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FRONT PIECE

Soil degradation is a real threat to the environmental and socio-economic
stability of the Nakasongola district, in central Uganda. Overgrazing coupled with
droughts and poor soils, hence low resilience, have led to exponsive bare londs on
grazing lgnds. Sheel ercsion and micro-rils are clearly observed in the fereground part

of the photo taken on Mr. Lubega’s farm.
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ABSTRACT

This study investigated the causes, magnitude and selected socio-ecological effects of soil
degradation, with the ultimate goal of explaining and mapping the spatial and temporal
variations of degradation in the dryland area of central Uganda.

A multi-pronged approach was employed. Remote sensing and GIS were opplied' to
study/interpret the land use/cover in relation to soil degradation, and the field experiments were
employed to estimate the magnitude of water erosion. The questionnaires/interviews were used
to assess the knowledge and perceptions of resource users and planners Qs regards soil
degradation in the areaq.

Soil degradation in the form of sheet wash, rills, gullying and compaction is an issue in the areq,
which is largely attributed to interplaying environmental and socio-economic factors. Land
use/cover change in this fragile ecosystem seems to be the major triggering factor. Observations
reveadled that poorly managed grazing lands sometimes under bare patches are ‘hot spot’
areas. It was demonstrated that the bare patches have enlarged over the recent two decades.
Runoff loss on severely degraded land was approximately two times that of non-degraded
areas. Soil loss estimate was 20, 13 and ~2 t/ha on severely, moderately and non- degraded
grazing lands respectively. Incipient gullies occur mainly on grazing lands, and yet iittle or no
control measures have been adopted. Most resource users perceived soil degradation as a
problem, although this is not reflected in its control. Severe soil degradation has impacted
negatively on the ecosystem, undermining the rangeiand productivity through increased
surface runoff and nutrient depletion. It is postulated that continued degradation could lead to
more xerophytisation of this environment.

in general, the degraded dryland of the Nakasongola district manifests the unbalanced human-
land relationship in such a sensitive ecosystem. Further research is required to provide
understanding especially on aspects not conclusively tackied in this study. There is need for
urgent adoption of suitable practices backed by government regulations aimed at reversing
degradation ﬁend for improved livelihood and sustainabie environmental conditions.

Nakileza, Bob R. University of Cape Town, November 2005
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PREFACE

Soll as a resource is the main support of the economy of Uganda and many people are largely
dependent on it for thelr livelihoods. Thus degradation of the soll Is of great concern and needs
to be understood and placed in its right context.

This study deliberated on the causes, magnitude, socio-ecological effects and people’s
understandings plus perceptions of soil degradation In the Nakasongola district. Nakasongola
district is located in central Uganda about 120 km northwest of Kampala. It is generally a dry sub
humid areq, gently to moderately undulating topography and dominated by soiis of ferralsol
type (Petric plinthosols). The human population is generally low though that of fivestock (cattle) is
relatively high. These factors interact affecting soll degradation.

The main approach to the study involved field measurements, questionnaire survey, remote
sensing and GIS Interpretation. Areas of varying leveis of degradation were Identified and
mapped.

The thesis consists of eight chapters, organised in a logical sequence covering Issues that the
research targeted while at the same time enlightening the reader on relevant information to
foster easy navigation of this piece of work. Chapter one provides a background to the problem,
the aim, the theoretical and conceptual setting and how the thesis is structured.

Chapter two provides the reader with pertinent literature review. The soil degradation processes
and approaches to the study are discussed so as to provide the framework for understanding
the methodology adopted and processes under this study. Relevant literature is also reviewed in
the discussion to enlighten the reader with the impacts and developments in the area of soil
degradation, A summary of the discussions is presented at the end.

Chapter three covers the physical and socio—ecénomic geography of the study area. The
various aspects are discussed with respect to thelr role in influencing the soll degradation
problem. The geographical characteristics of the study localities and experimental sites are also
given.



Chapter four details the methods and techniques employed in the research to achieve the set
objectives. The selection procedure for the study area is presented, and then followed by
methods used in gathering and analysing the data.

Chapters five, six and seven present the findings and discussions of the study as per the
objectives in Chapter 1. Chapter 5 addresses the status and distribution of soit degradation while
chapter six covers the effects of soil degradation. Chapter seven presents and discusses the

resource users’ knowledge and perceptions and policy implications. The coping strategles are
also examined.

Finally Chapter eight is about synthesis of the findings presented in the previous chapters. It also

provides the conclusions and future directions of the study. The Appendices 6, 7 and 8 inciude
the questionnaires employed in the study.
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CHAPTER 1

INTRODUCTION
1.1 BACKGROUND TO THE STUDY

Soil degraddation is a process that describes human-induced phenomena, which lower the current
and/or future capacity of the soil to support human life (FAO, 1979; UNEP, 1982; Stocking, 1998;
Olderman et al, 1991). It includes physical, chemical and biological degradation (Lal, 1997; UNEP,
1997). Soil degradation is a major global issue because of its adverse impacts on the livelihood of
many people (Jacks and Whyte, 1939; Lal, 1997) pdrticularly of the poor in developing countries
(Anecksamphant et. al, 1999); it affects food security, diminishing quality and quantity of water
resources, induces loss of biodiversity and global climatic change. It has become one of the most
threatening global environmental challenges affecting virtuadlly all types of land use and soils. Of the
various forms of soil degradation, water erosion is the most widespread, followed by wind erosion
(Olderman et al, 1991).

Erosion by water is highly detrimental to soils in terms of both voltjme of scil removed and land
surface area affected; it accounts for 56% of the total degraded land surface of the world
(Olderman et al.. 1991). It is recognised as a major problem arising from agricultural intensification,
land degradation and global climatic change (Orake and Muligan, 1996). Soil degradation is
caused by overgrazing (35%), agricutture farming (28%5, deforestation (30%), and overexploitation
of the land to produce fuelwood (7%) and industrialization (4%) (Reich, ef al., 1998).

Agriculture forms the backborne of the economies of many countries in the developing world, and
vet it increases the risk of erosion through vegetation disturbance as a result of land-use change,
filing or overgrazing. Up to 40% of the word’s agricultural lands are seriously affected by soil
degradation (Niemeijer and Mazzuto, 2002). Olderman et al., (1990) estimated that 8.3% of dryland
areas are degraded by human-induced water erosion and 13.2% experience accelerated wind
erosion. In the drylands that are most prone to desertification, water erosion accounts for 71% of the
fotal global soil loss (Reich et al, 1998). By 1977, 57 milion people were suffering from direct effects
of land degradation. The number rose to 135 miilion people by 1984. More than 97% of the totd
world’s food is derived from land, the remainder being supplied by the aquatic ecosystems. There is
thus a looming danger to food production as degradation claims 6 million hectares of the globd
agricultural land per annum (Pimentel, 1993).

The processes of soil degradation are variable in space and time although the resultant

environmental, economic and social consequences are not yet precisely understood (Lal, 1994).

However, erosion is a more serious problem in developing countries because of their greater
1



dependence on the soil resource. There is a growing concermn that a decline in long-term soil
productivity is seriously limiting food production in the developing world and that the problem is
deepening (Scherr, 1999). According to Agenda 21 (UNCED, 1992), land degradation caused by
over-exploitation of fragile resources and cultivation of marginal soils with no or low level of

conservation is a key issue in soil resource mcncgemenf that requires urgent attention.
1.2 SOIL DEGRADATION IN AFRICA

Soil erosion is widely held to be the most obvious manifestation of soil and land degradation in
Africa, and among the most chronic environmental and economic burdens of the continent
(Ayoub, 1994). Soil fertility depletion through exploitative cropping contributes to land
degradation, which further undermines the natural résource capacity to sustain the increasing
human population. As a result, it has been argued that soil and water conservation should be a
national priority in all sub-Saharan Afiican countries (Ayoub, 1994). Sub-Saharan Africa
(excluding South Africa) is the world’s poorest developing region, with 29 out of 34 countries
being among the poorest in the world (Eswaran et al., 1996). Mabogunje (1995) indicated that
sub-Saharan Africa endures environmental problems such as deforestation, soil erosion,
desertification, wetland degradation and insect infestation, all of which impact on food security
and livelihoods. Thus, improvement of the soil resource base is a potentially an important tool to
help alleviate poverty and increase self-sufﬂcienéy ini food. Demographics, a heavy burden of
foreign debt and the absence of democracy have all accelerated environmental degradation
in sub-Saharan Africa (Mabogunje, 1995).

A recent UNEP/ISRIC global assessment of soll degradation (GLASOD) (Oldeman, et al. 1991)
shows that about 494 million hectares of Africa’s land surface are affected by soil degradation;
46% by water erosion; 38% by wind erosion; 12% by chemical deterioration and about 4% by
physical deterioration, largely through soil compaction. Out of 494 miillion hectares, 124 million
hectares are strongly degraded. The areas worst affected are rangelands (UNEP, 2002), which
dominate the drylands. Indeed, Eswaran et al. (1996) observed that high intensities of water and

wind erosion are associated with the semi-arid and sub-humid areas of Africa.

Water erosion assessment based on runoff plots and catchments in different isolated parts of sub
Saharan Africa (Table 1.1) indicates high rates of soil degradation above the threshold 6 t/ha/yr
(FAO, 1979). which raises much concern. The representativeness of the runoff plots and
catchments may be questioned but, in the absence of available detailed and spatially well-
distributed measurements, such data on erosion remain important indicators of the nature and

extent of the problem.



Table 1.1 Recent rates of soil erosion measurements in fragile lands of sub Saharan Africa
excluding Uganda (1995-2000)

Country Soil loss t/ha/yr | Environment Scale Author ond
year
Ethiopia 12.2 Mountainous/Highland | Plot Hurni (1986)
Kenya 3.3 on grazing | Dry sub humid to semi | Plot Tiffen et al
land; 16 on | arid (Machakos) (1994)

cultivated land;

1.1 in woodland

Rwanda 1000 t/ m2/yr Sub humid - *
Tanzania Sediment vyield | Dryland- northern catchment
(m3/km2/yr) ' *
446 (1960-69)
640 (1969-70)
South Africa
Zimbabwe 80 from | Sub humid Plot CEP fact
communal lands sheet, 2004
Nigeria 2000 (m3/km2/yr) - *

* Source: http://home.alltel.net/bundquist] /sé4.h'rml i

Table (1.1) reveals high magnitude of degradation of soil resources upon which the economies
of poor countries and their populations depend. In general, the east Africa region experiences
high erosion particularly In the mountain or highland and dryland areas due to the increasing
human population numbers coupled with elevated- demand for farmland and livestock grazing.
Soil losses in southern Africa may reach 2.5 t ha' (equivalent to 300 million tonnes) annually
(FAO, 2004). According to Percival and Homer-Dixon (1995). South Africa has lost 25% of its
topsoil since 1900 and 55% of the country is threatened by desertification. The extensive drylands
of the Karoo in South Africa are heavily degraded as evidenced by low vegetation cover and
pronounced soil erosion particularly by gullies, caused by high sheep stock densities (ECI report,
1997-2001). In South Africa, there is less grazing per unit area and direct runoff is more rapid
(Rabie and Theron, 1983). Overgrazing is responsible for more than half of all soil degradation in
southern Africa (FAO, 2004). However, other factors such as climatic changes (rainfall variability
and long term droughts) are important soil degradation determinants. Recurrent droughts are
major factors in the degradation of cultivated land and rangelands. The two are interiinked;
while drought increases soll degradation problems, soil degradation magnifies the effect of
drought (FAQ, 2004).



Soil degradation is not uniformly experienced in Africa. Recent studies indicate spdﬁal and
temporal variability e.g. certain studies in Africa (e.g. Tiffen et al.; 1994) have reveadled less soil
erosion and improvement in productivity despite high population growth. Analysis of
environmental crisis and the policies based on it in Africa may indeed be misleading (Leach and
Means, 1996). Boyd and Sloymakér (2000) have examined the concept of soil recovery and
noted that conservation raises crop yields on selected parcels of land. Warren (2002) cautioned
about land degradation and noted that research on land degradation in dryland Africa has
concentrated mainly on nutrients and erosion. '

Soil degradation in Africa also manifests in the form of nutrient loss. All African countries except
Mauritius, Reunion and Libya have negative nutrient balance (Henao and Baanate, 1999). In the
densely populated dryland areas, soils lose 60-100 kg of NPK per ha-lyr!. High nutrient loss is
associated with severe erosion and leaching, continuous cropping of cereals without rotation
with legumes and inappropriate soil and water conservation practices. Soil mass loss and
nutrient ioss reduces crop yieids. Yield reduction due to soll erosion ranges from 2-40%, with a
mean loss of 6.2% for sub-Sarahan Africa (Scherr and Yadav, 1996).

1.3 SOIL DEGRADATION PROBLEMS IN UGANDA AND THE NAKASONGOLA
DRYLANDS ; '

The problem of soil degradation, particularly by water erosion, is not new in Uganda. The British
colonial government in the 1920s raised concerns about soil erosion and declining soill fertility in
the southwestern highlands (Farley, 1996). Erosion was unevenly distributed, being prominent - in
the humid areas of central Uganda, in the mountainous/highland parts of southwestern and
eastern Uganda, and in the rélc'rively dry Karamoja region (Wayiand and Brasnett, 1938). Gully
and sheet erosion was seen as responsible for degraded land in some northern districts in the
1950s (Chenery, 1960). Experimental work in the 1960s at Narhulonge and Serere research
stations showed higher rates of soil erosion in the annual monocropping systems on cotton and
maize (Temple, 1972). The actual situation on the farmers’ lands. however, remained unclear

since no systematic on-farm experiments were established.

Ahn (1977) observed that, although the erosion hazard has not been assessed quantitatively, it is
widely held to be a major problem in the mountainous and highland areas in addition to the
northern and central regions of Uganda, which are covered by coarse sandy loams and
regarded as susceptible to interill erosion. Estimates in the late 1980s by UNEP (1987) based on
the Universal Soil Loss Equation (USLE) showed that the highland and mountainous areas



experienced high rates of erosion, while most of the dryland areas experienced moderate
erosion rates.

Indeed, soil degradation by water erosion affects large parts of the country (e.g. Tukahirwa,
1995; Bagoora, 1997; NEAP, 1992; NEMA, 2002). It is noted In the Ugandan Solls Policy’ (NEMA,
2003) that many areas in Uganda are eroded and damaged while others are at risk of having
their soils permanently destroyed. Available evidence from measurements of runoff shows that
soil erosion by water is severe in Uganda and this threatens the country’s economy largely
dependent on agriculture. Studies in the Lake Victoria basin (Zake and Nkwine, 1995; Lufafaq,
1999; Majaliwa, 2004); in the eastern highlands and Mt. Eigon (Nakileza, 1992, Tenywa et al.
2003) and in the southwestern highlands of Kabaie (Tukahirwa, 1995; Bagoora, 1997) revealed
high rates of erosion, which constrains agricultural production and ecological conditions in the
aquatic ecosystems. Increases In human and livestock populations in Uganda have prompted the
stripping of grassiands and woodlands through overgrazing and contributed to the susceptibility of
these ecosystems to soil degradation. Increased soll degradation In Uganda wil continue to
undermine the efforts to achieve success in the strategy for modernisation of agriculture.
Knowledge of the cument trends, evaluation of the processes, extent and causes of soil
degradation are thus important, and this study aims to make a contribution along this line. An
underlying premise of the study is that there is insufficient empirical and locai-scale understanding
of soil degradation and iand users conservation behaviour, which leads to problems with solutions
proposed to address degradation.

]

The Nakasongoia dryland forms part of the central dryland zone of Uganda, which is susceptible
to degradation due to land use changes and unsustainable land management practices
(NEMA, 2002). This area represents a typical dryland environment with degraded patches, silted
water sources, high population density and land use which contrasts with the more humid Lake
Victoria basin located 100 km to the south. A project to combat desertification was initiated in
this area by the Ministry of Agriculture Animal Industry and Fisheries (MAAIF) in 1998 but was short-
lived Muhwaya, pers. comm., 2001). The local communities were sensitised about desertification
and a few trees were planted as part of the control Amecsure. However, no detailed studies have
been undertaken to generate baseline data on the magnitude and extent of soil degradation
probiem. MANF (1994) based on broad studies classified the extent and magnitude of soil
degradation by erosion in Nakasogola district as ranging from medium to high and caused by
overstocking and bushfires in the dry season. A case study research strategy is used in this study.
The use of Nakasongola as a case study allows detailed analysis and understanding of such a
complex problem transcending varying socio-economic and ecological conditions in the
drylands of Africa, which can-not dll be studied in detail due to limited financial and time
constraints.



1.4 THEORETICAL BASE OF THE STUDY

Understanding the compilexity of soil degradation requires use of integrated methodologies
involving measurement of biophysical parameters and social studies. Both scientific and local
knowledge that provides a more holistic understanding of soil degradation needs to be
documented and integrated.

This research draws insights and emphases from political ecology (Blaikie, 1985) and core-
periphery theory (Bartley and Bergesen, 1997, Worgu, 2000; Kema, 2005). Political ecology
emphasises a multi-scale approach to environment-development analyses, considering scales
of analysis from the iocal land user to global institutions (Blaikie, 1985). This approach also focuses
on cultural construction of the environment and treats environmental problems as soclal
probiems, requiring negotiation of values and knowledge (Peet & Watts, 1996; Biaikie, 1985).
Questions of environmental degradation can be further sought from analysis of the core and
periphery. For instance, Worgu (2000) observed that intensification of export drive of primary
resource materials as a basis for the modemisation of the periphery lead to environmental

degradation and increase in poverty in the Niger Delta community.

Natural scientists have been criticized for viewing natural resource degrodofion-os solely an
environmental and not a social problem (Blaikie, 1987c). This has stimulated interest in the
development of a social ecological perspective to enabie a more informed understanding of
the causes of soil degradation. Essentially, physical and social/economic systems have to be
analyticailly integrated in explaining soil erosion (Blaikie, 1987) and soil degradation. The
social/economic system is important and ignoring it ileads to technocratic and physical
examination of the processes of soil erosion and the immediate land uses leading to it, without
any consideration of other political economic relationships at the local, regional and
infernational scales, which determine the action of the land user in the offected area. An
explanatory model developed by Blaikie (1987) isolates several social issues that are investigated
in this study including characteristics of iand users, iand tenure and the attributes of land users.
The model recognises land users as decision makers that can relate soll degradation to wider
attributes. The model focuses on why soil erosion (soll degradation) occurs rather than
controlling it. As Blaikie (1987) observed, it is difficult to attribute the effects of people upon soil
erosion and therefore the approach suffers from the same weaknesses as any analysis, which
attempts to assess or attribute soil erosion to specific land use decisions rather than causes.



1.5 CONCEPTUAL FRAMEWORK

The conceptual framework adopted in this study is given in Figure 1.1. The arrows indicate the
relationships between the different elements of the framework such as the natural environment,
modified environment under human intrusion, effects of human activities on the environment

and adaptive response by the local people to the changed environmental conditions.

Crop farming and livestock keeping have mcdified the environment. In the absence of
adequate land management practices, problems of accelerated degradation (e.g. soil erosion
and fertllity decline) have ensued under different land use/cover types. The effects of these

changes have not been clearly explained, thus justifying the need for this study.

Morgan (1995) noted that semi-arid and semi-humid areas are highly vulnerable to soil erosion
that frequently exposes sub-soils whose infiltration rate and water-holding capacity are lower
than the original surface horizons (Moore, 1979a). Semi arid zones are susceptible to erosion due
to higher erosive of rainfall and higher potential runoff Thomas and Barber, 1989).
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Figure 1.1 Conceptuaiisation of soil degradation in Nakasogola district (Adapted and modified
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Loss of soil and water are bound together in the process of erosion, which involves both
detachment and tfransport (Hudson, 1995; Morgan, 1995). The ecological sensitivity of this
environment coupled with these changes including frequent climatic fluctuations (droughts)
increases the risk to the area of desertification.

According to Downes as quoted by Morgan (1995) overgrazing and removal of vegetation
cover for cropping and grazing causes exposure and crusting of the surface soil, reduces
infilfration rates and results in greater runoff. The changes in land use and other factors including
the nature of the soil, topography and increased surface runoff are known to result in gully
erosion as long as the velocity or fractive force of the runoff exceeds a critical or threshold value
(Morgan, 1995). However, these degradation processes are complex and vary from one area to
another. Yet no explanation and documentation has been undertaken to increase the
understanding of the processes. This study, therefore, dwelled on identifying the forms,
distribution and causes of degradation.

Soil conservation at national, district or household level is affected by the perceptions and
attitudes of the people to the problem of soil degradation. In a situation where people do not
perceive soil degradation as a problem or percéive it but regard it as not being of any threat
and therefore no adoption of conservation practices; this is categorized under negative
response and usually leads to further environmental stress and soil degradation by positive
feedback mechanisms. For positive response, peoplé perceive environmental changes as a
problem, as reflected for example in soil degradation, and actively ad conservation adopt
conservation practices to control or minimize the problem. This eventuadlly improves the
environment by reducing degradation.

1.6 SIGNIFICANCE OF THE STUDY

The findings of this research will make a contribution towards:

D Improved awareness about the nature, extent and magnitude of soil degradation
problems in the central dryland region.

)} Imbroved knowledge on management strategies for the adoption and promotion of
soil and land conservation technologies. In particular the data may form an important
input towards the on-going debate and efforts to combating desertification in the
related environments in Uganda and other parts of the world.

i) Generation of baseline data for evaluation of any soil and water conservation project
implemented in the area in the future. For example, the findings of this research may be

9



beneficial to monitoring the use of valley dam projects recently established by the
government, through the Ministry of Agriculture, Animal Industry and Fisheries, in the
area and many others yet to be implemented. 4

1.7 PROBLEM STATEMENT

This study investigates the soil degradation problem and its associated socio-ecological effects
including the livelihood of the local people in Nakasongola district. Over the last three decades
there has been widespread decline in crop and animal production in Uganda leading to poverty
and rural population migration (NEMA, 1996). These are attributed to degradation of the soils and
reduced agricuttural production. The dryland environments of central Uganda are experiencing soil
degradation and are at risk of accelerated degradation (NEMA, 1996; Kisamba-Mugerwa, 1995;
UNEP, 1987). There is a need for intervention to reduce or mitigate the problem. Evidence of human
activities such as overgrazing in the rangelands and the expansion of cultivation into areas originally
reserved for dry seasonal grazing, is common (Kisombo—Mugerwo,' 1995). These activities change
the environment and affect sustainable use of soll resources. Hitherto, no comprehensive
quantitative soil degradation studies have been undertaken In this area despite the need to
generate data in guiding decision-making 6nd lond use planning. The nature, magnitude and
extent of soil degradation in this area are poorly understood and the first step in combating soil
degradation is to ascertain where and how rapidly soll is being degraded. The problem of soil
degraddation particularly in the central drylands has not been monitored and effective soll
conservation measures have not been identified (Bagoora, pers comm., 2001). This research aims
fo assess the nature and magnitude of soll resource degradation in the milieu of the past and
present environmental and socio-economic conditions in Nakasongola dryland area and attempts
to establish underlying and proximal mechanisms.

The perceptions of indigenous people in resource utilisation and management are central to the

success of any conservation and planning. There has been limited research to understand iocal
knowledge of soil degradation in the drylands of Uganda.

1.8 AIM AND OBJECTIVES

The aim of this study is to assess soll degradation and associated socio-ecological effects in the
drylands of Nakasogola dryland in Uganda.

10



Specific objectives:

1.

Identify forms of soll degradation and assess the distribution of the major associate processes in
the Nakasongola drylands.

2. Assess the magnitude of the soil loss under different degraded surfaces in a dominant land use/
cover types.

3. Examine the environmental and socio-economic factors influencing the identified processes in
the areq.

4. Assess the effects of soil erosion on the biophysical environment incduding the agricultural and
pastoral productivity. '

5. Assess the perceptions of the local people with regard to the identified soil degradation
problems and the impacts on land productivity.

6. Evaluate the coping mechanisms or strategies adopted by the local people in response to the
soit degradation problem.

1.9 SUMMARY

This chapter has provided the general background that enlightens the global, regional and

national perspective on soil degradation. The chapter also summarises the theoretical base and

conceptual framework adopted by the study, and finally presents the significance, the research
probiem, and outlines the aim and objectives of the study. The next chapter presents a review of

the concepts and causes of soll degradation, its assessment, impacts and the coping options

inciuding iocal knowledge.
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CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This Chapter places the study within the broader context of the debates on human-
environment interactions and related impacts and adaptations through a review of the
conventional concepts, definition of terms and opinions conceming soil degradation processes.
it reviews the literature on the causes and factors of soil degradation, the approaches to the
assessment of soil degradation including modeling, the impacts, coping measures and local
knowledge.

2.2 CONCEPT AND PROCESSES OF SOIL DEGRADATION

2.2.1 Concept Of Soil Degradation

There is no universal consensus on the definition of soil degradation (Blaikie, 1985). This partly
emanates from the varied professional interest (e.g. by natural and social scientists) in the
subject. Blaikie and Brookfield (1987) contend fhclf the term ‘degraddation’ is perceptual; it
implies at least a ‘rank’ scale of relative meosuremenf and Is open to multiple interpretations. Lal
(1997) stressed that soil degradation must not be confused with land degradation. Barrow (1991)
urged that the precise definition of land degradation is impossible due to a number of
contributing factors. Soil degradation refers to the decline of specific soils’ potential to support
agricultural and/or ecological systems, but that iand degradation is the substantial decrease in

either or both of an area’s blological productivity or usefuiness due to human interference
(Mainguet, 1994; Bilum, 1997).

Thomas and Middieton (1994) urged that soil degradation is, by definition, a social problem. It is
a human- induced phenomenon, which lowers the current and/or future capacity of the soll to
support humdn life (UNEP, 1997). This study adopts the UNEP definition while also taking into
consideration the practical difficulties in delineating the natural from the human-caused soil
degradation. This is further highlighted by Stocking (1995). who contended that the “definition
and measurement of the degradation process posés problems for the environmental manager

because of difficuities of gaining data, interrelationship between the processes and errors
inherent in the measurement methods”.
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2.2.2 Processes And Types Of Soil Degradation

The processes of soil degradation are the mechanisms responsible for the decline in soil quality,
and encompass chemical, physical and physico-chemical deterioration, and biological types
(Lal, 1997) although each of these may have distictive causes affecting it. The degradation
processes, which may be human-induced or natural, are sumsnmarised in Figure 2.1.

SOIL DEDGRADATION
L 2
A N
HUMAN INDUCED NATURAL
v L 4 \ 2 L 2 L 4
URBAN INDUSTRIAL AGRICULTUR- PHYSICAL CHEMICAL BIOLOGICAL
LAND LAND AL LAND -pan formation deaching ~educed soil
-Compaction -soll -hard setting -liuviation biodiversity
-Erosion contamination -aterisation
pollution -soll compaction
v
A

CHEMICAL PHYSICAL BIOLOGICAL

-Leaching -Erosion/runoff -Soll biodiversity

-Nutrient depletion & imbalance -Compaction reduction

-salinisation, alkanisation, -Reduction in water holding -Decline in organic C

acidification capacity { -Decline in biomass C

Figure 2.1 Summary of human-induced and natural degradation processes

The main types of soil degradation processes (UNEP, 1997) Include soil displacement due to
water and wind erosion, and degradation resulting from the internal soil deterioration by
physical and chemical deterioration. Soil erosion by water, compaction and crusting are
prominent in Nakasongola district and are the focus in Chapters 5 to 8.

Chemical degradation includes a variety of processes related to leaching of bases and essential
nutrients, and the build up of toxic elements (Lal, 1997). Thus, it entails changes in the soil salinity,
acidity or alkalinity and a decline in nutrient status. Biological degradation is a reduction in the

quantity of organic matter and living organisms, as well as in the rate of vegetation
decomposition in the soil (Lal, 1997).

Physical deterioration is the re-arrangement of soil particles due to the removal of finer particles

resulting in compaction, ablation of the topsoil, soil structural damage and detrimental changes
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in soil texture (UNEP. 1997: Lal, 1997). It often results in the decrease in infiltration capacity and
plant water deficiency (Stocking. 1995).

Soil erosion by water is a three-phase process involving detachment of individual soil particles
from the soil mass, their transport and deposition/sedimentation (Ellison in Hudson, 1981). The
water erosion process is conveniently categorised as interrill erosion, and rill and gully erosion
(Sharma in Laflen and Roose, 1997). Interrill erosion is the process of detachment and transport of
soil by raindrops and very shallow flow. Channel erosion Involves detachment and transport of
soil due to flowing water and involves a different method of assessment and measurement
(Laflen and Roose, 1997). Soil erosion may be described as natural or geological erosion and
accelerated or human induced erosion depending on the rate. However, there are practical
difficuities in distingulshing between human-induced from natural erosion.

Normal or geological erosion (morphogenesis) is generally defined (Hudson, 1981) as the process
that occurs over a long geological period and slowly moulds the landscape/terrain (typically at
rate of 0.1 to 1 t/ha/yr). allowing the formation of soil cover from the weathering of rocks and
from alluvial and coiluvial deposits (pedogenesis). Accelerated or human-induced soil erosion s,
however, influenced largely by human activities that perturb the land-vegetation-climate
equilibrium (UNEP, 1997).

The GLASOD studies have identified water and windi erosion as the most widespread of soil
degradation processes, and that these pose a threat to future human livelihoods in the world's
susceptible dryJdands (UNEP, 1997). However, the extent and severity of these processes are not
clearly understood in dry-land environments, particularly on a larger scaie.

2.3 CAUSES OF SOIL DEGRADATION

The socio-economic proximal and root causes of land degradation including soll degradation
and low productivity on small scale-farms in Uganda have previously been summarised (Olson
and Berry, 2003) as:
e Poverty and land fragmentation leading to over-exploitation of the land with
inodequdfe soil and water conservation practices
* Increasing rural population densities with few non-farm income opportunities
¢ Inappropriate farming practices/systems including deforestation bush burning and

overgrazing.
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Povertly, marginalisation and soil degradation

One of the factors most closely associated with environmental degradation in the developing
world is poverty (Batterbury and Forsyth, 1999), and yet this relationship is not always very clear.
A well known analysis suggests that the poor are found disproportionately in the dryland,
highland, and rainforest zones of the tropics, several of which have been identified by other
researchers as ‘critical’ in terms of the quality of their natural resources base and the stresses
placed upon them by humans (Kates and Haarmann cited by Batterbury and Forsyth, 1999).

Soil degradation has been explained in terms of what has been described as surplus extraction
through the social relations of production and in the sphere of exchange (Blaikie, 1985).
Surpluses may be extracted from cultivators who are then forced to extract ‘surpluses’ from the
environment, which eventually leads to degradation. Peasant farmers, particularly in developing
countries, are marginalized in various ways (e.g. exclusion from the formal world economic
system) leading to loss of abllity to control their own destiny. For instance, in Kenya, the build up
of pressure for land in the Kikuyu reserve coupled with government encouragement of
smaltholders led to the marginalisation of the weaker sections of the peasantry to the more arid
areqas resulting in population pressure in those localities. Marginalisation through privatisation of
land in Botswanag, led to differentiation among the people; the marginalized peasants
particularly the men were forced into migration to South Africa. However, degradation’is not
only caused by the poor marginalised sections of sc;cle’ry but also by the rich in possession of
land in fragile areas. For Instance, the introduction of fixed boreholes in Botswana led to
overgrazing in the surrounding areas on the ranches. And, furthermore the introduction of the
plough contributed to overcultivation of the fragile environment causing loss of soil fertility.
Blaikie (1985) cited varying cases on morginclisoﬂon and degradation but there is great
complexity in terms of causes, differentiation and magnitude of resultant degradation. The
majority of Uganda’s population (80%) lives in rural areas and depends on agro-pastoralism for
food and income, and yet the farmers are poor, with limited resources and numerous
production constraints producing low yields (Olson and Berry, 2003). In the study area for this
thesis, marginalisation has occurred through privatisation of the communal lands and
encroachment of the livestock grazing lands. Efforts were made in this study to provide an
unders'ronding of soil degradation as a consequence of converting the communal to private
lands.

Lack of capital hinders the land users from adoption of the necessary technologies to counter
soil degradation (Olson and Berry, 2003) but instead promotes land use practices (e.g.
deforestation, overgrazing) with damaging effects inducing increased erosion or other
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degradative processes. Olson and Berry (2003) note that middle income and poorer farmers in
particular cannot afford to hire agricultural labour and inputs. '

Population and soil degradation

So-called neo-Malthusian and neo-Boserupian thinking are highly influential in shaping the
current population-environment debates (Mazzucato and Niemeijer, 2002). Population increase
can lead to pressure on environmental resources hence degradation problems. This argument
reflects the neo-Maithusian model. However, population-environment issues have generated
interesting debates in the last few decades. The neo-Malthusian model has been challenged by
recent evidence (e.g. Tiffen, ef al., 1994; Leach and Fairhead, 2000; Mazzucato and Niemeijer,
2002). For example, studies in the district of Machakos in Kenya (Tiffen, ef al., 1994) revealed that
increasing population led to intensification and improved environmental conservation, thus
supporting the Bosurepian theory, which holds that population pressure triggers experimentation,
intensification and improved productivity other than degradation (Blaikie, 1985). The induced
institutional innovation theory (Hayami and Ruttan, 1985) supports the Boserupian’s optimism in
that it explains the creation of ‘efficient” institutions that safeguard scarce resources and allow
the use of plentiful ones. Recent studies, however, have doubted such optimism. Spelrs and
Olsen (1992) argue that inappropriate institutions may evolve as a consequence of population
growth and that the mixed farming system characteristic of many parts of the Sahel leads to
overgrazing and environmental degradation. Cleaver and Schreiber (1994) maintain that
shifting cultivation and transhumant pastoral systems have not been adjusting to rapidly
increasing population, resulting in soll degradation and deforestation. In Uganda, Peder, ef al,
(2001) found that population growth had an insignificant impact on resource conditions and
indeterminate impact on welfare indicators. These arguments indicate that the debate on
population and environment remains complex and inconclusive. The studies in Nakasongola
district reported here will Inform the arguments on the contributions of the existing local
institutions in influencing environmental trends in the area by investigating their perceptions and
adaptations to environmental degradation.

Inadequate insfifutional framework

The absence of (or ineffective) conservation policy and laws regulating land use leads to
problems of increased soil erosion. Lele and Stones (1989) argue that public policies are
fundamental in shaping the effects that higher population densities have on agricultural
change. Without appropriate policies, higher population will inevitably lead to degraded trends.
Land tenure is also important as different conventions may offer differential incentives for the

land user to invest in long-term improvement of the land. In Uganda, poor land management
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and land degradation including soll degradation have been attributed to insecure or counter-
reproductive land tenure systems (NEAP, 1995). In addition, certain iand tenure systems such as
the traditional inheritance system sometimes favour fragmentation leading to overuse or
inadequate attention in terms of management. In Uganda, there have been reforms to land
management policies (e.g. national land tenure policy changes of 1975 and 1998,
implementation of the NEAP, the decentralisation of government authority) to address such
problems but the impact appears to be negligible or with mixed and/or limited success (Nkonya
et. al, 2002).

2.4 FACTORS OF SOIL EROSION AND SOIL DEGRADATION

Soil degradation is affected by a number of factors, which, according to Hoosbeek et al. (1997)
quoting Jenny's equation, are a function of soil formation factors (cl, o, r, p, t...) - where cl
represents climate; o is organisms and their abudance; r is topography including certain
hydrological features; p is the parent material, defined as the state of soil formation at time zero;
t is soll formation time; and ... are additional unspecified factors. Adding a management
variable m as the sixth factor yields a qualitative predictive model for soil degradation.

The soll erosion process is affected by related biophysical factors, namely the amount of ground
cover, rainfall erosivity, soil erodibility, slope angle and length, and runoff volume and velocity
(Hudson, 1995, Morgan, 1995) as discussed below. According to UNEP (1997), the soil erosion
problem is basically ecological and socio-economic, while the above variables and their

relationships are major factors In understanding the complexity of the soll erosion problem.
2.5 ASSESSMENT OF SOIL DEGRADATION

Soil degradation measurement techniques are available for a number of applications ranging from
detailed research studies to broad based assessment (Laflen and Roose, 1997). The main types as
reviewed by Stocking, (1987) and Laflen and Roose (1997) include laboratory experiments, field
measurements, field and caichment-scale experiments and broader scale survey procedures and
GLASOD methodology. However, there are challenges inherent in the techniques and sampling.
and in the comparabliity of the measurements conducted by different methods. This affects the
reflability and usefulness of the data (Stocking, 1987). The processes of land and soll degradation
occur at varying rates and with varying degrees of severity and yet data are collected on a limited
time scale. Another problem is that some data collected are less reliable compared to others. A
further imitation is the scale of measurement, which affects the extrapolation and interpolation of
data obtained. For instance, extrapolations based on limited data and related to regions outside
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the ecological limits in which experiments were conducted are often misleading and characterised
by errors (Lal, 1994).

Nevertheless, the above methodologies can all be applied depending on the availability of
resources and the environmental conditions of the area under consideration. FAO (1979) methods
using direct field observation and simple measurements provide a general impression about the
ndfure of land and soli degradation in the watershed. The experimental erosion plots and
predictive soil loss equations are suitable for small-scaie studies, although they require long-term
observations, which may be problematic in dryland environments. The FAO methodology
overcomes a number of limitations mentioned above in that It involves actual measurement of the
degree to which different parts of the landscape have been eroded using diagnostic criteria e.g.
erosion features (pedestals, pavements, rills, gullies, deposition of soii on gentle slopes, reservoirs
efc). The FAO approach informed the design of the methodology déscribed in Chapter 4.

2.5.1 Experimental And Field Survey Approach

Soil degradation rate can be determined directly by measuring the actual amount of soil loss
from fields at different scales (i.e. the plot and catchment level) and extrapolating the results to
the entire area. This ‘nested’ approach has become widely accepted procedure since it
permits the sediment production of component units to be\ related to the overall catchment
sediment yield. It is particularly useful in relating the erbsion rates and the hydrological responses
to the underlying sub-catchment characteristics. Soil éjegrodoﬂon by nutrient depietion can be
studied using nutrient in- and out-flow (nutrient balances) measurements.

2.5.1.1 Expernimental plot level

Trapping and measuring the quantity of removed soil or estimating the quantity from
measurable changes in soll level are the two most common procedures for direct determination
of soll loss (El-Swaify et a.l 1982; EI-Swaify, 1886).

Hudson (1995) and Morgan (1986, 1995) have described the design and use of experimental
plots to monitor erosion loss. This approach is usefui in testing the effectiveness of conservation
methods atf the field scale. It is event-based hence one can relate to the ground conditions, and
identify the impact of particular cultivation methods and crop types on the rates of erosion.
Laboratory and smadall field plot experiments are the most expedient way to describe processes
important to various types of degradation and to derive parameter values for use in parametric
equations or simulation models (West and Bosch, 1997). However, there is a need to be careful
with the experimental design in order to minimise errors when extrapolating the findings. The
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method suffers from a number,. of shortcomings (Hudson, 1993). It is not possible to obtain
evidence on field soil redistribution, as the plots are bound and isolated from the topographical
context, which leads to difficulties in applying the results to field situations. Data monitoring
should be extended for longer perlods, particularly where there is inter-annual variation in
rainfall. Associated costs may also be prohibitive.

2.5.1.2 Field survey of erosion features

Field survey includes the observation, measurement and recording of changes in the soil depth,
and visible rills and gullies and estimation of rates of erosion based upon the volume of soil
material displaced from these features. The method involves repeated ground observation and
may be aided by remotely sensed data. The strength of this method is that it is less demanding in
terms of equipment and training experience. Where satellite imagery or aerial photographs are
available for a certain length of time, retrospective assessments to study spatial gully distribution
can be undertaken. The shortcomings associated with this method are the prohibitive costs for
the acquisition of the sequential images. Imagery of appropriate resolution may be lacking and
where aerial photographs are used, little control can be exercised over the time employed., as
existing records are likely to be limited (Walling and Qwine, 1993). Furthermore, the accuracy of
data is questionable when the source of data to explain the erosion problem is limited only to
the .observcble features such as rills and gullies.

Dunne (1978) applied the technique of measuring changes in the soil level, using remnant
vegetation and tree root exposure as indicators of surface lowering, to estimate the erosion in
the semi-arid rangelands of Kenya. However, simple micro relief measurements are often
criticised for being inaccurate in detecting short-term erosion and because of thelr inherent
inabllity fo estimate the runoff. They endure further limitations in that they most frequently
account for only local erosion features and it is difficult to apply the results to larger spatial
scales.

2.5.1.83 Catchment level

This Is the intermediate scale. Indirectly, soil degradation may be determined by estimating the
sediment loads of rivers and reservoirs receiving runoff from the desighated basins. This
approach has been applied in numerous studies (e.g. Rapp et al. 1972; Ogweny, 1978). There
are limitations, however, in the use of sediment delivery data due to the re-deposition of eroded
soils on the field slopes. Furthermore, difficulties also arise in sediment sampling:; usually the
suspended sediment load other than the bed-oad is sampled and yet this may be part of the
eroded sediment.
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2.5.1.4 Global/continental level

Global Assessment of Soil Degradation (GLASOD) methodology by UNEP and its partners
(Olderman, et al., 1991; UNEP, 1997) was an inifial major international effort to assess soil
degradation, to specify the types of degradation and to understand its spatial distribution
(Barrow, 1991). The GLASOD work followed on from FAO's Provisional Methodology of 1978,
which had fundamental errors relating to scale of analysis. Although the GLASOD approach
represents a subjective assessment of a complex problem, there have been a number of
refinements to provide for higher resolution of regional data and to produce an assessment of
the status of human-induced soil degradation, linking degradation with productivity. Small-scale
assessments often involve entire river basins and are largely qualitative, hence tend to mask the
important contributions of small but seriously degraded areas (El-Swaify, 1986).

2.5.1.5 Remote sensing approach

Satellite remote sensing, as opposed to aerial photography, is the science of deriving
data/information about an object from measurements of electromagnetic radiation emitted by
that object (Lillesand and Kiefer, 1994). The interpretation of remotely sensed data is based upon
the knowledge of properties and behaviour of electromagnetic radiation. Lillesand and Kiefer
(1994) provide a detailed description of the various eiec'rromogneﬁc properties.

The spectral reflectance characteristics of the soll are a function of thelr chemical, physical and
mineralogical composition (Curan cited by Nizeyemana and Petersen, 1997). As a result of
extensive studies (Stoner and Baumgardner, and Mathew et al. cited in Nizeyamana and
Petersen, 1997) the diagnostic absorption bands and portions of the electromagnetic spectrum
that are most sensitive in detecting differences in soil properties important to soil mapping have
been identified. Soil degradation results in changes in soil properties. The important soil variables
in identifying soll degradation at the soil surface, and which have diagnostic absorption features
detectable by RS systems are organic matter, soll moisture, texture and lron- oxide (Curan cited
by Niyezemana and Petersen, 1997). However, the fact that soil degradation is not measured in
terms of quantifiable ranges of soll properties makes the differentiation of reflectance values
between undisturbed and degraded solils difficult. Comparing reflectance spectra or data of
digital image analyses of degraded and undisturbed soils therefore assesses soil degradation.
Niyezemana and Petersen (1997) argued that the determination of soll degradation using RS is
thus based on a subjective judgement of the trend of reflectance curves rather than on specific
measured ranges of reflectance values.
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Aerial photography and satellite imagery have been used for rapid but qualitative observations
of erosion sources, relative magnitudes of soil ioss and sediment destinations. These techniques
can reveal erosion rates when several sets of photographs/imagery are obtained at defined
fime intervals. However, there are limitations in detecting cerfain erosion types (e.g. sheet

erosion) and hence the technique is more suitable for gully erosion investigation (El-Swalfy, 1986).

2.5.2 Participatory Rural Appraisal (PRA)

PRA in an important tool in obtaining both the biophysical and socio-economic data atf the
intermediate scale during field surveys. In recent years ‘participation” has become a critical
concept in development (Estrella and Gaventa, 1998). Internationally, governments and non-
governmental organisations are insisting on participatory approaches in assessing needs and
implementing programmes.

Partficipatory Rural Appraisal (PRA) is a methodological approach that emerged in the 1980s,
largely at the initiative of the NGOs, and is an outgrowth from Rapid Rural appraisal (RRA), which
emerged from university professionals in the late 1970s. Chambers and Blackburn (1996) describe
PRA as a family of approaches, methods and behaviours that enable people to express and
analyse the rediities of their lives and conditions, fo plan what action to take, and monitor and
evaluate the results.

Whereas RRA is extractive, PRA and PLA are participatory, empowering, with ownership and
analysis more by the rural people themselves; the local people do the mapping, modelling,
observation, scoring, interviewing, analysis and planning (Chambers and Blackbum, 1996; 1DS,
1996; Chambers, 2004). Outsiders are involved as convenors, learners, catalysts and facilitators in
the process thus leading to local ownership of the outcome. Although this may prove difficult, it
is more effective if the investigator shows respect, is open and self-critical and can iearn not to
interrupt (Chambers and Blackburn, 1996). Experiences with PRA in South Asia, East and West
Africa and eisewhere (Chambers, 1994) show that local people are more cooperative if this
protocol is followed than otherwise.

PRA is not fixed: it is increasingly being adopted and becoming more mainstreamed. According
to Pratt (2001), PRA in Pakistan now stands for “Participation Reflection Action* and such a
descripter provides better meaning. PRA has grown from a research focus and is now a useful
ool for investigative work. The participatory methods are eclectic, borrow from many discipiines.
and are adapted to meet the specific jobs at hand. Vdlidity and reliability are achieved through
use of multiple methods and including different uﬁers and stakeholders in consensus building
(Nayaran-Parker, 1999).
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There are, however, dangers In scaling up ifs use too quickly, which puts the method at risk of
being discredited and in the process and alienating the local people who participate
(Chambers and Blackburn, 1996). The activity of extracting information quickly may prove
unethical because local people are brought into a process in which expectations are raised
and then frustrated if there is no action or follow-up (Chambers and Biackburn, 1996). The
method therefore requires clarifying the researcher’s intentions to the local people from the
outset, and also remaining commitment on the part of the facilitators to support the actions that
local people have decided on.

2.5.3 Nutrient Study Approaches

Many methods have been adopted in assessing &:honges in soil fertility includihg nutrient
balances, soil erosion estimates, rangeland:arable ré,lﬂos, long term monitoring of yields using
different soil amendments, and national level frends in grain (Toulmin and Scoones, 1999). The
choice of the method depends on the system being studied, the factors to be monitored and
the time frame and baseline against which to assess the trends. To obtain greater understanding
of environmental changes, other methods such as farmer’s perceptions and assessment of soil
changes, documentary evidence and socio-economic data analysis also need fo be
incorporated (Scoones and Toulmin, 1999). :
S

Several approaches exist for the study of nutrient balances but the appropriate method should
be a reflection of the objectives and requirements of the researcher and other users Smaling
and Oenema, 1997). These different approaches are detailed by Smaling and Oenema (1997)
and have been applied by researchers in varied temporal and spatial scales. in recent years the
nutrient budget and balance approaches have become widely applied in the African context
at different spatial scales ranging from piot and catchment studies to regional analyses and
continental assessments (Scoones and Toulmin, 1999). A number of these studies point to the
widespread processes of nutrient ‘mining’ and soll fertility decline. Studies on nutrient balances in
agricultural systems that were commissioned by FAO on sub Saharan Africa applied a ‘black
box’ approach with many generaiisations and simplifications due to limited and uneven data
availability. Srﬁoling and Oenema (1997) indicate that such models are mostly used at larger
scales, and have ‘awareness raising’ as their main aim and policy makers as the principal
audience.

The scale inherent limitations in the use of these black-box models have triggered related large-

scale studles in Africa such as that for Kisii district in Kenya. Nutrent {osses of -112 kg N and -3 kg

P ha' yr! were calculated for the Kiisi district compared to estimated mean continental values
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of -756 kg N and -5 kg ha! yr! (Smaling and Oenema, 1997). Detailed studies on nutrient
balances have also been undertaken at the farm (e.g. Wortmann, 1999; Esilaba et al., 2002) and
plot level. In this case the farmer is an important controller of nutrient flows and balances,
including soil fype and climate. The plot-scale and farm-scale balances provide information on
directly controllable factors for nutrient fiows, and are also very important for the proper
understanding of variation in nutrient flows and balances at larger spatial scales (Smaling and
Oenema, 1997). Scoones and Toulmin (1999) have assessed the difficulties associated with the
use of soil nutrient budget analysis such as dangers of extrapolation from very limited data sets
and problems of handling diversity and uncertainty with smaliholder farming systems. Soil
processes (e.g. gaseous losses, leaching and rock weathering) are difficult to measure
accurately in the field, yet they may account for important nutrient losses and errors in their
estimation may have significant effects on overall results (Scoones & Toulmin, 1999; Ramisch,
1999). Such variables are often estimated using fransfer functions and regression equations
standardised across different environments (e.g. Smaling et al., 1993; Stoorvogel & Smaling,
1990). However, such functions may be inappropriate to the local agro-environment and will ot
best intfroduce increased uncertainty and error into the calculations.

2.5.4 Modeling Approach

Erosion models (Morgan, 1995) vary in form and complexity from empirically derived equations
(e.g. USLE, SLEMSA) to distributed process-based models (e.g. WEPP) (Anderson and Rogers
cited by Walling and Qwine (1993). The imporiance of the modeling approach to erosion
assessment lies in the near-instant access to wide-scale erosion estimates and the potential for
estimating the impact of the changed land use or the introduction of conservation strategies
(Walling and Qwine, 1993).

Models, nevertheless, have their shortcomings (Walling and Qwine, 1993; Morgan, 1995). E-swaify
and Fowne (1992) note that site specificity, limited transferability, and other limitations of
empirical soil loss prediction models have necessitated and encouraged the recent significant
efforts in process-based modeling. But the process-based models are foo demanding in terms of
iocally available input data for their operation. Thus, the costs accompanying such data
provision often prohibit the wide use of such models, particularly in developing countries such as
Uganda.
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The process-based models

These models explain mathematically each process and then combine the sépcrcfe effects.
They are demanding in terms of data and require powerful computers to undertake the
mathematical calculations. Examples of these models include the () European Soil Erosion
Model (UEROSEM) whose objective is to assess erosion and pollution at field and catchment
scales has proved very useful in guiding the selection of protection measures. (i) Water Erosion
Prediction Project (WEPP) was developed as a new generation of erosion prediction technology.
It is applicable to different scales and land uses. The soil-based component of WEPP improves on
the lumped mean annual K-factor approach of the USLE and distinguishes between rill and
interrill erodibllity.

Productive models

Productive models such as the Erosion impact Calculator (EPIC) and the Productive Index Model
(EPD estimate the loss of productivity. EPIC is a combination of empirical and physically based
components, which requires iarge amount of data to run, It Is capable of estimating changes in
production on a term changes basis.

The empirical or “black-box” models

These models are derived not from theory but field observations and experiments. They are
referred to as “black-box”. The USLE, an empirical model derived under temperate humid
conditions in the USA (Wischmeier and Smith, 1978), has been widely applied in different parts of
the world but with some modifications (e.g. the SLEMSA developed for Southern Africa, see
Eiwell and Stocking, 1982). The USLE’s success in the United States and its relative global

popularity have been credited to its simple form (El-Swaify and Fownes, 1992). The USLE equation
is presented in the form:

A=RKLSCP

In which A'is the predicted mean annual soll loss (t/acre/yr), and '}he RKLSCP are the empirically
derived factors which linearly and ‘independently’ quantify the effects on soll loss of rainfall
erosivity, soil erodibiiity, siope length, slope steepness, crop management, and land
management practices. Numerous authors have documented the validity limits of the USLE (e.g.
Wischmeier and Smith, 1978; El-swaify ef al., 1982). For instance, the application of the USLE is
limited to the environment and land uses for which it was derived and misleading resuits are

obtained when applied elsewhere.
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The most commonly identified constraint is the need for local verification due to site specificity of
the values assigned to its factors where the required data are usually unavailable. Long-term
historic climatic data are not easily acquired. The modei is strictly limited to sheet and rill erosion
and is not applicable to short-term soil loss predictions or computations of sediment yields. After
reviewing some of the available data on the values of the USLE factors for the temperate and
tropical areas, El-Swaify et al. (quoted by El-Swaify and Fowne, 1992) concluded that tropical
soils are generally less erodible but more susceptible to rainfall erosion compared to temperate
solls. In spite of its limitations, the USLE is regarded a robust empirical soil loss prediction equation
and has been widelt applied to predicting surface erosion rates in the tropics (El-Swaify and
Fowne, 1992).

The Revised Universal Soil Loss Equation (RUSLE), a modified/improved version of the USLE, is also
widely applied to estimates of soil erosion (OQuyang and Bartholic, 2001). RUSLE allows more
versatility in applying the USLE through refined values of R, K, L. S and methodological estimations
of C, the cropping factor. through all of its identifiable factors (El-swaify and Fowne, 1992). This
study adopted the RUSLE model in GIS environment to predict the soil loss. Unlike the USLE, the
RUSLE/GIS interface is robust and provides a good methodology for analysis of the problem at
reconnaissance scale (e.g. district).

The RUSLE factors

Soil erosion process may be promoted or retarded depending on the interplaying factors.
Rainfall erosivity, soil erodibility, slope (length and gradient) and cover are key factors in the
RUSLE and USLE (Wischmeier and Smith, 1978; Renard, ef al., 1997) as discussed below.

Rainfall Erosivity

Rainfall erosivity is the potential ability of the rain to cause soil erosion and is linked to the
" physical characteristics of rain namely amount, duration, drop size, drop-size distribution,
terminal velocity intensity and kinetic energy (Wischmeier and Smith, 1978; Salako, 2003). Soil loss
is closely related to rainfall parfly through the detaching power of raindrops and the contribution
of rain to runoff (Morgan, 1995). Soil detachment and transport by rainsplash Is usually the first
step in soil loss (Van Dijk et al, 2002, Legueddois ef al. 2005) and can be measured using a
variety of approaches including splash cups, trays and boards. The spatial distribution of
particles splashed from a point source can be described by an exponential decay function
(Van Dijk et al., 2002).
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The relationship between rainfall and soll loss, however, is not aiways simple. The response of the
soll to rainfall Is influenced by both rainfall intensity and amount including the antecedent soil
moisture (Morgan, 1995). Many studies (e.g. Fournier, cited by Mbrgcn, 1995) indicate that the
average soll loss per rainfall event increases with the intensity of the storm. However studies
elsewhere seem to indicate that this relationship is not always direct.

Rainfall erosivity is best expressed as an index based on the kinetic energy of the rain, which is a
function of rainfall intensity and duration, and of the mass, diameter and velocity of the
raindrops (Morgan, 1995; Salako, 2003). The general relationship between KE and rainfall intensity
is:
KE = 11.87 + 8.73 logiol
Where | is the rainfall intensity (mm/h) and the KE is the kinetic energy (dm-2mm-1)
For tropical rainfall, based on studies from Zimbabwe, Hudson gives the equation:
KE = 29.8 - 127.5/!

The three common indices for rainfall erosivity evaluation are Elx (Wischmeier and Smith, 1978;
Renard et al., 1997), KE225 (Hudson, 1995), and Alm (Lal, 1976). The KE is the summation of kinetic
energy of rainfall exceeding 25 mm h-1 based on the premise that such rainfall events are the
main contributors to soll erosion problem. Alm is the product of ddily rainfall amount and
maximum short-term intensity (Im). To qualify os a valid index of potential erosion, an erosivity
index must be significantly correlated with soil loss. Wischmeier and Smith (1978) have suggested
the index of Elso but this is criticized as not being valid for tropical rains that are characterised by
high-energy intensity. It implies that low intensity rains cause erosion but Hudson (1995) found
that soil erosion occurs at intensities > 26 mm/h and thus proposed an altemative erosivity index,
which uses KE>25. in the absence of appropriate equipment to measure rainfall intensities, the
present study attempted to measure rainfall amounts using a non-recording gauge and related
it to soil loss. Rainfalt amount has been found to be a good indicator of soil loss.

Runoff generation

Water inﬁl'rraﬁon is a major determinant of how much rain will contribute to runoff and cause soll
erosion. Under conditions where the rainfall intensity Is less than the infiltration capacity of the
soil, no surface runoff will occur and the infittration fofe @R) equals the rainfall iIntensity (Hudson,
1993). If the rainfall intensity exceeds the Infiltration capacity, the IR equals the Infiltration
capacity and the excess rainfali forms surface runoff (Hortonian overtand flow). Overiand flow is
a major agent of sediment detachment, entrainment and deposition. Horton (1933) was the first
to recognize that infiltration is the most important factor in overland flow. However, the other

important control for runoff generation is limiting soil moisture content.
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When the limiting moisture content is reached and all the pores are full of water, pore pressure
equates to atmospheric pressure, suction reduces to zero and surface ponding occurs. Once
water starts to pond on the surface it is held in depressions and surface runoff does not start until
the storage capacity of the depressions is full. Surface ponding capacity varies according to
slope, land use type and the nature of the soils.

Soil Characteristics

The properties of a soil are important determinants of resistance to erosion (Morgan, 1995). These
properties are combined into soil erodibility factor, which refers to the resistance of the soil to
both detachment and transport (Hudson, 1995; Morgan, 1995; Wischmeier and Smith, 1978).
Auset etf. al, (1990), however, it has been argued that the influence of soil properties cannot be
confined to the erodibility concept, as agpplied in the USLE, because the consequences of a
given soil at a given point of a catchment could appear in a completely different part of the

catchment.

Infiltration capacity is the maximum sustained rofe at which soil can absorb water and s
influenced by pore size, pore stability and the form of soil profile. Soils with stable aggregates
maintain their pore spaces better while those with swelling clays or minerals that are unstable in
water tend to have low infiltration capacities. Dunne and Dietrich (1980) observed a progressive
decline in infiltration rates due to swelling colloids in the severely eroded rangelands of Kenya.
Soils with deteriorated structures due to over-cultivation or trampling may have reduced porosity
and hence low IR (Pietola et al., 2004). Infiltration capacities can be obtadined in the field using
infiltrometers (Hudson, 1995) but discrepancies are redlized between actual capacities during
rainstorms and those obtained by field tests. For solls with varied profile depth, the horizon with
the lowest infiltration capacity is most critical.

Soil particle size distribution affects infiltration rates and moisture content. For instance, coarse
textured soils are usually characterised by high IR (Salako, 2003; Telis, 2001) and hydraulic
conductivity (Salcko, 2003). Soil moisture content influences soil structural stability by determining
the degree fo which mechanical forces will cause structural breakdown (Barver, ef al., 1972).
The organic and chemical constituents of the soil are important due to their influence on
aggregate stability. Generally soils with low organic carbon (<2 %), low clay and high in siif
content are considered the most ercdible. The silt:clay ratio may therefore be an indicator of soil
susceptibility to detachment and fransport, where an increasing ratio means that the soil is less
stable and therefore more prone to erosion (Waruru and Wanjogu, 2003). A threshold value for
this ratio of 0.4 is reported for gneiss and ingneious rocks parent material soils (Wanjogu cited in

Waruru and Wanjogu, 2003).
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Soil erodibility decreases linearly with increasing ofgcnic content over the range of 0 to 10 %
(Voroney et al. cited in Morgan, 1995). However, the role played by organic material depends
on its origin and interactions. There is a significant interaction noted between organic matter
content and aggregate size in seal formation and final IR (Lado et al., 2004). The high aggregate
stabliity.and the low dispersivity of high-organic matter soils seem to fimit seal or crust formation.

