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Volatile constituents of four moraceous host plants of Apriona germari
ZHANG Lin', WANG Baode®, XU Zhichun' *

1 Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Betjing 100083, China
2 USDA APHIS PPQ CPHST, Otis Building 1398, Otis ANGB, MA 02542, USA

Abstract: Apriona germari is an important boring insect and a major threat to more than 20 kinds of trees, including
mulberry, poplar, and apple trees. It is widely distributed in China, where it causes serious damage. Difficulties in the
detection and monitoring of boring insects are major obstacles to the prediction and control of infestations. Thus, it is
important to develop trapping devices incorporating behavioral chemicals (e. g. sex pheromones, plant attractants) as bait.
However, to date, no effective compounds suitable for monitoring the behavior of this insect have been reported. The
purpose of this study was to analyze the principal volatile compounds of its host plants and to identify the most effective plant
attractants for monitoring insect numbers, as a basis for forecast and control.

Apriona germari adults consume nutrients to reach sexual maturity and then, to achieve reproductive success, they
must migrate to other trees to lay their eggs. The shoots of plants within the family Moraceae are rich in protein and
represent an important source of nutrients for newly emerged Apriona germari. The volatiles of four important host plants in
this family, Morus alba, Broussonetia papyrifera, Cudrania tricuspidata and Ficus carica, were analyzed using ATD-GC-
MS. The relative levels of individual chemical components were determined using normalization methods. In total, 56
different compounds were identified in the four plants, of which 31 were present in Morus alba, 30 in Broussonetia
papyrifera, 29 in Cudrania tricuspidata, and 27 in Ficus carica. They were divided into four major categories: alcohols,
aldehydes, alkenes, and esters. The plants differed in their ‘ chemical fingerprints’ , characterized by specific types and
content of volatiles. The major volatile components of Morus alba were alcohols (25.06% ) and esters (66. 61% ),
accounting for 91.67% of the total; in Broussonetia papyrifera, alkenes (46.22% ) and esters (39.59% ) accounted for
87.81% of the total; in Cudrania tricuspidata, alcohols (11.80% ), aldehydes (22.92% ), alkenes (36.15% ) and
acids (14.58% ) accounted for 85.45% of the total; and in Ficus carica, alkenes (33.25% ), esters (33.36% ) and
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phenols (18.06% ), accounted for 84.77% of the total. Among all four plants, the most common constituents were vinyl
compounds. Compared with the other three species, Ficus carica volatiles had lower total contents of ketones and alkanes
and Cudrania tricuspidata had a lower content of esters. Importantly, 11 of the volatiles were common to all four plants.
These were; leafl alcohol, capryl alcohol, benzaldehyde, 1-nonanal, decanal, 1-octene, ocimene, leal acetate,
hexadecane, 2, 6-di-tert-butyl-4-methylphenol and 2, 4-di-tert-butylphenol. The total quantities of these 11 compounds
accounted for 79.98% of their total volatiles in M. alba, 60.43% in B. papyrifera, 34.62% in C. tricuspidata, and
45.97% in F. carica.

Volatile odors of host plants are important chemical signals that have great significance for the survival and development
of insects. They play important roles in insect-host orientation, nutrition, breeding, and other aspects of environmental
positioning. Many studies have shown that it is possible to obtain insect attractants by analyzing and extracting the volatiles
of their host plants. It seems likely that a suitable signal compound could be obtained from these 11 compounds, either

singly or in combinations mixed in specific proportions.
Key Words; moraceae; volatile; ATD-GC-MS; Apriona germart

