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Microbiological and Chemical Analysis of Neem
(Azadirachta indica) Extracts. New Data on Antimicrobial
Activity

E. Coventry*2andE.J.Allan’*

The antimicrobial effects of extracts of neemseed(Azadirachta indica A. Juss.) were
investigatedusing microbial growth inhibition assays. A laboratory-preparetieemseed
extract alongwith a commerciallyavailable formulatedproduct, were characterizedising
HPLC, and shavn to be effective againsta rangeof bacteriain an agardiffusion assay
The active ingredient,i.e., the unformulatedseedextract of the commercialproduct, also
shaved activity andthis wasfurtherinvestigatedn a biochromatogramysingthe sensitve
bacteriunBacillus mycoides. Resultsshavedantibacteriabctivity asthreediscreteanhibition
zonesthatdid not correspondo the Ry of the major neemmetabolitesazadirachtinpnimbin
and salannin. This suggestshat thesecompoundswere not antibacterial. The colory
radial growth ratesof the fungal pathogenghat cause'take-all’ and‘snow mould’ disease
were both significantly affected when the commercial, unformulated,neem seedextract
was incorporatedinto the gronth medium. Experimentsin liquid culture suggestedhat
the effect was fungistatic. Conidial germinationof the commerciallyimportant obligate
pathogenSphaerotheca fuliginea (powdery mildew) was reducedto 11%. The results
shav that neemseedextracts possesantimicrobial actvity with notableeffects on some
fungal phytopathogensThis work demonstratethat neemseedextractshave potentialfor
controllingbothmicrobialandinsectpests.

KEY WORDS:Neem;antibacterialantifungal,biochromatogranphytopathogenszadirachtin.

INTRODUCTION

The neemtree,Azadirachta indica A. Juss.js afastgrowing broadle&edtree,native
to thearid regionsof the Indiansubcontinent22). It is renavnedfor its relative paucityof
naturalpestsandpathogenswith over 300 compounddrom the tree having beenisolated
andcharacterized17). The mostdocumentedompoundazadirachtinjs a potentinsect
growth regulator, sterilantand antifeedant(20) with over 200 speciesin seven orders
being susceptibleo it (26). Coupledwith theseeffects on insects,neemextractshave
extremely low mammaliantoxicity (16) and are relatively safeto non-taget organisms
(28). Consequentiythe use of neem-basegbroductsis gaining acceptabilityas novel,
ervironmentallysoundinsecticidesn both developingandindustrializedcountries,with
productsbeingregisteredn the USA for useon bothnon-foodandfood crops(9).

Receved March7, 2001;receved in final form June22, 2001; http://wwwphytoparasitica.grpostingSept. 16,
2001.

I Dept. of Agriculture & Forestry University of Aberdeen AberdeenAB24 5UA, UK *Correspondingauthor
[e-mail: e.allan@abdn.ac.uk].

2Presentaddress:Horticulture Researchnternational Plant Pathologyand Microbiology Department\Welles-
bourne Warwick CV35 9EF, UK.

Phytoparasitica 29:5,2001 1



In contrastto the wealth of knowledgeon the effects of neemextracts— particularly
azadirachtin- on insectpests,few studieshave investigatedheir antimicrobialactivity.
Much of the work that hasbeenundertalen hasfocusedon organismsof medicaland
veterinaryimportancg5,13). Many studiesare however, limited by theextractsnothaving
beenchemicallydefined aproblemwhichis compoundedby thefactthattheconcentration
of metabolitesn neemvarieswith factorssuchastreeageandgeographicalocation(29).
Therehasbeensomeinterestingwork on antifungalactiities of neemextractsandthereis
evidencethat extractsfrom variouspartsof the tree have antifungalactiity (6,25,33,35).
In addition, commercialneemproductshave beenshowvn to posseswyarying degreesof
activity againsta numberof fungi (30). More recently the antifungalfraction of neemoil
hasbeenshownn to containa mixture of tetranortriterpenoid$12). Purificationof these
compoundshowever, resultedin decrease@ctivity, suggestinghat mixtures,ratherthan
theindividual compoundsarerequiredfor maximumactiity. Theaimsof this studywere
to investigatehe effectsof characterizetheemextractson a numberof bacterisandthree
economicallymportantfungalpathogensf wheatandcucurbits,andto determinavhether
the major neemmetabolites- azadirachtinnimbin and salannin— possesantibacterial
activity. The potentialadvantagewould be that a naturally occurringplant extract could
offer dualcontrol of bothinsectpestsandmicrobial pathogens.

