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ABSTRACT Persimmon,Diospyros kakiL., is an important fruit tree in northern China. Japanese wax
scale, Ceroplastes japonicusGreen (Hemiptera: Coccoidea: Coccidae), is the most destructive pest in
persimmon orchards and is difÞcult to control using chemical pesticides. This paper studied the variety
of volatile emissions from persimmon trees attacked by wax scale or induced by applications of methyl
jasmonate (MeJA), an exogenous signaling material. We also studied the role of volatiles in recruiting
the ladybeetle, Chilocorus kuwanae Silvestri (Coleoptera: Coccinellidae), a primary predator of wax
scale. The results showed that the ladybeetles displayed strong taxis responses to the odor sources from
trees treated with MeJA and wax scaleÐdamaged trees. Within 24 h after the trees were treated with
MeJA, the number of ladybeetles responding to the treated trees ßuctuated based on the amount of
volatiles released over a diel period. Chemical analysis of the volatiles showed that terpenoid
compounds, especially �-pinene, increased from both the wax scaleÐdamaged and MeJA-treated trees
and that this was the reason for the ladybeetle attraction. Therefore, �-pinene was used as a single
signal source to examine the taxis response of C. kuwanae. The results suggest that �-pinene plays a
signiÞcant role in attracting the ladybeetles. It is therefore concluded that MeJA application might be
used to stimulate the defense function of persimmon trees by inducing the release of terpenoids,
especially �-pinene, and thereby recruiting more ladybeetles to control the scale insects.

KEY WORDS Ceroplastes japonicus Green, Chilocorus kuwanae Silvestri, methyl jasmonate,
�-pinene, volatiles

Persimmon, Diospyros kaki L. (Ebenaceae), is an im-
portant fruit tree in northern China where orchards
cover �73,400 ha. Japanese wax scale, Ceroplastes ja-
ponicus Green (Hemiptera: Coccoidea: Coccidae), is
one of the most destructive insect pests in persimmon
orchards, where it often occurs in dense populations,
sucking the sap from the host trees and reducing yields
�70% annually (Xie 1998). Although pesticides have
been applied to control the wax scale, the efÞcacy is
always unsatisfactory, because the insects are covered
in a mass of waxy substances that form a protective
coating over the body, limiting the efÞcacy of pesti-
cide sprays (Xie and Xue 2005). In addition, pesticide
applications result in toxin residues on the fruit and
cause environmental pollution. Using natural enemies,
such as parasitoids and predators, to control the scale
insect is a better alternative.

It has been shown that, in nature, many species of
natural enemies are attracted to their prey and to the
host plants by semiochemicals. When the host plant is
attacked by herbivorous insects, the plants can be
induced to change their volatile emissions. These vola-
tiles can play a role in recruiting natural enemy ag-

gregations onto the infested plants (Turlings et al.
1991, 1995; Takeshi et al. 1997; Turlings and Benrey
1998; Han and Chen 2000). For example, Souissi et al.
(1998) and Souissi and Le (1999) found that mealy-
bug-infested cassava plants were the major sources of
volatiles that attracted female parasitoids, Apoanagy-
rus lopezi De Santis to its host. In addition, Xie et al.
(2004) reported that the fresh twigs and leaves of
bunge prickly-ash trees, Zanthoxylum bungeanus,
damaged by the mealybug Phenacoccus azaleae was
attractive to the ladybeetle, Harmonia axyridis.

Recently, some studies have found that plants emit-
ted volatiles similar to those given off by plants at-
tacked by herbivores when treated with such exoge-
nous compounds as jasmonic acid (JA) and methyl
jasmonate (MeJA) and that these volatiles were also
attractive to the predators and parasitoids of the her-
bivores (Rodriguez-Saona et al. 2001, Lou et al. 2006).
For instance, Rodriguez-Saona et al. (2001) found that
cotton plants treated with exogenous MeJA released
volatile compounds similar to those released by her-
bivore-damaged plants. Dicke (1999) reported that
Phytoseiulus persimilis, a mite predator of the twospot-
ted spider mite,Tetranychusurticae, a pest of lima bean
plants, was attracted by the volatiles from JA-treated1 Corresponding author, e-mail: xuejl@sxu.edu.cn.
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lima bean plants. Degenhardt and Lincoln (2006) ex-
amined the effect of herbivory and MeJA exposure on
the release of volatile organic compounds in the marsh
elder, Iva frutescens, and found that this plant released
many constitutive volatile organic compounds imme-
diately in response to herbivory, and it also produced
novel volatile organic compounds in response to feed-
ing by the specialist leaf beetle, Paria aterrima, and
MeJA treatment.

