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Abstract

Therelationshipbetweersoil microorganisms&ndnutrientelementsof Vetiveria
zizanioidesandVetiverianemoraliswas studiedwhen plantedvariouskinds of vetiver
grassin problemsoils namelyacid sulfatesoils areaat NakhonNayok province,shallow
soils areaat Ratchaburiprovinceand salinesoils areaat Kalasin province,compareto
non-plantedretiver grass.Theresultshowedthat populationof effectivemicroorganisms
adjacentvetiver rhizospherewvereincreasedoth of vetiveriazizanioidesandVetiveria
nemoralisin threesite plantedareathatis cellulolytic bacteria,cellulolytic fungi and
cellulolytic actinomycetesncreasedirom 5.58-6.70,2.59-3.16and 5.41-5.70in soil
without vetiver grassto 6.00-8.89,3.18-4.98and5.60-8.64log no./g.of soil with vetiver
grassrespectively Free-livingnitrogen-fixingmicrobesincreasedrom 1.00-2.56t0 2.60-
4.36log no./g.of soil. Phosphatsolubilizingmicroorganismghangedrom 1.04-2.39%o
2.17-3.87log no./g. of soil including found endomycorrhizafungi rangedof 26-143
cell/5 mm. length of root in 5 piecesof vetiver root. The chemicalpropertiesof soil;
organicmatter,macronutrientmicronutrientandmoisturecontentchangedafter oneyear
of plantingvetiver grasssuchasorganicmatterand nitrogenraisedfrom 0.31-2.34and
0.008-0.14G0 0.49-2.62and0.016-0.239%Phosphoruandpotassiuncontentincreased
from, 1.75-5.03and32-163to 3.27-6.96and51-247ppmrespectivelywhencomparedo
non-plantedarea.To analyzethe correlationcoefficientindicatedthat the concerned
microorganismon changingnutrient elementsof vetiveria zizanioideswas arbuscular
mycorrhizalfungi and relatedsignificantly to phosphorusncrementby multiple linear
regression(R? = 0.698). Furthermore prganicmatter showedpositive correlationwith
plant nutrientelementsand highly influencedon changingof nitrogen,phosphorusand
magnesiunby R? were0.933,0.899and0.944respectively For consideratiorVetiveria
nemoralis found that phosphatesolubilizing bacteriasignificantly correlatedwith
increasingof nutrientelementin soil especiallypositive effect on releasingavailable
phosphorusndcould be predictedphosphorushanging(R? = 0.868).Additionally, total
amountof organicmattercloselypositivecorrelatedo nitrogen,phosphorusndmoisture
content by Rwere 0.899, 0.788 and 0.951 respectively.

Introduction

The main problemof agriculturein Thailandis infertile anddeterioratedsoil from
inappropriateutilization of soil resourcesand soil erosionfrom deforestationvhereit
resultin decreasingf crop yields and poverty of farmers.Vetiver grassis knownasa
miracleplantwith a deepanddenseroot systemwhich canpenetratevertically in awall-
like form into the soil and also consideredasa tolerantplant underadversedcondition
suchasinfertile soil lateritic soil or flooding areas.The Sri Lankaecotypein particular,



grows well in saline and acid sulfate soils (Yoon, 1991; Sunantapongsuk?2001;
Pongwichian,1999). The potentialvalue of vetiver grassfor soil andwaterconservation
is extensiveroot systemspenetratingand adheringsoil particlestightly to preventsoil
erosion and maintain soil moisture content. On this reason,the King of Thailand
stimulateshe governmentgenciestudyandresearclon the beneficialmatterof vetiver
grassespeciallyin soil and water conservation,reclamationof infertile soil and
environmentprevention.Moreover, soil microorganismsand their activities havethe
importancerole in transformatioron plantnutrientsto availableform andalsohavemany
metabolismgelatedto soil fertility improvementMicrobial populationandactivitiesis
higher detectedin rhizosphereof vetiver grassthan out side of rhizosphere So the
change®f chemical,physicalandbiological of soil propertiesare studiedandmicrobial
activities in rhizospheredrives many functions promotedto increasefertility of soil.
Severalkinds of microorganismin that areacarry out decompositiorof organicmatter
andreleaseseveralplant nutrients,acceleraten absorptionof phosphorusandbiological
controlof someplantpathogenHowever,the objectivesof this researchareemphasized
on the changesand relationshipsbetweenbiological and chemicalsoil propertiesin
rhizosphere of vetiver grass under various problem soil conditions.