MATERIALS AND METHODS

Commercial neem seed formulations and extracts Commerciaheemproducty(Trifo-
lio-M GmbH,LahnauGermaly) wereusedthroughouthis study Thesewereall basecbn
the active ingredient,NeemAzal which consistef a powvderedneemseedkernelextract
reportedto contain30% azadirachtinin additionto the limonoids, salannin,nimbin and
other compounds. The formulated product NeemAzal-F(containing5% azadirachtin),
preparedcommerciallyusing NeemAzaland the formulating agentAzasolv (containing
no neemextract), werealsoused.NeemAzal providedasa powder, waspreparedn 40%
ethanolfor usein the bioassayslescribedelow. To confirmthe azadirachtinnimbin and
salanninconcentrationsa 1% (w/v) NeemAzalethanolicsolutionwasanalyzedoy HPLC.
A reversephasecolumn(Primespheresu, C18-MC300A,4.6mm x 25cm, Phenomene
UK) wasusedwith UV detectionat 220nm andanacetonitrile/vatergradientsystem(15).
A water extract of neemseedkernelswas prepared(Prof. E.D. Morgan, University of
Keele,UK, pers. commun.)andsimilarly analyzed.Seedsvere obtainedfrom a named
tree(MI-B) nearthevillage of Mahallluppallamain the Dry Zoneof Sri Lanka(7). Neem
kernels(12 g), with shells(endocarpyemoved, were groundin a mortarand pestleand
the resultantpowder was defattedin n-hexaneunderreflux for 2 h (11). The neemseed
kernel powder was harestedby vacuumfiltration and blendedin 80 ml distilled water
for approximately80 sec. The resultantmeal—water mixture was centrifugedat 4600
rpm (MSE Chilspin, Fisons,UK) for 10 min. Any fat remainingon the surface after
centrifugationrvasremovedandthesupernatardecantedA further80ml of distilled water
wasthenusedto washthepelletfrom thecentrifugetubesandthe proces®f homogenizing
andcentrifugingwasrepeated furtherthreetimesto give afinal combinedextractvolume
of 480 ml. This wasfiltered (WhatmanNo. 1) andthe extractevaporatedo drynessand
frozenuntil use. Prior to HPLC the samplewas cleaned(32) usinga Pasteurpipette(15
cm x 0.8 cm internal diameter)that was pacled from top to bottomwith a small plug
of glasswool, 5 cm activatedFlorisil and2 cm anhydroussodiumsulphate. The column
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wasprewashedwith 10 ml hexanefollowedby 10 ml ethyl acetate The dried samplewas
reconstitutedn 10 ml ethyl acetateand 1 ml put down the Pasteurpipettecolumn. The
samplewaselutedwith 15 ml ethyl acetatenithout allowing the columnto dry. Triplicate
samplesof both the NeemAzalethanolicsolution and the neemseedwater extract were
analyzed.

