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RIFEHEAEH, BHRIEIFAZ . Tl T
' ( Melanotus cribricollis (Faldermann) ) 23
BT AT AR B B I R AR TS, R AT
( Phyllostachys violascens (Carriere) Riviere &
C. Riviere) . & 11 ( Ph. edulis (Carriere) J.
Houzeau ) K %% 4T ( Ph. vivaxs McClure ) 55
FZERM T0%, HIRMFN 2 E AR5 100%,
JEE AT AR R A, UM S A (e R
KRIEM, BRI R, 5%/~ ( Triticum
aestivum L.) . E K ( Zea mays L.) 55 RAF}
( Poaceae ) 1EWIAHLL, i Bt IR B &)y s g d B
BEATH, MARANELY TR LE T HEAE
FHEO BT KW AR e 5 CO, B 1A TE I
2= AR IR . AT WD PR TR AT AR A N
CO, BB i B e TR & e iy 5 1A T, OF
YO TR A Sy, BERBE G Y37
FEAL AP, AT ARG B A e A5 I B B
P BRI

1 MH57%

1.1 KRR 15 CO, B Bkl

2020 4F 3—4 H, TEWriLA 1 B P X
(120°0412" E, 30°32'08" N ) KA ot )T
gy, 7] E ARSI A AR A R TR SR
HENMSE (FRERE 20 £ 1 C, HXEE
60% + 10% ). RIS, KRR BUHTERK i
VRS, HARMAR V2 TR AR (42 cm x
28 cm x 22 cm), FRA§IEFE 50 Sk, FRHRFTHY
TCTH I R AE 10%+1%, T B & T 1A
Fr, DIERFAIRE (e ), gk B AR
ANPGRS0, R BR A 4 R AR

ARSI AT 5 R 5, YR AWTA
BUIM TR FHIX K BEUE T RME X, 5K, 7Ed
VY RRIZ B8 B e f AT 55 (572 i 1:<2 cm ) 1000
g, PREEHTPISCR R HK . CO, B WUk: i &=
KA 56 S 5T 0 Todd Kabaluk 2552 18 5% |
F 4y b BB ( Saccharomyces cerevisiae
Reess ex Hansen ), /N TE# AR AR E52.,
1.2 WEEEFENL

XA BERRA LA BE (F2A ) Hilpk, e
H12 B (10 cm x 5 cm x 10 cm ) FIZEA Wi 2 4
K/MHTFEI A= AR C (15 cm x 10 cm x 10

cm) AR (1), e BE i ilkEsR (10 cm x
10 cm x 0.1 cm) BET-ShklR, R aEFkaEs
W, gl AR, SCE A A RS AR ,
(e RO e S 157ios = =0 2 S U L i 2 N i i e )
Gt e, o RE A TRE MG, A
PR 5 =5 ] 5 AT 9 5k C O, BRI UKL . T
A TCH R &y e S e B A TP n] F A% 8, 25
R (P TR+ ) RREwisE (ST
F) TSI E S5 R R, A SR SR 4
B AT AT E W ( Gp=0.06, P>0.05;
G=17.71, P=0.54, G i3, Hh Gotehi b
AT B RN EN GIH; GyIiESR
ZISEE G, T ).
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Left: schematic diagram Right: olfactometer

B 1 XWEHERFENL
Dual-choice olfactometer for
wireworms attraction

1.3 f BT JTCAD B & H i)
1.3.1  THBARINCT 4 & xF# 0947 H RO
1.75 kg /KR 10% A TCER i AR BE PR
W, KRGS, M mreg, #5515
LIS —8, wAG AR, 2. SRR EE R AT S
(Mt HHELLUR (3843 ) By [l o U sl 1B
JYHIFREC 10, 20 £140 g, BN 3 NAbH, BfPLHEE
AM R R A R — e R = Pty o5 —MliE
BEMES AR CRBCET ). Wk, s
EHTRWE A 10 k&5 (Yligk 24 h, T
M), HFBUErBER ., 24 hm, HADRER. B
Sl O E R £, EREN A B S
HNEE B (bRid M RAIEH R, R
WK GETT W= N A Uk

