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Abstract: Problem statement: Evidence of rejection or acceptance by phytophagimsts of citrus
plants treated with mineral oils suggests that ictgaf oils may be related to detection by olfagtor
and/or contact chemoreceptors of repellent oilplant volatiles. Alternatively, the oils may mask o
suppress attractant host plant volatiles. To datestudies have reported that oils elicit an otfact
response iDiaphorina citri Kuwayama [Hemiptera: Psyllidae]. Therefore, welemook two studies
to determine how oil deposits on citrus leavesuigriiced the behaviour &f. citri. Approach: The
attractiveness of citrus leaves treated separatitly annC21 horticultural mineral oil and amC24
agricultural mineral oil toD. citri was evaluated under laboratory conditions. In fir& of two
studies, the oils were applied as 0.5% aqueoussionsl to mandarin leaves and responses of adults
determined after they walked on surfaces satunatddeither distilled water or 2% aqueous emulsions
of the oils. In the second study, responses oftguilllids to host-leaf volatiles, mineral oil vilas
emanating from leaves dipped in 2% v/v aqueous siong of each oil and similarly treated filter
paper paired with water-dipped leaves were detexdhin single, linear-tube olfactometeResults:

In the first study, deposits of both oils signifitly reduced the proportion &f. citri attracted to citrus
leaves. Prior exposure of the insects to oil dépadid not influence this response. However, prior
contact with the HMO slightly reduced the propantamf psyllids alighting on the water-dipped leaves.
In the second study, oil volatiles emanating fralterf paper significantly reduced the attractivenes
water-dipped mandarin leaveSonclusion: These results indicate that application of the tdl the
mandarin leaves may have: (a) suppressed releasdtrattant host plant volatiles; (b) masked
attractant host plant volatiles; (c) led to thecasle of repellent volatiles from leaves and/ortéd)
adults being repelled by oil volatiles. The reséitan the study using the olfactometer suggestad th
detection of mineral oil volatiles by olfactory sgators of adulD. citri contributed to their response to
oil deposits on the mandarin leaves.

Key words: Citrus Vein-Phloem Degeneration (CVPD), Horticutlur Mineral Oil (HMO),
Agricultural Mineral Oil (AMO), prior exposure, @ttometer suggested

INTRODUCTION ‘Candidatus Liberibacter asiaticus’ of Proteobacteria]
(Bove, 2006).
In Asia, the Asiatic citrus psyllidQiaphorina citri The impact of the disease has led to the heavy use

Kuwayama [Hemiptera: Sternorrhyncha: Psyllidae] isOf pesticides for reducing populations f citri and,

the only known vector of huanglongbing, a devastati hence, slowing the spread of the pathogen. Most
disease of citrus that is known as Citrus Vein-Bhlo emphasis has been placed on contact and systemic
Degeneration (CVPD) in Indonesia and more widely asynthetic insecticides to kill psyllid eggs, nympbs
citrus greening (Soelaeman, 1981; Aubert, 1990; dadults, but use of these and other chemicals merely
Graca, 1991; Halbert and Manjunath, 2004). In Asiaslows the inevitable death of trees from the diseas
the putative pathogen causing huanglongbing idnfected adult psyllids can also transmit the pgéro
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while acquiring lethal doses of insecticide (Beatind
Barkley, 2009; Frederiet al., 2010). Limited emphasis
has been placed on strategies such as the usaefahi
oils (petroleum spray oils) (Raat al., 1997; Huanggt
al., 2005) and guava interplants (Cetral., 2008; Hall
et al., 2008; Zakaet al., 2010) to reduce feeding,
oviposition and ingress of psyllids into orchardg b
altering the behaviour of adults. However, Huangl. Responses of adults with oil-contaminated tarsi:
(2005) make detailed recommendations for theCapitalise “Ten” freshly excised mandarirCitfus
application of oil sprays applied to flush growth t reticulata Blanco [Sapindales: Rutaceae: Aurantioideae:
discourage egg laying by adults and to kill youngAurantieae]) leaves were dipped in water or in 0.5%
nymphs. QOils have been successfully used in sautheraqueous emulsions of either the HMO or AMO. Petiole
Viet Nam for several years as part of integratedt pe of each pair of water- and oil-treated leaves viban
management programs developed through Australiamserted into 15x50 mm bottles containing water and

