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Abstract

Aquatic weeds such as muskgrass (Chara spp.), water hyacinth (Eichhornia crassipes),
water lettuce (Pistia stratiotes), hydrilla (Hydrilla verticillate), filamentous algae (Lyngbya
wollei), and duckweed (Lemna minor) thrive in farm canals within the Everglades Agricul-
tural Area of South Florida. Their presence, particularly during the summer months is

an environmental concern with regards to water quality, in addition to being a nuisance
because of their ability to multiply and spread rapidly in open waters causing restricted
drainage/irrigation flow and low dissolved oxygen levels. Chemical control is effective but
can have undesirable off-target effects, so reduced herbicide use is desirable. Hence,
need exists to discover ways in which these weeds could be best managed or utilized.
The objective of this research was to evaluate the allelopathic effect of these weeds to
determine their use as potential biopesticides. Six aqueous extracts were tested against
100 bacterial strains isolated from plants and soil to evaluate their antimicrobial activity.
These extracts were also used to determine their insecticidal and antifeedant effects

on fall armyworm (FAW, Spodoptera frugiperda). Both extracts and powder form of the
aquatic weeds were tested for their herbicidal activity towards seed germination and
growth of three common terrestrial weed species. At a dilution of 1:100 and 1:1,000, none
of the aquatic weeds inhibited in-vitro growth of the bacterial strains, with one exception
(filamentous algae extract at 1:100 reduced growth of one bacterial isolate by 54%).
Water lettuce reduced the survival rate of FAW by 14% while hydrilla and duckweed
caused 11% and 9% reduction of FAW growth, respectively. Powdered duckweed inhib-
ited the growth of nutsedge by 41%, whereas filamentous algae powder and extract
reduced germination of amaranth by 20% and 28%, respectively. Harvesting these weeds
and converting them into useable compounds could not only eliminate the in situ farm
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canal and water quality problems but also result in development of new soil amendments
or biopesticides.

Introduction
Aquaticweedssuchasmuskgras$ spp.,Charales: ), waterhyacinth(
,  Commelinales: ), waterlettuce( , Alismatales:
),  hydrilla( , Alismatales: ), filamentousalgae
( , CyanobacteriaDscillatoriales)andduckweed , Alismatales:

)  arewidespreadn the Everglade#gricultural Area(EAA) of SouthFlorida. This situ-
ationis especiallyprevalentduring the latespringto earlyfall whenwarmtemperaturegro-
motethe growth of the aquaticweedsWithin the EAA, thetotal drainagewaterconveyance
areathatis not subjectedo weedcontrol canbecoveredon averagéy up to 50%of aquatic
weedsThis coveragelropsto 20%in the areasvhereaggressivaquaticweedcontrol is
applied[1]. Althoughfloatingaquaticweedsarecapableof sequesteringndstoring high con-
centrationsof phosphorugP) from the drainagewaterand sedimenttheyreleasehis nutrient
backinto the ecosystenoncetheysenescanddie[2,3]. Largepopulationsof floatingaquatic
weedzanreducelight penetrationto the deeplayerof the waterbodythusresultingin a
reducedprimary production[4]. Moreover,excessivpresencef aguaticweedsn farm canals
canblockwateroutletsduring irrigation, clogcanalsandimpedewaterflow, resultingin low
oxygenand poor waterquality[5].

Allelopathyis abiologicalphenomenorduring whichanorganismreleaseallelopathic
chemicalsnto the environment[6]. Allelochemicatompoundscaninfluencethe germina-
tion, growth, survival,andreproductionof neighboringorganismsandtheseeffectaneither
bebeneficialor harmful. Biologicalfunctionsthat areaffectedncludecelldivision,membrane
permeability respiration,and photosynthesi§/]. In the pastdecadeghe potentialapplica-
tions of allelopathyin agriculturehavebeenhypothesizedndinvestigatedPesticidakffectof
severaplantsweredemonstratedThe aqueou®xtractof neem( ,  Sapin-
dales: ) killed awiderangeof harmfulinsectq48]. Waterhyacinthreducedhefeed-
ing rateof aninsectpest, (Lepidoptera: ), andwasconsiderecdhsa
potentialbioinsecticiddor the managemenof thisinsect[9]. Among 13different pop-
ulationsscreenedgainsimicroalgalstrainsincluding cyanobacteriand eukaryoticmicroal-
gae10inhibited growth of cyanobacteri§il 0]. After oneday,waterlettuceand duckweechad
asignificantnegativeeffecton germinationandroot growth of aweed commonlambsquar-

ters( ,  Caryophyllales: ) [11]. Thesdindingsrevealedhat
someplants,including aquaticweedsgontaineffectiveallelopathiccompoundghat canpossi-
bly beusedasbiopesticides.

Theoverallpurposeof this studywasto investigatehe allelochemicapropertiesof six
aquaticweeddrom Floridatowards100bacterialstrains,aninsectpest,andthreeterrestrial
weedsThesixaquaticweedsverechoserbecaus¢heyarethe mostprevalentandinvasive
speciedn the EAA watershedMore specificallythe researclobjectivesvereto determinethe
effectof extractof theseweedson (i) the growth of bacteriacollectedrom plantsand soil
samplesn Florida;(ii) the survival,growth andfeedingpreferencef larvaeof thefall army-

worm (FAW, , LepidopteraNoctuidae) aninsectpestof cornin Florida;
and(iii) thegerminationandgrowth of nutsedgd , Poales: ),
amaranth( , Caryophyllales: ), andcommonragweed

( , Asterales: ), threeterrestrialweedsn Florida.
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Materials and methods
Plant materials

Entire plantsof muskgrasswaterhyacinth,waterlettuce hydrilla, filamentousalgaeand
duckweedverecollectedrom multiple farm canalswithin the EAA of SouthFlorida(26E
39'58°N; 80E37'45WV) during summerof 2018 Thesecanalsvereeitherlocatedon Univer-
sity of Florida'spropertyor on privatepropertiesfor which authorshadpermissionto access
andcollectsamples.

Preparation of powderedaquaticweedsand aquaticweedextracts. All sixaquatic
weedsverewasheditilizing a1.0-Lbeakeranddeionized(DI) water.Thebeakemwasfilled
with aquaticweedgo the 0.5L mark,then DI waterwasaddeduntil the resultingmixture
reachedhe 1.0L mark. The mixture wasthenstirred 10times;afterwhich the DI waterwas
disposedThis processvascompletedwice,eachtime utilizing freshDI water.The plants
werethendriedin ahotroom at 50ECor 7 daysuntil theywerecompletelydry. Thedried
materialswerefinely groundto 1 mm particle-sizegpowderwith aThomasModel 4 Wiley lab-
oratorymill andthenstoredin thedarkin aplasticcontainerat 25EQuntil further use.

