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Abstract: The green peach aphid, Mysuz persicae is a parasitic aphid and a commonly found polyph-
agous insect. It can cause direct and indirect damage to many plant families, including cruciferous
crops, by feeding on plant sap and transmitting plant pathogens. The aphid infestation can trigger
the host plant, such as cabbage to release different volatile organic compounds (VOCs) and parasi-
toids can use some of these compounds as chemical markers to distinguish their hosts. Some com-
pounds were discovered in both infested and uninfested cabbage using headspace solid microex-
traction (SPME) coupled with GC-MS technology. According to the GC-MS report, VOCs released
from infested and uninfested cabbage plants varied quantitatively and qualitatively. In a Y-tube
olfactometer bioassay, M. persicae attracts both infested and uninfested plants, and the parasitoids
Aphelinus abdominalis and Aphidus colemani prefer infested plants to uninfested plants.

Keywords: VOCs; cabbage; GC-MS; SPME; olfactometer; Mysuz persicae; parasitoids; Aphelinus ab-
dominalis; Aphidus colemani

1. Introduction

Myzus persicae (Hemiptera: Aphididae) is a serious insect with a worldwide distribu-
tion, including Australia [1,2]. It has caused damage to hundreds of agricultural crops in
more than 66 families. The aphid lives primarily in the tissues of young plants, resulting
in smaller leaves, slower plant growth, and lower yield [3]. M. persicae is a widespread
cruciferous crop pest insect that feeds on plant sap, causing yellowing and curling of plant
leaves. Honeydew excretion by aphids also affects plant photosynthesis and promotes

fungal growth [4]. Different species of aphids, such as turnip aphid Lipaphis erysimi,
cabbage aphid Brevicoryne brassicae and green peach aphid M. persicae commonly attack
cabbage and broccoli plants and economically damage these crops [5].

Pesticides are important for crop pest control. They are commonly used in horticul-
tural systems, but they can result in the appearance of secondary pests rather than pri-
mary pests, pesticide resistance, environmental pollution, and non-target species impacts
[6,7]. As a result, new pest control methods must be created. Aphid parasitoids belonging
to the Braconidae and Aphelinidae families are important in biological control because
they can destroy large numbers of aphids [8,9]. Aphid natural enemies can delay popula-
tion development, and wasp parasitoids have been shown to be useful in biological aphid
management [10]. Plant volatile organic compounds (VOCs) affect insect communication
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and plant defense, both of which are important in plant-insect interactions [11]. When
sucking insect pests like the green peach aphid feed on the plant, one of the plant's re-
sponses is to emit odors in the form of volatile organic compounds (VOCs). Since parasi-
toids use VOCs to locate their hosts, they are important in plant-insect interactions [12]..

This study aims to distinguish between healthy and M. persicae infested cabbage and
broccoli plants, and then to investigate the responses between M. persicae and its parasi-
toids A. colemani and A. abdominalis using the Y-tube ol-factometer with infested and
unifested cruciferous plants. Understanding the factors that affect parasitoid attraction is
a key factor for control of green peach aphids and development of novel biological man-
agement strategies.

2. Materials and Methods
2.1. Experimental plants

Cabbage (Brassica oleracea L. var. capitata) and broccoli (Brassica oleracea L. var. italica)
seeds were sown in a 90 mm square pot filled with potting soil mixture (Richgro Regular
Potting Mix, NSW, Australia) and cultivated in a greenhouse at 23-25°C, 60-70% relative
humidity, at L16:D8 light cycle. Plants were grown to the level of 7-9 leaves in a glass-
house and used in all experiments.

2.2. Insect culture

For the experiments, M. persicae was obtained from the Western Australian (the De-
partment of Primary Industries and Regional Development, Entomology Branch). The
aphid culture was maintained on potted cabbage seedlings in a greenhouse that were
placed into large cages (210 cm x 90 cm) covered in anti-aphid mesh and provided with a
control light system set at L16: 8D photoperiod, at a glasshouse temperature of 23-25°C.

Aphidus colemani (Hymenoptera, Braconidae) and Aphelinus abdominalis (Hymenop-
tera, Aphelinidae) were commercially obtained from Biological Services (South Australia)
as mummies and maintained on potted cabbage plants infested with M. persicae as hosts.

