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Abstract: This study aimed to investigate the influence of environmental temperatures on the predation ability against Propylea
Jjaponica larvae and adults for Aphis sophoricola, and to identify the optimal temperature and instar for maximum pest suppression
efficacy. Under controlled conditions of 20, 25 and 30 °C, P. japonica and A. sophoricola were applied to quantify the predation
rates of 1st to 4th instar larvae and adults on aphids at varying densities. Subsequently, the predation dynamics were analyzed by
fitting the data to the Holling type II functional response model. At all tested temperatures, the functional response of P. japonica to
aphid predation was conformed to fit assumption from the Holling type II model. At 25 °C, the instantaneous attack rate of P.
Jjaponica (especially young larvae) was 2—S5 times higher that at the other two temperatures, and the handling time was also
shorter. At 30 °C, P. japonica (especially old larvae and adults) exhibited the highest predation efficiency, and its theoretical daily
maximum predation capacity was significantly higher than at other temperatures. At 20 °C, the predation capacity and daily
maximum predation were markedly reduced, which significantly inhibited predation efficiency. The 2nd instar larvae and adults are
the optimal stages for P. japonica to exert the maximum control potential against A. sophoricola at 20 °C and 30 °C, whereas the
3rd instar larvae are the optimal instar at 25 °C. The 4th instar larvae and adults are the optimal instars and stages at 30 °C. Overall,
our study showed that pest control efficacy of P. japonica on A. sophoricola increased with its developmental maturity and reached

its peak at higher ambient temperatures. In summary, this study provides a theoretical basis for releasing P. japonica in suitable life
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stages according to climatic conditions in field applications to achieve efficient aphid control.

Keywords: Aphis sophoricola; biocontrol potential; instantaneous attack rate; predation efficiency; functional response
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Matsumura, Bk % Myzus persicae (Sulzer) &5 1E ¥ B H
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#r (Lavanya et al., 2025) . Holling TT 7 8% #4 J& $if i& K
TR A A N T) P A B 0 ) R B A ) % T A L
() 28 BLASE TR | 2 B —— Mk B T80l 56 R0 b I g
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1M, RECH B AT N 320 B M R & A & & & W B (il
1) &5 R R 1) 1 3% % 1 (Wang et al., 2013) . &%
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Tab.1 Experimental design of the predatory functional

response of P. japonica to A. sophoricola

o Na g fo SO0 BRI 0 B, N, D Y
BRI B, a Ay f 0 SIHXT ML M ) B I o TR T
N S U B 1 Sk WL P B IR IE], Te by K
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P. japonica stage or age Temperature Prey density S Hrj‘ IETJ ( 1 d) H I/Th%:z/j'\‘ % ﬂ %:'JR EE H % j( Iﬂ i/b\ ﬁﬁ% 5
A 1 larvae 2 > 1015, 20,25 % % S0 T B T B R (A A
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4, 2025)
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= 4 -
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= 30, 40, 50. 60, 70 BAFH PAE . RO DA K RO 4% /R -k IR E S, 2025) .
30 20. 30. 40, 50. 60
4% 4t 4" larvae 20 20. 30. 40. 50. 60 2 LEHR 550
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Fig. 1 Functional response curves of 1-day-old P. japonica to A. sophoricola at different temperatures
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Fig. 2 Functional response curves of 2-day-old P. japonica to A. sophoricola at different temperatures
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Fig. 3 Functional response curves of 3-day-old P. japonica to A. sophoricola at different temperatures
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Fig. 4 Functional response curves of 4-day-old P. japonica to A. sophoricola at different temperatures
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Fig. 5 Functional response curves of adult P. japonica to A. sophoricola at different temperatures
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Tab.2 Functional response models and parameters for predation of A. sophoricola by different life stages of

P. japonica under varying temperatures

D =
W i A 0 1 o LI D ) i sy ‘o,
temperature Insect stage FunctioNal response equation Instant time e capacity pre(?atif)g amount
attack rate (individual)

20 1 % # 1" larvae Na=0.198N, /( 140.070N,)  0.887 0.198 0.352 0.564 2.843 0.063  0.999

205 4 L 2" larvae Na=3.698N, /(1+1.620N,)  0.696 3.698 0.438 8.444 2284 0.021  0.999

