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Abstract

The basic Vetiver Grass Technology or Vetiver System comprises a dense vetive¥agiassa(
zizanioides L) hedgerow that is planted across the slope of the land or embankment. The hedgerow
traps sediments, spreads out rain-water runoff, and provides though its roots significant
reinforcement to the soil. This paper sets out the most important characteristics necessary for a plar
to be useful for agricultural and biological engineering, and be accepted as OsafeO, all of which are
met by vetiver grass. The balance of the paper is devoted to substantiating ten basic and key facts
relating to VS that makes it an acceptable and safe technology for the mitigation of problems relating
to soil and water.
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Introduction

This paperhasbeenpreparedor workshopparticipantgo helpthemunderstandhe basicunderlying
characteristicef the Vetiver GrassTechnology(VGT). A subsequerpaperby the sameauthorwill
describdts generalapplicationasthe OVetivelSystem@o a wide rangeof needsandusesthatrelate
one way or the other to soil and water conservation, soil stability and water quality improvement.

As aresultof aninitiative, in 1986, by the World Bank [1] VGT wasintroducedto development
projectsin India asa low costvegetativesystemfor soil and waterconservationSincethat time
VGT hasbeenusedin over 100 countries primarily in the tropicsandsemitropics,andhasbecome
of principalinterestof civil andenvironmentakngineersasa biological methodfor stabilizationof
constructed earthworks such as railroads and highways.

The world faces many ecologicaland environmentalproblemsthat relate to soil and water,
including: soil lossthatresultsin physical,chemicalandbiological degradatiorandlossof ability to
producefood; overuseand misuseof large areasof land and contaminatiorby toxic runoff from
mine dumps, feedlots,and salinization;water polluted by mineral and organic sedimentsand
pollutantsthat are detrimentalto drinking water and often are unfit for irrigation; decreased
groundwaterechargeresultingin watershortagesndsalinization;andinattentionto construction
site maintenancéeadingto infrastructurefailure andlosses. Solutionsto dealingwith theforegoing
problemsare often complex and comprisehigh cost engineeringdesignsthat are impractical,
demandhigh quality input and supervision,and have a record of poor sustainability and
maintenance An alternativeto this approachs to seekremedialsolutionsusinglow costbiological
methods.



For a plantto be useful for agriculturaland biological engineeringand be acceptedas Osafe@
should have as many as the following characteristics:
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Its seedsshouldbe sterile,andthe plant shouldnot producestolonsor rhizomesthat could
become invasive or weedy.

Its crown should be below the soil surface so that it can resist fire, traffic and overgrazing.
It shouldbe capableof forming a dense groundlevel permanentedge,performingasan
effectivefilter, preventingsoil lossfrom runoff. Apparentlyonly clonalmaterialseemdo be

able to grow OintoO each other to form such a hedge.

It should be perennial and long lasting, capable of surviving as a dense hedge for decades,
but only growing where we plant it.

It should have stiff erect stems that can withstand a water flows of at least 1 cusec (.028
cumecs) 12 inches (0.3m) deep.

It should exhibit xerophytic and hydrophytic characteristics if it is to survive the forces of
nature.

It should have a deep penetrating root system, capable of withstanding tunneling and
cracking characteristics of soils. The roots should penetrate vertically below the plant to at
least three meters.

It should be capable of growing in extreme soil types, regardless of nutrient status, pH,
sodicity, acid sulphate or salinity, and toxic minerals. This includes sstmlss, gravels,

even more toxic soils and mine tailings.

It should be capable of developing new roots from nodes when buried by trapped sediment,
and continue to grow with the new ground level, to eventually forming natural terraces.

It should not compete with the crop plants it is protecting.

It should be free of pests and diseases

It should be capable of growing in a wide range of climates -- from less than 300 mm of
rainfall to over 6,000 mm -- from temperatures of @%&more than 55%4 C. It should be

able to withstand long and sustained droughts (>6 months).

It should be inexpensive and easy to establish as a hedge and easily maintained by the user
at little cost.

It should be easily removed when no longer required.

Vetiver grass has all these characteristics.

The Vetiver GrassTechnology(VGT), in its mostcommonform, is simply the establishmenof a
narrow (lessthan1l meterwide) live stiff vetiver grassbatrrier,in the form of a hedge,acrossthe
slopeof theland. Whenappliedcorrectlythe technologyis effectiveon slopesfrom lessthan1 to
over100%. A well-establishedetivergrasshedgewill slow downrainfall runoff, spreadingt out
evenly,andwill traprunoff sedimentdo createnaturalterraces.In additionits massiveroot system

will increase the shear strength of soil (thus providing improved stability of soils on steep slopes).

