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Abstract

Smallholder agriculture in rub-Salman Africa is characterized by poor ^Innig practices, soil erosion,
sadiinent deposition in low land areas and the subsequent water pollution. This study was designed to 1/1/1<
agriculnunl ninjageinent practices to nutrient and water use efiiicieiicies of lowlanid wetland lice
production systems, soil and water quality. Four junior issues studied in this project include (a)
quantifyiiig the mugiiinide of upstream erosion co) datennining sadiinent loachig rates in the stream (c)
estimating sediment deposition in wetlands, with a view of understanding retention capacities and (d)
assessin fertilizer use efficiency under rice cropping. The study was caded out in Mariati"a catchment
014 ^') within Mount Elgon whicli is a trans-boundary ecosystem located in Eastern Uganda and
Western Kenya. A combination of field data comection, the application of stable isotopic techniques and
modelling with soil water assessment tool (SWAT) in a geographic infonnntion system (GIS) platform
and a cost-benefit analysis were used for assessing rice wetlands for SOCio-economic and environmental
benefits. The soils in the upland were predominantly Lixic foalsols (333%) foUowed by Nitsols
q9.7%). Mean annual rain^11 in the region is over 1500 min varying with altitude. Water levels in river
Mainti"a increased with ram^U and sometimes exceed 1045 in with overflow and causing widespread
floods in low lying areas. Poitution as measured by the turbidity of water in river Mariati"a was bigliest
daring the rainy seasons. The observed average discharge of liver into the wetland is 7.68 in' s" with an
average sediment concentration of 160 g 1'. RimofiEsource areas were not necessaiily the sediment source
areas (about 0.1% of the catclnnent contributes 30% of the runotO and most of the runoff contributhig
areas (moderate to high yield) are located in the western part of the catchment. Sediment source areas are
located in the south-eastem part of the catchment and about 20% of the catchinent generates 70% of tlie
sediments in River MariafiNa. The average annual sediment yields from different hydrological response
units were found to be high ranging from 5.73 to 241 Mg kiri~' yr~' with an average of 45 Mg kiri" yr'
while the average soil loss and runotf from tile catdunent is moderate and avera co 43 t ha~'yr" for
sadtiiieiits, Sediinent deposition in the rice wetland was estimated at 5.07 cm in~ yr'. Nitrogen use
efficiency was found to be Itiglily dependent on water Innnagement and fertilizer application. Fertilized
plots had tile bigliestI^ use e^clericy (51.1%) compared to the control (13.7%). Nitrogen use efficiency
decreased as less water is present in the rice wetland. Fertilizer application to rice wetlands increased gi:am
yields by 40% with a balefit to cost ratio of 2.54 coringare to unfertilized fields winibeiiefit to cost ratio of
2.22. For liver Mariativa, there was a clear pattern of enrichment of oxygen-18 and 11ydrogeii-2 in
dounstreani water atnibutable to selective evaporation of Iigliter isotopes as the conditions become
warmer in lowlands.

I.

Identifying and understanding the dynamics of pollution sources, pathways and sinks are
important pie-requisites for the sustainable management of fragile ecosystems 111. The need for
kilowledge and infoimation increased as a result of the impact of climate change on land and
water eco-systems, The requirement for' app^opllate mitigation and adaptation measures to buffer
the popiilations and the landscape resotirces against the adverse impacts (flooding, soil erosion
and agiicultuial prodiictivity) of climate change is high. in Uganda* most fragile ecosystems
including wetlands and mountain in the Eastern part of the country, are undergoing vanous forms
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of conversions and environmental degradation, threatening the sustainability of livelihoods of
population t21 The 1000wledge on the nexus between the mountain and wetland ecosystems is
important for identifying appropiiate tilteivention for the SIIstainable use of land and water
resources in these regions.

There was limited 11nderstanding of the relationship between anim'opogenic activities and the
ItInctions of rice wetland systems in Mariativa catchment. Often the activities and hydrological
processes that take place in the upper reaches of the catchment affect the do Mistrearn water
storage, nutrient availability and dynamics. Systemic Ianowledge of the soln'ces and sinks of
water (eg. magnitude, frequency, duration, timing, rate of the water flow regimes, nutrient and
their cycling into and o111 of the system as influenced by lipland activities is essential for making
decisions for selection of sustainable management practices of these systems for conseivation and
reuse of water and nutiients. The objective of the project was to quantity water fluxes tmough
tilese wetland areas; and to deteiTiLine the capacity of these wetlands for' water storage, assess
nutrient/pollutant attenuation capacity and to understand the tink between wate^ and nutrient
dynamics in wetlands and lice production.

The specific objectives of the study were to assess (a) erosion magnitude in the TIPSneanL (b)
sediment loading rates in the streams (c) deposition in the wetland, with a view of understanding
retention capacities within the catchment, and (d) fortilize^ IISe efficiency under wetland lice.
This sindy focused on an interlinked mountain-wetland ecosystem. To achieve the general
objectives of the project, the project was partitioned into four phases each phase covering a one
year' pertod which had specific objectives/activities thoug!I some of the activities were
overlapping as they have not been completed within the timeframe. The study was calTied out
ova' a peltod offive years from December 2008 to August 2013.

METHODS AND MATERIALS2.

2.1.

The project was canted out at Sinje sub-catchment, MariatiA, a Catchment, Mount Elgon, Eastern
Uganda. Geogi:aphically, the study area lies between I 07'07"1.1', 3413'07"E and I 07'24"N,
34'31 '22"E. Mt. Elgon is a trans-boundaiy ecosystems located in both Eastern Uganda and
Westein. Kenya (F'igure I )

I

Location
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FIG. I. Location of the Still'e, ,tiero-calch"lent. Mt. Elgo, ? gridMo"qj5*u Catchme"tore shott?I as infots

The elevation of the catchment ranges from 1240 to 1560 in. s. I with a mean elevation of 1401
in. The climate of Mount Elgon is classified as humid subtropical and is dominated by seasonalIy
alternating moist south-westerly and diy Doltli-easterly air streams. The rainfall distribution
shows a weak himodal rain^11 pattern. Rainfoll occurs between April to December, with June
and July the lowest. Mean annual rainfall amounts over 1500 Trim and is a function of altitude
CFigure, 2). The arelage minimum and maximum temperatures are 15 and 28'C respectively for
the catchment,
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Soil types and geology2.2.

