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Abstract Olfactory responses of Tetranychus viennensis
to different plant odors were studied with a “Y” olfactom-
eter and petri dishes, and volatiles from leaves of different
plants were absorbed with solid phase microextraction and
analyzed with gas chromatography–mass spectroscopy.
The study showed that olfaction took place in the response
when the Hawthorn Spider Mite looked for host plants,
indicating that T. viennensis were attracted by odors from
host plants. Different host plants have different attractions
to T. viennensis; some attract strongly, while others do so to
a lesser extent. The nonhost plants tested have neither
attraction nor repulsion to the mite. The volatiles from
leaves of different host plants such as Malus pumila, P.
bretschneideri, Amygdalus persica, Armeniaca vulgaris,
Malus spectabilis, Crataegus pinnatifida, and Prunus
yedoensis consist of trans-3-hexen-l-ol,acetate, trans-3-
hexenyl ester butanolic acid, α-farensene, etc., which do
not exist in the nonhost plants such as Euonymus
japonicus.

Keywords Tetranychus viennensis, host selection,
host plants, olfactory response, volatiles

1 Introduction

Tetranychus viennensis is one of the primary deleterious
mites of small nuts and drupe trees. Distributed extensively
in China, T. viennensis has a variety of host plants such as
Malus pumila, Pyrus bretschneideri, Armeniaca vulgaris,
Crataegus pinnatifida, Malus spectabilis, Amygdalus per-
sica, Cerasus pseudocerasus, Malus asiatica, and Amyg-
dalus triloba. Up to now, most studies of T. viennensis
focused on its biology, ecology, forecast, and control, but

little has been reported about its selection of different host
plants and its underlying mechanism. The relationship
between plants and insects or mites is one of the frontier
topics in chemoecology, and a clear understanding on the
selectivity of mites for host plants and studying their
mechanisms are significant for the formulation of preven-
tion and control measures, development of new biological
preparations, and the study of coevolution among species.
There have been some reports on the selection of host
plants by insects [1,2] as well as special discussions on the
chemical signals among plants, pests, and natural enemies
[3,4]. However, there are few reports of host selectivity of
leaf mite except the behavior of T. urticae to Phaseolus
lunatus [5–8] and the interaction among Phtoseiulus
persimilis, T. urticae, and P. lunatus [9,10], the relation
between kairomones of T. cinnabarinus, the quarry-
searching behavior of P. persimilis and Amblyseius
pseudolongispinosus [11], and the selectivity of Oligony-
chus ununguis (Jacobi) for host plants and its mechanism
[12–14]. The literatures about the selection of other mites
for host plants are not available yet. In this study, the
selectivity of T. viennensis for different plant hosts was
studied, and the volatiles from different plants were
analyzed.

2 Materials and methods

2.1 Selection of leaves from different plants
by T. viennensis

T. viennensis used in the experiment were picked from the
Mount Tai orchard, the Zhangxia orchard in Jinan,
Shandong Province, and M. spectabilis tree on the campus
of Shandong Agricultural University. Plant material such as
M. pumila, P. bretschneideri, A. persica, A. vulgaris, C.
pinnatifida, Prunus yedoensis, M. spectabilis, Quercus
acutissima, and Euonymus japonicus were picked from the
Mount Tai orchard, the Zhangxia orchard, the campus of
Shandong Agricultural University, and around the Puzhao
Temple at the foot of Mount Tai.
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The method using sponge water dishes was adopted for
breeding T. viennensis [15]. The water dishes with ova
were cultured in an oven at 25°C. After hatching, the
healthy adult females were selected for biological tests.

The methods using the “Y” olfactometer [12] and petri
dishes were adopted to test the selectivity of T. viennensis
for the host plant. In the test, the tachometer of the air pump
was adjusted to keep the velocity of airflow on both sides at
4 L/min. Adult female mites on one side were connected to
the iron wire at the vent hole of the “Y” olfactometer and
their taxis was observed. It was considered that the mites
had taxis to the smell of one side if they traversed one
brachial wire for the first time in 3 min. One hundred
individuals were tested for each treatment. The air pump
was shut off for a break of 10 min after testing every
10 mites, and the “Y” iron wire was cleaned with pure
alcohol. To reduce the error caused probably by the light
and airflow, we exchanged the intake pipes once after
testing every 20 mites. All tests were carried out in the
following conditions: clean air (no smell), even light, and a
relatively closed environment. The leaves of each test tree
species were combined with clean air as a group.

In the petri dish test, a piece of moist filter paper about
1 cm wide was stuck around the inside of the petri dish with
a diameter of 15 cm to prevent mites on leaves from
climbing out of the external culture plate. One leaf from
each tree species in each combination was put in the culture
plate with a distance of about 5 cm. Adult female T.
viennensis, which had been prestarved for 24 h, were
gently put between two leaves, with 40 individuals in each
combination. After 30 min, the number of T. viennensis on
each leaf was checked. The leaf combinations were as
follows: M. pumila–E. japonicus, P. bretschneideri–E.
japonicus, A. persica–E. japonicus, A. vulgaris–E. japoni-
cus, C. pinnatifida–E. japonicus, P. yedoensis–E. japonicus,
and M. spectabilis–E. japonicus.