R A A R SR AT (R NIRE
25+1 °C, AR 80%+10% ), 454>k B3t
20 MEH
1.3.2  JHPARINTT W &) k3t CO, 6947 A R B
CO, B Wik 10461 (2g). 20K (4 g) M
40 k7 (8 .g), BEALIEA B ] PR A — M e £ =
FaLy, S —MER XS R, [RIRE, B 10 Sk 4%t il

Fig. 1
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Lo RE MW AR, JFEGHBRAR . 24 h
JEGETH XIS R

LR B A R AR N AT (BN

2541 °C, AN E 80%+10% ), HFA> 4k B dkit
20 A,
1.3.3 JIABIINT P4 kegkF474H 309
Y550 20 ki CO, BRI, 43| HE A a] 1645
I ZE A B EEEE L. [, EPaORER
B 10 k&4t XE 24, 48 h AN abs, T
24, 48 h J5 45 X4 A AR .

LR A B AR AT (ENRE
2541 °C, AN E 80%+10% ), A4k dkit
20 1 EAE .

1.4 PEEEMASNE

141 BRHWKE  FIH E AR LR BT &
Y. BREUCER T4 50 g, BCAEEE) 150 mL PR
P CHETE MG PR 95% ks v vk, 8 THLAR
F1 120 °C 4L 120 min), Fi Parafim 0, #%E
TsL¥ 6 b, P 30 ming G 1LAY SPME #H
4¢'H ( 3 Supelco A w4/, 100 um PDMS #
Bk ) mAHIEN, MR AERCL, HRE e e AT
F L 5 cemAb, ZEEUHTE] R 60 min, AEHLZE
J&, LB FEBCK 46 A GC-MS BERE T ( Agilent
HP 6890GC/5975B ) AT ffHT. 25 T iy = ok
7 CGIREE 2581 °C, HIXHEE 60%~70% ), AR
LhFE 3 ANEE

142 A-RBEABERELMS @ik HP-5MS
BMER (b, K 30m, WA 0.32 mm, JiE
JE 25 um); A UiEre; BWHRIEER 3 ming #EAE
HOR B 250 °C; AR IR T b K 4R R B
40 C, 4EHE 2 min, 14 C-min”' 7% 180 ¢, LU
25 C-min”' 7+% 260 °C, 44 7 min, L) 99.999%
MRS SEN A, i 1.0 mL-min™07, ik
M. mE A ElL, BEBEET70eV, BRI
JE 230 C, HTAHEAFHEE 1340 V, HFEE
Fl 50~550 aum,

143 BEhup %5 5d RIES-FBEHY
R FTEs I, X (NIST 2015) HibrifEfb &
Y g, XSERFEA TR s e s SR
Je W SR i, SR e s R i — o R T
W, BRSSO R A THR R Y RS SR F, A
AR A HERE 1 L, bR o S A £ B ]
Jo i P A5 AL S A it PR O D O BA B ] L T

JeZERIEAT O, TR HAE R A oy . R
S AT, DA E ek (Y
g T B B S TET AR, x 100% ) 5348 B A A X
T

1.5 BIEZITHH

BERREIAIE T, XA %t AEA R4 A Fab B

) (EHEZS XTI ) ABE w3 R HE S8 A0
( Repeated Goodness-of-fit) G #:1:, A [f] Jifi &
A5 8] LA B AN [ B C O, 1] 1375 H 25 S A0 B %
M R x CHIMkE Rk R ( Pearson R ki ).
FIH] DPS s kb ¥R 45 V19.05 (b4 15 B4k
RA RN ) #HA7EHE 27, R Excel 2019,
PowerPoint 2019 /£,

