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Behavioral response of Neoseiulus barkeri to carrizo citrange leaves
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Abstract [Objectives] To determine the olfactory response of Neoseiulus barkeri to volatiles released by citrus leaves that
had been damaged by either Panonychus citri or piercing-sucking insects. [Methods] Common volatile compounds of citrus
leave were qualitatively analyzed using GC-MS-liquid mass spectrometry. The relative retention index of each compound was
determined and a library of the common citrus volatiles obtained constructed. In addition, volatiles from citrus leaves damaged
by P. citri and sucking insects were collected and identified. Orientation responses of N. barkeri to volatiles were studied using
a Y-tube olfactometer. [Results] Both the kinds, and the quantities, of volatiles from damaged leaves were notably different to

those of the control. Furthermore, the volatiles from leaves damaged by P. citri were significantly different to those obtained
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from leaves damaged by sucking insects. Both kinds of damage induced citrus leaves to release a-pineine, a-phellandrene and
p-cymene. Insect damage dramatically increased the quantities of some volatiles, including cis-nt-ocimene, myrcene, limonene
and terpineol, but reduced that of others, including 2-ethyl-alcohol and Undecane. N. barkeri was obviously attracted to
caproaldehyde, nonanal, octyl acetate, heptaldehyde and myrcene at the concentrations tested (P>0.05). It was less attracted
when n-octanol and 1-nonanol concentrations decreased. [Conclusion] N. barkeri have different behavioral responses to
volatile components from citrus leaves damaged by P. citri compared to those damaged by piercing-sucking insects. Chemical
cues induced by the feeding activity of P. citri and piercing-sucking insects play an important role in host selection and
location by N. barkeri.
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Table 1 Components and relative contents (%) of the volatiles from treated leave of citrange by needling

/

CAS Needling density (needlings/treetop)

No Compounds 25 50 100 200 400 0
1 m-muurolene 30021-74-0  0.40 0.24 - - - -
2 Valencene 4630-07-3 0.19 - - - - -
3 2,5-2-tert- 2,5-di-tert-butylphenol 5875-45-6 0.91 - - - - -
4 Diethyl phthalate 84-66-2 0.19 0.22 - - - -
. 2?6-di-tert-b21;t6yl-4-sec-butylphenol 17540-75-9°0.20 - - - - -
6 Triallyl isocyanurate 1025-15-6 0.21 - - - - -
7 m- n-cubebene 13744-15-5  0.59 047 - - - -
8 Ethylbenzene 100-41-4 0.15 - 0.10 - - -
9 Heptadecane 629-78-7 0.34  0.30 - - - -
10 Toluene 108-88-3 0.39 - - - - -
11 m- m-xylene 108-38-3 0.44 - - - - -
12 cis-terpineol 7299-41-4 0.16 - - - - -
13 Methylnaphthalene 119-36-8 0.12 - - - - -
14 2-methylnaphthalene 91-57-6 0.25 - - - - -
15 Copaene 3856-25-5 0.28 - - - - -
16 n-bergamotene 17699-05-7  0.17 - - - - -
17 4- Terpinene-4-ol 562-74-3 0.01 - 0.01 - - -
18 i;fc;roxy-propic;il-lenone- B (e 14035-34-8 - 0.16 - - - -
19 Terpineol 98-55-5 - - - - 0.12 -
20 Dimethyl anthranilate 85-91-6 - - 0.01 - - -
21 o- Nerol 106-25-2 0.05 - 0.06 - - -
22 d-piperitone 89-81-6 - - 0.01 - - -
23 Geranial 141-27-5 0.04 - 0.05 - - -
24 Sabinene 3387-41-5 0.04 - 0.02 - - -
25 o- a-pinene 7785-26-4 0.06 123 0.05 0.25 - -
26 o- a-terpineol 10482-56-1  0.08 - 0.07  0.07 - -
27 o- a-phellandrene 99-83-2 0.27 - 027 0.24 - -
28 8-3- 8-3-carene 13466-78-9  2.51 - 1.94 498 - -
29 o- a-terpinene 99-86-5 0.14 - 0.13  0.18 - -
30 p- p-cymene 99-87-6 0.04 046 144 0.12 0.15 -
31 p- p-xylene 106-42-3 0.35 - 028 - 1.31 -
32 m-trans- n-trans-Ocimene 3779-61-1 0.59 - 021 023 031 -
33 Linalol 78-70-6 1.39 - 1.70 092 1.15 -
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£53% 1 (Table 1 continued)

