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B E [Bfy) /%t ESE Coccinela septempunctata L&A Tkt imtiiic ., [FE] RH
N B R 7 R e 2y 1 NV 1 I T B 5 NG I = 6 =t 0 e SN e 1 B G T S
R, TR N TR . [ EER ) USINARDRL S i 22.53 % 1 R AEIE fin aig Hhe 44 1%
K. SREAATE RO, 3.76% IS ALK B 4E 5 R O HT Y . B AT SR AN R I, 4.69% 5
T AEHE = AT L PRI, 6.89% MY i 2 RE A2 1 i L™ I A 1Y R e Ak 3, AR AR IRDEM
It B BIOR 5 R R SR A LA TS R AR B, IR, 22 R (P>0.05), MR
AT GO O R S (P<0.05), 43 BLRILRARMASE I 128.15%F1 122.15%. fhfbiasiiasst
SR F AR SR A e SR AR BRGNS, R MR R E (P>0.05); FAIER. R A
TEAREFEAR, 40520 AR FR 1Y 94.44% . 63.97%F11 88.30%. [ i ] i iE iR A THkhE &£
SRR R SR, 5 SR RDEAH L TR, 4R T IRET, R e TR ORI S
HUREFRA LEBRAR T A0 36 PR B MR bR, AR AR T B — 2 R
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An orthogonal design to improve an artificial diet for adult of
Coccinella septempunctata L . (Coleoptera: Coccinellidae)

CHENG Ying~ ZHOU Yu-Hang RAN Hai-Yan
JIN Jian-Xue LI Feng-Liang***

(Institute of Plant Protection, Guizhou Provincial Academy of Agricultural Sciences, Guizhou, Guiyang 550006, China)

Abstract [Objectives] To improve the optimal content ratio of artificial dietfor adults of Coccinella septempunctata.
[Methods] An artificial diet for adult was optimized by using an orthogonal design. Shrimp, pollen, lard, and honey were
selected as the key factors, and their effects on adult weight gain, preoviposition, survival, egg production and incubation were
assessed. [Results] The results showed that an increased shrimp content of 22.53% in the diet could increase weight gain,
survival and egg production. Increased pollen content of 3.76% improved both survival and egg production, and shortened
preoviposition. A lard content of 4.69% increased survival, and egg production and hatchability. A honey content of 6.89%
could promote egg production and hatching rate of adult. The survival rate and hatchability of C. septempunctata fed the
optimized diet were higher than that fed the basal diet (P>0.05), and the weight gain and fecundity of female adults were
significantly increased (P<0.05), which were 128.15% and 122.15% higher than that fed the basal diet, respectively. The
weight gain of female adults fed the optimized diet were higher than that fed the aphids (P>0.05); and the survival rate,
fecundity and hatchability of female adults were reduced, which were 94.44%, 63.97% and 88.30% lower than that fed the
aphids, respectively. [Conclusion] Compared with the basic diet, the artificial diet optimized by orthogonal design was
suitable for feeding ladybird adults, which increased body weight, shortened preoviposition, and improved survival rate, egg
production and hatching rate. Compared with aphid feeding, the survival rate, egg production and hatchability were reduced,
the optimized diet needs further improvement.
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-+ B B H Coccinella septempunctata L. /2 1%
LA i R SR e e e o G U ) I N
BW, JTZamEw . BRgFEEIeE, B
HEER., 7. dEutER. EREREE
4755 (Deligeorgidis et al., 2005; Mahyoub
etal., 2013; Skouras et al., 2015; 7 A FIF)
JUAE, 2020), HAG, PR EHE 2R A
YERBRL, XAMNAETEAR . K. &8
ANEEST i L AN TSR AR AN )
FRAE (=R, 20115 FEFEMSE, 2017; P
FIAF, 2019 ), A XCEUH N T iR 7 I 5T 4%
%, AFEVEDEHBC LT S A A AR | AR 2R P
I — 7 B2, R AR R AR B i
LB N TR K e s (8 FLARFIRZLED
2009 ),