2 HEREHA

05 B ITCAD B 4 3 R R R E T SR T A R AL
it SEAAE A R, A SAXT 7 e A TCHT
G R BENRSIER (£ 1), AR R
T 2= 5N 2 (x°=0.576, df<2, P>0.05;
K 2), Bt 24 hjm, KREE4H Rk
TEHRA TR0 —di, BRAETENT I BRI B AT 5N
R, KA 200 k44, 10 g P15 128
Sk, SR 4 4 R Y 64.00% ( Gp=69.43, P<
0.001; G,=21.10, P=0.331; % 1); 20 g%
i 118 3k, HEUR4AE HUY 59.00% ( Gp=61.62,
P<0.001; G,=23.64, P=0.210; % 1); 40 g 1T
FrumA 136 3k, it A 5 Y 68.00% ( Gp=
84.17, P<0.001; G.=8.74, P=0.977; % 1),
B R 24 h 5, ARRGEYA 20% 4714
SR EPORE, KBRS JAEA
A S AL R e 22 5 (K 2),

2.2 (HEHIfETCAD R 40 R XF CO, BY4T 0 K ML
CO, X i M A JTCHI &)y MU A J 2 9 W 5 A
M, HRRIHEE R CO, X 44t g 135 22 5 3%

( X’=7.945, df=2, P<0.05; % 2, K 3), kA
10 ki CO, BRI WOk, LA 200 3k 4 1 H
H 161 AR TR, CO, uifs 99 3k, (Hftik4:
bt i iy 49.50% ( Gp=8.58, P<0.01; G,=9.21,
P=0.970); Jit A\ 20 %7 CO, BEHGA Wik f,
WEERIA 141 3k, COy oA 107 3k, HAHK 44
1114 53.50% ( Gp=36.70, P<0.001; G,=22.22,
P=0.274 ); J A 40 ki CO, BN Wik it ,
EFERYA 149 3k, COy A 107 3k, (Sl 4 4t
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Table 1 Choice tests of M. cribricollis larvae towards different weight bamboo shoots in a
dual-choice olfactometer

B RS 4T A (E D G5
b3 Tl Number of wireworms at different sides (Percentage) G test
Treatments Replicates b T 3 it g G G
Treated side Control side i b
109 20 128 (82.05%) 28 (17.95%) 69.43*** 21.10NS
20g 20 118 (81.38%) 27 (18.62%) 61.62*** 23.64NS
409 20 136 (84.47%) 25 (15.53%) 84.17** 8.74NS

A SCHHE HIE R 4T BAMAEHT GRS . R 7RP<0.001, NSERERAEE (P>0.05) . FFE.
Note: G test was performed only on the number of wireworms at the treated and control sides. *** means P<0.001, NS means that the difference
is not significant (P>0.05) . The same followed.

1744 Bamboo shoots XIH& Control  4bEf P e (= dli)]
Treatments No. of wireworms without

choice (Percentage)
i a 109 44 (22.0%)
- a 20g 55 (27.5%)
b a 409 39 (19.5%)

100 75 50 25 0 25 50 75 100
VR H 43 L Percentage/%

TE: SRS 24 h EARIE eG4 o X TR AUR A U T A . FRFORSAL IR 2 2 H L (LSD) 7E P<0.05 KV L2ER %
PE. TR,

Note: The numbers mean the number of wireworm with no choice after 24 hours. The letters show significant difference among treatments at
P<0.05 based on analysis of variance (LSD). The same followed.

B2 GEBAICAD B &) X B E I RE [ 1T A
Fig. 2 Preference behavior of M. cribricollis larvae towards bamboo shoots in a dual-choice olfactometer

1114 53.50% ( Gp=29.33, P<0.001; G,=11.82, %%, {HY5 40 ki CO, BHUH k| 6] 22 5 A i &
P=0.893 ). 20 ki CO, R jilt Johs 7 %+ 4 £ HL 1y 51 (K3),
Wik, 5 10 K CO, BE Uk 7 AH LA 8 %

