
A practical approach to pesticide reduction on apple 
crops using supervised pest and disease control -
preliminary results and problems 

c.c. Bower', L.J. Penrose' and K. Dodds', NSW Agriculture 
'Head Office, 161 Kite Street, Orange, NSW 2800, Australia . 
2 Agricultural Resea rch and Veterinary Centre, Forest Road, Orange, NSW 2800, 
Australia. 
' Batlow Fruit Cooperative, PO Box 42, Batlow, NSW 2730, Australia. 

Plant Protection Quarterly Vo1.8(2) 1993 57 

growers when apple sales declined by up 
to 30 pe rcent for some months. Largely as 
a result o f this episode, but also in 
response to general public concerns about 
pesticide residues in food, the Australian 
Apple and Pear Growers Association re
cently made the reduction of pesticide use 
its number one resea rch priority (Anon. 
199]). In an historic agreement with con
sumer and environment groups the Asso
ciation also committed apple growers to 
the goal of reducing pesticide use by 50 
percent by 1996 and 75 percent by the year 

Summary tinual reminders of disease levels from 2000 (Anon. 1991) . 
The Australian apple industry is com- the seoues reports and knowledge of the Apple growers in NSW, as e lsewhere, 
mitted to the goal of reducing pesticide presence of low disease levels that are heavily dependent on pesticides for 
use by 50 percent by 1996 and 75 percent would not ordinarily have been noticed. pest, disease and weed control, and crop 
by the year 2000. In this paper we review Other impediments to pesticide reduc- regulation, as shown by advisory publica-
the current pest and disease situation on tion were the favourable seasonal condi- tions (e.g., Thwaite et al. 1991). Pesticides 
apple crops, evaluate options and im- lions for pests and diseases, the poor offer growers many advantages and are 
pediments for meeting industry goals efficacy of some chemicals and the eca. the only means currently available to celi-
and report some preliminary results nomic need to maintain high levels of ably protect a high percentage of the crop 
from a project aimed at reducing pesti- fruit quality. No prophylactic treat- from damage by pests and diseases. The 
cide use on apples at Batlow, NSW, ments were applied for pests with use of pesticides maximi zes yield and 
using supervised pest and disease con- minor damage potential. However, there quality, which are hovo of the most impor-
trol. Spray timing for pests was based on was high variation in the number of tant fa ctors in determining profitability 
population and damage thresholds, sprays used by control growers for pests (Cordon and Walker 1991). Consumer 
while fungicides were applied strategi- perceived to have a high potential for and regulatory demands for attractive, 
cally at 80 percent of normal concentra- damage. Future efforts will focus on blemish-free produce (Anon. 1990a) 
lions. In the first year (reported here) minimization of spray use on high risk means growers must minimize damage to 
there was no difference in damage at pests and diseases. remain competitive and a heavy depend-
harvest in ten supervised and ten control ence on pesticides may be unavoidable 
blocks. The same number of insecticide Introduction (Stoner et al . 1986). It is ironic that these 
applications were made by the two Control of pests, diseases and weeds with high cosmetic standards were only made 
groups, but the supervised growers used synthetic chemicals has aroused public possible by pesticides in the first place. 
50 percent more fungicide applications controversy for the last 30 years. Despite Pesticides have a high benefit / cost ratio 
than the controls. Although fungicide considerable tightening of regulations on fo r growers (Metca lf 1980) . They com-
rates were reduced, the timing and the safety and use of insecticides, prise only 5 to 10 percent of the total costs 
choice of chemicals was decided by the fungicides and herbicides, the contro- of apple production in NSW (Mullen and 
grower. Possible explanations for the versy continues. The recent outcry over Valentine 1982, Gordon and Walker 1991), 
increased fungicide use include grow- the use of Alar® (daminozide) on apples yet prevent potential crop losses of the 
ers' uncertainty about the efficacy of re- shook public confidence in the crop, order of 30 to 90 percent. Given the rela-
duced chemical concentrations, con- resulting in considerable hardship to tively low cost of each pesticide applica-

Table 1. Pests and diseases significant on apple crops in NSW under conventional chemical control programs. 

