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The effect of intercropping wheat with
broccoli on the natural enemies of wheat pests
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Abstract [Aim] To investigate effect of intercropping wheat with broccoli on arthropod communities, and thereby assess
the potential of broccoli as a functional plant for pest control in wheat fields. [Methods] ~Sweep-netting, pitfall trapping, and
Malaise trapping were used to determine the composition of arthropod communities in wheat fields that were intercropped
with broccoli, and in wheat monocultures, from April to May 2024. DNA barcoding technology was used for species
identification, after which community structure parameters were analyzed. [Results] A total of 25 insect species belonging to
6 orders were captured, including 12 natural enemies of wheat pests and 13 pest species. In intercropped fields, both the
number of individual arthropods (539.88+16.70) and the Shannon diversity index (2.37+0.03) were significantly higher
than in wheat monocultures (345.61+£8.33) and (1.89+0.29), respectively (P<0.05). Populations of Aphidius gifuensis and
Episyrphus balteatus, two major natural enemies of wheat pests, were significantly higher 94.4% and 151.0%, respectively
(P<0.01) in intercropped fields than in monocultures. [Conclusion] Intercropping wheat and broccoli can significantly
increase the abundance and diversity of natural enemies in wheat fields. The significantly higher abundance of A. gifuensis

and E. balteatus in intercropped fields suggests that intercropping can enhance the biological control of pests, such as
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wheat aphids.

Key words wheat; broccoli; ecological pest control; natural enemies; community diversity
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Fig. 1 Field intercropping mode of broccoli and wheat
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corythus; ¥ HF HAFEE B Phyllotreta
striolata . /WiEWH Phaedon brassicae 1205

R4t Anomala chamaeleon .

x1 TEMERXTRXIERNMLERRYE

Table | The species composition and quantity of natural enemy insects under different planting modes
PG 22 4E-/NA2 [l A= /NZE A
Broccoli and wheat intercropping field Wheat monoculture field

onte spﬁies b (3 DERHIXEERE (%) i () RN

Number (ind.) Relative Number (% ) Relative

Abundance (%) (ind.)  abundance (%)
JisEH H B 25 4E % Collyria catoptron 26 1.59 6 0.58
Hymenoptera e g tleiodes sp. 50 3.06 43 4.15
NHAF HWE Aphidius gifuensis 311 19.04 160 15.43
W# H Diptera BAHFEWTNE Episyrphus balteatus 128 7.84 51 4.92
fHM E WA Callistoides pericallus 0 0.00 1 0.10
Coleoptera FATHW Anoplogenius cyanescens 4 0.24 0 0.00
INEEEN R Menochilus sexmaculata 51 3.12 41 3.95
SOOI R Harmonia axyridis 4 0.24 8 0.77
B (2 R Staphylinidae latreille 9 0.55 9 0.87
ik H WA DR Lycosa pseudoamulata 10 0.61 12 1.16
Araneae J\BEBRIE WK Theridion octomaculatum 5 0.31 1 0.10
B I Ummeliata insecticeps 244 14.94 204 19.67
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Table2  Speciescomposition and quantity of pests under different planting modes
VY= A6/ NE IR /NAE AR
Broccoli and wheat intercropping field ~ Wheat monoculture field

OEler spiqc:jes Bom (%) WFMHXTERE (%) #Hiw (k) WRRExXT R

Number Relative Number (% ) Relative

(ind.) Abundance (%) (ind.)  abundance (%)
i H T ALEE Chilo suppressalis 13 0.80 15 1.45
Lepidoptera INSEWR Plutella xylostella 227 13.90 107 10.32
SRR Pieris rapae 95 5.82 28 2.70
KR IE Macroglossum corythus 2 0.12 3 0.29
fixs# H Hymenoptera SR3EZEM 1 Athalia lugens 6 0.37 3 0.29
3 H Bk Phyllotreta striolata 18 1.10 8 0.77
Coleoptera /NEMH Phaedon brassicae 69 4.23 8 0.77
LA F M4 Anomala chamaeleon 1 0.06 1 0.10
[7)38 H & X BF Schizaphis graminum 252 15.43 303 29.22
Homoptera BE¥F Myzus persicae 70 4.29 0 0.00
M H i .45 Megacopta cribraria 4 0.24 2 0.19
Hemiptera 1S W2k WE Riptortus pedestris 2 0.12 4 0.39
Wk H Araneae FEE IR Clubiona vigil 15 0.92 10 0.96

[F)3 H 3 AL 2 F, (R 2, 7EIE
FH 0B AE by G R OO 19.72% F
29.22%, Hi, & XUWF Schizaphis graminum
AT, BREFATE B4R F B

