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Functional response and predation preference of multicolored Asian lady beetle
Harmonia axyridis to two aphids in the micro-landscape of apple and
Monnier’s snowparsley Cnidium monnieri
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Abstract: In order to assess the biological control potential of multicolored Asian lady beetle Harmonia
axyridis to spirea aphid Aphis spiraecola and celery aphid Semiaphis heraclei available in the micro-
landscape of apple and Monnier’s snowparsley Cnidium monnieri, the predation effect, searching effi-
ciency and predation preference of H. axyridis to A. spiraecola and S. heraclei were studied under labo-

ratory conditions. The results showed that the functional response of the 1st—4th instar larvae, female
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and male adults of H. axyridis to the 3rd—4th instar nymphs of 4. spiraecola and S. heraclei fitted well
with the Holling I model. The predation capacity of female adults of H. axyridis against A. spiraecola
was the strongest, which was 411.284, while the predation capacity of male adults of H. axyridis to S.
heraclei was the strongest (356.403). The instantaneous attack rate of the 2nd instar nymph of H. axyri-
dis against A. spiraecola was the strongest, which was 1.231, while the instantaneous attack rate of the
3rd instar nymph of H. axyridis against S. heraclei was the strongest (1.277). The searching efficiency
of H. axyridis for A. spiraecola and S. heracleid decreased with increasing prey densities. Under the
condition of coexistence of 4. spiraecola and S. heraclei, when the total density was 60 individuals per
dish, H. axyridis female adults had no significant preference for both aphid species at different ratios;
when the total density was 240 individuals per dish, H. axyridis female adults showed significant posi-
S. heraclei) of 1:5,2:4,3:3 and 4:2, but
showed negative preference for S. heraclei in the ratios of 1:5, 3:3 and 4:2. This study suggested that

tive preference for A. spiraecola in the ratios (4. spiraecola :

H. axyridis has strong control potential against A. spiraecola in the micro-landscape of apple and func-
tional plant.

Key words: Harmonia axyridis; Aphis spiraecola; Semiaphis heraclei; functional response; predation

preference; apple; Cnidium monnieri
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Fig. 1 Predation functional response curves of different stages of Harmonia axyridis to Aphis spiraecola
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Fig. 2 Predation functional response curves of different stages of Harmonia axyridis to Semiaphis heraclei
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Table | Parameter estimates of the random predation equation for different stages of Harmonia axyridis

preying on Aphis spiraecola and Semiaphis heraclei

BRI TR AR EEE AR R

of oy ﬁé%ﬁ ﬂ]éﬁfi@ﬁﬁﬂ Instantaneous Handling Predation Maximum 5
Aphid Harm?n.z “ Functional response attack rate time/d ability ~ consumption r
axyridis model (@) (,) (a/T,) ()
SRAAGE  1I4hI Istinstar  N=1.079N/(1+0.018N) 1.079 0.018 61.773 57.730  0.937 0914
Aphis 2454 2nd instar N =1.231N/(1+0.014N) 1.231 0.014 93.491 77262 0.991 0.088
SPIrAecola 3w gy s 3rd instar  N=1.179N/(1+0.007N) 1.179 0.007  163.999  139.513  0.979 0.489
4454010 4th instar N=1.091N/(1+0.003N)) 1.091 0.003 394175  362.657  0.966 2.272
MLt Female adult N.=1.173N/(1+0.003N) 1.173 0.003 411284  351.624  0.986 2.026
HERE Male adult— N=1.121N/(1+0.003N)) 1.121 0.003  375.695 336078  0.992 0.755
b~ 148 1st instar - N.=0.892N/(1+0.023N)) 0.892 0.023 40.685 51296  0.991 0.100
BB 2yt iiond instar - N~1.020N/(1+0.011N) 1.020 0.011 90.930 92.189  0.855 1.834
iz';’fl’; i”s 34 M 3rd instar  N=1.277N/(1+0.008N)) 1.277 0.008 167011 131983  0.958 1325
4154 H 4th instar N=1.138N/(1+0.004N)) 1.138 0.004  296.112  260.086  0.987 0.841
i 1 Female adult  N=1.051N/(1+0.003N)) 1.051 0.003 342066 326288  0.948 2.346
HERE Male adult — N.=0.924N/(1+0.003N)) 0.924 0.003 356403 393324  0.942 2.056
N,: B EEYECR; N 5% . N,: Number of preys consumed; N,: density of prey.
2.2 S AN 2 FhF b SR UCFBRE , FEAPRGR B 25 A N LT R0V 2 R fe s, 43l R