In northern China, the ladybeetle, Chilocorus ku-
wanae Silvestri (Coleoptera: Coccinellidae), is a pri-
mary predator of Japanese wax scale, but it usually
emerges after the wax scale infestation has become
abundant. In addition, because of the mobility of the
ladybeetles, population levels are not stable in the
orchards, reducing the predatorsÕ efÞcacy. One solu-
tion would be to determine whether trees infected by
the wax scale emit volatiles that enhance the search
behavior of the ladybeetles and keeping them in the
orchards for longer periods.

In this study, we investigated the ability of persim-
mon trees to produce volatiles when attacked by Jap-
anese wax scale or treated with MeJA. We also studied
the response of ladybeetles in an olfactometer to the
volatiles identiÞed from infested or treated trees. Fi-
nally, we studied the changes in volatile proÞles from
the infested and treated trees over the daily photo-
period cycle.

Materials and Methods

Study Site. The study was conducted in two per-
simmon orchards located on the same soil type at Linyi
County of Shanxi Province in northern China (35�40�
N, 111�27� W, elevation 700 m). The persimmon trees
were 2 yr old, �1.5 m in height, and 1.1 m in crown
width. One orchard was heavily infested with the
Japanese wax scale and the other was uninfested; these
orchards were located �1 km apart. The average den-
sity of the insects in the infested orchard was �30
adult scales per 10 cm of twig length, and �70%
branches were infested.
Preparation of Plant Material for Bioassay. Twenty

microliters of MeJA (95%; Aldrich) was dissolved in 2
ml ethanol and added to 100 ml of distilled water.
Using an atomizer, a single branch from eight plants
was sprayed to runoff with exogenous MeJA, so there
was no physical contact with any leaf material. The
branches treated with MeJA were enclosed in clear
plastic collection bags (Shanxi Plastics Factory,
Taiyuan, China). Eight control plants that were lo-
cated at a separate portion of the same orchard were
also sprayed with the solution of distilled water and 2
ml ethanol (without MeJA). For bioassay of lady-
beetle attraction, we later collected leaves separately
from the three MeJA-treated trees and three control
trees, three infested trees, and three uninfested trees.
At the same time, Þve additional trees in both treated
and control section were used to analyze the volatile
compositionbyusing theheadspacevolatilecollection
bags enclosed over the treated branches. Simulta-

neously, volatile of Þve trees in both infested and
uninfested section were also collected.

A 100-ml solution containing 200 �l of a 10:1 (eth-
anol/MeJA) mixture was applied to the healthy trees.
For studying the ßuctuation of the volatile from the
experimental persimmon trees and its effect on the
subsequent attraction to the ladybeetles in different
time phases during a whole day after the trees were
treated with MeJA, and considered the impact from
light, the sample leaves were collected from both
treated and untreated trees at four times, 1000, 1500,
1900, and 0700 hours local time the next morning,
corresponding to 3, 8, 12, and 24 h after the MeJA was
applied. Laboratory tests on the responses of the la-
dybeetles were conducted immediately after collec-
tion.
Source of Test Insects. Ladybeetle, Chilocorus ku-

wanae Silvestri, a preponderant predator of wax scale,
was selected for testing the tropism response to the
volatiles from the persimmon trees that were infested
by the wax scale or treated by MeJA. Ladybeetle
pupae were collected before the treatments from the
orchards infested by the wax scales and kept in the
insect box in the laboratory at 25Ð28�C. Each day with
emergence, ladybeetles were individually collected
and reared temporarily in a clean glass tube with water
and the fresh wax scales as a food source. The unmated
adult females were used for the tropism response in
experiments.
Headspace Volatile Collection. A headspace vola-