Pest or disease Importance 

Primary Pest Major 

Minor 

Secondary Pest Major 

Diseases Major 

Scientific name 

Cydia pomonella (Linnaeus) 
Epiphyas postvittmlQ (Walker) 

Thrips imagi1lis (Bagna ll) 
Campylomma liebknechti (Cirault) 

Helicoverpa pUllctigem (Wa llengren) 
OJrysodeixis spp. 
P"auiacridiullt vittatflllt (Sj6stedt) 

Tetrmlydllls flrtiene (Koch) 
Pallollydms ulm" (Koch) 
Comstockaspis pemiciosfl s (Comstock) 
Eriosoma lall igerum (Hausmann) 
Venturia illaeqllalis (eke) Wint. 
Podosphaera lellcofricha 
(Ell & Ev.) Sa lm . 

Common name 

Codling moth 
Light brown apple 
moth 
Plague thrips 
Apple dimpling 
bug 
Native bud worm 
Looper caterpillar 
Wingless 
grasshopper 
Twospotted mite 
European red mite 
San Jose scale 
Woolly aphid 
Apple scab 
Powdery mildew 

Organ 
attacked 

fruit 
fruit 

flowers 
fruit 

fruit 
fruit 
foliage, fruit 

foliage 
foliage 
wood, fruit 
woody tissue 
foliage, fruit 
foliage, fruit 

Potential 
yield loss (%) 

20 - 80 
0-20 

0 -90 
0-60 

0-5 
0-5 
0 - 5 

0-20 
0- 20 
0 -10 
0- 10 
10- 80 
20 

No. of 
sprays 

3- 8 
0' 

0- 3' 
1 - 3' 

0- l' 
0- I' 
0- 1 

2 - 4' 
2 - 4' 
1 
1 
8- 12 
2- 4 

'No sprays are usually applied specifica lly for light brown apple as it is norma lly controlled by the sprays applied for codling moth 
' Plague thrips and apple dimpling bug may be controlled by the same treatments 
' Caterpillar pests may be controlled by endosulfan used for apple dimpling bug 
~ The two mite species are usually controlled by the sa me chemical application 
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tion, growers generally prefer to spray 
than to risk damage by not spraying. Such 
risk averseness may result in prophylactic 
spray programs with higher pesticide us
age than necessa ry to maximize quality 
(Noorgard 1976). 

Another major advantage of pesticides 
for growers is their ease of management. 
Program spraying is simple and reliable 
in contrast to integrated pest management 
(IPM) which tends to be complex, more 
difficult to manage and carries higher 
risks of damage. Broad spectrum pesti
cides also have the advantage that a single 
spray may control several pests (Table 1), 
which would o therwise require separate 
strategies under IPM. To be attractive to 
growers lPM must not only reduce pesti
cide use, but confer economic benefits, ei
ther as reduced costs of crop protection, 
or as higher prices fo r produce, without 
significantly reducing yield . 

In this paper we review the current pest 
and disease situation on apple crops in 
NSW, eva luate options for meeting the in
dustry goals, and report some preliminary 
results from a project aimed at reducing 
pesticide use on apples at Batlow, NSW. 

The pest and disease complex 011 apples 
The most significant pests and diseases of 
apples in NSW are listed in Table 1, with 
estimates of potential yield losses, and the 
number of sprays normally used to control 
them. Recommended chemica ls can be 
found in Thwaite et af. (1991). Pests are clas
sified as primary when they are always 
present in the crop, while secondary pests 
are induced by the sprays applied for pri
mary pests and are rare on unsprayed 
trees. The most important pests and 
diseases are codling moth, apple dimpling 
bug and mites and the fungal diseases, 
apple scab and powdery mildew. 

Codling moth is difficult to control if 
large populations are present and up to 
eight sprays per season may be used . The 
damage potential o f light brown apple 
moth in NSW is poorly known as it is usu
ally suppressed by pesticides for codling 
moth. Apple dimpling bug is a wide
spread native pest requiring up to three 
sprays in some years. On rare occasions 
plague thrips can destroy most of a crop, 
but is normally contro lled by pesticides 
used for apple dimpling bug. Native 
bud worm and looper caterpillars attack 
developing fruitlets after petal fall and 
may be a problem if sprays fo r apple dim
pling bug are omitted . 

Twospotted mite and European red 
mite are major secondary pests of apple 
and are often difficult to control. The 
widespread adoption of integrated mite 
control in NSW using pesticide-resistant 
predatory mites has reduced the need fo r 
sprays from two to four per season to one 
at a reduced concentration (Bower and 
Thwaite 1986), except in drought seasons 

when more may be required. Woolly 
aphid and San Jose scale are rarely seen 
on unsprayed trees due to effective para
sitism . In com mercia l orchards San Jose 
scale is easily controlled by minera l o il 
sprays and woolly aphid by systemic 
insecticides. Light brown apple moth has 
an extensive complex of natural enemies 
(Maclellan 1973) which may contribute to 
control on unsprayed trees (Geier et al. 
1969). 

