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Effect of volatiles from healthy or worm bored Korean pine on host selective
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Dioryctria sylvestrella and its parasitoid Macrocentrus sp.
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Abstract. Dioryciria sylvestrella ( Lepidoptera: Noctuidae) is a serious pest of the Korean pine ( Pinus koraiensis) which is
the precious tree species in northeast China. It is a specialist feeder on the Korean pine and cant complete its life circle on
tree species other than Pinus koraiensis. Common pest control measures such as spraying insecticides are normally not
effective because their larvae feed inside the pine cones and shoots. Once outbreak, more than 85% trees could be
damaged, which might result in significant reduction in seed production. Until now, there is no efficient and environment
friendly pest control method to reduce the economic losses caused by this serious pest insect. Macrocentrus sp. is a key larval

parasitoid of D. sylvestrella and might play an important role in regulating its host population dynamics as a natural control
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Chemical signals play a major role in the orientation of insects to mates and suitable hosts. In this paper, we describe
the diurnal behavioral responses of the adult moths and their parasitoid wasps to P. koraiensis cones, shoots and branches by
using a Y tube olfactometer. Volatiles released during day and night from cones, shoots and branches of healthy and
D.sylvestrella larvae-damaged pine trees were collected and analyzed by GC-MS. The aim of the present study was to
determine the diurnal pattern of volatiles released from cones, shoots and branches, and its potential effect on host-finding
behavior of D. sylvestrella and the its parasitoid Macrocentrus sp..

Y tube bioassay indicated that virgin, mated female moths and male moths responded strongly to volatiles released from
the healthy pine cones and shoots during night. Mated females seemed also to respond to the larvae-damaged cones at night.
Whereas the parasitic wasps ( both sexes) were more responsive to volatiles released from D. sylvestrella larvae-damaged
pine cones and shoots during the daytime. GC-MS analyses showed significant diurnal variations in volatile compositions and
contents between healthy and damaged pine samples, and among the cones, shoots and branches, especially in the relative
contents of major monoterpenes, including, o-Pinene, Camphene, B-Phellandrene B-Pinene, 3-Carene, Ocimene,
Myrcene and D-limonene. D-limonene was only volatilized form lateral branches of P. koraiensis, and the response ratio for
males, virgin and mated females of D. sylvestrella to lateral branches were significant lower than cones and tips. Thus, we
assumed that D-limonene should play a special function on D. sylvestrella host location of the adult moths. This function
would be an important reason of Dioryctria evading the lateral branchs of P. koraiensis. Some specific sequiterpenes such as
Bornylacetate and Caryophyllene were present mainly from the D. sylvesirella larvae-damaged pine samples, which might
function as repellent volatiles for the moth or attractant volatiles ( synomone) for the parasitoid wasps. The host selection
behaviors of D. sylvestrella and their parasitic wasps seemed to be regulated or influenced by the variations of monoterpene
contents in the pine cones, shoots or branches. The exact functionality of these specific sesquiterpenes ( individuals or in
combinations) is not known; however, further study is surely needed to determine if these sesquiterpenes with or without

monoterpenes might play a role in oviposition behaviors of both D. sylvestrella and their parasitoid wasps.

Key Words: Pinus koraiensis; volatiles; Dioryctria sylvestrella; Macrocenirus sp.; behavioral response; chemical analysis
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Fig.1 Behavioral response of D. sylvestrella and Macrocentrus sp. to different part of P. koraiensis during day and night
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Table 1 The day and night volatiles variation released from different parts of health and damaged Korean pine