Cheng % (2018 ) A HJHE R 2L il A T4 447
I B TN H g A AR R R B i A )
I Aphis craccivora - R EIH K 87.46%F
62.70% o 38 2 XF A B BN T AmDRHRN 0F (475 5
BATIE , &N T Dk b B 105 Ao ) & 1T
TG, B BRI e T R (R, 2018 ),
AR B N T ARG b 2 S 2 S A e 53 A
v, SRR AT PR Y 25 S R B I R A R
A, K16 HA -G R S O AR T A sl A B R T
FHEEMR WA %52 (Cheng et al., 2020 ), A
AR R RURE L, B R B R A B i A
A, R WA —E BRI Hu i . A
HOH R AR ETERT K. ik, ZEAT
TPRERL 3 T BE ST , 34 75 T A N R AR
BMOR, FREFRFEMRREY . BEFENT
PR RIS INER . P WG AR R AR
FEUTER R R, BFFEX Se P 2R 0L R B &
AR FEBRASENR, ACIRER . AER . B TH G X
L REBARE | 77 OR AR R SR A EE
(Yuetal., 2022 ), JyWIBHTEN TARDE R NAE
A6 . SR B B E B L, AR SCR A IE AR
ik 7L A B R B TR )T, B
AT N T R B9 Al A oAy A S TR
BRI HES

1 Me5AE*E
1.1 #XHhiE

LR BUR AR [ 53N & 5t BH AL X/
M, TEENNTEEY % 3 UG %

12 kA

ARG BEHUE T 105 g W58y 15 g 45 ¢
MRS 2 g XS 2R 10 g B9 2 g BERERY 7.5 2.
RHIEEE 0.5 g THEE 5 g 65% R4 ET 3 uL.
HEM45g. 4ERE L g MAEER C 1 gfER
FERBARREAL Y o BT CA ), 46Ky (B), & (C).
%% (D) fERIEZREM 4 AT, 4 4 HF
BIREN 3 AR, FodoKoF 2 3 B M RDRH S
B, KF 1 REKE 2 1 2/3, K3 EE
K21 4/3 (1),

x1 tEIHATABEZKABEFKER
Tablel Factorsand levelsin an orthogonal design
for optimizing an artificial diet for
Coccinella septempunctata

kL 43 Diet ingredients

K Levels
A(g) B(g C(® D()
1 36 8 10 22
2 54 12 15 33
3 72 16 20 44

A: I~ B: 4Bk C: Mil; D: g%, k2, F4, R
5 IEJO

A: Shrimp; B: Pollen; C: Lard; D: Honey. The same as
table 2, table 4 and table 5.

13 HA®AH*

PEHIER R Lo, 3P L BIEZHRT S, n
RIS (D), t R ERIK TR, q %
HER PRI 280, AR 4 2 3K, 154
RhFE, BEPERE Lis(3hHIEsE R, XEH T 3 A4
IKE AT BEHLAL A B, 2 o TE 2SR B ) 7 R
(£2),

1.4 EREE
SoR AR AR (R Rse | Sk RRE
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#x2 LEFHRATIRAR 4EF3IKE
EXRAWRIHTHR
Table2 Orthogonal design for threelevels of four
factors used for artificial diet optimization

Kb TARLA (FF ) Diet ingredients (factors)

Treatments A (g) B (g) C(g) D (g)

ZS1 36 8 10 22
782 36 12 15 33
783 36 16 20 44
784 36 8 15 33
785 36 12 15 22
756 54 12 20 33
787 54 16 10 33
788 54 16 15 44
759 54 16 20 22
ZS10 54 8 10 44
ZS11 72 12 20 22
ZS12 72 12 20 33
ZS13 72 8 10 44
ZS14 72 16 10 22
7815 72 8 15 44

ZS1-ZS15 FR 15 b #. & 3 [,
ZS1-ZS15 denotes 15 treatments of the orthogonal design.
The same as table 3.