However, broad spectrum chemicals 
also suppress a number of other potential 
pests which are likely to reappear if sprays 
are reduced or withdrawn. These include 
the weevils (Perpen/s sp., Leptopills 
squalidus (Boheman), ASYl101lydws cervill lls 
(Boheman)) and the apple leafhopper, 
(Typluocyba !roggattii Baker) (Bower 1980). 

Apple scab is the major apple d isease in 
most areas of Australia requiring up to 
twelve sprays per season depending on 
the weather. Between six and twelve pri
mary infection periods are recorded in the 
major NSW apple growing areas each sea
son (Penrose 1992). Control is based on a 
strategic approach where a protectant 
spray program at 7 to 14 day intervals is 
supplemented with curative sprays when 
required (Penrose 1989). 

Powdery mildew is not troublesome in 
Delicious strains, the major variety grown, 
but is common in the Granny Smith and 
Bonza varieties which are used mainly as 
pollinizers in Delicious plantings. Powdery 
mildew is controlled by up to four 
fungicides early in the season from the pink 
stage onwards to protect young fruit from 
russet. This control is often obtained by 
fungicides with activity against both scab 
and mildew. Additional sprays may be 
required. later in the season if excessive in
fection of shoots occurs. 

Optiol1s for reducil/g pesticides 
Two ap proaches to reducing pesticides 
were considered: 
i. organic, in which no synthetic chemi

ca ls are used - all pest, disease and 
weed contro l employs cultural meth
ods, spray materials derived from na
ture (see below) and various forms of 
biological control (Anon. 1990b) and 

n. integrated pest management (!PM), in 
which the minimum use of compatible 
synthetic chemicals is combined with 
a ll other suitable techniques to maintain 
pest populations below levels causing 
economic injury (modified from Smith 
and Reynolds 1966). 
To eliminate synthetiC pes ticides from 

apple growing requires organic control 
measures for all primary pests and dis
eases in Table 1. Secondary pests are likely 
to be controlled by existing natural 
enemies in organic orchards. There are 
few pesticidal spray materials acceptable 
on organic produce and none can match 
the efficacy of synthetiC chemica ls. They 

include mineral and vegetable oils, cop
per salts, su lphur, natural pyrethrum, 
derris dust and Bacillus thurillgiwsis 
(Anon . 1990b). Ryania, a naturally de
rived pesticide, has been used for codling 
moth with only limited success (Geier et 
af . 1969), but may be more effective in 
combination w ith o ther tactics, e.g., 
Bacillus tllllringiwsis (Wearing 1991). Sev
eral altemativeapproaches for controlling 
the main pests o f apples are under inves
tiga tion, but none are yet available com
mercially in Australia . 

Given the economic constraints on tol
erab le fruit damage (Fenem ore and 
Norton 1985), growers will not accep t 
alternatives that fail to consistently give 
fruit quality close to conventional meth
ods. Any successful alternative strategy 
will almost certainly invo lve a combina
tion of control tactics. A Iternative controls 
are most likely to succeed against pests 
resident in the crop wi th minimal migra
tion from outside. Primary pests capable 
of invading orchards enmasse from 
surrounding areas (apple dimpling bug, 
plague thrips, ea rly caterpillars and wing
less grasshopper) a re less amenable to 
non conventional approaches and some 
pesticide use ma y be unavoidable. There
fore, a fully organic option seems remote. 
However, prospects are better for devel
oping lPM approaches giving consider
able reductions in pesticide use. 

New advances in pest control sufficient 
to meet the goal of a 50 percent reduction 
in pesticide use will not be in place by 
1996 given the research, development and 
registration needs. Improved efficiency of 
existing systems and adoption of avail
able lPM technology is the only sho rt term 
option available. lPM is currently well es
tablished only for mites (Bower and 
Thwaite 1986, Seymour 1982) with com
mercia l moni to ring services in opera tion 
at Orange (Page et af. 1991) and Batlow, 
where about 25 and 40 percent of the area 
respectively is monitored for pest mites 
and their predators. Warning services for 
apple scab operate a t both Batlow and 
Orange to indicate when wea ther condi
tions have been favourable for infection 
(Penrose et af. 1985) . Population monitor
ing and spraying thresholds have not 
been adopted in NSW fo r o ther pests or 
diseases of apple. 