Materials and Methods
Experimental site: Vetiveria zezanioidesuch as South India, Fiji, Prarachathan,
Monto, Sri Lanka, Surathani and Songkhra ecotygetiyeria nemoralisuch as
Prachuabkhiri Khan, Khampangphet, Rachaburi and Nakhonsawan ecotypes were planted
in problem solil of Thailand.

And 3 locations of problem soils
were selected, namely acid sulfate soil in
central plain at Nakhon Nayok province

(Ongkharak soil series), shallow soil in
lower part of central plain at Ratchaburi
province (Tha Yang soil series) and saline
soil in north eastern part Kalasin province
(Roi-Et saline variant soil series) as
showed in figure 1.
Experimental design:Randomized
complete block design was planned,
where spacing between plants and rows of
vetiver was 50x50 cm. The plots without
vetiver grass were treated as control.

Data collection: Soil samples were
i taken in April, August and December
gy from theexperimental plots with and
e i i without vetivers grass after one year of
e S planting at 0-30 cm of the soil depth for
o it some biological and chemical soill
[ e o properties analyses.

Figure 1: Soil erosionmap of Thailand
and location of 3 experimentalsites of
problem soil.




Results and Discussion

Soil characteristics

Soil characteristic®f 3 soil serieswere determinedand somechemicalproperties
were showedin table 1. Moreoveracid sulfate soil (Ongkharaksoil series)is in the
centralplain and pH is very low, whereit usedfor rice cultivation and organicmatter
contentis very high as1.8 %. Shallowsoil (ThaYangsoil series)is in the lower part of
centralplain, whereit usedfor pine appleanduplandcrops.pH is around5.0 andorganic
mattercontentis a bit low as0.52%.Salinesoil (Roi-Et soil seriessalinevariant)is in the
north easterrpartof the country,wherecoveredwith infertile soil andsandyin texture.It
usedfor rice cultivation in lowland and corn, cassaveor other cropsin upland,even
organic matter and main plant nutrient content in this soil is very low.

Table 1: Soil characteristics of Ongkharak, Tha Yang and Roi-Et (saline variant)

soil series.
. . . . H oM PO K20 ECe
soil series soil family P 2>5 2
(%) | (ppm) | (ppm) | (ds/m)
Ongkharak Sulfic Tropaquepts, Very| o | 180 | 45 | 148 | 11
fine, mixed, acid
Tha Yang Oxic haplustults, clayey-| 5o | g5y | 22 98 | 09
skeletal, kaolinitic
R0|_-Et saline Aeric halz_alquept, fine- 55 0.26 16 3.0 145
variant loamy, mixed

Change of soil biological properties

The soil of threesitesin the plots with vetiver grassshowedmore microbial
populationthanwithout vetiver grassplantedarea.Becauseof the exudatesubstances
from vetiver fibrous root secreteinto rhizospherewhereit consistof someorganic
substancesuch as soluble carbohydratesprganic acids, amino acids and growth
hormonesThat vetiver root exudatedsubstanceservedas nutrientand energysources
for the growth of microorganismsn the rhizosphergRussell,1982 and Lynch, 1990).
However,the populationof bacteriaandactinomycete@ soil is usuallyhigherthanfungi
in 3 typesof soil; acid sulfatesoil, shallowsoil andsalinesoil asshowedin figure 1. In
case of some specific group of microorganisms,the population of cellulolytic
microorganismespeciallybacteriaandnon-symbioticnitrogenfixing bacteriain vetiver
rhizosphereboth of VetiveriazezanioidegndVetiverianemoraliswasincreasedvhen
comparedo unplantedvetiver grassfrom 5.58t0 6.32and6.84;from 2.56to 2.88 and
3.37log no./gmof soil in acid sulfatesoil, shallowsolil increasedrom 5.74to 8.31and
7.32;1.00to 3.90and3.49log no./gmof soil, in salinesoil from 6.7to 7.67and1.51to
3.31 log no./gm of soil respectively as showed in figure 2.

