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Behavioral responses of Chrysopa septempunctata to synomones of tea plants and

sex pheromones of aphids. Effectiveness on tea aphid control
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Abstract: The tea aphid, Toxoptera aurantii ( Boyer), aggregates, pierces and sucks the sap of the tea shoots. The
chemical control is not practical and restricted, since the tender tea shoots are commonly used for producing quality tea
leaves. The green lacewing, Chrysopa septempunctata Wesmael, is one of the most important natural enemies of the tea
aphid. However, the effectiveness of using this predator to suppress tea aphid populations is limited by their dispersal

behavior and inefficiency of prey search. Here, we proposed a new strategy for enhancing the biological control against the
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tea aphids by using the tea shoot synomones and the aphid sex pheromones as potential lacewing attractant lures. The
volatiles were collected from aphid-damaged tea shoots and intact tea shoots by the headspace sampling technique, and
analyzed by gas chromatography coupled with mass spectrometry. ( E)- 2-pentenal, benzaldehyde and a-farnesene were
identified as three dominant volatile components, followed by other 13 compounds from aphid-damaged tea shoots. EAG
responses by the lacewing antennae were tested on the 16 synthetic individual compounds identified from aphid-damaged tea
shoots, the two known aphid sex pheromone components ( nepetalactone and nepetalactol ), and a synthetic mixture
containing a-farnesene, benzaldehyde and nepetalactol at ratio of 2:2:6, at 200 pg loading dosage for each tested compound
or mixture. Nepetalactol, nepetalactone, a-farnesene, ( E)-2-pentenal and benzaldehyde elicited higher EAG responses
than did the other identified volatile components. However, the highest lacewing EAG response was observed to the synthetic
mixture of a-farnesene, benzaldehyde and nepetalactol. This synthetic blend, aphid sex-pheromone, nepetalactone and
nepetalactol, blends at seven different ratios (10:0, 9:1, 7.5:2.5, 5:5, 2.5:7.5, 1:9, 0:10) , (Z)-3-hexen-1-ol, (E)-2-
pentenal, ( E)-2-hexenal, benzaldehyde and «—farnesene, each at 10 mg dosage, were tested in the field. Our field
trapping results showed that the synthetic blend of a-farnesene, benzaldehyde and nepetalactol was the most attractive to C.
septempunctata adults, followed by nepetalactol alone and the binary blend of nepetalactone and nepetalactol at 1:9 ratio,
which caught more lacewings than did the other ratios of the pheromone binary blends or other individual plant volatile
compounds. During the field observations, we also found that the lacewing adults were not only attracted to lure-baited tea
plants to directly prey on aphids, but also oviposited to raise their larva overwintering population in the habitat with plenty
of overwintering aphid eggs. The deployment of lacewing attractant lures on tea plants may provide a unique, novel, and

non-traditional control strategy against the economically important tea aphids.

Key Words: tea plant synomones; aphid sex pheromones; tea aphid; Chrysopa septempunctata; behavior response;

lacewing attractant; nepetalactol; a-farnesene; benzaldehyde
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Table 1 Composition of each of fourteen preparations for test to attract Chrysopa septempunctata loaded on one lure

Frs HEfE R FITFINBR BB EC ke bR
No. Infochemicals for test Nepetalactone/mg Nepetalactol/mg Hexane/ L Butylated hydroxytoluene/mg
I FRPEEER A 10 0 90 1
I g dEFRE B 9 1 90 1
1 PR C 7.5 2.5 90 1
I\ BIRPEERED 5 5 90 1
\ FHMEERE 2.5 7.5 90 1
Vi BIREERETF 1 9 90 1
il WRPEFEERR G 0 10 90 1
VI g EFRE H 0 0 100 1
P P AF B AR EC AL
No. Infochemicals to be test Volatiles from tea shoots Hexane/pL Butylated hydroxytoluene/mg
IX (Z)-3-C M- 1-F% (Z)-3-C0f-1-F% 10mg 90 1
X (E)-2-JRJamE (E)-2-JJ# 10mg 90 1
XI (E)-2-C s (E)-2-C I 10mg 90 1
X IR R HIEE 10mg 90 1
hlI a1k Je g a-75Je M 10mg 90 1
W i@@iﬁ\%ﬁa@%‘iﬁﬂﬁ@lﬁ’ﬂ&' ajIlEﬁﬁ 2mg R HEE 2mg, T 90 {
& I 6mg
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Fig.1 ~ Chromatography of total ion flow of volatiles from tea Fig.2 Chromatography of total ion flow of volatiles from intact
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Table 2 Comparison of various components and their relative contents from tea aphid—damaged tea shoots with those from intact tea shoots