The monitoring of a ll pests and diseases 
has been called supervised pest control 
(SPC) (G ruys et al. 1980) and is an essen
tial component o f IPM . By providing 
quantitative data for objective decision 
making based on economic damage lev
els, SPC can minimize spray use in both 
conventional and IPM systems (Easter
brook et nl. 1985). Signi ficant reductions 
in spray use have been reported for SPC 
in the UK (Carden 1987), the Netherlands 
(Gruys et nl. 1980) and Sw itzerland 
(Baggiolini et al. 1973) . 



Supervised pest COlltro/ project, Ballow 
In the 1990-91 season a research project 
commenced. at Batlow NSW to evaluate 
SPC for apple pests and diseases. The 
project, to run for three yea rs has three 
main aims: 
i. to reduce pesticide use on apples to the 

minimum necessary for production of 
high quality fruit, 

ii to eva luate sampling methods, spray
ing thresholds and other criteria needed 
for decisions on spray timing and 

iii.to formulate a viable [PM package for 
commercial crop monitoring. 

Methods 
Different approaches to reduce pesticide 
use were taken for insect pests and dis
eases. Sprays for insect and mite control 
were advised at standard label concentra
tions by a scout on the bas is of population 
assessments and spraying thresholds. 
However because disease levels, espe
cia lly apple scab, can increase so rapidly 
in favourable weather, the concept of an 
action threshold is no t acceptable. Op
tions considered for diseases were post in
fection curative spraying, increasing the 
interval between sprays, and reduction in 
fungicide concentrations. 

Penrose (1989) showed that because of 
the frequency of infection periods, post in
fection spraying during the primary infec
tion period would save few sprays in most 
years. Also, the regularity of rainfall in 
most seasons (Penrose 1992) makes it un
safe to increase the interval between 
sprays. Therefore, it was decided to reduce 
the concentration of fungicide in each 
protectant spray by 20 percent. This ap
proach is supported by the published work 
of Wicks and Nitschke (1986) and Cross 
and Berrie (1990) . The low inoculum levels 
in well managed orchards, a primary infec
tion warning service available in the major 
apple growing districts (Penrose et al.1985) 
and the availabi lity o f effective curative 
fungicides meant that the risk of large 
losses o f fruit w ould be low . 

Field monitoring was undertaken in 20 
apple blocks in different orchards. Blocks 
were about 4 ha in area (range 2 to 6 hal 
with trees varying from 4 to 30 years old . 
Twenty-five randomly selected trees per 
block, which differed at each visit, were 
used for all pest and disease monitoring. 
Sampling was largely confined to DeLi
cious strains, though a variable number of 
Cranny Smith, Jonathan and Bonza were 
sampled, when present, for light brown 
apple moth and powdery mildew. The 
blocks were divided into two sim ilar sets 
o f ten; one set supervised and the o ther 
functio ning as controls. The contro l 
blocks were monitored in the same way 
as the SPC bloc ks, but the growers re
ceived no information or advice, and 
sprayed as normal. Separate growers 
were selected as SPC cooperators and as 
controls to avoid any influence of advice 
on the control spray programs, which 
may happen if the two blocks are in the 
same orchard. Blocks were monitored 
fortnightly and the supervised growers 
were provided with a report of the popu
lation levels and damage due to aU major 
pests and diseases. Recommendations for 
insecticide and acaricide spraying, were 
included if needed, along with suggested 
stra tegies for disease contro l. 

The sampling methods are summa rized 
in Table 2 and explained below. 

