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Abstract: In order to determine the regulatory effect of four functional plants, i.e., Cnidium monnieri,
Brassica napus, Mentha haplocalyx and Ocimum basilicum, on cotton aphids and their predators, the
population dynamics of cotton aphids and their predators were determined by systematic field investiga-
tion and selective behavioral response trials in the laboratory. The results showed that the four function-
al plants could conserve predatory natural enemies such as Hippodamia variegata, Chrysoperla sinica

and Orius sauteri, among which Cn. monnieri could attract the largest population of predatory natural
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enemies, reaching 821 individuals. The populations of H. variegata and Ch. sinica on cotton next to Cn.
monnieri planting area were significantly higher than those in the control area, while the populations of
Aphis gossypii, Acyrthosiphon gossypii and Ap. craccivora on cotton were significantly lower than those
in the control area. The population size of Ch. sinica on cotton next to B. napus planting area was signif-
icantly higher than that in the control area, and that of Ac. gossypii on cotton was significantly lower
than in the control area. The populations of H. variegata and Ch. sinica on cotton next to Mentha haplo-
calyx planting area were significantly higher than those in the control area, while the populations of Ap.
gossypii and Ac. gossypii on cotton were significantly lower than those in the control area. The popula-
tion sizes of Ac. gossypii and Ap. craccivora next to Ocimum basilicum planting area were significantly
lower than those in the control area. The populations of Ap. gossypii and Ac. gossypii had a significant
negative correlation with the total population of predatory natural enemies. The plant volatiles of Cn.
monnieri and O. basilicum significantly attracted H. variegata and Ch. sinica. The plant volatiles of O.
basilicum and M. haplocalyx tended to significantly expel the winged cotton aphids. The results indicat-
ed that the functional plants Cn. monnieri, B. napus, M. haplocalyx and O. basilicum could conserve the
natural enemies in cotton fields, while M. haplocalyx and O. basilicum could also expel cotton aphids
and be used for ecological regulation of cotton pests and natural enemies.

Key words: functional plant; cotton; aphid; predatory natural enemy; selective response; Cnidium mon-

nieri; Brassica napus; Mentha haplocalyx; Ocimum basilicum
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Fig. 1 Population dynamics of main predatory natural enemies on different functional plants
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Fig. 2 Population dynamics of main predatory natural enemies on cotton in different functional plant planting areas

B R A1 bR iR . Data in the figure are mean+SE.
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Fig. 3 Population dynamics (A) and decline rate (B) of Aphis gossypii on cotton in different functional plant planting areas
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P e - R bR iR

AN /ING b2 7R AN [] b 3 ] 9 1R %2 28 Duncan [CHT 52 4% 22 146 55 2 57 b 3 (P<0.05) -

Data in the figure are mean+SE. Different lowercase letters indicate significant difference among different treatments by Duncan’ s

new multiple range test (P<0.05).



140 28 FUAE « ANIR] I REREAI X AL M R HA P R 5 ) 45

233 MEHFRAEHS

A DI BEAE P IR XA AL L RO B DX A6 AR
PSR (R e P 25 S B 3 (F, =9.645,P=0.001) ,
v PR AR X R SR DX AR AL AR R A
b ZE AT X R DX A A AR R (e IR 5 ws X
M. F =25.737,P=0.007; % ) vs X} I . F, =15.866,
P=0.016) , 7} S FAE DX N far FPAE DX Al A L OB AE
B 50 R XA AE b R 250 34 T W 25 22 5 (Il
3 vs X IR L F, =0.566, P=0.494; W fif vs X IR . F, =
1.092,P=0.355), FREEMALERS/INX A R A R AR —
H, T e LAaIFHG & FE6 H 20 H ik 25, bl

3 —— WPRE Cnidium monnieri A
~ 8§ ~ 350 —o— W3EBrassica napus
Kz —— R
S S8 280
= S Mentha haplocalyx
RS a0 =28
N Ocimum basilicum
i S'S 140 b —— X Control
gy
555 01
Eﬁ —g E 0 - = L
E2 5-31 6-10 6-20 6-30

HEH# (H-H) Date (month-day)

