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Efficacy of Leptospermum petersonii oil, on Plutella xylostella, and Its
Parasitoid, Trichogramma pretiosum
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ABSTRACT The efficacy of lemon-scented tea tree oil (LSO), Leptospermum petersonii (FM.
Bailey), was evaluated against the diamondback moth, Plutella xylostella (L.) under laboratory
conditions. Feeding activity and development of larval stages were significantly reduced on
broccolileaves that had been dipped in LSO. Oviposition deterrence was also found when an adult
stage was exposed to treated leaves. Fecundity dropped by >50% at concentrations >0.5%. The
LCy, value for third instar larvae was estimated to be 2.93% 7 d after treatment. Experiments were
also conducted under greenhouse conditions to assess the efficacy of LSO against the diamond-
back moth. Our results suggest that LSO has modest potential for development as a botanical
insecticide. The oil was also tested at concentrations from 0.5 to 6% for oviposition deterrence
of an egg parasitoid of the diamondback moth, Trichogramma pretiosum (Riley). LSO deterred
parasitization in choice tests but not in no-choice tests. LSO did not cause mortality of T. pretiosum
during 24 h in a contact toxicity test. We conclude that LSO had no significant effects on the
parasitoid, and therefore LSO is compatible with this biocontrol agent for integrated management

of the diamondback moth.
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The diamondback moth, Plutella xylostella (L.), is one
of the most important insect pests in cabbage and
other related vegetables in the family Brassicaceae. In
Australia, the presence of diamondback moth was
detected over 100 yr ago (Eziah et al. 2008). Control
of this pest, to date, has depended on synthetic chem-
ical insecticides. However, the over use of these in-
secticides has resulted in the development of insec-
ticide resistance. In Queensland, resistance of P.
xylostella to synthetic insecticides was first reported in
the 1980s (Wilcox 1986, Altmann 1988). The same
pattern of resistance in P. xylostella was also reported
in Indonesia, Thailand, Malaysia, Taiwan, United
States, and Central America (Talekar and Shelton
1993). The long-term use of synthetic insecticides has
also been reported to cause serious problems on ben-
eficial insects, the environment, and human health
(Magaro and Edelson 1990). Recently, considerable
efforts have gone into screening plants that have bi-
ologically active agents against insects with the goal of
developing Integrated Pest Management (IPM) pro-
grams. Many plant essential oils can potentially be
integrated with alternative techniques and strategies
to control insect pests, including P. xylostella. Plant
essential oils comprise many bioactive components
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that are biodegradable and selective in their activity,
thereby their application would be environmentally
acceptable and compatible with an IPM program (Is-
man 2000, Koul et al. 2008).

Lemon-scented tea tree oil (LLSO), obtained from
the native Australian plant Leptospermum petersonii
(FM. Bailey), has a range of chemical components. It
is rich in aldehydes ranging from citronellal to neral
and geranial. There are two recognized oil chemo-
types based on their hydrocarbons. The first che-
motype, Penfold’s ‘variety A’ contains mainly mono-
terpenes while the other chemotype contains
sesquiterpenes, with either B-caryophyllene or globu-
lol/viridiorol/ spathulenol as major components. The
existence of a third chemotype, Penfold’s ‘variety B’
contains geraniol acetate (21-38%) and geraniol (21-
29%), as well as citral (neral and geranial) as principal
components of the oil (Brophy et al. 2000). Informa-
tion on the use of LSO is very limited. This oil showed
good antifungal activity against Phytophthora cactorum
(Lebert & Cohn) Schroet, Microsporum canis (Bo-
din), Trichophyton mentagrophytes (Charles-Philippe
Robin Sabour), and Microsporum gypseum (Guiart &
Griggorakis) (Lee et al. 2008, Park et al. 2007). The
current study was designed to examine the effect of
LSO oil on the insect pest, the diamondback moth, and
its parasitoid, Trichogramma pretiosum (Riley) in the
laboratory. These results are intended to facilitate
research to develop new agents for insect pest control
based on bioactive chemical compounds from plants
as alternatives to synthetic insecticides.
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Materials and Methods

Insect Rearing. P. xylostella larvae used in this study
were initially obtained from a laboratory colony
reared on broccoli plants (Brassica oleracea variety
Ttalica). Rearing was done in the secure Controlled
Environment (CE) room, a photoperiod of 14:10
(L:D) h at 25 = 2°C and 54 = 10% RH, in the glass-
houses of the School of Agriculture and Food Science,
University of Queensland Gatton, using the rearing
procedure of Talekar and Lin (1998). The parasitoids,
T. pretiosum used in these experiments were pur-
chased from “Bugs for Bugs” (Queensland, Australia)
in the form of parasitized lepidoptera (Ephestia kue-
hniella Zeller) eggs. The parasitized E. kuehniella eggs
were stored in a chamber at 5°C then kept at room
temperature for 2 d before use in experiments to allow
it to emerge from the pupal stage.