with a UR value 0f99.8%. The glossary in Beattie
(2002) defines relevant spray oil terms used irs thi
study and more widely. Beattie (2002) described the
chemistry of petroleum-derived spray oils and Beatt
(2002) summarised classifications, standards and
nomenclature.

Centre for International Agricultural Research-fadd
research projects led by GACB.
Evidence of rejection

or acceptance

held in position with a thin piece of sponge sat tine
leaves did not touch each other. The tubes anded$eav

bywere then placed in a 120 mm diameterx150 mm high

phytophagous insect and mite pests of citrus plantsylindrical cage covered by nylon mesh for 24 h, t0-

treated with mineral oils suggests that reportepaicts

of oil deposits on citrus red mitdPgnonychus citri
(McGregor) [Acari: Tetranychidae]) (Beattie, 2002),
greenhouse thripdH@liothrips haemorrhoidalis Bouche
[Thysanoptera: Thripidae]) (Beattie, 2002), citrus
leafminer Phyllocnistis citrella Stainton [Lepidoptera:
Gracillaridae]) (Beattiet al., 1995; Liuet al., 2001) and
D. citri (Raeet al., 1997) may be related to detection by
olfactory and/or contact chemoreceptors of repeltén
or plant volatiles. Alternatively, the oils may rkasr
suppress attractant host plant volatiles. To date,
studies have reported that oils elicit and olfactor
response inD. citri. Therefore, we undertook two
studies to determine how mineral oil deposits drusi
leaves may influence the behavioumofcitri. In the first
study, we determined the response of adult psyHids
oil-contaminated tarsi to deposits on leaves oh@al
Horticultural Mineral Oil (HMO) and annC24
Agricultural Mineral Oil (AMO). In the second studye

day-old adult psyllids were then released into ezade
and allowed to choose to settle on either the watewil-
treated leaves; this was repeated on 15 occadians.
sets of experiments were performed using both bils.
the first two, immediately prior to release, thellds
were allowed to walk or stand for 10 min on water-
saturated filter paper before being placed in the
cylindrical cage. In the second two, the psylliderav
allowed to walk or stand on a deposit of 2% oil i
immediately prior to release. In all instanceg, dfl on
which the psyllids were allowed to alight was tlaene

as the one used to dip the leaf. The position ef th
psyllids was recorded 24 h after they were released

Olfactometer responses of adults to citrus and oail
volatiles: Each single, linear-track olfactometer was
constructed from a 31.5 mm diameter (internal), 260
mm long, transparent glass tube, sealed at therpabx

used single linear-track olfactometers to determineend with a rubber plug connected by a 2.3 mm diamet

responses of adult psyllids to oil-treated leaved ail-
impregnated filter paper.

MATERIALSAND METHODS

Psyllid cultures: Disease-free cultures &f. citri were

(internal) plastic tube to a 3 W aquarium aerator
(Sunshine 2001, Sunshine Co. Ltd., China) thatwsas
to pump air into the olfactometer at 141 mL thiras
measured with a flowmeter (Model N 112-02G, Cole-
Parmer Instrument Company, lllinois, USA) (Fig. A
entering each olfactometer was filtered through

maintained on the common ornamental form of orangectivated charcoal and humidified by passing ibtigh

jasmine Murraya exotica L. [Sapindales: Rutaceae:
Aurantioideae: Aurantieae] in nylon mesh cages

controlled-temperature greenhouse at 28+2°C and 60%idex100 mm high) housing the odour

