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Original Research Article

Title: Initial efficiency of commonly used practicesto control soil, runoff and nutrient

losses from maize and banana based systemsin the Lake Kivu Basin.
ABSTRACT

This study was carried out to determine the inig#lciency of commonly used practices to
control soil erosion from Maize and Banana basegmng systems in Lwiro micro catchment
in the Lake Kivu basin. Soil, runoff and nutriemts$es were determined using runoff plot
approach. Instrumentalised runoff plots of 2X15nravestalled on maize intercropped with
beans and banana gardens. Two soil erosion managegmeactices, namelyTithonia and
contour bunds were tested on Maize intercrop wihris and mulch for Banana. The experiment
included a control practice for each crop. Eachttnent and control was replicated four times.
Runoff and soil loss were estimated for each rdimf@aent and aggregated on seasonal basis.
Nutrient (N, P and K) losses were estimated pes@eaResults of the long and short rains of the
first year of experimentation show that soil andafli losses did not significantly change with
practices and seasons (2=9.05) for both bananaarm based systems. Soil and runoff losses
ranged from 15.73 to 32.93 t/ha, and from 168.1828.17 ni; respectively. Nutrient losses
varied with practices and seasons (P<0.05) ancechfigm 54.68 to 112.34 Kg/ha, 87.7 to 409.4
Kg/ha; 24.5 to 94.22 Kg/ha for K, N and P; respasii. Soil and runoff losses ranged from 8.99
to 20.6 t/ha, and from 85 to 152*nrespectively. Only K losses changed significaniigh
season (P<0.05) and ranged from 17.8 to 53.9 Kigidar Banana cropping system.

Key words: Land degradation, Lake Kivu Basin, pidio loading, Bukavu, D.R. Congo
INTRODUCTION

Soil erosion is widespread and \@s in magnituole place to place depending on the land-
use system, population pressure, community wealémagement, relief, and vulnerability of the
soil to climate aggressivity (Majalinet al, 2010). In DRC, and particularly in Kivu mountain

areas, soil erosion is believed to be one of thmnpmocesses of soil degradation (Majalieta
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al., 2010). The latter is reported to have reachegstatphic proportions on agricultural lands in

the Kivu mountainous region (Majalived al, 2010; Tenywaet al, 2011).

Subsequently, the region is threatened by faminkfaod insecurity, it is reported that 70% of
the population is affected by food insecurity (Uvengu et al., 2009). Yet, the region has a great
agricultural potential. Under rain-fed conditioRXRC can feed more than two billion people and
50% of its agricultural potential is located in tgeeat Kivu region (Sud-Kivu, Maniema and
Nord-Kivu). This situation is likely to exacerbatnd reinforce the cycle of poverty-poor
management- natural resources degradation (GTZA)19h the other hand, soil erosion in the
Kivu mountain region contribute to increased padintloading into Lake Kivu, one of the
deadly Lakes in the world. The Lake has reachdtariconcentration of CHand CQ which
can lead to an increased instability of the Lakéctvican trigger an explosion if any action is not
taken to control the flow of carbon into the watawdies (Coheret al, 1993; Donohue,
Verheyen & Irvine, 2003). Lake Kivu is critical féine survival of millions of people around its
basin and beyond (Aliet al.,2002). It is a biodiversity hotspot area (Halbwsaehal, 2002),

and a source of protein and income for communéresind it.

Although soil erosion is considered to be a mapuse of land degradation in Kivu mountain
region, very few studies have been conducted inréiggon to determine its magnitude and
evaluate practices currently used for its conttamited studies were conducted during the
colonial time and in the 80s (Ischebeaatkal, 1984), and in Rwanda (Lewis, 1988; Moeyersbn
al., 1989; 2004). Acceptability, maintenance and reyility of some of these technologies has
been challenging in the Kivu. Farmers’ poverty aridng time span return of these technologies
being the most determining factors. For many fasratoption and continuous investment in

these practices also depend on their short timneance on yield (De Graa#t al, 2008)
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which to some extent associated with their efficiemo control soil and nutrient losses, and
enhance moisture conservation in the soil (Majaletal, in press). This study intended to
determine the initial efficiency of commonly usecgtices to control soil erosion from Maize
and Banana based cropping systems in Lwiro micitcho@ent in the eastern D.R. Congo side of

the Lake Kivu basin.