Aquaticweedextractaverepreparedusing5 g of powderedaquaticweedmixedwith 50ml
DI waterand 10 ml of 97%ethanolin a200ml wide-mouthconicalflask.Themouth of the
conicalflaskwassealedwith aluminumfoil, andthe mixture washeatedat 75SECor 4 hoursin
aPrecisionThelcoovenmodel16.After heating eachflaskwasplacedn asonicbathfor 1
hour andthe aqueousesiduewasfirst filtered through cheeseloth followedby a Fisherbrand
P55+10 m filter paper.Tento 30ml of weedextractwereobtainedperbatch.Thenutrient
compositionof aquaticweedextractsand aqueougthanolsolventwasdeterminedby the
Soil, Waterand Nutrient Management.aboratoryof the University of Floridaat BelleGlade
(Tablel). Aquaticweedextractausedin bacterialgrowth assaydescribedelowwerefiltered
througha0.22 m syringefilter (Millipore) beforeincorporationinto the culture media.

Media usedfor isolation and culturing of bacteria

Thebasicmedium(BM) usedto isolateand grow bacteriacontainedyeasextract(5 g), bacto-
peptone(5 g), sucrosd5 g),agar(15g),and1 L DI water.Medium pH wasadjustedo 6.8+7.0
with the FisherScientificbuffersolutionpH 10.00or pH 4.00beforeautoclavinghe medium
at120EGor 20minutes.After autoclavingwhenthe agarmediumhadcooleddownto around
50+60EQ).1g cycloheximidamixedin 5ml of 97%ethanolsolutionand1 | Tilt* 250EC
fungicide(propiconazoleSyngentaCrop Protection,GreensboroNC) wereaddedand mixed
evenly Approximately20ml of the BM supplementedvith the anti-fungalcompoundswere
pouredinto sterilePetridishesof 10cm diameter,and maintainedatroom temperatureunder

Tablel. Nutrient composition contentand pH (means SD) of six aquaticweedextractsand the aqueousethanol control (asdetermined by the Soil, Water and
Nutrient Management Laboratory of UF at BelleGlade).

Elements(ppm) pH

Extracts Al B Ca Fe K Mg P Si

Control 0.050.03 0.09 0.05 2.090.40 0.04 0.01 1.630.11 0.57 0.06 0.140.04 0.100.04 7.23
Muskgras 12.517.04 0.570.11 1517 1347 20.081.99 |485.9389.7 |252.055.49 |27.882.20 65.0 23.01 6.81
Water hyacinth 3.42 0.50 1.26 0.25 1409966.1 |6.391.41 636.8528.2 | 236.69.00 43.7928.14 |44.83145 5.97
Water lettuce 18.3311.51 |10.3614.16 |2070 1192 15.978.58 |262.1313.3 |171.824.59 |43.040.13 76.16 2.66 6.41
Hydrilla 15.55 3.05 0.590.16 1572 1426 20.823.54 |502.1424.7 |256.154.64 |28.303.14 64.99 22.02 6.85
Filamentousalgae | 3.37 0.46 1.210.30 1464 1044 6.51 1.66 628.7 515.7 | 238.38.46 44.2128.38 |48.4314.93 7.18
Duckweed 19.8910.77 |10.9715.16 |2060 1215 16.198.93 |263.2315.3 |174.726.56 |43.350.66 79.81 4.05 7.12

https://da.org/10.137 1§urnal.pon®237258.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0237258 August 5, 2020 3/23


https://doi.org/10.1371/journal.pone.0237258.t001
https://doi.org/10.1371/journal.pone.0237258

PLOS ONE

Using aquatic weeds used as biopesticides

alaminarhooduntil solidificationof the medium.BlankplatescontainedBM supplemented
with theaqueougthanolsolventusedto prepareaquaticweedextracts10ml and 1 ml of the
16.17%ethanolsolutionwasaddedto 1L of BM afterautoclavingo obtainafinal solventdilu-
tion of 1:100and 1:1,000respectivelyExtractplatescontainedBM supplementedvith one of
the sixmicrofilteredaquaticweedextracty muskgrasswaterhyacinth,waterlettuce hydrilla,
filamentousalgaeandduckweed)10ml and1 ml of aplantextractwereaddedto 1 liter of
BM afterautoclavingo obtainafinal weedextractdilution of 1:100and 1:1,000respectively.

Isolation and storageof bacteria. During fall 2018,100bacterialstrainswereisolated
from 25plants(sweetcorn, sorghum papayaetc.)andsoil sampleollectedrom the Ever-
gladeResearcland EducationCenter(EREC)at BelleGladeand otherlocationsin Florida
(Milton, GainesvilleFt. PierceandHomestead)S1Dataset)Plantsfor isolationof bacteria
werecollectedon Universityof Floridapropertyor on publicdomainwhereno samplingper-
mits wererequired.Under alaminarfloor hood,an approximately2-cn? areaof eachleaf
samplewascutin aPetridishinto smallpiecesn 1 ml of sterileDI water.Approximately0.5g
of soilsamplewasaddedinto a 14-ml polystyrendubeand mixedwith 8 ml of sterileDI
water.Onehour afterhomogenizatiorof theleafor soil materialin water,adrop of liquid was
transferredwith asmearoop to aplatecontainingBM. Theliquid samplecontainingbacteria
wasspreadevenlyon the mediumwith the smeardoop beforesealingplateswith parafilm (M
PM996AII-PurposelaboratoryParafilmFilm). Platesvereincubatedat 28EGor 2+3days.
For eachplantor soil samplesinglecolonieswith differentcolorsor differentgrowthrates
weresub-culturedon freshBM plates Oncebacteriaweresub-culturedsuccessfullygachBM
platewasinoculatedwith 16bacteriaisolates.

For storageof the bacterialollection,a bacterialsuspensiorf>10'° colonyforming units/
ml) waspreparedor eachisolatein a2 ml tubecontaining0.5ml of 50%glyceroland1.5ml
sterileDI water.Eachbacterialsuspensiomvasstoredin afreezerat-80EQuntil further use.

Effect of weedextractson bacterialgrowth. Eachbacterialisolatewasstreakedvith
aninoculationloop on threemedia:BM, BM + solvent(1:100and 1:1,00@ilution) and BM
+ weedextract(1:100and 1:1,00ailution). BM wasconsideredhe positivecontrol growth
medium,BM + solventwasthe blank mediumwithout weedextractand BM + weedextract
wasthetestingmedium.Eachplatewasinoculatedwith 16 bacteriaisolatesAll theplates
wereincubatedat 28EJor threedaysandgrowth of bacteriakcultureswasobservedfterthis
incubationtime.

