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Managementof Meloidogyneincognitain Artemisia
pallenswith Bio-organics

RakeshPandg!

Thesedentargndoparasiticoot-knotnematod¢RKN], Meloidogyneincognita (Kofoid and
White) Chitwood, is worldwide an economicallyimportant agri-pest,reducingthe yield
andquality of crops. The traditionalmethodof RKN controlis basedmainly on chemical
nematicideswhich will not be frequentlyavailablefrom 2005 onwards;their useis highly
objectionabledueto their major contribtution to groundwatercontaminationanddangerso
the ervironmentandto humanandanimalhealth. Consequentlynew andernvironmentally
safe tools for RKN managementare urgently needed. The objective of the present
investigationwasto evaluatedifferentbio-organicwasteson RKN infestationandthegrowth
/ oil yield of ArtemisiapallensWall. Thetestedwasteswvere: 1. Distillation wasteof Mentha
arvensis(mentholmint); 2. Murraya koengii (meethineem/ curry leaf); 3. Cymbopgon
exuosus(lemongrass);4. C. martinii (palmarosa);5. C. winterianus (citronella); 6.
Pelargoniumgraveolenggeranium);7. Pogostemompatcouli (patchouli);8. Tagetesminuta
(marigold);9. Vermicomposbf M. arvensis Chrysanthemunainerariaefolium(pyrethrum),
Tagetesminutaand C. winterianus; 10. TrichodermaharzianumisolateU; 11. VA fungi
Glomusaggregatum;G. fasciculatum Theresultsobtainedwith thesedifferentbio-organics
were comparedwith three controls: untreated- uninoculateduntreated- inoculatedand
the chemicalpesticidecarbofuran.Resultsrevealeda considerablenhancementf herbage
biomass, o wer bud andoil yieldswhenplantsweretreatedwith the distillation wasteof C.
martinii, C. winterianus,M. koengii, M. arvensis vermicomposbf C. cinerariaefolium,T.
minutg M. arvensisandbio-agentT. harzianum Leastnematodeénfectionswererecorded
with the distillation wasteof M. koengii C. martinii, C. exuosusandvermicomposbf T.
minuta,C. cinerariaefoliumandM. arvensis Theresultsrevealedthattheseernvironmentally
soundbio-organicscouldbe usedfor replacementf chemicalnematicides.

KEY WORDS:Artemisiapallens bio-organics;distillation waste;Glomusaggregatum; G.
fasciculatumMeloidogyneincognita; Trichodermaharzianum vermicompost.

INTRODUCTION

ArtemisiapallensWall. (Asteraceae);ommonlyknovn asdavana,is amostimportant
aromaticplantusedin the perfumeryandcosmetidndustriesandindiais oneof the major
exportersof A. pallensoil to therestof theworld. The cropundercultivationwasheaily
damagedy the root-knotnematodg RKN), Meloidagyneincognita. Most of the plants
were found chlorotic and stunted,and their roots were severely infectedby nematodes.
Bio-organic wastesseenmto be oneeasilyavailableand compatibleeconomicallyfeasible
alternative to chemicalnematicidedor suppressinghe RKN. In the presentexperiment
differentbio-organicswere testedto evaluatetheir effectivenessan controlling the RKN
andtheir effect on plantgrowth andoil yield of A. pallens

RecevedOct. 3, 2004;accepted-eh 10, 2005;http://www phytoparasitica.ay postingMay 20, 2005.
1Centrallnstitute of Medicinal and Aromatic Plants(CIMAP), PO. CIMAP, Lucknav 226 015, India. Present
address: Dept. of Biological Sciences,University of Pittsturgh, Pittsturgh, PA 15260, USA. [e-mail:
rakeshpandgh6@hotmail.com]Thework wasconductedat CIMAP-CSIR, Lucknaw, India.