2.3. Olfactometer bioassays

The responses of M. persicae and its two species parasitoids, A. colemani and A. abdom-
inalis, to each of the following pairs of plant treatments were measured using a glass Y-
tube olfactometer. The aphid responses were tested using three different conditions: (1)
infested (cabbage plants infested with M. persicae) versus clean (filter) air; (2) non-infested
versus clean air; and (3) infested versus non-infested plants. The treatment of plants was
used to monitor parasitoid wasps, A. colemani and A. abdominalis. Bioassays were con-
ducted to compare parasitoid’s olfactory responses to VOCs released by cruciferous
plants.

A glass Y-tube olfactometer with a 7 cm arm length and 2 cm internal diameter,
ground glass suitable for purging air at 200 mL/min through each arm, operated by an air
flow meter (SCFH AIR, Dwyer Instruments, Michigan City, IN 46360, USA) [13]. A2 L
desiccator was attached to each arm hose. At the end of each arm, a couple of blend VOCs
[released from various plant (infested and uninfested plants)] were presented in a sealed
glass chamber. Until the treatment plant could be introduced, the compressed air was fil-
tered with activated charcoal and passed through two glass chambers, and then the air
was passed through the olfactometer system. The olfactometer was left to stablise for 15
minutes after assembly and before conducting each test to flush out all remaining residues
and clean the system [14].

2.4. Statistical analysis
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The data of the Y-tube olfactometer bioassays were analyzed for preference (aphid
M. persicae and their parasitoids A. colemani and A. abdominalis choice between two treat-
ments tested) using the Chi-Square goodness of fit test by using SPSS software version
24.0.

3. Results

The aphids M. persicae and their parasitoids A. colemani and A. abdominalis responded
to the uninfested and infested plants (cabbage or broccoli) by 30 individual aphids and 15
individuals per duplicate of parasitoid in laboratory studies using Y-tube olfactometer
bioassays.

According to the findings, green peach aphids in cabbage and broccoli were substan-
tially more responsive to VOCs produced by infested plants than to clean air. The propor-
tion of aphids attracted to the infested plant was 80% for cabbage plants versus 7% for
clear air, and 70% for broccoli plants versus 10% (Chi-Square (y?)= 18.61, df= 1 and
P<0.0005 for the cabbage and %2 =14.44, df=1 and P<0.0005 for the broccoli) (Figure 1). The
results revealed that M. persicae had a strong preference for both cabbage and broccoli,
with the healthier plants attracting them rather than clean air.

The number of aphids attracted to the cabbage was 75.56% versus 3% for the broccoli
and 84% versus 7% for the cabbage (%?=20.16, df=1 and P=0.0005 for the cabbage and y>=
19.59, df=1 and P=0.0005 for the broccoli). Although the results showed that aphids were
slightly more attractive to the infested cabbage than the healthy plant, the results also
showed that broccoli volatiles had little impact. The percentage of aphid attracted to in-
fested plants were 63% and 57% for cabbage and broccoli plants, respectively, compared
to 26.67% and 30% for healthy plants for cabbage and broccoli plants, respectively (y?=
4.48, df=1 and P<0.034 for the cabbage and y?=2.46, df=1, and P=0.117 for the broccoli).

The parasitoids A. colemani and A. abdominalis were attracted to volatiles produced
by plants in experiments where they were given a choice between healthy and infested
plants. As opposed to clean plants, both A. colemani and A. abdominalis were slightly more
attracted to volatiles from infested plants by green peach aphid (Figure 2). According to
the statistical study, for all parasitoids A. colemani and A. abdominalis, the rate of parasitoid
attraction was 93.33% and 100% towards the infested cabbage plant, respectively, versus
7% and 20% towards the clean air (y2= 11.26, df= 1, P=0.001 for A. colemani and x2= 4.57,
df=1 and P=0.033 for A. abdominalis). Both parasitoids were significantly directed to the
infested plant. However, there were no variations in attracted wasp responses to odors
emitted from a healthy plant versus clean air, and both parasitoids A. colemani and A.
abdominalis had no responses to the health plant odor versus clean air (both parasitoids
showed significantly no responses to the treatments).

