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Quantitative analysis of insect pests and their natural enemies on
commercially grown Lonicera japonica
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Abstract [Objectives] The quantitative characteristics of the major insect pests and communities of their natural enemies
in Lonicera japonica fields in Tai’an city were analyzed using multivariate statistics to provide information to assist the
ecological regulation and environmentally-friendly control of insect pests and the conservation and utilization of their natural
enemies. [Methods] Insect pests and their natural enemies in L. japonica fields were investigated in 2017 and 2018 using
systematical sampling and the composition of both communities analyzed with multivariate statistics. [Results] The
dominant insect pests and their natural enemies in different temporal periods were determined by principal component analysis.
The main insect pests were Semiaphis heraclei, Aphis gossypii, Bemisia tabaci, Heterolocha jinyinhuaphaga and Arge similes,

and their main natural enemies were Propylaea japonica, Harmonia axyridis, Ebrechtella tricuspidata, Neoscone doenitzi,
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Xysticus ephippiafus, plus predatory bugs, predatory mites and syrphids. Canonical correlation analysis showed that there were

significant (P<0.01) correlations between the dominant insect pests and their natural enemies. The correlations of ladybirds,

syrphids and lacewings to aphids (especialy S. heraclei), predatory bugs to lepidopteran pests (especially H. jinyinhuaphaga)

and B. tabaci, spiders to phytophagous bugs, leafhoppers, B. tabaci and lepidopteran pests, predatory mites to phytophagous

bugs, B. tabaci and |lepidopteran pests, were high. The temporal patterns of insect pests and their natural enemies were divided

into four temporal periods in both years using optimal sorting. The occurrence patterns of insect pests and their natural

enemies were different during the different temporal periods, and the abundance of insect pests and their corresponding natural

enemies in different temporal periods, was analyzed. [Conclusion] The results provide useful information for controlling

insect pests and the conservation of their natural enemiesin L. japonica fields.

Key words Lonicera japonica; insect pests and natural enemies; principal component analysis; canonical correlation analysis;

temporal patterns
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Table2 Carrying loadsof 5 principal components for insect pests
B1EMS  H2EFMS HIEFEMS B AT ST
G il First Second Third Forth Fifth
Year Insect pest principal principal principal principal principal
component component  component ~ component  component
W N YE Semiaphis heraclei -0.14 -0.24 0.51 0.23 0.68
HRlF Aphis gossypii 0.24 -0.33 -0.34 - 0.35 0.31
MK T Bemisia tabaci 0.37 0.05 0.18 0.29 0.02
A i
AL o 0.30 - 0.06 - 0.39 -0.32 0.25
Heterolocha jinyinhuaphaga
GEAEM % Arge similes 0.37 - 0.01 0.02 0.06 0.03
2017 HMAH Cicadella viridis 0.04 0.55 -0.22 0.20 0.44
INERI I Empoasca flavescens 0.38 - 0.13 0.10 0.26 -0.25
SRS Atractomorpha sinensis 0.39 0.00 0.14 - 0.04 - 0.05
AR Oecanthus indicus 0.34 0.23 0.31 - 0.14 -0.21
T Cletus punctiger 0.15 0.45 0.37 -0.51 0.20
K% Halyomorpha halys - 0.03 0.47 -031 0.32 - 0.01
BF/NEIE Nysius ericae 0.34 - 0.16 - 0.17 0.39 0.18
W NMEEYE Semiaphis heraclei -0.24 -0.10 0.08 041 - 0.24
WWF Aphis gossypii 0.16 - 0.09 0.73 -0.30 0.20
KB Bemisia tabaci 0.33 -021 -0.32 - 0.01 0.30
A it
AL R o 0.00 0.36 -0.26 - 0.59 0.33
Heterolocha jinyinhuaphaga
SARIEM % Arge similes 0.37 -0.24 -0.24 -0.13 -0.18
2018 KM Cicadella viridis 0.37 0.15 -0.12 0.04 -0.33
INGRIT R Empoasca flavescens 0.26 0.30 0.32 0.30 0.42
AR Atractomorpha sinensis 0.34 - 042 - 0.06 - 0.04 0.06
FrAe ik Oecanthus indicus 0.28 0.25 - 0.19 0.52 0.34
TEIZk Y% Cletus punctiger 0.41 -0.22 0.22 - 0.02 -0.16
KM% Halyomorpha halys 0.19 0.49 - 0.04 - 0.13 - 0.27
BT /N Nysius ericae 0.26 0.33 0.17 0.02 - 041
#3 RXBABERSHBRTESE
Table3 Accumulative percentages of principal components of natural enemies
0y 5 FRIEH 5% (%) FitE%E (%)
Y ear No. Characteristic value Percentage Accumulative percentage
1 3.20 31.98 31.98
2 2.22 22.17 54.15
2017
3 1.70 16.98 71.13
4 1.03 10.34 81.47
1 4.45 44.46 44.46
2 157 15.66 60.12
2018
3 1.18 11.76 71.88
4 0.83 8.28 80.16
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Table4 Carryingloads of 4 principal components for natural enemies