/

CAS Needling density (needlings/treetop)
No- Compounds 25 50 100 200 400 0
34 20 246 , 673-84-7 1.32 - 045 025 025 -
(4F,67)-2,6-dimethyl-2,4,6-octatriene

35 Methyl geranate 2349-14-6 0.31 - 023 0.15 0.13 -

36 cis-n cis-mOcimene 3338-55-4  15.36 14.52 11.89 19.74 16.59 10.42
37 Myrcene 123-35-3 636 281 452 751 965 243
38 Limonene 138-86-3 20.06 38.62 31.08 4234 52.64 37.18
39 v- y-terpinene 99-85-4 0.84 122 164 031 039 097
40 Terpinolene 586-62-9 1.40 090 234 125 363 0.78
41 Naphthalene 91-20-3 0.39 - 0.01 0.04 0.09 0.50
42 Tridecane 629-50-5 1.55 428 506 455 175 3.74
43 B- B-caryophyllene 87-44-5 10.53 1724 8.62 788 8.75 11.62
44 2- -1- 2-ethyl-1-hexanol 104-76-7 1.01 243 319 293 052 645
45 Dodecane 112-40-3 0.87 197 339 202 08 222
46 v- y-elemene 339154-91-5 324 390 4.04 089 1.07 3.14
47 o- a-caryophyllene 6753-98-6 0.60 094 3.00 - 0.31 041
48 n-farnesene 18794-84-8  1.66 0.77  3.02 - 057 1.11
49 D Germacrene D 23986-74-5 149 149 3.09 - 0.63 1.45
50 (+)-Cadinene 483-76-1 1.20 149 3.23 - 0.82 1.64
51 Nonanal 124-19-6 040 049 1.14 - - 0.77
52 Tetradecane 629-59-4 1.76  1.37 192 212 044 242
53 Pentadecane 629-62-9 .17 0.87 1.05 1.02 - 0.88
54 Hexadecane 544-76-3 0.53 092 0.64 - - 0.16
55 2,6- 2,6-di-tert-butyl-1, 4-benzoquinone 719-22-2 0.49 - - - - 0.21
56 2,6- 2,6-di-tert-butyl-4- methylphenol 128-37-0 0.44 - - - - 0.50
57 Undecane 1120-21-4 045 0.40 - - - 3.46
58 Undecanal 112-44-7 024 0.28 - - - 0.19
59 Psoralen 66-97-7 - - - - - 1.18
60 Styrene 100-42-5 - - - - - 3.64
61 v- 4-hydroxybutanoic acid lactone 96-48-0 - - - - - 1.01
62 Acetophenone 98-86-2 - - - - - 0.39
63 Pristane 1921-70-6 - - - - - 1.94
64 Nonoic acid 112-05-0 - - - - - 0.65
65 Cedrol 77-53-2 - - - - - 0.20

66 Phytane 638-36-8 - - - - - 1.18
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Table 2 Components and relative content of the volatiles from treated leave of citrange by Panonychus citri

/ Mite density (mites/treetop)

No. Compounds CAS 25 50 100 200 400 0
1 Aromadendrene 109119-91-7 - 0.32 - - - -
2y v-terpinene 99-86-5 - 0.40 - - 0.40 -
3 n- n-cedrene 469-61-4 0.12 0.40 - - -
4 Naphthalene 4630-07-3 - 0.33 - - -
5 = n-cubebene 13744-15-5 - 0.30 - - -
6 o- a-farnesene 502-61-4 - - 2.06 - - -
7 - m-trans-ocimene 3779-61-1 - - 0.40 - - -
8 9-3- 8-3-carene 13466-78-9 - - - 24.60 -
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43R 2 (Table 2 continued)