On a percentage basis, 4.44% of A. colemani wasps and 7% of A. abdominalis were at-
tracted to volatiles released from uninfested plants, compared to 7% for all parasitoids
heading for clean air treatment. While the percentage of parasitoids with no responses
was 88.86%and 86.66% for both A. colemani and A. abdominalis, respectively (y2=19.20, df=
2 and P=0.001 for A. colemani and 2= 19.20, df=2 and P=0.001 for A. abdominalis). When
given the alternative between healthy and infested cabbage plants, A. colemani and A. ab-
dominalis parasitoids were slightly more attracted to volatiles produced by infested plants.
In terms of proportion, 86.67% of A. colemani and 100% of A. abdominalis were attracted to
infested cabbage, compared to 9% of A. colemani and 0% of A. abdominalis attracted to
healthy plants (y?>=10.28, df=1 and P=0.001 for A. colemani and y2=12.25, df=1 and P=0.0005
for A. abdominalis).
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Figure 1. Olfactory response of green peach aphid M. persicae in Y-tube olfactometer experiments to volatiles released from
infested and uninfested cabbage and broccoli (a) uninfested versus infested plants (b) uninfested versus clean air (c) in-
fested versus clean air. All treatments presented with standard deviation (SD) bar. Asterisks (*) indicates significant dif-
ference P<0.05 (Chi-square test).
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Figure 2. Olfactory response of two parasitoids Aphidius colemani and Aphelinus abdominalis in Y-tube olfactometer exper-
iments to volatiles released from infested and uninfested cabbage B. oleracea (a) uninfested versus infested plants (b) un-
infested versus clean air (c) infested versus clean air. All treatments presented with standard deviation (SD) bar. *indicates
significant difference P<0.05 (Chi-square test).
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4. Discussion

Aphids M. persicae and parasitoids A. colemani and A. abdominalis were affected and
attracted to volatiles produced by cruciferous plants, according to the results of Y-tube
olfactometer bioassays. Volatiles from aphid-infested plants were much preferred by
these wasps, and they were attracted to them. The use of a Y-tube olfactometer to measure
the reaction of the aphid M. persicae to the host plant, B. oleracea var capitata and B. oleracea
var italica, revealed that M. persicae were affected by the volatiles released by cabbage and
broccoli, and were significantly attracted to both healthy and infested plants when com-
pared with clean air choice.

Aphids can identify their host visually and chemically, such as by chemical, color,
size, and form, and this may be a helpful guide for attracting aphids. This finding backs
up previous research [15,16] that showed aphids use plant odor as well as visual signals
to locate their host plants. Furthermore, in studies measuring plant odor against aphids
and their host-finding potential, the attraction of aphids to plant volatiles using an olfac-
tometer has been documented [15,17]. According to our findings, aphids were responsive
to both damaged and healthy plants. Plant volatile compounds will increase in response
to feeding [18,19].

According to the results of the olfactometer tests, the parasitoids respond to plant
volatiles, and A. colemani and A. abdominalis respond to the odor produced by infested
plants. When the parasitoids offered to a clean air and infested plant treatments, both par-
asitoids are greatly responsive to plant volatiles. This finding was in agreement with
Kalule and Wright's findings [20]. The parasitoids' preference for clean air and uninfested
cabbage displayed no response of parasitoid attraction, whereas the parasitoids noted a
statistically significant non-response. According to Kalule and Wright [20], parasitoids are
attracted to the infested plant and attack aphids that feed on the same plant as the source
of the mummy provided. The parasitoids A. colemani and A. abdominalis responded to the
infested B. oleracea by choosing the volatiles produced by the infestation of aphids. Both
parasitoids have strong reactions to aphid-infested plants. The findings are consistent
with those of Kalule and Wright [20], who found that parasitoid A. colemani was attracted
to volatiles produced by Brassica juncea and favored green peach aphid M. persicae dam-
aged plants over the damaged of plants by Plutella xylostella caterpillar. The parasitoids of
A. colemani and A. abdominalis lay eggs in M. persicae's body, and immature stages develop
within the hosts, ultimately killing them by feeding the wasp larva inside aphid’s body.
The parasitoid pupates within the aphid’s mummy, and it emerges as an adult. Many
parasitoids, including A. colemani and A. abdominalis, are thought to rely on odors emitted
from infested plants as a reaction to aphid feeding to identify and locate hosts. As a result,
as Hatano et al. [16] demonstrate, certain aphid’s parasitoids effectively search for infested
plants where aphids would be present.

5. Conclusion

Using an olfactorometer, the preferences of A. colemani and A. abdominalis of infested
plants with M. persicae were compared to uninfested plants and clean air. The findings
revealed that parasitoids can distinguish between infested cabbage and broccoli and react
to the plant odor in a significant way. As a result, we conclude that aphid parasitoids can
locate infected plants and use plant odor to identify aphids on the plant. Since parasitoids
will first look for infested plants before looking for aphids, it is possible that the natural
enemies' search for aphid infestation will begin before attracting them to the uninfested
plants.
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