2.2 Collection and analysis of the volatile
from different plants

Gas chromatography–mass spectroscopy (GC–MS)-QP5050
and solid phase extraction (SPE) [polydimethylsiloxane
(PDMS) extraction cobbra and hand stem] instruments
made by the Shimadzu Company in Japan were used in the
experiment.

The collection and analysis of the volatiles from leaves
were done according to the following steps: 100 g of fresh
and clean leaves were put into a 500-mL jar and sealed with
theca and heated in a water boiler at 45–50°C; the pinhead
of the SPME penetrated the sealing theca into the jar above
the leaves; then, the extraction cobbra was pushed out and
the hand stem of the SPMEwas fixed; timing started after the
extraction cobbra was pushed out; after absorption for
30 min, the extraction cobbra was withdrawn inside of the
pinhead and then analyzed with the GC–MS equipment.

The separation and analysis were carried out in the
following conditions: DB-1 (25 m× 0.25 mm× 0.25 μm);
boiling-off chamber temperature of 230°C and interface

temperature of 230°C. The programmed temperature is as
follows: kept at 50°C for 2 min, then increased to 200°C at
a speed of 10°C/min and finally kept at 200°C for 5 min.
The carrying gas was He with a gas flow velocity of
1.2 mL/min; front press was 63.2 kPa, scanning pressure
1.4 kV, and m/z 33–350. A splitless injection was adopted.

The nature of the volatiles was determined by means of
searching in the National Institute of Standards and
Technology (NIST) index, and their quantities were
determined by the unitary area method.

3 Results and analysis

3.1 Olfactory responses of T. viennensis to volatiles
from different plants

The test results using the “Y” olfactometer show that, after
the T. viennensis were connected to the iron wire in the
center of the olfactometer, they made spiral countercurrent
movements encircling the iron wire, halted for a while at
the intersection of the two arms (the crotch of iron wire),
and then stepped into one of the arms. The mite number
was counted after the mites passed through the voile net,
and the results, tested with a U test, are shown in Table 1.

Table 1 indicates that T. viennensis have obvious taxis to
some host plants, especially to M. pumila, P. bretschnei-
deri, andM. spectabilis but no taxis toQ. acutissima and E.
japonicus. The results are consistent with the abiogenesis
in the open air under natural conditions; that is to say, there
is no T. viennensis in cupule plants such as Q. acutissima,
Castanea mollissima, and E. japonicus, while there is
serious damage to rosebush plants. In many areas of
Shandong Province, a little mite damage was found in C.
mollissima in orchards where cupule plants were inter-
planted with M. pumila, P. bretschneideri, A. persica, and
C. mollissima, or planted in neighboring orchards, while
severe outbreaks of T. viennensis could be observed in
rosebush plants like M. pumila, P. bretschneideri, and

Table 1 Selection responses of T. viennensis to different plant odor
sources with “Y” olfactometer

Odor sources combined with clean air Choice rate to plant /%

M. pumila 64***
P. bretschneideri 64***
A. persica 60***
A. vulgaris 59**
C. pinnatifida 59**
P. yedoensis 58**
M. spectabilis 61***
Q. acutissima 49
E. japonicus 45

There are 100 mites in every treatment; every group of 20
individuals is a replication.
**Significant difference in selection responses of T. viennensis to
two different odors when 0.01 < P < 0.05; ***an extremely
significant difference when P < 0.01; those without an asterisk (*)
mean that the difference is statistically insignificant.
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A. persica. The test indicates that there is a notable
difference in the selectivity of leaf mites for different
plants.

The test results with petri dishes show that leaf mites
searched targets aimlessly at the bottom of the petri dish
after they came into the petri dish. Five minutes later, some
mites aggregated toward the leaves. Thirty minutes later,
most mites had made their choices, and only a few were

still searching blindly for targets. Neglecting the mites that
made no preference, we obtained the result of the mite’s
taxis to host plants in 30 min (Table 2). It can be observed
that the selection rate of mites clinging to host plants is
much larger than that to the nonhost plant E. japonicus, and
there exists a marked difference in the selection rate of
mites among the host plants. The choice rate of mites
follows the following order: M. pumila (95%) > P.
bretschneideri (77.5%) > M. spectabilis (75.0%) > C.
pinnatifida (72.5%) > A. vulgaris (70.0%) > A. persica
(67.5%) > P. yedoensis (45.0%).

The results in Tables 1 and 2 indicate that in the search
for host plants, the olfaction of T. viennensis is involved
since they can be attracted by the volatiles released by
different host plants; the extent to which they were attracted
by different host plants varies markedly. E. japonicus and
Q. acutissima have little attraction for T. viennensis, neither
do they have obvious repulsion for the mites.

