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Abstract

The majority of the population in Uganda dependagniculture for their livelihood, yet
agricultural production is being very strongly atted by land degradation. There is,
therefore, an urgent need for sustainable managérmiethe land resources. Sustainable
management depends on effective decision-makingaaeduirement for this is up-to-
date information on the extent and severity of ddgtion. This study, carried out in
Bubale sub county, Kabale District in the southwesicorner of Uganda, was aimed at
assessing the extent and severity of land degmrawalatithe district, information of which
would be used in decision-making for natural reseumanagement and land use
planning in the district. Soil degradation was istigated using remote sensing and GIS
techniques. Aerial photographs of the years 1954 8990 were interpreted for three
parishes in the sub county, namely, Kashenyi, Ni@ngad Nyamiyaga and a land cover
change analysis was made. Features of soil degi@davere examined on four hill
slopes: Kitumbeezi-Rwenkunguru, Kafunjo, Kabindi Bawamate, representing the East,
West, South and North respectively. The featuresmeed were soil chemical
characteristics and erosion features. The intergtien of the aerial photographs
revealed only the different classes of land covet aot the features of erosion. Erosion
features in Bubale sub county are not very extenaivd could only be observed on the
ground. From the land cover change analysis it whserved that the cultivated area
and that under grassland decreased appreciably eetwl954 and 1990 while that of
settled area and woodlots increased. The cultivared was turned to settlements due to
increased population and to woodlots because ilccgield no more. The grasslands,
which were actually marginal land, were convertecttltivated area due to the demand
for more arable land. Land degradation was obsertede responsible for declining
yields, which was reported to be about half to twiods of what they were during the
1970s. Erosion features were in form of rills, ai@ing scours and sediment fans,
pedestals, collapsed terrace bunds and gullies.
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I ntroduction
Land degradation is a serious problem of worldwiencern today. In Africa in

particular, the combination of widespread land dégtion and rapid population growth
is reducing food production per person in Africausthfueling the region's mounting



external debt and leaving milions of Africans hyngnd physically weakened (Brown
et. al 1990). In Uganda, 80% of the employed househagulaton work in the
agricuttural sector (Populaton Census 1991). Hewevthe current agricultural
practices present some serious land use problerob ss land fragmentation,
overgrazing, deforestation and inappropriate faynsystems all of which have led to
acidification of soils, soil compaction, soill emsiand mass movements, sedimentation,
sitation of water bodies, reduced productivity dods of biological diversity (National
Environment Information Centre (NEIC) 1994). Lanégdhdation is hereby broadly
defned as a declne in the utlty of land for iwas purposes but in particular,
agriculture.

Recent studies in Kabale district confrm that tigh population density in the district
has created intense pressure on the land and ksatiedein soil and vegetation
degradation. Bagoora, (1993) carried out an assessof some causes and effects of
soil erosion and concluded that the soils of thghldmd, most of which are already
degraded, are very prone to erosion. Bagoora aisml fthat one of the major causes of
accelerated erosion was poor soil management. fidetseof soil erosion were decline
in land productivity, food shortage and generallickecin the quality of the human
environment. The work of Tukahirwa, (1996) includeginfal intensity as one of the
factors, which may make Kabale District prone twese erosion. Runoff and soil loss
were found to be significantly infuenced by sugfacover, rainfall intensity and slope
steepness but the effect of cover was more proedutlban that of slope. On the
causes of accelerated soil erosion in the studya, afeukahirwa concluded that
biophysical, socio-economic and institutional fastdorced the land users to promote
accelerated soil erosion. Siriri, (1996) investigatsorghum biomass and grain yields
within a field and concluded that there is a nudiRstraint to crop production on bench
terraces. The upper parts of fields have mostlysiphly soil limitations, notably
saturated hydraulic conductivity, soil depth, clagrcentage coupled with a nitrogen
nutritional constraint and a low organic carbonteon Kakuru, (1993) criticized tree
planting as an ineffective means of erosion coritetause the trees reduce vegetation
cover by the undergrowth. He recommended the useonfour hedgerows for soil
erosion control in the highlands because his iigedisin revealed that hedgerows
substantially reduced water and soil losses asdddments were deposited on the upper
side of the hedgerows.

Uganda’s population in general and, in particubat of Kabale District is growing at a
fast rate (2.50% and 2.17% respectively, accorttinghe 1991 Census) with increasing
pressure on the land. This rapidly increasing @pul has led to intensive cultivation
in a number of areas particularly the southwesg ohthe country’s most agriculturally
productive areas. Deforestation, shortening ofoviall periods and culivation on
unprotected slopes and on contour bunds have latepietion of soil resources and to
accelerated erosion (Overseas Development Adratistr (ODA) 1992). These and
other detrimental effects are further compoundihg tong standing socio-economic
problems of the country (NEIC 1994). It is unlikelyat the pressure on the land wil
lessen. There is, therefore, a need to assess amtbmthe state of land resources for
the purpose of planning their management for sadidily. Sustainable management



depends on effective decision-making, which regquiraccurate and up-to-date
information among others on the extent and sevaitydegradation. Data on land
degradation in the country are hard to come byreltwee the present study attempts to
provide some information on this critical issue. isTigoal pursued through the
development of land use indicators of land deg@datan be used to identfy areas of
concern for environmental management. The ovetajeatve of the study was to

contribute to the assessment of the land degradaioblem in Kabale District for

natural resource management and land use planmitige idistrict.

The study area

Kabale district lies in the southwestern corner Wganda bordering Rwanda. It lies
between latitudes °00’'S and 230'S and longitudes 290’E and 3015E. It covers an
area of 1,827 sq. km of which 92.8% is arable land the rest covered by forests,
grassland, open water and swamps (National EnvntainAction Plan (NEAP) 1994).
The rock system is of the pre-Cambrian era andl @¢haracterized by argilites, phylites,
shales, schists, slates, quarzites, sandstones @amjlomerates. Folding in a
northwesterly direction gave rise to the promingpographical ridges of the district.
The pattern of rainfal is bimodal with the longinga beginning in March and ending in
mid-May and the short rains beginning in Octobed @amding in December. The total
annual rainfall ranges between 720 mm and 1390 There are also frequent mists. The
mean annual minimum and maximum temperatures aB8C@nd 24.4C, respectively.