3.0METHODOLOGY

3.1 Description of the study site
This study was conducted in the River Lwiro micedehment within Lake Kivu Basin. The

River Lwiro is located on the eastern flank of Lak®u between latitudes 2°15’ and 2°30’ S
and longitudes 28°45 and 28°85’ E. Its headwatmes in the Kahuzi-Biega National Park
mountain region; at an altitude of 2000 m. Thek8# river basin is bordered on the east by
Lake Kivu and on the west by the Kahuzi mountaire$o (Figure 1). This watershed of Lwiro
river, the principal tributary of the Lake Kivu, w&red 4 localities namely Irhambi/Katana,
Bugorhe, Luhihi and Bushumba in the territory ofoldee, province of South-Kivu, Democratic
Republic of Congo. Annual rainfall varies betweer34 mm and 1689 mm with an average of
1411 mm. The rainfall is bimodal with a dry sead@mm June and July. The soil comprises of
clay and rich volcanic soil, which is easily erod&tle geological composition is of Precambrian
metamorphoses sediments (metamorphic rocks) andr&zeic platform sediments (Cahen and
Lepersonne, 1967). Verhaeghe (1964) describes meptua limestone and numerous
travertines along Lake Kivu and Lake Edward. Cadtes for the production of cement are also

found north and north-west of Lake Kivu.
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Figure 1: Lwiro micro-catchment and the main rivers, Lake Kivu basin

The micro-catchment idominaed by small scale farming, forest and bujit-area. Forest cov
is more located in the mountainous area and is gfathe Kéuzi Biega National Pa. The
geology of Lake Kivu has been described by Illuri29(@) and Moeyersoret al (2004). It is a
rolling landscape of convex and elongated hillsyellgped on the weathered la. In the
Bukavu area, folded and faulted Precambrian stnaaovered by thick Tertiary and Quatern
lava flows. The oldest series, not present at Bukiself, predzes local rifting and is date
between 7 and 10 millions of years (Paste«et al, 1989). The middle and upper series

present at Bukavu. The middle series, of -Pliocene age (Kampunzt al, 1983 Pasteel®t

al., 1989), is intimately related to 1 rift faults. The upper series started during theigébcen

and continued to the last century. The chemicalpmsition of these three series evolves fi
subalkaline over moderately alkaline to strongly ailkal (Pouclet, 1980). Every lava ser

conssts of many individual flows, separated in time @BCO, 2002). Tk complex geometr
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of the present lava layers resulted from successgivweg and eruptive episodes. Weathering and
erosion, as well as normal faulting, occurred betwsuccessive lava flow series, explaining the
occurrence of palaeo-relief, contact metamorphsmectite layers, probably Vertic palaeosoils,

and clastic deposits having an alluvial and co#duerigin.

3.2 Design, treatments and replications
Soil, runoff and nutrient losses were determinedgusunoff plot approach. A total of 12 Plots

measuring 2X15 m were established on a farmer’ egaiat “Centre de Recherche en Science
Naturelles” (CRSN-Lwiro) used for growing maize abdans. Eight (8) other plots were
established on a banana plantation. Each of the plere equipped with dividers and collecting
tanks. Two treatments and one control were impasedhe maize intercropped with beans
garden; namelyithonia and contour bunds. On the banana garden one tneamalch) and a
control were imposed. The runoff transfer coeffitseewere estimated in the field using water
and an accurate balance. Local varieties of mamans and banana were used for the
experiment; and banana was cultivated in monoailtifach treatment and control was

replicated four times.

