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ABSTRACT

Traditionalfarmersare generallynot awareof the considerabléossesof soil and
water,which occurundertraditionalfarming practicesin the tropics.Experimentsvere
conductedover six growing seasongo investigatethe use of vetiver grassstripsin
curbing the menaceand improving crop yields. Lossesfrom flat cultivations were
generallylower thanfrom moundcultivation. Runoff valuesfrom flat cultivationsranged
from 5.3 percentto 15.7 percentof total rainfall whereason the moundsthe values
rangedrom 15.7 percento 26.5percenton the control plotswhenvetivergrassstrip was
not imposed.Soil erodibility valuesrangedfrom 2.01to 7.26 for flat cultivationsas
comparedo 3.75to 14.7 for moundcultivation. Runoff and soil loss were higheron
scatterednoundsthan moundson the contour.Vetiver grassplacedat 5,10 and 20m
surfacespacingseducedunoff ontheflat by arangeof 115.0%to 406.5%and72.1%to
485.2%0on themound,the shorterthe grassspacingthe greatemwasthereduction.On the
otherhand,vetivergrassreducedsoil lossby arangeof 124.5%to 1031%on theflat and
arangeof 68% to 500% on the moundcultivation. Vetiver grassstripswerethusmore
beneficialon flat cultivation than on moundcultivation. Soil accumulationby vetiver
grassstrips was significantly affectedby vetiver grassstrips. Soil accumulationsvere
32.8%to 42.1%greateron 13% slopethan7% slope.Vetiver grassstripsat 5.10mand
20m surfacespacinghadsignificanteffectson the yields of mostcrops.Plantheightof
maizewasincreasedy arangeof 7 to 20%,cowpeayield wasincreasedy arangeof 28
to 70.9%, maizeby arangeof 17.0to 63.1%,potatoby a rangeof 48.6 D 109.5%and
cassavady arangeof 10to 55% overthe controlwhencropswereplantedin mixtureson
themound.Meangravimetricmoisturecontentf the soilsonthemoundsincreasedy a
range of 6.5 to 28.5% over the control under cassava plantations.

INTRODUCTION

Hugelossesof soil andwaterconcomitantwith severenutrientdepletionis the
baneof agricultural practiceamongstpeasanfarmersespeciallyin most partsof the
humid andsemiaridtropical environmentf Africa. This inevitably resultsin poorcrop
yields leadingto povertyand malnutritionasabouttwo-thirdsof Africans dependsn a
agriculturefor their livelihoods. Inadequateand low use of commercialorganicand
inorganic fertilizer encourageghe situation. Most farmers do not appreciatethe
OfertilizingOnfluence,which good soil and water managemenpracticeshaveon crop
yields and the environment in general.

Traditional,tubercropssuchascassavayamandsweetpotatoesmajor staplesof
mostAfricans, are plantedon heaps, moundsor ridgesin associatiorwith othercrops
suchasmaize,okro, cowpeaand mellon. In mostcasesmoundcultivation is donefor
easeof harvestingof the cropswithout anyregardto the physicalconditionof the soil. In
somepartsof Nigeria,andindeedthe humid tropics,somefarmersraisetheir cropson



the flat especiallyon the coastalplain sandsof Nigeria. Whenheapsor moundsare
madeon flat or relatively flat land, the intermoundspacesserveas temporarywater
storageduring the rains. If the soil is well drained,suchstorageis advantageousOn
slopy landshowever,the water storagecontributedargely to overlandflow. Thisis not
only dueto the force of gravity but alsobecauséhe physicalpropertiesof the soil onthe
furrow is inferior to thaton the moundin termsof bulk density,porosityandporesize
distribution (BabalolaandOparab Nadi, 1993).Lal (1997)hasreportedthat cumulative
infiltration at 3hourson an Alfisol in Ibadan,Nigeriawas 6 times higheron ridgesor
moundsthanon the furrow andthatequilibriuminfiltration rateswas10 timeslower than
the furrows. He attributedthis partly to crustformation by the silt and clay washedin
from the mound.Consequentlyon slopy grounds,the stageis setfor acceleratedoil
erosionin humid environmentsSuchlossesof soil and water and nutrientsproceed
without noticeby manyfarmersaslittle is doneto curbit. The useof vetivergrassstrip
asasimple,cheapandeffectivemethodof control (World Bank,1993,Grimshaw,1993;
Grimshaw,1995)hasbeenlittle reportedor investigatecespeciallyin traditionalfarming
practicesIn a farmerOgparticipatoryresearctproject, Howeller et al (2003) concluded
that out of six conservatiorpracticesyetiver grasshedgerowseducedsoil lossby 75%
andincreasectassavyield by 3.2 percent.The arrangementf the moundson the slope
couldinfluencethe lossof waterandsoil. Somefarmersestablishmoundsup anddown
the slopewithout any regardfor the contour.Otherfarmersscatterthe moundsasfound
convenientExperimentsverethereforeconductedo (i) determinethe effectof surface
spacingf vetivergrasson soil andwaterconservatiorandyield of cropsin atraditional
farming practiceof mixed croppingon moundsand (ii) to determinethe effect of slope
andthe arrangemendf moundson a slopeon soil andwaterconservatiorasinfluenced
by vetiver grassspacingsand(iii) to comparesoil andwaterlossesrom flat cultivation
with mound cultivation.