S (I 1~4 1% Ay HOFME |l 7 R I 55 22 44
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Fig. 3 Searching efficiency of different stages of Harmonia axyridis preying on Aphis spiraecola
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Fig. 4 Searching efficiency of different stages of Harmonia axyridis preying on Semiaphis heraclei

0TI TR A X 2 o 08 o A A i A L
ASE IR (2 2) o MR Hfa 55 €20 T R g R 2 Ao



102 i 7/ A 1

51%

UF R A B D RE SO 28K, 15 H e €0 S e g Ok
2 Fhip 7EAN [R5 B2 R il s e , & RO
B <X om0 =13.277, VLW A5 BE T S €00 B0 O ol

HOXF 2 Fflpf e A A WL S B (W) G R
e, B AR T S5 (0 I R g RS 5 24 4 15 A
& MU B SR

K2 REINMAMRHESXFATNNE MIETLERNBENHRE

Table 2 Predation amounts of Harmonia axyridis female adults on coexisting Aphis spiraecola and Semiaphis heraclei

k2 (RN EEd A s
gy 2 Aphis f ?faiioza Sen)jf hl\iliiffzei AR/ G/l
H \‘““& - PHIS 5P — — P — Total predation amount/
CR/AIL) - b e e/ (/1) VIR e/ (/1) (individuals/dish)
Total prey (3k/1m) Predation amount/ (/1) Predation amount/
. de_n§ity/ Initigl (iidividuals/disfl) Initigl (individuals/dis%l) sl B
(individuals/  density/ WS FSAE density/ WEAE LN (EN )
. o . oo ; Observed Simulated
dish) (individuals/  Observed  Simulated (individuals/ Observed  Simulated
. . value value
dish) value value dish) value value
60 10 9.40+0.40 10.56 50 38.40+4.58 43.15 47.80+4.98 53.71
20 19.00+0.55 19.23 40 35.00+2.05 35.42 54.00+2.60 54.65
30 29.80+0.20 29.59 30 26.20+2.22 26.01 59.60+2.42 55.60
40 33.40+5.85 37.93 20 16.40+1.69 18.62 49.80+7.54 56.55
50 48.60+0.87 47.85 10 9.80+0.20 9.65 58.40+1.07 57.50
120 20 15.00+1.67 15.58 100 73.80+7.08 76.65 88.80+8.75 92.23
40 29.60+2.01 39.54 80 40.60+4.15 54.23 70.20+6.16 93.76
60 54.00£2.59 62.31 60 28.60+5.00 33.00 82.60+7.59 95.30
80 69.80£1.77 75.96 40 19.20+3.15 20.89 89.00+4.92 96.85
100 81.40+4.12 84.49 20 13.40+1.40 13.91 94.80+5.52 98.40
240 40 33.80+1.46 3491 200 105.40+5.11 108.87 139.20+6.57 143.79
80 57.40+£3.31 60.91 160 80.20+6.21 85.10 137.60+£9.52 146.00
120 77.20£3.77 87.76 120 53.20+2.73 60.47 130.40+6.50 148.23
160 89.20+5.93 112.22 80 30.40+2.68 38.25 119.60+8.61 150.47
200 106.60+4.46 123.71 40 25.00+1.82 29.01 131.60+6.28 152.72
2.4 REIRBER RS2 FhEF R AEERF 3 g