Jo B TR (EIS5-A) o TEAR BRI & A g (6 A
20 H ), e PRSF{R XA AL L 0% iR 250 i A (g 35 IK
TXFRRIXARAE AR (F, ,=22.082,P=0.009),
T B R DX A A L RSO b 25 (IR T B IX AR A
R R RO (F, =13.515,P=0.021) . A& TR
DXARAE , dr PR R PURE DX A A6 i A Ao B ) i AR 6
515, K 77.21% , FUR I 5 R XA A6 A SR
FRRE R0 22, H 56.56% , T 3 14 b 35 5 T S b
AL DX 6 AL DX AR A6 L A SR R R R 2R, 4y
UL R 19.17% F1113.89% (& 5-B) .

|

IBRE  WisK
Cnidium Brassica Mentha — Ocimum
monnieri  napus haplocalyx basilicum

—_
D x® D
S & S
1
o]

WIBZ Decline rate/%
~
[

N
[=R
T

E5 FAEINEEEMMERBE LSRR EHEA) RRIEBEB)
Fig. 5 Population dynamics (A) and decline rate (B) of Aphis craccivora on cotton in different functional plant planting areas
P rh B8l Ay - B e bR R o A [R] /NG S R SRR AN [ b PR ] 96 48 28 Duncan [R5 A0 22 B AG B0 22 5 .25 (P<0.05) .

Data in the figure are mean+SE. Different lowercase letters indicate significant difference among different treatments by Duncan’s

new multiple range test (P<0.05).

2.4 R EHEURB S RMEEEXE

A Xk 4 Foft D) BEAR ) b XA AE R B XA
AE LA B P RO ORI [R]85 dRh R A e
FHIRIIIT , ¢ B 508 R A I0F A b AR R0 2 5 4

BEVERBOR R LA, AR AR 2 1 b
TR P B P BRI g 2, 24 5
3 U GG R (B 6-A~B) ; T Al SR Rl B £l i 5
EMERFUS A W JE B E A (K 6-C) .

E WRUF Aphis gossypii WRKEYF Acyrthosiphon gossypii W BYF Aphis craccivora

=8 33ra 3=-0.514x+4.011 24rp 3=-1.616x+4.575 26rc | .

i = . R=0367,P=0.017 - . R=0377,P=0015 o

'E',‘.'S Y . S, Ce

Bz 31 . 1.6 . L8F y=-1.633x+4.942

X8 . R=0215, P=0.082 -

% g 1 1 ° 1 J 1 1

S 2 3.0 12 1.6

<515 16 17 18 19 15 16 17 18 19 15 16 17 18 19
i

lgGE B HERBEE+1) lg(Total amount of predatory natural enemies+1)

Elo W LHRMRHESHRFMBFLENTZENBEXXER

Fig. 6 Correlation between population sizes of predatory natural enemies and aphids in cotton fields

2.5 HRNFR AR B TR T A R
2.5.1 AHRMEREIT R R E A0 T B0 R AT A R

s DR R AR R T AR R0 SR A
(W 51/ T (O« 42=5.120, df=1, P=0.024; I . 2=
3.920,df=1, P=0.048) , H.H 483 04 | Ik i M XF
HAY PRI B E 22 5 (42=0.044, df=1,P=0.834) ;

I R B AR AR T 22 S I ke e R A I 2 I |
Y P (HfE + 22=9.680, df=1, P=0.002; Hfi : 7>=8.000, df=
1,P=0.005), H 2 5 S0 HUME Afl i HO6 H e 8 280
225 (42=0.049,df=1,P=0.826) (K 7).,

B BRG] Hh A A A 2 e T
FH(2=6.480,df=1,P=0.011) , %t o A 38 F5 04 I g 1



46 N7/ B VTl O 51

JC W5 I (42=2.000,df=1,P=0.157; ) , HHh4E
I R R B T A B R T R 2 e (2=
0.694,df=1,P=0.405) ; & R MR AT 22 5 B RUE iRl
M BA 8 09 51 /E T Cie < 42=3.920, df=1, P=
0.048 ; i : v2=3.920,df=1,P=0.048) , H 22 55 du i |
T R O LR 380 35 25 57 (42=0.000, df=1, P=
1.000) (&17)

w WEEREL Cnidium monnieri 0 Xt Control
BRI (D)

Chrysoperla sinica
(male)

HARIE ()

C. sinica (female)

ZRBHI)
Hippodamia variegata
(male)

ZRBR(Q)

H. variegata (female)
80 60 40 20 O 20 40 60 80

ns

ns

n T8 Ocimum basilicum 0 %FH Control
BB RIS ()

C. sinica (male)

BN ()

C. sinica (female)

FRIMB(D)

