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Factors Innuencing Soil Erosion

Topography
Slope angle and slope length influence conditions under which surface runoff is likely to
initiate shect and gully erosion. It is generally assumed that the steeper the slope, the
greater is surface runoff velocity and volume and so the higher the erosion risk, with other
variables held constant. In reality, this is not found as the variables change.

Kondoadistrictcan be described as generally undulating, although the degree of slope
and slope length at given locations depict considerable variations. Two distinct escarp-
ments, associated with the central rift zone, can be observed together with a number of
residual hills (inselbergs), alluvial flats and floodplains relative to the existing drainage
systems. The western escarpment rises to the north of Kondoa town and extends to the west
of the Great North Road northward of the upper course of the Bubu river in a north-south
alignmenL The escarpment is dissected by numerous ephemeral streams such as those
separating the Tura and Burku hills, which rise to a level of about 1500 m.a.s.l. The
escarpment is eroded along footslopes where grazing is, or used to be, the main activity.
AnoIher escarpment of a higher elevation rises to the east of Mondo in a south-west to
north-east direction following the Dalai river floodplains. From this escarpment, hill
systems rising to about 1800 m.a.s.l. can be observed and include the Congo, Usiria and
Mokami hills. These hills are, in fact, inselbergs, the most distinctive topOgraphical
feature in the districL These are probably remnants of earlier processes of geologic
erosion. Others include the Gai, Itiga. Mangwe and Chanjai hills separating the Mkuku
flood plains from the main Kondoa floodplain. To the west of the Mondo-Haubi road more
inselbelgs, such as the Manki, Mlungia, BMgana, Suruma and Kalamba, occur. Most of
these hills are eroded at the footslopeS, between areas of cultivation and the steep slopes.
Where the vegetation cover has been wholly or partly removed exfoliated granitic rock is
exposed.

Most of the severely eroded parts in the district include the areas overlooking Lake
Haubi basin. the pediments facing Sese swamp and its adjacent river flood plains and the
escarpments bordering Kondoa and Mkuku floodplains. In these areas the slope gradients
range between 6 degrees (13 per cent slope) and 15 degrees (33 per cent slope). Well-
developed gully systems occur. some having incised 15 m. or more. While topOgraphy
interacts with other factors for erosion to occur. the relative steepness of the area and the
relative lengths of individual slopes have mutually influenced other factors to play their
roles in erosion. The occurrence of gullies on relatively gentle slopes suggests that, in this
case. slope angle is not the major influencing factor.

Where topography is the main influencing factor ameliorative measures effectively
attempted include strip-cropping and terracing. Strip-cropping is especially applicable on
slopes too steep for terracing. In soils with high intake, the strip width depends upon slope
gradient. as shown below:
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period for land reclamation aimed at removing tsetse flies from the area. Wooded
grasslands, ideal for both domestic and wildlife pazing, usually atttaet tsetse flies. To
protect the limited livestock against tsetse infection there was indiscriminate clearing of
vegetation. Available documents indicate extensive clearing, especially in the Serya
swamp areas and towards Kwamtoro. Other areas included the Chemchem area to the
south-west of Kondoa town extending to the Chasinge-Kelema-Chambalo areas, the
highlands overlooking the Masai steppe (west ofBusi), and the area east and north ofBubu
valley. Given the available climatic conditims of low precipitation the original vegetation
could not regenerate quickly. During the periods that the land was void of vegetation
cover, much of the soil was gradually eroded and it became increasingly difficult for the
vegetation to re-establish itself. It should be noted also that clearing provided additional
land for occupation by peq>le from areas which already had elements of soil erosion and
were considered overpopulated. To provide f(X"their needs, more land had to be opened
up and this meant more clearing of vegetation for crop cultivation and animal grazing.
With limited land suitable for poductive activities, a tendency to concentrate in the few
suitable areas led to over population of both humans and bovine after the vegetation was
cleared. Vegetation clearing induces soil erosion as long as the land is left bare as this
allows soil particles to be carried away by water or wind. Vegetation characteristics of the
area are influenced by climate and the two elements together determine the erosion
potential of an area.