Whenbacteriadid not or only partiallygrewon the testingmedium (correspondingo pos-
siblegrowthinhibition), adilution platingmethodwasperformed.This methodallowedus
to determinethe concentration(numberof colonies)of anunknown sampleby countingthe
numberof coloniesculturedfrom serialdilutions of the sampleandthenbacktrackthe mea-
suredcountsto the unknown concentration[12].

Thefirst stepwasto takea singlebacterialcolonyof stockandto placeit into 0.9ml DI
water,andthis wasthe original stock.Thetechniqueusedto makeasingledilution was
repeatedsequentiallyusingmore and morediluted suspensiongt eachstep:0.1ml of the
previoussuspensionvasaddedto 0.9ml of DI water,eachstepresultingin afurther 10-fold
changen theconcentrationfrom the previousconcentration.Thefirst tubeafterthe original
stockwasa 1:10dilution, the seconda 1:100thethird a1:1,000etc. to the sixth,a1:1C dilu-
tion. The secondstepwasto determinethe numberof viablecellsin eachof thedilutions. A
pipettewasusedto transfer50 | of eachdilution, startingfrom 1:1C (the mostdiluted) to
1:10andfinally from the original stockonto anagarplateof eachof thethreetestedmedia
(Fig1).

Theplatesvould havedifferentnumbersof coloniesdependingon the dilution of the sam-
ple.Whentoo manycoloniesgrow, it canbeverydifficult to countthem.Thus,wecounted
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Fig 1. Schematicaspectof aserialdilution plate to determinethe concentrdion of abacterial suspensn. 0=50 |
drop of undiluted bacteriauspensionl/10-1/16 = 1/10-1/16 diluted dropsof abacterialuspenisn.

https://i.org/10.1371durnal.por.0237258.¢01L

the numberof coloniesonly for dilutions for which lesghan50coloniesgrew.Thebacterial
growthwasconsideredo bepatrtiallyinhibited whenthe bacterialcolonynumberon BM

+ weedextractat 1:10' dilution wasmorethan 50 percentiessthanthe bacteriakcolonynum-
beron BM at1:10" dilution.

Insectmaterials

7-dayold FAW larvaeobtainedfrom a colonymaintainedin thelaboratoryatthe EREC
wereusedin biossaysThe colonywasinitiated in October2018usingapproximatelyl50lar-
vaecollectedn thefield on sweetorn atthe EREC Thecolonyhasbeenmaintainedin acli-
mate-controlledoom at25.5 1EC 40+60%RH (relativehumidity), andL14:D10h (light:
dark hour) photoperiod.Larvaewereindividually keptin 37-mltranslucentplasticcups
(Dart ContainerCorp.,Mason,MI) filled with StoneflyHeliothisDiet (Ward'sScience,
Rochester\Y). Upon larvaldevelopmentompletion,15+30pupaewereplacedn moist
vermiculiteatthe bottom of a 3.7-Lcartoncontainerlined with cheeseclothnd papertow-
els.Adult eclosionandovipositionwasmonitored 3timesaweek,and cheeseclothnd paper
towelswith FAW eggswvereplacedn transparenplastichagsNewlyemergecheonatdarvae
weretransferredusingapaintbrushfrom plasticbagsto cupwith dietuntil pupationor use
in bioassays.

Experimentaltreatments. Theorganicinsecticidesisedascommercialstandardsvere
pyrethrins(PyGanicCrop Protection5.0ECII, ValentU.S.A. Walnut Creek,CA) for larval
dip bioassayand! . " " (Bt,Dipel DF,ValentBioSciences,
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Libertyville,IL) for larvaldietincorporationbioassay$®yGanics.0ECII is registeredor foliar
applicationdn the United Statesat 329+ 1,242nl/ha anda concentrationof 4.2ml/L wasused
in this study.Dipel DF is registeredor applicationin the United Statesat560+2,248/haand
adosagef 7.5¢g/L wasusedin this study.In additionto commercialstandardsbioassaywere
conductedwith sixaquaticweedextractsand onecontrol solutionat 1:10dilution.

Effect of weedextractson FAW survival and growth. Laboratoryexperimentsvere
conductedo determinethe effectweedextractson FAW larvalsurvivalandgrowth. Contact
activity of the extractavasdeterminedin larvaldip bioassaysyhereasngestionactivitywas
determinedin larvaldietincorporationbioassay€achtypeof bioassayvasconductedour
timesusingtwo differentFAW generationg@ndtwo differentFAW cohortstwo daysapart
pergenerationin orderto reducetheimpactof aspecificcohorton theresults A total of 130
FAW larvae(replications)wereusedfor eachtreatmentin eachtypeof bioassay50larvaeper
treatmentfor eachof thetwo cohortsof thefirst generatiorand 15larvaepertreatmentfor
eachof thetwo cohortsof the secondyeneration) FAW larvaewerestarvedovernightto void
their gutandthenweighedmmediatelyon a TS400DPrecisionStandardBalancgOhaus
Corp.,ParsippanyNJ) beforeeachbioassay.

Forlarvaldip bioassaysachlarvawasindividually dippedfor 1 secondn thetreatment
solution.Thelarvawassubsequentlplacedon filter paperfor 10secondsandthenin acup
with diet. Dippedlarvaewererearedin theinsectaryfor 4 daysFor larvaldietincorporation
bioassaysachlarvawasplacedn acupwith treatedartificial diet preparedwith atreatment
solution. Transferredarvaewererearedin theinsectaryfor 4 daysLarvaewereconsidered
aliveif theycouldright themselveafterbeingflipped on their backand proddedfor amaxi-
mum of 10secondsvith theblunt tip of ametallicpin. Thelive larvaeweresubsequently
starvedovernightandweighedo determinetheir relativegrowthrate(RGR).The RGRof a
larvais its daily growthraterelativeto its averageizeoverthe duration of anassayThe RGR
wascalculatedor eachlive larvausingthe following formula:

¥ =2t

with weightexpresseth gramsandfeedingduration expresseth days[13].

Effect of weedextractson FAW feedingpreference. A laboratoryexperimentwascon-
ductedto determinethe effectof aquaticweedextractson FAW larvalfeedingpreferenceThis
experimentconsistedf achoicebioassagonductedwiceusingtwo differentFAW and sweet
corn plantcohorts.For this experimentwe usedplasticPetridisheq15mm x 100mm diame-
ter, Cole-ParmetnstrumentCompany LLC, VernonHills, IL). A total of 40 Petridisheqrep-
lications)wereprepared 20 perbioassay)-or eachbioassay?-weekold sweetorn plants
(‘Cabohybrid, SyngentaGreensboroNC) grownin agreenhous&ererandomlyselected
andleavesverecutinto leafdiscswith adisccutter(1.6cmin diameter) Eachleafdiscwas
dippedfor 1 secondnto the aquaticweedextractor the control solution. The Petridishes
werelined with onelayerof wetfilter paperto preventleafdiscand FAW larvadesiccation.
Thetreateddiscswereplacedon filter paperto removethe excessiquid, andthenin the Petri
dishesEachPetridishincludedall experimentatreatmentsalongacircularlayout.One FAW
larvawasplacedatthe centerof eachPetridish. All the Petridishesverekeptin the climate-
controlledroom andsubsequentlpbserve®4and48hoursafterthe FAW larvawasreleased
(Fig 2). Leafareawasmeasuredor eachleafdiscby usingthe mobileapplicationLeafByteas
describedn [14].
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Fig 2. Leafdisc beforeand after 24 hours of fall armyworm release.

https://dbi.org/10.137/journal.pon®237258.g002
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Terrestrial weedmaterials

During fall 2019 thetubersof nutsedge )  andtheseed®famaranth
( ) andcommonragweed ) werecollectedn the
field atthe SouthwesFloridaResearcland EducationCenter(SWFREC)n Immokalee FL.