The populationof phosphatesolubilizing microorganismgPSM) in rhizosphere
wasincreasedyhich comparedo nonplantedvetiver,in caseof PSM populationin acid
sulfatesoil wasincreasedrom 2.28-2.3%0 2.98-3.46log no./gmof soil, in shallowsoil
from 1.04-1.60to 2.24-3.55log no./gmof soil andin salinesoil from 1.51-1.68to 3.01-
3.06 log no./gmof soil. Moreoverpopulationof chlamydosporef endomycorrhizan
acid sulfatesoil wasincreasedrom 2 to 6-7 spores/100gnof soil, in shallowsoil from 1
to 5-8 spores/100gnof soil andin salinesoil from 3 to 29 spores/100gnsoil asshowed
in figure 2.
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Figure 2: change of microorganisms population in vetiver rhizosphere
of some problem soils
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Figure 3: change of vesicle and arbuscule mycorrhiza population in vetiver root
of some problem soil



However,vesicle and arbusculeendomycorrhizafungi (VAM) were found in
rangeof 13-16and113-117cellsin acid sulfatesoil, 23-45and 10-26 cellsin shallow
soil, 49 and 27 cellsin salinesoil asshowedin figure 3, whenexaminedfrom 5 mm.
lengthof vetiverroot amount5 pieces,dueto the hyphaegerminatedrom the sporeand
then penetratedn the root cells which formed numerousvesicleand arbusculeas the
structure for accumulation nutrient sources especially phosphorus (Ogawa, 1994)

Change of soil chemical properties

The averagecontentof soil organicmatterin acid sulfatesoil was2.34% andit
wasincreasedo 2.49% in soil plantedwith Vetiveriazezanioidesandthe averagecontent
of organicmatterwasincreasedo 2.47 % in soil plantedwith Vetiverianemoralis.In
caseof averageorganicmattercontentin shallowsoil was0.58% andit wasincreasedo
1.00% and 0.97 % in soil plantedwith Vetiveriazezanioidesnd Vetiverianemorali,
respectively.

Theaveragecontentof nitrogen,phosphoruandpotassiunin soil, whereplanted
with two speciesf vetivergrasswasnot differencebutincreasedvhencomparedo non
plantedareaandthe averagecontentof suchnutrientsin acid sulfatesoil wasincreasedn
nitrogencontentfrom 0.14to 0.19-0.21%, in phosphorugontentfrom 5.03to 6.24-6.36
ppm andin potassiumcontentfrom 163 to 188-214ppmin. And in shallow soil was
increasedn nitrogencontentfrom 0.01to 0.02 %, in phosphorugontentfrom 2.07 to
4.59-4.82ppmandin potassiumcontentfrom 103to 154 ppm. Moreover,in salinesoil
nitrogencontentfrom 0.01to 0.02%, in phosphorugontentfrom 1.75to 3.28 ppm, and
in potassium content from 32 to 52 ppm, respectively as showed in table 2.

Table 2: change of organic matter and macro-nutrient content in vetiver rhizosphere

without vetiver grass Vetiveria zezanioides Vetiveria nemoralis

soil type oM N P,0s | K,O | OM N P,0s | K,O | OM N P,0s | K,0
(%) | (%) | (ppm) | (ppm) | (%) | (%) | (ppm) | (ppm) | (%) | (%) | (ppm) | (ppm)

acid sulfate | 2.34| 0.14 | 5.03 163 | 249 0.21| 6.36 214 | 2471 0.19] 6.24 188
shallow 0.58 | 0.01| 2.07 103 | 1.00| 0.02| 4.82 154 | 0.97| 0.02| 4.59 154
saline 049] 0.01] 1.75 32 0.44 ] 0.02 | 3.28 52 -- -- -- --

Most micronutrientscontentin soil of 3 sitesof problemsoil were increased,
whereassulfur contentin acid sulfatesoil was decreasedpamelycalcium contentwas
increasedaveragdrom 782to 887-951ppm, magnesiuntontentincreasedrom 1,121to
1,134-1,46(Qopm, while sulfur contentdecreaseffom 102to 78-80ppm.For shallowand
salinesoil foundthat calciumcontentwasincreasedrom 271to 513-523and92to 125
ppm, magnesiunctontentwasincreasedrom 345to 556-570and132to 171 ppm, and
sulfur contentwasincreasedrom 0.83to 1.68-1.84and1.21to 2.34ppm,respectivelyas
showedin table 3. Soil chemicalpropertieswere changedafter one year of planting
vetiver grassbecauseof increasingmicrobial populationin rhizosphereeffect on
transforminginorganic substancedo available nutrients or decomposingorganic
substances from root residue to raise humus content in soil (Tate, 1995)