/ Mite density (mites/treetop)

No. Compounds s 25 50 100 200 400 0
9 o-xylene 95-47-6 7.45 7.70 4.71 10.61 2.04 -
10 p- p-cymene 99-87-6 0.52 0.67 0.81 1.54 0.66 -
11 o- a-pinene 7785-26-4 14.73 1.89 1.40 1.20 1.56 -
12 24,6- 2,4,6-octatriene 7216-56-0 0.55 0.92 0.36 0.52 0.18 -
13 o a-phellandrene 99-83-2 - - 0.30 0.35 0.84 -
14 y- y-terpinene 99-85-4 0.75 1.27 1.35 2.20 0.80 0.97
15 Myrcene 123-35-3 3.98 7.47 6.53 8.78 7.17 2.43
16 Limonene 138-86-3 41.98 41.50 43.66 40.07 45.75 37.18
17 cis-n cis-mocimene 3338-55-4 15.13 14.39 17.38 16.99 10.45 10.42
18 Terpinolene 586-62-9 0.90 0.87 1.30 1.22 1.17 0.78
19 2- -1- 2-ethyl-1-hexanol 104-76-7 1.89 0.72 0.53 1.77 0.56 6.45
20 Tridecane 629-50-5 2.36 1.63 1.80 0.80 0.38 3.74
21 Tetradecane 629-59-4 1.82 0.70 0.38 - - 242
22 Dodecane 112-40-3 1.26 0.42 0.29 - - 2.22
23 y- y-elemene 339154-91-5 - 1.38 1.52 0.37 0.53 3.14
24 Undecane 1120-21-4 0.50 0.23 - 0.19 - 3.46
25 @ n-farnesene 18794-84-8 - 0.58 0.72 - 0.14 1.11
26 D Germacrene D 23986-74-5 - 0.47 0.85 - 0.14 1.45
27 (+)-cadinene 483-76-1 - 0.86 0.85 - 0.16 1.64
28 Pentadecane 629-62-9 0.37 0.19 - - - 0.88
29 o~ a-caryophyllene 6753-98-6 - 0.65 0.55 - 0.15 0.41
30 Naphthalene 91-20-3 0.82 - 0.21 - - 0.50
31 B- B-caryophyllene 87-44-5 3.95 14.40 11.01 4.31 2.29 11.62
32 Nonanal 124-19-6 0.83 0.27 - - - 0.77
33 Decanal 112-44-7 0.40 - - - - 0.19
34 Psoralen 66-97-7 - - - - - 1.18
35 Styrene 100-42-5 - - - - - 3.64
36 y- v -butyrolactone 96-48-0 - - - - - 1.01
37 Acetophenone 98-86-2 - - - - - 0.39
38 Hexadecane 544-76-3 - - - - - 0.16
39 Norphytane 1921-70-6 - - - - - 1.94
40 Nonanoic acid 112-05-0 - - - - - 0.65
41 Butylated hydroxytoluene 128-37-0 - - - - - 0.50
42 Cedrol 77-53-2 - - - - - 0.20
43 Phytane 638-36-8 - - - - - 1.18
4 26 719-22-2 - - - - - 0.21

