

very high> 200 mm/mAWC

ESP < 1 5% up to 50 percent yield reduction of sensitive crops (maize, beans)
ESP 16-25% up to 50 percent yield reduction of semi-tolerant crops (rice, wheat, sorghum, sugarcane)
ESP 35% -up to 50 percent yield reduction of tolerant crops (barley, cotton)

Non- 
sodic

Slightly 
sodic

Moderately 
sodic

Strongly 
sodic

Very 
strongly 
sodic

Extremely 
sodic

Available water capacity is the capacity of the soil to store water that is readily available for uptake by plant 
roots; usually expressed in millimeters of water per metre depth of soils; technically the difference between the 
percentage of soil water at field capacity (normally taken as the water content at pF 2.01 and the percentage 
at wilting point (taken as the water content at pF 4.2). This is applicable for most tropical soils.

Basic infiltration rate is the constant rate at which water enters the (pre-wettedl soil and which develops after 
3 to 5 hours of infiltration.
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12. Aluminium saturation

low medium high very high

< 10 10-30Al saturation % 31-50 51-80 > 80

very 
low

Aluminium saturation as a measure of toxicity is calculated by dividing exchangeable Al by the sum of exchange­
able bases and exchangeable Al.


