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Screening for artificial diets for Semanotus bifasciatus
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Abstract  Semanotus bifasciatus (Coleoptera: Cerambycidae) is one of the most serious stem borers in Cupres-
saceae trees. Development of artificial diets for S. bifasciatusis is important for further studies on its control
strategies and biology. The orthogonal design was used in this research to develop the feed formula based on
several feed recipes for long-horned beetles. According to the results of the screening tests, we improved the
diet formula and finally obtained an optimal diet formula for S. bifasciatus larvae. The optimal formula was as
followed: agar 4.7% , sucrose 3.5% ., methyl p-hydroxybenzoate 0.5% , yeast powder 3.1% , Platycladus
orientalis wood sawdust 30% , ascorbic acid 0. 5% and distilled water 57. 7% . This diet could feed the larvae
from the initial incubation to pupae successfully, and the pupal emergence rate was as high as 81.25% , with a
final survival rate up to 54. 16% . The results provide a reference for the development of artificial diets for
other long-horned beetles.
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A: Agar; B: Methyl 4-hydroxybenzoate; C: Soybean powder; D; N Lol ey N N .
] St powdors P Platyelsds sedust; G FEAIA M 42155 S BEPE B . 1% 55 C /e

Ascorbic; E: Yeast powder; F; Platycladus sawdust; G; Sugar. The

same below. A N A B FEREI 5T, e Ja A MIA R 78 73 B +F
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Table 5 Developmental characteristics of Semanotus bi fasciatus
larvae feeding on 18 formulated diets

4b 7 WG/ % FIEARERTTE /PR AR R /me

Treatment Survival rate  Survival time Increase in weight

1 0.0 6.0 0

% 222 8.4 1.8
3 33.3 9.7 299
4 73.3 16. 5 5.6
5 0.0 6.0 0

6 11. 1 7.2 2.2
7 44. 4 10. 9 3.6
8 22. 2 8.4 2.3
9 61. 1 12.7 4.3
10 0.0 6.0 0

11 44. 4 10.9 3.4
12 0.0 6.0 0

13 50. 0 11.5 4.1
14 50. 0 11. 5 4.5
15 16.7 7.8 2.4
16 222 8.4 3%
17 77.0% 22.2* 4.2
18 0 6.0 0

D RS HERMELIER. TR,

*; Optimal index. The same below.
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Table 6 Range analysis of feed screening results

Ab3 Treatment A B C D E F G
al 16. 65 6. 48 45,42~ 24. 98 26. 72 22.22 31. 65
a2 33.52 35. 17 19. 43 26. 10 34.43* 28.57 35.97~
a3 37.82* 46. 33 23.13 36. 90~ 26. 83 37.20* 20. 37
R 21.17 39. 85*% 22.28 11. 92 7.72 14. 98 15. 60
bl 7.83 6. 71 12.69* 8. 75 10. 23* 8. 44 11, 25*
b2 10. 09 9. 87 8. 14 9.28 10. 19 10. 44 9. 89
b3 11.45* 12.80* 8.55 11.35* 8.95 10. 50* 8. 24
R 3. 62 6. 08" 4. 56 2. 60 1. 28 2. 06 3.01
cl 1.4 0.8 3.3 2, 3 2.1 2.0 2.8*
c2 3.1* & 2 1.6 2.6% 2.7* 2.4 2.7
c3 2.9 & 5™ 2o B 2.6% 2.6 3.1% 2.0
R 1.8 2.7% 1.7 0.3 0.6 1.1 0.8
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A: Agar; B: Methyl 4-hydroxybenzoate; C: Soybean powder; D: Ascorbic; E: Yeast powder; F: Platycladus sawdust; G: Sugar.

a: Survival rate; b: Survival time; c: Increase in weight; R: Maximum difference; * ; Optimal index.

x7 EXAEEEZREKFEHRHR
Table 7 The frequencies of the optimal level of each

factor in the orthogonal experiment

IKF Level A B C D E F G
1 0 0 3 0 1 0 2
2 1 0 0 1 2 0 1
3 2 3 0 3 0 3 0
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Table 8 Developmental characteristics of Semanotus bi fasciatus

larvae in the second orthogonal experiment

x12 BRAEFARER
Table 12 Feeding results with the optimal diet

ALPE GG/ Y SEAAIGETT] /SRR E R /me

Treatment Survival rate Survival time Increase of weight

BBk s/ AR/ PR/ % BAIER/ %

1 61.1 36. 1 —24.7
2 61.1 38.1 —14.9
3 61.1 38.0 —6.7
4 77.8 45.5 —9.7
5 83.3 42. 8 —25.2
6 61.1 37.8 —24.6
7 72.2 42.1 —32.9
8 66. 7 38.9 —15.8
9 77.8 43.3 —9.4