Insect and mites 
Apple dimpling bug (ADD) ADB was 
sampled by briskly tapping 10 inflores
cences per tree over an o pen container and 
counting the number of bugs collected. 
Sprays were applied accord ing to a 
threshold (Bower, unpublished) which 
increased from 1.2 to 35 bugs per 250 
inflo rescences o ver the 30 day bloom 
period . 
Plague thrips Thri ps numbers were es
timated by inspection of flowers during 
ADB assessments. A spraying threshold 
of 10 thrips per flower was derived from 
Lloyd (1975). 
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Codling moth Popu lations of male 
codling moth were monitored by sex 
pheromone traps (1 per hal (Vakenti and 
Madsen 1976) examined weekly. Half the 
supervised blocks were trea ted with 
azinphos-methyl, the most widely used 
treatment in NSW, and half with 
fenoxycarb, a recently registered insect 
growth regulator. The first fenoxycarb 
spray was applied when trap catches in
dicated the commencement o f the first 
sustained emergence o f first generation 
mo ths in ea rly November. The second 
spray was applied two weeks later and 
subsequent sprays at a minimum interval 
of four weeks if trap catches exceeded two 
moths per trap per week, or a maximum 
of six weeks if popula tions remained low. 
Damage to fruit was monitored by fort
nightly examinations of 40 fruit per tree 
as above. If excessive damage was found, 
usually in locali zed areas, azinphos-me
thyl was appl ied to the second generation 
Oanuary to February). 
Light brown apple moth and San Jos. 
scale These pests were monitored by the 
5..1me fruit checks used for codl ing moth. 
A spray threshold of two infested fruit per 
]000 initiated an application of 
chlorpyrifos and routine spray of winter 
o il was applied for contro l of scale and 
European red mite eggs. 
Woolly aphid At each inspection the 
presence or absence of woolly aphid was 
no ted on each study tree. Treatment was 
recommended if more than 20 percent of 
trees were infested. 
Twospotted mite and European red 
mite A sample o f two randomly se
lected leaves per study tree (total 50 
leaves) was taken fortnightly and exam
ined under a binocular microscope for the 
presence or a bsence o f both pest mi tes 
and their predato rs, Typhlodromlls 
uccidell tnlis Nesbitt and T. pyri Scheuten. 
Aca ricide sprays were applied when 50 to 
80 percent o f leaves were occupied by pest 
mites. Control was imposed at the lower 
end o f the thresho ld if infestations were 

Table 2. Sampling methods for insect pests and diseases of apple in supervised p est control triaL, Ballow, NSW. 

Pest Monitoring method Sampling Sample intensity. Threshold for action 

frequency period No./ tree No. trees 

Dimpling bug Blossom shaking 2 - 3 times/week earl y pink - late petal fall 10 blossom dusters 25 :2: 1 bug {sliding sca le) 
Plague thrips Flower inspection 2-3 times/week early pink - late petal fall 10 blossoms 25 :2: 10 per nower 
Codling moth Pheromone traps weekly petal fall - harvest 1 per ha 2 moths per trap per 

week 
Fruit inspection fortnightly November - April 40 fruit 25 ~ 2 active stings (check 

on traps) 
Mites Tree inspl"(;tion, fortnightly November - April 2 leaves 25 various depending on 

leaf samples predator/prey ratio 
Woolly aphid Presence/absence fortnightly November - April 25 presence on > 20% of 

trees 
Light brown apple 
moth Frui t inspection fortnightly November - April 40 fruit 25 ~ 21ive larvae 
San Jose scale Fruit inspection fortnightl y November - April 40 fruit 25 ~ 2 infested fruit 
Apple scab Leaf inspection fortnightly November - January 40 leaves 25 See text 

Fruit inspection fortnightly November - March 40 fruit 25 See text 
Powdery mildew Shoot inspection fortnightly November - January 10 shoots 10 St.>e text 
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patchy with localized severely infested 
trees and few predators. The upper 
threshold applied if the infestation was 
uniform and predators were abundant 
(modified from Seym our 1982, Bower 
and Thwaite 1986). All chemica ls applied 
in the supervised blocks for other pests 
and diseases were relatively safe to the 
two predatory mites. A rating from 0 to 4 
was used to record the degree of mite 
damage to each block. 

Diseases 
Apple Scab It was not possible to advise 
each of the ten growers on the timing o f 
fungicide applications. Instead they were 
advised to apply the protectant fungicide 
of their choice at the intervals and timings 
used in the rest of their orchards, but at 80 
percent of the recommended concentra
tion. It was recommended that if an infec
tion period was reported by the apple scab 
warning service after the protectant period 
had expired, then a full concentration cura
tive fungicide be applied as soon as possi
ble, with a return to a protectant fungicide 
at the reduced concentration once the 
protectant period of the curative fungicide 
had expired, The protectant fungicide was 
reapplied at the reduced. concentration if 25 
mm of rain fell since last application, 

To reduce the risk of major loss growers 
were advised to revert to full concentra
tions of protectant fungicide if the scab 
level exceeded 0,2 percent infected fruit or 
1 percent infected leaves (Table 2). 
Powdery Mildew Fungicides for mil
dew were recommended at 80 percent of 
the label concentration on susceptible va
rieties, to be applied as required with the 
scab protectant commencing from pink 
stage on, or as a dual sca b and mildew 
fungicide applied at the 80 percent con
centra tion, 

Pre-Harvest assessment 
In late February 1991, just prior to harvest 
an assessment of damage to fruit was 
made in the 20 study blocks. In each block 
100 fruit were examined by hand on each 
of 25 Delicious variety trees distributed 
evenly through the block in a grid pattern. 