Chemically, the most important control over erodibillity is the proportion of easily dispersibie clays
in the soils. A high content of exchangeable sodium can cause rapid deterioration of the soil
structure on wetting, leading to loss of strength, followed by the formation of a surface crust and
decline in Infiltration as the detached particles fill the pore spaces in the soil (Shainberg and
Letey cited in Morgan, 1995)

Numerous soll erodibllity indices have been devised based on soll properties. Morgan (1995)
presents a review of these indices for water erosion. Bryan (cited in Morgan, 1995) favours
aggregate stability as the most efficient index. However, a more commonly used index is the K
value which represents the soll loss per unit of Elsoas determined in the field on a standard bare
plot (22m long on a 5°¢ slope). Estimates of the K value can be obtained from the nomograph
based on the particle size distribution, the organic content, structure and permeability of the soil

(Wischmeier and Smith, 1978). However, poor predictions are obtained for soils with high organic
contents of >4% and swelling clays.

Vegetation Cover

Vegetation cover buffers the soil from the erosive effects of raindrops, overland flow and wind,
while the roots contribute to its mechanical strength. The importance of vegetative cover in
reducing erosion has been widely demonstrated (Hudson, 1981; Hudson and Jackson cited in
Morgan, 1995). Increase in vegetation cover reduces soll loss and runoff dlthough the
relationship is not linear (Stocking and Elwell, 1976). Wischmeler and Smith (1978) suggested an
exponential relationship as applicable to vegetation covers in direct contact with the soil
surface. This exponential relationship has been attributed to the ponding rainwater behind or
within plant elements, which reduces the effectiveness of raindrop impact (Foster cited in

Morgan, 1995). Morgan (1995) argued that the exponential relationship also applies to canopy
cover.

The effectiveness of the plant cover in reducing soil erosion by raindrop impact depends upon
the type, extent, quantity of cover (Wall, et al.. 1987), the height and continuity of the canopy,
and the density of the ground cover (Morgan, 1995). Soil erosion potential is increased if the soil

has no or very little vegetative cover and or/or crop residue (Wall, et al., 1987).
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The vegetative cover also influences the runoff velocity. The greatest reductions in velocity
occur with dense, spatially uniform, vegetative covers (Morgan, 1995). Clumpy, tussocky
vegetation is less effective and may lead to concentrations in flow with localized high velocities
between the clumps. Reid et al. (1999) observe that patchy vegetation has an impact on runoff
and sediment distribution that affects the ecological processes.

Slope

Normally an increase in slope angle is expected to cause an increase in velocity and volume of
the surface runoff hence increased in soil erosion. The relationship between erosion and siope is
expressed by the equation:

Eoc tan™ @ L
Where E is soil loss per unit areq, 0 is the slope angle and L is the siope iength.
The value of m was found to be approximately 2.0 in Zimbabwe (Hudson and Jackson cited in
Morgan, 1995) and therefore the effect of slope is sald to be stronger under tropical conditions
where rainfall is heavier. On steeper slopes, however, the value m may decrease further as soil-
covered slopes give way to rock surfaces and soil supply becomes limiting.

Surface overiand flow causes detachment and transport of the sediment. Zhang et al., (2003)
have studied this relationship and indicate that detachment rate increases with slope gradient
but the functional relationship between the two variables depends on the flow rate,

There is no simple relationship between slope length and soil loss due to a wide range of
conditions Morgan, 1995). The increasing depth of overland flow downsiope may act to protect
the soil from raindrop Impact (Gliley et al. cited in Morgan, 1995). When rilis form, soil loss may
increase with slope length where rill densities are high (Meyer et al. cited in Morgan, 1995) or
decrease with slope length where the flow becomes concentrated. Studies by Kinnell (2000)
indicate that sediment concentration associated with flows from the side-siopes increases not
only with slope gradient but also with slope length, particularly when side-slope gradient
exceeds 10%.

255The Regionol Political Ecology Approach

This approach, advanced by Blalkie and Brookfieid (1987), attempts to explain the complexity of
human-natural resource use relationships encompassing interactive effects operating at
different spatial scales and levels of organisation. it takes into consideration ‘environmental
variability and the spatial variations in the resilience and sensitivity of the land, as different
demands are put on the land through time’. They argued that ‘the constantly shifting dialectic
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between society and land-based resources is embraced in this approach through its concerns
of ecology and broadly defined political economy". The understanding of the roles of the
intemnational community, the state and the local land managers are derived from the political
economy. Thus the approach consclously applies theoretical material from a number of models
such as the core-periphery model, applied theories of the state and the ecology of the
agricultural systems (Andersen, 1994). In Uganda’s situation the local land resource use can be
analysed by embracing these kinds of models.

2.6 IMPACTS OF SOIL DEGRADATION

Land degradation in fragile areas is one of the key issues of soil resource management and it
demands urgent attention (UNCED, 1992). Laflen and Roose (1997:31) note that soil degradation is
a serious threat to the quality of the soil, land and water resources. There is no region of the globe
where soil erosion by water is not a threat fo the long-term sustainability of humankind. Living
standards are declining and the environmental situation is of concern in Afiica and East Africa in
particuar (Stahl, 1993). Environmental assessments by the World Bank, the United Nations
Environmental Program (UNEP), the World Watch Institute and the World’s Conservation Union
QUCN) questioned Africa’s capaclty to prevent its environmental degradation and to sustain
livelihoods by the end of this century. However, discussions on soils in Affica have been replete with
overgeneraiisations and misinformation, and investigations of land degradation on the continent
have been equdlly prone to mis-measurement, exaggeration and erroneous extrapolation (Farley,
1996). Stocking (1998) observed that the damage traditional herders and pastoralists have done o
communal rangeland resources has all oo frequently been exaggerated and he proposed a more
balanced and objective approach to assess rangeland degradation particulary the rates of
erosion and their effect on biomass production, livelihoods and future use or sustainability. Emerging
evidence shows that issues of land degradation are contextual (Warren, 2002). Besides, the
occurrence of soil degradation is being countered through conservation in different parts of Afica
and does not necessary lead only to negative Impacts in view of increasing population (Tiffen, et al
1999). Soil degradation leads to winners and losers depending on the nature of the on-site and off-
site effects (Stocking and Clark, 1999). FAO (2000) reports widespread on-site and off-site impacts
of soil degrcdoﬂon in many countries of Africa including Uganda.

2.6.1 Onsite Effects Of Soil Degradation

Soil degradation is a serious constraint to improved agricuttural production throughout sub-Saharan

Afiica (Dregne, 1983; Lal, 1987, UNEP, 1992: Farley, 1996; Nandwa, 2003). Accelerated erosion on

agricultural lands affects soil quality and productivity through removal of soil particles and nutrents

(Nandwa, 2003; Mills and Fey, 2003). However, the effects are not uniform on all soil types and
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indeed there may be the same or different soll losses under the identical or similar conditions
(Tengberg et al., 1997). Nutrient balance studies show that degradation is evident on arable fields
as nutrient depletion, which is the main threat to poor manure reliant farmers (Dougill et al., 2002).
For instance, the decline in banana productivity occurring in most of the Great lakes region is partly
due to deciine in soll fertility caused by nutrient losses through harvests and erosion (Bekunda ef al.,
2003). Other studies in Uganda (Tukahirwa, 1992 and Zake et al, 1995) indicated that many farmers
in different parts of the country experienced a decline in soil productivity due 1o the soil fertility loss
and poor soil management practices. These studies, however, were only based on the humid parts
of the country and do not portray the situation in the dry-land areas. Links between environmental
processes such as soil erosion and crop or livestock yields are highly complex given variable

rainfall, management practices, pest and disease attacks

The environmental and economic losses from soil degradation are, nevertheless. widely thought to
be enormous, although it is difficult to estimate without reliable data on the processes involved.
Estimates of the economic losses arising from soil erosion cost Uganda between US-$ 132 to 396
million (Slade and Weitz, 1990). The costs of soil degradation to crop vields have been estimated at
US $ 129.3 million per annum (Moyini et al, 2002). But the relative magnitude of economic losses
due to productivity decline versus environmental deterioration has érea’red debate (Eswaran et al.,
2001). Some economists argue that the onsite impact of soll erosion and other degradation
processes are not severe enough to warrant implementing any action at national or international
level. On the other hand, the agronomists and soil scie‘n'ris'rs argue that effects on land quality are
ireversible; for instance reduction in effective root depth. The masking effect of improved
technology may, ofcourse, provide a false sense of security.

The productivity of most of dry-land ecosystems is rather poor (Mann, 1981). Many of these areas
are experiencing increasing human and animal populations and changes in the land use due to
high resource demand. Practices such as bush burning are very common in such situations.
Frequent and uncontrolied bush burning may threaten the sustainable use of these environments
particulady where remedial measures are not adopted. However, use of fire in maintaining the
benefits of rangeland users is debatable (Roach, 2004). Roach, has argued that the idedl
frequency of burning is unknown and would depend on the desired abundance of fire-tolerant
versus fire-in‘rolérom‘ species, something that is probably subjective. The intensive utilization of thorny
tree/shrub branches (e.g. protecting the crops from wandering livestock) and materiais for housing
and fuel wood has accentuated the desertification of these lands. Deserification is synonymous
with severe degradation of dry-lands and refers to the impoverishment of the terrestrial ecosystems
as a result of human impact. It is the process of deterioration in these ecosystems that may be
measured by decreased productivity of desirable plants, undesirable alterations in the biomass and

the diversity of the micro- and macro-fauna and flora, accelerated soll deterioration and increased
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hazords for human occupancy (Dregne, 1983). There is a direct.link between soll erosion and
desertification, which has its greatest impact in Africa (CAZS, 2002). Oisson and Ropp (1988)
observed that for degraded land, rehabillitation or restoration is possible but the cost can be
prohibitive to a poor resource country. These effects need to be andlysed for greater
understanding and application of appropriate measures for development of marginal lands.

The solis in the semi-arid areas have limited reserve of nutrients, including nitrogen; low organic
matter contents (NRI, 1994). Studies on changes in soll properties due 1o degradation are still scanty
in Africa. However, the few studies undertaken (e.g. Hiemaux et al., 1998) indicate changes in soil
properties resulting from grazing pressures.

The semi-arid areas are sensitive to certain developments such as the establishment of water points,
which become associated with the sites of animal activilty, the outer radius of which depends on
the maximum distance the animals can move from the water (Noy-Meir, 1981; Imbamba, 2002).
Along the radius of this animal activity there is a gradient of decreasing animal activity from the
water point. These gradients are evident in the density of animal tracks and faeces and in the
effects of frampling on the soll cover (Lange, 1969, Rogers and Lange, 1971). Rangeland
degradation in Namibla has been attributed to positioning and management of water points and
boreholes (Imbamba, 2002). The concentration of large cattle herds resulted in intense local
overgrazing and degradation that negatively affected cattle population. In northeastern Uganda
cattie trek long distances to the water points or dams during the dry resulting in overgrazing of the
surrounding areas and soil erosion season (MAAIF, 1994),

2.6.2 Offsite Effects Of Soil Degradation

Soil degradation can result in negative and/ or positive offsite socio-economic or environmental
effects (Pierzynski, et al, 1997, Gregory, 2000; Ehriich et al,, 2000). There are social related effects of
soil degradation but many of them transcend the local areas of occurrence (Ehriich et al., 2000).
Threatened livelihoods and undermined communities can generate border-crossing environmental
refugees. These social reverberations of ecological change are felt far from the point of soll
degradation and with increasing force (Ehriich et al., 2000).

Eroded sediment is a major air and water poliutant causing detrimental off-site effects (ASAE, 2001).
The potential impacts of soil degradation on water quality include acidification, and enrichment of
water with plant nutrlents, sediments, pesticides and other organic chemicals, saifs and frace
elements (Pierzynski, et al. 1997). These changes among others influence human health and
enhanced ecological risk. There is widespread evidence of increased siltation and sedimentation of
water reservoirs in different parts of Africa (NEMA, 2000; Semalulu, et al., 2003; Ogweny, 1978; Rapp
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et al, 1972). Accelerated slitation and sedimentation clearly threatens available water quality and
quantity. In still other situations, eroded sediments can be a problem downslope when the
deposited material buries crops. However, there are some locations, which benefit when the
products of erosion are trapped (Gregory, 2000). The transported sediments including the fertile silt
and clay may contribute o increased crop vields in areas of sediment deposition. Poudel et al.
(1999) in the Philippines observed that crop yields downslope were greater by 40% for tomato, 36%
for com and 78% for cabbage than for upslope. In view of these discussions it is important that
studies of soil degradation focus on both the positive and negative effects arising from degradation
processes, and also the adaptation strategies and knowledge to address it.

2.7 LOCAL KNOWLEDGE AND COPING MECHANISMS OF SOIL DEGRADATION

2.7.1 Local Knowledge

Indigenous and hybrid knowledge

Although modernisation theory has dominated development discourse since 1945, there have
been moves to reframe the debate Briggs et al., 1994). In particular an interest has developed
in indigenous knowledge and the importance and vaiue of recognising indigenous knowledge
demonstrated. Seely (1998) noted that the importance of indigenous knowledge has been
recognised but is usually seen as a source of knowledge to be taken and used by scientists
rather than as an input into scientific or decision rhcking processes. Indigenous knowledge
systems (IKS) have been given more attention as their importance is addressed in development
projects (Materer, et al., 2001). Kloppenburg, (cited in Materer, et al, 2001) distinguishes
between scientific and local knowledge. He indicates that scientific knowledge is one in which
the ideas, theories and concepts are ‘immutable mobiles’ i.e. the knowledge is transferable,
mobile and not tied to a singular locale, as opposed iocal knowledge, which is less mobile but
more dynamic and thus mutabie. However, Materer, et al. (2001) disagreed with this distinction
set between the two knowledge bases. He argued that, with the advent of globalisation, many
subsistence societies are fusing modern technologies with their traditional practices hence
knowiedge systems in a local area are influenced by ‘immutable mobiles” and adapted.
Materer, et al. prefer to identify IKS as 'LKS’ (locai knowiedge system) since it is unique because
of the subject matter it contains, the context and the way in which it is applied and interpreted.
It is necessary that it is defined separately or eise researchers, scientists and policy makers who
work in development will not take extra care in incorporating it into current projects. But
Niemeljer and Mazzucato (2003) argued that in order for the iocal knowledge to be more useful
for sustainable development interventions, it is necessary to go beyond the collection of
indigenous soil taxonomies and also explore the theories farmers themselves have on soil with

respect to formation and degradation processes.
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Perceptions and attitudes to soil degradation

Acknowledging human perceptions of the environmental problems is an important requirement
for better understanding of environmentally damaging forms of production and consumption
(WBGU, 1995). Perceptions influence the way we behave or act and therefore an understanding
of this concept is crucial in the resolution of environmental problems (Tuan, 1974). Decisions by
the local people and the local authority as to whether or not to address the problem of soil
degradation are clearly influenced by perceptions and attitudes. The concept of perception is
extremely complex (Saarinen 1976). The meanings of perception, attitude and value overiap
(Tuan, 1974), although each should be considered in its proper context. Perception is an
intuitive recognition or understanding of the ecosystem and its natural resources, often based on
human experiences or cultural attitudes or beliefs (EIONET, 2005). Buf in broad and simple terms,
perception Is the person’s knowledge of, and atfitude towards attributes of an area (Lanegran
and Palm, 1973). Attitude is primarily a cultural stance; a position one takes vis-a-vis the world
(Tuan, 1974). It has greater stability than perception and is formed by a long succession of
perceptions or experiencé. Therefore, perceptions, as opposed to attitudes, are more fluid and
change with time as experiences force or cause change.

Perceptions as to the status of resources differ from o;f\e community to another (e.g. the scientific
and the local land users). What one observer perceives to be an environmental hazard is the
normal run of events to another (Stocking, 1987). As emphasised by Blaikie (cited by Brinkcate
and Hanvey, 1996), geographers must transcend the barriers between mere physical study of
soll erosion to include ideological examinations as to whether all this concern about soil erosion
matters and if so, how and to whom. Firey (1961) noted that cultural geographers have long
been concerned with perception under the guise of cultural appraisal.

Socio-economic factors such as education, people’s needs and their immediate interests
govern the way they assess the deterioration of their environment (Tuan, 1974 cited by Brinkcate
and Hanvey, 1996). Studies in the Madebe community in South Afica (Brinkcate and Hanvey.
1996) showed large discrepancies between what people perceived as regards soil erosion and
what the scientific findings disclosed. Cooke and Doornkamp (1990) agree that within any
particular cultural milieu there are often pertinent differences within and between groups such
as the scientific personnel, resource users and the general public.

Ervin and Ervin (cited by Hagos ef al, 1999) indicated that, although farmers are often well
aware of the condition of their iand than is sometimes assumed by experts, they might not be
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fully knowledgeable about the compilexity of land degradation, its causes or consequences. In
other cases land users may easily relate the decline in crop yields to rainfall deficits but not with
the soil moisture deficiency., which may be a consequence of soil degradation (Stocking and
Clark, 1999: Hagos et al.. 1999). A degrading soil both accepits less rainfall and delivers less plant-
available water (Stocking and Clark, 1999) a fact, which may sometimes not be obvious to a
land user. Blant (cited in Saarinen, 1966) investigated why farmers in the severely eroded Blue
Mountains of Jamaica were unwilling to adopt conservation methods. He observed that farmers
failed entirely to perceive or perceived imperfectly the process of soil erosion in cause and
effect terms.

investigation of perceptions and attitudes among local groups can facilitate public involvement
and provide critical information, which resource managers can consider together with more
scientific and technical data (Brinkcate and Hanvey, 1996; Hagos et al. 1999). Fairhead and
Scoones (2005) contend that local experience and knowledge reveals an appreciation of the
complex and interacting factors that influence soil fertility. They argue that it tempers any
tendency towards reductionism that can be observed e.g. in academic reasoning that gives
strong priority to any particular aspect, such as nutrient balance. This study included the
investigations of perceptions of the local community as an approach to enhancing their
involvement and contribution to an understanding of the soll degradation problem. The aim was
also to assess their understanding and supplement with that based on the scientific perspective.

Available literature revedls difficulties in studying perceptions, such as measurement (Saatinen,
1976), since people have difficulty In articulating the consclous or unconscious feelings,
attitudes, or ideas associated with perception. In many cases perception must be inferred from
behaviour or from other indirect sources.

2.7.2 Coping Mechanisms

Environmental adaptation strategies and processes including changes in land use practices,
technological innovations and economic diversifications that reduce the impacts local people
have on thelr environment and other naturd resources (Batterbury and Forsyth, 1999), is
synonymous with the coping strategies as applied in this study.

Research findings are continually being applied to improve soil management and use of water
resources. However, the strategies and techniques that involve the intermeshing of livestock and
crop production within the farming systems is considered important for the creation of sustainable
agricultural production in the semi-arid areas (NRI, 1994). The methods or techniques used by the
farmers vary from one area to another depending on existing opportunities and constraints.
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According to NRI (1994), research intended to increase producﬂoh by improving soil and water
management in the semi-arid aréos should not focus solely on yield and soil water measurements.
Rather, integrated research programmes are needed to focus on other factors, which can be
crucial for the adoption of a new technology, and the Impact that the technology may have on
the farmer’s household. Problems in the conservation of the soil have sometimes resulted from the
gap between farmer perception and scientific knowledge. Peasant farmers often have limited risk
capital, seasonal labour constraints, little machinery and restricted access to institutions, therefore
they design or adopt outside SWC techniques based upon these local constraints (Milington, 1990).

The traditional approach to overcome nutrient depletion Is the use of mineral fertilizer (Sanchez,
2002). But fertilizers in Africa cost 2 -6 times compared to Europe, Asia and North America, and this
- greatiy limits their -use. ICRAF and other-parners in Africa have developed a soil fertility
replenisnment approach during the iast ten years. The practices include Nitrogen fixing leguminous
free fallows; indigenous rock phosphates in P deficient solls; and biomass transfer of leaves of
nutrient accumuiating shrubs. Many farm familles in eastem and central Africa apply various
combinations of these practices with reiatively improved results (Sanchez, 2002).

There are a number of adaptive strategies but with mixed results in response to soil degradation
in Uganda. Historically, the high productivity of the soils of Uganda resulting from the favourable
rainfall and as evidenced by the lush vegetation was misunderstood for inherent natural ferility,
leading to some degree of the soil neglect Zake, 199@). Little attention was given to soll fertility
management in the country fo an extent that no comprehensive plan was adopted to address
the soil degradation problem. Traditionally soils in Uganda were cultivated until exhaustion then
the farmer shifted to another area to allow for natural regeneration of soil fertility. High
population pressure, however, does not permit this practice.

Application of both organic and inorganic fertilisers as sources of fertilisers is inadequate to cope
with the rate of soil degradation (Zake, 1999). The level of inorganic fertiliser use has remained
low and inadequate. Increasing efforts are being made to involve various stakeholders in
participatory design and planning of soil conservation practices. However, resources to tackle
the soil resource degradation problems are still scdrce; farmers have littie resources to invest in
Integrated nu‘rrién‘r management in Uganda (Wortmann, 1999).

In Uganda, the Plan for Modernisation of Agriculture (PMA) is a broad framework/policy
addressing agricultural productivity for improved livelihood and environmental management
(MAAIF and MPED, 2000). Soils are considered an important factor that should be properly
managed to ensure high crop productivity. Therefore Issues of soil-management are targeted in
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the PMA in general. Achievement of success for such a broad policy depends on the political
will and financial resources available.

The most recent efforts dealing with soil degradation in Uganda are broadly outlined in the draft
Soils Policy (NEMA, 2004). Due to wide variations in the physical and socio-economic conditions
in the country, and the severity and extent of soll degradation (Bagoora, 1997), it is important to
formulate appropriate measures for each area.

Soil degradation continues to present a challenge despite the coping strategies adopted at
national and local levels including the household as reviewed above. This study contributes to
understanding the interplaying factors hence inform the design of appropriate measures.
Researchers have pointed to the potentially counter-productive effects of coping strategies on
certain sections of society or individuals (Batterbury and Forsyth, 1999). This highlights the need for
disaggregating the community under study so that a clear analysis can be made. The approach

in this study involved disaggregating the community into herders and crop farmers or both.

2.10 SOIL DEGRADATION RESEARCH IN UGANDA

This section reviews soil degradation in Uganda as summarised in Table 2.2. Limited studies on soil
. degradation undertaken in Uganda largely focus on soil erosion. Research on the dynamics and
magnitude of accelerated erosion in Uganda are sfill in their infancy despite the widespread
occurrence of the problem that may even threaten the very survival of peasant farmers (Bagoora,
1997).
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Table 2.2 Summary of soll degradation research in Uganda

Source Date Method/location Erosion rate(t/ha)/remarks
Rose 1958 Simulation, Central Uganda  Erodibility for soils in central
Uganda
Tempie 1972 Micro-plots, Namulonge High erosion in cotton
Unep 1987 Nationdl, Erosion hazard Spatial erosion hazard
using GIS, Uganda
Nakileza 1992 Plot, Eigon slopes 6.4in maize sole crop on 21°
Magunda 1992 Micro plot, erodibility Kabanyolo ciay more
erodible unstable & than
Kachwekano
Kakuru 1993 93 annual crops, 52 mixed 56% & 68% reduction in soll
loss by calliandra & nappier
< grass
Tenywa 1993 Simulation, Eigon, Low erodibility on Elgon solls
Kabanyolo
Tukahirwa 1995 Plots & WEPP, Kabale, 1.4, 38 and 29 on 100 250
and 450 slope respectively
in sorghum
Bagoora 1997 Plots, Kabaie, 10-14;14-129; 23 -107 on
iower10-14; 14 -129; 23 -107
on lower, Middie & upper
slope respectively
Lufafa 1999 Micro-catchment, GIS, in 93 annual crops, 52 mixed
Masaka
‘| Magunda 1999 Plofts, L. Victoria basin 49.8m3/ha/yr runoff in
3 banana, 1089.6 m3/ha/yr in
pastures; 27-126 t/yr soil loss

The increased concerns about degradation in the 1930s led to the commissioning of surveys on soil
degradation (Wayland and Brasnet, 1938). These investigations yielded qualitative data that were
used as a basls to plan for the development of the soil and water conservation policies for different
regions in Uganda. The quaditative assessments were a first step but were not coupled with
quantitative investigations, which could have generated useful data for detdiled planning
considering the varied physical and socio-economic conditions of the country.

in the 1950s, research on solil erosion at the Namulonge Research institute, using micro-circular plots
of 3 m2 on less steep siopes (19), estimated ten times more runoff on bare plots compared to grass-
covered siopes (Temple, 1972). A higher rate of erosion was observed under cotton cropped plots
probably due to the bare soils between the rows. Grass mulch was found to be twice as effective in
controling run off compared to the stone muich. Although limited to runoff piots, the resuits
highlighted the Importance of using grass cover/muich in controling eroslon problem on
agricuttural iands.
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Simuiation studies by Rose (1958) involved transporting soil samples from different areas of Uganda
to the United Kingdom for laboratory analysis. Data on infittration and erosion were generated and
provided a good index of the soll erodibiiities of soils in central Uganda. There are, however,
limitations in the application of such data, largely based on arfificial or highly disturbed soil samples
to wider areasin the field. Caution should therefore be exercised when using this data.

An assessment and mapping of the soil erosion hazard at the national scale using GIS facilities was
undertaken in the late 1980s (UNEP, 1987). While providing rough spatial data for national planning
purposes, there were inherent shorfcomings of the method leading to overestimation in some areas
and underestimation in others. High erosion rates were predicted in the central and eastern parts of
Uganda although there have been changes over time in, for example, climate, population and
soils so the information may not be reflective of the current conditions on the ground, and more
particularly, at the district and county scale.

Nevertheless recent studies, even where limited to short term erosion plot studies still indicate that
the soil degradation problem remains prevalent in the country in both the lowlands and highland
areqs. For example, on Mt. Elgon Nakileza (1992), measured runoff and soil loss, on slopes of 8° and
210 under four different representative treatments; maize sole crop, maize with grass stips, maize
intercropped with beans and undisturbed pasture. Approximately twice as much soil loss was
measured under a maize sole crop on the 21° sope (643 t/ha) compared to the less steep slope of
80 (3.03 t/ha). Grass strips and infercropped ﬂeafr'nenfs reduced soil loss by 25% and 16%
respectively. These studies were site specific in the humid mountain area and may not reflect the
conditions elsewhere e.g. in the drylands.

Other related studles (Tenywa, 1993; Tukahirwa-Bitete, 1995; and Bagoora, 1997) have monitored
and found high rates of erosion under different conditions in the humid areas. Tukahirwa-Bitete
(1995) applied the WEPP model to assess and predict soil erosion trends in the highlands of Kabdle.
The model was found to be sensitive to trends of soil erosion dynamics and predicted the loss of soil
within the range of observed data. However, the results indicated an overestimation of runoff, and
the model was unable to predict non inter-ill erosion processes. Erosion studies such as the current
one in the dry lands of Nakasongola are important in providing data for comparison and validation
of the model bredicﬁons.

Investigations of the cause-effect interrelationships of runoff cnd soil loss, and environmental
implications on upland farms of Rukiga highlands Bagoora, 1997) have revealed high rates of soil
loss with maximum values ranging from 10 - 14, 14 -129 and 23 - 107 t/ha on the lower, middle and
upper slopes respectively. All these rates were over and above the recommended tolerance levels

M of 5, 2.5 and <2.5 t/ha/yr on the lower, middie and upper siopes respectively. These studies were
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undertaken in a humid steeply sloping area with high population density and intensive agricutture
but are relevant to the current investigations in Nakasongola district, although these studies did not
emphasise the social related aspects of soil degradation.

Some studies have been dedicated to evaluation of the effectiveness of soil and water
conservation technologies in Uganda. Kakuru (1993) investigated the effectiveness of agroforestry
practices and grass strips in the control of soil erosion, in the Kabale highlands. Observations
indicated 56% and 68% reduction in soil loss by Calliandra and Nappier grass respectively. These
findings contrast with those at Lyamungu near Moshi in Tanzania (femple, 1972b), where widely
spaced ridges and hedges werte found to be less effective in controliing erosion. The variations in
erosion control may be atiributed to differences in enVironmen'ral congditions.

The Lake Victoria basin experiences relatively high rates of erosion. Erosion studies in a
predonﬁnanﬂy banana based micro-catchment within the basin (Lufafa, 1999) indicate high but
varying rates of soll loss. Total annual soil losses were observed to vary; the highest rates of 93 t/ha/yr
were predicted (GIS and USLE) for the annual crops, followed by the mixed perennial crops of
banana-coffee (62 t/ha/yr). Soll losses of 48 t/ha/yr and 42 t/ha/yr were predicted for the back
siope and summit respectively. In another catchment of L. Victoria, in Rakai district, Magunda et al.
(1999) measured runoff and soil loss under experimental plots (10 m x 15 m). Preliminary results
indicated high rates of both runoff and soil loss; runoff ranged from 49.8 m3/ha/yr for bananas to
1089.6 m3/ha/yr for pastures while soil loss ranged from 27 - 126 t/ha/yr. The high rate of erosion
threatens the sustainable resource utilisation in the lake basin. Subsequent studies on sediment and
nutrient loading in two micro-catchments: in p}edominanﬂy agro-pastoral areas of Rakai in Lake
Victoria (Semalulu et al., 2003) reveadled higher total sediment loads ranging from 61.7 to 355 Mgy/i t
105°C. These findings provide an indicator of the off-site impacts of soll degradation but require

further studies from related agro-pastoral ecosystems so as to improve on the information database
for the country.

Majaliwa et al, (2003) studied the interrill erodibility of selected solls in Kifamba area of the Lake
Victoria basin using portable rainfall simulator. Soil erodibility was observed to vary across the soil
types and topo-sequences. it ranged from 0.31 to 4.13 X 106 kgm s and the most highly eroded
and less eroded soils were the Haplic luvisols on the lower slopes and Ferri rhodic acrisols on the
midsiopes under coffee. These studies suggest great variability in interrill erodibility.

The erosion data as reviewed above point to the continued but varied prevalence of soil
degradation in different parts of the country. More studies, particularly where there has been

scanty research, are needed to build a clear view of the local and national degradation

conditions.
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There are no long-term studies monitoring the status of soil nutrient balances and crop productivity
in Uganda. However, evidence from various imited sources (Zake, 1993; Bekunda and Woomer,
1996; Wortmann and Kaizi, 1998) indicates that soil fertility is declining as demonstrated by studies
on farmers’ perception of soil fertility change, nutrient balance and on-station fertilizer trials. Various
factors affect soil ferfiity including the political ones that need to be underpinned so as to
understand the trends and dynamics of agroecosystems. Studies by Walaga et al. (1999) in the
districts of Pdlisa and Kabalore demonstrated that government policies impact on soil fertility

through promotion of certain cropping and management practices.

In 1995, CIAT and the Soils and Soil Fertiity Programme at the Kawanda Agricuttural Research
Institute estimated nitrogen, phosphorous and potasium nuirient balances and flows at field level,
land use type and farm level under existing farming practices in eastern and central Uganda
(Wortmann, 1999). The study provided information for prediction of the effects of altemative
management practices on nutrient balances. Small land parcel size, diversity of the systems, rough
seedbeds and the generally poor weed control reduced soll erosion but losses were still significant.
Nutrient losses 1o soil erosion were greater in Pallisa with 13, 5§ and 26 kg ha-1 for N, P and K, while
losses for the other three locations in central Uganda were 7, 2 and 7 kg ha-1 for N, P and K
respectively. Extrapolation of nutrient budget information to larger area is fraught with inaccuracy

but can be informative, and may be done for exploratory purposes.

The influence of clay minerdlogy was investigated by Magunda (1992). Kabanyolo clay was found
to be more unstable and erodable compared to Kachwekano clay These results particularly from
Kabanyolo clay have a bearing on soil degradation studies in Nakasongola area; where the soils
are low In organic matter and with similar clays.

Okwakol, (1980 and 1987) studied the effect of termites on soill and organic matter, and the
influence of land use change on soil macro-fauna in and around Mabira forest. The effect of
degradation levels on population distribution of soil macro-fauna and the extent to which macro-
fauna contribute to soil degradation in relation to other interplaying factors are less understood. The
current study attempted to explain the role of soil fauna in soil degradation in Nakasongola.

As revedled in this review, soll degradation is a complex problem that has been studied using
different methods. A case study approach was used and an experimental design adopted to
measure the changes in soil physical attributes (e.g. soil loss, nutrients). This was, however, supported
by inquiries (social survey) into farmers’ perception on degradation 6f the sail resources in the area.
Details of the methods are described in Chapter 4.
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2.12 SUMMARY

The review in this chapter reveals important knowledge gaps and issues in the soil degradation

processes. Particularly important are the following:

Soil degradation is very complex and involving a number of interacting variables and impacts
on biophysical and socio-economic and political conditions.

The problem and the extent of surface soll degradation processes (sheet and rill erosion) and
dimensions are less understood in the dry land environments of Uganda.

The extent and degree of gully erosion are not well known

Soil degradation has both spatially and temporally varied implications that are not adequately
documented or andlysed.

The perceptions of the affected communities need to be considered since they are the ones
who eventudlly have to bear the burden of implementing any remedial plans or measures
advanced by the government or scientists.

A number of studies have been confined to soil erosion and conservation research on the plot
scale, particularly in the highlands in Uganda and no comprehensive mapping of soil
degradation has been undertaken beyond the plot level. The research undertaken in
Nakasongola district involved plot measurements and field mapping of soil degradation
features outside the plots for purposes of providing a comprehensive understanding of the
problem. : ’

There are many methods used in assessing soll degradation and each has its own advantages
and disadvantages. There is a need to take into consideration factors such as the
standardisation, costs and data reliablity. This research applied an integrated but simple
approach without compromising on data reliability.

This review has therefore informed the design of the objectives (Chapter 1) and methodological
approach adopted by this study as elaborated in Chapter 4. The next chapter provides details of
the study area.
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CHAPTER 3

GEOGRAPHY OF THE CENTRAL UGANDA DRYLANDS
3.1 INTRODUCTION

This chapter is infended to familiarise the reader with the study area in Uganda. it provides a broad
description of the major ecological and socio-economic background of the dryland areas in
Uganda and particularly the central drylands in Nakasongola district. The reader who is familiar with
the geography of the area could turn directly to the Chapter 4.

The central dryland incorporates the study area sensu sfricto, which in turn includes the study of the
sub-catchments and two experimental sites. A detailed description of the sub-catchments and
experimental sites is given in the later part of this chapter.

3.2 DRY LAND ENVIRONMENTS IN UGANDA
3.2.1 Concept

Dryland ecosystems, or simply drylands, cover a complex set of ecosystems; the arid, semi-arid
and sub-humid (with marked dry season) (Mainguet, 1994). The semi-arid and sub-humid
dominates in Nakasongola district. : '

The term dryland has been used to designate those areas subject to periodic drought stress,
which are most liable fo desertification (Mabbut cited In Mainguet, 1994). Nevertheless, the
occurrence of droughts and related phenomena in the drylands raises major questions about
the climatic norms and the delimitation of dryland regions, which have both academic and
practical implications (Thomas and Middieton, 1994). Drylands may be delimited based on
features such as drainage systems, vegetation and soils. However, it has become usual to apply
the aridity index based on climatic data (Thomas and Middleton, 1994). Different schemes
incorporating the measurement of evapotranspiration (e.g. using Thornwaite or Penman
method) rely on the principle of defining drylands in a manner that reflects deficits in available
molsture (Thomas and Middleton, 1994; UNEP, 1997).

Three categories of dryfand areas can be identified (Table 3.1). The areas receiving 1000mm are

considered dry in Uganda, even though this amount of annual rainfall would appear equitable
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in drier countries (Kabera, 1985). The 700-mm isohyet, however, is considered the lowest limit of
permanent runoff, hence the hydrological IImit of drylands (UNEP, 1997).

Table 3.1 General characteristics of dryland areas

Drylond area  Aridity index (P/PET) Comments
Arid 0.05 to <0.20 Mean annual ppt is approx. 200 mm, with high
interannual variability (50 -100%)
Semi-arid 0.20 to <0.50 Distinctive seasonal rainfall regimes mean annual ppt

Is approx. 500 - 800 mm. Interannual variability Is 20-
50%

Dry sub-humid  0.50 to <0.65 Highly seosbnal rainfall regimes, <25% interannual
variability

After UNEP (1997)

3.2.2 Distribution Of The Drylands In Uganda

The location and distribution of dryland areas is shown in Figure. 3.1. Approximately a third of
Uganda’s land surface area comprises dryland. But the area susceptible to drylands is estimated
at 60,739 k2 (UNEP, 1997), which expressed, as percehfcge of all land available for agriculture
and pastoralism is 25%.

The distribution occurs in four main blocks, which can be distinguished as zones A, B, C and D.
Zone A: is a semi-arid livestock belt that stretches from the borders of Rwanda and Tanzania in
the south, northwards through parts of Mbarara, Rakai, Masaka, Mpigi, Mubende, Kiboga.,
Luwero and Nakasongola districts. The details on this zone are provided in a later sub-section
3.2.11.

Zone B: is located in the northeast and stretches through the districts of Katakwi, Moroto and
Kotido (Karamoja) and part of Kitgum district.

Zone C: is a small patch in western Uganda located in the Rwenzori and Kazinga area. it covers
parts of Kasese and Kabarole districts.

Zone D: is a narrow stretch located in the Rift Valley in the Lake Albert/River Nile beilt. it stretches
northwards from the districts of Bundibugyo, through Holma, Masindi, Nebbi, Moyo and Adjuman
districts towards the Uganda-Sudan border.
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Figure 3.1 Localicn of [he drvland areas in Uganda (afler Maalf, 1989

3.2 3 Characteristics Of The Drvlands in Ugando

The arens dre charactensed Ly low and eralic radinfall with shorl rairy seascrs, severe long dry
seasans, high femperatures and evopaoration rates (langlands, 1974 Kabera, 1985), They alo
Ficpves water scarcity problem particularly in the dry season, poor scils and scanty pastures, which
deterdorate markedly dudng dry seasons, The onfovourable clirmahic fuctoaiions affect the socio-
econamic and ecological conditions [Kabera, 1985). The sails of the drvland areas of Uganda

ore varied in terms ot tedility and prodoctivily (Kabera, 19845,

Climax vegetalion cover types include dry combretourn; dry acaocias and grass sovannas
[Langdale-Brown et gl 1943 Langlands, 1974]. The only exceptions arg [he drier eastem areas
of Karamoja and atong Lakse Albert where bush Iands and dry thickets are pronounced, More
sparse yegetation & dominant in drier areqs. The vegelation in mosl of these areas is also greatly

attecied by human prachices,

The population of [he divland areas hios beoen low since the start of the lost century due [0 [ow
rainfall and diseases such s sleeping sickness and Nagana, However, os revealed by the
various population censuses {1%5%, 1262, 1280, 1991 and 2002} there has been an increagsing
trend in populabion momberns and densities in these greas (Figure 3.2, This s porly altribuled to
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anmigration, 1seise fly erodicalion and improvements in the infrastruciure, Increasie in population

leads fo lond pressure and evenluolly lond  degradotion  incase  there s inadequate

FICENOgSmEent,
1,000,000 = _
SO0, GO
T 800.000
g F00, 000 \——Luwcro
2 600,00 | —E— Kiboga
E S, 00 Moroto |
5 400000 e Kitidder
a2 300000 —3— Masitdi
& 200000 F B

: 100,000 | y
i [ - i, —
| 1965 148 1941 2002

| Year of census

Figure 3.2 Popclation changes in the dryland carecs by district (1980 20020 [Aller MPEDR 1991 and
UBS, 2007}

The choice ot the central drdond areo and in particular the Nokasongela district was Based on
numetous considerations mcluding ] approximate cenfral location befween the northem and
southwoestern dryland Blocks i) relalively dense and growing rural and urbon population fiil
wvared sl types and geomarphic umits and vy pilol orea for deserfification control o
irlervention mainly by the govermnmment os part of the CCD progrormmie, The kool community in
Modukonge village iritialed o tree plonting and soll conservation {Lsing frenches) projec) o
rehobilitate the degmded areo and was lunded by UNMEE. This provided vital information on the
analysis of the local community affitude (o sodl degrodation ond The copocity to address

deserification challenges.

3.3 ECOLOGICAL BACKGROUND OF NAKASONGOLA

3.3.1 Location

The aved of study is located approdimately betweaen 1070 N and 1940° N and 320 5 Cong 32250 F
(Figure 23] s situated In the central pan of the country about 120 km northwast of Kampaloa City,
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3.3.2 Geclogy And Geomaorphology

The geclogy of the area consisls of mobilised and intusive granites derived from the 'basement
complex' [COU, 1947) Geology has an impaotant influence on ercsion. (he physical and chermical
characterstics of soils are influenced by the geology of the area of ongin. Rock Mype inllvences the

slope factors [slope angle and torm), which are imporfant controlls in erosion processes,
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Figure 3.3 Localian of the study area in Uganda {After Lands and Survey Deparfment, 1592)

(he goomomshology of the area consists of the Tanganyika and Acholl sufaces but fhe most
dominant is the Tanganyiko suttace, which bolongs to the end-letiary and covers much of the hills
and hill slopes. s 0 peneplain, eandier descibed by Wayland (Langlands, 1974) as peneplain Il and
cansisting of pedimeants that have undergone yarying armount of degeadation and slopes of <50
are common {PFallister, 194800, tMoch of the land. therefore, consists of gently subdued relief (Figure
A4) and limited massive gronitic rock out-crops (inselbergs) parlicolcrly walbin 10 - 20 km of

Makasongala k.

Lateritic ronstane s requently encouniered on this Tanganyika suiqoe thowgh i s not prominent o
thaat on the remnants of the Buganda pencplain. The laterte = overlain By sails and encouniercd in
pits on the crests and sides of bills, However, an 1he lower skopes at the pediments the laterdtic crust
freguently emerges rom under the salls and Increases the sensitivity of these areas to heawy runoff

angd soil loss,
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tcConnel, cited in Pallster [1940). described and termed the Acholi suface as valley-floor
peneplar. 11 s o surfoce of accumuiation attributed 1o the lowear Pleistocene. In the narth, along
the shiores al lake Kyoda and the valley of nver Kafu, there are extensive areas of allvium and o
seres of lerraces (Fgure 34) Geomorphology and reloted geomorphological processes have o

significont influence on soll formalion and volnerability {o grosion,

Huritern Meepo MMakeasorobs Loeers) Captid Mengz

Cuitpzatn el Profie, rad o s Doodlesdride e relalions o of tbe sarmoey i Gugaerels
Tadape e hon Padisien o 1560, pu 54

Figure 2.4 A cross sechon of e geamarphology of ine north Menga {Lowero & Nakasongola)
IAller Paliisler, 1980)

A.3.3 5nils

Yoil and Erwaran [1990] classified the sails Based an the soill laxonamy ol survey siaff 1990,
Details of dota on soil properties and classificetion are soonty, The sii main soi types found in

Nakasongola district are shown in Figure 3.5,

ac e} 24 A K o wrmHlean

Legend N
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GIEYIC ARFHMNDEQI1 5
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BN LEPTOSDLS

- PETRIC PLINTHOSQLS{ACFIC)
LEKE

Figure 3.5 5oils of the Nakasongola district, aoceording to FAD system (adopted and modified wsing
cata from Sails Unit, Kowando Besearch Inshibule)
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A darge part of the area s deminated by the petdc plinthoesals Fed leralilic saits) of sandy loam and
sandy clay logm fvpe, which belong to the Burull catena, These scils hove little ressrve of
woealherakble minerals, deep horzons net clearly diferenticaled and Kaoolinite (1:1) as the main clay
riinesral associated with Fe and Al oxides. Langlands [1274] cateqarised therm as far productivity
sails, which also occupics a great part of Uganda (453%), and poricularly The caltle coridor. The
exlensive lalerisation of the unit suggests a high degree of leaching and rmoaturity of the soil
profile, probably confirrming therr ‘old age’. Llaterisation haos taken placs in the subseil of bhoth
the lower anct upper pediments (Harop, |2/0) Patches of ‘'mumrarm’ are oflen found on the hil:

ndges/cresis and shoulders,

aoils of the acric feralsol type are largely desp red clay loams over faterites ang have developed
trarm the basement complex gneisses and amphibolites. The unit belongs to the Buyoga catena
and oocupies asmall areda to the south, The Leptosol are shalow skelotal leorm that eften aoour on

steep: slopes and belong to the metu complex.

The gievic arenosols [hycdromorphic soils) are pale yellow fine sands detved from recent alluviom
andd categorsed under Mulembo series. The unit ooowrs in depressions connecting o L Kvoga and
ccoupies much of the B lugogo low-lying swarmpy areas. Seasanal of permanant walcr logging
largiely influences their developmont and the texture varies from sandy to loamy typze, The pH

rancies trarn acidic 1o e ol

Sleyiods are peat or peaty sands and clays detived from the papwrus resicducys and river alluosium,
The moapping unit Belongs to Kakw serics, ocoupying o large ared bordering L Kyaga in the norh
ond east. Closely reloted 1o This unil is the histosols dorved from the popyrus peats and oocuring in

strcall crcas to the west and norbwest.

The soil crodisilily s largely described as low, and the soils especidlly in the norftwest part harden
on drying. 5oil productivity is high {UNEP, 1987} based on texture, depth, gH. tertiity, drainage,
arganic mattern, workobiity and water holding, However, nulicnls and water are known o

constrain crope productivily {Wertmonn and Hedu, | 599).

3.3.4 Chimate And Drainage

ihe climate of the area s warrm and dey, The southern part s relatively msist but the conditions are
drier loward the noth and norttrwest of the distdct s evidencod further by the change to drier
veqetation bype (section 3.2.4). The moan monthiy raintdgll Figure 3.4] i about 169 mm. Howewver,

there 5 great variotion in that parts of the distric! parficularty to the nottwest receive lower rainlall,
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The mean annual rainfal of 800G mm to 1000 mm {figure 3.4) s typical of the dry land canditions.
Drougnts are frequent and affect soil cover and agrcutural preductivity. During the dry peiod, the
soils {dry and hardenad) couse the vegetation to wit thus exposing the ground ta the early rains of
thiz west season. This phenomenon coupled with cvergrazing and clearance of vegetation worsens
the expaosure of the ground fo crosive agoents. sMomoy-Rust (1923, in g related envirorment in
Tanzanicl, noted that alternating dry and wel seasons affect sofl erosion; sails dry out ihcrowginly in
the long dry seoson (May - Oclabon, lcaving ihe ground exposed and forrming deoep oracks.
Except ior same sails with vertisol characienshics in the low-ving areos fsec Appendix 3], there are

generally ne observed deep cracks of this kind in the Nakasongaka distric!.
Rainfall crosivity is moderate (Wortmann and Hedu, 1999). Ihe rainfall erosivity computed wing the

modified Fournigr Index ianges from 100 to 200 [UNEP, 1987: Yost and tswaran, 1920), and is thos

within the range of whot presvails incther diy lond areasin the country,
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Figure 3.4 Moan monthly rainfalls for the Nokosongola detict (Based on dota from the
tMeteorclogy department, Cntebbe, Uganda)
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The mean annual maxrnum: temperature s ~305C while the mean minkmum temperature s ~17.50
Lo Nwhng the dry sedsan, the cloud cover s very low or absent thus high fempercatures ond
excessive evapo-transpiration ore experienced. The meaan monthly evaparation during December
to March vares between 150 - 200 mm (GO 1947 and may exceed Bhe mean rmonthly rainfall.
The meon rmonihly evaporation of |25 mm for April fo August and 150 mime for Sentember 1o
Cctaber are quite bigh, ond reduce The rainfoll effectivenass,

Winds Under fimited soil and vegetation cover, can be a very etfective meadium tar the franspor of
sediment [Wiggs. 1997, cited by Holmes, 1928, p4%}. The area receives low - moderate spaed wings,
woning ocooding o sedson. High-spead winds, which are maore destnuctive ta property ana soills,
are expenenced during the drier moenths of December 1o Felruary and at the start of the wet

serison in Morch,

small ephemeral ivers ond shrearns mainly drain the area. Most of these fversfstreams emoty into
seasonal syamps, Including Lugaegao ta the south and Lake Kyoga to the north. The limited netwaork
of tilzutanies s an index of elatively drier conditions and typical of subdued refief area (Halmes,
pers. Comm,, 20802). The degraded sloping lands in the catchments increqse incidences of Aooding

whenever it rains.



3.3.5 vegelalion

The vegoelafion of the area (Figure 3.4, though greotly modified by human aclivilias, is o funchion of
dresinoge, soils ond goomorphology. Vegetation sorves as < contral on surface procosses and as an
incdicator of provailing chmotic condifions [(Holmes, 19%8). Changes in vegolation cover can bo

usedd as an indicalar in edirnating the rates of soil degradaotion.
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Figure 3.8 Vegcelalion ypas of the Nakosongola district {Manipuiated from the Nafionol Blomass
Study remole sensing datal

lanqgdale-Brown ef al {1943} provide o detailed account of the vegetation ol the area, The
dominant vegetation types occupying the hilsides and hiltops inclede e iy acacia and maist
combrelum savarnahs and moist thickets, Examples of comman tree specias include Combrotum
cellinum, Combretom guensil Comtreiom mole, Terminalio dowesl, Tecminolico molis, Accla hookil
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qoocic siebenan, Accclo senegol Albiao conaria, Albiziz grondibrocteata The ioss dorminart ones
include Euphonbic canaelabuirn, Fious sycomonus and Margoritia discodeus commonly found
growing on temmite mounds, Trec spocics such os Combrotum, Albzic and Endbring, which are fire
tolerant, provids evidence of the e of long-term effect of fires in.inﬂuencing the ecology of this

SCosystern.

Th grasskand servannahs are abo Commmon in open but relatively fiot arcos. Howeyvor, the seasonal
swamps dominats the brood vallsy fottoms and the main gross species include Themeda oo,
Srachada neizenss and Hyperhenio rufa. The popyrls swamps are limited 1o the few parmanent
SWAMEs oocurting an tha outskins of the distric! but mostly around Lake Kyogo.

Crerall the vegetation cover has chongod Gs a result of human interfarenco foflkoctodd in irternsie
grozing, bush burming and cultivation, Collection of firewood and buikding  matodals and soil
degrodation contributes 1o vegaetation changos, There are few remnants of woodiond forosts, Most
o thom have been cleared for fusl woed and charceal turning, which hos becomo o dominard
alternativee Incorme acthity in the arean Bare patchos, caused by overgraring and other factors are
commen on grazing lands, This s further explained In Chaptors & through 7 in relation 1o sail
clogrodation,

3.4 SOCIO-LCONOMIC BACKGROUND

3.4.1 Admindstration

Makasongola distict was grarfod district status in March 1997 It covers an areq of 342447 ko and
consists of onrly one county, Burall, subdivided Into five sub- countles and 28 parsheas, Nabiswera is

the largest sub-county (136386 kM whilec bwarmpanga is the srmallest in area (4417144 kme)

Thez Chiaf Adminiafrative Officor (CACY 15 the overall head of the technical scction and has on
asistant whio is also in charge of the county, As stipulatod in the Decenlralsation Statute of 1997,
subr-county chlcfs and parnish chicts hoeod the sub-countiss and parnshes respactively

The local counci committeas ot each administrafive lewel (LS IV, LC 1L LS I and 12 D oversoe the
irmplemeantation of the gowvornmont policles by the fechnocrats. Under this set up, the 1 ocal Council
WL V) Choarman s the supreme political head In the distiet ond lokes precodanco over all
functions ond everybody in the distict, This sot-up has implications for the management of the
nertural resources, including the soils; for instanc:s in the sotting of lond confiicts, making Dylorws and

i the irmplementation of the natugl rescurce policies formulated by the contral government.
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Table 3.2 Administrotive units and distribution by sut-countles and parishes

County Sub-county Pairish Area (km2)

BurLi " Nabiswera 4 136388
Lwarnpanga 4 441 .44
Kalungi ] al1.71
Kakooge 5 511.09
Wialbsimeoni & 43637

Total 28 3424 47

Adaopted from Populglion office, Luwera

3.4.2 Hurman Populaticn
3.4.2.1 Eihnie composifion

The largest ethnic group iz the Baul followed by the Banyareanda, Barundi, Baganda and Bahlma
respectively. The Barnull, Banyarwaonda and Bahirma are mainly catfle keapars while e Borundl and
Baganda are cultivaters. Despite the presence of ranches in the distict the majorily of the cottle
kaepars sl practise soma form of nomadic pastoralism, Aparl from the Baganda and Barul, the

rest of 1ha groups are recant migrants In search of cosual Igbour o posture for the animals bt
decided to settle permanently.

3.4.2 2 Population density, structure and growth

a. Population growth and density

The population in 2000 was estimoted 1o be 141,437 people. The notional census of 2002 repor
indicoted a shightly fowsar nurmber of 125297, Tha general frend, as revedled by the ecent
popylcion stotistics, shows o dedining growth,. The population growth rate batwaen tha yoors 1947
to 1980 was 2.6%; 1980 to 1997 wias 0.8%, but from 1997 o 2002 1 showad a decline {1.89). Howewver,
a few sub-countlas in 1997 (e.g. lwampanga) hod expaicnead populdfion increnss due o
irmmigration kargely from the surrounding districts.

The population density approximoted 32 persons ki in 1991 (nclusive of reserve forestiand) (MPED.
19913 but il is unevenly disributed (Table 3.3). | ranges rom 13 - 73 pesons km with tha most
densely populated sub county bRing Lwompanga probably due 1o the recent migration by
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custormary, malke, leasehold and freehold, Figure 3.9 shows the general distribution of these lond
tenure (West, 1972%. which are further delborated on elow, There are certainly recent changes
with respect to acguistion of more leaseholds but the malio ownershlp pottern hos not changed
greciiy.
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Figure 3.9 Distribution of the land ownershlp in the Nokosongola distict (After Wast, 1972 land
tenure system in Uganda?.

a, Mailo tenure

This tenue systerm resulted from the 1900 Agreement betwaen the Protectorate government and
the king of Buganda OMest, 19723, In this tenure swstern, interest in land goes onin perpetulty and it s
recognised and protected by the state. The holder has the freedom to transfer his dights (whele or
port) 1o o second porty without restictions oy the controlling  cuthority, the Uganda Land
Cormrmission OMdest. 19725 This hos culminated In o majority of the people belng squatters with lithe
incentive 1o developR the land, let aone being able to use it to ocoess funds for development,

In the 1975 Dacree all fomns of land tenure were reploced with cne system refered fo as leasahold,
But the constitutional changes of 1995 restared the maio tenure with few modifications. The mailc
ternure system is negatively criticlsed for not being devalopmental in that the nature of ownearship
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does not permit squatters fo engage in meaningful lucrative activities or long-term investments (e.g.
soll water conservation) on the land. '

b. Customary

This tenure system, occuring on mailo and public Aland, is the most common/widespread and
oldest in the area. The right of land is reguiated by the local customs but the individual household(s)
has the rights to cultivate and graze his/her stock on the land, construct a house and to pass his
ownership to an heir of his/her choice. It Is important to note that in practical terms these rights do
not amount to a permanent, indefensible right to a specific piece of land but are held conditional
on productive occupation and acceptable behaviour.

c. Leasehold

Leasehold is based on an agreement between the lessor and the lessee where land is granted for a
specified period of time (45 for rural and 99 years) for urban areas) and for developmental purpose.
Al the land presently occupied by civic centres (e.g. town council, govemment schools,
resetiement schemes and district headquarters) falls under this category. Notwithstanding the high
costs and other difficulties in obtaining a lease, this syé'rem is considered flexible for the government
tointervene in effecting deslrable developments on the land (NEMA, 1997).

d. Freehold

Land is owned in perpetuity at no cost of acquisition and a certificate is given, taxes are levied and
there is adherence to proper land use contrd in the interest of the public. The Protectorate
government, following the 1903 Crown Land Ordinance, granted land to some special interest
groups such as the protestant (e.g. Nakasongola church of Uganda) and catholic churches to
cater for both their religious and commercial interests.

e. Public land

The enac’rmeh’r of the Public Lands Acts In 1962, after independence, reverted all land hitherto
designated as crown land, to public land. For example forest reserves, wetlands and any other
outside mailo land constitute public land. However, according to NEMA (1999), of all the tenure
systems, the leasehold tenure seems to be the best for enhancement of both conservation and
development.

57



The most common method of land accessibiiity in the area is through inheritance. Other forms of
inheritance are allocation by iocal authorities, borrowing and outright purchase. The different social
groups don‘t have the same access to land. The widening income gaps and unwillingness of the
iandlords to dispose of their land has aggravated the situation.

The operation of the tenure systems and their recent evolution under the influence of demographic
growth and ciimatic factors can thus represent real stumbling blocks to attempts to set up natural
resource management arrangements with the popuiation.

3.4.4 Land Use

Agriculture is the main land use in the area and largely includes traditional pastoraiism and
- ranching, and cultivation. Annual crops cultivated are sorghum, cofton, groundnuts and
cassava are possible. A few perrenial crops are grown.

The government designated Nakasongola mainly for ranching. There are 85 commercial ranches
in the district but nearly ail have sublevel management and are either overstocked and/or
diseased (NEMA, 1996). Communal grazers have often encroached on these ranches searching
for both pasture and water thus, accentuating pressures on the carrying capacity of the ranches.

The area is expetiencing medium land use pressure i(UNEP, 1987) that can be attributed to the
increasing population caused by natural increase and immigration. Table 3.4 illustrates the changes
in population in relation to the cuitivable land. Though the statistics on cuitivatable iand are not
availabie after 1959 population census, there is clear evidence of growing pressure on the
cuitivatable land based on the increasing population density.

Table 3.4 Populafion changes and cullivable area in Nakasongola dishict
Year Rural Populdation Density persons kmy2 Culfivatable Remarks

growth v : area
1959 22792 8 2746 Low pressure on
land
1969 47165 17 - -
19860 - . . -
1991 90,300 28 - . -
2001 118,707 37 - -

(Adapted from Langlands and the National Population censuses reports1980-2001)

The popuiation is mainly dependent on both crops and livestock, and mixed farming, but a small

proportion is engaged in fishing. Crops become progressively more important towards the north
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as compared to livestock. The farming population per square kilometre of arable land ranges
from 48 - 111 but the commonest was 62 - 68. On the other hand, grazing land ranges from 3.8 -
13.7 ha per household. Though described at one time in the past as the main pastoral areq,
pastoralism is declining in importance, and giving way to seftled livestock forming and

cultivation.