ML RS NE AP, TEAR R B
(60 3K/IM) Z5 44T, S5 00 SR i X6 2 i H 1
UPERTE i 3 22 5, A HH U Ao 55 (T R ol R X 2 o
gf e ¥4 0 i 3 D bk (1 5-A) s ZE P BE (120 3/1L)
T CHELAENE SR NS 0% EE L Ag R
1:5.2:4 150 1A, S5 (oS00 e s A Xof 2 g e 34598
B2 RGP T S5 LR 4G S50 8 N O 1) % B
Eb AR 323 R0 42 2 ), S5 €0 T H M e X) 45 4 2
FEI L AR I (P<0.05) , XA B N AR I 3
P 5 25 00 17 B (P<0.05 5 8] 5-B) 5 1 = 5
(240 SK/IL) 25 1FF , ME LR35 0F S8 N U I Y
WL A 1:5 .33 A1 4: 2 B, S0 20 sk e ol o X 45
YA IoF RIS W2 R A1 (P<0.05) , XEH S N1k
EF I 3 L (P<0.05) , T 4 25 42
ok A N G I 0 2 R R AB A 2 4 B S (e
G X 5 28 4 e e R I S 1) D & (P<0.05)
X N I G 2 Tt (7 5-C) .

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

M TSR AR B AR, 5 — 4R A 1y
ARG L, SR A S R G ERR A A
T B AR KE A I Re RS & #5745 FEAE ] (Demes-
tihas et al., 2017 ; ZZ#H]#]45,2021), (HE , FKEKZ
B SER E LSRR 3 X AL G T SR b A
DRGNS IRERSS , Iz Kt A G B ik
23], el v R AR, J SR KRB AR X D
(FHEIESE,2015; ZRANFTAE,2021) o 76 2R fil i fp
HE D) REAE Y REAZ I N S el rh i A 2R KL
FEUEZ AL 1 B YR IR A R A AT S PREE , B R
B RS AR, FE 5 R AR AR FE D)fE (Cai et al.,
2021;Zhang et al.,2022) . Mg K& A PRIERHE K E
() — AR BT ), AT R R A B R, Ak
T /INAE (FOK AAE AR SERVRIAL A T sl )
Pl Xof 2 A T AR AR ROR B (B IR,
2020), Cai et al.(202032021) /5% & PLAE S5 fel A
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UEL(Z S EUL (47 Sk i Ly RV 27/ i) 9.0 g
AR . L8 ] W 5| R A S (0 I W PR ) 4
B AEE LIS RIS B RE D S (B A
PE B BB BT, ol 530 2R I PR R A I S
PR 4R 5 5 b sl MR AR ic Ty
T 00 S A0 S A Bl WL PR PR e A2 7 B R AT S R
R, ISR | 2/3 B 5 (0 B R A PR e | e
otz PRI, Xt TS5 BN = FERCR A S
LAGEFAE L NGO 2 R AT AE

W S35 Aphis spiraecola
Ol #A% MREYF Semiaphis heraclei

02 A

0.1

e

-0.2L
021
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02t 7
*
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*
B *
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A.B.C: BV 514 60,120 F1240 /1L, A, B, C: Total
density were 60, 120 and 240 individuals per dish, respectively.
E5 eItk R ELETMAET Mg
HEREBRITE
Fig. 5 The preference of Harmonia axyridis female adults for
coexisting Aphis spiraecola and Semiaphis heraclei
PRt A A bR . * R RoR 28 e B VA A 6
5 B3 (P<0.05) M B 3 (P<0.01) . Data in the figure are
mean+SE. * or ** indicates significant difference by ¢ test (P<
0.05 or P<0.01).