Preparation of Oil. The LSO was obtained from
Southern Cross Botanicals Pty Ltd. (Knockrow, NSW,
Australia). Based on the certificate analysis from
Southern Cross Botanicals Pty. Ltd., the components
of the LSO used here, produced by steam distillation
of the leaves, are geranial (31.9%), neral (26.5%),
citronellal (19,2%), citronellol (2.1%), and linalool
(2.3%). The oil was applied as a freshly prepared
suspension in a solution of distilled water and 0.5 ml
emulsifier (Tergitol TM XD [43%] and Tergitol
TMN-10 [57%] 100 g net surfactant). Known amounts
of LSO were dissolved in the control solution to obtain
a 10% stock solution. Various concentrations of oil
suspensions were then prepared by diluting appropri-
ate volumes of stock solution in the control solution.

Lethal Concentration (LCs,) Estimation. Six dif-
ferent concentrations defined by a logarithmic scale
were tested (0.5, 1.0, 2.0, 4.0, and 6% [vol:vol]) with
three replications of each. Each replicate consisted of
10 third instar P. xylostella; a total of 180 larvae were
used. A leaf dipping method was used to evaluate the
toxicity of LSO against third instars of the diamond-
back moth. Leaf discs (3 cm diameter) were punched
from leaves of 7-wk-old broccoli seedlings. Each leaf
disc was dipped into one of six different concentra-
tions of test oil solution for 10 s. Control leaf discs
received the control solution only. After air-drying for
~30 min, the treated leaves were placed on wet Sty-
rofoam in a container (7 cm diameter, 3 cm height).
Groups of 10 third instar larvae were transferred onto
each leaf discs. After 24 h, the larvae were removed
from the containers and placed into new containers
with fresh leaf discs. The discs were removed and
replaced with fresh discs everyday for 1 wk. Mortality,
assessed at 7 d, was corrected using Abbott’s (1925)
formula. The median LCy, was calculated using probit
analysis (Finney 1971).

Antifeedant Tests. Feeding deterrent effects were
evaluated under choice and no-choice conditions. In
this assay concentrations 0.5, 1.0, 2.0, 4.0, and 6% (vol:
vol) of essential oil were used. In the choice test,
broccoli leaf discs of 3 ecm diameter were punched
from leaves of 7-wk-old seedlings using a cork borer.
The leaf discs were dipped in the appropriate oil

JOURNAL or EcoNnoMIC ENTOMOLOGY

Vol. 105, no. 4

emulsion concentrations for 10 s and air dried for 30
min in a fume hood. One treated leaf disc was placed
in a plastic container (7 cm diameter, 3 cm height) as
described in the previous section, together with an
untreated leaf. Ten third instar P. xylostella, starved for
4 h, were used in each replicate. Each treatment was
replicated thrice, giving a total of 30 larvae in each
treatment. In the no choice tests, the treated and
untreated leaf discs were placed in separate plastic
containers. The number of larvae used in this method
was the same as described in the choice method with
10 third instar P. xylostella in each replicate. After 24 h,
larvae were removed and the frass brushed from the
leaf discs. Then the residual leaf discs areas were
placed on a piece of paper for digitizing the area using
an Epson scanner (Seiko Epson Corporation, Sydney,
Australia) on 300 dpi. The area of the remaining leaf
disc in this image was measured using the computer
program, Image] 1.4lo (open sources program on
http://rsb.infonih.gov/ij). The antifeedant index
(AFI) for the choice method was calculated as AFI =
(C-T)/(C+T) * 100%, and for no-choice methods as
AFI = (C-T)/C *100%, where C and T denoted the
consumed area of control leaf and treated leaf discs,
respectively (Simmonds et al. 1989, Ling et al. 2008).