Number of Survival Pupation  Eclosion Total
insects rate rate rate survival rate
48 83.33 80. 00 81. 25 54. 16

x9 ARBERKFETRELRFHETERAMES T
Table 9 Range analysis of the indicators affecting the

development of Semanotus bi fasciatus

Jb 3 Treatment B C F G

al 61. 10 70.37* 62. 96 75.00%
a2 74,07 70. 37" 72.22* 64. 81
a3 72.22 66. 66 72.22* 66. 66
R 12.97* 3.71 9. 26 10. 19
bl 37.4 42. 3% 37.6 40. 8
b2 42,1~ 40. 0 42,3~ 39. 3
b3 41. 4 39. 7 41. 0 42. 0%
R 4.6* 2.6 4.7* 2.7
cl —15.43* —22.43 —21.69 —19.75
c2 —19. 83 —18.61 —11.32* —24.15
c3 —19. 38 —13.59* —21.62 —10.73*
R 4. 40 8. 84 10. 37 13. 42~

F 10 EEHEREKFEIRGE
Table 10 Frequencies of the best level of each factor

JKF Level B F G

1 1
2 2
0

C
2
1
3 1

0 1
3 0
1 2

F11 HARRARAFEE

Table 11 Nutritional factors and their optimal levels

By

% A4t/ % L Hork/ %
.. Nutritional
Nutritional factors Percentage Percentage
factor
FAAAS n
Platycladus sawdust 30 Bl Agar e
HERH HUIR MR
Sugar S8 Ascorbic L3
X R NPT .
Methyl 4-hydroxybenzoate ’ Yeast powder ’
Kk ,

Soybean powder

2.3 RALIARIEE AU IE

FHZE 11 B RHEC 5 % WA A2 KA 4 AL kA7
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3 it
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SAFIEFN 54,16 %,

AMFFE KB TRk A 57 A W TC B RS LAY
AREFAEREW, 56 1 IRIEZRE 18 bl
A 3 AL FHR I &)y HUR S 076 56 5 F 50205 MK
LA 2 53 [ J AT 56 2 OB SR B i BT A Ab
FEYTRENG BLIRAZ &) U B R A2 55 2 6020 LA 15 X
i o i — A 2 S5 A B B AR 5 AT Lok A
FERFMFRTER P, FHik, HA RS R &R
B E A BIA R RIER RIEE N AERKRKE
XoF A R R T oK A B R HUFT R I B SR

TRk L 6 0 A2 R U 8 SR T SR W IR B 3
IV AG L A B AR L Ak H i 4 I 5 )



44 55 2 1)

TKIM 2555  DURAZ R A 4l BN T ARDR} 4 i 12

« 139 -

AT AE IR 40 0 0 4 5 500 — 5
HE 1B T 25 0 A L AT RS H 5 O
SR SRR BT 0 5 2 9 R ST
AL KT B I 0 TR 2 1 A
FCHLIA T 5 1 UESSR . 18 B G
5 Rl 2 10 9 0 4 B R 6 RGBT
10094 « 552 5 4 92 25 TR 1 i 5 1 3
2D SRR TR T R A D 23
Tt B S 7 T W4 9
WEREH . HEE SRR K RIET, 4 2
VRIE SCIRBRHEG 1 By 525 1 A
G b 0 T A PR (EL R TS0 T 61
Sl A LB AN B TR S0 72
.

AR 9 A TG Ry 25 PR
TR TR 7 455 0 A2 DR 7
PR TR RN L e
LU R 4 AR B R T BB 27
ST 0 2 PS8 kX T D % R A
He A R HIARCBE LS4 MU A B8 2. 5
B4R A 52 AMARGE . S
S T2 R 7 13690 P 2 0 2 1
AL R JEAR R R B o 6 43 A
. e 2 T 8 L S8
VA T IDRRITRR A . PR Ry 5 52
o2 MR R AR AR B A T2 0 60 B T
SRR TS | ELIFIH 7 Ve LR 08 AL
RO B AR, FT A TR T B it
VA TS A VIRF Y 5 5 P D W
%o X IR AL O I BTN T 209 IAF) T
PSR AAR 21 B (R R A R ) 1A
SRS DRIy 151 5 R B 26 5« 3 % R 7
AR SR ARG BB 05195 . ABIFIER
RS E R T 505 200 45 B
SIS S TR S % . 1 s
IS TR T 0.

S 3Lk

(1] s EMI AR . B E AR SUUML b5 E ARl AR
41,1983,

(2] W o B AR PR e % e LML bt op [ MOl AR
#.1996.