304 R. Pandg



MATERIALS AND METHODS

The distillation wastesof Menthaarvensis(mentholmint), Murraya koengii (meethi
neem/curnfeaf), Cymbopgon e xuosuglemongrass)C. martinii (palmarosa)c. winteri-
anus(citronella),Pelargoniumgraveolenggeranium) P. patchouli (patchouli)andTagetes
minuta(marigold) weredried andthenturnedinto powderin an electricgrinder Vermi-
compostof M. arvensis Chrysanthemurginerariaefolium T. minutaand C. winterianus
were preparedfrom theseplant wastesin the vermicompostingdivision of the CIMAP,
Lucknaw, India. Thedistillation wasteandvermicompostveremixedin autoclaredpotted
soil (sand—compostixture, 3:1) @10gkg * soil. The 30-cm potswere wateredtwice
daily to allow properdecompositiorof theaddedorganicmaterial.A 21-day-oldcultureof
T. harzianumisolateU wasmaintainecdbn Menthawasteat 27 C with apopulationdensity
of 2 108 CFUg ! soil andaddedat the time of seedlingtransplantation Similarly, the
Glomusaggregatum andG. fasciculatuminocula,which weremaintainedn a glasshouse
on palmarosa(C. martinii) roots containinga populationof 10 chalamydosporeg *
soil, were addedat the time of transplantatiorof A. pallensseedlings. The seedlings
(grown in autoclared soil) weretransplantecfter oneweekof incorporationof different
organic materials. One week after transplantationgachplant was inoculatedwith 1000
freshly hatchedsecond-stagguveniles(J2) of M. incognita per pot. The pure culture of
M. incognita was obtainedfrom infestedbrinjal root (Solanummelongnal. cv. "Pusa
PurpleLong') maintainedn a glasshousen addition,thefollowing threetreatmentsvere
maintainedas controls: untreated- uninoculated untreated- inoculated,and carbofuran
(@ 2kga.i. ha 1) treated-inoculated.Therewere ve replicatesfor eachtreatmentPots
werearrangedn a glasshousén a randomizeccompleteblock design. Ninety daysafter
inoculation,the experimentwasterminatedandthe datafor differentgronth parameters,
viz. herbsand o wer bud weight, oil yield, and nematodepopulationin soil androot,
were determined(18). Root knot indices (RKI) were calculatedaccordingto Krusbeg
and Nielson (7) on a scaleof 0—4. Oil contentwas determinedby hydro-distillation
of herbageand o wer buds of A. pallensusing a Clevengerapparatug3). Signi cant
differencesamongthe treatmentsvere testedby the critical difference(CD) testat the
5% probability level (4). The experimentwas repeatedwice for con rmation of data.
Correlationcoefcients betweeryield parameterandroot-knotindex werealsocalculated.

RESULTS AND DISCUSSION

Tablesl and?2 presentmaximumsuppressiotf root-knotgalling andnematodepop-
ulation developmentn 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. arvensiqRf=1.26,
RKI=2.00), whereasthe bio-agentswere least effective in the presentexperimentfor
suppressingoot galling andnematodgopulationdevelopmentRf=1.48-2.08 RKI=2.00-
2.66). Maximum oil yield wasrecordedin distillation waste-treategbots of M. koengii
C. winterianus,C. martinii, bio-agentT. harzianumisolate U and vermicompostof M.
arvensis(Figs. 1 and 2). Vermicompostf C. winterianus,C. cinerariaefolium and
distillation wasteof T. minutaandC. exuosuscausedyield enhancemenrdnd reduction
of nematodegpopulationdevelopment.

Exceptfor afew treatmentstheapplicationof bio-organicsin thesoil hasastrongeffect
on nematodesuppressionNeverthelessthe extent of nematodeeductiondependsn the
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TABLE 1. Effect of distillation wasteon growth and root-knotdevelopmentof Artemisiapallens
wheninoculatedwith Meloidogyneincognita

Treatmentgdistillation Herbs Fresh Total Total nematode Root-
waste) fresh owers weight population(root + Knot
weight bud (9) soil) Index
(9)? weight (RKI)
(97
Untreated UninocY control ~ 33.0 7.0 40.0 - -
Untreated InocY control 20.0 4.7 24.7 3480(3.48)Y 4.00
Carbofurarcontrok 30.0 6.8 36.8 1800(1.80) 2.66
Cymbopgon e xuosu$ 34.0 7.8 41.8 1260(1.26) 2.00
CymbopgonmartiniiX 38.5 10.3 48.8 1100(1.10) 1.66
Cymbopgonwinterianug 42.0 12.2 44.2 1040(1.04) 1.66
Menthaarvensig 34.3 8.4 42.7 1640(1.64) 2.33
Murrayakoengif a4.7 13.8 58.5 1020(1.02) 1.00
Pelargoniumgraveolen$ 26.5 5.8 32.3 1680(1.68) 2.66
Pogostemorpatcouli* 26.0 5.3 31.3 1800(1.80) 2.66
Tagetesminuta 33.6 8.0 41.6 1600(1.60) 2.33
C.D.(P=0.05) 1.073 0.997 2.176 - 0.118

¢ Eachvalueis anaverageof vereplicates.

Y Inoc.,inoculated:Uninoc.,uninoculated.