relative humidity

Mineral oils: Two oils were used, anC21 HMO
(Sunspray UltraFirfe Amtrade Pty Ltd, Melbourne,
Victoria, Australia) with an Unsulfonated ResiduR()
value>92% and annC24 AMO (SK Enspray 99
Oilblend Pty Ltd, Sefton, New South Wales, Austhpli
51

distiled water before it was passed through a
transparent plastic container (80 mm longx80 mm
source
(treatment). Responses of adult psyllids of mixed
gender were determined for the paired treatment
comparisons listed in Table 1. Healthy, turgid kEav
used in the treatments were excised from mandarin
seedlings. The petiole of each leaf was wrapped
immediately in wet cotton wool that was then insdrt
into a water-filled, 20x50 mm specimen tube.
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Table 1: Paired, single-tube olfactometer compassdor each comparison,
responses of 10 adul. citri per replicate (n = 15) to odours from
sources listed in the left hand column were reabrdeer 15 min
intervals then, after an interval of 30 minuteshia absence of odours,
for 15 min to odours in the right hand column. Ereent codes used
in Fig. 1 and 2 are given in parentheses

a 15 min period moving beyond the specimen tulibeat
distal end of the olfactometer. All observationsrave
undertaken in laboratory at 27-29°C. Both olfacttare
were washed with soapy water and then rinsed iwéder

and 90% ethanol between replicates.

Comparison First test Second test

i Filtered Air: no Vs ma_ndarin_ leaf
i odour source (dFiQF))ed) ve  pped inwater (WL) Statistical analysiss In  both the experiments
in 2% HMO (2HL dipped in water (WL) undertaken to determine the effect of oil-contar@da
iii mandarin leaf dipped Vs mandarin leaf i i i
in 2% AMO (2AL) dipped in water (WL) tarsi and in tht_a olfactometer experiments, datz_mfro
iv mandarin leaf dipped Vs lmandarin leaf dipped ezaCh set Qf repl_lcates were compqred using Comme_
in 2°§ H_M? (f2HL) v in 2°/3A_MC|J (2fAL) y tests (including Yates’ correction) to determirfe i
\% mandarin lea S mandarin lea “ .
o ed i - M data within the replicate sets were homogenousdatth
dipped in water + filter dipped in water (WL) e "
paper dipped in within the sets of replicates were found to be hgenous;
2% HMO (WL 2HFP) therefore, data from the replicates were combined
vi mandarin leaf Vs mandarin leaf o p i )
dipped in water + filter dipped in water (WL) Combined data were then compared by contingghty
goa/fifdg?\%’l_'g AFP) determine differences between treatments.
Vii mandarin leaf Vs mandarin leaf dipped
dipped in 2% HMO (2HL) in water + filter papeipded
in 206 HMO (WL 2HFP) RESULTSAND DISCUSSION
Viii mandarin leaf Vs mandarin leaf dipped in

dipped in 2% AMO (2AL) water + filter paper dipgp

in 296 AMO (WL 2AFP) Studies by Raeet al. (1997) suggested that

responses oD. citri to mineral oils may be due to
detection by olfactory and/or contact chemorecepodr

oil molecules or plant volatiles. In their studygéet al.
(1997), the authors determined the effects on
oviposition of foliar deposits of 0.1-1.0% (v/v)wspus
emulsions of amC22 mineral oil and found a highly
N . significant dose response. In this current stublg, dil
Fig. 1: Diagram of Iactomete_r useq 0 determme thetoncentrations used in the choice tests and oifattr