(3] ZRIH. AR = REX 5. T MOl R PR fa B A 3 AR

B SR s L) ] I E RO, 2013, 32(5) 142 - 47,

(4] EZEMNJR. EEMR 2013 45 4 ‘504 [EB/OL] [2013
—-01 - 11]. http; / www. forestry. gov. cn/portal/main/govfile/13/
govfile_1983. htm,

[5] KIMK C, PARK ] D. Studies on ecology and injury character-
istics of Japanese Juniperus bark borer. Semanotus bifasciatus
Motschulsky [J]. Korean Journal of Plant Protection, 1984,
23(2): 109 - 115.

[6] FRIE. TFHEAR IR LT A F A BRAZL KR
W 5 HT T . BRI BL 2, 2016, 44(6) : 134 = 136.

(7] woni kg, Sk, 4 DR R A ARkl ] B
HUAIHL, 2008, 45(1) 74 - 77.

[8] XUEM. Lt EAMBFAZR A L5 B iR AR BIBFFE (D], de st
HrE AL A - 2005.

(91 BB 5RAG . SROLAR 3 R R R YRl ] %
A K224z, 2002, 29(1) 1 20 - 24,

[10] P22, EWRAR XIFH . 55, WA KA KA BRI A M BiiR 2y
eI ) ] BRI R, 2016 (22) 1104 - 106.

[11] FEREAF. B A TR F A LML R Fig R R d i
#1,1984.

[12] Prdr7s. BRI THRRT]. BRI, 1976,13(2) 41 - 42,

[13] 7S, ohsn. By 52wk i N TR M. bt Bl
HipAL, 1979,

[147] SINGH P, MOORE R F. Handbook of insect rearing [ M.
Elsevier, 1985.

(157 S BRBHDS . BRI 55, i H B it N Tl SRR BT ik
RlT]. iyl 2442, 2016,47(5) : 672 - 676.

(1670 KM 20k, 14 3k, 4. vl [l i 36 7 R DR T B e B, PR A 5 0
JEL)]. spEAOI R, 2015,48(17) : 3463 - 3476,

[17] HANKS L M, MCELFRESH J S. MILLAR J G, et al. Pho-
racantha semipunctata (Coleoptera; Cerambycidae), a serious
pest of Fucalyptus in California: biology and laboratory-rea-
ring procedures [ J]. Annals of the Entomological Society of A-
merica, 1993, 86(1). 96 - 102.

[18] KEENA M A. Pourable artificial diet for rearing Anoplophora
glabripennis (Coleoptera: Cerambycidae) and methods to opti-
mize larval survival and synchronize development[]]. Annals
of the Entomological Society of America, 2005, 98(4); 536 —547.

[19] B, Sege = imdR i R A=V, JLmtpkolh K224k 1990,
12(1): 104 - 106.

[20] %, ®3ady. JBHERFMATIEL ] AUl K%
R, 1992,14(2): 61 -67.

[21] ALOO I, KATAGIRI K. Assessment of artificial rearing
method for the pine sawyer beetle, Monochamus alternatus
(Coleoptera; Cerambycidae) [ M]. The Tokyo University For-
ests, Laboratory of Forest Zoology, Faculty of Agriculture the
University of Tokyo, 1994.

[22] s, JEBCRRA AW F R LT RE5E[D]. BT
JTPE K, 2007,

CF% 161 10



44 55 2 1)

JEIANAT 25 ARG S BRI 15 B A 2 A S X A SR 7 T 152

« 161 -

#1,1996.

[8] ISKANDAROV U S, GUZALOVA A G, DAVRANOV K D.
Effects of nutrient medium composition and temperature on the ger-
mination of conidia and the entomopathogenic activity of the fungi
[J]. Prikladnaia Biokhimiia Mikrobiologiia,2006,42(1) ;81 - 85.

(9] Mkteif ST, 200 AIRIRMLEE T B RX A B R ARG
HOWRELT . B AR R4 - 1998,9(2) : 195 — 200.

(100 JEStA: BT, 40 5%, S5, 1 AR 0 LU P PR DX 6 o 9 3800
ORI, P EAYPIR . 2006,22(2) 118 - 122,

(11 RELSC. AR YA BRI AR IV 7/ B B T AR B R 4 A L
FE5T A E MOl R L 1990 256 - 273

[12] JRAME . BRI 5T, 55 IR K WA 2 X Bk 1 FUE R A= )
SRR A L. AR ARl K2R, 2005, 26(3) £ 26 — 29.

(131 PVESE . RALBL 383 0. AN IR BT A A 44 e gl il
ORI 71 [T . B 1241, 2001, 44.(4) £ 501 = 506.

[14] faI A5, BRIAE TRRIME - S5, S 5] 0 B T BRAE A3 B X /)M
MRS J10) . R Al 2005, 48(5) 1679 — 686.

