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Managementof Meloidogyneincognita in Artemisia
pallenswith Bio-organics

RakeshPandey1

Thesedentaryendoparasiticroot-knotnematode[RKN], Meloidogyneincognita(Kofoid and
White) Chitwood, is worldwide an economicallyimportant agri-pest,reducingthe yield
andquality of crops. The traditionalmethodof RKN control is basedmainly on chemical
nematicides,which will not be frequentlyavailablefrom 2005onwards;their useis highly
objectionabledueto their majorcontribution to groundwatercontamination,anddangersto
the environmentandto humanandanimalhealth. Consequently, new andenvironmentally
safe tools for RKN managementare urgently needed. The objective of the present
investigationwasto evaluatedifferentbio-organicwastesonRKN infestationandthegrowth
/ oil yield of ArtemisiapallensWall. Thetestedwasteswere:1. Distillation wasteof Mentha
arvensis(mentholmint); 2. Murraya koengii (meethineem/ curry leaf); 3. Cymbopogon
�exuosus(lemongrass);4. C. martinii (palmarosa);5. C. winterianus (citronella); 6.
Pelargoniumgraveolens(geranium);7. Pogostemonpatchouli (patchouli);8. Tagetesminuta
(marigold);9. Vermicompostof M. arvensis, Chrysanthemumcinerariaefolium(pyrethrum),
TagetesminutaandC. winterianus;10. TrichodermaharzianumisolateU; 11. VA fungi
Glomusaggregatum;G. fasciculatum. Theresultsobtainedwith thesedifferentbio-organics
were comparedwith threecontrols: untreated– uninoculated,untreated– inoculatedand
thechemicalpesticidecarbofuran.Resultsrevealeda considerableenhancementof herbage
biomass,�o wer bud andoil yieldswhenplantsweretreatedwith thedistillation wasteof C.
martinii, C. winterianus,M. koengii,M. arvensis,vermicompostof C. cinerariaefolium,T.
minuta, M. arvensisandbio-agentT. harzianum. Leastnematodeinfectionswererecorded
with the distillation wasteof M. koengii, C. martinii, C. �exuosus,andvermicompostof T.
minuta,C. cinerariaefoliumandM. arvensis. Theresultsrevealedthattheseenvironmentally
soundbio-organicscouldbeusedfor replacementof chemicalnematicides.
KEY WORDS:Artemisiapallens; bio-organics;distillation waste;Glomusaggregatum;G.
fasciculatum;Meloidogyneincognita; Trichodermaharzianum; vermicompost.

INTRODUCTION

ArtemisiapallensWall. (Asteraceae),commonlyknown asdavana,is amostimportant
aromaticplantusedin theperfumeryandcosmeticindustriesandIndia is oneof themajor
exportersof A. pallensoil to therestof theworld. Thecropundercultivationwasheavily
damagedby the root-knotnematode(RKN), Meloidogyneincognita. Most of the plants
were found chlorotic and stunted,and their roots were severely infectedby nematodes.
Bio-organicwastesseemto beoneeasilyavailableandcompatibleeconomicallyfeasible
alternative to chemicalnematicidesfor suppressingthe RKN. In the presentexperiment
differentbio-organicswere testedto evaluatetheir effectivenessin controlling the RKN
andtheir effectonplantgrowth andoil yield of A. pallens.
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MATERIALS AND METHODS

The distillation wastesof Menthaarvensis(mentholmint), Murraya koengii (meethi
neem/curryleaf),Cymbopogon�exuosus(lemongrass),C.martinii (palmarosa),C.winteri-
anus(citronella),Pelargoniumgraveolens(geranium),P. patchouli (patchouli)andTagetes
minuta(marigold)weredried andthenturnedinto powder in an electricgrinder. Vermi-
compostof M. arvensis, Chrysanthemumcinerariaefolium, T. minutaandC. winterianus
were preparedfrom theseplant wastesin the vermicompostingdivision of the CIMAP,
Lucknow, India. Thedistillationwasteandvermicompostweremixedin autoclavedpotted
soil (sand–compostmixture, 3:1) @10gkg� 1 soil. The 30-cmpotswerewateredtwice
daily to allow properdecompositionof theaddedorganicmaterial.A 21-day-oldcultureof
T. harzianumisolateU wasmaintainedonMenthawasteat27� C with apopulationdensity
of 2� 108 CFU g� 1 soil andaddedat the time of seedlingtransplantation.Similarly, the
Glomusaggregatum andG. fasciculatuminocula,which weremaintainedin a glasshouse
on palmarosa(C. martinii) roots containinga populationof 10 chalamydosporesg� 1