Effect of weedextractson terrestrial weedgermination and growth in greenhouse. In
thegreenhousdpr eachspecie®f terrestrialweed,10seed®r tuberswereplanted1+2cm
deepin 1-L plasticpots.The soil usedfor plantingwasBlackGold all-purposepotting mix
with apH of 5.5+6.5andN-P-K of 0.13+£0.04+0.1@8vww.sungro.com)Eachpot wasfilled
with approximately340g of potting mix. Fourrates(0,0.1,0.5,and1.0g) of ground powderof
aquaticweedsvereaddedon the surfaceof the pot (103cm?) and mixedevenlywith top soil.
Potswith no aquaticweedextractwereusedascontrol. Four replicationswerepreparedor
eachtreatmentand eachapplicationrate.All the potswerekeptin the greenhouset27EGind
50%RH, andsprinkle-waterecverydayto thefield capacityof eachpot. The sprinklerwasset
to mistlevelto avoidthe leachingof aquaticweedpowderby the heavydropsof water.The
germinationrateof plantsin eachpot wasrecordedfor five weeksafterplanting(days8, 12,
18,22,and 39).Visible coleoptileon the soil surfacenvereusedasanindicator of plantemer-
genceDataweredeterminedasthetotal numberof germinatedseeds/tuberdivided by the
total numberof seeds/tuberm eachpot. After sixweeksthe freshbiomassveightof each
pot wasassessduly cutting plantsat the soil levelandweighingthemusingalaboratoryscale
(Ohausmodel:PX124).

Effect of weedextractson terrestrial weedgermination in laboratory. Theeffectsof dif-
ferentdilutions of the aquaticweedextractsolutions(dilution at 1:100and 1:10)werestudied
usingalaboratorybioassayfivetubersof nutsedgel0seed®f amaranthandcommonrag-
weedweregerminatedn a100mm diameterpolystyrenePetridishlined with two layersof 90
mm sizeWhatmanl filter paper.Thefilter paperwasmoistenedwith 5 ml of eachextractsolu-
tion. The sameamountof aqueougthanolsolutionwasusedfor the aqueousthanolcontrol,
andthe ROwatersolutionwasusedaswatercontrol. Four replicationswerepreparedor each

PLOS ONE | https://doi.org/10.1371/journal.pone.0237258  August 5, 2020 7123


http://www.sungro.com
https://doi.org/10.1371/journal.pone.0237258.g002
https://doi.org/10.1371/journal.pone.0237258

PLOS ONE

Using aquatic weeds used as biopesticides

treatmentandeachdilution. All Petridishesnveresealedvith PM996All-Purposel.aboratory
Parafilmto reducethelossof waterandthen maintainedin agrowth chamberwith light from
7 am(25EC50%RH) to 7 pm. Thetemperatureof the growth chamberat night was22EC
with 50%RH. All Petridisheswvererandomlydistributedin the growth chamberVisible cole-
optileson the soil surfacewereusedasanindicator of plantemergenceGerminationvalues
werecalculatedy dividing thetotal numberof germinatedseed®r tubersby thetotal number
of seed®r tubersin the Petridish. Germinationvaluesveredeterminedafteroneweekof
growth.

Statisticalanalysis

Forthe antimicrobialstreakingassaythe evaluationof bacterialgrowthwasonly qualitative
(yesor no or weak)and not quantitative. Thesequalitativedatacanthereforenot bestatisti-
callyanalyzedThe secondassayerformedwith threeisolatesvasbasedn quantitativedata
(colonycounts)and hasbeenstatisticallyanalyzedisinga one-wayANOVA test.

StatisticahnalysesvereconductedusingSASPROCGLIMMIX [15]. Forthelarvaldip and
dietincorporationbioassaydinear mixed modelswereappliedto comparesurvivalrateand
RGRof FAW asaffectecby treatment.Treatmentwasafixed effect whereageneratiorand
cohort(generationjvererandomeffect§ S1Dataset)For the leafdiscassaydinear mixed
modelswereusedto compardeafareaconsumeddy FAW larvaeasaffectedby treatment
andobservatiortime. Treatmentobservatiortime, andtheir two-wayinteractionwerefixed
effectsAssaydish(assaygndtreatmentx dish(assayvererandomeffectyS1Dataset) Thus,
avariancecomponentcovariancestructurewasusedto modelthe effectsof repeatedneasures
of theleafdiscassaysl he Kenward-Rogeadjustmentfor denominatordegreesf freedom
wasusedto correctfor inexactF distributions[15]. Leassquaremeans SEdrom theleast
squaraneansstatemenbutput arereportedunlessstatedotherwise The Tukey-Kramer
adjustment(Alpha= 0.05)wasusedfor pairwiseseparatiorof least-squareneanswvhenafixed
effectwasdetectedP<0.05).

StatisticahnalysesvereconductedusingSASPROCGLM to comparegerminationrates
andbiomassaffectedby eachtreatmentrateof the powderedaquaticweedexperimenf16].
Fortheaquaticweedextractexperimentthe PROCGLM procedurewasusedto compare
germinationratesaffectedby eachtreatmentanddilution. Pairwisemeanseparatiorwasper-
formedwhenusingthe Tukey-KrameradjustmentP  0.05)[16].