According to the FAO classification the major soils' of MariafiAra catchnient (F'Igure. 3) include
Niti^o1s (!9,796), Litic it!17,1301s (33.3%), acricjt!wokols (6,896), petric plinthosols (29,396),
and gl^y^ok(12.8%). Lad, I^77,1001^ in Mariafiva is fumed by the Bubutu and Budtida senes and
To roto complex which are deeply weathered red or yellow soils dellved from basement complex
gi'anites and/or Elgon volcanics, lienc/;2rrnlsols an'e represented by the Btibulu series and Mbale
complex. These soils are red sand clay loam and occasionally laterized. The parent materials are
Basement Complex mica schists/granites' and amphibolites. Nittsols are represented by the
Masaba, Biigusege and Benet senes, and the Sipi catena. Flintosols are represented by
Lwampanga series and Mazimasa complex and BuiTin catena. The parent materials are lake
deposits derived front and basement complex granites, gneisses, etc. The soils are reddish brown
in colour, sandy loams and loams textured on latente. Gleysols are basically peat or peaty sands
and clays located in the valley.
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Cropping systems amd laind use in the study area

The cropping system in the area reflects the montane ^lining system which is typical of Mt.
Elgon with both annual and perennial crops. Many crops are grown owing to the climatic
conditions and relatively forme soils. The crops include coffee, banana, maize beans, potato,
cassava, groundnut among others' Over 90% of the farmers piactice intercropping due to land
scarcity. There can be up to six intercrops on a single cropping field and annually there can be up
to three crop cycles particularly for beans. The cropping and hydrological aspects from a baseline
survey conducted in January 2009 are given in Table I.

2.3.

TABLE I . DESCR^TION OF SELECTED STTES AND LAND USES in THE MANAFWA

CATCHMENT

Wanende

Location

Nambale

. Rice and sugar cane are the junior crops grown nearer the bank while
maize and bananas appear the further one moves away froin tlie banks.

. Snell stream wish water flowing at very low speed and cannot be used
as source for domestic use unlike other locations

. Base of sireaiiiis predoiiimantly clay soil

. Land use along the banks is mainly pasture land but with some scattered
woodlots

. nie adjacent slopes have glaring land with some scattered shrubs at the
middle slope and bananas at the bottom slopes

. A point where Mariati"a district separates with Mbale

. Land use is pledoiiiiiiantly yams on one side and EUCalyptiis woodlots
on the other

o Water level is stintlar to Wanende but stream base containing punittiic
material instead

. intercrops of banana-coffee, bananas-cassava* sugarcane and vegetables
such as cabbage, tomatoes are tlieInari crops glowi

. River' shows evidence of flooding beyond perilruieiit banks

. Large inbumiy of R. Manafi"a

. Evidence of extensive sand extraction

. Also large inbtitary of R. hauntiva
o Banks of streams mainly used for grating with settlements in the furrier

pants

o Seldoments very close to the riverbank of the sireain
. The bam are sharp and deep (=_2 in)

Mbale-Mane:&I

districtboundary

Manefa Bridge

Descii lion

Pasa junction

Liso

Buguiiruiai
Bridge

2.4.

The water inflows and outflows are marked by the source(s) and mouth(s) respectively of liver
Sinje and its inbut an'ies. To be able to quantity the contribution of a particular area' within the
watershed to sediinent and nunient loads, it is necessary to dete!mine these parameters at the
inflow and outflow points of the draining streams. For this reason, water samples were
continuously be taken at the outlets of each tributary and at the mouth of liver' Sinje.

Water' lullows and Oninows
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2.5.

2.5. I.

Field Me asrui. e"nemts

The monitoring of Iunoff and soil loss was undeitaken at 12 geo-reforenced sites within Sinje
Sub-catchment. Geogi^phical locations as well as the altitude of each site are given in Table 2.
Four sites were IISed for monitoiiiig total suspended solids CTSS) and discharge. These sites were
also used. for detailed monitoiing and analysis of total nitrogen (TN) and totalphosphoiTis CTP).

Soiln"diluter mens!lye", e"ts

TABLE 2. LOCATIONS FOR RUNOFF AND SOL Loss MEASUREMENT
Site

2

3
4

5
6

7

8

9

10
11

12

0'59'05.06"N, 34'1955.73'E
o059'04.15"1.1,34'19'55.38"E
0'5855.16'N, 34'20'09.15"E
0'59'09.88'N, 34'1953.83"E
0'59'2636"11,34'19'57.30"E
0'59'26.84"Iq, 34'19'56.99'E
0'5856.82"N, 29'05'30.15"E
o059'05.29'T{, 34'19'54.54"E
0'59'21.37"11,34'20'06.00"E
0''5921.37"1.1,34'120'06.00"E
0'58'54.02"1.1,34'20'09.80"E
0'58'53.76'T. I, 34'20'09.86"E

GPS Reachiig

25.2. Hydraulic cond"elfi, to, of the Mietln"d soils

The hydraulic condTICtivity of the soilof the wetland was estimated using the auger hole method,
at three sites. All auger' of 5 cm diameter' was used to scoop soil in the wetland up to 2 in depth
with minimum distillbance, and water was allowed to equilibrate with gi'on rid water' table. The
rate of water flow in the cavity was measured every minute up to equilibrium.