X Inoculatedwith 1000juvenilesperpot.

W Rf (Reproductiorfactor)= Pf (Final nematodepopulation) Pi (Initial nematodepopulation).

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

Treatmentgvermicompost Herbs Fresh Total Total nematode Root-
andbio-agents) fresh o wers weight population(root + Knot
weight bud (9) soil) Index
(9y° weight (RKI)
(97
Untreated UninocY control  34.0 6.5 40.5 - -
Untreated Inoc? control 22.0 5.3 27.3 3480(3.48)Y 4.00
Carbofurarcontrok 31.6 7.4 39.0 1760(1.76) 2.66
Menthaarvensig 42.0 9.3 51.3 1260(1.26) 2.00
Cymbopgonwinterianug 41.2 9.8 51.0 1380(1.38) 2.00
Chrysanthemum 35.0 9.0 44.0 1240(1.24) 1.66
cinerariaefoliunt
Tagetesminuta 30.3 7.6 37.9 1040(1.04) 1.66
Trichodermaharzianumnt 43.7 13.0 56.7 1480(1.48) 2.00
Glomusaggregatunt 24.5 5.0 29.5 2080(2.08) 2.66
Glomusfasciculaturni 25.3 5.1 304 1880(1.88) 2.66
C.D.(P=0.05) 1.141 0.738 2.174 - 0.137

ZEachvalueis anaverageof vereplicates.

Y Inoc.,inoculatedUninoc.,uninoculated.

X Inoculatedwith 1000juvenilesperpot.

W Rf (Reproductiorfactor)= Pf (Final nematodepopulation) Pi (Initial nematodepopulation).

bio-organics. The presenceof someresidualessentiabil constituentdn the distillation
wastemay actasa nematodenhibitor becausalifferentconstituentof essentiabil have
beenreportedto benematicidal5,8-10,14-16).

Theeffectivenesf vermicompostouldbe explainedeitherby the presencef micro-
andmacronutrientsvhich directly help to enhancehe plant growth development,by the
presencef wastematerialdik e menthaandpyrethrumwhich possesslirectanti-nematode
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Fig. 1. Effect of bio-organics(distillation wasteof medicinaland aromaticplants)on percentoil

yield of Artemisiapallens Error barsindicatethe critical difference(P=0.05)value. 1, untreated
— uninoculatedcontrol; 2, untreated- inoculatedcontrol; 3, carbofurancontrol; 4, Cymbopgon
exuosus(lemongrass);5, C. martinii (palmarosa);6, C. winterianus (citronella); 7, Mentha
arvensis(mentholmint); 8, Murrayakoengii(meethineenV curry leaf); 9, Pelargoniumgraveolens
(geranium);10, Pogostemorpatchouli (patchouli); 11, Tagetesminuta(marigold).
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Fig. 2. Effect of bio-organics (vermicompostand bio-agents)on percentoil yield of Artemisia
pallens Error barsindicate the critical difference(P=0.05) value. 1, untreated- uninoculated
control; 2, untreated— inoculatedcontrol, 3, carbofuran-control;4, Mentha arvensis(menthol
mint); 5, Cymbopgon winterianus(citronella); 6, Chrysanthemunaineriaefolium(Pyrethrum);7,

Tagetesminuta (marigold); 8, Trichodermaharzianumiso U; 9, Glomusaggregatum 10, Glomus
fasciculatum

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

The bio-agentT. harzianumis a well establishedunguswhich possessesematicidal
propertieq12,17,19,21) Althoughthe knowledgeaboutthe modeof actionof thesefungi
aguinstthe RKN is very limited, it is alreadyknown that T. harzianumcolonizeseggsand
infectsJ2(13,17).Datafrom the presenexperimentdndicatedthatapplicationof various
bio-omanicswasmoreeffective thancarbofuran(Tablesl and2).
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It could be concludedhatthe reductionin RKN infestationin the presenexperiment
might be due to nematodeoxic principlespresentin variousorganic wastes,asa large
numberof plantshave beenshavn to possessematicidalprinciples(2,11).

ACKNOWLEDGMENTS

Theauthoris gratefulto Dr. S.PS. Khanuja,Director, CIMAP Lucknaw, for facilitiesandencouragement;
andto Drs. A. KalraandM.L. Guptafor providing the necessarynaterialsincluding variousvermicomposts
duringthe courseof theinvestigation.

REFERENCES

1. AranconN.Q.,Edward,C.A., Atiyeh, R.andMetzger J.D. (2004)Effectsof vermicompostproducedrom
woodwasteon the growth andyield of greenhouseepperBioresour Technol. 93:139-144.