2,6-di-tert-butylbenzoquinone
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Table 3 Olfactory responses of Amblyseius barkeri to 23 kinds of volatiles in Y-tube olfactometer
No. Compounds CAS % Selectivity (%)
1 4- 4-carvomenthenol 562-74-3 71.59+14.31abcde
2 Linalool 78-70-6 68.48+12.49bcde
3 o- O-terpineol 10482-6-1 72.74+7.24abcde
4 Geraniol 106-24-1 56.39+2.55¢
5 o- a-pinene 7785-26-4 70.11x13.04abcde
6 Terpinolene 586-62-9 71.75+19.77abcde
7 -2- trans-2-hexen-1-al 6728-26-3 62.95+7.58de
8 Myrcene 123-35-3 59.78+6.27de
9 Eucalyptol 470-82-6 57.01+7.04¢
10 Nerylacetate 141-12-8 60.13+15.20de
11 ()-citronellal 106-23-0 60.13£13.55de
12 B-citronellol 106-22-9 67.10+6.32cde
13 R - + - (R)-(+)-limonene 5989-27-5 61.08+£16.99de
14 Citral 5392-40-5 68.87+14.92bcde
15 Geranyl acetate 105-87-3 74.16+2.06abcde
16 Dipentene 138-86-3 66.46+4.51cde
17 Caproaldehyde 66-25-1 79.09+9.16abcd
18 Nonanal 124-19-6 86.86+2.02ab
19 Octyl acetate 112-14-1 85.19+2.22abc
20 Heptaldehyde 111-71-7 88.25+3.10ab
21 n-octanol 111-87-5 85.93+4.05abc
22 1-nonanol 143-08-8 87.66+3.12ab
23 Benzaldehyde 100-52-7 89.44+9.42a
+ 0.05 Duncan’s

Data are mean+SE, and followed by same letters in the same column mean no significant difference at 0.05 levels by
Duncan’s multiple range test. The same below.
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Table 4 Olfactory responses of Amblyseius barkeri to 15 kinds of volatiles in Y-Tube olfactometer

%

Selectivity at different concentration %

No. Compounds 10~ g/mL 107% g/mL 10 g/mL 102 g/mL
1 Benzaldehyde 51.81£4.35¢f 53.88+12.32de 40.48+12.97d 57.98+3.05¢d
1-nonanol 76.26+3.04a 67.26+8.60abc 49.88+30.45¢cd 55.08+16.79d

n-octanol 68.60+4.65abcd 61.3949.45bcd 59.84+1.80abecd  56.78+4.75cd

Heptaldehyde 74.00+6.20ab 68.77+0.80ab 72.51+4.05ab 72.81+5.83ab

AN B W

Octyl acetate

Nonanal

66.41+4.23abcde
76.05+1.31a

70.23+5.12ab
75.61+£7.08a

68.81+4.00abc
67.36+5.55abc

70.11+1.39abc
69.69+3.76abc
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43R 4 (Table 4 continued)

% Selectivity at different concentration %

No. Compounds 10 g/mL 107 g/mL 10 g/mL 102 g/mL
7 Caproaldehyde 71.40+5.06abc 73.34+1.28a 61.1245.13abc 62.16+11.07bcd
8 Myrcene 63.28+5.63bcdef 75.45+0.47a 75.11+6.68a 76.57+£9.46a
9 o- o-pineine 35.08+6.14¢g 46.09+£3.67¢ 50.59+2.82cd 53.47+1.71d
10 2-ethyl-1-hexanol 54.69+2.66ef 45.44+0.27¢ 54.81+11.21bcd 52.37+6.31d
11 Terpinolene 61.70+£9.00cdef 55.80+3.41de 52.09+2.05bcd 49.74+5.20d
12 1,2-xylene 55 4626.13cf 56.88+1.48cde 49.9548.76¢cd 54.81+£6.42d
13 4- 4-isopropyltoluene 52.00+11.26f 51.75+7.57de 52.17+4.49bcd 58.88+7.93cd
14 p-xylene 51.7545.42f 47.99+9.46¢ 55.30+10.67abcd  51.70+3.88d
15 Undecane 58.17+12.19def 55.92+1.80de 52.89+8.45bcd 53.25+0.98d
3 ik 10 1072 g/mL
P>0.05 1072 g/mL
P>0.05
Ishiwari 2007
o- Tetranychus kanzawai
Ambkyseius womerskeyi
cis-m- 3 E -B- DMNT
2- -1- EE -o-
Y- B- 2~4 3- 4 DMNT MeSA  B-
2 a- EE -48,12- trimethyl-1,3,7,11-
Loughrin et al. 1994 tridecatetraene TMTT

23

Bemisia tabaci

Nomikou et al.

