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

Activity

E. Coventry
�����

andE.J.Allan
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The antimicrobial effects of extracts of neemseed(Azadirachta indica A. Juss.) were
investigatedusing microbial growth inhibition assays. A laboratory-preparedneemseed
extract alongwith a commerciallyavailable formulatedproduct,werecharacterizedusing
HPLC, and shown to be effective againsta rangeof bacteriain an agardiffusion assay.
The active ingredient,i.e., the unformulatedseedextract of the commercialproduct,also
showed activity andthis wasfurther investigatedin a biochromatogram,usingthesensitive
bacteriumBacillus mycoides. Resultsshowedantibacterialactivity asthreediscreteinhibition
zonesthatdid not correspondto theR� of themajorneemmetabolites,azadirachtin,nimbin
and salannin. This suggeststhat thesecompoundswere not antibacterial. The colony
radial growth ratesof the fungal pathogensthat cause‘take-all’ and ‘snow mould’ disease
were both significantly affected when the commercial,unformulated,neemseedextract
was incorporatedinto the growth medium. Experimentsin liquid culture suggestedthat
the effect was fungistatic. Conidial germinationof the commerciallyimportant obligate
pathogenSphaerotheca fuliginea (powdery mildew) was reducedto 11%. The results
show that neemseedextractspossessantimicrobialactivity with notableeffects on some
fungal phytopathogens.This work demonstratesthat neemseedextractshave potentialfor
controllingbothmicrobialandinsectpests.
KEY WORDS:Neem;antibacterial;antifungal;biochromatogram;phytopathogens;azadirachtin.

INTRODUCTION

Theneemtree,Azadirachta indica A. Juss.,is a fastgrowing broadleavedtree,native
to thearid regionsof theIndiansubcontinent(22). It is renownedfor its relativepaucityof
naturalpestsandpathogens,with over 300compoundsfrom thetreehaving beenisolated
andcharacterized(17). Themostdocumentedcompound,azadirachtin,is a potentinsect
growth regulator, sterilant and antifeedant(20) with over 200 speciesin seven orders
being susceptibleto it (26). Coupledwith theseeffects on insects,neemextractshave
extremely low mammaliantoxicity (16) and are relatively safeto non-target organisms
(28). Consequentlythe use of neem-basedproductsis gaining acceptabilityas novel,
environmentallysoundinsecticidesin both developingandindustrializedcountries,with
productsbeingregisteredin theUSA for useon bothnon-foodandfoodcrops(9).
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In contrastto the wealthof knowledgeon the effectsof neemextracts– particularly
azadirachtin– on insectpests,few studieshave investigatedtheir antimicrobialactivity.
Much of the work that hasbeenundertaken hasfocusedon organismsof medicaland
veterinaryimportance(5,13).Many studiesare,however, limited by theextractsnothaving
beenchemicallydefined,aproblemwhichis compoundedby thefactthattheconcentration
of metabolitesin neemvarieswith factorssuchastreeageandgeographicallocation(29).
Therehasbeensomeinterestingwork onantifungalactivitiesof neemextractsandthereis
evidencethatextractsfrom variouspartsof the treehave antifungalactivity (6,25,33,35).
In addition, commercialneemproductshave beenshown to possessvarying degreesof
activity againsta numberof fungi (30). More recently, theantifungalfractionof neemoil
hasbeenshown to containa mixture of tetranortriterpenoids(12). Purificationof these
compounds,however, resultedin decreasedactivity, suggestingthatmixtures,ratherthan
theindividualcompounds,arerequiredfor maximumactivity. Theaimsof thisstudywere
to investigatetheeffectsof characterizedneemextractson a numberof bacteriaandthree
economicallyimportantfungalpathogensof wheatandcucurbits,andto determinewhether
the major neemmetabolites– azadirachtin,nimbin and salannin– possessantibacterial
activity. The potentialadvantagewould be that a naturallyoccurringplant extract could
offer dualcontrolof bothinsectpestsandmicrobialpathogens.

