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AMAMENREFNERKE T REHEFE

ANEFHE EAF
P AR A RSB . T M TR B 0T T, M 510405)

B E [HB] WSS IIE Harmonia sedecimnotata 1675 N A N U G8F Aphis craccivora B EY)
SRptE, O HELY BRI RS . [ &) RS ANEHIRMmESE, WSSt EdaE, v
ARV 5 AP I ER A KR BRI, DLRE (261 ) CCRYLFREER A A Zaa et [ 458 ] 15-30 °C
W, FIBCRYRERE, HA BB A E P IR R T = i 4 . 28 e OR - e P A 15, 20, 25 AN
30 CHITETE R EZES (P<0.001) , 43510 (42.30£1.21) . (31.86+1.46) . (18.59+0.89) F1 ( 15.73+0.87 )
do £ N 4l A5 B B I FE 25 °CIAETE R0 5, 439010 95.08%1.76% .96.18%+1.41% .98.63%+0.97% .
94.63%+1.64%F1 97.80%+1.81%, £F i B OF-W HIGFEIEFRAE 15, 20, 25 1 30 CAIfAfE &2
(P<0.001) , 4390 20.00%+2.72% ., 41.11%£1.57% ., 64.76%=2.93%7F1 48.89%=1.57%., 2T A5 4t 58 Jl—
AR R B AR N 9.411 °C, AR S 300.703 H -, £ Sk Szt A e nyMivE Ly 0.51, 7201
BH (79.56+63.59 ) d, BAMEFIRE N (1289.89+724.70) ki, GIWEALIN 77.67%+2.49%, 300 LN
10.67%+1.25%, Mt 577 G 2 E ARG, AR F (Ry )l 633.933, FIHEATHA( T) 2k 76.828,
WEHRK S (1) 47 0.084, JEMRIGKS (1) Hy1.088, [ 45 2Fmi ek ELA %5 5 A B 3 7 11 PRl N
R EIERE ST, AEEW IR T T B B N S .
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Development and fecundity of captive Harmonia
sedecimnotata feeding on Aphis craccivora

LIU Zhi-Wei"~ HUO Li-Zhi

(Guangzhou Institute of Forestry and Landscape Architecture, Guangzhou Collaborative Innovation

Center on Science-Tech of Ecology and Landscape, Guangzhou 510405, China)

Abstract [Aim] To determine the biological characteristics of the ladybird, Harmonia sedecimnotata, feeding on Aphis
craccivora under laboratory conditions, in order to provide basic dates to improve the mass-rearing of this species in captivity.
[Methods] A population life table for a captive population fed using controlled feeding was completed, and the effects of
different temperatures on the growth and development of H. sedecimnotata were measured. In addition, the reproductive
characteristics of the population at (26+1) °C are described. [Results] ~ Although all ladybirds could complete their life-cycle
at temperatures in the range of 15-30 °C, the development period of each stage shortened with increasing temperature. There
were significant differences in the time required to develop from egg to adult at 15, 20, 25 and 30 °C (P<0.001), which were
(42.30+1.21), (31.86£1.46), (18.59+0.89) and (15.73+0.87) d, respectively. The survival rates of 1st-4th instar larvae and
pupae were highest at 25 °C (95.08%%1.76%, 96.18%+1.41%, 98.63%+0.97%, 94.63%+1.64% and 97.80%*1.81%,
respectively) . There were significant differences in the survival rate of all life stages at 15, 20, 25 and 30 °C (P<0.001),
which were 20.00%+2.72%, 41.11%+1.57%, 64.76%+2.93% and 48.89%+1.57%, respectively. The development threshold

temperature and effective accumulated temperature of a generation of H. sedecimnotata were 9.411 °C and 300.703
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degree-days, respectively. The sex ratio of the experimental population was 0.51, the oviposition period was (79.56+63.59) d,

the number of eggs laid per female was 1 289.89+724.70. The hatchability was 77.67%+2.49% and the number of trophic eggs

was 10.67%=1.25%. There was a significant, positive correlation between fecundity and female longevity. The net

reproductive rate (R), generation time (7)), intrinsic rate of increase (r,) and finite rate of increase (), were 633.933, 76.828,

0.084 and 1.088, respectively. [Conclusion]

H. sedecimnotata can complete its life-cycle and has relatively high

reproductive capacity at temperatures in the range of 15 to 30 °C. Consequently, this species should receive more consideration

as a potential agent of biological control.