Kabale is a highland area with alttudes rangiognfrli219 m to 2347 m above sea level.
It is a dissected plateau consisting of long smawhrly flat ridges, 3-6km apart, the
flanks of which are dissected by many minor streanmew hundred metres apart. The
mid-slopes are straight and steep with convex uppargins and concave lower ones
gently sloping to valley bottoms, which are seldeeny wide. There are some broad flat-
bottomed valleys, which are swampy. Very littlediaim on gentle slopes. The central and
western part of the district is dominated Hgplohumultsand Kandiudults according to
USDA Soil Taxonomy (Yostet al 1990). These are fine textured ulisols with riher
temperature and udic moisture regimes. The eagt@rtnof the district is dominated by
the Kandiudults, Sombrihumultand Lithic Dystrochrepts which are medium and fine
textured with isohyperthermic temperature and udaisture regimes. The soils typicaly
form a catena.

According to Langdale-Browret al, (1964), the vegetation of Kabale District then
consisted of forest/savannah mosaic, which was xturmi of forest remnants, incoming
savannah trees and a grass layer dominateBeoyisetum purpureunHowever, today,
except for a few vegetation patches surviving undeatection, the vegetation is largely
human induced (Bagoora 1993). There is papyrusMaschnthidiumsp. in the swamps.

According to the 1991 Population Census, the tptgdulation of the district is 417,218
persons and the average density 246.1 per sq. ken.average for the whole country
Uganda is 85 per sq. km. Only 7% of the people iivéhe main town, Kabale. Of the
93% living in the rural area, 88.5% depend forrthieelihood on subsistence farming.



Land Use, Tenure and Management

The highlands of Kabale District are in principleitable for agricutture due to good

climate, fertie soils, low incidence of disease® agood drainage. This suitabilty for

agricuture has brought about rapid population g¢gnowand increasing pressure on the
land. The crops grown are mainly annual and incledeghum, sweet potatoes, beans,
peas, maize, vegetables, milet and wheat. The perennial crops grown are bananas,
tobacco and pyrethrum. The cash crops are Irislatged, sorghum, wheat, tobacco,
vegetables and pyrethrum. Due to land shortagehan district, continuous cultivation

and/or rotational cultivation is practiced. Aparbrh some big commercial dairy farmers
occupying the reclaimed swamps several househalds ieestock such as goats, cattle,
pigs, poulry and rabbits on a small scale. Thenasi are grazed on communal marginal
areas, on fallow plots and along roadsides. Bexpikg is also practiced. Apart from the
four forest reserves managed by the Forest Depdrtthere are several small privately
owned woodlots scattered over the area. Land tesusech that most of the land, 75%,
is not registered but is held under customary ivawnership whereby the owner by
birth has a right to own the land.

Due to intense population pressure, the land isr-otleed resulting in serious
degradation of the soil and consequently a dedinesoil productivity. Conservation
programmes in the Kabale highlands were startedhbycolonial government in 1941
and by 1949 the programmes reached an advancee siagurpassed anywhere else in
Africa at the time. The foci of the programmes wdweestation of steep slopes and
contour cultivation of strips of about 11.0 to 14rbwide, separated by bunds or strips.
These conservation measures were enforced threggiation and the people were not
educated about their role. However, after indepaselein 1962, the conservation
measures were abandoned whie population pressurtheo land continued to build up
(Bagoora 1993).

Bubale Sub County

Administratively, Kabale District consists of fowounties: Rubanda, Ndorwa, Rukiga
and Kabale municipality. There are 19 sub courdiesvhich Bubale in Rubanda is one.

Bubale sub county was chosen for this study bec#usewel covered by recent aerial

photography. In terms of representativeness, it $wadar geology, relief, soils, climate,

vegetation, population and land use and managechamicteristics as the greater part of
the district. Fig. 1 shows the location of the stdunty in the district and that of the

district in the country.

M ethodology
Collection of background information and secondaaya

Background information were collected through aochmal survey by studying existing
Iterature and research reports and holding digmsswvith people knowledgeable about



the study area and topic under study. In additiothis, topographic and thematic maps
of the district as well as the aerial photograpbsedng the study area were acquired.

Please insert Fig. 1 and remove Figure caption fiiden



Fig. 1. Study area

Interpretation of remotely sensed data

Aerial photographs were interpreted for an overvewhe land cover and use of the area
and any signs of degradation. The photographs wevered with transparent sheets on
which the boundaries of the main units were tracBao sets of panchromatic aerial

photographs, of June 1954 (scale 1:50,000) andamdady 1991 (scale 1:25,000) were
interpreted stereoscopicaly. The two sets wererpneted for the purpose of comparing
their delineated features in order to find out amanges in land cover, which could

indicate degradation of the land. For a more detabtudy, the aerial photograph
interpretation was carried out for 3 of the 7 pess Nyamiyaga, Kashenyi and Nangara
which were found to be representative for the salinty as a whole in terms of

population, land use and cover, soils and slopes.

Preparation of a slope steepness map

A slope steepness map for use together with th@&l gamotographs during the field
survey, was made by digtising the contours ofgbb county from the topographic maps
using the ILWIS software. A digtal elevation modelas then constructed by
interpolating the rasterized contours and theneslgpeepness was calculated using the
standard function slope in the Map Calculaton oy (International Institute for
Aerospace Survey and Earth Sciences (ITC) 1992).

Preparation of Data Sheet and Checklist
A Data Sheet was designed and a checklist to b& asea guideline during discussions
with the residents of the area was made.

Field survey
The field survey was conducted in two phases: emtation and a sampling phase.

Orientation phase

A reconnaissance trip around the sub county wasertalen with the purpose of

checking the accuracy of the interpretation of #legial photographs, of selecting the hil
slopes for sampling, and identifying erosion fezguiand remnants of natural vegetation
types. The delineated boundaries on the aeriabgiath interpretation were checked on
the ground.