Vetiver grassis a clump grass,with erectandstiff stemsthatgrow to asmuchas2m high. The
rootsarevery long (3-5m) andin the maindo not spreadmuchbeyondthe footprint of the crown
of the plant. Therootsareextremelydenseandhavean averageensilestrengthof 75Mpa. The
plant is propagated vegetatively by dividing the clump into slips with about 3 tillers each.



The vetiver grasshedgeis establishedy plantingslips 10-15cm apartin a line on the contour.
Time of plantingis important,andis bestdonein therainy seasoror with supplementaryvatering.
Hedgerowsrary in distanceapartdependingon the slope. As arule of thumbthe vertical interval
between hedgerows should be about 1-2 m, depending on climate, slope gradient and soil types.

Vetiver grass(Vetiveria zizanioides) is an ancientgrasswith its centerof origin in southindia.
OtherrelatedspeciessuchasV. nigritana and V. nemoralis haveoriginsin Africa and SouthEast
Asia respectively. Thesespeciesdo not haveall the characteristic®f V. zizanioides andarenot
recommended as a base component of VGT.

Thebasicaspectof VGT, managementindapplicationis setoutin a smallhandbookor farmers,
now in its fifth edition, OVetiverGrass(Vetiveria zizanioides) A Method of Soil and Moisture
Conservation®,3]. It hasalsobeencomprehensivelyliscussedindreviewedin a morerecent
publication:OVetiveiGrassb An EssentialGrassfor PlanetEarth(J4}. Both authoredby JohnC.
Greenfield. In addition OALook Seeat VetiverOby P.K. Yoon [5], availableon CD ROM, is a
remarkablecollectionof researcldataandphotographdérom Malaysiadepictingthe basicattributes
and management of vetiver grass and related hedgerows

The following paragraphsetout someof the evidenceto supportthe useof vetiver grassasthe
prime candidate for bio-engineering programs.

Vetiver grass hedgerow is an effective measure for soil and moisture retention and conservation

Researclat ICRISAT, India [6] comparedVGT with stonebarriers,lemongrass,andbareground
(control) undernatural(total rainfall 689 mm.) andartificial rainfall conditions. In all casesvGT
wasthe mosteffectivetechnologyfor reducingsoil andwaterlosses.VGT reducedainfall run off
by 57%,andsoil lossby over 80%. Theresultsclearly showedfrom the experimentahydrographs
the enhancedlelayin releaseof run off from the vetiver plots, an interestingfeaturethat could be
appliedasanuppercatchmenflood controlmeasureThe sameresearclieam(7], confirmedthatin
the nextyearvetiver performedevenbetter. Vetiver showsa distinctimprovementin efficiency as
the hedgesbecomeolder and denser.At CIAT [8], Colombia, vetiver was comparedto other
vegetativesystemggrown in conjunctionwith cassavaAt 11 months(rainfall 1240mm.) vetiver
hedgesreducedsoil loss from 142 tons/hafor barefallow to 1.3 tons/ha.for croppedcassava
betweervetiverhedgesRainfall run off wasreducedrom 11.6%to 3.6%. Otherresearcherbave
reportedsimilar results. Evidence[9] showsstrongpositivecorrelationbetweersoil lossandwater
runoff reductionwhen VGT is applied on black vertisolsin westernindia, and that VGT is
significantly superiorto otherhedgetype barriers.In Louisiana[10], demonstrationsonclusively
showtheimpactof vetiverhedgesn sedimentetention. In Malaysia[11], large-scaleexperiments
have demonstratedubstantialsedimentdepositsbehindvetiver hedgesjn one caseof aboutl
meter in 1 year.

