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FOREWORD 

The present soil survey is the eighth in series of "Reconnaissance Soil Surveys" with 
multipurpose land evaluation. The survey covers one toposheet (101) at scale 1:100,000. 

The survey area has a substantial variation in annual rainfall with a general increase 
of rainfall northward and eastward away from the area bordering Lake Victoria. The drier 
areas bordering Lake Victoria have only one rainy season viz:- March-May, whereas in the 
wetter areas, the rainfall distribution is bimodal viz:- March-May and August-December 
periods. The variation in rainfall to some extent reflects the land use pattern which varies 
from mainly grazing with crop cultivation in the low rainfall areas to mainly crop cultivation 
with grazing in the high rainfall areas. 

The report shows that the general pattern of the soil resources is mainly determined 
by the physiographic position, the kind of bedrock (parent material) and climate. Most of 
the soils are strongly weathered and are generally acid in nature due to the leaching of the 
bases. They are dominantly low in calcium, potassium and organic matter and hence 
nitrogen. 

Areas with some surface sealing particularly mapping units classified as Luvisols 
encourage runoff and are less resistant to sheet erosion than the more porous soils which 
occupy the major part of the survey area. This makes such areas susceptible to deterioration 
by erosion. Urgent action is therefore required in the relevant areas to prevent further 
deterioration of the land. 

Areas with shallow soils to bedrock or petro-plinthite and low rainfall would require 
early seedbed preparation and planting, use of early maturing and adapted local crop 
varieties to tap the little amount of available moisture stored in the case of arable 
agriculture. 

In hilly and steep areas, planting of trees is recommended. This wi l l form a good 
protective vegetative cover and wi l l at the same time serve as water catchment areas. 

The report gives an ample description of the methods employed and a comprehensive 
accounts of the possible land use alternatives considered for the area. 

The preparation of the report maps is a cooperative effort of some of the staff of 
Kenya Soil Survey. This may already be apparent from the names figuring in some chapters 
(see table of contents) and on appendix 1. 

The cooperation with the service laboratory of the National Agricultural Research 
Laboratories should also be mentioned. Special acknowledgement is due to the then Senior 
Soil Chemist, Mr. J.N. Qureshi and the staff members of the Chemistry Section who 
undertook the analyses of our soil samples. 

Nairobi, February, 1996 
S.M. Wokabi (Dr.) 
Head, Kenya Soil Survey. 
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SUMMARY AND DISCUSSIONS 

The Busia Survey area is situated in the Nyanza and Western provinces of Kenya and 
is bounded by latitudes 0°30'N and 0°00 (equator) and by longitude 34° 30'E and Kenya-
Uganda border in the west. It is approximately 279,800 ha in extent. The area has a 
substantial variation in annual rainfall, ranging from 925 at Port Victoria Catholic Mission 
to 1990 mm at Butula Catholic Mission. It gives a general northward and eastward increase 
of rainfall away from the area bordering Lake Victoria. The drier areas bordering Lake 
Victoria have only one rainy season viz. March-May. In the wetter areas the rainfall 
distribution is bimodal viz. March-May and August to December periods. However, the area 
from Ukwala trading centre towards the northeast of the survey area has no pronounced dry 
period. 

The agro-climatic zones (Fig. 3 and Appendix 2) are mainly based on climatic study 
with some support of a current vegetation survey. The ratio of rainfall to evaporation (r/Eo) 
gives agro-climatic zone and it ranges from 46% to more than 80% in the survey area. It 
places the survey area in four agro-climatic zones viz. I, II, III and IV. Land use varies from 
arable/mixed farming to grazing. It includes areas under crop cultivation only-irrigated rice 
scheme (Bunyala) and Sugarcane estate (Mumias); crop cultivation, with grazing-maize, 
sorghum, millet, cassava, sweet potatoes, beans, vegetables, pulses and bananas (commonly 
grown food crops) sugarcane, poultry, cattle, sheep, goats and pigs; grazing with crop 
cultivation - commonly grown food crops, cotton, sugarcane fruit and livestock; grazing only 
- unimproved grazing on hills (cattle, goats and sheep); and fishing (in lakes) and mat 
making around swampy areas. 

The rocks underlying the survey area are predominantly volcanic and 
sedimentary. The volcanic rocks which include igneous rocks (Samia Hill Series and 
andesites) and intrusive rocks (granites, dolerites and felsites) underlay western, southeastern, 
eastern and north-eastern parts of the survey area. The sedimentary rock (Kavirondo Series) 
include mudstones, conglomerates and sandstones underlay the northwestern and central 
parts of the area. The superficial deposits (alluvium) are mainly in the south from rivers Yala 
and Nzoia. 

