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EAG and behavioral responses of the wingless tea aphid Toxoptera aurantii

Homoptera Aphididae to tea plant volatiles
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Abstract Electrophysiological and behavioral responses of the apterous tea aphid Toxoptera aurantii Boyer to fourteen
synthetic volatiles identified from tea shoots and their partial GLV mixture and full ACB blends as well as fresh young
tea leaves buds tender stems adult tea leaves and tea aphid-damaged young leaves ADYL  were studied by using an
electroantennography EAG and a four-arm olfactometer. The full blend elicited the largest EAG responses. Major volatile
components from the tea shoots Z-3-hexen-1-ol E-2-hexenal n-hexanol methyl salicylate and benzylalcohol were strongly
EAG active. All the tea tissue materials tested also elicited significant EAG responses with the young tea leaf being the
strongest followed by bud tender stem and adult tea leaf. Surprisingly ADYL elicited a weakly negative EAG response. In

the olfactory assays the fresh and tender tea leaves as well as the individual major volatile components from the tender
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shoots EAG-active e.g. Z-3-hexenyl acetate methyl salicylate E-2-hexen-1-ol Z-3-hexen-1-ol etc. were all attractive.
This result might indicate that the apteral tea aphids may use tea shoot volatiles as kairomone to find their optimal feeding

sites i.e. fresh tender tea shoots.
Key Words wingless tea aphid tea shoot volatiles electrophysiology behaviour responses attraction

Tea plants Camellia sinensis 1. 0. Kuntze are grown throughout the Central and Southern China. High

quality teas are mostly processed from the tender shoots of the tea plants. The tea aphid Toxopiera aurantii  Boyer

Homoptera Aphididae pierces and sucks the sap of tender tea shoots and excretes honeydew onto the tea leaves
and reduces the photosynthesis of the tea leaves ' . This aphid could sometimes cause severe tea shoot damages and
result in significant loss in tea yield and deterioration in tea quality since no chemical control measures such as
spraying the insecticides are allowed due to the residue considerations. In the tea garden system the tea aphid is a
non-host alternating species. Under long day-time conditions these aphids reproduce virginoparae while the short
day-time in fall induces the formation of the sexual forms. During the tea growing season the aphids live in the mode
of parthenogenesis and produce only the female individuals and most of them are wingless. Generally the number of
the aphids per tea shoot ranges from a couples of dozens to several hundreds. If the number exceeds three hundreds
or so a batch of winged aphids will appear and fly away.

The apterous virginoparae of the vetch aphid Megoura viciae Buckton Homoptera Aphididae perceives both
the general host plant volatiles and the more-specific components associated with the odour blends of non-host plant
species ° . And the further study both at the sensory and behavioural level may explore the possibilities of plant
odour manipulation > . Plant volatiles play a very important role in host selection of some aphid species including the

'3 The objectives of this study were to determine if the tea shoot volatiles are also perceived by

winged tea aphid
electrophysiologically and attractive to  behaviourall the wingless tea aphid.

1 Materials and methods
1.1 Electrophysiological test

Electroantennogram  EAG  recordings from the wingless tea aphids were made using Ag-AgCl glass capillary
electrodes filled with Ringer’s solution. The antenna of tested adult aphid was excised and inserted into the reference
electrode. The tip of the antenna was cut and placed inside the recording electrode. Odor presentation was similar to
that in the previous studies ' ° . Twenty pl of standard solution of each test compound was applied onto filter paper
strips 5 mm x60 mm and the solvent was allowed to evaporate for 30 s before the paper strip was inserted into the
glass Pasteur pipette 15 c¢m long . The tip of the pipetie was inserted about 3 mm into a small hole on the wall of a
steel tube 15 mm diameter x15 ¢m long directed over the antennal preparation. An air stimulus controller model
CS-05b Syntech was used for air and odor delivery with a constant flow 120 ml/min of charcoal-filtered and
humidified air passed over the antenna through the open end of the steel tube positioned 15 mm from the antenna.
During odor stimulation 20 ml/min of air was applied through the pipette into the main airflow for 0.5 s. Intervals of 2
min were maintained between stimulations. Before the normal test we selected a few of the tested aphids to conduct
preliminary test. If the Z-3-hexen-1-ol at concentration of 10 ™° g/ml could elicit strong EAG responses by the pre-
tested aphids whereas the liquid paraffin elicited no responses this batch of tested aphids were considered as in good
condition. Then each compound was tested against 15 individual aphid antennae. The signals were passed through an
amplifier Syntech CS-05 displayed on an oscilloscope and stored in a computer using Syntech software.