tile trapping instrument was used to collect volatiles
from persimmon trees. An atmospheric sample col-
lector (model QC-1S; Beijing Labor Protection Insti-
tute, Beijing, China) was used to pull and control
airßow through the volatile collection bag (80 cm
long, 45 cm in diameter). Each bag enclosed one
sample branch or twig with �120 leaves. Air entered
the bottom of the bag through an air Þltration tube to
keep the air clean and dry, passed through an absor-
bent trap, Porapak Q (80Ð100 mesh; Alltech, Deer-
Þeld, IL), and exited out through the bag. In the
volatile collection process, the airßow rate was con-
trolled at 100 ml/min through the trap. The collection
time for each volatile sample lasted for 4 h, and each
treatment was repeated Þve times.

After collection, the traps were eluted with 1 ml of
gas chromatography/mass spectroscopy (GC/MS)
analytic grade methylene chloride (Lichrosolv.;
Merck, Whitehouse Station, NJ). A light stream of
charcoal-Þltered air was used to push the remaining
methylene chloride through the trap. The eluate was
concentrated to 300 �l under a stream of compressed
nitrogen, and 40 ng n-octane in 10 �l methylene chlo-
ride was added to each eluted sample as an internal
standard. We analyzed chemical compounds of the
volatile samples with a GC/MS (Trace2000GC)
equipped with a DB-5MS/LB column (30 by 0.25 m
ID, 0.25 �m; Dikma) with 1.0 ml/min helium as a
carrier gas. The splitless mode injector system was set
at 220�C, and column temperature was maintained at
40�C for 3 min, increased at a rate of 5�C/min to 100�C
and maintained for 10 min, and increased at a rate of
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20�C/min to 290�C for 4 min. The compounds within
the volatiles were identiÞed by comparison of reten-
tion time and mass spectra to those contained in the
standards database of the NIST/EPA/NIH Mass Spec-
tral library (ScientiÞc Instrument Services).
Olfactometer Assay of Ladybeetle Attraction. A Y-

tube olfactometer setup was used to test the two
choices of C. kuwanae to the damaged persimmon
volatiles versus undamaged in one experiment and
MeJA-treated leaves versus control alcohol-treated
leaves in the second experiment. The olfactometer
consisted of a Y-shaped glass tube (1.5 cm in diame-
ter). The base was 15 cm long, and each of the two
arms was 9 cm long. The angle between the two arms
was 60�. Each arm was connected to a glass cylinder
(seven by 16 cm), in which 10 pieces of whole leaves
(each 9 cm long, 5 cm wide) were used as the volatile
source. The whole leaves were cut from the plant
before an experiment, and the petioles were wrapped
in wet cotton and aluminum foil. An airstream was
passed through a tube with active charcoal and a
humidiÞer bottle. It was divided in two, and each
secondary airstream was led through one of glass cyl-
inders. Subsequently, the two airstreams were led
through one of the two arms of the olfactometer at a
ßow rate of 200 ml/min. During the experiments, the
temperature was maintained at 25Ð28�C. The Y-tube
olfactometer was placed in plane with an artiÞcial light
source consisting of one 30-W ßuorescent lamps
placed above the olfactometer.

Persimmon leaves collected from the sample trees
were used as the volatile source immediately after
collection. At the start of each test, 15 female adult
ladybeetles were introduced into the base tube of the
olfactometer and given 10 min to respond. If a lady-
beetle crawled further than one third of the length of
the Y arm leading to the volatile source and remained
there for at least 1 min, it was recorded as positive
tropism choice. If a ladybeetle did not respond to the
volatile source within 10 min, it was recorded as no
response. To eliminate the effects of asymmetrical
bias, we exchanged connections of the two arms of the
olfactometer to the cylinders after each test. After two
tests, the olfactometer tube was washed with 95%
alcohol and heated for several minutes to dry, the
cylinders were changed, and a new set of leaves was
used. For each two-choice experiment, the test was
repeated with six groups of insects each day for 3

successive d. In each replication, different adult fe-
male ladybeetles were used.