Detection of antibacterial activity An agar diffusion assaywas usedto detectthe
presenceof antibacterialactivity in NeemAzaland the formulatedproduct, NeemAzal-
F, againsBacillus cereus, B. mycoides, B. thuringiensis, B. subtilisNCIMB 9593,Erwinia
carotovora pv. carotovora NCIMB 438, Pseudomonas syringae pv. phaseolicola NVRS
1281, Nocardia sp., Xanthomonas campestris NCIMB 11803, Corynebacterium fascians
and Agrobacterium tumefaciens NCIMB 4404. Nutrient Agar (Oxoid, UK) was seeded
with late exponentialculturesof thetestorganismsandallowedto setin 9 cm petri dishes.
Two 8-mm-diam'wells’ werecutfrom the mediumwith a cork borerandfilled to capacity
with eithera 1% solution of NeemAzalor 40% ethanolwhich sened asa control. The
plateswereincubatedor 24 h at 25°C to allow for confluentgrowth andthe diameterof
inhibition zoneswasrecorded.A 10% solutionof the watersolubleproductNeemAzal-F
anda sampleof the laboratory-preparedeedextractwere similarly screenedwith sterile
distilled waterservingasa control. Resultsarereportedasthe meandiameterof inhibition
zonesincluding the 8 mm diam of the ‘well’ for duplicatetests. Resultswere analyzed
usinga pairedt-test. This bioassayvasalsousedto screerhigherdilutionsof NeemAzal-F
andits formulatingagent,Azasoly to determineheir critical inhibitory concentrationan;
(18).

Isolation of antibacterial components Thin layerchromatographyTLC) plates(20 x
20 cm, 250 um thick Silica Gel G, Analtech,UK) wereusedto separatéhe components
of NeemAzalusing a diethyl ether/methano{49:1) solvent system(34). Azadirachtin,
nimbin andsalannin(kindly suppliedby Dr. A.J. Mordue)werepreparedn ethanolto a
final concentratiorof 1 mgml—!, andloaded(15 yl) at 1.5cmintervals, 1.5-cmfrom the
bottomof the plate;concentrationsf NeemAzalwereappliedwith a 30 ul loading.Plates
werevisualizedby exposingthemto iodinevaporin asealedylasstankfor 10 min, treated
with 25% H; SO, using a Dragondorf sprayer and heatedfor 2 min at 110°C (24). B.
mycoides wasselectedo detectthe presencef antibacteriacomponentsn the separated
neemextractonthebasisof its sensitvity andquality of growth in theagardiffusionassay
TLC plateswererun, allowedto dry andthenoverlaid with nutrientagarseededwith B.
mycoides [1.5 ml overnightculture (ca 10® cells ml~1) in 150 ml nutrientagar]. Plates
wereincubatedat 25°C overnightandthenexaminedfor areaof growth inhibition.

Detection of antifungal activity (a) In semi-solid medium. Variousconcentration®f
NeemAzalpreparedn ethanolwereincorporatednto maltextractagar(MEA, Oxoid, UK)
anddispensednto 9 cm petri dishegto give a final ethanolconcentratiorof 1%. Mycelial
plugsof Gaeumannomyces graminisvar. tritici (Ggt) (suppliedby Dr. D. Hall, Cambridge
University)andMicrodochiumnivale (suppliedoy AberdeerUniversity)wereplacedn the
centerof the platesandincubatedat 25°C. Colory radial growth rate (Kr) wasdetermined
by measuringhe colory diameteralongtwo intersectingoerpendiculatineswhich passed
throughthe centerof the young colory, with a stereobinocularmicroscopeat 24—48-h
intervals. Kr was calculatedby linear regressionanalysisof the meancolory radiusasa
functionof time (1).
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(b) Inliquid medium. Thesameconcentrationsf NeemAzalasusedn (a) above,were
addedo 20 ml maltextractbroth(MEB, Oxoid, UK) in 50 ml conicalflasksandinoculated
with a mycelial plug of Ggt andM. nivale. Theflaskswereincubatedat 25°C and80 rpm
beforeharestingthe biomassafter 7 days. Biomasswas harwestedby filtering through
pre-weighedVhatmanGradel, 3-cmfilter circlesundervacuum.Thebiomassvasdried
to constantdry weight(70°C for 24 h) andthenplacedin a desiccatoprior to determining
thedry weight. Ggt wasgrown in liquid mediumin the presencef NeemAzalpreparedn
both ethanol(final ethanolconcentratiorof 1%) andwaterto determinethe effect on the
solubility of ary antifungalcompounds.

Resultswereanalyzedisingone-way analysisof variancewith Minitab version7.2.

Effect of neem extract on the germination of S. fuliginea conidia in vitro This

bioassayfollowed a modified methodof Dr. A. Schmittfor Reynoutria sachalinensis (A.

