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Effect of maize-soybean intercropping on maizeyield and
arthropod community composition

ZHANG Man~~ LIU Quan-Jun TANG Yong-Yu LIANG Chen CHEN Bin

DU Guang-Zu WU Guo-Xing GAO Xi

(College of Plant Protection, Yunnan Agricultural University, Kunming 650201, China)

Abstract [Aim] To investigate the arthropod community composition and maize yield of maize fields intercropped with
soybeans, and thereby promote the development of an integrated pest management system for maize-soybean pests in Yunnan.
[Methods] The species and number of arthropods in intercropped maize-soybean fields in 2019 and 2020 were investigated
and recorded by five-point sampling, using visual observation, sweep sampling, pit-fall traps and yellow, sticky-board traps.
The community characteristic index, stability analysis, and temporal niche analysis, of the main pests and their natural enemies
were used to analyze the community characteristics of the arthropod community. Corn yields were also measured. [Results]
In 2019, 41 pests and 39 natural enemies were found in intercropped fields, compared to 25 pests and 28 natural enemies in
maize monoculture fields. In 2020, a total of 40 pests and 30 natural enemies were identified in intercropped fields compared

to 32 pests and 25 natural enemies in monoculture fields. Compared to maize monoculture fields, the total species number,
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diversity index, richness index, evenness index, S/S, S/S,, NiW/N, and N¢/N, of the arthropod community was higher in

intercropped fields, whereas the dominance index, dominance concentration index, and S/S, were lower, than in maize

monoculture fields in the same year. Rhopalosiphum maidis, Empoasca flavescens and Spodoptera frugiperda were the

dominant pests, and ladybugs, hover flies, aphid cocoon bees and spiders, the dominant natural enemies. The temporal niche

overlap values between ladybugs and hover flies, ladybugs and R. maidis, and hover flies and R. maidis, were relatively large.

In addition, the niche overlap values of hover flies and S. frugiperda were relatively large in 2020. Compared to maize

monocultures, maize-soybean intercropping increased the maize yield by 15.12 % in 2019 and by 13.56 % in 2020.

[Conclusion] Maize-soybean intercropping improves the diversity and stability of arthropod communities, increases the

diversity of natural enemies, and, to some extent, reduces the occurrence of R. maidis and S. frugiperda, thereby improving

maize yield.

Key words Arthropods; maize-soybean intercropping; community structure; characteristic index; temporal niche; maize
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Tablel Community composition of arthropodsin maize-soybean intercropping field

Fol A A % i Pests Kk Natural enemies Ak B 31 Neutral insects &1t Total
Plantin,
patterng NS Rns(%) NI Ryi(%) NS Rys(%) NI Ryi(%) NS Rys(%) NI Ry(%) NS NI
M-S, 41 38.31 2735 76.14 39 36.46 361 10.05 27 25.23 496  13.81 107 3592
CK, 25 35.21 4471 91.26 28 39.44 310 6.33 18 25.35 118 2.41 71 4899
M-S, 40 4255 3694 7532 30 31.92 555 11.32 24 25.53 655 13.36 94 4904
CK, 32 4384 4612 8043 25 34.24 464 8.09 16 21.92 658 11.48 73 5734

M-S;: 2019 AE ERREZMEME; M-S;: 2020 4F E AR K EEME; CKp: 2019 4 FKHAE; CKy: 2020 4F EKHAE; NS:
YIFEG Ras: PIFPEOT S EEB: NI AMA%L: Ry AMREUI & L. TR,

M-S;: Maize-soybean intercropping in 2019; M-S,: Maize-soybean intercropping in 2020; CK;: Maize monoculture in 2019;
CK,: Maize monoculture in 2020; NS: Number of species; Rys: Rate of species; NI: Number of individuals; Ry;: Rate of
individuals. The same below.
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Fig.1 Temporal dynamics of arthropod community characteristicsindex in maize-soybean intercropping field
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Figs.A, B, C, D and E are the diversity index, evenness index, richness index, dominance index and dominance concentration
index of arthropod community in 2019, respectively. Figs.F, G, H, I and J are the diversity index, evenness index, richness
index, dominance index and dominance concentration index of arthropod community in 2020, respectively. M-S:
Maize-soybean intercropping; CK: Maize monoculture; JP: Jointing period; SM: Small bell mouth period; BM: Big bell
mouth period; TP: Tasseling period; FP: Flowering period; MM: Milky maturity period; CR: Stage of complete ripeness.