Key words Harmonia sedecimnotata; development period; fecundity; development threshold temperature; effective

accumulated temperature; population life table

EVIBG B Z A AR R IRBERESSE
Poai, RORBEAROY AT Rp2k & S I S B R 2
FEAR AL 2= A 24 4t FH 5 A AR A T2 B (AL ZE IR
B, 2014) o BUHRAE ARG E P —2E R
B, PR A el B EL ., AR AR E
HOR YRS EEAE R (FEIFESE, 2009; F24RAE,
2014 ). 4Bk il AL 6 896 i, EIC 5% 1 072
P ( EX4ERRIRRBERE, 2022) , Hrhgyusrz =
Al A, RIBUR BN e AR,
i 55 A0 L 85 22 1) S0 H R 2 4 fa S
Propylaea japonica .5t (AN Harmonia axyridis .
LRI Coccinella septempunctata . i K U5 B
W Cryptolaemus montrouzieri . 7~ ¥ H Bl H
Menochilus sexmaculata, 2573 H Hippodamia
variegata FITR 5 & W5 SN Stethorus punctillum %5

( Fp#9E4E, 2006; Koch and Costamagna, 2017;
JE RLAESE 20175 Wu et al., 2018; 5K, 2019;
Lietal., 20215 5%, 2022) .

NS Harmonia sedecimnotata J& T Fl
WIS Harmonia, | 32341 T 56 WA ZR B
M X, FEFRE 3204 T P4 R AR R X (AR
FEAE, 2009) o HEiddr, ZBURAE) N A A b
S AR I A oA HECR B Z , A L3
5, HAET, TPl iR FEEME U6
RS W2t , B 4an, Semyanov Fl
Vaghina ( 2003 ) A 55 T £F i B R BCE RS Myzus
persicae MZZ M Sitotroga cerealella WP ) FH i . %
B ) R B B A AR W) R IE s Reznik 1 Vaghina

(2006 )W 1 2Fml PSSR B 5 T M 1k
Bl & 38424k ; Boopathi ¢ (2020 )
W5 T £ i BN A 0% 3 40 A ) 2 AR P R R AR agf

Aphis gossypii ROV IFTT R T H a6 FH1F
Hro XETIZ BB B 1 R WA DG SR .

S 8F A. craccivora TR E &G UG BHYE
ERNEY N EEE R (RS, 2022; UM
45,2023 ), TG = A SR 5
HARKBA R 2, A ANTY HEEHNSR ., &
I | SN S R ER A f PR e (RS AR
FLRIERARSR, 20055 XIHESE, 2023) o IS
KW, UGS EFIR, KEFHY., Har, %
FARE 1 5 YRR R LA ( Zhang et al.,
2012; Pervez et al., 2020 ) . FhEEA: A FAE At
TR AP LE A= i F I S TR B B A2 37
FET- R EI N1 E S50 52 T B ( Boopathi
etal., 2020) , C HCAHPEAL R HLAE BB 6 I FH
JIHYEE T H (Chi and Getz, 1988) . HHi,
FREA AR O TP A BUR . RaRih
7S BN A 22 R K SRS R AR B N T )
(FHRE, 2017; Azizetal., 2020; PhANLA
45, 2020) .
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B BB MBI EF XM h W (26x1) °C,
AHXHEE 70%+5%, YEEMIN 141 : 10D,