soil, were addedat the time of transplantationof A. pallensseedlings. The seedlings
(grown in autoclavedsoil) weretransplantedafter oneweekof incorporationof different
organic materials. Oneweekafter transplantation,eachplant was inoculatedwith 1000
freshly hatchedsecond-stagejuveniles(J2) of M. incognita per pot. The purecultureof
M. incognita wasobtainedfrom infestedbrinjal root (SolanummelongenaL. cv. `Pusa
PurpleLong') maintainedin aglasshouse.In addition,thefollowing threetreatmentswere
maintainedascontrols: untreated– uninoculated,untreated– inoculated,andcarbofuran
(@ 2kg a.i. ha� 1) treated– inoculated.Therewere� ve replicatesfor eachtreatment.Pots
werearrangedin a glasshousein a randomizedcompleteblock design.Ninety daysafter
inoculation,the experimentwasterminatedandthe datafor differentgrowth parameters,
viz. herbsand �o wer bud weight, oil yield, and nematodepopulationin soil and root,
were determined(18). Root knot indices(RKI) were calculatedaccordingto Krusberg
and Nielson (7) on a scaleof 0–4. Oil contentwas determinedby hydro-distillation
of herbageand �o wer buds of A. pallensusing a Clevengerapparatus(3). Signi�cant
differencesamongthe treatmentswere testedby the critical difference(CD) test at the
5% probability level (4). The experimentwas repeatedtwice for con�rmation of data.
Correlationcoef�cients betweenyield parametersandroot-knotindex werealsocalculated.

RESULTSAND DISCUSSION

Tables1 and2 presentmaximumsuppressionof root-knotgalling andnematodepop-
ulationdevelopmentin distillation wastesof M. koengii (Rf=1.02,RKI=1.00),C. martinii
(Rf=1.10, RKI=1.66), C. �exuosus(Rf=1.26, RKI=2.00), vermicompostof T. minuta
(Rf=1.04,RKI=1.66),C. cinerariaefolium(Rf=1.24,RKI=1.66)andM. arvensis(Rf=1.26,
RKI=2.00), whereasthe bio-agentswere least effective in the presentexperiment for
suppressingrootgalling andnematodepopulationdevelopment(Rf=1.48-2.08,RKI=2.00-
2.66). Maximum oil yield wasrecordedin distillation waste-treatedpotsof M. koengii,
C. winterianus,C. martinii, bio-agentT. harzianumisolateU and vermicompostof M.
arvensis(Figs. 1 and 2). Vermicompostsof C. winterianus,C. cinerariaefolium and
distillation wasteof T. minutaandC. �exuosuscausedyield enhancementandreduction
of nematodepopulationdevelopment.

Exceptfor afew treatments,theapplicationof bio-organicsin thesoil hasastrongeffect
on nematodesuppression.Nevertheless,theextentof nematodereductiondependson the
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TABLE 1. Effect of distillation wasteon growth androot-knotdevelopmentof Artemisiapallens
wheninoculatedwith Meloidogyneincognita

Treatments(distillation
waste)

Herbs
fresh
weight
(g)z

Fresh
�o wers
bud
weight
(g)z

Total
weight
(g)

Total nematode
population(root+
soil)

Root-
Knot
Index
(RKI)

Untreated- Uninoc.y control 33.0 7.0 40.0 - -
Untreated- Inoc.y control 20.0 4.7 24.7 3480(3.48)w 4.00
Carbofurancontrolx 30.0 6.8 36.8 1800(1.80) 2.66
Cymbopogon�exuosusx 34.0 7.8 41.8 1260(1.26) 2.00
Cymbopogonmartiniix 38.5 10.3 48.8 1100(1.10) 1.66
Cymbopogonwinterianusx 42.0 12.2 44.2 1040(1.04) 1.66
Menthaarvensisx 34.3 8.4 42.7 1640(1.64) 2.33
Murrayakoengiix 44.7 13.8 58.5 1020(1.02) 1.00
Pelargoniumgraveolensx 26.5 5.8 32.3 1680(1.68) 2.66
Pogostemonpatchoulix 26.0 5.3 31.3 1800(1.80) 2.66
Tagetesminutax 33.6 8.0 41.6 1600(1.60) 2.33
C.D. (P=0.05) 1.073 0.997 2.176 - 0.118

z Eachvalueis anaverageof � ve replicates.
y Inoc.,inoculated;Uninoc.,uninoculated.
x Inoculatedwith 1000juvenilesperpot.
w Rf (Reproductionfactor)= Pf (Final nematodepopulation)/ Pi (Initial nematodepopulation).

