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ABSTRACT

Appleorchardistsin Twyford, Hawke' sBay, havereportedincreased
fruit damage by leafrollers for several years. Of the three pest species
present in this area, Planotortrix octo (greenheaded lesafroller), is the
main speciesfound onfruit. Firstinstar P. octo larvae were screened for
resistance by adirect spray test using a Potter tower. Dosage-mortality
responsesfor theoffspring of wild-wild pairsfromthreeorchardsshowed
a7-32fold resistance to azinphos-methyl compared with larvae from a
susceptiblelaboratory colony. P. octo larvae from one of the above and
16 further orchardswere sprayed with asingle diagnostic dosage (L Dgg
for thesusceptiblestrain). Resistancewasfoundat 17 of 19sitescovering
approximately 1000 ha. A resistance management strategy, using
pheromone mating disruption, isbeingimplemented.
Keywords: Planotortrix octo, greenheaded leafroller, Tortricidae,
resistance, azinphos-methyl

INTRODUCTION

Organophosphateinsecticideshavebeenusedin Hawke' sBay orchardsfor over 30
years. Organophosphateresi stancein thisregi on hasbeen documentedinPseudococcus
viburni, formerly P. affinis(obscuremealybug) (Charleset al. 1993) andEdwar dsiana
crataegi (Froggatt’s apple leafhopper) (Charles et al. 1994). Insecticide resistance
occursintwo speciesof |eafroller (L epidoptera: Tortricidae) el sewherein New Zealand.
Epiphyas postvittana (lightbrown apple moth) near Nelson developed resistance to
azinphos-methyl inthe1970s(Sucklingetal. 1984). Thisexampleof resistanceappears
to be stable because the resistant moths have not spread from their original location
(Suckling and Khoo 1993). Wearing (1995) recently showed that Planotortrix octo
(greenheaded leafroller) in Central Otago wereresistant to azinphos-methyl and cross
resistant to several other insecticides.

Some apple orchardists in the Twyford area north of Hastings have reported
difficulty achieving adequate control of leafrollers during the past few years, despite
regular organophosphate insecticide applications. Three species of leafroller,
E. postvittana, P. octo andCtenopseustisobliquana(brownheaded legfroller), are pests
of orchardsinHawke' sBay. Wesuspected that one or more of these speciescould have
devel oped resi stance to azinphos-methyl, which isthe predominant organophosphate
insecti cide used on export apples. The prime candidate wasP. octo because, compared
with the other two species, it occurs in high numbers in pheromone traps and larval
collections only in Twyford (Lo and Walker unpubl. data). Our objectives were to
confirmwhetherP. octo wasresi stant to azinphos-methy| andif so, todeterminewhether
resistancewithin Twyford waswidespread or localised.

METHODS
Dosage-mortality tests
Inthe 1993/94 season, theincidenceof | eafroller damageon fruit wasassessed from
three Twyfordorchards. A pproximately 7000-8000 appl esof thecultivar Granny Smith
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were sampled at harvest (mid April to early May) from each property. Orchards A and
B received nineinsecticide applications, mainly diazinon and azinphos-methyl, while
Orchard C received 12 applicationsmostly of chlorpyrifos. All leafroller larvaefound
werecollected and reared at 20°Cintest tubescontainingartificial diet. TheadultP. octo
that developed from these larvae were mated with another moth reared from the same
orchard. No larvae were found at Orchard B, but larvae were collected from afourth
orchard (D) in 1995 and reared thesameway. Wetested thedosage-mortal ity responses
of firstinstar larvaefromthesethree Twyford popul ationsand fromaknown susceptible
colony (that originated from Canterbury) maintained by theHortResearchinsect rearing
unitin Auckland. Thelatter popul ation had not been exposed to organophosphatesfor
many generationsand wastherefore used toindicatethebaselinelevel of susceptibility
of P. octo to azinphos-methyl.

Neonatelarvaeweresprayedwith 7-9 concentrati onsof azinphos-methyl (Gusathion
M35) plus tap water as the control. The insecticide was suspended in tap water and a
dilution series prepared from a stock solution. We tested four replicates from the
|aboratory colony and 2, 1, and 4 replicates from Orchards A, C, and D respectively,
depending on the number of larvae available. For each test 20-30 larvaewereplacedin
a9 cm diameter Petri dish and sprayed using a Potter Tower following the method of
Wearing (1995). Thetower was operated at 104 kpa (15 psi) and used 2 ml of solution
per test with a 10 second settling time. The disheswere closed for 10 min after spraying
andthelarvaewerethentransferredtoanother dishcontainingartificial diet. Thesecond
dishwasthen closed, seal ed with plasticwrap and held at 20°C for 48 hbeforeassessing
larval mortality. Larvaewereclassed asdead if no sustained movement occurred when
touched with afine brush.