MATERIALS AND METHOD

The experimentswas conductedat the Teachingand ResearchFarm of the
University of Ibadan( 7°24 *N 3°54' E) in Nigeria. The rainfall patternis biomodaland
averaged230mmperannum.Rainfall peaksoccurin JuneandSeptemberTherearel75
total wet daysin the year. There are two growing seasonsearly seasonruns from
March/April to Augustandlate seasonfrom mid-Augustto October/NovemberAnnual
temperaturesangefrom a high of 31.2c to a low of 21.3c. Ibadanhasa percentage
sunshinghatrangeshetweenl6% in Augustto 59%in Februaryand Decembemith an
averageof 44%. Thesoil of theareais anAlfisol of the orderOxic Palueustalficcording
to the USDA classificationlt is classifiedlocally aslwo series(SmythandMontgomery,
1962).

Therewerethreemain experimentsarriedoutin 2003,2004and2005growing
seasonslin theseexperimentsthe traditional farming practicesof flat cultivation and
moundcultivationswere employed.Moundswereroughly 70cmin diameterand20cm
highandwerespacedt 1mintervals(Babalola& OparaNadi, 1993).Thetestcropsused
in mixtureson moundswere cassavamaize,cowpeaand okra. Cassavastakeswere
plantedon the mounds Maize,cowpeaandokro wereplantedon the neckof the mounds.



In theflat cultivation, maizewasusedasa testcrop plantedat 90cmx 30cmspacings.
In the first experimenttherewerefour treatment®f vetiver grassspacinggVvVGS) at (i)
Om (i) 5m (iii) 10mand(iv) 20m. Thesewereimposedon two slopes.a 7% anda 13%
slope.On the 7% slope,cassavauttings,variety TMS 30572and maize,variety white
maize ACR95TZE comp 4 C; were usedastestcrops.Maize was plantedon June25,
2003andcassavauttingswere plantedon July 18, 2003.Calibratedmetalrods,3mmin
diameterand 20cmhigh wereinsertedscm deepinto the soil at 15cmfrom the edgeof
the vetiver strips on July 15, 2003 for monitoring soil accumulationdue to erosion.
Vetiver stripswere establishen Junel2, 2003. Readingsof the calibratedrodswere
madeperiodicallyduring the growth of the crops.Plot sizewas40mlong and3m wide
andthe treatmentavhich werereplicatedthrice werearrangedn a randomizeccompete
block designon both slopes.On the 13% slope,cassavauttings,variety 91/02324and
maizevariety (yellow maize)Obasuperll were plantedon June4, 2004 and May 21,
2004 respectively.Vetiver strips were establishedn October4, 2003 and calibrated
erosionrodswereinstalledon Junel0, 2004.Readingf the calibratedrodsweremade
periodically during the growth of the crops.On the 7% slope,moisturecontentsat O -
15cmdepthson the moundsweredeterminedyravimetricallyover 5mintervalsdownthe
slopeat the cessatiorof the rainsin the late season®f 2003 and 2004. Samplesrom
about10 moundswerebulkedto give anideaof the moisturecontenton the moundsover
5mintervals.Cassavavasharvestedn the 7% slopeat 18monthsandon the 13% slope
at 15monthsOthercropswereharvestedt maturities After the harvesiof cassavanthe
7% slopesthe moundswerere-establishedndplantedto maizeandcowpeain the late
seasorof 2004.Tuberyieldsin termsof total freshweightof tubersandtubernumbers
per hectare, maize and cowpea grain yields were determined at harvest.