#6332 LS RELIS TR, SRS HE T
FEUS PRS2, 85I 1 000 mL HépR b
TRAY, AN IR AT R i3 B 4 o d ()
G /R ) 1Y 3%FEEEG, TAKH 1.8 G 4
KBS, IS FIA 0.5% G LAY
M2 (CARE = 99.0% ) , BEPE3y 5 IR T B
# 40-50 °CH, T E B ARRMGEAR st dE
Wa), ApEEEESR (d=9 cm, h=1.5cm) F¥&
A R BRI A5 30 A DA 9 R I 2 [ A
BNTHEL, A 4 COKEERAER

15 HFEF*E

BRI 1 d B2 B R ECRT, BESAb B
50 X, AR B R B B2 A 500 mL( 10 cmx10 cm )

SRDHD, SRR, N TARPEHII A /N
(2 mmx5 mmx5 mm ) FCFE SR E F B R BT
R, BRERIEELIN IR, e
FRERAE - 2 B WK AR R, I sE 4T LB
o RIEBRFHRE THEE R (25£1) °C, 6/
WM 16 L : 8 D, MXIRE R 70%+5% N T-X,
(e A B S W =R T B S N A i S R E
b R B AR R DB T RE R L ( d=
6 cm ) N FHZEIB/KBHRAYIELR I, B K [0 JELRME
it — R ZE K AR o O ORI 1 d R X
RIATECX R 3% 10 d J5 435 F FLF- RF ( Sartorius
BSA124S) FREEARE ., fHFF 50 d io =M s
o MR L TR, Jic ARk
7= BREL . AL R HRIAL 1 d J5 A9 1 i 4 UL
It 5 0PSB LR TR . DR G AR SR L R
S H B H Ay ot R

16 HEZITHHT

¥ H Microsoft Excel #1758 411 247
Mr S B Z ok R 2 (2007 ) K Li 55 (2014)
T IEIEAT o PRARARDEL . SR ARDASL FRAEF o f] 5
L RIS EMSECRH DPS 4 (17.10)
HEATRRN R LSD Ik 5 i 220 #r o

2 HREHH

21 EXRBEFRLER

MFE 3 ATUEW, 15 DMbdd, ik
PRI FR-E R B RIS 1 A ) S EGE AT, £ A2
LR FE 10 d JSACRE ZS 11 Ay M o A F K e g
4 16.20 mg/3k , ZS15 AT I K 52204 8.50 mg/
ko 15 MALHHERRRIRIFE R, Hod ZS12 #977 b
A, AT 9.64 d SERT LI 0R, ZS3 =51
AERK, T2 17.74 d, 3% 50 d 5 ZS13 1Y
NG 2 h ol 74.00%, ZS1. ZS3 Fl ZS7 HIAETH
KRN 44.00%, ZS5 Hr-onafen, “F
EEk =00 409.87 ki, ZS3 HYFEERERAR, SEH
K77 E0 108.26 Ki, ZS4 ML EREE,
75.57%, ZS12 WMIBHLREAL, HA 37.57%.
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#*3 EEIHAIRMEZZIHREER
Table3 Feeding results of Coccinella septempunctata using the orthogonal design

phpn AR 10 d E K (mg) PR (d) B 50 d AFIER (%) 7 HRE CFD)

10 d weight gain of female

MEAER (%)

50 d survival rate of ~ Total fecundity

Treatments (me) Preoviposition (d) female (%) ( grain ) Hatching rate (%)
ZS1 10.26 10.12 44.00 211.23 48.70
ZS2 11.68 13.81 70.00 242.22 48.74
ZS3 10.06 17.74 44.00 108.26 50.38
Zs4 14.50 15.85 58.00 246.04 75.57
ZS5 11.22 10.23 66.00 409.87 69.75
ZS6 10.78 10.86 72.00 281.45 51.07
YAY 13.50 12.81 44.00 317.81 50.51
ZS8 11.44 12.62 68.00 191.42 69.63
ZS9 13.78 14.63 62.00 218.66 51.03
ZS10 12.86 12.85 56.00 177.13 45.98
ZS11 16.20 10.89 46.00 347.25 62.59
ZS12 12.52 9.64 68.00 263.21 37.57
ZS13 15.80 12.17 74.00 329.43 60.64
ZS14 9.90 13.28 62.00 182.84 48.96
ZS15 8.50 14.84 72.00 208.86 47.04
VA 12.20 12.82 60.40 249.05 54.54