R B R XA P O Al B DI R S IO R A e KAl
BREN W E B — , R KR R ER I

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

FHEPPMRYE (FIRAREE,2014) , TEABIGE T, 4 H
75 S £ X S SR — g PR R W v 2 e e o
EIIHE N 4T Holling AR #7772, 5 7 (4 51
TR AG 0 (PININ AR5, 20125 )7 8 5245, 20135 4%
e, 2019) AUFH B DR RO 45 R — 3, 1 5 a5l
AU S U (TR IR 2 A 2015 AR R AR
2019) I BT RE R W 45 R — 3. ARBFTRZS SR o,
2 WA S B 2 Fh i B RE ) R T
U R TTIG I, G e R X A WA A
AE B, RN B S SO I A B R ) B
PR ) FH S5 € SO0 R B 9 5 2k 2 MR i, 1 7840 2 %
B EAEA . 25 3 T AR E S 445
HHB NG S (7% - R AN A B 5 0 28 T 3
M2 T RS, BEEA R D BT, 56k
A FHREE S R MR Y S R SO, SRl
AR R RE AR RS , X 5 07 R 4R (2013)
FAME A (2017) WFFE R B THF e Y R0 B
f Hha 2% R A 1A I TR I A 45 SR — 3

SR PR MR, R
g6 A e A A AR R A5, 2017) o
1771 fiff S €6 SRR AN TR A8 400 1 4l O -4, T A
TP As S HAEAEYBIE RN H . A8 AF
FORSEAR B A Y AF 32 e R AR AR
A ) oo ML s A 5 2 S 14 ol 55 O 2 Fofo g e ) s A
T, 5 S (0 S0 A X 3K 2 g A 8 £ i 2 vl AT
At R ) A g R 5 75 X S (T 2 o 5 4k A
EEIHAE . AW EE R, 552 45 7 A
BN R IF ) BB Ol 60 S/ITL (M55 13 ) B, S5
O 2 iy U4 T B A v . YR 2
) R B R R AR 3 S € I A T
i ARRIL A . SR D I
SV OR 120 S/ I (s 3 sl AR S 2 SO R X 2 i
HF o AR AR B D RE SR NS SR A ) B AR R
P F B, TR I R 8 TS 4L
A Y a5 2R A W RIS 22 T MR R,
0T e i b Ao 5 2 2 o e PR S R D e T
TS NS B A TR b . 2SS LR A
FIEA S N o 2% 32 Sk 240 Ske/ I (o 2% ) i, B
VTGOS A 58 N RS %
JEHHI N 1:5.2:4 .33 4: 2 I 5 (o Bk 05 28 4 it
P I B Rt A N R I S8 e
2 R AT . IS AE (2004) & IS 40K B\ Be-
misia tabaci F1 LW %k Tetranychusnr fijiensis 3X 2 Fi
A ILAF I FE R B SR A  /N RBLHL Del-
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phastus catalinae Xt 1A BLHP A 3 I H 0 25 0% I 4
P TR 238 B 250 v 25 DX L R o b 2 1
T 5 A ZE R 55 (2015) o I S 20 0 R RN 2 (2 Y i
WoF SRR, S €0 SO A AT B R 4 B R R X 2L
o R W R R I A - (B = AR T
POEARGRENER I Y o e o

E S ] SRR AT () Feh AR e PR, SRS 1 55 2624
WE AP B I TS AR, S SR R R i
R TIEHEIX, 3R I S (0 O T4 I 45 2k 2 W Fh
BEEA TEEAE (Cai et al., 2021) , 1ELK S K14+
T, AR NI RIS £ 2 M A7 1 R B R
Bsf, S € SO Ml RO 45 e s IF LA S 2 A I ek
T G5 S ) FH 2 BEAT e PR 0 77 5760 I L 48 i
SR L AP T S B0 . (H W EHXR
O Z R A Y R BRI B R — N R AR R, e
TEH RS R b Al g alie 2 2| 2/ N R i 52
e, AR AU L A7 EAEY) A Fh 2SR 8] 58 445
(Li et al.,2007; J& 220545, 2020) o Rt , 7EAR A=
ARG Z K 2 IR0 7 O 1 I 2 152 T i
Fa it — L IRABIY