3W 4R 39 larvae  Na=0.197N, /(1+0.009N,)  0.862 0.197 0.044 4436 22.573 0.529 0971

A5 2 4% larvae  Na=0.867N, /( 1+0.084N,)  0.865 0.867 0.097 8.930 10.299 0.056  0.999

A L adult Na=0.389N, /(1+0.009N,)  0.750 0.389 0.023 16.750 43.103 0.690  0.953

25 1 4 d 1" larvae Na=1.048N, /( 140.089N,)  0.837 1.048 0.085 12.401 11.834 0.310  0.989

204 4l B 2" larvae  Na=1.247N, /(1+0.061N,)  0.727 1.247 0.049 25.610 20.534 0.425  0.980

3 4 3% larvae Na=2.228N, /(1+0.049N,)  0.863 2228 0.022 99.451 44.643 0.169  0.997

Ay G HL 4 larvae Na=2.260N, /( 1+0.080N,)  0.841 2.260 0.035 65312 28.902 0.082  0.999

A L adult Na=2.027N, /(1+0.057N,)  0.816 2.027 0.028 73.401 36.214 0.160  0.997

30 1 4 1" larvae  Na=0.663N, /( 1+0.064N,)  0.935 0.663 0.097 6.853 10.331 0.117  0.998

20 4 H 2" larvae  Na=0.837N, /(1+0.059N,)  0.643 0.837 0.071 11.832 14.144 0.406  0.982

3W 4 3 larvae Na=0.691N, /(1+0.017N,)  0.734 0.691 0.024 29.156 42.194 1.040  0.904

Ay 4 HL 4 larvae Na=1.396N, /(140.022N,)  0.903 1.396 0.016 85.967 61.576 0.357  0.986

A HL adult Na=1318N,/(1+0.014N,)  0.934 1.318 0.011 125.505 95.238 0.161  0.997

HI2E 2 I, 20 °C 260, f S0 2 % 4 Hoxt
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25 °C AT, f ST 4 9% 4y 6 B 0 9 A
R R, 1R R R R A H R R
BRI Ny 3 g My, (AR Z, 1R 4 R AR
205N O B A %) Ak P B R] A e B R W] R A, R PR
FNSHEF . 3 WA A, R, 4 WS4, 2 4 L, 1
Hhli(k2),

30 C 4T, fa 8 4 W 4 B R 1B 2K
R a1 4l HURR AT fR S0 T g R R i e
Hh e KBl B AE T, B AR R Y Ak BB [R] R H SR R
i, [ i 4 HU B B & 2 803K B Ok Bl A 0% 3 Y 15
Mg (£ 2) .

22 AENRET g En At 58 53R 3
F 230 S T A i 1 S S g R T R (R 3),

FE 3 AR BERR BT, 45 0 1 0 S0 X AN [) %85 AL
(- RN S 34 B B A 0 % BE B 4G i R AR . B
R E 0 TR, 1~3 4l R SRR N Y S e T A IR
FEAG; 4 0% & dURD B R S W — & - FF . STE7E
34l 25 CL AW A O 30 3k L A e s 1R
4| 20 C RS R 25 Sk B S (BB 1R
4 TR 25 °C . W N 5 Sk I, S {E B K 20
ey s B o 25 S ML B, S fE AR/, 2 B4 HUEE 25 C.
W% B R 10 I B, S BB K 20 °C L A W
25 - R, SME AR /DN, 3 IS AR 25 CL
R 303k LT EE, SAH R R 20 CL AW B E N
50 kML, SAE /N, 41T 30 ¢ AE Y
30 3k ML A, S B K5 20 °CL A E R 60 Sk -
m'mb, SE /N B HLFE 30 °C. FE W% B R 50 3% -
M, S f K5 20 °CL A 4 B R 70 3k DL R
S{E /Do