The hills with the associated footslopes stand out prominently in the west 
and southwest of the area. The uplands which are volcanic and sedimentary cover over 
three-quarters of the survey area and are characterized by deep incision of the major rivers. 
The other geomorphic units include erosional plains, river terraces and floodplains; and 
bottomlands and swamps. 

There are three main perennial rivers namely Nzoia, Yala and Sio/Suwo with 
their tributaries which form a dendritic drainage network. The principal drainage trend 
follows the general slope to the southwest. Lake Victoria in the southwest, Kanyaboli and 
Nyamboyo in the south together with several ponds and dams, also provide water for 
domestic and animal needs. Several boreholes occur in the southwestern part of the area 
between river Nzoia and the Yala Swamp. 

The general pattern of soils (see Appendix 1) is mainly determined by the 
physiographic position, the kind of bedrock (parent material) and climate. The soils of the 
hills are developed on various igneous and sedimentary rocks. They are dominantly shallow, 
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rocky and or bouldery and stony (Lithosols). 
The footslopes contain soils developed on basic igneous and sedimentary 

rocks (dolerites and conglomerates); and those developed on various intermediate rocks 
(Samia Hill Series). Soils developed on the former geologic materials are deep to very deep, 
rather strongly weathered, dark red to strong brown clay (Nitisols and Acrisols). Those 
developed on the latter geologic materials are shallower with depth ranging from shallow 
to deep and in places rocky and stony (Lithosols, Cambisols, Acrisols and Ferralsols). 

The soils of the uplands are developed on basic and intermediate rocks 
(dolerites and andesites), various intermediate igneous rocks (Samia Hill Series) and granites, 
mudstones and conglomerates (Kavirondo Series). Those developed on various intermediate 
igneous rocks are also shallow to deep, rather strongly weathered, red to dark brown clay 
(Acrisols and Cambisols). The soils on granites are generally shallow to very deep, strongly 
weathered, red to strong brown, sandy clay; in places fairly rocky and bouldery (Ferralsols 
and Acrisols). The mudstone soils are shallow to very deep, rather strongly weathered, red 
to strong brown clay; in places petro-plinthite at the surface (Ferralsols, Acrisols and 
Cambisols). 

The soils on conglomerates are also shallow to very deep rather strongly 
weathered, red to strong brown clay (Nitisols). ' 

The soils of the erosional plains are developed on sandstones and occur 
mainly in the north of the area. They are shallow to deep, rather strongly weathered, dark 
brown, sandy clay loam to clay over petro-plinthite (murram) (Ferralsols, Acrisols and 
Cambisols). The soils of the river terraces, floodplains, minor valleys, bottomlands and 
swamps are developed on alluvium and colluvium from various parent materials. They show 
a wide range of characteristics and include relatively important little weathered and stratified 
alluvial and colluvial soils (Fluvisols and Cambisols) in river terraces, floodplains and minor 
valleys; mottled calcareous and cracking clay soils (Vertisols and Gleysols) in bottomlands 
and saline, sodic mottled and stratified soils (Solonchaks Gleysols and Fluvisols) in the 
swamps. The soil fertility status is generally low. Most soils are slightly acid to very strongly 
acid due to strong weathering. They are leached of bases resulting in a high exchangeable 
acidity (Hp) and a substantial amount of aluminium on the exchange complex. The soils are 
generally low in calcium, potassium, phosphorus and organic matter and hence nitrogen. 

Although there were no infiltration measurement executed, the general 
porosity and physical appearance of most of the examined profile pits indicated the good 
physical conditions of the soils of the area, except in the swamps, bottomlands and parts of 
the minor valleys. Areas with some surface sealing particularly mapping units classified as 
Luvisols encourage runoff and are less resistant to sheet erosion than the more porous soils 
which occupy the major part of the survey area. 

For the land evaluation of the area the following activities/land utilization types were 
considered. 

Sugarcane 
Cabbages and Kales 
Onions 
Tomatoes 
Wet (paddy) rice and upland rice 
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Citrus fruits and guavas 
Cotton 
Groundnut 
Maize 
Sorghum 
Fingermillet 
Cassava 
Beans 
Sunflower 
Robusta Coffee 
Fodder crops (dairy cattle) 
Forestry 
Grazing 
Table 9 and chapter 4.4 - 4.10 give some information relating to major (complex) 

land utilization types under farming systems as elaborated by Achieng' (1986). 
Individual activities/crops instead of complex (major) land utilization types have been 

considered in the land evaluation exercise for the survey area. This was felt wi l l give direct 
evaluation of the various activities in each soil mapping unit per agro-climatic zone in which 
it occurs. The results of land evaluation are 3 (land evaluation keys). A summary of these 
results is given in table 51. 

