
to 5 metres. Kween, Kapchorwa and Sironko districts have steep slopes that go from Mt. Elgon doam
at around the road connecting Mbale and Motoro. The districts in the downstream stretch of the rivers
are genemlly composed of continuous flat plains alitiougli standing gneisses do occur infonn of out
crops of rocks in some sub<onnties. The most sinking topographical feature is Mt. Elgon. with its
magiificent craters, deep valleys and ridges. But most of the wetlands in the area lie in the flat land
terrain with in4jority of seasonal wedands.

2.13 Water Resources

Surface water occurrence

Elevation profiles of the Sironko and Sipi rivers are provided in the figures below. The rivers with
headwaters in Mt. Elgon are chaincterized by steep slopes that go down from the mountainous area.
Other rivers such as the LOGhidimukat and the Apenduru have gentle slopes. The difference may have
bearing in Icons of incidence of soilerosion.
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Fig, R 2.1

Major soil class and management options

The soil class of the wetland system is mainly composed of: I) 01eysols 2) Veinsols and 3) Histosols.
Gleysols are soils frequently developed under depression areas and low landscape positions with
shallow groundwater, which therefore render it fiequendy to be used for wetland rice cultivation.
Veinsols are known for its physical properties to exhibit shrinkage and swelling depending on
availability of water. The soil class is also fertile in terms of chemical aspects. Histosols composed of
soils fonned in organic material, frequently under papyrus vegetation. It is desireble to protect and
conserve such fragile lands because of their intoneic value (especially their common function as
sponges in regulating stream flow and in supporting wetlands containing unique species of animals)
and because prospects for their sustained agricultural use are limited.

The wetland users use welland soil in combination with dryland soil. The soil class of dryland in ale
area is also summarised in the tables below. Some of the soil class are presented with roomative
elements for second-level units. Their definitions in non-recimical manner are as follows:

having gavelor other coarse fragments averaged over a depth of 100 cmSkeletic:

having a clay horizon with limited soil fortilityLixic:

having a fertile soillayeisin the ThaiorpartEUtric

having a strongly cemented layerPetric:

having a clay horizon with higher soil fertilityACric:

"
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Elevation profiles of the Sironko (I. ,oft) and Sipi (Right)
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Distribution

Glq, 5015 are waland soils inIai, unluss drained, are gruntcd with goundwatcr for longGLEYSOLS

periods to develop a chanelerislie colour pattern.Malorlty of nvginC

CIEyso!s can be well used for wetland rice cultivation. Glcysols can also be put under treewe"rinds in most districts

specifically crops only after the valor lablc has bcc" lowercd with dccp drainage ditches. Allcmativdy,More

Natapitipirtt, Kg, akwi, the trees are planted on ridges that alternate with shallow depressions in which rice is
Bukedca and Kumi

.

Table R 2.1 Major soilclasses of wetlandsi" the wetland systems

"."~~I

"

Vertigols arc chunitng. heavy clay soils with a bigli proportion of myclling claysWRT, SOLS

Bunlumbu". The soils have considersble agicu!Iunl peruitial. but adapted lamagcmerit is aB"kalea,
Kankii and Natapifipirlt precondition for sustained production. The comparatively good thanfoal futility and their

ocnirnmce rin exttitsive level plains where reclamation and mechanical coinvniinn can be
cnvisagcd arc assets of Vinisuls. Thcir physical soil characteristics and Ihcir dimeult water
manias"null cause problems. Buildings and other situcrurcs on VCriisols ate at risk. and
engineers have lotte special precau, jolts 10 avoid damage duelo andling and shankagc or
the soil.

.

.. d DC, cri"tin" and Man. gement Options

In us

HMOsols comprise soils ronin. d in organic marurial found mainly undcr VCgciaiion ofHISrOSOLS

Bukede. , Kurui, Kankii papyrus. and reedsJsedge in the area.
NabpiTitpitit. In gonad it is dcsinhleID pintcoi and conserve the area wherever possible because ortheirand

panicumly around Lake minusic value (especially their common function as sponges in regulating slumn now and
in SIP"rung wellnnds cuntsining unique SPEcics or animals) and because prospects forOpen

own

Source: jusS Working Group unB. 2007. World Relbrence Base for Soil Resources 2006, first update 2007. World Soil
Resources RcporLS No. 103. FAO, Rome

Table R 2.2 Major dryland soil class with p"tential
SoilCl",

Nitsols arc deep. well-drained. red soils.inTISOLS

Mourn"mous part in Nitsols arc among, he most productive sriils orihe humid impics. The deep and porous nature
Sironko. Kanchorwa and the slablc suil situciurc orNiLisols puniit dccp noting and inchc thusc soils quiic T'sistoni
and Kwccn to erosion. The good workabili, . or Musols, tiicir good internal drainage and fur reler holding

properties arc coinplcmtiitcd by chemical (Milky) properlies that compare favourably with
those of most other tropical sriils. Nitisols rite suitable for plani"lion crops such as cocoa,
conei* rubber and pineapple. and are also widely used for food crop production on

2-2

their sustaincd a 'cultunl use arc inca

FLINT"OSOLS

Mainly Kurui and
Bukedea

nestri thorn and Main cine", O lions

Fern15015 TCPrcsuitihc classical. dccply wombcrcd. red orycllow soilsFERRALSOLS

Finalsols occur mainly Most Finalsols have good physical proper, is. Grcai soil dcydi. good pmncabiliky. and slablc
in the northwestern pad microsiructiire make Finalsols less susceptible 10 erosion than most other intensely weathered
Dr Natapiripitit in the imp, cal soils. Moist Fanlso!sinc flable and easy to work. They are well drained hut innyin
wadand syst"n. Other limes bc mughiy bccausc orthdrlow availablc water slungc capacity. Thc chemical ICrLility
Iypes orlbrrelsols occur or Fernlsols is poor; weathersbleiwi"ads arc scarce or abserii, and cation Mention by the
in Kween, Natapiripitii mineinI soil fraction is weak. Under naruml VCgeiniion. nutricnt clonals that are taken up by
and Na at the roots are cyanuall returned to the surface soil with jailin leaves and other Iant debris

nullhold

Plinthosols is an Fond. tin sumc cuss also Mr. -rich). humuspuor mixture orbolhiiic clay
Flirt"1080/8 prosoit considerable management pro^C, IIS. Poor natural soil millty, caused by
scottg weathering writ"lDaring in bottomlands and drought are serious limitations. Many
Plinthosols outside of Ihc wct topics have shallow, continuous pomplinthitc, which limits Ihc
rooting volume 10 the CLIerii that arable limiting is riot possible; aleh land can at bus, be used
for low-volume gazing. Soils with higli contents of pignliihs are still planted to food crops and
true amps (c. g. cocoa in West Africa and c"hew in India} but the crops SUITcr horn chouglit in

Luvisnls are soils that have higher clay contentin the subsoil than in the topsnilLllVISOLS

Most Luvisols arc Mile soils and suitable for a widc mugc of agiculrural uses. Luvisuls unMainly in Sirenko
Kapchorwa. BulumbulI steep slopes require erosion control measures. The cluvial funrizoirs of some Luvisols am
and Kween along aeplded to the giant that an unfavourable PIdy somelurcis formed. In places. the dense subsoil
Mbale-MDroio Road causes rompomrily reducing conditions with a slagic colnur pattern. Luvisols in the temperate

zone arc widely gown 10 small grains, sugar heel and fodder; in sloping areas. they arc used for
orchards. forests analor grazing.

the d Gas

AN"OSOLS

LimitedIy in
Peripheral area

Source: jusS Working Group WRB. 2007. World Reference Base for Soil R'Sourccs 2006, firsi updaic 2007. World Soil
Resources Reporis No. 103. FAO. Rome.

Arithsols accommodate the soils that de, clop in volcanic pierta or glasses under almost any
the climate.

Andosols have a high poralIial for agiculLural produciion, batmany orihtin arc not used up to
their capacity. The sirong phosphate fixation of Andosols (caused by active A1 and FC) is a
problqn. Ameliomiivc manures to reduce this onceiincludc application orlimq silica, organic
material and hos hale I'm lira

2-3
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Bukedea. Sironko and Kumi was estimated at 0.41 cm. In the same manner, an annual sediment
deposition in the two lakes was estimated at 0.39 cm

The analysis indicated that the extensive wetlands in Bukedea, Bulambuli function as a sediment
reservoir; and thus Lake 01, eta is currently being buffered from abnip, alteration or the ecosystem
Due to a long distance of low-I^rig flat plain with an approximate distance of 28 Inn from
Mbale-Motoro Road to the Tisai Island, larger soil particles would be deposited first and smaller
particles subsequently. The wetlands thus provide sieving effects. Finally the soil particles Teaching
the Lake Opera are deemed to be those with fine colloidal fraction.

Table R 2.5 Sediment yield and annual increment of sediment

R, ref

N. ,,"Iu

Anal"

Kd, in

A1. n

Gang, rig
sialon No.

S, , 138894301 943 208,34182243

Mu cmbc 82242 582260 401,759 267,840
S, inu 836,8068224j 557,87112/2763

Surunko 627,0691,363,194 940,60482240

(1) in average Inertial Mullion aniong five thus in the Chespcakc Bay colash. d. (Source; Q. lintilying the RoleNo. c

or Wc""Its in Adi, c"ing Nuiriui, and Sadimui. Reduci. on in Chcspcakc Bay, Ch"peake Bay Frog"n STAC
Rspons. VC Workshop. November 2008. STAC Publicai, on 08,006

(2) in average value for clay soil Dr. Iuvium. Methods and mapleiation orgeoicchnic"11st. jin Jap, ,gel. Moist
unit woght. wh, ch ,s the unit weighi Dr. soil wha, void spaces @1the 5041 contdn both water aid at

82228
82229

82231

82244

Told Yield

V ear

48,682

Told scornui.
reserved by

wetlands

71848

1,126,685
4,847

cor

33,591

Exitnnicd volume of
salineni camured

49575

777,413
3,344

in I cor

22394

L. ..
*.,,""
^.

Es, trued

Receiving
Area

33,030
518,275

2,230

.,

153,344,448

L.

Annual

Inchnc, 11

in

509,296,818

cm

0.04

0.41

rig. R 2.3 Soil erosion risk map of Awoja and MPClogona catchments
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This study investigated the effect of different farmer cropping and soil conservation practices on runofr,
5011 and nutrient loss in Bududa district, Uganda. Gorlach troughs measuring 0.6m length, 0.4 in width
and 0.5 in high were Installed on runoflplots (, 5 in x 2 in) on famer's fields under banana sole, banana-
arabica coffee or annual crops, with or without soil conservation structures. Soil loss was significantly
(P<0.05) higher on annuals than on banana or banana-coffee (38.5 vs 6.6 vs 0.87 t ha"yr"), with values
much higher for fields without conservation structures compared to those where there were structL, res.
The total monetary value for NPK lost through erosion was Us $ ,6,663,4,404 and 442 ha'yr" for
annuals, banana and banana-coffee fields respectively; with values much higher for fields without
conservation structures compared to those with structures (Us $ 15.45, vs 6,058). Soil loss values were
much higher than the tolerable limit for Uganda which is 5 t ha'yr" and calls for immediate action to
scale up sustainable land management practices.

Key words: Land degradation, management practices, monetary value, soil erosion, valuation.

INTRODUCTION

Runoff and soil erosion are major land degradation
processes in East Africa, contrlbuting immensely to
nutrient depletion. declining agricultural productivity and
income. In Uganda, soil loss rates recorded in different
locations are higher than the tolerable values (Bagoora,
1990) and have raised both ecological and environmental
concerns. Highlands occupy around 2570 of Uganda's
land and contain 40% of the country's population. They
are found in the Southwest, East. West and Northeastern
regions, have steep slopes, high population densities and
most land including marginal lands, is under intense

.

*Corresponding author. E-mail: 0. semalulu@ginail. coin. Tel:
+(256) 772-6,5009.

cultivation. Bududa is among the areas badly affected by
soil erosion with 75 to 80% of the district affected (NEMA,
2000. There is as yet little evidence that increase in
population densities has led to sufficient adoption of land
management practices to offset the worsening erosion
and nutrient depletion (Nkonya et a1. , 2002),

Soil erosion has been a major problem since before
independence (Carswe11, 2002), and continues even
today, with severe impacts (NEIC, 1994; Kazoora, 2002),
It is estimated that 4 to I2% of gross domestic product
(GDP) is lost through environmental degradation (SIade
and Weitz, 1991; NEMA, 2001), 85% of this from soil
erosion, nutrient loss and changes in crops (01son and
Berry, 2003). The total monetary value of environmental
degradation was estimated at U$, 70 to 460 million p, a.
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in 1991 and by 2003, this was put at 230 to $600 million
(Kazoora, 2002).