®3 AYMEMNBTFNSEEEAERSH

Tab.3 The equation and parameters of searching efficiency of P. japonica to A. sophoricola

e W/ TR IZ Ny 10005 0 (R AL
Insect stage Temperature Search effect equations A. sophoricola density ( searching efficiency)
1% 2l H 1" larvae 20 $§=0.198 /( 1+0.070N,) 5(0.15) . 10(0.12) , 15(0.10) . 20(0.08) . 25(0.07)
25 5§=1.048 /( 1+0.089N,) 5(0.73) . 10(0.55) . 15(0.45) , 20(0.38) , 25(0.32)
30 $=0.663 /( 1+0.064N,) 5(0.51) ., 10(0.40) . 15(0.34) . 20(0.29) . 25(0.26)
20 4 . 2" larvae 20 $=3.698 /( 1+1.619N,) 5(0.41) . 1000.22) , 15(0.15) . 20(0.11) . 25(0.09)
25 §=1.247 /( 140.061N,) 10€0.77) . 15(0.65) . 20(0.56) . 25(0.49) . 30(0.44)
30 $=0.837 /( 1+0.059N,) 10(0.53) . 15(0.44) . 20(0.39) . 25(0.34) . 30(0.30)
i 4 L 3 larvae 20 $§=0.197 /( 1+0.009N,) 10(0.18) . 20(0.17) , 30(0.16) . 40(0.15) . 50(0.14)
25 §=2.228 /( 1+0.050N,) 30(0.89) . 40(0.74) . 50(0.64) . 60(0.56) . 70(0.50)
30 8§=0.691 /( 1+0.016N,) 20(0.52) , 30(0.47) . 40(0.42) , 50(0.38) ., 60(0.35)
4% %)y 11 4" larvae 20 $=0.867 /( 1+0.084N,) 20(0.32) . 30(0.25) . 40(0.20) . 50(0.17) . 60(0.14)
25 §=2.260 /( 1+0.078N,) 30(0.68) . 40(0.55) . 50(0.46) . 60(0.40) . 70(0.35)
30 5§=1.396 /( 1+0.023N,) 30(0.83) . 40(0.73) . 50(0.65) . 60(0.59) . 70(0.53)
JY H adult 20 $=0.389 /( 1+0.023N,) 30(0.23) . 40(0.20) . 50(0.18) . 60(0.16) . 70(0.15)
25 $§=2.027 /( 1+0.056N,) 30(0.76) . 40(0.63) . 50(0.53) . 60(0.46) . 70(0.41)
30 $=1.318 /( 1+0.014N,) 50(0.77) . 60(0.72) , 70(0.67) . 80(0.62) . 90(0.58)

3 e

W s 4 o 2R B e T B A 3 0 A P B o
Ifj %R (Shahpouri et al., 2019) . A #F 5¢ h, ££ 20 °C Al
30 °C &M F, BEE Yo SR UE B S BOR; MAE 25 C
FAFT, N 1R &)y o B B, I B X0 R0 W A T
BT RE .. B R B2 I AR KN Y
% B AV S BR AR 2 R R S R RO
e E oM R BRI E B K, WHAE25 C
F130 °C A 0F T 1 Bk i 2o R 5 T 20 CL 4 18% %)
et FE B AR A AR . R, R AR R TR (25 °C
130 °C) 38 5 g 5 T f 2P 0 2 R P Bl RO,

71T 650K £ i B8 ) %o 2 A 40 il 1 1

Ak P ] R B e IR IR IR E R T — 3k
A5 ) T e 17 24 B ] (Wu et al., 2012), )2 A B 52 4L
P g PR G B L AR B AR AR o AR 3 IR E AR
JETT, o 20PN R W 4l BRI ] G /D TG
gy, TR — 8 01N, A B E] R R SR RO DG
20 °C I il H 4 b B ] 2 30 °C Y 2 4% 22, HEI 2
o LR TR T fE OB B R A R A R,
AE PR 3 58 BCR R HE AT — Rl B B Be . U,
0, S0 B 300 R R T e A R 3 A L
A5 4 B 4k BRI [A]
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TERE S H e K i 2 B R e A
67 B5F ) P 04 52 B A B o, R TPAN 4R 3 AR ) Y B
fabr o 763 MRS E T, 4 & BE 1R H 5 KA i
59 I o 0 1, 3 O S0 T R s AR O R A
E 15 1 4l RN LY B . 7R LT T R N, 25 C
H130 °C B (4 £ BE J1 AR HE 20 °Co LARH Ry i, AN []
T 2N A B AR T B R B/ - 20 <€, 25 °C, 30 C;
H B KAl 2 78 25 °C I IR T 30 C, W B A T 20 °C,
X A] BE R B T R AR ) e — A ER AT S,
H 5 R Fl £ o 2 3 0 00 4% 4 B o e PR, 0 A
R B 25, (A %, /30 C A
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