The chemical �-pinene was also as a single odor
sources to test ladybeetle response on 3 consecutive d.
The �-pinene (98%; Sigma) was diluted with liquid
parafÞn at four concentrations, 10�3, 10�4, 10�5, and
10�6 g/ml, which were compared with liquid parafÞn
without �-pinene as a control.
Field Trial. In the orchard, 15 in both healthy per-

simmon trees and wax scales infested ones were re-
spectively treated with 1,000-ml solution containing 2
or 4 ml of a 10:1 (ethanol/MeJA) mixture. The trials
were conducted for 4 consecutive d, and at 1200 hours
the next day, the number of ladybeetles on the 15
persimmon trees was recorded.
Statistical Analyses. Differences in ladybeetle re-

sponse to volatile sources between infestation and
MeJA-treated control leaves were analyzed using �2

tests. Data for volatile compounds were analyzed with
analysis of variance (ANOVA), with the Tukey test
used for mean comparisons (SPSS V12.0; SPSS, Chi-
cago, IL).

Results

Response of C. kuwanae. Ninety female adult C.
kuwanae were tested for each treatment. Of these, 61
(70.93%) responded to volatiles from leaves from the
scale-infested trees, but only 25 (29.07%) responded
to volatiles from the leaves from healthy trees (P �
0.01; Table 1). In the MeJA treatment, 51 (67.11%)
ladybeetles responded to leaves from the treated trees
but only 25 (32.89%) crawled to the control leaves
(P � 0.01).

The results for the four time intervals across the
three testing dates (Table 2) showed that the attrac-
tion of the persimmon trees treated with MeJA ßuc-
tuated. At 1500 hours, an average of 61 ladybeetles
moved toward the MeJA-treated leaves, but only 17
ladybeetles crawled toward the untreated leaves
(78.21 and 21.79%, respectively; P � 0.01), and the
results at 0700 hours the next day were similar (73.42
and 26.58%, respectively). However, the number of
ladybeetles responding to the treated and untreated
leaves at 1000 and 1900 hours were not signiÞcantly
different (Table 2).
Volatile Emission. A total of 24 chemical com-

pounds were detected in the volatile samples col-

Table 1. Response of C. kuwanae to persimmon trees damaged by Japanese wax scale and treated with MeJA

Odor source

R1 R2 R3 Average

Total
no.

Tendency
percent

�2

test
Total
no.

Tendency
percent

�2

test
Total
no.

Tendency
percent

�2

test
Total
no.

Tendency
percent

�2

test

Damaged 66 78.57% a 58 65.91% a 60 68.97% a 61 70.93% a

Undamaged 18 21.43 30 34.09% 27 31.03% 25 29.07%
MeJA treated 51 68.92% a 45 67.16% a 56 65.88% a 51 67.11% a

Untreated 23 31.08% 22 32.84% 29 34.12% 25 32.89%

R1, R2, and R3 indicate replicates conducted over 3 consecutive d.
Total no. indicates total no. of ladybeetles, out of a possible 90, responding to an odor source.
a P � 0.01.
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lected from the experimental persimmon trees. They
could be classiÞed into Þve different groups: terpe-
noids (10), alcohols (2), esters (1), aldehydes (2), and
hydrocarbons (9). Of these, the Þrst three groups are
generally considered to be the most important com-
pounds in attracting natural enemies (Turlings et al.
1990, Dicke et al. 1993). Of the 10 terpenoids, 9 ap-
peared in the volatiles from the wax scaleÐinfested
trees, whereas Þve terpenoids were present in the
volatiles from MeJA-treated trees (Table 3). In con-
trast, only one terpenoid, �-cis-ocimine, was detected
in the volatiles from the control trees. Therefore, com-
pared with the terpenoids from the control trees,
those from the wax scaleÐinfested and MeJA-treated
trees are novel components.

Some alcohol and ester components also increased
in quantity or were detected as novel compounds in
the volatiles from the wax scaleÐinfested trees and
from the MeJA-treated trees compared with control
trees. The �-pinene was always the most predominant
compound in the volatiles from both scale-infested
and MeJA-treated trees. Its emission reached 20,223
ng/h in the former condition and 11,320 ng/h in the
latter (Table 3).