F 2 FHEBIFEITCAD R 4 ST R ERE CO, RIIEHE
Table 2 Choice tests of M. cribricollis larvae towards CO, of different concentrations in a
dual-choice olfactometer

RIS TE (B G5
b g i Number of wireworms at different sides (Percentage) G-test
Treatments Replicates b T 3 ot e G G
Treated side Control side > L
T, 20 99 (61.49%) 62 (38.50%) 8.58** 9.21NS
T, 20 107 (75.89%) 34 (24.11%) 36.70*** 22.22NS
T3 20 107 (71.81%) 42 (28.19%) 29.33*** 11.82NS

E: T1. T2, T34037R10. 20F140K.COREGRIMIRL, RH. **&K/RP<0.01.
Note: T1, T2 and T3 presents 10, 20 and 40 granules of CO, resource, respectively. The same followed. ** means P<0.01.

23 TRERGFEICAD R4 MM 5570 CO, BAYIERE  (EAFRMETEALE (24 h F148 h) [HZEFANEE
A ( ¥*=0.314, df=1, P>0.05). fitif% 200 3k 4>

TEPT S CO, BRIk Z (8], GBIl Fdidr, 24 h 1 8R4A 139 3k (At 4a s i
4y i d 2 A G 7 5, AT SRR G T 5R T CO,, ) 69.5% ), CO,ui A 343k ( Gp=68.37, P<
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ZE Ak CO,

%} # Control

Jb3 R B R (L)

Treatments No. of wireworms without

choice (Percentage)
T, 39 (19.5%)
T, 59 (29.5%)
Ts 51 (25.5%)

50 25 0 25 50
WEFE H 4y Lt Percentage/%
& 3

100 75

75

100

i B4 JTCAD B 4 R it AR [&] iR BE CO, & [m1T A

Fig. 3 Preference behavior of M. cribricollis larvae towards CO, of different concentrations in a
dual-choice olfactometer

0.001; G,=15.40, P=0.697; %3), MMi48h )5, 1T
A 1423k (AR 45 R 71.0% ), CO,

x3

Ui 35 % (Gp=47.69, P<0.001; G,=15.40, P=
0.749; %£3),

i B TCAD B 4 R ZE £ 3590 CO, B A4 Bl i 1%

Table 3 Choice tests of M. cribricollis larvae between bamboo shoots and CO, resource in a
dual-choice olfactometer

R BN EE R (F5 D G50
LhE i Number of wireworms at different sides (Percentage) G-test
Treatments Replicates s — AR G G
Bamboo shoots CO, P H
24 h 20 139 (80.35%) 34 (19.65%) 68.37 *** 15.40 NS
48 h 20 142 (80.23%) 35 (19.77%) 47.69 *** 14.58 NS

24 EMNEELZMAS

A AR ORI | S AT S R 1T
Fir, HAERe a7 8 (XRAEN ), RR
FALAW 2 %0, B2 BEE KM A WS 1 Fh,
WA 1 ke s sy (£4), 17
b &, M & R AR A, M
XA b ik 66.62%, ok 2 %k i
(27.98% ), 1 7 Fpf 2Pt b DL o7 B0 7 i i
B, 1 16.49% (#£4),
3 it

FLIHAE K e AE Bk B R 3R 2 B et
HUOR YRR CHEVERT, JULAERARE . BN G A4
MR B R T A R A e ok
HAFFREY, CO, M FHI &M R MAF EE L
FHEAE ST, 10 0.5% 1Y CO, X F KA AL I
&y A AR 1 5 LA™Y, B CO, WREERE Y
oz PR B aF 248 S AT oA P ARWE A
CO, BEJHRIIE S 1 0 M A TR R gy iy (AR 4
B XA CO, FH BEMWSIMER, W
I CO, e B XA AR 42 & Ha i) 2 17 B s A W 3 58