Results 
For all pests and diseases there was no sig
nificant difference (1' > 0.05, t-test with 
arcsin transformation) in the amount of 
damage found in the 10 supervised blocks 
versus the 10 control blocks (Table 3). The 
most serious pest was apple dimpling bug, 
which damaged 3,8 percent of fruit overall 
(Table 3), ranging from 0.8 percent to 10.0 
percent. Apple scab was the second major 
problem with 0,6 percent of fruit damaged 
overall. The apple scab infection arose from 
a severe infection period during 19 to 21 
October 1990. Heavy rain reduced the pro
tective fungicide cover, allowing lesions to 
develop if cu rativesprays were not applied 
soon after the infection. Scab levels ex
ceeded one percent in two supervised 
blocks and one control block. 

Codling moth was the only other sig
nificant cause of damage to fruit, but the 
levels of damage were all below one per
cent at harvest. Damage would have been 
higher at harvest if remedial action had 
not been taken in three supervised blocks 
when control began to fail. In two of 
these, the strategy recommended by the 
distributor of fenoxycarb failed and 
azinphos-methyl was applied to protect 
the fruit from a large second generation 
emergence. In the third case, the 
pheromone traps failed to warn of signifi
cant first generation damage and a pro
gram of six azinphos-methyl sprays was 
subsequently applied. 

Mite control in the 1990-91 season was 
difficult as the season was hot and dry for 

a prolonged period in late spring and 
summer, which favoured mite increase, 
Propargite, the main acaricide available, 
often failed to give control for more than 2 
or 3 weeks and sometimes was quite inef
fective. In addition, T. pyri appeared to 
contribute little control until the hot 
weather abated. The use of fenoxycarb for 
codling moth in five supervised blocks 
also appeared to reduce the population of 
T, pyrj, T. pyri numbers in the fenoxycarb 
treated blocks were less than one third (12.9 
± 0.7 percent of leaves occupied, n = 5) of 
those in blocks treated with azinphos· 
methyl (46.9 ± 0.8 percent of leaves n = 12) 
(P < 0,001, t-test with arcsin transforma
tion). 

Powdery mildew was contro lled well 
in most blocks and no fruit losses were 
recorded from mildew russet on fruit. 

There was no significant difference 
(1' >0.05) in the number of sprays used for 
control of the six main pests, a mean of 
10.7 per block for both the monitored and 
control sets (Table3). However, the super
vised growers applied an average of 15.1 
fungicide sprays, 50 percent more than 
the controls, The difference was signifi
cant (P <0.02) . The main difference be
tween the fungicide programs of the two 
groups was that the supervised growers 
maintained their cover sprays for apple 
scab well into the second half of the sea
son, whereas the control growers gener
ally stopped spraying at the end of the 
primary infection period . 

Considerable variation occurred be
tween orchards in the number of sprays 
used to control apple dimpling bug (con
trol blocks only), cod ling moth, mites, 
apple scab and powdery mildew (Table 
3) . Some growers used two to severa l 
times more applications of similar chemi
cals than others, w ithout necessarily 
achieVing additiona l benefits in pest or 

Table 3. Damage due to pest and diseases pre-harvest, and the number of pesticide sprays applied to 10 super-
vised and 10 control apple blocks at Batlow, NSW, 1990-91. 

Pest Supervised blocks Control blocks 

or Damage' ('Yo fruit) 

Disease mean range 

Apple dimpling bug 3.B ± 1,022 0.8 -10.0 
Codling moth 0.3 ± 0.08 0.0 - 0.8 
Light brown apple moth 0.1 
Mites (2.6 ± 0.41)' 1.0 - 4.0 
Woolly aphid 0.0 
San Jose sea Ie 0.0 
Apple scab 0.5 ± 0.18 0.0 - 1.8 
Powdery mildewS (15.8 ± 3.9) 4.0 -36.0 

TOTAL 4.7 ± 0.99 1.6 -10.4 

'Sampled 100 fruit from each of 25 trees per block 
2 Mean ± standard erro r 

No. of sprays 

mean range 

2,3 ± 0.15 2 -3 
5.0 ± 0.54 2 - 7 
0.0 
3.2 ± 0.33 1-4 
0.1 1 
0.0 

15.1 ± 1,294 11-22 
3.9 ± 0,644 2-7 

25.9 ± 1.47 21-37 

3 Mite damage was recorded as a block rating from 0 to 4 

Damage' ('Yo fruit) 

mean range 

3,7 ± 0,79 0.8 - 8.1 
0.1 ± 0.06 0.0 - 0.6 
0.0 

(2.6 ± 0.32)' 0.0 - 4.0 
0.0 
0.0 
0.7 ± 0.58 0.0 - S.9 

(7.9 ± 1.2) 2.0 -IS.0 

4.5 ± 1.25 0.8 - 14.0 

4 Some fungicide treatments control both scab and mildew and are therefore included in both entries 
5 Mean percentage of infected shoots per tree on susceptible va rieties (Cranny Smith or Bonza) 