Sugarcane 
The major limiting land qualities are low availability of moisture due to 

shallow soil depth especially in the hills and footslopes, low availability of nutrients (low 
soil fertility), high susceptibility to erosion particularly in the mudstone and granite areas in 
agro-climatic zones I and II. About 90% is to varying degrees suitable for sugarcane whereas 
the rest of the (approximately 25300 ha) is considered unsuitable under current suitability. 
The moderately suitable area constitutes about 48% of the suitable area. The suitable area 
under potential suitability is approximately 73% of the area. 

Cabbages and Kales 

The major limiting land qualities are low availability of moisture due to 
shallow soil depth, high hazards of flooding especially in the swampy areas. About 86% and 
5% (or about 230,250 ha and 13,770 ha) are considered moderately and marginally suitable 
respectively. Approximately 9% or 22,800 ha is classified as unsuitable. 

Onions 

The major limiting land qualities for this land utilization type are low 
availability of moisture in the hills and high hazards of flooding in the swampy areas. 
Approximately 89% and 2% (or about 237580 ha and 6300 ha) are considered moderately 
and marginally suitable respectively. About 9% or 22,900 ha is classified as unsuitable. 
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Tomatoes 

For this activity, the major limiting land qualities are low availability of moisture due 
to shallow soils in the hills, high susceptibility to erosion mainly in the hills and footslopes; 
the uplands under mudstones especially the brown soils are highly susceptible to erosion; 
low availability of oxygen and high hazards of flooding in river terraces, minor valleys, 
bottomlands and swamps. About 29% and 62% (or about 78,130 ha and 165,790 ha) are 
moderately and marginally suitable respectively. The rest of the land, approximately 9% of 
22,900 ha is classified as unsuitable. 

Wet (paddy) rice 

The major limiting land qualities are low availability of moisture due to 
shallow soils (hills and some parts of the uplands), high sodicity (some areas in the swamp), 
high susceptibility to erosion (Hills, footslopes, most parts of the uplands with slopes > 5 % 
and the upland areas under mudstones), excessive availability of oxygen (Hills, footslopes, 
uplands and plains) and low hazards of flooding (Hills, footslopes, uplands and plains). 
About 25% of the area (or about 66,550 ha) is suitable and 75% (or about 200,270 ha) is 
unsuitable under current suitability. The suitable area include only moderately and 
marginally suitable with the former being about 9% and the latter about 16% of the area. 
When land is improved (potential suitability) about 48% of the land is suitable (or about 
127,670 ha) and the rest about 52% (or about 139,160 ha) is unsuitable. 

Upland Rice 

The major limiting land qualities are low availability of moisture (Hills, 
bottom parts of major valleys, some parts of bottomlands, and swamps), high susceptibility 
to erosion (Hills, footslopes with slopes > 5%, and uplands areas under mudstones as parent 
material and high flooding hazard in the swamps. Approximately 90% of the land is 
suitable (or about 239,900 ha) and the rest about 10% (or about 26,900 ha) is suitable under 
current suitability. When land is improved (potential suitability ) about 98% (or about 
261,600 ha) is suitable and the rest, about 2% (or about 5,200 ha) is unsuitable. 

Citrus and guava 

The major limiting land qualities are low availability of moisture due 
to shallow soils especially in the hills, high flooding hazards in the swamps and problems 
of seedbed preparation and cultivation in the hills, some parts of uplands under basic and 
intermediate igneous rocks, some parts of uplands under granites and shallow soils under 
mudstones. About 91 % (or about 243,900 ha) is suitable and the rest about 9% (or about 
22,900 ha) is unsuitable. Of the suitable land, about 81 % and 10% of the survey area is 
moderately and marginally suitable respectively. 
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Cotton 

For this activity, the major limiting land qualities are low availability of moisture 
especially in hills and some parts of uplands under mudstone parent material mainly in agro-
climatic zones I and II, too much moisture in the swamps, low availability of oxygen and 
high flooding risks in the swamps and bottomlands. 

About 94% of the survey area (about 251,440 ha) is either moderately or marginally 
suitable for cotton under current suitability. Approximately 95% of the survey area (about 
252,000 ha) is either highly, moderately or marginally suitable under potential suitability. 