3.5 STUDY LOCALITIES AND EXPERIMENTAL SITES

3.5.1 Introduction

This section provides the detdils of two selected study localities and experimental sites in this dryland
area. The two study areas are Migera (Nalukonge and Singya-Wamukende) and Wibisi, which lies
within the selected transects that runs from SE fo NW and N 1o S direction (see Figure 3.10).

3.5.2 The Migera Study Locality

This is situated about 120 km from Kampala city along the Kampala to Gulu road. Migera consists
of Migera Town council, the villages of Nalukonge, Sigya and Wamukende.

The population in Migera town council is between 500 to 1000 people mainly engaged in trade
and some form of agriculture; both crop farming and livestock keeping. The population is
increasing rapidly due to easy access to major Towns in the south and north of the country.
There are thus available opportunities in high way business-including sale of milk products and
animals. The rural population especially to the sou'rh?of Migera town is very sparse and largely
composed of sedimentary pastoralists (ranchers). A few of them, however, combine livestock
with crop growing on a subsistence scale. The rest are subsistence small-scale crop farmers
growing mainly cassava, sweet potatoes, maize and ground nuts. The crop farmers are also
engaged in off- farm activities such as trade to boost their incomes.

3.5.3 The Wibisi Study Locality

This is situated about 10 km from Nakasongola town. It consists of the villages of Sikye, Machum
and Sasira. The population density is moderate and the population is largely involved in
agricultural activity, sole crop and mixed farming are dominant. The main agricultural
implements used include a hoe but some ploughing is also carried out.

The topography is undulating with some moderately steep slopes on the inselbergs and broad
seasonally impeded valieys. Soils include the sandy and sandy loams in the valleys and red
ferralsols on the hill siopes. Shallow soils with protrusions of ironstones are common in some parts
on both the grazing and crop lands. Young black soils are found towards the steep and rocky
parts of the inselbergs. Though recently invaded for crop growing, the inselbergs are dominantly
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used for grazing. There is evidence of intensive grazing from the bare degraded patches and rill
erosion on the slopes of these inselbergs.

3.5.4 Erosion Catchments And Experimental Sites

The two experimental sub-catchments where permanent erosion plots were established are
Bizibitukula and Lubega (see Figure 3.10).
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Figure 3.10 Location of the experimentdl sites in the selected sub-catchment of the Nakasongola

district Based on GIS analysis of imagery from National biomass and GPS data collected from the
field in the year 2001/2)
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3.5.4.1 Bizibitukula sub catchment

Location and area- This catchment covers an area of about 5 km2 It is located roughly 32¢
15'15" East to 320 15'18" East and 1° 22" North to 12 24’ North,

Geology, soils and topography- The catchment is underlain by gneiss and granites. There are a
number of protrusions of these rocks observable in the catchment. On the sloping areas, the
active geomorphic processes have exposed the laterites, which lead to high runoff generation.

The soils are mainly red ferralitic (ferralsols) sandy clay loams and clay loams. They are shallow in
some places but relatively deep in others (1 - 2 m deep). In the valleys are mainly sandy loam
underiqin by clays and sandy soils.

Generally the catchment slopes toward the SW but with the hillsiopes facing SE, $ and NW. The
hilislopes are long; some stretch up to about 1.5 km bui the gradient generally ranges from 5% to
15%. The slope shapes are generally convex (from mid-slope to upper) and concave (from mid-
slope to valley bottom). The dltitude ranges from 1040 m to 1080 m a.s.l.

Population- there are very few scattered homesteads as would be expected in such an area
largely devoted to livestock keeping. However, the animals constitute the largest population
numbering over 2000. i

Land use and cover- the main land use activity is grazing, which occupies 99%. There are few
crops grown around the homesteads. Cattle form the maqjor livestock though a few homesteads
rear goats and sheep. Most if not all the grazing lands are fenced and there are clear boundary
demarcation lines (tracks). The fences are poorty maintained and animals easily encroach on
the neighbouring ranches. The catchment has been degraded and a number of bare patches
are observed especially on the hillslopes and —idge tops. A few scattered trees, shrubs and
thicket remain on the hilislopes but grades into a dense thicket and woodland on the lower
slopes. A mixiure of grasses and woodland or open grassiand occupies most of the valleys.

3.5.4.2 Lubega sub-catchment

Location and area- This catchment covers an area of approximately 8 km2. It is located about 32
© 13' East to 32° 15'15" East and 10 22' North fo 1° 24" North.

61



Geology, solls and topography- rocks of similar gneiss and granite type underiie the catchment.
There are also protrusions of these rocks, and mainly the lateritic stones/boulders, exposed in the
catchment due to active geomorphic processes of water erosion.

The soils are mainly red femralitic sandy loams and sandy clay loams. They are relatively deep (1 -
2 m) in some places and shallow in others; some places have truncated B horizon. The valieys
are occupied mainly by sandy loam underlain by clays and sandy soils.

Generally the catchment siopes foward the SW but with the hillslopes facing SE, S and NW. The
hilislopes are also long and may stretch up to about 2 km but the gradients are low generally
ranging from 5% to 10%. The slopes are generally convex in shape. The altitude ranges from 1050
mto 1090 m a.s.l.

Popuiation- the area is very sparsely populated with. only two homesteads whose livelihood is
largely dependent on livestock rearing.

Land use and cover- the main land use activity is grazing, which occupies 100% of the land.
Catile constitutes the major livestock popuiation; there are about 500 head of catlle and less
than 20 goats. The land is fenced but poorly maintained. However boundary demarcation lines
{fracks) are clear. _

About half of the sub-catchment has been seriously degraded and a number of bare patches
are observed especially on the hillsiopes and hill-tops stretching hundreds of metres. A few
scattered trees, shrubs and thicket remain on the more degraded slopes. A dense thicket and
woodland especially on the lower hill slopes cover the areas that are not seriously affected by
degradation. A mixture of grasses and woodland occupies most of the valieys.

3.5.4.3 Machum sub-catchment

Location: This catchment covers an area of approximately 6 Km2. It is located about 32 13’ East
to 320 15'15" East and 1° 22' North to 1° 24' North.

Geology, solls and topography- rocks of gneiss and granite type underlie the catchment. The
granites dominate the higher slopes on the inselbergs on the southem part. There are also
profrusions of mainly the lateritic concretions exposed on the upper and mid/lower sections of
the catchment due to probably due to active geomorphic processes of water erosion.
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ihe sois are mainly red femalitic sandy clay leams on the hil slopes and sandy loams in the
wafloys, The soils vary greally in depth (1 - 2 m) in some places but shallow it ofhers: with

iruncated B hofzon.

Geaneraly ihe catchment slopes loward the nartheast bt with the hillslopes lacing cost ang
wiest, 5 and NW. The hillslopes streteh op to about 2 - 3 kmin some places but the gradients are
lowe gencrally ranging tom 5% to 10%. Steeper slopeas of *15% are tound on [he insclborgs. the

slopes are generaly convexon shape. The altitede ranges from 1050 m to 1320 m as.l,

Population- the aea is moderately setfled and the main livelihcod s lagely dependent both

crop griowing and livestock keeping.

Lland use and cover- 1he main land wse activity is crop growing, cocupying abowl 40% of the
land [see plate 3,17, The rest of the land and the fallow fields are used tar livestock grazing. A
few degraded bare patches were ehserved on inlensively grazed lands. 1he tree cover is 60%

an the grazing land but approximately 10 - 20% on the croplands.

Flate 2.1 A Iypical land use/cover type in tMachum sub-cotchment; note ihe scanty vegelalion
cover & exposaed rock on Skye inselberg and scattered tarm plots on lower pediment (Phato ty
aauthor, 2002}

Figure 3011 shows details of vegetation. land wvsefoover and topographic teatures along trarnsect
3 i Machum subrcatchment, The steep areas arg assaociated with mschoorgs. Thoy ooccelerats
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wraff gencration hoence soil loss parficularly when doegraded of wegetation cover tbrough

hurna= aclivilies such as bu-ing d-d gragding.
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Figure 3.11 Details of topography, iondusefcover and ercaion features alomg Trarsect 2 fraom Sikye

hill to Wakiguyo depression [Based on field data by author)

3.5.5 Experimentat Sites

The location of 1he erasion pdels in the bwo sub-calchmmenls descnibzed above is shown in Figure

3.9, Appendis 17 provides asumimary of 1he descriplion of plots at the tirme of installalicn in Apil

2001, Ik plets are intended to simulate the maojor iand wsefcover conditio~s existing in much of

the wangeland 1.2, bare and compacted sal swrfoces on o virtually Gl ke slope posiicns, the

64




effects of grass and wood/grassiand. Earlier surveys in the area by the researcher in 1997 had
shown that bare patches were experiencing intensive erosion compared to well-vegetated
grass and woodland areas, hence the need for this design to attempt and quantify the rates of
soil and runoff losses.

The details of the soil profile characterisation at each experimental site are provided in
Appendix 3. Suffice to report here is that the dominant soil type is the red ferralsol of sandy clay
or clay loam texture, varying greatly in depth on the hillslopes and ridges/hilltops. Shallow
gravely sandy clays with more than 50% ironstones cover the lower midslopes.

3.6 SYNTHESIS

The diverse ecological and soclo-economic conditions prevailing in this dryland have been
reviewed in this Chapter. These factors have an important bearing on the processes and
consequences of soil degradation. Important to note is that these factors do not operate in
isolation but rather in @ complex and intricate manner, leading to different rates and magnitude
of degradation observed in this environment, as discussed further in subsequent Chapters 5 - 8.

In view of the physical and human factors presented including the susceptibility of the area to
problehns of soil degradation by soil erosion and nutrient decline, the dryland area of central
Uganda qudlifies for consideratlon in monitoring of degradation processes to provide
information for planning and rural development.

Having provided the reader with the background Information thus setting the context of the
study, Chapter 4 detdails the rationale for selection of the study area and the methods.
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CHAPTER 4
RESEARCH STRATEGY AND METHODS

4.1 INTRODUCTION

This chapter provides a description of the research strategy and approach followed by an
explanation or rationale and procedures used in the study area. It details the methods and
materials used in attempting to find answers to the principal objectives as outlined in Chapter 1.
The analytical tools applled in data processing are then presented.

Soil degradation is a multifaceted socio-economic and environmental problem that requires a
hoilistic approach if it is to be clearly understood and managed. A methodologicai triangulation
approach involving documentary review, personal field observations, field measurements, aerial
photo interpretation and image analysis, solt sampling and laboratory analysis, questionnaires and
interviews was used, and the problem addressed at different spatial scales. The various methods
used In this study complement each other in data acquisition to explain a complex phenomenon.
Analysis of mutti-temporal remotely sensed data is potentially important for monitoring vegetation

‘ and land dynamics, geomorphological processes and fhe links between them (Milllington & Pye,
1994). The detdiled field investigations were preceded by reconnaissance survey.

initial visits were made to the research area so as to identify the sites for detalled work, and the
potential respondents and institutions. During these visits research/fieid assistants were identified,
based on ciriteria, involving consideration of the level of education, willingness to work under taxing
field conditions, honesty and abiliity to work as a team. The field/research assistants helped to
identify key informants, mobilise focus groups and were trained to assist in administering the
questionnaires and interviews. To ensure the subsequent success of the operation of the
questionnaire, a pilot pre-test was carried out on a small population outside the selected study area
in Ngoma county, Luwero district, and adjustments made in the final questionnaire.

The general approach aimed at obtaining the data from the scientific view (“outsider”) and
interpreting it in view of the understanding by local people (Cinsider” view). The
muitimethodological approach covering both the natural and social sciences is a reflection of
the underlying complexity of the soll degradation problem and the need to underpin the study
with appropriate theory so as to yield meaningful results. A
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4.2 RESEARCH STRATEGY

A comprehensive literature review informed the design of the research objectives and choice of
methods used. A workshop on desertification in Mukono by MAAIF and a subsequent field visit with
Makerere University Environmental Management students also informed the choice and selection
of the case study area. However, the two phases of fieldwork in year 2000 and 2001 to 2002 formed
the fundamental basis for the overall study. The research progressed in a flexible and exploratory
manner. The preliminary field visits and data andlysis, and subsequent literature review shaped the
subsequent research ideas. Table 4.1 provides a summary of the research strategy.

Table 4.1 Summary of research strategy

Projectstage Time frame | Purpose and activities

Preliminary 2000 vReview of literature, Selection
| of a case study and
experimental design combined
with  soclal  survey, Field
preparations, selection of field
assistants, refinement of
objectives,

Fieldwork, Phase 1 2001 , Setup field experiments- runoff
plots, runoff sample analysis,
rainfall simulation, soil sampling,
Household survey,
questionnaire data analysis, GIS

interpretation

Fieldwork Phase 2 2002-2003 ' Complete with field data
collection for erosion

Writeup 2004 Continued refinement, analysis
and write up

In order to fulfii the objectives, as outlined in Chapter 1, data were collected through field
observations and measurements, laboratory analyses (soil chemical and physical properties)
and study of available maps and other secondary data sources (e.g. soils, topography, climate
and land use). Therefore, the research strategy consisted of selection of a case study area and
multi-spatial scale approach (experimental design) where the data on runoff and soil loss were
collected at micro-and field runoff plots and erosion features at watershed levels.
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The micro-level studies were intended to capture with greater accuracy those erosion processes
(e.g. runoff generation, ponding time and splash erosion) not easily discemible or measured at plot
and watershed levels. The small plots aiso allow the sediment sources and output to be determined.
Thus micro-plots provide the basic concepts and knowledge necessary for efficient development
research. Numerous researchers (e.g. Bagoora, 1997, Mwanjalolo, 2003; Rose, 1958; Boardman, et
al, 2002) have conducted related investigations on micro-plots ranging in size from 0.5 m2to 1 mz2.
However, the micro-plofs can lead to over- or under-estimation of erosion measurements (Stocking,
2000) depending on the conditions at the experimental site. The sites in this research were therefore
carefully evaluated before final selection.

The available data on soil degradation factors (.e. climate, topography, soils, landcover and
management) were integrated in a GIS environment to obtain the spatial vardation or susceptibiiity
of the area in terms of soil erosion. The spatial information is important in designing strategies for soil
conservation and rehabliitating degraded areas.

Interviews and questionnaires were administered so as to capture the opinions of the local
community as regards soil degradation issues, in and outside the areas where the biophysical
measurements (solls, runoff plots) were made in the Nakasongola district.

4.3 STUDY AREA AND SITES

As noted earier, much of Uganda and more particulady the drylands, is reported to suffer from
varying intensities of soil degradation (NEMA, 2000). refiecting differences in environmental and
socio-economic conditions. In view of the constraints imposed by time and financial resources, this
study focused on a specific area and particular variables. The first decision was to focus on the
dryland areas; these areas are clearly fragile (see Chapter 3) but have witnessed limited research
on soil degradation in Uganda. The dryland area of central Uganda, which covers a greater part of
Nakasongola district and lying barely 120 km north of the more humid Victoria basin, was selected
for investigation. Livestock remains the dominant economic activity here despite the increasing
trend ebewhere towards crop faming. The area has also withessed population immigrations,
resource use: confiicts, climatic Iregularties and displays obvious manifestations of land
degradation. Soil degradation is reported to be rampant and yet, as indicated earlierin Chapters 1
and 2, there are few systematic studies of the problem. Moreover, in terms of development, much
of the area is isolated and lags behind others in the country. Therefore, studies of this nature
constitute an important approach to understanding the constraints to sustainable development.
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A muitistage sampling design was used In selecting the areas for préllminory assessment and those
for more detailed investigations, as described below. In order to have a detailled assessment of soil
degradation in this dryland areq, it was necessary to ensure the study sites selected were
representative in tferms of a range of factors, including population density (human and livestock),
soll types, land use, topography, culture and climatic conditions. Thus, the dryland area in central
Uganda (Nakasongola) was divided along the watersheds and sub-watersheds. Then, two
representative sub-catchments namely Bizibitukula and Machum were selected for detaied
analyses; their selection was based upon accessibiity and the cooperation of the local
communities. The Bizibitula sub-catchment is largely devoted to grazing and is obviously highly
degraded areq, whereas Machum is characterised by mixed farming (crop growing and animal
rearing). Three representative transects (Figure 7.1) were established for detailed observation of
erosion features, landuse/cover and slope. GIS analysis Bermhardsen, 1999) and aeral
photo/image interpretation aided the selection of the areas for detailed studies, as described
below.

4.4 RESEARCH METHODS

The six research objectives and the methods used to address these are summarized in Table 4.2.
Details of the methods appllied per objective are discussed thereafter.

Table 4.2. Summary of resggrch methods per respective objective

clive . Methods
Objective 1 Identify forms of soll degradation and | Field survey, field
assess their distribution measurements and mapping, |
Objective 2 Assess magnitude of soil loss under Fleld runoff plots, rainfall
dominant land use simulation
Objective 3 Examine the environmental and Field survey, field inflttration,
socio-economic factors influencing soit sampling, image anaiysis,
soil degradation processes GIS manipulations
Objective 4 Assess effects of soll erosion on Field observations, soll
biodiversity, nutrient status, soil depth | sampling, secondary data
Objective 5 Assess perceptions of local people Household survey, informal
about soil degradation discussions, participant

observations and assessment
of degradation, semi-
structured interviews, soil

sampling
Objective 6 Evaluate coping mechanisms Semi structured interviews of
adopted by the local people government and NGO

personnel, Household survey,
participatory observations,
analysis of relevant
documents/reports of district
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4.4.1 Identification Of Nature And Extent Of Soil Degradation

4.4.1.1 Field survey/assessment of soil degradation s'rafus

The complex interplay of soil degradation processes and their spatial variability needs to be
assessed according to local conditions and forms of iand use (UNEP, 1997). Soii degradation
processes and features and soil conservation practices were identified through personal
observations in the field along randomly seiected transects in the study catchments. According
to Stocking and Clark (1999), techniques such as measuring the armour layer of small stones, soil
pedestal and sedimentation in drains are useful indications of erosion rates. The data were
related to information on slope and land use types and used for spatial analysis in an appropriate
GIS environment.

Indicators (see Table 4.3) were developed and applied in this study to identify and map soil
degradation processes. Interpretation of image data, in combination with intensive field

investigations, formed the basis for determining the status of the degradation processes.

Table 4.3 Biophysical indicators used in this study

Physical indicators

Sheet wash

Soil deposition & accumulation of litter/organic matter on stopes

Exposed subsoit

Exposed stones (rock out crops, increased no. of stone concretions & boulders)
Compaction & crusting

Bare ground (after vegetation denudation)

Rill density

Gully density

Deterioration of soii structure

Biological indicators

= Exposed tree roots

= Decline in diversity/abundance of organisms

=  New plant spp encroachment (e.g. thorny acacia)

Soll degradation was categorised with respect to its degree or infénsi'ry and extent as defined in
the GLASOD methodology (UNEP, 1997). The code system for the soil degradation processes and
categories is given in Tables 4.4 and 4.5. The code system for Identifying the degree and intensity
of soil degradation in the field is depicted in Tables 4.6 & 4.7a &b.
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Table 4.4 Codes for soil degradation processes

Code
E
Es
Er
Eg
W
C
Co
Cn
P
Pc

Process

Erosion by water
sheet erosion

rill erosion

gully erosion

Wind erosion

Chemical degradation
loss of organic matter
dectne in nutiients :
Physical degradation
Soll compaction

Table 4.5 Code system for magnitude of soil degradation

(a) Degree

Code

0

1 Stight

2 Moderate

3 Severe

4 Very severe

(b) Extent
Infrequent

2 Common

3 Frequent

4 Very frequent

5 Dominant

Absence of significant soit degradation (none)

(0- 5% of the unit is offected)

©-10% )
(11-25% «
(26 - 50% «
(>50% “

R

Table 4.6 Code for degree of soil degradation processes

Code  Definition
0 None

1 Slight/light
2 Moderate
3 Strong

4 Extreme

Criteria/indicators

No sign of degradation stable land >70% plant cover (ground and canopy)

Part of soll removed., shallow rills, perennial vegetation cover 70% biology

intact, restoration possible

Soll tost part of topsoil, rills 20 m apart. Greatly reduced productivity,

magjor improvement for restoration. gully developmenf 20 - 50m spacing. perennial
vegetation cover reduced to 30 - 70%

all topsoil and part of subsoil removed, moderate deep gullies <20m opart.
Perennial vegetation cover <30%, mdjor engineering works needed for restoration
Impossible to restore land, biclogically fully destroyed beyond restoration

The area in each of the selected catchments was divided into landform mapping units and
three slope transects demarcated (Dent and Young, 1972; 105-6). The landform sub-unit is in
essence a geomorphological unit (e.g. hill slope, hill-top, and drainage lines). In each of these
fransects, three quadrants of 20 X 20 m were established on the upper, mid and lower slope

positions for determining - soll degradation parameters noted above. The slope tfraverses
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included observations of slope angles, vegetation cover, solls, land use/cover, forms and
degree/extent of degradation. Quadrants were randomly located on the slope positions and
their positions taken with GPS.

The extent and degree were combined in a cross-matrix tabulation fo obtain the severity of soil
degradation in the area under study as shown in Table 4.7a. A summary of the parameters and
layout for status of soil degradation in the study ored is presented in Table 4.7b below. The results
are presented in Chapter 5.

Table 4.7a The severity of soil degradation by cross-matrix tabulation

Extent (%) i
Degree 0-5 6-10 11-25 26 - 50 >50

Light
Moderate
Strong
Extreme

Table 4.7b Severity of soll degradation in the study area

Unit/area Type/process | Degree Extent Severity

4.4.1.2 Gully erosion

To obtain the spatial pattern, distribution and impacts of gullies, fieid survey and mapping activities
were undertaken and the position of all guliies recorded using a GPS. Determining the distribution
pattem of gullies is not only important in analysing the problem of degradation but also in
developing strategies for soil and land management.:

The main parameters related to gutlies, notably slope form, land use intensity and soll type were
recorded. Although, sequential aerial photos and images are reported to be usefui in mapping
gully eroslon (Laflen and Roose, 1997), they were not helpful in mapping gully erosion in this area
except for general land cover mapping; this is because the aerial photos available dating to the
1960s are indistinct and it seems probable that gully erosion was not yet prominent in that area

by that time.
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Latlen and Roocse [1997) argue that chonnel erosicn [gulies and rills] s est meosured
volgmetically 1t rates are such thot sufficient precision can be gained. Three-dimensional field
measrements of gully width, depth and length were obtained in arder to estimate the oftected
areq and the contribution of gullics o scdiment production. Bulk density of croded material was

assumed to e 1.5,

The boal commuounity, including pasioralists and coltivators in the area, was inforviewoed 1o
cstablish the age of The identilied gullies and also 1o determine ther perception as regards sail
degradation by guly erosion and how 1o overcome it An estimate of the annual rale of gully
[Arg] advancement was computed, based on The yveadr when the gully starfed to develap [gully
age} and the cument measwad length of the respective gulies, A tuither ottermp! was made to
estfimate gully expansion during the two years (2001-2007) using erosion pins [2.5 mm digmefer
ard 750 mm length) driven into the soil af the head of two selected prominent guliies. The pins
were et up in Apdl 2001 to monitar the rote of head ward erasion and measurements taoken
after every month during the woet scasan (20010 §o 2002), The small diameter (2 53mm) of the pins
was gssomed to cause negligible soil disterbance that would have induced orosion os
cauficned by Huodson [1993].

4.5 ASSESSING THE MAGNITUDE OF SCQIL LOSS

4.5.1 Erosion Medgsurements

In order lo assess the variation of waoter crosion, which s one of the main soil degradation
processes, sediment fraps were applicd. The fraps woere used to meosure sediment and runatt losses
under natural raintall andg simulated/ortiicial rainfall. Wash bgps have been used widely by
geomorphologists and provide a dmple rapid technigque for measuring sudace wash (Morgaon,

19951,

The ercsion ping were instaled to measwre changes 1n ol depth over fime, Ao monitored wore
data o rainfall, infiation capacity and land cover, which are impartani parametars atfecting sail
erasion. The infilteation capacity of the ol was measured by wse of the 'double ring meihod'
(Morgan, 19%5). The details of the exporimental procedures and layaut are as descibed below. The
ercsion medsmement methods are described each for natural arnd afiicial rainfall. This is followeed

by descrption at the infiltration measurement methaods,
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4,511 Lrosion measurements under nafural ramiall

Eighl plots wore cstablished in an en echelon manner on the upper-, mid- and lower- slopes in Apr
2001, in two reprosentotive sub-catchments [Chapter 50 of Nalukonge vilage, Migera parish in
Mobiswera sob-county. Those plots wore loid on different slepes. undoer different land coverfuse
typas, Bight simple, locoly conshocted Gorlach roughs [eoch 50 cm x 20 om, and connected fo
two collection tanks eoch 100 ire copacity] wore thoe installed at the lower end of coch plot Tor
collecting runoff and sediment {Plate 4.1 and Appendix 2], The erosion collection system design
was based upon Getlach froughs as described by Morgan [1995]. The unbound plots wera
micdified, following consultation wath E.P.C sMorgan in Apdl 2001 [Pers. Comm., 2001 to include
& pramer localed 15 mupslope, This mode i possible o determine and cxpress the ronoff ond
secment in tonnes per onlt areq, Eslimates of soil less using thoese soill fraps and the more
conventional methodologies have heen found o produce comparatzle results (Feldman et o,
Cited by Lowis of al, 19881

T ] s

Plafe 4.1 1oy out of the ercsion plot; a sheet barier bound the upper section. The field assistant is

sarmpling and recarding ronoff (Fhoto by author, 2001).
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ynedialely after each stormn event, total runoff and soil volumes were recorded. Thercatfor. o
ane-lire sample was collected from cach of the plot colectlon tanks after thorcugh rming of 1he
winoff. The eguiprment was then cleaned for the next event, The sediment and runoff samples wore
fronsported to the laboratory for filtering and weighing, The total soi loss wos cormputed, based on
the |loboralony sample weight data and the amount of storm runoff measured. This provided
roaulired data on the magnitude ond freguency of surface wash and denudatlon.

Rainfall measurement. Two simple manual rain gouges wore Instaled of differcnt sites In the close
viciniby of the experimental sites in the two study cafchment areas o csfinmate rainfall amaount
Reodings were taken immediately following o storm even! thal contribuled fo rancff, That is only
effective ain storms that generated runoff and soll loss wers moasurced, Although the sermi-arid
areq expenences rainfall soarcity, some significant rainstonms cocured Suing the wet sedson that
reeded o be sampled and related o sqil erosion. Urmitations of finoncial resources did not allow

the purchase of an autornafic recording rain gouge for plocement near each plot

4.5.1.2 Rainfall sitnulafion exoetiments

+ Introduction

Sirnulation expariments were conducted to supplerment sfudics charactersing fhe curent soi
degradation processes, particularly rinoff and sediment loss, under different cover, gradient
and soils, using ralnfall conditions fhat closcly match notural condifions, The details of the merits
and demeits of this fechnioue are weall documenied by Hodson (19%3) and Margan (19958, The
rainfall simulation s asocioted with limifafions including the indgblity to simulcie actuol nafurol
rainfall conditions and short cxpelment fimes that do not adegualely simulate the high runcff
rates cousing il erosion. Howewver, in general, the ralnfall slmolation fechnicue offers rapld
generation of results unlike undcr natueal rainfall conditions where the appropriate rainfall event
btz to be owaited, The fechnique alss increases the efficlency of the research through control
of tha Irmportant variable of rainfall. The simulation studies alic pemmitted the dotormilnation of
sofl infilrallon and  aradibiity, which constitute imporlant foctors nfluencing  eroslon. The
couiprnent used was simple and poroble and hos been applied by other researchars in
Ugonda (Bagoora, 1928 and Tomywa eF of, 2000, Related simulation sludics have been
undertaken in southem Africo by Boardmaon et ol (20010 and found fo e instrumental in Giding
the interpretations of land degradatlon processes in this typo of envircnment,
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] Expenmental design and layout

The simulation was undertaken an plots measuing 0.5 m by 2 mi this plot dirmension was covered
by the gprinkling unit and assumed sufficient 1o allow for the generatlon of the main processes of
inferl and rill erosion being manitored in the areqa. A metal sheet diven 10 cm Into the ground,
leaving 15 cm protruding above the ground enclosed the plot; this was high enough fo stop any
interlerence from outside the plot. However, the inner part of the plot between the replicotes
was opan, The collection system was similar 1o that used for measuremeant under notural rainfall
conditions for the sake of maintaining uniformity. For purposes of maintaining envitonrmental
conditions simiar 1o those for naturgl rainfall plots, the simuafion plots were set up in close
proxinmity) upper, mid and lower slope. Surfoce microtepogrophy reprasenting typical conditicns
in the study areg was simdlated, that s, bare scil surface with 0 - 205 basal cover (seversly
degroded areas), suface with grassfbasal cover of >20<80% (maderately degroded) and
surfoce with gross/bosal cover of =003 (non-degraded areos).

« Raintall simulator

The cholee of this simulator (Plate 4.2) was largely governed by its availability, portability and
Inexpensiivensss, ts applicakilty haod alleady been demonstrated to the author for erosion
studies on M. Elgon slopes Jenywa, of ol 2003 and was therefore very lamiliar, Tha simulatar
has o Sprayco core jet nozle and the detaoils of its design are described by Bagoora (997). I
consists of a stand-clone unit, which imgates an annulor area from o downward sproying nozzle,
The unit consists of a 4.57m high, 19mm golvonized verticol slandplpe, o 90 cm extengion pipe
and a nozzle affached to the end of the extension pipe. Water was pumped fo the sprinkler unit
from @ 200 litre tank using o portalle 2.2 hp copacily water pump (Honda model WEB15C).
which has the copacily to deliver up to 200 bitres per minute. Simulotlon experimeants were
conducted af a constant pressure of approximately 138 KPa 20psh for 45 minutes. At a fall
hedght of 475 m and wlith sufficient pressure applied during water pumping. the unit has the

capacty to dellver high intensity rairfall that s spotlally uniform and with o kinstic energy
approximoting that of natural raindall,
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PMate 4.2 Simulation experment in the figld in the Nakasengala distic! [Phato by authaor, 2002)

+ Calibration

Calibralion experiments carmed oul [Bogoorg, 199/ indicate that the ercsion sprinkler plats of 3
m by 4 mocan ke sufficiently coversd By single nozzle sprinkling. fefora running the experiments,
an anatysis of avaloble climotic data {long term rainfall doia) for Masindl and several stations in
Makasongola wos conduclied, Bosed on the analysed dota calibration of the simulator was

dane. Potential limitations of the simulation were thern ossessaed .

[he Rainfal co-efficient on the erasion plot was determined prior 10 field expermental tuns. This is
very necesdry i harmonising the erasion plot dimensions with respect ta raindrop coverage
from the simulator nozzle. Coeflicient of unifarmily range from 078 to 995, but increqses with

decreasing application pressure frorm 2/0 Kpa to 103 Kpo [Bagoor, 1997).

« Expermental runs ond meosurement of parameters

Each simulation test invalved a dry run followed by o wet run afler 30 minutes' interval. The dry

run simulated soil surface condifions at fiseld capaocity or after the dry seasan, The main
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pordmeters manitored incleds runcdt discharge and sediment loss. These were measured by
tranping and cellecting all ihe roncdl from the enclosed plot by using o Getach trough, which is
similar 73 The one under natural rainfall. The details of the simulavicn plot layvour are provided in

Appendi |

samples were collected alter 5 minutes interval so as to compule she raie of runall discharge
and sediment loss, Tolal sediment lass [er storm) from the plots was determined by sampfing |
lire of ninotf colected after stiring {o ensure unitorm mikiure in the lank. The saomples were
{ilered, ar dried and weighed und lolal sediment maoss calculated by taking into consideration

the tatal volume of runoff that was collected.

Observations ware also mades elapsed time to saturation ond infitration capacity, pending and
runcib initiaiion on the plots. These are impordant pararmetens in charactersing the magnitvde of
degradalion processes. [o estimate the anfecadeant soil maisiure, soil samples [five) were taken
in Ihe vicinly of each plot pricr 10 the expedmental run and |he moksture determined using

standard lalroralary procedunss,

4.6 MEHODS TO DETERMINE ENVIRONMEMTAL  AND  SOCIO-ECONOMIC
CONDITIONS

4.6.1 Remate Sensing (Rs] Image interpretation And GIS Manipulations

A reccennaissance assessnent of nolural rescurces [using the land systems approach) wos
conducted by visugl analsis of asnal phoicgraphs and SPOT bnages dided by field surveys
[erzund truthing). Mapping and analysis of landforrm units (as defined by Den! and Young, 17815,
lard vse changss and sall degradation were rnade, The spalial vanalion in 1he tone representing
different fondforms and degradation units formed |he bosis for selecling represeniative sample
areas and fransects inothe caichrnents far luither investigations. The RS image imterpretations were

suppored by GIS operations.

4.6.2 GIS Manipulations And Erasion Prediction

As indicoted in Chapter 2, the Eevised Universal Sail Loss Equation [RUSIF) [Renard, et al. 1997 was
chosen to modeal the eflects of climate. soil, topography, lond vse/cover and manggernent

(Wisc:hirmenen and Serith, 1978, torgan, 1925) onsoll loss. The precedures are described below,

I the modeling procedure, the values for the different RUSLE tactons are assigned o |hei

respective mapRing units (Bloszczynski, 2001). Therefore, the nifich mops/layers werne developed
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frem the cuisting analog and digital mogs For each foclaer and input in GIS {ITWIS 3.0 ond ARC VILW
3210 The digital lkand usefcover dota were atioinea from the Mational Biomaoss Studies ot Nokawa.
Verification of he data was ondettoken prior to ony tuther operalions. The [ond use/oover map
wias inferreled wing the RS imoages (X5 SP0T and LANDSAT), field surveys and topogrophic map
sheets at o soale of 17 30000, sedes Y732 (Ugonda Govermnment, 19/1]. the C-foctor map was
developed from the Innd vsefoover map for each unit, using walees based on the USLE quids

tables (Morgon, 1925, Wischmeler and Smith, 1978).

The disfiict scil mop wes obloined from the Kowondo Agriculbuol Research Instifute [KAR ond
cdited. tor cach sail-mapping unit, the soil propeorby valoes of organic rmatber, Clay, sif and sand
were recoided from the memoirs (Bwandasnki, 19601 This wos cormbined with fhe availlatilfe recent
field surwesy dodo fo compule the meon valuss, Bosed on these values, the K aclor wes
determined from ihe nomograph (Wisehrmeier and Smith, 1978] and on eradibility mop (K- focfor
e wers prodoced {or the distict, Due o nodequate findndial resources, it wos not possitls to
furlbeer impmove on the K-factor compufolions. e, through more soil sarmple sites In adch mapning

unit, cang apphing o correchion feechor lor the saiis with gravel and bovldars/fstones.

The overage rainfall amount tor three synoptic stofions, nomely Kokooge, Mobiswera ond
Mokasaongolo town, wos used to obdoin the romtall erosivity. The onnual crosivity (E-focior! weas
computed for cach station according to Moore [ 1#/%a), using the equalion:

R=002%* {396 *P +3122) - 260

Where:

£ = erosvity [1 mr! vt 1P = annual precipitofion (mm)

The ercsivily poind mape wos nterpeloied, using WIS 3.0, fo generate the B tactor loyer covening

fho enfire study aroa.

The: Li-factar was cstimated from the digital elevotion dotn, using o techinioue (Moore and Burch,
1984 o, ] thot reguires compuialion of the flow accurmulation, s cxpressca in ihe following

lorrriuda:

L5 = [Fow Accurmulalion * Coll sizef22 131404 * 150 slope/00894]41 3

The flow aocumulation, compuled using the Ann AGNPS progrom integrated in GIS Ars View, was
weed to estimate slopse length. The slope stoopniass was compufea from the DEM. A resalutionford
cell size of 30 m was used, cotsidening the ovailable computer processing copacity, The cel size (30
rr) is fexr less fhan The mosdmum slope length csfimated of 200 — 300 m, in the field, There are

mitofions when determining the 15 fockor frorm gid based TGEM, Howeewver, i was assumed that
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each factor was relevant bor runoff-prodecing seclions of the Rilklopes. and each slope uni s

coverad by homaogeaeneous vegelalion and saoll.

[hes P-foctor wors given o mioximum ond constant value of wnily, The respective input factor

magrsflayers are shown in Appendi: 10.

lhe RUSLL madel only estimates ercsion from a single plane ang does not take inte gocount the
deposition. n this study, an ottempt was mooe (o incorporate the el Strearm Powver — bosed
Ercsion Deposifion (USPED) mode| (Milosova, e, ol, 19924 Mitasovo ond Mitas, 19%9) to compute
the: erasion, including deposition, from surfoce planes {oxyy. The ossumplion i thot sediment fow
con be estrmated of sediment ramsport copocity as:

T = RECPA™ {sin bjn

Where:

Fo=im RCPF ~kEand LS = A7sin b, and m = 1.4, n = 1.3 for prevailing -l erosion while m=n =1 for
prevaling shes] erosion.

The net erosion/depaosition {L0)] is estimated using the formula below.

ECr=div [T . 55 = clil®cos a)fdy + d{|1%sin ajidy

Where:

1 (degrees] s an aspect of the temain surface.

Based on the auiput toctor values, aclermined above for each of the mapping units, the factor
micapsfloyerns were overlald n 15 Arc View |o produce o visualizalion of peedictied soil loss [Chapler
4], {screen digifising of clustersfercsion hotspots was aone. Computations and overtay analysis
were Undertaken in Arc View, 10 produce vorous maps depicting palentict soil loss/degradation
vornadion with respect fo afferent porameters, Supported by around trothing, 1he areas of high,
rmodetate and low degradation risk were identitied tor futher investigation. The choice of the final
areqs ana samgling sites for furtheer studies, however, depended oddifionaly upon their accessibility

o5 cscussed below.

44,3 Infiltration Capacity

Ther infiltraticn capacity {f.) B nofed to be on impotant ingicator of fhe susceptibilty of fhe ol 1o
erosion, A douile ring infllrometer (Plafe 4.3) [Bouwer quoted by Fieronskl, ef al, 1997 wos used to
deterrmine the B under vatied dedrees of soll degradation sufoces. The infitrometer consists of heeo
eylinders thaf were diveen info [he soll about 10 b 15 om deep. The ouler oylindesr weets filled with

water up 10 o beight of 20 cm. The effect of wetting the soil cubide of the cyinder is eliminated
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hoeneoe it is supcrior to the single ning infilirometer (Piezynskl, ef o, 1997, A recard of the heiaght at
Spreciiic Hoe ntorvals of 1 oot for 5 rminutos; 5 miretes for 55 minutes and 10 minutes for 7010 80
munutes wos faken untl a steady slate was reached. Water in the outer ond inner ings had o be
balanced whenever the level went down 1o 15 em. The measirements weare conducted in the
VICInify af Hhe 3ol prafile oits and natuegt erosion plots = that The outcomes could be elated and
inferpreded in praper context, Twa replicalion: of the expeniments were conducted simulfaneoushy
at each site. The results of infitration capadty measuremeants are prosented and discusscd in

Choptet 7.

Plate 4.3 Doubla ring infitromotre; the researcher recording changes in woter level with respect to

timc

The dauble ring method 5. however, crticised for over estimating £ when caompared 1o nofurgi
rainstarrns, where the interoclions with the soil lead to the lotoral spreod of the heoadwater,

Mowverthetess, the results provide impertant informotion for comporing the degroded rangeland

surfoces [febhe, 19945].

47 METHODS TO ASSESS EFFECTS OF SOIL EROSION ON BIODIVERSITY, NUTRIENT
STATUS AND 5OIL BEPTH

4.7.1 Soil 3amgling And Anatysis

sampling of snilk wos undertaken in order to [} estakish and compare the changoes in the
biaphysical and chormeal charactorstics dee o degrodation processes (e.g. orgonic matier,
nittcgen, infiltrotion copocity, bulle density and  porosity, waler refenfion), and (i) analyse the

impiications of these changes on soil gudality tor agro-praduction,
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4.7.1.1 5ol sampling for anolysis of physical ond chernicol properties

| engitudingl and spatial onalogue methods [Tien ef af, 1994) woere adopted. Landfarm units in she
study catchments were idenfified and mopped wing oenal phola Moprelalion suepoded by
ground fruthing. These wears usad as bases for detenmining ransect nes o sol sompling and profile

desciptions. The londtorm whits identitied in 1he arca include hililops, bill slopes and valley balloms.

Soil sample siles wore randomly established glong representative fronsectls] fraversing magjor
delinealed soill Mapeing units In the selected catchment(s]. Scils were sompled from degraded
and non-degraoded orecs on hilllops, upper-, mid- and [ower- slopaes and valley bottom, Samples
wore collected from the topsoll (G — 20 cm) and The main scil horzans of sclecled soil profile for
laboratory analysis. Random observations allow esfimates of mean and variance af proporlios, but
o large number of obeervations are necessary tor the eslimale of [he varnance 1o e within narow

lireits Clesired for aoownale assessrment of degradation [West and Bosch, 19%7).

Imformation on soil profile charactenstics is wseful in supplementing qualilalive informalion, and
drirwing conclusions about the effects of erosion on aep performance and ol progerlies [Lal,
1924}, Chservations and recording of the soll profile characlenstics al cach site was based on fA0
guldelines [FAD, 19/9). These observations were supplkemented by those made alb exisling soil
exposures [e.q, 1woad culs and gullies). The details of the results gre presented in Chapter & and

tabulated in Appendix 3.

| he soils survey data ot 12405 for Burdll was wsed as baseling and prosy dalain the cormparisan with
the newly sampled data set. It was haped this would reveal the changes thal hove oocured in the
Lhysical and chemical properies from o temporal pesgective. Howeaver, while recagnising somo
deficiencies alking n the longiludinal appeoach (iffern et ol 1994)] it was necesory o consider
adopting o spatial analogus melhod thal compares changes in scil propeties for the non-
degraded soils witk the undegraded ones.  Bricf recmarks are mode relating the coment

ofzscrvalions o ihe old data setin Chapter &

Soil sample analyses were conductad al Soil Science Depariment at Makercee University bosed o
slandard procedures [Ckaleko et al, 1994, 2002), Paramelors analysed Include CEC, aggregate
slability {fusing an indicator of mean weight dioreler), parlicle size distioution, crganic carbon, five
macronuiients (tetal N Availkable P, Ca, Mg and k). These parametes are very importan| in
influencing plant performance hence the reed o analyse {helr slafus in the soll and in the
sediment. Appendix 4 presenls The details of he daoto on sol parameters analysed and 1he resulfs

are ghven in Chopher &,



4.7.1.2 Soil moisture

Soil water can be measured in terms of water content or as soil water potential. These two are
related to each other and the soil water retention characteristic curve provides a graphical
representation of this relationship (Eijkelkamp, 2004). The nature of the soil moisture retention
characteristic depends on the physical properties of the soll (fexture and structure), which are also
affected by the degradative processes. The logarithmic relationship (oF-curve) is soll specific and
applied in ploting the moisture retention characteristic.

Soil samples were collected within the 0-15 cm depth at different slope positions (upper, lower and
middie) and in the non-degraded and degraded- areas for determination of water retention,
permanent wilting point and field capacity using standard procedures.

Water retention - To determine the moisture retention characteristic or the pF-curve of a specific
soll, undisturtbed core samples were collected. Four core samples (two replicates) were collected
from each slope position in the cultivated and grazing land yielding a total sample size of 32. The
cores were transported to the Makerere University soil science laboratory and Kawanda Agricultural
Research Institute (KAR!) for analysis. The sample weight was determined and the samples
saturated with water. After saturation and when each sunction was ready, all the samples were
wéighed again. The solls were oven-dried (105¢¢) and welghed.

The water retention curves were determined for each of the soils in the three slope positions and
degraded arecs, using a sand box (Eijkelkamp, 2004). The suction pump was used for relatively low
suctions (oF 1.0, 1.3 and 2.0ie. 0.1, 0.2 and 1.0 m wc respectively).

Permanent wilting point- This was determined using the plant water-method (Wiklert, 1964);
sunflower was planted and used as an indicator. Three soll samples from each slope position were
used. The plants were confined in an environment where they received sunshine but not exposed
to wind or rain. Water was added to the plants until the point at which they had developed four
leaves. When the plants wilted they were placed in a moisture chamber to observe whether they
had experienced permanent or temporary wilting. If wilting was determined to be permanent, the
soll samples were weighed and oven dried for two days after which another weighing was done. If
temporary wilting, the plants were further exposed to drought conditions. Computations of
volumetric water content at permanent wiiting point were done. The average volumetric water
content for the wilting polnt is shown in the pF curves for the respective field soil conditions.
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4.7.1.3 Assessing changes in soil level

The direct measurement of changes in soil level is appropriate in the case of localized erosion
where rates are high and the distribution of erosion can be predicted (Hudson, 1993). The ground
loss or gain on grazing lands was detemmined using erosion pins without washers. Hudson (1993)
notes that this technique Is not suitable for arable Idnds due to surface disturbance by cultivation
and setlement. Erosion pins represent an effective and simples method for monitoring the minute
changes in depth of ground surface due to erosion and deposition (Hudson, 1993; Morgan, 1995).

The iron pins (nails) measuring 4 mm diameter and 110 mm length were driven into the soil at
carefully selected positions on the upper, mid and lower siopes in the Bizibitukula subcatchment
predominantly used for grazing. A small diameter of 4 mm was assumed fo cause minimum
interference with surface flow, hence reducing scour. The pins were arranged in a rectangular grid
at a spacing of 0.5 M on 4 plots. The top of the pin provided a datum from which changes in the
soil surface were monitored from 2001 to 2002. Measurements in pin height were made every
month for two years. Livestock disturbed some of the pins and unknown people also removed
others. However, the few that remained were used to estimate the rate of change In soil depth.

4.7.1.4 Soil sampling to determine the effect of degradation on soil biota |

Soil degradation has a wide range of effects on the edaphic system, and yet often more attention
is paid to chemical and physical changes as opposed to the biological component. Soil macro-
fauna has many vital roles in the soil and their dynamics have serious repercussions in terms of soil
functions. This study attempted to anadiyse the changes in the abundance and diversity of soil
invertebrates (arthropods) in relation to changes due to soil degradation.

Three sites (degraded, moderately degraded and non-degraded) in each selected sub-
catchments (@Bizbitukula, Lubega and Machum), were identified and soil samples,
corresponding to dimensions 20 cm x 20 cm x 30 cm deep. collected from five points. A
bottomiess steel box of 20 cm x 20 cm x 30 cm deep was driven into the ground up to a depth of
30 cm. The macro-fauna were then hand sorted and counted for the three successive strata of O
-10 cm, 10 - 20 cm and 20 - 30 cm {o determine their abudance and diversity. The individual
organisms were counted based on their order (tfaxonomic unit) and weighed in the laboratory
using an analytical balance, and results expressed as biomass per unit area. The animals
collected for identification were preserved using 4% formalin, The results are presented in
Chapter 6.
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4.7.1.5 Measurement of land cover

Land use cover was measured for the area in the watersheds under study by detadiled analyses of
the available aerial photos and Spot XS images. This was aided by field checks and topographic
map sheets (1:50,000) of the area. The vegetative cover type and major species composition of
woody species was sampled (using the stratified random sampling technique) and identified. These
data were correlated with the soil surface condition, to ascertain the spatial extent of the
degradation probiem.

4.8 METHODS USED TO DETERMINE PERCEPTIONS OF LOCAL PEOPLE
4.8.1 Introduction

The main techniques adopted to obtaln the knowledge and perceptions of the local people and
the managers as regards soil degradation were a questionnaire and interviews. The background
information Including that from the eatrlier interviews with district peréonnel and secondary sources,
guided the design of the household survey. The survey method and design of the coliection tools is
largely based on the standard social survey techniques advanced by a number of authorities (e.g.
Sudman and Bradburn, 1983; Balley, ‘1994; Dewar pers. Comm.,. 2001; Oppenheim, 2000). In this
text, the pastoralists and farmers, including both the crop only and mixed farmers, are also referred
to as resource users.

4.8.2 Survey Design

This study adopted a cross-sectional analysis of the perceptions of local farmers/pastoralists and
local authorities/managers towards soit degradation problem in the area. Both qualitative and
quontitative approaches were applied in the analyses.

4.8.2.1 Household survey

The household was selected as a basic unit of andlysis in this research. This is explained by the
fact that the household constitutes a major avenue for individuals to access important livelihood
assets such as income, labour and land.

Five out of seven sub-counties of the district were selected for scrutiny in regard to soill
degradation. These included Kakooge, Wabinyonyi, Lwapanga, Nabiswera and Nakitoma. The
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first two sub-counties are more humid and dominated by mixed farming. Nabiswera and
Nakitoma are drier and mainly pastoral areas, whereas Lwampanga is reiatively dry and the
dominating activities inciude fishing, cattie keeping and crop farming. In each of these sub-
counties two parishes were randomly selected, and from each parish a random selection of two
villages was made. One village was found to be Inaccessible and hence not sampled.

The total number of interviews conducted during the household survey including the number of
househoids for each sub-county based on the district population statistics and the LC records

are shown in Table 4.8.

Table 4.8 Survey sample sizes and settiement population

Sub county

Nabiswera & | Wabiyonyi Kakooge Lwampanga

Nakitoma
Total population | 14,447 6,902 20,615 19,007
(Census 2002)
Total 1444 690 2,061 1900
households
Total Inferviews | 164 10 61 20
Percentage of | 11 ' 2 : 3 1
households
represented  in
survey

The selection of the households was based on the available lists of registered households in each of
the selected villages. Appendix 5 provides the location and distribution of the villages sampled. The
villages of Sija and Nalukonge including Migera in Nabiswera sub-county were selected for detailed
soll degradation mapping and soil sampling. with the intention of galning a better understanding of
environmental conditions In relation to local people’s iocal knowledge and perceptions. Because
of the greater focus on Nabiswera sub-county, a relatively higher percentage of households (11%)
were sampled. Due to financlai constraints it was not possible to undertake soll sampling in alf the
vilages where the. questionnaires were administered. This creates a weakness in analysis of the
respondents’ views and the existing conditions on thelr land. The categories of respondents that
were randomly sampled included the crop only farmers, the mixed farmers, and herders. On
average, 17 households (hence resource users) were sampied from each of the 19 villages.
However, it is important to note that due to constraints in accessing certain households in some

vilages, only a small sample size was used. It should be noted that iarger sample sizes would have
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provided more precise estimates of population characteristics but these would have also
necessitated more time and effort spent in interviewing and analysis (see Mclafferty, 2003). The
homesteads are widely distributed and the paths/tracks were often inaccessible. Sampling of the
population in dii the villages selected was constrained by lack of reliable lists identifying all the
residents in the households. Another problem was that 45 respondents could not complete the
questionnaire for various reasons, thus leaving a sample size of only 282. In other instances the
respondents declined to answer certain questions. This explains why there is a variation of the total
number of respondents used for the statistical analysis (Chapters 8 and 9). These missing responses
are assumed to be insignificant in affecting the final results.

4.8.2.2 Survey of local authorities

Twelve people selected from the local authorities included various decision-makers involved in
resource management and planning at the district and lower levels (county and sub-county) for
both government and non-govermnmental institutions. Personal semi-structured interviews as well as
self-administered questionnaires because of their significance in stimulating face-to-face
interactions. However, unstructured interviews with elders were held to establish information on land
use changes and land management for the last 50 years. A list of elders present in each village was
obtained with the help of the local council authorities. At least one elder was subjectively selected
and interviewed in each village, based on the simple criterion of accessibility, ability to recall the
past and ability to communicate effectively.

4.8.2.3 Household survey procedure

Personal interviews, rather than a mail survey, were deemed appropriate to ensure adequate
control over actual respondent Identity, high response rate and the likely problem of “public
relations” answers. "Public relations” response usually occurs when the non-targeted respondents
participate in providing answers for targeted respondent(s). The interviews were conducted in one
of the widely spoken local languages (Luganda, sometimes mixed with Runyankole) and English
depending on the respondent’s preference. For purposes of not biasing the respondent(s),
consistency and to avoid problems of respondents unable to wiite, the researcher/trained research
assistants administered the questionnaires. All the questions were read aloud and clearly to the
respondent and the interviewer filled in the responses. This gave the respondent an adequate
opportunity to reflect on the questions and for a smooth flow of the responses. Above all, this
technique, although a variation of the self-administered questionnaire approach, retains the
advantages noted Balley, 1994). It ensures systematic completion of the items in the questionnaire,
accurate sampling, higher response rate and guards against “public relations” responses. The
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interviewer also has the opportunity to create good rapport, obtain successful responses and
corroborate the answers. This is not o say that there are no disadvantages such as time and high
costs Incured and the possibllity of inconveniencing the respondent or even influencing his
behaviour. Attempts were made fo downplay such a likely tendency through pre-testing of the
questionnaire to check on the questions likely to eliclt “public relations” answers and emphasis on
the fact that the research findings reflecting their views were to be published and a copy of the
report given to them. An advance lefter, indicating the nature of the research and expected co-
operation, was compiled and delivered fo the local authorities (see Appendix 9).

4.8.2.4 Questionnaire/interview design

The questionnaire design drew largely from procedurgs recommended in the literature (Sudman
and Bradburn, 1983; and Bailey, 1994; Fowler, 1995; Wiggins, 1998; Oppenheim, 2000;); Best practice
is characterised and emphasis on simplicity, appropriateness, clarity and consistency. The
questionnaires were pre-tested for accuracy. The completed questionnaires in English are aftached
(Appendices 6, 7 and 8). There were two main sets of questionnaire targeting the
farmers/pastoralists and officials involved in resource management at various local authority levels.

Part of the cover page was devoted to the letter outlining the intentions and expectations of the
study in reference to the earlier communications. This part also points to the importance of the
confldentiality of the respondents’ answers and indicates the procedure of the questionnaire
administration.

The questionnaires developed for this research include both open and closed response forms
through unstructured and general questions with structured items. Each set of questionnaires was
divided into sections that consisted of, initially, génerol background and socio-demographic
characteristics of individual respondents, followed by other sections and sub-sections concerning
data/information ‘on the perceptions on awareness, causes, severity, effects and those related to
management of resources, including the soils. Thus, the items included in the questionnaire on
perceptions sought to find out the general understanding of soil degradation in the area and
the level at which it is considered a problem by the local people.

Adjustments were made during the designing of the questionnaires and pre-testing. A few of the

additionai but pertinent questions that came up during the surveys were also included after
conducting the interviews, where and when time allowed.
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4.8.2.5 Pilot study and implementation of the survey

The initial drafts of the questionnaires were developed as a result of wide consultation of
relevant literature and discusslons with the supervisor and colleagues in this field. Pre-testing was
conducted on a relatively small sample of students at Makerere University and thereafter, pilot
studies conducted in a related dryland area of Luwero district (Ngoma county) to ensure that
unforeseen problems would not occur in the questionnaire. An open format approach was used
for questions during this stage.

Letters of intention to undertake research on soll degradation and seeking the participation of the
local community were submitted to the local leaders who then infoormed their respective
community members during social or other fora and through personal delivery. This is a workable
and fast communication channel in the rural vilages. The communities agreed unanimously, as
informed by the leaders.

4.9 EVALUATE COPING MECHANISMS ADOPTED BY LOCAL PEOPLE
4.9.1 Semi-Structured Interviews

The semi-structured interviews Involved use of a standardised checklist of predetermined
questions, although interviews were performed in a flexible manner that allowed respondents to
discuss freely any issues of importance at hand.

4.9.2 Questionnaire And PRA

4.9.2.1 Household questionnaire survey

The questions concerning the local knowledge and coping practices were embedded in the
main household questionnaire and administered to the respondents as described above.

4.9.2.2 Participatory Rural Appraisal (PRA)

Group discussions, matrix tables for ranking problems (e.g. causes and severity of soll degradation),
diagrammatic representation (e.g. rainfall changes over time) and resource maps were the PRA
techniques employed in this study obtain the general background information on the problems,
including soil degradation, faced by the people in the area. Note that it Is very difficult fo obtain
background information of the area when administering individual questionnaires/interviews. The
PRA was useful in supplementing and validating the findings obtained from individual respondents
through the questionnaires and interviews. During the PRA the inferviews and discussions were

centred on topical issues such as changes in climatic conditions, degree of soil degradation, past
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changes In land use, population migration effects as relates to the soll resource and impacts of soil
degradation.

4.9.3 Secondary Sources

Analysis of secondary data from govemnmental and non-governmental reports and documents
complemented the use of qualitative and quantitative fieldwork methods. The secondary data
sources (e.g. on rainfall, livestock trends, demography and livelihood) were used to provide un-
available data in other forms and or to enable corroboration of primary data. Note that the
secondary data, where employed, where applicable, in relation to all the six research objectives.

4.10 DATA ANALYSES AND SPATIAL MODELING

4.10.1 Analysis Of Questionnaires

Data were captured in MS Excel and imported in SPSS/MINTAB/STATISTICA 5.5 software programs
for analyses of different aspects in the survey questionnaires. Since most of the responses were
categorical, non-parametric (i.e. Chi square, Pearson product moment correlation) methods of
statistical analysis had to be applied. Cross-tabulation procedures were carried out in an
attempt to establish association among the varables. Descriptive analysis was carried out on
aspects related to the socio-economic profile of the respondents. The results of these analyses
are presented in Chapters 7 and 8, while tables displaying basic data of the responses from
administered questionndaires are given in Appendix 16.

4.10.2 Data Analyses On Soils, Land Use And Erosion

STATISTICA 6 and GENSTAT 5 release 3.2 programs were applied in most of the analyses related to
erosion and soils. The multi-correlation and regression analysis were used to find out the relationship
between rainfall amount, runoff and soil loss. ANOVA was used to establish the differences
between the means of soil parameters with respect to slope positions and degradation levels;
runoff and soil loss with respect to slope position, land use, and season. The univariate test of
significance for the means was applied in establishing the effect of degradation status, the slope
position and catchment on soll properties. Spatial data anaiyses (on georeferenced and attribute
data such as gullies, land use/cover) were achieved by using analytical tools in the ILWIS and Arc
View GIS software (see section 4.6.2).
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4.11 SUMMARY

This research adopted a multi-pronged methodological approach in addressing the six objectives
outiined in Chapter 1. The methods involved the use of field experiments and soil sampling
supplemented by household surveys and interviews plus participatory methods and image
interpretation. The theoretical perspectives and literature review informed the choice of the
methods and the focus of the study on blophysical and social issues. The findings from this research
constitute the rest of the chapters that follow. The next Chapter presents and discusses the nature
of soil degradation in Nakasongola district, '
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CHAPTER 5

THE NATURE OF SOIL DEGRADATION IN NAKASONGOLA DISTRICT

k
5.1 INTRODUCTION .
R

The various forms of soil degradation and their spatial distribution mtbg study region are

presented and discussed In this chapter. Sheet erosion is the dominant form of soil degradation,
although, the presence of gully erosion is an indication that degradation has reached serious
dimensions in some parts of the Nakasongola district. After exploring the forms and distribution of
soil erosion, the chapter presents the findings and :discussion regarding the magnitude and:
extent of the problem. The chapter demonstrates 'rhojr soil erosion Is a major form of soil and land
degradation and is a result of interplaying factors, involving mainly changes in iand use/cover
due to the influence of increasing human and Iivesfock population or pressure, inappropriate
land use practices and increasingly drier conditions probably, due to both natural and human
causes, Finally, the chapter addresses the environmental and socip—economic factors underlying
the prevalence and distribution of soil erosion and degradation problem in this area.