H. variegata (male)

ZRIAQ)

H. variegata (female)
80 60 40 20 0 20 40 60 80
HB#EER Selection rate/%

E7 EEMHRMERBMERER F $ERIIERETA R M

Fig. 7 Olfactory behavioral response of main predatory natural

ns

ns

enemies to Cnidium monnieri and Ocimum basilicum plants
R s o E O RSP S S TEZR SR L raFN e =
.3 (P<0.05 H1 P<0.01) , ns 3/ ] — & HROME B AR 22 1] 28
RITR I IEK R 22 5 A B3 . * or ** indicates significant
difference between treatment and the control by y? test (P<0.05
or P<0.01); ns indicates no significant difference between fe-

male and male adults for the same insect by »? test.

252 ARIFAFT T $)Fe G AT 09 L BFAT A RS

% AR AR AT (CF 0 ) A S 3 1 IR s A FH
(2=8.000, df=1, P=0.005 ) ; JH fuf A2 A% X 417 45 (45 38
ef )t At 3 A BKREFE F (2=11.520, dF=1, P=0.001)
(K8

3 iTig

AN RS R G, DI RER Y T LA ik £
FEPE IR 5 e S R BORh RS sl AR S R S
T RE R 55 (X 2R 45,2012 &S, 20145 Fh &
SRAE,2017) o AR AR AG Y AT Hp SR 7 Ok 7

SN, BT AR DA T AR AL B s Az 2]
Tz 0 (Chi et al., 2021) . ASAFFE A R FE
P A IR SRR FH A T REAE A7 PR R =
Xof 5 H A IR 3R 1 FH 1) T B8 AR A T r A0 B 80, AW ]
LIS AR F B A ) 2R | IR BE IR R B P R, 3K
R AR L, LSS 060 R AR 0 R AR B P R R R
TR AE T, 45 3R R X 4 Rh I RERE WU FRRE IR R 22
S Dy BER | AR S AR/ INE s ORAR
T ULF I TN — SR AL IR A4l B P R, P AR B
TR 22 S T | AR E RS R AR /NI s H
P K EE DI REAE DRI XA AL L ORI R AR
FxF BRI AE L R AR A — e R R s
AR ACAE HAE D e P PR XA AL L R FR 4R A
BT R IX AR AL ARG A — e R R
o KL, 5A/EEYIAR L, R D AL T K
PEALE Y IR AING S 0T, B I E A AR
TG 5 K O A A I AOCR (Hatt et al.,2017) .

X7 H& Control -| B8 Ocimum basilicum

| k%

XFH8 Control | A Mentha haplocalyx

| *okk

L 1 Il Il | 1 Il J

80 60 40 20 0 20 40 60 80
HFER Selection rate/%

E 8 HRUFXS T B R E AR AR RIT O R
Fig. 8 Olfactory behavioral response of Aphis gossypii to

Ocimum basilicumyu and Mentha haplocalyx plants
S S 7 o IR 5 A 2 [ 26 R i e 2
5 3% (P<0.01 FIl P<0.001) , ** or *** indicates significant
difference between treatment and the control by y? test (P<0.01
or P<0.001).

TEAR FH A DD BEAR ) v] LA 20 5 | KR K
TS F A A AR AT, DO RBAR Y 8 H RE S KT
BEAERY ALE RS D FE B YRR AR T R
AR R B MBS O EIR5E,2019) . [0 H 2514
BACHNEM , AT R BERS b , 74 H A R
A ) H2E AT LAAT A58 im0 E Y R
(Bredeson & Lundgren,2015) ; YA H H A 5546 &
& Medicago sativa ] L5 | K 55 (%) K&, IF o KL
B PG S5 7 (Bastola et al., 2016) . AHF 52 ik
I 4RI REAE Y, MR EL IR SR ) KO I %
X AL T 3 g a4 i ROR R 43X 5 e R
REMC | REHFEA —E K&, Cai et al.(2020) B
TSR W R BRI 1T 45 L A S X —. L