3.2 Analyses of the volatiles from different leaves

The test of the volatiles with GC–MS from M. pumila, P.
bretschneideri, A. persica, C. pinnatifida, M. spectabilis,
and E. japonicus is presented in Table 3. It indicates that
the components of the volatiles are different and form their

Table 2 Selection responses of T. viennensis to different plant odor
sources with petri dish

Combination of odor sources Mite number
on leaves

Choice rate /%

M. pumila–E. japonicus 38 95.0***
P. bretschneideri–
E. japonicus

31 77.5***

A. persica–E. japonicus 27 67.5***
M. spectabilis–E. japonicus 30 75.0***
P. yedoensis–E. japonicus 18 45.0***
A. vulgaris–E. japonicus 28 70.0***
C. pinnatifida–E. japonicus 29 72.5***

There are 40 mites in each combination. The mite number refers to
that on the leaves of the first species in each combination. The data
were analyzed in the same way as in Table 1.
***Significant difference when P < 0.01.

Table 3 Contents of main vol-
atiles from the leaves of the
different plants (%)

Name M.
pumila

P.
bretschneideri

P.
persica

C.
pinnatifida

M.
spectabilis

E.
japonicus

trans-3-Hexen-1-ol,acetate 75.20 1.47 23.15 7.92 45.88
trans-3-Hexenyl ester butanolic
acid

4.58 29.67 7.03 1.35

trans-3-Hexen-1-ol-butanolic
acid,2-methyl

1.97 8.75 1.79

trans-Hexanoic acid, 3-hexen-1-
ol ester

2.07 0.33

Methylsalicylate 0.24
Diethyl phthalate 8.82 20.58
1,3-Pentanodiol diisobutyrate-
2,2,4-trimethyl

4.2

1,4-Hexadiene,3,3,5-trimethyl 3.35 12.33
trans-1,3,7-Octatriene,3,7-
dimethyl

2.53

α-Farnesene 5.51 16.24 15.42 40.98
1,6-Octadiene,2,6-dimethyl 1.07 2.9
1-Undecene,7-methyl 0.25
1-Tetradecene 1.8
1-Dodecanol 3.6
Nerolido 10.55
trans-3-Hexen-1-ol 1.2 1.3
2,6,10-Dodecatrien-1-ol,3,7,11-
trimethyl

2.95 1.83

Heptane,2,3,5-trimethyl 0.55 2.34 0.61 12.12
Cyclohexane,methylethyl 0.66 0.86 0.72
Heptane,3,5-dimethyl 1.5 1.75
Batylated hydroxytoluene 8.85 40.53

107



own odor chemical fingerprints. The high level of selec-
tivity of T. viennensis for host plants indicates that the
composition of the odors from the host plants has a strong
attraction for T. viennensis and the mites have a strong
ability to identify host odor chemical fingerprints. The
opposite is true as well.

As shown in Table 3, the odor of most host plants
contains such components as trans-3-hexen-1-ol,acetate,
trans-3-hexeny-1-ester butanolic acid, and α-farnesene.
These substances do not appear in the nonhost plant E.
japonicus. In contrast, E. japonicus odor has a high level of
batylated hydroxytoluene and diethyl phthalate that other
host plants lack, reaching 40.53% and 20.58%, respec-
tively. It is considered that trans-3-hexen-1-ol,acetate,
trans-3-hexeny-1-ester butanolic acid, and α-farnesene as
well as some alcoholates have a strong attraction for T.
viennensis and are the root cause for its host searching,
while the volatiles such as batylated hydroxytoluene and
diethyl phthalate in E. japonicus have a low attraction for
this mite and, thus, it is rarely selected. This is consistent
with the fact that under natural circumstances, there are a
large number of T. viennensis in M. pumila, P.
bretschneideri, A. persica, and M. spectabilis but few in
the interplanted E. japonicus.

4 Discussion

The attraction of plants over long distances to insects and
mites works mainly by vision and olfaction. Because of the
degenerated vision system of mites in the evolution,
olfaction therefore plays a significant role in the selection
of host plants. The volatile secondary metabolites gener-
ated by plants have direct effects on the olfactory orien-
tation of insects and mites feeding on plants. The variety of
the secondary metabolites and their complicated compo-
nents and differences in their relative contents result in
different reactions by insects and mites: mainly taxis,
neutrality, and repulsion. The tests on T. viennensiswith the
“Y” olfactometer and petri dish indicate that they have
different taxis to host plants and behave indifferently to
Q. acutissima and E. japonicus. The volatiles vary at
different developmental stages, for different cultivars of the
same plant species and for different organs and tissues at
the same stage. Therefore, it is very important to confirm
the source and the developmental stage of the plant
material in the taxis test. Another important factor affecting
the test is the measurement method. It was found that the
taxis of mites is more marked using petri dishes than using
the “Y” olfactometer. This may be attributed to more time
and more choices available for mites to select favored hosts
in the petri dish experiment.

The volatiles of plants also have a comprehensive effect
on mites. Most substances in the odor identified in this
study have a high relative content and some that have trace
contents remain unclear yet. The effects of these unknown

substances on the host selection of mites still remain
uncertain. Therefore, the above analysis on the impacts of
volatile components on the leaf mites is just speculation
based on the relationship between known substances, their
relative contents, and what happens to the mites. Tests on
leaf mites using separated odor components and their
combinations are required to explain their actual roles.
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