M, 5HE A5 RS RY &1, CO,
WEE 5 &5 AT UIAAOC, SR E s 45 mm 4
B HUR E M BE R, CO, ¥R o Ik 4 £ Hu Xk DL
W, 355 COQ Y BEXT 4 1 HU R M 3K okt ol 3P
YEFE28 . B9 0, 4 g CO, BRI BUR A5 175
RORBAE, 30 CO, BEMOH By = AT ARG B iy
AT AR AN

JLAE COp X4 HL | 55 i <5 1l 1 A 2 1 R e
AW IER, AR5 CO, ik A7 75 Hk BE
27, WA AR R AR BT, A
N, HU AR PR R e = e A B S LT
A RS 1 A i AN 2 =ML . AEIAE
AR BT, RSB CO, f1H SR
7 (oA Rk AR ), JE SR R AEAR T X
H T R H A Y B RN PR TN LR T
AWFFEH, FEPTHFR CO, BRI Z 1], T A )T
N gy S B T 5, X R AT A 4R R TR
SR I RGeS R AR

H X 2647 ( Bambusa emeiensis L. C. Chia
& H. L. Fung). W4T ( Dendrocalamus latiflorus
Munro ) KX 2¢47 ( B. oldhamii Munro ) 45 )\ A= 47
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Table 4 Relative content (%) and volatile components of Ph. violascens shoot collected by HS-SPME

MR R B S (1] (O3 :EEGE 8 T

No. of Retentign Ret‘entic.m Molecular é%ﬁﬁfrﬁs Reljﬁjié;o%; ﬁ{EIS%E 1%

peak time/min indices/iu formula
1 9.12 2705 CooHsO  1-(LH5EEE)-+ )\ Ft 1-(ethenyloxy)-octadecane 0.68+0.21
2 10.11 1180 CoHigO  4-(1-FE 245 4E)- %) 4-(1-methylethenyl)-phenol 0.19£0.03
3 10.65 1471 Cy1Hp20,  +—%El& undecanoic acid 0.20+0.05
4 10.96 1620 CygH3 (2)-7-F758545 (Z2)-7-hexadecene 2.58+0.42
5 11.04 1413 Ci4H3g tetradecane | PUki 0.30+0.06
6 11.28 1430 CisHase  a-FI7E)A a-bergamotene 0.88+0.19
7 11.39 1494 CisHas B-Fi i) B-caryophyllene 3.07+1.87
8 11.60 1440 CisHo4 (2)-B-farnesene (Z)-B-i%EWe 0.42+0.11
9 11.64 1446 CisHay  B-f&3¥/KJT)A B-sesquiphellandrene 1.16+0.08
10 11.71 1579 CisHzs  a-#%J# a-humulene 16.49+3.25
11 11.88 1304 Ci3Hoe 1-1+=Hx/d 1-tridecene 64.04+8.23
12 12.11 1500 CisHaq B-XLith J# B-bisabolene 2.84+0.98
13 12.23 1435 CysHoy y-#:#24% y-cadinene 3.12+1.01
14 12.84 1790 C16H340 2-C5-1-25 i 2-hexyl-1-decanol 0.41+0.03
15 12.91 1910 CygHa40 +LkE nonadecane 0.84+0.92
16 17.43 1908 CigH20,  ARZE —HR — 7T I diisobutyl phthalate 1.96+0.97
17 18.56 1968 CigH320, 75K hexadecanoic acid 0.82+0.31

Gree2 - AR5 AT ( Pleioblastus amarus
(Keng) Keng f.) SEEA AT 55 1045 K W) Lo E e A
TRIE . PR SRR . SRIBOTTE SRR
WA, HERMA 2R, B —EN
URAFAE o ASBIFTE R F T AR 2 B R Wi A
Yo TR (MR ) #ERMA /3 17 Fh, Horp
DMs i S £ WG e o s
DLEREE R Sy, TERE R =0 S A7
R R AR E L E P, 40 B-caryophyllene
& FORAME I B o R R S (Cylas
formicarius Fabr.) ®°_ a-pinene )z B-pinene J& il
416, (M. melolontha L. ) P 23 N R i %)
HOE AL AT R CHE S W . Barsics SR Y R
B, KREMRBILK) hexanal, (E)-hex-2-enal X (E)-
non-2-enal 55 4 RS IE A Y RE 5 | 45T 1A 1]
R shU, ARWF5E AR o-7E 55 7 FhAR X i
B ARG, 2 R B A TR R &)y s Ay 5
ML, e e SeiF s h it — 2D .

