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Optimization of an artificial diet for Spodoptera exigua
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Abstract [Objectives] To develop a better artificial diet for Spodoptera exigua (Hibner) and thereby improve
the captive rearing of this pest. [Methods] Six different artificial diets (1, 2, 3, 4, 5 and 6) werefed to S. exigua
larvae, and their effects on larval mortality and adult egg production, as well as differences their utilization rate

and nutritional indicators, were compared. [Results] Larvae fed formula 3 had the lowest mortality, the highest

utilization rate and adult egg production. [Conclusion]

Formula 3, which was mainly comprised of rabbit

pellets and wheat germ, can improve the cost-effectiveness of rearing Sexigua in captivity.
Key words Spodoptera exigua; artificial diet; growth and development; efficiency of feed utilization; nutritiond effects
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J5, PR SRR N T AR A TAE T 2T
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N THa RG24 B 1 28 100 Z24F (T4
fE4E . 1984), FRET 20 22 70 AERFFA AT
RHABETE, FRIAS T —a ik, Hif, %
-5 (2005) Gkl T AT G . RORRIEE kA R
BE F2BUE 3R o I T RS ] 55 S
() Z2 B N T ARDR, 7RISR 1 N T4 55 0
o, TR B s B A AT . N AR
AT LAFT I 25 BRI . BRAR R B m g A | A ks
Ml bR R A K AT —8% (B W,
2007 ). HJ&, A T ARk Al i 33 th A7 7 — 28 ] 1,
Hrpr, Shorey 1 Hale (1965) il T 9 Fhifk ik
FHE HU N TARRE, H i s R B, A 5%
RORBR H % 2 IR0 b B 45 2009 )
A 1 Tk X i S 3 ik 22 AR 1R 5% I ke RO
FIIFAE R BB T R s, 2155 10 R
T3] 35.43%; Wakamura (1988 ) FRiE AT
Ak 5 1 T SR e e ™ B0 g, (HLE R AR
RBUL; 2575745 (1998) M is4ril4s: (1998)
DIAS R 8 N Ak A 2 P S AR A 35 SR I
SEOLWN, g BAETE R AR R M O Y
AR NG, LTkiES2 SR,

YT, ASCEERT ABFGE SRR |, BT
AL DL E KA FI R SR Sy 3228 372 o (4 R
J7, LA LAZE BRI M 28 7 5 i e
JERAAN 1 2 LSRRI IR 25 0 8 37 )
Jo A AL Ty, A A 7 R — 2 A R A A
T, BRI A R )y S 4 B Rt e T
0 MEE IR R . 3 WA R Ll RO AN [RIEC
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JEII9 16L : 8D o K Pk Dy i) A 1 L e A TR B
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I, DARIEN T AR B 350 o AR i i A
B TR, BIA 37 CIRAKBEREA],
1€ 37 CREFRF & 15-20 min 5, HAEE
KHEH 121 CRIIRKHE 20 min &l , BEE
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TESE S 2 T 4028, S By LTk i B 33 il o A8
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F 24 fLar g, s TRl A R,
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F1 MEEWHEHHMATEMES (1L)
Tablel Formula of artificial diet for Spodoptera exigua larvae (1L)

414y A' Component group A* 4115 B2 Component group B?
fiddr 1 EKK (759). ¥k (759). BEREKY (10g). &M ILALR (19). JBIAS (29). 44K C(29).
Formulal sk (700mL ). Ffg (20g) JHEEE (0.19)
fie iy 2 EkB (759). BEH (759). Bk (109). 7818 Fihid (1509). &M (1g). JBiH4 (29).
Formula2 7k (700mL ). 35§ (209g) #erE C(2g), MEEE (01g)
By 3 Hult (1609). /NEMRZER (1509). MERkRYy (10g). LAY (1g). JéiA4 (3.89).
Formula3 z&i%/K (800mL ). #fg (30g) #%E C(8¢g)
Bir 4 EKKy (100g), #EH (1509), ##k (509). Btk HBE (109). IWELR (59). 484K C(59).
Formula4 #3 (10g). Z&M/k (1000 mL ), Bills (25g) JERERE (19)
fic 7 5 BN (60g). £k (1809g). BehkH (10g). ZEM/K M (129). 1LY (4.89). JEiH4: (4.89).
Formula5 (1000mL ), 3il§ (259g) de% C (4.8¢9). AR (39)
lid s 6 F%k (180¢g). WK (10g). ZEMsk (1000mL ), B AR (1g). Jéin4 (3.89).
Formula6 fi§ (16.89) 4% C(8g)

VRN BT 2 AT RN T BRAE ;. AR AR A A ] BRI A RIS S RRAE ;. KMl
H 3 AT A B A B ] 5 /N IRZE 7 e F BT St 28 I i A R A B s Sl A W Jb st B R DR R 7] 5 BRI
FZ SRR IR A R Bt A ) N A MR R W7 i