ipf E %R TADIS R FEASAH 1TS AR T INAR I 5% 5 RCTIS/ %
FAHFER )
IS R BE B ] 5 TR I 8] Volatile compounds T FREZE A LN iE|
No. of peak RT/min No. of peak RT/min ITS TADIS
1 3.16 (E)-2-J%J#M (E) - 2-pentenal 8.7
a 3.90 G- 2- 1345 - 1-BE( Z) - 2-Penten- 1-ol 14.9
b 4.39 ¥ Hexanal 20.0
2 5.96 2 5.96 (E)-2-CLHE (E) - 2-hexenal 3.8 1.2
3 6.09 3 6.10 (Z)-3-C4s-1-B (Z)-3-hexen- 1-ol 35.3 9.8
4 10.36 K Benzaldehyde 3.0
5 12.77 5 12.77 ﬁiin;iii@@g (2)-3- 55.7 3.8
6 13.78 6 13.78 2-2,3-1-CL B 2-ethyl- 1-hexanol 2.8 6.8
7 14.66 7 14.66 (E)-Z#)# (E) —ocimene 5.9 15.3
8 15.47 K L acetophenone 0.6
9 17.21 9 17.21 F5 R linalool 2.9 2.5
10 17.46 10 17.46 T-B nonanol 2.1 2.7
11 18.03 KHVESY 1 unknown 1 30.5
12 21.46 12 21.46 ;ii}:;;i—e];@iﬁﬁ (Z) -butanoic acid a1 04
13 22.33 13 22.33 & Decanal 2.2 1.3
14 26.62 +=%E Tridecane 2.3
15 29.97 FHFE Phytol 1.5
IS 30.95 IS 30.95 AR Internal standard
16 30.96 16 30.96 +IU45% Tetradecane 7.5 14.8
17 31.33 BV Copaene 1.1
¢ 31.69 L1714 Caryophyllene 4.0
d 33.10 B Geraniol 1.1
18 35.06 18 35.06 +H k% Pentadecane 9.8 9.9
19 35.41 a-1EJe M a—famesene 16.7
20 38.87 EWAM Cedrene 2.2
21 38.96 21 38.96 F75%¢ Hexadecane 2.1 5.5

TADIS: tea aphid damaged tea shoots; ITS: Intact tea shoots; RCTIS: Relative contents to internal standard; RT: Retention time
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elicited by various volatile components from tea aphid—damaged

Electroantennogram values of Chrysopa septempunctata

tea shoots and tea aphid sex pheromones as well as a mixture
composed of the both types of pheromones

1: (E)-2-pentenal; 2; (E)-2-hexenal; 3; (Z)-3-hexen- 1-0l; 4.
benzaldehyde; 5: (Z)-3-hexenyl acetate; 6; 2-ethyl- 1-hexanol; 7.
(E)-ocimene; 8: acetophenone; 9: linalool; 10; nonanol; 12: (Z)-
decanal; 15: phytol; 17:

copaene; 19: a-farnesene; 20 cedrene; 22 lactone; 23 lactol; 24

butanoic acid, 3-hexenyl ester; 13:

a mixture composed of benzaldehyde, a-farnesene and lactol
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Table 3 Difference in number of Chrysopa septempunctata trapped by 14 pheromone preparations

h2) RN EFSE7/)A 100H3—s5H 10H27—29H 10A30—1A1IH 11H2—4H Pat 4

No. Infochemicals to be test 3—>5 in Oct. 27—29 in Oct.  Oct. 30 to Nov. 1 2—4 in Nov. Total
I BFRPEFER A 5 0 3 2 10
1l F AR R B 5 5 1 0 11
I BFRPEERER C 11 7 11 7 36
I\ PR RE D 13 6 18 7 44
A PP RR E 9 13 15 11 48
Vi PR R R F 17 12 17 15 61
VI BHRPEERR G 17 11 20 13 61
VIl R RH 0 0 0 0 0
X (Z)-3-CH-1-B2 0 0 0 0 0
X (E)-2-pentenal 3 2 2 2 9
XI (E)-2-CHmE 3 2 2 2 9
X1 I 4 3 2 2 11
pAlll a-VE e 5 4 3 3 15
W Z‘Zﬁ@‘lﬁa%ﬂi%'ﬁﬁﬂﬁ@%ﬂ 2% - ’ . o1

=Y

PLAEA Socorro Z5 42 HY “ super- blendlng P& 3% 2 super-blending” X} T H R B HU 515 S AR5, Ho 4

K H T ZHEY) X LAYyl fE s

AL, TR
m%mwﬂ%ﬂ%%ﬂﬁ%ﬂa%ﬁﬁﬁﬁﬁ%mmﬂo

, A AR ) H A 48 HL Helicoverpa armigera
AR A LA FAY) R KRB RS
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TEHR /N it 1. Empoasca vitis Gothe' ', it & B ] 44 B0 2 326 75 45 5 49y v — S g o3t e 36 5 15 (B AR /N
WL R R A AR AR T AR, AT LRI A AR 1Y - JE MR 4 TR AISR 11 8 S P R e
—E LI IR 5 ) S AR S e 2 N G R R G SR EUAY EAG B, 76 B )7 H X T RRE e i) (B35 51175
T3, TR AR B A A . SRR SEHE S Socorro S50 A i AL S I 5 AR B2, AIEBA T
RO A4 T LR A AR RS 75 AR el B

x4 BARERFEFEFFEREWFILTUFRIROR (im0
Table 4 Control effect of attractant attracting Chrysopa septempunctata to prey on tea aphids through late autumn to early spring ( Xuancheng