Four hil slopes in the study area were selectecsaamples sites. These were an East,
West, South and North-facing slope, respectivelpp@ndix 1). After deciding that
aspect would be a first stratification in sampke Selection, several hils were randomly
picked from the topographic maps and the appreprepect chosen. Only those hil
slopes, however, which were accessible were fina#jected for sampling. A brief
description of the characteristic features of thar fill slopes is as follows:
1. Kitumbeezi — Rwenkunguru hil slope; East-facingangect; a short hil.
Kitumbeezi ends in a saddle onto which a much lomge Rwenkunguru rises.



Each hil was considered separately because theateovery different. The saddle
was taken as the valey bottom of Rwenkunguru Hikumbeezi is a steep
cutivated hil with poor sandy clay loam sois, tgpically degraded marginal
slope. Rwenkunguru is a gentler slope with deep clgey soils, intensively
cultivated but exhausted.

Kafunjo hil slope, West-facing; a steep hil witleep red clayey sois, not
erodible and fairly productive.

Kabindi hil slope, North-facing; a long gentlel klope with both good and poor
soils, which are also intensively cultivated.

Rwamate hil slope, South-facing; has both good aadr sois, which are
intensively cultivated.

Sampling phase

For each of the hil slopes, a transect was folibwstarting from the drainage line in the
valey and going up slope to the hilcrest (Morge®86; Bagoora 1990). The hil slope
was divided into sampling areas according to slefeenents. Each slope form (element)
was considered as a sampling area. The sampliagveasls within 25 m from each side of
the transect. Viewing the hil slope from an opgosine aided in identifying the different
slope elements. These were the valey, the lovmyesimiddle slope (concave, uniform
or straight), convex upper slope and the hilcréstsummary of all the records taken in
each sampling area is as follows:

1.

2.

Measurement of slope angle: This was done usindgnameter every 10 m in
each sampling area and the average taken.

Soil profie description: This was done accordiogthe FAO guidelines (1977).
Soil samples were colected from each horizon, daied and taken to the
laboratory for further analysis.

Erosion features inventory: Erosion features welentiied and for the rils and
gulies their width and depth measured. The peagentof the area affected was
estimated in 10 quadrats of 2 x 10 m for sheet rdnerosion. Other features of
erosion such as exposed subsoil and bedrock wésd two.

Vegetation cover estimation: The aerial vegetatoover of the ground in
percentage was estimated in 10 quadrats of 1 sgstbuted randomly within
the sampling area. A 1 sg m wooden frame was used #the vegetation in the
area is predominantly herbaceous. A visual estimatif the percent vegetation
cover was made, assisted by a reference charrgderom a chart in the Munsell
Soil Colour Charts for estimating proportions of tifes and fragments
(Anonymous 1962). The appearance or status of digetation was also recorded
in terms of leaf colour and vigour using a systeihtlassification made from the
field observations. Plants that were consideredihieyresidents of the area to be
indicator species for the soils fertiity statusene identified. The species that
could not be identfied were collected, dried imnpl presses and taken to the
Herbarium of Makerere University Botany Departmént identification.

Description of land use: The main land use actiwitythe sampling areas was
directly observed and described.

Description of representative field plots: One esentative field plot (terrace
plot) in the sampling area was selected and dividexd2 or 3 sections according



to the appearance of the crop on it whether gaaidof poor. These sections were
often the lower, middle and upper terrace, resmdgti Augering was done in
each section to find out the depth of the topdtie differences in appearance of
the crops in each section were described and ta geople asked how the crop
looked lke 30 or more years ago.

7. Assessment of conservation activities: Any soil avater conservation measures
being undertaken in the sampling area were desciyel assessed according to
their effectiveness.

Discussions with local farmers

Structured open-ended discussions with a checkése informally held with any owners

of fields who happened to be present at the sanpiies. Five key informants were also
interviewed. These were a chairman of the Natidi@imers Association of the district,

the Chief Town Planner, an elderly woman and twaer§l men who had lved all their

ife in the study area. Discussions were also kel a local women's group and two

groups of seven and ten men each. The major tgpickscussion were on the history of
the land use of the area, the level of land managerind other relevant issues, which
could not be observed directly.

Laboratory soil analysis

Physical and chemical characteristics of the swilpdes were analysed at the Department
of Soil Science, Makerere University. The analtpeocedures used were according to
Okaleboet al., (1993). The parameters analysed were: texturdndyydrometer method;
pH (1:2.5) in a soikwater suspension; organic earlising a sulphuric acid and aqueous
potassium dichromate mixture; exchangeable baseg asimonium acetate; phosphorus
using Bray 1 and total nitrogen using Kjeldahl's timoel.

Aerial photograph interpretation

A systematic interpretation of the aerial photogsapvas carried out, based on the final
mapping units identified during the field surveyheT aerial photograph interpretations
were then geometrically corrected by a monoplottmgcedure available in ILWIS
software. Two land cover base maps were then madedbon the 1954 and 1990 aerial
photographs. These maps were overlaid using ILWi& the extent and distribution of
the different land cover categories were companeal land cover change analysis.

Annual Reports of the District Agricultural Office
Annual reports of up to three decades ago were amdpwith current reports to find out
any changes in land use and yields of crops.

RESULTS AND DISCISSION

Land cover and land use survey

Apart from several scattered woodlots, a few commp@zing areas and settled areas, the
whole land area in Bubale sub county is cultivat€dere has been swamp reclamation
and an increase in land use intensity for more thiely years.



Aerial photograph interpretation

Six classes of land cover were obtained from therpgretation of the 1954 photographs
and eight from the 1990 photographs for the thraeskes of Kashenyi, Nangara and
Nyamiyaga. The seventh and eight classes of langrciom the 1990 photographs
result from the reclamation of part of the swampvshon the 1954 photographs. During
the interpretation of the old aerial photos theotpphic map was used as additional
information. Table 1 below shows the differentIfilsaad cover classes and their areas for
the two periods. Figs. 2 and 3 are maps of lancrc@r the two periods, namely 1954
and 1990. Alhough the two groups of photographgsewef different scales it was
imperative to apply the same classification to tHema change analysis to be possible.
But even then, the classes obtained were the owg that could be distinguished.