TABLE 2. Effect of vermicompostand bio-organics on growth and root-knot developmentof
Artemisiapallenswheninoculatedwith Meloidogyneincognita

Treatments(vermicompost
andbio-agents)

Herbs
fresh
weight
(g)z

Fresh
�o wers
bud
weight
(g)z

Total
weight
(g)

Total nematode
population(root+
soil)

Root-
Knot
Index
(RKI)

Untreated- Uninoc.y control 34.0 6.5 40.5 - -
Untreated- Inoc.y control 22.0 5.3 27.3 3480(3.48)w 4.00
Carbofurancontrolx 31.6 7.4 39.0 1760(1.76) 2.66
Menthaarvensisx 42.0 9.3 51.3 1260(1.26) 2.00
Cymbopogonwinterianusx 41.2 9.8 51.0 1380(1.38) 2.00
Chrysanthemum 35.0 9.0 44.0 1240(1.24) 1.66
cinerariaefoliumx

Tagetesminutax 30.3 7.6 37.9 1040(1.04) 1.66
Trichodermaharzianumx 43.7 13.0 56.7 1480(1.48) 2.00
Glomusaggregatumx 24.5 5.0 29.5 2080(2.08) 2.66
Glomusfasciculatumx 25.3 5.1 30.4 1880(1.88) 2.66
C.D. (P=0.05) 1.141 0.738 2.174 - 0.137

z Eachvalueis anaverageof � ve replicates.
y Inoc.,inoculated;Uninoc.,uninoculated.
x Inoculatedwith 1000juvenilesperpot.
w Rf (Reproductionfactor)= Pf (Final nematodepopulation)/ Pi (Initial nematodepopulation).

bio-organics. The presenceof someresidualessentialoil constituentsin the distillation
wastemayactasa nematodeinhibitor becausedifferentconstituentsof essentialoil have
beenreportedto benematicidal(5,8-10,14-16).

Theeffectivenessof vermicompostcouldbeexplainedeitherby thepresenceof micro-
andmacronutrientswhich directly help to enhancethe plant growth development,by the
presenceof wastematerialslikementhaandpyrethrumwhichpossessdirectanti-nematode
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Fig. 1. Effect of bio-organics(distillation wasteof medicinalandaromaticplants)on percentoil
yield of Artemisiapallens. Error barsindicatethe critical difference(P=0.05)value. 1, untreated
– uninoculatedcontrol; 2, untreated– inoculatedcontrol; 3, carbofurancontrol; 4, Cymbopogon
�exuosus(lemongrass);5, C. martinii (palmarosa);6, C. winterianus (citronella); 7, Mentha
arvensis(mentholmint); 8, Murrayakoengii (meethineem/ curry leaf); 9, Pelargoniumgraveolens
(geranium);10,Pogostemonpatchouli (patchouli);11,Tagetesminuta(marigold).

Fig. 2. Effect of bio-organics (vermicompostand bio-agents)on percentoil yield of Artemisia
pallens. Error bars indicate the critical difference(P=0.05) value. 1, untreated– uninoculated
control; 2, untreated– inoculatedcontrol, 3, carbofuran-control;4, Mentha arvensis(menthol
mint); 5, Cymbopogon winterianus(citronella); 6, Chrysanthemumcineriaefolium(Pyrethrum);7,
Tagetesminuta(marigold); 8, Trichodermaharzianumiso U; 9, Glomusaggregatum; 10, Glomus
fasciculatum.

properties,or by the presenceof antagonisticmicro-organismsthat may limit nematode
proliferation(1,6,20).

Thebio-agentT. harzianumis a well establishedfunguswhich possessesnematicidal
properties(12,17,19,21).Althoughtheknowledgeaboutthemodeof actionof thesefungi
againsttheRKN is very limited, it is alreadyknown thatT. harzianumcolonizeseggsand
infectsJ2(13,17).Datafrom thepresentexperimentsindicatedthatapplicationof various
bio-organicswasmoreeffective thancarbofuran(Tables1 and2).
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It couldbeconcludedthat thereductionin RKN infestationin thepresentexperiment
might be due to nematodetoxic principlespresentin variousorganic wastes,asa large
numberof plantshavebeenshown to possessnematicidalprinciples(2,11).
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