In the second experiment,maize and sweetpotatowere usedas t-test crops.
Maize, at a spacingof 90cmx 30cmwasiinitially plantedon the flat for four growing
seasonsSubsequentlyflat cultivationwasconvertedo moundsat the samespacingsand
plantedto sweetpotatovines. Thereweretwo treatmentsvetiver grassstrip established
at surfaceintervals of 20m (V) and no-vetiver strip (NV). The vetiver strips were
establishedn 2001andhe plots hadbeencultivatedto maizeon theflat for six growing
seasonsThe treatmentsverereplicatedthrice in a randomizedcompleteblock design.
Plot sizeswere also 40m long and 3m wide. Soil and water collecting deviceswere
installedat the baseof eachplot asalreadydescribedn anearlierpaper(Babalolaet al,
2003). Runoff and soil loss were determinedafter every major storm from flat and
mound cultivations. Tubers were harvested and weighed at maturity in December 2005.

In the third experimenttherewerethreevetiver grasssurfacespacingsOm, 5m
and10mestablishedn threereplicatesn arandomizeccompleteblock designon runoff
plots measuringdOm long and 3m wide. In the late season®f 2004 and 2005 mounds
were establishedn the contoursand in the early seasonof 2005, the moundswere
establishedn a scatteredorm on the slopeto simulatefarmerspractice.Both maizeand
cowpeain a mixture were usedastestcropsandthesewere plantedat the edgesof the
moundsas practisedby the farmers.Soil andwater collectingdeviceswereinstalledat
the basesof the runoff plots as describedearlier. Runoff and soil loss datafrom the



moundcultivationwerecomparedvith similar datacollectedfrom the sameplotswhen
maize planting was done on the flat. Crop yields were determined at harvests.

All the data collected were subjected to statistical analyses using ANOVA.
RESULTS AND DISCUSSION
Experiment 1
Soil Accumulation

Vetiver grassstripssignificantly keptbacksoil from thefield asevidencedy the
accumulationof soil by the vetiver strips (Table 1) under cassavaplantations.Soil
accumulationwvassignificantly influencedby the vetiver grassspacingsThe longerthe
spacingthe higherthe accumulatiorof soils. Indeedsoil accumulationvas305and173
percenthigherat the 20m spacingthanat 5 and 10m spacingsyespectivelyon the 7%
slope.Correspondinglythe valueswere 344 percentand 177 percenton the 13% slope.

Soil accumulatiorwas32.8%,33.0and42.0percenthigheron the 13%slopethanon the
7% slopeat 5m, 10mand20mgrassspacingsrespectivelyThe dataconfirm thatundera
close canopy of cassava, huge losses of soil take place without the farmerOs awareness.

Plant Height of Maize

The meanheightsof maize on the two slopeswere significantly affectedby
vetiver grassspacings(Table 2). On both slopes,plant heightson Om and 20m grass
spacingswere not significantly different. Similarly, the plant heightson 5m and 10m
spacingswverenot significantly different. However,plant heightswerein the decreasing
orderof 5,10,20andOm grassspacingson both slopes Plantheightswere20.1,15.3and
8.4 percenthigheronthe5,10and20mspacingghanno vetiver plot onthe 7% slope.On
the 13%slope,the correspondingyalueswere7.0,7.9and1.0 percent.Thelower percent
differencesfor the steeperslope may haveto do with the higher fertility statusof a
freshly cleared land after a few years of fallow.

Tables3 and4 showthe effectof vetivergrassspacing{VGS) on meancassava
andmaizeyields asinfluencedby slope.In termsof cassavdauberweightsandcassava
tubernumberstherewereno significantdifferencesdueto vetiver grassspacingon the
7% and13%slopesHowever,cassavduberweightswerein the decreasingrderof 5m,
10m, 20m and Om spacingsof vetiver grass.Vetiver grassspacing (VGS) increased
cassavduberweightsby 13.7,9.7 and 10.2%whengrasswasspacedat 5,10and 20m,
respectivelyon the 7% slope.Correspondindiguresfor the 13% slopewere 55.3,53.0
and36.7%,respectivelyThusvetivergrassstripsincreaseduberweightsof cassavay a
rangeof 10 to 55% on both slopes.Thesefiguresare higherthanthe 3.2% increasen
cassavauberrecordedoy Howelleretal (1997). The numberof tubersdid not revealany
particulartrend (Table 4). However,the highestnumbersof tubersper hectarewere



recordedon the 7% slope at 10m-vetivergrassspacing.Maize grain yield in the
mixtures were significantly affectedby vetiver grassspacingson both slopes.Maize
yields were in the decreasing order of 5m, 10m, 20m, and Om on both slopes.