5.2 FORMS AND DISTRIBUTION OF SOIL DEGRADATION IN NAKASONGOLA

The forms of soil degradation were identified in the field based largely on their typology. In
Nakasongola district, soil degradation manifests itself in many forms, including erosion by water
such as sheet erosion, rlll and gully erosion; and non-erosive forms like compaction, sealing and

crusting. These forms are presented and discussed respectively In this section.

5.2.1 Forms And Distribution Of Erosive Degradation

5.2.1.1 Sheet erosion
Sheet wash is a dominant and active form of erosion in the area. It is particularly intensive on

bare hlii slopes (Plate 5.1) as shown by observed surface flow patterns of sand, truncated topsoil
and soil pedestals. The bare patches are degraded spots characterized by reduced infiltration
rates, hence promoting the generation of high surface runoff that leads to sheet wash. The
widely observed bare patches in this area appear to have been formed as a result of intensive
grazing and over trampling by livestock. However, termites, deforestation and drought have
compounded this phenomenon leading to further expansion of the problem on the areas
originally unaffected.
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Plate 5.1 Sheet erosion on rangelands in Bliabitukula suls catchment in Migera; note the eroded
bacire lond, poor vegetalion growth & potters of emded sediment

Sheet crosion was identified from the linear and dendritic sediment deposition patterns on the
bare pafches on grazing lands, and intensive patterns of sand deposiions on the lawer
pediments and kil slopes as Plate 51 gs shows, At the time of cobservation. aregs under
culfivation were mainly exgerencing sheet wash as further exploined later. The geneial
distribution of sof degradation types along a dope profite s shown in Figure 5.1, Soil degradation
procesies and forms fend fo wony along the slopes depending upon inferrelated {ochors

including veqgetation cover, rainfall and topograghy a3 discussed in section 6.3,

Figure 5.1 Distibution of sail degradation forms along a tyical slope profile in transect | the short
imes nnning downslope depict the il erosion.
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2.2.1.2 Rill and Gully erasion

Ril and gully erasion refers to the process of detachment and fransport of soil due to flowing
waler (Loflen and Roose, 1997) in confined channels, Rils and gullies are the maost conspicucus
torms of soil erasion observed in the areq, porliculardy an the degraded grozing lands, As will
become apparent, their occumence and exlen! are influenced by both socicl and  natural

foac bors.

a. Rill erosion

This consists of incised flow lines. which ocour as runoff concentrated irt channels ort hillslopes, on
bath grozing ond crop onds, However, il was abserved 1o be evident as ephemaeral features
after pronounced rainstarms an the collivated hillslopes. Bill erosiort is usually mosked by the
farrning aperatians dunntg weodirg and cultivation. Howevor, on poofly managed grozing londs

the rills rermain and may sutsequently develop into gulliss.

b, Gullies

Areas depleted in or devod of plant cover ond compacted by large mambers of lvestock
exparence high runcff generation. which on sloping londs concontrotes inde erdorgoed chanreols
or gullies. Further discussion of gullies is presented in section 57550 Howewoer it 5 impartard to
indicale here 15 that Ihe formation of gulies In this dryland suggests the trarsition to a cntical
phase of instability. Laflen ond Rooso [1999) argued that gullies are a mojor source of and
degradation and thair proserice i o strong indicator thet erosion s ool of control and that the
leindd Is enterdng o critical phase that threotens its prodociivity, Margan [1998) alse noted that
Agullies ore almost akways gssociated with accelerated erasion and, therefore, with londscape
inslability. Change in vegelation cover and for sall erodibilily caused by agriculturgd procticoes

induces geomaiphic processes such us gullies (Yanacksr et ai., 2003],

The initicticn ond development of qullies s very complex [leopold, Wolman and Miller cited in
tAorgern. E995)0 In the Nakasongola distict, gullies hove developed mairdy as a result of surfoce
erosion by ovetland flow in the degroded calchiments. However, in other areds soch as L esatho
rordstriam, 198%) ond western Kenyva [Wororu and Wanjengu, 2000), pipirng for funnal orosion)
due to sub-suface flow processes s reported 1o be the main erosicnal procoss In gully fermeation.
A funher discussion of the bypes ond dislritaeticn of gullies in the Hakasongala dryland is provided

below.
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Plate 5.2 Culy erosion; gulies are discontinuaus in the degroded cotchments and pose prablems,
Mote the sand fan on the lower end of the slope in the foregraund of fhe phota.

lhe main factors influencng the formation and disfribution of gullies in the study cofchments
include slope farm and ongle. geclogy, veqetalion cover, footpaths and livestock frocks.
MNordstrdrm, [[989] In Lesotho observed thot a decrease in rainfall [diought) would lead to
defefioration in vegetation cover although grozing also negatively impocks vegetation,
Absence of or reduced plant cover appears 1o be the main foctor responsible for the increosed
runalf generation in the drylands of the Nakasongola distict. The incregsed rupoff concentrates
along the compacted and depressed lines (e, acks and poths) running down slops towards
the yvalley and often to waterng points. As explained by tMorgon [P8945) gullyving will sccur it
fraachive tarces excesd a chitical or thieshold value. In other words, s observed by Poesen af al
(2002), gully erosion is cleary a threshold ghenomenon, o geomatphic pracess occuring only
when o threshold i terms of flow hydraolics, rainfoll, pedology and land use has beern
exceedad, More delails on these factons os regards gutlyving are given in section 6.3, Once the
gully channel s established, {he resulting concentration of flow s sufficient to sustain gully emsion
[FAC, T984:126). Ihe scouwring action by runoft coavses qully exponsion dowmward wheredas
headword erosian confribules 1o s exlension upslope. Subsequent headward ersion and
widening wil continue until the gully = adjusted 1o a new set ol eguilibiom conditions ond
Becomes relalively staldle [FACG, 1986:128). Other observed pocesses that induce gully

development in this area are cracking, slumping and collopsing of undercut guily wolls.

Takle 5.2 provides a summary of the gully measurements in the area, The details of the results an
the main gully measuremeants are given it Appendix 11, Cully depth vaded greally bul warely
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exceaeded 2.5 m, whareas the width vared trom 0.5 16 3 me An estimate of soil loss [Table 5.2).
brazecd on the average cross-section area and depth of gullies, provides an insight into The
confibution of gullies as o soil degradation feature in the areq, and the dangers pased due o
the an-site effechs such as silfalion of water sources (see Chapter ), High soll loss estimate of 56
me fram the Uweso read gully s athiibuted to Bhe high runeif generation from the road and the
devegelaled guazing land on the vpper section of the landscape. The observed active rll
notwork connected fo the guliies and contfinued inlerplay of the factor: aluded to, are likely to

result into gully extension. Golly density is generally low, appraximaoting to one gully km-.

Table 5.2 Avorage measurements of prominent gulhies on grazing lands in Nokasengola

Guihy Leeallen Dale of Length Wichh  Depftr Sl Advancement Ganerdl patemn
Ko, formali- () {m] {rm) loss WY

anoin =3

YEars
1 Bizbitukln 10- 15 150 15 @5~ BB 10-13 Desdritic
g Bimibitukulo 10 Hi 7 0.44 5 Limear
3 Ko ajo *15 Bl 2 { v B0.5 3 Linearfdenailic
4 Fyaredkama =0 140 3 BTy ANaas 14 Lingor
i Bujurura 5- 10 a0 1 G.5 404 B- 1A Limeaor

C.8
L] St <5 a4 a.7 I 143 10 Lireor
7 Uwzso 29 200 3 L9 AE7.5 44 Linear
Rona

{ii) Development and distribution of gullles in other ports of Nakasongola

CGullies assessed in areas outside the Biribitukula sub-catchment flable 5.2] show voriation in
ciistribution and magnitude that is inked to huermoan and anireal fracks, plant cover, soil and skope
angle. The areos wheare gulies were obhierved include Eaboja, Kyomokama, Bujumbura ond
Kyalapande villagoes. Observations in these areas showed that scils (calluvial depasition) on the
slapingg land are sandy and sandy loom. The loose fexfure, and hoenece rcduced cohesivenass in
the sandy scils cambined with the concave slopes and changes in slope gradient, was likely to
have gftecled |he development of The guliies, Warun aond Wanjongu (2000] hove highlighted
the contribution of human and ammal frocks in gully erosion in Kenya. In other areas natural
factors play significant part in influencing gully erosion. Eesearch in Swaziland has alse showrn
that targe-scale gully farmation and aclivities are inked o cyclonic rainfall episedas and thus

are climate driven rather than human-inducad.
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5.2.2 Non-Erosive Degradation Farms And its Distribution

Field observations shows clearly that the area suffers from serious soil compaction problems
[Toble &.2], inciuding crusting and sedling. Sall extraction for orickmaking is another form of

degradation pratlem identified TIn the areaq.

Cattle mainly cause compaction on the rangeland due to trampling. The weak soil structure
and high evaporation rafe probaoly compound this. Rezkorowangynj et ol [1993) report that
mature cattle con exert o ground pressure of some 1.7 kgfomé of hool Deanng ared, They argue
further that this may be compardlie to the (orce exarted by hedww-wheeled tractors, which
midy affect soil densities te a depth of T m and couwse a decling in crop yields of 30 - 40%. High
builk densities of =145 gfonm?® were measured on the degraded rangelands in Nakasongola.

Further cansideration of the measured buik densities n this area is to He tound in section 4.1.2,

Legradation forms such as crusting/fsealing, are common particularly on the exposedybare sois,
as evidenced by darker ¢ surfaces. The soils are susceptible ta crusting and sedling due to the
fine: texture relatively high clay and =it content). Clay content ranges as high as 68% and the: silt
content s 28% in some places. Compaction, crusting and sealing of sols contribute to elevated
suface runotf due to reduced infilfration capacity. This 5 supported by the results on

measurernent of inlifration capacity on these swifaces (see Chapter 4).

Sall extraction is another forrm of soil degradation that here mainky associated with brick making
[Ploste 5.3) and guarrying for road construclion. The mdin areas affected by brick rmaking are the
low-lying areas (wetlands| especially those that are close to the urban centres, The forrm of 1gnd
uze is likely to increase as the dermand for the building constructions rises due to demogrophic
pressure in the urban cenfres,  Problems consequent upon accelerating wrbanisation anse not
only on-site due o physical rermoval of scils but ako due to the growing demand for fuel wood,
which contributes 1o reduction in plont cover and exposure of soils to erosive forces. A kin
6,000 — 10,000 bricks) consurnes on averdge of one fruck of tuel wood in the form of logs, This is
equivalent o feling down three entire Irees, which exposes ~75 - 300 m? of soil. Any subsequent
incregsed demoand for fuel wood will thus be o moior potenticl problem in ferms of soll
dedgradation in the frure. This suggests that mtegrated planning is required to achieve a
balance in soil use for bdck making while coraspendingly aftending to shotegies towords
ensunng a suslainaole source of fuel wood or adopting alternative energy technologies ta el

the Kins and/or mmpraving on the efliciency of energy utilisafion in kins.
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Plate 5.3 5ail exdraction for bdckmaoking near Migena tawn: nole the degroded area in the middle
& foregraund and the number of kilns, which highlights the fuel wood demand.

It is nat the intention of this study o underake o detailed assessment of sol extraction as o
degradation pracess. Howewver, soll extraclion or guanying = commonly observed on landing
the study grea. especialy alang the majar reads. There s approdmaotely one guany per every 2
km aleng the main Guly — Kompalo rood, Some af the quarmies cover as much as 0.5ha and are
abandoned without any rehabilitation of the land. In oddition, rls ond gullies were observed in
ond around these sites, although these gulies rarely exceeded Z0m in length and 1m in width,
ihe guarrying vsualy leaves behind exposed sub-soils with poor structure aond low infilthration
capacity that leads ta surface runoff whenever high magnitude rainfall evenss are experienced,
Acceleroted ronaff and soil loss can be a potential factor in causing off site damoge. including

silling af chammels and flooding in otber areas.

5.3 THE EATENT AND SEVERITY OF 5OIL DEGRADATION IN THE DISTRICT

S0l erosion prediclion was done it arder to provide an index on the assessmen! of the extent
and rmagnitude aof seill degrodation pracesses in 1he Nokasangolka district, The soil erosion severity
is based an the FAQ clossificalion of 1979,
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E5.3.1 50 Frosion Prediction

“he BUSLE ercsion madel, an improved vermion of the USLE [Wischmeiler and Smith, 1878] was
applied in a GIS emnvironment [see Chapter 4] to predict the spafial distibution and severdty of
soil erosion at d reconngissance scale in the Nakasongolg distict. Predicted soll toss con be a
redsonably Qood indicator of othar soll degradation processes such as physical delenoralion,
exposed sois and reduced crganic matter. Areas of severe sall eration are chargctensed by
expased and physically detericrated soils with poor arganic matter. Figurs &5, 2, shows The

predicted average annual soil loss in 5oy

VH: Very High
[0 H: High

l___| M: Moderalte
] L Low

1] VL: Very low

Figure 5.2 Mannilvde and distribkdion of soil 1088 In 1he Nakasongola district,

The results of application of BUSLE in Nokosongola dislnct (Figuie 5.2 reveal that areas with
serious sail erosion (hot spofs) coour in g patchy/cluster pallem mainty in The central, northeest,
north and edslern part. In generdad, the grealer parts of the area (8/%) are modelled  as
experiencing a low rate {<2 t/hafyr) of shest and il erosion (Fgure 5.3). Some areas
comesponding o relatively steepern, long slopes and low plaont cover, experience maderate [10 .
S0 tihafyr] to very high soit loss (=20 tfhafyr). The areo exgpeiencing moderate soll loss covers -
22% and that with high to very high soil less constitutes 9% of the distic! area, The areas, which
01



are covered by steep and long slopes combined with reduced cover, may gensrate high

surface runoff ana hence are predictea to have higher rate of soil crosion.

2% 7

& YYary high
O High

B Moderate
[ low

B Very low

Figure 5.3 Percentdge ared of the Makasongola distict attected by difterent fypes of soil erasion

Dosed on RUSIF seventy closses

Field obicrvalions by the aulhor have revealed thal low-lying areas mainly cxperncrnco very luw
levels of degradation in ke form of shecl erosion. and compachon limifed o places arcund
wotering paints and fracks. Heavy grazing and trampaling was observed araund these waterng
pints, Nonetheless, the reasonakly bigh moisture content in this iow-lying area ensures quick
recovery of vegetation cover. This explains why soil aegradation by erosion is not prominent
even when such areds are heavily grazed, The thick bush ang wocaland forests finging the low-
lving/valley areas provide aagequate cover against the rmindrop impact, ana the interception

and herefore infilkation rate s promotea by the leak-litered sall surfuce.

The gentle siopes, particularly the cutivated and moderately grazea ports, largely experience
moderaie soil degroaafion in the form of sheel wash and il eresion. The relatively steeper siopes
suffer from severe dedraaation by sheet wash, compaction and rlling. Gulies were ohserved to
he nsociated with such areas of intensive or severe gegradation. The aredgs of severe sofl

degraaaiion in general coincide with bare potches on sloping grazing land [Plate 5.4).
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Plate &4 Severe sheat erasion on the grazing lkand of Mr, Lubkega's ranch in sMigoera; plant reots and

bouldars in the forefmid-ground are exposed dues o remaoval ot soil,

Bosed on the level of severty of soll degradation {Lal, 1983), Ihree disting! phases of degradation

ware distinguished in this study area;

The first phase is where there is minimal soil degradahon processes, such as sheet wash
and Ihe planl cover is high (*60%). the sait organic matter content is above the arilical
igvel (37], This, The low-lying areas and dense woodland/forest areas are categonized
wncer this phase.

The seconc phuse s charactensed by presence of sheet wash, scattered rnlls and |ow
degree of compaction. Areqs under this calegory ocour anywhore on hill-orests and -
Rill-sides on crop or grozing lands.

The thire: phose & choractansed by o high inlensity of shoeet wash, rlling inchding
aullying: The planl cover is low (<20%); the degree of compaction at sails & Righ cned suk-
soils are wsually exposed as a result of fruncation by erasion, Palches expericnoing
severs ba vory sovers ercsion (Rogure 5.2) {occupying ~ 9% of the land area} balong to
this third phase. Steepear sactions of the slkepes with iHle o no proper land husbandry are
vulnerakle 1o he second and third phase level of degradation. Interms of conservation,

the arecs under the second and Third phase reguire urgent ottention.
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2.4 PATTERN AND MAGNITUDE OF SOIL EROSION ON GRAZING LAND

Runaoff and soil ass were meosured under natural and simulated rgintalk canditions an expernimnenial
plots (Appendn 2 and Plale 4.1) established o9 o sample of fypical grofing land. The nonoff plets
rmeciurirgg 1.5 mowide by 15 m long, for conditions under natural raintall, were positioned on o
representative area of graeing land in Migera ponsh, about 20 km north west of Nakasongola tawn.
The plots included 2 replicates and 2 freatments (degraded and non degroded] posifioned on fhe
uppesiope (L1 and Bl1), midslope (L2 and BZ] and backslope ar lower pediment (B3 and L3]. Plats
B3 and Ld were nan-degraded and acted as a confral. The rainfal simulation plots of 0.8 m wide
oy 2 o l0mg weere mmeant e sinulale the existing srasion processes under grogdng land, which is one
of the main lond coverfuse in this oreo, Furlhermore, rainlall senulation expatimeanls wers
undertaken to supplement the figld erasian plots and were poticulady meant te help in obtaining
data on erndibility, infiltration rate and pravide a tuther understanding of the erasion processes.
Do te imitod finoncial resources, it was nat possible 1o set up crosion plols vndor olhoer land use
lwpers, The results for both the notoral and sinulated rainfall plots e presenied and discussed

fardon.

2.4.1 Rangeland Erosion Flots Under Natural Rainfall

The rang=land plat studies wers designed to help in guantifving ronoft and sail [sses from dillerent
envirenmentol conditions, nomely thoe non-degrodoed, soverely degraded, and  modsrately
degrodoed areas [sec Chaptoerns 3 and 4) onder the curentiy practised trodilicnal penimeseter fenced
grading systern, on the leased kand, This grazing systern involves free range and daily movernent of
livestock nder the guidancs of a herder (locally called muiore). IFis the mest cammenly used
arozing method in this area falowing the recent 1993 ranch restructunng. Bosulls onowonof] and sall
losses are presented and discussed below an the basis of annuadl and seosonal trends, Full details os

to actool moasurernsnts of ronoff are provided in Appendis 12,

5.4.1,1 Annvol runoff losses on different degradaotion surfaces

The average annual runoaff losses from diffcrent degraded suface conditions for the yoars 2001

anc 2007 are given in Ffigure 5.4,
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Figure 5.4 Average runoff iosses from ditterent deqroded sufaces for twa yeors

The averoge ronet! iosses (Figure 5.4} reveal an interesting but expected frend. In general the
paftern of mnoff losses indicates relatively higher losses of suface runoff from the severaly
deqgmded plots [321 mm} compared to the moedergtely degraded ones (261 mm). Severely
degraded plots recorded appraximately twicae the runoll of [he non-degraded plols. The high
iosses rom severely degraded plots con be gocounted for by low infilfration rates coused by
suface crusting and compaction of soils by animat frampling,  The resolts on nfilfration rate in
Chopler 4 reinlorce this explonation: iow infiltration was obtoined from severaly degraded areqs

as oppnsed fo the nondegraded ones.

There werie no signilican! vanations in the ronoff losses belween the |wo years excep! lor fhe

different degradation conditions (p=C.018) as shown in Table 5.3,
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Range condition Year20«  Year 2002
Severely degraded 147.8 O e )
Moderately degraded 77.4 114.4
Noh-degraded TN O e PR g
LSD 0.05 Year 70
LSD 0.05 status of degradation 85.8

Figures 5.5 A7 show The annual runodl loss for the individual yvears 2001 and 2002, as expected,
the dala indicate thal lhe non-degraded plots, B4 and U4, iecorded the lowes! runol losses
(Figures 5.4 5.4, The relalively higher [osses for B4 and L4 0 year 2002 compared to 2001 coan be
affribusted to greater ettaective rairdall storms. Year 2002 received 422 mm of raintall, which wes
substantially more than that of 2001 [340 mm}. The increase in nenett was observed at all the
other plots during the year 2002, and shows the important role that raintall amownt can play in
runatt generation. The reigtionship betwesn ranfal amount and runoff 5 addressed in sub-
section 5.4.1.4. fhe seveely degraded PPlot L3 recorded the highast amount af ronolf {290 mm)
curing lhe yeor 2001 although in year 2002 the loss only Increosad to 431 mm. High reneff loss has
imohications in terms of increased potential far so0i loss and desicoation of langd under such
degroded condition. As shown in Figure 5.6, on average the loss of ronoff for plot L3 was shil
ftigher than the other plots. It s not clear wha! coulkd have covsed 1his vaniotion ot mast

probably it s because of the observed increase of surface Crust and higher rainfall amount

rexceivEd.
Comparison of Runoff and soil losses for different
plots in Year 2001
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Figure 5.5 Runall amd sodl losses far the year 2001
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Comparison of Runoff and Soil losses for the
different plots in Year 2002
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Figure 5.6 Runaff and soil losses for differant plats in the yeor 2007

Mean soil and Runoff losses for 2 Years
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Figure 5.7 Avercage tolal rinotf aond soil losses Tor fwo years 2001 /2002

5.4.1.2. Annuda] sai loss on different degrodation surfaoces

Ihe: avorage sol losses on the difforend rangeland sorfaces are summansed in Foure 5.8, Table 5.4
and appendix 18B. In general the severely degroded areos, experienced o significantly (g <0001
higher averoge soil loss (20 t/ha)] compared to the modorately- and non-degraded plods over he

twwi onitored yedrs [p=0.034)
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Figure 5.8 Comparison of soil loss on different degroded sudacas; mod = mederately degraded,

sev = severely degroded, Undeg = non-degraded

Table 54 A comparson of overoge soil Ioss on diferent ronge condition {or 2000 2002 [or

Cach individual plot replica

Soil loss (tha)

Range condition 2001 2002 _ Average (Vha) )
Severely degraded 18.05 234 21

Mederately degraded e 14.2 12.8

Man-degraded .7 S ) 295 18

LSD 0.05 Status 5.04,

LSD Q.05 Year 3.84

The severaly degraded area [Plet L) expenenced the highest soif loss averaging 23 Hha, wwhich is
explained by the relatively steep slope (7%} and the observed developmend of Al during heavy
sturms. Rills are known to concentrate ronoff leading o increased detachment and enfrainment of
soils, Chrshansson [1%81] In Tanzania observed similor potters and  indicates bare soils ore
parhicularly vulnerable to less of soil and water. The moderalely degroded plots (L2 and B1) had an
avierage sol loss of 13 tha, whict s lower than the severcly degraded plofs, This can be atirbiied
o the relolively lower runoll amount caused By the higher infittration rate os nadicated above. In
gencial, the non-degraded plots expernenced the least soil loss, which averaged 2 Hha [ar The two

years in guasticn. This underpins the imporitance of plant cover in reducing the impoct of randrops
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and retarding the nmaff velacity that would atherwise cause more dedachment and enliaremenl
of soit particies. As shawn in Hguee 59, 2002 cxperenced higher albeit stalistically insigrificant soil
085, High sall loss is a result of the relatively highoy rainfall compared to 2001,

25

L 20
= |
= 15 |y
@ - birs
= 10| Average
@

Sey Mo Lndegraded

surface candition

Figure 5.9 A comparson o average soll loss on differen! rangelond suifoce condition for
200172007, sevw = severely degroded, mod = moderately degroded, ondeorodesd = non-
depracdad,

5.4.1.3 Annual runcff and sofl losses on different stope positions

Runoff loss

The average vonoff Dsses [y an The various slope positions are shiown in Figure 50100 Bote that
*he lower slope position experienced highar averoge rwnaft loss (327 mm) compared 1o 1he
upber and middle slape plofs, which hod sioeilar aonafl losses, As expectod, the control plot
exparienced the lowest average nneif loss of 141 mim. which, as alluded ta, is thawgh! ta be

due ta the bigher infiltration rates pramoted By the Bosal cover,
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As shown o Figure 5,11, high average soil losses (22 tha) were cxpenenced on the lower slopoe
poasifion tollowead by the upper slope (18 Lrha). The middle slope redgistared the loweast amount
{15 1/ha) of 5ol loss. Fwould be expacied that the loss of sediment on the middie slope position
shauld be rmore thon that on the upper slope position, But this wes not the case observed in this
study. This can he explained by the fact that the slopes are long lenging up to =200 m) and the
marphology s such that the middie slopes are gemtle. The gentls slopes reduce he velocity ond
ranspart capocity of the runoft gnd hence the resulfant lower soil loss, aAnother reason Tor the
observed lowen 5ol loss on the middle slope was that one of the plot (| 7] had o basal Qreess
cover of =20<40% and a fee cover of obouwt 20%. This was considered o have intercepted the
raintall leadiog Yo greater infithation rate, hence less suface ronoff flow. Furthermore, the
reduced ronsport copacihy of unofl flow By the basal cover slowed down the rate of soil

deotochment.
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Figure 5.11 Avcrage soil lossos on diffcrent londscape positions for 2000 /2002, upper = upper slope.

middlc = middlc slape, lower = lower slope, contral = anlower slope

Thee ddaabo o sail lass, Tor bhe years 2001 and 2002, are shown in Figures 58 and 5.9, 10 2001 the Inwost
soil lasses were nbierved on fhe non-degrodad pint L4, whereas [he bighes] |oss was iom the
severaly degraded plot L3 In 2002 the same plof L4 experienced the least soll loss and plal L3 again

recorded the highestioss.

5.4, 1.4 The relaficnship between rainfoll runctf and soll fosses

The reloticnship between ranfall amaunt. runatf and sall losses was compuled using the dota
sets for the two yooars and the results are shown in Figure 5 12 A signiticant relationship [p < 0.05)
wiis abserved between minfal omownt and runott and soil 1oss, The highes! corelalion was
belween rainfall amaount and ronoff as shown by high vaives of 079 for 2. However, the
caralalion betwesn rainfall amounl and sail 1255 wos moderale as shown by the computed
value of .27, The relatively weaker corelation con ke attibuted to the fact that rainlall amown|
(s cpposed o rainfal inlensily] may reveal itle albout fis effoctivencss of cantributing to soil Inss
by roindrop defachment of soll particles, Rain splash stosion was nol monilored separately,
athough as shown in lable 5.4, rainstorms with high intensity arc associoted wilh high soil koss, Sail
lmss o depends an antecedan| condilions.  The detoched soil particles arc not wholly
transpaorted on the slepe profile. Partial deposifion eccurs whenever the ronoll lransporl ation

capadcly becomes inadequate unli the next rainstorm tronsports it downslope. 1hus, rainstormms
M



of lower amaund [e.g. for 2n2 and &% June 2007, Table 5.5) lead to more soll loss depending on

the pre-existing conditions,
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Figure 5.12 Relationship between Bainfall. ronett aond scil losses for the two experirnental years

Table 5.5 Runati and seil lass for seme manitered rainfall storms on uppor slope in BEbitukula sub-

cotchment
" Rainfall  amountRaintall intensiy
Date {mm) _ {mm,/hr) Runoff amount {1) Soii{osst/ha
190402 155 369 [£2.5 074
200402 27 460 182.5 1407
230407 268 9.5 181.25 .28
020502 0.2 45.] 183.75 1,94
D&050L 295 ap# | 191.25 A0

Further analysis of the relafionship between ciosion ond rains was investigated using the so-

called aggressive coclficient of the erosional rains [TRaj. This caetticient shows how much 5ol
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loss (t/ho) was eroded per erosive stom. Coly the crosional rains were used for calculation

based on the formula:

FR¢ = Frosional loss [Hha)

Erosicnal raim [rmm)

The statistical values of the: analysis are shown in Table 5.5

Table 5.8 Stotisticol analyses of The ERa values for tho yoors 2001 /2002

Cover type [ Mo.of ‘Mean t/ha/mm Rdnge o | Range

observalions Minisnuen | Maximum

- Non-degroded 34 Q.01 Q.00 - 002
Moderately 43 0.04 000 07
doegraded :
Highly degraded 175 0.05 0.00 | 0.23
- ES00.05 2015

FRo varied considerably with maximum values in the highly degraded plots of Q.23 [p<0.001}, This
implies that | mm of excessive rain can erode = .23 tha of soil on o bare ar highly degraoded
land. The non-degraded areas had low maoximmum value, which can be attributed to protective

piant coyor.

5.4.1.5 Seasonal runoff aond soil loss tor different sudface conditions

Runoft

Tables 56 and 57 show the seasonagl dodal runolt 1oss from different rongeland  condifions
charactersed by the non-degraded. maderately degraded and severely degroded plots. There
weore NG significant differences in the seasonal ronoff losses excepd for diffcrent degraded
surfaces o freatments [P< 0018 of <2). Significant differences [p=00008) were noted bobween
the seqsonal runoff losses between the two yvears attricutable 1o the higher amount of raisfall

received in 1the second yeor,

For the firs) season, the months of May and June in 2007 recorded high loss for nearly all the ziots
apart from the non-degraded plots [BE4 andg L 4], In 1he secard seasar, the maonihs of Sepdemboer
- Movemboer had Righ runalf loss, The months of fuly and August recorded no loss for the non:
degraded plots, This vorcohion is casely relaled 1o the vanction in the raofoll bot aklo the
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condiffon of the surface plant cover, In 2002, the manths of March — May experienced higher
runotl campared to the months ot January and “ebruary. The month of Movember in the secondg
secson of 2002 recarded reasanably high nonatt loss for all the plots, In general, the second
secson of the year 2002 regislered significantly (p=0.002) lower runaff less compared to the fist
seqson. Yaration in runott caresponds o the rainfall amount and its distribution, and alse the

condition of the sall suiface as indicaled (see also Hgure 5.173),

Table 5.7 Average seascnal nnaff [mm) for different degraded areaqs in the veor 2000

|Non-degr_uded Moderately degraded Severely degraded

sensonl 0.2 482 48 4
Senson 4002 1042 244 4
LSO (0.05) o o B4

Tahle 5.8 Average seasanal runaft fmm) far different degraded areas in the yvear 2002

Mon-degradedivodeately deaiaded Seversly degraded

Season] $0.2 AT e 2714
seasond 24.2 103.2 904 _ e
LSD {0.05) . . slB

A5 shown in Hgure 513, the mean seasonal runsft loss alio vared according o the soll surface
condition. The severely degraded areas (e, plots L3 and B3) hove lille or no basal cover to
imMercaept the rdintall impact that conbribwtes to sofl cameaction hence lowerng of the
intiltratian. Under such conditions higher ronoll is generafed when compared o the swface wilh

high basal cover {e.g. plals Ba, L4].
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Figure 5.13 tdean runaff loss under different surfoce condilians [or e o @xnerimenta years
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Soil loss

lables 5.7 and 5.8 summarise the results concerming soil loss under different treatments for the
two moniiored years, Fgure 574 llustrates mean seqasanal soll 1oss for 2000 and 2002, The
segrongl paitern for sol loss was inconsistent due fo the varioble roinfall amount ond
consequently the runoft distribution as indicated above. In 2001, =0l loss in the second season
wils gregier than the first season, but in 2002, the second season recorded significantly lesy soil
foss {p=0.008]. |he ANOVA test revealed no significan] [p<005) difference between the mean
seasonal soil loss, in e first and second season for the first and second year (see Figure 504}
Wanaliors in sol less [p=0.0032] were noted for the different degraded conditiors in all the
seasons in The two yedrs, In generdl, however, for the two yedrs, gher 501l 1085 was recorded in
Aprl and Moy and Septemizer  NMovember [Appendix 17}, These months expefienced peak
raintall values and hence gensrgted bigher ronott, The ohserved seasonal and manthdy vanolion
in seil loss reveals that rainkall and conseguently renott are alviously importand Tactors et

shpuld be planned bar in terms o soll and water conserdation, in This dreyland environmeni.,

Table 5.% Average sseasonal sil loss (Hha) for different degraded areas in the year 2001

~_ INorrdegraded|  Moderately degraded severely degraded
Seasonal | 00 2.5 4.1 o :
 Season 2 1.06 8.56 1323 !
LsD 005

SEA%ON 2
A Season 1

Eoll loss (Yha
o

kon-degraded Moderatehy Sevarely
degraded deygraded

Surface condtion

Flguse 5.14 Medn sedsondt 5ol koss bnder different surfdee condifions Tor the bwo years
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Table 5.10 Average seasonal soil loss (t/hal for differen degraded areas in the year 2002

iNon-c_iegrm_:ecl _oderdtely degraded | Seversly degradea
Season| a6 o _ 0144 1415
seagsand 071 B 412 ;_&_::SI
LSD [0.05) | = 40

5,42 Runoff And Soil Losses Frorm Boinfall Simulation

Artificlal raintall expeimeants were conducied adjacent to the eroslon plats unaer natural rainfall,
s s to provide mare intormation abxaul the poltern of degradation processes on grazing land
and soll erodibility. Rainfall was applied wsing g spray cone jet nogle simulalor and he tolal
sunll and 4ail loss measwred for the dry and wet expermental runs, as descrilped in Chaopter 4,
Mofe thal the wel ron on the mid slope wos conducted late in the evening fo aveid wing
disturrance. This monitared period was not ideal Bot was considered reasonakle time far
meaningful inlerpretation @f The wnafl ond soll loss. The dry ron sefers 1o condilions when the sails
are dry or at the field meisture capacity: it was meant o simulgte condifions during the dry
seasan or just betore the wet season, whergas, the wet un refers to expermentagl conditions
when {he soils are hoaving maislure above the field capacity, and was mean! ta simuolole the
processes an iritiolly wel Sais or storms ocouming folowing each alher, Ceerall ive and four
siorms were simuiafed (or dry and wet rong respectively, Besulls on sall erodibiily obtained from
the simulation experiments are repaded in 1he next section 5.5, The simulafion results on runoff
anag soil loss are presented and discussed in the sub-section below. Appendix 13 provides detaiis

o the simulafion measurements.

5.4.2. 1 Runoff aond soil insses

Takle 510 summanses the runetf and sail losses aocording ta the slope pasitions nameiy the
vpper, middle and lower dopes. In ferms of soil loss, higher meaurements weare observed far the
dry ron {383 12 1.02 I/ha) compared 10 he wel run (=083 1/ha) on all the stope pasitions. i1 s nol
canfirmed bul the [oose soils and sediments existing on the surface betore the expeiment could
hawve causaed the high rate of soil logs under the dry run, [f this is the case. then this tinding paints
to the significance of the sall surface condition during the dry season. Surface saif disturbances
during dry perads by the actions of livestock trampling {hooves), termites, ants and moies can
play o significanf rele in loosening the soil and promaoting erodiciity. This can thus lead to high
scil [ass espeacidily al the slart of the wel season. As expected, Ihe lowes] soii loss valoes <005
t/ha) were abserved under the contrei, which included bosal grass cover of >20%. The 1ow runoff

and sail loss unaer the conlral expedmental plols can thoes be alliibuted 1o the ellect of fhe
16



protective vegetation cover agalnst the wginfall impact and enfrainment by surface runoff, os
wel ai Increased infitrafion rate hence fess wnoff,. Among othes, Hudsen {(1925) hos

demenstiated the significonce of vegetolive cover in reducing soil loss and runof In Zimbabwe.

Tatde 5.11 Runctf and soil losses for the different slope pasitions for ihe dry ond wat simulation runs
{n = ?:] I

Shatus Slope paosition Runaff {mm) Soil loss (Hhad

Chry rum What run D3y eun Wel run
Degroded Upper 26,01 28,88 1.00 0.88
Degroded Middle 24,83 25 083 MA,
Degroded Lower 209 2405 1.02 (.80
MNor-degraded Lower {confral} 24,48 M A 0.43 A

MA = doto not ovgilable, reqsons given in texd,

In genergl, the runoff loes as indicated in Table 511 pioved to be slightly higher on the lower slope
cormparad to upper slopas for the dry run. The observed olgoe suface cooting and the steep sliope
28 - 990 aocount for this high runoff lass. This coated darmourad) surfacea s ikely to have contributed
tothe reduced infitration of rainwoter inte the sail. The dgos coated surfoces wers obsarvad 1o be
common on the soils 1that have remalned exposed or de-vaegetslad for a number of years. The
runaff 10ss on the upper slope was higher than thot for the lower slope plots Tor the weat . There Is
ne specific explonation to account for this reversed trend in runoff generalion. The vegetated (B0
plant cover) fraatment, referad 10 as the confrol, on the [owesr slope recorded the least runctf loss
o5 expected no doubyt due to high infltration ote erbanced by plant cover. Genaraly high
infilfration rates ara typical of areas with ample vegefation cover e, presumatbly non-degraded, as
demonstrated Chogpter &

The relaticnship between runcff and soll loss was also explored. Coreloticons betweaen runctf and
sqil loss for the upper, lower ond mild sope positicns are shown in Figuras 505 - 517 Generally
the dofa indicote thot runcdf and sofl loss are nof strongly corelated os reveoled by the low @
and ~values for both the dry and wet uns. The dry runs, however, generally bad higher

comelation coefficients {a.g. ¥ valuas of 0.61 and 0.54 on the upper and mid slopes) compared

[17



with the wet runs, [or which most vatues were below 0,10, It is expeaected thof an Incregsa in runoff
omount causes more enfralnment of the toil paricles and hance highet sadiment los due to
increased erosive and fransport capacity. Tha resulfs show that this relationship is not aleays
predicioble as the entrainment may ke Influenced by the soil conditions such as eradikility. The

erodibiity measwarnants were low for the compacted rangeland =cilz in this area (zee section
23020
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The simulalion experimeants, s demoanstrated here, provide on opportunity to anabyse the
temporal relationship between runoff ond soil loss. As shown in Figures 5,18 - 519 and 520 - 5.21,
soil o runotf losses respectively varned over time. [his fermporal variation in runeff and soll |oss

showed an incregse in genenal, for boeth 1he wol ard diy roess.,
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Figure 5.18 Moy ran 5ot loss for the diferend slope positions
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Figure 5.19 Wet run soil loss for the vpper, mid and lower slope positions

Generally, the rasulls were charactensed by normal Hucfuation. There was o moderately gradoal
increqse in the soil loss for both the entire dry and wel simulation. AF the dry runs onthe midg ang
upper sopes showed 0 shorp Increase i 5ol loss in dhe first 15 minutes, then a more or less steady
storte up 1o about 30 minutes, after which thers wos an increase again in the final 10 minstes of

the run. The wet run recorded o similar increase nothe figl 20 minuies, Ihan g slight decline
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follerwed By 0 shorp nse 1o g peak for the upper and lower runs.  The {ast 53 minutes recorded
dangther decline. The dry run o fhe Cconbrol on the lower slope recorded no soll loss unfil atfer
abzouf 10 mingtes because of ok of runolf, and compoared 1o other rons i had the lowest
overall soll loss, which can be ottibuted to relatively high basal cover [$0% cover), High

percentage of basal cover retarded the runcH thus promoting infilfration rate.

RuneH dischurges during fhe wel and dry experimental rurs are depicted in Ngures 520 andg
521, all the wns showed g consislent dramatic increase in runoff within the first 10 - 15 minufes.
then o decline andg subsequent flociualion for the rest of the expenmental tme. The decline and
thoctuafion in runcft cannot eqsly e esdplained bob s owos probably o nalural random
accunence, The qompd increase in runcit, atter A0 minutes, tor the dry run on [he lower slupe
con be attributed to unanticipated increase In rainfall infensity cawsed by the ohserved slght
deflection of the rains untu the piot due to the wind. Huctuagticrs in infiltration rate, appear o
have been in part cawsed by the cccasional destruclion of the sudoce crust by the runoft and
rainfall rmpact. As Ehe onginal crust 15 destroved a new one may form with time due to the
renncroe: mpack and aoan ds owould e expecled, the ronofl noreased due to redoced

infiftration rote.
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Figure 5.20 Runoff discharge for the wet run simulation on different slope posificns
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Figure 5.21 funcff discharge for the dry run simulation on different slope positions

The time for ponding and wnoff initiation vabded rom one cepeniment to onolher os lostrated in
takle 53.12. Ihe ponding time for the dry run ranged from 34 seconds to 3 minutes, whereaqs thal
for the wet runs was the shorter and ranged from less than g second to almost hwo minutes, As
expeciod, e ronoff initiation time was relatively short for the wet runs compared o the dry runs
e the overage difference in ime betweon ponding and ronoff for the dey ron (176 minotes)
was twice that ot the wet run (0.7 minutes), || anged fom as low as G568 minutes on the lowaoer
slope for the wet run to 2 minutes on the upper sicpe position, For the dry Fun, it ranged from 1,30
minutes on the mid slopes fo & minufes on the tower slope [centrol] dry run experiment.
Imterestingg lo note iy the reiatively shart fime for ponding and roneff iniliation hme for the bare
lower slepe. This is partly explained by the chserved presence of algae coating and 501 crusts,
which are 0 common characteristic on bare patches that have been in existence for a number
of yoars as earier hinted on in this section. The short time for ponding and runeft nitigtion hos
negdtive implicalions ko 1his rangedand s that the soils hove inadoeguate fime fo absorb water
hence much of it 15 lost s sutdoce runeff cqusing ciiber or bolh increosed erasion and andity,
Furtbier variations in ponding and runoff initiation may be q Wnction of antecedent moisture

conditions as described below.
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Table 5.12 Ponding and runoff inifiction tirme during the dry ond wet axpetimental runs

Time " Uppersiope  Midslope  Lowersiope Lowsf siope Conirol
Dry  Wet Dry  Wet Dry  Wet Dy Wet
Ponding 3 ] 1,48 0.52 0548 0.4 2 0.5

Runoffinitioticon 420 2 256 0.4 130 0.5 & 2

The antecedent soll maisture Joble 513 played o role in influsncing oth the ponding and
runcff times. The overage ontecedsnt moisture was 10.0% pilor to the dry simulation but it
doubled (20.5%) ofter the roinfall, Higher antecaedent moisture conditions, Le, conditions closer
to saturation, led to o shorfer time for the ponding and runoff initiction. When the soils are
relatively dry, the infiltrotion rate B high, thus delaving the ponding and the runoff initiction.
similar chservations hove been mode elsewhear:s {e.g. Boardmaon, ef of, 20073,

Table 5.13 Antecedent soil meisture duing simulation exaeriments

Plot position i % Moisture
A . Before dry run Before wet run
Upper slope 171.52 240
Mid slope 10148 21,11
Lower slope .63 16,46
Lorwesr slope (control) 168,20

* Do not avoitobla since wel run was laft out

9.5 ROLE OF FACTORS CONTROLUNG SPATIAL VARIATION IN SOIL DEGRADATION

Ervircnmental change in general and scil degraodation in farticular is influsnced By varlous

factors, allhough i s difficult to jsolate the contribution of each (Goudie, 12777,

A complex of interdepentent factors relating to soil tvpe, slope form, climote gnd long cover on
land maonogemant deterrmines the occourrencs ond spatial or temporal distribution of soil
degradation. Faundl activity mainly by termites alie compounds the problem especially on
arozinglonds. These foctors are presented and their contribution to =0l degrodotion discussed
below. The environmenial factors are dealt with first followed by the socio-economic factors,
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5.5.1 Erwironmenial Factors

Climate, soil type (erodibilihd, slope and mocrodoung were identified o5 the imporant
envimnmental factors affecting soll degradation in the Nokasogola distict, Eoch factor is

examined and evaluated os 1o its contribution to the problem of degrodation as follows,

5511 Climote

Andlysis of both histordeol and curent climatic varalydlity can help to account for the olkerved
cheromena of soil degradatlon in this dryland, Pertinent to note, howewver. i3 thad there s o
dearth of long-term quantitotive climatic records in Ugaonda, ond in paricular, for the
MNokcsongola distict. Avollable rainfall records stretch bock fo the 1240s but the data are
inconsistent; records are gegilalle for some vears only and characterised by missing datg for
some monihs of particular vears, Rainfall data in and areund Nokosongola distict for selected
yedrs with Tull records were used to compute the meon values and these are presented o
suport the arguments in this section. Howewvar, any further evidence of change has to rely on

proxy data In the form of lake mean level (depth) chonges in the region as analysed below:.

Orne of the most moarked examplas of historlcal environmental change has beean the fluctuating
level of lakes in the fropics (Zoudie 1977, 2149, The lokes of Eqst Africa are known to be
Irmportant indicators of envirenmental and climofic change on a long fime scale (Michalkon and
¥ir, 2000, According to Nicholson and Yin {20000, the lakes hove registered the pulse of rainfall
viriability in the egquatorial tropics, hence histonical records of Their luctuations can potantially
provide o spatldly and temporally detailed picture of this varability prior 1o the availakility of
cctual rainfall measurernenis, As a starting point in reconstructing the climate In the 191 and 200
century, Lomib. cited by Zhebe (1995 44), desciibes the lernporal climatic fluctuation In East
Africa as o presy for rainfall fluctuations, by referring to luctuations In the levels of Lakes Victono
cned Tangnnyiko.'The maon depth of Lake Victorlo waos approximately 135 moin 1880 b
daeclined to 105 m in abouf 1902, It fluciuoted from that fime with a maximum depth of
approxirnately 12 m. loke Victoria's lowest level wos reoched in 1922 (CSoudie, 1977, pl4%).
Crormatic fluctuotions were also noted to hove occurred during this period, with Micholson and
Yin {20000 suggesting o poriod of continent-wide desiccation In the first decades and rmarkedly
wettar condllions in {he last few decades {see Flgure 4.13). Using o water balance model, thesc

authors interpret the record of lake Victoria in terms of rainfall over the lake and its catchment
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Figure 5.23 tAecn annual rainfall wvariations for the stofions within and nearby Nakosaongala distric
Extrapolated from the Statistical records of Metcorologicaol deparement, Entelbe, Ugondo, 1940-
1999

The ocoumence of dhier perads leads fo scarcity of resources, particularly water and pasture for
livestock, ond also poor vegetation pedormance and reduced vegoetation cowver, This
confributes to stroctural deternoration of exposed soilk rough scorching. Ovorgrdzing s wsodlly
cpparent during such dry times in the Nakasongola drvlared and, combined with Bush buormng,
trarnpling and lermile aciivity, this has contributed 1o the emergence of bare patches, which
rarely ecover over the shot or medium ferm, even when the rains return to normal. The
‘hotspot' sites are those with relatively shollow and poorer soils .. the pliethic type of soils

iwvnderlain by ronstone hard pargd, parlicularly on the groasdng londs,

5.5.1.2 Soil type and erodibility

Sail degrodatian farrms and processes are offecled by soll physicol properties including depth,
texture, structure and chemical properties. These soil properties define soll erodibiity [Stocking,
1974). brodibility is defined gs the resistance of the scil 1o both detochmenl and fronsport
(Fluddsor, |993; Morgan, §995) by water or wind. It is o property that delerrmines the volnerabilily
af @ il 1o erosion process, [ty charoctersotion fomms an important step in planning  for
suslainople aricuturol londuse, mplementation of effective rmanagorment and conservation

policies (Macharna, ot O, | $94).

Thie dormnont soil types 0 this arco are ferralsals on the hilksides and filltos and hydromanshic

seils in the seqsonally wet and dry broad depressions. Some of the feralsols con be categonzed
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as plinthic ferralsals, which are underlgin by a shailow hard pan within o metre depth ospecially
on the crests and lower mid hill slopes. The rampant fruncalion of the topsoil and parl of the
subsoil by intensive water erosion {see Chaptor 4] hos ocxposed more fioble and poorly
struciured soils sometimes with ron concretions. In other places, |he hard iren pans of boulders
hove been exposed o brought Closor to the sudace. The influence of Ihe bard pan on water

penatration is mare significant when it is closer 1o the sudface {subsection 6.1 Chaptor 4.

The cxposure of hardizan or guartzte concretions on The surlace as a rosult of sall erasion [Plaic
8.5] not only influcnces infiltration. but aiko diverts sufoce runofl. This lcods 1o concentroted
linear lows thal doevelop nto rlls. Waler percolation is usually hindered on such surfaces loading
to highor overland flow that aceslorates erasion down slope. The hardpan kayes has also played
an important part, thercfors, ininfiuencing the developmeant of erosion featuros sech as gullfos.
Evidence rom ficld obsoervations indicatses that gullies developing on such solis are shallowar
l<1m doop] due to the local base lovel formed by thoe hard sudface. This confrosts sharphy with
e creas down slope on lower podirnenls where relatvely deep U-shaped gullios {up to 2.5 m)

buave dovoloped due |0 deeg and [oose sandy or sandy loarm soils,

Plate 5.5 Quartzite concrations sxposed as g result of rernoval of topsail by crosion on the grazing

land in Bizibitukula suby catchment, Migera parish

The glintfic teralsal 0 this area have a fing o moedium lexdure and woeak stroctured sobscil,
which thercfore leads to o high susceptibiity to erosion and compaction and cresting whon
exposed fo lhe suface. Such soils are oasily saturated and thus, usually sufter from infensive

sheat wosh.



The erodikility of the soils on different degradation sufdoce conditions along the siopos was
medasured (Chapter 4) and the results are shown in Takle 514 Generadlly, the crodibility was
found to Do low for both mokture regimes e the dry and wet before and ofter the firs
simulation respoectively. Howoever, the |ower and middle slope degraded arcaos tended to have
lorwer erodibility Compared (o the upper siope. The same paltern was observed for the wet run
excent on the middle slope posifion. The wet run resulted in relgiively higher values tor the uppetr
[0.%4] and rmiddle slope [0.72). These results contrast with those by sMajalbeea, e al, [2003) who
obtained higher volues on e lower foolslopes compared o uppersionas in Bakal district in
Uganda. Ceewhera in the tropics volues of erodibiity have been reported to be as high as 0.72
Mg/lhafmetric B units by Ll-Swaify of ol guoted by LRSwaity ond Fowne [1992] and the highest
glakal value s 082 Mo/bafmoetric B units, BErodibility is knosen doosany salh soil 1exture, infill rotice
coapacity and organic matter [Morgan, 1995]. Though the sails in this area, particularly on the hib
sides, weare observed o have moderately high valses of Clay content [40% - 40%). the organic
matter wos quite low [(<3%). As Fvans [cited in Morgan, 1795] observed, soils with <3.5% organic
rmatter are considered erndibie. 1he ohierved tendency for the increase in the erodibility wilh
tme during The exponmaental rons, can be attriboted lo lhe weakening of the aggregates, which
a5 exploined further by Morgan (1995 lowerns then cohesiveneass, soflens |The cemeants and
causes sweling as the water is adsorbed on to the clay paricles, This reveals that soil erodibility is
dynamic; varying with moisture content, rexfure and other properies. This has implication in
terms ot managerment of these soils calling for better protection of 1he surface o reduce sail Ioss
by wslng mulching, Though not investigated i this sludy, the aclivilies of Insects such as fermitos,
which wore commonly observed in Makasongola aren, biing the soil to the sutace especially

diurireg e dry season and This also s probably instrurmental in alterng the sail eroditiity.

Table 5.14 Soil erodibiity [Ki] on diterent soll and degroded slope posibons (n = &) in Migomo,

Makongolo district

Pasition & moisture condition Soiltype Ki (kg m-4 5-2)
Lipprer slope b= A Moctoratoly sholiow feralsol, S =

Cry degraded 0.27- 0,62

Wet 011 -0.74

Midd 's'lcﬁe MDd_érGfEiY deep femalsol

Chry degraded .07 047

Wet 053-072

| crwer slope Sy . Shallow  haord pan  underlain

[Hy terralnl, degraded o 0,50

et 0.07 0354
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The soils 0 this areq ore proree to hardendng whean exposed (9 dry candiliors. This coupled witk
law moisture holding canacity, probabily as o result of degradation, leads to poar plant growlh.
:ntensive grozing. particularly during the dry season, contributes to dow plant basal caver thal
characterizes much of the rangeland. Bare sail patches are widesoread an virually all the

‘moorly’ managed rangelands (Plate 5.6}

Plote 5.4 Boare sl potches in an o graging lond in Sijc vilage after UWESCE note the infensively
grazed area in the frond and middle of {he photograph, Bore ooiches hove dflecied ine

surouUnding grazing oredas even undemeatn the trees.

Sgils in the low-lying areas have o high clay content hence poor infilfration, and are thus
susceptible to flooditg during the wel sedsan, They dso expenance inundation by sediments

erpded from the surrounding degraded hill slopes.

5.5.1.3 Slope

Slope length and form influence the mte ond type of soll degrodation processes, Sleep slopes
increase the volume and welocty of sufoce nuneff, which causes defachment ond
trarsporiation of soils (Morgan, 1995). As showrt in Figore 524, low-lving areas expatience water
logging and soil depasition, whereas, the steener siopes experience all forms of degradation

including gully erosion, intensive shee! wash and mll erosion,. Sifes of very intensive erosion,
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aspecially on steeper hill slopes have truncated A and B honzons or exposed hardpan layer of
quartaic rocks, Areas on hillcrests are mainly dominated by shect crosion due to the
pronounced effect of rainsplaosh aond the inability of the oneff fo effectively delach/entrain the

sodiment onsuch a gentlefflat landscape unit.

_.._._______\
- 20 | 3 -0 conyes 4— &7 oncave - T rclm:'v;ml-,e
Jope gracien!  conves Flot
& farm :
a0 103 150 80
| ngth i) !
Soqrso Spoarse trog veogetation | Scallercd tree (ool acacia and . Thick cereer,
Yogetation vegetation, | (eg, combrolom, albizio, | combrebam| and  ticks,  30- 0 0% basal grass
COoNer 0% bore. | euphorkia)  ~30%,  bosal PA0R Core lond portly covercd cover, 0%
3% trees & | cower scanly [10 — 20%), | By cnst & coated by alpoe i wioodiond &
thickct 300 409 bare iond. | (15%], baasal gross cover imifed ‘ Bzt 0P bare
i i paches 110 - 50%) ,
" sreat wash, | Sheet wash, d preminent, | Culies 17 m deep| & ramified, | Ceposition.
Ercsion few rlls & | esposed Boulders. | gullies partly aleng former cattle | [imitad et
fedires eApnsed muncabed A honizons, gully | fracks, inlsnss llk and sheed ' wiash, bt
bouldcrs heodouts, cotle facks | wosh, cxeposed hord pan and I lagaging
rurnimeg d cwnslope. boulders. troncoated A haorizons

Figure 5.24 Yorialion of soil degradatiaon processes with topography along transect 1 in Bizibitukulo

sub-catchment,

The morphology o the basinfs] plays an impadant rale in the develepment of gollies, Bosed on
studies in Lesotho, Nordstrom [178%) sfate: thal gullying docs nol reguire stecp slopes. He
abserved gullies and gully heads on very low angle stopes of <2%, Slope length B an impoertant
[actar affecting gullying mainly by causing a build up of iuneff. hence increasing the crosivity, 1t
was not pad of the objective of this study to investigate the effect of slepe length In the study

cotchrments, Howoewer, though difficull to assess. if 5 oxpected that long slope: lead fo
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generation and concentration of surface runoff, which increases the scouring action down
slope. Deeper sections of the gullies were thus observed on lower pediments. Close observations
also showed that apart from human and cattle tracks, runoff flow concentration lines were
significantly influenced by surface morphology; areas of concave surfaces concentrated runoff
compared to the convex ones, which diverged it. The local bedrock topography, as noted
earlier in section 8.1, also affects gullying in a catchment more directly. For example, gullies were
discontinuous due to bedrock outcrops as observed in many areas on the grazing lands in
Nakasongola district. The rock out-crops (boulders), apart from obstructing runoff, also diverts
and concentrates the flow on the land surface. This affects the development of sheet and rill
erosion.

5.5.1.4 Macro-faunal activity

Termites, black ants and moles are biological factors that contribute fo soil disturbance through
increasing soll exposure. This occurs most commonly on the grazing lands. Earthworm activity is
also very influential in mobillizing the soll for transportation by water/wind. This is achieved largely
during the wet season. Earthworm activity-enhanced infiltration rate is known to greatly reduce
water runoff and soll erosion (FAO, 2001; Edwards et al, 1979 cited by Nilantha and Ezumah,
1992). They observed that earthworm activity increases transmisslvity and hence infillration rate
by increasing the proportion of transmission pores (pore diameter >50 um) through increasing
the number of earthworm burrows in a given area.

The activities of macro-organisms also include soil exposure as a result of destruction of the
vegetation and litter. Particularly important are the activities of termites as observed in the field
and dlso based on the narratives of the local population. Sampling was undertaken to identify
the fermite genera and their level of activity, Table &. 16 shows the main termite genera in the
area and related intensity of activity observed in this area. The main genera identified include
the macrofermes, microtermes, cubitermes and frinervitermes. However, the most dominant
generq, as evidenced even by the mound distributions, are macro- and micro-termes. The
mound population density ranged as high as 125 mounds per ha and 1000 mounds per ha for
the macrotermes and microtermes respectively. This provides an indicator of the potential
destruction of vegetation by these termites in this area.
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Table 5.15 Main temmite genera and intensity of activity related to degradation

Species Population frequency  Intensity of activity Remarks
Macrotermes High High Commonly  occurs
anywhere, feeds

infensively on dry

matter
Microtermes Moderate Moderate to high Occurs anywhere
plus low-lying areas
Cubitermes tow Low
Trinervitermes Low Very low On trees

The local people interviewed indicate that not all termites are destructive. The empawu (local
name for macrotermes) is recognised particularly by the herders to be the most deleterious. The
macrotermes were observed to be active and widely distributed in the area. They feed on
almost all types of organic matter but most particularly drier plant material such as grass. Thus,
their actlivities are amplified during the dry season when they graze intensively on dry matter. This
contributes to exposure of soils to erosive agents like rain and surface water runoff. The grasses
fringing bare patches are susceptible to wilting and drying whenever dry conditions set in, and
this too makes them highly palatable to termite. Many bare patches, ranging from 1m2 to 10 m?2
in diameter, were observed particulary around termite mounds, and where conditions permit,
these patches coalesce creating enlarged bare patches (Plate 5.6). Bare patches are sites of
increased runoff generation due to reduced infiltration caused by clay rich soils from termite
mounds. The role of the termites in contributing to the acceleration of soil erosion and expansion
of bare patches has been recognised elsewhere in tropical Africa. For example, in Tanzania,
Christianstiansson (1981) reported considerable amounts of material from termite terain due to
splash erosion and overland flow.