There was a marked ßuctuation in the time of emis-
sion of the terpenoid compounds from the trees
treated with MeJA. As Table 4 shows, between 3 and
8 h after MeJA treatment, the emission of the six
terpenoids increased from 5,033 to 21,178 ng/h, with
�-pinene by far being the most abundant, reaching
12,607 ng/h. However, the emission rates became
markedly reduced between 8 and 12 h, with most
terpenoids being totally absent and �-pinene decreas-
ing to only 38 ng/h. After 24 h, however, all six ter-
penoids were detected at moderate concentrations,
and �-pinene emission reached 15,911 ng/h.
Response of C. kuwanae to �-Pinene. Based on the

previous results, �-pinene was used as a single odor
source in a trial to conÞrm its attractiveness to C.
kuwanae by Y-olfactometer. We found that the lady-
beetles were signiÞcantly attracted to �-pinene (Ta-
ble 5) compared with solvent control (liquid parafÞn).
The �-pinene was diluted to four concentrations from
10�3 to 10�6 g/ml; the ladybeetles responded mark-
edly to the concentrations 10�4, 10�5, and 10�6 g/ml,
with the strongest response (78.48%) at 10�5 g/ml.
FieldTrial. It was found in the Þeld experiment that

the persimmon trees treated with MeJA exhibited

Table 2. Response of C. kuwanae to persimmon trees at four time intervals up to 24 h after treatment with 20 �l MeJA

Odor source Time

R1 R2 R3 Average

Total
no.

Tendency
percent

�2

test
Total
no.

Tendency
percent

�2

test
Total
no.

Tendency
percent

�2

test
Total
no.

Tendency
percent

�2

test

MeJA treated 1000 41 58.57% NS 45 60.00% NS 43 61.43% NS 43 59.72% NS
Untreated 29 41.43% 30 40.00% 27 38.57% 29 40.28%
MeJA treated 1500 65 82.28% a 59 76.62% a 60 75.00% a 61 78.21% a

Untreated 14 17.72% 18 23.38% 20 25.00% 17 21.79%
MeJA treated 1900 44 57.89% NS 39 52.00% NS 41 57.75% NS 41 55.41% NS
Untreated 32 42.11% 36 48.00% 30 42.25% 33 44.59%
MeJA treated 0700 61 77.22% a 58 68.24% a 55 74.32% a 58 73.42% a

Untreated Next day 18 22.78% 27 31.76% 19 25.68% 21 26.58%

R1, R2, and R3 indicate replicates conducted over 3 consecutive d.
Total no. indicates total no. of ladybeetles, out of a possible 90, responding to an odor source.
a P � 0.01.
NS, no signiÞcant.

Table 3. Volatiles compounds (mean � SE) detected by GC/MS from the wax scale-damaged and undamaged, and MeJA-treated and
untreated persimmon trees

Compound name
Emissions (ng/h)

Undamaged Damaged Untreated MeJA treated

I Terpenoid compound
3-Thujene 0 � 0a 6,071 � 2,530b 0 � 0a 4,378 � 1,124b
4�10	-Thujene 0 � 0a 1,445 � 629b 0 � 0a 811 � 297b
�-Pinene 0 � 0a 20,223 � 6,842b 0 � 0a 11,320 � 3,810b
�-Pinene 0 � 0a 2,207 � 1,300b 0 � 0a 0 � 0a
2�10	-Pinene-�1S,5S	-�-	 0 � 0a 0 � 0a 0 � 0a 661 � 309b
Camphene 0 � 0a 511 � 243b 0 � 0a 0 � 0a
Limonene 0 � 0a 623 � 307b 0 � 0a 2148 � 753b
�-trans-Ocimene 0 � 0a 89 � 47b 0 � 0a 0 � 0a
�-cis-ocimine 2,147 � 932b 32 � 11a 2365 � 994b 1,309 � 521a
Farnesene 0 � 0a 54 � 22b 0 � 0a 0 � 0a

II Alcohol compound
3-hexen-1-ol 0 � 0a 400 � 124b 0 � 0a 0 � 0a
1-Hexanol,2-ethyl 638 � 291a 1,503 � 667b 0 � 0a 0 � 0a