2005



-39 -

SE ik (References)

Allison JD, Hare DJ, 2009. Learned and naive natural enemy
responses and the interpretation of volatile organic compounds as
cues or signals. New Phytologist, 184(4): 768-782.

D’Alessandro M, Turlings TCJ, 2006. Advances and challenges in
the identification of volatiles that mediate interactions among
plants and arthropods. The Analyst, 131(1): 24-32.

Dicke M, Sabelis MW, Takabayashi J, Bruin J, Posthumus MA,
1990. Plant strategies of manipulating predator-prey interactions
through allelochemicals: prospects for application in pest control.
Journal of Chemical Ecology, 16(11): 3091-3118.

Dicke M, 2000. Chemical ecology of host-plant selection by
herbivorous arthropods: a multitrophic perspective. Biochemical
Systematics and Ecology, 28(7): 601-617.

Gols R, Bullock JM, Dicke M, Bukovinszky T, Harvey JA, 2011.
Smelling the wood from the trees: nonlinear parasitoid responses
to volatile attractants produced by wild and cultivated cabbage.
Journal of Chemical Ecology, 37(8): 795-807.

Ishiwari H, Suzuki T, Maeda T, 2007. Essential compounds in
herbivore-induced plant volatiles that attract the predatory mite
Neoseiulus womersleyi. Journal of Chemical Ecology, 33(9):
1670-1681.

Kaplan I, 2012. Attracting carnivorous arthropods with plant
volatiles: the future of biocontrol or playing with fire? Biological
Control, 60(2): 77-89.

Khan ZR, James DG, Midega CAO, Pickett JA, 2008. Chemical
ecology and conservation biological control. Biological Control,

45(5): 210-224.

Loughrin JH, Manukian A, Heath RR, Turlings TCJ, Tumlinson JH,
1994. Diurnal cycle of emission of induced volatile terpenoids by
herbivore-injured cotton plants. Proceedings of the National
Academy of Sciences USA, 91(25): 18836—11840.

Mumm R, Dicke M, 2010. Variation in natural plant products and
the attraction of bodyguards involved in indirect plant defense.
Canadian Journal of Zoology, 88(7): 628—667.

Nomikou M, Meng R, Schraag R, Sabelis MW, Janssen A, 2005.
How predatory mites find plants with whitefly prey. Experimental
& Applied Acarology, 36(4): 263-275.

Pareja M, Mohib A, Birkett MA, Dufour S, Glinwood RT, 2009.
Multivariate statistics coupled to generalized linear models
reveal complex use of chemical cues by a parasitoid. Animal
Behaviour, 77(4): 901-909.

Sabelis MW, van de Baan HE, 1983. Location of distant spider mite
colonies by phytoseiid predators: demonstration of specific
kairomones emitted by Tetranychus urticae and Panonychus
ulmi. Entomologica Experimentalis et Applicata, 33(3):
303-314.

Sabelis MW, Dicke M, 1985. Long range dispersal and searching
behaviour//Helle W, Sabelis MW (eds.). Spider Mites: Their
Biolog, Natural Enemies and Control. Amsterdam: Elsevier, 1B.
141-160.

Shimoda T, 2010. A key volatile infochemical that elicits a strong
olfactory response of the predatory mite Neoseiulus californicus,
an important natural enemy of the two-spotted spider mite
Tetranychus urticae. Experimental and Applied Acarology, 50(1):
9-22.

Turlings TCJ, Ton J, 2006. Exploiting scents of distress: the prospect
of manipulating herbivore-induced plant odours to enhance the
control of agricultural pests.Current Opinion in Plant Biology,
9(4): 421-427.

Zhang JP, Fan QH, Zhang F, 2008. Evaluation of the potential
biocontrol capability of Neoseiulus barkeri (Acari: Phytoseiidae)
on Frankliniella occidentalis (Thysanoptera, Thripidae) based on
life table. Journal of Environmental Entomology, 30(3): 229-232.
[ , , , 2008.

, 30(3):
229-232.]