5.5.2 Socio-Economic Factors

Soil degradation is influenced by both natural and socio-economic factors (Blalkie, 1985;
Morgan, 1995)." The major socio-economic factors considered here are those that contribute to
changes in landuse/cover such as grazing, cultivation, tracks, built area and settlement.
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5.5.2.1 Land Lsefoavear and pracficas

Lard use arkd vegetation cover in general arg the major input in defining actual risk 1o emsion. The
land usefoover tvpes in the study area {1able 516 and Tigure 5.25) were idenlified as described in
Chagzler 4, Gradng land, which inciodes bush land, grassiands, trees and shrubs fwoodland) and
welldnd, oocupies around 7 7% of the total lond arsa; croplaond cocupies about 146%., boilt up areas
cowvers Q Smoil percentage ared (0.2 %) and the rest of the land area i= ocoupied by waler bodies
{&.H%).

Table 5.14é Land use fypes identified in the Nakasongola district

landusefcoyer . . . Arealkm?l) % Areq
Grazing land Rare rocks/soils 0.0 0.0
Bush land 4555 i4.1
IZeciduous trees Y .0
Grossiong TR 7 219
Irees and shrubs 1281.2 3454
Wetland 12744 4.5
Cropland Cormmoercial farmmlanad 0.7 0.0
Mixed farmlan:d S4B i5.6
Farest Coniferous frees 17.1 0.5
Other Built urp area ) 2.2
Open woter 2404 &8
Total area _ - 358 _ mor

Grazing and crop farming, which are the main londuse practices in this area, have o great
influence on the nature of land degradation in general and soil degradation in particuiar, as

cliscussed bolow.
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Figure 5§.25 Land use map of Nakasongala distnct based on Remaole Sersing image interpratation
{Data source from Kewanda Research Institute andd Nalional Biomeass, Uganda)|
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1. Grazing land use

The prescot land uwse and the problem of soil degradation are due 1o the intorplay of sevorndl focions
incilding human population pressure,. govemment pollcy and clvl condlict poiculaty in the 1980s,
Sodl degradation on the gradng lands cannct be fully undersiood without placig iF in an
appropicts histoioal comtod, The histonical profile (Fgure 5260 derived from PRA discussiors shows
e complodty of soil and land degradalion as invebving the interplay of both human ard rorun)
factars, I is impossible ihercfore 1o attibute the present degrodation problern in Nakmsongalg
chstrict fo @ single couse,

Irt e 1%40s, the human and livestock poputation wias relatively small (estimated ol <50.0000 and
commundl grozing was widdely praclised, No problermns of soil degrodation wore abserved or
reported In the 196035 as revealed by the informal interviews with the local people, Subsequeni
evorts, however are likely to hayve canfibuled to the suscepbibility of the area to soil
degradation. |n the 1970s numerous chonges were observed including incredse in the huenan
and catfle population, overgrazing. appearonce of Biwalomato (local word for bare patchoes)
and incredsed termite activity, The civill war (Museveni ward in the early 1980s displaccd ooy
people but most of them appear 1o hove retumed ofter the war in 1987 and no doubt 1ho
husnan population and assoclated livestock population increqscd, although there are no formal
populdgtion statlslics to corfirm this. Diought conditions, experiencod in lgte 1980s and
compounded by termite activity. undemined the vegelalion cover hence the growth of
Biwatomota escalated again. In the 19908, charcoal buming bocame widespraad and many
areqs particulary on grozing lands around Migerd 1own wore devegetated thus, exposing the

soils To crosgion.

The govemment sanches thol wore establisned in the 19505 wore rostructured ond distributod
among the nomadic pasfaralists in 1993, Thie dislic! officiol interviewed indicoted that there were
mmany Rastondlists during that lime Jn elation 1o the available land that hod migrated  froen
RFwancia and the districts of Masingi and Luweoro, Therefore, due to land shomfage, most of them
were corfined to smaller sized manches in relaflon o their aciual herd size. Consequently the
grazing practice adopled wos unconstiained within the petimetor fenced lond, Inlchsive Grodng
on grazing lands of smaoll unll size coupled with imited gocess to non-degraded grozing  land
gliewhere addiionaly contibuted to proiloms of localised overstocking and overgrozing, which
widls widely sxperienced an the angelands, Tne deterioration In vegolalion cover on he localised
oversfocked and overgrozed dareas conlilbuled 1o bare patches. which arg proscntly siles of

irtenshve soil erosion as observed in 1he field.
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The local Inflotives (Nalukenge Filot Froject) 1o denl with the problam of soil degrodation ond
wiater scarcity were supparted by UNDF and the nafional under the umbrella of CCD. The [ocal
people wara sensitlsed and frees planted on one farmer’s land. The drought conditions of the
time destroved some of the trees and grass plonted along the bunds. A the fime of thase fiald
studies there wos an estimated 10 pine trees and 15 acacia freas plaonted in 1995, Thare are no
actudl records on the number of trees planted though tha farmer claims ovar 100 frees werg
planted. The grass bunds and watar diversion channels were ineffective probaioly due to poor
plonning and lack of maintenance.
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According To the inferviews with some herders the Increasing lond degradation parficubarly on
grozing londs hos bewildered them and yet they are inndequotely cdented to other alternotive
lcnd husbandry practices. This s discussed in rmare detal in Chapters 7 and 8,

2. livestock trocks and paths

Humon influsnce on sl degradation s also clearly manifested through livestock kesping that
has created a number of fracks traversing the grozing lond. Eresion features such as rills and
gullles hove developed In close association with these tracks and poths, Migure 527 shows the

distribution of gullies i relation o the maln cattle fracks and paths,

rx
- E—Migaro TC
i-.éﬁ:\‘
| B . N -
0 25 km
legend
i Gully & maijaor rills
Tk /path
Main road (Gulu road)

Figure 5.27 Spotical distribution of gulles In relation ta lvestock tracks and paths

Gullies Inlficted by hurman activities have o charoctetistic pattemn e.q. located along cattle
tracks, road ditches or human fracks mnnlng down and upstope (Nordstrdm, T785), As abserved
[N the Mokasongola distict, an increaze in infrostructue such as roads and trocks (focoly colicd
etxhondogay s likely 1o hove contibuted to an increase in wnoff o the compacted

sumaces that constihute o potential for gully development, aespecialy olong the poorly
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maintained rood diversion channels. Increose in lvestock populotion, probably dus to fhe
corresponding Incredase in human population In the area, has also led direclly o o geneal
redluction in vegetation cover and the development of stock routes or frocks ond assoclated
vccelerated soll degradation including gulli=s, Stock routes froversing the slopes oppeai fo be
less suiceptible to gully development, 0 o reloted environment in lanFanio, Kangalaws af al
(1990 observed estensive guliss on the hil slopes formed along the former cotile racks alignad
down slope,

3. Livestock population on grazing land

Although difficulties were encountared in abfaining obsolute livestock numbers Irom hergders
ond even tha official stafistics were unclecr, the general impression as expressed by the district
veterinary officer, = that the population has inceased over fime due 0 improved veterinary
services, increase in human population and o positive attitude to livestock keeplng, Based on
the infarmal inferviews, it was noted that o contrast o the past, heides aie now willlng To meaest
the costs of veteninary freatment. The herders gre curently more knowledgeable obout the
dangers of diseqses possd to thelr animals and the benefif of having healih lvestock, Veterinary
services have therslore been ufilised more frequently and anlmal mortality has declined. The
estimates of livestock fotol population and densitles by subz-counties are shown in Table 5.7,
Makxiswera and Wabiryvony sub-counties had high [Ivestfock population densities (=50 cattle per
) in the district,

Table 5.17 { vestock population In Nokasengala distict

Sub-courrhy
-y CArea{m  Livestock population Censity (Cattle ped km™ .
Mabiswerg } 134384 B, 50 &3.5
Mekitormg
lwampanga 44144 20,709 44,9
Kalungl &71.71 36,319 4.0
Kakooge 511.09 BE.AER 408
Wabinyony 43657 19,140 58,44
Total 3424.47 151,400 a4 27

Source: Veternarny deportment. Nokagsongola, 200455 ond Livestock ang aninal indtstry,

Erfebbe, The dota was cormoborated with field ohservafions and infeniews during this study

Livestock in this area is viewsd s wealth In both sociol and economic terms, Therefore, sach
Peausshold strivies to own same animals even if it does not own land; oppertunitiss for renting
lgnd for such purpase cre UsUally ovailable ond the practise s common This howsver, has

augmenfed ncieased densitles of livestock on grozing land and ossocigted probilems of
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vegetation destruction and trampling. Doestruction of vegetation induces degradation of soils,
particutarty along the stock routes and around the kioals of comping sites, Patches of Infonsive
grazing and bare soils were commonly obscreed in the sub-counties of Wabinyoyl and
Mabiswera/MNokitoma whore populafion densitles are high and Flgure 5.2 roveols that these two
sub-countics are severely affected by soil degradation. Interviews with locgl nerders revealed
that some ranches support densitles a8 high as 10 LU per ha at the experse of the range
condition. Under such conditions, the rangelond |s bound to degrode further, Thare is urgent
need to address the issue of overstocking and ovetgrazing on the affected rangelands through
Integrated campoigns aimed of e.q. rehaliitation o replanting of suitable pastures and de-
stocking,

4. Cultivation

Cutivated land s the second most important type of land use |0 the study ared. Figure S.28
shows O typical cultivated sub-cotchment and related orosion fegtures along fransect 3 A
variely of crops are gresen mainly on the mid and lower pedimeants below the stesp parts of the
inseelfxergs. The malor crops giowh are cassava, sweet potatoes, maize, finger milket, coton.
groundouts and bedns. The mdln cropping systerm is intercropping for purposes of moxdmizing the
land and minimising fisks of crop loss, The flelds are cleared In February and dMarch ready for
plarting in Aprl to Moy when the raing ore received. Preparations for crops like groundnuts
Imvole clean waeading: weeds and plant residues are removed and/ o burmed. The solls are
thius, exposed to eroshve ralndlorms af the beginning of the wet seasen (Plate .73 Sheet ercsion

is experenced during this time aithough the rate may decline as crop cover increases wilh time,

Soils on setectively sampled cultivaled lands were observed to be weakly structured (friable)
probably as @ result of over cultivation, Continuous cullivation destrovs the solf agoregates
leading to low oggregate stability (Fobertson, 20015 Poor sail structural stabilitg often leads to
pudding, crusling and formnation of indurated suifface horizons (FizPatrick, 1984, Magunda, 1992
The crifical nutrient levels for sols in Uganda (Tenywa, 1998 are 2.28% for OM; pH of 5.5, 0012 far
M available P ot & ppm; 8B Cmolfkg for Ca and K of = 0,38 Cmolfkg, Many of the cultivated
fields sampled (40%) had nutriert levels below the cortical level and showed signs of nufrient
deficlency; stunted crops with yollowish leaves Indicaling nitrogen deflciency. Poor crop
performance is often associated wih poor cover, which implies a higher potential riave of erosian
{Elwell and Stocking, 1922),

The trec cover on most cullivated fields sompled I8 low ranging from % to 30%. The main frees

Qrawn are MOnQoes powhow and Ficus spp. Trees are known fo play an mportant rcle in

Intercepling ranfall impact Meunicr, 1994 Morgoan, 1998 and contribuling to sl fortilly
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improvement (FizPatrick, 1986; Sanchez, et al., 1997) so that reduced trees or tree cover on the

farms points to the high potential of soil erosion in this area.

Height a.sl (m)

Slope gradient &
form

Length (m)
Agricuitural  lond
use/ cover
Erosion features

Figure 5.28 Erosional features and associated land use along fransect 3 (Sikye hil to Machum

vaiiey)

horizons

1300m |°
1100m +4-
1-15¢ convex, { 3 - 4° convex 4-5° concave <le,
inselberg valey
80 200 250 70
Grazing, sparse | Grazng ond | Few ftrees (e.g. | Thick cover,
vegetation, 30% | cultivation, sparse | acacia and | 60% basal
barerock, 40% | free  vegetation | combretum) and | grass cover,
shrubs & thicket. (e.g. ficus spp. | thicket, crops | 30%
albizia, mangoes) | grown e.g. | woodland &
~30%. basal cover | cassava, beans, | bush, 10%
scanty {10 — 20%), | & groundnuts. 10- | bareland
30-40% bare land. | 20% barelond
Sheet wash, few | Sheet wash, | Intense rlls and | Deposition,
fils along ftracks, | fruncated A | sheet wash, | limited sheet
exposed bouiders | horizons, few | exposed hard | wash, water
cattie fracks | pan (10%) and | logging
running bouiders,
downslope. truncated A

143




Plate 5.7 Inlensive erosion on croplaond ol 1he stan of the wet sedaion in Machum viloge: note ths
shochwash and fdlls developing in the foreground of the photo faken aleng transect 3 on lowsr

slope section (see Figure 5.78).

5. Built area, settlements and roads

The influence aof The buill oreas (.. Migera lown council) and sellemenls on soil degradalion s
reflected in the gensration of surfoce runct. This study did not address this issue through direct
fiebd rmeasurernents but bascd on ficld observations. the surface in the built up oreas and the
surrconding of selllements was vsudlly compacled and therefaore the infillralicn of the rainweater
is recuced. Roads form anether impsrmeaable sudace that generates high surfoce rungtt, Under
inadegqualely controlled or poorly mantaned disposal systems these developmenls are likely 1o

augment the dangers of ercsion on Crop and grazing lands located down slope.

5.6 CONCLUSION

This chaprer sugaests, thar bosed on western scientitic methods of assessment, sall degradation
s a prehlem in the Nakasongola distict. 5ol degradation in this arga manifests itselt in various
forms including erosive types such as sheet wash, il and gully ercsion; the non-erosive types
include crust, sealing and soit extracton tor brick making. The dominant torm Identiied was

sheet wash, which occus on graang onods and croplands. Gullics were rmore localised mainly on
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hill slopes of poorly managed grazing lands. The development of gullies was observed to have
tiggered other soll degradation processes particularly in the inter- and within- gully areas; active
sheet and rill erosion and soil topple were observed. The nature and distribution of these various
forms is mainly governed by interacting factors of topography, soil type and land cover. The
different erosion forms prevailing in this area imply that different kinds of risks and the technical

measures to redress these are not necessarily the same.

Soil erosion by water, which is the dominant soil degradation process in this area, was measured.
The findings indicated high runoff and soll losses, particularly on bare lands, on the rangelands.
Runoff from degraded areas was twice that of the non-degraded plots. The soil loss on severely
degraded plots was ten times more than that from non-degraded plots. However, as observed
by Stocking and Clark (1999), soil eroded upslope mdy not necessary be lost but redistributed on
the lower slope. These studies were not designed to determine the net soil loss. High runoff was
mainly attributed to the compacted soils with low infiltration rates and development of crusts.
Low infiltration is also promoted by the shallow nature of the soils, which are underain by iron
hardpan (ron concretions) in quite a number of places. The iron hard pan is an impernvious layer,
which when exposed contributes to high surface runoff generation. The soil erodibiiity in the area
is generally varying from low to moderate but tends to be higher on the upper slopes and
generadlly increases with soll moisture. The high runoff generation coupled with disturbances of
soils by livestock and termites contributes to susceptlbllity of the soils to erosion especially on
grazing iands. Therefore, better management techniques are required for the protection of the
soils, particularly on the upper slopes.

The rainfall simulation experiments on the grazing lands have further demonstrated that erosion is
high on bare solls but comparatively low in areas with relatively high percentage basal plant
cover. As expected this emphasises the role of maintaining ample basal cover to counter
problems of soil degradation. The simulation also revedled that surfaces coated with algae and
crust generates high surface runoff. This has got a conservation implication in that lose of water
through surface runoff exacerbates problems of water deficit in an already drier areaq. it was also
observed that soll disturbances such as over tframpling by livestock during the dry season leads
to high sediment loss during the first rains of the wet season.

Soil degradation is an Increasing problem in the central drylonds due to a number of
interplaying factors notably climatic fluctuations (uncertainties), overstocking and overgrazing in
some areas and lack of application of proper iand husbandry practices. Erosion by surface
runoff is dominant especially on the hill slopes and upper slopes. Higher runoff and soll losses
were measured on the grazing lands and mainly attributed to the reduction or degradation of

plant basal cover. Similar observations of high erosion have been noted in related environments
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in Lake Victoria (Mdjaliwa, 2005) and largely attributed to poor management of agricultural
lands (Majallwa and Magunda, 2000). Many areas on grazing lands with bare and compacted
solls are particularly susceptible to high runoff due to low infiltration capacity. It would normally
be expected that an area of such less steep terrain with iow soil erodibility ranging from 0.72 to
0.94 on grazing land should experience low erosion rates. However, considering the observations
in the field, the situation is likely to worsen with more increasing degradation of vegetation cover
compounded by termite activity and drier climatic conditions.

As further shown in this chapter the process of soil and land degradation has been greatly
accelerated by land use/cover changes; intensive grazing reflected in increasing livestock
numbers; deforestation for farming and charcoal burning that lead to vegetation degradation,
soil compaction and other forms of degradation. Overgrazing of this marginal and climatically
sensitive area coupled with unplanned bush fires constitutes a degradation promoting land use,
which further depletes the available land resources.

Gullies are slowly but increasingly becoming a dominant phenomenon in the degraded areas of
Nakasongola district. The major factors for its growth and dévelopment include cattle and
human tracks aligned up and down the slopes and changes in land use cover that leads to
rapid concentration of the runoff. The main strategies in the control of these gullies in this area
should be directed to reducing stock to appropriate numbers paiticularly in the seriously
affected areas and practising prudent livestock management techniques, including desisting to
move the stock up and down slope from the watering points. Related to this may be the need to
install more watering points (dams) to lessen the pressure along the current tracks. Efforts should
dlso be made to commit the land users to the rehabilitation of The degraded land, be it
cropland or grazing land. The maintenance of dense cover seems to be important, considering
that areas with ample vegetation cover were little affected by gully erosion. This technique has
been recommended in Swaziland Morgan and Mugomezuzulu (2003), where the main cause of
the gully development was the Hortonian overland flow. The issue of gully erosion is picked up in
the concluding Chapter 8.

In this chapter, the forms, extent, magnitude and factors influencing soil degradation processes
have been oddressed. Soil degradation processes as addressed in this chapter are associated
with various impacts, and part of the objective of this study was to investigate it. In the following
chapter, both the physical and selected socio-ecological impacts associated with soil
degradation processes, are presented and discussed.
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CHAPTER 6

IMPACTS OF SOIL DEGRADATION PROCESSES
6.1 INTRODUCTION

Soil degradation has a wide range of impacts franscending the biophysical-chemical, socio-
economic and political dimensions. The impacts of soil degradation may be positive or negative
hence presenting ‘winner’ and ‘loser” situation (Stocking, 1995). This chapter presents and discusses
results from a scientific perspective and relates this to the indigenous or local peoples’ perspective.
Emphasis is placed on changes in selected physical and chemical soil properties largely caused by
degradation processes such as erosion in the Nakasongola district. The chapter also addresses -
some aspects of the implications of degradation on the soll macro-fauna and general productivity
of the area.

Soil erosion causes loss of nutrients through rain splash and overland flow, which remove the most
fertile, lightest and smallest particles of clay and organic matter (Stocking. 1998; Morgan, 1995).
Most semi-arid solls have low organic matter (om) of <0.2% and correspondingly low nifrogen (N),
phosphorous (P) and sulphur (S). Nutrient availabiiity is typically more evenly distibuted throughout
the soil profile so there are no profound changes when the surface layers are removed by erosion,
as is the case in the humid or temperate soils (Moore, 1981); the Nakasongola area is a dry sub
humid area (Chapter 3). However, loss of surface soll Is accompanied by loss of water and may
dlso lead to exposure of stony or rocky infertile sub-soil horizons. During erosion, as observed by
Moore (1981), the water passing across the soil surface is unavailable to plants at that site for
transpiration. This water loss can amount to 5% of the total annual rainfall or to more than half the
water in intense rainstorms Baber ef al. cited in Moore, 1981). Loss of soil nutrients, water and
sediments from upslope, however, may benefit the areas downslope where deposition occurs. In
some cases deposition of eroded soils can be destructive when it covers the crops in low-lying
areas.

As outiined in Chapter 4, sampling of soils was undertaken in order (i) to establish and compare the
changes in selected biophysical and chemical properties due to degradation processes (e.g.
erosion, vegetation) on grazing and farmlands, and (i) to analyse the implications of these changes
on soil quality for agro-production in a typical dryland of Nakasongola. Soll properties that may
influence productivity, such as infiltration capacity, porosity, bulk density, texture, nutrient balance,
rooting depth and profile development were andlysed.
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Primarily, the chapter presents and discusses the soil physical aspects (.e. infiltration capacity, bulk
density, texture and truncation of top soil horizons). Secondly, it addresses the chemical-related
effects where a focus Is placed on the major nutrients affecting plant performance. The analysis
covers the implication of movement of nutrients, water and sediments across the iandscape
positions. Finally, the effects of gullying and changes in soil faunal distribution are dealt with.

6.2 CHANGES IN SOIL PHYSICAL PROPERTIES

Degradation by water and wind erosion removes the topsoil exposing the underlying sub-soil
horizons whose infiltration rate and water-holding capacity are lower than the original surface
horizons (Moore, 1981). This coupled with compaction by raindrops and trampling by animais,
negatively impacts on infiltration rates, porosity and bulk densities of the soil as explained below.
The changes in the physical properties have implications in terms of dltering the soil’s capacity to
support plant growth and organisms living in it.

6.2.1 Infiltration Capacity

Infiltration capacity is defined as the maximum sustained rate at which water can enter the soil
surface. The concept is often inadvertently used synonymously with infiltration rate, which is the
actual rate at which water passes into the soil. Data on infitration values under varying
environmental conditions are an essential part of procéss investigation (Kirkby, 1978). According to
Lal, cited in Zebhe (1995), infiltration capacity is dependent on the nature of the soil surfface and
structure within the soil horizons. Soll surfaces with reduced/low Inﬁlfrdﬁon rates generate high runoff,
hence increased soll loss down-slope as discussed in the previous chapter. The data on infiliration
characteristics were derived from experimental field measurements as described In Chapter 4. The
iocation of the experimental infiltration sites is given in Figure 3.10.

Table 6.1 presents data on the initial and final infiltration measurements for different degraded

surfaces identified, namely non-degraded, moderately degraded and severely degraded. The
data on detailed infittration rates for different surfcces_ are provided subsequent to this analysis.
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Table 4.1 infifration measurcments on dillerent levek of degradation soil suriaces

—— A . s i b

Localion Nature of surface Infiltration rate {mm/min
HD="highly degraded
mD=Moderalely degraded ----—---- s acmnins e e
LD=Meadeately degraded Initial Final Mean SD
Siler 1 ) rD 1Y) fr1 D45 049
(b} 0.7 (L15 043 039
ste? (a) HD 03 oo8 0179 Qs
L= 08 ié 048 045
Ste 3  [q) HD a9 013 052 0.54
(b) (.3 0.1 0.2 D14
Sitea (o) LD 0.4 D04 032 040
(%) 0.4 015 038 032
Site 5 fa) HO 0.2 008 004 D08
(k) 0.5 008 029 0,30
Site & [a) D 0.5 0.2 035 0.2l
(b} 0.7 034 052 025
Site 7 |a HD 0.2 004 02 OGN
L&) 0.2 012 0.1 004

‘_H.Tgnw degraded s tned synonymously with severely degroded

in general the resulls Tokle 6.1) show that the severely or highly degraded sufaces are
associted with lower initial and final nfilfration rales campared to the mederately- and non
degraded anes, Among ather factors, his can be attrbuted to the compacled and Crusted soll
surlaces on degraded land. with a few exceptions. Ihe final and initial infiltration capacities (1)
are higher for mast of the nan degraded and mederately degraded surtaces than for highly
degraded surfaces. lligh f- values are promoled by high sorptivity ond maintained by relatively
good sol struciure wilh highoer porosity associated with the lessfnan degraded soils (see Table
#.2). Figure 4.1 compares the te values for the diferent slope positions and levels of degiadation.
A significant (p<0.05) diffcrence in the fc value was observed belweaen The different degraded
surfaces, imespective of the slope posilion and location of the cotchment, Slope position hod no
significant cffcct on the variation of the ¢ in Ihe catchments shudied,
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Details of the infiltration pattern and trend of dilferent sai suface are depicted in the Besi-il
curves in Figure 4.2, Thase resulls compare wilh those of Tebhe [1925) in the semi-and areas of
Tanzanic. He observed hiober infillration rates in the less degroded areas comparad swith the

highly degroded areas of 1he same sail type.
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Figure 4.2 Comparison of infitration curves for different degradation liwels in Nakasengala
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In {the severely degraded arcas, the infiltration renoches eqguilibrium, ranging trom 008 - 0.2
mrmfmir, in less than 15 minotes, The modomotely degraded areas associated with infiltration
cquilibro, ranging from 0.3 - G5 mm/min after about 20 minutes. Howewver, the non degraded
area {patchy forest fwoodland] had o much higher initial infiltration rate and there was a longer
time lag to equilibriom. The infitration capacity atfained was greater than the severely and
modarately degraded areas. These findings have implications in terms of surtace renofi
generation and acceierated sall loss. The degraded sail sufaces tend to generate highor
suface runaff that leads to ncreased sheet wash down-slape 03 explained n the provious
chaptar, Lundgren and lundgren 119/2) in Tanzania similarly observed low infilfratian ratos i
heavily grozed and degraded rangelond, compared with the forest ecosystem bub moinly

aftributed the differenceas ta the hoard unbroken durian.

Difterenceas in the infilfration rates were observed for soils of the same typoe and degroded
condition on the same topo-seguence, as shown by the less degraded sudfaces of sile B4 (Figure
&30 with grass and bush vegetation type on the lower siopes in Bizibitukula catchment, This weas
attributed to the presence of an underlyving shallow Impermeable layer of quartzite and |oforile
ibarely 40 om depth), which impeded woten Iransmisteiby, As shown by the best fit method, there
is a possibility of no mfiltration al all whorn the sqils are fully saturated above the underlying bard
pean. Under such clroomstances, there s likely 1o be a revened low of woaler hom this impenvious
Ioyer towords the sufoce, thys coausing increased suttace ronoft generation.

MNa observation of reversed flow was recorded in this study,

v -1B4 (Maod
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DE & urderlam by
= 0.5 el impendous layen
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=

L omm
o _ il y | ! underlairn by
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I

| |~ = =log (B4

. . iModermtaly
Time {min} degraded))

Figure &.3 Comparison of infiliation rale curves for the soils under degraded condifions on the

lwer slope.
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Infiltraticn measursments were carmied out in order o compare o highly degraded surfoce and
a sirmilar suefoce broken by cultivation using o hoe, on the same mid slope segmoent (Figure &.4).
The cullivited surface yielded a higher ntiltration capacity compared with the uncufivated
seversly degroded suface. 1his could be explained by the troken crust at the surfacoe as a result
of cultivation, therelore implying 1hal this technique can be applied to improve on the water

penetration and hence reduce raoid surface rwnoff especiaily on the graring land,

—se— | for L22(Severely
i S Degraded) |

e e e Ifor 122 (Cutivated) |

1.5 -3

Infiltration rate {mm)

0.5

T s

" F ; B P ——:.{. _—-%—}G—_;..(_-—H
g 50 100 150

Time {mim|

Figure .4 Comparing tho infiltration curves for the highly degraded and cultivated area

4.2.7 Builk Density, Forosity And Mean Weight Diameter

Soil structural degradation can be charocterised using buk density, porosity and mean weight
digrmeler (MWL) diametors. The assessment of soil degradalion theough compaction was limited
to the topsoll boecause, as nojed by liakansson and Yoorheas 19970, sub-soll compaction 5 not
easlly assessed. A good measure of sol compaction is bulk density [Hakansson and Voorhieos,
19971, The mojor agent identiied in conlibuting to compaction in the Nakasongolg distic] wos
livestock trampling. Compaction by fractors wos only obsarved on UWESC form and o imited

nurmizer of ndvidual farmlands.

lakle 4.2 shows the data on bulk densily and porosity moasured by sampling soils under diffcran!
degraded conditions [sevetcly, moderately and noncdegradedy wsing the core method

JChapter 4].



Table 4.2 Sulk density for scils undor diferent degrodation conditions in Sizibitukulo and fMachum

catchiments in Makasongola distict (n=16]

landuse '~ surface condifion Bulk deniii',r [Mgfmg&j  Total porosity
Srazing - =% Mon-degraded 1533 0:5= =
Negraded 1.44 0.44
Leverely degraded [ .47
Cultivated Jploughed) Negraded 1.3%
Hon-deqroded 1.25

Tha results reveaal that severely degraded soils have higher bulk density, which cowld he gttribbufed o
the exposed and compacted sub-scils. The exposed sub-scils have high levels of clay [Figures 67 d -
e| and low arganic matter. Soils with higher levels of organic matter alse display physicat propertics
that make them less susceptible to compaction [Sall, 2002}, Bulk densities of =745 rmg m- are
considerad high and were observaed mainly on overgrazed lands. This is explained by the Irampling
cffect doe to grazing herbreores. Trarnpling s especially pronounced aleng the armmat fracks aond
araund kraals g5 compared with the rest of the grazing land, This has hydrotogical implications, such
as reduced infiltration that contributes to increased runatt generation. Hiagh bulk densilies moay alsa
result in high sall ressfance to root elongation, hence affecting plant performance,  Salil [2002),
among ofthoers, afse absorved that compacted soil layvers have high bulk density that restricts water
and air movarnent and proevents peneiration of plant roots, and that compacted layers are very
hard angd dilfcukt o Bl Alfhough not o mojor object sludy here, observation showed low rates of
plant regensration espacialy on the more degraded areas on the rongeland (Flate &.1). Bosed on
1l intervicee with the landownorn, the area in Plate 8.1 was infially under tThemedao grass cover with
0 few scattered shrubs and was not degraded. The Tnvasion by thormy deacia shrubs could hove
discouraged livestock grazing on the lower stopas hence the dense plant growth, The ared ocuisigde
these thickets upsiopa reamadined under infensive grazing that reduoced the grass covern, compacting
and exposing the soil. [he croded soils including nutrients were deposited downslope contibuting fo

the observad uxwsant plont growth,



Plate 4.1 Vanation in plant growth on the severely degraded and compacted area: note the poar

reqeneralion in the foreground compared with the luexuniant growdh in the boackgrounad.

Mon-degraded areas. including areas recovering from degradalion and now undder gross cover,
have lower bulk density. Among other factors, this could be altibuted to improved soil strocture
as a result of accumulated orgonic motier and increosed plon! moots and soil maces fauno

e tivity,

Ihe total scil porosity wos computed, based on the bulk density (B8] ond particls size density [P
using the farmula f= 1- Be / P Most of the degraded soils regisiered lotal porosity of =46% (1ablc
&.5), Degraded soils have less pore space mainly due o compaoction, hence poor aceration and.
a3 indicated in section 4.1, are associated with low infiltrotion. o toctor thot impacts negotively
onraeat oroweth, These resulls oare similar o those ot Styzen [1292] in Migenia. He observed thot
erasion caused chonges in soil consistence and structure. S0l in the upper soll harizon bad
chonged fram gronular shructure in the non-eroded 1o porous massive ine the eroded sail, and

that al all sites the croded soils seemed to be susceptible to crusting.

The structure of the soils under different degraded conditions was choraciersed using The moean
wotght diometer (MW @5 shown in Figure 6.5 the MWD of scil aggregates is on indicolion of
the stable Foclion of the agaregates in the soil system {Tonywa, e ol 2001]. A higher fAWD
indicates ketter stucture [for plon? griowlth) hence rmore stakle oggregotes. The soil samples
rom the non degraded areas had the highest MWD [p=0.003) campared with Those Trom Hhe
degraded parts, Sails with low mean weight diometer coupled wilh low porosity [high bulk
densitics] are therefore lkely 1o impact negatively on the woter infiltration, water retention and
ot peneiration hence plant pedormance.
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MWD (mm}

ton-degraded Moderately degraded  Highly degraded

Treatment

Figure 6.5 Varation of mean weight diometer under difterent soit degraded condilfons [L500.05
0.86]

&.2.3 Effect Of Erosion On Texture

lhe data on texture, as presented in Table 4.3, indicote effec| of degradation on texture. The
percentage sand, however, tended to be higher {51.04%] in the seversly degroded areas,
compoared with the modasrclely degroded (446 .57%) and non-degroded areos [46.83%], The 1oca]
commlnily. s revealed by 1he informal interviews, recognise the change to sandy soil texture
(locally called ivsemd) in the degraded scils In Nobiswera Sulx Counly, They expressed their
concern tor the exposed grovel soils {locally refernad to as settoka ivo luvinja) particularke on [he
degraded grozing londs s a result of intense sheet ercsion. The changes in soil texture affect
crgonic matten distibulion, Studies in Uganda by Sall (2002] show that soil crgonic maltar (S08)
depends on soil texture; where st plus clay exceed 20%. the SOM ranged from 3.0% - 6.7% but
where the silt plus clay were fess than #6%. the range wos 1.0% - 3.0%.

Figld chservations of scil profiles olso indicaoted that clay content incregsed with depth wilhin 25 -

S0 am, ofter which there wos o decling {Figure 4.7 d - &), This rend may be largely attributed 1o

the tronsport clay-sized particles downwards through the profite. Removal of the uppearmost soil

largely by inlersive arosion procasses has exposed the underlying, cloyey soil sub-horzons 1o the

sufoce nosome areas thot ore seversly degroced. As discussed in Chapter 5, there s stark

avidence of intensive sheet erosion from the appearance of o rmadtilude of ronstane boulders,
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which are largely of limonite and maognetite type. Related findings by Styzen (1992) showed that
arasion brought a cloy-enriched fextural B-horizon closer to the surface and the clay content of
ther 'new' surfoce tayer wos greater than that of the removed surfoce laver sqils in the Samarnu
and Jos in Nigeria. However, Styzen (1992 argues that the eflect of erosion on lexdure s

depandant Lpon hydralogical condifions.

5.2.4 Truncalion OF Topsail Horizons By Erosion

Anather mpaortant an-site effect that was commonly observed in areas of inlense erosion wos
the fruncation of the topsoil harizons A and B In some areas, where senous erasion hos occurad,
the underlying sub-horizons consisting of iron concralions oriron hard pan hove been exposed or
broughl cleser 1o the swiace, hence the 'lronsihon’ of the soll tyoe trom ferraliol to plinthic
femalsel Figure §.6), and evidenced by the truncated scils [Plate 8.7} Truncotion of fopsail

undermines the toothald for plant roots and water holding copacity.

A-hornzon

Hardpan layer

The A=tz s
already fruncated

{a) (&) e

Figure 4.4 A hypotheticol soil pretile tfransiten from a typical temglsal {q) to plinthic feratsal o)
Source: Bosed an reseorch field cheervations of sol profitas)
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}

A horizon -truncated
by intense sheet
SrOsion

Ptate 4.2 Typical sol profile of o terralsol lepsal lruncaled by erosion an the grazing land n

dizibifukula sub catchment in Migera parish

Changes inoscil depth were comoborated with crosion pin assessments, Poinl measurements
were taken wsing 2rosion ping and chservalions of the paint collars on bowlders (Pluale £.3] 1o
edtimate changes in [he soil depth [see Chopter 4). Soil pedestals were also observed for
gencral assessment of denudation on the arazing land, The observalions of the pins and paint
collar an the boulder showed an average annual decline of 15.4 mm and 20 mm raspeclively,
on the bare land. 1his change & consideralze, faking into accoun| the slow rate of soil formation
in this arga, 501 formalion rate is known to ranges fronm Q001 7.7 mmdyear [Morgan, 19950 |n
Fonya, Bunne ef ol (1%78) estimated the rate n a ssmi-afd area to be =20.01mmdyr, which is rct

lkely ta be much different from that in the Nakasongola distict,

such changes inosoil depth, as already explained. con legd to undemining the plant
poerformance in varous ways. The exposasd sail palches observed particulary on the grosing
lands are gonerally mfortile, with low waterholding capacity and insulficient foothold for the
plants especially with deep roo! penehation. Sediments or eroded soils plus nutnents and
tnosture are tfransported acrass the landscope, Argas downsslope benctit when eroded soils
iIncluding nulnsns and maistire are deposited thus leading to usudant planl growth. It may be

argued that eroded soll from ong arca may bonefit another area down-slope, hence no tatal
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loss to the overoll productivity in the area of o an indbadual land user. Howsaver, in terms of
individual iand userls] there s differenticl henefit where the lond down-slope belangs to another
pason ar is fleeded at cerfain times of the year. Where such land in low-lving areas 5 susceptible
to flooding, it is usually not available for grazing ar crop production other than though cultivating

water tolerant crops such as rice.

Plate 4.3 Ercsion pins and colar painting on o boulder to measure the changas in soil depth,

The soll pedesials also reveal the changes insoill depth on the hillslopes.

6.3 CHANGES IN SELECTED SOl CHEMICAL PROPERTIES

lable 6.3 shows data on arganic matter and nutrient content for the different degrodation
surfaces identified on grozing londs. Canarally, thase nutrients associoted with orgonic matter [N
and P} and the cation exchanges of the soll colloids (K and Ca) are mast ot risk [Stocking, 1995).

The details of the soil dota and anclysis are provided in Appendiz 4.
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Table &3 Voration in soil properies for the dillerent degraded soil sufoces on ngealands in

comparsan wilh the crificod level tor Unondoa agirultural soils

TPH | om N P LK Ca [ Na "sand |sit | Ciay
Nomdeg | 4470 | 3.31 010 447 1260 | 1180 ;052 4483 | 11.23 | 4197 |
tessdeg | 438 235 0.0/ 2.3 560 050 1 047 ] 4657 | 752 | 4597
Highly  ; 3.80 706 | 003 70/ 225 | 201 Céé 15104 | &5] | 4253
e i : i
to <0061 | <0001 | <0000 |ons | o7 [ ooss | Ca&8 | 0.673 0020 | 0773
SED 01920 | 0233 o011 |1z | 216 459 [0a2/0 | 606 i L0 | 5,57
150 | 0.3962 | 0.4901 | 00238 | 2.50 4485 1952 |02634 | 1257 338 | 1156
CNE | 89 18.4 34 79.4 473 8840 45 24.4 149.9 25.4

Sail organic: carban is o reliable measure ot overall soil guality. As shown in Table 6.3, the mean 4
SE% oeganic matter in the severely degraded soils (206 = 04/%] was not sigmficantly {|*<0.05,
eror dt 2%2) different trorm thot in the non-degradsd areas (3.31 1 0.47%), although Ihe organic
matter lsvel is below the critical level for bolb the bighly and modarctely degrodaed areas. The
low lewels of organic moabler in the moderalely ond seversly dedgraded areds are ligsly
atlibxed to mapid oxidation and mineralisation doee 1o exposure o geration and high
termperatures, Esewherg, many researchers hove abserved similar declines in arganic matter
(2g. Shukla and lal, 2004). The low levels of orgonic matter suggest unstatile  structural
agagregatss that may colapse on impact of raindraps, enhancing runoft and ercsion [Worony

caned Wanjocpu, 2000

Ward ef al. {1998] noted that organic matter is Irequently highly and positively comelated with
two ot the mast wnpaorkant soll nutisnts, N oaod P, in African soils. Mitfrogen and availaols
phosphorous were relatively low and below The crifical levels in all the different soils in this shody
araa, langlands {1974), bosed on work in the 124805, pointed aul the nutrient deficiency in this
aredr, Howsver, the medan + 6% nitrogen level inihe severely degrded areqs 0003 £ 0.07%] was
not significontly (P<0.000 Af = 18] dillersnt framy thoss in e Iess (000 £ LUZ%) and non-degraded
arecrs (G0 4 002%].

The meon pH was more aodic in the highly degroded areas (380 + 038) comparad with {he less
degraded [438 1 1.38) and nan degroded areg (470 L 0.38), although statistical analbysis
showed no significant difference (p<t05]. the maorked acidily in the degraded areas moy
couse P oo be strongly adiortaed 1o soil colaids, thus rendenng it wnavailabls o plant use
(Mg anga and FRTpo, 2000).



The distibulion of nutbicnts in the sail profiie is vory impodan in ovaluating the possible effects of
degradalion procosses such as orosion. Nutrients tend 1o concentrate in the vpper soil horeons
especially for the humid areas although this i= not necessarnly the case fur the drytand areas as
aiready noted atrove, The dishibulicn of the Aulients woas analysed for the soil pitg under
different conditions {Tigures 47, with 0 view to evolpating the likely effects of continued

degradation and truncahon of topscil by erosion processes,

In general, there = a lendency towards notrient decline with increasing soll depth for adll selecicd
outiient elements (Figure &7)0 This is parbicularty the case for organic maller and Hitkcger.
However, the pH levels tended to increase wilh depth, The vanolion in testore is not clear or
consistent though higher clay content was noted ot 30 - 50 m depth probaobiy due o leaching
and ilwviation. Therclore, continued removal of the top-sail by ernsion will probably lead o more
acidic and lesws ferile scils with greater deficiency in organic motter gnd outrients spch g
nitregen. 1he problem of low nutnent lovels comibined with low water-holding capacity. shallow
undertying plinthile layer and reduced plant root depth [ospecially for the annual gresssesy, is
likely to cause accelerated declines in soil quality for pasture preduction and crop farming. To g
farmer this may also have implications for increased cost ol rehaksililation of the degroded lamd.

Also imparfant & (ke reduced cconomic valee of such a degraded iand.
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6.4 CHANGES IN SOIL PROPERTIES WITH SLOPE POSITION

Soil moisture starage anc availabilify vary witn sol lyoe, managameant, vegatation cover dand
position aleng the slope {Ekirapa and Muya, 2003), 3ol properlies, oarticulady particle size
distriibution, clay mincralogy, organic carban and bulk dersily, nfluences waler retenfion dand
release characlenstics (Williarms, ef al, 1983). 3ol shruciure, which influenceas pore size distiution
iz strongaly relaied to the soil water choractersdics of a soil. Soll water conservation requires dota
on water storoge and ity gvailablity to plonts. To Investigate the relationshio botween soll
meoisture and topographic pesifions, scils were sampled along a transect running from the upper,
the rmiddle and lower slope scgments {Thaoter 4], These wore analysed for Their hydroolic

properties fe, walarrelfention curves and available maoisfore,

sail degradation not only leads to negative on-site and  off-site effects but can have beneficial
eftects parficulary downslope, The eroded soils incloding nuinents and waler [rom Upoersiopeas
are transported and redistibuted on the lower ports of the backslope and footslopes. Toble 6.4
shiows the aveoragoe soil moisture and nutricnts vanation with slope position on grazing and
cronlands, The lower slope had significantly Bighor organic malter cantenl, The waler retention
copacity waos sigriticantly higher [p=0024) Tor the low lving areas compared 1o {he upper siops
prosition (Table 6.4 and Appendix 19). The data also reveal that mare water is hele in micraparas
at high suction pressure in low-lving areas compared to the othear slope positions. This may be
aftributed to retatively high organic matter, This vanation in orgonic matter and water storoge

hiexs imohcations for plant performance.

Table 4.4 Vaoration of physical ond chemical soil properties with The slope position in Biabilukula
cnd Machom sub cathments in Nakasogola

| Posifion | Depth (pH [om N P [ Sand [ Silt | Cley | Volumetic water content % at difterent
| :

! water tensions®

som 20ern | Ao L Acm Hlom

Uppersiope | 0-16 - 40 | 22 003 | 45 | 378 7.8 | 545

393 | 38240 | 3583 iﬁ?.'?fi 20.53
I

g4 4028 . I 3G, B | shE !
s L Bl e e Y A R dE

Lenweesr

ihattom 4 43 [ 4.4 |49 ; 5
b urr.:l. Q-15 3 |'-. 18 | 55 | 44 v 4 s ds | 4683 | 438 07y | 5943
LD (0050 positioe

0027

* Relofas to fevel of surd fion pressure
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The depasited 50ils on the faw ying gragng lands support mere lusuriant growth of venetation.
which was reportedly used by herders far gradng particularly in the dry secson. Duing the dry
periods, the pashore an the voper and mid Backslepes becomes scanty or absent in o number
ot places, whereas the areas on the lowerslopes are characterised by relatively abundant
arowlth,  The observed elention of highes moisture on lower slopes [Table 44}, can be
coroborated by the observations thal grass grows far longer periods in the fower parts
compared to the soper Bkirapa angd Moya. 2003). Similarly the croplands on the lower
backsiopes and footslopes were used tor growing warious crops (including the hinh value crops
such as Cabbages) supported by =0l molsfure. A few farmers on the lower siopes also grew

moisture-demanding crops such as bananas ta a greater advantage.

6.5 OTHER EFFECTS OF SOIL DEGRADATION

£.5.1 Effects Of 5ol Degradation Caused By Gulhes

The on- and off-site problemrs associaled wilh guilies weee [dentified and are summodsed in
lable 6.4 Cullies are Incalized in a few sub-calchments, padiculady in Biribitukola and Kakbojja
(see Chapter 51, which incidentally have numerous Boare palches and experience intense
degradation by sheel efosion, The eflects of the gulies dare dlso [ocdlised in these sub-
catchmeants. The gullies directly concentrate runctt and theretore, compared with sheet ergsion,
they may weil conbriibule 1o heavy sediment loss depesited down-slope and in valley water tanks
[Blate &.4), The concentration of the sedimeni in the sampled ruonoff frem a gully in the
Biribitukulg sub-catchment ranged from 48 — 85g/fl. An estimaled 14 md deposited silf and
sediments, which is ~1% of the tolal valume of the waler reservoir, was measured in a single
season in 2002, This provides an indicdtion of the poterdicl threats 1o woler reseneois due o
degrodation of the caichments in this area. pMainly coarse sand and gravel [ren concretions)
emnded fram the deepensd gully walls and floor are deposted downsleope, Field observations
revedled thot scil loss from sheet wash s fropped in depressicns of by bammiers such as vegeiation
an the slopes, Thus, qullies conshitute major sowrces of sediment and silt deposited direclly in the
woter cources in low-ying aregs. According fo the respondents inferviewed during the focus
group discussions, presently the local community = required 1o de-silt the Bizibitukula waler

staroge dom at least twice a year, whereas in the past the practice was required rarely.
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Table 4.5 Summary ol the observed effects of Qully erasion in the Nakasongola districl

Effects ~ Comments !

o nureased  silialionfsedimentalion af | Valley dams in degroded catchments
watar soUncas

susceptinle

« feduced land wvalue  flond value | Grozing londs prones
depreciation)

«  Obstacle & hodaard lo free Buman and
livestock movement has led to infury or
death of some vestock (oo pholo 3)

¢ |ond surtace disfiguration

+  Llowearnng of water lovel that may i
undoermine land productivity especially
in the vicinity of gullias

» Increcsed difficulty and costs in lond

rehabilitation
s« Hoodimpairment

Localised along the roads

Plate 4.4 Dangoers of gully erosion: {1} to ivestock (i) silfalion of water sowcos located in Bizibitukula
suby catchment in Migera, see the piled sedimeni in mid-uppoer part of photo on the Aght.

tRAlies woere reported to be a great danger to livesiock this has noel been quantified. Large
vestock on the ranches [Plole 44) are paticularlly prone to injuries. Interactions wilh {he

aftectad vestock kecpors indicated they were parficulary concerned aboul 1he presenco of
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gullies on {heir ranches. This s hecause animals trapped in the deprassions are eifher injured or
killed in the process. ' sometimes hopoens Thaot even no one easily discovers The coroass untl
cifter a tong tirme, This i3 o big foss indesd!” lamented one of them, Calves and old anirmals are

porticularhy vulneronle.

Figld abservafions showed that the aveas sumounding the gullies on gragng lands, especially on
the lower |0 middle slopes, experienced hedey sail koss. 10is wos furfher revealed by intense rill
forrmoiions. estimated at 1.6 m ofrills per m® and 10 - 30 o deplh, In Lesotng, Bydaren {1593)
fots made similar observations and reporied 1hal gullies contfributed o localy lowersd baose
levels; an effect thal has a great impact on the intensity of other ercsion processes in the

adjiacent areds.

lhe respondents in the sub County of Nabiswera remorked thal nob only i the cost of
rehabifitation of the land prohibifive to most pastoratists, bol they also have inodeqguale time
cimdfor lbowr 1o spend on gullics wSen their animals nead to be moved around for gragdng and
waleting. Thus, most gullies in the area are unaltended and they continue to prolifercle, Uigent
action is eoured fo addrass degiadation by guily erosion befors it bhecomas even more

prebiemoic.

4.5.2 Effects Of Soi Degradaticn On Sol Maoro-tauna

When 501l s degraded eg. as d result of overgrazing or over-cultivation, the effec! on the soil
ecosystem s manifested as a loss of hofh biomass and biodiversity, It oses species in the same
wiry that species are lost from forest ecosystemn when frees are cut. Once the fop layer of the
scil s removed by eresion, sail forrmation slows to sigoificantly low rates becaosie the key soil-

toming organisms have disappeared (Fooforum, 1993],

{hanges in sol condifions affect the distibution and gbundance of soil launa, Soils were
sampled (n = 300 under different degradotion conditions (nen-degraded, moderately cnd
severely degraded] and the maorotauna hand sorled and counted according b their orders,
as detailed in Chapter 4, The dala on the population distribution of sall macro organisms Under
difterent soll degradation conditions is presented in Tatxes 4.5 and 4.4 ond Figure 6.8 for the

grazing- and crop lond, respeciively, Delails of the sampled data are provided in Appendix 15,



Table &4 Populotion [mean counts/m?) of soil macro-founa under different degrodation

condifions an graang lands

[ Status of land
l_{.'l-fder X Nnn'-'-:-lé-g'ir:.:':_c'l'ed ﬁ&!érﬂely degm:::led Degraded -

0-10 [0-Oct 20-30 b 10 20-Oct [20-30 [3-10 [0 Oct [20-30
Aarachnida 3 1.5 1.5 4 2 1 7 4 1
lsoptera A R =) 125 43 25.5 645 ‘60 29
fH}fmenDpTerﬂ!'?S 40.5 10 300 b5 12 15 12 o _]
Cligocheta (13 75 B 3.5 i 5 TR e |
CG|EDD’[E?FE!H 4 %5 125 5.5 13 1.5 C I2 I
Diplopoda |26 145 3 7 3.5 ns o5 ] 0
Chilopoda  [1.5 3 2 TN ) ] G i 0.5

Table 6.7 Population [Medn counls/m?) and distibution of sol macro-tauna under different

managameant practices and degrodaiion condifions an croplonds

Nﬂn-degmdea_ Mnderuiéiy Degraded ﬂegldded
d-t0  ho-20 [20-30 -0 -0 [0-30 |0-10 0 10 20 20-30
Arachnida |55 i ] 4.5 2.5 ns 2 0.5 )
i |
lsoptera 79 67 39 148 67 |a;_5 23.5 64 x5
Hymenoptera 24 7.3 25 8 158 i 14 4.5 2.5
| | '
Oligucheta 8.5 4 4 155 5 1.5 o 0.5 0
Coleaptera |45 15 'lti_'.'-s 4.5 7 I 4 5 o
Diplopoda |6 95 /1 4 2 15 = 1.5 5
Chilopoda  [2.5 7 io L e 1 1.5 0.5 b
- | _F
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Mean counta/m2
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iLand status |
| @ Arachnida & Isoptera B Hymenoptera OOligocheta '

| Caleaptera O Diplopoda E Chilopoda

figure 6.8 FPopulation [Mean counts/m?] and distibotion of sol mocro-founa under different

rmanagerment proctices ond degrodation conditions for croplands

There are differcnoes in the distibution of soil macro-tauna (Tables 6.6 and 6.7). The non-degraded
ariags tond to have highor populabions ared onilorem distibution ol macre-launa, This 5 posticularly
the coase [or the cothworms and milipedes ab all soi depths sampled. Eathwaorrns are mare
faavourabte nodicators because of thalr grectar sensitivity to changes inosail conditizns thoy grofor
rmoist ond crganis noh soils prevalent in non degraded areas, However, tormite distibution vared

areatly and showed imegular frequency at all levels in the saoll,

The diversity of sail macre-fauna based on their order under different degroded conditions is

showr in Table 4.8,

Table &8 Niversity of scil founa under different degroded conditions

Order I Scilstate
Mar-doegraded Madoerately degraded  Highly degraded

Arachida b + _

lsaptera +3+ F+

Hyrmnopters ++ ¥ 4

Digocheata +4+ ++ -

Coleantera ++ +

Diplopcda +4 + _

. Mot present

b Lo frequcncy

e High frequency

14+ Very high frequenocy
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There is G significant difforence in the diversity of soll fauna for different degrodation leovels. The
diversity of sil Fauna is much higher in the non-degroded soils compared with the modeately
and severely deqraded soils. The generally high organic mattor ond moislure bol low
temperate conditions prevalent in non-degraded arcas can explan bhis, In ferms of 5ol
mancgoemoenl, This has significand implications and poinls to the need to adopt practices thot wil
promoke |he ncrease in organc malter, hence moisiure, it benetil is 12 be renlised from the free

coolagical services, such as improved porosity, aflered o the sails by hese animoals,

&.6 SYNTHESIS

Soil degradotion as discussed in this chopter hos associated on- and off-site effects, which

direcily o indireclly allect ke resource wiens inthis area.

sudies on infitration. In general, have revealed that the severely degraded soil surfaces
crporence iower infilfration rates compared with the lessinon-degroded orens. This has the
implicotion of high surface runoff generation that leads o reduced soil maisture and increcsed
sl erasion down-slope, Chorley, cited by Strunk [2000] similarly observed thot the infillroticn rate
of water into a soill indicales [he hagord of erosion duing excessive rainfal cvent, [|Bis, howesor,
poassiple to mprove on the infiltration into the soill by breaking the ground. particulary on grazing
lands, This was invesligoted n the field through tiloge, fo treak the soil sufoce crust, and o
higgher intiltration was rcoorded. improvernent of soil structure through wse of appropiate
conservalion mensiraes that manlain soflicient plant cover =5 ako vital in promoting water
infiltration for improved range conditions, This s revealed by the daba in Hgore & 4 for cultivated

and non-degraded forestfbush soiis.

In o numier of places, |he soverely degroded [cnolsols were cbhservedly characterized by
frencated A-horrons and somelimes exposced B-hongons, which oe associoted with o weak
sfructure and less stable aggregates. These nuncaled soils compac| guickly on ceposure to the
surfaoe and also crumble casily when sooked with water [Soil, K, pers. comrim. 2003], With such

an unstable strectore the soils have low crodibility and are prone to ercsion by woter.

rrunaation of sois through inlensive sheet erosion Glsa caposes sub-soils, which are relatively poor
in nutrients. Although |he sall nsrierds in this area show little vonation with depth, loss of topsoil
leods to a reduced roof depth of toothold tor plants and can therelore affec! [heir porformance
it the 1ong term. Under sich conditions of feduced root depth and fertilify plus woter-holding
copacity, the vogotation s wivally xerophytised. Similgr obserealions by Frogo and Solecodo

{2004), indicate that lossas of C and N in low P slalus sois, in oddition fo limited water availobility
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and ursuitnoble land management lechnigues, are kely (o restict the recovery of degraded
salls by radiional bush faflow {echniques, Kelated observations by Snyman and du Preez [2005)
also demonstrate that rngeland degradation lengthenaed time for the replacemeant of the root

systerm {o about a year and decompasition lime of fitter to edght months.

A5 revedled inthis chapter, soil degradalion s off-sife effects such as siltalion of the watcer
sources. Waker is a very scarce commodily in This area, cipecialy during the dry potiods, when
people have to move long distances, coverning over 10 km, insoarch of water for domestic
cansumpbion and anmmeols. Thus, degrodaion of sorounding watesbaeds s a greal womy fo fhe
local communities. De-sittation is costly in terms of woasting valuabie time, which should be
ufiised for taking care of the livestock. ERehabilitation of the degroded hill slopes = also very
expensve and the land requires more time to recover since it has low resilience. There are often
vncertamties with the rains and tfermites are very active. These factors compound problems of

recoverny whenever the land s degraded.

Soil degradation, especially by erosion procosscs, affects the nutrient dynamics as a result of
acceleraled loss of soif particles and crganic matter. 50l degrodation, and paniculany loss of
arganic matter, affects the distnbution of soll macro-fauna that play an important role o nutrient
cychng and improvement of physical properties, The severely degraded areas are associaled
with unfavourabie conditions such as low argonic matter, hence the low gbundonce of macro-

falio,
This chapter has distussed the impacls caused by soll degradalion largely ffom a scientific

penpeclivie. The next chapter analyses the exishing knowledge and undesianding of soil

degradation from the kacal peoples’ perspective

164



CHAPTER 7

LOCAL KNOWLEDGE AND UNDERSTANDING OF SOIL PROCESSES

7.1 INTROGDUCTION

Chaplors & and & are based iargely on the scientific approaches to the assessment of sail
degradation in seteciod areas of he Nakasongola district, This chaptor provides o stakeholder
andlysis of the lecal pecple's perspective of sl degradation in the samoe area. The farmers and
herdors wha are the moin local resaurce users, and therslors, stokeholders were assbrmed 1o be
a valugble saurce of knowledgeabls issues relating to soil processes and nafural resources in
genardl. The other stakeholders, the resource use pilanners, including fhe agricultural, veterinary
and covirenmoendal officers and oxlension staff, doeal with the concenss and management of soil
reloled  issues  wers  selecled  accordingly,  Investigations  into local  knowledge  and
undarstanding. in addition to the scientific observations and mensurements, offer a holstic
approagch to the undertanding of soil processes viz. soll erosion, fertility dynamics and
rangoland change. his local pespective is discussed with respec] to the classificalion, gencral

LW Ness, Causes, sevonty, concaemns and contral of soil erosion in the study orea.

A tatal of 28480 respondents [household resource wsers] were inferviewad. fhe sampling ratio was
4.6 tor herders, mixed tarmers and sole crop farmoers, respectively. This ralio approximatos the
actual distribution of households for these resource wsers in the Nokasongola distict | owas
impossible fo cover the enfire target populalion as inilially planned doe to resowrce conshiaints
IChapter 4. This, however, does nol significantly aftect the resulfs since o representative sample
from each resaurce weer lvpse was obloined in all the important geocgraphical areas coverad e,
the relotively dher and largely postoralf/grazing land, the relotively wet crop land and mixed

croping land.

Ferspectives on the ssue of soil degradofion from Hie two groups of respondents (stakeholders),
namely household resowce users {the herders, mined and sole crop Farmersp, and resooree
plannoers and managers are here presenied and analysed. The cnfical issees of causdiities.
severily and effectsf/Concems of sol degradation are of aifical concom and have been
highlighted of the intermalional lewvel (GLASDD, see INER, 1997), CLASGD eled on datec
collected by expeds fiom eoch country. Howewer, these dolo are too gencraliscd and
Jdetaled investigations such as reported on here are required to enhonce the usetelness of such
an approdeh in planning ond management ol the soll degradalion protidem, The Man ond
Ricsphers [MAR] Programme s 0 UN intergovenmental prograrmme, in which the project

'Perception of envieonmental guality’ addresses various aspocts of environmental perception
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studies, thus, indicating the increqsing recognifion ond owarenass of the relevance of ool

knowladges to be included In e colegical stuches [Scraons cited in Kikula, 1997].