City in the southern Anhui Province)

RbFR HIFZERE -5 No. of tea shoots with aphids/ plot W B T % 1SRRG I F R
Treatment 2012-10-31 2013-03-10 Reduction ratio/ % Adjusted reduction ratio/ %
MR X
AR S 45.5+6.3 3.1 £5.2 31.6 41.9
Attractant test area
XHEIX CK area 38.8+6.6 45.7 + 6.0 -17.8 —

R B N B b 22

x5 MRERFEFEFNNFRERNFERERHAFTHFHORR (FFrAHHH)
Table 5 Control effect of attractant and bud green boards attracting Chrysopa septempunctata to prey on tea aphids through late autumn to

early spring ( Danyang City in the southern Jiangsu Province)

Kb HIFZEREEL/ FETT No. of tea shoots with aphids/ plot IR R R 7 B SN AS TE R e
Treatment 2012-11-14 2013-03-10 Reduction ratio/ % Adjusted reduction ratio/ %
HEL AT IR X

FR AR 33.8+7.6 31.7+4.4 6.2 19.4

bud green hoard test area

T AR AL F L5 X

R R 55.546.3 40.0+5.8 27.9 38.1

Attractant test area

XJHRIX CK area 36.6+6.6 42.6+5.6 -16.4 —

*6 BMREREFEFNFEAERHAZTTHIBR(HITRMIHE)
Table 6 Control effect of attractant attracting Chrysopa septempunctata to prey on tea aphids through late autumn to early spring ( Songyang

County in the southwest of Zhejiang Province)

Kb WSS EL/ RETT No. of tea shoots with aphids/ plot HIFERY F R B ISR IE T e
Treatment 2013-11-15 2014-03-05 Reduction ratio/% Adjusted reduction ratio/ %
fm”‘\‘ Ail i ‘r\\ x

IR X 50.546.6 27.0 £ 32 46.5 4.5

Attractant test area

XHRIX. CK area 58.0+7.0 54.0 £ 6.5 6.9 —

R7 BFYPEFEFNFEXERHAFHFHBER(PONTRL)
Table 7 Control effect of attractant attracting Chrysopa septempunctata to prey on tea aphids during spring tea plucking stage ( Suburbs in

Hangzhou City)

RbFR HIFEHREE/FETT No. of tea shoots with aphids/ plot FUFZRY T R 7 U HEANAG TE R R
Treatment 2014-03-25 2014-04-25 Reduction ratio/ % Adjusted reduction ratio/ %
S EEF IR0 X

SRR A X 59.0+6.6 333+ 48 4.6 37.5

Attractant test area

XFHRIX. CK area 62.0+8.0 68.0 = 8.5 9.7 —

EF JERARCF ST R TR IR —E 51 2 e s G S AR R e R,
AR E R AR AR B R T A A BOR ™ RS M S AR MR B R G RS I R BRI
FIE RTINS B EOR T AR 4 R T | R | AR K B A 50 5 2R 4 (R B i
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53] AR AF IR M R AR B R SO S I R AT IR, 1545

%ﬁ'ﬁﬁﬂﬁiﬁﬁﬁ T LR AR DG B8 it AR =555, L AN, RBKET 5 iR i R IS B T M & AT 2 4h,
SRR 00, BRI AL 4l i DAG AR bl B 4G | SRR R AR A B A R IR AL I R . B R
ﬁﬁ%%‘hﬁ,@ixi‘{n% WA FSLVFHEZY , N iA S KA IR I nl I — 2% 215 AR R AR v — S R R

BB AR A5 iR A2

E TCIRTEMER | i R 75 P 245 el 170 B A S0 [R5 8 R B F | I S ZEATU N AR X 255 Hh s I B K
WP T AR , AEE R IBTA AR R 40% 2547, B 2% el J& A LA el sl 2 it P Ak 24 245 1 T A 3 2K el
SR R A 5 B B I R AR 5 i L SR R A B, 3 A 4 AR A8 15 R 40 I FE S Chrysopa formosa
Branar, 5 RFWS— I TR0, B, A THRABHARCE , & 75 A Wr ek BE 77 FE B R DL SR iERL
Tok 2 11 2% [e] v 5 B2 o i 2 T R B R R L, AR 25 el R v S B 2 B R SRR

L4 ML 5 CK X LIFEER X AA BT AAHERE /N i 6 FEk 7 v CK X PG5 1) X1 A 157 25 1 20H
K, X LR XA P AL B, % T g0 25 SR ) AT 5 BE A 52, B R8CRRTE 40% T . 3R 7 s T 4t 25 b
SEURZESL | T AR IR B A AR B 37.5% , F HUR L A 2 B AN
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