PREABIT] SRAERT [i] AHXTE 43 L Relative percentage/ %

FEH S

Retention ~ Sampling

Main components lime/min  time HC FC HT FT HB FB
Z. 1% Ethanol 1.591 EPS 1.93+0.02b 0.24+0.03c  2.65+0.22a*  0.36x0.1lc 0.48+0.09¢ 0.24+0.06¢
R 1.47£0.13a 1.02+0.26b*  0.87+0.17¢ 1.58+0.43a*  0.36+0.03d 0.36+0.07d
bt Pentane 2.350 EPS 0.22+0.08a 0.23+0.03a  0.06+0.00b 0.09+0.01b — —
e 0.20+0.01a 0.23+0.07a  0.06+0.01b 0.06+0.00b — —
IEC %t Hexane 2.729 EPN 0.07£0.02¢ 0.40+0.03b*  0.57+0.08h * - - 1.97+0.24a "
R 0.05+0.01a — — — — —
1EBEE Heptane 3.151 EPS 0.72+0.09b 0.60+0.06b  0.16+0.02d 1.36£0.23a*  0.46+0.13¢c*  0.10+0.04d
U 0.88+0.08a 0.79+0.24a  0.28+0.03b 0.19+0.04b 0.09+0.01¢ 0.08+0.00c
1,3,5- ¥ B =4 3.992 EPN 2.70+0.17a 0.43+0.06b*  0.30+0.09b — 0.09+0.06d 0.15+0.04¢
1,3,5-Cycloheptatriene I 2.77+0.35a 0.18+0.05c  0.78+0.09b*  0.78+0.13b*  0.09x0.00d 0.06+0.01d
- VRN 6.621 EPS 0.43+0.09d 2.22+0.33b  1.33£0.13¢” 1.86+0.23¢*  2.85+0.11b*  4.33+0.91a"
Alpha-pinene R 1.71£0.25b*  6.36+0.18a " — 0.16+0.01d 0.55+0.07¢ 1.07+0.11b
M Camphene 7.196 EFPS 3.98+0.29d*  9.48+0.66c  2.11x0.57d 7.04£0.54c  11.91x0.87b*  21.65+2.2a*
I 2.96+0.37d  10.7420.86b*  5.27+0.94c*  10.19:0.81b*  9.65£0.31b  14.08+1.40a
% i) Ocimene 7.318 EPN 63.24+4.45a"  23.33+0.58¢* 47.80+8b" 24.21+3.84c*  43.04£2.45b  14.12+1.79d
M 31.74£3.10b  19.49£0.96d  24.65+0.86¢ 12.89£0.69¢  46.06+6.64a*  47.99+3.60a*
B-7K T4 7.608 EPS 0.65+0.08b — 0.33+0.13b — — 7.85+0.80a "
beta-phellandrene MR 2.69+0.75a*  0.83+0.17b*  0.64+0.03b* 0.46+0.11b*
B-JEM beta-pinene 7.715 EPS 4.67+0.39¢ 9.18+0.33b  10.00+1.00b*  11.40+1.30b* 19.72+1.06a*  11.14+1.08b"
R 19.14£4.07a*  17.21x1.41a* 2.71x0.12b 1.75+0.1bc 1.41£0.52¢ 0.80+0.00d
B-J HES 7.880 EPS 2.08+0.27b* — 0.33+0.13c¢ — 3.53+0.91a 0.06+0.03d
beta-myrcene R 1.22+0.01c¢ 3.12+0.13b*  0.30+0.00d 3.72+0.17ab*  4.80+0.34a*  3.44+0.61b"
1,3-3°C 0 7.889 EPS 1.32£0.37a*  1.5420.14a  0.26+0.10b 1.26+0.14a 0.98+0.19a —
1,3-Cyclohexadiene I 0.21+0.05b 0.46+0.01b — 0.34£0.07b 1.17£0.18a —
Tk 8.168 EPN 7.11£0.26a" — 7.21£0.70a* 4.99+0.12b
Cyclobutane I 4.17£0.99d  12.97+0.70a  0.09+0.02¢ 4.08+0.13d 6.02+1.23¢ 9.69+0.21b
3-E5 4% 3-Carene 8.255 EPN 1.18+0.10¢ 0.90+0.26d  2.86+0.58b 0.54+0.17d 8.40£0.60a*  0.36+0.06d
I 9.38+0.77a*  0.78+0.17d  3.22+0.28c¢ 0.61+0.08d — 5.87+0.62h "
ST 9.144 EPN — — — — 0.49£0.11a*  0.24x0.06b "
D-Limonene W - - — — 0.25+0.00a 0.01+0.00b
22%?4(%5?; 9.632 EPS — — 0.19+0.08b*  0.54£0.02a*  0.35x0.08ab —
rlnef}fy yli?}iexmﬁ?:ﬂ;} e 0.63:0.26a°  0.08+0.02¢” — 0.19+0.03b  0.48+0.07a -
I Cyclohexene 9.632 EPN 1.20+0.09b*  10.89+0.97a* — 1.46+0.12b * - —
I 0.63+0.08b — 0.77+0.07b* — 1.77£0.70a*  0.82+0.02h "
+—%% Undecane 9.928 EPS 0.13+0.03¢ 0.70+0.13a*  0.02+0.01d*  0.43+0.23b*  0.17+0.02c —
G 0.08+0.02b 0.11+0.02b — — 0.32+0.082*  0.23+0.02a*
R e e 12.552 HX — 0.37+0.10a " — 0.29+0.03a * — —
Bornyl acetate i 9.70+0.37a*  0.1120.03b — 0.12+0.02b 0.13+0.03b*  0.05+0.00¢*
o-HER A 13.667 EPN — 0.07+0.01a — 0.06+0.03a — —
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& g P {gj ii::f iﬁ;ﬂ? AHXT 43 L Relative percentage/ %
Main components time/min time HC FC HT FT HB FB
Alpha-cubebene R, - — — 0.04+0.01a —
i B Copaene 14.083 EPS — 0.18+0.06a * — 0.10+0.08a 0.06+0.03b -
W — — — 0.19+0.03a 0.07+0.00b  0.13+0.01a*
%% Naphthalene 14.665 EBS — 0.05+0.04a — 0.10+0.09a * — —
R W, 0.85+0.23a " — — — — —
L1k Caryophyllene  14.801 EPS — 0.67+0.06a * — 0.29+0.04b*  0.19+0.06b -
G 1.72+0.25a*  0.08+0.01d - — 0.21+0.09c  0.78+0.11b*

