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Summary 
The miticide ahamectin (combined with 
0.2% petroleum oil) controlled the rus t 
mites Plryllocoptruta oleivora (Ash­
mead) and Tegolophu5 aus tra lis Ke ifer at 
0.0018, 0.0027 and 0.0045 g a.i. L" (10, 15 
and 25 mL of 1.8% emulsifiable concen­
tra te per I OOL respectively) fo r 20 weeks 
in a tria l conducted on late Valencia or­
anges at Nambour, Q ueen sland during 
January-June 1997. Th ere we re no s ig­
nificant d ifferences in mite mortality be­
tween rates or me thod s of applica tion 
(ai rblas t or h and-sprayed ). Fenbutatin 
oxide was also effective but P . oieivora 
reinfested the airblas t treatments after 16 
weeks. Neith er miti cid e affec ted abun­
dance of larva e, pupae o r ad ults of the 
predatory ladyb ird Clri/ocor us circllm­
datlls Gylenhall . Abamectin, a t all three 
rates ca used s igni fican t mortality of 
adults of the scale pa ras itoid Aplr y tis 
JjllK"atl ell sis Compere when they were 
exposed to freshly sprayed leaves for 24 
hours. Th ere was no s igni ficant res id ual 
effect one and two days after spraying. 
Fenbutatin oxide caused no mortality of 
A . UIIgtla lletlsis. 

Paras itoids which su rv ived contac t 
with fresh deposits of abamectin para­
sitized fe wer oleander scale than those 
which were untrea ted or exp osed to 
fe nbutatin oxide. There was n o signi fi­
cant residual effec t on the percentage of 
scales parasi tized by A. i ingnaIJensi s ex­
posed one d ay after spraying. 

Introdu ction 
Citrus rus t mite Pllyllocoptrllta oleivora 
(Ashmead) and brown ci trus rus t mite 
Tegolophus australis Ke ife r a re the two 
most serious mite pests o f citrus in 
Queensland and coastal New South 
Wales. T. australis also occurs to a lesser 
ex tent in citrus a long the Murra y River 
and in the Murru mbidgee Irrigation Area. 
P. oleivora is a cosmopoli tan species, while 
T. aust ra lis is native to eas tern Australia 
(Smith el al. 1997). Predatory phytoseiid 
mites (particularly Euseius victoriwsis 
Womers ley) are important in contro ll ing 

the mites (Smith et nl. 1997) but miticide 
a pplications, especia lly fo r P. oleivora, are 
o ften requi red . Fenbutati n ox ide is cur­
ren tly the most-used miticide fo r this pur­
pose but it is becoming less e ffective, par­
ti cula rly agai ns t P. oleivom. Other less e f­
fec tive mitic ides used incl ude sulphur 
(w hich is a lso d isrup tive to p hytoseiid s 
and sca le pa ras ito ids) and d icofo l a nd 
ma ncozeb (bo th dis ruptive to phyto­
se iids). 

In this tria l, abamectin (a mycelia l ex­
tract of St rep tolllyces avenHil ilis) a t three 
d osage rates was compa red wi th fen­
butatin ox id e aga inst P. oIcivorn a nd T. 
auslrnlis. Da ta was also collected on the ef­
fect o f the trea tments on the ladybi rd 
C" i locorlls circllllldal lis Gy lenha ll , a n im­
porta nt pred a to r of citrus snow scale 
UlIflspis cit ri (Comstock) and on Ap"ylis 
1il1gnallensis Compere, a n importa nt 
parasi toid of red scale AOllidiella nllTallfii 
Maske ll. 

Mate rials and me thods 
Miticide trea tme nts a pplied are de tai led 
in Table 1. Formul ations of the miticides 
used were: 
• fenbuta tin oxide (Torque<fll) a 500 g L·' 

e mu ls ifiCl b le concentra te and 
• aba mect in (Avidolll) an 18 g L·' emu ls ifi-

ab le concentrate. 
Lavis pe tro leum o il was incl uded in the 
aba mectin trea tments at 200 mL per 100 L. 
Fenbuta tin oxide was appl ied at40 mL per 
100 L (0.16 g a.i. L" or 200 ppm), and 
aba mectin at 10, 15 and 25 mL per 100 L 
(0.001 8,0.0027 and 0.0045 g a j. L" or 1.8, 
2.7 and 4.5 ppm). Methidath ion (used only 
in labora tory tests on A. lillgllmlellsis) was 
a 400 g L-' emuls ifiable concentrate used at 
0.5 g a. i. L"' or 500 ppm. 