& % 3L Bk (References)

Cai ZP, Ouyang F, Chen J, Yang QF, Desneux N, Xiao YL, Zhang JP,
Ge F. 2021. Biological control of Aphis spiraecola in apples us-
ing an insectary plant that attracts and sustains predators. Bio-
logical Control, 155: 104532

Cai ZP, Ouyang F, Su JW, Zhang XR, Liu CL, Xiao YL, Zhang JP, Ge
F. 2020. Attraction of adult Harmonia axyridis to volatiles of the
insectary plant Cnidium monnieri. Biological Control, 143:
104189

Chen X, Chen MY, Wang S, Zang LS, Xiao D. 2021. Analyses of dif-
ferentially expressed genes in transcriptomes of multicolored
Asian lady beetle Harmonia axyridis with different color pat-
terns. Journal of Plant Protection, 48(6): 1341-1350 (in Chinese)
[BRAE, BRAS 3R, 0, %2R, M 5. 2021, AN[R)f 3 5  51 0
W SR 22 RARIRFEIR 30T . R R34, 48(6): 1341-1350]

Demestihas C, Plénet D, Génard M, Raynal C, Lescourret F. 2017. Eco-
system services in orchards. A review. Agronomy for Sustainable
Development, 37(2): 1-21

Ding YQ. 1994. Insect mathematical ecology. Beijing: Science Press,
pp. 252-320 (in Chinese) [ T 714K . 1994. B Bl Az 452 . b
i BlE AR, pp. 252-320]

Du JL, Wu DG, Liu CZ. 2015. Study on predation preference of Har-
monia axyridis (Pallas) and Adonia variegata (Goeze) on red
and green color morph pea aphids. Chinese Journal of Eco-
Agriculture, 23(1): 102-109 (in Chinese) [#E 74, #fE), XK
fiir. 2015, 55 (S0 ek A 22 55 S A0 R € B K2 1A 2 D 4
BT . A A4 4, 23(1): 102-109]

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

Fang YH, Tao M, Ma J, Cao KQ, Chen GH, Li Q. 2013. Study of the
predation functional responses of Leis axyridis Pallas to Aphis
citricola Vander Goot. Journal of Yunnan Agricultural Univer-
sity (Natural Science), 28(3): 306-309 (in Chinese) [ 7 & =, P
B, B4, W vk, BRIEAE, 258 . 2013, 5 (B0 25 28 3 il
BIREITE . =R R (A AAFF#), 28(3): 306-309]

Holling CS. 1959. Some characteristics of simple types of predation
and parasitism. The Canadian Entomologist, 91(7): 385-398

Holling CS. 1966. The functional response of invertebrate predators to
prey density. Memoirs of the Entomological Society of Canada,
98(S48): 5-86

Jiang LL, Sun RH, Wu HB, Gong QT, Jiang ES. 2021. Study on bio-
logical control of Aphis citricola and Tetranychus viennensis in
apple orchard. China Fruits, (11): 39-43 (in Chinese) [ 221 #1,
PINEGLT, BUERK, B PRV, F4 T, 2021, 3 00 Z5 28 45 WF A 1l
i P P L ) 2= A B A BRI . LSRR, (11): 39-43]

Jing Y, Huang J, Han JC, Ma RY. 2004. Selective predation of Delphas-
tus catalinae (Horn) on Bemisia tabaci (Gennadius) and Tetrany-
chusnr fijiensis. Acta Ecologica Sinica, 24(2): 292-296 (in Chi-
nese) [ 9%, Bk, ®EE A", Dz, 2004, /NI 5 WA
YIEF RGN : SRR EVE . ARSI, 24(2): 292-296]