Schmitt, pers. commun.). NeemAzalwas preparedn 1 ml absoluteethanoland added
to 25 ml of 0.0125%Tween20 to give final azadirachtinequivalentconcentration®f 0,

62.5,125,250and 500 ppm azadirachtin.Glassslideswere flamedandsprayedwith the
various solutionsand allowed to dry. Leavesfrom a cucumberplantinfectedwith the

causatie organismof powdery mildew (Sphaerotheca fuliginea) werethengently pressed
onto the treatedsurfaceof the slidesto detachthe conidia. The slideswere placedin a

humidchamberincubatedat22°C, andgerminatiorwasassessedfter24 h by microscopic
examination(Reichert-JungnicroscopeAustria).

RESULTS

HPLC analysisof the laboratory-preparegeedextract confirmedthe presenceof
azadirachtinpimbin andsalannin(Tablel). Similar analysisof the 1% NeemAzalsolution
confirmedthe azadirachtinconcentratior(i.e., 3000 ppm) specifiedby the manufcturer
(Tablel), whichwasapproximatelyfour timeshigherthanthatof thelaboratory-prepared
seedkernelwaterextract. Theazadirachtirconcentratiofoundin thelaboratory-prepared
seedextractwastypical of publishedreports(14). In addition,salanninand nimbin were
detectedn NeemAzabut atmuchlower concentrationsomparedvith azadirachtir{Table
1).

TABLE 1. Meanconcentratior(ppm) of azadirachtinnimbin andsalanninin a 1% (w/v) solution
of the unformulatedcommercialextract NeemAzalanda laboratory-preparedeedkernelextractas
determinedby HPLC (Concentrationgalculatedfrom the meanareaunderthe appropriateHPLC
peaksof triplicate samples)

Compound NeemAzal Seedkernelextract
Azadirachtin 3000 752
Nimbin 80 30
Salannin 92 122

Detection of antibacterial activity Most of the organismstestedshaved sensitvity to
thelaboratory-preparedeemextractandthe commerciabroducts(Table2). B. mycoides,
B. thuringiensis, B. subtilis, Nocardia sp.andC. fascians wereinhibited by thelaboratory-
preparecheemseedkernelextract. In somecasesghis extractshovedbetterinhibition than
1% NeemAzale.g. B. thuringiensis had an inhibition zone of 19.5 mm comparedwith
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TABLE 2. Diameterof inhibition zonesformed with the laboratory-preparedeemseedextract,
the active ingredientNeemAzal the commercialproductNeemAzal-Fandits formulationAzasoly
againstifferentbacteriaafter24 h incubationat 25°C

Organism Diameterof inhibition zoneg(mm)?

Seedextract 1% 10% 10%

NeemAzal NeemAzal-F  Azasolv

B. cereus nz 10.0 20.0 24.0
B. mycoides 14.5 11.0 22.0 22.0
B. thuringiensis 195 11.0 21.0 23.0
B. subtilis 11.0 9.5 19.0 24.0
E.c. ssp.carotovora nz 9.7 24.0 25.0
P.s. pv. phaseolicola nz 10.0 12.0 12.0
Nocardia sp. 22.0 135 275 255
X. campestris nz - 31.0 29.0
C. fascians 16.0 115 235 235
A. tumefaciens nz nz nz 12.0

P<0.05 P<0.05 P>0.05

#Meandiameteffor duplicatetests.
nz,nozone;— nottested.
Y Statisticalanalysisusingthe pairedt-test.