Results and discussion
Antimicrobial activity of aquaticweeds

A total of 100differentbacteriaktrainswereisolatedfrom 18plantand 7 soil samplesAfter
culturing thesebacteriaon culture mediumwith six differentweedextractsthe growth of 97
of themwasnot affectecby anyof the sixaquaticweedextractsOnly threeof the 100strains
showeda partialgrowth on the mediumwith extractsat 1:100dilution. Thesehreestrains
includedisolatellandisolate72on BM + muskgras&xtract,isolate58on BM + waterhya-
cinth extractand BM + filamentousalgaeextract After further testingof theseisolatesdy
thedilution platingmethod(Table2),the bacterialkcolonycountsfor isolatel1on BM + musk-
grasswverenot significantlydifferent(P = 0.386)from the colonycountson the control plates.
Similarly,colonycountsfor isolate72on BM + muskgrassandfor isolate58on BM + water
hyacinthwerenot differentfrom thoseon their respectiveeontrol plates(P = 0.540and

P = 0.056)Only bacterialcountsfor isolate58on BM + filamentousalgaeweresignificantly
lower (P = 0.013)comparedo the control plateg54%growth reduction).This suggestethat
the partialgrowth observedn thefirst assayor thesdasolateqwith the exceptiorof isolate58
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Table2. Comparisan of bacterial colony numbers (colony forming units/ml or cfu/ml) of three bacterialisolateson dilution platesof basalmedium (BM) and BM
supplemenied with aquaticweedextracts(1:100dilution).

Isolate No.

Control (BM)
11 16 3 at10* (a)
58 377 at10* (a)
72 12 4 at10? (a)

ND = Not determired

Bacterialcolony number (cfu/ml) on Pvalue
BM + Muskgras BM + Water hyacinth BM + Filamentous algae
135 at10* (a) ND ND 0.386
ND 215 at10* (a,b) 17 1 at10* (b) 0.011
158 at10? (a) ND ND 0.540

Valuesarethe meansof threeplatecounts.For eachisolateandon eachline, valuedollowedby the samdetterin parenthesesarenot significantly differentat P= 0.05

(One-wayANOVA).

https://da.org/10.1371durnal.pon®237258.t002

on filamentousalgaeextract)wasdueto insufficientinoculum during streakingandnot an
inhibitory effectof the culturemedium.Consequentlytherewasoverallno visibledifference
in bacterialgrowth of the 100bacterialstrainson platescontainingweedextractsandon con-
trol platesTheseresultssuggestethatthe sixaquaticweedextractdid not containanyanti-
bacterialcompoundsor only atverylow concentrationser that biologicallyactivemolecules
wereinactivatedduring the extractionprocess.

In asimilar study,waterlettucewasshownto haveanantimicrobialactivity basedn inhi-
bition zonesof , ! , and# [17]. However,only
freshsample®f waterlettucehadagrowthinhibitory effectwhereasnaqueougxtractdid
not showthis activity [17]. Antibacterialactivity of medicinalplantsafterextractionwith dif-
ferentsolventsuggestethat extractionamadewith acetoneand methanolweremore efficient
thanwaterto recovermoleculesvith antibacteriabctivity [18]. Methanolmight bemore effec-
tive atrecoveryof higherconcentration®f antibacteriacompoundq18]. Abrahametal.
testedantibacteriahctivity of differentextractsof waterlettuceusingclinical pathogen$19].
Comparedo chloroformandhexanemethanolextractsesultedn higheryieldsof chemicals
suchasalkaloids phytosterolsphenolsflavonoidsandtanninsthat possesbioactiveproper-
ties.Tripathi etal. cameto the sameconclusionaftertestinga methanolicextractof waterlet-
tucethat showedstrongerantimicrobialactivity than ahexanesxtract[20].

The studiesmentionedaboveconfirmedthe hypothesighat aquaticweedscancontain
allelochemicalsvith antimicrobialproperties Thesestudiesalsoshowedhat the methodsof
extractionarecritical to obtainapositiveresult. The negativeresultsobtainedin our study
canbeassociatedith the extractionmethodor the bacteriausedfor testing.Thereforejn the
future,insteadof usingwaterand ethanolextractsdifferentorganicsolventsuchasmethanol
andacetonecould beinvestigatedo identify antibacteriatompoundsin aquaticweedsof
the EAA. Furthermore wetesteddiversebacteriasolatedfrom anagriculturalenvironment.
Anotheroption couldbeto testbacteriafrom aclinical environment.

Insecticidal activity of aquaticweeds

Forthelarvaldip bioassayifferencesn survivalratewerenot detectecamongtreatments,
including the control (P = 0.994)and commerciakreatment(P = 0.979;Table3). However,
differencesn RGRweredetectecamongtreatmentgP < 0.001) ThehighestRGR,0.415yg™*
day*, wasobservedvith filamentousalgaeandthis RGRvaluewas1.05-foldhigherthanthe
RGRvaluedor the commerciaktreatmentand muskgras¢P < 0.001) Howevernoneofthe
treatmentsweredifferentthanthe control (muskgrassP = 0.951waterhyacinth:P = 0.828;
waterlettuce:P = 1.0;hydrilla: P=0.987 filamentousalgaeP = 0.164duckweedP = 0.829).
Thereforethe dermalcontactof aquaticweedextractdid not haveanapparenteffecton
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Table3. Survivalrate and RGRof the fall army worm in dip bioassaywith different treatments.

Treatmert Survivalrate (%) RGR(g g™ day?)
Muskgras 98 1.38a 0.396 0.02b
Hyacinth 98 1.38a 0.409 0.02ab
Water lettuce 99 1.38a 0.402 0.02ab
Hydrilla 99 1.38a 0.406 0.02ab
Filamentous algae 96 1.38a 0.415 0.02a
Duckweed 99 1.38a 0.409 0.02ab
Control 99 1.38a 0.402 0.02ab
Commercial 98 1.38a 0.395 0.02b
F 0.70 3.58

df 7,1029 7,1009

P>F 0.672 < 0.001

Meansin acolumnfollowed by the samdetterarenot significarily different(Tukey-Krame adjustment,
alpha= 0.05).

https://abi.org/10.1371djurnal.por.0237258.t08

FAW survivalor growth. It wasunexpectedor the commercialpyrethrinsto not affectFAW,
but accordingto Abrahamsetal.,FAW hasbecomeaesistanto insecticidesn modesof action
groupslA (carbamates),1Brganophosphatesiand 3A (pyrethroidsandpyrethrins)in sev-
eralpartsof the Americasthushigherdosesr alternativechemical®r methodshaveto be
applied[21]. Thismayexplainwhy the commerciaktreatmentusedin our studywasnot effec-
tive againstFAW.

Forthelarvaldietincorporationbioassayaverageurvivalrangedfrom 5.5to 93% Differ-
encesn survivalweredetectecamongtreatmentgP < 0.001:Table4). Survivalin thecom-
mercialtreatmentwas93to 94%lowerthanin anyothertreatment(P < 0.001)jncludingthe
control. Survivalin waterlettucewas14%lower (P < 0.001)hanin the control, but also12%
lowerthanin hydrilla, and 15%lowerthanwaterhyacinth.All other survivalratesof aquatic
weedextractaverenot significantlydifferentfrom the control (muskgrass? = 0.928water
hyacinth:P = 1.0;hydrilla: P = 1.0;flamentousalgaeP = 0.132duckweedP = 0.829) The

Table4. Survivalrate and RGRof the fall armyworm in different treatments(a negative valueindicatesthat the
FAW lost weightduring the bioassay).