F R4 (Apriona germari) 5| 2 R0 JH K4+, 48 K4+, J& #5338 B KB ( Cerambycidae ) 18 & K 4 W F}
(Lamiinae) . 12 RAE R BRBIEVL AR NS T B B T 1 2 SN RER 3 L XX A A, oA G
Gy SRS RIS IR A 20 Z2RMOR FURAR i B2 T e SR A R A A R R it &l A
TERCT BT AR N TG 3, by Frm) B4 6, Rbe i AR RIS R A A s iy, 2 T B (A A i,
B FERIARTET: B E R R A R AR R AR A A ol A AR A J, F R4
PULI T EA ST E T A REIRBIE G, TS BRI B0, R R A WS SRR A e R EAb 85 77
PRIT BN Z R ECRA E 700, 28 B0 A F AN [R) B Ao 4 1 1) 38 R A PR A R 40, GRS SR R A 110 B9 2
REGHFTEFA R, REHEYIE R , & A £ 8 B8 E BT, 2SR AW P A HURb 7878 55 1 2RI,
B Moraceae) FH) 1 ) 28 ( Morus alba) KW ( Broussonetia papyrifera) ¥i# ( Cudrania tricuspidata) F1JG
FESRE (Ficus carica) BN NRERRA M FEfa T X G AZF R0 0000 R S A T 1 ol 1 3 2 R
Z SR g B Y e BRI PRI B LAA T SR A B F A AMECR R S 15 ) S g R A
KE BRI EE,

YR NEAG BB YR — 250 F 1 7E 100—200 HAHLL2EY B 2s B2s W2k AP & Ak
GV KA NGRS RN G . BREYAEA & A R LR AV BT, & B AR A I I B i
WA EAR B0 . A7 FAY) R R PERMIE A= 5 FOX B Hu iy AR A7 Nk e B B 205 S0 e R
g ) 25 3 SRICE IR A B0 B AT O MR E A iR AR, PR B R R A EE AR B, B
HUH o W 852 4 RS2 AF FAE) 5 AR A W) B, 5 A7 T H AR | PR DR S SZ A A ) v B 3R LY
F ) BRI AR S o R AR AR AR R M T O S WIE BT B HOR SRR L, AR /N S
Bactrocera dorsalis( Hendel ) i HUXT 22 545 % P il o0 2018 2L TG B b i R4t S ™ 5 SR A6 e B i 1y 4 2 T ot
BB ( Trichoplusia ni) 45 W W05 EVERIY S WA HE & Y & A B FOR5 R Ho B 0 TR & P vt B B
U, A0 AL BRORAE R MY 0T 1R-(+) -o- TR H5 | B-F M A1 D-F M 21 5 X AR SR RS BERE (- Dioryciria
pryeri) HAEWE MG Iijﬂ%’f/ﬁﬁﬁ[“] s 7 BRI + 7K A7 TR HR i + I 2, PR -3 -2 TR TR B W ) Th 4% L H ( Leptinotarsa
decemlineata (Say) ) M R ARGRATIEVER" I8 i i 3 FhE & M IL2F 0oy 3- T 06 3 5 B mURR e 4- 150
FESFBUFIRTR 2- K O3S SR IR IR S W 1 22 JE W ( Ceutorhynchus assimilis ) i HUAT 58 Z1 ) 25 5|
(R

ST 3 H AT R LI A B A SRR A WA O T W AT A A S B, AN Y H B S I X
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1 MBEFE
1.1 Ik

B (Morus alba) FB ( Broussonetia papyrifera) ¥ B b 5Ol K228 B, B ( Cudrania tricuspidata) . 7o
W (Ficus carica )% HILZFEYE
1.2 iKE i

S A : Turbo Matrix 650-clarus 600T, 3¢ [ PE 23 7] ; W fff 4 : Tenax TA 60-80 mesh, 3€ [E CNW
Technologies GmbH 23 F] ; HH-10 HUE B A& 6 AASL  FBINEATRRE A BR A ] 5 KRACRFEAL . QC-1 B JL 5T i 55 3
TRAPRLFRETERT s TR T A%

1.3 K5k
1.3.1 #ELRWYFIRE

W BRHAETE TR A4 220 CF I A2 h JE 7 H91—9 AR, EEEE B TCXUOR S, RIS T A R 4R 4
MR P TE R ALY . PRI Reynolds® Oven Bags, 482 mm x 596 mm, Richmond, VA, USA ) ¥ &7 4511
K4 2 Sl - E AT R LR 25 - A R GPE PRS2 h, R A 100 mL/min, PAZS 48R
2 h IR,