TABLE 3. Colory radial growth rates(mm day™!) of Gaeumannomyces graminis tritici (Ggt) and
Microdochium nivale on malt extract agarplatescontainingdifferentconcentration®f NeemAzal
(preparecasppmazadirachtin)

NeemAzal Ggt M. nivale
(ppmazadirachtin)

0 9.0+ 0.1%F 14.6+0.29
62.5 7.2+0.03 12.94+ 0.57
125 6.6+ 0.03 7.2+ 0.58
250 5.4+ 0.09 54+0.19
500 4.3+0.19 4.6+ 0.08
1000 35+011 3.9+£0.01
LSD 1.20 3.86

#Valuesarethe meanof threereplicatest:SE;P<0.05.

only 11 mm for the commercialextract and Nocardia had an inhibition zoneof 22 mm
vs 13.5mm for the commercialextract. Most of the organismsscreenedvere sensitve
to NeemAzal,its formulatedproductNeemAzal-Fand also the formulating agentitself
(Table2). Theorganismsshavedvarying degreesof sensitvity, with the Nocardia isolate
beingmostsensitve,andthephytopathoger. tumefaciens beingleastsensitve. Proofthat
theformulatingagentalone,i.e., Azasoly wasalsobiologically active wasestablishedy
determiningits m;, which was not significantly different (P>0.05) from the formulated
product NeemAzal-Ffor ary of the organismstested(datanot shavn). Eight of the
organismstested,including someof the plant pathogenswere, however, still inhibited
by the active ingredient,NeemAzalat 1%, which did not containary formulatingagent,
indicatingthatthe neemseedextractper se hadantibacteriahctivity (Table2).

I solation of antibacterial components The TLC methodologygave very goodsepa-
ration of the major neemmetaboliteswith definedspotsbeingpresentedor azadirachtin,
nimbin and salannin(respectiely black, dark brown and gray/blackin color), with R
valuesof 0.43,0.84 and 0.61, respectiely. All three metabolites,in additionto other
unidentifiedcomponentsyere clearly obsernedin NeemAzal. Whenbiochromatograms
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Fig. 1. Growth of Gaeumannomyces graminis tritici (Ggt) andMicrodochium nivale in malt extract
broth containingNeemAzal(ppm azadirachtin)preparedn ethanol(final ethanolconcentratior=
1%). Valuesarethe meanof threereplicatest SE;P<0.05.

werepreparedy overlayingTLC plateswith bacteriologicabronth mediumseededvith
B. mycoides, no zonesof inhibition were obsened for the threemajor neemmetabolites
in ary of the samples.However, separataliscretezonesof inhibition wereobsenedwith
NeemAzalthathadR; valuesof 0.15,0.29and0.57. The sizesof theseinhibition zones
increasedvith increasingconcentratiorof NeemAzal.Quantificationof the concentration
of the bioactive compoundswvas not attemptedasit wasfelt that this would have been
inaccuratedueto the diffusion of the compoundgluring the periodrequiredfor bacterial
growth andinhibition.

Detection of antifungal activity NeemAzalreducedthe Kr of both Ggt andM. nivale
significantlycomparedvith thecontrolatconcentration® 62.5and125ppmazadirachtin,
respectiely (Table 3). In liquid mediumNeemAzalpreparedn ethanolto concentrations
of 250 ppm azadirachtirand abose completelyinhibited growth of Ggt (Fig. 1). When
the inoculumwas transferredto fresh mediumthe fungusgrew, indicating the effect of
the treatmentsvas fungistatic. In contrastwhenNeemAzalwas preparedn water Ggt
grew in concentrationgreviously found to be inhibitory. The growth of M. nivale was
significantlyreducedP<0.05)in liquid mediumby the presencef NeemAzalcontaining
62.5ppmazadirachtirandabove but not completelyinhibited evenwith concentrationsf
500ppmazadirachtin(Fig. 1).

Effect of neem extract on the germination of Sphaerotheca fuliginea conidia in vitro
A concentrationof NeemAzalcontaining62.5 ppm azadirachtinwas found to reduce

6 E. CoventryandE.J.Allan



conidial germinationof S. fuliginea significantly comparedwith the control. Thus,
germinationfor the controlwas 100%, whereaswith 62.5 ppm azadirachtirgermination
was11% =+ 6.0 (meanof 3 replicatest 1 SE). Thereductionin germinationin this assay
was reproducibleand consistent,with no germinationobsened with concentrationf

NeemAzalcontainingl25ppmazadirachtirmndabove, up to 500 ppmazadirachtin.