81 FR 2 Fsr 3 F sy 584 TSy

Ay PN First Second Third Forth
Year Natural enemy principal principal principal principal
component component component component
a8 H Propylaea japonica -0.23 0.57 0.06 0.13
SOOI Harmonia axyridis -0.29 0.28 -0.04 0.44
ZRAFCHE Ebrechtella tricuspidata 0.44 0.19 -0.25 0.17
W HT ER Neoscone doenitzi 0.35 0.04 0.47 0.21
2017 Bk Salticids 0.39 0.30 -0.34 - 0.06
IV AR Xysticus ephippiafus - 0.07 0.27 0.18 -0.77
4B BN Chrysoperla nipponensis -0.18 0.60 0.06 0.02
B HUI%EJS Predatory bugs 0.41 0.15 -0.42 - 0.09
2% Predatory mites 0.31 0.13 0.42 -0.20
BWfREZE Syrphids 0.32 0.07 0.45 0.25
BB Propylaea japonica -0.13 0.55 - 0.07 - 0.69
SEIH Harmonia axyridis - 0.37 0.24 0.22 0.26
—GRFCWR Ebrechtella tricuspidata 0.40 - 0.05 0.15 0.12
WA EIWE Neoscone doenitzi 0.36 0.05 0.28 - 0.26
Bk Salticids 0.39 0.10 0.26 0.13
2018 BIVACIE YR Xysticus ephippiafus 0.24 0.01 0.59 -0.27
HRAEE RIS Chrysoperla nipponensis -0.34 0.38 0.22 0.03
B HI%EZS Predatory bugs 0.24 0.52 -0.24 0.36
2% Predatory mites 0.31 0.46 -011 0.24
BIFMEZE Syrphids -0.28 0.07 0.57 0.31
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HTRVKH AT, X 5 3] S TR AH 5 28 50RO 1 Y

P 2 S AT MG (2 5), K 5 Al
L, AR 2 S MR SC R BRI 1 K-

x5 ANEXTENHEXRBREZHELRE
Table5 Coefficients of correlation of canonical variablesand their significance test

ARy LAY A AR 1 41 2 EPSEY e R A P{E
Year  Number canonical variable group Coefficient of correlation Chi-square value Degree of freedom P value
1 0.95 97.61 42 0.00
2 0.86 52.27 30 0.01
3 0.67 25.67 20 0.18
2017
4 0.57 13.98 12 0.30
5 0.47 6.28 6 0.39
6 0.25 1.27 2 0.53
1 0.97 108.22 42 0.00
2 0.94 59.92 30 0.00
3 0.74 22.78 20 0.30
2018
4 0.56 9.16 12 0.69
5 0.39 2.79 6 0.83
6 0.01 0.00 2 1.00
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Table6 The optimal sorting of insect pests and their natural enemies communities
on Lonicera japonica in temporal sequence

4r28%0 Number of cluster %24 pPF %X Function of error

it o #1455 Period from optimal sorting

2 30.99
2391
20.57
17.34
14.72
12.64
10.94

9.38

8.01

© 0o N o o b~ W

10

1-17, 18-28

1-17, 18-23, 24-28

1-10, 11-17, 18-23, 24-28

1-10, 11-17, 18-23, 24, 25-28

1-7, 8, 9-17, 18-23, 24, 25-28

1-7, 8, 9-17, 18-19, 20-23, 24, 25-28

1-7, 8, 9-17, 18-19, 20, 21-23, 24, 25-28

1-7, 8, 9-10, 11-17, 18-19, 20, 21-23, 24, 25-28
1-7, 8, 9-10, 11-16, 17, 18-19, 20, 21-23, 24, 25-28

R B SE R HRT 1-28 70N 4 22 H 2 10 A 28 HiY 28 YA fmtEUT , /3384 11-27 %5

Mg %

Number 1-28 means the sampling times from April 22™ to October 28", the sorting of cluster 11-27 have been removed from

the table.