MATERIALS AND METHODS

Commercial neem seed formulations and extracts Commercialneemproducts(Trifo-
lio-M GmbH,Lahnau,Germany) wereusedthroughoutthisstudy. Thesewereall basedon
theactive ingredient,NeemAzal,which consistedof a powderedneemseedkernelextract
reportedto contain30% azadirachtinin addition to the limonoids,salannin,nimbin and
other compounds. The formulatedproductNeemAzal-F(containing5% azadirachtin),
preparedcommerciallyusingNeemAzaland the formulating agentAzasolv (containing
no neemextract),werealsoused.NeemAzal,providedasa powder, waspreparedin 40%
ethanolfor usein thebioassaysdescribedbelow. To confirmtheazadirachtin,nimbin and
salanninconcentrations,a1%(w/v) NeemAzalethanolicsolutionwasanalyzedby HPLC.
A reversephasecolumn(Primesphere,5
 , C18-MC300A,4.6mm � 25cm,Phenomenex,
UK) wasusedwith UV detectionat220nmandanacetonitrile/watergradientsystem(15).
A water extract of neemseedkernelswas prepared(Prof. E.D. Morgan,University of
Keele,UK, pers. commun.)andsimilarly analyzed.Seedswereobtainedfrom a named
tree(MI-B) nearthevillage of MahaIlluppallamain theDry Zoneof Sri Lanka(7). Neem
kernels(12 g), with shells(endocarp)removed, weregroundin a mortarandpestleand
the resultantpowder wasdefattedin n-hexaneunderreflux for 2 h (11). The neemseed
kernel powder was harvestedby 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 surfaceafter
centrifugationwasremovedandthesupernatantdecanted.A further80ml of distilledwater
wasthenusedto washthepelletfrom thecentrifugetubesandtheprocessof homogenizing
andcentrifugingwasrepeatedafurtherthreetimesto giveafinal combinedextractvolume
of 480ml. This wasfiltered (WhatmanNo. 1) andtheextractevaporatedto drynessand
frozenuntil use. Prior to HPLC the samplewascleaned(32) usinga Pasteurpipette(15
cm � 0.8 cm internal diameter)that was packed from top to bottom with 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.Thedriedsamplewas
reconstitutedin 10 ml ethyl acetateand1 ml put down the Pasteurpipettecolumn. The
samplewaselutedwith 15 ml ethyl acetatewithout allowing thecolumnto dry. Triplicate
samplesof both the NeemAzalethanolicsolutionand the neemseedwaterextract were
analyzed.

Detection of antibacterial activity An agar diffusion assaywas used to detect the
presenceof antibacterialactivity in NeemAzaland the formulatedproduct,NeemAzal-
F, againstBacillus cereus, B. mycoides, B. thuringiensis, B. subtilis NCIMB 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) wasseeded
with lateexponentialculturesof thetestorganismsandallowedto setin 9 cm petri dishes.
Two 8-mm-diam‘wells’ werecut from themediumwith acorkborerandfilled to capacity
with eithera 1% solutionof NeemAzalor 40% ethanolwhich served asa control. The
plateswereincubatedfor 24 h at 25� C to allow for confluentgrowth andthe diameterof
inhibition zoneswasrecorded.A 10%solutionof thewater-solubleproductNeemAzal-F
anda sampleof the laboratory-preparedseedextractweresimilarly screened,with sterile
distilledwaterservingasacontrol.Resultsarereportedasthemeandiameterof inhibition
zonesincluding the 8 mm diam of the ‘well’ for duplicatetests. Resultswereanalyzed
usingapairedt-test.Thisbioassaywasalsousedto screenhigherdilutionsof NeemAzal-F
andits formulatingagent,Azasolv, to determinetheircritical inhibitory concentrations,m

(18).

Isolation of antibacterial components Thin layerchromatography(TLC) plates(20 �
20 cm, 250 
 m thick Silica Gel G, Analtech,UK) wereusedto separatethe components
of NeemAzalusing a diethyl ether/methanol(49:1) solvent system(34). Azadirachtin,
nimbin andsalannin(kindly suppliedby Dr. A.J. Mordue)werepreparedin ethanolto a
final concentrationof 1 mg ml � �

, andloaded(15 
 l) at 1.5 cm intervals,1.5-cmfrom the
bottomof theplate;concentrationsof NeemAzalwereappliedwith a30 
 l loading.Plates
werevisualizedby exposingthemto iodinevaporin asealedglasstankfor 10min, treated
with 25% H � SO� usinga Dragondorff sprayer, andheatedfor 2 min at 110� C (24). B.
mycoides wasselectedto detectthepresenceof antibacterialcomponentsin theseparated
neemextractonthebasisof its sensitivity andqualityof growth in theagardiffusionassay.
TLC plateswererun, allowed to dry andthenoverlaidwith nutrientagarseededwith B.
mycoides [1.5 ml overnightculture(ca 10� cells ml � �

) in 150 ml nutrientagar]. Plates
wereincubatedat25� C overnightandthenexaminedfor areasof growth inhibition.

