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Effect of inoculation density on reproductive efficiency of Dastarcus

helophoroides Fairmaire ( Coleoptera: Bothrideridae)
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Abstract: Releasing Dastarcus helophoroides parasitoids to control longhorn beetle was an important way in
China, and appropriate inoculation density was necessary for artificial propagation of D. helophoroides. The
optimal inoculation density was determined by artificial inoculation of different densities of D. helophoroides

larvae on alternative hosts and observed their developmental stage and offspring quality in this paper. The
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results showed that the larval stage and pupal stage of the beetle was significantly shortened with the
increase of inoculation density, the larval stage and pupal stage was 13 days and 33 days respectively when
4 larvae or 6 larvae were inoculated. But the larval stage was less than 12 days, and the pupal stage was
shortened to 28 ~ 29 days when 14 larvae or 16 larvae were inoculated. The number of cocoons were
increased with the increase of inoculation density, when 16 larvae were inoculated, the number of cocoons
was up to 7 at most, but the cocooning rate of the beetles was decreased with the increase of inoculation
quantity, and the highest rate was 72.3% when 4 larvae were inoculated. The number and size of
D. helophoroides offspring had a significant relationship with the inoculation density, and the average
number of D. helophoroides offspring was 4.3 adults when 8 larvae were inoculated, and the average
number was significant increase to 6.9 adults when 16 larvae were inoculated, and when 4 larvae were
inoculated, the average number was significant decreased to 2.8 adults. The single adult weight was
0.035 g when 4 larvae or 6 larvae were inoculated, and when 8 larvae were inoculated, the weight
decreased to 0. 032 g, and when 16 were inoculated, the weight was reduced up to minimum only 0. 023
g. The emergence rate of D. helophoroides pupa was from 94.4% to 100% in 7 tested treatments.
Generally, the number of inoculated larvae were less, the body size of the offspring adult was larger, so if

in order to get the breeding adult, the best inoculation density was 4 larvae one host, but if to get more

adult to release in the field, the best inoculation number was 8 larvae.
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Table 1 Cocooning number, cocooning rate, eclosion number, eclosion rate and success rate of

Dastarcus helophoroides in different inoculation number
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Inoculation number Sample size

Cocooning number

BEHCR (%)

Cocooning rate

PHEEL (k)

Eclosion number

PR (%)
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Success rate

4 28 2.9+0.1d 72.3+23.9 a 2.9+0.9d 99.1+4.7a T71.4+23.3 a
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2.3 BEMEXNEAFTHRALHEMBLENZm
Bl HE AN A 3G 0, R R P Ak B
Jn (F=20.317, df =6, 195, P <0.0001) (1),
HeRh 4 S /AR 6 Sk /ANEE, WAL Z R R AR,
TP EH 2 ~3 ko MEEMBCH 8 K/
10 3L /40, PACECE 48 i 4 k. MR
12 3L /400, SPEPMEECh 5.6 ko #ERD 14 3L /4>
16 S/ AEE, PR, PR T k.
TSR AR A R PR R B, TR
94.4% ~ 100% , 4% 40 6] 2% F 4 /N (F = 1.464,
df=6, 195, P =0.1927) (% 1). H, #Fp
8 /AN 14 S/ AL B, HOPfE R s, A
100% , 7P 6 K /AN, PR, H94.4% .
2.4 BEMEXNEATREERINENEI
KRNI R E LY P HEMENSZ 2T
Meta s (F =6.728, df =6, 195, P < 0.0001)
(K1) o FERECH 4 L IABE, FES AT IEF AL
IR, N71.4%, SHAA 25 8% R
6+ 8. 12, 14, 16 /14>, T =45 49.5% «
53.7% 52.5% 46.7%  43.7% , HERANBE.
FERRECR 10 S/, EHBIREAR, H42.2%

2.5 EMEMNEATRNRESEENALEN
A1)

B M 2, AESAT SR D R
W% (F =8.141, df =6, 146, P <0.0001) .
YRR 4 K /AH6 Sk /AR, AT RHRAR,
G35 0.098 ¢ F10.105 g HEFECH 14 K /4
i, B HE AR E, 0158 g HEMECY 8.
10+ 12 F1 16 Sk/ANWF, SF 2 8 & & 76 0. 134 ~
0.142 g Zu], Z5750N (WA 3) -