Climate and Soil Conditions

Of the climatic factors influencing erosion. rainfall seems to be the most dominant.
especially in tropical environments. As noted above. rainfall intensity affects vegetation
characteristics over an area. The kinetic energy of rainfall (implicit in rainfall intensity)
influences rainsplash impact. while rainfall intensity determines the volume of water
available as surface runoff affecting erosion. The seasonal distribution rainfall in an area
will influence the availability of soil moisture. A single rainfall event is capable of
generating the requisite surface flow (runoft) depending upon existing moisture condi-
tions. In tropical environments most of the surface runoff is a result of rainfall which makes
it an important element in analysing the erosion probability. Rainfall has to be analysed
in terms of specific rain events to evaluate the raindrop impact and the total contribution
towards runoff volume and velocity. Furthermore. the seasonal distribution and variation
of rainfall influences vegetation cover. Prolonged drought causes vegetation desiccation
while the impact of intense rainfall on bare ground is usually erosive. Such data for the
study area remain to be collected and analysed and. therefore. only general statements can
be made at this stage.

Kondoa district is semi-arid with a mean annual rainfall ranging between 600-800
mm. Semi-arid areas have a high erosion potential in that rain usually occurs after a long.
dry season when most of the land is bare and the soil is loose. Rainfall in Kondoa is
distributed between November and April but the most frequent rainfall events occur in
January and are of high intensity causing rapid runoff capable of creating flushy floods in
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seasonal migratory grazing is practised within the region and in neighbouring regions.
During the dry season the herders walk long distances looking for rich pastures. Most of
thC llmd, however, is very dry and there is hardly any grass. Due to frequent trampling, soil
particles along the cattle tracks are loosened. At the onset of the rains the soil is washed
away creating gullies along the cattle routes. In both cases of crop cultivation and animal
grazing human activities create conditions under which natural factors arc changed
leading to land degradation.

In the past. food crops were grown under a system of shifting cultivation but. with the
introduction of cash crops, 'permanent' settlements and farms to grow the crops effec-
tively had to be established. With the system of shifting cultivation there was ample time
for nutrient recycling within the natural system. Cle.aring of vegetation was selective
leaving trees which did not affect the crops. The level at which the soil was disturbed was
minimal given the tools available; with permanent farms and seulements the fallo\\' period
was either completely eliminated or was shortened. Vegetation dearing became more
deleterious to allow room for extensive farms, housing units and cattle sheds. The
expansion was limited to areas where the natural endowment was relatively high and tsetse
free. This situation led to the creation of pressure on land and other resources within the
highlands thus creating conditions suitable for soil erosion. In this way erosion was
localised and limited to the few settled areas.

The eroded area in Kondoa has a human population density of 59 per sq. km. and a
bovine population density of 68 per sq. km. (or 1.5 ha. per animal). This is a very high
population density relative to the carrying capacity of the area as well as the average
district population density. The district bovine carrying capacity is 2 ha. to 1 animal,
although the recommended carrying capacity is 4 ha. to 1 livestock unit. The local
population. in search of more land for agricultural expansion, cleared the vegetation and,
for several reasons, did not apply proper farming methods, hence contributing towards
land degradation. Vegetation clearing. as noted earlier, upsets the balance in the recycling
of nutrients provided to the plants through the soil and returned as a result of vegetable
mauer decomposition. Vegetation is also cleared for energy requirements. Given the poor
soils and lack of an even distribution of soil moisture conditions in a year, intensification
of agriculture is limited and reliable crop rotation is minimal, if at all. The browsing bovine
population leaves the soil bare of grass cover and renders the area susceptible to erosion
with grass flourishing only during the rainy season. Trampling animals loosen the already
bare soils which are eventually eroded through pluvial or sheetwash at the onsetofintense
rainstorms. With this topography and the nature of the soils, concentrated runoff leads
to rill erosion.

In central Tanzania. land use had often complicated processes of soil erosion due to
the fragility of the physical environment. To remedy the situation a rational balance has
to be struck between feasible land use alternatives and environmental characteristics.
Early attempts to come to grips with environmental degradation in the area were based on
the physical assessment of land use practiceS.
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previous land use practices, which lacked essential elements of conservation. To ensure
grassroot participation, some planning is done at the lowest levels possible for people to
understand and implement the programmes. Comparative achievement can be said fuhave
taken place but there is still room for improvement. More documentary evidehc.e~~i~
essential before comprehensive appraisal can be made.