Farmershavein nearlyeverycasereportedfavorablyon the useof VGT. A farmer[12] hasused
vetiver on the family sugarcanefarm in Natal, South Africa, for over 70 yearsas a meansof
stabilizingroadsidesSince1989he hasprotectedl 86 ha. of farmlandwith vetiverhedgesErosion
losseshavebeenreducedsubstantiallyand rainfall runoff wasreducedto the extentthatin a very



seriousdroughtin 1992 not one of his younglycheetreeswaslost. Vetiver grassusersin Central
America,amongsthemthosefrom Hondurag[13], confirm thatvetiver hedgesarethe mostcost
effectivemethodof soil conservationasdo users][14] in Ethiopia,andotherAfrican countriesThe
feedbackirom 17 farmersin Layete,Philippines[15], givesclearindicationof theimpactof VGT
andits superiorityoverothersystems.It shouldbe notedthatvetivergrasscanregeneratérom stem
nodes. This meansthat asthe sedimentbuilds up behindand within the vetiver hedgeto form a
terracethe grasswill grow up with therising terrace- in Fiji terraceswith risersashigh as3 meters
have been formed naturally [1] under such conditions.

Thereis no evidenceto showthatvetiver grasshedgesareinferior to othertypesof hedge. To the
contrary, evidence suggests that vetiver hedges are the most effective of all vegetative barriers.

Vetiver grass will grow over a wide range of site conditions

Experimentg[16] with vetiver undersalineand sodic conditionsin Australia demonstratedhat
vetiverwill toleratehigh levelsof salinity up to EC,, of 38 mScnt. Vetiver showsa 50%dry matter
yield reductionaroundeC,, of 20 mScm Investigationg17] into thetoleranceof vetiverto arange
of soil pH havebeencarriedout, anddemonstratéhe toleranceof vetiverto pH levelsaslow as3.3
with soil Al toxicity levelsof 68%- indicationsarethatvetiver may be oneof the mosttolerantcrop
andpasturespeciego Al toxicity. It wasalsodemonstratethatvetivercouldbe establishe@n soils
of pH 11.5, andthatit survivedwell whenadequatdevelsof P andN weresupplied. Vetiver grass
hasbeendemonstratetb grow undera wide variety of soil types,depths andstructure The growth
of vetiveronfive differentsoil typesin Malaysia[18] wascomparedandalthoughgrowth of vetiver
differed from one soil type to another,in all casesvetiver grew reasonablywell. It was also
demonstratedhat vetiver canbe establishedn ex-tin mining land, leadingto the rehabilitationof

suchdegradedand. In India, vetiver grows as strongly on the black vertisolsasit doeson the
alfasols.Vetiver growswell on uplandaswell aswetlandconditions,demonstratingts xerophytic
andhydrophyticcharacteristic§18]. VetiverOsold tolerancdimit is around- 9.5 C [19], although
some plants have survived short spells at - 15; C [20].

Rainfall is a constrainto the growth of vetiver. It growsin low rainfall areasof 300- 400 mm, but
requiresgreatermanagemenattention. Under theseconditionsit is more difficult to establish
vetiver;anddueto seasona¢éxtremescausedy overgrazingandperiodicdroughtsetc. vetiver, like
all other plants, suffers.Howeverwhere groundwater tablesare high or irrigation is available
vetiverwill grow underzerorainfall conditions. At timesof extremedrought,rainfall lessthan50
mm vetiver hasbeenrecordedsurviving 12 monthswithout rain. As a rule of thumb vetiver will
grow undermost site conditionsthroughoutthe tropics and semi-tropics. It doesbeston well-
drainedsoils. It will notgrowin areaghathaveextremecold duringwinter months,andwherethere
are permafrostconditions.Exceptfor the effect of temperaturevetiver will grow at mostaltitudes.
In Hondurag[13] vetiver grows quite well at 2,800 meters.Vetiver hedgeshavebeenestablished
[21] in westernEthiopiaat 2,000m. Vetiver hassurvived snow conditionsat 3,000 metersin
Lesotho[22]. Vetiver hashigh potentialfor growth in salineareas[23] in Australia,and was
successfully used for the rehabilitation of the derelict sodic Ussar lands of northwest India.

Morerecent24, 25] work by Truonget al showsvetiverto toleratehigh levelsof mostheavymetals
andtoxic materials,well abovethresholdlevels of mostother plants. Researchergn Chinaand



Thailandhaveconfirmedthesefindings. Combiningits toleranceto heavymetalsandits ability to

takeup excesgphosphateandnitratesmakesit anideal plantfor constructecandnaturalwetlands
wherethereis a needto cleanup pollutedwater,sewageandfactory effluents.Paul Truongandhis

associates Australiaand Xia Hanpingof Chinahaveled the researchranddemonstrationg this

importantarea.Seethe Proceedingsf the 2' and3™ InternationaNetiver Conference$oundon the
Vetiver Network website at:

Overall evidencepointsto vetiver toleratinga very wide rangeof site conditions,including those
that may be considered extremely hostile to plant growth.