III Ester compound
3-Hexenyl-acetate 0 � 0a 0 � 0a 85 � 17a 1,830 � 667b

Different letters in the same row indicate signiÞcant differences between treatments (TukeyÕs test,P � 0.05).
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much more attraction to ladybeetles than the un-
treated trees. As shown in Table 6, the average number
of ladybeetles was 36 (range, 31Ð45) on the wax scaleÐ
infested trees, whereas after treated with MeJA in the
two doses, the numbers increased to 112 (range, 75Ð
134) and 141 (range, 115Ð167). It was observed that
the ladybeetles were not only with much more num-
bers on the MeJA-treated trees but also could stay in
the location once attracted for a long time and act
actively in searching for the wax scales. The lady-
beetles prey on the wax scales using their mouthpart
to destroy the wax covering and feed on the body.
Some ladybeetles disposed of the whole body of wax
scales and only the wax covering was left. Some con-
sumed body ßuid and internal organs, except the in-
tegument.

Although some ladybeetles were also attracted to
the healthy trees that were treated with MeJA, they
stayed only a short time and ßew away because there
were no wax scales to prey on.

Discussion

It has been widely found that herbivores induce
host plants to release volatile chemicals, which sub-
sequently attract natural enemies to control pests
(Turlings et al. 1990, Dick et al. 1993, Kessler and
Baldwin 2001, Lou et al. 2006). Our study indicated

that, when persimmon trees are under attack by the
Japanese wax scale, the coccinellid predator C. kuwa-
nae is strongly attracted to them (Table 1). The chem-
ical analysis of the volatiles explained the reason for
this attraction. The volatile emission from the infested
trees was much greater than that from the healthy
trees, with the infested trees releasing nine different
terpenoids, whereas the control trees only emitted
one (Table 3). It is known that terpenoid compounds
are produced during secondary metabolism of plants
and are vital chemicals correlating with the attraction
response of the natural enemy insects (Dicke et al.
1999, Rodriguez-Saona et al. 2001, Cardoza et al. 2006).

Previous studies have reported that the exogenous
application of the chemicals JA and MeJA could in-
duce plants to produce a series of physiological reac-
tions and release volatile chemicals to attract natural
enemies. This effect is very similar to what those plants
did when they were attacked by herbivores (Dicke et
al. 1999, Thaler 1999, Degenhardt et al. 2006). In this
study, the response of the ladybeetles to the volatiles
released from leaves of trees treated with MeJA was
similar to their response to volatiles from the scale-
infested trees. Compared with the control tests, MeJA
application attracted many more ladybeetles to the
odor source, which was approved by the Þeld trial. In
addition, the response of the ladybeetles changed de-
pending on the time interval since MeJA application,

Table 4. Comparison of the level of emission of each compound in the volatiles (mean � SE) from persimmon trees treated with 20
�l of MeJA at four time intervals postapplication

Compound
Emissions

1000 (ng/h) 1500 1900 0700

3 h 8 h 12 h 24 h
I Terpenoid compound

3-Thujene 869 � 347b 3,984 � 925c 0 � 0a 1,942 � 556c
4�10	-Thujene 638 � 219b 1,025 � 313c 0 � 0a 424 � 193b
�-Pinene 1,868 � 550b 12,607 � 2,987c 38 � 15a 15,911 � 3,371c
2�10	-Pinene-�1S,5S	-�-	 242 � 83a 809 � 310b 0 � 0a 147 � 62a
Limonene 1,252 � 851c 1,673 � 809c 0 � 0a 825 � 364b
�-cis-ocimine 164 � 41a 1,080 � 431b 0 � 0a 997 � 486b

II Ester compound
3-Hexenyl-acetate 595 � 207b 1,524 � 508c 53 � 24a 1,898 � 451c

Different letters in the same row indicate signiÞcant differences among treatments (TukeyÕs test, P � 0.05).

Table 5. Response of C. kuwanae to �-pinene in paraffin versus paraffin control

Concentration of
compound (g/ml)

Odor
source

Total
no.

R1 tendency
percent

�2

test
Total
no.

R2 tendency
percent

�2

test
Total
no.

R3 tendency
percent

�2

test
Total
no.