2JRINAr . AR A REAIL AR [ A SO AT R EL R s BRI A VTR R BRE AN T A PR D
*Cornmeal was purchased from Xinxiang Hangyu Corn Processing Co., Ltd.Chn; Wheat bran was purchased from New Hope
Co., Ltd.Chn; Ketchup was purchased from Lee Kum Kee Food Co., Ltd.Chn; Soybean powder was purchased from Jiaxiang
Yongsheng Food Co., Ltd.Chn; Wheat germ slices was purchased from Xinhuang Hengtaiyuan Food Co., Ltd.Chn; Rabbit
food was purchased from Beijing Kexili Feed Co., Ltd.Chn; Yeast was purchased from Angel Yeast Co., Ltd.Chn; Agar
powder was purchased from Guangzhou Saiguo Biotechnology Co., Ltd.Chn;

2Nipagin, vitamin, cholesterol and sorhic acid were purchased from Shanghai Macklin Biochemical Co., Ltd.Chn; Sucrose
was purchased from Jiangsu Longsheng Fine Chemical Co., Ltd.Chn.

MEEZ + WIiRE R ) x 100, WRHRZHEMERE= 15 ARARARMERIEHE

BT ORI o T it 0 R R 22
14 WEREML . BEABBEPEONE 5. 00T 3MEEELN 5 AR R T
& ( Feed conversion ratio ), EELWERZ 12 h N Y
S P BRI ‘
Mﬁiimﬁﬁgﬁ§}§ ﬂm:f(?i; 3 WS EHEL L, BEA 5 ALy . AR 24
PTASUIIRBLERGL (Motic SMZ-168) WA o 0 g gy i S Ao > i J o B TR
KA HE RS LT A2 — 1 T J ( Mettler

% o i, R AR AR AR (%) = (duff
Toledo ) Fx, I3 GE T FAS BE 7 ] VR I A 0 1Y) O+ R ) x100) o SCES T

M TSR, JETPTMEERARAOC TR g e ik SIS RS (2020)
ZJ5 . B R AR (AR 4 cm, (973 PRER 15 S iy 12 h Y 3 I e RE 4l
2.5 cm)o K[l — PR 3XFMEEMUIR— i 12 h 5 A 5 4RI 24 AL A
—BCX, ET ISR EAR 8em, B 4cm) ) 53 AN, B 3R EE L 4R
h, FALL 10%0 8 K, AREEFIAR 9 b 12 DL B TIFRBCEEAS /N7 B Rl i 5, 48 h 5 B 4
FHACEZAE, HRMEs ™oy, 5 R 4 by 14K, kL, PUAEER 12 h, WesEg bR 2 S
ISR MERE ™ DR ECE:, A RIMEMIET:, THRET 3 d FRIBURE G4l et E L SRS 4l | IRy 3
WY S B 5 AN S PR i ABERR . 80 °CTR R Mt
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T 2 H 5 A3 AR AN, TEAR R AT,
JI MR 15 3k 3 WAa R 4RI R R B AR E
XL, 43 PR B, AR ) S5 A R AT,
ICAES) R R T B AR T T AR
i AmDRL A Ay L) 5 K SR 4l R O R R
R4 R AT T 5 AR s N AARXIHR 5 A
FRONFERR (Waldbauer, 1968), RIITLIL3
( Approximate digestibility ) . & ¥ | /i %
( Efficiency of conversion of ingested ). ¥4 1k%
( Efficiency of conversion of digested ), AHX}E K3
% (Relative growth rate) FIFIXTEE = ( Relative
consumption rate ), AFAUNF

ERIHER (AD) (%) = (1-F) /1x100;

BEYFHE (ECI) (%) =G/I x 100;

YAk (ECD) (%) =G/ (1-F) x100;

XA K #ZE (RGR) [¢f (g - d) 1=G/ (Bx
T) x100%;

FIXTECE & (RCR) [¢/ (g +d) 1=/ (BXT),

A HIAHE (G) =IEFYETE (Gy)
-WERIYIETE (Gy); g E4h F ik
& (B) =[ (ERETE (B) +EEY
B (By) 1/2; Wgs (1) =ik ®
(ll) 'HX%’:E/@**?E (|2); F: fi":f@iiq:ﬁ, T:
R REL

1.6 HiESH

FIH Graphpad Prism S8 x 86 45 74
AEIFVERE, SR A ZE T 208 ( One-way
ANOVA ) J¢ 22 5 b ZE PER 5 ( P<0.05) Jf LA
Duncan's #i & 2= kil T 2 5 L