responses of adult psyllids to citrus and oil vigat

studies were based on Rael. (1997)ia’s work such that

The leaves were then dipped in either 2% aquedus dghey would be likely to elicit a behavioural respen
emulsions or distilled water for 5 s and then tiefair-dry In all choice tests, where adilt citri were given
for 60 min. They were then placed vertically in thethe option of alighting on mandarin leaves dippitdee
transparent plastic container. Strips of filter grag20x20 in water or in 0.5% aqueous emulsions of HMO or
mm) used in some comparisons (Table 1) were alséMO (Fig. 2), significantly larger proportions of
dipped in 2% aqueous oil emulsions, or distilledevéor ~ PsYllids alighted on leaves dipped in water onfythe
5 s and then left to air-dry for 60 min. They wptaced  two AMQ treatments and in th_e HMO treatment where
vertically beside leaves and held in place by Sogm. the psyllids were allowed to alight on water ptiorthe
Adult psyliids were collected in specimen tubeschoice test (Fig. 2A, B and D), there was no défere
(31.5 mm internal diameter and 50 mm long). Thex” = 3.13; p = 0.21) in the ratio of psyllids on the
specimen tubes were open at one end and covered S?ntrol .and treatment leaves, with app.rOX|mateI%50
fine mesh at the other. The open end was immegliatel®’ PSYllids being found on the water-dipped leaass
covered with fine mesh after the psyllids Wereopposed t°.4'8% on oil-dipped I_eayes. The remamder
collected. The psyllids were then starved for 60 mi of the psyllids were elsewhere inside the cageorPri
before they were released into an olfactometer btarsal contact W'J.[h the AMO had no effect on the
they . . ¥esponse to the dipped leavg$<( 1.26; p = 0.53) (Fig.
connecting the open end the specimen tube to #tal di )

d of the olf d for the fi f 2B and D). In contrast, with the HMO, where thesitar
end of the olfactometer used for the first of Wests 5y peen in contact with the HMO before the chtsse
(Table 1). The adults were left within this olfacteter

_ o (Fig. 2C), significantly > = 76.20; p<0.0001) fewer
for 15 min, then removed, kept within a coveredhgyjiigs alighted on the water-dipped leaves cormbao
specimen tube for 30 min and then released into ghe other treatments. However, there were still
Second Olf?.Ctometer fOI‘ 15 min fOI’ thelsecond iz proportionate|y more psy'hds (226%) on the water-
adult psyllids were used for each replicate (n =fd5  dipped leaves than on the oil-dipped leaves (4.7%).
each paired treatment). Responses to the odoucesour These results show that, by some means, psy!kgene
were recorded as the proportion of adults obsenveitlg  to plant surfaces treated with mineral oils.
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tube
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Distilled Activated

water

Air pump
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Fig. 2: Mean (+SE) proportions (%) of D. citri athul
observed on mandarin leaves dipped in water or
0.5% v/v HMO (A and C), or in water or 0.5%
viv. AMO (B and D). In panels A and B,
immediately prior to release, the psyllids were
allowed to walk or stand for 10 min on water-
saturated filter paper. In panels C and D, the
psyllids were allowed to walk or stand on a

100
X2=229 X2=427 X2=427 X*=0014
P<0.0001 p<0.0001 p<0.0001 p<0.907

»
8

Psyllids per location (%)

@ (i) (iii) (@iv)
FA WL 2HL WL 2AL WL 2HL 2AL

@)

X?=995 X?=798 X*=184 X?=218
P<0.0016  p<0.0047 p<0.0001 p<0.0001

) (vi) (vii) (viii)
WLWL ~ WLWL  2HL WL 2AL WL
2HFP 2AFP 2HFP 2AFP

(b)

deposit of 2% oil emulsion immediately prior to Fig. 3: Mean (+SE) percentage Df citri adults that

release. In these two instances, the oil on which
the psyllids were allowed to alight was the same
as the one used to dip the leaf. In each panel, the
proportions of psyllids on the control or
treatment leaves or on the cages were
significantly different from each other as
determined by? tests (p<0.0001 in all instances)

The results of the olfactometer experiments are
shown in Fig. 3. Significantly higher proportions
(80.7% compared to 33.3%) of adults observed in
comparison (i) moved towards the source of hogttpla
volatiles than towards the source of clean air.(Biy
This outcome showed that the olfactometer was an
effective means of testing response®otitri adults to
volatiles. Application of HMO (Fig. 3ii) or AMO (.
3iii) to leaves significantly reduced (50 and 46%,
respectively) proportions of psyllids attracted to
mandarin leaves. Responses to both oils in paired
comparisons (Fig. 3iv) were similar, with 30.7% and
31.3% of adults moving towards the volatiles from
HMO- and AMO-dipped leaves, respectively. This
result indicates that both oils had similar impaots
psyllid behaviour.