2.5.3. Erosion rind sediment 1110deli"g

A GIS-based SWAT model has been IISed to simulate erosion and sediment patterns in Mariativa
catchment [3]. The layers used in this sin]Ination included: soil* land IISe/land cover, digital
elevation model coEM) and climate data. Soil data was obtained from the National Soils
Laboratoiy at Kawanda; land use/land cover was clipped from the LisGS data set; the DEM was
generated from digitized contours of the a!'ea WITile climatic data was obtained from the
Department of Meteorology. The model was callbrated using data obseived from experimental
plots as well as discharge data (1960-2009) obtained from the Directorate of Water' Resources
Management in Uganda,

2.5.4. I^;diete"cy QIN/errili'=er "se in paddy rice arperi, ,lent.

A factorial expeliment was conducted in Doho lice scheme in the lower^'eaches of Mariativa
catchment (F'igure. 4). Two factors that include water management and nitrogen 0.1) ^Itinner
application were considered. The water' management was at tm'ee levels namely: good, moderate

Altitude on)

1280

1289

13/8
1268

1259
1259

1287

1290

1269

1279
13/8

1309

Slope
Gradient (%)

,

32

32

24
22

14
12

31

31

27

26
13

14

,
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and poor and two levels of N fieitilizer application namely 120 kglha of urea (labelled with ''1^ at
2% atom excess) and control with Do fomlizer application (Table 3), Each ti:earnJeht was
replicated three times. Six iniero plots each measuring 2 in', were for this purpose laid out
randomly in 20 x 20 in' plots.
Parsineters monitored in each plot include daily water' levels, plant phonological characteristics,
biomass and grain yields. At physiological manrrity, sampling canted out for roots, shoot and un-
milled lice grain. Soil samples were collected at two depths (0-15 and 15-30 cm) prtor to planting
and at harvest for N use efficiency determination (Table 3). The soil and plant samples were
processed and sent to IAEA in Vienna, Austria for analysis of plant N, ''N excess, plant C and
''c. The fi^Itillzer N use efficiency was calculated using the following equation [4];

%Ndff '
%, SN atom excess of plant

%usN @torn excess in Fertilizer

a '~!,-- ';

FIG. 4. Rice experiment in Doho wetlands

TABLE 3. SAMPLn. IG FRAMEWORK FOR TEIE ISOTOPIC N. FERTLIZER USE
EFFIC115NCY ExpERmlEl. IT D. IPADDY RICE

Descriptor

x I00

Rate of

application itnice at daree locations
App^ox, 2% ''N eruiclnnent To use the fomlizer directly as urea
of urea fertilizer

Time of application of ''1.1 At planting and tasseinig (26 g of ''N urea for a 21n'plot)
labelled toriiizer

Titne of harvest At physiological mumtity

fertilizer

Waterphystbo-chemical characterization (180)

The physico-chemical water chaincteiization will cover. 7 sites namely; River Mariativa upstream*
River Mariafiva Bitdge, River Mariativa doomsti:earn entrance into Dollo lice scheme,
underground water, wetland water, Lake Kyoga water. Water samples were picked and taken for
laboratory analysis at IAEA, Vienna, Allsttia.

2.5.5.

(1)

Treatment

120 kg Nina (52g of urea for a 21n plot), replicated
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2.5.6. Economic bent:/it of rice 81,011i"g in Doho

The economic benefit analysis was done by consideiing production costs of lice that included the
cost of planting mateiials, fortilizeis, pesticides, transport, local fees and labor for planting,
weeding, harvesting and processing) against the sell price of the produce. This infotTiLation was
obtained from three key infoiTnants, Yield data was obtained from the lice expeliment that was
conducted.

RESULTS

Chemical characteiistics of soil and water3.1.

All analysis of soil chemical and physical properties at twelve moriitoiiiig sites showed that the
mean values of Ca, 1<, 1.1a, N, and SoM contents were higher in the 0-15 cm soil depth (Table 4
and Table 5). On the contrary, pH, Available P (Av. P) and Mg increased from 0-15 cm (top soil)

3.

to 15-30 cm (sub soil) soil depth (Table 4 and Table 5). Overall, pH ranged from 5.6 to 6.2 in the
topsoil and 5.8 to 6.6 in the sub soil, an above the critical value; SoM vaned from 2.2 to 3.7% in
the top soil and 1.7 to 2.9% in the SIIb soil; N ranged from 0.14 to 0.21% and 0.1 To 0.18% in the
upper and bottom soils respectively and these values were below the ciitical value. Consistently,
Av. P had a higher' site vanation with the two soil depths. It varied 17 and 33 times from 1.1 to
18.3ppnl and from 0.61 to 20ppm in the top soil and sub soil respectively. Similarly, K varied
but five times from 0.34 to 1.81 C ino1 kg' in the top soil and six times froin 0.23 to 1.47 C
ino1. kg" in the sub soil while Na in tile topsoil varied 12 times langing from 0.03 to 0.36 C ino1
kg" and seven times torn 0.04 to 0.28 C ino1 kg~ in the bottom soil. Like all the nutrients so far
mentioned, Ca also vaned though three times from 3.3 to 9.5 C ino1 kg~' in the topsoil and four
times from 3.74 to 132 C Ino1kg~ in the SIIb soil and Mg in the top soilranged from 0.69 to 3.65
C ino1kg~' varying five times, while in the sub soil, it vaned tin'ee times from 1.26 to 3.74 C ino1
kg".
For' the physical properties, sand and silt had greater values in the topsoil. Conversely, the mean
clay content was gi'eater' in the sub soil. The sand content langed from 25 to 34% in the top soil
and 18 to 32% in the sub soil; silt vaned approximately three times from'10 to 26 in the top soil
and approximately two times from 15 to 26 in the sub soil; clay varied from 42 to 64% in the top
soil, while in the SIIb soil, it ranged from 43 to 58%.