DISCUSSION

The antimicrobialactivity of commercialandlaboratory-preparedeemseedextracts,
which have beendefinedin termsof their azadirachtinnimbin andsalannincontentswas
investigated. Analysis of the active ingredient,NeemAzal,and the laboratory-prepared
seedextractby HPLC revealedtheirhighazadirachtirconcentratiomomparedvith nimbin
and salannin(Table 1). Theseresultsare similar to thosefound in other studies(7),
althoughthe concentratiorof azadirachtinn NeemAzalwas particularly high (300 mg
azadirachting~!, asopposedo 10 mg g~! asreportedfor seedkernelsharvestedfrom
naturaltreesref. 14). The concentration®f nimbin andsalanninin NeemAzal however,
werenot proportionallyhigher(Tablel). The exactmethodof extractingNeemAzalis not
known but its high azadirachtircontentis presumablya resultof its concentratiorfor use
in commerciaproductsdevelopedfor insectcontrol.

The agardiffusion assayclearly shoved that neemextractshave antibacteriabctity
(Table 2). However, the formulating agentfor NeemAzal-F i.e., Azasoly was also
inhibitory to the bacteriatested. The fact that A. tumefaciens was not affected by ary
of thesamplesontainingneemextractsbut wassensitve to theformulation,suggestshat
the formulationhasadditionalinhibitory compoundsThis is confirmedin Table2, which
shavsthattheinhibition zonesobtainedor five of thetestorganismsverelargerwith 10%
Azasolvthanfor 10%NeemAzal-FThiswork, whichhasdevelopedheideaof usingneem
extractsfor microbial control, illustratesthe importanceof testingboth the formulating
agentsandfinal formulatedproductson all potentialtargetorganisms.The non-formulated
active ingredientand the laboratory-preparegeedextract also inhibited some of the
bacteriatested,sowork progressedhto establishingvhetherthe majorneemmetabolites,
in termsof insectcontrol, affect microbes. The fact that the laboratory-prepareextract
shaved betterinhibition of the sensitve organismshan 1% NeemAzalsuggestedhatthe
mainneemlimonoids,especiallyazadirachtinwhichis highly concentrateéh NeemAzal,
may notberesponsibldor theobsenedinhibition.

Bacillus mycoides waschoserfor further studiesdueto its sensitvity to NeemAzalin
theagardiffusionassayits extremelylow m; (3.01 x 10~* %), andits denseandconfluent
growth — which facilitated obsenation of inhibition zonesin the TLC bioassay It was
usedsuccessfullyn the biochromatogramto detectantibacteriacomponentsn theneem
extracts.Discretezonesof inhibition wereobsenedwith NeemAzalkontaining2000-5000
ppmazadirachtinindicatingthepresencef atleastthreedistinctantibacteriatompounds.
The Ry valuesof thesezonesdid not correspondo azadirachtinnimbin or salanninand
thusit is clearthatthe antibacterialctiity did not arisefrom thesecompounds.Indeed,
no inhibition zoneswere found with theselimonoids when testedat a concentratiorof
1 mgml~. The high costandlow availability of thesepure compoundgpreventedtheir
testingathigherconcentrationbut noinhibition wasobseredattheanticipatedsitesin the
TLC assaywith NeemAzalcontaining2000—-500Qppm azadirachtin.Theseresultsshov
clearlythatazadirachtinnimbin andsalannirpossesso actiity againsB. mycoides. This
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confirmedresultsof anotherstudywhich suggestedhatthe concentratiorof azadirachtin
wasnotausefulmarkerfor theantimicrobialpropertieof neemproductg30). It would be

of greatinterestto identify the threeantibacterialcompoundgound in this study Once
identified and isolated, future work could establishtheir effectivenessagainsta range
of microorganisms. This would be of interestwith respectto researchthat shaved that

antifungalactivity wasbestwhenmixturesof neemcompoundsvereused,in comparison
with singlepurifiedcompound¢12). Theidentity, effectivenessandervironmentakoxicity

of theantibacteriacompoundgoundin this studyareobviouslyimportantfor commercial
considerationsvhich could influencedecisionsconcerningthe use of neemmixturesor

singlecompounddor antibacterialise.