Mite trial 
The tria l des ign w as a randomized block 
of 13 treatments with three replicates. The 
trees w ere 12 yea r old, 3 m high late 
Valencia oranges growing at the Mar­
oochy Horticu ltural Resea rch Station, 
(MHRS), Nambour. Each plot consisted of 

two trees. Trea tments were app lied on 
9 Ja nua ry 1997 us ing a trClctor driven 
ai rb last sprayer (deli vering two volume 
rates of 10 L and 20 L per tree) or a ha nd­
he ld spray pis to l ope ra ted fro m the trac­
tor pump at a pressure of 1000 kPa (20 L 
per tree). 

Mite numbers were assessed on 8 Ja nu­
ary (pre- treatment), 16 Janua ry (1 week), 
6 February (4 weeks), 6 Ma rch (8 weeks), 
3 April (12 weeks), 1 May (16 weeks) and 
2 June (20 weeks) . Live mites (both spe­
cies) were counted in one fie ld of view of a 
x10 hand lens (about 5 cm2) on the inside 
and outs ide surfaces of each of 50 fr u it in 
the pre-trea tment count and 25 fr ui t in the 
pos t-trea tment counts. 

The fruit were randomly selected from 
the adjacen t ha lves of each of the two-tree 
p lots w ithi n the row to minimize the effect 
o f spray-dr ift Frui t were sampled from 
low a nd high pos it ions on the tree and 
from ins ide a nd outside the canopy. 

Chi/ocorlls circlf111daills 
Assessme nts were made pre-trea tme nt 
and 1 week and 12 weeks after trea tment 
of the numbe rs of C. circlIlll ria t lls preying 
on citrus snow sca le on the trunk Cl nd 
limbs. The numbers of ad ults, pupfle and 
larvCle observed in a two minu te sefl rch 
per tree were recorded and flverflged be­
tween the two trees per plot. 

Aphylis lillgllallell sis (/llorlalily of 
adlllls) 
Laboratory tes ts were conducted on A. 
lillg llnllcllsis w ith aba mec ti n and fen­
buta tin oxide. Freshly e merged adults 
rea red on o lea nder sca le Aspidio/ lls lI eri; 
Bouche, cu ltured on butternut pumpkins, 
were used in these tests. The th ree rates of 
abamectin (used without o il), fenbutati n 
oxide, me th ida th ion (a commonly used 
sca licide) and a cont ro l (water) were ap­
plied to sma ll b ranches (with thei r leaves) 
w ith a hand-held atomize r to s ix 2 m high 
Washing ton nave l ora nges. The trees were 
exposed to the wea ther, but there was no 
rCl infa ll d uring the experiment. 

Parasitoids were subsequently exposed 
to the leaves a t intervals after trea tment in 
clea r p lastic tubes 8 cm long and 3 cm in 
d ia meter. These tubes (w ith ho les either 
e nd) were connected to a cen tra l p last ic 
condui t th roug h w hich fresh ai r was con­
ti nuously pumped to minimize any fu mi­
gant effec ts from the pesticides. 

O ne randomly selected lea f (about 21 
cm2) was placed in each of the tubes to­
gether wi th 25-150 ad ult pa ras itoids. A 
3 cm square piece of waxed g rease-proof 
pa per coa ted wi th ve ry fi ne pure honey 
d rops w as added to each tube to provide 
nourishment fo r the w asps. Four repli­
cates were conducted for each time in ter­
val. 

The firs t parasi to ids were exposed 
w hen leaves were sti ll wet. Live and dead 
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Table 1. Effect of abamectin and fenbutatin oxide on the mean number of live P. oleivora per citrus fruit (5 cm') 

MHRS January- June 1997. 

Miticide RateA Applic. Spray volume Weeks after sprayin~ 
(mL 100 L·' ) method (L per tree) 0 1 4 8 12 16 20 