Comparisons (v) and (vi) (Fig. 3v and vi) showed
that oil volatiles emanating from oil-dipped stripé
filter paper significantly reduced psyllid movement
towards mandarin leaf volatiles. Movement towatds t
source of leaf volatiles in the absence of oil#eda
filter paper was 22 and 20% higher, respectively, f
the HMO and AMO treatments, than towards leaves in
the presence of oil volatiles.
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moved towards volatiles entering single tube
olfactometers: (i) response to clean filtered air
versus response to volatiles from a normal
mandarin leaf dipped in water (FA Vs WL); (ii)
responses to a mandarin leaf dipped in 2%
aqueous horticultural mineral oil (HMO)
emulsions versus response to volatiles from a
normal mandarin leaf dipped in water (2HL Vs
WL), (iii) responses to a mandarin leaf dipped
in 2% aqueous agricultural mineral oil (AMO)
emulsions versus response to volatiles from a
normal mandarin leaf dipped in water (2AL Vs
WL) and (iv) response to mandarin leaves
dipped separately in 2% HMO or 2% AMO
(2HL Vs 2AL); (v) response to mandarin a leaf
dipped in water + filter paper dipped in 2%
HMO Vs response to a normal mandarin leaf
dipped in water (WL 2HFP Vs WL); (vi)
response to a mandarin leaf dipped in water +
filter paper dipped in 2% AMO Vs response to a
normal mandarin leaf dipped in water (WL 2HFP
Vs WL); (vii) response to a mandarin leaf dipped
2% HMO Vs a mandarin leaf dipped in water +
filter paper dipped in 2% HMO (2HL Vs WL
2HFP) and (vii) response to a mandarin leaf
dipped 2% AMO Vs a mandarin leaf dipped in
water + filter paper dipped in 2% AMO (2HL Vs
WL 2HFP). For each comparison the significance
of the different proportions moving towards the
odour source was determined)fyests
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CONCLUSION However, the series of comparisons showed that the
mineral oils repelled adu. citri by: (a) suppressing
These results suggest that oil volatiles: repeltad the release of attractant host plant volatilesnfayking
psyllids; interfere with psyllid recognition of edttant  attractant host plant volatiles; (c) causing redea$
leaf volatiles and/or influence the release ofaatlint  repellent volatiles from leaves and/or (d) oil nmikes
or repellent plant volatiles from the water-dippeddirectly repelling psyllid adults. Both sets of
leaves. The results again suggest that the imdatieo experiments suggest that detection of mineral oil
oils was similar. volatiles by the antennal olfactory receptors, piuip
Comparisons (vii) and (viii) showed that volatiles antennal,D. citri contributed to their response to oil
from oil-treated leaves were less attractive andiore  deposits on the mandarin leaves. Further studigg us
repellent than volatiles emanating simultaneoustynf ~ electroantennograms are required to determine df th
water-dipped leaves and oil-treated filter papég.(Bvii ~ response is solely related to the detection ovaldtiles
and vii)). These outcomes may have been relatetajo: ©Of enhanced by effects of deposits on the releése o
possibly different concentrations of oil volatiles attractant or repellent plant volatiles.
emanating from treated leaves and filter papersilif

deposits or volatilisation rates on the treatedssakes ACKNOWLEDGMENT
varied; or (b) if oil deposits suppressed, masked o )
increased release of plant volatiles as sugge Stedea We gratefully acknowledge the Australian Centre
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