The plant pathogenGgt is responsiblefor the economicallysignificantroot disease
‘take-all’ of wheat and barley which can dramatically reduceyields (23). It is of
interest therefore that this pathogenshaved great sensitvity to NeemAzalin vitro.
Mycelial growth was reducedsignificantly comparedwith the control in the presence
of concentrationof 62.5 ppm azadirachtinand above in both solidified (Table 3) and
liquid culture (Fig. 1). Concentration®f 250 ppm azadirachtinand above in the liquid
mediumcompletelyinhibited growth, with a fungistaticeffect. Thesedifferentinhibitory
concentrationpresumablyreflectthe differentgrowth characteristicsn solid andliquid
medium. Interestingly the effectivenessof NeemAzalagainstGgt in vitro wasfoundto
be dependenbn the solvent usedfor its preparation. Thus, growth was inhibited in a
fungistaticmannerwhen NeemAzalwas preparedn ethanolwhereasno inhibition was
obsenedwhenit waspreparedn water Solubility of the productis an obvious concern
for formulationof ary antimicrobialagentandis anobviousconcerrhere.Thelaboratory-
preparedseedextract actuallyenhancedhe growth of Ggt (datanot shavn), presumably
by actingasa sourceof nutrientsin a situationwherethe concentrationsf the inhibitory
compound(s)vere lower thantheir effective dose. This thereforepointsto a limitation
on the useof crudeextracts,sincenutrientssuppliedin suchextractsmay stimulatethe
growth of phytopathogensind indeed other residentialmicroflora. The natureof the
mycelial growth of Ggt madeit unsuitablefor the biochromatographievork but clearly
inhibitory metaboliteseedto be identified so thatthesecanbe consideredor control of
suchphytopathogens.

Theseinvestigationshave also shavn some promising results with M. nivale, a
seedborngathogerof wheat(4) andthe obligatepathogersS. fuliginea, oneof the most
importantfungi causingpowdery mildew in greenhouseucurbits(8). Interestingly W.R.
GraceandCo. have developeda neemoil preparatiorasa fungicidal/ acaricidalproduct
named’Neemgard’ (2). The product has beentaken over by Thermo Trilogy Corp.
underthe nameof 'Trilogy’ or 'Triact' andis recommendedinter alia, for the control
of differenttypesof mildews, rustsandanthracnosen both vegetablesand ornamentals
(3,10,19).0Obviously in planta studiesarenow requiredfor this work to progressindeed,
formulatedneemoils have beenshown to reducepowdery mildew diseaseén cucumber
with two differentmodesof actionbeingsuggested31). Thus,theoil, i.e,, thecrudeneem
extract, provided a physicalbarrierto conidial germinationwhile its limonoidsandother
compoundsprovidedfungicidal actvity. It shouldbe notedthattheseneemoils, although
containing different quantitiesof limonoids, all containedthe major neemcompounds
azadirachtinnimbin andsalannin.

8 E. CoventryandE.J.Allan



The extractstestedin this study exhibited antimicrobialactivity againstboth Gram-
positive and Gram-ngative bacteria,and the fungal phytopathogen§&gt, M. nivale and
S fuliginea. In termsof insectcontrol, it is currently recommendedhat commercial
neem preparationsbe applied at 50—-100 ppm azadirachtin(21) although even lower
concentrationsvould be advantageousn order to reducepossible harmful effects on
beneficialspecies(27). Theseazadirachtinconcentrationsare much lower than those
requiredto inhibit the phytopathogensestedin this study The TLC bioassayresults,
however, indicatethatthe effectivenesof the neemextractin protectingagainsbacterias
not dependenbn azadirachtircontentbut on otherminor neemcomponentsywhich must
beidentifiedandstudiedfurther The useof neemextractsfor control of bothinsectsand
microbial pathogensnay thereforebe possible,if the concentrationof the unidentified
antimicrobialcomponentgouldbeincreasedvithoutadverselyaffectingthefinal product.
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