Treatment Survivalrate (%) RGR(g g* day?)
Muskgras 89 8.73ab 0.366 0.03ab
Water hyacinth 93 8.73a 0.389 0.03a
Water lettuce 79 8.73b 0.379 0.03a
Hydrilla 91 8.73a 0.339 0.03b
Filamentous algae 84 8.73ab 0.362 0.03ab
Duckweed 88 8.73ab 0.345 0.03b
Control 92 8.73a 0.381 0.03a
Commercial 5.5 8.73c -0.022 0.04c
F 174.31 48.71

df 7,1028 7,843.7

P>F < 0.001 < 0.001

Meansin acolumnfollowed by the saméetterarenot significarily different(Tukey-Krame adjustment,
alpha= 0.05).

https://abi.org/10.1371djurnal.por.0237258.t00
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RGRof FAW larvaein the dietincorporationbioassaylifferedamongtreatmentgP < 0.001;
Table4). ThecommerciatreatmenthadanegativeRGR(-0.0215y g * day™), which waslower
thananyotherRGRdeterminedin the bioassayThis observatiorindicatedthatin general,
thelarvaethat survivedthis treatmentlostweight.However hydrilla caused. 1.3%reduction
in RGRcomparedo the control (P < 0.001). The RGRof larvaefeedingon the diet with
hydrilla wasalsosignificantlylowerthan for waterlettuce(1.1-fold;P < 0.001)andwater
hyacinth(1.1-fold;P < 0.001) Duckweed-educedRGRof larvaeby 9.4%(P < 0.001)elative
to the control. TheRGRassociatedith duckweedvasalso8.9%owerthanwaterlettuce
(P< 0.002)and11.3%owerthanwaterhyacinth(P < 0.001). The RGRfor otheraquatic
weedextractaverenot significantlydifferentfrom the RGRof the control (muskgrass:
P = 0.791waterhycinath:P = 0.994waterlettuce:1.0;filamentousalgaeP = 0.554)..
showeda stronginsecticidakffecton FAW larvaewith high mortality andlow RGR.
Theaveragealueof RGRwasnegativewhichindicatedthatthe larvaethat survivedgenerally
lostweightandlivedin averypoor healthafterconsuming!. . Thisresultis con-
sistentwith the previouslyreportedeffectivenessf insecticidalpropertiesof toxins produced
by this bacterialspecie$22]. Waterlettuceshoweda negativdampacton FAW larvaesurvival,
andhydrilla and duckweeddemonstratedeductionin FAW larvaegrowth.A chemicalnaly-
sisby Tripathi etal. revealedhatthe biologicallyactivechemicalconstituentsof waterlettuce
arealkaloids glycosidedavonoidstanninsandsteroidg23]. Hydrilla containsphenolicand
hydroxyacid.Loliolide wasalsodetectedn ethylacetateand ethanolextractd24,25].An ear-
lier studyidentifiedtanninsasinhibitor of the growth of variousspeciesf pestinsectsnclud-
ing Lepidopterdarvae Thosetanninscanimpedethe activity of proteaseandthusresultin
negativeeffectson larvaehealthand growth [26]. Loliolide wasreportedto havediversebio-
logicalpropertiesincluding repellencyagainsinsectg27].

In theleafdiscbioassayghe percentagef leafareaoverthetwo observatiortimeswas
betweer67%and 77%amongtreatmentsput therewasno differenceamongtreatments
including the control (F= 0.87.df = 6,234 = 0.517Table5). Therewasa significantdiffer-
encebetweerthetwo observatiortimes(F = 162.51df = 1,273 < 0.001) An interaction
betweertreatmentandobservatiortime wasnot detectedF = 1.06;df = 1,273P = 0.388).
Thus,thefeedingactivity of FAW larvaewasnot affectecby any of thetreatmentsn our
study.Compoundsghat possesantifeedanfctivity canbefoundin all chemicaklassem
plants[28]. Terpenesndalkaloidsarethe two classethat areespeciallgffectivan inhibiting
feedingof avarietyof insectsin asimilar study,theleavedreatedwith methanolandn-hex-
aneextractof waterhyacinthsuggestedligh antifeedanefficacyon [9].

Table5. Leafareaconsumedby FAW larvae24 and 48 hours after application of different treatmentsin leafdisc
bioassag.

Leafareaconsumel (%)

Treatment After 24hours After 48hours
Muskgras 68 9.96 85.70 9.96
Water hyacinth 59 9.96 89.13 9.96
Water lettuce 54 9.96 85.28 9.96
Hydrilla 52 9.96 80.58 9.96
Filamentous algae 56 9.96 77.53 9.96
Duckweed 60 9.96 80.13 9.96
Control 61 9.96 88.45 9.96

Therewereno significantdifferenesamongtreatmentyTukey-Krameradjustmentalpha= 0.05).

https://abi.org/10.1371djurnal.por.0237258.t00
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More than 20typesof chemicalcompoundgincluding alkaloids phenolsandflavonoids)
with potentialinsecticidalactivity wereidentified by gaschromatography-masspectrometry
(GC-MS)analysiof methanolextractof waterhyacinth[29]. This suggestethat someother
organicsolventsuchasmethanolandn-hexanemight beefficientlyusedto obtainhigher
yieldsof effectivecompoundsrom aquaticplantsagainsinsectlarvae.

Overall,waterlettuce hydrilla and duckweedshowedsignificanteffectson FAW larvae
survivaland growth by ingestion. However the observedlifferencesveresmall,and noneof
theaquaticweedgossessetbntactand antifeedaneffecttowardsFAW larvaeln the future,
differentsolventcanbeusedto isolatehighercontentsof the allelopathiccompoundsn the
aquaticweedthat arelikely to havebetterinsecticidakctivity.

Herbicidal activity of aquaticweeds

In the greenhousegpplicationof duckweedbowderresultedin agrowthreductionof nut-
sedgeAt therateof 0.1g,0.5g and 1.0g, powderof this aquaticweedreducedthe biomasof
nutsedgdy 36.6%40.5%and 36.3%respectivelyP = 0.042) Theotheraquaticweedpowders
did not haveanyeffecton nutsedgeagerminationor growth ascomparedo the control (Figs3
and4).