Detection of antifungal activity (a) In semi-solid medium. Variousconcentrationsof
NeemAzalpreparedin ethanolwereincorporatedinto maltextractagar(MEA, Oxoid,UK)
anddispensedinto 9 cm petri dishesto give a final ethanolconcentrationof 1%. Mycelial
plugsof Gaeumannomyces graminis var. tritici (Ggt) (suppliedby Dr. D. Hall, Cambridge
University)andMicrodochium nivale (suppliedbyAberdeenUniversity)wereplacedin the
centerof theplatesandincubatedat 25� C. Colony radialgrowth rate(Kr) wasdetermined
by measuringthecolony diameteralongtwo intersectingperpendicularlineswhichpassed
throughthe centerof the young colony, with a stereobinocularmicroscopeat 24–48-h
intervals. Kr wascalculatedby linear regressionanalysisof the meancolony radiusasa
functionof time (1).
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(b) In liquid medium. Thesameconcentrationsof NeemAzalasusedin (a) above,were
addedto 20ml maltextractbroth(MEB, Oxoid,UK) in 50ml conicalflasksandinoculated
with a mycelialplug of Ggt andM. nivale. Theflaskswereincubatedat 25� C and80 rpm
beforeharvestingthe biomassafter 7 days. Biomasswasharvestedby filtering through
pre-weighedWhatmanGrade1, 3-cmfilter circlesundervacuum.Thebiomasswasdried
to constantdry weight(70� C for 24 h) andthenplacedin adesiccatorprior to determining
thedry weight.Ggt wasgrown in liquid mediumin thepresenceof NeemAzalpreparedin
bothethanol(final ethanolconcentrationof 1%) andwaterto determinethe effect on the
solubility of any antifungalcompounds.

Resultswereanalyzedusingone-wayanalysisof variancewith Minitab version7.2.

Effect of neem extract on the germination of S. fuliginea conidia in vitro This
bioassayfolloweda modifiedmethodof Dr. A. Schmittfor Reynoutria sachalinensis (A.
Schmitt,pers. commun.). NeemAzalwaspreparedin 1 ml absoluteethanolandadded
to 25 ml of 0.0125%Tween20 to give final azadirachtinequivalentconcentrationsof 0,
62.5,125,250and500ppmazadirachtin.Glassslideswereflamedandsprayedwith the
varioussolutionsand allowed to dry. Leaves from a cucumberplant infectedwith the
causativeorganismof powderymildew (Sphaerotheca fuliginea) werethengentlypressed
onto the treatedsurfaceof the slidesto detachthe conidia. The slideswereplacedin a
humidchamber, incubatedat22� C,andgerminationwasassessedafter24hbymicroscopic
examination(Reichert-Jungmicroscope,Austria).

RESULTS

HPLC analysisof the laboratory-preparedseedextract confirmed the presenceof
azadirachtin,nimbinandsalannin(Table1). Similaranalysisof the1%NeemAzalsolution
confirmedthe azadirachtinconcentration(i.e., 3000ppm) specifiedby the manufacturer
(Table1), which wasapproximatelyfour timeshigherthanthatof thelaboratory-prepared
seedkernelwaterextract.Theazadirachtinconcentrationfoundin thelaboratory-prepared
seedextractwastypical of publishedreports(14). In addition,salanninandnimbin were
detectedin NeemAzalbut atmuchlowerconcentrationscomparedwith azadirachtin(Table
1).

TABLE 1. Meanconcentration(ppm) of azadirachtin,nimbin andsalanninin a 1% (w/v) solution
of theunformulatedcommercialextractNeemAzalanda laboratory-preparedseedkernelextractas
determinedby HPLC (Concentrationscalculatedfrom the meanareaunderthe appropriateHPLC
peaksof triplicatesamples)

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

Detection of antibacterial activity Most of the organismstestedshowed sensitivity to
thelaboratory-preparedneemextractandthecommercialproducts(Table2). B. mycoides,
B. thuringiensis, B. subtilis, Nocardia sp.andC. fascians wereinhibitedby thelaboratory-
preparedneemseedkernelextract. In somecasesthisextractshowedbetterinhibition than
1% NeemAzale.g. B. thuringiensis hadan inhibition zoneof 19.5 mm comparedwith
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TABLE 2. Diameterof inhibition zonesformed with the laboratory-preparedneemseedextract,
theactive ingredientNeemAzal,thecommercialproductNeemAzal-F, andits formulationAzasolv,
againstdifferentbacteriaafter24h incubationat 25� C