Table 1. Land cover classes for 1954 and 1990 from aerial photograph
interpretation.
1954 1990
Field observations according to 1990 % of Total % of Total
Land cover Class photographs Area (ha) area Area (ha) area
Cultivated area Fields with hardly any trees |or 2280 63.2 1557 43.3
homesteads, on crests and gentle slopes
Grassland Permanent grazing areas and fields ynder301 8.3 115 3.2
fallow for several years due to soil
exhaustion, on uniform and upper slop@s
Bush land Heavily felled woodlots abandoned|to 20 0.6 40 11
bush, on whole slopes with poor soils
Settled area Scattered homesteads surrounded by583 16.2 1285 35.7
fields and tiny woodlots, on valley and
middle slopes
Swamp-unreclaimed| Papyrus swamp in broad valleys 337 9.3 88 25
Woodlot Scattered small clumps of trees |of 88 24 297 8.3
Eucalyptus and Black wattle on steep
slopes
Managed pasture Extensive dairy farms 0.0 69 19
Swamp cultivation Cultivated fields in reclaimed awmp 0 0.0 147 4.1

From Table 1, it can be observed that the greatestease among the classes of land
cover between 1954 and 1990 was for the grasslavidsh was a decrease of 61.79%.
According to the people, over the years most of dhesslands have been turned to
cultivated land and the rest to woodlots. These theelands, which were originally left

uncultivated because they were not considered ptwelu The other significant decrease
was that of culiivated area, which decreased by%lbetween 1954 and 1990. This
reduction of the area under cultivation is agaigpectation but since by 1954 all the
land in the study area had been put to cultivataready, the decrease in cultivated area



Fig. 2. Land cover of Kashenyi, Nangara and Nyamiyaga in 1954

Fig. 3. Land cover of Kashenyi, Nangara and Nyamiyaga in 1990
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Fig. 4. Land cover change for Kashenyi, Nangara and Nyamiyaga 1954-1990.

was because the settled areas and woodlots indresisés expense. Considering the
decrease in culivated area, however, the settied, avhich simultaneously increased,
also includes cultivated area and, therefore, itngg certain that the cultivated area
actually significantly decreased. An investigatianto the change in acreage per
landholding would give a better indication of angctbase in cultivated area. Between
1954 and 1990 the settled area increased by 12@mtPdthe woodlots by 237.5%. The
cultivated land was turned to settlements, woodintggrassland. When cultivated area is
turned into grassland in a densely settled areh sgc Kabale, it is an indicator of
degradation, mainly in the form of sol exhaustiofhe land which was planted with
woodlots could no longer generate returns withghme value as the original trees could.
The total area of cultivated and settled land @54l is more than that for 1990 by 21 ha
which is resultihng from a change of cultivated ateagrasslands or woodlots implying
that its productivity had declned. Whie the ealfted land on the hil slopes was
decreasing, swamp reclamation was making availabe ha of cultivable land. The area
under bush land increased by 100% because morehtthdy 1990 been abandoned to
bush as it was no longer good enough for cultivatio

Fig. 4 is the land cover map resulting from therlayeof the 1954 and 1990 land cover

maps. Almost half of the total area of the threaspas showed no changes, mainly in the

cultivated areas, folowed by settled areas. Thgommahanges in land cover were as

follows:

— from cultivated to settled areas, due to the irsinga population;

— from cultivated areas to woodlots, due to a dedin¢éhe soil's productivity;

— from grassland to cultivation, the grasslands ralgi considered not suitable enough
for crop production were now cultivated due to achér more arable land;
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— swamp reclamation for cultivation but because gh hacidity later turned to dairy
farms.

The aerial photographs gave a useful overview ef limd cover and use of the study

area. However, for an area such as Bubale sub yceumth is predominantly under

indigenous subsistence farming, the degraded plotdd not be distinguished on the

aerial photographs because they are scatterech Mlitei area among other fields which

may not be degraded.

Current land use practices

As aforesaid, the inhabitants settled mainly on kheer valey slopes and cultivated
mainly the incised valeys and lower slopes. Ggazmok place on the hilcrests before
1920. Thereatfter, the population started increasamgdly mainly due to better control of
diseases and an influx of immigrants from neighbguRwanda. Soil erosion control
measures were devised, introduced and enforcedhdycolonial government. Due to
shortage of cultivable land, the Government staresetting people in the neighbouring
districts of Rukungiri, Bushenyi and Kabarole. By t1960s, government had instituted
swamp reclamation for cultivaton. This was shwdd as soil conservation was
abandoned due to lack of wil on part of the newniadtrators to continue overseeing
the practice of the soil conservation measuress Bd to continuous culivation on the
hil slopes and swamp reclamation in the valleys.

Cultivation in the swamps and V-shaped valledsthe accessible wetlands have been
drained for agricultural use. The wetlands as wsl the V-shaped valleys are highly
productive and are continuously replenished by diépas from upslope. The valeys,

however, are occasionaly centres of guly erosemd deposition, which is quite

destructive to the gardens.

Cultivation on the hills Because of shortage of land, crops are plantetinaously in
rotation with fallow for one season only when tlamdl is completely exhausted. Only
those with plenty of land can afford to fallow lapédriodically.

SettlementsThese are generaly concentrated on the lowgreslmof the steep hils and
upslope on the gently sloping hils. Recently peoate shifting from the more productive
lower slopes to settle on the up slopes so adite uthe lower slopes for agriculture.