I
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TABLE 4. son. , PHYSICAL AND CHEMICAL CHARACTERISTICS FOR 0-15 CM LAYER

(0-15CM)
Statistic

1.1

Mean

Median

Minimum

Maximum

Range
STDEV

SE

c. v (%)
Skeuniess

Kmtosis

pH Av. P

ppm

12 12

6 6.8

5.9 5.8

5.6 1.1

6.2 183

0.6 172

0.18 5.63

0.05 1.62

82.53

-0.2 0.7

-0.6 -0.61

Cal

12

5.8

5.6

3.3

9.5

62

2

0.58

34.6

0.57

-0.6

K

cinolkg~
12

0.87

0.76

0.34

1.81

1.47

0.42

0.12

48.6

0.82

0.05

Mg

TABLE s. VARIATION OF son. , PROPERTIES in THE SUB son, (15-30cM)
Statistic

12

2

2.18

0.69

3.65

2.96

0.95

0.28

46.8

0.08

-1.08

Na

N
Mean

Median

Milliinuni

Maximum

Range
STDEV

SE

c. v (%)
Skewiess

Kurtosis

12

0.18

0.15

0.03

0.36

0.33

0.1

0.03

577

0.28

0.36

N

pH Av, re Ca K M^
ppm ---------c Ino1 kg~

12
6.1

6.1

5.8

6.6
0.80

024

0.07

4.0

0.62

.0.3

soM

12

0.17

0.17

0.14

021

0.07

0.02

0.01

12.5

0.18

-0.7

12 -
72

5.8

0.61

19.9
19.3

6.14

1.80

85.7

0.82

.0.43

12

2.9

2.83

221

3.67

1.46

0.37

0.11

12.6

0.28

0.36

Sand

%

SE: Standard Error, STDEV: Standai'd Deviation

12

29

29

25

34

9

2.8

0.81

9.64

0.23

-1.01

12
5.8

4.8

3.7

13.2
9.5

27

0.77

45.6

19

3.0

san

3.2.

12
0.52

0.44

0.23

1.47
1.24

0.34

0.10

64.7

2.2

3.7

12

20

20

10

26

16

4.32

1.25

21.5

"0.81

0.54

Clay

Results of chemical and physical chaincteristics of water for' the period from 2008 to 2010 are
provided in Table 6. The highest turbidity was recorded in March of 2010 followed by August of
2008 and May of 2009. The lowest was observed in December 2008 followed by March 2009
and lastly, January 2010. Highest and lowest pH values were obseived in the Inonth of September
and An^1st 2009 ^espectively. A1kalinity was found to be bigliest in the month of September and
lowest in October of 2008. Higliest and lowest color value was observed in the month of Augtist
and March of 2009 respectively.

Charactei. is tics of water

12
2.12

2.0

126

3.74
248

0.67

0.19

31.6

12

097

12

51

50

42

64

22

5.48

1.58

10.8

0.98

1.09

Na

12
0.13

0.14

0.04

028
0.24

0.07

0.02

51.0

0.71

0.71

N

12 12 12 1212
0.15 2.28 26.2 21 52

0.15 2.28 26 22 54

0.10 1.70 18 4315

26 580.18 2.90 32
14 15110.08 1.2

0.02 0.36 4.5 3.1 5.2

0.01 0.11 1.3 0.90 1.5

1014.2 16 17.1 15

0.88 0,004 -0.26 -0.29 -0.45

0.64 -0.99 -0.98 -0.36 -1.28

SoM Sand

%

Sint Clay
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TABLE 6. MONTEll. ,Y MEAN VARIATION OF PHYSICO-CHEMICAL PARAMETERS OF
RIVER MANAFWA 0.12008-2010

Month

January
Febnmry
March

Aprit
May
nine

August
September
October 4/3

November 323
December 19

Tmbidity (ing/I)
2008 2009 2010

24

41
21

246
4/7

1/9

347
356

4/1
350

226

280

408
704

673
525

583

Color C'ty
2009

The average water levelin the liver was highest (10.45 in) in May, 2010 with total Taint^11 of 199
mm (Table 7). However, dining late February and March, 2010, the liver flooded and destroyed
most of tile crops and other properties along the bank. Average water' level and lain^11 duiing
these months was 9.95 in, R/F 285.5 mm and 10.284in, 1<1F 273.5 min respectively. Rainfall was
recorded highest in Febniaiy (285.5 nun). Aveiage water' level increased with rainfall except in
the Month ofMay, 2010 where rainfallwas low with bigliwate^level (Table 7).

478

139
88

1068
1427

481

866

amlititty (Ing'I)
2008

pH Total rainfall (mm)
2009 2009 2010

64
464

64
75

100

I

85

33
97

277
299

43

65
80

136
195

302

,

6.5
7.1

6.8
69

6.8

60

286
274

103
199

23

88



.