Table 3: change of micro-nutrient and soil moisture content in vetiver rhizosphere

Without vetiver grass Vetiveria zezanioides Vetiveria nemoralis
soiltype ["Ca Mg S MC | Ca Mg S MC | Ca Mg S MC
(ppm) | (ppm) | (ppm) | (%) | (ppm) | (ppm) | (ppm) | (%) | (ppm) | (ppm) | (ppm) | (%)
acid sulfate| 782 1121 102 26.1 951 1460 78 22.8 887 1134 80 23.0
shallow 271 345 0.83 5.83 513 570 1.84 8.63 523 556 1.68 7.15
saline 92 132 1.21 7.17 125 171 2.34 9.76 -- -- -- --




Moreover,soil moisturein vetiver rhizosphereof shallow and saline soil was
raisedfrom 5.83to 7.15-8.63and7.17t0 9.76 % becausehe densefibrous root system
assistto conservewnaterin soil, wheremoisturecontentwasincreasedn both of problem
soil, but moisturecontentin acid sulfatesoil wasdecreasedrom 26.1to 22.8-23.0% as
showed in table 3, due to increasing of soil aggregate and soil aeration.

Correlation analysis
The relationship between population of some specific microorganisms and some
plant nutrients in vetiver rhizosphere were analyzed in term of correlation coefficient.
And analyze the correlation coefficient between several kinds of microorganisms and
plant nutrients in grouping &fetiveria zezanioidesdicated that the concerned
microorganism on changing nutrient elements was arbuscular mycorrhizal fungi and
related significantly to phosphorus increment by multiple linear regreséin@dR0.698.

The others such as cellulolytic microorganisms, non symbiotic nitrogen fixing microbes
and phosphate solubilizing microorganisms was not correlated to macro and micro
nutrient changing. Furthermore, organic matter showed positive correlation with plant
nutrient elements and highly influenced on changing of nitrogen, phosphorus and
magnesium by Rwere 0.933, 0.899 and 0.944, respectively as showed in figure 3.
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Figure 3: correlation between arbuscular mycorrhiza on changing phosphorus in soil and
organic matter correlate with plant nutrientMdtiveria zezanioides



For consideration correlation coefficient between planted several kinds of
Vetiveria nemorali@nd non planted vetiver grass found that phosphate solubilizing
bacteria population significantly correlated with increasing of nutrient element in soil
especially positive effect on releasing available phosphorus and could be predicted
phosphorus changing by multiple linear regressiow&s 0.868. Additionally, total
content of organic matter closely positive correlated to nitrogen, phosphorus and moisture
content by Rwere 0.899, 0.788 and 0.951, respectively as showed in figure 4. The other
nutrients increment was not correlated to increasing of organic matter.
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Figure 4: correlation between phosphate solubilizing bacteria population on
changing phosphorus in soil and organic matter correlate with macronutrient and soill
moisture content d¥etiveria nemoralis

Conclusion

The population of soil microorganisms in vetiver rhizosphere botteb¥eria
zezanioidesandVetiveria nemoralisn acid sulfate, soil shallow soil and saline soil was
higher than those of non planted area. Microbial population adjacent vetiver root of
Vetiveria zezanioidesndVetiveria nemoralisoil was not difference in acid sulfate but
microorganisms in rhizosphere \détiveria zezanioidesere higher thaivetiveria
nemoralisin shallow soil. Total macronutrient, micronutrient, organic matter and
moisture content in three problem soils were higher with two ecotype vetiver plantation
than without vetiver plantation. However, the concerned microorganism on changing
nutrient elements dfetiveria zizanioidesvas arbuscular mycorrhizal fungi population
but Vetiveria nemoralisvas phosphate solubilizing bacteria population which related
significantly to phosphorus increment. Moreover, organic matter content in rhizosphere of



Vetiveria zizanioidewas highly influenced on changing of nitrogen, phosphorus and
magnesium content but in caseudtiveria nemoralisorganic matter was closely
positive correlated to nitrogen, phosphorus and moisture content
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