Vetiver grassis non-competitivewith adjacentcropsand Vetiver hedgerowsare associatedvith
crop yield increases.

Most evidenceindicatesthat vetiver doesnot reducesignificantly yield of adjacentrow crops.
Experimentd8] in Colombiaindicateno yield lossreductionof cassavavhengrown with vetiver
hedgerowswhereagherewasa 33%reductionin yield with elephangrassPennisetum purpureum)

hedges. The latter haswide spreadingroots and is much more competitivewith adjacentcrops.
Similar experimentalresultsare demonstratedn Maharashtrajndia [25] and Malaysia[17]and
confirmedby farmersfrom Southindia to Fiji. Sugarfarmersin Natal, SouthAfrica[12] and Fiji

[26] report production gains.

Experimentd27] overthe period1989to 1991, at Akola, Maharashtralndia, on Lithic Ustorthent
soils underan averagerainfall of 840 mm. showedthat cropsgrown in associatiorwith vetiver

hedgeshadsuperiorlevelsof production. Averagetotal productionwas17.1% and32.3%higher
for cropsgrownin vetiver-protectegblots comparedo cropsgrownin fields with gradedbundsand

acrosgthe slopecultivation respectively Moisture Use Efficiency wasthe highestfor vetiver plots,

aswasthe level of residualnutrients. Theseresearcheralsocomparedhe effectivenes®f vetiver

grasswith other vegetativebarriers.In all there were four comparisons Vetiveria zizanioides

(Vetiver Grass),Leuceana leucocephala (Subabul),Cymbopogon flexuosus (Lemon Grass),and

Chrysopogon martini (Tikhada).Yield of seedcotton was 25.5% higher with vetiver than the

untreatectontrol,andcomparedo 24%,15%,and11%for leuceanalemongrassandChrysopogon
respectively.In all caseghe highestmeansoil moisturepercentageprofile andavailablemoisture
storagewererecordedfor vetiver. Farmersin the Philippinesindicatedthat corn andrice planted
near a Mura (vetiver) hedgerow performed better [15].

Althoughin someinstanceghereis evidenceof competitionwith the croprow immediatelyadjacent
to thevetiverbarrier,mostexperimentatesults,andoverwhelmingfarmerreportsindicatethatthere
areno negativeyield changesandthatto the contrary,mostcropsshowpositiveresponseto vetiver
barriersduemostlyto its waterconservatiorcapacity. It shouldbe notedthatvetiverhedgerowsise
up lessland than other barrier systemssuch as alley cropping, and thus (all other conditions
remaining equal) the overall yield per unit area can be expected to be higher.

In recentyearsit hasbeendemonstratedh SouthAfrica thatvetiver grasscanbe usedasa biotrap
which attractsstemborerto its leavesinsteadof crops,whengrownin associatiorwith maizeand
sorghum hencetheincidenceof stemborerattackon the cropsis greatlyreduced28] without any
detrimental effects to vetiver grass.



Vetiver grass is not a weed, it is not invasive

Thereis no evidenceof vetiver beinginvasiveunderuplandrainfedconditions[29]. Thereis some
evidenceof natural spreadingunder swamp conditions[30 and 31] Nowhereis it seenas a
threateningveed(notethis is not the casefor otherhedgespeciessuchasLeuceanap thatcan
becomea major weedif not managedproperly). Its roots are not stoloniferous,some of the
accession@riginatingfrom southlindia rarely flower, andif they do the seedsare mostly sterile.
Vetiver, probablyoriginatingfrom Guatemalanow grownin Louisianahasat onesite not flowered
for 25 years[32]. Vetiver is propagatedvegetatively. In Zambiavetiver hedgesat Msamfu
Researclstationhaveremainedntactfor morethan60 years[33]. Oneof the main objectivesof the
NationalResearctCouncilOseview [29] of Vetiver wasto verify whethervetiver might be a threat
asa potentialweed. Thereviewfoundthatin the majority of instancewetiverwasnotinvasive,but
it strongly recommendedhat only the non-seedingaccessionde used.Evidencesuggestghat
accessionfrom southindia arelessproneto seedinghanthosefrom northindia. Therearereports
that accessionsntroducedfrom north India to ARS stationsin Mississippiwere very fertile and
germinatedstrongly. This seemsnot the caseof the Le Blanc accessionsiear Baton Rouge,
Louisiana,nor thoseof Boucard[33] at Leakey,Texas.More researchs requiredinto the flowering
habitsof vetiverin relationto cultivar, climate,rainfall, andday length.Moleculardiagnosticd35]
linked with rigorousbiometricanalysiswereusedto identify relationshipsetweendifferentvetiver
successiondDNA wasextractedfrom youngleaf tissue. It wasfound thatthe Boucardaccession,
andwhatis known asthe Huffman accessior{believedto originatein Guatemalajvereessentially
the samegenotype,andthey were very different from the threeaccessionseceivedfrom India.
There are believedto be over 20 accession®f vetiver grassintroducedto the United States.
Molecular diagnosticsoffers a meansto identify different accessionsndto correlatepositive
biological featuresrelevantto the accession.This shouldresultin a more scientificandcontrolled
use of vetiver with potentially better results.

