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TO PESTICIDES
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ABSTRACT

Eleven pesticideswereapplied at their recommended concentrations
through a Potter Tower to melon aphid (Aphis gossypii), (Homoptera:
Aphididae) from potted chrysanthemums(Chrysanthemumx morifolium)
inAuckland. Theaphidswereeither topically sprayed or placed onspray
residueson chrysanthemum |eaf discsembedded in agar. Mortality was
assessed after 48h. TheL Cgyfor topical applicationof pirimicarbwasa so
assessed andwasover 10timestherecommendedfield spray concentration.
Thesyntheticpyrethroids, lambda-cyha othrinandtau-fluvalinate, caused
low mortality. The residues of dichlorvos, demeton-s-methyl,
methamidophos, acephate, methomy!, mal dison and pirimiphosmethyl/
permethrin mixture, gave lower mortality than topical applications.
Mortality wassimilar for maldisonand methomyl inbothtests. Endosulfan
gavel00% mortality inbothtests. Growersarerecommendedtoimplement
amelon aphid resi stance management strategy.
Keywords: Melon aphid, Aphis gossypii, pesticide resistance,
Chrysanthemum, bi oassay

INTRODUCTION

Therehavebeen many reportsof aphidsresistant to pesticides(e.g. Georghiou1981)
but in New Zealand resistance has only been demonstrated in one species Myzus
persicae(Homoptera: Aphididae) (Cameronand Walker 1988). 1n 1996, chrysanthemum
(Chrysanthemumx morifolium) pot plantsusedtorear westernflower thripswerefound
to be infested with melon aphid (Aphis gossypii). These aphids survived a thorough
application of pirimicarb which was intended to remove them without harming the
thrips. Thispaper reportstestsfor resistanceto pirimicarbinapopul ation of melonaphid
in New Zealand and the susceptibility of the aphidsto recommended concentrations of
ten other pesticideswith label claimsfor aphid control.

METHODS

Two bioassays were compared when testing the efficacy of 11 pesticides at their
recommended concentrations (Table 1). Aphids were either exposed to pesticide
residues on chrysanthemum leaf discs or directly sprayed with pesticide. The topical
application bioassay wasal so used for amoredetail ed study of pirimicarb. Leaf discs(23
mm diam.) were cut from unsprayed chrysanthemum leaves and a single leaf disc
embeddedin 1% agar insmall Petri dishes(30 mminternal diam. and 10 mm high). For
theresiduetest, theleaf discswere sprayed in groups of five on the abaxial surfaceand
dried beforeembeddinginagar. Tenadult aphidswerethenputineachdish. Inthetopical
test, 10 aphidswere placed on each leaf disc embedded in the Petri dish and onedish at
atime was sprayed. For each bioassay, 2 ml of pesticide was applied through a Potter
tower at 68.9 kPa. A water only treatment wasincluded. The closed Petri disheshad a
discof filter paper inthelidand werestored withtheleaf surfaceupper most at 25°C and
16:8hlight:dark; aphid mortality wasassessed after 48 h. Threedishesof each pesticide
by application method were used for each test. The comparison of 11 pesticidesin the
two bioassayswas repeated twice (n = 60 aphids per pesticide).
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A further bioassay was carried out to estimate the LCsq of pirimicarb to assess
possi bleresistancein comparison to the recommended dose. The aphidswere sprayed
on aleaf disc. After a range finding test, mortality of melon aphids to five or six
concentrations of pirimicarb was determined in four repetitions of the bioassay. Ten
dishes containing ten aphids were used for each dose in each of the four repetitions.

The aphids were obtained from chrysanthemum plants grown by a commercial
nursery. They werereared on plantsfrom the same nursery. VVoucher specimenswere
depositedintheNZ National Arthropod collection, Landcare, Auckland.

TABLE 1. Mortality of melon aphid in two bioassays following use of
recommended concentration pesticideswith label claimsfor aphid
control. LSD (5%) = 15.75 (df=119).

Pesticide Common Pesticide Recommended Mortality
category chemica formulation application of aphids
name rate (percent)

(gorml/ gai/  Topica Pedicide
100litres)  litre  gpplication residues

Carbamate  methomyl Lannate 120 ml 0.24 97 85.5
pirimicarb Pirimor 259 0.125 3 10

Cyclodiene endosulfan Thiodan 200 ml 0.71 100 100

Organo- dichlorvos Dichlorvos 100 ml 1.0 100 20
phosphate
(OP)
maldison Maathion 200 ml 1.0 100 91.1
demeton-S- Metasystox 100 ml 0.25 87.9 28.9
methyl
acephate Orthene 100g 0.75 72.1 54.6
methamidophos Tamaron 150 ml 0.9 100 78.9
Synthetic lambda- Karate 20ml 0.02 4.7 8.4
pyrethroid  cyhaothrin
(SP) , _
tau-fluvalinate Mavrik 40 ml 0.05 18.6 6.4
Mixture permethrin (SP) Attack 100ml  0.025 100 48.1
SP& OP pirimiphos- 0.475
methyl (OP)
untrested 33 2.8
(water only)

Percent mortality of aphids treated with the recommended concentration of 11
pesticides(residueandtopical) wasexamined using analysisof variance(ANOVA). The
standard checksof assumptionsindicated that thedatadid not need transforming before
andysis.