A 157 B 157
B M-S, 3 CK, = M-S, B3 CK,
1.0+ a a . 10} a
o o
@ 05¢f - 05
X R 1 a
- iﬂ i - a a a a
: . Ml aa B I
0.01 -_i- [ 0.01 £ . . . .
/S, 84S, NJN, 84S, NN, S/S.  SJS, N/N, SJS, NyN,
o B HFEEL Stability index Ta B MBS Stability index

B2 AE#MEEXERATRIYEHEREEILR
Fig. 2 Comparison of arthropod community stability in the different maize planting patterns
A. 2019 SEFOKRH S W REE AR E M B. 2020 SEFOK A WIS IRER IR EN:; S WREG S BRMA%LG
S KEWFEG S HHUMEG S HHERIWIFEG Ny KECMAEG Ny 3 HBMA%RG Ne: iR B A%
HEAR/NG FRFRR AR MR FORH FEER SREMW AL REFDE (P<0.05). FEMN,

A. Arthropod community stability in maize field in 2019; B. Arthropod community stability in maize field in 2020;

S Species number; §. The number of individuals; S, The number of natural enemy species; S, The number of insect
pests species; S;. The number of neutral insect species; N,. The number of natural enemy individuals; N,. The number of
insect pests individuals; Ng. The number of neutral insect individuals. Different lowercase letters above the bars indicate

significant difference in the occurrence of major pests and natural enemies in maize fields of different planting patterns
(P < 0.05). The same below.
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Fig. 3 The occurrence of major pests and natural enemiesin maize fields with different planting patterns

A. 2019 AEARI AR A K H 20 U A2 5 B. 2019 AR ARl 2 FOK I 2ROk A
C. 2020 AFA A MRS K I 20 U At s D. 2020 4R AR R AL EOR I EREREUR A4 .
A. The occurrence of major pests in corn fields under different planting patterns in 2019; B. Occurrence of
main natural enemies in maize fields under different planting patterns in 2019; C. The occurrence of major
pests in corn fields under different planting patterns in 2020; D. Occurrence of main natural enemies in
maize fields under different planting patterns in 2020.
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0.8379,

B NG I L e SN g o o A S Y VAL
JEME (5.573 3) fieke, /NG A 2540 5 B A
(3.3945) e/ 3 BREH AL TE B E IR
1Rk E (5,755 9). MNAEBNESHEE, £
KR RN H Hp R K F 5 0 i 5 0 Mk 1 2B 7
HEIEH R (0.942 0), HKJEF g 550
26 (0.9349), BUHZKESFEKEF (0.9346),
RS | dof A 215 5 R SRRk P A AN EE B R AL
FEXTHE T, 3 RTS8 T S 4
BIEAL (£ 2),

2020 4F, oK B4 H R 0T R 1Y A S A
TEEME (6.3292) fek, T KU A= 254 B B (E
(3.3244) fw/Pho 3 FERFTAYA AL 58 (H %
RS (6.418 6 ) WAEBNEBEE, &
WP S FOREEF . BORE S ORI . BipmkS
AR SN (ST 0.940 0, 0.938 7 Fil
0912 5, B2 FrlfuEs 5/ hakmmf, i
285 0 ST 1) A A A A A A R

P NN (1R (RSN S R e SN A3 [
(5.250 7) fK, T REFAY A7 58 B (E
(3.1589) /e 3 KRB AL T (H e
IR (6.6070) MWAESNERMEE, &

F2 2019 EAREMERXEREETEE RN EESMAIEY
Table2 Temporal niche breadth and niche overlap of major pests and natural enemies
in maize-soybean intercropping field in 2019

e i 57 7 4k IINER I B
1 3h W 4 R S frugiperda  E. flavescens

FOREF

R. maidis

EINEES
Ladybug

U IR R
Aphid cocoon Spide

Arthropod name

CK, M-S; CK; M-S, CK,

M-S, CK; M-§, CK, M-S, CK, M-S,

P
Ry 49210 55733
S. frugiperda

% j
/hERIT U 07413 07224 32609 3.3945
E. flavescens

FoAKEF R maidis 09098 09420 0.6356 0.7843 3.6304 4.1552

FHE Ladybug
LINLEES
Aphid cocoon

IS Spide 0.861 3

0.8076 09021 05348 05776 09711 09346 4.2257 41591

0.8379 0.7988 0.5728 0.5012 09727 0.8708 0.9307 09349 43058 39711

0.7925 0.8142 0.6036 0.8910 0.8282 0.8526 0.8022 0.8761 0.6520 5.46345.7559

R ARG FR LS, IR m A E SR Z M A LS M E B, T RR.