In Thailand[36] over 30 different accession®f Vetiver havebeenidentified. Theseaccessions
often differ markedlyin characterand include six accession®f an upland speciesof vetiver
identified as Vetiveria nemoralis. Theseaccessionsnclude somethat flower, but producesterile
seed, and others that have seed that germinate more freely.

Recentwork [37] in AustraliaandDNA [38] analysisof noninvasivevetiver accessionshowvery
conclusivelythat Vetiver zizanioides originating from southlndia, and usedin mostcountriesfor
VGT technology is not invasive.

It is concludedthat at most sitesvetiver hasrarely beenrecordedasinvasive,andif germinated
seedlingsare presentthey canbe easily removedby cultivation or by the useof the herbicideb
RoundUp. Therearecleardifferencedn accessionandthesedifferenceseedbetteridentification
sothatin the longerterm the mostsuitableaccessionganbe identified and matchedto site and

need. Thereare a numberof accessionshat are becomingwell known to vetiver users.These
include Huffman (US), SunshingUS), and Monto (Australia). Theseall haveessentiallythe same
DNA andareindistinguishable.Thereareat least50 otheraccessionaroundthe world with similar

genotypes (DNA analysed). None of them have invasive characteristics.



Vetiver grass is resistant to pests and diseases.

Vetiveris extremelyresistanto insectpestsanddisease$18 and19]. Thereis evidencefrom India
[39] thatwhendeadvetiver plantmaterialis eatenby termitestheremay be an allelopathicreaction
thatpreventsregrowthof vetiver from the centerof the plant,andunderseveredroughtconditions,
new youngshootson the peripheryof the plantaregrazedout andthe plantis killed. Alternatively,
andmostprobably,the termitecastis too toughfor the newyoungshootsto penetrate.Management
by burningmay eradicatehis problem. Reportsfrom Brazil [40] suggesthatvetiveris resistanto
Meloidogyne javanica andM. incognita racel (rootknot nematodes)hothseriousroot nematodes
in tobacco. In Chinatherehavebeenreportsthat vetiver hashostedrice stemborer[19], and
althoughthis hasnot affectedthe growth of the vetiver,the latter might actasa hostplant. However
in Fujian (southeastChina),wherevetiver hasbeengrownin closeassociatiorwith rice for many
years,this doesnot seemto be a problem.In mostcasegestsanddiseasesn vetiver canbe best
controlledthroughburning,andaswill be notedlaterin this paperburningmay haveanimportant
placein the generalmanagemenof vetiver hedges. The fact thatinsectpestsgenerallydo not eat
vetiver makes the grass a very useful thatch and muich.

Evidenceto dateindicatesthat overall, vetiveris resistanto pestanddiseasesandis not seenasa
serioushostplant. In fact evidenceas growingthatvetiverprovidesa preferredhabitatfor beneficial
insects [30].

Vetiver grass is fire resistant and repels rodents and other animals.

Vetiver is well knownfor its resistanceo fire. This resistancénasresultedin its survivalin sugar
canefields that are burnt prior to harvesting. In SouthAfrica vetiver is usedto protectforestry
firebreaksfrom erosion[22], andthat this methodis acceptedy the forestinsurancecompanies.
Young burntvetiver (burntasa resultof a massof cut anddried leaf) underMalaysianconditions
recoveredully in four weeks[11]. Historically nomadicherdsmernn grazingthe flood plainsof the
Niger River in Mali, West Africa, have burnt vetiver in orderto get a quick flush of grassfor
grazing.VetiverOsesistancendquick recoveryfrom burningis primarily dueto its protecteccrown
andfrom its deeproot systemandassociatedutrientstoragethatenablesjuick recovery. It is these
samecharacteristicshat allows fire to be usedas a maintenancesystemfor vetiverin drier areas
wherelarge amountsof dry leaf materialaccumulatesn vetiver hedgespurning OclearsOut the
hedgeand reducesthe incidenceof termite infestation. VetiverOsjuick revival after fire is
particularlyimportantin thatby the wet seasoranderosiveforcesareat work the hedgeis backup
and doing its job.