A content angbysis gpprogch wos wsed o analvie the data, A dola set of responies, classifico
under each group ot ssues, was andlyvied thiough cross tobulation and statistical {esting (2.9,
Chi-square). There are, of coursc, nonresponses ond missing datg, but these relatively
insigniticont ond do not aftect the conclusions. The dota trom the relatively small numiber of
respondants [12], for the resource planners and managers. was unsuited (o statistical analysis
and anly summarnes of their views are presenfed and discussad, The details of the questionnaire
and the summary from the respondents ore provided in Appendices & - B and Appendix 14

respec] vy,

7.2 RESOURCE USERS

728 Generdl Socio-Economic Profile Of The Respondents

The porcentage distribution ot the respondeants in the five sub-countics is shown in Figure /..
pacrst of the respondents were trom the two sub-countics of Kakoogs and Mabiswera, which are
the largest in areq, The sclected socio-coonomic charactonstios of the respondents, swhich
included age. gender, education lovel, houschold size, land acreages, vary graally and, as

discusscd bolow, affcct the porceptions of soil degradation,

Wabirwariyi
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. Akurge
S

Harilima
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| wapanga
454

-H"'\-\_

Rabrwera
265

Figure 7.1 Percentoge distitution of respondents in the sub-countics of Nakasongala district
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An aimost equal number of male [(51%) and female [49%) respondenis was inferdewead. Most of
Ihe respondents [89%] interviewed indicaled they have had primany educalion, However, aboust
20% hoao no tormal education ana o relatvely a small percentoge have tertiary edocation, The
ardalysis of the relotionship between educalional level and soil degradation i deall with in
subsequent sections of this chopler. 58% of inlervieweses were below the age of 35 vears and
2P% oweare 50 yvears or older, while 31% were attibuie to the middle age group |35 - 45 years),
thus, the sample population weas mainly constituted of young/midale-aged people, which i tar
refleclion of the populalion ot Mokasongolo distict. The average household sice of the

resprondants inferviewed was balow four,

Land cwneeship (see Chagter 3] s an mpodant vanabtle intleencing decisions, paticularly those
concerning sl and water corservation [SWC)L (Hotitwe ef o, 2002). Land ownership types vary
Petweern resource Users [Table 7.1). The mojorty of respondents were Bibgnjo owners [a4%).
gihania is 0 commanly used local term meaning squatters on maile land. this mode of land
tenure partly occounts for the low investment in WO proctices, For as explaned Below, soch
sopuatters are often hesitant 1o adopt pactices where they are uncertain of sharing 1the long-
ferm benofits. Meverlheless, stodies elsewhore indicale hal land tenure msecunty does nol
necessarly affect investment in SWC paclices. Only 209 of the respandents were leasehold
awners. About 15% of the herders inferviewesd own their land on g leasehold bhasis largely due 1o
the: recent land restructuring developments by the government through the Land Restructunng
Board, The large population of crop farmerns, who are mainly Bibaryo owners [38%), & explained
By the recent migration of the fommers from The Luwera dishich and those thot were dispossessed
of vestock and displaced during the 1980s" civil wor in central Ugaonda. Few of the resource
users inlerviewed indicaled they were renting land or using communal areqs,. However, it
trecame apparent throunh delaled interviews that g number of respondents were reluctant 1o
indicate they were renting or using communal lond. | s was probably due to expectations that
they would be corsidered tor land allacalion in any future developments in landform. The land
restiuctring was effected mainly in the so called 'cotlle caridos and, os noled by Ksambo-
Mugewao [1995), most of the former commurnal [onds in these areas hove Been ndividoalses s
parl of the government's cover policy 1o settle the poastoralists. As reported durfng formal
discussions. back in the 1980s, much of the lnd in Nokosongolo was allocated for ranch
developments bt later, in the 19705 and 1980, mainly nomadic pastoraliss used these rancheas,
In 199344 there was land rodistribution to occommedotes and settle the andless nomodic

prasioroalists.



Table 7.1 | and ownership occording fo different resource users in Nokasongola distict

n=295 Resource user
I'and ownership Crop farmer Harder Baih Grand Total .

M g M T N %

! %

Communat 27 9 3 ) 13 4 43 15
Lensehold |9 i 15 5 28 11 62 2]
Kibanjia 11 35 & 3 i 24 170 a4
Total 154 &3 27 9 111 38 295 1415

The household incomes ranas from less than one US dollar o one bundroed US dollars per mondi.
The majority of the respondents earn kass than 20 US §. There 5 o signiticant difference (P=0.03) in
the level of income betweaen the male and female. Most of the women respondents earm borely
tive Us doligrs o menth and this is largely attnbuted to imited contral of household resources and
I incomes from farrming inowhich a majority are involved, As alss shown by sludics clicwhore
[cay. PRB, 2002 wormen hove additicnal responsitiifiss (e, chidcare, food preparation,
uelwood and water collection), which reguire substantiol eftort and financial resaurces.
Infervienws with women revealed that such addifienal responsibilifies affect their level of

investment I farm rescurce improvermoent.

The respondoents are engoged i vanous activitios including fanming, berding and trading. A
significant difterence [P<0002) was noted Detweaen male gnd temale respondents in resource
utilization. Fow women porficipate 0 hording; e majority of them ore involved o eithor crop
farmming or domesfic tasks, which incidentally consume a int of their time and yeat fetches little
incoms, Therelore, deqgradation of solis and othar naturdl resources are Qoond o sorioushy

impact onwormen workload in this dryland.

The tollowing sections provide the detailk on the varniows understandings and percepfions of

lacal peaple concerming different aspects of soil degradation.

7.2.2 Llocal Understanding Of Sail Processes And Change

The concept ol soil degradation and change from the local peoples' perspective wos explored
during the PRA discussicns, The docal peaopls were gble to desonbe the concepls ol soll
degradation and change, which are abo emboedded o thern lncal vocabulary. 3ol change s

locaily refered to Of ekvlkd Rvlko eyeryiseld mu fokko, SOl deqradolion s reforred o as
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okusisikore ond s descibed as boing more permanent change in the soil. According (o Thei
undorstanding, the soil chonges and degraoation are all attibuted to confinueus culbivalion,
onoff flocaly coled  mukkokal, redoced plant cover o o result of ovorgrozing and
deforestation, The recognition of these processes at the local level made it easior to describe

the sail conditions an the formilands during infervicws wilh 1he locd! people,

Respondents were asked whather or not thoy cxpenenced soil changeas on ther land. Fgure 7.2
shaws 1he percantage number of respondents experencing soill changes that  constroin
agriculturgl production in the respective sub-counties. Most respondents reported expefiencing
sail changes on their farmland (figure 7.2} Mo significant differences were noled betweoen the
male end femoale in thair perceptian af chongs o salt quality, This imphes thal Both wormen ond
men are knowledgeable s assessing sl candifions and should be targeted in conservotian
work.  1he main soil chonges identified included sail fedility decline, reduction in crop wields.
chenges in sail fauna, changes in soil colowr, expasure of stanes and free raots, occourrence of
sandy soils and deposilion of soils in depressions. Removal of crop residues was not specifically
menficned but wos rosed as anather factor contibuting to soil chonges afler probing during
the discussions. Overal, in the sompled sub counties, less Than 5% reported no soill changoes,
which is most likely to be the case for those occupying gently sloping iand and opplying good
lardd monagemant practices, although inadegquaote observation/assessment of the problam on
their farmiands s o passibility. As reported in The litersture [Chapter 2, saill changes or proceasses
such a8 sheet erosion moy ocour very slowly and inconspicususly so That some resource users foil

to detech it an their lend.
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Figure 7.2 Parcentage of respandents that expericnced soil chongeas in the different subs counbics

of Makasongola district
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Rosowroo wsers” views on soll changos o all sub-counties were analysed and results are
proserded in Table 7.2, Overall, the majoridy of resouwrce vsers indicated that they have observed
sail changes. However, 4 lorge percentages (51%] of the sole crop karmerns reported soll changes,
followed by those engaged in both orop and livestock farming (34%] and [olowed by the sole
herders [F%]. A Chissquare test showed that perception of the presence o ubsence of o soil

change is not signiticantly different between the difterent types of rosourco users,

Table 7.2 Resource Lser type and perception of o sl change

Resource user 'rypé n =281 Changes in soils.
e Mo
M % M %
Sole crop farmer i43 51 2
lerderflivestock 25 & I 0
Both crop & lvestock Y4 34 e 3
Tatal 264 4 17 &

The changes inscll duc to wind erosion were perceived fo be a preblem mainly by the sole crop
laamers [78%] a3 showen ine Takle 7.3, About 4% of the divestock farmens repored wind fo be a
protilem, Howewver, no significont difterence In the percentions waos observaed between tho

ditferent groups of resource users.

Table 7.3 Resource vsers’ perception of wind qs an ergsive problem

n=27% Wind problem to soils
Resource user type e N Grand Total

M 5 M S M %
Sole crop farmer 78 28 71 25 149 53
lterder/livestock 12 4 14 5 26 ?
Both crop & iveslock a7 20 47 17 104 37

Grand Total 147 53 EE 47 27e 100
X7 =0.640 DF = 2, P-Value = 0.724 L 7

Respondents were asked whether they expefenced. of were aware of negative changes in
thenr soils, Fgore 2.3 providoes a summary of various problems advanced by rescurce users as

heing associated with soll processes on their laond, Reduced fertily [29%), {ollowed by moisture

73



deficicncics (18%] and compacted sails (13%) was perceived to be the major problems by ol
the: respondents, 5ol erosion wos recognised os o problem by all resource users inferviewsad in
the district, althowegh it was not bighly regarded s o problem cxcept Dy the herders, Waker
logging and exposed sois are the leost highlighted probloms, especially as perceived by
respondents in Lwampanga sub-counby. Nowoever, 5ol micro/mocra-related diseases, were ledast
mentiocned a5 o problem by mixed farmors. It coanot be oscerfained  whether diseoses
commonly menfioned os problematic were a result of ol chonges or other foctor(s). One
possible hiological explonation s thal, when natural ecosysterns are simplified, the organisms
inttially dependent on natoral proy will furn to new varieties in this case the introdoeced crops- for

their survival.

| B soil erosion
Breduced lertilty
O moksture defiency '
O Reduced yiek ‘
|
|

% respondents

H_ : B Watcrlogzing i

@ Cormpacted s oilks .
Solke crop Both Flerder B Exposod soik /s tones |
OSoildisease/pests

farmer
Res ource user type

Figure 7.2 3ol degradaton problems by different resource user type inthe Moakasongola distrct

Further investigations of scil changes leoding o degradation problems were conducted for soll
quality and productivity [1able 7.4]. While the perceptions of the respondents were nol
significantly different boetweon sub-counties, a substantial proporion of them {B2%) indicoied
that they have detected chonges in the quality and productivity of the soils. A Chi-square [$9]
test revealed no signiticont difference in the perception of soill degradation problems but o
righor percentoge (43%) of the sole crop farmers, Tollowed by mixed Tarmoers [32%) recognised
the chaongs in soil guality 05 o problem on their land. The change in soil Quality was largaly
atributable to over culfivation. Evidence of change In soll guality was porceived to have
ocourred through a nuemizer of other causes. These include the cbserved loss of valunhle plont
nutrients, reduced waler-holding caopacty and change to a less darkfbrown ond more sandy
soil texture [Table 7.4). These changes were perceived to be more prominent inthe sub-counries

of kokooge and Nakitoma.
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Table 7.4 Change in soil quality and productivity according to resource user type

n=276 Resource user type
Change in soil Sole crop Livestock Mixed Total
quality . farmer (herder)

N % N % N %
Yes 118 43 22 8 89 32 229 82
No 31 1 3 1 16 é 50 18
GrandTotal 149 54 25 9 105 38 276 100

The respondents identified and ranked the main soil degradation processes/types in the area as
shown in Table 7.5. Sheet erosion, fertility decline and compaction by animais were perceived to
be the most important processes of soil degradation. Gully erosion was ranked least to
moderately important, no doubt because gullies are only localised occumrences particularty
along the cattlie tracks on grazing lkands and poorly maintained roads on sloping lands. A few
respondents ranked rill erosion to be moderately important to important. Rills are ephemeral
features especially on the croplands and are destroyed during cultivation so their importance is
never reqalised, which is probably why it is not highly ranked by resource users.

Exposure of sub-soil through loss of topsoil was mainly ranked as not being important. Quite a
number of respondents, however, ranked it from moderately important o most important.
Exposure of sub-soils is sometimes hard to visudlise or conceptuaiise especially where the soil
horizons are almost similar in colour throughout the profile. However, where the laterite (stone
concretion layer) is close to the surface and is exposed by removal of topsoil, it is very easy to
perceive the magnitude of the erosion process.
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Table 7.5 Responses on the identification and ranking of sof degradation type in Nakasongola
district

Rank Soll degradalion fype -
Sheet RH erosion Gully Compacfion Exposed Feriillly loss
erosion erosion paiches - ..

Most 106 5 4 60 9 77

important ‘

important 45 37 4 73 24 59

Moderately 28 29 16 29 42 29

important

Less 8 21 11 24 28 17

important

Least 2 17 16 9 6 10

important .

Not - 1 3 2 109 1

important

7.2.3 Local Ung:ierstondings Of The Causes Of Soil Degradation

Tables 7.6 and 7.7 depict the response to the question posed to resource users: ‘What causes
soil degradation on your farmlands?'

Table 7.6 Percentage responses on the causes of soil degradation by the different resource users

Sole crop Both Livestock Total

farmer

N % N % N % N %
Cannot tell 34 10 5 1 24 7 63 18
Over cultivation 57 17 1 0 32 9 90 26
Soil erosion 12 3 3 1 20 é 35 10
Overstocking . 22 6 12 3 13 4 47 14
Disease/pests 5 1 2 1 8 2 15 4
Deforestation 2 2 1 é 2 16 5
No fertility inputs 5 1 1 0 4 1 10 3
Long drought 23 7 9 3 30 9 62 18
Poor cultivation 1 0 0 0 4 1 5 1

- Grand total 167 49 35 10 141 4 343 100
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The factors or causes identified are embedded within the broader political-economic, - historical
processes, gender relations and are indivisible. Most respondents (58%) attribute accelerated
degradation to the key factors of overstocking. overgrazing, drought and over cultivation.
Confinement of large stock on inadequate grazing land leads to deterioration of the rangeland
due to trampling and reduced plant cover. The interviews showed that many herders have
greater than 100 head of cattle, although actual figures on livestock population are difficult to
establish, as pointed out in Chapter 6. The DVO indicated that, based on their field observations,
quite a number of herders in the area have in excess of the recommended number (2 LU/ha). A
number of respondents (18%) were unable to explain the cause of soil degradation; some
attributed it to natural forces beyond ther understanding. possibly attributable to uﬁm’llingness
to appear responsible for degradation or simply mere apathy. Interestingly. the sole crop farmers
attributed the cause to overstocking but the herders pinpointed over cultivation. No significant
differences were noted between the male and female in the perception of the causes of soil
degradation. However, a number of women mentioned overcultivation and erosive rains as the
major cause. This is attributed to their greater involvement in crop farming activity other than
herding, which as noted before is a male dominated enterprise.

Respondents in all the sub-counties identified wind as a significant problem ({P<0.05) to the soils.
Wind is recognised as a recent problem contiibuting to the removal of loose sediments
{Appendix 16) from exposed surfaces around the homesteads and on the grazing and
croplands. it was indicated that wind is more of a problem in Nabiswera and Nakitoma which,
are incidentally, drier and dominated by grazing activity. The resource users also perceived so-
called secondary activities as contributing to soil degradation (Table 7.7). The relationship
between soil degradation and other activities was found to be significant (P < 0.05). Paths and
tracks (26%) as a land use type pose the greatest threat, followed by activities of charcoal
bumning and fire wood collection. Paths and tracks running down-and up-siope particularly
around watering points foom compacted and highly disturbed linear zones for accelerated
runoff and soil loss. As already explained ({Chapter 6), the linear zones running down slope
develop into gullies incase of no control measures.

Charcoal burriing contributes to localised removal of vegetation cover and hence exposes the
soil to erosive forces, as pointed out in Chapter 6. Besides, charcoal-burning activity may not be
sustainable in the medium to long term considering the currént reported high rate of tree
harvest. This is elaborated upon below in discussing the coping strategies and in the conclusions.
The least important factor was perceived to be fishing activity {10%). The significance of fishing
activity, which involves fish-smoking using fuel wood, was a problem in the eary 1990s

particularly around Lake Kyoga in Lwampanga sub-county but it is now reported to be under
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control following awareness campaigns and monitoring by the local authority. Strict measures
involving impounding smoked fish have been applied and therefore discouraged the potential
Cuiprits.

Table 7.7 Resource users' responses on secondary activityfland use contribution to soil
degradation

Contribution rating
Activity Insignificant Significant Highly Total
significant
N % N % N % N %

Brick making 146 16 19 2 3 0 168 18
Charcoalburning 110 12 74 8 29 3 213 23
Firewood collection 174 19 27 3 8 1 209 23
Fishing 88 10 1 0] 0 0 89 10
Paths & tracks . 93 10 115 13 33 4 241 26
Grand Total 611 66 236 26 73 8 920 100

Charcoal burning, brick making, fishing including crop growing and fivestock keeping are part of
the livelihood activities whose intensity is dependent upon the demand in the market economy
ranging from local to international level. Higher demand of the products can lead to over
exploitation of the resource and consequently resource degradation where there are
inadequate management practices.

7.2.4 Soil Degradation Severity Rating

Resource users were asked to rate the severity of soil degradation in the different sub-counties
and the results are shown in Figures 7.4 and 7.5. The severity ratings ranged from very low to
severe. Overall, degradation by water erosion was rated as very low, but varying from moderate
to severe (high) in the sub-counties of Kakooge, Nabiswera and Nakitoma. Wind degradation

was rated as being very low in all the sub-counties except Nabiswera, where it was rated
moderate.
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The severily of sol doegrodation fwater and wind), as rated according to the resource users, is
shrwrt in Tables 7.8 and 7.9. he seventy ratings ware noat significanily (P = 0.074) different among
the resource users, Waoter erosion severty wos rated very low to low [47%) by all rosguico users,
However, all responderts (51%)] rated it as being almost equally modoerale and severe. Comparad
to vestock keepers and miced {armers {119, the sole crop farmers {15%) rated water erosion to be

SEYCM
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Table 7.8 Water ercsion seventy rafing by type of resource users

n=278 Resource user type
Water  erosion Sole cropfarmer  Herder Mixed Grand Tolal
severity N

A N o M P N o
Yoy [ow 42 Ly % 3 21 11 22 2%
| 3] B[, % 12 4 &l 18
tMaclerate 34 12 a 3 a0 11 2 24
Sevore 42 15 = 4] 31 1] 74 27

Czroincd Total 145 od 25 9 104 37 278 100

Ki=11.499 0f = 6. P-Value = 0.074

The moforty of different resource Lsers [74%] roted wind severity as very low to low Table 7.9
However 18% rated it os moderate and 8% of the respondents a5 severs. Windstorms ocour for o
limited time during the dry segson and ot the start of the wet seasan. Loose soil parficles are
eroded from the exposed soll surfaces in farmlands, grozing lands and around homesteads. The
wory [ow rahings by resource users are realslic considaing that thore are presently ne cleo

visitale deposifional o crosional features asseciatod with severe wind crosion in ihe district

Table 7.9 Wind erasion seventy rating by type of resource users

n=273 Resource user 1.,,_!_4,'.3.
Wind erosion severty  Sole IO Both Livestook Total
foarmer

B M T T i % 5 g
Vory low a5 33 15 5 &4 24 170 &7
Lo 20 ¥ = 1 11 4 33 12
rAoclerate 23 7] & 2 20 7 449 15
Severe 14 & i o 4 ] 21 B
lotal 148 54 74 2 10] 37 273 10

X=6,334, DI =6, P-Value = U.387

The respondents were asked 1o rate the seriovsness of change in soll guality (Table 710, The
lerm senousriess, as appled here, also implies severty. Al the respondents [48%] indicated the
change insail gquality to be o seriows problem, A few 95 reported the problem as very serioos
and of These the mdorily (6%) wore sole crop formers. Only 4% indicated they were not aware

of the change in sail cuality.
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Table 7.10 Resource users rating of the serlousness of change in soil quality (n = 276)

Seriousness of qudlily Sole crop Herder ‘Mixed Total
change farmer N

N % % N % N %
Not aware 5 2 2 1 5 2 12 4
Not serious 46 17 2 27 10 79 29
Serious 65 24 12 4 55 20 132 48
Moderate 16 6 1 8 3 28 10
Very serious 17 6 1 0 7 3 25 9
Grand Total 149 564 25 9 102 37 276 100

The change in soil quality was reported 1o have mostly affected the land on hilltops (28%) and
hillslope (19%) (Table 7.11). Crop farmers (15%) perceived this problem to be more serious on
these land facets i.e. the hillslopes and hillstops. Land on hillslobes and upper slopes is more
susceptibie to accelerated runoff and erosion processes, which selectively remove the more
fertile nutrients including organic matter.

Table 7.11 Resource users’ observation of soil quality change on critical positions (n = 268)

N " % N % N % N %

Valley land 15 6 6 2 7 3 28 10
Sloping land 33 12 3 1 16 6 52 19
Hill tops 41 15 3 1 30 11 74 28
Vadlley/slope/Hiltop 18 7 7 3 11 4 36 13
Valley /slope 2 1 0 0 2 1
Slope/hill top 20 7 5 2 27 10 582 19
Can’t tell 12 4 2 1 8 3 22 8
Grand Total 143 53 26 10 99 37 268 100

7.2.5 Concerns About Soil Degradation

Soil degradation was viewed to be assoclated with various physical and socio-ecological
effects or problems as identified by the resource users. The percentage responses for the
livestock keepers, mixed and sole crop farmers are shown In Tables 7.12 and 7.13. In general,
both the sole crop farmers and mixed farmers perceived reduced moisture (37%) and loss of
nutrients (33%) to be the most crucial threats to farming by soil degradation. Loss of organic
matter was perceived as an effect by both the sole crop and mixed farmers (16%). A smaill
percentage of the respondents indicated problems of increased acidity and loss of fauna. This
tallies with the field observations and measurements presented in Chopfer 6 as marked changes
were observed in organic matter, increased acldity and reduction of soil biodiversity particularly

in the degraded areas in Migera. The low perception of increased acidity and loss of fauna may
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be attributed to the fact that these properties are not so easily observed or detected without
keen observation of the soil beyond the surface. This could form an entry point for intervention to
promote greater understanding about changes in soil biodiversity associated with degradation.

Table 7.12 Problems perceived to be affecting crops in Nakasongola district

Resource user

Problem Sole crop farmer  Mixed farmer ' Total

N N % N %

% .
Loss of nutrients 103 19 79 14 182 33
Water /moisture 115 21 88 16 203 37
reduction
Loss om 44 8 43 8 87 16
Acidity 21 4 13 2 34 6
Fauna loss 26 5 13 2 39 7
Nothing 3 1 2 0 5 1

The responses (Table 7.13) showed that the perceived reduction in grazing land, followed by
poor quality pastures and silting of water valley dams were the main problems posed by soil
degradation, and therefore, affecting the livestock. It is interesting to note that the livestock
keepers are aware of conspicuous problems directly affecting them, probably because they are
more seriously impacted. During the PRA group discussions, the iocal people pointed out that
scarcity of water and pastures is compounded by reduced grazing land due to eroded bare
patches, encroachment by thorny bushes (e.g. Acacia senegalensis) and poor quality pastures.
Resource conflict, while not featuring as a magjor problem, is an indirect challenge that
frequently escalates during times of scarcity in the dry season as reported by some respondents
during in- depth discussions.
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Table 7.13 Responses on perceived soil degradation related problems affecting fivestock

n=312 Resource user
Probiem Herder Mixed farmer Total

N % N % N %
Poor pasture 15 5 64 21 79 26
Reduced grazingiand 14 4 75 24 89 28
Silting 20 é 56 18 76 24
Resource confiict 15 5 49 16 64 21
Nothing 0 0 4 1 4 1
Total 64 20 248 80 312 100

7.2.6 Relationship Between Soil Degradation Problem And Respondents Characteristics

Resource users' socio-demographic characteristics are important factors infiuencing
environmental percepfions and understandings. Thus, the age, gender, educational level and
length of time stayed in the area, were analysed with respect to the perceptions regarding the
awareness of the problem of soil degradation, soil quality changes (Table 7.14) and severity
rating of the problem (Table 7.15)

Both respondents with tertiary education perceived a change in soil quality to be a problem
{Table 7.14). The change in soil quality was recognised as a problem by a high percentage
{56%) of those who had acquired primary education, followed by those with no formal
education (16%). However, a Chisquare test showed that the level of education did not
significantly influence the perception of soil quaiity.
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Table 7.14 Perception of soll quality change by educational level in Nakasongola district

N=262 Change in sofl qualily
Educational level Yes No Grand Total
N % N % N %
Primary 148 56 31 12 179 68
Secondary 20 8 8 3 28 1
Tertiary 2 1 0 0 2 1
Non-formal 43 16 10 4 53 20
Grand Total 213 81 49 19 262 100

Most resource users (47%) rated the change in soil quality as serious (Table 7.15). Both those with
tertiary education rated the problem as serious and the majority (34%) of those who rated it as
serious had attained primary education. Interesting to note is that only those who had attained
primary education and with no formal education reported they were unaware of change in soil
quality. However, there was none with secondary or terfiary education that indicated lack of
awareness. There is no specific reason to explain this difference. There is need for further
investigations to explore the influence of level of education on environmental perceptions. The
small sample size of those educated upto secondary or tertiary level may have not provided
sufficient proof.

Table 7.15 Influence of educational level on perception of change in soil quality

Seriousness of quality change
Educdtional level Not aware Not Serious Mod very
serious setious serious

N % N % N % N % N %
Primary 8 3 46 18 88 34 18 7 19 7
Secondary 0 0o N 4 13 5 2 1 2 1
Tertiary 0 00 0 2 10 00 0
Non-formal 4 2 16 6 19 7 6 2 4 2
Grand Total 12 5 73 28 122 47 26 10 25 10

Figures 7.6 a - f summarises the results of the analysis of the relationship between the perceptions
of the severity of soil degradation and the socio-demographic characteristics of respondents.
The stafistical test showed no significant (p < 0.05) relationship between the perceptions on
severity of the problem and the socio-demographic characteristics. However, there are
interesting pattems revealed by the data. There were differences in gender perception of the
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saverty of soil doegradation [Figues 7.8a). The percenlage responss of males (-77%) categonseo
the problem as very low or low whils o higher percentage of lemales (14%) categorised soil
degradation as seeore. This is atfibuted to the fact that women are key plavers in tanming

activities and thorelone likely o be knowledgeable and more observant.
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The respondents with large househaold size generally perceived the problem to be varying from
moderately severe to severe, as opposed o those with low household Yize (=50 This may be
explained by high pressure exerted on the lond for high production by Those with large families,
This leads to soil exhaustion and structural deternoration i case of retalively imiting land/fanm
sizey and low inpul apphicalion, || was, howesver, nol feasible o sample and verily the soil guality
slatus for each respondent. Those respondenls with many perons per hovsehold (50 10] in

general perceived [he soil erasion probHerm To e low,

A large percentage of the wespondents with high relalive ncome [above USH0 per month),
compared to those with USE <5 per month perceived the severity of the pioblem to be
moderately severe on ther farmlands. One would expect that those with higher Incomes invest
in lond rehabiitotion ond have well monaged farmlands hence bow or na 5ol degradation. This
appears not 1o be the case in view of Ihe severily of soil degradafion indicated. Feople who
eam higher incomes are, perhaps, oo busy with aoff-farm activities and moy not hove the time

o adequalely attend to the farmland problerms.

lhere appears 1o be no definite paftern for lond ownership in relation to severify rating,
Howewer, where more respondents in all the land ownersship categories perceived the probiem
25 ranging rom moadsralely severe o severe, 1t shows The dgerneral consensus thal the prokiem is
perceived s tending 1o higher magnilude mespective of the Jand ownership type, One wouid
haowve cxpected to receive reports of more severely degraded communal lgnds dus 1o
assacialed abuses s reparted o the Berature. Most of the remaining commundl lands are
lacaled in lhe low-lyving and relafively flat depressions (e.q. around Lake Kvond and River
Lugogo], hence The areas with greater resiience. However, logically thase communal Llands
lrcated on drier land and commonly ulilised throeghout the year without proper conseraticon

methads are mare proneg |0 severe degradation due tointensive grozng.

7.3 RESOURCE PLANNERS/MANAGERS

semi-stryctured and sruchured inlerviews were administered to this cotegory of stakeholders, A
different set of guestionnaires wos administered to both local councll chairpersans and district
iesource planners/managers. As naled no detgiled analysis weas performed on this data set due
ta the smoll numibers of respondents: four from the distict and eight from the local vilage
councils. A summory of e respondents views s analysed below 1o show the frend in the
wndersiandings of soil dedgradation and challengeas faced, from the local leaders’ fmanagers'

perspective.
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7.3.1 Disfrict Resource Managers

The resource managers interviewsd o the district level Included the distict agricullural officer,
the emdronmental officar, the chief administrative officer, the district veterinary officer ond e
national ogriculiural farmears” associalion representative, All the respondents had attacined o
diplorna or degree at {ertiany insiitulions, Their age ranged from 2% - 32 yvears and most of them
have worked for o minimum of lour years af the distict, They provided a valuabls pespective

an the soilrelated prablems in the district.

All the managers recognised the declining soil fertility, reduced water-holding capacity, loss of
nutrients and declining production levels s problerns constiluting |he observed changes in the
s0ils in the area. They indlcated thal there were scattered farm flelds In areas of Nabiswera and
Mokitoma sul counties with observedly persistent iow crop vields ond pogr pasiure. The sails i
these areds dre degraded In terms of reduced soil nuttients (e.g. nittogen and phosphorous) as
evidenced by stunted growth and yellow or purplish colour leaves in cerain places, They
iclentified the major causss of soil degradation o be poor farming practices. overstocking, bush
ond charcoal burning. The contdbution of charcoal burning, pathsftracks arnd lrewood
calection was rated as vandng from significant to vary significant. Comparad fo e post, the
current stotus of soil degradation in the district was rated os moderately severs to severe, They
identified ho’rsﬁmt villages in tarms of degradation including Migero, Kyamukonda, pods of
Hokooge ond Kasira, Thesa observations comply with the predicfions of soill erosion rate in
Chapter & wheare rates ranging from meodsrate to severe were predicted in thase areas, Migara
and Kyamukonda are characterised by wide oxpanses of de-vegetated patches obsenved
mostly on grazing land. Overstocking and consequently overgrazing coupled with atber faotors
ke pralongeaed dry condifions are kely contritbutors 1o this, a3 explained in Chapter &,

The respondents pointed oul that the effects of degradotion hove both sodlo-economic and
smviranmental dimensions, The main effects include threats to food secunity, povery., and
accelerated water siltation and deserdification. The effects of soil degradation were rated s
sigriflcand, with ona resppandent reting them s varny significant. Al the respondents indicoted
that, over fime. fhe conditfions in Nakasongola disfrict hove become dhier, Cop honvest
uncertainty 15 increasingly felt alfhaugh there are no hord data on the mognitude of the mpocts
Al household level
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7.3.2 Local Viloge Authorlties

All the LC chairpersons have atfolned formal education ranging from primary fo secondary
level, which is in fact part of the job requirement. All the local councit chaimpersans inferviewed
were middle aged (35 - 44 years old) ond have grown up in these villages. They articulated the

degradation lssues ond provided insights as to how the problems con be tackied,

5ol degradation was recognised @s a problem by all such the respondents In the villages visited,
They cited problems of infertility, low production and maoisture deficiency, Soil degradation and,
in poriculor, woter ercsion, wos generally rated as moderately severe to severe and occuarring
mostly on de-vegetated ond overgrazed hillslopes. The low-lving and hiltop areas in the vilages
weare reporfedly experiencing o lowser degree of degradation, which could largely be oftibuted
Yo lower runoft rotes. Degradaotion by wind erosion was roted as low, particularly in the low-lving
and relotively wallvegetated areas. Howswver, during the dry season the wind erosivity brecomes

modsrately streng on bare land where the dry loose soll partlcles are Blown away.

The main causes of degradation identified included poor faming proctices, overgrzing and
lack of oppropriote knowledge/sensitisation of farmers as regards soil conservation issues. Other
cortibuting proctices ke charcoal burning were rated as significant by 50% of the respondants,
Fuel wood was not rated as significant (80%, although paths/tracks were regarded as so by 40 %
the respondents. The natural factors reperted to compound soil degradation were intensified
rechction and removal of vegetation by termites, persistent drought and ‘water lagging. As
discussed below, despite the threat to the soil rescurce base, there are limited consersation
practices in plocs ond this foo contritbutes to increased soil degradation

According toal respondents, soil degradation & o serous constraint to agricultural production in
virtually ol the willoges sampled (Appendiz 5. The effezct on agricullural production wos
reported fo be signiflcant by a substanticl proporion (F5%). It has reduced the ggricuitural
production in cerfain places by as much as 80%. as lamented by ona LT in Bujumbura vilags.
Although there are ather foctars contiibuting to low ogricultural production, such as pests, thea

role of soil degrodation can never be ovetlooked, A discusslon of the coplng strategles to
degiodation problems now Tollows.
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7.4 COPING STRATEGIES

2401 Intreduction

Accelerated processas ol soil erosion and vegelalion degradalion undormine the productivity
of Ihe resource base, resulling N redoced incomes for the resource wsers, armmong other effects,
These concerns aflec| lbocal govermments, communilics and individuals in different woays ond
with varving magnilude, and have evokaed differenl responses based on thein perceptions of the

problem,

Sail degrodation, while affecting lond productivity, hovsehold income and developrment, 5 nol
addressed in solation from othar enviionmeantal degrodation malters, and there is no single
slrategy addressing soil degradation at national or district level (Bagoora, pers. comm. 20030, This
study emphosizes those mechanisms and octions (adoptive strafegies) that are particularly
relevant to soil degradation. At the local hauschold level, the main responses identified include
an-farrm soll water conservafion (SWC, migration to othoer areas, acguisition of additional land in
athear parts of the disfrict, culfivation of new crops and other cropping strategies, a shiff o off-
farm alternative income gencrating activitios and fencing bhe land {poerimetar fencing). Orone
[19%4) obsorved thal, inesponse fo the inequallies of development and continuing poverty,
local peaople devaelop approaches o cope with negative situations. He further argued that
these coping mechanisms and actions, which include cutting down frees to make charcoal or
firewood for sale, are not necessarly seen os degrading the enviionment or causing
desalificalion. Insfead, the souwices of degadalion are seen to be desetification and poverty.
This study reveals that, some of Ihe respondents are aware of the linkages bebween
environmental destruction throwgh feling of trees, but indicoted that they also need to survive

trnough harvesting of The frees,

Coping strategies a fhe disticl and cerdral government levels include the formulation of
policies and by-laws, Gther achions include institutional setup ond suppart for conservation

efforts, although il modeast and inadeguate.

7.4.2 Invesiment In Land improverment

7.4.2 1 Adaption of SWO practices

The resource Lsers werg asked tolist the local SWOE practices adopted fo cantral of minimise soil
degradation by erosion ond ferility loss. The different practices mentioned include use of
marug, rulch, gpassbunds, ronofl dilches, aguoforestry [planting of trees) and use of Inorganic

terfilisers. Figure 7.7 shows the percentage adoption according o resouwrce users idenlified,
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Flgure 7.7 Percentage adoeplion of SWC proctices according 1o resowoe wses in the Nakasongalg
clistrict

The significant varation in the use of 3WE practices (Figure 7.7, can be aftributed fo ditterences

in soll conditions, land  wse dvpe, labour availlabiily, owareness and  knowledge of the

technologies. It s revealed that herders borely apply mulch, grass bunds ar inarganic fertilisers.

Very few [<20%] reported using agroforestry. ditches and manere, As noted by the formee LC

Chairrman of Malskonge village, i1 net @ commeen practice for the horders o fransfer animal
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manwre [dung] from the krools [or application o the gradng fields, Interviews revealed that, n
mos! cases. the herders shitt kraols to new locations closer 1o the homesteaos as o slealegy 10
rranimise degradaticon. in the past when land was abondont, the nemodic herders could afford
to migrate to ancther lccation whetre rescurces were considered plentitul. The curent situation,
however, does not permit this practice largely becouse of land shortoge and change:s e
tenure/proparty rghts from communal 1o leasehold  (individoalsolion). Permanent buildings,
construcled using ron sheets and bricks, ore becoming common, yet unlike the fradidional
homestead type (mod and grass thatched) do not tociitate relocation. This may well have
confriboted to degraded potches commonly observed in the vicinity of many homesteads,

maoreover associated with ittle of ne conservation structures.

Mixed tormers apply manure 1o o greater degres than other resourne users. However, their
application of grass bunds was relafively low, althcugh the reasons for this are unclear. About 10
- 5% of the sole crop farmens had adopted corservalion practices other than grass bunds. As o
the reosons why the adoption of conservation practices is low in view of the recognition of the
=01 degradation problem, 1able /.14 shows the percentoage rosponse for the reasons odvanced
[or non-adoption of SWC proclices. A large porcentage (48%) indicated lack of awarenoess
abiaut the mporlance of The praclices, anolher inllvencing Tactor aflecting the wuse of 5w
prochices was fhe form of landowneship ond secorily & tenure, In this cose some respondents
{4%), especially those engaged in crop farming, indicated that they were squaters o renting
fhe lond ond could icave @l anytime. Therefore, they bave no motivation to adopt cerdain
ronservation practices particulody planfing frees {e.g. Mvulel, which have long-leim benefits or
ihat would jsopardise their tenure ship, SWC prociices such o8 agralorestry is o mediurm to long-
lerm jreesfrment, hence some of the squaotters may choose not o invest in land owned
temparally. Bestoles, the plonting of frees and grass bunds, unless authorised by the landiord, s
interpreted as an intention for permanent lond ownership, A tew of those intervieowed Temorked,
"We are not protecied, Why invest my effort anly to be kicked out when the londlorgd decices to
sell off fis land and arders you 1o ao off Whot emerges rom these observations is that security
of land tenure influences odoption of SW. The landliords have ar upper hand 0 ensuing good
stewardship of their land. Tor insfonce. they could pravide squoliers with SWC guidelines and
crecte a positive relationship withy fhem, Hevorlheless, bosed on the informal interviews and field
otwervations, a fow sguatters have the freedom to plant frees or establish conservation
practices and this has enhanced thelr sense of responsibility plus secunkty. Other reasong
advanced for lack of adoption of the SWC practices were lack of latour {15%), high labour
costs [19%) and old age,



Table 7.14 Pespanse 1o reqsons for non-adoption of consersation prachices by resource LISsers =

328)
. Resource user type _

Reason Sole crop farmer Herder Mixed Total

PRSI LR A O o R . %
Lack of labour a3 0 5 7 b 3 49 15
Higah fabodir Costs 30 ) 4 b 27 B 4l 1%
Urowarse of  theair 21 28 17 4 53 14 154 48
irnportance
W ore 12 4 3 1 11 3 28 )
CUrmbrersome
Inadoouate fime 3 1 3 1 1 3 17 =)
Persistent drought ? ] } o 2 1 3 2
Not personaljong 4 . T 7 2 [ —
Grand 1otal 175 a3 ¥ 122 37 2B ([

To ascertain the mode of adoption of the consereation practices, the respondents were asked
the following question: How did you acguire these conservation proctices/knowledge? As
shown in Table 7.17. the rescurce lsers acolired SWC practices in ovariows ways. Most
respondents acquired the proclices through school/training (28%). parents (27%) and other

farmers  (203%] respoectively,  his, therefore. underscores the wnderlying significance of

incorporalingg and crmphassing cducalion on conservation ksues e fraining conscrvation issees
at school and fo the resource osers in the field, Othoer conservation measures were scif-intioated

or acguired rom a combination of all or two [parents, trainineg and olhen riesoorce osers).

Table 7.17 Response 10 the guestion Row did you aoguire this conservation praciioe/knowledge?

Resource user type

Ac qguisition Jole - .c.mp. Herder Mixed fotal

fairmet

N et N ) M % N 7
Parents 25 : 170 n 14 o 3 27
Oither farmons 14 13 2 1 i5 10 34 25
frairing 1% 1B HE 1 20 14 47 23
Sedl initiated |4 10 {4 8 622 15
Farents & other armers 1 1 1 1 i 1 3% 2
Parerils & troirrgg o { b 1 1
Other famens & training 1 ] { o1 ]
Trainimg, porents & other formers . 0 ¥ { I I ]
Crand Total 79 54 5 3 el A7 145 10D
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Ariolhor gqueslion related o adoplion woas whether they had heen successful or pob in
confroling soll degradaticn. The maojority (74%) indicated they hove not been successiol [Figure
7.8} since they dfill contfinue to cbserve significant iosses of sailfwater and fedility decline on their
land. There were no herders who indicated that they had been successtul. This is probobly not
surprising in view of inadeguate adoption of sol and water conservation practicos as noted
above. [here s a concermn for sall degradation by herdors os carlior discussod bt the practice of
AW s not incorporated in ther routine work. Under such circumstances, it s ikely that sol
degradation problems may becorme more severe and Turthor threaten livelihoods, Therefore,

any external intervention on land improvament should target such resource users based on thoir

krnowledge and corslrainis.
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Figure 7.8 Success in confrol of soil degradation by different resource usors

Gully erasion s a special type of soll degrodation thot merts different control approoches and.,
thorefore, i s further cxplored in this sub-sechon, Mos! of the gulies are localsed on 1he

degraded groFing lands (5.2.1). However, os depicted in lable 718, limited conservation

technigques are applicd in the controb of gullies,
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Table 7.18 Guily contral methoads under different land uses [n=10)

Adoption rate

Conteol method Cropland Grazing land T Total

Sandbags ' - i - ] _
Stones I 1

Tree | 2 3
bronchesfstumps

[brusvweond)

Crop resdues ] 1

seliy 1982 urges that the mest eftective control of gullies is vegetation since it protects the sail
against further scour and also reduces e velocity of the ren-off low. e further notes that
mechanical methods, for instance timber doms, brushweood and permeable rock. are used 1o

hold Dack st and controd drainoge before vegetation can be established.

lhe usual conseryation methods used, according to Heede fin deloy, 982), are planting o
catchment with densely rocting frees and developing a close ground cover of grasses, herbs
and shruks, He: Todher notes that these methods are cnly effective f the climate permils close
ground cover and 1l grazng amimals con be conliolled. Howevear, some of [hase standord
meathods crge net easily applicable in the Nokosongola area. Far inslance, the contral of livestock
numiteers 0 match with fhe range resaurces avalalbie ol any one time s not the usoeal practice
in Mokasongola  [distiict veterinany otfficer, NMNaokasongola, pers, comm,, 7007, Heawy grozing
combined with unpradictable climatic varations, chamcternsed by dier conditions in difterent
parts ol Ihe distict, threatens the ground cover and exposure of the soils to degradation
processes, As observed in the ficld, most herders seem not 1o be sericusly concerned about
gulies, and yet, if lett uncontrolled, fhey may pose a senicus Threot in future in view of increasing

bare lands and runoff generation on sloping lands.

Comelalion analyses were concucled in order to determine the oxtent o which socio-2conomic
charactenstics of respondents influence adoplion of comservahon proctices [Table 7.179). As
indicated by Hatibw, &f al [2002]. the adopdion of SWC s influenced by a nember of socio-
economc factors. Andlyses indicated that gender. level of education and household sizes are
regatively comeiated with the adoption of conservation prachices, This inding s conbraey 1o othears
elewhoers [eg. Lubwama, 1999 oot hos imporont implications in that there 5 a need to ook

reyvond such tactors or cificaly examing Ihem when planming for conservalion ssees, For instance,
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the type and relevance of education oftolned at formnel imstifudions may be maore impertant than
jus! the level of education. |mpotort to note also, is fhe tendency for Those with better educalion
to divensily away from agricutiure. Clkubal and Makumnbi (2002 made a similar obsaereotion in
Kataksl, Ugancie, Howseholds 1haf have dependants such as school children o those engaged In
other activities other than helping in Iond conservation can explain the observed negative
corslation for the household size. There was no coralation betweean the amaount of land owned by
rescice Liers and the degree of adoplion. However, o weaak positive cormelalion was obtained for
fhe variables of age, length of time stayed in the areo, lond owneshlp and howsehold income.
Further anabysis, wsing o Chi-square Test, showed thot the length of fime stayed in lhe place and the
household incorme slaniflcantly P= 0.05) affects the adoption of the comservation practices. The
long durgfion of stay In fdmming s related |o the experience gained in understonding the problems
and, therefore may posfively influence the declsion 1o invest in SWC, Available lileratre shows thot
o of the major consfraints 1o odoion of W B lack of funds. Thus, people with higher income
levels are expected toinvest in soil ond land improvernsrt, and rmeet the coste of the required
latzour for SWE practices on their lond,

Table 7.19 Pearson corelation testing relafionship between socio-economic characterstics and

adoption
Gender  Educalion Age Time  Household Landsize lond  HH
. stayed no owneship  incoma
LA 0 S O R 0032 0,224 065 0000 06T . BATE

7242 2 Gender analysis in adoption of the lond improverment proclices

Sendesr elalions hove impodanl influences on the decislons regarding investment in land
imprevarmeant, The response on the decision-malding controls and the responsibilities in SWE ane
shown in Tables 7.20 and 7.21 respectively.

Tahle 7.20 Sail water conseryalion decision-making controls by gender in Nakasongola district

Resource user fype

Decision in family Crop farmer Herder Both Grand Total

N %5 M % N T M %
Male - AQ 11 4 3 12 95 3
Fermale A 14 1 oo 7 £ 27
Baoth 55 0 9 3 52 15 116G 42
Crand Total 144 03 22 & 105 38 273 100
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Table 7.21 Soll water conservotion responsibilities by gender in Nakasongeola district

Resource user fype

Responsibility to SWC Crop : Herder Both Total
farmer
N % N %o N % N %
e 4/ 17 13 5 35 13 5 34
Fernde 45 16 1 a 18 7 b 24
Beath 53 19 7 3 a1 18 111 A
8

zrand Total 147 53 22 105 48 274 100

the decision to adopt and mainktgin SWC in the family is seen often as a Joint responsitiity of
huskb>and anc wife (42%) (Tabxles Y20 and 7.21% although indivicualy more men are responsible,
there are varous possible reasons for such on cbservation, In partleulor the paltiorehal nature of
the society (Wahomes, 2001). Men are still the prime decision- makers in the apphcation of SWC,
o responsibility that s perceived as part of their management of the househalkd. They are in
control of land fransactions, before and even offer mamioge, The wife 5 frequently only
regarded oz an assigtan] Jobou) but may provide genergl advice and implement The SWC
decizsions. The present developments in gender policies may lead to some changas in the
balance of decision-making and ownarship of property,. allbough fraditional values will prove
diifficult to break down. In the aulhor's view, developing such o balance In declslan-making arnd
responsitilily, including that In SWC, s important considering thot women play an equal of

gpeater role, particularly in crop faming.

743 Off-Faorm Income

Interdews revealaed 1hat, in view of the declining returns from livestock and ogricultural crops,
sources of income have been diversified 1o include off-form activiles e.g. charcoal burning,
Presing and frading, Fmancialy vioble surdval options are limited in this margingl area of
Makosonoola district,

Charegal buming

Respanzes from the local chlels Indlcale that charcoal Burning has Bacomes g ucrative business
enabling many families 1o survive. Howewver, concarmed respondents expressed fear that, wunless
chorcoal burning octivities are controled, continued horeast o unsustainable ofes moy
threcten the envircnreenial quality of the area (Plate 7.7
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Chorcoal burning 5 carrica out both by the Iocal inhabitants in Nokosongola district and fhose
from other arcas outside the aistict, The good quality trocs [c.g. Combrofum species] are the
fisl t0 be sclected [or charcoal making, and yet many such frces require o long time 1o
regenerale. Dwing the focus qroup discossions. i was reported that cue to incroasea
exploitalion, trees providing high gquality charcoal are on The verge of disappearance in some

areqs [&.q. Namosa, Migera).

Plate 7.1 Charcoal buoiming activily- a lbreol [o the fragile cnvirenment in Nokaosongola district;
affecls the soll properhics and cxposcs the sol to crosive agents. Charcoal collection point of
Migera - the charcoal For sate ready 1o be transported 1o Kompala and other urban centres [see

insef photo)

Therc is o growing threat from the neartey urban ceatres, such as Migera, Nakosengola, Lowero
and Kampala that provide reaay markets for charcoal, This is supported by a survoy report [ESD,
1925, which founa that arcos to the norh of Xaompala city, including the Nakasongola ond
Luwero dishiicts, supply the Bulk (36.8%) of its charcoal. Indese charcoal is the most important
urban fuel, ond consumption is increasing of a rate around that of the wiban population growlh
rate {=6% per annwm| (ESD, 1995}, As further highlighlcd by the ESD report, utban houschola
demand in 19794 occcounted for about 70% of the national demana, while commerciol
establishrmonls (holels, Bdars, restavrants) accosntea for arouna 25%. The high electricty tariffs
bove also contribided 1o compealling enargy wsers. especially in thesc wriaoan cormros, to divert to
Choapor sources of cnergy such as charcoal. Despite this growing aemana anc consurmpstion,
the efficicncy in prodoction and utileation of chorcodal is still inocequate, hence compounding

problerms of sostainakle lna Jiflisalion, I the statos guo remroanns, it is Tkely thal the level of soil
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degradation will escalate m differant areas, ot most particalary where there 5 intensive harnvest
|&.q. areas close to the obhan centres, ond along the major reads). 1| s theretore, important that
the concemed autharities (e.g, NFA and NEMA in conjunction with the local communities,
undertake maonitaring of the harvests for possible replanting or endchment so a5 to achieve

sustainable utillsation.

Other off-farm sources of income

Aonumper of other dlitemative livelbood saonces of incomes include casual lKabow fespecidlly
clearing vegetation along roods). hunting, handicrafts, precesding and seling milk products [e.q.
chiese, yoghut or bongo)l, beekeeping and fishing. |he respondents note that despite the
aediabiity of Ihese revenoe sources, vory fow appear o be economically sustainable.
Interviews with those invalved in beskeaming showed thal this is o nowly indracfoced enlborprise
wiith imited Iecal market and stiff compelition rom ather roducers o e country, Thoy further
indicate that external sources of funding may be required to promoke beskeeping, which is
othorwise an activity with limited environmental conzsequenceas. The leaal pepulation in the area
could cxplore the governmaoent's 'Entandikwao scheme! initiated in 1996 bot its efficacy s as yet
unpraven, A small number of peaple ranging from 30 to 50), marly men, are ecmployed in reod
maintenance qctivity [lL.e, veqetation clegrance and  desiltation of channek! alang  the
Fampalo-Gulu highweary. They eam barely LS % 50 per manth, This activiky therefore contriburtes
incligible amounts to the iIncomes of the local community in this area. A few of the respondents
indicated they wore invelved in hunting of wild game aithaugh it s prohibited and puonishoble
under the current Uganda Wildlife sanagemoent laws. Hunting appears to be camied out mainly
for subsistence purposes, alhough some respandoents repart that it carms them a limited income.
lhey note that wild animals are rare and there are difficullics bwnling on the pivately fonced
lands. Women who have developed the skills and are aleays conlined lo domestic chores
mainly coiry out handicraft such os bosket wenving, house decoralion and mat consfroction,
The number of warmen invelved s small and the limited income abtained from hondicraf!
activities contibute only between 5% and 10% lo houschold incomo. Moen invelved in locol
handicraft wark. such as making chairs, conslilute Ibe minarity; the vonture reguires spocialised

skills cand is consicered not very rewarding.

It can be argued that the prometion of the above income-generating activities may release
proessure on the aoghdcultural land and may faclitate increased investment in SWOC o achiove
bettar aghcultual preduction and environmental gueality. Projects invelving planting of trees are
good [or bettor porformance of beehive production and soll protection against raindrop and

surface flow impoct.
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7.4.4 Shift Drought- Tolerant Crops

interviews revealed that over three decades ago soil moisture was adequate and farmers
successfully cultivated high moisture-dependent crops such as bananas. However, they have
now had to shift to drought-tolerant crops such as cassava and annuals (e.g. millet, ground nuts
and sorghum). The change to more xeric conditions experienced in the area, probably as a
result of soill deterioration and changes in climatic conditions Jow rainfall amount), and the
consequent shift to growing more hardy crops represents a strategy aimed at minimising the risks
and ensuring ample crop harvest. The current moisture deficiency may not be attributable to
rainfall variation only as accelerated soil degradation Is also a contributory factor. Soll
degradation and, more particulary structural deterioration, undermine the infiltration and water
holding capacity (Chapter 6), and therefore accentuates dry conditions experienced in the
area. The shift to growing annual crops, such as groundnuts, is an appropriate strategy, though it
exposes the soil to rainstorm impacts that may cause increased. soil erosion and compaction
during the first one to two months prior to establishment of sufficient ground cover. Inter-
cropping of annuals with cassava provides an adequate multi-layered canopy for soil
management and also the roofs contribute to improving the soll structure thus increased water
infittration.

7.4.5 Migration To Other Areas

Migration to neighbouring areas can be viewed as a coping strategy to relieve pressure on
some of the already degraded land, but is cleary intended to maximise survival opportunities for
the migrant. Numerous factors (e.g. the magnitude of water scarcity, the nature of reception by
the people in the new locality, availability of information about the place to migrate to and
abudance of water) influence the decision to migrate or not. A large percentage of households
(66%) expressed interest In moving to other areas shouid environmental conditions deteriorate.
However, others indicated that they would not move to unknown areas for the simpie reason
that conditions may still not be favourable there. They cited the recent socio-political conflicts
between the Bakiga migrants and indigenous tribe, the Banyoro, in Kabalore district, in western
Uganda. The anti-migration attitude expressed by others may also be explained by cognitive
dissonance. Cognitive dissonance occurs where a person perceives an environment as
threatening but expects to continue living in that environment (Preston et al,, 1983).

According to responses obtained, this area has witnessed both out- and in- migrations over time,
largely for grazing and crop farming. Scarcity of pasture and water resources is reported to be
common in the Nakasongola district. Molsture deficiency, which affects plant performance
(pasture), is partly exacerbated by increased soll degradation processes as indicated above,
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and thus, as a survival strategy, livestock Is moved to areas such as the shores of Lake Kyoga
and River Lugugo for both water and pasture. However, it Is important to realise that this
practice Is being threatened by the widely observed Increase in individualisation and fencing of
the land (private property rights) en route to such refuges. It remains to be seen what will
happen In future to the rangeland resources and pastoral life in the Nakasongola dryland. If the
status quo remains, increased soil and land degradation in the area seems likely.

7.4.6 Other Coping Actions

The other main adaptive strategles ldentified include acquisiion or renting/hiring of land
elsewhere, access of land In low-lying wetter areas, grazing along roads and any available
public or private land and temite control.

o Acaquisition/rent or hire of land

Renting or hiring of land from other users In the neighbourhood, for grazing or farming purposes,
was reported to be a common strategy aimed at supplementing household food production.
There Is no fixed price on this but on average the cost is US § 5 to 10 per ha. In some cases
payment is made in kind by offering produce or animals. This practice of acquiring land
elsewhere relieves pressure on degrading land as well. However, as argued by Kabera (1985), it
is Important to note that simllar misuse/malpractice on the newly acquired land may also lead
to degradation unless appropriate land husbandry practices are adopted. Widespread cases of
degradation or overgrazing were observed on some hired grazing land in the villages of Migera
and Byamukama. The landlords do not live on the ranches but only go there to collect the rent
from the tenants so there is a rsk of lack of proper control in resource utllisation that can
endanger the rangeland conditions.

Migrations sometimes appear to occur as a result of degradation per se. It was revedled that,
some who were extremely affected by the deterlorating land conditions, including reduced
crop vyields, were forced to migrate. This was particularly the case where the alternative
livelihood options were limiting. The entire farmiand or part of it is usually sold off in order to invest
in other ochﬁes such as trading. One livestock keeper noted that: a degraded land fetches
litHe money (40 to 60%) compared to a well-maintained and productive one.

« Encroachment on other ranches for resource use
It was revealed during the informal interviews that there are herders who encroach on other

ranchers’ resources even If it meant cutting through fences. This Is common during the drier
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periods when resource scarcity Is severe. Asked what Impliocﬂon(s) this has on the resources on
the ranches, the respondents pointed out that encroachment can be destructive depending on
the frequency; if frequent it leads to degradation due to overgrazing and trampling. As already
pointed out (Chapter 6) soll degradation accentuates resource scarcity, including pasture. One
former LC1 chairman for Migera, observes *cases for Local council court (LC1) confiict resolution
on reported incidences of land/resource conflicts have become a common phenomenon in this
areq. Interesting fo note, however, is that a number of cases are also seftied outside the LC1
courts for fear of overcharging both the plaintiff and the accused”.

s Access to low-lying welter areas

The sole crop farmers and livestock keepers, usually strive to buy or rent land in mukisenyi, which
is a local term for lowdying sandy areas. These areas are strategically important during drier
conditions. Although flooded during the wet season, they possess nutrients and favourable
moisture conditions (section 6.4) for a significant part of the dry season, and therefore, may
support crop production or be used for dry season grazing. Higher value crops like cabbages,
onions and green vegetables are grown and fetch high returns during periods of scarcity in the
dry season.

The low-lying areas are equally important for impoundment of water for livestock use; this is
evidenced by the location of most livestock water tanks in much of Nakasongoia district.
Nevertheless, resource use conflicts may arise between the livestock keepers and crop farmers
In such areas as indicated by the LC1 chairpersons of Kyamukama and Migera viliages.

e Grazing along roadsides and any available publlic or private land

Field observations showed that most rangeiands have been fenced off, leaving small buffer
spaces along the roads/tracks. The width of the road reserve ranges up o 5 m on the main
highways such as Nakasongola to Gulu but may be less on tracks and feeder roads. Public
and/or privately owned unrestricted iands (e.g. at sub county headquarters and schools) are
aiso available for grazing by the locai communiﬂes; Such spaces constitute vital resource areas
that offer options to resource-constrained livestock keepers to obtain pasture for thelr animals.

¢ Control of termite pests

Termites were reportedly contributing to the destruction of basal vegetation cover particularly
on grazing lands hence exposing the soils to erosive agents (Chapter 6). Interviews revealed that

the local community particularly in Migera has endeavoured to control these termites (macro-
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termes) but with limited success. Attempts have been made to destroy the termite mounds by
digging out the nests and kiling the queen. The termitaria are still very abundant and estimated
at more than 100 per ha on some ranches. Insecticlde chemicals (e.g. Diazone) were tried in the
late 1990s, but later stopped after being condemned by environmentalists. There are on-going
studies by a researcher from Namulonge to identify the damage and develop control methods
mainly using blological means. However, considering the magnitude of the damage caused by
termites, biological methods may be a long-term solution. The author argues that other solutions,
inciuding controlled use of environmental friendly (biodegradable) chemicals need to be
explored, particularly in the severely offected areas such as Migera.