Removal of nutrlent-enriched soil from cropland leads
to a decline in per capita food production (Dunne and
Dietrich, 1982). This is a serious menace to the future of
an expanding and poor population, whose only resource
is a small portion of land, exploitable at subsistence level
(Sarichez at a1. , 1997). Land degradation CUIminates in a
vicious circle of low income-low input, low yield and
poverty (Crosson, I 995; Berry at a1. , 2003). At a farm
level, declining fertility is worst on fields far from the
homesteads since available organic materials such as
manure and crop residues, are placed only on fields
nearest the homestead.

With arable land per capita expected to dealine from
1.1 ha in 1994 to 0.6 ha in 2015 (NEMA 2001), it is
critical to both reduce land degradation trends in areas
already under cultivation, and ensure sustainable land
management practices to prevent degradation in future
cultivated areas. Erosion control bunds had been

installed by the colonial administration in the Mt. Elgon
area and some are still being maintained by farmers,
However, attitude towards further expansion is poor
partly due to high labour demands. Further, use of inputs,
such as chemical fertilizers and manure, is very low.

Runoff and soil loss studies in agricultural lands have
shown that the effectiveness of various management
practices in reducing soil loss depends strongly on the
characteristics of climate, crops and soil (Shipitalo and
Edwards, 4998; Wari and El-Swaify, 1999). Use of
appropriate management proofices can decrease erosion
and increase available soil water for crops. Regional
differences in soil physical properties partly explain the
different results from various runoff studies.

Soil and water losses fluctuate highly between different
seasons and years (Maialiwa et a!., 2005; Merz at 81. ,
2006). These fluctuations complicate accurate erosion
measurement and prediation (Hogarth at at. , 2004).
Moreover, such intra- and inter annual changes in water
erosion are complex and caused by many synergistic
factors (Busnelli at a1. , 2006), such as variations in rainfall
(Wei at a1. , 2009; Baigorria at a1. , 2007), slope, land use
and soil characteristics. Weiuli (2008) found that soil
erosion in Wariale watershed of Uganda was a function
of land cover, soil erodibility and the square root of slope.
Deforestation, cultivation of steep slopes and other
agricultural activities have induced severe erosion and
land degradation in huge areas around the world (Gafur
at a1. , 2003). Loss of vegetation cover as a result of
human activities such as overgrazing and deforestation
leads to fortnation of soil seals that increase the risk of

runoff and soil erosion (Singer and Shainberg, 2004;
Sriyman and duPreez, 2005).

Understanding runoff and soil erosion processes under
different land characteristics and uses, and the impacts of
land use, cultivation and slopes, is essential for
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sustainable agriculture since most annual global soil
erosion rates are observed from fami!ands (Withinson
and MCElroy, 2007), Appropriate land use and
management can increase rainfall infiltration and reduce
surface runoff and soil losses. Vegetation restoration can
also improve the effectiveness of land cover, consolidate
the health and stability of local ecosystems, and reduce
the sensitivity of soil erosion and water loss to temporal
changes in rainfall (Dunj6 at a1. , 2004; Merz at a1. , 2006;
EUgenia at a1. , 2007),

Studies by Barnutaze at a1. (2010) indicate that current
runoff; erosion and sedimentation rates in the Mt. Elgon
Mariafwa district are generally high. Mean soil loss rates
varied significantly (P<0.05) from 7.5 in perennial to 24 t
h ~' " 'n rinual land uses.ha~ yr' in annual land uses.

The rates were above the tolerable rate of 5 t ha~ yr'
for Uganda, with annuals on steep slopes generating
more sediment. While many studies have quantified soil
erosion, the monetary value of soil loss has not been
adequately assessed in Uganda.

*

.

Economic valuation method of soil erosion

The effects of soil degradation have been reported in
declining crop yields, slitation of water bodies, reduced
fish catches, water hyacinth infest ation, to mention but a
few. Actual yields of grain crops ranged from 54 to 68%
of potential crop levels (Bashaasha at a1. , 2001). Many
approaches have been used to establish the economic
value of soil erosion (Clark, I 994).

Some of the commonly used methods are replacement
cost, rehabilitation cost, contingent valuation, hedonic
pricing, market value of soil, production value of soil,
opportunity cost etc. Each method operates from different
perspectives and has inherent drawbacks (Hacisalihoglu
at a1. , 2010).

According to Jayasuriya (2003) the "market value of
soil" method estimates the cost of soil erosion to society
as a whole.

The approach Is based on soil erosion reducing the
productive potential of the soil through depletion of the
soil's nutrient content, its physical structure and
ecological qualities. Of these factors, only the soil's
nutrient content can be valued in terms of marketed

proxies (artificial fertilizers).
Therefore, the analysis estimates the value of reduction

in soil's productive potential in terms of depletion of the
soil's nutrient resource base. It is calculated as the
market value of the difference in soil nutrient content

between an eroding soil and uneroded Soil. The method
undervalues the soil from society's perspective. The soil
nutrients are valued in terms of their least cost artmdat

fertilizer equivalents.
The analysis is not based on the soil nutrient

replacement cost approach (Jayasuriya, 2003).
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Objectives

I. To determine the effect of different cropping and soil
conservation proofces on runoff, soil and nutrient losses.
2. To assess the market value of the nutrient losses

incurred under different cropping and soil conservation
practices.

MATERIALS AND METHODS

Description of the study sites

The study was carried out in Bushika Sub County
(Bushiunya, Burnushisho and Bunabutiti parishes) in the
Mt. Elgon Bududa district, Eastern Uganda. Bududa
district lies between latitude 2' 49' N and 2' 55' N,
longitude 34' 15' E and 34' 34' E. The area receives
above I 500 mm yr' rainfall, controlled by the high
altitude of I250 to 2850 in (Kitutu at a1, , 2009). It has two
distinct wet seasons, separated by dry periods during
December to February and July (The Republic of
Uganda. 2004). Temperature ranges from 7.5 to 27.5 *C.
The cropping pattern is dominated by banana, arabica
coffee and annuals.

goes beyond 1.2 in. The A and B horizons are separated
by a wavy boundary. Haplic Lixisols Skeletic soils occupy
the upslope position and are shallower with a pronounced
rocky structure. They are rich in nutrients with a base
saturation of 50 to 8070 in the surface layer. Soils are
susceptible to erosion due to high slopes that
characterize the terrain. The identified soil units are in

agreement with those reported for this area (Is abirye at
a1. . 2004).

Soil characterization

Detailed soil description in the study area was carried out
on representative soil unit profiles co to 1.5 in) of major
landscapes using FAO guidelines (FAO, I 990).
Vegetation, slope, GPS coordinates, physiography,
erosion, topography, stoniness, geomorphic position, and
drainage with potential to influence soil properties were
also recorded. Morphological parameters considered in
soil description included colour, depth, horizon boundary,
structure, texture, consistency, compactness, porosity
and cementation, slope, land usercover, stoniness,
abundance and diversity of roots and macro-organisms.
Representative soil samples were collected from each
horizon for laboratory analysis of texture, pH, organic
carbon (OC), eXchangeable Ca, Mg, K, A1, available P
and GEC (Okalebo at a1. , 1993). For fertility assessment,
soil samples co to 20 cm) were taken from each
experimental plot, dried at 40"C for 3 days, ground to
pass 2 mm sieve and analysed for pH, OC, available P,
eXchangeable Ca, Mg, K, total N and particle size
distribution using standard methods (Okalebo at al. ,
1993).

Three dominant soil units were identified : Rhodic

Nitisols, Ferralic Nitisols and Haplic Lixisols Skeletic (data
not presented). Rhodic Nitsols and Ferralic Nitisols
occupy foot-slope and shoulder positions of the
undulating topography, characterized by distinct red
colours in the A layer extending into a deep B layer that
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Three rain gauges were installed in each of the three
parishes where the experimental plots were located, and
the amount of rainfall recorded for each rain event. Daily
rainfall was measured using conventional rain gauge with
a measuring cylinder (CASELA type 127 mm diameter,
Department of Meteorology, 1979). The data collected
included: rainfall duration, amount and any special
remarks about the storm.

Experimental set up

While it is acknowledged that slope has a very significant
influence on soil erosion and runoff, the major focus of
this study was to examine the effect of farmers'
management practices on runoff, soil and nutrient loss.
Study fields were located on slopes ranging from 3 to
45%. The experiment variables consisted of (i) farmers'
cropping practices (banana, banana-arabica coffee,
annual crops) and (ii) soil conservation structures
(terraces) used or no structures used. Farmers were
carefully selected to represent each combination of
cropping (banana, banana-arabica coffee, annual crops)
and soil conservation practices (structures (terraces) or
no structures). Twelve (t2) farmers were selected from
each parish, with each of the three parishes representing
a replicate. Gerlach troughs measuring 0.6 in length, 0.4
in width and 0.5 in high were installed onto experimental
plots measuring 15 x 2 in, on 36 farmers' fields. Runoff
from each plot was collected in the trough every rainfall
event. Experimental set up was a factorial combination of
cropping practices and conservation practices In a
completely randomized design. replicated 3 times
(parishes).

Determination of funori; so" and nutrientloss

Using a steel meter rule, fanners recorded the height
(cm) of the runoff mixture collected in the trough after
every rainfall event. The mixture was stirred uniformly
and a sample of the soil-water suspension taken in a 3 L
jerrycan for laboratory analysis. The volume of solution in
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Table ,. Summary of selected soilcharacterismcs co 10 20 cm) for the study sites.

Parish (REP)

Bunabutiti

Burnushisho

Mean

Standard deviation

Shunya

Mean

Standard deviation

Overall mean

Mean Standard deviation

pH

6.3

0.7

Mean

Standard deviation

OC N

.---9,"---

3.1 0.2

1.3 0.1

300

250

E zoo

' 1.50

^ 100

5.9

0.2

E

2.3

0.9

P

5.8
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12.1

17.1

0.1

o

50

3.4

1.9

Ca

6.0

0.4

o
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4.2
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Figure ,. Mean monthly rainfallfor Bushika sub county, Dec.
2009 to Sept. 2010
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the trough was obtained by converting the height of water

(cm) from the 15 by 2 in plot to in'ha", and summed upto obtain in'ha 'yr for each land use and conservation
prastice. The amount of soil sediment within the sampled
volume was determined after decanting off the clear
water. The sediment was dried, weighed and reported as
soil loss in kgha' then summed up to kgha"yr' or tha'
'yr". Nutrlent (NPK) loss was calculated by multiplyiqg
soil N, P and K content (kg kgsoil') by soil loss (^p ha *),
and later summed up to obtain the kg NPK ha'yr' , From
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at a 95% Confidence level and means separated using
the standard error of difference (sed) procedure. Two
means were declared as significantly different when the
difference between them was greater than twice the sed
value.
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the market price of N, P and K fertilizers. the monetary
value of the lost nutrients was computed.
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RESULTS AND DISCUSSION

9.0

3.6

Data analysis

Data were processed using Microsoft Excel and
statisticalIy analysed using Genstat package version 3.2.
Significant differences between means were determined

47.7

11.8

40.2

12.9

Soil charaderistics

Table I presents mean soil characteristics for the study
sites. Difference in the three parishes was evident in the
soil properties. The soil pH was higher for Bunabutiti
compared to the other two parishes. However, pH values
were above the critical value of 5.2 for Uganda soils. Soil
OC, N and P were higher for Shunya and lowest for
BurnishOSho. Higher OC, N and P values for Shunya are
understandable considering that being adjacent to the
park, land in this parish is relatively more recently opened
compared to Bunabutiti and Burnushisho parishes which
have been cropped for a longer period. Averaged over
the 36 farmers' plots, soil pH, ,to, . was 6.0; mean OC was
2.9% while mean N was 0.14. The P averaged 9.51
ingkg' (Table I ).

15.5

11.4

46.9

13.4

12.9

6.6

Rainfall distribution for Bushika Sub County,
December 2009 to Seplember 201 O

Figure I presents mean rainfall distribution during the
study period. Data are means of 3 parishes (Bushiunya,
Burnushisho and Bunabutiti). Peak rain periods were
observed during January and April20,0, with low rainfall
periods between June and September 2010. These
spatial variations in rainfall would be expected to
influence runoff and erosion measurements (Yair and
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Table 2. Effect of land use and conservation structures

on runoff and soil loss.

Parish (REP)

Bunabutiti

Burnushisho

Shunya

Land use

Annuals

Banana

Banana-coffee

sed

CV, %

No structures

Soil loss t ha' r'

2.34

1.56

2.75

No structures

Raz-Yassif, 2004; Nearing at a1. , 2005).