The mortality data were transformed to probits and then regressed against the
logarithm of insecticide concentration using POLO-PC (LeOra Software 1987). The
analysis a'so compared the dosage response lines of each population. We obtained a
measureof thelevel of resistanceinfield populationsby dividingtheir median|ethal dose
(LDsp) by the L D5, of the susceptible popul ation (Suckling 1996).
Diagnosticdosagetests

TheL Dgyy(25 ppm) for thesusceptiblepopul ationwaschosen asadiagnostic dosage
to detect resistance in other field populations (Roush and Miller 1986), because this
concentrationgavealargedifferencein mortality between the susceptibleand resi stant
populations. In addition to thethree orchards above, we screened larvae from afurther
16 Twyfordorchardsspread over approximately 14 km?. Weused themethodsdescribed
above except that only asingle dose was tested. To determine whether mortality was
significantly lessthan 99% indicating resi stance, we performed aone-sided Z test with
correction for continuity (Snedecor and Cochran 1967).

Thelarvaewereeither theprogeny of twofield-collected parents(OrchardsD-F) or
onewild parent mated with asusceptiblelaboratory moth. Thewild-susceptiblecrosses
were obtained in two ways. In 1995, virgin female moths from the susceptible colony
were tethered inside Pherocon 1CP traps (Suckling et al. 1989). They were placed in
OrchardsG-L for about aweek between 3 April and 6 June, tobemated withwildmales.
In 1996, male P. octo were attracted to pheromone lures and caught in sweep netson
eightorchards(M-T) around Twyford between 15 Marchand 9 April. They weremated
in Petri disheswith one or two virgin femalesfrom the susceptibl e laboratory colony.

RESULTS

Dosage-mortality tests

Thedosage-mortality linesfor larvae from the HortResearch colony and the three
Twyfordorchards(A, C, D) differedsignificantly (P<0.001) inboththeir LD valuesand
slopes(Fig. 1). ThisconfirmedthatP. octo at thethreeorchardsareresi stant to azinphos-
methyl. Thesethreepopulationsproduced dosage-mortality lineswith similar slopes(P
> 0.05) but different intercepts (P < 0.001). Compared to the susceptible colony, the
larvae from the three orchards were respectively 7x, 11x, and 32x more resistant to
azinphos-methyl. Theflatter responselinesof theorchard popul ationscomparedwiththe
|aboratory strain suggeststhat theformer contain amixture of resistant and susceptible

© 1997 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http:/Amww.nzpps.org/terms_of_use.html



Horticultural Pest Management 411

moths.
Diagnosticdosagetests

Themortality of firstinstar larvaefromsix pairsof wild-wild crossesvariedfrom 16-
43% (Tablel). Themortality of theselarvaewassimilar tothemortality cal culated at the
same concentration for two of the three field populations for which a full dosage-
mortality responsewasestablished. Wetested larvaefrom 28 pairsof wild-susceptible
crossesfrom 14 orchards. At every site except OrchardsL and O, larval mortality was
significantly less than 99% for at least one pair of moths (Table 1). Resistance to
azinphos-methyl waspresent at 17 out of 19 sites, spread over approximately 1000 ha.

TABLE 1: Mortality of firstinstar P.octofromindividual pair s,48h after being
sprayed with 25 ppm of azinphos-methyl (L Dgg Of the susceptible

strain).
Orchard No. Tested % mortality Z scoret
Wild-Wildcross
D 100 16.0 82.92 ***
131 275 81.83 ***
E 28 42.9 28.91 ***
F 72 33.3 55.41 ***
75 36.0 54.25 ***
79 39.2 52.82 ***
Wild-Laboratory cross
G 147 83.7 18.26 ***
H 29 86.2 5.99 ***
21 95.2 0.64 ns
| 74 93.2 4.39 ***
56 100.0
J 81 93.8 412 ***
K 142 95.8 341 ***
L 223 100.0
M 108 89.8 9.11 ***
57 94.7 2.57 **
N 46 73.9 16.36 ***
28 75.0 11.81 ***
47 100.0
(0] 38 97.4 0.20 ns
119 97.5 121ns
93 100.0
29 100.0
103 95.1 3.44 ***
19 100.0
Q 47 76.6 14.70 ***
129 96.9 1.96 *
139 97.8 0.95 ns
50 100.0
R 37 78.4 11.78 ***
S 80 38.8 53.60 ***
61 96.7 1.15ns
23 100.0
T 49 67.3 21.55 ***

1 Probability of mortality being lessthan 99%: * P < 0.05, ** P <0.01, *** P < 0.001
Fruit damage
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FIGURE 1. Dosage-mor tality responsestoazinphos-methyl of fir st instar P. octo
from a susceptible laboratory colony and from three orchardsin
Twyford, Hawke sBay. Error barsare95% confidenceintervalsat
L Dg,for thelaboratory colony and OrchardsA and D.