1.2 ZBFH*
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2214.463) | 1 W% H (df=3, F=408.005) . 2
Wahdt (df=3, F=507.857) . 3 @240 (dF=3,
F=140.084) | 4 &4l (df=3, F=109.515) .
W (df=3, F=155.622) FIBP-pH (df=3, F=
1384.720) MEBIIILE 1, 15-30 °CH}, £F
ISR RER T, HAS BBy & B by 9 b i B
mMi4ERE . 15 CRS B R B ITREK, 479
JE (9.48+0.43) d. 1 ¥ (5.43+£0.53) d. 2
#% (6.70£0.78 ) d. 3 #? (6.25+0.50) d. 4 #
(6.75+0.69 ) d. HH (7.60+0.66 ) d F1EH-HH
(42.30£1.21)d; 30 CHI# BB A B DI EH,
AR (2.1120.25) d. 1 #% (2.15+0.29 ) d.
2 % (2.13+£0.22) d. 3 # (2.54£0.46) d. 4 #
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(4.15+£0.23 ) d. HHi (2.73£0.68 ) d FHGH-jl
(15.73£0.87 ) d., 25 1 30 °CHYURI ALY d13h1E
WEMEES (P>0.05) , 15 F120 °CHIFRIFILY
B R B (P<0.05) , (HEFYICE EEER
(P>0.05) , ¥ 7-8d Z[a], 15, 20, 25 A1 30
CHIBE-B R T A e B 2 25 5% (P<0.001) , 4%
S (42.30+1.21 ), (31.86+1.46 ), ( 18.59+0.89 )
1 (15.73+£0.87 ) d.

22 ARBEZGTAWHMRNREFHFEE
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G (df=3, F=16.507) . 3 W4l (df-3,

F=23.498 ) . 4 W4 ( df=3, F=5.504 ) . i ( df=3,
F=1.481) FEP-R (df=3, F=132.38) MI1FiG
RULKE 2, 76 15, 20, 25 Fl 30 C&MH4F, 2
R S S B R %) 706 R TG e PE 25 57 ( P>0.05 ),
I3 ITE 76%-80%F1 88%-98% 2 [H], 15 °CHY HP Al
4 R BAETE AR, 430 70.00%+5.45%

76.49%+ 4.96%. 66.85%+4.67% . 78.18%+3.93%
Fl 79.63%+ 6.55% AN (AR 4% 4 I 2 5 i) B3 -
BORAEIE R (P<0.001) EEP 25 °CHYBE-RLH,
R RS, N 64.76%+2.93%; 15 °CHIGE-I
HAFTE R AR, H 20.00%+2.72%.
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N I—J ﬁﬁﬁ‘]‘,ﬁ,ﬁ Defferent development stages

Bl AEREZGTAMIHNEEHNEEHH
Fig.1 Thedevelopmental period of Harmonia sedecimnotata at different temperatures feeding on Aphis craccivora
P Bl bR 22, AR DA P AR R B 22 5% (P<0.05, Duncan’s Z# KK ) . TEIFE,

Data in the figure are presented as mean+SD, and different letters above bars indicate significant difference
(P<0.05, Duncan’s multiple range test). The same below.
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Fig. 2 Thesurvival rate of Harmonia sedecimnotata at different temperatures feeding on Aphis craccivora



- 158 - R B 244k Chinese Journal of Applied Entomology 62 1

23 AWABENREFHEEN

PR E T B IS LR 1, S
SR, ARSI ENE LR 0.51, MEMELLES A
ST o R SO A o IR (190.44462.09 )
F1(189.33+60.40 ) d., P35 DR 4 (1 289.89+
724.70 ) KL, WORAHEARBEBRERER, UMK
] 77 B B AF AR R K 25 57 o £ Tl K L 9 %) Ak R

K 77.67%+2.49%, BRI 10.67%+1.25%,

24 SAWAMBRHENgEREGSFREZE
AR tES

HEHE s 57 R o DR B
Fefl, FRIFFRAERIRAT, S5 ILF 3. £
LS S 57 BRSSP 750 BB
AR S A5 G KT

®1 AmMABEEREEHHEERE

Tablel Thefecundity characteristics of Harmonia sedecimnotata feeding on Aphis craccivora

EHE SN Reproductive parameters HUH Values
Witk b (% ) Female ratio (%) 0.51
7EHET (d) Preoviposition period (d) 10.11£1.59
72U (d) Spawning period (d) 79.56+63.59
M i (d) Female longevity (d) 90.44+62.09
M 4y (d) Male longevity (d) 89.33+60.40

SEYIEEMEF= B (L) Fecundity per female (grains)

e 2P (B ) Maximum fecundity (grains)
A= gaE (B ) Minimum fecundity (grains)
YRR (% ) Hatchability (%)

B0 (%) Trophic egg (%)

1289.89+724.70
2 499
275
77.67+2.49
10.67+1.25

FPBUE NI {EhREZE . Data in the table are presented as mean+SD.