Development Assay of P. xylostella. Ten third instar
larvae of diamondback moth were placed on leaf discs
(3 cm diameter) that had been dipped in six different
concentrations used for the feeding deterrent assay.
Each treatment had three replicates and each repli-
cate had 10 larvae, a total of 180 larvae were used for
the experiments. Records were made daily of living
and dead individuals and larval development. Larval
development was expressed as the ability of larvae to
grow and molt to the next instar and this can be
expressed by a growth index and relative growth index
values. Larval growth index expressed by the growth
rate can be calculated from the distribution of living
and dead larvae at each instar, and the number of
larvae pupating. The larval growth was calculated us-
ing the indices introduced by Zhang et al. (1993).

Effect of LSO on Oviposition and Egg Hatch. The
surviving female adults from the development assay
experiment were used in this test. Leaves from 8 wk-
old broccoli seedlings were detached, dipped into one
of six different concentrations of test oil solution, as in
previous experiments, and then the leaf was put in a
small vial (1.5 cm diameter, 2.5 cm height) with water
in it to maintain moisture. The detached leaves were
put in a container (3 cm diameter, 11 cm height)
together with a cotton swab moistened with a 10% of
honey solution. Two female and two untreated male
adults were released in the container. Each treatment
was replicated three times, giving a total of 72 adults
used for these experiments. The total numbers of eggs
deposited on the leaves were counted after 3 d and the
numbers of hatched eggs (F1) were recorded after an
additional 3 d.

Efficacy of LSO in the Greenhouse. Experiments
were conducted at the School of Agriculture and Food
Sciences, University of Queensland Gatton. Broccoli
seedlings, as above, were planted in plastic pots (3 cm
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Antifeedant effect of Leptospermum petersonii oil on the third instar larvae of Plutella xylostella in choice trials and no choice

AFI choice

Concentration (%) (mean = SD)* (%)"

Fvalue; df; P< F

AFT no-choice

(mean * SD) (%)b F value; df; P < F

0 — 61.03; 4,14; 0.0001 0.86 = 0.18d 42.02; 5,17; 0.0001
0.5 20.23 * 1.66d 53.58 + 2.24b

1 32.44 = 6.25¢ 58.4 * 6.26b

2 34.84 + 9.89¢ 67.71 = 10.8c

4 41.04 = 6.55b 67.75 = 11.39¢cb

6 63.16 * 1.56a 87.17 = 8.8a

“Based on 30 third instars for each rate.

» Means followed by the same letter are not significantly different (Least Significant Difference test; P < 0.05).

diameter, 6 cm height) in a mixture of composted bark,
Osmocote Plus 8-9 mo (2 kg), Osmocote Plus 3-4 mo
(1 kg), Nutricote 7 mo (2 kg), coated iron (1.3 kg),
SaturAid (1.2 kg), Polimite (1.2 kg), and Osmoform
(1.3 kg). Plants were watered regularly and 7 wk-old
plants were used in these experiments. An emulsion of
LSO was tested at concentrations of 0, 0.5, 1, and 2%
(vol:vol). One percent rotenone (Rotenone Garden
Dust) was used as a positive control. Treatments were
arranged in arandomized block design, with replicates
and 10 plants/treatments/blocks. Plants were spaced
15 ecm within rows and 30 cm between rows in each
treatment. Spaces between treatments and blocks
were 50 and 75 cm, respectively. Each plant was in-
fested with seven third-instar P. xylostella obtained
from the laboratory culture. The plants were sprayed
with oil emulsion concentrations by using 50 ml plastic
spray bottles. Approximately 20 ml of oil solution was
applied to each plant. Rotenone (dust) was applied
directly to broccoli leaves. The number of surviving
larvae was counted at 1 and 7 d after spraying. The
larval mortality was calculated from the number of live
larvae before and after treatment.

Effect of LSO on a Parasitoid (T. pretiosum). The
deterrent effects of LSO on the egg parasitoid T. pre-
tiosum were evaluated using choice and no-choice
methods. In this assay, concentrations of 0.5, 1.0, 2.0,
4.0, and 6% (vol:vol) essential oil were used. Ten P.
aylostella eggs (=48 h) were pasted onto a piece of
filter paper (1 X 5 cm). Each filter paper represented
one replication and there were five replications at
each concentration. Each filter paper was dipped in
the oil emulsion for 5 s and then dried for 30 min. A
filter paper with eggs dipped into emulsified water
served as a control. In the no-choice assay, one mated
female parasitoid (age 24 h) was introduced into a
glass tube (1 X 15 ¢cm) containing a filter paper with
10 eggs. A streak of honey solution (10%) was applied
to the inner glass of the tube as food for the adult
parasitoid. In the choice method, two mated females
were introduced into a tube containing treated eggs
pasted on filter paper and control filter paper with
eggs. The tubes were plugged with cotton wads. After
5 d, the number of parasitized eggs was recorded. The
change of egg color to black was used to determine
parasitism, as this indicates T. pretiosum development
inside the P. xylostella eggs (BioResources 2012). A
direct contact assay was also conducted on adult T.