Li C, Ding YQ, Ma SJ. 1982. Studies on predation and simulation
model of dwarf spider Erigonidium graminicolum to cotton boll-
worm Heliothis armigera 11: studies on one-predator-multi-prey
species interacting system. Acta Ecologica Sinica, 2(4): 363-373
(in Chinese) [Z5H, T 74K, D55 . 1982, L]/ I XS A4
gy A A B HA B R B 9 10 S -2 i)
RBEMIRISE . A4, 2(4): 363-373]

Li DX, Tian J, Shen ZR. 2007. Functional response of the predator Sco-
lothrips takahashii to hawthorn spider mite, Tetranychus vien-
nensis: effect of age and temperature. BioControl, 52: 41

Li LL, Men XY, Guo WX, Qu CH, Cao HJ, Ding L, Zhu WJ, Qu ZL,
Li Z, Li SH, et al. 2021. Effects of grass-growing patterns on
the population dynamics of natural enemies and management of
Aphis citricola in apple orchards. Chinese Journal of Biological
Control, 37(5): 885-891 (in Chinese) [Z=fi A1, [ 12%7C, 58 55,
e, St de, T 75, RICH, ihfess, 2, BRI, 4.
2021, Az B O 3R bl R R S R 5 L A WA T Y
ST E A B R AR, 37(5): 885-891]

Li XB, Han SP, Liang C, Han H, Liu CX, He YZ. 2019. Functional re-
sponse of Harmonia axyridis (Pallas) adults to Semiaphis hera-
clei (Takahashi). China Plant Protection, 39(2): 61-63 (in Chi-
nese) [A5HT I, HhHNE, B, 6, X, (MTiz k. 2019. 5
OB RS BB GO S AR AR P A R R T, 39
(2): 61-63]

Shan B, Zhang YM, Huang XZ, Chen GZ, Mao LY, Qin Q. 2017.
Predatory function of Propylaea japonica to Rhopalosiphum
maidis. Agricultural Research and Application, (3): 49-53 (in
Chinese) [ 4, SkHE ], TTHRE, MM, B2, . 2017,
FA LU AR O ORI AR ST AT S T, (3):
49-53]

Shi ZH, Song KX, Wang JY, Li MX, Qiao HL, Guo K, Xu CQ. 2022.

http://www.cnki.net



140 BEEAE  S C SIS R~ AR R U A o 00 3 ) B S L B 6 B 105

Morphological characteristics for identifying the instars of
Semiaphis heraclei. Chinese Journal of Applied Entomology, 59
(2): 457-465 (in Chinese) [ HIIE, 4CAT.0, T3, 22450k, 77
T, SRR, TR T . 2022, §H 3 b O I TIOME IR HOISARAE A 4
B R RS HL2E 4, 59(2): 457-465]

Sun LJ, Yi WX, Gu Y, Dong XL. 2012. Predatory functional response
of Harmonia axyridis Pallas to two kinds of aphids damaging
apple trees. Acta Agriculturae Boreali-Occidentalis Sinica, 21
(7): 39-43 (in Chinese) [FhARUE, FRLEWE, Wik, HEH . 2012
S (0 ST PRSP AR A R VR v ROl AR, 21(7):
39-43]

Wang QS, Ju XL, Huang J. 2014. Predation functional responses of
Coccinella septempunctata Linnaeus to Toxoptera aurantii
(Boyer) and security evaluation of several botanical biopesti-
cides. Acta Agriculturae Universitatis Jiangxiensis, 36(6): 1247-
1252 (in Chinese) [ TR, W, &4, 2014, £ A2 B
U9F AR B D RE S B A AR 2 B2 A VAN TP AR R
247, 36(6): 1247-1252]

Wang YT, Ji XH, Wu YS, Mao ZQ, Jiang YM, Peng FT, Wang ZQ,
Chen XS. 2015. Research progress of cover crop in Chinese or-
chard. Chinese Journal of Applied Ecology, 26(6): 1892-1900
(in Chinese) [ FHi4E, MR, 5 K4k, BEMN, %, wH
M, F R0, PR AR . 2015, R R AR R R R ke . N 2R
25240, 26(6): 1892-1900]