RZM TR AU R ERE R, faF
JAAEG . B, AR W K By it — Al
YA TAER T s IHE B, S APk, A4 7T

TL. RSP ROAT F IXR R R, 1 EE
REATEWIR, sk, 20 AR RrTme
Bt HURAT I A R % S v iR R AR Y R AR B
SEIUESE T AT 545 W T CO, XFATAR A 5T i i 2
IREIVER, JFY0E TP AR A 7y, XA AR
SRR ST AE S Y B i ST i
FIE 45T AK R (Attract and kill strategy ) #F
R T E LA

4 i

WFFE T, i B AR TCRID FR )y e 3o i f 75 4 5
I COL B Tl 1) R 1A i 35 B 1k, e A7 5% A
CO, BTG Z I, i W A JTCHIT FR 4y e S 25 i 4
BEPTSE, AHEL COL BRI, A 54 A I T BETA 1Y
PRI PIAR G B S5 BN AT
BSHERE T AT BT REXS i M A TCH Y 2y R B I 5 |
TEHIBYE IR 2L 51, bk e S8 B 5 17
M, RRIRE R R B P HORBEE T A

Sk
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Larval Behavioural Responses of Melanotus cribricollis
(Coleoptera: Elateridae) to the Volatiles Emitted from
Bamboo Shoot and Carbon Dioxide

ZHANG Wei', TENG Ying?, HUANG Xu-jun®, LI Zhi-hong",
ZHANG Ya-bo', SHU Jin-ping', WANG Hao-jie'
(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China;

2. Agriculture and Rural Bureau of Fuyang District, Hangzhou City, Hangzhou 311400, Zhejiang, China;
3. Central Forestry Station of Suichang, Zhejiang Province, Suichang 323300, Zhejiang, China)

Abstract: [Objective] To understand the mechanism of food foraging below ground of Melanotus cribricol-
lis larva which is the dominant and most destructive soil-dwelling insect of bamboo shoots in south China
and provide important basic information for the development of effective monitor and control techniques.
[Method] We tested the orientation behavior of M. cribricollis larvae towards bamboo shoot and CO,-re-
leasing capsules by using a dual-choice olfactometer. The volatiles emitted from Phyllostachys violascens
shoot were tentatively identified by solid phase micro-extraction (SPME) coupled with GC-MS, and their re-
lative content were determined as well. [Result] Both bamboo shoot and CO, source could significantly in-
duce the directional movement of the larvae of M. cribricollis. There was no significant difference in the lar-
val behavior among different weights of bamboo shoots (P>0.05), whiel larval orientation behavior was sig-
nificantly correlated with CO, concentration (P<0.05). Between bamboo and CO,-releasing capsules, wire-
worms preferred significantly to the bamboo shoot (P<0.05). A total of 17 compounds emitted from Ph.
violascens shoot were tentatively identified. The higher relative contents were olefins (66.62%) and
sesquiterpenes (27.98%), and the sesquiterpene compound with the highest content was a-humulene.
[Conclusion] M. cribricollis larvae shows significant stronger orientation towards bamboo shoot and CO,
source, and prefers bamboo shoot significantly. Compared with CO, source, the volatile organic com-
pounds (VOCs) emitted from bamboo shoot show to be more effective in food foraging of bamboo shoot
wireworm. In addition, 7 terpene compounds with potential attraction to wireworms are identified in this
study, which provids important basic information for the development of attract-and-kill formulations for the
control of wireworms.

Keywords: wireworm; root herbivore; carbon dioxide; VOCs; attractant.
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