Groundnut 

The major limiting land qualities are high availability of moisture in some parts of 
uplands with mudstone and granite parent materials, and swamps, low availability of oxygen 
in parts of river terraces and floodplains, bottom parts of minor valleys, bottomlands and 
swamps, high flooding hazards in the swamps. Only 88% of the survey area (about 
234,400 ha) is suitable. This comprises about 6 1 % and 27% of the area which is 
moderately and marginally suitable respectively. 

Maize 

The major limiting land qualities are high flooding hazards in swampy areas, low soil 
fertility which can be corrected through the application of organic and inorganic fertilizers. 
About 92% of the survey area (about 246,670 ha) is suitable under current suitability. This 
consists of about 9 1 % and 1% of the area which is moderately and marginally suitable 
respectively. With.improvements (potential suitability), about 98% of the area becomes 
moderately suitable. The rest of the area, 2% is suitable. 

Sorghum 

The major limiting land quality is high flooding hazard in swampy areas. The hills 
which are too steep to cultivate and have too low moisture holding capacity due to shallow 
soils cannot be considered for this activity. Approximately 9 1 % (about 243,900 ha) is 
suitable under current suitability. After some improvements, about 98% (about 261400 ha) 
is suitable. This includes about 24% and 74% of the area which is highly and moderately 
suitable respectively. . . . • 

Fingermillet 

Like sorghum, the major limiting land quality is high flooding hazard which is 
associated with the swampy areas. About 9 1 % (about 147,800) of the survey area is 
suitable. This comprises about 400 ha and 147,400 ha of highly and moderately suitable 
land respectively. The rest of the area (about 9%) is unsuitable. 
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Cassava 

The major limiting land quality is high flooding hazard in the swampy areas. This 
activity also has about 91 % (about 249,000) of the survey area classified as suitable. Out 
of this, about 900 ha, 199,500 ha and 48,600 ha are classified as highly, moderately and 
marginally suitable respectively. 

Beans 

The major limiting land quality is high flooding hazard in some parts of river terraces, 
bottom parts of minor valleys, bottomlands and swamps. Approximately 90% of the area 
(about 241800 ha) is suitable. The suitable area consists of about 2% (about 5,300 ha), 60% 
(about 160,500 ha) and 28% (about 76,000 ha) of highly, moderately and marginally 
suitable areas respectively. 

Sunflower 
Like beans, the major limiting land quality is high flooding hazard in some parts of 

river terraces, bottom parts of minor valleys, bottomlands and swamps. About 9 1 % 
(243,000 ha) are suitable under current suitability. This includes about 800 ha, 212,000 ha 
and 300,000 ha of highly, moderately and marginally suitable respectively. After 
improvements, about 98% is suitable. The suitable area consists of about 66,000 ha and 
195,300 ha which are highly and moderately suitable respectively. 

Robusta Coffee 

The major limiting land qualities are low availability of oxygen and high flooding 
hazards in parts of river terraces and floodplains, bottom parts of minor valleys, bottomlands 
and swamps. Approximately 91 % (about 242,900 ha) of the area is suitable under current 
suitability. The suitable area consists of about 800 ha, 209,700 ha and 32,400 ha of highly, 
moderately and marginally suitable respectively. After improvements about 98% of the area 
is suitable. The suitable area consists of about 45,700 ha, 215,200 ha and 600 ha of highly, 
moderately and marginally suitable areas respectively. 

Fodder Crops (Dairy Cattle/Farming) - Napier grass and Maize 

The major limiting land quality is high flooding hazard in parts of river terraces and 
floodplains; bottom parts of minor valleys; bottom lands and swamps. The land quality that 
could limit this activity is low availability of moisture due to shallow soils, but then this is 
to a large extent restricted to hills. About 91 % (about 243,900 ha) of the area is suitable. 
This comprises about 800 ha, 242,100 ha and 1,000 ha which are highly, moderately and 
marginally suitable respectively. 
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Forestry 

The major limiting land qualities in the area could be low availability of moisture in 
areas with very shallow soils such as hills, and high flooding hazards in swampy areas. 
Approximately 93% (about 249,200 ha) is suitable. This consists of about 1,100 ha, 199,700 
ha and 48,400 ha of highly, moderately and marginally suitable areas respectively. 

Grazing 

Apart from the swampy and steep hilly areas, the rest of the survey area can be,used 
for general cattle grazing. This is due to the steep slopes in the hills and high flooding 
hazards in the swamps. About 95% (about 252,400 ha) is suitable. This consists of about 
900 ha, 243,100 ha and 8,100 ha of highly, moderately and marginally suitable areas, 
respectively. 