36
34| ¥=0.939x+1.267

R?=0.769, P=0.002
32+

30+
2.8 ¢
2.6 ¢
24 ¢ o
22}

2.0 : : '
1.0 1.5 2.0 2.5

lg(M 1 Fir+1) lg(Female longevity+1)
B3 AmIAEREGEFPEMNHEXXER
Fig. 3 Correlation between female longevity and
fecundity of Harmonia sedecimnotata

25 AMAHFLXEHREZEERBREFNEN

lgG=Ji & +1) Ig(Fecundity+1)
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R FE 2, i PR OP M & T R SR E N
14.218 °C, FARFLE N 26.055 H -, £FRHSIH
SEM— IR R B RS RE R 9.411 °C, f13K

IR 300,703 H -, 1 #8940 HUL B R AR
fik, & 9.287 °C; WM kA RARERS, N
17.123 °C; UIAARRIR &AL, 4 26.055 H B ;
4 o A SRR A, O 54.861 H-JE .

26 HAWAALBHBELEGR

I PSR AE R A S HOLE 3, K
BSARPET , £F i SN H PN B R R R B G < 6 4y
R 0.084 1 1.088, i HH LT I ER L HA 42 = Y
HOGH U

3 itig

AR FEAEE NI T , RSB IRET
B, I 4 RSB BE AL AT 2T 0 L —
RINVEY AR . AR BUES R R T DI
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FEMAER BTG IR AL T —E RS HME.
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®2 AMAHRZREMREESREERML D FRE

Table2 Thelinear regression of temperature and growth ratein each development stage of Harmonia sedecimnotata

KB BB 2 [ H Pearson 1H5¢ R %
Developmental Equation of linear Pearson related F R P
stage regression coefficient
gy Egg 7=26.055V+14.218 0.889 464.724 0.791 <0.001
11 W Tst instar 735 640140 287 0.871 335.527 0.758 <0.001
arva
12 4 i and instar o 00057415 641 0.862 276.362 0.742 <0.001
arva
13 4 3rd instar o ¢ 00017413 386 0.836 203.451 0.689 <0.001
arva
4 WAL Ath instar 7oy 61115 75 0.753 107.180 0.567 <0.001
larva
i Pupa 7=32.688V+17.123 0.785 121.974 0.616 <0.001
B{-Bk . Egg-adult  7=300.7031+9.411 0.949 626.400 0.901 <0.001
x3 AMIBALEMBEGRSE
Table3 Thelifetable parametersof Harmonia sedecimnotata feeding on Aphis craccivora
A R, HARFEH T BIHIROR ry JAIRRBE R 2R 2
Net reproductive rate Ry Generation time T’ Intrinsic rate of increase ,,  Finite rate of increase 4
633.933 76.828 0.084 1.088

W R, EY SR i K R R
FEARE (Ferrer et al., 2008 ) o #ilan, LLE ki
Rhopalosiphum maidis 3 EY) 755 H PR HEAR
AL AR B Bemisia tabaci F1E 85 &4 i)
BERE , ARG R A )t 0 ( Ff RAEAE,
2017 ) . Boopathi 25 (2020 ) 7& L4 35 544
FOREE (23£1) °C. WJE 70%£1%], FHHEF R
MELTAN SR, 25 HUS R F DT & T ARG 45
B SRR IR 1080 K, AR TAWISE
HI 2 499 K7 PN BTHE R A B B 00l o
0.109 6 Al 1.115 9, TMiAHIFE H Py B 20 5]
FRIG 700002 0.084 F1 1.088, PiEHEL.,
N 2T T S R R N [ 0 1 B e ) R —
EZES, DI REHEE A KRR EE IR, T
SPTETT I E SRR YISO, IO faE B
ERUE A ATE = SN WaRnE 2 Y Y O & 5]
K E Wi ( Zhang et al., 2007; 3K B 4545, 2012 ),
B, 45 MAgE b, ol S5 R R
BRI E 55 A, IR AR R S AL 251 T £F
R K R B AR IR RS A R AR
FSE)