Wu PX, Ma BX, Xu J, He J, Zhang R, Zhang RZ. 2017. Predation of
Paratrioza sinica Yang & Li by Harmonia axyridis adults. Jour-
nal of Plant Protection, 44(4): 582-588 (in Chinese) [AAS#, &
FEB, T35, 5, K%, sk . 2017, S @ P BT F AL AR
AR VR YO 224k, 44(4): 582-588]

Xiao YL, Cai ZP, Zhang XR. 2020. Selection, configuration and appli-
cation of functional plants in orchards. Chinese Journal of Ap-
plied Entomology, 57(1): 49-58 (in Chinese) [ 4 == i, 2% & °F-,
K3 . 2020. HLFe DR YT | SN L A
i, 57(1): 49-58]

Yang QF, Ouyang F, Men XY, Ge F. 2020. Functional plants: current
uses and future research. Chinese Journal of Applied Entomol-
ogy, 57(1): 41-48 (in Chinese) [#7 L1, BXFHTY, ['12%70, X4,
2020. THReAEYIRfE TSRy R TE e EE . R B ol 24,

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

57(1): 41-48]

Zhang CW, Chen MY, Wang YQ, Zhou H. 2021. Identification and ex-
pression analysis of cytochrome P450, antimicrobial peptide and
lysozyme genes in multicolored Asian lady beetle Harmonia axy-
ridis and sevenspotted lady beetle Coccinella septempunctata.
Journal of Plant Protection, 48(6): 13511358 (in Chinese) [t
Y, BRASBE, TV 3E, AT, 2021, S 5L 2 B A0 i
3R PA50 JL AT JUR I8 TR A TR B0 2 5 M FRIR T . A IR
241, 48(6): 1351-1358]

Zhang XM, Xi YM, Wang S, Luo C, Zhang F. 2015. Assessment of po-
tential control of Semiaphis heraclei by Harmonia axyridis. Chi-
nese Journal of Biological Control, 31(3): 317-321 (in Chinese)
[k, 24, Tk, BR, 5K, 2015, S5 @A EIE b
WA B BRI RETEMY . AR B IR 244, 31(3): 317-321]

Zhang XR, Ouyang F, SuJW, Li Z, Yuan YY, Sun YC, Sarkar SC, Xiao
YL, Ge F. 2022. Intercropping flowering plants facilitate conser-
vation, movement and biocontrol performance of predators in
insecticide-free apple orchard. Agriculture, Ecosystems & Envi-
ronment, 340: 108157

Zhou JH, Li PL, Naiwuzhati Zunong, Zheng HN, Huang J, Wang ZH.
2020. Functional response and predation preference of lady-
beetle Propylea japonica to Asian citrus psyllid Diaphorina
citri. Journal of Plant Protection, 47(5): 1062-1070 (in Chinese)
[RZE0E, ZEM8 5, T9E L3 - A, 8O, B, EATLL.
2020. FaAC R HO AR AT £ R S, B A 40 v - A
PIRAP4R, 47(5): 1062-1070]

Zhou JZ, Chen CM. 1987. Predation of wolf spider Lycosa pseudoan-
nulata to brown planthopper Nilaparvata lugens and simulation
models there of III: selective predation. Acta Ecologica Sinica, 7
(3): 228-237 (in Chinese) [JASE 1, BRH 4. 1987. IR SUR Wk
X4 R R A £ 1 T A RRUSOR A WF ST S (VR
HA2ER, 7(3): 228-237]

Zhu GX. 2019. Functional response of Harmonia axyridis to Eriosoma
lanigerum and Aphis citricola. Master thesis. Yangling: North-
west A & F University (in Chinese) [47e1E . 2019. 5 7 51 HUG)
SRR NS L AG BRI DI RE R NS . LA e 3.
Ve PHALAMBIHR 7]

(FrAE 24t 5 £ 9R)

http://www.cnki.net