2 GRS

21 HERBRIAETE, HHNRESHE
WMEBKNE

6 ZH e 5 ) SRS AR 1 A K R B AR AR A
1R, By 6 1RG4 i B HAET- %k 100%:;
B 7 5 MR RIFIET- 3K 68.06%+
8.45%; FLJr 4 TRMG4h i) BilsET- %N
38.89%+6.05%; BiJr 2 TS 4 i RifAeTs
o 18.06%+3.67%; HiJr 1 1AM )5 4 Hi Bit
FET-# R 1.39%+1.39%; FL /3 15 4 )
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Fig. 1 Growth and development indicator s of
Spodoptera exigua

A, BT B. 4R H U C. 4 H kg E i,
A. Cumulative mortality ; B. Average daily intake of larvae;
C. Average daily weight gain of larvae.
RPEHE P EARER , AR A R/NE FRER

AR WE (P<0.05, HEZR 2400 ). TEIF.
Data are mean + SE. Histograms with different lowcase
letters indicate significant differences at 0.05 level by
one-way ANOVA test. The same below.
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AL 0, A HUPBEA HBAE TN O (5] 1.
A), B T 5 HBCTT IR T 4 Hry A=
KAEFHE . 2R ExR, 765 3 KN, 4 HXiig
77 MR AR R (K 1: B), HAREHK
Rk EAS (K1 C).

22 FHIERURMELL . 9FE RS P ERNE

6 ZH I 5 1Al 75 RIS Ik 1 S FE AR bR An 151 2 e
o B L. FC7 2 FIEC 5 3 ] M S 1Y)
PEH B m TR 4 MECH 5 (Bl 2: A), J5M
HEAGEREEZES (P>0.05), FHSER RIS
By 2. B )7 3HIECHT 4 5 e = 0514 0.163 7+
0.006 4) g]. [ (0.161 5+0.003 6) g)FI[ (0.164 1+
0.0060)g], & MNAfEREMEZER (P>0.05),
WBEBTH I 1] (0.122 0£0.004 0) g]FIft 5
5[ (0.135 6+ 0.007 2) o il M Fr) R 73 M 1y o
W, SRR 2. By 3 RIS 4 )5 )
T 435 4 (0.153 6+0.004 6) g]. [ (0.143
6+0.0030) g]FI[ (0.147 3+0.0033) g], =&~
R EMNZES (P>0.05), HBEETE T 1
[(0.121 7+0.008 5 )g] Fific /7 5[( 0.124 5+ 0.0025)
]V WL ) SR 7 I ) i B B (P < 0.05, [ 2: B),
TENE 3 d N, BTy 3 (alnR sk op e de =, M
[ (937.3+62.93 ) i, 5 HE 4 2H e Jy 1w M fr) M 1
PO Z AR W& P22 7 (P < 0.05, 51 2: C),

2.3 (ARFBHENEFERNAE

VEEUSE K 12 h N AY 3 i fa R4, Zh a5
Y BC T B RDEER F SRR SR 5 R sk 2 B
TNo GEHREIR, 4 HEE 5 AT R IR R AL
RWAHWBEES (P>0.05), ZhRIRER 4 5
MBI AR A E WA R w5 HAD 4 418
J5 iR Wy HI B W e A SRR B R SR A A
FPE2R (P<0.05); 2 e 5 Al 5 mAH
XA K DRI B 22 5 (P<0.05), o,
4 R 7 3 AL T 1 A AR X A K 3540 i1)
g m ML, B 65.42%+0.69% Al
8.43%+1.74%; % HHLE 5 AR 5 AT HUE
FIEREMN LR (P<0.05), Hrh, 4)dxii
2 FBCTT 3 A ARG ECE 43 e de e A AR
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Fig. 2 Reproductive indicators of Spodoptera exigrua

A. LG B, MEMENRT-RE; C. Mk ORE
A. Sex ratio; B. Average pupal weight of male and female
pupae; C. Oviposition of female adult.

4 (6.3720+1.2810) g/ (g -d) Fi1 ( 0.006 9+ 0.000
5)9d (g-d); FERcIr 1. BJr 2 M)y
5 J MR BRI R i 22 7 (P>0.05),
(A4 R L 7 3 FIEC Ty 4 J5 ARl R 2603l
Tyt = ARG, N 27.80%+0.32%F1 11.39%:+
0.62%, WiFEAF1ER 2R (P<0.05),
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#2 WMESAANIFEN 48h FHERE 3 WL HNEFRHHIER
Table2 Nutrient utilization index of 3rd instar larvae of Spodoptera exigua after feeding
on 5 groups of artificial dietsfor 48 h