,

TABLE 7. WATER LEVEL VAR^TioNs n. I RIVER MANAFWA AT IlyiBALE - ToRORo
BRroGE

Days

10.52

10.292

10.353

10.084

10.065

10.146

10287

9.998

10.589

10 11.18

10.1911

10.4512

10.1213

10.0214

9.8915

9.7916

9.7917

9.7718

9.7619

9.7620

9.8121

9.8922

9.8123

9.7724

9.7425

26 9.69

9.6527

9.6428

9.6429

9.6330

9.6331

Average 9.99
Total 60

Jan Feb

9.65

9.65

9.65

9.74

9.74

9.75

9.77

9.77

9.75

9.67

9.6

9.60

9.60

9.6

9.6

9.6

9.69

9.67

9.61

961

9.94

9.98

11.17

10.32

10.06

12.15

11.53

10.18

Mar

Daily water level Ineters
11.62

11.72

11.18

10.87

10.85

10.72

10.44

10.39

10.32

10.22

10.14

10.05

10.02

9.99

9.95

9.94

9.91

9.91

9.90

9.96

9.95

9.94

9.94

10.02

10.01

10.02

10.2

10.2

10.04

10.03

10.43

10.28

273.5

April

10.31

10.25

10.52

10.28

10.23

10.15

10.07

10.01

9.98

9.93

9.89

9.99

9.96

9.96

9.99

10.20

10.08

10.07

10.34

10.25

10.22

10.20

10.13

10.22

11.13

10.47

10.27

10.18

10.12

10.15

May

10.43

10.42

10.26

10.21

10.27

10.36

10.37

10.37

10.37

11.20

11.03

11.75

10.77

10.55

10.49

10.78

10.51

10.43

10.27

10.25

10.18

10.22

10.23

10.52

10.29

10.18

10.22

10.23

10.22

10.13

10.30

10.45

199

June

10.18

10.13

10.12

10.10

10.12

10.11

10.08

10.19

10.11

10.04

9.94

996

9.96

1025

10.53

1021

10.25

10.23

10.14

10.03

9.99

9.96

9.94

9.91

9.98

9.93

9.89

9.89

9.89

9.93

The results indicated that bigli turbidity in the rainy seasons is due to surface Innoft' canying
dissolved organic matter' and other' soil particles. in 2009, the bigli rainfall was recorded in the
months of APIil. to May and October to December and dunng these penods the turbidity was
bigli. in 2010, Ingli rains were reco!tied in the months of Febitiaiy to May. However, turbidity
was highest in the year of 2010 due to bigliest Taintsll received compared to 2009 during the
months of FebiTiaiy to May and aveiage water level was highest dunng those months in the year
2010. Duiiiig the peltod of short or no rains, turbidity decreased.

995

285.5

10.18

103

10.07

23
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The pH value of the river was observed to be SIiglitly acidic to slightly alkaline in nature with
small variation in the year of 2009 during the pertod of data collection. The higliest pH was
0.14) in September. The higliest and lowest akaltiiity values were all above 40mgA hence this
water' is considered to have hard water characteristics, which helps to maintain the pH value in a
SIiglitly alkaline conditions. Water color showed a positive coiTelation with rainfall q<~= 0.67).
Water color' increased with increase in TaintsU and the bigliest color value (I 427.9 pt) was
recorded in May which had the bigliest ramf011 (299.2 mm) dtiiing the pertod of water color data
collection in the year 2009. There was a strong coiTelation among turbidity, color and mints11 0<'
= 0.85), High lainfoll in the Month of May of the year 20091ed to bigli turbidity and color

Hydraulic conductivity or line wetland soils

Results from 11ydiaulic conductivity measurements showed that water' table was at 120 cm below
the soil surface in March and byd^aulic conductivity was of 2.5 cm/h (0,016 in/yi'); irisiniiating
that the sub-soil was mainly clayey,

3.3.

3.4,

Table 8 and Table 9 showed wetland characteristics which vary with depth; at the time of soil
profile desciiption, the soil was moist and five horizons we^e described ranging from 0 - 180 cm
in depth. The dominant soil color of the difforent horizons is dark grey witli black color at the
sur^ce. The wetland has mottles which are fine in size and range from distinct in prominence at
the sulface layer's to prominent in the deeper' layers. The major soil type in the wetland is clayey
and the soil structure in the wetland is graded as moderate at the sulface to snOng at the deeper
boltzons in terms of its development hence the soils are well developed. in telms of size, the
stiticnire ranges from coarse to vety coarse as the depth increases and the stillcture is mainly sub-
angular blocky.

Characteristics and classification or the wetland

TABLE 8. C}-IA^CTERISTICS AND CLASSXEICATION OF THE WETLAND

,

,

Slope %
Topography
^CTo relief

Water table

Root o11tcrop
Water erosion

Gravel

Soil drainage class
Grazing
Cultivated

o

90

Crops at site

Flat

Crops winim the hectare

o

170 cm

o

o

o

V

o

Yes

Fallow

Rice
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TABLE 9. DEPTH CHARACTERISTICS OF WETLAND son, s

Soil Depth (cm)
Moisture status

Colour

Colour code

Mottles

Textru'e

Consistsnce

Absence

Size

Prommance

Colour code

Structure

O- 15

in01st

5YR2,511

BL

Moderate

fine

distinct

DYB

SCL

FR

s (sP)
M

Coarse

SAI3

o

o

o

Clayskiiis

Moist

Wet

Development
Size

Type
Absence

Prominaiiace

Distinct pressure
faces

Distinct shiny
pad faces
Cracks

Pores

15.30

In01St

7.5YR3/2

DB

Moderate

fine

Few

DYB

zc

F1

ss on'
S

VC

SAB

o

o

o

30.55

moist

10YR3/I

VDG

moderate

file

flew

DG

SCL

VFR

Ns (NP)
W

VF

SAB

o

o

o

Mineral nodule

55-108

in01St

I OYR4/ I

DG

few

fine

few

DER

C

F1

s (sP)
S

Coarse

SAB

Few

few

o

Distinct Fe-

induration
Roots

Absence

Size

Absence

Size

c-conc, s-seg

Type

108-180 +

Wet

10YR4/I

DG

few

coarse

pronitnent
Black

C

o

NS (P)
S

VC

AB

Common

prointiient
o

Hoiizon

o

boundai

o

unnn

F1\IC

o

o

o

o

o

Note, ' ER-yellow ra{, DIB-Dark yelloit, block; SCL-Sandy clay 10,111, ZC-Sift clay, C-Clay, PR-F1i@big,
l'pR-Veryj^table, F1- Fine, PC-very coarse, I'F-,, e, Time, S, 4.8-SIIb origtilar blocb, , JIB-Allg, liar btocb, ,
1,414il^I, Moderate, Af};'M- Moderate 1:21t, moderate, FOM- Few none made7.0te, FOF- Felt, ,lonejt:'1/1 FOC-
Few none common, PMC- Fell, motley@te common, F1, I-Fell, moderate, I, '- Verypoo, .!y drmired, BL-Block,
DB-Dorkb, onin, FDG- very dorkgr^, ish, DG-Dorkgreyish, DRB-Dorkra{ broilm

SpatiaLy modelled patterns of erosion and sediment loading in Mannanva catchmemt
Runotf and sediment hotspot areas

The obseived discharge (1960-2005) when entering the wetland ranges between 3 in'/s (base
flow) and 25 in'/s (1)eak flow); with an annual areInge was of 7.7 in'/s. The simulated discharge
ranged from 3 DJ'/s to 28 in'/s, with an average of 10 in'/s (Figure 5); the simulated average

Absence

Size

o

o

^, r^M

EMC

o

o

o

o

o

3.5.