Thereis conflicting evidenceon vetiverOsffectivenesso deterrodentsandotheranimals. Farmers
are continuallyreportingthat ratsappearto be repelledby vetiveranddo not burrow into the root

system. In fact on NepalOBrigation schemesnanyfarmershaveplantedvetiveron their inter-field

bundsin orderto reduceratinfestation[43]. Recentlyaforesterin PapuaNew Guinea[47] reported
that thus far (3 years), the notorious bush pigs have not up rooted vetiver grass hedges.



Vetiver grass requires minimum maintenance or management

Initially in themarketingof VGT the claim for minimum managementvasbasedn its usein higher
rainfall areassuchasFiji andthe WestIndies. In theseareasexperienceshowedthaton cultivated
landsvetiver maintaineditself well, the only maintenancdeingan annualcutting. Following its
introductionto lessfavorableclimatic conditionssuchasin the semiarid areasof centralindia
(rainfall 500- 600 mm.) it hasbeenfound thatselectionof quality plantingmaterial,plantingat the
correcttime (undersuchclimatic conditionsthe plantingwindow is quite small), gapfilling in the
first year or so, planting via the use of polybags(containerplants) under extremelydifficult
conditions,the useof fire asa managementool to eradicateexcessdeadplant materialetc.,and
usingdifferent plantingtechniquedo matchdifferent site conditionsareall importantmanagement
aspectghatrequiregoodpracticaljudgment. Experimentg418] haveshownthatmanagemenplays
animportantrole in the level of succesof vetiver hedgesasan erosioncontrol system.Thereis
conclusiveevidencethatjust Ostickinghe grassin the soil andforgettingaboutitOdoesnot often
lead to success, for that matter most technologies fail when this approach is taken.

Studiesin AndhraPradesh48] andin the Philippines[15] showwherefarmershaveunderstoodhe
technologyandapply andmanaget properlythe systemis effective. Whengovernmentundertakes
the work on behalf of the farmerwe find the farmerlesscommittedto VGT; maintenances not
carriedout andthe hedgesystemdegenerate€On the otherhandVGT appliedin CostaRica[42] in
a citrus orchard(free of livestock)showedno signsof deteriorationwith no maintenanceafter five
years. Anotherstudy[49] showsthaton very smallfarms(lessthan0.5 ha.)farmersareloathto put
any barrieracrosgheir land asthey take up potentialfood crop productionareas. In suchcasesve
needto be more awareof farmer practicesand encouragdarmersto use VGT as a boundary
demarcatioras hasbeenpracticedfor centuriesby farmersin Gundalpetin southlIndia, and by
thousands of farmers outside the city of Kano in northern Nigeria.

Vetiver grass can be used as a fodder.

Wherethereareothermore palatablegrassewetiver grassis normally ignoredby livestock,this is
animportantfeatureif the grasshedgeis to remainintactfor manyyears.Therehasbeenlimited
researclcarriedout on the managemenéindfeedvalueof vetiverasa fodder.It hasbeenobserved
on manyoccasionsunderfarm conditions thatif thehedgeis managedorrectly,regularharvesting
of young leavesis possible,and that theseyoung leavesprovide a OmaintenanceQOration. In
Malaysiasheepwill not eatvetiverin thefield whenthereis anabundancef othermorepalatable
speciesput cut topswhenfed to pennedsheepwere readily consumed. In Chinaand Malaysia
vetiverhasbeensuccessfullyfed to grasscarp.In easterrindonesiaundervery dry conditions,cows
andhorsesatevetiver. Undergoodmanagemengoungvetiverleaveshavea nutritive valuesimilar
to napiergrasswith Crude Proteinlevels of about7.0 to 12%%. Under good conditionshigh
volumesof greenleaf are available. In Texas[34] underirrigated conditions,productionof dry
matterat morethan100tonsperha. perannum,equivalento about350tonsof freshleaf, hasbeen
achievedReports[41] from Chinaindicatedmulch productionfrom vetiverof 11.4,14.7,and17.8
tons of greenweight per 100 sg. metersof hedgerowover threeconsecutiveyears. Note 100 sq.
metersin this casewasequivalento 230linearmetersof hedge. Thereis little doubtthatwith some
improvedmanagementetiver would makean adequatalry seasorfodder,particularlyif combined