3.3 Measured parameters

The measured parameters included soil loss, runaffient losses and the crop yield. Runoff
and soil loss were estimated for each rainfall e¥®amples of collected runoffs were measured
using a graduated cylinder and total runoff for thmfall events were estimated by multiplying
the collected runoff by the deviser's transfer &oefnt. The collected runoff was thoroughly
mixed and a 100 ml sample was collected for sedincencentration determination in the
laboratory. In the laboratory, sediment concerdratvas determined by filtration. The total soil

loss for the rainfall event was determined by nplytng the total runoff volume by the
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associated sediment concentration. For a giveroeeé#ige total runoff was computed as the sum
of the different event runoff. The same was donesfol loss. Seasonal nutrient (N, P and K)
losses were estimated for the short rainy seasgeaf 2012 and the long rainy season of the
year 2013. Plot composite soil samples were obdame putting together sediment collected
after each rainfall event for a given season. Tdraposite samples were taken to the laboratory
for N, P and K analysis. N, P and K were analysgidg standard procedures (Okaledial,
2002). Total N were analysed using Kjeldahl digestmethod. Available P was extracted by
Bray Il method (Bray and Kurtz, 1945). The exchaide K+ cation was determined by a flame
photometer. Total N and total available P was deteed by multiplying their respective
concentration with the total season solil loss.

3.4 Data analysis

The survey questionnaires were coded and enter@dBW statistics version 18 for analysis.
Frequencies, tables and graphs were obtained asisgriptive statistics and cross tabulation.
For the experiment, Analysis of Variance was usedifean separation at €5 in GenStat 13

edition.

RESULTS
4.1 Soil and Runoff losses under maize based angmyistem

Soil and runoff losses for both season | (longyjpend season Il (short rainy) are presented in
figure 2 and 3; respectively. Soil loss and rurio8ses did not significantly depend on soil
erosion practices and rain seasons (P>0.05). Howea#l loss under contour bunds was
relatively the lowest followed byithoniaand control for both seasons. A similar trenchiat Of

soil loss was observed for runoff. The long raieasen tended to have relatively higher value of



UNDER PEER REVI EV

135

136

137

138

139

140

141

142

143

144

soil loss and runoff for all pictices. Soil loss under contour bunds varied batvild. 73 t/ha an
20.49 t/ha, 19.29 t/ha and 23.33 t/ha unTithonia and 30.91 and 32.93 t/ha/season ui
control depending on seasons. Runoff under corttonds was also the lowest followed
Tithoniaand control for both seasons. Runoff ranged betvi&&114 and 203.22 under contt

bunds, 206.60 and 240.13 unTithoniaand 264.29 and 322.17 t/ha/season under cc
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Figure 2: Soil losses under Maize cropping system
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Figure 1: Runoff under Maize cropping system

Table 2 below shows nutrient concentration unddfemint practices and across seasons.
Different nutrients were affected differently byaptices and seasons. Practices effects was
observed only on K while seasons affected N andrféentration in the sediment lost (P.85).
The interaction between seasons and practices igagicant for K an P concentration in
sediment lost (P &05). Contour bunds tended to have a relativiy lwgncentration of N and K
and lower value of P compared to other technolofgieshe short rain season. All technologies
had less variation in concentration of nutrientsrirdy the long rain season. Nitrogen
concentration in sediments was relatively higheirgduthe first season compared to the second
season for all practices. Phosphorous concentratasrelatively constant undérthonia and
control during the two seasons. It is importanblserve that P concentration increased during
the second season for contour bunds. K concentraticreased underfithonia and control
during the second season. It is also importamdi® that K concentration decreased under

contour bunds during the season.
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160

161 Table 1: Nutrient concentration under different practices and across seasons
Short rainy 2012 Long rainy 2013
Land use practices N P N P
%

Control 0.87 0.23 0.19* | 0.36 0.28 0.34*

Contour bunds 1.94 0.16* 0.58 | 0.38 0.28* 0.36

Tithonia 0.75 0.24 0.20* 0.4 0.26 0.36*

LSD-landuse NS 0.06 0.34 NS NS NS

LSD Season 0.56

LSD Landuse.season NS 0.06 0.23
162  *: Seasonal effects at P<0.05
163  Table 3 below shows nutrient losses under diffepeattices and across seasons. Nutrient losses
164 from different land-use varied with practices are@hsons (p_<0.05). Practices effects was
165 observed on K, while N loss was only affected bgseon (P8.05) . K loss and P loss was also
166  affected by season (P<0.05). The interaction betvseasons and practices was significant for K
167 and P losses (P<0.05). Contour bunds tendedue aaelativly high amount of K and N
168 losses and lower value of P loss compared to ddwmologies for the short rainy season (P
169  <0.05). Contour bunds had also relativlely low anmtoaf K loss, N loss and P loss compared to
170  other technologies in the long rain season (p<0.08¢ amount of K and N losses decreased for
171 plots with contour bunds during the long rain seastile it increased for P loss. The amount of
172 K loss and P loss increased for control dnithonia during the long rain season while N loss
173  decreased.
174 Table 2: Nutrient losses under different practices and across seasons