025r
= 02F ab a
Eﬁ b b 1 ab
2 c
= 015}
< (&
E
=01
L:I;
o 005F
0

4 6 8 10 12 14 16
FeF (3k/4) Inoculation number
K3 AR T ARG8T Y A A
Fig. 3 Total adult weight of Dastarcus helophoroides

in different inoculation number



1462 W5 B 2424 Journal of Environmental Entomology 42 %

£ i e L N s R SR o
(F=20.83, df =6, 195, P <0.0001) , 33 H ¥k
A, SRS . RO 4 L/ A
6 3L/, A W R R sk R OK, PR
0.035 go FLRIECH 14 e /4NF1 16 e /ANEE, B3,
Hi/N, 43010 0.024 g F10.023 g, W E(RTH
fhdl o MR EAE 8 10, 12 /A, HLEH
Bk 0.032 g. 0.033 g F10.028 g (WL 4) .

0.045

Ti{ } { } } )

——

=
S o ¢
> o
(98] wn

0.025

Single adult weight

= 0.015F

001

Bk

0.005

4 6 8 10 12 14 16
AP (3k/4) Inoculation number

B4 AR T LS5 B Y R Sk
Fig. 4 Single adult weight of Dastarcus helophoroides

in different inoculation number

3 Wie54%ie

KRB HA —E B EREEROY, B4 B R A
Bish (RS, 2018) o fESERRIIHIH, $EEHE
HUOR AR5 B A AR R BOR P i 3 BUR A B
XEFRA LT RIT, 72 FH SRR
PRI BT A f i, Xl ZHE A T B H/ R
KRG BRI B if % e SR AR,
RN 2 ST AL AF AR, Bk o B
PG PO AR, s R A Sk 3 1 4 5k
REGE, BARBCRED, BB ORI LA H
IS FNIRIENEE S SEP NGRS SRl i IPN
AT, A TE B A AN 8 Sk, X R BAAE
KA BIRAN R Z, HARU LB

— Rk UL, e BN B AL 2R
WA, i AE ERE AR ALY H &)
T T 4G A 4l HO3 YR D, X
BPECL TN REUN, AR5 55 A
— 2, HEEALGI 14 Sk /A6 Sk /AN, 4
RT3 R0 D 0 S A e, AR SK E AR,

IR 0.024 ¢ F10.023 g A4 B R, BIff
G APEFRARL, HAREBEENAT, AL
ISR AL G T A RAS R B — 2 K.
HATH AT, RN R L9027 2 S REIE
B0 K L BRRE Ty ey, (EARSL W R B, TR
FEERAEWERT, HARAMEE®RKR, B
BEERARNER T, A &I/ R 15
. XPEOREEF AT P NSRS, Aig—
HiERE I 2D, 2T i

SCIOIR A B, A N AE 9 AT R 4 B R
RIS, xR AN AR 4 S/
I, Z5HCREE, ik 75% . HABALIR T, 45K
KA 50% Fodvo PG RAE 94.4% ~ 100% 2
] XULHIESL AT 4 BUNPE T R, FE 2
AEERALWER T, ML T RE1K. 5
Gb, ATLIE Y, B g A 4l AR T N AU
T EES, EHEMER6 L/ L/, K
FETRABHET 50% « HIL, AIRER A Ho A %,
SO T ARG W 4 A . BAARGE R S St
FA eI -

T, SEXTAFPRFRFER, RECKH
ST 10 R REER L, BAEEFILT A
[Fi] A5 AU (%) 46 2% 2 FR s SR R o 1) B9 K B 33 K 2R
Kl TER (I, 2018) o (X KB %L
HANSR S AN REWE L Y AT RR 2, Y AT E A R
oy WEHERA BRFFNMESHEES. X—
Dy, M N T BN N, BARS T A A
AR A N TARDRE, (E TR AR 7 S e v o AT
RED . J—Jr i, 2T EMm RN T SRR
AL S 72, A Rk — 2 P m AL 90 25 Y iy 7
i, EMRRARAL AT R RAS, DR AR gR A H
TERF PGB REN -