1.3.2  FEEVEY BRI E

(1) PR (ATD) TAESME  SEFHIE % 25 mL/min, 2 2. 0 mL/min, #f H 43 #5321 mL/
min , B 25 mL/min, AR 4. 0% , DU IR E 230 C , EHZIRE 250 °C , W HHE In#EE 260 C %
B AR ANPGRS 300 °C, Hil ¥ L BE -25 °C, FHR H % 40 °C/S, F+ 2 300 COR4F 5 m, W BH45 T W 1] 5
1 min,

(2)GC TAEAAM BB Elite-5ms, 2 2 mL/min, #:K 30 m, 42 0.32 mm EE 0.25 wm, R
PR TR DT 1%, 1R IR 40 CORHF 2 min, 25— THREF N 4 °C/min T2 160 CIOREF 2 min; 5 — 4%
FHEEF 20 °C/min, & 270 CAREF 2 min, J B 46. 5 min,

(3)MS TAEZAF  WFAIREIR 1 min, B FJ0 ELJR, HF8E 70eV ; #2 FHREE Y 250 °C 5 8 5 IRR E y 220
C, A BFEVERIA 29—500 m/z, FEEEIA 0.2 s, ARIEITAFRTHIE , R A TurboMass Ver 5. 4.2 B4,
JE i NIST2008 3 K PRG3R, 25 (i 08 B IRHR] , R 743 2 A B 1 o3 S 38 3ol T AR I — 5 X 45 2848 Pk
TG 2 X6} B e ARG B Bt A T e
2 BEREHH

LA TAS AR HIEOR XS 4 AR A P B e AT A, & 2R B i AR S s Ak 1,

F1 GC-MS ST MBAEMELEYRHRS REHENEE
Table 1 Volatiles identified in each of the four Moraceae tree species using GC-MS
FH X 1 Relative content/ %

(A7 BN 43

o R IEL L Hm FeAE R

Compound . Molecular BV ) ) )

Volatiles Broussonetia  Cudrania Ficus
type formula  Morus alba . . .
papyrifera  tricuspidata carica

LS 1,3-7 P 1,3-Butanediol C4H,,0, 0.52 — — —

Alcohols i Leaf alcohol CeH, 0 22.59 6. 66 2.31 2.10
T % Hexyl alcohol CeH,, O 0.50 — — —
2-2, 3 EL [ 2-Ethylhexanol CgH;gO 0.40 — 3.46 2.10
1E2E T Capryl alcohol CgH ;30 0.31 0.15 0.75 0.28
M2 2 -1 -F% Cis-2-hexen-1-ol CeH, 0 0.74 — _ _
3-CL-2,5- % 3-Hexyn-2,5-diol CeH,,0, — — 4.35 _
A P 1,2-Propanediol C3Hg0, o _ 0.94 o
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- St FHXT & i Relative Acontcnt/%
Compound ﬂcﬁ%@% Molecular iag) . WXJ' 5&22%
type Volatiles formula  Morus alba BrousS(?netm C.'udr(%ma Fqu )