o

MMO

FMO

distinct and

o

^I

EMC

o

o

o

o

o

o

wa

Moo

FOO

Smooth and

3 nun

FOM

FOC

FEW

Fine

S

FM

o

M

adual

o

FOF

FOC

o

o

o

o

o

FFO

inO

Distinct
and wa

FOO

FOO

CS

I

FOO

FOO
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concentration of sediment was 160 g/I equivalent to 260 ton/day. Runoff and soil loss hotspots
from Mariatiw'a catcliment showed that InnotE soarce areas are not necessary sediment source
areas (Figure 6 and Fig!u'e 7). Ten square kilometers (about 0.1% of the catchment) is
contributing 30% of the Innoffin the catchment. Most of the InnofiEcontiibuting areas (moderate
to high yield) are located in the western pant of the catchment. Sediment source areas are located
in the south-eastem pant of the catchinent. Twenty percent of the catchnient geneiates 70% of the
sediments in the catchinent.
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The aveiage annual sediment yields from diffe^ent bydr'o10gical response units are ranging from
5.7 to 241 Mg km" yr" (average of 45 Mg km~' yr~') which is relatively bigli compared to other
catchments in Uganda t51, thougli coinpaiable to published values for other undisturbed tropical

cotchments (e. g. [6117]). Ifthe 241 MglmJ'/r"generated by the 10 km'i^ archd^d th^ averageannual sediment yield full to 18 Mg km" yr' which is SIiglitly closer to other sediment yields in
Ugandari catchments. The ten kill' is covered by mostly sandy soil at the outlet of the catchment.
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The average soil loss and runoff losses from the catchment is moderate and averaged 43 thatyr
for sediments and 135 in' ha~' yr~'. This insinuates that sediments found in suspension in river
Mariafiva are not from tilted11 and rill eiosion only, but might also be coming from gtinies, liver
bank erosion and landslide areas. Mariafiva catchment count the highest number of landslide
scares among Uganda's catchments. From 98 recent landslides mapped it was estimated that
about 11 million in' of slope material have been displaced in Manjiya county ([8];t91;t101).
Manjiya County, within the Mbale district and siniated on the southwestern footslopes of Mount
Elgon, is the most sensitive area for landslides in Uganda [11]. Mass movements associated witli
intense ram-stoinJs are reported to have occurred peltodically in Manjiya since the early 20th
centiiiy but the increase in ^tanties and losses as a consequence of the enonnous population
growth draws attention to the phenomenon [9],

Sedimentation of wetlands3.6.

information obtained tin'ough field obseivation in the study area showed that half of the volume
of water abstracted from the river' tin'ough the wetland on a daily basis. Assuming that the
sediment concentration of the abstracted water' is similar to that of the main liver, the wetlands
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received about 130 ton/day of sediment (13.7 kg/Dr/yr). This represents a sediment accumulation
of 5.07 cadm'/yr. There is need; however, to estimate for. a relatively long time the quantity of
water deviated by lice Inliners at Doho.

Potential impact to the wetlamd

Suspended sediments in water alter water quality, prtmary prodtictivity, and invertebrates in
aquatic ecosystems 1121. Suspended sediment reduces Iiglit penetration and reduces the late of
photosynthesis t}31 and covers substrates critical to the production of peltphytic algae and
macropliytes. Citrical sediment depth goes up to 0.25 cm for significant reduction of species
Itchness, emergence, and gennination of wetland macrophytes ([14];[15]). Wetland water depth
reduction linght also result in tile development of monotypic stands of vegetation that provide
little biological diversity and exac^hate problems with farmers for soil and water management.
Sediment effects on PI^rimy production translate into tinpacts on o^antsms at higher itopliic
levels unougli the aquatic food chain. Declines in algal prodtiction, loss of standing vegetative
situctiu'e [161, and coveting of organic matter' [17] make wetlands less productive of invertebrates
through the indirect loss of fomge and habitat, Direct effects include covering of invertebrates
and their eggs, and clogging of fi. Iteiing appal'aroses. Hig!I levels of silt and clay also an'e toxic to
zooplankton and/or^'educe foeding rate and assimilation, thus reducing energy available for
reproduction [18]. Aquatic invertebrates play critical roles in wetlands to facilitate nunient
cycling 1191 and are ^equired foods for'witchifie ([20];[21]).

3.7.

Nitrogen' uptake and elmciemcy

Nitrogen use efficiency was dependent on water management and fertilizer' application
(P<0,001), and the interaction between water' management and fertilizer application was also

* statisticalIy significant (P=0,019), Fertilized application bad the highest N use efficiency (51.1%)
compared to the control (13.7%) (F'igure 8). N use efiiiciency decreased as water' management
decreased (F'igure 9).
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Table 8 shows the concentration of nitrogen in the different vegetative part of the rice crop under control
(no N application) and 2% ''Iq' eruiched with urea application. The concentration of 1.1 in all tile different
part office (grain, loot and shoot) was bigllet under plots wincliliad received 2% 15N enriched witli urea
treatment (P<0.01); except in the upper zone for root and snOot. As for the NUE, water mumgeineiit had a
significant effect on the nitrogen concentration for the difforent parts of tile rice crop (PI^0.05). Water
nunageinent had a positive effect on nitrogen concentration in rice.

TABLE 9. CONCENTRATION OF NITROGEN GRAN, ROOT AND SHOOT OF RICE, IN
DOHO RICE SCHEME

Poor

Water

management

Moderate

Poor

Modemte

Treatment

Good

Good

Control

29615N enricha{ wed 15N

Control

29615N enrichal urea 15N

Control

29615N @1nchaiiire0 15N

LSD (^:0.05)

Nitrogen contemt in soils

As expected, plots that received ''1^ labelled formizer were eruiclied with urea (Figui'e 10)
suggesting mat applied fomlizer remained in the soil after'harvest

3.9.

Treainieiit

Location

Location*Treatment

Grain

%

0,013

047

0,007

0,523

0.007

0,511

Root

0,015

0,013

0,009

0,211

0,239

0.271

Shoot

0,124

0,101

0175

0,020

0,014

0.014

0.479

0,500

0,572

Plant

0.048

0,497

0.029

1.213

0,747

1,354

0,051

0,042

0.07?