22 TEERBET

1 2 0 A 2 T S A6 U 12 5 B PN 1 14
Jrike W2 (R) E=JKFRFE (Y) 222,
W 2ERBEBIZ N FEA R K 8] AR ) 28 5
JERHE T [R]E AT AR A% 17 =K LY F
PIEARFIWHAZ S h3k 4 aTLIE L,
o B IR A B Y PR DU 2 A > R >
B > AEN 5 SN -G AR T B A PR
JEAERY > WEE > M7 > B - A T
50 d ARG TR R A8 > FE8 > 3R >
WS 5 SR T B DU AR >
W > WM > 5 b 2 UL R A X T
WY JE A il > R > M > JEk o 2R RS oy
Prog g R, 76t 2R A s BB, sk
2T H A Y SR D T BT R, 7 B
A O DR o AR R A, S R B U
JT R A K R TSR R T ML A, S -E 2 B
ICh GIPS ISPy iy i pI LS N AR et et

A AL R B S B LA T2 A T AT
23 fARRLES

FRPEE 22 A7 25 51, mT LA 36 2 R A R
RS AN TREMELEC ) . A3B2C3D2; =
SE AT B N AL )T : A3B2C1D1;
A RS N TR B AR T : A3B2C2D3;
7N AR W N T ARDEHME AR BC T : A3B2C2D1 Al
bR W N TR EHME R ) : A1IB1C2D1,
LR FARPRIIEOL, % L AL R R iR A
WRE , FIRZEE AL, 52T L AR S
KA PRONATI A | 7 R A AL R A
SRR )T A3B2C2D1 (% 5). Fit—FhEr
()t B SR T 25 B 7oA - S A TR
BE CHERT 105 g Wik 15 g, HEHE 45 g M
2¢g. WEHR 10g, EoK2g. BERH 7.5¢g. H
FEE 0.5 g, THRER 5g. 4EEER 1 g, 65%1H4)
BRERM3 L, HEHM 45g, 4iEKElg) + A3

(M~ 72 g fAPREE R 22.53% ) B2 (FEH) 12 g:
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x4 EEIHRATRBMEZKERESHT
Table4 Rangeanalysisof artificial diet for Coccinella septempunctata tested in the orthogonal design experiment

HE B8 k4> ([ ) Diet ingredients (factors) 5 0 T HES
Indicators THEEWE  A(g) B (g) C(g) D (g) Order of significance of factors

10 d (AHEHE K (mg) Y1 11.56 12.40 12.50 12.30 C>A>D>B
10 d weight gain (mg) Y2 12.48 12.48 11.46 12.60
Y3 12.60 11.76 12.68 11.74
R 1.04 0.72 1.22 0.86

FRERHT (d) Y1 13.55 13.17 12.25 11.83 B>D>A>C
Preoviposition (d) Y2 1275 11.09 1347  12.59
Y3 12.16 14.22 12.75 14.04
R 1.39 3.13 1.22 221

50 d FEHER (%) Y1 56.40 60.80 56.00 56.00 C>B>A>D
50 d survival rate (%) Y2 60.40 6440 6680  62.40
Y3 64.40 56.00 58.40 62.80
R 8.00 8.40 10.80 6.80

FERE (AL Y1 243,52 23454  243.69  273.97 B>D>A>C
Total fecundity Y2 23729 308.80  259.68  270.15
Y3 26632 203.80 24377  203.02
R 29.03  105.00 15.99 70.95

JEEAR (%) Y1 58.63 55.59 50.96 56.21 C>A>D>B
Hatching rate (%) Y2 53.64 5394 6215  52.69
Y3 51.36 54.10 50.53 54.73
R 727 1.65 11.62 3.52

Y1 2K 1AM, Y2 FKF 2 BEIAME, Y3 FKkoF 3 FI(E, R Fmi.