Short rainy 2012 Long rainy 2013

N P K N P K

Land use practices

Kg/ha/season
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186

Control 291.8 68.01 54.68 125.9 94.22 112.34
Contour bunds 409.4* 24.5 103.74 71.5%* 55.5 72.92
Tithonia 131.1 45.47 35.96 87.7 59.68 83.06
LSD- landuse NS 25.26 28.81 NS NS NS
LSD Season 178.3 20.45 23.32
LSD landuse*season 311.2 NS 40.72

* Seasonal effects at P<0.05

4.2. Soil and Runoff losses under maize based crgmystem

Soil and runoff losses for both season | (longypand season Il (short rainy) are presented in
figures 4 and 5; respectively. Soil loss and ruthadkes did not significantly depend on land-use
practices and rainy seasons (P>0.05). Howeverlassl on mulched banana was relatively the
lowest compared to the control (banana unmulchedpdth seasons. A similar trend to that of
soil loss was observed for runoff. The long raiagson tended to have relatively higher value of
soil loss and runoff for both practices. Soil losgler mulched banana varied between 89.93 and
15.77 t/ha/season and between 13.88 and 20.6%d4%@n under unmulched (banana). Runoff
under mulched banana was also the lowest compar#dtetunmulched banana. Runoff varied

also between 85 and 134 under mulched banana anegde 118 and 152 t/ha/season under

unmulched banana.
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Table 3: Nutrient concentration under different practices and across seasons for Banana

%

Short rainy 2012 Long rainy 2013
Land use practices

N P K N P
Banana unmulched 0.74 0.24 0.19 0.39 0.23 0.28
Banana mulched 0.55 0.26 0.21 0.42 0.24 0.32
LSD- landuse 0.08 NS NS
LSD-season 0.07 NS 0.04
LSD landuse.season 0.11 NS NS

Table 6 shows nutrient concentration under diffepgactices and across seasons. N and P were
not signicantly affected by different practices amésons (P>0.05). Only K was affected by the
season (P<0.05). All the nutrients tended to halatively the same concentration during the
long rainy season for the different practices egtd¢he N concentration which decreased under
control (banana unmulched) during the long rairsgeaTable 7 below shows nutrient losses
under different practices and across seasons. Mfoshe nutrient losses were not affected
signicantly by practices and seasons(P>0.05). Bnlysses were significantly affected by the
season(P<0.05). Mulched banana plots tended to aaetatively low nutrient losses in both
seasons. K and P losses increased during the &ng season for all practices while N losses

decreased during the long rainy season for theulsirad banana.

Table 4: Nutrient losses under different practices and across season for Banana

Kg/ha/season
Practices Short rainy 2012 Long rainy 2013
N P K N p K
Banana unmulched 107 35.2 25.7 79 48.1 53.9
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Banana-mulched 46 23.6 17.8 69 37.6 51.6
LSD-landuse NS NS NS
LSD Season NS NS 11.3
LSD Landuse.Season NS NS NS

DISCUSSION OF RESULTS

The annual soil and runoff losses from both maize lsanana cropping systems are severe and
moderate; respectively (FAO, 1979; 1990). Nutrilrsses are relatively lower under Banana
compared to Maize. Soil and water management pesceffects were not felt during the first
year of experimentation for soil and runoff but vegnificant for nutrient losses under Maize

and only for K under banana (P<0.05).