with high proteinforage. Farmersat Gundalpet,|ndia, havebeenusingvetiver for centuriesasa

field boundary,andfor fodder,whereduring the peakgrowing seasont is cut onceeverythree
weeks. Reportsfor its useasa foddercomefrom manyothercountriesncluding China,Guatemala,
Honduras Niger, and Mali. Someaccessionsire known to be more palatable- i.e. the so-called
Ofarmer@ultivar from Karnatakawhich hadbeenselectedby farmersover decadesisa softerand

more palatable cultivar.

In areaswherethereare more palatablespeciesof foragegrassor wherelivestockareabsentusers
who requireaninert grassthatcanbe developedvith minimummanagemenghouldlook to vetiver.
Thereareexcellentexamplef this applicationdemonstrateth CostaRica[42] for the protection
of mango orchards on steep slopes.

The mostrecentanalysis[43] from Chinaindicateshigh crudeproteinlevelsof 11-14%whencut
youngandregularly. Eventhe morematureplantsshowedCP levelsin the 5-6%range. We have
evidenceof vetiverOgxtremedroughttolerance thereforeit might provea very usefulforagecrop
when irrigated (using an abundance of brackish water?) in the Middle East.

Vetiver grasscan be usedfor structural strengtheningof earth embankmentsdrainage lines,
roads, gully rehabilitation and control.

Thereis worldwide evidenceto supportthe useof VGT for embankmenstabilization[2, 3, 11,12,
22,44]. Vetiver hasbeenusedsuccessfullyn Brazil, CentralAmerica,China,Ethiopia,India, Italy,
Malaysia, Philippines, South Africa, Sri Lanka, Venezuela,Vietnam, and the West Indies for
stabilizationof roadsidesVetiver hasbeenusedin conjunctionwith geotechnicahpplicationsfor
embankmenstabilizationin Nepaland SouthAfrica. It hasbeenusedsuccessfullyj22] to stabilize
gold mine slagheapsin SouthAfrica. It hasbeenusedto stabilizeflood embankments;iver and
canal embankmentsn BangladeshChina, MadagascaryVietnam, Zimbabwe amongstothers.
BecausdtOgyreatstrengthand capacityto absorbshockvetiver haspotentialin the stabilizationof
canalbanksagainstthe force andshockof boatwashandwind createdvaves.The Vetiver Network
hasreceivedpositive reportsof vetiver being usedto reduceerosionin small dam spillwaysin
Zimbabwe[40], gulliesin Fiji [26], anddrainagewaysin GuatemalaSouthAfrica, Malaysia,and
Nepal[11, 12,42, 44]. VGT is beingusedfor the protectionof building siteswhenlocatedon
sloping land [22].

VGT canbe usedeffectively for the stabilizationof irrigation channelg45]. Experimentsusing

irrigation channelswith vertical side slopescomparedvetiver on unlined slopesand vetiver on

polyethylendined slopes. The side slopesplantedwith vetiverin the polyethylendined channels
remainedvertical, and nearly so in the unlined slopes. The resultsindicatedthe high ability of

vetiverto bind the soil (a sandyloam), andthe potentialfor designingchannelsvith muchsteeper
slopes with the resultant saving in land area.

In more recenttimes there have been many studiescarried out on VGT for embankments
stabilization,the mostimportant[46] of which demonstrateshat vetiver roots have an average
tensile strengthof 75 MPa and improve the shearstrengthof soil by as much as 30%. These
findingsled to a greatinterestin the useof VGT by engineersaanda major expansiorof vetiver for
thesetypesof applications. In recentyearsChinahastakenthe leadin the useof VGT for major



highway and raiquad embankmenstabilization. Probablythe bestsummariesof this work are
available on TVNOs website at: http://www.vetiver.org/TVN_ICV3_proceedings.htm

VGT hasbeenusedin manycountriesasa very effective meansfor gully control. Becauseof its

strengthvetiver canwithstandhigh velocity waterflows that are normally associatedvith gullies,

and can grow up andthroughdeepdepositsof sedimentthat are formed behindvetiver hedges
establishedn gullies.As aresultnaturalstepsareformedin the gullies. Wheregabbionsareusedto

stabilize gullies and waterways,vetiver, if plantedin associationwith the structureswill help

stabilize them.