The tested odors were 1 the main components from the volatiles of the tea shoots ' ’*  Z-3-hexen-1-ol E-2-



11 4487

hexenal Z-3-hexenyl acetate 2-penten-1-ol 1-penten-3-ol n-hexanol n-pentanol linalool geraniol methyl salicylate

benzaldehyde benzoic acid benzylalcohol and indole all chromatographically pure each diluted in paraffin at

concentration of 107> 10™* and 10 °g/ml 2 the full blend composed of all the odour components listed above
ACB  at an equal ratio at concentrations of 10> 10™* and 10 °g/ml 3 a mixture of green leaf volatiles GLV

composed of Z-3-hexen-1-0ol E-2-hexenal Z-3-hexenyl acetate 2-penten-1-ol 1-penten-3-ol n-hexanol and n-pentanol
at an equal ratio at concentrations of 107> 10™* and 10 °¢/ml 4 natural materials 40 mg each  the 1st leaf

below the tea buds 1L tea bud tender stem and the 4th leaf below the tea bud 4L  and the 1st leaf below the tea

bud damaged by five wingless aphids for 48 h i. e. tea aphid-damaged young leaves ADYL .

1.2 Four-arm olfactometer bioassays

1.2.1 Insects

The tested aphids were taken from a colony started with one virginopara in 2000. Aphids in the colony were
reared continuously on the tea seedlings in the experimental tea gardens of Tea Research Institute of Chinese
Academy of Agricultural Sciences.

1.2.2 Four-arm olfactometer and test protocol

The four-arm olfactometer used was modified according to Pettersson and made from clear plexiglass ° ' . The
length of the square edges was 10 ecm and the height of central test chamber was 1 cm. Each arm was connected to
a glass jar containing either an odor source or an empty control jar humidified jar charcoal filter and flow meter.
Before the test one open ampoule filled with 1 ml of the odor source solution and 3 open ampoules with paraffin were
placed into the odor source jar and 3 control jars respectively. A pump drew air through the central opening of the
olfactometer and the airflow of each arm was same and maintained at 110 ml/min.

Each compound or tea shoot material was tested against 20 wingless aphids which were introduced into the
olfactometer once. Before aphids were introduced air was drawn in the olfactometer for 10 s. After aphids were
introduced numbers of aphids situated at each arm three control areas and one odor area and “ A" zone at 3 6 and
9 min were recorded. The “ A” zone in the central area of olfactometer facing air drawing gob. The tests were
repeated six times.

After each test the olfactometer was washed with pure alcohol and dried. Treatments for each arm were re-
arranged after each test in a rotation fashion. Odor source jars and control jars were cleaned with potassium
dichromate solution after each test.

The bioassays were conducted during the day-time between 9 00 and 14 00 at 21 —24°C and 80 % relative
humidity.

1.2.3 Tested odor sources

The tested odors were Z-3-hexenyl acetate methyl salicylate E-2-haxenal Z-3 hexen-1-ol geraniol n-hexanol
benzylalcohol linalool 1-penten-3-ol and benzyl alcohol with their purities >98%  each diluted in hexane at
concentration of 10~ * g /ml as well as 0.7 g of fresh and tender tea shoots TS .

1.2.4 Statistical analysis

Averages of the aphid members from three control areas were taken as CK values. A Duncan’s test was
conducted to separate means among different treatments such as odour sources CK control and the “ A” zones.
2 Results
2.1 Electrophysiological responses
2.1.1 Response profile from volatiles

EAG responses of the aphid antennae to the tested chemicals and the natural materials ranged from 0 to 300
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pwV with most of responses being between 50 and 150 pwV
Fig. 1 At the dosages tested the EAG responses
decreased as increase of the odor dosage Fig. 2 . At
high dosage 10 *g/ml  chemical #1 #2 #15 and #16
seemed to elicit higher EAG responses than others while
#8 geraniol and #11
tive. At dosage of 10™* ¢/ml chemical # 15 the full
blend showed the strongest EAG activity followed by #1
E-2-hexenal #9 MS and #13
ly #8 and #11 elicited decent EAG activities at lower con-
centrations. At 10 ° g/ml level #16 Z-3-hexen-1-ol

showed the strongest EAG followed by #1 #12 and #15.

benzoic acid were almost inac-

indole . Interesting-

#8 and #11 were as active as at 10 *g/ml. In any cases
liquid paraffin elicited no obvious EAG responses.
2.1.2 EAGs elicited by tea shoot tissues

EAG responses to natural materials

stem 4L and ADYL were recorded as follows mean =+
SD 134.0 £ 18.0 124.0 +16. 0 120. 0 =
15.0 107.0 £12.0 wV and -10.0+3.0 pnVv

1L bud tender

Dosage 102 g/ml

1S <«

| Dosage 10* g/ml

0.043 mV
A

1S«

Dosage 10 ¢ g/ml

=

0.041 mV
A

1S«

Fig. 1 Representative EAGs from apterous adult aphids to Z-3-hexen-

l-ol at 10 7% 10 and 10 "2g/ml

respectively. Surprisingly ADYL elicited a weakly negative EAG activity.