No. of sprays 

mean range 

2.1 ± 0.41 1-5 
4.9 ± 0.53 3 -8 
0.0 
3.4 ± DAD 1 - 4 
0.2 1 
0.1 1 

IDA ± 1.184 8 - 20 
2,B ± 0,614 1 -6 

20.8 ± 1.81 14-32 
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Table 4. Variation in damage of Delicious apples due to apple scab, apple dimpling bug and codling moth, and in 
the number of sprays used to control them, Ballow, NSW 199{}-91 (control blocks only). 

Block Apple scab Apple dimpling bug Codling moth 

No. Damage (% fruit) No. of sprays Damage ('Yo fruit) No. of sprays Total catch per trapl Damage (% fruit) No. of sprays 

1 0.0 8 3.9 2 78 0.04 4 
2 0.1 20 0.8 3 5 0.0 6 
3 5.9 9 8.1 5 89 0.04 8 
4 0.0 8 5.9 I 20 0.1 5 
5 0.2 9 5.9 2 146 0.6 5 
6 0.04 10 2.4 1 12 O.} 3 
7 0.04 12 4.4 1 3 0.1 4 
8 0.04 8 0.8 2 15 0.04 4 
9 0.8 12 3.9 3 46 0.0 7 

10 0.0 8 0.8 1 3 0.1 3 

I Pheromone traps (delta-type, Agrisense PL.), 1 per ha . Sum of the weekly catches for the whole season. 

disease control. Table 4 shows the results 
from individual control growers for 
codling moth, apple dimpling bug and ap
ple scab. All growers but one had 0.1 per
cent o r less fruit damaged by codling moth, 
indicating very satisfactory control. 
Codling moth populations, as shown by 
pheromone trap catches, varied greatly be
tween orchards (Table 4). However, the 
number of sprays applied was unrelated to 
the number of moths caught in traps. Five 
growers achieved good control of low to 
moderate populations with only 3 or 4 
sprays, while others used 6 or 8 sprays in 
the same situation. However, 5 sprays 
were insufficient to control the relatively 
high population in block 5 (Table 4). 

Similarly, high variation occurred in the 
number of sprays used for apple dim
pling bug in control blocks, where from 
1 to 5 were used (Tables 3 and 4). There 
was less variation in the supervised blocks 
where 2 or 3 sprays of endosu lfan were 
applied in all cases. No correlation is evi
dent between the number of sprays used 
in the control blocks and damage at har
vest. The grower using the highest 
number of sprays also had the highest 
level of damage (8.1 percent), but growers 
using only 1 or 2 sprays had damage lev
els ranging from 0.8 to 5.9 percent. 

Discussion 
Management by supervised pest control 
at Batlow was no t successful in reducing 
spray usage in its first yea r for a number 
of reasons. A major difficulty was that 
1990-91 was an extreme season fo r pests 
and diseases. There was a significant wet 
period in late October which resulted in 
apple scab infections developing in many 
orchards, posing a threat for the rest of the 
season. A very ho t, dry late spring and 
summer created ideal conditions for 
codling moth and mites. In effect there 
was a greater requirement in 1990-91 for 
pesticides than in other years. Therefore 
monitoring may not result in reduced pes
ticide use if seasona l conditions are such 
that a full spray program is warranted. 
However, monitoring can potentially 

attune pesticide use to the varying pest 
potential between seasons. 

A program of multiple sprays was re
quired to protect fruit from populations 
of apple dimpling bug that remained con
sistently above the spraying threshold. 
MOnito ring reduced the range in the 
number of sprays applied, but the mean 
damage and mean number of sprays used 
were the same in the supervised and con
trol blocks. This was largely due to the 
low efficacy of endosulfan, the only 
chemical that was relatively safe to bees 
and predatory mites. 