Structures

38.5

6.6

0.9

6.07

48.2

Effect of land use and conservation structures on
runoff and soil loss

1.68

4.39

0.77

district, land management systems which leave the land
devoid of vegetation cover (e. g. annual cropping) are
likely to result in severe erosion, which could aggravate
the situation. Banana and coffee present a relatively good
canopy cover compared to annuals crop fields which are
bare at the beginning of rainy seasons (Malaliwa at al. ,
2005).

Runoff ranged from 129 to 2,394 with a mean of 858
in'ha'yr". However, this was not directly related to land
use or soil conservation practices (data riot shown). Soil
loss was higher for Shunya parish and lowest for
Burnushisho. With the exception of Burnushisho parish,
soil loss values were higher for fields with no
conservation structures compared to those with
structures. Soil loss was significantly (P<0.05) higher on
annuals than on banana or banana-coffee (38.5 vs 6.6 vs
0.87 t ha"yr'), with values much higher for fields without
conservation structures compared to those with
conservation structures (Table 2). Soil loss values
experienced on annual and banana crop fields were

Structures

I5.5

3.2

0.2
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Effect of land use and conservation practice on
nutrient loss
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Organic carbon (OC) loss was significanty (P<0.05)
higher on annuals than banana or banana-coffee
systems (,,,,, vs 224 vs 24 kg -ha~'yr', Table 3) with
values higher for fields without compared to those with
conservation structures. The N lost followed a similar

trend to that of OC; values were significantly (P<0.05)
higher for annual crop fields compared to banana or
banana-coffee fields (6,581 vs 1,581 vs 185 kg ha'yr'.
P<0.05). The mean P lost ranged from O to 0.87 kg ha'yr'
. The values were higher for annual crops compared to

banana or banana"coffee, however the means were not
significantly (P>0.05) different between land use or
conservation prooflces. Values for K and Mg lost were
also higher for annual crops compared to banana or
banana-coffee plots, although not significantly (P>0.05)
different between land use of conservation practices,
According to Hacisalihogtu at a1. (204 0) nutrient loss from
agricultural land in semi-and (400 min) part of Turkey
amounted to 0.84 to 1.44,0.67 to 1.30 and 9.42 to 44.90
kg ha~'yr' for N, P and K, respectively. Results from the
present study show even higher NPK losses from the
wetter (overt. 500 min) mountainous Bududa district.

much hi^her than the tolerable limit for Uganda which is 5
t ha'yr' . Studies by Barnutaze at a1. (2011) in the Mt.
Elgon distrlct of Mariafwa, revealed high runoff and
erosion rates, with soil loss being 7.5 tha'yr~' on
perennials and 24.0 tha'yr' on annual crops. In the L.
Victoria basin Rakai district (heavy clay soils, 914 to 1118
min rainfall), Maialiwa at a1. (2005) reported runoff from
annual crop fields to range from 315 to 2,439 in'ha'yr'
and soil loss of 27.7 to 86.7 t ha'yr', with higher values
reported for annual crops than perennials. Data from the
present study show that runoff from annual crop fields in
the Mt. Elgon Bududa district (light volcanic soils, over
1500 min rainfall, more steep slopes) could even be
higher than that in the L. Victoria basin.

The dependence of runoff and soil loss on land use has
been attributed to factors such as rainfall, topography,
canopy cover, ground cover, and soil properties
(Maialiwa at a1. , 2005). In this landslide-prone Bududa

The monetary value of nutrients (N, P and K) lost due
to soil loss

The monetary value of soil loss in the research area was
calculated using the method "market value of soil" basing
on the lowest nutrients market prices (Hacisalihoglu at
a1. . 204 0). Nutrient prices were determined from the
lowest fertilizer prices in Kampala as of 2010. The
following values were used: urea (46%N, Us $ 42.50 per
50-kg bag); triple superphosphate (TSP, 45% P^0^, Us $
47.50 per 50-kg bag); inmate of potash (Mop, 50% K^0,
Us $ 45.0 per 50-kg bag). Based on these prices, the
cost per nutrient was determined as Us $ I. 85, 4.75 and
2.20 per kg of N, P and K, respectively.

Results show that the monetary value of N loss was
highest in Shunya parish on fields without conservation
structures. This is due to both the high soil and nutrient
losses which were highest for this parish compared to
others (Tables 2 and 3). However. for P and K, the trends
were different.

,
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Table 3. Nutrients lost under different land use and conservation practices.

PARISH (REP)

Bunabuliti

Burnushisho

Shunya

260

Land use

Annuals

Banana

Banana-coffee

sed

CV, %

DC lost, kg ha' yr'

No structures

7717

4875

7452

No structures

1,111
224

24

191

27.8

Structures

5904

1/29

18/5

Table 4. The monetary value of nutrients (N, P, K) lost due to soil erosion.

No structures

Structures

451

101

4

NS

Nitrogen lost,

Land use

k ha' r'

459

329

544

Bunabutili

Bumushisho

Shunya

No structures

6,581

1,541
185

1234.8

30.5

Structures

Loss through N loss,

Annuals

Banana

Banana-coffee

sed

cv, %

332.2

74.9

240.1

No
structures

Us $1hal r

849.1,0

608,723

1006.268

Phosphorus lost,

Structures

2,354
828

54

NS

No structures

k ha' r'

Structures

0.08

0.06

0.04

The value of N lost was significantly higher for annual
crops compared to banana or banana-coffee (Us $
12,160 vs 2,847 vs 342, P^0.05) (Table 4), with values
higher for fields without compared to those with
conservation structures. A similar trend was observed for

P and K. CumulativeIy for the 3 nutrients IN, P, K), a totalof Us $ 16,663,4404 and 442 ha"yr' was lost from
annuals, banana and banana-coffee fields respectively,
through soil erosion. Total nutiient values were much
higher for fields without compared to those with
conservation structures (Us $ 15,451 vs 6,058). Studies
by Hacisalihoglu at a1. (201 0) showed that the economic
value loss due to soil erosion from agricultural land in a
semi-and area of Turkey (400 mm rainfall) was Us $ 102
ha'year'. Results of our study suggest even much
higher rates for the wetter (>1500 mm rainfall)
mountainous district of Bududa.

12,160

2,847
342

2,282
30.5

,

6,4562

138.665

444,135

No structures

0.34

0.18

0.00

Ns

82.1

Loss through P loss,

Structures

No
structures

*

0.04

0.00

0.01

Us $1hal r

4,350

1,530
99

0,399

0292

0.1 87

Potassium lost,

No structures

Structures

0.87

0.11

0.00

NS

Structures

k ha" r'

2.09

3.24

3.19

1.61

0.83

0.01

19/5

82.1

0.167

0,005

0025

Loss through K loss.

No structures

38.8

6.6

0.40

NS

39

Structures

No
structures

Us $1hal r

1.11

028

023

4.15

0.5

0.01

4602

7,131

7,027

Structures

28.2

5.6

0.10

NS

Structures

Financial implications of soil and nutrient loss

Soil nutrients (e. g. NPK) are contained mainly in organic

85

14

36.7

38.9

2,438

0623

0504

Total loss through NPK, Us $
ha' yr'

matter (OM) and clay particles. Since OM is concentrated
mainly in the top 0-30 cm part of the soil layer, runoff and
soil erosion processes result in loss of these essential
plant nutrients. Extensive soil erosion in the mountainous
regions leads to continuous loss of essential nutrients.
leading to a progressive decline in crop yields. Replacing
the lost nutrients necessitates purchase of fertilisers. With
the high fertiliser prices in Uganda, replacing the lost
nutrients definitely impacts negatively on the resource
poor farmers'

62

12

o

'47/28

755.44

1458. ,46

16,663

4,404
442

SUMMARY AND CONCLUSIONS

This study investigated the effect of different farmer
cropping and soil conservation practices on runoff, soil
and nutrient loss. Soil loss was significantly (P<0.05)
higher on annuals than on banana or banana-coffee
(38.5 vs 6.6 vs 0.87. t ha'yr~'), with values much higher
for fields without compared to those with conservation
structures. Organic matter, N, P and K losses followed a
similar trend to that of soil loss, with higher values
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observed for annuals than banana and lowest on

banana-coffee; higher values were observed from fields
without conservation structures compared to those with
structures. Cumulativety, the total monetary value for

NPK lost through erosion was was Us $ 16,663,4,404and 442 ha'yr' for annuals, banana and banana-coffee
fields respectively. The total nutrient values are much
higher for fields without conservation compared to those
with structures (Us $ 15,451 vs 6,058 ha'yr~'). The soil
loss values experienced in this study (annual and banana
crop fields) were much higher than the tolerable limit for
Uganda which is 5 tha'yr' and this calls for immediate
action to address the situation by scaling up sustainable
land management practices in the area.
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OF NAllylATAr, A-DOllO AND AWOJA WETLAND SYSTEMS

vivj ^ u j'~ I'

WATER QUALITYASSESS^"ENT

I. Background

The National Wetlands Management Project ("Ie Project) is a four-year project of the Wetland Management
Department (WMD) funded by Japan International Cooperation Agency (JICA) to establish a model of
conservation and wise use of wetlands in Uganda. The Project is designed to achieve the purpose by
genemting five (5) outputs I) National Wetland Information System is up ginded and functional; 2) Scientific
infonnation on target wetland systems is available; 3) Wetland management plans are prepared; 4) Pilot
activities for wise use of wetlands are implemented based on wetland management plans; and 5) Wetland
management officers' capacity is stTengihened. A geographical focus is given to two (2) welland systems in
the country: Namatala-Doho Wetland System and Awoja Wetland System. The experience in the two wetland
systems will be inulLiplied over the country upon the completion of the Project

Under the second output, the WMD in collabomtion with the JICA Technical Assistance Team (JICA TAT)
has developed a sub-project inventory for resource assessment applicable to the two wetland systems. The
subprojects in the inventory were identified on the basis of the findings in I) workshops participated by the
relevant district officers in Mbale for Namatala-Doho Wetland Systan on 6th June and in Soroti for Awoja
Welland System on 8th June 2012; 2) the Reconnaissance Survey conducted from 19th June until29th June
2012; and 3) follow-up communication with district officers via e-mail to fill the gaps of findings that took
place after derivery of the brief report of the Survey

One of the priority subprojects in the inventory is a water quality assessment with three themanc activities
with different outsiives and therefore different sampling design

P@44, S"siCi"@biffO, ; It is often slated, that compared with Kibimba Rice Irrigation Scheme 0<RS), Doho
Rice Irrigation Scheme coRS) has limited sustainability, . Water quality parameters that may have relevance
with soil fordlity were chosen to compare between them

Sedi, ,, e"is MD"normg: The subcomponent is to estimate sediment transport at the existing gauging stations in
the two wetland systeirs 10 support the findings of the Preliminary Assessment of Soil Erosion and Sediment
Yield that is also a subproject in the inventory

N", neats in Lake Opet" and Bisi"@: GIDUDU at all reported signficantly pristine water of Lake Bisina
with a concentration of nitrate as low as 21 ugL. On the hand, there is a potential fann land endowed with
Veinsols at an upper stream of the lakes and a demand for invesinient for rice tanning. Coneidering the fact
that the irrigation area for rice production in Bulambuli and Kween districts in the upper stream area are begin
considered2 as potential irrigation infinsti'ucture development areas, it is of importance to develop baseline
information on the current level of water quality

2. Objectives

The general objective of the water quality assessment is to support planning process for management of two
wetland systems. More specifically the assessment is designed: I) to compare water source quality of Doho
and Kibimba Irrigation Schemes; 2) to estimate sediment transport at the existing gauging stations in the two
wetland systeius that will be compared with the findings in the Prelimiimry Assessment of Soil Erosion and
Sediment Yield; and 3) to provide baseline infonnation on water quality of the two lakes that is designated as
Ramsar sites

3. Methodology

3.1 Paddy Sustainability

S","pingii, ,, e: Watersamples were collected on I) 2nd May 20/3,2) 3rd to 10th June 2013,3) 28th July to
4th August 2013 and 4) 10th to 17th October 2013.

' B. Girludu, R. S. Copelan", F. Wandn, H. Ochaya, I. P. Cuda, and W A. Overholl. Distribution. jutcrspccific associations aria
abundance of agriniic plants in Lake Bisina, Uganda, I. Aquat. Plant Manage. 49:19-27

' The projCc, on Irrigation Scheme DevelopingIt in Central and Easicm Uganda
I



S""PIi"gsi, CS Water samples were collected at 11 Doho Head Worlrs (see figure I) and 2) the most upper
part of the lingation channel, discharge point from the reservoir, of KIS reigure 2) for the firstsampling on
2nd May 2013. The sampling sires were translbrred subsequently to the final discharge points of each
lingat, on area to allow broader comparison among the sites; and also coneidering apparent tendency of the
suspended solid in the periods.