Useof 1.0g of filamentousalgagrowderreducedhe germinationof amaranthby 22%
from day17to day22,andby 21%on averagéP = 0.037) The otheraquaticweedgestechad
no effecton germinationof terrestrialweedsatanytreatmentrateandatanytime (Fig 5). In
termsof biomassthe applicationof muskgraspowderresultedin a significantreductionon
amaranthgrowth (P = 0.002)0.1g muskgrasseducedhe biomassy 58%,0.5g by 55%,
and1.0g by 68%.Useof 0.1g and1.0g of waterhyacinthpowderreducedamaranthbiomass
by 50%and 44% respectivelyP = 0.011) However theresultobtainedwith 0.5g wasnot
differentfrom the control. The sameresultwasobtainedwith waterlettuce:0.1g application
resultedin 56%reduction,and1.0gin 53%reductionrespectivelyP = 0.026while the bio-
massbtainedafterapplicationof 0.5g wasnot differentfrom the biomasf the control. Both
0.5gand1.0g of filamentousalgagpowderreducedbiomasof amaranthsignificantlyby 48%
and55% respectivelyP = 0.004) Hydrilla andduckweedhowdershowedho significanteffect
on amaranthgrowth atanyrate(Fig 6).

For commonragweedwaterhyacinthpowderappliedat 0.5gincreasedjerminationby
350%on day8 (P = 0.017) Noneof the othertreatmentsshowedany effectson commonrag-
weedgerminationatanyrateor time (Fig 7). Hydrilla improvedthe growth of commonrag-
weedby 200%at 0.5g and87%at 1.0g, respectivelyP = 0.026) Muskgrasshoweda 155%
increaseén commonragweecdiomassat0.5g treatmentrate (P = 0.005) Noneof the other
aguaticweedpowderhadsignificanteffectson the growth of commonragweedtanytested
rate(Fig 8).

In thelaboratory the effectof aquaticweedextractson seedyerminationof terrestrial
weedsvasobservedFilamentousalgaeextractat 1:100dilution reduced?7%of the germina-
tion of amaranthseedcomparedo the watercontrol and 28%to aqueougthanolcontrol
(P< 0.001)Othertreatmentat 1:100showecdho significantdifferencein comparisorto water
control or aqueougthanolcontrol. All thetreatmentswith 1/10dilution, including the aque-
ousethanolcontrol showedho germinationof amaranth For commonragweednoneof the
treatmentsshoweda significantdifferencewith the watercontrol or aqueougthanolcontrol
with 1:100dilution. With 1:10dilution, all the aquaticweedextractsshoweda significanteffect
on germinationratecomparedwith thewatercontrol, andthe reductionin germinationran-
gedfrom 54to 76%(P < 0.001)but noneof themshowedlifferencewith aqueougthanol
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Fig 3. Effectof aquaticweedpowderon germination rate of commonragweed Verticalbarsrepresenstandarderrors.
https://cbi.org/10.137/4ournal.pon®237258.9g003

control (Fig 9). We wereunableto makean observatioron the effectof aqueousveedextracts
on the germinationof nutsedgessall the tubersfailedto germinatein the Petridishes.
Therespons®f seedgerminationand growth of terrestrialweedspecieso sixpowdered
aquaticweedssuggestethat duckweechadan overallnegativeeffecton nutsedgegrowth.
Filamentousalgaeand muskgrasénhibited the germinationand growth of amaranthwhile
waterhyacinthandwaterlettucehaveaninhibitory effecton the growth of amaranth.
Theseesultsaresimilarto theresultsby Bhadheetal.,that the applicationof powdered
waterlettuceandfilamentousalgaedemonstratedverallnegativeggerminationandroot
growth of plant speciesncluding commonlambsquartersorghum snapbeanandcorn[11].
Mode of actionof someallelochemicalsanbesimilar to syntheticherbicidesanddifferent
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Fig 4. Effectof aquaticweedpowderon biomassof nutsedge Verticalbarsrepresenstandarderrorsof the mean.Barsdesignatd by different
lowercas lettersaresignificartly differentaccordingto Tukey-Kraneradjustmat (P 0.05).

https://dbi.org/10.137/journal.pon®237258.g004

allelochemicalmayhavedifferentmodesof actionor physiologicatargetsite§30]. Somealle-
lochemicalsincluding flavonoidsandfatty acidspresentin the aquaticweedpowder,canact
on differentcellularprocessesuchasdisrupting plasmamembranefunction andinterrupting
intracellularenzymeg¢11,31,32]Besideslirectly targetingthe weedsthe metabolitesuchas
phenolican the powdermayreleasénto the soilandalterits propertiessuchaspH, organic
matter,microorganismsandnutrient statusyesultingin anegativeeffecton plantgermina-
tion andgrowth[33]. Theresultsalsoshowedo significantdifferencebetweerD.1gto 1.0g
of duckweedn the growth of nutsedgeandalsoin termsof muskgras®n the growth of ama-
ranth. Thismight dueto thatall theratesareatthe samedose-responsevelof inhibitory
effecton anutsedgeForfuture work, higherapplicationratesshouldbeusedto investigate
their potentialeffect.
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Fig 5. Effectof aquaticweedpowderon germination rate of amaranth. Verticalbarsrepresenstandarderrors.

https://abi.org/10.137/ournal.pon®237258.9g005

In contrastcommonragweedshoweda positiverespons@f germinationwith the applica-
tion of powderednuskgrassindalsoof growthwith powderedwvaterhyacinthand hydrilla.
This might suggesthat the allelochemicain muskgrassandhydrilla hada stimulatoryeffect
on the growth of commonragweedThe stimulatoryeffectof allelopathywasdescribedn [34];
to showthatthe aqueouextractof mungbean($ ) hadasignificantincreaseon
seedgerminationandgrowth of plant speciesncluding sweetorn andokra[34]. Theresult
might alsosuggesthat commonragweechadhigh toleranceto the allelochemicals these
aguaticweedsand usedthe nutrientsof powderfor its own growth. Previousstudyhadshown
thataqueougxtractof thewholecommonragweedlantinhibited seedyerminationof many
plantsincluding onion, oat,ryegrassand Palmeramaranth[35]. Someallelochemicalsuchas
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Fig 6. Effectof aquaticweedpowderon biomassof amaranth. Verticalbarsrepresenstandarderrorsof the mean Barsdesignatd by
differert lowercaséettersaresignificanty differert accordingto Tukey-KrameradjustmentP 0.05).

https://dbi.org/10.137/journal.pon®237258.g006

phenolicacidsandsesquiterpene-lactos&ereproducedby ragweedn orderto competefor
nutrientsandresistotherallelochemical§36,37].

Allelochemicalgreknownto inducehormesidn severaplant speciedHdormesisrefersto
biphasicdose-responseith alow dosestimulatoryor beneficiakffectandahigh doseinhibi-
tory or toxic effect{38]. The currentstudyshowedhatthe lowerrate (0.5g) of hydrillaand
muskgrasfada higherstimulatoryeffecton commonragweedhantheir higherrate(1.0g)
andsuggested hormeticresponseA similar studyalsodescribedhe hormeticeffectof
aguaticweedsthatlow applicationrates(0.03g and 0.06g) of waterlettuceandfilamentous
algagpromotedtheroot growth of corn, sorghum and snapbeanwhile high applicationrates
(1.0g) hadaninhibitory effecton their root growth [11]. To further confirm the existencef
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Fig 7. Effectof aquaticweedpowderon germination rate of commonragweed Verticalbarsrepresenstandarderrors.

https://abi.org/10.137ournal.pon®237258.g007

hormesismore applicationratesshouldbeusedin orderto generat@morereliabledose-
responsenodel.