Higher codling moth damage in the 
supervised blocks was caused by failure 
of fenoxycarb to maintain control in two 
blocks and by a pheromone trap thresh
old that was too high in the extreme 
weather conditions of 1990-91. The 
threshold was a problem in only one or
chard where codling moth catches were 
below the threshold throughout the first 
generation, an unusual occurrence. The 
few moths present and immigrating fe
males were able to reproduce unimpeded 
in the favourable conditions resulting in 
excessive damage and a difficult control 
problem in the second generation. 

The number of acaricide sprays was 
higher than usual at Batlow in 1990-91 
due to the seasonal conditions and the 
lack of a highly effective chemica l against 
European red mite (Thwaite 1990). Inte
grated mite control is widely practised at 
BatJow with the majority of growers em
ploying a mite monitoring service run 
through the Batlow Fruit Cooperative 
Ltd. Therefore, improvements in mite con
tro l were not expected in the supervised 
blocks compared with the controls. How
ever, ina 'normal ' season the mean number 
of acaricides required is about 1.5 per 
block, less than half that used in 1990-91. 
The hot, dry weather favoured pest mite 
increase and inhibited the predatory mite, 
T. pyri (Bower 1984) resulting in control 
difficulties with the only available 
acaricide, propa rgite, which lacks high 
efficacy against European red mite. 

Comparable control of apple sca b 

occu rred in the supervised and control 
blocks indicating there was no loss of effi
cacy due to the 20 percent reduction in 
fungicide concentration. However, the in
crease in the number of sprays applied by 
the supervised growers negated the gains 
made in reduced rates. As there was no 
significant difference in the number of 
fungicide sprays used by the supervised 
and control groups in the previous sea
son, the increased usage in 1990-91 is at
tributable in some way to the monitoring. 
There are three possible explanations: 
i. the growers were uncertain about the ef

fica cy of the 20 percent reduction in 
fungicide concentration, 

ii. the provision of info rmation by the 
scout continually reminded them of the 
presence of scab infections, which en
couraged heavier use than the controls, 

ii low levels of scab were reported by the 
scout which may no t otherw ise have 
been no ticed by the grower. 
Clearly growers are unwilling to risk 

their crop and given the choice will opt 
for caution. The risk-averseness of grow
ers suggests the provision of information 
may sometimes be counter-productive. 

High levels of pest and disease control 
are the district standard at Batlow. It was 
considered essential to match this standa rd 
in the trial, as significant increases in dam
age are economica lly unacceptable to 
growers (Fenemore and Norton 1985). Ac
cepta ble levels o f da mage were obta ined in 
the supervised blocks in the first year of the 
project. but without reductions in pesticide 
use. This suggests there is no gross overuse 
of chemica ls by growers at Batlow. For ex
ample, there were no prophylactic treat
ments for San Jose sca le and woolly aphid 
among the control group. Clearly growers 
make assessments for the need to apply 
pesticide in the case of pests with minor 
potential for yield reduction. 

However, there is considerable variation 
in the usc of chemicals for pests and dis
eases perceived to have a high risk of yield 
reduction, such as codling moth, apple 
dimpling bug and apple scab. All three are 
po tentia ll y very destructive if manage-
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ment errors occur (Table 1). Some g row· 
ers have already minimi zed their spray 
programs for these pests by trial and e rror 
over many years but o thers tend to main
tain heavy protective schedules to mini
mize risk. Therefore, high risk pests offer 
the main potential for pesticide reduction . 

Our preliminary results confirm that 
reduction of pesticide use while maintain
ing economica lly optim um levels of con
trol will not be easy. Nevertheless, the 
data indicate potential areas for pesticide 
reduction and strategies for optimizing 
contro l. It is essential that exce llent sup
pression of apple scab be achieved during 
the primary infection period, and of 
codling moth in the first generation. This 
will reduce the need for sprays in the sec
ondary infection period and second gen
eration respectively, with the added ad
vantage of minimizing chemica l residues 
on fruit by concentrating spraying in the 
first half of the season. 

Minimal spray use also requires high 
efficacy from chemicals . Poor results 
from sprays rnean that additional sprays 
may be needed . This can occur if there is a 
restricted choice of chemicals, as in the 
cases of apple dimpling bug and mite con
trol at Batlow in 1990-91. 

Our preliminary study suggests that a 
reduction in pesticide use o f 50 percent by 
1996 will be a difficult goal. There is no 
imminent technologica l breakthrough, 
which alone will result in a dramatic re
duction in spraying. Progress will there
fore depend on a multi-faceted approach 
in which small reductions are made in 
many areas. However, major break
throughs will be needed in the control of 
key pests and diseases if the industry goal 
of a 75 percent reduction in pesticide use 
is to be achieved by the year 2000. 
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