140 S LA ANIR] I RERE AR AR AL H R HA P R 47

AFNER = AR 5 | il B 1 K S €0 S R, Harmonia
axyridis ; 1 RIS (2018) BF 5%t & PR PR HE fiE R 20
HAFERAEAE NS 0% K 237 I , #6242 RIS Fh AR g
PRGECRT 38 T S 1) 22 R A, s X /N A7 i H
FETIER- . BeAh, ZEsEa T+ iR EF 4 A
N AIRERR, 6 A b A e AR, e PR A 46 AT
REHEHER T B BEIR , MR AL L 3 R iy &
A SR PREE B AE SR E A, DL PR A ) T4
HERTAR AL O AR P4 ROR o AR IR ATl ST
RS, A B i S ofe i i R B, A
A B, AR RN R AR ) A GREZRFIE &
A,2019) . ABFFEHIIRER YR T 4 H rh R RER,
5 AN AH#EAAEI, T HAE R H RS BB R
TR AL 723 SR A P T, 22 S R A A
W AE IS I fedfe & AR AR B 1 0 L BEAA &%
TR F A HH R0 R, I A AR P ) A R AR B
TEAR H B bl Ak 5 A 3K A AR FH AR ), R
X B AE ) B R R ASOR AT DA B K ke A R AR el
Mo RGHRE R 0 KR R B B TEA
FH TR] A s AT A RICHCREATR I5F , A S A e A it ol 1
119%~87% (Chi et al., 2021) ; &' ) G& A5 2 0K 38 IF i
Brassica oleracea H " 1¥) Bk H | 52 B8 1 2} 50 157 1k
Spodoptera litura 553 W, Vil % H R E (Moreau et al.,
2006 ) 5 TEAL ] [B) VF 007 A1 25 8 EAE A R0 AIRIE B
PR B CR 4945, 2010; A4, 2010) . A5
I A 0025 A S T AT R A FE ] L
AR ITEMR I RS W I 2 AT (6 H 10 H) 3
far I B R AR XA AL L 2 A FR AR B A T At
YR Y i AE DX AR AL T R BB XA AR b B R R R
T, 3K 5 R AR AT HCRL D DR EH Sh e AR AE SR A
WA AN 2P A G T A RIS A5 SRR I, i far AN
SRR AR T AR ICF (A7 R ) A7 10 25 ) BIKSRE RS, 3 5 1
(B A 3T e by AR 55 Ml X A A A7 B A FH 10 285
R—3, DL, 7E ()R A A & 30 38 ar 15 H o g
TR — e A B R, U R TR R A —
BB 1Y 22 IO | AR RS FAE /MR | 3X
AW B R R R A W | 2 S5 B R AR
1 I R TR RO A SV G T ar AL Y
TeM BAL A R K E R R 57 K il
BEEH I SE DIRE , A RERE L EE R ARG, ATk
2| A= W 12 46 B RO (Batista et al., 2017; Hatt et al.,
2019; #7345 ,2023) o PR, FEAR AP AE D) BEAE S
VAT 02 AN (SR X Al A6 0t B 3KREAE L iR fig
R R BRI Y 0T IR RN 237 T, 1 i X A FH A

LR FL AT e XA AR AR 7

TEA A D RERE 0] 7 R M HER AT A= 35
PR, Hee ORI SRR B R 28 S e A
RIANE . FEAOV B R G, B BRI B Rl
B AL T — A sh BB R, R A2 % 2 R 1)
SO FEM DI RERE HEA T A A PRI, i R B3
AR T RECAR T F AL RIS, DLRcR
WARAE DRI RE . N — POk A S
FEFMAE B RLARAL BLBRAL B BE AL AN Bk &
e, 8 DX R RO VG el Pl e DA D REAE ) A Je)
AR g XA TH SO A A 04 35 AR 55 DI BE

£ % X Wt (References)

Basedow T, Hua L, Aggarwal N. 2006. The infestation of Vicia faba L.
(Fabaceae) by Aphis fabae (Scop.) (Homoptera: Aphididae) un-
der the influence of Lamiaceae (Ocimum basilicum L. and Sat-
ureja hortensis L.). Journal of Pest Science, 79(3): 149-154

Bastola A, Parajulee MN, Porter RP, Shrestha RB, Chen FJ, Carroll
SC. 2016. Intercrop movement of convergent lady beetle, Hippo-
damia convergens (Coleoptera: Coccinellidae), between adjacent
cotton and alfalfa. Insect Science, 23(1): 145-156

Batista MC, Fonseca MCM, Teodoro AV, Martins EF, Pallini A, Ven-
zon M. 2017. Basil (Ocimum basilicum L.) attracts and benefits
the green lacewing Ceraeochrysa cubana Hagen. Biological
Control, 110: 98-106