IR 91.63%£3.77a  61.48+0.76c™  76.18+9.55b"  51.39+4.69d" 97.71x4.71a” 62.21+4.58¢"
e 92.20+4.81a  74.56+1.64c  39.65x1.92d  37.35+2.10d  73.43x7.91c  85.46x4.66a
HC ARFRERR  FC . HUTRROR  HT: B A FT: HUTF A HB AR RN FB : MU ML ASIR)/ING B R ZUAR AN [R] I B I 9 [ % 2
PRI 2E R B« FORFIRHERY AR B2 (AR e N 25 57 1

TRLIB] X B AR A T 7, W L0AA SRR LIS 45 R AP AR 22 5, (B H 20 BTG 2 4% i W R o 1) 28
e, 5 KA Sl LA Z [R] Bl 0] Lo i A2 Ak A 6], DA DEULR A oy 5 2 A7 R 26 5 . g
BROR RSB B-URME | B- M, e OB R 2 s 3- IR R, SRR EE R, 5
R T LA R Y AR L B TR1R T R R | A I A 381 F e e P A 2 i 4 932/ | 3R R RGN 381 2 1 e i i
AR, EAE SRR o-HER e Aty TV, ELER EV@ MBI = B/ T R R, A, 8 A 1 KT 1%
RGN B S P A e AELAAC TR ARG I 1) 2 TR e IR | ol LA R A A 3 Rl il 4 43
3 itig

MBI A B 2Ry JR L B R A, S5 2R AT L A BN R RS MERR PUn 27 32, JF FLRBRE IX 3 ) 2F
FHYAIRITRAL . ARAA RS SR A 2 Wi | A2 8 M M VA e, ) 2 T 20 B e PR B v, O LB Sl o) T (R LA
BRI A, PP , & A 2 B HOR AR R 2 (0 fh 248 SR o 27 A A TR Y AR
FEAEN 5 f R S s LU AABR IR | RS RV RL R W5 B, 2 AR 45 R W RIS S R AP e 25 5 U HE:
o- PR M BT BRI 3- I B NS BT RIS AR SRR S R M A R VE 20T
522 BB 5 e R 1 AARL T BRI = IR AT o FE AR S T DR A B 2 R )
AL BRAE W] S M SR A RS AR AF AR RAT R . QTR R LLAM R A R Ay, AR R RN AT
Ry BN S A B | R R A R R XS IS ) PR M IR, TRV 216 DL IE X 2 /b i e S VR R W)
A 5 | 5 s K3 59 R A P 3 A T o RS A AR A T BB AR o I ) 98145 R R AR A 1 B
AT M,

B L AP RENS 52 A P R R B R R R S R A A e i e e O AR EIRgE h K R
HETE RS CLRMA R W) B URR  f R e 7 A X M 0 ) 5 4 SR S T 309% LA I, e HO= A2 R IR 4y 1 18 3
AILLRA AR 50% LA F i I ZEANE S W o K B Al 1) 2 e 947 0 W50, BIFOY R B, 1 PR SR A
X"J‘?’Xé%q:f(%%d@%(Aprostocetus prolixus) A REMNTEEN, ORI A 48 2 Wy T DL Bl R )N e 4k 31
A TG, (0 5 KA G B3 R Y H A 30 1 B9 48 S AR R B B HUAR IR 9% ( Trichogramma
dendrolim) W] ‘B 4% 5 AN B L ( Dendrolimus punctatus ) 1635 W) 5 FE ¥ ( Pinus massoniana ) 1, ELAW ] F 3%
FEU H AR P AN IR R R W — 2 o T R B TE 2 LU ER AR | BRI R Y, 2 Fh
BTGRP R i R WA RN T CIRIE KR A7 VT M o BT AR Ry AR A A G o), PR
I R O R T 2 B B SR L MR SEA Z A 3 AR 52 T LTAS B AR S ) s A B B A AR
PNIITES E2IEAIL EC Ra o

RIFER VI B — @ BT A2 RS YU R G 5 AR A SO —E MBS 1,
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It AR B A W) 22 A B v R 97 A e A 7F R B LA W RO, RS2 A 2F I ( Heliothis
virescens ) f % i , F KM 6] 42 5 00 ) 2 SR 350 S8 5 AN ], E SR e A e 5 | K AT A 2 A, 78 ) A s 92
KV R S 2 R X AR S A SR — B, SRR B 2 A R 0 B, A 3 ] £ R Bk
R CERIE LY WAL INE] T SRR AT AE A . LRI D SE PR B R BN 1) )
22— HERTIC A AR S B A B ) SR | R R T 1 2 U A R e B i
PR IXLEAF AR A, A 5 B A DI R) 52 ) 6 TR 149 B9 6 436 0 2 A 868 19 2 1 3, iR A A7
FAIE At — SR,
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