Sampling "athad: Sample water was collected by single erab sampling at the centre of river using bucket

Famine, ers: The following ten water quality pyrometers were measured and compared between the sampling
alter I) pH, 2)Temp, 3) EC, 4) TSS 1000C, S) TSS 5000C 6) Ninates, 7) Ammonia , 8) Calcium, 9)
Magnesium and Ion Potassium. The panmeters were chosen coneidering the relevance with crop production
and soil fertility.

Figure I : Water Quality Sampling sites at Doho irrigation Scheme

Scripli"g sires: In Doho-Nama, ala Welland System, four sampling sites were chosen for monitoring. They
were I) R. Mpologoma at Budumba, 2) R. Malaba at Jinia-ToToro Rd, 3) R. Mariafa at Mbale To1010 Rd and
4) R. Namatala at Mbale-Soloti Rd. In AwojaWetland System, five monitoring sites were chosen mainly
along Mule Monto Road. They weal) R. Sinnko at Mbale-MOMO Rd, 2) R. Sunu at Mbale-Moroto Rd, 3)
R. Sipi at Mbale-Morelo Rd, 41 R. Kelim at unale-Moroto Rd and 5) R. Namalu at inhale-Moroto Rd.

Sampling"afo@d: Sample water was collected by single erab sampling at the centre of river using bucket

Figure 2: Water Quality Sanp""g sites at robinba Urng. ticn Scheme

3.2 Sediments Monitoring:

S"", Fling, inc: Sediment was monitored over four periods: I) from Sth to 12th March 2013.2) from 4th to
11th June. 3) horn 29th July to 5th August, and 4) from 9th to 16th October in 2013 at the nine gauging
SIatrons spread over In the two wetland systems.
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Figure 3 Sampling sites for Sediment in Doho-Nanatala Wetland System
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Figure 4 Sanp""g sites for Sediment in Awoj. Well. .d System

Famine, CFS: The pannieiers monitored were Total Suspended Solids

33 Nutrients in Lake Opet, and Bin".:

Scrip!i"grime: The monitoring was conducted in two seasons I) from 19th to 26" April2013 and 2) from 5th
until 12 June 2013 for three parameters: I) Nitrates, 2) Ammonium and 3) Total Phosphate at six
predetermined sites.
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Scripli"g sites: The sampling sites were spread over SIX sites in the two lakes. Three of them locate in the
Lake Open, the rest in the Lake Bisina. They are presented in Table I and Figure 5.

Scripli"g Mahad: Sample water was coll^red by single grab at Skin using vandon sampler.

Table I Sampling Sites for the study on nutrients in Lake Opera and Bigi".

Lakes Sampling SIIcs

WQ I

wQ2

wQ3

wQ 4

wQ s

wQ6

Lainude

I 37'5452'N

I 392.28"N

I 38'30. so"N

I 39'48.22"N

138'10.89"N

I 4028.49'N

Cumd, nate

Un 11udc

3.13'8.88'E

34 10'3.83"E

34 759.56"E

34 2'7. "'E

335642.86'E

33'51'14.42'E

P"renders: The painmieters Ironitored were: I) Nitrate, 2) Ammonia and Total Phosphorus

3.4 Laboratory An. by, sis

The Principal Water Analyst of the National Warer Quality Reference Laboratory in Eniebbe undertook
phnning, field work for sample collection, sample shipment and laboratory analysis

Table 2: Water Quality Parameters and Method of Analysis
Analysis Mt. had
Elec, tornciric inclhod-usin a F1 multi

Eleciromciric-us in a H inclcr

El"Irondhc-"sin an EC inclcr

Grewimaric

S rulingry
S Ironi"

10n Chromalo in 11

Ion Chromaio h

10n Cliromai0 11

Figure 5 Sampling sites for Nutrients in Lake Opera and Bisin.
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TSS all 105"C} and TSS a (SirCl
Nilni"

Ammonia

Calcium

Ma ncsium

Ponssiuin

3

4

5

6

?

g
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Water samples were collected only from the location desigyiated above. Water samples were taken and
collecied horn mid-stream or in the main flow of the river and away from slumping and scouring effects
found near the banks, or by using boat from the surface of lakes at desigiated locations. Appropriate
precautioirs were exercised by adhering 10 the labmtory sampling and preservation protocols. The
laboratory's standard me Ihods for analysis or water and wastewater were used in determination of the water
quality pommelers. The meIhods of analys, s Is summarised in Table 2

4. Results and Discussion

4.1 P. ddy Sustainahi"Iy

The results of the amIysis in May ale presented in Table 3. Other results are shown in Table 4 and 5. From
the second sampling, the sampling locations were transferred 10 a lower part of each irrigation area to allow
broader comparison among the sites; and also considering apparent tendency of the suspended solid. it is
rioted that samples at the lower sites were affected by farming activity panicularly in Kabimba Rice Field. For
the Doho lingation Area, farming activity was riot fully started due to the delay of rehabi"Ianon work. The
physical disturbance of the paddy field as a resinl. of fanning activity inny have mised the TSS concentration
in the KRS

Doho 6.7

Kibimba 6.9

pH
Tap
rel

24.3

28.5

Table 3 Quality of Irrigation source water in May

EC

I Gini

264

309

June

Jul

October

Tern CC)H EC ("SICm TSS I05' in

Doho Kibimba Doho Kibimba Doho Kibimba Doho Kibimba

29.425.07.16.8 43372232 30

6.9 7.3 246 179235 390 1428.8

26.77.1 24.0 3127.6 290 4 20

T. Me 5 Water Quality Monitoring Paddy -2
Nineies (in ) Ma esium (in I Ponssium tinAmmonia in ) Calcium in

Doho Kibimba Doho Kibimba Doho Kibimba Doho Kibimba Doho Kibimba

0.22 25O. 13 0.40.13 6.335 3.6 2.814

4225 6.8 172.2 0.470.34.6 3.55.6

0.45 0.53 300.09 171<0.02 11.3 129 4.4

TSSj 1051

inI

27

18

Table 4 Water Quality Monitori. g Paddy -I

TSS(Sun

IngLi

22

June

Jul

October

Nilni"

jin I

0.28

0.4114

The concentrations of TSS (100'C) were in a range
betweai 14 to 27 ing'L. It was confirmed that the
concentration of Totalsuspended Solids in jingation
water of Doho Rice Irrigation Scheme coRS) was
almost fifty (50) percent higher than Kibimba Rice
lingat, on Scheme OCRS). Proctically visual
observation of theirrigation water also Indicates
SIgiificantly higlier suspaided materials at DRS. Since
the capacity of the head works is desigied as 1.39 mys
according to an engineer at DRS, an estimated one (1)

Annani. C, hmm

In I 11n I

<0.04 29

<0.04 120

Magnaium
tin I

7.7

1/8

Pot"nun

foalL}

4.2

TSS 500' (in )
Doho Kibimba

3713

2 42

173
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Doho lob. ruts Doho K, himba

TSS I 050 TSS 5000

Figure 6 TSS in Irrigation Water



ton of TSS (105")is delivered for eiglit hours of irrigation water provision

Contrary to the observation on TSS, the
concentrations of cations in irrigation water
such as calc, urn, magnesium and po, assium
were found to be higher at KRS than DRS
Supply of basic cations tmugi, trigation water .a
is d^med important for maintaining soil
fertility. in was also rioted that the
concentrations of the cations were higher than
those generally found in Japan. For irisimice,
Tamie a @I. 'reported 5.2 ing/L for Chikuma
River and 7.7 ing'L for Ternyu River

Doho Kibimb Doho ibimh Doho Kibin

Calcium linglL) Maps, urn o1,351um tingL
(ingiLj

Figure 7 Cations in Irrigation Water
A1 least 1000i0 1500 min of water is used to

lingate paddy fields in a cropping season. Taking 1000 mm as the minimal water use for one crop, irrigation
water with dissolved calcium at 25 ing'L replenish 250kg Cama in one growing season

Magnesium concentrations in irrigation water were consistently hidier at KRS than DRS, while those of
catsium were also higher for ERS except October. Althoug!I the concentrations of the canons may have bee
affected by farming practices and application of soilamendmenis, the quality of the source water may have
been the major fueror to determine the surface water quality throughout the gowing season.
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4.2 Sediments Monitoring

The results of the analysis are presented in Table 6

The gauging 5.8tioirs at I. R. Mpologoma or
a"dumb@ and 2. R. Malab" at Jini"-Tomro Rd, = =So

are those installed along Malaba River at a ,
~ 200

lower and an upper parts respectively. 5
^ I'DBetween the two gauging stations, there is a .

long strip DEIand that is derrsely vegetated with a 100
papyrus. The concentmiion of TSS at the upper ^
station exhibited higher values that have
plunged to significantly lower values at the
lower gauging station except the measurement

I.

I.

^.
312
, ,,
a"

in Augist (Figure 10). The water quality data demonstrates that the papyrus welland has provided services in
runoving sediments considering the nature of channel between the two gauging station that is charscierized
by low gulleni and thus slow waier movement allowing the wetlands to capture sediment and large particles
This observation is an aspect that was riot identified in the modelling analys, s pertonned under the
Preliminary Assessment orErosion Risk and Sediment Yield in Mpologoma and AwoJa Bas, ns.

Table 6 Sediment Monitoring TSS

. DC.
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;:
,

Tanic Nak. 11na-Naru, Nineo Mumyanna. Research on MCI. I Ions of River and DrinkinB water in Nagano PrelbciuTc, Bull Envimn
Conscrv, Sh, richu Un, v. 7,198S

"

Sad, menu Monitoring in Ganged
Rivers

'050cR MPClogor, n at
5000CBud"riba

R Malaba a '11/1. -Tomc0 105'C
SooncRd

'050cR Mariara at Mbalc

sadcToTom Rd

'050cR Numerala a

5000CMbale-SOTOi, Rd

'050cR Siamko at

500'cMbale. Morelo Rd

R S, inn at Mbale-MCIot0 105'C
Soo'cRd

R Srip, at Mbalc-Momi0 105'C
5000cRd

'050cR Kclm, a

sodcMbale-Moldo Rd

'050cR Nanalu at

'00''CTribale-Moroio Rd

Da, a on TSS 500'C in March ,s net av. .lablc

Urni. mall

No.

Or. *",~ **
rin. " 9 ~"" b. I".,. Con""u. I. .,

anO

2

I

3

4

5

o

6

Un.

. R A1"". ",.,,, Tomr" Rd

FIB"" 10TSS 11nq. b. a Shhh. nitr

7

Mach

R RIPd"am, , B""to

a

6

,~

9

5

.

74

June

San IC Perlod,

Jul . A" SI

By comparing the
concenrration of TSS at

Mariafirya and

Namatala Gauging
stations, on the other
hand, it Is evident that ~
Mariaf^, a is the larger
coninbulor to area's

soil erosion incidence

Although the sampling =
location of Mariaf!rya

gauging station is not
same w, itI the Doho

Head Works of the
A1q!ustPaddy Sushinabiliq, ,

the samples were inken F1^ 11TSS <100q at Nam^h and Mom^, a
from the sane river.

Although, in the Paddy Susiainability, the concentration was determined at 27 ing/L (100'C) in May; it was
found that the values ranged horn 2 to 94 ing/L.
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The discharge of the river in Awoja
Welland System differs
signficanily due to the varying size
of the river profile. It was, however,
observed that concentration of TSS

signficantly differs depending on
the location and seasons. The

differaice may be aimbutable to the
rain-fallpat, em of the area, which is
becoming more erratic.

Nutrients in Lake Opeta and Bisina

The results of the analysis are presented In Table 7.

Table 7 Nutrients in Lake Bisina and Opeta

4.3

=

.̂

SN

I Lake Opaa poll I

2 Lake Opda poll2

3 Lake Opus Point 3

4 Lake BISin. point 4

3 Lake BISin. point S

6 Lake BISin. potn, 6

Nitrate level in the lakes ringed up to 0.26 ing/L over the two sampling period. The concentiatio, us of nineie
in June were below the deleciion level at 0.02 ing/L at all the sampling points. The concentrations detected in
the lakes were well below the most stringent standards at 25 ing/L' set forth under the EC Directive regarding
quality required of surface water intended for the abstraction of drinking water (75/440/EEq. The toxicity of
nitrates to fish is generally low, and 80 ing/ line ,s considered to be the maximum admissible nitraie
concentration for carp and 20 ing pel' litre for rainbow haul'. The contamination by nitrate of the lakes is, thus,
neg!igible level at the moment. This is mainly due to limited fertilizer use at the upper stream as well as lake
shore areas.