B R e, R RKER . IR,
ZIE AT I EZENE (Andrey et al., 2022;
Khan ef al., 2022) . AWFFENE T AR 5%
PEREm SR R B M, 4R ER0, 2FmBlih
1 15-30 “CHYIRBEEENIRESE UL T, H
HEH IR B T w4, X 5-ER,
o Bk & KRS R Crprolaemus
montrouzieri . [RBEE M E P Nephus ryuguus |
faurlA . R F U Axinoscyrnnus apioides
FTECEBNH Nlleis koebelei FIMFFE 45 R —80( 2%
%, 2003; Katsarou et al., 2005; [Ri%E%%, 2009;
Zhou et al., 2017; Leeetal., 2018; Islam et al.,
2022; Oliveira et al., 2022) . A#FFEHF A
T 5 PR A B Bk & Dy ECE , SR A [l
B RO B 5 R B R Z A C &R, Al
SR IR — U R R AR 9.411 °C,
A RBURA 300,703 H B, X S 7R, L
AU HCR S BE A B0 B 4 % AH 3 ( Katsarou
etal., 2005; EHEAREE, 2012; Zhou et al., 2017 ).
RN 53¢ 2 70 4 B e B e e R

ik B2 % S LAY A £ BB ) RN A A
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. Blan, SEEAAE 15 CHE X B
Acyrthosiphon pisum [ £ B8 ) F1E5H ) B ok
(Islam et al., 2022) , LAEBLLE 23 CHEX}
BEF Myzus persicae Wi E K ( Katsarou
et al., 2005) . ZEPEIGEH Oenopia conglobata
1E25 °CHy XA E Agonoscena pistaciae FIHE fE
1M A (Sanati ef al., 2020) . FJCEE
BB AR 20.3-29.3  °C A4 IR Y Bl P4 Bt 3R T
BTN, WTE 25.12 CHIETG %5 ( Lee
etal., 2018 ) o ZRHFFE 21 i B0 HR ) B0 RRIE AL
PRAE (26£1) CRMER, HARIX—IR
PN R 2 TR B A BT ( Omkar and
Kumar,2016;Zhou ef al.,2017 ; % 84,2022 ),
R AT BEFFAELT I 0 HL A i R IR 2 o ARBHE
RN [EIRE 25 F 21 i 0 A4 £ i g A
T84k, R HAEAEYIB IE R R A NS
Bl S

TESZIRSPER, ] VR 0 1) 2T o R B
SR ZARE ST, PR BRI 3 (1 289.89+
724.70 ) ki, HACHGIEAN 633.933, N EEY
KRR 0.084, FIRRIGE AN 1.088, X LLFEIR 5
TERRIFFNE NF Lipaphis erysimi 52 Fief i £
FREAE T By 5 (0 0 A b 2 A ) A Ay R dE b
M (Aziz et al., 2020; $MINGRSE, 2020) , 1
Ja P CBE ) Iz 9T I R FH A ™ 5
( Rondoni et al., 2021 ; Twardowski et al., 2021 ),
BEAh B R K/ 5 AR RE ) 2 1E A Hodek
etal., 2012) . LU AL A 6.0-7.0 mm,
fRFE0 5.0-6.1 mm, X555 @HHAHE (R
&, 2009) o PG, 25 EHE S —FR LTS K
B AL, B RN TR, HA AT k(A
it — L E,

FH ()R 2 B H o T & B H 1o
RACIRIUAS 2 5 i B0 AL FH i) S8 AR, TR T
555 RS AR I B9 e g 9 3 R i e ) R
(RS, 2012; (hX4RESE, 2022) . FEFEH]
ZRAETR 5 T B 2 A A A B s AN [
FERERYFET, BIAELT i B0 d E A 5 w1 e
71, FEHEEZAEZGT, ZRERE
BEBET R AT RE 34, S S0PRG4 TR

JEARE . DG, e T )R 2T S L 7 3 15
I, R G AN A B R B0, B2 i B A
P, PRUERRE I R RE , LADR w17 5 47 45F
g0k 8
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