BEE LG AF ks, N T EF A
FH (%) B o VT R 55 e Ao 4B S0 2F HY B R A AR R
ANy FEAE A ORGRE T, R A A R R
M, e AL R SRS iy 2 A5 ik —
WA, AL FRAEL B E IO T A
RE R RS 5o, CAMREV, 1LY
FHELHWHF EWMAFR AT ot (FEE,
2019) , METCAEMME K. BB ERA Bk
JARA BINRE. mBEREMBERFEER
RIT ARFENAF ARG ZFH ( Yang
et al. , 2014; 7%, 2018) , J5 &P TFHAE R
A FAEZR 75 H R RS R AR I A AR AR T ey, R



6 1A JEHEIE S HRh AR 2T B R T 1463

MR A 2 A B ) B — 2L ( Wei et al. , 2009) ,
X 6 i ) AU AE G5 P X At R 2R 1 AR AR AR
HES (1145%, 2017) o FrUfESEbR T, 5
VB I 1 A= Yy BU AL SR A7 HOR B ¥ bR 3 e —
FLLOK, B A YR (0 B LA AR B R S R
PR S, RN R AF A [R5 B0 A R R AR
SR FECH R, (ER AR

S E 3k ( References)

Gao JC, Shan GM, Zhao HB, et al. First discovery the natural enemy of
Massicus raddei in Jilin Province, a Cerambycid beetle ( Dastarcus
helophoroides) [J1. Jilin Forestry Science and Technology, 2003,
32 (1): 45 [WIRss, %, B, &5 . SHE R
AR RFMRB—AESRT [J]. FAMplEHL , 2003,
32 (1): 45]

Huang HH, Xu ZF, Yang ZQ, et al. The important natural enemy of
Monochamus  alternatus, a Cerambycid beetle ( Dastarcus
helophoroides) [J]. Guangdong Forestry Science and Technology,
2003, 19 (4): 76 =77. [HcMede, Vridm, 00, 5. 8
RAMEBERGACHET [T]. 7 HEMLRHE, 2003, 19 (4) :
76 -77]

Huang DZ, Yang ZQ, Bei B, et al. Geographical distribution of
Dastarcus helophoroides in China [J]. Scientia Silvae Sinicae,
2008, 44 (6): 171 -175. [BARE, Hibuk, 06, 4. JE
FFPTET E A A X V], AR ERE, 2008, 44 (6):
171 - 175

Jiang Y, Zhang YN, Li ZQ, et al. Genetic differentiation among six
different host population of Dastarcus helophoroides [J]. Chinese
Journal of Biological Control, 2019, 35 (4) : 548 - 556. ESR
kB, 2Rk, 5F . REESUAT HORR A7 SR RS oL
Ul A EES G2, 2019, 35 (4) @ 548 -556 ]

Li YZ, Yang ZQ, Li ML. Study on the relationship between temperature
and the growth and procreation of Dastarcus helophoroides Fairmaire
[J1. Journal of Northwest A & F University ( Nat. Sci. Ed. ),
2000, 379 (2): 25 -27. [ZAist, WAz, ETHE . IRIESE
WATRE RAEFKFRMNTIGE [J]. WICRM R KA 2 4R
( ARBFEIR) , 2009, 379 (2) : 25 -27]

Men J, Cao DD, Zhao B, et al. Behavioral responses of adults of
Dastarcus helophoroides ( Coleoptera: Bothrideridae) populations
originated from different hosts to larval frass of Aromia bungii
( Coleoptera: Cerambycidae) and their control effect on A. bungii
population [J]. Acta Entomologica Sinica, 2017, 60 (2): 229 —
236. [174, B, &k, . RIEFF F KBRS H
B BRZL IR A &l R R AT A R PE AR R AR (D]
B i 2#4R, 2017, 60 (2) = 229 -236]

Qin XX, Gao RT. The research of biological characteristics and
application of Dastarcus helophoroides [J 1. Chinese Bulletin of
Entomology, 1988, 25 (2) : 109 —112. [Z4%E, EFit . 1E55
U A= ek K A9 (0], REHUAIR, 1988, 25 (2) :
109 - 112]