On the other hand, the maximum concentration of ammonia was 3.2 ing/L at Opera Point I in June. The
ammonia quaniified in the assessment exercise indicates rather higli level of contamination. The level of
contamination would require intensive physical and chemical treatment' to serve as sources for drinking
water according to 75440/EEC. This ammonia may have occurred in water bodies arising from the livestock

@

R s. .*.. k s~ " *.. b .,,. .". b kit, b ...". r, ". b. .
Lit. bV""~ rib"" N. " " ..^, " *. I, *inc, in

SIIc

Fly. "12 155 dub. menu Aruj. ^*un. d 53.1en

31"eh

June

Au, un
. nether

NIIraie

{in I

April
0.5

0.09

June

0.11

0.26

<0.02

0.02

waste. In Australia, 0.5 ing/L is line Protected Environmental Values for Aquatic ecosystem orresh water) in
its water quality enteria. The value is total as nitrogen so that it should be read as 0.6 ing/L as ammonia.

For phosphorus, the highest level was observed at Opeta poit I both in April and June. The values detected in
the assessment exercise were, however, well below the problema, IC level. For Instance, the water quality
criterion in Australia for fresh water for Aquatic ecosystem is set at 0.5mg/L. The major solarces of
phosphorus are deemed livestock waste corrsidering the current farming proctice. There are also
naturally^conrring sources of phosphorus in lakes, such as decaying organic matter, and eroding rocks and
soils. When the phosphorus balance in lake is lost and phosphorus levels are too high, the excess phosphorus
contributes to excess algal gowth. Phosphorus is usually the limiting nutrient in freshwaters. The level of
phosphorus Is believed to be critical in management and conservation of freshwater systans

In summary, the current levels of major nutrient contaminants are low except amnunia that may arise from
excretion of ami, rels. Limited use of Ichilizer at the upper sinar, ^ contributes to the current level or lake's
pristine slate. However the lake ecosystem is maintained on a fragile balance depending mainly on lake
phosphorus cycles. In other words, the use of chemicals in the upper stream may have SIg, incant, neversrible
impacts on the lake coosys. em
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02
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02
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tin )
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0.17

0.04

0.04

0.04

0.04
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Appendix: Evaluation on Potential Soil Loss from Cultivated Areas and Its
Mitigation under Land-use Conversion to the Rice Paddy System

Z. Introd"erro, ,

Soil erosion from cultivated topsoil is a major sediment source for rivers, wetlands and lake basins

in Uganda oranyama at a!., 2012) and such land degradation process involves water-enrichment

with sediment load influencing on fish catch to become a severe peril for the livelihood under

expansion of the population (De Meyer at @/., 2011). Moreover high erosion rates are observed in

the heavily populated and intensiveIy cultivated plateau of the Lake Vicoria Basin while lesser or

severer ranges observed in the South-western highland and Mt. Elgon in Eastern Uganda (Bamutaze,

20 15) though such infonnation/data for lowland area remains very limited. These potential erosion

from cultivated land; specially for hilly area, may lead it to depletion of soil fertility to make crop
production more critical. 111 the Project on irrigation Scheme Development in Central and Eastern

Uganda, Phase 2 (hereafter mentioned as PTSD-2), it is essential to implement wise use concept in

wetland development for proper agricultoral production. in this context, it is important to utilize

wetland from the perspectives of conservation of natural resources including cropland soil.

Therefore, harmonizing the development of stable agricultural production and conservation of

natural environment for sustainable utilization of wetland is an important consideration to be

achieved. in the 10th Ramsar Convention, a multi-function of paddy fields was recognized, and
paddy field is considered as an artificial wetlands. The PTSD 2 intend to utilize multiple functions of

paddy fields for development plan of itfigation schemes, such as flood-control by storing ramwater

over the field, maintaining of hydrologic circulation by return-flows, and soil erosion control

(sediment reduction) in upland area. The multi-function of paddy fields includes the followings,

Flood control: paddy fields store rainwater temporarily and this function prevents a rapid rainwater

flow, and can prevent or reduce the flood damage in the surrounding/downstream area.

Diversity: fomied and maintained paddy field have developed ecosystem with rich biodiversity as

semi natural system which provides rich habitats for diverse insects, animals and plants.

I

Soil erosion control: paddy fields; surrounded by levee and terraced on gentle sloping, can

potentially trap most of sediments to settle down.

Return flow as for Environmental flows: Seepage from ditches and levee (bund) surrounding

paddy contribute to shallow groundwater recharge and groundwater retuni flow to the river; while,

overflows from paddy pouring into drains to joint with the river flow. Return flow can be utilized as
"Environmental flows"'.

Environmental flows can be described as "the quality, quantity, and timing of water flows required to maintain the components,
functions, processes, and resinence of aquatic ecosystems which provide goods and services to people" (World Bank), cited from
http://water. worldbank. org/topics/environmental-services/environmentsl-flowss (datelasiverified 02/1uV2015)

I



Figure: The photo (left) shows paddy plot developed under the SIAD Project (Sustainable irrigated
Agriculture Development) as JICA!s Technical Cooperation, at Nataloke area of Upstream Namatala
Swamps; while the photo (right) shows bare upland soil under ploughing up and downward slope.
Directions of ground slope and surface water are indicated by arrows.

2. 0^ledive of the g"""tit"tire Evcl"@, to" 0" Pate", i@! SoilLoss ,,"der L""of"se Cornusrsi@"

This study aims to compare and evaluate potential soil loss from cultivated areas under different

landuse scenarios numerically by applying an empirical soil loss prediction model in order to

indicate site-specific potential of erosion and its mitigation due to landuse conversion. The scenario

involves the present condition and the future developed-condition; where organized, systematic land

development with paddy systems is assumed to be introduced. The output information of the study
here will therefore be useful to provide viewpoint on risk of soil loss from farming area hence

related negative impact on crop production and areal environmental impact when considering

alternative plans of development under the Project (PISD). It is not our intension to present and

discuss land degradation (erosion) process to draw specific issues on soil and land management,

precisely,

3. St"dy, ,re"

The study areas are located in the two development-PIarming areas of Atari (N 1'30'14.32" E

34'26'43.35") and Sironk0 01 1'20'50.84" E 34'14'32.15"); where the PISD conducted the

Feasibility Study from June 2014 to July 2016, and each site share boarders of 2 or 3 districts of
Bulambuli, Bukedea and/or Kween district, the lower-belt of Mt. Elgon region, Eastern Uganda.

The landscape is characterized by flood plain area with streams flowing into wetland body with an
elevation about 1070 meters above sea level for both sites. In addition, the entire part of each

studying site is restricted to the gently undulating topography with intermittent isolated patch of

rangeland like landuse (bush, grass and grazing land). Mean annual rainfall is 901-1100 mm

(NEMA, 2009). The most extensive area is engaged in rain-fed agricultures except the lowest

position in topography where the farmers are enabled to access water from stream or swamp for

lowland rice production. Dominant soils over the regions are classified as Ventsols and Gleysols



basing on the soil map of Uganda. Further detailed information is available for the Environmental

impact Assessment (EIA) report conducted under the PTSD-2.

The regional soil itself was found to have moderate potential of soil loss according to a short-tenn

instantaneous field observation conducted using a runoff plot. The runoff plot' measures 0.49 in
wide by 5 in long (2.45 in'), with the long axis oriented down the slope with gradient of 4.2 %.
Changes in runof^ coefficient, defined as runoff divided by the corresponding rainfall both expressed as

depth (nun) over catchment area of the plot, and soil loss are presented in the figures below, Mean runoff

coefficient in relation to total soil loss during a 7-month period shows relatively low due to lack of

observation period (less than I year) and also to a gentle slope gradient studied. It is; however* implying

that corresponding soil loss amount falls within realistic range of soil loss from bare plots under natural

rainfall of tropical climate countries as reported by RDOse (1976) and Rose (2001) (Figure-A). This may

be explained more clearly from Figure-B showing relationship between cumulative rainfall and

corresponding soil loss. Labri6re at a!. (2015) reported that annual mean soil loss ranged from

1,495.5 to 2,458.3 g/in'/year from runoff plots with tined bare soil under namraVsimulated rainfall;
n=800 events, across 21 humid-tropical countries of West/CentraVEast Africa, South-east Asia,

North East Australia, America and North Pacific Ocean, covering tropical rainforest and tropical

monsoon regions, with the median values for annual rainfall (only for measured-cases), slope length

and steepness were 2,444 mm, 16.4 in and 16.5 %, respectively. Under the presenting study the unit

area soilloss of 2,009 g/in' was observed for the 7-month monitoring period.

(A)
25

;a 20
a,

^:.
is 15

\

;a
Q
-I
==
Q

co

10

S

o
o

. Rose (2001)

(1976)AR

X Presenting Study

A

Figure: (A) Relationship between average annual runoff coefficient and soil loss Ocg/in'/year). Data set
obtained from the presenting study were projected against that from the past literature including field
runoff-plot study under natural rainfall across^:g^Lg^s_of West Africa (Roose, 1976)
and Southeast Asia' Oceania (Rose, 2001). Field monitoring period of the presenting study was limited
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RunoffCoefficient
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N

' The single hydrologically isolated runoff plot was installed on a typical upland maize cultivation field in Mbale (nearby
the district production office), and was maintained on bare surface during the observation period from 26th September
2015 to 27th April 2016 under natural rainfall. At the bottom (lower) of plot is a settling basin for collecting
runomsediment, by referring to practical and low cost setup proposed by Kobayashi (2008). The rainfall amount was
measured recorded for each event using a rain gauge, manually
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to 7 months while others present I-year annual mean values for the minimum 20 in to the largest 5,000
in' plot with slope gradient 1.25 to 50%. (B) Cumulative soil loss observed during a 7"month observation
period in relation with cumulative rainfall and mean soil loss (g/in'/year) reviewed by Labriere at al.
(2015) using event data from the field runoff studies across 21 11!^. VCP in the
legend denotes vegetation-related conservation practice(s).

4. Method @100iUoss esti","ito"from theprqject site "sing UsLE

(1) Quantification of average soil loss

The average soil loss (A) due to water erosion per unit area per year (tiha) was estimated using an

empirlcally based model, Universal Soil Loss Equation (UsLE) developed by Us DA-ARS (Wiscluneier

and Smith, 1978). The amount of potential soil erosion is calculated as

A=RXKXLXSXCXP

where A is the average soil loss due to water erosion (ton ha~' per year), R the rainftill and runotf
erosivity factor (MJ trim ha" It' per year), K the soil erodibility factor (ton h MJ" Trim~'), L the slope
length (in), S the slope steepness (%), C the cover and management practice factor, and P the support

practice. The UsLE, which was developed for field use in the USA, uses inputs and produces output in

Us customary units, thus factor values were converted to SI units (Systeme international d'Unites) for

presentation purpose. The calculation can basically be applicable and useful to estimate annual soil loss
but not for event-to-event erosion. The a Iication of this estimate is to enable farmers and soil

conservation advisers <" Ianners"> to select combinations of land-use

conservation Tactices which will kee the soilloss down to an acce table level (Hudson, 1993). Details

of the variables for individual factor of the equation are shown below.

,

Rainfall Erosivity Factor: R (MJ min ha" h')

R'ZEX 130
E'EkXr

E* . 0,119 + 0,08731, g, I (/ ^ 76.2 in"",/h)
E* ^ 0,283 (I ^ 76.2 mm)

Component for Factor

Table: Variable for individual factor of the UsLE.

data/ measurement/ relevantinformation:

Measured rainfall during March/2015 to February/2016 of Atari and Sironko were 924 min and 1,183 min, respectively, and these
amount meet with or fallwithin the range of rainfall distribution; 901-1,100 min, covering lower-belt of Mt. Elgon region while
overall farmlands range 900 - over 2,100 min (NEMA, 2009) if extended to mountainous areas. Meteorological stations (with a
data-joggers) were installed nearby the site of Atari and Sironko, presenting flood plain area. The rainfall data with I O-min
interval were used to calculate the individual total storm kinetic energy.

Soil ETodibility Factor: K (t h Mr' mm")

where E is individual total stonn kinetic energy in MJ ha" and 130 the
.I

maximum 30-min intensity in mm h' ,
Et is the rainfall energy per unit depth of rainfall onIha" mm" h~')
r rainfall amount (mm), and I rainfall intensity for particular
increment in a rainfall event (mm h").
The factor product El quantifies the effects of raindrop impact and
reflects the amount and Tale of runoff likely to be associated with the
rain (Wischmeier and Smith, 1978).