Vetiver grassincreasedmaize grain yields by 121.7,57.7 and 10.8% when
spacedt 5, 10 and20mon the 7% slopeand58.0,40.0and30% correspondinglyn the
13%slope.Thusmaizein theintercropwasmoresensitiveto grassspacingthancassava.
Maize andcassavaield werehigheron the 7% slopethanthe 13% slope.This may be
dueto the differencesin crop varietiesusedin both casesaswell asdifferencesin the
fertility status of the soils.

Table 5 showsthat when maize and cowpeawere plantedin a mixture, only
cowpeagrainyield under5 m grassspacingwassignificantly higherthanno-vetiverplot
by 70.9% maizeand cowpeayields were howeverin the decreasingrderof 5m, 10m,
20m,andOm. Total maizeandcowpeayieldswere65.2%,33.6%,and20% greaterat 5,
10 and 20m grass spacings than no-vetiver plots.

In the secondexperimentwhere potatowas usedas a testcrop on moundsand
when vetiver grasswas spacedat 20m surfaceintervals, vetiver grassreducedmean
runoff by 72.1%, and soil loss by 68.0% (Table 6). Mean potato tuber yields were
850.0Kg/hafor vetiver plots and 572.2 kg/hafor no-vetiverplot. Thus vetiver grass
increasedpotatotuberyield by 48.6%.Meanrunoff and soil loss recordedunderflat
cultivation (Babalolaet al, 2006) on the samesite are presentedn Table 6. Runoff is
presentedsa percentag®f rainfall amountandsoil erodibility (k) wasestimatedrom
the ratio of soil lossto rainfall erosivity, (which is equatedo rainfall amount).Mean
runoff valuesundermoundcultivationwere15.7%and27.0%for vetiverandnon-vetiver
plots respectively The corresponding/aluesfor flat cultivation,5.3% and 11.8%were
lower. Whereason flat cultivation vetiver reducedrunoff morethan no-vetiverplot by
124.5%o0n the samesite, the reductionor effectivenessvas 72.1%on the moundplots
Similarly, vetiver reducedsoil lossby 121.7%on the flat whereason the mound,the
correspondingvalue was 68%. Soil erodibility values(K) were higher undermound
cultivationthanflat cultivation (Table6). Higher soil losson the moundcultivation could
be attributedto a larger surfaceareaof the soil exposedo raindropimpactand runoff
water.The higherrunoff may be a confirmationof thereportof Lal (1997)andwhichis
confinedin this study, that water infiltration in the furrows or inter-moundareaswas
drasticallyreducedbecausef soil crusting.In this study,the meanbulk densitieswere
1.37g/cni and 1.44gkn? for flat cultivation and the inter-moundor furrow spaces,
respectively The conclusionthatemanatess thatflat cultivationis preferableto mound
cultivationin termsof soil andwatermanagemenandconservationThe indiscriminate
use of moundsto raise crops, especially,tuber crops,when the soil conditions(bulk
densityandsoil volumeandsoil strength)are conduciveto goodtuberdevelopmenbn
the flat needs to be discouraged.

Experiment I11



Table 7 compareghe effectsof vetiver grassspacingon runoff and soil loss
whenmoundswere establishedn the contoursM(c) andwhenscatteredMs). Runoff
andsoil lossweresignificantly influencedby vetiver grassspacing.Meanrunoff losses
were generallyhigheron the moundplots thanon the flat plots. Underno vetiver plot
runoff valueswere 15.7,26.4and 21.9%of total rainfall for the periodunderflat, M(s)
andM (c) cultivations,respectively.Thesevalueswerereducedto 3.1, 3.4 and 5.6%
undervetiver grassspacingat 5m andto 7.3,11.2and 11.1%under10m vetiver grass
spacing.Thus,runoff waslower underflat cultivationthanmoundcultivationandrunoff
wasslightly, higherunderscatteredMs) than contouredmounds(Mc).Indeed,mean
runoff asa percentagef rainfall on M(s) plots andthe M ¢ ) plots were 13.7%and
12.9%respectively.Soil erodibility K ascalculatedwashigheron M(s) thanthe M(c).
MeanK valuesfor M(s) plots and M(c) plots were 6.22 and 3.77 respectivelya 65%
difference.MeanK valuesfor moundandflat cultivationswere5.4 and3.46 kg/ha/mm
respectivelya 56% difference(Table 7). K valuewas73% higheron moundcultivation
thanflat cultivation whenvetivergrasswasnot in place.This valuedecreasedo 23.4%
and 17.6% for 5m and 10m vetiver grass spacings, respectively.