Woodlots Black wattle trees were planted originally alotige contour stripes on the
uncultivated hillsides. This practice appeared metdable for soil conservation than
block planting on the steep slopes. The inhabitareise encouraged to plant trees by free
distribution of seed and plants. The wattle wasarce of revenue. Today, the woodlots
are usualy planted on the uniform slopes, whictehast fertiity because of topsoil loss
and consist mainly oEucalyptus which matures earlier than other trees althoagh i
wood is of inferior quality.Eucalyptusflourishes on degraded sois and is a source of
revenue in form of wood fuel and timber. Howevehew mature, unlike other tree types,
there is no undergrowth so that runoff through wWeodlots damages fields down slope
from them. It also removes a lot of moisture frdma soil so that there is not enough left
for any crop growing in its vicinity.
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Grazing It is traditional and on a small scale due tortslge of grazing lands as a result
of conversion to cultivation. These grazing landsyever, are heavily grazed leaving the
grass 1-3 cm in height and with scanty stunted sherb

Decline in crop yields

According to the residents of the area, crop yiblge declined by a half to two thirds of
what they were during the 1970s. Estimates ofsg/gldtonnes per hectare recorded in the
district's Annual Reports obtained from the Deparitnof Agriculture in Kabale District,
however, do not refiect a simiar decline in yield$ey actualy show increasing yields.
This is contrary to peoples’ information. This ebwither be due to misinformation from
the farmers or improper collection of data for th#er years. The latter seems most
ikely because unlke the situation several decaalgs when the chiefs moved through
the vilages to estimate acreages and yields p&ingly, in recent times, data collection
is the responsibiity of poorly remunerated extamsiworkers who, make rough and
inadequate estimates.

According to the Annual Reports, poor agricutu@bduction has previously mainly
been caused by heavy rainfal, in some periodsingadisods (Annual Report, 1962),
and fungal diseases (Annual Report 1978). The madblem, according to the most
recent Annual Report, (1994), is perceived to bdegeneration of soil fertiity, which is
likely to affect agricultural productvity in theoming years. In many different ways, the
residents of the area gave indications of the réedi crop yields. Table 2 gives a few of
the expressions of the extent of the decline.

Table 2. Selected expressions of decline in crop yields.

Rate of
Place Condition in the 1970s Condition in the 1990s decline
Kabindi hill slope a) 1 mound (1.5x0.75m) would Same mound yields 1/3 of | 1/3
yield 1 basket of sweet same basket
potatoes
b) I plot would yield 5 sacks off Same plot yields only 1 sagkl/5
sorghum
Bubale hill slopes a) 1 mounds’ yield of sweet 2 such mounds required to| 1/2
potatoes produce the same yield
b) 1 plotwould yield on Same plot yields 50 kg 1/3
average 150kg of sorghum
c) Size of sorghumheads 1/2 to 1/3 of same size of | 1/2 - 1/3
heads
Rwamate hill slope 1 plot 15 x 20m would yield 3 | Same plot yields only one | 1/3
baskets of peas basket

The present situation is that luxuriant and higbldyig crop plants are found in the
valleys and lower slopes as expected. On theldylles, these crop plants are found only
on the first 2 to 6 m upslope of the terrace jastt o the bund.
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The primary cause of decline in yields, accordingthe people, is soil exhaustion as a
result of continuous cultivation without fallow. hsecondary cause is loss of nutrients
through soil erosion. The respondents admitted tiat soils of the area are inherently
fertle and a falow of 3 to 5 years would be sifit to restore the fertiity to what it

was 30 to 40 years ago. However, with the pregadigricuttural practices after such a
fallow period, the yields are usually higher foe tirst few seasons only. Fallowing for

long periods is also not usualy done because mbelmated plots would be overgrazed
leading to soil erosion, compaction and terracedbaoalapsing. One parish, Bwindi, in

the sub county was found to have highly producsisés compared to the other parishes.
According to the people, this parish is not overgatpd, there is stil plenty of land for

the residents and therefore fields are put undewfamore frequently.

Slopes and soil survey

Slope map and classification

The map of slope steepness made is shown as Fihe5Sprelminary classification of the
slopes was according to the FAO (1993) class#ioatiwhich is geared towards
agricutural use. Fig. 6 shows the percentage aressred by the different slope classes
as obtained from the map of slope steepness. Hmsnfigure it can be seen that half of
the area in Bubale sub county is on slopes 22%ahode. This indicates that the soils of
the area are highly fragile and susceptible to atkgion when opened up in the absence
of proper conservation measures.

Fig. 5. Slope steepness in Bubale sub county
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Relative Proportions of the Different Slope classes
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Fig. 6. Relative Proportions of the different slope classes
Publisher: Please remove title on Figure.
Soll profile investigation and soil analysis
Weathering stateMost of the profiles had soils mixed with murrgmavels for the 4 hil
slopes except the pediment slopes where they weked mwith chalk-lke soft
sedimentary rocks. The sois are stil in the psscef weathering. According to Booker,
(1991), the presence of weatherable minerals wiid cm deep is a condition favouring
high soil fertity. There are also several murraotk outcrops on the upper slopes of
Kabindi and Rwenkunguru hill slopes.
Texture Table 3 below shows a summary of the generalir@xtharacteristics of the hill
slopes surveyed. According to Evans (cited in Mor$@86), soils with a restricted clay
fraction are most susceptible to erosion. AccordmgVorgan (1986), the least resistant
particles are sits and fine sands so that soils aihigh sit content are erodible. Based
on the above, it can be concluded that the soisKdéumbeezi hil slope would be
erodible due to the high sit content with the dhiltg increasing down slope,
considering the decrease in clay content down sld@vever, the decrease in clay
content down slope could be due to selective erosiothe sand particles from up to
down slope, leaving the clay particles behind. idiigezi hil slope exhibited the most
severe form of riling and sheetwash especiallythenuniform and lower valley slopes.

Table 3. General Textural Characteristics of the Hillslopes Surveyed

Hill slope Dominant Textural Clasg Textural Changémg the Hill slope

Kitumbeezi Sandy clay loams High silt content. Claontent decreases significantly doywn
slope, from 30% to 10%

Rwenkunguru Sandy clay to clay High clay conter, to 43%. Almost no difference in the
composition of the fractions along the slope

Kafunjo Loamy clay Clay content increases sigaifity down slope, from 10% tp
42%

Kabindi Sandy loams Clay content increases slightly down slope, on ager25%,

Rwamate Sandy loams sand fraction 50%.