7.4.7 Household Group Initiatives

i

Discussions were held with the members of the Nalukonge community in Migera. it was
indicated that, from 1997 the households in Nalukonge village decided to work together on an
initiative aimed at tackling the most critical problems faced in their area. The problems as
identified by these households included lack of pasture and reliable water sources for their
animals and combating desertification. The strategies developed included constructing a water
dam mainly for livestock, control of termiltes, planting of trees and setting up SWC particularly on
seriously degraded grazing iands.

Although the approach appears participatory and ‘bottom-up’, the design of the project was
largely top-down, money driven and less participatory. The worlé was carred out hurriedly on
one ranch; hence much of the benefit was limited to a single individual. There was fallure to
sustain the project affer exhaustion of the funds from the UNDP. The termites and drought
destroyed most of the planted tree seediings. The SWC trenches were Ineffective against the
heavy runoff from up-siope. The few trees that survive up to the present time, however, provide
evidence of the ability of this environment to recover if there is proper pianning, funding and
execution of the project activities. The challenge of drought recurrence remains but its effects
could be minimised through adoption of suitable water harvest techniques based on the local
knowledge. Conservation projects are usually long term and therefore, it is hard to sustaln them.
However, the design of projects needs to avoid over-reliance on extemal assistance by
developing appropriate mechanisms supported by local communities.

7.4.8 District Strategies For Degradation Control

Interviews with the district officials and experts from NEMA, indicate that there is no clear single
strategy addressing soil degradation problems per se. but rather it is tackled as part of the
broader environmental issues affecting a district and/or country.
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The district o]: Nakasongola, until recently part of Luwero district, has not fully formed ail the
structures and institutions needed at the district and lower levels to cope with the environmental
problems including soil degradation. However, the efforts made thus far to deal with broad
environmental problems include the creation and support of the necessary institutions and
departments such as the DEO, DAO, DFO, DVO and UNFA. The departments of Agriculture and
Environment in particular are mandated to handle and co-ordinate any activities concerning
soil degradation. In addition, these departments participate at district local council meetings in
enacting policies and by-laws and also ensure the implementation of and compliance with
these policies.

The district officials in Agriculture and Environment, together with the sub-county extension staff
operating under them, revealed durng Interviews that they are engaged In
sensilisation/awareness campaigns, educating resource users (farmers and pastoralists) on how
to address environmental problems faced. Such campaigns include:

+ Urging the local communities to avoid frequent unplanned bush/grass burning,

¢ Promoting the planting of trees and

¢ Construction of runoff diversion channels on farmlands.

However, interviews with some of the local communities contradicted the district official options
in noting that there the campaigns are limited and thaf there is poor altendance by the local
people. There was no clear reason(s) offered to explain this. Attendance at such meetings is not
compulsory and perhaps a more hard-line approach would be more effective and sustainable
in view of the reported soll degradation problems in the district.

Over three decades ago the Nakasongola district, which constituted of Burull County under the
Buganda Kingdom, mounted a concerted soll conservation campaign. The central govermment
reportedly operated closely with the local authorities in ensuring that conservation measures
were Implemented. Today a legacy of those concerted efforts Is found in different parts of the
district; a case in point is the Mvule trees (Chrolophora excelsa) planted along the road and
headquarters in Nabiswera Sub County. According to the interviews with the respondents who
participated in soll and water conservation, the local authorltles, at that time, were strict on this
matter and sometimes coercive. They recall, however, that this helped to ensure high levels of
implementation and high adoption of soil water conservation practices, such as planting grass
bunds and water diversion channels on sloping lands in cultivated areas. The situation appeared
to deteriorate somewhat following independence in the 1960s. probably due to disruption
caused by an absence of organised political and cultural institutions, especially in the 1970s.

Thus, it can be partly argued that the present low level of adoption of conservation is a result of
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the past political tumoll and the absence of stiict stance similar to that of the colonial
administration. But the colonial system is often blamed for emphasizing a top-down and
unexplained harsh approach. A bottom-up approach involving all the stakeholders, including
the resource users, to participate in Identifying problems and solutions as provided for in the
Decentralization Act, is probably more favourable. There is need for caution, however, because
despite the bottom-up approach being the most recommended today, there are no clear
cases of success where it has been tried. There are mixed results indicating that the
degeneration of past efforts may not be entirely blamed on a top-down approach but also on
the complex Interacting variables that tend to negate pbssible successes.

7.5 IMPUCATION OF THE UNDERSTANDING OF DEGRADATION FOR PUBUC POLCY
Resource user understanding and perceptions of soll degradation have an important bearing on
soll resource use and management. The findings of this study have revealed some important
considerations that need to be incorporated into guidelines for individuals and institutions
interested in enhancing resource user awareness and control of soil degradation. These are as
follows:

*» To some extent farmers and pastordlists are aware of the linkages between their activities
and soll degradation. However, there Is a need to explore what they know and
identifying gaps in thelr knowledge In order fo create greater awareness if integrated
resource management, Including ogro—bbdiversl’ry, is fo be achleved in agro-
ecosystems. The awareness programmes should pinpoint such effects and linkages
related to soill degradation using, for example, simple diagrammatic tools for easy
unders'ronding by resource user beneficiaries.

 The resource users’ assessment of soil degradation is varied. Specific and simple
indicators should be developed based on their understanding and conveyed fo them
through awareness campaigns at workshops and in the farm fields. A better method of
developing these indicators could be through participatory approaches involving these
resource users and incorporating the knowledge they already have. Use of familiar
Indicators can be rewarding in terms of infteracting with resource users about the
condition of their land, particularly where the land is degrading or recovering after
rehabilitation efforts. _

* The livestock keepers understand soil degradation issues and probabily link it to the stock
densities on their ranches and the grazing practice. However, the adoption of
conservation practices iIs low, In Kenya, Moore (1979b) also observed that a mdgjor
problem faced in controiling semi-arid soil erosion is to reduce stock numbers or to rotate
them in a more efficient manner, and that this obviously ties in with an understanding of
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the socio-economic structure and pércepﬂons and goails of the local people. As Moore
has argued those policies for control of soll erosion must take Into account the
perceptions, the needs and aspirations of the local people whose lot is to be improved.
The policles should not be applied uniformly across the country considering that the
perceptions, needs and osbiroﬁons of people differ from one area to another.

e Secondary activities such as charcoal buming are perceived to be confributing to soil
degradation. Such perceptive behaviour can be explored to enhance afforestation
odmpolgns by the local authorities. ’

e More recent settlers are less aware of past degradation problems, and therefore, as an
enfry point there couid be a need to focus attention on them through approprate
awareness campaigns.

+ The socio-demographic characteristics should -not be taken for granted when planning
for the conservation or rehabilitation of the degraded lands. The findings in this study
showed that the perceptions of the local people regarding soil degradation Issues are
not necessarlly consistent with the results from elsewhere.

7.6 CONCLUSIONS

This chapter has explored the understanding, perceptions and response of key stakehoiders In
" soll resource management in Nakasongola district. The summary of the findings is presented
below.

Soll fertility decline, compacted solils, moisture deficiency and erosion, respectively, are the
mgdjor soil degradation concerns perceived in this area on both the farm and pastoral lands. This
tatlies with and supplements the measurements undertaken in the field. Poor cultivation methods
involving, for example, low or no inputs on smali-sized plots have compounded these problems
on farmiands. A number of bibanja holders (squatters), including recent farmer migrants, have
plots boiely exceeding 3 ha of land per household. Soiis in the area are inherently of low to
medium productivity and highly susceptible to organic matter decline due to high temperature
and termite activity. This coupled with limited farm sizes and low retums, therefore, necessitate
contfinuous use so as to meet the family needs; in the process this may accelerate soil
degradation. The exposed sub-soils with iron concretions and boulders are a problem,
underestimated by locals and this further threatens the quality of the rangelands if the status quo
remains.

There was no significant difference among resource users in the understanding of soll processes.
The understanding and perception of the probiem of soll degradation was probably reflected
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by the mdjority of the respondents in each resource user type in relation to their reasonable
awareness of this constraint fo production. ' '

One of the important explanations for soil degradation on the hilicrests and around homesteads,
as articulated by some respondents, was that the low-lying areas are cooler at night and are
associated with biting insects. Low-lying areas are thus available for grazing during daytime.
During the wet seasons, these same areas are also soggy due to flooding. Uvestock are very
sensitive to such areas and prefer staying on hilicrests or around homesteads where conditions
are warmer and relatively Insect-free. Furthermore, the security of livestock is very unceriain
when they are far away from homesteads; there have been Increased livestock thefts in the
area of recent, probably due to attractive market prices in urban areas of Kampala. These
conditions force livestock concentration around hilicrests and homesteads causing frampling
and deterioration of plant cover. Consequently, water runoff and soll erosion are accelerated.
This was an important revelation through interviews and is based on the indigenous knowledge.
Thus, when planning to solve degradation problems of this area, such local knowledge and
experience should be taken into consideration, and not simply ignored.

The understanding and perceptions of soil degradation are not significantly related to resource
user characteristics of age, sex, educational level and length of time spent in the area. This
contrasts with findings elsewhere (e.g. Bills and Heimlich, 1984) but is in agreement with others
(e.g. Okubal and Makumbi, 2002; Kranjac-Berisavijevic, ef al., 2002). Thus, perceptions are very
complex, varied and should not be taken for granted, particularly when analysing soil
degradation issues.

Secondary activities (e.g. charcoal burning) were : perceived to be closely linked to soll
degradation processes prevailing in the Nakasongola district. There is evidence of decline in on-
farm productivity in many areas in the district. Due to this decline, the off-farm lucrative
iivelihood options such as charcoal burning have definitely become highly instrumental in this
marginal area. The current scale of charcoal burning may not yet be critical but there s likely to
be a serious problem in future due to the increasing reported harvest rate and demand from the
surrounding urban centres. This is further compounded by poverty and the low growth rate of
the commonly harvested woody tree species (e.g. acacia). Appropriate actions formulated by
the relevant stakeholders, including the iocal communities and prbbobly supported by external
funding may be required to cope with this impeding probiem.

Footpaths and animal tracks were dlso perceived to be important factors causing soll
degradation through compaction of land along linear zones concentrating surface runoff and

eventually leading to the formation of gullies, particulary on grazing lands located on moderate
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to steep slopes. The paths and tracks were reported to have been increasing with increasing in
response to human-and tivestock-population changes and land fragmentation. It is likely that
lack of maintenance of these paths/tracks has contributed to an increased rate of degradation.

The chapter has also deliberated on the coping actions adopted by the local people and the
district in view of the changing environmental and socio-economic conditions caused or
confributed to by soil degradation.

The response of the Individuals Is diverse and reflects the muttiplicity of individual decisions taken
in view of the soil degradation on farmiands and the options avaiiable to them. There s,
however, generally low adoption of SWC practices particulaly among sole crop famers in
relation to their understanding and perception of: soif degradation processes. This can be
attributed to varous factors Including consiraints of labour and funds for Investments,
incomplete understanding of the problem, poverty and lack of abprecioﬂon of the importance
of the conservation practices. Renaud, et al, (1998) have made similar observations including
that of marginalisation of some famers and poor interactions with extension services.

Some resource users appear helpless, not knowing what to do in view of the increasing iand
degradation. For instance, they indicate that the bare patches and gullies on grazing lands are
beyond their control. A multifaceted approach therefore needs to be adopted in view of the
compilexity of the degradation problem. Part of the attempt could involve enhancing the efforts
of innovative farmers in the hope that the ideas will diffuse to the rest of the community.

Household livelihood strategies such as charcoal buming are beneficial in terms of reallsing
revenue but may endanger environmental quality; there is therefore a need for mechanisms
that will enable the harvesting to be managed in a sustainable manner. The researcher agrees
with Siri (2001 that enhancing the social and economic viabllity of these rural households is
crucial for the welfare of a large section of the population. Besides, the participation of the
affected resource users Is crucial for any successful endeavour. Effective adoption by local
communities of innovative and productive technologles depends on their participation in the
process of developmental activity (Sivakumar and Das, no date).

Respondents indicated very limited success in addressing the causes and adverse effects of soil
degradation. This emphasises the importance of integrating the role of both the local
communities in this area and the govemment to design appropriate strategies to effectively
control soll degradation. Participatory approaches should be used to ensure that the resource
users’ interests and constraints are clearly understood and taken into consideration to avoid

mistakes of the past mistakes.
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More environmentally sensitive adaptive strategies such as beekeeping are commendable but
need to be promoted and enhanced by extemnal funding for any profitable achievements by a
large section of people. Thus the new government Plan for Modemisation of Agriculture (PMA)
should aim to help promote such local initiatives in line with the PMA’s mission to increase
production and productivity that contribute to food security and poverly eradication without
degrading the environment (MAAIF & MPED, 2000).

Increased numbers of migrants both for crop farming and livestock keeping were reported,
particularly on the ranches. These migrants either rent or are offered land based on good will by
the landiord. However, squatters who are engaged In livestock kéeplng indicated problems of
overstocking due to intruders who clalmed grazing rights granted by the landowner. There was
evidence of degradation for a few of these areas visited in Kyamukama village. Such
mechanisms of land distribution that compromise sustainability of rangeland conditions need to
be evaluated for Improvement. For instance, there is a need to evaluate the renting of land by
landlords o many livestock owners with little or no consideration of its carying capacity.
important In this direction would be the reference 1o the soll conservation guidelines as provided
for in the soll quality standards adopted in 2000. '

This chapter has examined the existing local knowledge and understanding of soil changes and
degradation processes. The coping strategies at household level in relation to that at the district
were evaluated. In the final chapter, the author attempts to Integrate and synthesise the results
and present recommendations and future directions.
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CHAPTER 8

SYNTHESIS, CONCLUSIONS AND FUTURE DIRECTIONS

8.1 INTRODUCTION

This study undertook to assess the nature and magnitude of soll degradation and its assoclated
effects using field observations and responses from the resource users and managers in the dry-
land area of the Nakasongola district. The study operated at three spatial scales namely
catchment level, runoff plots and household level (Chapter 4). The results have been presented
and discussed in Chapters 5 to 7, and the summaries given at the end of each chapter
constitute the summary of the findings of this study. This chapter brings together the major
findings fo concretise the understanding of the nature of soil degradation and its control in
Nakasongola dryland. The magjor findings are presented and show how they contribute to an
understanding of soil erosion and to the broader field of iand degradation in the drylands of
tropical Africa and beyond.

8.2 SYNTHESIS

Providing a comprehensive understanding of the nature and controls of soil degradation is such
a chalienging issue particularly in the methodological context. This case study has demonstrated
the use of a multi-pronged methodological approach, involving social methods combined with
field experimental setups and Interpretation of images in a GIS environment, In investigating the
complex problem of soll degradation. Empirical observations and field experiments have shown
that soil degradation in its various forms presents a real problem in the drylands of the
Nakasongola district. Such a combination of social and natural science methods can therefore
foster future multidisciplinary or interdisciplinary research collaborations and Initiatives.

The forms and distribution of soil degradation in the study area were characterised based on
field observations and local community response. The case study reveals that soil degradation is
a salient issue in the district of Nakasongola despite the low relief, less undulating topography
and unreliable rainfall condltions. Thus, fragile low relief environments constitute “hot spot’ areas
for conservation. Virtually all forms of soil degradation exist, although sheet erosion is more
pronounced compared with rill and gully erosion. The concentration of surface runoff (e.g.
along livestock tracks) favours the initiation and development of gullies (Nordstrom, 1998). The
presence of gullies Is a physical symptom of the deterioration of the land quality (Stocking. 1998).
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Although gully erosion is presently localised, there are potential threats of expansion to other
bare lands. Bare patches are associated with destruction of soil structure and compaction that
leads to low infiltration rates hence accelerated surface runoff (6.2.1).

Magnitude of soll degradation processes under different degraded surfaces in a dominant land
use/ cover type: Relatively high rates of soil and runoff were measured on the on-farm rangeland
field plots (6.4). The severely degraded areas experienced a significantly (p <0.001) higher
average soll loss (20 1/ha) compared to the moderately- and non-degraded plots for the two
years (p=0.034). This forms sufficient empirical evidence that soil degradation is a problem in this
area. However, it is implied that in terms of conservation/rehabilitation the highly degraded
areas should be the main focus by the concerned authorities. The long-term impacts are
unknown but soil erosion rates in tropical ecosystems are reported to be greater than the rate of
soil formation (Sparovek and Schnug, 2001). The rate of soil loss in this area is generally higher
than that of soil formation estimated at less than 0.01 t/ha/year Ounne, et al, 1978), and
therefore, considering the widespread shallow and inherently poor soils, continued degradation
is likely to impact negatively on the productivity of such an ecosystem.

impacts of soil degradation: Field observations and local community response revealed that soil
degradation (e.g. soil loss causing truncation of more fertile topsoils) has resulted in exposure of
poorer sub soils, reduced infiltration rates, increased runoff and low water retention. Reduction in
water retention coupled with loss of nutrients undermines plant performance. Therefore, the
areq seems to be tending toward drier and more fragile conditions as also noted by the local
community. The growth of bare patches and incipient gullies are signals of the accentuated
degradation conditions.

Despite the negative effects, soil degradation by water erosion creates benefits to the low-lying
areas in terms of nutrients and moisture. Solls in lowlying areas had higher moisture retention
capacity compared with those on sloping land. In general, therefore soil degradation leads to
winners and losers as evidenced elsewhere (Stocking, 1994). it is, however, debatable how
much of the degradation should be dllowed to occur on the upslope areas, and whether those
benefiting doyvnslope should provide some incentives for the upslope resource users.

Knowledge and perceptions of the local community on soil degradation: A soclo-ecological
survey (Chapter 7) provided further insights in the understanding of soil processes. The survey
revedled that, in general, the local resource users/managers are cognisant of soil processes and
degradation problems in the Nakasongola district. The observed variation between the resource
users’ knowledge and perceptions of soll degradation is a reflection of their varied expertiences

and the nature of their functional environment. Socio-economic characteristics (e.g. household
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income, land ownership and iength of stay) of respondents are known to be influential in
perceptions of natural resources and management. However, in this case study they were
statistically insignificant in influencing the perceptions of resource users of soii degradation. This
does not imply these factors are not influential but the available data could not provide
sufficient proof in support of their influence.

Key factors influencing soil degradation: Interplay of factors have contributed to the observed
degradation in the study area including prolonged dry conditlons, concentration of livestock
grazing and movement and easily compacted solls. In planning for conservation of this area,
these factors including the existing local knowledge need 1o be considered. Livestock tracks
and human footpaths are significant factors influencing the formation of channel erosion. The
increased livestock in the area certainly causes over-trampling ciong lines of frequent
movement to watering points. Fieid observation revedled a low to moderate degree of soil
degradation around watering points In relation to areas located 1 to 2 km away. This is probably
explained by the location of most of the watering points In low-lying relatively moist areas hence
the ability to regenerate whenever degraded. Therefore the ‘piosphere’ effect observed in
Namibia dmbamba, 2002) and Ausiralia is not clearly developed here.

Coping strategies to soil degradation: Investigations and observations reveadled that despite the
existing knowledge and perception of soll degradation problems In the area, the adoption of
conservation practices s still low. Adoption of conservation practices Is influenced by a number
of variables (Beshah, 2003). Thus, only knowledge of the problem may not be sufficient to
prompt corresponding adoption of the control practices. For instance. the centrd and local
government have set up the required institutions but these are less coordinated and often
experience finoncial resource constraints. Therefore, monitoring and extension work have
stalled. It was widely expressed that inadequate financial support has particulary hampered the
operations of the agricultural extension staff and hence indirectly contributed to their
ineffectiveness. This is not to overlook the inefficiency of the extension workers that may be partly
explained by the poor remuneration and il equipment in terms of appropriate knowiedge to
deal with farmers’ challenges. These constraints need to be considered and addressed in order
to redlise full implementation of the conservation policy at lower levels.

At the household level, there are various constraints to soil conservation depending on the
nature of the resource users. In general, however, most of the respondents agreed that they
have done little to solve the problem of soil degradation, let alone recognising it as a problem.
The underiying constraints are not cleariy known although the herders indicated inadequate
prior knowledge in conservation on smaller sized farms since most of them were converted from

being nomadic pastoralists to sedentary- and agro- pastordiists in the early 1990s. They indicated
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that, in the past, they could graze their stock in one area and abandon it to allow for
regeneration. The challenge Is also compounded by inherently poor soils and uncertainties of
climatic conditions. It was remarked by the DVO and the LC1 chdirperson in Migera village that
unrellable rains cause scarcity of water and pastures, which worrles a herder, more than soil
degradation issues.

land ownership was clearly pointed out as another factor influencing investment in soil
conservation. Squatters are often hesitant to invest in land that is not theirs as widely noted in other
areas. As observed elsewhere, the infiuence of land tenure on land management practices is not
conclusive. Beshah (2003) found that farmers in Ethiopia were reluctant to construct permanent
conservation structures on land for which they have no sure titie but that this was contrary to the
situation on arable lands. These lllustrations point to the need for undertaking area and culture
specific studies to understand the detailed fabric in a setting before introducing interventions in a
project areq.

The curent deteriorating conditions of the rangeland and cuttivation lands partty imply that people
can no longer derive enough from traditional onfarm activities hence the adoption of altemative
livelihood strategies (e.g. charcoal buming). Charcoal buming is not a problem per se but the
curent rate of tree harvest to fulfil the increasing urban demand raises numerous questions about
the future supplies and the unforeseéable thveats to environmental quality in general. This requires
more prudent measures to allow for sustainable utllisation for varous needs of the present and
future society. '

The preceding discussions of the salient findings have demonstrated that to a reasonable extent,
soil degradation is an issue that needs attention by the concemned Institutions and the local
people. The expression in Lugisu: Umuyifi ulinda isolo yemwilowo etuleyo yosi na gifumite, aba
ilibile literally translated means ‘a hunter who waits for a whole animal to come out from a hiding
hole before spearing misses It’. There was conclusive field evidence that the conservation efforts
so far embraced particulary on grazing land are inadequate and un-coordinated. The author
refterates that if soll the degradation problem, particularly on the severely affected grazing
lands, is not attended fo in the immediate future, there is a danger of it escalating to
uncontroliable levels.
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8.3 CONCLUSIONS

The drylands of the Nakasongola district have withessed many environmental, soclo-economic
and political changes over the last half century and such changes are linked in one way or
another to the current land degradation in general and soil degradation in particular.

In conclusion of this thesis, the author, draws the attention of the reader to main highlights
pertaining to the study.

1. Different types/forms of soll degradation are spatially distributed widely though the extent and
rate differed depending on the environmental conditions.

2. Water erosion was identified as the main soll degradation process. In general, though not
conclusive, the magnitude of water eroslon is high on the poorly managed grazing lands;
intensive sheet wash and rllls are very commonly observed and the emergence of gullies is a
manifestation of degraded catchment and increasing magnitude of erosion (Chapter 5).

3. The study demonstrated that the causes of soll degradation (Chapter §) clearly pinpoint the
interplay of climatic changes (prolonged dry periods) aggravated by human factors such as
population pressures, increases in livestock pressure and poor land use management. It was very
hard and impractical to isolate the natural from the human induced factors. Nevertheless,
considering that the nafural factors such as climate varied in the distant past and yet no serious
degradation was reported offers a strong clue that human activities in the recent past are
responsible.

4. The different soil degradation types have had varied environmental and soclal impacts based
on the scientific methods of assessment (Chapter 6) and indigenous perspective (Chapter 7).
The various impacts identified include reduced infiltration capaclity. changes in texture, soil
profile truncation and reduced nutrient levels. Changes or reduction in soll biodiversity were
percelved by the locai people but not clearly linked to soll degradation.

5. The above changes in soil conditions are recognised but not all of them are fully understood
by the local people as demonstrated in Chapter 7. The local people were/are, to a greater
extent, able to differentiate changes due to degradation based on similar indicators as applied
in western science. These changes in soll condition impact on the socio-ecological aspects in
different ways and with varied degree of magnitude. Soil degradation has resulted in reduced
soil fertility, leading to poor performance of pasture and crop production. Poor plant
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performance is known to be associated with poor cover thus through positive feedback
mechanism causes accelerated soll degradation. The degradation is, however., not uniformly
experienced both spatially and temporally even on the same piece of farmiand. Problems such
as siiting of water sources are felt not only at Individual level but also by the community
especially for those sources that are owned communadlly. Soll degradation by soil erosion can be
beneficial particularly to the low-lying areas In terms of water and nutrients. The water and
nutrients contribute to improved conditions, which are used to advantage by some farmers for
dry grazing and cuttivation.

6. There are no specific foomal coping strategies at district, community or household level
addressing soll degradation problem per se. Soll degradation is addressed, as part and parce! of
environmental or agricultural production problems and it is probably correct to refer to coping
actions other than sirategies. Empirical evidence seems to suggest that these coping actions are
not adequate and properly co-ordinated to tackle soll degradation. There is generally iow
adoption of SWC practices despite the high percebﬂon of the degradation problem. The study
identified (Chapter 7) bottlenecks in conservation efforts that need to be addressed at
household and district levels. The local and central government have the mandate to make
policles.and intervene through agencies such as extension staff. However, their contribution is
lacking.

7. The author has advanced recommendations in this Chapter (section 8. §). Important to note,
however, Is the need for a holistic approach when tackling soll degradation problem while also
considering the various constraints experienced at household or community level as stipulated in
this thesis. The challenging issue is that of coping with the natural climatic uncertainties
considering the limited resources in such a rurai setting.

8.4 AINDINGS REVEVANT TO PREVIOUS WORK ON SOIL DEGRADATION

* Resource Users (farmers and pastoralists) are generally reasonably aware of and
perceptive of the soil processes and soll degradation problem in the central drylands of
Uganda

* Gully erosion development is highly influenced by human activities as reflected by the
linear pattemns foliowing cattle tracks and human paths .

Unresolved but interesting issues revealed by this research that needs further investigations:

« ‘Transformation’ of ferraisol soil type to plinthic ferralsol soils as a result of truncation of
top soli horizons.
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e Perceptions of soll degradation problem are significantly influenced by Ieng’rh of time of
setliement and household income.

 Rainfall amount Is strongly related to runoff and soll loss as shown by thisishdy. 'H'cwever,
there is need to investigate the effect of rainfall amount and in'rensl_iy including the
temporal and spatial rainfall pattern.

o intensive sheet wash has ied to exposure of boulders and concre'fe Fonstones. The
effects of these bouiders/concretions In terms of controlling further degrmcﬂon and /or
accelerating it are not clearly known at least In this environment. -

o Termites are part of the grazers in this ecosystem and their role In nuliem‘ cycling Is
widely reported in the literature. However, there are imbalances probcbly enhanced by
climatic changes and compounded by other grazing herbivores leading to s'rripping of
the vegetation. The role of termites in this regard needs to be clearly understood. The
author does recognize the difficulties, however, of the very thin line separating the
effects of termites and other grazers in the wild setting.

8.5 RECOMMENDATIONS AND WAY FORWARD

This study has shed light on certain aspects of soil degradation problem and based on these some
recommendations are advanced.

There Is urgent need to tackle the soil degradation problem especially on grazing lands fo avoid
further deterioration. The observed intensive sheet erosion, developing rliis and Incipient gullies are a
clear manifestation of a serious problem that may worsen in the near future. While recognising the
biophysical and socio-economic dimenslons of soil degradation as revealed in this study, the author
feels that a holistic conservation approach should be more appropriate. The study pinpoints
‘hotspot’ areas where priority could be focused by the iocal authority in the immediate future.

Livestock tracks and human paths are recognised major contributors of rill and gully erosion
particularly on grazing lands. The solution to this problem is not straightforward. However, one
possibility is to establish more watering points to avoid long tracks/paths and In confining stock
movement to existing watering points, along particular areas while avoiding as much as possible
the movement up or down siope. There are, however, constraints to conservation. The herders
need extemal assistance to be able to bulld more Wo‘teﬁng points; this could be in form of soft
loans from the government or private scheme. The other altermnative In this respect could be in
terms of subsidies on the required construction materiais.
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Degrodcﬂ'lon Is accelerated by low infiltration rates of the solls hence high runoff amounts. SWC
techniques particulady water harvesting technologies are very important in controlling excessive
runoff and using the harvested water to support plant growth especially considering the frequent
droughts and the prolonged dry season (2-5 months) in the study area.

SWC campaigns in this drylands should emphasise management of plant cover. Plant cover is an
important factor for enhancing infiltration hence reduction of surface runoff. Observations of
intensive erosion on bare soils under tree cover on the grazing lands, is clear evidence of the need
to maintain odequcté basal cover e.g. through replanting good quality grass and other palatable
shade tolerant plant species. Identification and promotion of nitrogen fidng local plant species
(e.g. Acacia Senegal) is very important in restoring the fertility of the degraded solls and providing
cover among other uses. - » :

Knowing and percelving soll changes and degradation problem Is not sufficient o guarantee high
adoption of SWC practices by the affected land users. As well there is a need to understand other
controls for successful Implementation of the conservation campaigns. Greater participation in soll
erosion control will also be realised if land use, solls and natural resource policies are improved and
made known to the local persons. Mobllisation and empowerment of the local people should be
addressed to strengthen their capacity In soll degradation control.

In the final andlysis, as hypothesised, soil degradation Is a problem in the Nakasongola distict,
which has probably increased In recent decades due fo land use/cover changes coupled with
poor land husbandry and drought effects. There is temporal and spatial variation in terms of extent,
magnitude and impacts of the problem. This study has explored the various forms and magnitude
of soil degradation including limited aspects of soclo-economic and ecological impacts. The
magnitude of the problem particularly under cropland use/cover and the underlying factors
constraining wide adoption of conservation practices in this area need further investigation. The
pattems and severity of erratic rainstorms including characterisation of susceptible environments

require further investigations and monitoring. Economic impacts of soll degradation need to be
further explored at. household and catchment levels.
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Appendix 1

Glossary of local terminologies and acronyms

The local terminologies are in a mixture of languages commonly spoken in the Nakasongola

district. These include Luruli and luganda/runyakole/runyarwanda (lularo) languages. These

terminologies provide insights in understanding the local peoples knowledge of their

environment in general and scil degradation in particular.

Local terminology

Ebihazo

Ebihandagazi

Ebihalamata

Entandikwa
Kibanja
Mularo

Mailo

Kibanja

Acronyms
FAO
GLASOD
GOU
IGAD
IUCN

LC
MAAIF
MPED
NAADS
NEAP
NEMA
PEAP
PMA
SWC
UNCCD
UNCED
UNEP

Direct English translation

Gullies

Cattle tracks

Bare soil patches

Loan for boosting or setting off a business

Land occupied by a squatter

One who takes care and rears livestock

A luganda word, which is a product of the Uganda agreement
of 1900 denoting a form of absolute ownership and is applied
to the land, so held, irespective of the area and method of
acquisition

An inheritable interest, being a small residential and cultivation

" tenancy, usudlly though not exclusively on mailo land (West,

1972). The plural is bibanja.

Food and Agricultural Organisation

Global land and soil degradation assessment
Government of Uganda

Intergovernmental Authority on Development
International World Conservation Union

Local council

Ministry of Agriculture, Animal and Fisheries

Ministry of Planning and Economic Development
National Agricultural Advisory Staff

National Environmental Action Plan

National Environmental Management Authority

Poverty Eradication and Alleviation Programme

Plan for Modernisation of Agriculture

Soil water conservation

United Nations Convention for Combating Desertification
United Nations Conference on Environment and development

United Nations Environmental Program
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Appendix 2 Erosion plot design and collection system

>
Upper slope barrier 4 m wide (Iron sheet) A
15m
0.5m
€ e = >
v
Gerlach trou
Collection Pipe
Collection tank (100 1) —-)O
Second collection ~— h
N ——
Erosion plot design and collection system
0.5m
N
Plot bbunded ‘by
sheet
2m
v
Trough
Collection Pipe
Collection tank (201) —>

Simulation plot design and collection system

The troughs were designed by the researcher and fobriéofed by FAB metal workshop from
locally available material.
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Appendix 3 Details of soil characterisation at the study sites

Site 1. Migera unit 17

0-25 cm: Red (2.5YR4/6), dry dark red (25YR3/4) moist; sand clay; coarse medium sub-angular blocky; hard, friable, stick and plastic; few fine and
coarse roots; many fine and medium tubular pores; manganese coatings on peds; diffuse smooth boundary

2-90cm: Red (2.5YR4/6) dry, dark red (2.5YR 3/6) clay loam; weak medium sub-angular blocky tending to powdery:; friable; sticky and plastic; few
fine and many coarse roots; many fine pores; occasional krotovinas; manganese coatings on the peds; granular smooth boundary.

90cm +: Red (.5YR 4/6 moist; clay; moderate medium sub-angular blocky friable soft; sticky and plastic; few fine roots; few fine pores; thin patchy
clay skin peds; more than 0% quarizite and ironstones; horizon continues.

Site 2. Migera unit 12

0-30 Red (2.5YR 4/6) dry; red (10 R4/6) moist; clay; strong medium sub-angular blocky:; hard; sticky and plastic; few fine and medium roots; many
pores; abundant animal borings; diffuse parallel boundary

30-50 cm: Dark red (2.5YR 376} dry; red (10 R4/6) moist; clay, moderate coarse sub-angular blocky; firm; sticky and plastic; few fine roots, many fine
pores; thin patchy clay skins; diffuse parallel boundary

50-110 cm: Red (10 R 4/6) dry, red (2.5Yr 4/6) moist: clay; weak sub-angular blocky; friable; sticky and plastic; many medium and coarse roots;
common fine roots; abundant animal borings diffuse parallel boundary

110 cm +: More than 90% fine ironstones and quartzite.

Site 3. Migera unit Lp1

0-16 cm: Red (2.5YR 3/6) dry, darkish brown (2.5 YR 3/4) moist clay loam; sfrong medium sub-angular blocky; hard; sticky and plastic; many fine
roots; many fine and medium pores; many termite nests and channels; occasional krotovinas; diffuse parallel boundary.

16-50 cm: Red (2.5 YR 4/6) moist; clay weak fine sub-angular blocky friable; sticky and plastic; abundant fine and medium roots; many fine pores;
occasional termite nests and diffuse parallel boundary.
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50-130 cm: Dark red (2.5YR 3/6) mist; clay; weak medium and sub-angular blocky tending to structureless, massive, sticky and plastic; many fine
and medium roots; few fine pores; many fine pores; many termite nests; horizon continues.

Site 4. Migera unit Lp2
This profile is located at the break of the slope; very open canopy woodiand with short trees covering about 40% of surface; shrubs up o S m
covering about 10% of surface, tufted grass underneath up to 1 m tall. Soil is a thin pebbly venier about 18 cm thick. About 50% ironstone; ironstone

boulders are predominantly limonite and manganese.

0-15 cm: Dark reddish brown (2.5 YR 3/4) gravely sandy clay (more than 50% iron stone) weak fine sub-angular blocky; sticky and plastfic, abundant
fine medium and coarse roots; many fine and medium roots; many fine and coarse pores; many termite nest; clear parallel boundary.

15 cm: More than 80% ironstones
Site 5: Migera unit BP5

Profile located at the bottom of an upper subsidiary valley near a local water tank; vegetation consists of very fine open medium height frees,
dominated by acacia trees with shrubs up to 5 m; grass cover sparse dominated by Brachiria spp. Area floods during the wet seasons.

0-40 cm: Very dark grey (7.5 YR 3/0) moist; clay; strong medium sub-angular blocky; very firm; sticky and plastic; many fine medium and coarse
roots; many fine and medium pores; many termite tunnels; occasional krotovinas; many vertical crack upto 1 mlong; clear parallel boundary.

40-80 cm: Black (SYR 2/1) moist; clay, many indistinct dark re (2.5YR 3/8), mottles along cracks, strong coarse sub-angular blocky; firm, soft; sticky
and plastic; few fine roots (most roots dead); many fine and coarse pores; cracks up to 2.5 cm wide, horizon continues.

Site 6: Migera unit BP1

0-16 cm: red (10 R 4/6) dry, dark red (10 R 3/6) moist clay; moderate medium sub-angular blocky:; soft, friable, sticky and plastic, fine and medium
roots, many fine and medium roots, occasional termite nests; diffuse paraliel boundary

16-55 cm: Red (10YR 4/6) dry, dark red {10 R 3/6) moist, clay, weak fine sub-angular, blocky tending to structureless; friable, soft, sticky and plastic,
few fine roots, many fine and medium pores, clear parallel boundary

55 cm: More than 50% ironstone.
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Site 7. Migera unit BP2

Almost flat surface, more than 98% bare but deep profile

0-20 cm: Weak red (10 R 4/4) dry, dusk red (10 R /4) moist, clay strong coarse sub- angular blocky; hard, firm, sticky and plastic, few fine medium
roots; many fine tubular pores; diffuse parallel boundary.

20-40 cm: Dark red (10 R 3/6) dry, dark red (10 R 3 /4) moist, clay moderate medium sub angular blocky, hard, firm, sticky and plastic, very few fine
medium and coarse roots; very few fine and medium pores; occasional termite nests and animal borings; parallel boundary.

40-150 cm: Dark red (10 R 3/6) moaist, clay weak, sub-angular blocky, friable; sticky and plastic- horizon confinues.

Physical and chemical properties of soil for different pits

Upper slope position (Degraded site at lubega):

Depth pH OM N P S C Si
3DEST (L1PIT) 0-25 4 185 0.03 656 48 44 08
3DES2 (L1PIT) 2590 43 159 003 82 36 52 1.2
3DES22 (L2PIT) >90 43 133 0.1 595 4 52 08
Mid slope position (Less degraded site at lubega):
Depth pH OoM N P S C Si
LES4 (L2PIT) ' 0-30 44 219 013 736 34 54 12
LESS (L2PIT) 30-50 49 1.76 0.13 812 3.2 6 08
LES6 (L2PIT) 50-110 53 082 03 59 28 6 12
Mid slope position (highly degraded site at Bizibitukula):
Depth pH OM N P S C Si
DES (B2PIT) 0-20 3.7 26 007 3 375 569 546
3IDES (B2PIT) 20-40 3.7 22 013 1.5 19.5 689 11.6
DES (B2PIT) 40-150 3.8 14 005 2 235 689 7.6
Upper slope position 2 at lubegaq)
Depth pH OM N P S C Si
LES7 (L12PIT) 0-16 4.6 3.1 008 3 375 529 946
LES (L12PIT) 16-50 4.5 26 015 1 27,5 629 9.6
LES (L12PIT) 50-130 4.5 1.1 005 2 255 669 7.6
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Upper slope position at Bizibitukula

;'LES (BIPIT)
LES (BIPIT)

Valley bottom position at Bizibitukula

IIUESPITX
UESPITX

Depth
0-16
16-55

Depth
0-15
15+
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OM
2.5
1.8

OM
4.4
2.7

N
0.03
0.33

0.18
0.08

P
2.5

3.5

S
27.5
29.5

45.5
37.5

C
64.9
64.9

44.9
52.9

Si
7.6
5.6

Si
9.6
9.6



Appendix 4. Soil physical and chemical analysis for Nakasongola
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Appendix 4. Soil physical and chemical analysis for Nokasongola

b LES6 {L2PIT) I 2 so110f53 ez b3 lsebk3e D4s 2 B8 w0 12 [clay
LES7qLIzPm 16 4e B po8 B 558 045 4 P75 529 Pé  [Clay
2 LES (L12PIT) ) t 1650 45 P& P15 PB19 045 47 R75 1429 P66  [Cloy
2 LES [L1ZPM |1 [ 50-1304.5 11 posp 16 078 35 P55 469 Fe  [Cloy
3 __Dbesezpm P 920 b7 pe o7 BB 39 056 128 P75 569 5.6  [Clay
DES (B2PM) | D 040 37 P2 PI3 15k 05658 (195 1489 1.6 [Clay
3 DES (B2PIT) | 2 4015038 14 posp 1.6 067 186 P35 K89 76 Cloy
7 LES (BIPM) | | 016 K1 RP5 P03 25558 D45 BS P/5 k49 /6  [Clay
2 LesglPm N 1 hes5 41 e p33p Rre 0343 b5 k49 5e [Clay
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Physical and chemical analysis of Buruli soils (Solls memoirs, 1960} | | | | | 4 e I
Burull red deep Proflle 26 (19642-47) i :
Depih ins Mech analysis Exch. Boses meper100g| | [ExchH 'E_Jg._f;mn_'!;g_ﬁ:ui pH |OC %Truog P ppm
e, = Clay [Ca Mg K Mn  [Na
3 4 12 07 . 06 [ <08 |0221 0 | 32 47 | 822 |47]096 16
8 o 27 <04 | =03 019 |005] 0 | 3.5 37 1 64 |410.56 14
18 = 4 30 Tr <03 | 015 |006] 0 | 37 39 | 54 [41]0329 11
B 36 2 40 9 03| 03 (008 0| 34 | 38 | 96 [43]0.14 14
! 50 b 36 ' <04 | <03 | 024 007/ 0! 35 38 | 81 '43| 02 23
: 72 2 48 i <04 | <03 |06 ‘0080 ; 43 | 45 | 53 4101/ 14
| R I, o) ISR o T I e L j
Buruli Ferruginised (Profile 27 (19734-39) i
e O 2 22 1.8 06 | 02 [018] 0| 25 53 | 527 |53 067 7
B b i 30 1 <03 [ 012 |0.19 - 0 | 35 48 1272 46| 0.7 2
18 10 42 0.5 ;<03 - <08 [007| 0| 48 54 [104|4.6|053 2
28 T 40 N.D ND | ND [ND| O | ND ND | ND IND| ND ND
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48+ 0 46 <0.4 <0.3 [ 0.0? [003]| O ND ND ND |ND | ND ND

Average soil characteristics of topsoli (0-20cm) for flelds under fallow in the Nakasongola district

Years of fallow H om N P K Ca INa |Sand [Clay Silt  [Text Class

0-2 5 2.3 3 1.6)  12.5 33.5] 2.5 66 25.1 8.9ISCL

3-5 N 5.1 2.6 S 2.4 14 36/ 2.9 67.4 24.21 8.45CL

6-10 { 5.2 2.2 3 1.8 13.0] 16.6] 2.7 7.6 138 8.6{S5L

11-20 ' 5 2.3 4 1.50 11.5 29.6] 2.2 69.5 20.8) 9.7I5CL

21-30 S 2.4 S 3.5 11.4 30.59 2.1 69.8 20.2 10iSL

Source : Ssali H. 2001

Soil physical an chemical characteristics for the crop lands in the Nakasongola district (Machum village)

Sample no Depth {cm) pH om N P K Ca |Na Ma Sand |Clay| Silt [Text Class
23680-10 6.3 091 0.077 0.98 0.71] 1.6 0.06 0.52 82 12 6|S
2369(0-10 5.2 1.48] 0.07] 1.67] 0.61} 1.6 0.05 0.65 68| 28 4/SC
2371]10-20 5.3 1.48 0.1] 256 087 1.5 0.08 0.65 68| 26 2S¢
2370[20-30 5.3 2.8, 0.13] 3.26] 1.38 1.5 0.15 0.65 54| 38 8ISCL
2365]10-20 4.6 1.81 0.1 219 0921 0.4 0.09 0.33 S0 46 4)SC
2366/0-10 S.1 1.23 0.03 1.3 0.51] 1.4 0.04 0.83 56 38 4SC
236710-10 6.2 1.15 0.07] 1.58] 0.77] 1.4 0.06 0.55 84 12 4)S

Note:

UED = non-eroded/degraded surface/area
LES = the less or moderately degraded area
DES = the seriously degraded area
B2PIT = the soil profile pit close the plot B2
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Appendix § Location of villages sampled for questionnaire/interviews in Nakasongola district
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Villages sampled for the questionnalre/interviews In the Nakasongola district
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Appendix 6. QUESTIONNAIRE SURVEY ON SOIL DEGRADATION
Target group: Householders

Dear Respondent,

This questionnaire survey is aimed at collecting information related to soil degradation in
selected areas in the district of Nakasongola. The data collected is purely for academic purpose
that is, fulfilment of degree requirements at the University of Cape Town, South Africa. However,
the information generated will also be useful to policy makers and other stakeholders. The data
collected will be treated with utmost confidence unless permission is explicitly requested and
granted.

Please express your own opinion by writing and/or ticking a suifable choice(s) where required.
Your assistance is highly appreciated and will be reflected in the final report.

Questionnaireno. 0 --eeee-

A. General household information

HO1. Location [village Sub county
HO2. Status of respondent; head of household [1] Yes [2] No (Specify)
HO3. Level of formal education [1] Primary [2] Secondary {3] Tertiary {4] other
HO4. Age [1] 18- 25 [2] 25-35 [3] 35-40 [4] 45-55 [5] >55 and sex [1] Male [2] Female

HOS. Length of time stayed in the place [1] <5, [2] 5 to 10[3] 10 to 15 [4] 15 to 20 [5] >20 years
HO6. Number of members in the household-—--—Adults -—Children--—--

HO6a. Do all the children contribute to farm labour

‘HO7. Amount of land owned ————-(ha) [crops----——————Livestock- '

HO08. Form of land ownership [1] hired [2] communal [3] Leasehold [4] Other (specify)——--
HO9. Main source(s) of household income [1] Trading [2] Farming [3] Fishing [4] Brewing [5] Civil

servants [6] others (mention)—-

H10. Are there some special skills you have? [1] Brick making {2] Charcoal burning [3] Timber
harvesting

H11. Income level of household per month (Ug. Shs)[1]<1000 [2] 1000-5,000 [3] 5.000-10,000 [4]
10,000-20,000, [5] >20,000

B. Soil degradation awareness; types, causes and status

Awareness of soil & degradation processes

DO1. Do you have any constraints to use of your soils for agricultural purposes [1] Yes [2] No
if Yes specify

If No Why?
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DO2. If soil degradation is cited as a problem in DO1, indicate whether any of the following
evidence exists on your farmland by ticking in the appropriate space (rank in order of
importance from 1= most important to 5= least important)

Type YES NO Rank

Sheet wash

Rills

Gullies

Exposed subsoil
Compaction
Crusting

Fertility loss
Others (specify)

D03. When did you recognise this problem on your land {11 Can not recall [2] 1-3 years ago
[3] 4-5 years ago [5]1 > 10 years ago
DO4. What causes these soil (degradation) problems on your farmland?
DO0S. Does Wind cause a problem to the soils [1] Yes [2] No
If Yes how?
If No Why?

Severity of degradation problem

DOé. Rate the seriousness (severity) of soil erosion and give reason(s) for your rating

Erosion type Degree : Reason(s)
Very Low Moderate | High
‘low

Water erosion

Wind erosion
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DO07. How do you rate the contribution of the following to soil degradation in the area?

Activity Rate

Not significant Significant Very significant

Charcoal burning

Fire wood
collection

Paths & tracks

Brick making

Fishing

D08. Have you noticed any change in the qudlity and productivity of the soil2 {1} Yes [2] No
If Yes describe
If No why?

D09 What do you think caused change in the soil quality in D082

D09%a. Where on your land is this most critical [1 ] valley land [2 ] sloping land (3 ] Hill tops--

D10. How serious is this problem (in D0O8) [11 Not aware [2] Not serious [3] Serious [4]
moderately serious [5] Very serious

C. Cropping systems in relation to soil degradation

Answer questions CO1 to CO06 if you are involved in crop farming

CO1. Rank according to importance (1 = very important-- to 6 = least important) the types of
crops grown [] maize [] millet [] banana [ ] cassava [ ] sunflower [ ] Others (mention)——————
CO02. Have you changed to growing any new crop(s) in the last two seasons?

If YES which ones and why?
If NO why?

C03. Do you practice intercropping? If yes give reasons

If no go to the next question C04.
C04. What are your most important problems concerning crop farming? Rank in order of
importance (1= most important-— to 5§ = least important) the problems affecting crop farming []

poor market [] disease and pests [ ] loss of soil nutrients [ ] soil water deficit [ ] Other (mention)—-

CO05 In what ways is soil degradation a threat to crop farming

CO04. What have you done to address these soil problems on your cropland?
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D. livestock management & its effect on soil degradation

LO1. Rank in order of importance to you the type of livestock kept [ ] cattle [ ] goats [ ] sheep [
] other (specify)———-——--
L02. Number of each category of livestock; cattle (—-—), goats (——-), sheep (- & other (—-)
LO3. How do you graze the animals in this area [1] confinuous grazing (free range) [2] rotational
grazing on farm [3] mixed grazing [4] tethering [5] seasonal grazing [6] Other (specify)-—-—————
LO4. Do you think the method you use causes soil problem [1] Yes [2] No
If Yes how?e
If No Why

LOS. Mention the major problems faced in livestock management and rank them in order of
importance

LOS. How is livestock affected by soil degradation?

LO7. Mention any attempts made on your grazing land to conftrol the various forms of soil erosion
and degradation (fill the answers in the Table below)

Type Control measure(s)

Sheet erosion

Rill erosion

Gully erosion

Crusting

Compaction

Loss of nutrients

Loss of organic

matter

E. Soil and land management practices

MO1. Do you apply any of the following practices on your cropland? _
PRACTICE YES NO WHERE APPLIED ON FARM
Manure
Mulch

Inorganic fertiliser

Grass bunds

Agro forestry
Ditches/micro basins
Others——
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MO2. If nothing is applied what is/are the main reasons among the following [1] lack of labour [2]
high labour costs [3] not aware of their importance [4] methods are cumbersome [5] other
(specify)————-—

MO03. How did you acquire these conservation practices/knowledge

MO04. How effective are management methods (in M01) in controlling erosion on your land

Conservation method Not Effective Effective Moderately | Very effective

effective

o Grass bunds

+ Ditches

* Mulch

e Agro-forestry

o Other (specify)--—--

MO5. Which of the following land management practices do you use and why?

METHOD YES NO BENEFITS COSTS

Grass bunds
Agro forestry
Slash & burn
Burn
Terraces
Ploughing

Other(s)
specify—

MO06. Who in your family makes decisions on conservation practices applied?

M06a Who in the family is responsible for the field establishment and maintenance of
Soil Water Conservation structures if any?

MO06b Why the person in M06a?

MO7 Do you have any extension staff2 [1] Yes [2] No

7a. If yes, is it government or non-government

MO8 Rate the assistance related to soit management that is received from the extension staff [ ]

Very little []little [] Adequate [ ] More than adequate
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M8a What assistance does the extension staffs give you?

MO09. How can the government assist you better in solving soil degradation related problems-——

Additional questions asked if there is time

1. Do you think you should leave this place because of your degraded land (soil problems) [1]
Yes [2] No

If yes Why? e ———

Thank you
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Appendix 7: QUESTIONNAIRE SURVEY ON SOIL DEGRADATION IN NAKASONGOLA
Target group: Local officials and resource managers

Dear Respondent

This questionnaire survey is aimed at collecting information related to soil
degradation in selected areas in the district of Nakasongola. The data collected is
purely for academic purpose, that is fulfilment of degree requirements at the
University of Cape Town, South Africa. However, the information generated may also
be useful to policy makers and other stakeholders. The data collected will be
treated with utmost confidence.

You have been identified as a very resourceful person in contributing to this
research. Please feel free to express your ideas by writing and or ticking the correct
choice(s] where required. Your assistance is highly appreciated and will be reflected
in the final report.

Questionngireno. @ ---ee-e

A. General information

GO1. Department & designation

G02. Level of formal education [1] Primary [2] Secondary [3] Tertiary [4] other

G3. Age-—— and sex [1] Male [2] Femadle

B. Soil degradation problem
Types and causes
DO1. Is there a problem(s) with soils in the district [1] Yes [2] No

If No Why?
If Yes what?

Continue with questions below (if YES)

D02. If soit degradation is a problem in the district, Why?¢

D03. Type of soil degradation observed in the district (Rank in order of importance
1= very importani--4= least important) [ ] water erosion, [ ] wind erosion, [}

-chemical deterioration [ } compdcﬁon and crusting
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DO04. How do you rate the contribution of the following to soil degradation in the
district

Activity Sub Rate

county | Not Significant | Very Don't
significant significant | know

Charcodadl burning

Fire wood

collection

Paths & tracks

DO05. In general how do you rank the severity of soil degradation problem in the
district [1] Not severe [2] moderately severe [3] severe  [4] Very severe
D06. What type of water erosion are observed [1] sheet erosion [2] rill erosion {3]

gully erosion [4] other (specify)

DO07. How do you compare the present soil erosion rate with that in the past (e.g. 2
to 10 years) for the entire district  [1] Very severe [2] Severe [3] moderately
severe [4] Not severe [6] Don't know

Affected areas in the district

DO08. List the most affected areas in the district

D09. Why do you think these areas (in D03) are seriously affected by soil
fel=Te fole ol o] g KT nbLLil

D10. What do you think are the causes of water erosion in various sub counties of

the district (Rank causes in order of decreasing importance).




SUBCOUNTY CAUSES
(a)

(b)

D11. What do you think are the reasons for the occumrence of wind erosion (Rank in

order of importance 1= very important---5= least important)

SUBCOUNTY CAUSES
(a)

(b)

(d)

(e)

D12. Rate the degree (intensity) of soil erosion and give reason(s) for your choice

Type Sub county Degree Reason(s)

Very low | Low | Moderat | High

e

Water

erosion
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wind

erosion

D13. What type of chemical degradation is observed in the district [1] Increased
acidity [2] Decline in plant nutrients [3] Other specify———-—-—--———--

D13a. In which place(s) is this most critical

D14 What causes chemical soil degradation in the areas noted in the district

D15. How serious is the problem of chemical degradation in the district

C. Soil degradation effects & Management

MO1. Is soil degradation a serious constraint to agricultural production in the district
[1] YES [2] NO

If YES, Why?¢
If NO Why?

MO2 In general How do you rate the effect of soil degradation on agriculture in the

district [1] Very significant [2] Significant [3] Not significant [4] Don't know
MO03. Mention any other effects of soil degradation in the district [1] Siltation of water
sources e.g. valley dams [2] Desertification [3] Poverty [4] Other (specify)

MO04. How have you tackled soil degradation problems in the district

(M04a) Comment of the performance of the actions taken to solve the

problems above

MO5 What should have been done to address soil degradation problems in the
district

MO0é6. What constraints do your office experience in tackling this problem --<««--c-=---

Thank you
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Appendix 8: QUESTIONNAIRE SURVEY ON SOIL DEGRADATION

Dear Respondent

This questionnaire survey is aimed at collecting information related to soil
degradation in selected areas in the district of Nakasongola. The data collected is
purely for academic purposes. That is fulfilment of degree requirements at the
University of Cape Town, South Africa. However, the information generated may also
be useful to policy makers and other stakeholders. The data collected will be
freated with utmost confidentiality unless otherwise as expressed by respondents.

You have been identified as a very resourceful person in coniributing to this
research. Please feel free to express your ideas by writing and or ticking the correct
choice(s] where required. Your assistance is highly appreciated and will be reflected
in the final report.

Questionnaire no. @ --eeee-

A. General information

GO1. Department & designation

G02. Level of formal education of respondent [1] Primary [2] Secondary [3] Tertiary
(4] other——-

G3. Age-——— and sex of respondent [1] Male [2] Female

B. Soil degradation problem

DO1. Do you think soil degradation is a problem in Nakasongola district [1] Yes [2] NO
If YES continue with questions in this section

D02. In general how do you rank soil degradation problem in the district

DO3. List the most affected areas in the district

D04. Why do you think these areas (in D03) are seriously affected by soil
degradation

DOS. Type of soil degradation observed in the district (Rank in order of importance 1=
very important—4= least important) [ ] water erosion, [ ] wind erosion, [ ]
chemical deterioration [ ] compaction and crusting

D06. Type of water erosion observed ==«-«-ccmmemcmccm i mcncmrcccenee e

D07. What do you think are the causes of soil erosion in the area (Rank causes in
order of decreasing importance) [1] Don't know [2] Erosive rains [3] Sloping
land [4] Exposed sail [5] Over cultivated soils [6] Erosive wind [7] Overgrazing
[08] lack of sensitization [09] Other (specify)
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D08. What do you think are the reasons for the occurrence of wind erosion

D0?. In your view how do you compare the present soil erosion rate with that in the
past 3to 10 years [1] Very severe [2] Severe [3] moderately severe [4] Not
severe

D10. Rate the degree of soil erosion and give reason(s) for your rating

Erosion type Degree Reason(s)

Very | Llow Moderat | High

low e

Water erosion

Wind erosion

D11. How do you rate the contribution of the foliowing to soil degradation in the
district

Activity Rate

Not significant | Significant Very significant

Charcoal burning

Fire wood collection

Paths & tracks

D12. What type of chemical degradation is observed in the district [1] Increased

acidity {2] Decline in plant nutrients [3] Other specify——

D10a. In which place(s) is this most critical

D13 What causes chemical soil degradation in the areas noted in the district

D14. How do you rate the problem of chemical degradation in the district [1] Not

aware [2] serious [3] moderately serious [4] Very serious
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C. Soil degradation effects & Management

MO1. Is soil degradation a serious constraint to agricultural production in the district
[1] YES [2] NO
MO2. If Yes, how?

MO03 How do you rate the effect of soil degradation on agriculture [1] Very significant
[2] Significant [3] Not significant
MO04. How have you tackled soil degradation problem in the district

MO05. What should be done to address soil degradation problem in the aregq—-—-——-

MO06. What constraints are experienced by your office in tackling this problem ——-

Thank you
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Appendix ¢ Official letter to the district authority

30™ May 2002

The Chief Administrative Officer (CAO)
Nakasongola district,
Uganda

Dear Sir,
RE: SOIL DEGRADATION STUDIES IN NAKASONGOLA DISTRICT

| am lecturer at Geography department, Makerere University and a registered
student of the University of Cape Town in South Africa, undertaking research on
soil degradation in Nakasongola district.

| have selected the following sub counties in Naksongola district for data
collection using questionnaires/interviews to obtain the perceptions of the local
communities and authorities on soil degradation problems in the area:

* Nabiswera . Nakitoma

= Lwapanga . Wabinyonyi and

» Kakooge

The purpose of this letter is to inform you about the above studies and request
for your cooperation or any other assistance that will ensure the success of this
work. A report of this study will be made available for your access at the district
headquarters.

Yours faith fully

Bob Nakileza

c.c LC3 Nabiswera

c.c LC3 Nakitoma

c.c LC3 Lwapanga

c.c LC3 Wabinyonyi and
c.c LC3 Kakoge
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Appendix 10 input layers tor soil loss predichon in Nakasongola district
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The 1.8-lactors arc generally low since much of the land is subdued and with genile slopes.