abamectin 10 airblast 10 7.50 a 0.20 b 0.00 b 0.00 b 0.00 b 0.00 b 0.00 c 
abamectin 15 airblast 10 5.40 a 0.27 b 0.00 b 0.00 b 0.00 b 0.00 b 0.00 c 
abamectin 25 airblast 10 4.63 a 0.20 b 0.00 b 0.00 b 0.00 b 0.00 b 0.00 c 
fenbutatin oxide 40 airblast 10 5.07 a 0.27 b 0.00 b 0.00 b 0.00 b 20.90 b 21.90 b 
abamectin 10 airblast 20 5.07 a 0.00 b 0.00 b 0.00 b 0.00 b 0.00 b 0.00 c 
abamedin 15 airblast 20 4.93 a 0.07 b 0.03 b 0.00 b 0.00 b 0.00 b 0.00 c 
abamectin 25 airblast 20 6.67 a 0.00 b 0.00 b 0.00 b 0.00 b 0.00 b 0.00 c 
fenbutatin oxide 40 airblast 20 7.26 a 0.27 b 0.00 b 0.00 b 0.00 b 6.33 b 1.20 c 
abamectin 10 handspray 20 5.87 a 0.00 b 0.00 b 0.00 b 0.00 b 0.00 b 0.00 c 
abamectin 15 handspray 20 6.80 a 0.30 b 0.00 b 0.00 b 0.00 b 0.00 b 0.00 c 
aba mectin 25 handspray 20 9.03 a 0.00 b 0.03 b 0.00 b 0.00 b 0.00 b 0.00 c 
fenbutatin oxide 40 handspray 20 5.30 a 0.23 b 0.00 b 0.00 b 0.00 b 0.20 b 0.00 c 
untreated 6.33 a 6.17 a 5.50 a 6.47 a 6.13 a 62.53 a 76.33 a 
LSD (P=0.05) 7.85 2.13 2.67 0.86 0.62 30.34 18.03 

A 200 mL of Lavis petroleum oil per 100 L added to each aba mectin treatment. 
Means within columns followed by different letters are significantly different . 

Table 2. Effect of abamectin and fenbutatin oxide on the mean number of live T. australis per citrus fruit (5 cm' ) 
MHRS January-June 1997. 

Miticide RateA Applic. Spray volume Weeks after spraying 
(mL 100 L·' ) method (L per tree) 0 4 

abamectin 10 airblast 10 5.13 a 0.20 b 0.00 b 
abamectin 15 airblast 10 4.37 a 0.17 b 0.00 b 
abamectin 25 airb last 10 7.10 a 0.40 b 0.00 b 
fenbutatin oxide 40 airblast 10 6.73 a 0.03 b 0.00 b 
abamectin 10 airblast 20 4.93 a 0.00 b 0.00 b 
abamectin 15 airblast 20 5.93 a 0.50 b 0.00 b 
abamectin 25 airblast 20 6.63 a 0.00 b 0.00 b 
fenbutatin oxide 40 airblast 20 8.30 a 0.27 b 0.00 b 
abamectin 10 handspray 20 6.50 a 0.00 b 0.00 b 
abamectin IS handspray 20 9.80 a 0.50 b 0.10 b 
abamectin 25 handspray 20 7.43 a 0.00 b 0.07 b 
fenbutatin oxide 40 handspray 20 6.50 a 0.27 b 0.00 b 
untreated 8.53 a 4.80 a 3.87 a 
LSD (P=0.05) 6.28 1.64 0.24 

A 200 mL of Lavis petroleum oi l per 100 L added to each abamectin treatment. 
Means within columns followed by different letters are significantly different. 

parasitoids were counted after 24 hours. 
The tubes were then replaced and fresh 
leaves (spray deposit one day old) , wax 
paper and parasitoids added to them. 
Mortality was assessed after a further 24 
hours. The procedure was repeated the 
following day when the sp ray deposit was 
two days old. 

Aphytis lingl1anel1sis (effect Oil 

parasitism of A. l1erij) 
A second set of trees was resprayed with 
the same three rates of abamectin , 
fenbutatin oxide and a control (wa ter) . 
Four freshly sprayed leaves from each 
treatment were placed in each of five sepa­
rate well ventilated 500 mL plastic con­
tainers. Approximately 1000 A. /ing-
1Ul1lensis adults were added to each con­
tainer and a 5 cm square of grease-proof 
paper with fine honey droplets. After 24 
hours exposure, live parasitoids were 

transferred to small cages covering sec­
tions of oleander scale on butternut pump­
kins. The oleander scale was 45 days old 
and suitable for parasitism by A. {itlg­
wwensis. Each cage consis ted of a small 
clear plastic 30 mL cup (4 cm diameter at 
top tapering to 2 cm at base and 4 cm 
high). The lidless cup was inverted and 
attached to the pumpkin using B1utac® 
and the gaps were sealed with melted par­
affin wax. A fine gauze window was in­
serted into the base for ventilation and the 
perimeter cut to allow it to be folded back 
to allow introduction of the parasitoids. 
Twenty five parasitoids of each sex were 
placed in each cage together with a 2 cm 
square of grease-proof paper with honey 
droplets and the lid sealed with a small 
strip of tape. The cage treatments were 
replicated four times. Four butternut 
pumpkins were used with one replicate 
for each treatment on each pumpkin. The 