Rotational grazing schemes were introduced by the colonial government for better
management of pastures. Over-grazed pasture lands were put to rest during the rains to
allow vegetation regeneration and were grazed during the dry season only. Various
subchiefdoms were identified for the schemes but these measures were short-lived. The
indigenous people could not uphold the discipline of restricting livestock movement given
the number involved relative to the grazing area. 'Trespassing' in any case was inevitable.
At the same time, the newly-established grazing plots did not have water points, causing
over-grazing in these areas and trampling livestock increased the erosion potential. Due
to the indifference of the local people, either as a lack of enlightrnent or in protest against
deployment of excess labour time in programme already failing, together with problems
of implementation, erosion control measures did not promote agricultural development
qualitatively or quantitatively. The imbalance between the agricultural system and
environmental characteristics remained.

Settlement Schemes
In a bid to limit the rate of soil erosion people have been moved by the government from
denuded hillsides to lowlands, such as Kelema on the Bubu floodplain.

Historically resettlement in central Tanzania was directed at over-stocked areas
which were cleared during the anti-tsetse fly campaigns. Over-population created condi-
tions conducive to soil erosion in newly-settled areas, making it necessary to clear new
lands for other settlements. The main focus in such moves was to cut down the number of
people per unit areas and to assume that all the areas had an evenly distributed natural
resources endowment. This lack of settlement planning unveiled ecological problems
related to land devastation. For example, there were no soil surveys to establish the
productivity of land for a given period of time under anticipated land use practice. Land
suitability for various land uses, or the suitability of land for given crops under alternative
land management practices was never ascertained. There was no consideration of water
supplies relative to the human and bovine populations nor were requirements of fuel wood
and other energy needs established though it was obvious that such needs had to be met
by the available resources-building material supplies, health facilities, schools and other
social amenities including accessibility were rarely given enough consideration. The new
settlements did not reflect an appreciation of the long-term implications of the interaction
of people with the physical environment. The serious lack of foresight in establishing new
settlements increased pressure on land, reducing fallow periods and necessitating cultiva-
tion of otherwise marginal lands befor~ hmd fertility was fully restored. These forced
population movements by the colonial government and the established settlements
diversified the soil erosion problem in central Tanzania and induced resentrnentamong the
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(c) encourage and assist ujamaa villages in their afforestation programme; and
(d) educate people on the importance of soil conservation and viUqe afforestation.

To accomplish these objectives, the project has established various tree nurseries in
Dodoma region. Villages and institutions are encouJ'8Ied to make use of the nurseries in
establishing fuelwood lots and reclaiming eroded land. By 1979. the poject was
maintaining about 1,500 hectares offuelwood and timber. and hadrec:1aimed7J3S ha. c1
land. The emphasis has been on leveUing-oul affected areas and establishing vegetation
cover on prospective grazing land. In selected areas terracing is attempted to lower the
degree of slope and in each case the tenaces arc Slabililed with vegetation cover. Grass
is allowed to grow on its own in most cases. though exolic tree species are planted on
particular sites. Common tree species include the .lICalyptlU. dodoMG viscOlG and some
pine species. Adeliberate attempt toprovide f« surfacerunoff drains is made in reclaimed
areas. Miniature dams have been constructed in some •• to conllOl fiee I'UIUlinaWIfIIr.
Many vill88es have been assisted in ridge consuuctionlllll saabiliation c1ric:Ipawidllhe
planting of sisal, grass and other xerophytic planas. especially in 8I'CII 0I1eWft •••••.

Afforestation programmes in the area and in the country in general. -1UJIPOItIld by
the mass media through structured radio programmea Indldult educadon ItUdy ••••••
Through the radio, people are infonned about techniques and prcx:edunlI01••• pIIndna
while study groups in adult education centres are IUJlPC*ldto pbyaically ~ ill
tree-planting following guided texts in their primen.1n many CIIes, bowewr.lhere_
insufficient books for manqeable working groups. 1'hiI is a Ierious drawblct yet to be
resolved.

HADO, together with supporting institutioos. in addressing the issues 01depaded
land have encountQed numerous problems including the consuaint of warer lUJlPly.1n
central Tanzania. which is semi-arid, the distribution of.... IOUI'CeI bid remIined
variable and unreliable f«raising the necessary seedlinp and nunuring to bulb SlIp. The
survival J'8Ie of scedlinpand trees usually declines relative toefrcctive pecipiradon.1huI
exacerbating the poblem.