The sandy clay loam on these slopes is erodible tedslope steepness faciltates their
erosion.
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The sois of Kafunjo, on the other hand, are exabdb have a decrease in erodibilty
downslope, which would be expected from the cooedipg increase in clay content.
On the ground, these soils did not show any sifrseere erosion, and, according to the
people, these sois have a very high infitratieapacity, which reduces the severity of
erosion. These sois are red in colour, indicangsignificant quantity of iron oxide
minerals, which improves their stability. The loarolay texture of these sois makes
them resistant to erosion even on the steep unislopes and they are stil yielding
fairly wel. Rwenkunguru hil slope, however, alsuth deep red clayey sois, with the
clay increasing down the profle to depths greatlemn 150 cm exhibited severe
sheetwash. The sheetwash was represented by gmreddsding up to 3 cm in height
above the soil surface. These soils, as obsereed their vegetation cover are exhausted
and this probably explains their lack of resistatmeerosion. The sois of Kabindi and
Rwamate hil slopes were found to contain less elag more sand. These sois showed
signs of sheetwash erosion coupled with exhaustion.

pH: The sois of the studied slopes vary in their pklues, ranging from moderately to
strongly acid. The soils in the reclaimed swampsewacidic (up to pH 4.2) but this did
not affect their productivity. On the hil slopelsetsoils with low pH values happened to
be the exhausted soils of the study area. The Hwpmbably restricts the availabilty of
nutrients such as phosphorus to the plants. Orottier hand, the relatively high yielding
soils of the lower (pediment) slopes had higher yatiies between 5.2 and 5.8 but this
could be due to the fact that these are sites pbsk®n. The grazing lands were also
found to have high pH values as wel as the otbetief areas such as Bwindi parish
mentioned earlier as the area stil highly prodactiHowever pH is only one of other
factors, which influence the productivity of theilso

Organic matter content of the topsdilrganic matter content was found to be highest in
the valeys for all the hil slopes exepct Rwamal&e high contents of organic matter
explain the high productivity of the valeys. Rwaenavaley would probably have
exhibited a simiar phenomenon hadn't it been fw fact that a guly from upslope had
just washed the topsoils away. It was also fourdtlmat generally the uniform slopes had
relatively low organic matter contents as wel &ssé areas, which had been under
continuous culivation without falow. Both theseeas are sites of sheetwash erosion,
which is enhanced by, soil nutrient exhaustion ted erosion further compounds the loss
of the nutrients. The steep uniform slope of Kafuhjl slope with the fairly stable clay
loam soils also showed a relatively high organidtenacontent. The grazed lands as well
as the plots being fertiised by plant and animalhure also showed high contents of
organic matter, this was expected.

Nitrogen contentDespite the generaly low organic matter conterthe cultivated soils
of Bubale sub county the percent nitrogen contdstaiced from the soil laboratory
analysis was generaly moderate to high accoraingtandards by Okalebo and Gathua,
(1993). The fact that the yields are generaly oy be due to other factors such as low
pH and low organic matter content. However, jusé lwith organic matter content,
nitrogen contents were relatively higher in theleyal and in the grazing lands and low
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on the steep slopes and the cultivated areas, wdhichved signs of exhaustion and
erosion.

Phosphorus and Exchangeable bas@&e amounts of phosphorus and exchangeable
bases were generaly highest in the valleys. PlovepHevels were low on the pediments
and uniform slopes but high on the convex uppepesioand crests. The high amounts on
these upper areas were because of grazing anderiffenanagement practices such as
manuring. The levels of the exchangeable bases fwerel to be generaly higher in the
valeys and on the lower slopes than on the upppes and crests.

Generaly, it was observed that there are majoffereliices between the soil
characteristics of the productive and of the pogiiding (degraded) sites. Notable
characteristics were pH, available phosphorus, nerganatter, nitrogen and total bases,
whose levels were generaly higher for the prodecsois than for the degraded soils.
The grazed lands as wel as those under fallowbiedhi simiar soil characteristics as
those for the soils on the productive sites.

Soil Erosion

The different forms of erosion occurring in Bubaab county are rill, sheetwash, guly
erosion and landslides.

Rill erosion (Plate 1): Rills are small channels or rivuletshia fields in which the water

concentrates after eroding the soil. Ril erosienimportant not only because of the
material eroded from the ril ttself, but also besa 80 to 85% of the interil (area
between the rils) sediments are transported e before leaving a plot or feld

(Kooiman 1987). Ril is one of the main ways thioughich soil is lost in Bubale sub

county. It occurs during the rainy season, at & tmhen the plots are recently ploughed,
sowed and vegetation cover is at its lowest (Bagd®90). However, a few weeks later,
during weeding, the rils are obliterated as thé isdevelled out and all evidence of this
form of soil erosion is lost. Fig. 6 shows the sigveof riling on the surveyed hil slopes

as observed during the field study. The severityilofy is represented by codes for a
classification made after the field survey using tield observations and is shown in
Table 4 below:

Table 4. Coding for severity of Rill Erosion

Code Class name Observations in a (2x10) m quadrat % of area affected
1 Not apparent no evidence ofril

2 Slight rill micro rills average width 6 cm, avgmdepth 2cm| < 20

3 Moderate micro rills width up to 20 cm, depthtopl0 cm 20 - 60

4 Severe micro rills width up to 60 cm, depth u@acm 60 — 80

5 Very severe macro rills width > 60 cm, depth >a&0 > 80

The occurrence for ril was observed to be greaterthe pediment and uniform slopes
than on the convex upper slopes (Fig. 6). Thixjeeted because, according to Morgan,
(1986), rils are initiated at a critical distand®wnslope where overland fow becomes
channelled.
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Rwenkunguru and Kafunjo hil slopes were generalgderately riled (Code 3) whie

Kitumbeezi and Rwamate hil slopes were very séwaiked (Code 5). The former hil

slopes have, as previously mentioned mainly clesglg, which could probably not be as
prone to ril as the sandy clay loams of the lattew hil slopes. The most severely riled
slope was Kitumbeez, East-facing, whose pedimemt#porm and convex upper were
classified as 5, 5 and 3, respectively. The maiisoirr some of the field plots could not
be easily oblterated by culivation. Kabindi Hllope, South-facing, exhibited no ril at
al. This could not be explained.