0,204

0,167

0,289

0,252

0,206

0,357

,
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N cointemt: Nitrogen content varied with water management and soil depth (Table 10) (P:5:0.05).
Plots that had moderate water management had lowest N content. As expected top soils had
biglierN content tlian the sub-soils for' poor and moderate water management categoiies.

TABLE 10, NITROGEN CONTENT FOR THE DXEFERENT WATER MANAGEMENT
CATEGORnss AND AT 0.15 CM AND 15.30 CM son. , DEPTH

045 cm

Nitrogen application and soil water management were the key drivers of rice yield, N uptake,
transport and transfoiTnations of N in the soil. These results coiToborates with earlier' findings
([22;23;24]). Nitrogen losses may increase due to the alternation of aerobic and ariaerobic soil
conditions ([25].

3.10. Gram and biomass yields from dinei'erut appmcatiorus

Table 11 shows the groin (un-milled and milled) and biomass yield in lice field trials conducted
in Doho rice weftands that ^eceive water from Mariafiva liver. The grain yield both milled and
un-milled. Both biomass and grain yield increased in fertilized plots compared to linteltilized
plots.

TABLE 11. BIOMASS AND GRAD. IYlELD DI DOHO RICE WETLANDS

Water management

1530 cm

. Control

Poor

,

Moderate

Good

r

Soil N content (%)

O-15 cm

03911

0.2982

04142

15.30 cm

0,3651

0,2536

Treatment

Fertilizer

1.10 fertilizer

0,4098

96

t

11n-rimmed gram
yield

tom/ina

7.67

6.15

onined groin yield
(tom/ina)

3.6

29

Biomass

toadfuii

24.59

19.77
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''N isotopic sig:laim. es of lice giain and shoot showed that water management proctices affected
the amount of fertilizer N taken up by the rice crop, ranging from 34.6 kg 1.1 ha~' under poor water
availability to 57.7 kg N ha~' under peni^anent water availability (Figure 5).
At the end of rice growing season, less than two percent of fortilizer N was present in the top 30
cm soil depth suggesting possible N losses through Ieachirig, denitiification and volatilization,
The lice wetland removed more than 70 percent of the applied fertilizer. The wetland lice
production provided a minimum net econoinic Tenmi of DSS I 300 per ha per cropping season.

3.11.

The economic reinin (!Ia) due to lice cultivation is given in Table 12 for' fortilized and un
fertilized rice plots. Weeding, water maintenance, halvesting and processing take 60% and 65%
of total cost of lice production in fertilized and un feltilized rice plots; respectively, This is
followed by the land preparation and tiansplanting cost. Fertilized plots (benefit to cost
ratio=2.54) am'acted more profit than the un. fontlized plots (benefit to cost ruti0=222). The
difference of profit per ha of land was estimated to 497 UsD per season; representing a loss of
337,960 UsD per aimum to Mariafiva catchment for not applying tornlizer for rice producton

Rice cultivation economic return in Doho

TABLE 12. GROSS MARGD\I PER HECTARE OF RICE CULTIVATION D. I MANAFWA

CATCHlvlENT

Seed

Cheimcalfertilizers and agrocheinicals
Landpieparation and transplanting
Weeding, watering mienance, harvesting & processing
Land tax and interest

Crop yield (Kgllia)
Total variable costs

Gross revenue from giantiproduction

*Im, ,,

Net Tofu

Benefit to cost I'ajio

*one Us$ is eq, ,tinierIt to 2400 C^:@"don Schill^fig (Zlgs/!)

3.12. Sti'earn water pollution assessment, Ismg 180 ISOtopic analysis

Figure I I showed the ''0 analysis for the water samples taken along R. Mariafiva. There was a
gradual increase in the isotopic signatures of both 6''0 and 60 along river Mariafiva from the
mountain to low lands. There was a s ontane u I e ' both 6''0 d 60 th 'v , ftmountain to low lands. There was a spontaneous rise in both 6 0 and 60 as the river' flows
towards the lake. At this stage 6''0 moved from negative to positive values.

Fertilized

Costs cogshs)

96000

422400

547200

1704000

60000

3592

2829600

TTL fortuned

96000

192000

547200

1704000

60000

2880

2599200

7184000

4354400

2.54

5760000

3160800

2.22
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F1'G. 11. ''0 and 'Hsjg, 10/11r@s of linterofo"g R Mallqfiiu

River Mariafiva flows from the mountains downwards, the conditions become warTner and the

water gets more evaporated resulting in eniichment in heavy stable isotopes (0-18 and D). The
lighter' isotopes tend to evaporate as the conditions get wallne^ leaving the heavy isotopes in the
water. As the water gets evaporated and becomes more eruiched in heavy isotopes, its is o10pic
signann'e becomes Inore and mon'e positive as evidenced by both 0-18 and D increasing and
becoming more positive. The big increase occurs as the liver flows to the Lake due to the inct
that liver water flows fiist and is not very much evaporated compared to lake that is more
stagnant and hence mon'e exposed to evaporation (lake water is much inor'e enriched in heavy
isotopes than liver water and that is the reason why it is much more positive than liver wateO.

ISOtopic signattu'es of 6 0 and 60 are plotted against each other for water from the River
Mariativa and the relationship (60=4.45936"0+10,612, R'=0,9899) is shown in Figure 12. The
slope of the relationship is lower' than both the African meteoric water' line-AMWL,
(60=7.46"0+10.1, R'=I) and Global meteoric water line-GMWL (60=86"0+10, R'=I). The
waters of River Mariatixra, the sample data are plotted in space together with the Global meteoiic
water line-GMWL and African mereoiic water' line"AMWL due to extreme continentalIy of
rainfall in mreiior Afiica.
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Figure 12 showed that the isotopic sigyatru'es of river water in a maioiity of location lie above the
GMWL and tile AMWL. The results showed that the liver water receive sufficient input of water
from the mountain to compensate evaporation.