At one stage, it was practically impossible to ttansportseedlings to their destined sites
due to lack of vehicles. scarcity of gasoline and the general problem of traff'1C8bility.
Initially. most of the seedlings were raised at regional and dislrict headquanen but, due
to problems, villages have been encouraged to raise Ihcir own seedlinp where possible.
The main barrier has been the apparent lack of manpower to supcnise the wort in all
affected areas. but more villagers have been 'trained' in an efrm to overcome this
problem.

A major issue that remains to be tackled is related to the bovine carrying-c:apecity of
land. The maximum stoekina density to allow f« an economy based on cultiVllion f«
subsistence with an additional small income from sale of livestock without des1rUCtive
effects on the environment avaqes llu per 3.5 ha. Based on this estimate, HADO. with
the assistance of vill88e authoritieS, has ehcOuraaed people to destock as the bovine
carrying capacity was higher than 1~ 2 ha. (I cu (Livestock Unit) (LU • I head of cauIe
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ability to support bovine as well as human populations or for its own survival.
In the establishment of rotational grazing schemes it was asswned that vegetation

regeneration would always take place within the 'fallow' period. The rate of increase in
bovine population was not considered and, therefore, the carrying eapacity of the
identified plots was under-estimated. The same argument applies to measures prohibiting
cultivation of steep slopes. Intensive cultivation on flood plains exhausted the soil without
provisions for its replenishment That some parts were prohibited for cultivation without
alternative working zones highlights the failure of the policies 10 include long-term
objectives for rural settlements in this area. There was encouragement of shifting
cultivation but this system can only work in areas of very low population density. In
Kondoa, land was already limited by restrictions on where to cultivaae. This was an
opportune moment for making arrangements for permanent ICUIements but Ibis did not
happen. Decisions regarding the location and dispersion of settlements with feasible land
use alternatives should have been made with data derived from relevant reIOUIte surveys.

A further inadequacy was that the peasants werenoteducared on how best to conserve
the environment nor involved in effective decision-making regardill8land depadation. In
this way, whatever measures were proposed by the colonial authoritiea waealien to them.
To enforce the measures the authorities resorted 10 the 'stick' method. opposed to the
'carrot' method and in so doing caused resentment among the peasants. The SllUCtureof
the government did not allow participation in decision-making at the local leveL Peasants
were only considered as inept fanners who caused soU erosion and were, therefore,
compelled 10 'help themselves'.

These colonial policies on erosion conttol were imposed at a time when 'bldlands'
already existed; when the administrators should have had foresight on policy issues and
their relative consequences. However, there was a lack of appreciation of ecological
balances between what the land could provide at one point in time and what proportion of
it could be reaped under nalUral conditions. The whole problem in Ihe area has evolved
over the failure to recognise the signiflClDCe of carrying capecity m land • a basis of
establishing long-term proposals for the district The need to creaae more revenue for the
government during the 1931 depression, for example, resulted in a campaign to plant more
crops for export regardless of the ecological implications. The price was environmental
degradation manifest today in rows of gullies where export crops were cultiVlled (Illife
1979).

HAOO has inherited far-reaching problems, but one of Ihe areas where it bas to be
commended is in the appreciation of the fact that land carrying capacity in the eroded areas
has been exceeded &lid that whatever solutions are reached, they will be bued on Ibis
assumption. Land carrying capacity eaters for one balance between the physical environ-
ment and its interaction with the social system. This is manifest in the reduction of grazing
stock in the affected area and sometimes in shifting people and livestock from the worst
aft;.ectedareas. The question arises, howevelj as 10 how long the populations will remain
excluded from these areas without raising problems of a similar nature to newly-
established settlements. More data is !#ded 10 establish how wep these new seulements
are doing and how long they will remain uhatrected.
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system. With an enlightened audience it is expected that much more care will be taken to
manaae die environmenL For long-term developments there is a need for clearly
formula&edland use plans to be used in villages.

Coacluloa
Aaricultural development in central Tanzania has been con~trained by processes of
ICte1era&ed soil erosion. The colonial government failed to contain the situation by
imposing inappropriate measures or by wrong tactics. In this fragile environment,
aaempcs 10 rehabilitate the 'badlands' are constrained by unplanned settlements and land
use practices. For &heproblems to be overcome, the peasants rcq uire to be educated about
environmental management and its application to alternative land use practices.
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