Mortality from the pirimicarb dose-response experiments was modelled using a
|ogistic dose-response curvein natural log of dose:

100-C
% Dead =C +
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1+ e b(In(Dose) - In(L Cs))

wherebisrelated to the steepness of the curve at dose=L Csq, C is% natural mortality
(at dose=0), and L Csgisthedosewhichkillshalf of theremaining (100-C)%insects. This
model wasfittedtothedataasaGeneralised Linear Model (M cCullaghand Nelder 1989)
using Genstat (Genstat 5 Committee 1993), taking account of the binomial nature of
mortality data. Themodel wasfitted several timeswith the parameters (L Cso, C and b)
either being thesamefor, or allowed to vary between, thefour experiments. Theresults
of fitting these various models were compared to test whether any or some of the
parametersvaried betweenthefour sets. A logisticregressionwasal sofitted to estimate
the mean mortality for each dosein each experiment. Thisalso gave an estimate of the
underlying random variability in the data around the means (dispersion), and, by
comparison, allowed atest of goodnessof fit for theother model s(i.e. how well any model

described the mean responses).

RESULTS

ANOVA of mortality of aphids caused by application of the recommended
concentration of pesticidesshowed significant (P<0.001) interaction between pesticides
andbioassay type(Tablel). Residuesonleaf discsof fivepesticides, acephate, demeton-
S-methyl, dichlorvos, methamidophos, andamixtureof pirimiphosmethyl and permethrin
gave reduced mortality (P<0.05) compared with topical application. In the topical
applicationbioassay, mortality caused by threepesticides, lambda-cyhal othrin, pirimicarb
and tau-fluvalinate, was not different (P>0.05) from that for untreated aphids. In the
residuetest, only two pesti cides, endosul fanand mal dison, caused mortality not different
(P>0.05) from 100%.

There was considerable variation between the dose-response experiments with
pirimicarb (Table 2), with the L Csq and P (but not b) varying (P<0.05) between them.
Thus, theL Cy, for each experimentispresented. Therewasno lack of fit for thismodel,
indicating that it described the mean responses adequately. In all cases, the LCsywas
morethan 10 timestherecommended concentration, confirming that the poor kill from
spraying the aphids on chrysanthemum plants was due to resistance. The variability
between tests may have been dueto the continued exposure of the aphidsto pesticides
onthepot plantsonwhichthey werereared, and variability inthequality of theunsprayed
chrysanthemum leaves used for the bioassays.

TABLE 2: Mortality of melon aphid 48 h after spraying aphids on
chrysanthemum leaveswith different concentrations(ga.i./litre) of
pirimicarb onfour occasions.Control mortality, (C), varied between
2.3and 16.4%,b =2.010 (S.E. 0.134), df=234. Standard errorsand
confidence limits are based on the dispersion estimated from the
logisticregression.

Datetested Dose(g/litre)
LCy SE. 95 % confidencelimits
15 Oct 96 1.44 0.17 111- 1.78
22 Oct 96 3.38 0.36 2.78- 3.98
5 Nov 96 8.57 0.76 7.08 - 10.07
21 Nov 96 3.94 0.34 3.28- 4.60
DISCUSSION

Although it is unlikely that several pesticides, e.g. pirimicarb, acephate and the
pyrethroids, will give field control of melon aphid, there is no measure of level of
res stanceinthepopul ationfrom chrysanthemums, becausethesusceptibility to pesticides
was not compared to aknown susceptible population. Different populations of melon
aphid may havevariouscombinationsof resistanceto pesticides(e.g. Hollingsworthet
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al. 1994; Silver et al. 1995). Overseas populations are resistant to endosulfan and
maldison, but in thispresent study both chemicalsgave high mortality.

Thebioassay involvingtopical application of pesticidetotheaphidgavehigher aphid
mortality than when they were exposed to the same dose of pesticide as aresidue on
leaves, even for systemic pesticides. Bioassays using residues, (e.g. leaf dipsor spray
deposit onleaves) may underestimatetheability of the pesticidetokill insects, but may
indicatepersistenceof activity oncethedeposit hasdried. Topical testsmeasureboththe
direct effect and the effect of theresidues. Therelative meritsof both typesof bioassay
should always be considered in light of the questions being asked.

Although melon aphid has awide host range, it is possible that a resistant strain
adaptedto chrysanthemumswould grow poorly onanalternativehost such ascucurbits.
We carried out comparative fecundity assessments with the resistant strain on
chrysanthemum and cucumber leaves (Martin and Workman unpubl.) which showed
that fecundity over 48 hwassimilar (respectively 3.8 and 2.3 juveniles/aphid) onthese
host plants. Thisdemonstratesthat cucurbitssuch asgreenhouse cucumbersand squash
arepotential hostsof thisresistant strain of aphid. Therehasbeenarecent report of melon
aphid on asiatic lilies in Nelson not being controlled by pirimicarb, acephate and a
syntheticpyrethroidinsecticide.

It hasnot been possibletotracetheoriginsof theresi stant mel onaphid, but preceding
itsdiscovery, thegrower had regul arly sprayed cropswith acephateand tau-fluvalinate
with occasional applicationsof pirimiphos-methyl/permethrin. No pirimicarb hasever
been used. Because of the risks from this aphid, all growers should immediately
implement an appropriatepesti cideres stancemanagement strategy (Martinand Cameron
1997). Our findings also suggest that even where aphid species are not known to be
resi stant to pesti cides, growersshoul d adopt aphid resi stanceprevention and management
strategiesaspart of standard crop production practice.
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