Organism Diameterof inhibition zones(mm)�
Seedextract 1%

NeemAzal
10%
NeemAzal-F

10%
Azasolv

B. cereus nz 10.0 20.0 24.0
B. mycoides 14.5 11.0 22.0 22.0
B. thuringiensis 19.5 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 13.5 27.5 25.5
X. campestris nz – 31.0 29.0
C. fascians 16.0 11.5 23.5 23.5
A. tumefaciens nz nz nz 12.0

P � 0.05� P � 0.05 P � 0.05
� Meandiameterfor duplicatetests.
nz,nozone;– not tested.
� Statisticalanalysisusingthepairedt-test.

TABLE 3. Colony radial growth rates(mm day�
�
) of Gaeumannomyces graminis tritici (Ggt) and

Microdochium nivale on malt extract agarplatescontainingdifferentconcentrationsof NeemAzal
(preparedasppmazadirachtin)

NeemAzal
(ppmazadirachtin)

Ggt M. nivale

0 9.0 � 0.13� 14.6 � 0.29
62.5 7.2 � 0.03 12.9 � 0.57
125 6.6 � 0.03 7.2 � 0.58
250 5.4 � 0.09 5.4 � 0.19
500 4.3 � 0.19 4.6 � 0.08
1000 3.5 � 0.11 3.9 � 0.01
LSD 1.20 3.86

� Valuesarethemeanof threereplicates� SE;P � 0.05.

only 11 mm for the commercialextract andNocardia hadan inhibition zoneof 22 mm
vs 13.5 mm for the commercialextract. Most of the organismsscreenedweresensitive
to NeemAzal,its formulatedproductNeemAzal-Fand also the formulating agentitself
(Table2). Theorganismsshowedvaryingdegreesof sensitivity, with theNocardia isolate
beingmostsensitive,andthephytopathogenA. tumefaciens beingleastsensitive. Proofthat
theformulatingagentalone,i.e., Azasolv, wasalsobiologically active wasestablishedby
determiningits m
 , which wasnot significantly different (P � 0.05) from the formulated
product NeemAzal-Ffor any of the organismstested(data not shown). Eight of the
organismstested,including someof the plant pathogens,were, however, still inhibited
by the active ingredient,NeemAzalat 1%, which did not containany formulatingagent,
indicatingthattheneemseedextractper se hadantibacterialactivity (Table2).

Isolation of antibacterial components The TLC methodologygave very goodsepa-
rationof themajorneemmetaboliteswith definedspotsbeingpresentedfor azadirachtin,
nimbin and salannin(respectively black, dark brown and gray/blackin color), with R�
valuesof 0.43, 0.84 and 0.61, respectively. All threemetabolites,in addition to other
unidentifiedcomponents,wereclearly observed in NeemAzal. Whenbiochromatograms
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Fig. 1. Growth of Gaeumannomyces graminis tritici (Ggt) andMicrodochium nivale in malt extract
broth containingNeemAzal(ppm azadirachtin)preparedin ethanol(final ethanolconcentration=
1%). Valuesarethemeanof threereplicates� SE;P � 0.05.

werepreparedby overlayingTLC plateswith bacteriologicalgrowth mediumseededwith
B. mycoides, no zonesof inhibition wereobserved for the threemajor neemmetabolites
in any of thesamples.However, separatediscretezonesof inhibition wereobservedwith
NeemAzalthathadR� valuesof 0.15,0.29and0.57. Thesizesof theseinhibition zones
increasedwith increasingconcentrationof NeemAzal.Quantificationof theconcentration
of the bioactive compoundswasnot attempted,as it was felt that this would have been
inaccuratedueto the diffusionof the compoundsduring the periodrequiredfor bacterial
growth andinhibition.