Y1 is the average of the level 1, Y2 is the average of the level 2, Y3 is the average of the level 3, R means the range.

RSB 3.76% ) C2 (¥4 15 g fAR &&=
4.69% ) D1 (4% 22 g k& 6.89% ).

®5 tEMHRALAMERREEEFHMHLKEAS

Table5 Improved levelsof diet componentsin the
artificial diet for Coccinella septempunctata
WIS Indicators 1] *41t7k¥éﬂ/ﬁ

Improved levels of diets
IRE K Weight gain A3B2C3D2
FAHNHETY Preoviposition period A3B2C1DI
TG Survival rate A3B2C2D3
7= P Egg production A3B2C2D1
Sk Hatching rate A1BIC2D1
BARAEFE KT Over A3B2C2D1

development and reproduction

24 MRABRFHISREBR

BRI 77 ( A3B2C2D1 ) & A Bk
BT SRR, I E5 R AR 6 Fin . ik
TEDRHAC i S - AU MR 10 d IRE RN
13.11 mg/3k, o5& Ab 4R Rk R 37 0 4R 5 3 1<

(10.23 mg/2k ) m, ZHPERE (P<0.05); I
I R SRR IR (12.89 mg/3k ) Fr, HES
PEARRZ (P>0.05), LAk 3 my g ™= 5
HITHAA 9.80 d,  Eb Iy Al AL HUpe] 5% Y L
GUETEAE, (HERARE (P>0.05), fiibmkt
Be 7 fRlSR 50 d MEHRUAFIE FE0h 68.00%, & T 24l
Tk SR A ME TS 2 (64.00% ), ZERMEA
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W2 (P>0.05); LT IF HUR SRR (72% ),
ZEWAREE (P>0.05), DEAbiRRHE % M d 7
¥Ry 502.38 Ki/sk, e T EAIEREHE SR Y
O (411.22 K05k ), ZRMERE (P<0.05);
T 0 B FR A =B i (785.38 ik ), 2251k
% (P<0.05). ki sk 3% 0 0 1 %

61.14%, = TEAEDEME IR L% (58.70% ),
WA 253 B EE (P>0.05); KT 1 Hu i 37
HH (69.24% ), ZRMERE (P<0.05), ki
RHC 5 1) 7L B T T s 45 Ab Bt IR (36
3) HHLL, SAEMSEFAE LA, RO
15 ASAEERAEEERE N T 2 45

*6 EmEr., AUARMNFRAFLETRLERILER
Table6 Comparison of development and reproduction of Coccinella septempunctata
fed with the basic, improved diet and aphisdiet

e 10 d MER AR K (mg) PB0ETI (d) 50 d MERR AR (%)

10 d weight gain of female Preoviposition 50 d survival rate of female Total fecundity

Treatments

RPN CRL) R (%)

Hatching rate

(mg) (d) (%) (grain) (%0)
Fal Rl

%m Lﬂ?ﬂ 10.23+0.790 2 b 10.60+0.788 8 a 64.00+£2.666 7 a 411.22+21.5124 ¢ 58.70£1.696 1 b
Basic diet

e L Pl
(AL TR . 13.11£0.492 7 a 9.80+0.980 9 a 68.00+2.108 2 a 502.38423.3532b 61.14+£2.2909b
Improved diet

it 5] e
HE‘ LEJ;H 12.89+0.679 3 a 10.40+0.654 9 a 72.00+2.666 7 a 785.30+17.085 7 a 69.24+1.158 1 a
Aphid diet

Wi PR R, RSV R b AR NS PR 2257 3 (P<0.05, HNEE LSD ZHILHEL ).