Crop Yields

Cropyields were not significantly affectedby vetiver grassspacingwhencrops
were raisedon mound (Table 8). For both M (s) and M(c) grain yields were in the
decreasingrder of Oy, 10m and 5m vetiver grassspacings When the moundswere
scatteredmaizegrainyieldswere 35.1%and28.0%higherrespectivelyon 10mand5m
spacingghanno vetiver plots. Thesevaluesarelower thanvaluesobtainedwhenmaize
cropswereraisedon the flat in an earlierstudy (Babalolaet al (In press).Indeed,mean
grainyield on the flat overthesethreegrowing seasonsvere 60.5and31.4%higheron
5mandl0mgrassspacingghanon no vetiver plots. This demonstratethatvetivergrass
is more beneficialand effective on the flat thanon the moundin termsof maizegrain
yield.

Theyield of potatotuberson moundswerenot significantly influencedby vetiver
grassspacing(Table9). However,potatoyields were 109.5%and 95.25%higheron 5m
and 10m vetiver grassspacingthan no vetiver plots. In the earlier experimentin this
study,potatoyield was49.6percenhigherwhenvetivergrasswasspacedat 20mthanno
vetiver plots.

Gravimetricmoisturecontentsof the soils on the moundsdecreasedenerallyin
theorder5m, 10m,20mandOm in bothyears,2003and2004.Steadily,moisturecontent
decreasedveekly betweenNovemberand Decemberof eachyearafter the cessatiorof
rainfall. Moisture contentwas significantly influencedby vetiver grassspacing.Mean
moisturecontentsin 2003 were 28.5%,23.2% and 6.5% higherat 5m, 10m and 20m
spacingghanno-vetiverplot, respectivelyIn 2004, similar valueswere 18.3%,10.2%
and zero percent,correspondinglyThus, on moundcultivation, moisturestressunder
cassaveacould be alleviatedby vetiver grassstrips and is no doubt a factor causing



increasedyields. In an earlierexperimentalwhen moisturecontentwas monitoredby
theneutronthermalizatiortechniqueon flat cultivation of maize,soil moisturecontenton
the vetiver plots washigherthanon the control by a meanof 25.6%at 40cmdepthand
50.1%at 20cmdepth(Babalolaet al, 2003) The higher moisturecontentundervetiver
strip managemens theresultof reducedun-off velocity andenhancedvaterinfiltration
during the rains.

Tables10and11 showtheeffectof vetivergrassstrip at 10m surfacespacingon

a 10% slopeon cassavandyam yields asobtainedin the fourth experiment.Yam and
cassavauberyields and tuber numbersper hectarewere not significantly affectedby

vetiver grassstrip. However both weights and numberof cassavaand yam tubers
increasedlownthe slopeon the vetiver plots. This may be attributedto highermoisture
contenton the moundson vetiver plots. Mean cassavaand yam tuber weightswere
12.08%and9.52%,respectivelyhigheron vetiver plotsthanno-vetiverplots. Numberof

yamtubersperhectarevashigheron vetiver plotsthannon-vetiverplots by 4.3%(Table
11).

CONCLUSIONS

Considerableossesof sal and water occurredunder traditional mounding
farming practices.Lossesfrom flat cultivations were generally lower than mound
cultivation. The poorerphysicalconditionsof the furrows or intermoundspacesn terms
of soil crusting,and the exposureof a soil layer with higher bulk density than the
original surfacesoil after the surfacesoil havebeenscrapedand packedinto a mound,
tendto aggravatesoil erosionin traditionalfarming practices.The indiscriminateuseof
mounds,especiallyfor tuber crops when the soil conditions(bulk density and soil
strength) are conducive to good tuber development on the flat should be discouraged.

Vetiver grassstrip at surfaceintervalsof 5, 10 or 20m significantly curtailedsoil
andwaterlossedo variabledegreesThe shorterthe vetiver grassspacingthe lower was
the loss. The reductionof suchlosseswasreflectedin significantincreasesn moisture
contentof the moundsandincreasesn the yields of cassavamaize,cowpeaandsweet
potatoto varying degreesThe percentreductionin soil andwaterlossesby vetivergrass
was much higher on the flat by about 40% than on the mounds.
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