pretiosum. Ten adult T. pretiosum, =48 h old, were
introduced to a glass tube (1 X 15 cm), where a square
of filter paper (1 X 5 cm) that had been dipped in
different oil emulsions was previously inserted. The
parasitoid mortality was recorded every 24 h for 5 d.
Statistical Analysis. All data were analyzed using
SAS computer system for Windows 6.12. Insect mor-
tality data were analyzed using probit analysis (Finney
1971, Crawley 1993). AFI, insect relative growth in-
dex, and insect growth index data were analyzed using
analysis of variance (ANOVA) for a General Linear
Model. For greenhouse experiments, percent mortal-
ities were corrected using Abbott’s transformation.
ANOVA was performed on the arcsine-transformed
percentage mortality. The differences between means
were assessed using the Least Significant Difference
(LSD) test (P < 0.05). For parasitism experiments,
data were analyzed using ANOVA in a completely
randomized block design. The treatment means were
compared using the LSD (P < 0.05) (Zar 1993).

Results and Discussion

LC;, Estimation. The range of concentrations used
in this study were evaluated at 7 d after treatment
because no mortality occurred 24 h after exposure to
LSO. The estimated LCy, value was 2.93% (range, 95%
CI: 1.93-4.76%) (n = 180; Slope Coefficient = 0.09 *
0.02; x> = 132; df = 3). Concentration dependent
mortality was observed during the experiments. Al-
though there is a lack of information on the efficacy of
LSO as an insecticidal agent, some studies found that
the chemical components of this oil had antifungal,
acaricidal, and antimicrobial effects (Wilkinson and
Cavanagh 2005, Park et al. 2007, Lee et al. 2008, Lough-
lin et al. 2008). Studies on oils obtained from others
plants of the genus Leptospermum (L. scoparium va-
riety leptophyllum, L. odoratum (Cheel), L. lanigerum
(Smith), L. liversidgei (RT Baker & HG Sm.), L. cit-
ratum (J. F. Bailey & C. T. White), L. ericoides (A.
Rich)) have reported acaricidal, antifungal, antibac-
terial, and antimicrobial properties (Short and John-
son 1926). The volatile constituents a-pinene (77%),
a-terpineol (2%), citral (1%), aromadendrene (10%),
and phenol (2.5%) obtained from these species were
considered to be the principal antimicrobial compo-
nents (Briggs et al. 1938). Jeong et al. (2008) and Jeong
et al. (2009) reported that L. scoparium (JR. et G.
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Table 2. Relationship of Leptospermum petersonii oil at con-
centrations to growth index, relative growth index, and mortality
of Plutella xylostella
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Table 4. Mortality of Plutella xylostella larvae sprayed with
Leptospermum petersonii oil or dusted by Rotenone in a glasshouse
trial

Concentration GI RGI Mortality

(%) (mean * SD)*" (mean * SD)” (%)
0 0.98 = 0.03a 3.33
0.5 0.92 = 0.10b 0.94 + 0.08a 16.67
1 0.93 = 0.07b 0.93 = 0.08a 16.67
2 0.91 + 0.09b 0.92 = 0.10a 13.33
4 0.87 + 0.13¢ 0.91 = 0.13a 20

6 0.73 = 0.14d 0.73 = 0.16b 53.33

“Based on 30 third instars for each concn.
? Means followed by the same letter are not significantly different
(Least Significant Difference test; P < 0.05).

Forst.) oil has toxicity to house-dust mites and stored-
food mites Dermatophagoides farinae (Hughnes), D.
pteronyssinus Troussart, and Tyrophagus putrescentiae
(Schrank), with LDy, values of 0.54, 0.67, and 1.12
we/ cm?, respectively. L. scoparium seeds contain lep-
tospermone and its derivatives which are triketone,
natural products found primarily in Eucakyprus and
Leptospermum. The presence of triketones in Lepto-
spermum has been lined to high antimicrobial activity.
These components are also confirmed as the active
constituents responsible for acaricidal activity (Doug-
las et al. 2004). These or other chemical constituents
in the LSO could be responsible for the insecticidal
activity.