Average
tendency
percent

�2

test

10�3 �-Pinene 43 54.43% NS 44 57.89% NS 46 60.53% NS 44 57.14% NS
Control 36 45.57% 32 42.11% 30 39.47% 33 42.86%

10�4 �-Pinene 53 68.83% a 60 74.07% a 55 74.32% a 56 72.73% a

Control 24 31.17% 21 25.93% 19 25.68% 21 27.27%
10�5 �-Pinene 63 81.82% a 60 76.92% a 62 75.61% a 62 78.48% a

Control 14 18.18% 18 23.08% 20 24.39% 17 21.52%
10�6 �-Pinene 47 62.67% b 48 61.54% b 50 63.29% b 48 62.34% b

Control 28 37.33% 30 38.46% 29 36.71% 29 37.66%

R1, R2, and R3 indicate replicates conducted over 3 consecutive d.
Total no. indicates total no. of ladybeetles, out of a possible 90, responding to an odor source.
a P � 0.01.
b P � 0.05.
NS, not signiÞcant.
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corresponding to ßuctuations in the emissions from
the trees, with little emission during the dark. This
attraction was particularly related to the variety of
terpenoids and to �-pinene (Tables 1 and 2).

The ßuctuations in emissions of volatiles explain the
ßuctuations in attractiveness of MeJA-treated plants.
Many plants are known to have a diel volatile release
pattern with low synthesis and release at night and
high release during the day. Base on our some pre-
experimental data, we knew the cyclic changes of
volatiles of healthy trees and in which, their volatile
emission and quantity reached top point at 1300Ð1500
hoursduring theday. In this study,we focusedonwhat
happened and how change on the volatile emission of
the trees after treated with MeJA, therefore, we chose
the comparative test just at the time phase 1500 hours
to compare the change of volatiles between the
treated and control (Table 3). In other studies, it was
found that emission of volatile compounds (especially
terpenoids) of maize seedlings, grapes, and maple
leaves are strongly regulated by light and show a di-
urnal emission pattern (Loughrin et al. 1997, Turlings
and Benrey 1998, Li et al. 2003), which may be a major
factor inßuencing emissions and subsequent attrac-
tion of natural enemies during this sampling period.
Our study indicated that, despite the signiÞcant in-
crease of volatile emission of persimmon trees induced
by MeJA or scale insect damage, the cycle of volatile
emissions was still controlled by the diel light cycle.

Cardoza and Tumlinson (2006) reported that pep-
per plants, Capsicum annuum L., attacked by beet
armyworm released a blend of volatiles consisting
mainly of the terpenoid �-ocimine. Rodriguez-Saona
et al. (2001) reported (E)-�-ocimine and other vola-
tile compounds could be induced from cotton plants
treated with MeJA, whereas �-pinene, �-pinene, and
limonene were detected only from herbivore-dam-
aged cotton plants. We found that 3-thujene, 4[10]-
thujene, �-pinene, and limonene were present in the
volatiles emitted by persimmon trees infested by the
wax scale or treated with MeJA, Of these, �-pinene
was particularly abundant, and our results showed that
this volatile is highly attractive to the predator, C.
kuwanae. Because terpenoids in volatiles play a key
role in recruiting natural enemies, we used �-pinene
to test the taxis response by the ladybeetles. The re-
sults suggest that this compound at particular concen-
trations is highly attractive to C. kuwanae.

The role of �-pinene in chemical communication in
tritrophic relationships between host plants, herbi-

vores, and their natural enemies has been found pre-
viously. For example, Chenier and Philogene (1989)
found that �-pinene from pine attracted some long-
horned beetles, weevil, and bark beetles. Nordlander
(1990) studied the Þeld responses of Hylobius abietis
L. and H. pinastri (Gyllenhal) (Coleoptera: Curcu-
lionidae) to various combinations of two host mono-
terpenesandethanol and found thatboth specieswere
attracted to �-pinene.

Some other compounds were present in the vola-
tiles from the persimmon trees. Therefore, further
studies should be conducted on their cooperative ef-
fect with �-pinene on recruitment of ladybeetles.

It is clear from these results that both Japanese wax
scale infestations and MeJA applications induce per-
simmon trees to change their volatile emissions and
that the novel volatiles produced attract C. kuwanae.
We found that terpenoids, especially �-pinene, can act
as semiochemicals, playing an important role in re-
cruiting these coccinellid natural enemies of the scale
insects. It is hoped that it will be possible to artiÞcially
regulate the volatile emissions from persimmon trees
to improve the biological control of the scale insect by
predators.
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