CrO In

Variable and description

Tactice and

4



100K'=2.1M"'(10')(12-q)+3.25(b-2) +2.5(c-3)
M=(SI+, is) (100-co

K = 0,1317-K'

data/ measurement/ relevantinformation:

Parameters were determined based on the basic soil physical characteristics investigated by the Environmental Impact Survey
conducted by the PISD Project during 2015 September/October (wet season) and 2016 February (dry season). The soil samples
were collected from top layer (A1) and air dried at about 25'C for 5 days to eliminate the moisture followed by sieving through a
2 min mesh to remove debris and other non-soil materials including stones and plant roots. The sieved soil sample were then
analysed from the Soil, Plant and Water analytical Laboratory at the Department of Agricultural and Environmental Science,
Makerere University. Soil particle size distribution was determined using the hydrometer method to separate particles using the
British Standard mesh-size (civil engineering). Soil samples were collected from 3 plots of each of two rice fields and one upland
field within the project planning site to composite for representativeness over the site (in the wet and the dry seasons). Soil
penneability (rate) was measured in sit" by a simple tiled percolation test using a dug hole. Soils of rangeland (bushierassland)
were categorized as upland soils due to their topographic location and therefore the same K value were applied across these fields.

where @ is organic matter content, 0. M. (%), b soil structure code
under Us DA, c soil permeability as permeability coefficient in
cadsec, ^ content of sill (%), 1:13 content of very fine sand (%) and Cl
(< 0,002 min) clay content (%). K' is Us customary unit therefore
needs to be converted to SI units by factoring 0,1317. K value
specifies the tendency of the soil to erode.
The formula is applicable if the combined content (%) of soil and
very fine sand (0.1-0.05mm) below 70% for estimation ofK'value.
The factor reflects the ease with which the soil is detached by splash
during rainfall andlor surface flow; related to the integrated effect of
rainfall, runoff and infiltration and accounts for the influence of soil
properties on soil loss during storm runofT events (ingima at al. ,
2003).

Slope Length Factor: LS

LS = (L'/ 22.1)"' (65.41sin' a + 4.56 sine + 0,065) where 81^ stone gad"nt in neg^.-
Measurements for LS were laken from the top of each field plot to itsin = 0.5 ms ^ 5.0 ps : slope steepness %)
position down-slope (edge) where deposition was more than

= 0.4 (3.5 ^ us ^ 4.5) detachment and the length was less than 200 in.
= 0.3 (1.0 ^ us ^ 3.0)

The factor accounts for the effect for the effect of slope length and
= 0.2 (ps < 1.0) slope gradient on erosion (Allgima e! u!., 2003).

data/ measurement/ relevantinformation:

Field slope length and gradient were determined using the 1:50,000 topographic map (I-in contour interval) developed for Atari
and Sironko by the Aerial Photo Survey conducted for the PISD Project during the dry season February 2016. Maximum slope
length was identified by taking consideration of erosion or deposit dominant area and related boundaries of landuse of each site.
Aerial photos were also referred to overview ground conditions of the site. Field plots under different landuse were categorized
into groups by range of maximum slopelength to determined LS factor, individually.

Cover management factor: C

C (dimensionless ratio)

o .=C' ^

data/ measurement! relevant information:

C-factor was determined by reviewing and referring to previous field studies (literature) in which the UsLE was directly applied
for their individual evaluation purposes. The literature discussed mostly on erosion impacts under landuse difference or
conversion from scale of rice-paddy plots to watershed comprising lowland paddies and others, Similarity in climate, annual
precipitation, topographiclocation, feature of rice paddy practices were considered to select and adopt a value for the factor.

Support practice factor: P

P (dimensionless ratio)

o .=t:.,^i

C-factor is defined as the ratio of soil loss from land cropped under
specified conditions to the corresponding loss from a clean-lined,
continuous fallow. This factor represents the reducing effects of plant
canopy and plant residue on soil erosion.

P-factor is defined as the ratio of soil loss with a specific support
practice to the corresponding soil loss with up and down the slope
culture, including terracing, contour tillage, and penmanent barriers or
ships' The value varies depending on the slope length and steepness.

5



data/ measurement/ relevant information:

P-factor was detennined also by reviewing and referring 10 the literature in which the UsLE was directly applied. The literature
discussed mostly on erosion impacts under landuse difference or conversion from scale of rice-paddy plots to watershed
comprising lowland paddies and others, Similar considersiion was taken into account for practical purpose. Note that P-factor
value was changed from I. 0 ( no conservation measure, ploughing up and down slope directions) to 0.6 for the developed
scenario where enhanced form practices (plot arrangement, tiliage and land husbandry) are to be expected. Range of slope
gradient falls within I-2 % orless than dial.

Table: Current landuse (area, ha) for Atari and Sironko project areas calculated by the Arc-GIS database.

Scenarios

Prese"I

Atari:

Landuse

Biish (rangehnd)
I^ass field (ringehnd grazing I
fukivated field

Paddy field
Total

Developed
(land converted)

Note: Broadleaf area, river (0-2ha), swamp, road and other spaces excluded for analytical purpose. Area of unit farm plots
(fuelother crop) under Ihe developed condition assumed as 50 x 150 (in') and 50 x 200 (in') for Atart and Sironko,
respectively.

Landuse

Paddy field
Other cultivated land

Total

Area, ha
28

196

219

211

654

Sironko:

Landuse

Bush hangeland)
(^ass field (rungeland/grating)
011tivated field

Paddy field
Total

Area, ha
570

84

654

Figure: Landuse map for the project
planning area of Atari (left) and
Sironko (right) under present
condition.

Landuse

Paddy field
Other cultivated land

Total

Area, ha
380

594

341

144

1,459

I. e. 11.1 11.11 lire,

Area, ha

1,000
459

1,459

o. 1*. ..
.., ,

, . , ~Sire" 11.1 Sinnko hue,

"" ' ^!, ;,'*,, o IP" ' " ,*

. , ''D. ,' T "~; ' I, ...' ^. I>.. ^ '^::^I, . ,, ',.- ,.. ^,.;!.. ^ '^;:'^*; ,., , ,.. ,,'^";^', ^! '^;;'.:*,; ,, ,,.^;;',;^", ^. '- e: .e, . , ,,.

,,,, , *
^!,"

Slope directions(identified using 1:50,000 scaleiopogtaphic map)

Figure: Aerial view of the left bank Atari commanding
typical landuse condition. Arrows indicate direction of slope
(maximum slope length) with very gentle steepness. The
aerial photograph obtained during the aerial photo survey
conducted for the PISD Project in February 2015.



5. Res"!t

individual parameters for UsLE equation are summarized below for both Atari and Sironko. Data

presented here are meant to show process of soil loss estimation using the empirical model that hinder

some key process of soil erosion by water,

Table: Sununary ofR value (rainftill erosivity) for Atari and Srironko (present/developed).
Site: Atari

Month. 20/5/16

R, MJ. lintba. h

%

Site: Shanko

Mar

Month, 20/5/16

183

Apr

R. MJ. ,intrha. it

35

729

May

13.9

Mar

%

406

Iun

7.7

Apr

233

Site: Atari

1,083

Jul

4.2

20.6

1,073

May

Site

fowlnnd Rice Sandy Gay Loam

Sandy Clay LoginUpland

26

Table: SUITunary ofK value (soil erodibility) for Atari and Stironko (present/developed).

Aug

19.2

1,057

0.5

Jun

167

Soiltype

Sep

18.9

SIIe: Shanko

3.2

Jul

439

79

Oct

7.9

Site

Aug

1.5

Lowland Rice Sandy Loam

Upland Sariy Loam

53

Sand

277

Nov

ID

Percentage, %

Sep

5.3

50.0

713

Sontype

Clay (CD

.\!FS: Very Fine Srind, 0,184i. 063mminstead of 0.14). OSInm cosDA)

**M = (SI+usS) (100Cl}

152

Dec

12.8

52.0

2.9

Oct

511

36.0

761

Sill(SI)

Jan

9.2

360

14.5

Sand

NDV

1/6

1,381

140

usS*

Feb

Percentage, %

2.1

60.0

Clay (CD

26.3

12.0

1,192

Dec

Site: Atari

16.5

M. '

58.0

Total

o

21.3

13.0

26.0

o. 0

Jan

a

O. M, %

Torel

RamiaU.
rim

SII ISO

180

5,244

1952

developed farm area

36.0

3.2

Site

100.0

1600

Feb

14.0

b

Structure

us So

20

Site: Sironko

4.86

924

10.0

0.4

M"

Total

18.0

5.25

cuemeient or

peril"abitity

o

developed fom area

20.5

o. 0

Total

Rainfall
Inn

Soiltype

Site

5,585

Sandy Clay Loam

2368

a

O. M %

10

1000

b : Soilsiructure

1952

b

Structure

PenreabMty

3.94

10'

C

1,183

K,
t . hMJ . mm

3.88

Soiltype

CDEtficient of

pemrnbthty

Sandy Clay loam

2

2

3

4

K'

3

0,0140

2

very fine grinu:ar
the ginnubr

fired. orcoarse ginnulnr

blocky. phiy or, mssive

*K value as an average value of lowland and upland areas, Atari (assumption;
soil matchal of top layer removed and spread over the development area
during construction period under the project implementation)

K

I. IVMJ. mm

10'

K,
t, IVMJ. mm

0,1170

PCmEnbiMy

e

10s

0,0962

00134

00142

K'

00127

3

e: Pen, Lability

*ditto (for Sirenko)

K

1.1VM, . mm

01189

0,0961

00157

6

S

4

2

00127

7

very slow
slow

glowio ona.
lindente

mud. to rapid

ripid

I



Table: Summary ofLS value (topographic factor) for Atari and Stironko (present/developed).

Site: Atari

Slope category

Ajar\ Right bank
upper

Landuse of SCSIrient

Paddy field srimm
Paddy field Ined
Paddy field large
CUMv. kind srin"

Cultiv. land red

Cumv. land bige
Gass land mud

Atari, Right bank
lower

No of plot

Paddy field gnun
Paddy field mud
Cukiv. land sireU

Cultiv. land red

Cumv. land large
Gass land n"d

Bush ITEd

35

60

64

9

Is

10

4

Atari. kit bank

L', in a, *

30

so

80

20

40

80

60

Paddy field sinn
Paddy field Ined
Paddy field large
Cumv. kind siren

Culliv. land red

Qinv. land large
Gass land siren

Gass hnd red

Gass land large
Bush Ined

20

40
120

Is

11

6

o

0.23

023

0.23

0.23

0.23

0.23

0.23

ps, %

Site: Shanko

0.40

0.40

0.40

0.40

0.40

0.40

0.40

in

30

80

20

so

100

100

Slope category

Shanko, upper

0.2

0.2

0.2

0.2

0.2

0.2

0.2

10

19

13

35

58
4

30

35

10

13

us

0.12

0.12

012

0.12

0.12
0.12

0090

0099

0109

0083

0095

0109

0103

0.21

0.21
0.21

0.21

0.21

0.21

Shanko, haddle

20

50

80
20

60

100

30

60

200
100

LandusdSize

Paddy field itred
Culliv. land nred
Gags land Ined

Bush rind

0.2

0.2

02

0.2

0.2
0.2

0.33

0.33
0.33

0.33

0.33

0.33

0.33
0.33

0.33

0.33

Silonko lower

Paddy field hired
Paddy field large

01kiv. land usd
Gass landined

Bush Ined

0080

0097

0,073

0,088

0101
0101

0.58

0.58

058

058

058

0.58
0.58

0.58

0.58

0.58

No of plot

170

40

30

25

0.2

0.2

02
0.2

0.2

02

0.2

0.2

0.2
0.2

Paddy field grinU
Cultiv. land gin"

Qinv. land Ined

Cultiv. land large
Gags hand usd

Bush tired

L', in

0092

0110

0121

0,092

0114

0126
0099

0114

0,145

0126

Site: Atari

15

2

110
1/1

40

80

60
80

120

a, ,

over developed area

0.13

0.13

0.13

0.13

location

ps, %

80

200

80
80

120

o

90

30
12

50

53

Site: Sinnko

0.23

0.23
0.23

0.23

in

0.14

014

0.14

0.14

0.14

landuse/Size

over developed area

0.2

0.2
0.2

0.2

Paddy rice

Upland crop

location

0.24

0.24

0.24

0.24

0.24

us

40

80

200

80

120

0098

0092

0098

0106

*reclaimd unit field plot sized as 1501/1(I. .) by 50m

0.08

0.08

0.08

0.08

0.08

No of plot

0.2

0.2

0.2
0.2

02

Landuse/Sire

0.14

014
0.14

0.14

0.14

0099

0119

0099

0099

0107

Paddy rice
Upland crop

760

1/2

L', in

0.2

0.2

0.2

02

0.2

*reclaimd unit field-plot sized as 2001i<L) by 5th

No of plot

150

150

a, '

0,081

0092

0111

0,092

0100

0.23

0.23

ps. %

1,000
459

L', in

0401

0401

200

200

in

e, .