Antifeedant Tests. Antifeedant effects of LSO on
diamondback moth larvae were indicated by leaf con-
sumption. In both the choice and no choice test, all the
rates of LSO significantly deterred feeding by third
instar diamondback moth (P < 0.001). Generally
speaking, the antifeedant rates obtained in the choice
feeding experiments were higher than in the no choice
tests. Furthermore, LSO in both the choice and no
choice methods exhibited antifeedant activity in a
dose dependent manner (Table 1). However, the spe-
cific chemicals responsible for this activity were not
further investigated.

There are few publications regarding the effects of
LSO on insect pests. Maguranyi et al. (2009) reported
that LSO oil exhibited a repellent effect against Aedes
aegypti (L.) but they did not identify active principles.
However, geranial, neral, citronellal, and linalool are
reported to be responsible for antifeedant activity

Table 3.

Concentration Mortality (%) + SD*

Treatment

(%) 1 dat” 7 dat
L. petersonii oil 0.5 425 +0.59a 1550 = 1.04b
1 3.25 + 0.53a 15.50 = 0.64c
2 8.75 + 1.09b 23.00 = 1.09d
Rotenone 1 125+0.33a 2425+ 1.17d
Control 1.00 * 0.30a 2.75 * 0.45a

“ Means followed by the same letter are not significantly different
(Least Significant Difference test; P < 0.05).
» dat = day after treatment.

against several insects. For example linalool and ter-
pinene-4-ol, which were also found in LSO, possess
antifeedant effects on Thrips tabaci (Lindeman) (Ko-
schiers et al. 2002). Similarly, neral, citronellal, citro-
nellol, and linalool distilled from Cymbopogon winte-
rianus Jowitt (Poaceae) and other aromatic plants
have also been shown to have antifeedant and repel-
lent effects on Spodoptera frugiperda (J.E. Smith), A.
aegypti, and Helicoverpa armigera (Hubner) (Labinas
and Crocomo 2002, Cockcroft et al. 1998, Tripathi
2002).

Development assay of P. xylostella. Exposure of
third instar larvae of the diamondback moth to several
concentrations of LSO had a significant effect on the
growth index (F = 51.46; df = 5,17; P = 0.0001) and
relative growth index (F = 26,42; df = 4,14; P = 0.0001)
of larvae. The oil resulted in slower development of
the larvae, which was more pronounced as the con-
centrations increased. In addition, mortality increased
with higher concentration (Table 2). Developmental
disruption was observed as some larvae and pupae
failed to molt to the next stage. Generally, treated
pupae were smaller than untreated ones. The mode of
action of the oil is not known, however, the slower
growth of the larvae might be caused by the antifeed-
ant effect of the oil alone.

Geranial, which is the major chemical component in
LSO, has been shown in several studies to repel the
cow tick, Hyalomma sp., and the pharaoh ant, Mono-
morium pharaonis L., and has oviposition deterrent
effects on the longicorn beetle, Maechotypa diphysis
(Pascoe) (Khallaayoune et al. 2009, Huang and Shu
2002, Yoo et al. 2002).

Effect of Leptospermum petersonii oil on oviposition and egg hatch by Plutella xylostella

(mean * SD) (%)“"

. F value; df
of egg lay’

Concentration (%)

(mean * SD) (%)"”

pP<F of egg hatch?

F value; df P<F

295 + 72.11a
5 206 = 45.13b (30.17%)
172.33 = 41.33be (41.58%)
137 * 45.88cd (53.56%)
116.33 = 51.07de (60.57%)
78 + 39.59 (73.56%)

19.79; 5,17

S )

0.0001 211.33 = 23.09a (71.64%)
138.33 = 26.73b (67.15%)
110.67 =+ 10.97be (64.21%)
94.33 + 5.51cd (68.85%)
66.67 + 5.67d (57.31%)
97 + 7.81e (34.61%)

48.42; 5,17 0.0001

“Based on two female treated from larval stage and two untreated male for each concn.

» Means followed by the same letter are not significantly different (Least Significant Difference test; P < 0.03).
¢ Number in parentheses represent of the percentage reduced of egg laying as compared with control.