Engineering Works 

A separate "Soil engineering map" (appendix 7) has been prepared by combining 
various soil mapping units into major soil groups with significant differences in engineering 
properties. This map has been prepared in cooperation with the Materials Branch of the 
Ministry of Transport and Communications and is intended for those with interest in the 
engineering properties of the soils. 

Recommended land use 

Selection of the most promising land use alternatives can only be done by planners 
with sufficient socio-economic background information. The current study is largely 
confined to the aspects of natural resources and therefore gives only some general 
recommendations (Fig. 13) 

Small holder rainfed arable/mixed farming at an intermediate level of technology with the 
main activities being sugarcane, maize, robusta coffee and dairy farming. This occupies 
more than half of the survey area in the north-east. 
Small holder rainfed arable/mixed farming at an intermediate level of technology with the 
main activities being maize, sorghum, robusta coffee, cassava, sugarcane, cotton, sunflower 
and grazing (cattle, sheep and goats). This covers Nambungu-Nasianda area in the north
east corner and an area in the South running from east to west. 

Small holder rainfed arable/mixed farming at an intermediate level of technology with the 
main activities being sorghum, cotton, cassava, maize, sunflower, grazing and groundnut. 

Small holder rainfed arable/mixed farming at an intermediate level of technology with the 
main activities being grazing, cotton, cassava and sorghum. 
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Paddy rice cultivation as an irrigated crop at an intermediate level of technology is 
recommended in Soil mapping units VXC1/A, VXC1/AB, VXC1/BC, VXC2/A, BX1/A and 
BXC/A in agro-climatic zones I, II and III. 

Large Scale farming at an advanced level of technology after reclaiming the swamp. For 
rainfed farming, the main crops that can be grown are sorghum, maize, millet, cotton and 
onions. Others include sugarcane, cabbages and kale. Paddy rice would be the most 
promising crop. 

Trees (forest): Areas under hills which are found concentrated in the western part of the 
survey area could be planted with trees to form a good protective vegetative cover while 
at the same time serving as water catchment areas. 

Fishing activities mainly in lakes Victoria, Kanyaboli and Nyamboyo; and in rivers Yala and 
Nzoia. 
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1 THE ENVIRONMENT 

1.1 LOCATION, COMMUNICATION AND POPULATION 

The Busia area is situated in the Western part of the Republic of Kenya and covers 
parts of Siaya District in Nyanza Province and Busia, Kakamega and Bungoma Districts in 
Western Province. The area is bounded by the equator in the south, latitude 0° 30'N in the 
north, longitude 34° 30'E in the east and the Kenya-Uganda border in the west (see fig. 1). 
It comprises about 279,800 ha including lakes, Nyamboyo, Kanyaboli and part of lake 
Victoria which by themselves occupy 12,800 ha. The elevation of the area ranges from 
1140 m (3740 ft) on the shores of Lake Victoria to 15704 m (5150 ft) in the Samia hills. 

Busia town is the administrative centre of Busia District. The district is divided into 
three subdivisions, viz. Nambale, Hakati and Amagoro. The survey area covers the first two 
divisions completely and the last one partly. Siaya is the administrative centre of Siaya 
District which is divided into four divisions, namely Boro, Ukwala, Bondo and Yala. The 
former two divisions are completely covered by the soil survey while the latter form only 
a part of it. Kakamega town is the administrative centre for Kakamega District. This district 
is subdivided into five divisions of which Mumias and Vihiga are the only ones which are 
within the survey area. Bungoma town is the administrative centre for Bungoma District. It 
is subdivided into five divisions, viz. Kabuchai, Kimili l i , Sirisia, Kapsokwonyi and Webuye. 
The survey area includes only a part of Kabuchai division. 

The Kisumu-Busia tarmac road, the principal road linking Kenya and Uganda, crosses 
the survey area. Another main (tarmac) road is the Kisumu-Siaya road. The rest of the roads 
are predominantly all-weather roads. 

In general, roads and tracks give good access (by four-wheel-drive cars) to most parts 
of the survey area. However, there were difficulties in getting into parts of the Yala Swamp 
which is situated in the south-western corner of the survey area, the Kathieno-Tingare area 
north of Ugunja and the Samia-Nzalagobe hills. 

The indigenous tribes of the area are Luos, Tesos and Luhyas. They are engaged in 
small scale farming, fishing along Lake Victoria and small business. Most of the people live 
in small villages. Siaya, Busia, Mumias, Butere and Nambale are inhabited by people of 
different tribes and races who find work mainly in public administration, industry and 
business. 
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