2.2 Attraction of wingless tea aphids to tea plant volatiles in an olfactometer

The differences in the numbers of aphids among

CK odor area and “ A” zone were significant p <
0.01 indicating a clear attraction to the tested odors by
the apterous aphids Tablel Furthermore  the

differences in the attraction of wingless aphids to the
various odors were also significant. The fresh and tender
tea leaf Z-3 -hexenyl acetate methyl salicylate and E-2-
Table 2

haxenal etc. were more attractive than others

Table 1 Difference among the aphid number in CK odor area and

“A” zone
Area Average
Odor area 24.7 A
“A” zone 11.2 B
CK area 8.0 B
Notes Duncan'’s test is used. Different letters in the same column are

for significant level of p < 0.01

Table 2 Difference in numbers of wingless tea aphids dispersing in odor area CK and “A” Zone

Odor resource Odor area CK A Zone Non-response
fresh and tender tea leaf a 32.0+0.1 6.9+2.1 7.2+2.9
Z-3-hexenyl acetate a 31.0+0.7 6.3x1.6 10.0 £2.8
Methyl salicylate ab 28.4x1.9 5.8+2.3 4.0x2.5
E-2-haxenal ab 28.0+2.5 7.1x1.5 10.8 +4.1
Z-3-hexen-1-o0l ab 27.6 2.1 8.5+2.2 6.8+2.0
Geraniol b 26.0+0.7 7.9+2.6 10.2£1.6
n — hexanol b 25.6+3.2 8.5+2.8 8.8+0.5
Benzylalcohol c 21.4+2.6 9.8+2.9 9.2+ 3.7
Linalool ¢ 20.8 £2.5 8.1x1.2 14.8+£3 .1
1-penten-3-ol cd 17.8 £2.5 8.9+1.6 15.6 +4.7
Benzyl alcohol d 13.8+£2.3 10.2£2.0 15.6+ 3.6

Notes Different letters in the second column indicate statistical significance of p < 0.05
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3 Discussion 60
Dosage 102 g/ml
Significant EAG responses to plant volatiles by both S jg I
apterous and alate virginoparae of several aphid species § 3
have been reported > "> . The adult wingless and winged = 20
virginoparae of Aphis fabae Scop. showed a similar periph- 10
eral perception to all the tested thirteen of the plant vola- O 2345678 9101112131415 16 17
tiles with an exception to allyl isothiocyanate " . Further- 2T Dosage 10 g/ml
more some of the EAG active compounds found in the cur- oor
rent study such as the unsaturated and saturated Calde- g :Z |
hydes and alcohols E-2-hexenal Z-3-hexen-1-ol and hex- % 40
anol were also antennally active in other aphids > * " " 20
Methyl salicylate showed obvious EAG responses as well by 0
Sitobion avenae F. and Rhopalosiphum padi 1. ' . 300 71 iAo s sz ie 17
Benzylalcohol was EAG active on T. aurantit Boyer but its 250 Dosage 10 g/ml
EAG activity has not been reported in other aphid species
yet. Z-3-hexen-1-0l E-2-hexenal methyl salicylate and g 20
benzylalcohol are major volatile components released from % 130
fresh tea shoots ® . Our previous and current results clearly 100
indicated that tea shoots/leaves and volatiles identified 50
from these natural materials not only elicited strong EAG 0 7
12345 6 7 8 910111213141516 17
responses but also showed significant atiraction to both the Odour sources

apterous and the alate tea aphids ' .

. Fig. 2 EAG responses of apterous virginoparae of the tea aphid to an

On the other hand alate and apterous aphids showed 5 P P Emop P
array of synthetic tea shoot volatiles and paraffin

different antennal sensitivities toward their host plant
there e ensttivities  towar e stp 1 E-2-hexenal 2 n-hexanol 3 2-penten-1-ol 4 n-pentanol 5 Z-3-

volatiles. Antennae of both alatae and apterae of Sitobion hexenyl acetate 6 1-penten-3-ol 7 linalool 8 geraniol 9 methyl
avenae Fabr.  responded to alcohols containing six to  salicylate 10 Benzaldehyde 11 benzoic acid 12 benzylalcohol 13
seven carbon atoms green leaf volatiles and benzaldehyde ~ indole 14 green leaf volatiles 15 all component blend 16 Z-3-
however alatae showed stronger EAG responses than did hexen-l-ol 17 liquid paraffin
the apterae © . Similar differences in EAG responses to
hexanol or Z-3-hexen-1-ol were also found between alatae and apterae of Nasonovia ribis-nigris Mosley '° . Higher
antennal sensitivities by the alatae to specific volatile cues or to a set of common volatile cues in a given proportion
would be beneficial for their in-flight host-finding efficacy * . The same was also true for the tea aphid ' however
apterae of the tea aphids not only showed constant EAG activities but were also significantly attractive to the volatiles
from the tea shoots. This might be one the reasons that apterous of the tea aphid prefer to feed on fresh tea shoots.
Unlike the other published EAG data the EAG responses of the tea aphid in our study decreased as increase of
the odor dosages at range of 10 °—10 *g/ml which might indicate an unique EAG response characteristic of the tea
aphid. Further study might uncover the optimal dosages for EAG response by this aphid species by decreasing the
dosage.
Herbivore induced plant volatiles HIPVs by aphids or other insects might repel different species of
aphids * ' . In the present study volatiles from the tea leaves badly damaged by the apterous aphids elicited negative

EAG responses. It is not known if the negative EAG values might indicate any potentially negative behavioral effect
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on the aphids. However it is possible that some of HIPVs might play a role in regulating the spacing behavior of the

aphids or further inducing the formation of winged tea aphids for dispersion or migration to other tea shoots.
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