Bredeson MM, Lundgren JG. 2015. A survey of the foliar and soil ar-
thropod communities in sunflower (Helianthus annuus) fields of
central and eastern South Dakota. Journal of the Kansas Entomo-
logical Society, 88(3): 305-315

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

Cai ZP. 2020. Effects of ecological regulation on spirea aphid (4phis
spiraecola) and predatory natural enemies in apple orchards by
three functional plants. PhD thesis. Shihezi: Shihezi University
(in Chinese) [#822F-. 2020. = R0y fE AL XoF 39 L el 45 2 35 1f
LHAHEAER TR L2 Gag S0 A A3
K]

Chen ZJ. 2021. Population regulation of Ocimum gratissimum L. vola-
tile on Apolygus lucorum and natural enemies in tea plantation in
Shandong Province. Master thesis. Tai’ an: Shandong Agricul-
tural University (in Chinese) [FRiIFZE. 2021. T &2 ¥4 L Y5t
LLAR 255 bl ¢ 7 e R R R AP I PP A a8 3. 3R
LR K]

Chi BJ, Dong HZ. 2019. Prevention and controlling effect of intercrop-
ping on pests and diseases and its risk control in cotton fields.
Cotton Science, 31(4): 341-351 (in Chinese) [IR A&, T A .
2019. [ () VXA FEJR ML ) Bl 42 A0 e HEXURS: il . A AE



48 iR/ AN S 514

224, 31(4): 341-351]

Chi BJ, Zhang DM, Dong HZ. 2021. Control of cotton pests and dis-
eases by intercropping: a review. Journal of Integrative Agricul-
ture, 20(12): 3089-3100

Ge F, Ouyang F, Zhao ZH. 2014. Ecological management of insects
based on ecological services at a landscape scale. Chinese Jour-
nal of Applied Entomology, 51(3): 597-605 (in Chinese) [,
WREHDT, BA5EHE . 2014, BT 55 DI RERY B s A= A BEIE . N
R MR, 51(3): 597-605]

Gurr GM, Wratten SD, Landis DA, You MS. 2017. Habitat manage-
ment to suppress pest populations: progress and prospects. An-
nual Review of Entomology, 62: 91-109

Hatt S, Lopes T, Boeraeve F, Chen JL, Francis F. 2017. Pest regulation
and support of natural enemies in agriculture: experimental evi-
dence of within field wildflower strips. Ecological Engineering,
98:240-245

Hatt S, Xu QX, Francis F, Osawa N. 2019. Aromatic plants of East
Asia to enhance natural enemies towards biological control of in-
sect pests: a review. Entomologia Generalis, 38(4): 275-315

Huang Y, Wu PZ, Zheng JY, Zhang Y, Qiu LH. 2022. Status of resis-
tance to chemical insecticides in cotton bollworm Helicoverpa
armigera and research progresses on the molecular mechanisms.
Journal of Plant Protection, 49(1): 336-350 (in Chinese) [ # =,
SR, K, SE, IS 2T . 2022, R4S B Al A SR Y
BUHEBUIR B o AL B 5 2E e . A DR AP 274, 49(1): 336
350]

Jaworski CC, Xiao D, Xu QX, Ramirez-Romero R, Guo XJ, Wang S,
Desneux N. 2019. Varying the spatial arrangement of synthetic
herbivore-induced plant volatiles and companion plants to im-
prove conservation biological control. Journal of Applied Ecol-
ogy, 56(5): 1176-1188

Jiang YY, Liu J, Zeng J, Xia B, Lu YH. 2021. Monitoring and forecast
of cotton pests in China: a review over the past 70 years. Journal
of Plant Protection, 48(5): 940946 (in Chinese) [ L %, X7,
WA, BUK, BEEERE . 2021, R IEIAR AL T Ol 70 4F [l AR
PRI, 48(5): 940-946]

Li JH, Li HQ, Yang F, Wu YK, Zhang JP, Lu YH. 2021. A molecular
detection approach for assessing cotton aphid-primary parasitoid-
hyperparasitoid food webs in Xinjiang, China. Journal of Plant
Protection, 48(5): 970-979 (in Chinese) [254x £, 251G, #1L,
S, SR, BESORE . 2021, SRR B -2 A e )
LER A TR R R . AP IR 254, 48(5): 970-979]