Detection of antifungal activity NeemAzalreducedthe Kr of both Ggt andM. nivale
significantlycomparedwith thecontrolatconcentrations� 62.5and125ppmazadirachtin,
respectively (Table3). In liquid mediumNeemAzalpreparedin ethanolto concentrations
of 250 ppm azadirachtinandabove completelyinhibited growth of Ggt (Fig. 1). When
the inoculum was transferredto freshmediumthe fungusgrew, indicating the effect of
the treatmentswasfungistatic. In contrast,whenNeemAzalwaspreparedin water, Ggt
grew in concentrationspreviously found to be inhibitory. The growth of M. nivale was
significantlyreduced(P � 0.05)in liquid mediumby thepresenceof NeemAzalcontaining
62.5ppmazadirachtinandabovebut not completelyinhibitedevenwith concentrationsof
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
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conidial germinationof S. fuliginea significantly comparedwith the control. Thus,
germinationfor the control was100%,whereaswith 62.5ppm azadirachtingermination
was11%  6.0 (meanof 3 replicates 1 SE).Thereductionin germinationin this assay
was reproducibleand consistent,with no germinationobserved with concentrationsof
NeemAzalcontaining125ppmazadirachtinandabove,up to 500ppmazadirachtin.

DISCUSSION

Theantimicrobialactivity of commercialandlaboratory-preparedneemseedextracts,
which have beendefinedin termsof their azadirachtin,nimbin andsalannincontents,was
investigated.Analysis of the active ingredient,NeemAzal,and the laboratory-prepared
seedextractby HPLCrevealedtheirhighazadirachtinconcentrationcomparedwith nimbin
and salannin(Table 1). Theseresultsare similar to thosefound in other studies(7),
althoughthe concentrationof azadirachtinin NeemAzalwas particularly high (300 mg
azadirachting � �

, asopposedto 10 mg g � �
asreportedfor seedkernelsharvestedfrom

naturaltrees,ref. 14). Theconcentrationsof nimbin andsalanninin NeemAzal,however,
werenot proportionallyhigher(Table1). Theexactmethodof extractingNeemAzalis not
known but its high azadirachtincontentis presumablya resultof its concentrationfor use
in commercialproductsdevelopedfor insectcontrol.

Theagardiffusionassayclearlyshowed thatneemextractshave antibacterialactivity
(Table 2). However, the formulating agent for NeemAzal-F, i.e., Azasolv, was also
inhibitory to the bacteriatested. The fact that A. tumefaciens was not affectedby any
of thesamplescontainingneemextractsbut wassensitive to theformulation,suggeststhat
theformulationhasadditionalinhibitory compounds.This is confirmedin Table2, which
showsthattheinhibition zonesobtainedfor fiveof thetestorganismswerelargerwith 10%
Azasolvthanfor 10%NeemAzal-F. Thiswork,whichhasdevelopedtheideaof usingneem
extractsfor microbial control, illustratesthe importanceof testingboth the formulating
agentsandfinal formulatedproductsonall potentialtargetorganisms.Thenon-formulated
active ingredient and the laboratory-preparedseedextract also inhibited some of the
bacteriatested,sowork progressedinto establishingwhetherthemajorneemmetabolites,
in termsof insectcontrol, affect microbes. The fact that the laboratory-preparedextract
showedbetterinhibition of thesensitive organismsthan1% NeemAzalsuggestedthat the
mainneemlimonoids,especiallyazadirachtin,which is highly concentratedin NeemAzal,
maynot beresponsiblefor theobservedinhibition.

Bacillus mycoides waschosenfor furtherstudiesdueto its sensitivity to NeemAzalin
theagardiffusionassay, its extremelylow m
 (3.01 � 10� � %),andits denseandconfluent
growth – which facilitatedobservation of inhibition zonesin the TLC bioassay. It was
usedsuccessfullyin thebiochromatogramsto detectantibacterialcomponentsin theneem
extracts.Discretezonesof inhibition wereobservedwith NeemAzalcontaining2000–5000
ppmazadirachtin,indicatingthepresenceof at leastthreedistinctantibacterialcompounds.
The R� valuesof thesezonesdid not correspondto azadirachtin,nimbin or salanninand
thusit is clearthat the antibacterialactivity did not arisefrom thesecompounds.Indeed,
no inhibition zoneswere found with theselimonoids when testedat a concentrationof
1 mg ml � �

. The high costandlow availability of thesepurecompoundspreventedtheir
testingathigherconcentrationsbut noinhibition wasobservedattheanticipatedsitesin the
TLC assaywith NeemAzalcontaining2000–5000ppmazadirachtin.Theseresultsshow
clearlythatazadirachtin,nimbinandsalanninpossessnoactivity againstB. mycoides. This