N AR
% & (06) AL K%
YR ﬁMﬁW$<%ﬁﬁfﬁﬁ(?@%ﬁm$(?)[ngﬁ [0 ) IR (%)
Artificial diet diAgstirgi)iii;nag;) (I:Eonl\z(rag?r/] cc))f (I:Eonl\z(rag% c:)f Relative growth conssr?ql a;[: ZE e Fee?a;%”é%g on
SO OD digested (v ingested () rate(gig - ) Pl

fic /7 1 Formulal 0.987 3+0.001 9a 0.0335+0.0057b 0.0330+0.0056b 0.084 3+0.017 4c 2.7410+0.2286b 0.203 1+0.0036b
fic /7 2 Formula2 0.981 9+0.0056a 0.1574+0.0357a 0.1537+0.0350a 0.4446+0.0675b 6.3720+1.3810a 0.2126+0.0084b
fic /7 3 Formula3 0.990 0+0.0050a 0.1791+0.0175a 0.1759+0.017 2a 0.654 2+0.006 9a 0.006 9+0.0005b 0.2780+0.0032a
fii /7 4 Formula4 0.9845+0.0030a 0.1890+0.0024a 0.211 3+0.027 0a 0.545 3+0.006 2 ab 3.839 0+0.341 0 ab 0.1139+0.006 2 ¢
fic /7 5 Formula’5 0.988 0+0.0025a 0.047 3+0.0053b 0.060 7+0.0204 b 0.506 7+0.031 6 b 5.309 0+0.561 3 ab 0.2155+0.0037b

FPBAE P RE bR, RSB S bR A A [F) 5B R TR P<0.05 /K22 5 2 % ( Duncan's B 52 i 22 A6 5 ).

Data are meantSE, and followed by different letters within the same column are significantly different at P<0.05 level by

Duncan’s multiple range test.

3 itig

BN TR SR E AR R R d 2= R AR 2
—, NTHRHSAL TAEAEAWTIEST, i AT
T ARG 5 5 0 — AR 4l AT % 7
AREEH, 6 A RS 4 dU R IET -
S, Hfr, B 6 1R M AR SR IR 4 ] 2
THAET-FGA 100%; Hic 5 3 Fal M AY R S ik 4y
WA AT RGO s B 4 FNEC 5 5 1
FHEER k&) Ut BT FET R 5010 36.89%+6.05%
1 68.06%+8.45%; [} 2 FIfCJr 1 1Rl AY IR
WA HUP B HFET- 353518 18.06%3.67%F1
1.39%+1.39%, 2% %4 (2002) HGE h P
D7 MRS 4l BT %53 02 9.9%F1 6.1%, Ak
Ty 3 AAMR S R SRR k4 O A AT
TS, RFRRCR . A (2001) )
TEAIGHA &l OGS B AR AURR, TARHE AN RE K,
)2 23O R =, 5 Y 6 ALRC 2l
FEJRTRE 2 SR, IEAl, Eger % (1983) Al
Rummel 4% (1986) &, 1 A HUBRA BT
R AR 22 PR TR e R R LB Y 25 A 1
K, HAERER P e T BRI se T2
BRIRZ , R4S (1999) F5H, THMREH K
AR EE K 26 °CHI 80% M iR Ky 26 °CHIl
94%:iX 2 21 A HLHGE BRSO W 17 3% o AR
55 R R FE AR IR E (2741) °C, FHXHR A

70%5%, W5 1A, 36 BRI IR RIS

A XTRL T 3 e A (K 1: B), B
IZE TR R E I (1. C). H4b,
FH SRR Mk 4l s X 3 B A RR R (27.80%:
0.32% ) FIAH XJ A= < 2 34 5% 55 [0.654 2+
0.006 9 (g/g - d)]. Bk, TEMFRIREFELAMT, &
BEBCTT 3 IR AR B il e 4l e

Shorey Fll Hale ( 1965 ) LA\ TfalkHAFE T 1
R, Hof 22 3% AR R A5 BHIE B . Wakamura
(11988 ) il iy falkHmI FR 228 7 405 TR BLAD
BRI, AR LIRS 3 EL AT LR
Jo, NV UM O T RS,
FELE T FPEFEIR IS . G5 R B, DIy 3 i
WMERAOET 3 d PRGBS BN R R, M[(937.3%
62.93) Hki], 272 (1998) i, R R
AR RN, RS A PR AT K, A
HIWEL T 5 ZEk iR ZL, UK, SHr
WAELER—3, 7oh, SRRkl LT 6
Ja CLAZZERA M R E2UEFRY ) NSRBI 58
BT, $ 7R 22 BT BE A BRIk Bl A S
TR . LEREH, By 3 HA oL el
A AN 2 B SR, HA B R R,
HUAAERR | AT 25 R I D s, [ B
FELR S NFIRE LR IS, X256 2 A S B0 b
HEA RIS A R AL TR R Sk

g b rik, A ik H— 7l DL AR AL
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ZWRZE R N EEE IR B BCTT , I BCTT A
I, A IR, AT 3RAT I 45 R X o
SE 58 5 TR B0 52 6 8 ) 97 BT — 5 IR
AR
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