The last two classes of slope angles, namely 46-868b >56% contained only the hil

slopes shown in the figure, namely Kitumbeez, K@afuand Rwamate for the former

class and Kafunjo and Rwamate for the latter. Faunbeezi and Rwamate hil slopes

ril was observed on the steepest slopes as wauldxpected. The runoff through the rills
deposits its sediment on the lower ends of thd f@bts and where terrace bunds have
collapsed, the runoff continues downslope and egans momentum. In many cases the
terrace bunds have been cultivated up to their =@gel the runoff and sediment seeps
through to the fields below. In cases of sevetesuth terrace bunds as wel as the
colapsed areas become centres of water coleatibich forms gulies. The use of small

mounds for planting sweet potato vines insteadong Icontinuous ridges across the field
encourages a lot of ril as the volume of runofiré@ses between the mounds.

Sheet erosion (sheetwasfiPlate 2): This is the washing of surface soildwerland flow
from arable land without concentration in rilskgal Because of the shalow water
depths and obstacles in form of vegetaton andestothe surface of a hilside after a
rainstorm displays sheet erosion as a pattern tefnating scours and sediment fans
(Morgan 1986). Sheetwash is another important waywhich soil is lost in Bubale
county. In the study area, the alternating scouads sediment fans were observed and the
percentage area affected was estimated and recofdéé 5 below describes the codes
used to indicate severity classes. The classiitatvas made after the fieldwork using
the field observations.

Table 5. Coding for severity of Sheet Erosion

Code Class name Observations in a (2x10)m quadrat of &ea affected
1 Not apparent No evidence of sheetwash
2 Slight alternating scours and sediment fansfewaplaces| < 20
and <1 cm deep
3 Moderate alternating scours and sediment fansctaffi| 20 — 60
significant area, <2 cm deep
4 Severe alternating scours and sediment fans up dm| > 60
deep
5 Very severe Plant materials lying down facing delope;| 100
bathed stones

Gully erosion (Plates 3 & 4): According to Hudson (1981) a gudya steep-sided
eroding watercourse, which is subject to internittéash floods. A gully is relatively
permanent and experiences ephemeral flows duringtoams (Morgan 1986) and is not
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ploughable. Gulies were found to be a common feaand several of them were quite

extensive in the study area. They are caused mhaplyainwater accumulating in the

subsurface of sois of the cultivated upper slopgkich are devoid of tree and shrub

vegetation. The starting point is usualy a colabgerrace bund. The water accumulates
beyond the water holding capacity of the subsod @ then released suddenly and
gushes downslope destroying gardens in its patmyNdalies are brought about by road

culerts and rainwater accumulatng on the roadsapes through the culerts in

guantties forceful enough to form gulies. SucHiegu are more extensive than those
originating from cultivated upper slopes, two oédh measured (depth x width) 4.6 m x
11.9 m (largest part) and 3.3 m x 0.7 m (smalest) for one from Kagarama road at

Kitagernda and 3.0 m x 2.0 m (on average) for tmeroguly on the same road but at
Muhambo, Kagarama parish. Two of those originafiogn the cultivated upper slopes

were on Kitumbeez hil slope (Bubale parish), neiag 1.7 m x 2.3 m (largest part)

and 0.7 m x 0.4 m (smalest part), and the otheKafunjo hil slope measuring 0.8 m x

0.3 m. Apart from roads, cattle tracks may alsockstres for water collection that forms

gulies. Most of the gulies are found in the shgpincised depressions between hil spurs
(upslope valleys) and almost every upslope valley B gully. The gulies are more in

number and extent in Nangara and Bwindi parishaa th other parishes because these
two parishes have very steep slopes up to 75% lendugper slopes and crests from
which the gulies originate are culivated. Becausfe the destruction caused by the

floodwater during rainstorms the people have nowstacted permanent trenches in the
upslope valeys for soil and water conservation.

In many gulies, rainwater flows only during exteermainstorm events and during such
storms the gulies are enlarged or even new oremtemd. Such storm events are said by
the people to occur once in every 4-5 years. 1985 wne such year in which several
extensive and highly destructive gulies were @@atOne such guly completely washed
away a field plot leaving only the subsoil whileotiver carried away a cow, 2 goats and 3
field plots, with sorghum ready for harvest (meiagua total of 539 sg m). Apart from
destroying vegetation and gardens along their pafifies deposit coluvium, rocks,
boulders and sediment downstream and the areasanf ldeposition are destroyed as
well, especialy gardens. In the valeys the sedlime loaded gully waters spread around
and deposit an even layer of the lighter sit. Sualeys are, therefore rather enriched.
But even though the impact of gulies is high whewey occur, the area affected is small
and it is not yet a major problem. Proper drainelggnnels constructed for runoff on the
roads would reduce the formation of the more extengulies.
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Landslides A landslide is a form of mass movement wherebysad mass slides
downslope suddenly. Very few landslides have oedurso far in Bubale sub county;
only 2 were identified, one in Nangara parish, onagea planted witltucalyptus and a
more recent one on Mushunga hil slope in Bwindiisba measuring approximately 3 m
wide by 30 m downslope. These landsldes were aot extensive, covering an area of
only about 600 sq m. These two parishes, NangataBauindi, are characterized by very
steep slopes, steeper than most of the rest adulbecounty. In other parts of the district
such as Rukiga county land slding is more commenabse the slopes are generaly
very steep (Bagooragers. comn).

Depositions (Plate 4): Al the valeys, pediments and concdweer slopes are sites
where deposition takes place. In the reclaimecygllthe residents of the area claimed
that the brown layer of topsoil is all depositigoni upslope, while the black peaty sub
sois were the original topsoils of the wetland$e Tsediments in the valeys varied from
15 to 32 cm in depth.