B AREE: (1-10) 4 H 22 HE 6 H 24 H,
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NS IR R AR AN, o B RE

TR TR IR, h T BRI SR AR
BAM RS, A BAR BRI Z A Yk
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TR AR R TR B A B
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Table7 The optimal sorting of insect pests and their natural enemies communities
on Lonicerajaponicain temporal sequence

4r2%0 Number of cluster %24 PR % Function of error

T3 #1455 Period from optimal sorting

27.58
23.92
20.96
18.31
16.00
14.14
12.08

© 00 N o o b~ W N

10.43

10 8.92

1-15, 16-25
1-15, 16-19, 20-25

1-8
1-8
1-8

1-5,
1-2,
1-2,
1-2,

, 9-15, 16-19, 20-25
, 9-15, 16-18, 19-21, 22-25
, 9-15, 16-17, 18-19, 20-22, 23-25

6-8,
3-5,
3-5,
3-5,

9-15, 16-17, 18-19, 20-22, 23-25

6-8, 9-15, 16-17, 18-19, 20-22, 23-25

6-8, 9-15, 16-17, 18, 19, 20-22, 23-25
6-8, 9-15, 16-17, 18, 19, 20-22, 23, 24-25

F PRy B4 R — A T 1-25 70 5I1CEMN 4 H 9 HZE 10 A 14 H Y 25 W& BRI, 3253k 11-24 145

[

Number 1-25 means the sampling times from April 9" to October 14", the sorting of cluster 11-24 have been removed from

the table.

W2mtEE (9-15)6 H3HET7H 16 H, It
B AR IR RS, & AR B E TR £,
FEREARA AL . SARAE R | SR e e
PEIA AN T S B S, KRR P
DA | MRS | RIS B USRI 2
S AR LRI N

S5 3MTEE (16-19) 7 H 22 HE8H 12 H,
KA, (R L, BRHRRY B 4R A6 R |

T IR £ P 0 2H T A R ) B A
T, BRI A ARAEIT RN WA B B A
BRI S | RS | B USRI I R

Bt e R kA

% 4WTE: (20-25)8 H 22 HE 10 7 14 H,
BE SIRBEAL, F BRI Z L, (HRTHHE &
BORIRBOK, FEUNMEL. SHAE R S
e FRE (PRI SE  FPEECR A e s 9ok,
T ARG A, e o0 o 2 £ 2 ) A A
Koo DLRF, iR | RIS B U 2 R

HHRR L,
3 i

VA 1 5 T 5 7 Y A O S A
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(IPM) J5 2% HHTE 105 dL 2 o By 2 1 B 2 3
VSR, PV B ORI SR Bz Rl A AE B
HKFR, AREH Rl T3 R RS (O
TR, 2009 ), FHAREE (EBPM ) £%
DUEZS MR, ST “mipih &, BBk,
FAIRHL, RSUERGESR” R, A “VEY-FE -
REG IR PR tHEAEFC R &, FIAAL
Y ZFEERIYIRN BAE R AT, 7000 RHERE
FAEF, B HOR R B A — o I Y
(XIg, 2020; #X&EIERIFEE, 2020), AL,
L] i R B2 A 50 R R R B BRI, R
WH AT A W e A A T 0 R R SRR 9 1) ]
K RIEATRI A3, 208 4 B B L 5 R E A &
BT B O R R SE AT 25 S B 45 A RE A YK
Ko RALK, BAFRMESHESS O E
AN