Phytoparasitica 29:5,2001 7



confirmedresultsof anotherstudywhich suggestedthat theconcentrationof azadirachtin
wasnotausefulmarker for theantimicrobialpropertiesof neemproducts(30). It wouldbe
of greatinterestto identify the threeantibacterialcompoundsfound in this study. Once
identified and isolated, future work could establishtheir effectivenessagainsta range
of microorganisms.This would be of interestwith respectto researchthat showed that
antifungalactivity wasbestwhenmixturesof neemcompoundswereused,in comparison
with singlepurifiedcompounds(12). Theidentity, effectivenessandenvironmentaltoxicity
of theantibacterialcompoundsfoundin thisstudyareobviously importantfor commercial
considerationswhich could influencedecisionsconcerningthe useof neemmixturesor
singlecompoundsfor antibacterialuse.

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 pathogenshowed great sensitivity to NeemAzal in vitro.
Mycelial growth was reducedsignificantly comparedwith the control in the presence
of concentrationsof 62.5 ppm azadirachtinand above in both solidified (Table 3) and
liquid culture(Fig. 1). Concentrationsof 250 ppm azadirachtinandabove in the liquid
mediumcompletelyinhibitedgrowth, with a fungistaticeffect. Thesedifferentinhibitory
concentrationspresumablyreflect the differentgrowth characteristicsin solid andliquid
medium. Interestingly, the effectivenessof NeemAzalagainstGgt in vitro wasfound to
be dependenton the solvent usedfor its preparation. Thus, growth was inhibited in a
fungistaticmannerwhenNeemAzalwaspreparedin ethanolwhereasno inhibition was
observedwhenit waspreparedin water. Solubility of the productis an obviousconcern
for formulationof any antimicrobialagentandis anobviousconcernhere.Thelaboratory-
preparedseedextractactuallyenhancedthe growth of Ggt (datanot shown), presumably
by actingasa sourceof nutrientsin a situationwheretheconcentrationsof the inhibitory
compound(s)were lower than their effective dose. This thereforepoints to a limitation
on the useof crudeextracts,sincenutrientssuppliedin suchextractsmay stimulatethe
growth of phytopathogensand indeedother residentialmicroflora. The natureof the
mycelial growth of Ggt madeit unsuitablefor the biochromatographicwork but clearly
inhibitory metabolitesneedto be identifiedso that thesecanbe consideredfor control of
suchphytopathogens.

These investigationshave also shown some promising results with M. nivale, a
seedbornepathogenof wheat(4) andthe obligatepathogenS. fuliginea, oneof the most
importantfungi causingpowderymildew in greenhousecucurbits(8). Interestingly, W.R.
GraceandCo. have developeda neemoil preparationasa fungicidal / acaricidalproduct
named’Neemgard’ (2). The product has been taken over by Thermo Trilogy Corp.
underthe nameof ’Trilogy’ or ’Triact’ and is recommended,inter alia, for the control
of differenttypesof mildews, rustsandanthracnoseon both vegetablesandornamentals
(3,10,19).Obviously in planta studiesarenow requiredfor this work to progress.Indeed,
formulatedneemoils have beenshown to reducepowdery mildew diseasein cucumber,
with two differentmodesof actionbeingsuggested(31). Thus,theoil, i.e., thecrudeneem
extract,provideda physicalbarrierto conidial germinationwhile its limonoidsandother
compoundsprovidedfungicidalactivity. It shouldbenotedthat theseneemoils, although
containingdifferent quantitiesof limonoids, all containedthe major neemcompounds
azadirachtin,nimbinandsalannin.
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The extractstestedin this study exhibited antimicrobialactivity againstboth Gram-
positive andGram-negative bacteria,and the fungal phytopathogensGgt, M. nivale and
S. fuliginea. In terms of insect control, it is currently recommendedthat commercial
neem preparationsbe applied at 50–100 ppm azadirachtin(21) although even lower
concentrationswould be advantageousin order to reducepossibleharmful effects on
beneficialspecies(27). Theseazadirachtinconcentrationsare much lower than those
requiredto inhibit the phytopathogenstestedin this study. The TLC bioassayresults,
however, indicatethattheeffectivenessof theneemextractin protectingagainstbacteriais
not dependenton azadirachtincontentbut on otherminor neemcomponents,which must
be identifiedandstudiedfurther. Theuseof neemextractsfor controlof both insectsand
microbial pathogensmay thereforebe possible,if the concentrationof the unidentified
antimicrobialcomponentscouldbeincreasedwithoutadverselyaffectingthefinal product.
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