8

0.2

0.2

0.12

0.12

ps, %

us

0209

0209

0,124

0124

,in

0.2

0.2

us

0116

0116



.

Table: Sinnmary of C (crop management factor) and P (conservation practice factor) value for Atari and
Stironko (presenti'developed).
C Factor

P Fador:

Factors in tilelature:

Rome (1976)
We SIAhiea isoustalcou"musj
annual rainfallS00-2100 ram

Wiseh, mirer andSmlth (1978)

usDA. ARS

Meni"re

in the Manual for UsIF

Ric, paddy Codandj
upland crop, cultivared
bugh innsebnd)
gingshnd trainB"rind/grating-yard/prairie)

JICA (1999)
In doncsia. West Java Onn. ,ami, " 2,000 mai

Landu, e

thinunura, tat. (2000)
Than and, South
SCL- or, oil

Rice paddy nowla. d), intensive reallylion
Okunliechniques: coin. 30's hung timer
GOP cover of slow developine"I
Overglared savannah DTPni, :e
Bare soil coininuou, b. fah wed

Landusc

No rinkh toy, grind co"er)

I'mus a, dimage are inline direction of
slopd wh. n terracei, riot mintained and
overtoppirig is frequent

Contouring Clope 1.2%}
Earnphnniris area 1.10p. 1-2%)

40ntour factor

41npe"p focior

ontoy"hid at. Coini
China, Sichuan
C>, ICa, eous SDU

C

0.28

0.35

0.10

0.10

WEhlkn, . at al. PDU4}
Japan

P

C Pastor

Paddy itemce)
Upland, (contourbundj
Forest

Paddy
Perre"bierop
Urban

Orchard

Bale land

01he, s

UpMer dere!@pedco"did@",

0.1

0.14.2

040.9

03-08

0.1

Palho, n, .k oral. @005)

Thnibnd. Nonh. ,I (ninja11950-1300 mmj

lowla", restricted 10 paddy

P Factor

Lenduse

Rice paddy

VCzln. at a1.120"61

Vernalit northern highland jrnean ninja11 15nmi, 30

paddy rice @ cyclc, ) altovtslplain, {010'5bpej

Cumvatal

with up kind
uup

C

Paddy bnd
Paddywhca!
Wheat(ripej-sporeto+coin
Wheat(rapej<rim

unokl at a1. (2009)
Japan, Hokkaido
volcanic ash soil

0.28 0.1

P

Paddy land, for phne
Paddy land. slopes tie
Paddy land. ribnndoned. slope, Me
Upland Ii. Id: coin
Mowing grass
-longiiud, Ialridgemat ridge

035 0.6

Shinde eta1.120U9j
India

annual ninth" 1300 mm Iconsoon)

0.01

0.4

0.6

0001

0028

0.2

0.45

0.15

Us

0225

Paddy field

Uup field

0.6

0.3

0.04

0.5

Paddy field

Chen etal. QUIZ)
Northern Tairan

terraced paddy system

0.1

01/1

0227

0,339

Forest

wheat

Orherth. n wheat

Gassland

Bare land

Water body

L. jet. I. (2015)

Qina, soulh

typicalhiUy area. 150,2400 mm min
OnIAP

Ontario. Canada

0.38

0.02

0.04

0.4

0.02

Paddy
Coin

Fortsi

Range
Well, rid

Water body
.inndwit!I 0.2%slope

0.6

0.5

0.5

0.28

0.6

0.55

Rice cuhi"anion

-abandaned

- green innuru ,renal, "at

' DMAFM: ontario Ministry of Ashculiu, e, Food and RuinlAf, am

0.1

0003

0.2

04

0.02

o

Paddy fukilnon-irrigated finchnd

0-5% slop.

0.1

if rin congerv

reas. , P=I

Brain coin

snage coin
cereals IBpririg &amierj
seasonal homeuliu"1.10ps
fruit trees

hay and pasture

0.28

0.35

0004

01

0.4

up&down slope
cross slope
coinour hinting
SIrty cropping, cross slope
51rp cropping. contour

01

0.05

0.25

0.06

0.6

0.01

0.01

0.01

0.4

0.5

0.4

0.5

0.1

0.02

0.11

9

0.75

0.5

0.37

0.25

.



Table: Summary of computed soil loss A (t) as I"year basis under present condition of Atari and Sironko.

Site: Atari River Basin

Location

Right bank upper Faddy fi. Id shall
Paddy field red
Paddy field IarB.

Ri, hi bank lower Paddy field Elmll
Paddy field ind
Paddy field SIMM
Paddy field red
Paddy field us TBe

\,

Landus. /S^,

Left bank

Right bank upper Cuhiv. land 9.16U
Cuhiv. hnd Ined

orhiv. hind large
rushl bank tower Cuhiv. kind sinn

Okiv. land red

Okiv. land large
Cumv. hnd sinn

Okiv. land red

QINv. land lange

NO Diplol

35

60

64

20

40

10

19

13

KR

011.1radha. h) 01VM, .Inni

Left bank

Right bank. upper Gas. land Irkd
Righi bank, lower Gags bnd red

<tags land ,minLeft bank

Gags fond red

Gas, land large

5,244
5,244
5,244
5,244
5,244
5,244
5,244
5,244

9

15

10

120

15

11

35

58

4

00154

00154

00154

00154

00154

00154

00154

00154

Right bank. upper Bush rind
Right bank, lower Bush I'd

BUEh redLeft bank

L. S
AC P

cosC 51) to SPE1) 4th aperyear)

0,090

0,099

0109

0,109

0097

0092

0110

0121

5,244
5,244
5,244
5,244
5,244
5,244
5,244
5,244
5,244

Site: Shanko Wetland

0.28 0.1

o. 28 0.1

0.10.28

0.1". 28

0.10.28

028 0.1

028 0.1

028 0.1

_, ave"Be ^__

1.0035

1.0035

1.00.35

1.00.35

1.00.35

1.00.35

1.00.35

1.00.35

ID0.35

---- av era, e -^-

100.10

1.00.10

0.10 ID

o. 10 1.0

1.00.10

--- UV era Be --^

100.10

1.00.10

100.10

--~ average, ---

A

6

30

35

10

00127

00127

00127

0,0127

0,127

00127

00/2?

06/27

00127

Location

Upper
Middle

0,083

0095

0109

O. ing

00.8

0101

0092

0114

0126

D

D

13

Lower

5,244
5,244

5244
5,244
5,244

Area within the

projectsire
Utai

Landu, dSize

Upp. r
Middle

Lower

0203U

02248

02469

02469

02191

0,2073

02490

02735

'23/8

1923

2209

2537

1706

2049

2354

2130

2653

2939

2.22B
0,684

0673

0,660

0,758

0964

9,298
0000

o coo

D. "O

0280

Paddy field mud
Paddy field red
Paddy field 1.18c
Paddy held red

00/27

00/27

00127

0,0127

0,0127

,

Totalso:lbs, horn the Pro^CiAr. a. junky. or

5244
5,244
5,244

son to, ,

(I peryear}

No of plot

Okiv. land red

CURiv. land red

C, kit. land SIMM

CURiv. hndired

Oniv. land "Ise

Upper
Middle

Lower

0103

0101

0099

01/4

0,145

170

15

2

o

0,0127

00/27

00/27

KR

0.11. limb. .hj 11. hikiJ ', ami

Upper
Middle

Lower

Gass land I'd

Gass land red

Gasbland 11st

D 000

0,000

0126

40

110

90

30

12

211

5,585

5,585
5,585

5,585

Bugh ,:led

Bu, h red

Bush cod

49.3

30

1/1

Sri

0,015?

00157

0,0157

00157

5,585
5,585
5,585
5,585
5,585

L .S
C P A

rose ^I) to SPEl) funa peryear)

25

40

53

0098

0099

0,119

D 000

219

00127

00127

D 0127

00127

00/27

5,585
5,585
5,585

0.10.28

0.10.2B

0.10.28

0.28 0.1

^ av erug e --.^

035 1.0

035 In

0.35 1.0

035 1.0

035 1.0

__- average ^

010 1.0

0.10 1.0

DID 1.0

-^ average ^-~

0.10 1.0

10Uru

1.00.10

__^ avenBe --^

499

0092

0099

0081

0092

0111

Totalsoi: Loss bornihe Pro^C! Area. 10n/year

196

5,585

5,585

5,585

00127

00/27

D 0127

28

147

00127

00127

0012?

0098

0,009

0092

Areawithir, the

I^

0,240

0243

0,291

0000

0193

2287

2450

1993

2289

2749

2356

0692

0700

0,654

0682

0,751

0759

0709

9.2^

Project She

7.84

0106

0100

0100

Son In. a

{I PCryc, rj

144 28

341

594

803

10

380

405

L^

281.1



Table: Sunnnary of computed soil loss A (t) as I-year basis under "developed" condition of Atari and
Sironko,

Site: AtariRivcrBastii

Location

A1. ri Paddy Tic.
under developire"I Upland crop

Landu, dSiz NODfplot

Site: Stunko Wetbnd

Location

Sinnko Paddy ticc
under dcvebprnent Up!rind crop

R K

GII. inch. .hj It 'am' ' 'an'

760

112

Land"seiSize No orplo1

5,244
5,244

TotalsDU Loss from the Project Area

R K

011. anta. a) to MMI. 11.10

1,000
459

00140

00140

4.5

5,585
5,585

Total Sonlo, a tombe Project Anti

C P a

cosCS1) 10sP =I) itha Defyear)

0124

0124

1600

1200

ô
~ 1000

;^
Q
a
=
Q

co

1400

0.28

0.35

00142

00142

L .S

800

6. Disc, ,ssio"

In the study, we evaluated potential soil loss from cultivated land of two development planrriing areas of

Atari and Sironko under the scenarios including present landuse and the developed condition with paddy

system for a single year using the data set of I-year rainfall, basic soil and landuse infonnation, Soil loss

amount (tryear) and unit area of soil loss amount (thatyear) estimated by applying the UsLE were

sunnnarized in the table below. Both year-based and unit area soil loss amount from Atari and Sironko

shows significant differences reflecting scale difference being associated with inherit landuse difference

over the two sites under landuse-conversion. Magnitude of soil loss is greater for Sironko than that of

Atari implying severer potential of soil erosion due mainly to special landuse patterns within the

planning area which comprise of lowland paddies, cultivated land and rangelands. This may be

reasonable result regarding closed value ranges of slope gradient, soil properties and the total storm

kinetic energy of rainfall (5,244 and 5,585 MJ nun/ha'h for Ataria and Sironko, respectively) across two
sites and these are reflected by the factors of LS, K and R, Higher amount of soil loss for Sironko is

attributed to increased cultivated land (with upland crop) for sediment source under the scenario of

"developed condition" where vast area of rangelands having relatively higher ability of buffering are

0.10

0.60

C P ,

co^C^I) (0^P ^11 Itha peryearj

600

0116

0116

Figure: Estimated volume of soilloss from the planning area (over I-year period).

400

Are. within the

Project She
than

200

02551

19/33

0.28

0.35

o

SOLIDSs

tipery. all

010

0.00

570

84

At ah

. Under current condition

. Under developed condition

Area wiihi:, the

Project Site
01.1

1.1^

1454

161

0,2575

19314

Soiling,

@ peryear)

Sironko

1,000
459

I^!^

257.5

887

11



converted to the cultivated land. Consequently it is estimated greater mitigation of soil loss for Atari than

for Sironko, as indicated by the percent mitigation.

Table: Estimated volume of soilloss (b'ba) from the planning area for I-year observation period.

Under current condition

Under developed condition
maddy and cultivated fields)

Total cuhivated area* yielding soil loss

Percent multigation

*landuse data calculated for areal distribution of individual landuse based on Arc-GIS analysis. The total area includes
Bush, Cultivated field, Grassland and Paddy field as current landuse basis; while, residential area, road, swamps, and other
spaces were excluded.

Condition

Percent mitigation, degree of soil loss mitigation under different landuse setup, is defined as

Percent Mitigation (%)
So

where So is soil loss estimated for current condition (tryear), and S, ,, ts, ,, is soil loss estimated for

developed condition (dyear).

Ranges of soil loss (thatyear) estimated by the presenting study are compare with the previous field

studies conducted for various landscape and landuse conditions witliin Uganda (see the table below). Soil

loss amount of the two sites under the present or the developed condition halls within the range of low

gentle slope gradient that can be found on hillslope position of cultivated field with slope gradient of a

few percentages (1-6%), as is estiinated by Bnniner at o1. (2008).

Table: Example of measured mean annual soil loss from dominant landuse system in Uganda.