Soil loss under maize and banana in the study ae&omparable with results obtained in the
region (Majaliwa, 1998; Majaliwa, 2004; Azanga, 3DIMajaliwa (1998) obtained soil losses of
45 t/ha on maize intercrop with beans under subihwonditions and on slopes of 22% in the
Lake Victoria crescent. Measured average annublass ranged from 86.8 t/ha/yr in Rakai; and
27.9 t/halyr under banana (Majaliwa, 2004). Simiksults were observed by Mulebeke (2003)
where annuals lost 71 t/ha/season and 25.1 t/daabs for banana. Runoff observed under this
study was relatively very low compared to valuetaoted by Majaliwa (2004) for the same land
use. Runoff under maize and banana was a sevedthadihof what was obtained by Majaliwa
(2004) for the same land use respectively. Nutriesses were very high but less than values
obtained by Majaliwa (2004) in Rakai. Values of @2d 0.1-13 kg ha-1 season-1for P and K,

respectively, were reported on arable lands ofSaibaran Africa (Stoorvogel et al.,, 1993)



228 Differences between the results of this study daoteanentioned ones are attributed to slope, soil
229 type and climatic conditions. However, very smallues (1.4 t/ha/yr) of soil loss were measured
230 by Tukahirwa (1996) in Kabale for similar slopeldi % and quasi similar values of 30-t ha-1
231 yr-1 were recorded on slopes of 20%. Type of stigcés soil loss through infiltration and
232 erodibility. The infiltration rate of the experimtah soil was generally very rapid (Landon, 1995)
233 compared to moderate and rapid rate under Majg2084) and Mulebeke’s (2010) soils. High
234  infiltration rate contribute to reduced runoff, nfhsediment detachment (Le Bissonnaisal,

235  2005) and nutrient loss (Lal, 1998; Simadal, 2000; Ng Kee Kwonget al, 2002). Several
236  studies demonstrate that runoff generation is drivg antecedent soil moisture (Fitzjoénal,

237  1998; Meyleset al, 2003; Castillcet al, 2003; Weiet al, 2007), and soil management systems
238  (Martinezet al, 2006; Gomezt al, 2009). The latter generally affects soil surfateicture
239  (Farres, 1987; Lecomtet al, 2001; Le Bissonnaist al, 2005). A strong relationship exists
240 between soil structure, soil water retention andanic matter (Lal and Singh, 2000). The
241  experimental soils are deep and have high orgaaittemcontents ranging from 3.68 to 5.7 %.
242 This explains the higher values of infiltration these soils.

243  Variation in runoff, soil loss and nutrient lossketween the different studies is also due
244  aggressive climatic factors. The erosivity facterrelatively higher in the study area than in
245 Uganda where Mulebeke and Majaliwa conducted theidies (Majaliwa, 2004; Mulebeke,
246  2010; Ischebeckt al, 1984). It was ranging from 170 and 196 Jim Uganda while in DR
247  Congo it ranged between 220 and 30023 m @
248 It is worthwhile to note that maize and beans Welgtre generally high despite declining in the
249  second season. The soil chemical and physical grepavere not significantly influenced by

250 practices. High maize and beans yields are dueetgaod fertility status of the soil. Most of the
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soil parameters were above the critical valuegetbee adequate for plant growth. For banana,
mulched plots had better yield reflecting the eabetter nutrient conditions of the soils under

mulch in terms of organic carbon, available phospsoextractable potassium and nitrogen.

CONCLUSIONSAND RECOMMENDATIONS
In light of the above results and discussion, iswancluded that soil loss was generally severe

on maize and moderate on banana; while runoff eiasively low ranging between 1 and 3% on
banana and maize intercropped with beans; respéctiVhe reduction in soil and runoff losses
due to soil and water conservation practices wassigmificant during the period of the study.
Nutrient losses were generally high on both systand varied from one practice to another
under maize but only K under banana. Nitrogen, phoris and potassium losses under banana
varied from 46-107 Kg/ha/season; 23.6-48.1 Kg/lewee; and 17 -53.9 Kg/ha/season;
respectively. They ranged from 71-409 Kg/ha/sea2dr94 Kg/ha/season; 35-112 Kg/ha/season
for N, P, and under maize; respectively. Basedherrésults and observations made in the study
area there is need to improve the extension serwicéhe micro-catchment, and the country at
large, in order to promote and increase the adopifahe tested soil erosion control practices;
and to conduct long term experiments to assesffifiency of existing soil erosion control

practices in the Lwiro micro-catchment and the oagi
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