Terrace observationgPlate 5): Apart from the crests and broad valdle cultivated
area in the study area is in form of terraces wieke evolved as a result of soil
accumulating on the upper part of the terrace biihd. soil has accumulated because tt is
moved downslope during land preparation. Tradilipreultivaton by hoe is done with
the person facing uphil and this has caused tlleslsoping. The sois accumulate just
behind the grass bund leaving skeletal topsoils edmbsed sub soils on the upper part of
the terrace or field plot (Farley 1996). As a resbke morphology of the typical terrace is
characterised by 3 distinct sections, the lowet p&t next to the bund (lower terrace);
the middle part (mid terrace) and the upper papdu terrace) next to the bund of the
adjacent terrace upslope. These three distinciosgchave different soil depths and the
crop growing on each section is different in vigeund percent ground cover from that of
the others.

Lower terrace Has deep soils resulting from soil slumping. lbaat crops but not as in
the valeys. It is on average between 1.5 and 3ib length upslope compared to that of
the whole terrace, which is between 8.0 and 16.0Nm.difference in these dimensions
between slopes of different angles was observed.

Mid terrace Characterised by shallow soils not highly prostactThe vegetation not as
good as that at the lower terrace but contribuiggficantly to the yield. Most of the
riling and sheetwash occurs in this portion of therace. It is on average between 5.0
and 10.5 m in length upslope.

Upper terrace The uppermost 1.5 — 2.0 m of the terrace charsetk by poor,
yelowish, sparse and stunted crop one-third t dfathe height of that on the lower and
mid terraces, respectively. The topsoil is scamtyn@n-existent, cultivators mix decaying
plant debris with the sub soils in order to sup@odrop on f.

Collapsing terrace bundgPlate 6): The terrace bunds collapse repeatedingdthe

rainy season. Almost every terrace bund showedewlss of repeated collapsing. The
terrace bunds collapse because they are not &eegt by strongly rooted vegetation
that would prevent them collapsing under the weightthe accumulating subsurface
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waters. Before independence, elephant giaesnisetum purpureurwas planted on the
bunds, but later the farmers complained that mats and birds inhabited the grass and
ate the sweet potato and bean crop, respectivetpel study area the only bunds that did
not show evidence of collapsing were those that remshants of elephant grass and other
woody shrubs such dsrythrina abyssinicagrowing on them. These, however, were few
and covered only about 8 — 10% of all the bunds dypical hil slope. The bunds today
are colonised mainly bigitaria scalarumand other herbs such &tens granti With
each collapsed bund a lot of good topsoil is shifte the garden below and during severe
rainstorms the soil is washed a long distance dopmssince there is nothing to hold it
back. The poor yields from the upper and mid t&rraoupled with accumulation of the
topsois on the bund at the lower terrace indudivation on the bunds as wel. This is
to utiize the good sois and as a result the bua@sbeing greatly reduced in width even
up to 0.5 m from the crops to the edge. Othersbairg destroyed completely especialy
if the two adjacent plots have the same owner. yiglds on destroyed bund spots are
reasonably high for several seasons until erosaluces the soils. However, there are a
few indivduals with plenty of land. Their terracems well as those belonging to
institutions such as the church and schools aré mahtained and as a result are better
yielding than those owned by the not-so-well-offople.

Conclusion

The major factors miitating against the achievedmeh sustainability in the soils of

Bubale sub county, Kabale district include theowihg:

1. Continuous cultivation without fallow brought abobly land shortage due to
population growth. This has resulted into the sb#soming exhausted in terms
of nutrients

2. Soil erosion resulting from cultivation of steepps&s without proper measures to
prevent soil erosion

3. Delberate destruction of terrace bunds so asligeuthe good soils on them

4, Lack of willincentive on part of the people culiing the land to invest in soil
conservation measures such as terrace bund cdinstruc

5. Lack of wil on part of the government to encoufagi®rce soil conservation
practices

Improved sustainability of the arable sois of Bebaub county can be achieved through
improving the protection of the soil rom erosioy egetation. Vegetation protects the
soil by holding the soil particles together withe tloots, thus increasing the particles’
resistance to detachment (Omwega 1989), and byaming surface organic matter,

thereby reducing the erodibiity of the soil (Stigket al 1988). Groundcover, the

cumulative percentage cover of ltter or mulch,nisiess, basal cover and exposed roots,
reduces erosion by removing the direct impact efdraps on the soil surface, reducing
and slowing down runoff and thus its eroding capaeind by trapping detached particles
(Kooiman 1987). In areas such as Bubale sub cowtigre indigenous arable farming is

the dominant activity, the role of vegetation imotecting the soil against degradation is
especialy apparent during periods of intensivenfati because the fields are freshly
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ploughed and vegetation is non-existent. This isenwiserious erosion always occurs
(Bagoora 1990). Due to land fragmentaton and aprsdly land shortage the
vegetation to be incorporated into the cultivatdotspshould be able to not only help
prevent soil erosion but improve soil fertiity agell as provide other benefts by being
multipurpose. This can only be achieved througlofagestry under which sustainability
of the sois is maintained under continuous lowsinpagriculture (Badejo 2002).
Presently, in the sub county as well as in the evitétrict, an NGO, AFRENA under
ICRAF (International Centre for Research in Agrefiry) with the mission for soil
conservation through agroforestry has introducedipompose trees and shrubs such as
Calliandra to be planted on the bunds as well as among tbp piants. Where the
system has been adopted results have been veryragiog in terms of improved yields.
These shrubs and trees not only contribute to rgpldie soil particles together, they are
also used to improve soil fertiity through the #idd of their plant residues to the soil
and also through their root nodules in case oflggeminous types. They act as fodder
and as sources of fuewood. Their adoption is caitecessful, as a significant number of
farmers have taken to planting these multpurpobeubs and trees. However, the
majority of the population stil need to be encgeic to plant these multipurpose trees
and shrubs and this also calls for the interventidthe policy makers.

Other ways by which improved sustainability of timable soils of Bubale sub county can
be achieved include enforcement by government &gencof sol conservation
programmes such as adoption of agroforestry skatemnd construction of soil erosion
control structures so as to provide a much neeaextio the already existing efforts of
the NGOs which mainly use education and demorwstrat achieve their aims. So also,
provision of alternative income generating aasitito reduce dependence on arable
farming for sustenance of families can go a lony waensuring sustainability.
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