[15] DAL BELLO G. PADIN S, JUAREZ P, et al. Biocontrol of
Acanthoscelides obtectus and Sitophilus oryzae with diatoma-
ceous earth and Beawveria bassiana on stored grains[ ] ]. Bio-
control Science and Technology,2006,16(1/2):215 - 220.

[16] VASSILAKOS T N. ATHANASSIOU C G, KAVALLIERA-

TOS N G. et al. Influence of temperature on the insecticidal

effect of Beauveria bassiana in combination with diatomaceous
carth against Rhyzopertha dominica and Sitophilus oryzae on
stored wheat [ J]. Biological Control,2006,38(2) ;270 - 281.

(177 JEALr, 5K s, e wn 78, 45, dE R TAR R} S 7 i 08 B AR 37 3%
F )], B AR, 2015,58(11) 11245 - 1252,

(18] W T 4552, EA M. 55, IR TE B A R 1 23 ooy
S HBERELT ] ARG 2006, 22(2) : 129 - 134,

[19] Z=28 2%, B 4. BAEW PR S LML b at. B 24 it
1983.27 - 45.

[20] Z=FRA7, SRUNAL. (AR TR A 3 BUBORs P B 5 0k e LT 1. R Ll i
B BE2FdR  2005,27(5) ;40 — 43.

[21] BR¥ . EEE. o 55, dE 3B IR BB R R 30k 5
JEE[T ] INEARMBl2:,2016,48(3): 158 - 161.

[22] JAMNZL 2 — M T — M. 55 AR I A HE 35 B 4l SR IR
TSR L BB H R ShAS L) 1 A A4, 2016, 42(3)
215 -221.

(23] MhAeid  ZERER BI2E. AS[R] PREE hAA B HUB S A8 T AR Y 4
LU ], RO R 22441, 1998, 25(4) : 330 — 335,

[24] QUESADA M E, YOUSEF M, ESTEVEZ A, et al. Beauver-
ia bassiana (Ascomycota; Hypocreales) wound dressing for the
control of Euzophera pinguis (Lepidoptera; Pyralidae)[J]. Journal
of Economic Entomology,2013,106:1602 — 1607.

(TR 4. AT

(R4 139 5D

[23] F4&, X, MG RRA AN TRFRIOOISET]. KEITE k2
WCARBIARD » 2012, 32(4): 78 - 80.

[24] SFIZE, B, HEE, % SE&=MMEHERRM—F AT
FapE T[], AR HEAR . 2014, 51(5) . 1376 — 1386.

[25] skwont, BIAM. WBEERE AN TR I]. Ml Rk,
1993, 29(3); 227 - 233.

[26] skoikcde, T EBk, MR MBI 4 N TSR ME %k R
gl A\ TAARER: 101228853[ P, 2008 - 07 — 30.

[27] Fog, KRR, VLM, . R4 B R4l R Tk L
Ik 100508778 CLPJ. 2009.

[28] B2 {2 & ,GURR G M, %5, 5 K44l dt A TARDRL 1 1R 3%
R IR X A K B (3830 [T 0. Ml B2, 2016, 52
(12):141 - 149.

[29] . WAE R A A W2 R PR S 1 B R B 58 (D], db st b
ALK A#, 2016.

[30] BEJE L. DPS ¥4 4k B R 55 . 52 30 e 48 140 B 2 B30 42 4
[M. Jbgt - Bl et 2010.

[31] 730 WAL RAB oI () . Al K 2241, 2003, 30
(1):57 - 60.

[32] EEF. WEFARETAFEHRBABI D] Z%  ILARL
K2#,2008.

[33] FAEAFE. Bl N ke idy A e ir F Az L) . B 3R, 1990,
27(5):310-312.

[34] #RIE, AR, Za AT iRDRHS ) RIS B R i p e L) .
INZRA M 24244 (A AARLAERD - 1999(3) : 219 - 225.

[35] sk, Flb i, JREE 55, FEGAAS I LDk v Bl 2 500 % i
I RIRBCRLT ] B RtRL #2542, 2014, 37(2) : 59 - 66.

[36] mdiid . F ks, S mkinl. WAL K AT [T ] v AR AR
H,2007,26(3):19 - 22.

[37] ELVIRA S, GORRIA N, MUNOZ, D, et al. A simplified low-
cost diet for rearing Spodoptera exigua (Lepidoptera: Noctu-
idae) and its effect on S. exigua nucleopolyhedrovirus produc-
tion [J. Journal of Economic Entomology, 2010, 103(1); 17 —24.

[38] DUBOIS T, HAJEK A E, SMITH S. Methods for rearing the
Asian longhorned beetle (Coleoptera: Cerambycidae) on artifi-
cial diet [J]. Annals of the Entomological Society of America,
2002, 95(2). 223 - 230.

(W%, | #)