Li N. 2021. The influence of different pesticides on cotton aphids and
natural enemies in Xinjiang. Master thesis. Urumgqi: Xinjiang
Agricultural University (in Chinese) [Z2=#5 . 2021. A [a] % gt 5%}
BT SRR FH IS R R TR A A RS . W22 e . BE R
I WA ]

Liu JP. 2021. The response of Aphis gossypii and Acyrthosiphon gossy-
pii from Xinjiang cotton-growing region to heat stress and its
molecular mechanism. PhD thesis. Beijing: Chinese Academy of
Agricultural Sciences (in Chinese) [XI| 4z % . 2021. 5 S AH X A
SO RIS B 0T v R AL PRI R N 2 53T LA . (LA i S

Jemt: tp LA BT

Lu YH, Liang GM, Zhang YJ, Yang XM. 2020. Advances in the man-
agement of insect pests of cotton in China since the 21st century.
Chinese Journal of Applied Entomology, 57(3): 477-490 (in Chi-
nese) [FfiE %, BEAA, TKoK A, BT . 2020. —+—{it2i LA
AR B B S R . R AR, 57(3): 477-490]

Luo JY, Zhang S, Wang CY, Li LM, Li CH, Cui JJ. 2014. Ecological
effects of different trap crop to sucking pests and natural en-
emies in cotton fields. China Cotton, 41(8): 14-16 (in Chinese)
[HETRE, sk Ih, 4 X, B, L, B4 2014, AFTE
AEAE Y0 A PR P 5 e R TR A 2 LA . b A
1E, 41(8): 14-16]

Ma XM, Liu XX, Zhang QW, Zhao JZ, Cai QN, Ma YA, Chen DM.
2006. Assessment of cotton aphids, Aphis gossypii, and their
natural enemies on aphid-resistant and aphid-susceptible wheat
varieties in a wheat-cotton relay intercropping system. Entomo-
logia Experimentalis et Applicata, 121(3): 235-241

Moreau TL, Warman PR, Hoyle J. 2006. An evaluation of companion
planting and botanical extracts as alternative pest controls for the
Colorado potato beetle. Biological Agriculture & Horticulture, 23
(4): 351-370

Pan MZ, Zhang Y, Cao HH, Wang XX, Liu TX. 2022. Research pro-
gresses, application, and prospects in aphid biological control on
main crops in China. Journal of Plant Protection, 49(1): 146-172
(in Chinese) [¥& B, TR B, WHH, TAA, XA 5. 2022. 38
] F= AN o e A= Wy BRI Y0 e N S e B R AR
Fr12E37, 49(1): 146-172]

Redlich S, Martin EA, Steffan-Dewenter 1. 2018. Landscape-level crop
diversity benefits biological pest control. Journal of Applied
Ecology, 55(5): 2419-2428

Siddiqui S, Abro GH, Syed TS, Buriro AS. 2018. Influence of trap
crops on management of insect pests by exploitation of heterop-
teran predatory bugs in cotton. Pakistan Journal of Agricultural
Research, 31(3): 274-278

Song BZ, Wang MC, Kong Y, Yao YC, Wu HY, Li ZR. 2010. Interac-
tion of the dominant pests and natural enemies in the experimen-
tal plots of the intercropping aromatic plants in pear orchard. Sci-
entia Agricultura Sinica, 43(17): 3590-3601 (in Chinese) [ &
St FIEM, flz, WhAm, SRrse, Z24R %0 . 2010. B4 bel 35 A AH
YIAE X F2 2 H M R RO A R L RO, 43
(17): 3590-3601]

Song HY, Li LL, Song YY, Ouyang F, Yu Y, Hu CL, Lu ZB, Men XY.
2021. Effects of cotton planting area and fragmentation on the
abundance of cotton aphid Aphis gossypii. Journal of Plant Pro-
tection, 48(5): 1069-1074 (in Chinese) [ AV IHE, AX AN A, A 42
=, BRBHDY, T8, WIREE, gk, 112%00. 2021, A AELE 5w
TR B R T A o A o K 1 5 T . A ) DR 2 A, 48(5):
1069-1074]

Sun MM, Chen JH, Yao HY, Chai WG, Chen RX. 2016. Repellent ef-
fect of 7 non-host plants on main cabbage insect pests. Acta Ag-
riculturae Zhejiangensis, 28(8): 1374-1380 (in Chinese) [ 7}
Mg, PETTAE, BRZIAE, Sefh e, PRAETHE . 2016, LRP-IESF AN