8 12 16 20 

0.00 b 0.07 b 0.00 b 0.00 b 
0.00 b 0.00 b 0.00 b 0.00 b 
0.00 b 0.00 b 0.00 b 0.00 b 
0.00 b 0.00 b 0.00 b 0.00 b 
0.00 b 0.00 b 0.00 b 0.00 b 
0.00 b 0.00 b 0.00 b 0.00 b 
0.00 b 0.00 b 0.00 b 0.00 b 
0.00 b 0.00 b 0.00 b 0.00 b 
0.00 b 0.00 b 0.00 b 0.00 b 
0.00 b 0.07 b 0.00 b 0.00 b 
0.00 b 0.00 b 0.00 b 0.00 b 
0.00 b 0.00 b 0.00 b 0.00 b 
6.57 a 3.20 a 1.80 a 3.83 a 
0.74 0.45 0.58 0.82 

parasitoids were left in the cage~ for 48 
hours and then removed. 

Parasitism (percentage of scales with A. 
lillgllallensis pupae present) was assessed 
two to three weeks after exposure. The 
number of unparasitized sca les was al~o 
recorded. 

This procedure was repeated exposing 
A. lingnanensis adults to leaves 24 hours 
after spraying. 

Results 
Results from the field and labora tory tri­
als were subjected to ANOVA and are 
shown in Tables 1- 5. 

Mite trial 
All of the miticide treatments reduced 
numbers of both species to a low level 
seven days after treatment and to zero 
in most cases within four weeks (Tables 
1 and 2). The treatments were all 
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significantly different from the control but 
not from each other until 20 weeks by 
which time the airblast-applied 10 L treat­
ment of fenbutatin oxide was heavily 
reinfested with P. oleivora . All three rates 
of abamectin applied by airblast sprayer 
or by hand-pistol gave excellent control of 
both species for up to 20 weeks. 

Chilocorus circumdatus 
None of the treatments had a significant 
effect on the abundance of C. circumdatus 
at either 1 or 12 weeks after spraying (Ta­
ble 3). 

Aphytis lingnanensis 
All three abamectin rates caused signifi­
cant mortality when adult parasitoids 
were exposed to freshly-sprayed leaves 
(Table 4). There were no significant differ­
ences in survival between abamectin treat­
ments and the controls when sprayed 
leaves were held for one or two days be­
fore presentation to parasitoids (Table 4). 

Surviving A. lingnanensis females (ex­
posed to fresh spray for one day) showed 
<t significantly lower parasitism rate in 
oleander scale (Table 5) for all three 
abamectin rates compared to the control 
and fenbutatin oxide. This effect did not 
occur when parasitoids were exposed to 
one day- old spray residues. 

Discussion 

Mite trial 
Abamectin a t 10, 15 and 25 mL 100 L·1 

(combined with 0.2% petroleum oil - 200 
mL 100 L·l) controlled P. oleivora and T. 
australis on citrus for at least 20 weeks. 
Fenbutatin oxide was effective against 
P. oleivora for 16 weeks and T. australis for 
20 weeks. Mite pressure from both species 
was similar at the commencement of the 
experiment. 

The method of spray application (air­
blast and hand sprayed) and the volumes 
applied (10 and 20 L per tree) did not af­
fect the abamectin treatments but fen­
butatin oxide failed sooner with the lower 
volume air-blast application. 

When P. oleivora is monitored commer­
cially, the action level currently used in 
eastern Australia is 5-10% of fruit in­
fested, varying with levels of the preda­
tory mite E. victoriensis . (Smith et al. 1997). 
For T. australis the action level is higher -
about 10% (and even more closely related 
to predatory mite numbers). In this trial, 
these action levels were exceeded for 
P. oleivora when the number of mites per 
5 cm2 sampling section exceeded four or 
five. Mean P. oleivora counts for the un­
treated trees, exceeded this level at pre­
treatment and in each of the six post-treat­
ment assessments. Average mite counts of 
62 and 75 in untreated trees in the last two 
assessments (Table 1) resulted in 100% in­
fe station and severe rind damage. The 

Table 3. Effect of abamectin and fenbutatin oxide on the mean number of 
C. circumdatus (adults, larvae and pupae) recorded in two minutes per citrus tree at 
MHRS January-May 1997. 