2. Chitwood,D.J.(2002)Phytochemicabasedstratgiesfor nematodeontrol. Annu.Rev. Phytopathol40:221-
249.

3. ClevengerJ.E.(1928)Apparatudor thedeterminatiorof volatile oil. J. Am.Pharm.Assoc17:346.

4. CochranW.G. andCox, G.M. (1957)ExperimentaDesigns.Vol. Il. JohnWiley andSonsInc., New York,
NY.

5. Gokte,N., Maheshvari, M.L. andMathur, V.K. (1991)Nematicidalactivity of new essentiabils againstroot
knotandcystnematodespeciesindianJ. Nematol21:123-127.

6. Jothi,G.,Sundardahu, R., RamkrishnanS.andRajendran(. (2004)Managemenof rootlesionnematode,
Pratylentwusdelattrei in crossandraisingoil cakes.Bioresour Technol. 93:257-259.

7. Krusbep, L.R. andNielson,L.W. (1958) Pathogenesisf rootknotnematoddo the Porto Rico variety of
sweetpotato.Phytopatholgy 48:36-39.

8. Oka,Y.,Nacar S.,Putievsky, E.,Ravid, U., Yani, Z. andSpiegel, Y. (2000)Nematicidalactivity of essential
oils andtheir componentsigainstroot-knotnematodePhytopatholgy 90:710-715.

9. Pandg, R.,Kalra,A. andKumar S. (2000)Ef cacy of variousessentiabils in themanagementf root-knot
diseasén blackhenbaneProc. CentennialConf on Spicesand AromaticPlants(lISR, Calicut),pp.263-266.

10. Pandg, R., Kalra, A., Tandon,S., Mehrotra,N., Singh,H.N. andKumar S. (2000) Essentiabils aspotent
sourceof nematicidakompoundsPhytopatholZ. 148:501-502.

11. Pandg, R., Sikora,R.A., Kalra,A., Singh,H.B. andPandg, S.(2003)Plantsandtheir productsactasmajor
nematodeénhibitory agentsin: Trivedi, PC.[Ed.] NematodeManagemenin Plants.Universityof Rajasthan,
Jaipur India. pp. 103-131.

12. Rao, M.S., Reddy PP. and Nagesh,M. (1996) Evaluation of plant basedformulationsof Trichoderma
harzianumfor themanagementf Meloidagyneincognita on eggplant.Nematol Mediterr. 26:59-62.

13. Saifullahand Thomas,B.J. (1996) Studieson the parasitismof Globoder rostothiensisby Trichoderma
harzianumusinglow temperaturescanningelectronmicroscop. Afro-AsianJ. Nematol.6:117-122.

14. Sangvan,N.K., Verma,B.S.,Verma,K.K. andDhindsaK.S. (1990)Nematicidalactvity of someessential
plantoils. Pestic.Sci.28:331-335.

15. Sangvan, N.K., Verma,K.K., Verma,B., Malik, M.S. and Dhindsa,K.S. (1985) Nematicidalactiity of
essentiabils of CymbopgongrassesNematolgica 13:93-99.

16. Saxena,D.B., Goswami, B.K. and Tomar S.S.(1987) Nematicidalactvity of someessentiabils against
Meloidagyneincognita. Indian Perfum.31:150-154.

17. SharonE.,Bar-Eyal, M., Chet,l., Herrera-EstrellaA., Kleifeld, O. andSpiegel, Y. (2001)Biological control
of theroot-knotnematodeMeloidagynejavanicaby Trichodermaharzianum Phytopatholgy 91:687-693.

18. Southg, J.F (1986) Laboratorymethodsfor work with plant and soil nematodesMin. Agric. Fish. Food
HMSO, London,UK.

19. Spiggel, Y. andChet,l. (1998)Evaluationof Trichodermaspp.asa biocontrolagentagainstsoilbornefungi
andplant-parasitimematoden Israel.IntegratedPestManage. Rev. 3:169-175.

20. Tanu,PrakasiA. andAdholeya, A. (2004)Effect of differentorganicmanurescompostontheherbageand
essentiabil yield of Cymbopgonwinterianusandtheirin uence onthenative AM populationin amamginal
al sol. Bioresour Technol.92:311-319.

21. Windham, G.L., Windham, M.T. and Pederson,G.A. (1993) Interaction of Trichodermaharzianum
Meloidagyneincognita, andMeloidagynearenariaon Trifolium repensNematopica23:99-103.

308 R. Pandg