4.

The cropping system in the Mariafiva catchment reflects the montane tanning system which is
typical of Mt. Elgon with both amual and perennial crops. Many crops like coffee, banana, maize
beans, potatoes, cassava, and groundnuts among others an'e groini owing to the conducive
climatic conditions and relatively fertile soils; and ova' 90% of the farmers practice intercropping
understandably due to land scarcity. The major land use in the Mariatiw. a micro catchment is small
scale forming (84.8%) followed by degraded tropical forest (4.05%) and woodland 6.5%).

The observed mean content values of Ca, K, Na, N, and SoM were higher in the topsoil and on
the contrary, pH, Av. P and Mg increased with soil depth. The range soil depth values of pH,
SoM and N were smaller than the range values of other chemical soil properties. Overall, pH
ranged from 5.6 to 6.2 in the topsoil and 5.8 to 6.6 in the bottom soil; SoM varied from 2.2 to
3.7% in the topsoil and 1.7 to 2.9% in the lower' soil depth; N ranged from 0.14 to 0.21% and 0.1
to 0.18% in tile upper and bottom soils respectively in the catchment. Sand and sill had greater
values in the topsoil (0-15 cm). Conversely, the mean clay content was gi:eater in the lower soil
depth (15-30cm). The sand content ranged from 25 to 34% in the topsoil and 18 to 32% in the
bottom soil; srit vaned approximately till'ee times from 10 to 26 in the upper' soil and two times
from 15 to 26 in the bottom soil; clay varied from 42 to 64% in the topsoil, while in the bottom
soil, it ranged from 43 to 58%. The water table was at 120 cm below the soil sumce in March
and bydi'aulic conductivity was of 2.5 cronl (0,016 in/yr); insinuating that the sub-soilwas mainly
clayey

Physical and chemical parameters of water were varied over time. The highest turbidity was
recorded in March of 2010 followed by August of 2008 and lastly, May of 2009. The lowest was
observed in December 2008 foUowed by March 2009 and lastly, January 2010. Highest and
lowest pH values were observed in tile month of September and August 2009 respectively.
Alkalinity was found to be biglJest in the month of September and lowest in October of 2008.
Highest and lowest color value was observed in the month of Angust and Mareh of 2009
respectively. and the bigliest average monthly water' level was 10.45 in in May, 2010 with total
rainfall of 199 nun.

The obse!ayed discharge (1960-2005) when entering the wetland ranged between 3.03 in'/s (base
flow) and 25 IIJ'/s (peak now); with an annual average was of 7.68 in'/s while the sinnilated
discharge I^riged from 3.04 in'/s to 28 in'/s, with an average of 10.04 in'/s; the simulated average
concentration of sediment was 160 gin equivalent to 260 ton/day. Runoff source areas an'e not
necessary sediment soulce areas. Tenlaii' (about 0.1% of the carefullent) is contributing 30 % of
the Innoft' in the catchment. Most of the Innotf contributing at'eas (moderate to bigli yield) are
located in the western part of the catchinent. Sediment source areas are located in the south-
eastern part of the catchment. Twenty percent of the catchment generates 70 % of the sediments
in R. Mariafiva. The average annual sediment yields from the diffe^ent hydrological response 11nit
are ranging from 5.73 to 241 Mg km~ yi:~ , averaged 45 Mg km'~ yr'

Environmental effects due to the wetland cultivation included; increased incidences of pests and
diseases like rodents, birds , lice yellow inottle vinTis, bigliincidence of blast, soil fomlity decline
due to persistent cultivation of the clop, Excessively low temperature which only ^vors one

CONCLUSIONS
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vadety of lice (Sriakti variety) to pelfoiiii very well than others, Prevailing weeds especiany
h

nutrient replenishment, Planting three times a year' leads to over' exploitation of the nutrients,
Application of mine rel ^tintzers at^cts water. quality in the wetland and subseqtiently the
diversity and abundance of the resident flora and fauna, Flooding of water' in the lice scheme
reduces stream flow to L. Kyoga, and Propagation of rice pests and diseases due to continiioiis
planting of same crop season after season.

Fertilized plots had the hi^jest N use efficiency (51.1%) compared to the control (13.7%) and N
use efficiency decreased as water management deteiiorates. The concentration of N in all the
different part office (grain, root and shoot) was litglier under plots which had^'eceived 2% 15N
eniiched with urea treatment (P<0.01); except in the upper zone for root and shoot. Water
management 11ad a significant effect on the nitrogen concentiation for the different palts of the
lice crop (P^. 0.05) and water management had a positive effect on nitrogen concentiation in rice.

Carbon content only varied with water' management and moderately Inariaged plots had the
lowest carbon content (P<0.001). 2% 15N enriched with urea excess was bigliest on plots were
the fomlizer had been applied. Nitrogen content varied with water manageinent and soil depth
(P=0.05). Top soils had higher N content than the sub-soils for poor and moderate water
management categoiies. Nitrogen application and soil water management were tile key diivers of
N uptake, transpoit and transfoiiiiations ofN in the soil.

For the economic return (!Ia) due to lice cultivation, weeding, water maintenance, harvesting and
processing take 60% and 65% of the total cost for a fortilized and not toxinzed rice galaen;
respectively, tbMowed by the land preparation and transplanting cost. Fertilized garden thenefit
to cost ratio=2.54) attracted more profit than the un-^Itinzed garden (benefit to cost ratio=2.22).
The differ, ence of profit per 11a of land was estimated to 497 UsD per season; representing a loss
of 337,960 UsD per anrinm to Mariafiva catchment for not using ^inIizers.

Tile ''0 analysis for the water samples taken along R. Mariativa showed a gradual increase ill
both 6''0 vs SMOW and 60 vs SMOW as R. Mariafirya flows from. the mountains up to the low
lands. There was a spontaneous lise in both 6''0 vs SMOW and aD vs SMOW as the liver flows
towards the lake. At this stage 6 0 vs SMOW moved from negative to positive values.
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