Vetiver grass is a low cost and economic technology for bio-engineering

An economicanalysis[48, 49] comparedestablishingvetiver grasshedgesat lessthan $30 per ha.

with morethan$500per ha.for conventionakengineeredgystems.Economicratesof returnfor the

latter arearound20% comparedo morethan90% for vetiver. The costsof establishingvetiver

hedgesvary from siteto siteandcountryto country,dependingon thelabourcost.On gentlesloping

landsvetiver hedgeanay be established0 metersapart,andthusonly 100 metersof hedgeper ha.

of protectedandis required. On steeplandsof 60% the distancebetweerhedgesnay be 4 meters
or less,requiring2,500metersof hedgeper ha. The costof plantingmaterialvariesdependingon

how it is produced.It will costmoreif propagatedy handin acommerciainursery lessexpensive
by mechanizednethodsasdoneby the Boucardbrothersin Texas,andevenlessif existingfarm

hedgesaredividedfor replantingasnewhedges.In Indiaafarmercandig andplant200metersin a

day - costUS $3 perday. OCommercial@etiver nurseryenterprisesn India were paid in 1987

aboutUS 1 centper 3 planting slips. At threeslips per hole planting materialwould costabout
Rupees300 (US $ 10 per km. of plantedhedge).In Thailand good quality bare rooted Oslip
producers@repaidin 1993US$2,600perha.which at 1.25million slipsperha.is equivalento US

0.2 centsperslip or US$60 perkm. In Thailandpolybagvetiveris producedandplantedat US 62

centsper meter.The mechanizeaost[32] of plantingof vetiver,including costof plantingmaterial,
is estimatedat aboutUS $175permile. In the USA protectingl ha.of land on a 4% slopewould,

using six lines of hedgerow,costaboutUS $ 90. Becauseof the variationin planting density
accordingto slopeandlabor costsprobablythe bestway of quotingcostis costper linear meter
planted.

Benefitsfrom usingvetiver grasshedgesarelesseasyto determine. In mostinstancessoil lossis
quickly andpermanentlyreduced reductionsof erosionlossesfrom 143tonsto 1.3tonsperha.in
one year are not uncommon[6]. Short-termyield gainshave beendemonstratedn India [25]
resultingin estimatedBenefit Costratiosof morethan2:1. Somefarmersin India havereportedno
crop lossin droughtyearswhenusing vetiver, whilst their neighborshavelost their unprotected
crops. Otherbenefitsthat shouldbe quantifiedincludethe valueof vetiverasa mulch (in ChinaUS
2 centsperkg), asafuel (vetiverhasanenergyvalueof about55% of thatof coal),andasafodder.
Indirect benefitsinclude value of otherwiselost soil and soil nutrients,value of increasedyround
water recharge|ts value in uppercatchmentflood protectionand reducedmaintenancecost of
embankmentslf oneassumeshe benefitsbetweenengineeredystemsandvetivergrass to bethe
same(which they are not - vetiverOseing superior)then the low costof vetiver comparedto
engineeredystemgaboutonefifth) shouldrank VGT asa priority technology. Detailedcostsof



vetiver hedgedevelopmen{48] show its superiority over other systems,including engineered
structures, in terms of benefit cost ratios.

Otherthansoil conservatiora generalrule of thumbis that the applicationof Vetiver Systemis
about20% of the costof engineeredpplications. Ultimately one hasto carry out individual cost
analysisfor eachsite and application. Generallythe technicalparameter®f VGT is known and
reasonably accurate, all other factors are country, design and site specific.

Conclusions

The foregoingestablishestrongevidencethat vetiver meetsthe requirementof a long term, low
cost,vegetativeechnologyfor soil andmoistureconservatiorassetoutin thefirst edition[2] of the
handbookOVetiverGrass (Vetiveria zizanioides) A Method of VegetativeSoil and Moisture
Conservation.

Thevetiver Networkis the custodiarof mostof theimportantreports papersaanddocumentselating
to the world wide initiative on VGT. In particularwe hold the Proceedingf the 2" and 3
InternationalVetiver Conferenceghat cover all the foregoingtopics and more. They can be
accessedia the Vetiver Network homepagehttp://www.vetiver.org/TVN_archive.htmin addition
10,000 pages of vetiver documents are available on CD-ROM.
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