(s, - sum, ,)o am'"" XIOO

703 t

(1.07 thatyear)
306 t

(0.47 thatyear)
654 in a

Atari

56 %

Range of soilloss

,

Sironko

1,517 t
(I. 04 thatyear)

1,144 t
(0.78 thatyear)

1,459 ha

34 - 207

that ear

40 - 45

35.99

20
-. -- -- --- --- --- --- --- -- --.. ~. ~..~.- -- -- -- -- -- --- --- -- -. -. -...-.- -. -. -- --. -- -- --- --. --. -- --- -- -- -

Footpaths and agricultural fields

Maize, maize-bean intercrop

annual crops (maize)

Annual cropping

Hillslope position as summit, Maize cropping on soil of Sandy Clay
to Sandy Clay Loam1-2% slope

Hillslope position as Ditto
- - ~~~~. ~~ - - - - -.. . -. - -........- - - - - --- - --. -. - - ---. -.---- - - - ~ ~

Plateau

259'0

3.3

Landscape

Plateau

Mountainous hill slopes
(10-25%), Mt. Elgon region
Plateau

2.5

2.0 (average)
-. --.-... -- -- --- --- -- --. --. -- ~..-.-.~.. -- -- --- --- -- --- -- -- --..-.- -. -. -. -. -. -. -- -- --. -- --- --. -- -- -- -- .

0.01.0.32

* after Barnutaze (2015)
**estimated by a process-based physical prediction model, Water Erosion Prediction Project myEFF, developed by

Us DA-Agricultural Research Service) using input parameters including soil texture, rock fragments, organic matter and
Cation EXchangeable Capacity (CEC), land management, tillage option, meteorological data and delineation of overland

Entire hillslope from summit
to valley, I-6% slope

Plateau

Landuse

Maize cropping on soil of Sandy
Clay/ Sandy Loam to Sandy Clay
Loam

Forest

De Meyer at o1. (2011)*

Maialiwa (1998)*

Semalulu at a1. (2014)

Author

Nakileza (2005)*

12

Kizza at o1. (2013)*
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flow elements for individual hillslope unit.

Table: Categorization of soil erosion risk for Mt. Elgon region by hang at at. (2014).

Z SI, mina"I, Limit", to" of DCt"I"tel:pret"from cmdrmpltc"tio"for Necessity of Co"sen^"ito"

The study assessed the effects of landuse conversion from upland-crop dominant system to rice paddy

system on potential soil loss using the empirical model UsLE with available meteorological and soil data.

The result of this study show that development of paddy system conserve soil of cultivated land more

effectiveIy than present condition. This is clearly shown by the mitigation percentage estimated for soil

loss were 56 % and 25 % for Atari and Sironko, respectively, under the scenario of landuse conversion of

the presenting study although the amount of potential soil loss as yearly basis (thatyear); some 0.5-I. O

tr'balyear, show very-low risk level for Atari and Sironko under two scenarios (see the table above). The

ranges of erosion risk well agree with that of the lowland area analyzed and reported by Jiang at al.

(20 14) for Manafiva catchment close to Mbale. It is, however, limitation exists when inte Tetin these

Erosion risk

Very low

Low

Moderate

High

Very high

Threshold (thatyear)

Soil Loss :^ 2

2 :S Soil Loss :S 10

10 :S Soil Loss :S 50

50 :S Soil Loss :S 100

SoilLoss;a: 100

results due to the following reasons.

> UsLE is not a precise research tool to study the process of erosion (Hudson, 1993).

> Validity of output data may only be vonfiable if data from field measurements and simulated soil

loss are compared though it is not our intension in this study.

> UsLE may evaluate annual soil loss from paddy system where water-tapping/ drained off condition

exist season to season despite the fact that several studies attempted to apply UsLE directly for

paddy system with deliberations on daterrnining the factors of Crop and Management to

approximate potential ability of the paddies to reduce outflow of sediments downward (Roose,

1976; Pathoonsak at o1. , 2005; Chen at at. , 2012, formstance).

For example, the UsLE may present soil loss output by rill, internll or sheet erosion but not channel

erosion over developed gully network and associated sediment transport toward in and out of the funn

plots are not taken into account (Nishimura, 1998) while the process-based physical models will present

this. Consequently, the results may not provide infonnation on sediment outflow into river system and

hence impact on sedimentation and relevant water quality for environment aspect. Nevertheless it is still

valuable to estimate loss or replacement of top soil from formers' field to out of or within the plot

13



indicating loss of farm input and other labour and financial input by the farmers on their properties as a

foundation for crop production.

For more precised analysis, Soil Water Assessment Tool (SWAT) model, developed by Us DA ARS,

coupling with the UsLE (Sakaguchi at at, , 2014) applicable for soil loss from paddy area, would be

practical to evaluate event-to-event sedimentary discharge based on individual parameters representing
regional topography, soils, landuse, han practice, precipitation and hydrologic aspects at watershed
scale. It is clear that paddy system involve complicated sedimentary and hydrological behaviour such as

overflows from paddy fields during water management, paddling and drying of paddy soil where in the

process transportation of sediments involve dynamics through armual farm practices.

Overall the presented result of evaluation suggests a necessity of soil conservation practices for the

project site through the proposed project plan (irrigation scheme development). Nutrient losses, as NPK
basis, from the top soil due to cultivation without any conservation practices can lead "Financial Loss"

about Us$ 172 hatyear in mountainous area of Mt. Elgon region (almost twice of that for fields with

conservation) as estimated by Semalulu oral. (2014) for example. This holds true that prolonged soil loss

process may result in serious depletion of soil fertility and hence loss of financial investment which the
small-scale farmers catered for within their limited affordability despite different severity according to

topographical location. Slight or very gentle slope-gradient over the project sites of Atari or Sironko

involve potential erosion risk which is ctitically related to land preparation for upland and lowland crops

(paddy rice etc) associated with surface water management. This was observed and revealed by the

sedimentary outflow occurred over the lowland of Tabagonyi area in Bulambuli District near Atari (see

the Figure below).

Figure: sedimentary outflow from paddy area due to inappropriate field-arrangement (land levelling,
levee making, puddling and re-levelling) and related land husbandry. Photo was taken by the PISD Study
Team during the survey in Atari area (Tabagonyi, Bulambuli District).



.

.

Reference:

ingima, S. D, D. E. Stott, M. K. 0'Neill, C. K. Orig and G. A. Weesies (2003) Soil erosion prediction using RUSEL for
central Kenyan highland conditions. Agricultural Ecosystem and Environment, 97: 295-308.

Barnutaze, Yazidhi (2015) Chapter 2 Geopedological and Landscape Dynamic Controls on Productivity Potentials and
Constrains in Selected Spatial Entities in Sub-Saharan Africa. In: R. Lal et al. (eds), Sushinable Intensification to
Advance Food Security and Enhance Climate Resilience in Africa, pp. 21-44, Springer.

Brunner, AC. , SI. Park, G. R. Ruecker and P. L. G. Vlek (2008) Erosion modelling approach to simulate the effect of land
management option s on soil loss by considering catenary soil development and fanners perception. Land Degradation
& Development, 19: 623-635.

Chen, SK. , CW. Liu and ER. Chen (2012) Assessing soil erosion in a terraced paddy field using experimental
measurements and universal soilloss equation. CATENA, 95: 131-141.

De Meyer, A. , I. Poesen, M. Isabirye, I. Deckers, D. Raes (2011) Soil erosion rates in tropical villages: A case study from
Lake Victoria Basin, Uganda. CATENA, 84: 89-98.

Hudson, N. W. (1993) Field measurement of soil erosion and mmofT. Soils Bulletin 68, FAO, Roma.
Jiang, B. , Y Bamutaze and P. Pilesj0 (2014) Climate change and land degradation in Africa: A case study in the Mount

Elgon region, Uganda. Geo-spatial Information Science, 17(I): 39-53,
nCA (1999) Integrated Agricultural Development in Highland Areas, Indonesia, Final Report. Japan International

Cooperation Agency (nCA), Tokyo, Japan.
Komamula, M. , K. Phouangphet, C. Tanavud and C. Yongehalennchai (2000) Landuse change followed by soil esorion in

Songkhla Lake basin. Journal of Japanese Society of SoilPhysics, No. 83: 17-28.
Labriere, N. , B. Locate11i, Y Laumonier, V. Froycon (2015) Soil erosion in the humid tropics: A systematic quantitative

review. Agriculture, Ecosystems and Environment, 203: 127-139.
Lai, C. , Z. Warig, X. Chen, CY Xu, B, Yang, Q. Meng and B. Huang (2015) A procedure for assessing the impacts of

land-cover change on soil erosion at basin scale. Hydrology Research, htip:\dx. doi. org/10,2166/rib. 2015.094 .
NEMA (2009) Uganda: Atlas of our changing environment. National Environmental Management Authority (NEMA). P. 0.

Box 22255 Kampala, Uganda.
OMAFRA (2000) The universal soilloss equation, FACTSHEET, Ontorio Ministry of Agriculture, Food and Rural Affairs,

Canada. http://WWW. search. gov. on. ca:8002/compass?view-template=simplel
Obayashi, K. , B, Zhu, T. Ohta, K. Takeuchi and A. Tsunekawa (2002) Land use evaluation using the universal soill loss

equation in a small drainage basin in Sichuan Province, China. Journal of Japanese Society of Revegetation Technology,
27(4): 582-588.

Paiboonsak, S. , U. Chankot, C. Mongkolsawat, B. Yommaraka and N. Wattanakit (2005) Spatial modelling for soil erosion
risk in upper Chi Basin, Northeast Thailand. 26th Asian Conference on Remote Sensing, ACRS 2005 and 2nd Space
Conference, AsC, Ha 1,101, Vietnam.

Rose, C. W. (2001) Soil erosion models and implications for conservation of sloping tropical lands. In: Stot, DB, r. H
Mobtar and G. C. Steinhardt (ads. ) Sustaining the global fann, selected papers from the 10th International Soil
Conservation Organization Meeting held May 24-29,1999.

Roose, E. I. (1976) Use of the universalsoilloss equation to predict erosionin West Afi'ion. Reprinted from SoilErosion:
Prediction and Control, Soil Conservation Society of America, lowa, USA.

Sakaguchi, A. , S. Eguchi, T. Kato, M. Kasuya, K. Ono, A. Miyata and N. Tase (2014) Development and evaluation of a
paddy module for improving hydrological simulation in SWAT. Agricultural Water Management, V01.137: 1/6-122.

Semalulu, 0. et a1. (2014) Financial Losses due to Soil Erosion in the Mt. Elgon Hillsides, Uganda: A Need for Action.
Sky Journal of Soil Science and Environmental Management V01.3 (3), pp. 29-35.

Shinde, V. , K. It:. Tiwariand M. Singh (2010) Priotitization of micro watersheds on the basis of soilerosion hazard using
remote sensing and geographic information system. International Journal of Water Resources and Environmental
Engineering, V01.2(3): 130-136.

Taku Nishimura (1998) Numerical simulation a power toolfor soilconservation practice. Journal of Japanese Society of
Irrigation, Drainage and Reclamation, 66(9): 933-939.

Unoki, K. , H. Tada and H. Hosokawa (2009) Analysis on sediment loss from upland cultivated area of the watershed using
UsLE. Civil Engineering Research Institute for Cold Region. (In Japanese with English abstract)

Vezina, K. , F. Bonn and CP Van (2006) Agricultural land-use patterns and soil erosion vulnerability of watershed units in
Viemam's northern highlands. Landscape EGO1. , 21: 13/1-1325.

Wischmeier, W. H. , Smith, D. D, (1978) Predicting rainfall erosion losses. A Guide to conservation planning. United States
Depariment of Agriculture, Agyiculfural Research Service (Us DA-ARS) Handbook No. 537. United Slates Government
Printing Office, Washington, DC.

Wariyama, I. , K. Herreinans, W. Maetens, M. Is abirye, F. Kahimba, D. KimaTo, I. Foesen and I. Deckers (2012)
Effectiveness of tropical grass species as sediment filters in the riparian zone of Lake VictoriaO. Soil Use and
Management, 28: 409-4/8.

15



Yoshikawa, S. , H. Yamamoto, Y Hanano and A. Ishihara (2004) Review: Hilly land soil loss equation (HSLE) for
evaluation of soil erosion caused by the abandonment of agricultural practices. Japan Agricultural Research Quarterly,
38(I): 21-29.

Yukimitsu Kobayashi (2008) Work termination reporting for Japan Overseas Cooperation Volunteers (IOCV): Field
observation on changes in micro-climate of agro-forestry system, surface hydrology under different land management,
and development of simple water purifying system in semi-add central Ethiopia. Tokyo University of Agriculture,
Tokyo. (in Japanese, unpublished)

.

,

.

16