3. K-factor
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P-factor- this was assumed to be a constant at a maximum value ol one. There are lew
conservation structures n place. Most of those in existence were inellective us
reported by the resource users. Thus the use of a maximum p-valuc 15 justified.
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Appendix 11 Gully erosion data and computations

1. Sample gully 1 Sebwato micro-catchment (gully length is 65 m, CA is 1300 m?)

Width at valley

width at lip {cm) bottom {cm) Depthincm
112 63 32
170 123 26
70 44 43.5
52 32 48
160 120 20
92 62 29
129 94 20
184 126 37.5
118 S0 42
89 54 32.5
158 69 24
140 74 27.3
120 60 27
88 45 41.5
50 20 22
100 67 11
50 37 29.5
120 74 7.5
86 24 16.5
178 30 18
115 50 43.5
Total 2381 1318 598.3
Mean 113.38 862.77 28.49
CA=1/2(Av WI1+Av W2)/2*D | 2509.200.7 6Metres
Gully length 65 m
Volume of soil lost 163097.801
Volume of soil loss Metres cubic per metres squared 0.02
Soil loss in t/ha over the entire catchment 125.46
Tributary gullies
43 26 17.5
30 26 17.5
36 26 17.5
64 26 17.5
Total 173 104 70
Mean 43.25 26 17.5
2. Sample gully 2
90 50 110
220 154 60
120 47 65.5
Total 430 251 235.50
Mean 143.33 83.67 78.50
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Gully erosion on the roadside (UWESO road)

Width 1{cm) Width 2 (cm) [ Depth (cm)
250 120 90
152 88 67.3
95 56 926
126 38 926
86 30 45
180 40 56.7
163 128 37.2
164 134 43.3
141 114 28
314 272 47
200 146 44
56 40 42
264 210 22.6
160 64 333
224 98 40.6
364 304 50.3
146 50 88
124 54 26
Total measurements 3209 1986 953.3
Mean 178.28 110.33 52.96
CA=1/2(Av Wi+Av W2)/2*D 7642.580.7 6Metres
Guily length 900 m
Volume of soil lost 687.83M cubic
Volume of soil loss metres cubic per metres squared 0.02
Soil loss in t/ha over the entire catchment 332.45
Bizibitikula gully erosion
Lower slope
165 72 19
126 104 26
125 70 33
142 105 19.5
296 116 55
350 262 52.7
272 176 33
Total 1476 905 238.2
Mean 210.86 129.29 34.03

Details of gully erosion according to slope position and slope segments
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Gully dimensions in Mr Sebwatos livestock farm (GPS location 36N0417073, UTM 0150055, Alt
1077 m)

1. Sample gully 1 | [
Width at valley
Midslope poslition Width at lip (cm) bottom (cm) Depth in cm

112 63 32
170 123 26
70 44 43.5
52 32 48
160 120 20
92 62 29
129 94 20
184 126 - 37.5
118 50 42
89 54 32.5
158 69 24
140 74 27.3
120 60 27
88 45 41.5
50 20 22

Total 1732 1036 472.3

Mean 115.47 69.07 31.4¢9

Upperslope
100 67 11
50 37 29.5

: 120 74 7.5
Total 270 178 48
iMean 90 59.33 16

Lower slope position

86 24 16.5
178 30 18
115 50 43.5
Total 379 104 78
Mean 126.33 34.67 26
Tributary gullies
43 26 17.5
30 26 17.5
36 26 17.5
64 26 17.5
Total 173 104 70
Mean 43.25 26 17.5
2. Sample gully 2
90 50 110
220 154 60
120 47 65.5
Total 430 251 235.5
Mean 143.33 83.67 78.50
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Gully erosion on the roadside (UWESO road)

Lower section J
250 120 90
152 88 67.3
95 56 96
126 38 96
86 30 45
180 40 56.7
Total 889 372 451
Mean 148.17 62 75.17
Midslope section
163 128 37.2
164 134 43.3
141 114 28
314 272 47
200 146 44
56 40 42
264 210 22.6
160 64 333
Total 1462 1108 297.4
Mean 182.75 138.5 37.18
Upper slope section
224 98 40.6
364 304 50.3
146 50 88
124 54 26
Total 858 506 204.9
Mean 214.50 126.50 51.30
Table 1 Bizibitikula gully erosion
Lower slope
165 72 19
126 104 26
125 70 33
142 105 19.5
Total 558 351 97.5
Mean 139.50 87.75 24.38
mid slope
296 116 55
350 262 52.7
272 176 33
Total 9218 554 140.7
Mean 306 184.67 46.90
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Gully dimensions in other areas of Nakasongola

Midslope at Kabojja GPS location: 36N0435601, UTM 0138783, Alt 1096 m

Width at bottom Depth (cm)
Width at tip (cm) (cm)
104 30 35
145 45 33
150 90 40
60 38 32
130 80 22
60 37 25
130 45 40
100 23 60
90 48 45
220 80 47
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Appendix 12. Runoff and soil loss data for the two years, 2001 and 2002

Rainfall Runoffloss Runoffin Soilloss Total Soill loss  Soil loss
Sample No Date {(mm) () mm _{a/h) {Ka) (t/ha)

B1S10601 020601 12.3 82.5 11 4.8 0.4 0.53
B1S10901 200901 16.6 100 13.33 12.1 1.21 1.61
B1S11001 071001 18.4 102.5 13.67 4.3 0.44 0.59
B1S20501 040501 12 76.75 10.23 26 0.20 0.27
B1520901 280901 154 102.5 13.67 1 0.10 0.14
B1521001 091001 6 10 1.33 7.1 0.071 0.09
B1S30501 080501 16 102.5 13.67 7.6 0.78 1.04
B1S30901 290901 15.2 102.5 13.67 9.7 0.99 1.32
B1S31001 201001 15.8 76.25 10.17 9.3 0.71 0.95
B1S41001 221001 16.4 100 13.33 10.9 1.09 1.45
B1S41101 211101 16 102.5 13.67 9.3 0.95 1.27
B1S51001 291001 14.8 50 6.67 2.4 0.12 0.16
B1S10402 010402 14.5 97.5 13 7.5 0.73 0.20
B1S10502 020502 30.2 183.75 24.5 8 1.47 1.96
B1S11102 061102 8.4 15 2 1.9 0.03 0.04
B1S20302 060302 15.9 92.5 12.33 4.4 0.41 0.54
B1520402 130402 9.5 48.75 6.5 2.1 0.10 0.14
B1S20602 280602 11.6 80 10.67 5 0.4 0.53
B1S21002 211002 31 192.5 25.67 2 0.39 0.51
B1530402 190402 15.5 112.5 15 4.9 0.55 0.74
B1S30502 060502 29.5 191.25 25.5 19.6 3.75 4.99
B1S31002 101002 15.7 111.25 14.83 27 030 0.40
B1S31102 011102 6.8 2.5 0.33 0 0
B1S40302 260302 27.8 192.5 25.67 7 1.35 1.79
B1S41002 231002 5.5 47.5 6.33 4 0.19 0.25
B1S41102 161102 25.7 167.5 22.33 4.7 0.79 1.05
B1540402 200402 27 182.5 24.33 4.2 0.77 1.02
B1S50402 230402 26.8 181.25 24.17 5.3 0.96 1.28
B1S40502 210502 28 190 2533 6.9 1.31 1.75
B1S60502 300502 11.4 77.5 10.33 0.9 0.07 0.09
B2S10701 280701 16.7 100 13.33 3 0.3 0.4
B2S10901 010901 15.3 0 0 0 0
B2S10901 200901 16.6 101.25 13.5 13.4 1.36 1.81
B2S11001 071001 18.4 100 13.33 14.8 1.48 1.97
B2S11101 011101 7.3 325 4.33 2 0.07 0.09
B2S20901 280901 15.4 97.5 13 8.3 0.81 1.08
B2S21001 091001 6 375 5 6.4 0.24 0.32
B2S21101 161101 19.2 102.5 13.67 10.7 1.09 1.46
B2S30501 080501 16 99 13.2 3 0.29 0.40
B2S30901 290901 15.2 100 13.33 114 1.14 1.52
B2S31001 201001 15.8 101.25 135 10.3 1.04 1.39
B2S31101 181101 9 32.5 4.33 2.4 0.08 0.10
B2S40501 140501 14.3 62.5 © 8.33 1 0.06 0.08
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Rainfall Runoffloss Runoffin Soilloss Total Soil loss  Soil loss
Sample No Date (mm) 0] mm (g/l) (Kg) (t/ha)

B2S541001 221001 16.4 98.75 13.17 7.9 0.78 1.04
B2S41101 211101 15.1 110 14.67 13.5 1.49 1.98
B2S51001 291001 14.8 100 13.33 13.2 1.32 1.76
B2510202 280202 5.5 12.5 1.67 0.1 0.00 0.00
B2510302 050302 15.6 95 12.67 1.5 0.14 "0.19
B2S10402 010402 14.5 92.5 12.33 1.6 0.15 0.20
B2S510502 010502 16.5 95 12.67 2.3 0.22 0.29
B2510502 020502 30.2 192.5 25.67 12.6 2.43 3.23
B2510702 110702 10.4 67.5 9 4 0.27 0.36
B2S11102 061102 8.4 41.25 5.5 2.3 0.09 0.13
B2S20302 060302 15.9 100 13.33 3.7 0.37 0.49
B2S520402 130402 9.5 40 5.33 2.3 0.09 0.12
B2520602 280602 11.6 75 10 3 0.23 0.30
B2S520702 140702 27.5 191.25 25.5 9 1.72 2.30
B2S21102 071102 10.3 71.25 9.5 7.8 0.56 0.74
B2S30302 100302 3.1 12.5 1.67 0.8 0.01 0.01
B2S30402 190402 15.5 100 13.33 0.9 0.09 0.12
B2S30502 060502 29.5 192.5 25.67 6.5 1.25 1.69 .
B2S30702 290702 14 95 12.67 4.8 0.46 0.61 .
B2531102 011102 6.8 5 0.67 0 0
B2S40302 260302 27.8 192.5 25.67 2.7 0.52 0.69
B2540402 200402 27 145 19.33 5.7 0.83 1.10
B2S40502 140502 25.8 165 .22 4 0.66 0.88
B2S541102 161102 25.7 166.25 22.17 7.4 1.23 1.64
B2S550402 230402 26.8 150 20 5 0.75 1
B2S51102 201102 8.6 25 3.33 2 0.05 0.07
B2S60502 210502 28 125 16.67 7.3 0.92 1.22
B2S70502 300502 11.4 77.5 10.33 2.5 0.19 0.26
B3510501 010501 15.9 95 12.67 6.6 0.63 0.84
B3S10701 290701 15.8 101.25 135 4.2 0.43 0.57
B3S10901 200901 16.6 100 13.33 9.8 0.98 1.31
B3S11101 011101 7.3 10 1.33 1.4 0.01 0.02
B3520501 040501 12 88.75 11.83 6 0.53 0.71
B3S20901 280901 15.4 100 13.33 6.9 0.69 0.92
B3S21101 161101 19.2 129.5 17.27 14.1 1.83 243
B3S30501 080501 16 102.5 13.67 8 0.82 1.09
B3S30901 290901 15.2 97.5 13 9.6 0.94 1.25
B3S31101 181101 9 37.5 5 5 0.19 0.25
B3S40501 140501 14.3 102.5 13.67 13.4 1.37 1.83
B3541101 211101 15.1 107.5 14.33 11.9 1.28 1.71
B3S10202 280202 5.5 7.5 1 1 0.01 0.01
B3S10302 050302 15.6 97.5 13 4.2 0.41 0.55
B3S10402 010402 14.5 90 12 2.7 0.24 0.32
B3S10502 010502 16.5 92.5 12.33 2.8 0.26 0.35
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Rainfall Runoffloss Runoff in Soilloss Total Soil loss  Soil loss
Sample No Date {mm) ) mm (a/h) (Kg) (t/ha)

B3S10502 020502 30.2 181.25 24.17 5.6 1.015 1.35
B3S10702 110702 10.4 55 7.33 7.5 0.41 0.55
B3S11102 061102 8.4 23.75 3.17 3.6 0.09 0.11
B3S20302 060302 15.9 105 14 3.4 0.38 0.48
B3S520402 130402 9.5 42.5 5.67 3.5 0.19 0.20
B3S20602 280602 11.6 87.5 11.67 5 0.44 0.58
B3S520702 140702 275 192.5 25.67 58 112 1.49
B3S21102 071102 10.3 65 8.67 1.2 0.09 0.10
B3S30302 100302 3.1 10 1.33 0 0 0

B3S30402 190402 15.5 107.5 14.33 5.1 0.55 0.73
B3S30502 . 060502 29.5 170 22,67 3.6 0.61 0.82
B3S30702 290702 14 92.5 12.33 5 0.46 0.62
B3S31102 131102 9 2.5 0.33 0 0 0

B3S40302 260302 27.8 192.5 25.67 3.1 0.60 0.80
B3S40402 200402 27 165 22 2.5 0.41 0.55
B3S40502 140502 25.8 185 24.67 2.8 0.52 0.69
B3S41102 161102 25.7 170 22.67 6.9 1.17 1.56
B3S50402 230402 26.8 170 22.67 5.6 0.95 1.27
B3S51102 201102 8.6 40 5.33 0.2 0.01 0.01
B3S560402 280402 6.4 42.5 5.67 1.1 0.05 0.06
B3S60502 210502 28 192.5 25.67 6.5 1.25 1.69
B3S70502 300502 11.4 73.75 9.83 1.7 0.13 0.17
B4S10901 200901 16.6 102.5 13.67 0.5 0.05 0.07
B4S11101 011101 7.3 6.25 0.83 0.1 0.00 0.00
B4S20901 280901 15.4 98.75 13.17 3 0.30 0.40
B4S21101 161101 19.2 82.5 11 6.1 0.50 0.67
B4S30901 290901 15.2 2.5 0.33 0.7 0.00 0.00
B4S31101 181101 9 6.25 0.83 0.2 0.00 0.00
B4S41101 211101 15.1 82.5 11 3.9 0.32 0.43
B4S10402 010402 14.5 93.75 12.5 2 0.19 0.25
B4510502 010502 16.5 77.5 10.33 0.8 0.06 0.08
B4510502 020502 30.2 90 12 1.9 0.17 0.23
B4S520302 060302 15.9 102.5 13.67 2.4 0.25 0.33
B4S21102 071102 10.3 47.5 6.33 14 0.07 0.09
B4530402 190402 15.5 30 4 1.5 0.05 0.06
B4S30502 060502 29.5 52.5 7 1.8 0.10 0.13
B4S31102 131102 9 7.5 1 0 0 0

B4S40302 260302 27.8 130 17.33 1.9 0.25 0.33
B4S40402 200402 27 102.5 13.67 1.7 0.17 0.23
B4340502 140502 25.8 110 14.67 2 0.22 0.29
B4S41102 161102 25.7 127.5 17 4.9 0.62 0.83
B4S50402 230402 26.8 157.5 21 2 0.32 0.42
B4S51102 201102 8.6 5 0.67 0.1 0.00 0.00
B4S560502 210502 28 123.75 16.5 1.4 0.17 0.23
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Rainfall Runoff loss Runoff in Soil loss Total Soil loss  Soll loss

Sample No Date (mm) OB mm (g/) (Kg) (t/ha)
L1S10501 010501 15.9 91.25 12.17 9.4 0.86 1.14
1510601 020601 14.7 100 13.33 5.6 0.56 0.75
L1810801 908016.5 22.5 3 1.4 0.03 0.04
L1S11001 071001 16.9 97.5 13 10.5 1.02 1.37
1.1S20501 040501 11 70 9.33 0 0
L1S20601 080601 15 96.25 12.83 1.2 0.12 0.15
L1S20801 110801 14.4 75 10 4.8 0.36 0.48
1.1S20901 040901 16 100 13.33 13.3 1.33 1.77
L1S21001 091001 5.4 0 0 0 0
L1S21101 161101 19.2 102.5 13.67 17.8 1.82 2.43
11530501 080501 14.3 90 12 7.6 0.68 0.91
L1830801 170801 13.6 71.25 9.5 5.2 0.37 0.49
L1S30801 270801 15 82.5 11 7.8 0.64 0.86
11830901 200901 14.8 75 10 11.4 0.86 1.14
L1831001 201001 15.8 102.5 13.67 0 0
L1S31101 181101 13.3 75 10 1 0.08 0.1
L 1540501 100501 14.8 95 12.67 9.6 0.91 1.22
L1S40801 300801 15.8 95 12.67 3.7 0.35 0.49
L.1S40901 280901 15.2 100 13.33 0 0
L1S41001 221001 14.4 72.5 9.67 0 0
L1841101 211101 15.1 102.5 13.67 7.6 0.78 1.04
L1S50501 140501 14.3 87.5 11.67 9.8 0.86 1.14
L1851001 291001 14.8 101.25 13.5 8.6 0.87 1.16
L1S70501 310501 13.6 92.5 12.33. 2.6 0.24 0.32
L1810202 280202 6.5 20 2.67 1.1 0.02 0.03
L1S10302 050302 15.9 110 14.67 1.5 0.17 0.22
L1S10402 010402 15 80 10.67 4.2 0.34 0.45
L1S10502 020502 29.8 195 26 10 1.95 2.6
L1S10702 110702 10.3 70 9.33 4.8 0.34 0.45
L1S10802 130802 22.6 157.5 21 5 0.79 1.05
L1S20302 060302 28.6 190 25.33 5.9 1.121 1.50
L1S20402 130402 8.2 50 6.67 2.2 0.11 0.15
11820602 280602 9.6 50 6.67 0 0
L.1820702 140702 26.8 165 22 6 0.99 1.32
L1830402 190402 14.8 100 13.33 25 0.25 0.33
L1830302 100302 3.5 7.5 1 0.4 0.00 0.00
L1830502 060502 28 195 26 8.4 1.64 2.18
1831002 221002 14.1 86.25 11.5 2.3 0.20 0.27
L1S31102 011102 15 95 12.67 1.5 0.14 0.19
L1S40302 190302 1.4 100 13.33 1.3 0.13 0.17
11540302 260302 25.5 125 16.67 2.7 0.34 0.45
11540402 200402 15 100 13.33 2.1 0.21 0.28
11840502 140502 21.6 127.5 17 3.3 0.42 0.56
L1S50402 230402 284 177.5 23.67 6 1.07 1.42
L1851102 201102 8.6 45 6 5.7 0.26 0.34
L 1560402 280402 22 152.5 20.33 5.2 0.79 1.056
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Rainfall Runoffloss Runoffin Soilloss Total Soil loss  Soil loss
Sample No Date _(mm) ) mm __(a/h) (Kg) (i/ha)

L1S60502 210502 28 180 24 14.7 2.65 3.53
L2810901 200901 14.8 102.5 13.67 4 0.41 0.55
L2S11001 071001 16.9 0 0 0 0
12520601 080601 15 102.5 13.67 0 0
2520901 280901 15.2 102.5 13.67 13.8 1.41 1.89
L28521001 091001 5.4 15 2 0.7 0.01 0.01
L2821101 161101 19.2 127.5 17 19.7 2.51 3.35
L2530501 080501 14.3 75 10 11.2 0.84 1.12
12531001 201001 15.8 102.5 13.67 12.5 1.28 1.71
1L2831101 181101 13.3 70 9.33 0 0
L2840501 100501 14.8 82.5 11 8.6 0.71 0.95
1.2S40801 270801 15 58.75 7.83 0 0
L2541001 221001 14.4 102.5 13.67 6.8 0.70 0.93
L2841101 211101 15.1 97.5 13 8.4 0.82 1.09
L2S850501 141401 17 100 13.33 5.2 0.52 0.69
.2851001 291001 14.8 68.75 9.17 0 0
L2S70501 310501 13.6 725 9.67 4.5 0.33 0.44
12510402 010402 15 87.5 11.67 2.8 0.25 0.33
L2S10502 020502 2938 191.25 25.5 0 0
L2820102 050102 8 25 3.33 0.4 0.01 0.01
2820302 060302 28.6 185 24.67 4.1 0.76 1.01
12520402 130402 8.2 50 6.67 1.1 0.06 0.07
L2520502 040502 14.7 92.5 12.33 4.4 0.41 0.54
L2520602 280602 9.6 52.5 7 1.6 0.08 0.11
2520702 120702 29.6 195 26 12 2.34 3.12
L2520902 230902278 192.5 25.67 38 0.73 0.98
12830402 190402 14.8 95 12.67 1.5 0.14 0.19
L2830502 060502 28 195 26 1.6 0.31 0.42
L2831102 121102 12 47.5 6.33 4.1 0.19 0.26
L2540402 020402 16.4 100 13.33 1.5 0.15 0.2
1L2540502 140502 216 127.5 17 1.4 0.19 0.24
2541002 23100223 147.5 19.67 25 0.37 0.49
12510802 13080222.6 133.76 17.83 1.3 0.17 0.23
.2841102 161102 294 192.5 25.67 35 0.67 0.90
L2S50402 230402 28.4 169.75 22.63 5.6 0.95 1.27
L.2560402 280402 22 137.5 18.33 1.1 0.15 0.20
.2860502 210502 28.8 192.5 25.67 2 0.39 0.51
L2861102 111102 7 10 1.33 0.1 0.00 0.00
L3510701 280701 15.7 97.5 13 6.5 0.63 0.85
13540801 22100214 .1 98.75 13.17 3 0.30 0.40
1.3S10801 090801 6.7 40 5.33 2 0.08 0.11
L3S10901 010901 15.3 95 12.67 2 0.19 0.25
L3S11001 071001 16.9 95 12.67 22.1 2.10 2.80
L3S20501 040501 11 52.5 7 0.9 0.05 0.06
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Rainfall Runoffloss Runoffin Soil loss Total Soil loss  Soil loss
Sample No Date (mm) (0] mm (g/h) (Kg) (t/ha)

L3S20801 110801 14.4 85 11.33 0 0

L3S20901 040901 16 102.5 13.65 4.5 0.46 0.62
L3S21001 091001 5.4 27.5 3.67 10 0.28 0.37
L3S31001 201001 15.8 97.5 13 16.7 1.63 2.17
L3S21101 161101 19.2 1325 17.67 24.5 3.25 433
1L.3S30501 080501 14.3 105 14 8.6 0.90 1.20
.3830801 170801 13.6 87.5 11.67 1.8 0.16 0.21
L3S30901 200901 14.8 95 12.67 11 1.05 1.39
L3S31101 181101 13.3 97.5 13 0 0

L3S40801 270801 15 97.5 13 5.2 0.51 0.68
L3S40901 280901 15.2 95 12.67 0 0

L.3S41001 221001 14.4 95 12.67 17 1.62 2.15
L3S41101 211101151 105 14 14.7 1.54 2.06
L3S50801 300801 15.8 97.5 13 0 0

L3S51001 291001 14.8 107.5 14.33 0 0

L3S10202 280202 6.5 38.75 5.17 1.9 0.07 0.10
13510302 050302 15.9 95 12.67 2.5 0.24 0.32
L3S10402 010402 15 88.75 11.83 4.5 0.40 0.53
L3S10502 020502 29.8 192.5 25.67 7.3 1.41 1.87
L3S10602 170602 9 90 12 2 0.18 0.24
L3S10702 110702 10.3 725 9.67 3.5 0.25 0.34
1L3S20102 050102 8 43.75 5.83 1.1 0.05 0.06
L3S20302 060302 28.6 172.5 23 9.3 1.60 2.14
L3520402 130402 8.2 52.5 7 1.4 0.07 0.10
L3S20502 040502 14.7 95 12.67 5.3 0.50 0.67
L3S20602 280602 10.2 68.75 9.17 4 0.28 0.37
L3S20702 140702 26.8 187.5 25 11 2.06 2.75
L3S30302 100302 3.5 15 2 0.2 0.00 0.00
13830402 190402 11.2 77.5 10.33 3 0.23 0.31
13530502 060502 28 191.25 25.5 5.7 1.09 1.45
L3S30702 290702 20.4 142.5 19 43 0.61 0.82
L3S31102 121102 12 97.5 13 8.9 0.87 1.16
L3S40302 260302 25.5 197.5 26.33 12 2.37 3.16
L3S40402 200402 15 97.5 13 4.2 0.41 0.55
L.3540502 140502 21.6 155 20.67 3.6 0.56 0.74
1.3541002 23100223 160 21.33 0 0

3541102 161102 29.4 202.5 27 14.5 2.94 3.92
L3S50402 230402 28.4 197.5 26.33 6.7 1.32 1.76
L3S51102 201102 8.6 375 5 6.7 0.25 0.34
1.3560402 280402 22 162.5 21.67 3.9 0.63 0.85
3860502 210502 28 190 25.33 15.4 2.93 3.90
L3S61102 111102 7 275 3.67 0.9 0.03 0.03
L3S70502 300502 12.9 82.5 11 1.5 0.12 0.16
L4S10901 200901 14.8 24 3.2 0 0

L4S11001 071001 16.9 20 2.67 1.8 0.04 0.05
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Rainfall Runoffloss Runoffin Soil loss Total Soilloss  Soil loss
Sample No Date (mm) (i) mm (gA) (Kg) (t/ha)
L4S20901 280901 15.2 17.5 2.33 1.8 0.03 0.04
L4S521001 091001 5.4 7.5 1 0.2 0.00 0.00
1.4S31001 201001 15.8 65 8.67 4.2 0.27 0.36
1L.4S51001 291001 14.8 25 3.33 4.4 0.11 0.156
L4S41101 2111011561 78.75 10.5 0.9 0.07 0.10
Total 2001 98 237.75 31.7 0.70
L4S10402 010402 15 50 6.67 0.9 0.05 0.06
14510502 020502 29.8 137.5 18.33 1.2 0.17 0.22
14520102 050102 8 23.75 3.17 0.25 0.01 0.01
14530502 060502 28 162.5 2167 1.5 0.24 0.33
14540402 200402 15 77.5 10.33 21 0.16 0.22
14540502 140502 21.6 100 13.33 1.6 0.16 0.21
L4S541102 161102 294 160 21.33 2.3 0.37 0.49
14551102 201102 8.6 10 1.33 0.1 0.00 0.00
1.4S60402 280402 22 135 18 2.6 0.35 0.47
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Appendix 13 Rate of Runoff discharge and sediment loss for rainfall simulation experiments in
Nakasongola

Note: Rep = replication; UWRC = upper slope wet run; AVWRC = average wet run; DRC = Dr run

1 (a) Rates of runoff discharge (1) for the wet and dry run simulation experiments at upper slope position in Bizibitukula catchment

Time in min UWRC rep1 UWRC rep2 AvUWRC DRC Rep1 DRC Rep2 AvDRC
5 1.88 1.88 1.88 1.5 0.15 0.83
10 4.13 1.88 3 2.63 0.75 1.69
15 4.5 1.5 3 3.38 1.13 2.25
20 4.13 0.75 2.44 4.88 1.88 3.38
25 5.63 1.13 3.38 4.88 3 3.94
30 6 1.13 3.56 4.5 1.5 3
35 6.38 1.13 3.75 4.5 2.25 3.38
40 563 1.13 3.38 4.88 2.63 3.75
45 7.13 1.88 4.5 4.13 1.5 2.81
Total rainfall = 30.16mm
Total discharge 45.38 12.38 28.88 35.25 14.78 25.01
1(b). Rate of sediment loss (g/M2) for the wet and dry run simuiation experiments at upper slope position in Bizibitukula catchment
Time in min UTSD WRrep1 UTSD WRrep2 AvTSD
5 8.44 7.5 7.97
10 10.73 4.88 7.8
15 18 3 10.5
20 12.38 1.5 6.94
25 225 3.94 13.22
30 18 3.38 10.69
35 27.41 4.5 15.97
40 14.63 2.25 8.44
45 28.5 12.19 20.34
2 (a) Rate of runoff discharge (1) for the wet and dry run simulation experiments at midslope position in Bizibitukula catchment
Time in min MWRC rep1 MWRC rep2 AVMWRC DRC Rep1 DRC Rep2 AvDRC
5 5.25 3 4.13 1.5 0.15 0.83
10 7.5 5.25 6.38 2.63 0.75 1.69
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15 7.13 4.88 6 3.38 1.13 2.25
20 7.88 5.63 6.75 4.88 1.88 3.38
25 4.88 2.63 3.75
30 4.5 1.5 3
35 4.5 2.25 3.38
40 4.88 2.63 3.75
45 4.13 1.5 2.81
Total discharge= 37 27.75 25 35.25 14.4 24.83
2(b). Rate of sediment loss (g/mz) for the wet and dry run simulation experiments at mid slope position in Bizibitukula catchment
Time in min MTSD rep1 MTSDrep2 AVMTSD TSDep1 TSDep2 AvTSD
5 21 12 16.5 6 0.53 3.26
10 15 11.55 13.28 10.5 1.95 6.23
15 21.38 14.63 18 743 4.5 5.96
20 28.13 12.19 4.69 8.44
25 9.75 11.81 10.78
30 18 0 9
35 11.7 5.63 8.66
40 26.81 14.44 20.63
45 12.38 8.25 10.31
TotalI rainfall= Midslope Dry = 32.8 mm; wet=24.6 mm ]
(a) Rate of runoff discharge (I) for the wet and dry run simulation experiments on lower slope position in Bizibitukula catchment
Time in min LWRC Rep1 LWRC Rep2 AvLWRC DRC Rep1 DRC Rep2 AVWRC
5 0.98 3.3 2.14 3.38 0.75 2.06
10 1.88 4.88 3.38 0.38 4.5 244
15 2.63 6.75 4.69 0.75 5.25 3
20 2.63 6 4.31 2.25 5.63 3.94
25 2.25 5.63 3.94 2.25 4.88 3.56
30 1.88 5.25 3.56 1.5 3.75 2.63
35 2,63 6.38 4.5 2.63 7.13 4.88
40 1.88 4.13 3 1.88 5.63 3.75
45 2.63 6.38 4.5 2.25 4.88 3.56
Total discharge 19.35 48.68 34.01 17.25 42.38 29.81

Total rainfall=Wet run 32.8 mm; Dry run=31.7mm
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3(b). Rate of sediment loss (glmz) for the wet and dry run simulation experiments on lower slope position at Bizibitukula catchment

Time in min LWRC rep1 LWRC rep2 AvLTSD DRC rep1 DRC rep2 AvTSD
5 0 13.2 6.6 13.5 2.63 8.06
10 12.38 21.94 17.16 1.5 11.7 6.6
15 5.25 15.53 10.39 1.65 21 11.33
20 2.1 114 6.75 5.63 14.06 9.84
25 4.95 11.256 8.1 4.5 21.94 13.22
30 4.31 11.03 7.67 6 0 3
35 7.88 0 3.94 6.83 17.81 12.32
40 2.81 14.44 8.63 10.31 30.94 20.63
45 7.88 12.75 10.31 6.75 26.81 16.78

Total soil loss 47.55 111.563 79.54 56.66 146.89 101.78

Total rainfall = lower slope wet=32.8 mm; Dry=31.7mm

Rainfall intensity {m/s)

32.8

4 (a) Rate of runoff discharge (1) for the dry run simulation experiments on lower

slope position in

Bizibitukula catchment (CONTROL)

Time in min LDRC Rep1 LDRC Rep2 AvLDRC

5 0 0 0
10 1.88 1.88 1.88
156 5.63 4.13 4.88
20 4.88 4.13 45
25 4.88 4.13 45
30 5.25 4.13 4.69
35 5.25 4.13 4.69
40 4.13 4.13 4.13
45 5.25 5.25 5.25

Total discharge 37.13 31.88 34.5

Total rainfall=Dry run=9.92mm =20.8mm; Ponding time

= 2min; Runoff time = 6 min

4(b). Rate of sediment loss

Imz) for the wet and dry run simulation experiments on lower slope position at Bizibitukula catchment (CONTROL)

Time in min LTSD Rep1 LTSD Rep2 AvLTSD
5
10 2.44 3.38 2.91
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15 5.63 4.95 5.29
20 3.9 2.89 3.40
25 6.83 5.78 6.3

30 4.2 5.36 4.78
35 7.35 4.54 5.94
40 8.25 4.95 6.6

45 6.83 945 8.14

45.41 41.29 43.35

1B (a) Rates of runoff discharge (1) for the wet and dry run simulation experiments at Upper slope position in Bizibitukula catchment (Verification)

Time in min UWRC Rep 1 UWRC Rep 2 AVUWRC DRC Rep1 DRC Rep2 AVDRC

5 0.38 1.88 1.13 0 0 0
10 1.5 4.13 2.81 0.38 2.63 1.5
15 1.28 3.76 2.51 2.63 6.38 4.5
20 1.13 3.75 2.44 2.63 4.13 3.38
25 1.13 3.38 2.25 2.63 4.88 3.75
30 1.35 3.75 2.55 3 5.25 413
35 1.28 4.5 2.89 1.88 2.63 2.25
40 2.25 6 4.13 2.63 4.88 3.75
45 1.95 4.58 3.26 2.78 4.88 3.83

Total discharge 16.3 35.7 23.96 18.53 35.63 27.08

Total rainfall = 25.6mm; Ponding time = 3min; Runoff time = 4min

|

|

1B (b). Rate of sediment loss Lglmz) for the wet and dry run simulation experiments at Upper slope position in Bizibitukula catchment (Verification)

Time in min UTSD Rep1 UTSD Rep2 AvUTSD TSD Rep1 TSD Rep2 AvTSD

5 1.24 9.19 5.21 0 0 0
10 11.25 9.49 10.37 1.99 18.11 10.05
15 9.56 15 12.28 9.45 21.04 15.24
20 0.23 13.5 6.86 7.88 11.55 9.71
25 '4.05 15.53 9.79 7.09 16.58 11.83
30 5.27 0 2.63 10.8 22.58 16.69
35 11.35 33.3 2232 6 14.96 10.48
40 4.05 12.6 8.33 9.45 5.36 7.41
45 5.85 13.73 9.79 10.27 273 18.78

Total soil loss 52.84 122.33 87.58 62.92 137.48 100.20
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Appendix 14 Infiltration measurements in Nakasongola district

Infiltration rate measurements in Nakasongola drylands
Site number

Time | for T Ifor| Ifor |l1for| Ifor

(min) [ 1forB1R1 | B1R2 |ifor B2R1| |for B2R2 | for B3R1|l for B3R2] for B4R1|l for B4R2|l for L3R1]l for L3R2L2R1| L2R2 |[L1R1| L1R2
1 0.8 0.7 0.3 08 0.9 0.3 0.6 0.6 0.2 0.5 05] 07 [02] 0.2
2 0.8 0.6 0.1 0.7 0.6 0.5 0.6 0.6 0.3 04 03] 0.5 0.3
3 0.5 0.7 0.1 0.7 0.5 0.5 0.2 0.3 0.5 0.3 03| 05 04
4 0.4 04 0.1 0.7 0.5 0.4 0.3 04 0.3 0.3 03] 05 {0.03] 0.2
5 0.3 0.5 0.1 0.6 0.4 04 0.5 0.5 0.3 0.3 04| 05 |01} 03
10 0.32 0.44 0.06 0.56 0.38 0.32 0.2 0.36 0.2 0.26 [0.28] 0.38 |0.04]| 0.12
15 0.3 0.28 0.08 0.5 0.28 0.26 0.1 0.3 0.16 0.2 10.26] 0.36 {0.04] 0.3
20 0.24 0.16 0.06 0.42 0.22 0.2 0.06 0.28 0.16 016 0.2} 0.38 (0.04| 0.24
25 0.18 0.24 0.06 0.38 0.18 0.2 0 0.26 0.14 0.1 0.2 0.44 [0.04]| 0.22
30 0.16 0.26 0.06 0.36 0.2 0.2 0.02 0.24 0.08 014 (02| 0.3 |0.02| 0.28
35 0.14 0.24 0.12 0.32 0.2 0.18 0.02 0.22 0.06 0.14 (0.28] 0.28 |0.04( 0.22
40 0.14 0.14 0.08 0.22 0.2 0.14 0.04 0.2 0.1 012 [02] 0.34 |0.02| 0.18
45 0.12 0.28 0.08 0.36 0.18 0.14 0.02 0.22 0.12 0.1 0.2 0.28 [0.02]| 0.16
50 0.12 0.24 0.12 0.26 0.2 0.1 0.04 0.2 0.12 0.1 02| 04 [0.04]| 0.16
55 0.1 0.14 0.08 0.26 0.16 0.14 0.04 0.18 0.1 0.1 0.18] 0.36 |0.04| 0.14
60 0.1 0.22 0.08 0.26 0.14 0.12 0.04 0.2 0.1 0.1 0.2] 0.36 [0.04]| 0.14
70 0.11 0.16 0.08 0.21 0.12 0.13 0.04 0.15 0.08 007 [02] 036 |0.04| 0.13
80 0.1 0.22 0.08 0.2 0.13 0.11 0.04 0.15 0.08 0.07 0.32 0.12
90 0.16 0.2 0.13 0.1 0.15 0.08 0.08 0.34 0.12
100 0.16 - 0.16 0.13 0.09 0.15 0.08 0.12
110 0.16 0.16 0.1 0.15
120 0.15 0.16 0.1
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Appendix 15 Distribution of soil macro-fauna

Population of soil macro-fauna under different degradation conditions on grazing lands

Status of land

Order Non-degraded Mod. degraded Degraded
0-10cm 10-20cm | 20-30cm | 0-10cm 10-20cm | 20-30cm | 0-10cm [ 10-20cm | 20-30 cm

Arachnida 1.2 0.6 0.6 1.6 0.8 0.4 2.8 1.6 0.4
Isoptera 204 29 10.4 50 18 10.2 266 24 11.6
Hymenoptera 30 16.2 4.0 120 18.6 4.8 6.0 52 3.6
Oligocheta 5.2 3.0 0.8 1.4 0.4 0.8 0.6 1.4 0.4
Coleoptera 1.6 1.4 0.6 2.6 1.2 0.6 0.0 0.8 0.4
Diplopoda 10.4 5.8 1.2 28 1.4 0.2 0.2 0.4 0.0
Chilopoda 0.6 1.2 0.8 1.0 0.8 0.4 0.0 0.4 0.2

Population and distribution of soil macro-fauna under different management practices and degradation conditions on croplands

Status of land

Order Non-degraded Mod. Degraded Degraded
0-10cm 10-20cm | 20-30cm | 0-10cm 10-20cm | 20-30cm | 0-10cm { 10-20cm | 20-30cm

Arachnida 2.2 1.4 0.4 1.8 1.0 0.2 0.8 0.2 0.0
Isoptera 31.6 348 15.6 59.2 26.8 7.0 9.4 2.6 1.4
Hymenoptera 9.6 3.0 1.0 7.2 6.2 2.0 5.6 2.6 1.0
Oligocheta 3.4 1.6 1.6 6.2 2.0 0.6 1.0 0.2 0.0
Coleaptera 1.8 0.6 0.2 1.8 0.8 0.8 1.6 0.6 0.4
Diplopoda 2.4 1.0 0.4 1.6 0.8 0.6 0.8 0.6 0.2
Chilopoda 1.0 0.8 0.0 1.4 0.4 0.4 0.6 0.2 0.0
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Location Quadrant | Soil state Counts
no.
Termites  [Earthworms Beetles Masibili Centipede Millipede [Black ants
{young
beetles)
Bups 1 Mod. >1000 0 0 7 0 0 300
Degraded
Bups 2 Degraded 500 3 0 0 0 1 20
Bups 3 Degraded 800 0 0 0 0 0 0
Bmsp | Non-deg. 10 0 1 20 3 10
Bmsp 2 Degraded 20 0 0 0 0 0 0
BLsp 1 Non-deg. 700 20 0 2 21 0 50
BLsp 2 Degraded 10 0 0 0 0 0 0
Lmslp ] Non-deg. 200 3 1 4 0 0 20
Lmslp 2 Degraded 0 0 0 0 0 0 0
IMslp 3 Non-deg. 180 ] 0 1 0 0 10
Detailed count of macro-fauna by quadrant, state of the land and depth
Location Quadrant Soil depth {cm) State Count
no.
0-10 10-20 20-30 A Co Ch D oL H I
Mid slope 1 * Mod - ] - - - 1 1
deg
* - - - ] 16
* - - - - - - -
Mid slope | 2 * Mod - 5 - - - 16 220
deg
* - - - ] - 10 73
* - 3 - 3 - 4 7
Midslope |3 * Non- - - 1 - 3 3 20
deg
* - - - - - 2 52 :
* - - - - - - 23
Midslope | 4 * Non- - - - - 5 30 118
deg
* - - 1 - 1 - 62
* - - - - 7 - -
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.Locaﬂon Quadrant Soil depth (cm) State Count
no
0-10 10-20 20-30 Co Ch D ol I
Upper * Fallow 4 1 - - -
* 2 ] - - 1
Upper 6 * Fallow -1 : : -2 ;38
Upper 7 * Cassava -2 : -2 -8 -1 5
garden
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Appendix 16 Perceptions on soil degradation in Nakasongola district

This is a partial summary of the response from the questionnaires administered.

A. SOCIO-DEMOGRAPHIC DATA:

Summary tables on respondents’ sex, age distribution, education levels, income levels and
period of stay in the area

1. Education level

Education level

Sub-county Primary %| Secondary %| Tertiary| % Nonl %

Formadl

N N N N
Kakooge 61 19 11 3 0 O 100 3
Lwampanga 12 4 0 11 0 5| 2
Nabiswera 72 22 10 3 2] 1 271 8
Nakitoma 54 17 12 4 11 0 18] 6
Wabinyonyi 20 6 4 1 0 5 2
Grand Total 219 67 371 1 4] 1 65 21

2. Education level by age

Age

Education 18-25| 25-35 35-40 41-45 45-55 >55
level

N % N| % Nl % Nl % N| % N| %
Primary 38 12 87| 27 291 9 35 11 28] 9 1] 1
Secondary 7 2 10 3 121 4 3] 1 4] 1
Tertiary 1 0 2| 1 0 0 110
No formal 8 2 14] 4 5 2 15| 5 221 7
Grand Total 541 17 113] 35 46| 14 53] 16 55117 1 1
3. Sex
Count of Sex Sub county
Sex 1 2 3 4 5 Grand Total
Male 38 12 35 62 12 159
Female 45 7 60 23 18 154
Grand Total 83 19 95 85 29 311
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4. Age

Count of Sub-county
Age
Age 1 2 3 4 5 Grand Total
1 17 1 18 15 3 54
2 32 10 27 31 10 110
3 11 14 9 8 42
4 11 3 15 21 3 53
5 11 5 20 8 5 49
Grand 82 19 94 84 29 308
Total
5. Amount of land
Amount of Sub-county
land {ha)

Kakooge Lwamapnga | Nabiswera Nakitoma Wabinyonyi
Average 1.86 2.38 2.41 3.78 3.5
Maximum 6 5 6 6 10
Minimum ] 1 1 1 1
6. Land ownership

Sub county

Kakooge Lwampanga Nabisw Nakito- Wabinyon-
Land era ma yi Total
ownership

N % N % % % % %
N N N

Hired 7 2 0 10 3 3 1 0] 20 6
Communal 1 0 0 13 4 2 1 2 1118 6
Leasehold 13 4 0 22 7 27 8 2 11641 20
Kibanja 60 18 17 5 62 19 50 ]15 23 7 1212} 65
Hired & 1 0 0 4 1 i 0 0} 6 2
commundal
Hired & i 0 2 i 1 0 0 0 1 0| 5 2
Kibanja
Leasehold 0 0 0 0 0 0 1 0 1 0| 2 1
& Kibanja
Grand Total 83 25 19 61 112 |34 84 |26 29 9 | 327 | 100}
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7. Income

Count of HH income level HH income
level
Sub-county 1 2 3 4 5 Grand Total
1 8 13 19 17 |23 |80
2 3 5 4 4 2 18
3 15 20 23 18 |14 {90
4 2 11 13 24 |31 |81
5 2 4 8 5 10 |29
Grand Total 30 53 67 68 180 [298
8. Period of stay
Sub county
Period of Kakooge Llwampanga | Nabiswera Nakitoma Wabinyonyi
stay {Years)
Average 3 4 4 3 3
Maximum 5 5 8 5 5
Minimum 1 1 1 1 1
9. Specidal skills
Count of Special [Special skills
skills
Sub-county 1 2 I3 |4 |5 6 {7 [8 {9 {10 11 [Grand Total
1 8 3211 e n7z N 1 11 83
2 1 13 |3 1 1 19
3 32 11 J24 130 |1 2 1 91
4 6 11 12 {12 {46 3 |2 82
5 1 9 4 1 2 1 |28
Grand Total 16 84 |14 172|107 |2 |8 |13 J2 [2 |3 |303
Note:

Sub-counties

1 = Kakooge:; 2 = Lwampanga; 3 = Nabiswera; 4 = Nakitoma; 5 = Wabinyonyi

287




B. CAUSES AND CONCERN OF SOIL DEGRADATION

Percentage responses on the causes of soil degradation in the different sub- counties

Causes % Frequencies
Kakooge | Lwampanga Nabiswera Nakitoma Wabinyonyi
N % | N % N % N % N %
Erosive rains 20 |3 0 0 1 13 19 3 9 1
9
Sloping land 37 |S 5 1 T |12 23 3 15 2
3
Erodible soils 23 |3 0 0 1 12 17 3 7 1
1
Overcultivation | 46 | 7 6 1 3 {6 29 4 8 . 1
8
Qvergrazing 8 1 1 0 4 {1 5 1 0
Deforestation 31 |5 0 0 4 |6 46 7 9 1
1
Charcoal 1t |12 0 0 1 1 5 2 0
burning 0
waterlogging 2 0 0 0 1 |1 5 0 0
Drought 4 1 0 0 9 {1 5 2 0
Factors explaining why wind is a problem in the area
Factors of wind erosion
Sub-county ] 2 3 4 5 6 7 Grand
Total
Kakooge 2 28 3 S 12 40
Lwampanga 4 4
Nabiswera 45 4 7 6 ] 63
Nakitoma ] 29 2 7 39
Wabinyonyi 9 1 1 11
Grand Total 3 115 7 10 {5 16 |1 157

Change in soil quality and productivity

Change in soil quality
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Sub-county Yes No
N % N
%
Kakooge 68 26 13 5
Lwampanga 7 3 3 1
Nabiswera 57 22 12 5




Nakitoma 63 24 16 6
Wabinyonyi 20 8 6 2
Grand Total 215 81 50 19
Evidence and rank of sheet erosion
Count of Sub-county
evidence & rank
of sheet erosion  Ikakooge Lwampanga| Nabiswera Nakitoma|  Wabinyonyi
N|% N|% N|% N{% Ni%
Most important 28 15 2 1| 34 18 33 17 13 7
Important 15 8 0 o 13 7 14 7 3 2
Mod important 100 § 4 2 9 5 4 2 ] 1
Less important 4 2 1 1 1 1 2 1 0 0
Least important of o 0 0 1 1 1 1 0 0
Total 57| 30 7 4] 58 30 54 28 17 10
Evidence and rank of rili erosion in the sub-counties
Count & Rank of | Kakooge |lLwampanga | Nabiswera | Nakitoma Wabinyonyi
rills
N % N % N % N % N %
Most important 2 2 1 1 0 0 2 2 0 0
important 12 11 o] 12 11 11 10 2 2
Mod important 5 5 0o 10 9 9 8 5 4
Less important 4 4 3 3 6 5 5 5 3 3
Least important 6 5 1 1 1 1 7 6 2 2
Not important 1 1 0 0 0 Of
Grand Total 30 27 5 5| 29 26 34 31 12 11
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Evidence and rank of gully erosion in the sub-counties

Count of

of gullies

Evidence & rank

Sub-county

Kakooge

Llwampang
a

Nabiswera

Nakitoma

Wabinyonyi

Grand Total

Most important

4

important

4

Mod important

16

Less important

11

Least important

16

Not important

3

Grand Totdl

D OIN[WIN|—IN

|

wio|—|olo|—|—

oINIO—INIC|O

1

nl—=IN[~ | —|O

—lolo =N |—]|—

54

Evidence and rank of exposed soil in the sub-counties

Count of
Evidence &
lrank of
exposed sail

Sub-county

Kakooge

Lwampang
a

Nabiswera

Nakitoma

Wabinyonyi

Grand Total

Most
limportant

4

3

9

important

)

7

N

24

Mod
important

11

11

[&,]

42

Less ,
important

7

10

28

Least
limportant

2

1

6

Not important

36

N

30

32

0

109

Grand Total

72

60

64

218

Evidence and rank of compaction in the sub-counties

Count of
Evidence &
rank of
compaction

Sub-county

Kakooge

Lwampang
a

Nabiswera

Nakitoma

Wabinyonyi

Grand
Total

Most
limportant

17

4

23

10

6

60

important

18

1

28

19

~

73

Mod
limportant

9

9

9

29

Less important

8

8

6

24

Least
limportant

3

2

2

INot important

1

1

Grand Total

56

70

47

17

197
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Evidence & rank of fedility loss in the sub-counties

Count of Sub-county
Evidence & Rank
of fertility loss
Kakooge [Lwampanga| Nabiswera | Nakitoma | Wabinyonyi |Grand Total
Most important 33 2 22 16 4 77
important 20 3 16 13 7 59
Mod important 13 8 5 3 29
Less imporiant 5 7 3 2 17
Least important 1 2 2 4 1 10]
Not important 1 2 1
Grand Total 72 8 57 4] 17 195
Description of observed changes in soil quality by resource user type
Resource user type
If yes describe Sole crop Herder Mixed Total
farmer
N % N % N % N %
1 6 3 1 0 2 1 9 4
2 77 34 14 6 60 26 151 67
3 5 2 1 0 1 0 7 3
4 1 0 1 0 2 1 4 2
5 10 4 2 118 6 3 18 8
6 2 1 0 3 1 5 2
7 12 5 2 1 11 5 25 1
8 2 1 1 0 4 2 7 3
9 0 0 1 0 0 0 1 0
Grand Total 115 51 23 10 89 391 227 100
Land ownership according to different resource users
Resource user
|Land ownership Crop farmer Herder Both Grand Total
N % N % N % (N %
Hired 15 5 1 0 4 1 20 7
Communal 9 3 2 1 5 2 16 S
Leasehold 17 6 15 5 26 9 58 20
Kibanja 112 38 3 68 23 189 64
Both hired & 2 1 0 4 1 6 2
communal land
IHired and Kibanja 1 0 0 0 3 1 4 1
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Adoption of SWC by different resource users

Note for practice 1 = Yes; 2 = No; Resource user 1 = Sole crop farmer; 2 = Herder 3 = Mixed

farmer
Practice Resource user type
Land mgmt GB 1 2 3 Grand Total
1 6] 2.390438 0 0 8| 3.187251 14
2| 134]| 53.38645 17] 6.772908 86| 34.26295 237
Grand Total 140 55.77689 17] 6.772908 94| 37.4502 251
Resource user type
Land mgmt 1 2 3 Grand Total
Agroforestry
1 74] 28.90625 3] 1.171875 50| 19.53125 127
2 68| 26.5625 14 5.46875 47| 18.35938 129
Grand Total 142| 55.46875 17| 6.640625 97| 37.89063 256
Resource user type
Land mgmt 1 2 3 Grand Total
slash/burn :
1 24| 9.561753 0 15| 5.976096 39
2] 114] 45.41833 17] 6.772908 81| 32.27092 212
Grand Total 138| 54.98008 17] 6.772908 96] 38.24701 251
Resource user type
Slash/mix 1 2 3 Grand Total
1 84 ] 44 129
2 53 15 50 : 118
Grand Total 137 16 94 247
Resource user
type
Terrace 1 2 3 Grand Total
1 3| 1.209677 0 0 1| 0.403226 4
2| 136] 54.83871 17] 6.854839 91 36.69355 244
Grand Total 139 56.04839 17| 6.854839 93 37.5 248
Count of Lnad Resource user type
imgmt mulch
Lnad mgmt 1 2 3 Grand Total
mulch
1 6| 2.531646 0 71 2953586 13
2] 126} 53.16456 171 7.172996 81} 34.17722 224
Grand Total 132 55.6962 17] 7.172996 88 37.1308 237
Resource user type
Land mgmt I 2 3 Grand Total
ploughing
1 20} 8.064516 1} 0.403226 9l 3.629032 30
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2| 117| 47.17742 17{ 6.854839 84| 33.87097 218

Grand Total 137] 55.24194 18] 7.258065 93 37.5 248
Resource user type
jLand mgmt 1 2 3 Grand Total
ploughing
1 20| 8.064516 1{ 0.403226 9| 3.629032 30
21 117| 47.17742 17] 6.854839 84| 33.87097 218
Grand Total 137] 55.24194 18] 7.258065 93 37.5 248

in general do consider yourself successful in controlling soil degradation on your farm?

esource user type Total number of respondents
Sole crop farmer 147
Herder 26
Mixed farmer 103
Blank{missing) 2
Total 278

293




Appendix 17. Characteristics of plots at the time of instalment in Nakasongola district

Position Plot GPS location Slope angle Condition Land cover/activity
Upper B1 36N 0417305 2-30 Moderately degraded. | Mod. grazed, low
slope UTM 0154043 moderately deep soil with a | grass cover approx.
Alt 1095 m some concretions 60% with some
tussocks separated
by bare soil
N 36N 041567 2-30 Degraded, exposed/ | Very low veg. cover
UTM 0154763 compacted soils, Evidence | (1-5%) Limited
Alt 1096 m of sheet wash pattems grazing, fenced off
Mid slope B3 36 NO417253 3-5¢ Degraded; dalmost bare | Aimost bare
UTM 0153839 ground, Very few plant | ground, Very few
Alt 1091 m shrubs/grass tussocks plant  shrubs/grass
tussocks
12 36N 0415683 4-6° Mod. Degraded, Soils may | Mod. Grazed, fow
UTM 0154514 not be’'so compacted grass  60%, with
Alt 1094 m relatively dense free
canopy <40%
Lower B2 36N 041748 8-10° Degraded- bare land, | Bare land with very
slope UTM 0153639 compacted, Some exposed | few scattered
Alt 1076 m stones shrubs 10%
L3 36N 0415985 7-9° Degraded, under | Very scanty veg.
UTM 0154549 rehabilitation, evidence of | cover < 5%, Some
Alt 1092 m rills & sheet wash SWC trenches
installed
L4 4-6% Non degraded Relatively dense

grass cover (>70%)
and canopy cover
(20%)
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Appendix 18: Seasonal runoff for 2001 and 2002

A). Seasonal and monthly runoff (mm) for different degraded areas in the year 2001

Non-degraded Moderately degraded everely degraded

season 1 B4 4 BI L2 B2 B3 3 lu
Jan 000 000 000 0.00 000 000 000 000
Feb 000 000 000 0.00 000 000 000 000
Mar 000 000 000 0.00 000 000 000 000
Apr 000 000 000 0.00 000 000 000 000
May 000 000 2800 44.00 2153 51.83 2100 70.17
Jun 000 000 1100 13.67 000 000 000 2617
Seasonalfotal 000 000  39.00 57.67 2153 51.83 21.00 9634
Season 2

July 000 000 0.0 0.00 1333 135 1300 0.00
August 000 000 000 7.83 000 000 67.00 46.17
September 2717 320  40.67 27.33 39.83 39.67 39  36.67
October 000 156 4517 38.5 5333 0 69.5 49.83
November 2367 105  13.67 39.33 37 366 44.67 3733
Dec 000 0.0 000 0.00 000 000 00 000
Seasonal fotal 5084 2930 99.51 112.99 143.49 436.13 233.17 170.00

Seasonal and monthly runoff (mm) for different degraded areas in the year 2002

Moderately
Non-degraded |degraded Severely degraded

Season 1 B4 L4 B L2 B2 jﬁg L3 L
Jan 0.00 3.7 0.00 3.33 0.00 0.00 0.00 0.00
Feb 0.00 0.00 0.00 0.00 1.67 1.00 5.17 2.67
Mar 31.00 0.00 38.00 24.67 53.33 54 64 71.00
Apr 51.17 35.00 93.30 85.30 70.33 82.33 90.17 88.00
May 60.50 0.00 85.67 106.50 113.00 119.33 120.83 93.00
Jun 0.00 0.00 10.67 7.00 10.00 11.60 27.00 6.67
Seasondadl

totdl 142.67 38.17 227.64 22680 248.33 268.26 307.17 261.34
Season 2

July 0.00 0.00 0.00 26 47.17 25.67 53.67 31.33
August 0.00 0.00 0.00 17.83 0.00 0.00 0.00 21.00
September 0.00 0.00 0.00 25.67 0.00 0.00 0.00 0.00
October 0.00 0.00 46.33 19.67 0.00 0.00 21.30 11.50
November 2500 22.67 37.00 33.33 41.17 40.17 48.67 18.67

295



Dec 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seasonal
total 25.00 2267 83.33 122.5 88.34 65.84 123.64 82.50
Seasonal and monthly soil loss (t/ha) for different degraded areas in the year 2001
Moderately
Non-degraded |[degraded Severely degraded
Season 1 B4 L4 B L2 B2 B3 L3 L
Jan 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Feb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Apr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
May 0.00 0.00 1.31 3.19 0.48 4.47 1.26 4.74
Jun 0 0 0.53 0 0 0 0.9
Seasondl
total 0 0 1.84 3.19 5.03 4.47 1.26 5.64
Season 2
July 0 0 0 0 0.4 0.57 0.85 0
August 0 0 0 0 0 0 1.04 2.34
September 0.47 0.04 3.08 243 4.41 3.47 7.89 2.91
October 0 0.4 3.24 2.65 6.48 0 2.01 2.53
November 1.1  0.09 1.27 4.44 3.63 4.4 6.39 3.57
December 0 0 0 0 0 0 0 0
Seasonal
total 1.57_0.54 _ 7.59 9.52 14.92 845 18.18 11.35
Seasonal and monthly sail loss (t/ha) for different degraded areas in the year 2002
Moderately
Non-degraded |degraded Severely degraded
Season1 [B4 _ |L4 BI L2 B2 B3 L3 L
Jan 0 0.01 0 0.01 0 0 0 0
Feb 0 0 0 0 0 0.01 0.1 0.03
Mar 0 0 2.34 1.01 1.39 1.82 5.62 2.34
Apr 096 0.75 4.15 2.26 2.54 3.14 4.1 3.69
May 096 0.55 8.8 1.71 7.55 5.04 8.81 8.87
Jun 0 0.53 0.11 0.3 0.58 0.67 0
Seasonal
total 1.92 1.31 15.82 5.1 11.78 10.59 19.3 14.93
Season 2
July 0 0 0 3.12 3.26 2.66 3.91 1.77
August 0 0 0 0.23 0 0 0 1.05
September0 0 0 0.98 0 0 0 0
October 0 0 1.16 0.49 0 0 0 0.26
November 0.92 0.49 1.09 1.16 2.57 1.79 5.44 0.53
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Dec 0 0 0 0 0 0
Seasonal
total 0.92 0.49 2.25 5.98 5.83 4.45 3.61

B). Comparison of soil loss on different degraded surfaces; mod = moderately degraded.

Sev = severely degraded, Undeg = non-degraded

Table 5.3 A comparison of average soil loss on different range condition for 2001/2002 for

Each individual plot replica

Soil loss (t/ha)

Range condition Plot No Year 2001 Year 2002  Average (t/ha)
Severely degraded L1 174 20.6 20.4
B3 16.5 18.0
B2 16.5 217
L3 21.8 28.6
B1* 22.8
Moderately degraded B1 10.8 128
L2 12.7 14.2
Non-degraded B4 1.0 32 1.8
L4 04 27

Note: According to the evidence in the field (see Chapters 3 and 4), the plot B, which

initially was categorised under a moderately degraded area at the time of installation,

expeﬁenced deterioration of basal cover hence was placed under a severely degraded

category in the second year, 2002.
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