In the Petridishexperimentwith aquaticweedextractsaqueougthanolcontrol at1/10
dilution showedno germinationfor amaranthandnearly70%lesshanthe watercontrol
for ragweedThis suggestethatthe ethanolat 1/10dilution hada potentiallynegativesffect
on seedgerminationof amaranth Previousstudiesdemonstratedhat ethanolhaddifferent
effectson the germinationof differenttypesof plant seedskor instance germinationpercent-
ageofryegrasg ) seedlecreasewith ethanolconcentrationover0.8%(v/v), whilefor
bermudagrasé ), germinationratewasincreasedvith concentrationof ethanolfrom
0.1%to 3%(v/v) [39]. Thisalsodemonstratedhat differentconcentrationf ethanolresultin
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Fig 8. Effectof aquaticweedpowderon biomassof commonragweed Verticalbarsrepresenstandarderrorsof the mean.Barsdesignatd by
differert lowercaséettersaresignificanty differert accordingto Tukey-KrameradjustmentP 0.05).

https://bi.org/10.137Aournal.pon®237258.g008

differenteffecton seedgermination.However filamentousalgaeat 1:100dilution showed
aninhibitory effecton seedgerminationof amaranthcomparedo aqueousthanolcontrol,
whichindicatedthe allelochemical the extracthadan herbicidaleffecton amaranth.

In this study,the presencef ethanolcaused significantreductionin seedgermination
of terrestrialweeddestedat 1/10dilution, which madeit hardto tell the activity of aquatic
weedextractsatthe sametime. For future work, aqueougxtractioncould beusedto avoid
theimpactof ethanol.In addition, otherdifferenttypesof solventamight beableto isolatethe
effectivecompoundsPreviousstudiesdescribedhat aqueousnethanolextractof duckweed
wastestedo haveastronginhibitory effecton root andshootgrowth of terrestrialweeds
including cresq L.), alfalfa( L.),andtimothy (

PLOS ONE | https://doi.org/10.1371/journal.pone.0237258 August 5, 2020 18/23



PLOS ONE Using aquatic weeds used as biopesticides

Fig 9. Effectof aquaticweedextractson germination rate of amaranthand commonragweed Verticalbarsrepresenstandarderrorsof the
mean Barsdesignatedy differentlowercaséettersaresignificantlydifferentaccordingto Tukey-KrameradjustmentP  0.05).

https://dbi.org/10.137/journal.pon®237258.g009

L.), andwaterlettuceaqueousnethanolextractshowedaninhibitory effecton shoot
growth of cressandroot growth of ryegrasg L.) andtimothy [40]. Nut-
sedgeduberfailedto germinatein the Petridish,andthis maybedueto the lackof sufficient
moisturefor the tubergerminationin the PetridishesVermiculite couldbea potentialalter-
nativemediumfor testingtuber germinationinsteadof filter paperasit canhold relatively
more moistureandis sterilizable.
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Conclusions
The objectiveof this studywasto evaluatesix aquaticweedsincluding muskgras$
spp.),waterhyacinth( ), waterlettuce( ), hydrilla(

), filamentousalgagq ), andduckweed ), aspotential

biopesticidesThe aquaticweedextractaveretestedat dilutions 1:100and 1:1,00GgainstL00
bacterialstrainsto evaluatéheir antimicrobialactivity. Exceptfor onebacterialisolateand
oneplantextractatthe lowestdilution, the growth of thesebacteriaisolatedfrom 25plantand
soilsamplesvasnot affectedby the aquaticweedextractsn our testingconditions.Thesame
aquaticweedextractavereusedat 1:10dilution to determinetheir insecticidaland antifeedant
effectoon the FAW. No significanttreatmenteffecton FAW survivalor growthwasobserved
with thedip bioassayHowever usingadietincorporationbioassayllowedusto showthat
waterlettuceextractseducedthe survivalrateof FAW by 14%.and hydrillaand duckweed
causedl1%and9%averageeductionof FAW growth, respectivelyThe aquaticweedshadno
antifeedaneffectson FAW. Four ratesof powderedaquaticweedsandtwo dilutions of aquatic
weedextractq1:10and 1:100)wereusedto determinetheir herbicidaleffecttowardsseedyer-
mination andgrowth of nutsedgeamaranth andcommonragweedln agreenhousstudy,
duckweedatall ratesshowedaninhibitory effecton the growth of nutsedgerangingfrom
36%to 41% Filamentousalgaeat 1.0g reducedthe germinationrate of amaranthby 20%and
biomassy 56%.Growth reductionsof 68%,49%,53% and56%wereobservedn amaranth
afterapplicationof muskgrassyaterhyacinth,waterlettuce andfilamentousalgaerespec-
tively. However powderedmuskgrasandhydrillaincreasedhe growth of commonragweed
by 200%and 145%espectivelyThis suggestethat commonragweecdasahigh toleranceto
theallelochemicalpresentin thetestedaquaticweedsThe powderusedasa sourceof nutri-
entor theallelochemicalseleasedrom aquaticweedhada stimulatoryeffecton common
ragweedIn thelaboratorystudy,the highestreductionof seecgermination(27+28%ywas
obtainedfor 1:100dilution of filamentousalgaeextractsappliedto amaranth All thetreat-
mentsat 1:10dilution (including agueougthanolcontrol) resultedin asignificantreduction
of seedgerminationof both amaranthand commonragweedThisindicatedthat the presence
of ethanolinhibited seedyermination,whichinterferedwith allelochemicalpresenin the
aquaticweedextracts.

Thisresearcttontributedto pushingthe boundaryfor future studiesfocusedn reduc-
ing thedependencen syntheticpesticideandfinding alternativestrategiesvithin the
frameworkof promoting sustainablagriculture Futurestudiescouldincludeidentification
of the chemicalscontainedin aquaticweedextractsn orderto characterizeéhe possible
effectiveallelochemicatompoundsandtheir modeof action.Gaschromatography-mass
spectrometryGC-MS)analysiss amajor analyticalmethodto identify organiccompounds
in manystudiesTo further identify the moleculesthe GC-MSspectrumof aquaticweed
extractscouldbecomparedwith the known componentsstoredin the Nationallnstitute
Standardand TechnologyNIST) library [29]. Sinceno universalextractionmethodexists
for all allelochemicalglifferentsolventssuchaswater,methanolandacetoneshouldalso
beevaluatedn thefuture to identify the bestextractionmethodsof allelochemicalfrom
aquaticweeds.
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