papyrifera  tricuspidata carica
S BERE Heptanal C,H,,0 — — 0.55 —
Aldehydes A H % Benzaldehyde C,Hg0 0.16 0.55 1.14 0.71
Tl 1-Nonanal CoH g0 0.86 1.08 10.32 1.56
ZEI Decanal CioHyO  0.36 0.55 8.95 0.59
1E R Octanal CgH, O — - 1.95 —
LES 1-2£475 1-Octene CgHyg 0.20 0.66 2.52 0.81
Alkenes M5 Sabinene CoHyg 0.22 0.81 — —
J-B-% #1J (E) -B-Ocimene CoHy6 0.31 — — 2.15
% #1## Ocimene CoH6 0.49 4.7 1.05 3.93
(=) -5 T 7 H (-) -Isocaryophyllene CsHy, 0.72 0.61 23.77 —
o- BB T M. Alpha. -Caryophyllene CysHy, 0.48 1.05 4.10 —
a-EWgsi. Alpha. -Farnesene CsH,, 0.68 5.20 — 10.63
[] % — 4 1,3-Pentadiene CsHy — 22.33 — —
1,3,5-% 8 =% 1,3 ,5-Cycloheptatriene C,Hy — 0.70 1.41 —
1-F4 ; % 24 1-Nonene CoHly — 0.33 0.9 —
J-2-Ff 37 -+ )\ M Cis-2-methyl-7-octadecene CoHyg — 1.03 — —
4-FHE-1,5-B¢ )i 4-methyl-1,5-heptadiene CeH,, — 1.47 — —
(E)-B-I:WeHi (E) -beta-Farnesene CisHyy 0.21 — 1.73 0.5
D-#7# 4 D-limonene CoHyg — — 0.64 —
£ 45 (+) -longifolene CsH,, — — — 3.22
A HERAR A M5 D-Germacrene CysHy, . _ _ 0.55
FlEBIAK d-Guaiene CisHyy — — — 11.41
H2 Azulene CyoHg — 0.67 — —
Be2 Esters  (Z)-BER- 3 -CU M- 1 -3EEE Heptanoic acid, 3-hexenyl ester, (Z)- CH,0,  0.23 — — —
TRV BETR Leaf acetate CgH,0,  53.32 44.05 0.96 15.65
L TREHE Hexyl acetate Cg¢H,60, 0.83 — — —
Rl Cyclohexyl formate C,H,,0, 0.17 — — —
J-3-C 43 T T (E) -hex-3-enyl butyrate CoHi0,  5.99 1.72 — —
i3 -5 A 2-H 3 T AR Cis-3-Hexenyl 2-methylbutanoate C; HyO,  6.07 — — 0.31
23X 3-C IR EEL TG 3-Hexen-1-0l, acetate, (E)- CgH,, 0, — 0.18 — —
2 H R B E Hexenyl benzoate C;3H,60, — 0.28 — 0.93
TR % H il Methyl salicylate CgHg O, — — — 16.46
fEde 1E3%E N-octane CgH g 0.81 0.46 2.10 —
Alkanes F-4% N-nonane CoHyg 0.11 0.22 0.80 —
SN HEIR O E Isopropyleyclohexane CoHyg 0.44 — _ _
1E+75%E Hexadecane CisHyy 0.50 0.56 1.62 2.28
1E X% Pentane CsH,, — 0.53 — —
2 J5E Decane CsHy, — 0.29 — —
[iEES 4-FA 2 -G Methyl isobutyl ketone CeH},0 — — — 0.60
Ketones 4-H1 53 %M 2B Mesityl oxide CeH, 0 — — — 1.85
FH 3 J#J7 R 6-Methyl-5-hepten-2-one CgH,,0 0.36 — — 0.37
(1,17 -BEFR 3 ) 2-fi [ 1,1'-Bicyclopentyl ] -2-one CipH,0 — 0.85 2.31 1.85
ives T2 Butanoic acid C,Hg 0, — — 13.67 0.26
Acids LB Acetic acid C,H,0, — — 0.91 —
[ES 2,6- T X B 2 ,6-Di-tert-butyl4-methylphenol CsH, 0 0.64 0.61 1.98 1.55
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P e A%} Relative content/ %
" R P AR Wl R EER
Compound . Molecular E=3 ) . ) )
Volatiles . Broussonetia  Cudrania Ficus
type formula  Morus alba . . . .
papyrifera  tricuspidata carica
Phenols 2,4-HUT R 2 ,4-Di-tert-butylphenol Ci,Hy, 0 0.55 0.86 3.02 16.51
21 Phenol CeHgO — — 0.77 —
RS HHEE Anisole C,Hg0 0.22 0.82 0.98
Ethers
K
ZI:K XTJ‘/‘l’\/{t'J:é p-Cymenc C[()HM - - - 0.77
Benzenes