L eafroller larvae damaged 14.0%, 0.4% and 5.8% of thefruit sampled at Orchards
A, B and Crespectively.

DISCUSSION

We have shown that P. octo in Twyford are resistant to azinphos-methyl and that
resistance occursover much of thedistrict. Thiscorroboratesthe highlevel of leafroller
damage found at Orchards A and C and other reportsof field control failure. Leafroller
damage under a regular organophosphate insecticide programme would normally be
expected to belessthan 0.1%. Thelow level of fruit damage at Orchard B suggeststhat
resistantP. octowereabsent fromthevicinity of thisproperty. Thisorchardislocated on
thewestern edgeof Twyford, approximately 1 kmfrom Orchard A.

The Twyford area has arelatively uniform landscape of orchards, mainly apples,
with some arable cropping. There are also many large deciduous trees such as oak
(Quercus sp.) and poplar (Populussp.), and shelter beltssuch aswillow (Salixsp.) that
arehostsfor leafrollers. Datafrom Orchard Findicatesthat at | east some of thesetrees
harbour resistant moths. Thelarvaeat Orchard F wereresi stant and their distributionon
the orchard showed they came from adjacent amenity trees (Lo unpubl. data).
Consequently, Twyford apparently does not have large unsprayed areas that contain
susceptiblemoths, except perhapsal ong theNgaruroro River onitsnorthern boundary.
Theredonot appear tobesufficient natural barriersto prevent|leafroller popul ationsfrom
mixing throughout the Twyford areaand the wider Heretaunga Plains.

In contrast to Twyford, the resistant leafroller populationsin Nelson and Central
Otago are isolated by extensive tracts of scrub or farmland, which act as refugia of
unsprayed |leafroller habitat. Thelargescal eimmigration of susceptiblemothsfromthese
areasinto orchardsisbelieved to dilutetheresistance genes (Suckling and Khoo 1993;
Wearing 1995). This mechanism contributes to the relative lack of development and
spread of resistance in Nelson and Central Otago despite long histories of intensive
organophosphateuse.

The7-32foldincreasein resistance recorded in the centre of Twyford wassimilar
to that estimated for P. octo in Central Otago (14-20x) by Wearing (1995). Slight
differences in methodology between the two studies, however, make it difficult to
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compare the levels of resistance between districts. We tested the dosage-mortality
responsesof theprogeny of wild moths, whereasWearing (1995) madewild-susceptible
crossesthat werethen sel ected four timesover seven generationsto removesusceptible
progeny.

Azinphos-methyl resistantE. postvittana in Nel son andP. octo from Central Otago
arealso cross-resi stant to chlorpyrifosand carbaryl (Suckling and Khoo 1990; Wearing
1995). If theresistance of P. octo in Twyford isdueto similar mechanismsasin these
two cases, then we would expect cross-resistance to also occur in Hawke's Bay. We
suspect this is the case because resistance was demonstrated at Orchard C, where
chlorpyrifoswasthe maininsecticide used.

A resistance management strategy is being implemented in Twyford to improve
leafroller control and to try and prevent or delay the spread of resistance. The primary
strategy ismating disruption of P. octo with pheromonedispensers. Thistechnique has
beenusedin Twyford onalargescalefor thefirst timein 1996/97. Thisseason hasalso
seentheintroductionof | ntegrated Fruit Production (I FP) guidelinesinappl es, wherethe
insect growth regulator, tebufenozide, isthe primary insecticidefor leafroller control.
Under | FP, the monitoring of pest populations has resulted in better targeting of and a
reductionininsecticideapplications. Thisshould hel pto decreasethesel ection pressure
forresistance.

Further testing is needed to determine whether azinphos-methyl resistant P. octo
from Twyfordalsohavecrossresistanceto other insecticides. Infuture, thereplacement
of organophosphateswithinsecticidesfromalternativegroupsislikely to providethebest
long term sol ution to thisresi stance problem.
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