22 BRGNS

221 RBEBELSGH VU E-/NERERR
5B A AREL (539.88+16.70 ) kB E ST
/NAZ PRI (345.61+8.33) k] (Fy o= 1431,

P=0.0069 ), Shannon-Wiener ZFEVEF8E7E [RIVE

M (2.37+0.03 ) @& & THMER (1.89+0.29)
(Fio= 2.233, P=0.027 ), PifhFhAEAE LR
Pielou 5] FE 4648 ( P=0.524 4 ) 1 Simpson i
SR PEERL (P=0.390 0) EREXER (£3).
222 REBEEAFM  KEBEEHT s,
FH 4 KB MR (188.67+5.36) kB EE T
FAPEM[(132.67+£6.35 )3K]( F1,=313 6, P=0.000 3 ),
(LR = N A=V S NI o £ U A = G e i
(P=0.728 0 ). ¥5JRE4E% (P=0.8929 ) FILHE
FEE (P=0.9750) B TLE 2R (K 4).

®3 BEER/NEEEHBEKRBEHZELENSH
Table3 Theathropod community characteristicsindex of broccoli-wheat inter cropping field
s " s (o EFE % 5] 8 CHE TSR
it MRS AR (L) EZ RSk (=5 : LI EERREL ﬁl:%’“f;i*aé&
Planting patterns Species  Individuals (ind.) Shannon ~ Piclou evenness Simpson
" diversity index index dominance index
Vi22 48 5 /N2 H4EH Broccoli and 22.67+0.88 a 539.88+16.70 a 2.37+0.03 a 0.76+0.01 a 0.12+0.01 a
wheat intercropping field
/NZZ B/EH Wheat monoculture field  20.00£1.00 a 345.61£8.33b  1.89+0.29 b 0.63+0.09 a 0.12+0.04 a

R AR, [ SRR AR R R BF 2SR (P<0.05, BUNZRTy 20 ik ) o FRR.

Data in the table are presented as mean+SD, and followed by the different letters within a column indicate significant

difference (P<0.05, Two-way ANOVA test). The same below.
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Table4 Theathropod community characteristicsindex of natural enemiesin broccoli-wheat intercropping field

Fi At WS AR () ZREVERREL  BSIEEAREL IR
. . . . Shannon  Pielou evenness Simpson
Planting patterns Species  Individuals (ind.) diversity index index dominance index
PG 22 46 5 /N ] /E H 13.00£1.16 a 188.67+5.36a  1.63+0.03a  0.67+0.0l a 0.09+0.05 a
Broccoli and wheat intercropping field
/N BAE T Wheat monoculture field  11.33+0.33a  132.67+6.35b  1.66£0.05a  0.70£0.02 a 0.060.06 a
223 FEXHBETH FEWFFEET, 3 i

JRIF e | B HUYARER Ummeliata insecticeps Fl
AT BRI O LR RS, o, AR e
TEMEE R A% (103.67£3.93) kB FE T
BRI (53.3342.60 ) k] (P<0.01); Mg
W TE BV PP A B[ (42.67+4.63 ) Sk 1 3
E AR (17.00£2.65) 3k] (P<0.000 1), £
M VR 9 kA ] A T A i Bt [ (81.33+3.93) k]
BT HAEI (68.00£6.66 ) k], HZEHA W
F (P>0.05) (E2).

o P2 AES/NE EEH
Broccoli and wheat intercropping field
N AR
150 Wheat monoculture fieldns
5 k3 ns ok
g
A 8100 - 1
i &
& C
H 8 L
m _g 50 |_1_‘
3
Z
NN |

R L

E. balteatus  U. insecticeps  A. gifiuensis

FERREFR

Species of main natural enemies

2 A= MNEHEMEEXRFHE
Fig. 2 Number of natural enemiesin
broccoli-wheat field

PR b 2E, RS RN RE RS
(% P<0.01, % P<0.000 1, WHZE 7 2 WKL)
ns FAREFAREE (P>0.05, WHEFZHSIERR) .
Data in the figure are presented as mean+SD. Asterisk
indicates significant difference (¥* P<0.01, ****
P<0.000 1, Two-way ANOVA test), ns indicates no
significant difference (P>0.05, Two-way ANOVA test).
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FEAHIVER, X5 Hogg (2011) W5
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FAAT o Ao e O WIE 52 BE A ka7 A 22 — g
(ARAEH, 2012), MiHAE R H A8 g i
($&55 94.4% ) Tis % R AP tg 1. [H
i, SR B AR 1 R T (3R 151.0% )
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A RN TE AL RS o ASBFFTUE S T HX R AL
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