Shang M, Shu BF, Li ML Fodder development for Dastarcus
helophoroides larvae ( Coleoptera: Colydlidae) [J]. Journal of

Northwest Forestry University, 2009, 24 (1) : 136 - 169. [ [ #,
W, FHEM . EHAF TR TR (], 794k
FRERk, 2009, 24 (1) : 136 - 169]

Tang YL, Jiang J, Wang XY, et al. Geostatistic analysis on spatial
patterns of Massicus raddei and its parasitoid Dastarcus helophoroides
[I]. Journal of Environmental Entomology, 2018, 40 (2) : 290 -
298. [fE#de, 2@, L/ANZ, . R4 BRI RFALL A
23 0] 43 A 1 B GE 31 2 43 0 (). BRBE R du: 4R, 2018,
40 (2): 290 -298]

Urano T. Preliminary release experiments in laboratory and outdoor cages
of Dastarcus helophoroides ( Fairmaire) ( Coleoptera: Bothrideridae)
for biological control of Monochamus alternatus Hope ( Coleoptera:
Cerambycidae [J1. Bulletin of the Forestry and Forest Products
Research Institute, 2003, 2 (4) : 255 -262.

Wang ZH, Yu JY, Shen JH, et al. Artificial rearing technology of
Dastarcus helophoroides and application [J]. Chinese Journal of
Biological Control, 2018, 34 (2): 226 -233. [E:EME, THIT,
AL, 45 . TSR NTEE R ATE []. P EAY
AR, 2018, 34 (2) = 226 —233]

Wei JR, Yang ZQ, Ma JH, et al. Progress on the research of Dastarcus
helophoroides [J]. Forest Pest and Disease, 2007, 26 (3): 23 —
25. [uakse, s, Datl, & . WA PIrsRitE 1]
o [ ZRAROR B, 2007, 26 (3) @ 23 -25]

Wei JR, Yang ZQ, Tang H, et al. Behavior of a Cerambycid parasitoid

[J]. Scientia Silvae Sinicae,
2008, 44 (7): 50 -55. [BUALSR, WLk, FiEHE, 45 . JE4UHF
FR A A i (1], Mol Bk, 2008, 44 (7) : 50 -55]

Wei JR, Yang ZQ, Poland TM, et al. Parasitism and olfactory responses

beetle ( Dastarcus helophoroides)

of Dastarcus helophoroides ( Coleoptera: Bothrideridae) to different
Cerambycid hosts [J]. Biocontrol, 2009, 54 ( 6): 733 -742.

Wei JR, Wang SY, Niu YL, et al. Cold tolerance of Dastarcus
helophoroides [J]. Forest Pest and Disease, 2010, 29 (5): 19 —
20. [Bhog, £RE, 4, % . LYF T WL
[J]. FEEMpEH, 2010, 29 (5): 19 -20]

Yang ZQ, Wang XY, Zhang YN. Recent advances in biological control
of important native and invasive forest pests in China []].
Biological Control, 2014, 68 (1) : 117 - 128.

Yang ZQ, Wang XY, Zhang YN, et al. Research advances of Chinese
major forest pests by integrated management based on biological
control [J]. Chinese Journal of Biological Control, 2018, 34 (2) :
1-21. (Wi, E/ANZ, k2, 45 . DIAEYIBT G R 19S5
EEERFREE AR R ET R U] b EEYR Y
%, 2018, 34 (2): 1-21]

Zhang X. Effects of Dastarcus helophoroides Larval Density on the
Degeneration of Substitute Host Nutrition and Metabolism [D].
Taian: Shandong Agricultural University, 2018. (32 . e
g xR R E AWM m (D], 34 IhRRIE K
2, 2018]

Zhou JX, Lu XZ, Lu YZ. Control Anoplophora nobilis by introducing
Dastarcus helophoroides [J 1. Chinese Bulletin of Entomology,
1985, 22 (2): 84 -86. [JAzii, B, BE P . JIHAEH
A BHAEBEAE RAFREAR S (1], RARANR, 1985, 22 (2) :
84 -86]