Miticide RateA Applic. Spray volume Weeks after spraying 

(mL 100 L·') method (L per tree) 0 1 12 

abamectin 10 airblast 10 7.00 a 6.67 a 5.00 a 
abamectin 15 airblast 10 3.67 bc 3.00 b 5.67 a 
abamectin 25 airblast 10 4.33 abc 3.33 ab 9.33 a 
fenbutatin oxide 40 airblast 10 5.33 abc 5.00 ab 5.67 a 
abamectin 10 airblast 20 3.00 c 3.00 b 6.33 a 
abamectin 15 airblast 20 5.33 abc 5.67 ab 9.00 a 
abamectin 25 airblast 20 4.67 abc 4.00 ab 3.33 a 
fenbutatin oxide 40 airblast 20 3.67 bc 3.67 ab 8.00 a 
abamectin 10 handspray 20 6.67 ab 5.67 ab 8.33 a 
abamectin 15 handspray 20 6.67 ab 6.67 a 6.67 a 
abamectin 25 handspray 20 5.00 abc 5.00 ab 6.00 a 
fenbutatin oxide 40 handspray 20 3.33 c 2.33 b 3.67 a 
untreated 4.33 abc 4.00 ab 6.00 a 
LSD (P=0.05) 3.17 3.46 9.84 

A 200 mL of Lavis petroleum oil per 100 L added to each abamectin treatment. 
Means within columns followed by different letters are signi ficantly different. 

Table 4. Effect of abamectin, fenbutatin oxide and methidathion on survival 
of adult Aphytis lingnallensis on fresh ly sprayed ci trus foliage and on 
foliage held for o n e or two days after spraying. 

% live parasitoids 

Rate fresh ly after after 
(mL 100 L~') sprayed 1 day 2 days 

abamectin 10 83.05 b 83.75 b 88.93 a 
abamectin 15 58.48 c 91.43 ab 88.93 a 
abamectin 25 39.43 d 86.58 ab 89.20 a 
fenbutatin oxide 40 94.55 a 96.50 a 93.13 a 
methidathion 125 0.00 e 0.00 c 0.00 b 
untreated 95.65 a 91.65 ab 84.38 a 
LSD (P=0.05) 7.03 11.67 9.96 

Means within columns fo llowed by different letters are significantly different. 

Table 5. Effect of abamectin and fenbutatin oxide on parasitism of 
Aspidiotus lIerii by Aphytis lingnanensis. 

Mean % paras itism 

Rate freshly sprayed after 
(mL 100 L") leaves 1 day 

abamectin 10 18.35 b 41.32 a 
abamectin 15 8.34 b 43.95 a 
abamectin 25 6.23 b 42.98 a 
fenbutatin oxide 40 37.58 a 46.00 a 
untreated 35.00 a 43.39 a 
LSD (P=0.05) 12.80 13.57 

Means within columns followed by different letters are significantly different. 

fenbutatin oxide 10 L airblast treatment 
had an average 25% of fruit badly dam­
aged after 20 weeks. 

It was no t pOSSible to readily distin­
guish damage by the two species in this 
trial but it can be inferred that most 
damage was caused by P. oleivora as 
T. australis numbers remained fairly con­
stant on the untreated trees, averaging 4.6 
per 5 cm2 (Table 2). P. oleivora increased 

rapid ly on the untreated trees after 16 
weeks to an average 62 per 5 cm2 (Table 1). 

The reason for T. australis numbers 
remaining so low is not clear. P. oleivora 
is more common in coastal areas and con­
ditions may have made it more com­
petitive than T. australis. Populations of 
five per cmZ equate to about 10% fruit 
infestation and over 20 weeks this could 
have resulted in some rind damage. The 



predatory mite E. victorie'ls is did not occur 
in significant numbers in this trial block. 

There was no significant effect of any of 
the miticides on the ladybird predator C. 
circll llldatu5. However, freshly sprayed 
abamectin (especia lly at the two higher 
rates) caused s ig nificant mo rtality and de­
pressed reproductio n o f the parasitoid A. 
iingllanellsis. These effects were short­
lived though, with day-old spray residues 
not harmful. 

Morse el aT. (1987) show ed tha t 
abamectin causes less than 4% mortality of 
the mea lybug ladybird, Cryp iolaenllls 
montrouzieri Mulsant and abo ut S% mor­
tality of Aphytis melilll lS De Bach at spray­
ing. N o tests were conducted on fecundity 
in these species. 

The results of this study suggest that 
abamectin will be a useful miticide in inte­
grated pest management in c itrus in eas t­
ern Aus tralia caus ing o nly low levels of 
disruption to important natural e ne mies 
such as A. iillgllanellsis. 
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