140 S LA ANIR] I RERE AR AR AL H R HA P R 49

HE R MO T AR TR 4R, 28(8): 1374~
1380]

Sun YR, Luo XL, Zeng YY, Zhao ZH. 2017. Types of functional plant
and its bio-controlling effect in agricultural landscape. China
Plant Protection, 37(9): 21-28 (in Chinese) [#) T2, % 134,
VRS, BEEAE 2017 A TS D) REAH A 9 28 B B H A
FVEH . TP EROR S, 37(9): 21-28]

Wang W, Yao J, Li HB, Zhang Y, Wang D, Ma GL. 2011. Comparative
study on conservation of natural enemy in cotton field by differ-
ent rapes in Xinjiang. Plant Protection, 37(3): 142-145 (in Chi-
nese) [ A, B2, 255 72, sKHi, AR, HhIE 22, 2011, 4 M4
SRR ) it I SR E A I 45 15 T RO LTS . A 4
17, 37(3): 142-145]

Wei W, Kong Y, Zhang YP, Wang MC, Li ZR, Yao YC. 2010. The rela-
tionship among aphids and natural enemies in the different aro-
matic plants intercropping plots of pear orchard. Acta Ecologica
Sinica, 30(11): 2899-2908 (in Chinese) [B4#1, L=, K EM, £
S, 2SR, AR . 2010, FLGE S AR D 0y 5 KA
FBENIAHELIC R L AEASA4E, 30(11): 2899-2908]

Wu N, Zhang YD, Cai XH, Shi YH, Han R, Wang JG. 2020. Studies on
the activities of related enzymes of Aphis gossypii after feeding
cotton damaged by Acyrthosiphon gossypii. Xinjiang Agricul-
tural Sciences, 57(11): 2056-2064 (in Chinese) [ %=1, 5Kk T 4%,
BRIGE R, SR, B, RN, 2020. AR IRCE AR & 1 6
FRAE ST A DGR T BB, 57(11): 2056-2064]

Yang QF, Ouyang F, Men XY, Ge F. 2018. Discovery and utilization of
a functional plant, rich in the natural enemies of insect pests, in
northern China. Chinese Journal of Applied Entomology, 55(5):
942-947 (in Chinese) [#7 R W, BRFHFF, 172400, Xk . 2018. b

e KR D REA 0 A B 0 0 B R, 55(5):
942-947]

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 R, BRBHFY, 12400, ik .

2020. TREAAAAE R J7 MBS S B . o T R AR,
57(1): 41-48]

Yang YJ, Li S, Fang Y, Wang S, Yue YL, Gu JJ. 2023. Olfactory behav-
ioral response of Chrysopa pallens to aromatic plant Ocimum
basilicum and its major volatiles in different periods. Journal of
Environmental Entomology, 45(4): 1063-1071 (in Chinese) [#%
SMEE, AR, D, R, S, R . 2023, KEIEXT AN
I 55 A 400 I 5 M OF T A S ) S AR WL A5 R SO 3
Bi R A4, 45(4): 1063-1071]

You SJ, Zhang J, Li JY, Chen YT, Liu TS, Niu DS, You MS. 2019.
Theory and practice of utilizing biodiversity to enhance pest con-
trol in agroecosystems. Chinese Journal of Applied Entomology,
56(6): 1125-1147 (in Chinese) [Ji 12, 3KAS, 254: 7, il
XUFRA:, 45T, TuRA: . 2019, FI A Y ZREE R fil fE) & i
MBS 2 N R 2P, 56(6): 1125-1147]

Zhang XR, Ouyang F, Su JW, 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

Zhao ZH, Ouyang F, He DH. 2012. Edge effects and spillover effects
of natural enemies on different habitat interfaces of agricultural
landscape. Scientia Sinica (Vitae), 42(10): 825-840 (in Chinese)
[ER 2l RRBHDY, BRI . 2012, 4R WL b oA [] A 155 55t 1 2
UF R T T 5000 5 i T RN . o IR AR AR, 42(10):
825-840]

Zhao ZH, Ouyang F, Men XY, Liu JH, He DH, Ge F. 2013. Habitat
management in biological control. Chinese Journal of Applied
Entomology, 50(4): 879-889 (in Chinese) [#X 254, BXFHF5, ]
NI, XA BRI, K. 2013, A B AR Pk A W B i
Y & ST I . o B ML 224k, 50(4): 879-889]

(A=Y = £95)