Data are mean+SE, and followed by the same letters in the same column are not significantly different at P < 0.05 level by

single factor LSD multiple comparison method test.
A A)
3 itig

B i R AR T B KA A . AR . R
| RIRE TR T F ITE I L R 2 H Y
AR REMEN, BB TR —fhak 25
B IR AR S E i m AN R F R R AR K &
B (W ILZRFELLED, 2009 ), (HIAF 1 &
(1982) LIFEI A EEAEE FHAFIFEZE | fEZEma
JEfR AT AR SRR, B A SR R
fete s L RPN AEGERE S . Al 5% (2016) H
WR AR TR AR AR R A N T A 5 S e T
T, ORFFATIE R, H A RO A T AR
B B R R/, AR RAE BRI R T AR
R FE = O U W ALY 5%, BRATTAE
NER G N E NSRS EPS: b PN = Wi i)
i, NTAPEHR LK 3 (RS & 22.53% )
IR IR BESE hnal HUAR R RG S | 4R S AT SR A O
i, UEBERAEIZOKF T S RE 2L R B 8
JEE K o

HFFERY, SRR Z B, i E
WA SAFRE R ERE  EH S TEE

Yy, IR FORAER | IS AR S Hh T SR
( Lundgren et al., 2005; Berkvens et al., 2010 ),
TR24FESE (2020 ) 76N TARDBF A B AL b i
FREAR T L BB A Ay R 6 R F
Berkvens 55 (2008 ) F Hb H i3 B8 BN AE 4 1] 77
468t Harmonia axyridis, M H7 BI T L2
0 b v R MR B ] R A BRI, a0 SRk ARy
IR A, BARAT R R 35%-48%, HMUHAE
W . AIFRAE IR, BN TR IS Aek
PIZKSE 2 (kb 3.76% ) VR JINREZE e hg il =
NG T I = Y C R ) 1| Vi (I A N R B e |
BRIFEAL AR 5K 1 FUKSE 3 2R 80N, (B,
PIIKAF 3 B fe i 2 T AR Rk, £ R B
o) W AETG R AL 2R A 5 ( Cheng et al.,
2022 ), kW B B ] s S DR b [ —
BIR R A

WRisHESE (1984 ) MBI R, A T Ak
T AHORS T e A SR R R R, FE
fitlh b A K B I B B W R A AR B
Mty o FEOE (2018 ) MBS R IR, HEInARE i
1) e T R AR | 7 B D 4 R O
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PR XN T ARDRE RN G0 17 78 37 oI 2R
BT, N ARk iR R | A il 2 A i PR iz I
TRF P& AR E SRR . BRI
FHER B35 A I B TR, DK 2 (i
(fRPBHS i 4.69% ) BNINREHE S B R AFE R ™7
R RNl S | S N R R 2 Wl T 1 B N
HPIKSE 1 A as S im) ek b Ge 4 5 &) 2 s 1
A EAF 158 (Cheng et al., 2022), WEHH-EAE
LR &y ORI OO T T SR AN

Singh %5 (2014 ) DA% | FEREN AR A
TR SR R B, Hom K B o 5ol
296 d F1207 d. TEAMISEH, #%LIKFE 1 (16
B 6.89% ) USIAE (R B AL ™ DI £ 348 o Fn 4
EREALR, LIKOE 2 BRI RERG A 8 Fn4e & A2 0
R W HERILIKT 2 dnigss , HA A YHshs
k3K (Chengetal., 2022) .

i E AR IS BT A N TR, AR 3R
Sl G RSl O T e o i SN T B S 5
(P>0.05), {71 AL L SE Al ia R R 55 5
(P>0.05), Mfi o HU{AEE 14 1 7™ B i 3 1 25 4
B (P<0.05), il Jedmim e s 128.15%
1 122.15%, 5 H MBI AR B AU T 4wk
Eb, AHIFFEAR A BN T AP 5 5L A S 1)
FEORIRTI (9.8 d) 150 d =R (502.38 Ki)
HROL T HAWAR R}, Sarwar 1 Sagib (2010) A
Tk R C R PR, R —E 0N 18 i,
Sighinolfi %5 (2008 ) LUK Ay il i) A T AaDE A
FEF A, FPOIETHA 13.5d, HAH 10 d YL
{700 47 Ko AR E AR e A T
TR AL A A B R TR Y, (HAE 7 B e
EAbRR BT R g At 5% o R, PRS2
5T b 4 21 L B S0 R R R AL
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