] P A1 5% 24 4% T 45 30 0 i I I AN 8
WA, KT 2AFERE RET RN R NI
Ao BREAESE (2011) WAt B AR S AT
IR S K EAE 4-5 A AR K, X du s
IR 2, (A 2 ir i S Kz
] B P TEIE 2R o ANF 9T 36T 3 A BT R 1T 2
2 U RO VR 4540 R [R) 8 IR O TR
Py FhAE AN [R] B BTV DT ik i) E B AR B R A
PERT, X 24 B OB I DTRROR Y 2 0 U2
WF R (2R MR ) | R EL. &4
AE U | SR | A PEIESE . PSR
W H FE B, ST R REUE 4-5 A &AER)
AR S | BRI 7-9 A RAER
PR, 1T 3 SRS N A R A H AR
PtV P ok 28 X i) B 1) 22 A A1) 4 R AL AT
5% &)y HRITAR oy T A5 A T AT T 1Y AR
VEFH o 38 32 0 2 4 36 5 R BAORT % 17 MR A O
O30T, BB T A FR B U E B R K
o GEWIESIRRE, HZE | HIg | g
WS | Wik | B AR B R R A R
WHE B HRKRE BTSN F R R
AR OCHE, IRREOC R K%, HAEEM AR
HER, ZREZEAPFAN S

AT FEA B 43 B R AEAST TR S (8] W 1)

SER L, X ISl AR B RA R AT R 43 O
2 GRGSIAIERMK R, 1990; J¥H X, 2010 ).
F 9% B HUBEVR B (EIAK Sy, X T 4R 45 s 0 P
R R E KA PR B A S
SRR X (KB 5RaE, 2009 ), AHIFSE Xt 2.4
HH 5 U RO VA (R s RIS Rk T TR0y, 256
TG RPN LSS MMAEFR LR A
XAEFMMREH T, 00 4 TP B A
w4 U R T 43 R AR ) st B, e
I B PN ) T S R RN e A A S B AR A
o 4-5 Ay, ZABEEBEEIFRIT . B
AW, B NS T A R SRR
R F WS AR IR, BRI S| T R
U R R R AN Z RPN | e | R R
Pk AT Ul | DRI I Aot A B H R 9% = 22 PRl 2]
o MY R R . S MIAE Y R ERE, 1
B 454 | I AAR R SR SR AR IR R AR K
RH R M, JeE T E LA, 5 A
fzZGE, ARG, S NS iR
FPREBLI , (H s B 2 E R AL T 1R
o, g ARSI K, R 4
g, B 10 Ahar WazE kA R HEE
HUNAERAENT W | KRR EL A PRIAE | nflik
HEHESR (Emne ) ShIrRiRa &k,
INEE T X EARINE  FgGX e E i, KEP K
WIS | MU S | RS — P (4R AE
U 2 AR PR R ) FEAS RIS ) 34 B e s o [
I, HS5AMAIE, BEEREHSEESMALRE
JEREL A A SRR S R A, RRARTES
R A RUME e U A DR TR 340 3 ( G 288 35 1
R Rt Y A OFS SN ota Y Rl I S K 3 DI B e 1)
S5 A AN TRI A BE P R R R & B R S AT
Biif . e Ie s R B AR R HIVE
e s R e AR B, AT Sl I SRR B A
AW A S 22 R ) At % g3 (4
WE UK . nH bk | SR H P AN N RO 4 )
TR IR (A4, 2018; M-5hR%E, 2020)
5 HUJG, FHRMEASEN L, fepltamit
JUE R A K Ko TR, O AR 3 I 22 il
AR ] (AN 2 4 SE AR RN R 23 ) Rk
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PEPE HFA] e Hogomn SRR P BRI ) HE T
Bt (HLEFRSE, 2019; mt5itbnds, 2020) . 7E
PEATAR2E B IR, SR BT ARSI, DAk e
KAEH AR TG . Sioh, Bhnsm A BT B,
SR AR b R FH A 3 R B M A B BRI,
PR R 2= YK, P B 2085 A 3 B
(L3R, 2019), [RIAE, o n]7E 244 & BBl
IS G B IRAE A , ANARE R 24 1 FAR R L
PEALE Y I B AR E A, IR REN S | JE A
58 1) R A B Bl e [R] 4 ) 22 46 iy e, o
A2 2 BRI A R DAk 3 4 60 B 45 1 B Y
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