< Number in parentheses represent of the percentage of egg hatching from the previous egg production.
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Table 5. Effect Leptospermum petersonii oil on oviposition by Trichogramma pretiosum in choice and no choice test
Choice No choice
Concentration No. of eggs . .
(%) parasitized % increase (+) or decrease (—) No. eggs % increase (+) or decrease (—)
from untreated control” parasitized from untreated control”
Treated Untreated

0.5 9.8 10 —2.0a 10 2.04a

1 9.4 9.6 —2.1a 9.8 0.00a

2 8.4 9.2 -8.7b 9.6 —2.04a

4 9.4 9.8 —4.1be 9.8 0.00a

6 8.6 9.6 —10.4c 10 2.04a

Control 9.8

“Means followed by the same letter are not significantly different (Least Significant Difference test; P < 0.05).

Effect of LSO on Oviposition and Egg Hatch. In-
creasing concentrations of LSO decreased oviposition
and subsequent larval eclosion in adults that devel-
oped from treated larvae. Egg laying was reduced
significantly from 30 to 73% when compared with the
control (F=19.79;df =5,17; P = 0.0001) and egg hatch
was slightly reduced in treatments groups except at
the highest concentration (F = 48.42; df = 5,17; P =
0.0001) (Table 3). The chemical constituents respon-
sible for this activity are unknown. Neral has been
reported to have an oviposition deterrent effect on the
leathopper, Amrasca devastans (Distant.) (Saxena and
Basit 1982).

Efficacy of LSO in the greenhouse LSO had a sig-
nificant effect on mortality of P. xylostella larvae at
both 24 h (F = 6.44; df = 7,199; P = 0.0001) and 7 d
after application (F = 84.33; df = 7,199; P = 0.0001).
After 24 h, only the highest concentration resulted in
significantly higher mortality over the control. How-
ever, after 7 d, all concentrations of oil resulted in
significantly higher mortality than the control, and the
highest concentration was comparable in efficacy to
rotenone. In general, the efficacy of the oil was low
(23% larval mortality at the highest concentration) but
comparable to rotenone (24.25% larval mortality)
(Table 4).

Increasing larval mortality was observed at 3 d after
application, but this did not increase between days
3-7. Most larvae died as they failed to molt. The low
efficacy of the oil is likely because of the fact that the
concentrations applied were below the LCy, (2.93%).
In this experiment, the highest concentration used was
2% because phytotoxic (i.e., seedling mortality) was
observed after 24 h in the broccoli seedlings when
sprayed with the oil concentration over 2%. This phy-
totoxic effect may be related to the characteristic
thinness of broccoli seedling leaves. Tariq et al. (2010)
observed phytotoxicity when they applied Acorus ca-
lamus (L.) extracts on cotton that has thin leaves;
however, there were no phytotoxic effects observed in
plants with thicker leaves such as mango and coconut.

Effect of LSO on a Parasitoid (T. pretiosum). In
choice tests, oviposition by T. pretiosum on treated P.
xylostella eggs decreased very slightly but significantly
(P = 0.002). In the no choice test, no significant dif-
ference from the control was seen (P> 0.5) (Table 5).
In the contact test, there was no mortality from LSO
on T. pretiosum at any concentration tested. The para-

sitoids all survived for 5 d after exposure. The life span
of adult parasitoids emerging from moth eggs is nor-
mally 7-20 d (BioResources 2012). During the rearing
of parasitoids in this study, we found that no parasi-
toids survived beyond 7 d.

This is the first report of the effects of LSO on a
parasitoid insect. The chemical constituents of the oil
have been reported to repel insects. Our results differ
from those of Reeves and Miller (2010) who reported
that a 2% of aqueous solution of geraniol repelled A.
aegypti. Geraniol, which is the major constituent of
LSO, had no toxic effect on adults of T. pretiosum. It
might be the LSO has very small effects on T. pretio-
sum, but no-choice experiments supported the obser-
vation that LSO did not adversely affect T. pretiosum.

In conclusion, LSO had modest insecticidal action
against diamondback moth larvae, but is phytotoxic at
concentrations above 2% under glasshouse conditions.
LSO has an antifeedant effect and also inhibits larval
growth and oviposition in P. xylostella. Adult survivors
produced fewer eggs than controls. Importantly, LSO
appeared harmless to the egg parasitoid, T. pretiosum.
LSO should be developed further along with parasi-
toids as components of an IPM program against P.
xylostella. However, our results need to be validated
under field conditions.
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