XF 4 ASBEFAGHE &AL S YT b, LA RE 56 Rk &, B OIS BEK S BRISAE (RS
W 2) , SHTEEE B, S TR R AN A 2548 SUR R SRR & P LLRESS (25. 06% ) FITR
25(66.61% ) K, ERAHE 1,3-T s i OfE 2-2 50 W EFRE I-2-C00-1 -1 e rbod s g & i
1 (22.59% ) ; Be A48 SR BERR 2 -3-CU 5L T g JIa-3-C s 2-F 3L T IR IR <5 , Horh 2 FR B g 1
IR (53.32% ) o FEA TSR 7 R0 ARBIE 13- T R OB -2- CUR-1-BE L (Z) -BER-3-CL - 1 -FE 0
LMRCTR PRIl SN EA Db,

PR BRI 4% & v LTRSS (39. 59% ) FIR 2 (46. 22% ) |, BE2R A0 45 L R M B G | F-3-C M 2 T g
PR BERE A | o Z R EERR A S R AR (44. 05% ) M2 AR ) T8 B R - B 4o 3D 5
BRI o TR -2 - 37 - U 4-F L1 ,5 B R AR R R A B S R (22.33% ) . FEA Y
G 8 B, A3 AR 0 -2 F -7 4\ 4-H JE-1,5 B0 H 3 X 3-CURBE LR R BT
Bt BEbE LR .

PR BRI B HE R I LABE S (22.92% ) J525(36.15% ) 525 (11.80% ) FIPRIE (14.58% ) M &, B 2K 045
T GBS E VR R B P TR S A (10.32% ) A 1000 B (5 -3 T &8
o-FRFLE (1,3, 5- 0B = 1-TM | (E) -B-iEWelds  Hrh (-) -7 T /B & i m (23.77% ) s BER A fEnt
B 2-ZFECUE 3-CUb-2,5- AR Hoh 3.0 k2, 5- S A i (4.35% ) s FRB AR TR MR, o T
PRI & i (13.67% ) o FeAMALEWA 6 B, 73ilJe 3-Cp-2 ,5- 8% TN 1% BEfE | IEF1E D-Frglas |
ENN

F2 BEYRERRMMAOYENEE

Table 2 The number of volatiles and their relative contents in the four different tree species

B3] s FhARS TR
E YRk Morus alba Broussonetia papyrifera Cudrania tricuspidata Ficus carica
Compound type FhE/ % Bk TR/ % B TR/ % B R/ % Bk
Content Number Content Number Content Number Content Number

2 Aleohols 25.06 6 6.81 2 11.80 5 4.48 3
2% Aldehydes 1.38 3 2.18 3 22.92 5 2.87 3
#2 Alkenes 3.32 8 39.59 12 36.15 8 33.25 8
fii 2K Esters 66.61 6 46.22 4 0.96 1 33.36 4
$E Alkanes 1.85 4 2.06 5 4.52 4 2.28 1
fii2& Ketones 0.36 1 0.85 1 2.31 1 4.67 4
2k Acids — — — 14.58 2 0.26 1
12 Phenols 1.19 2 1.47 2 5.77 3 18.06 2
fitJ Ethers 0.22 1 0.82 1 0.98 1 — —
7% Benzene — — — — — 0.77 1

TeAC BB R W AR (33.25% ) (B (33.36% ) FERZE (18.06% ) M 3, 4 A3 [ -B-2 s
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B -V EWRME KR AR B S Hoh A e AT RIS 1 e (11, 41% ) 5 BRZEALHE SRR IS
KA TP g (A R R e -3 - L e 2- FPRE T R , e rh oK A7 R P R 35 et e s (16.46% ) 5 38404 2,
6- AT HEXT FH B RN 2, 4- U T By b 2 4-TORUT BRI O ki (16.51% ) o FRAACEIA T R4
I I A e AR AR M A AT QAR kAR TR 4-H -2 4- PP k-3 N2 0 Bk

4 R RS 11 Bl o3 BB IR ORI TR SEE - Y R IE N 2,6
TORCT XTI A 2, 4- TORCT B, 4 DR A R iR 2 RSO RS, S B 3 AR L,
TAERBAT BRI 2 (T o, e 2 ot/ M P e I A 2 e /b
3 g

TR VE R 3 EIERAT N o o A R I GRS ) R CGITER ) Fdfih 3 2B, ma &
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