The diagonal data represent the niche width, and other data represent the niche overlap between two nutrient groups. The

same below.
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I S R 2 | RS S AR A A S
{55350 0.934 7 F10.940 0., H4b, EXKIEF 5/
S| E IR 2K 5 O A Ik A A S E S
WAE, 43910 0.989 4 F10.961 0 (£ 3),

26 ARMEEAIEXTEHRE

AR E LGSR EI, 2019 4F KK AIME
NP QN & o v i N (R VAT S0 S ey
¥ 2 E TR FORBERSK (P<0.05), BHdE
Tk, FTARK GRS T TR - 15.12%:;
2020 AF KK T EVERIZT FORFRE T-h 8 5
FERKHMER, TR FEE2ZES (P>0.05); H
By A oK R R B E R T E R AR
(P<0.05), #HAET K, TRKEMMERKT
KIS 13.56% (£ 4 ),

R 3 2020 EAEMEENXEXKE

3 itig

FVEAE — Mg fe R A S RGAEY
LR FE R S AR, BT N AR
AP A= ( Lithourgidis etal., 2011), 5H—Fh
MR A AR L, [ VE R AR =Gl 1 5 B R 18 5
Bic B, filiA HH AR 25 R GERE A R BURUR ¢ 5 A
e R FER) &4 (Echarte et al., 2011 ), AHF
75T 2019 5 2020 4E 745 2 45 %) £ KR A4
55 K A H 1S TR h W U 45 K0 iR AT R G
A, R R K S RAE T R sh P s 3 i
KL, PR BRI KECNMAEL BiFh £
PEPERREL . £ 5 AR SO S R B K F 4R
FORBAEH, (A3 B AR EC F R4 E KRR
o 33X 1 W A5 B — Fhoi KT 5, ) AR AR 5K

EE R R B &SRR

Table3 Temporal niche breadth and niche overlap of major pests and natural enemies
in maize-soybean intercropping field in 2020

o 3T S
BB 4 B S. frugiperda E. flavescens

EREF

R. maidis

ENE S
Ladybug

JEgE RS LTSS
Hover fly Spide

Arthropod name

CK, M-S, CK, M-S, CK,

M-S, CK, M-S, CK, M-S, CK, M-S,

P
TP 63292 3.7737
S. frugiperda

% i
/gt i 0.8134 09275 41124 52507
E. flavescens

EKIF R maidis 0.7670 0.6818 0.7101 0.9894 3.3244 3.1589

AU Ladybug

0.8689 0.8833 09470 0.9528 0.9387 0.8608 5.5058 4.9415

e
ErlpiR 0.9359 0.9610 09312 0.8993 09404 0.8842 09125 0.9347 5.3915 54167
Hover fly
RS Spide 0.8346 0.8191 0.8309 0.8599 0.7402 0.8849 09139 0.940 0.8799 0.7396 6.418 6 6.607
x4 FAEHERATHEXR"E
Table4 Maizeyield under different planting patterns
FhE A THHE (g) 77 HE (kg/hm®) R (%)
Planting patterns 1 000-grains dry weight (g) Yield (kg/hm?) Yield increase rate (%)
M-S, 288.29+4.24 a 14 024.22+532.31 a 15.12
CK, 251.12+£5.08 b 11 894.44+293.09 b -
M-S, 268.67+4.15 a 13 793.91+493.92 a 13.56
CK, 240.23+3.87 a 11 932.27+332.53 b -

[FIZUA ] B3R 7R 28 Duncan’s Hi 2 W22 K 0 7E P<0.05 /K285 B3 .

Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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AT ARG T b A R T4 PN ) S A e
X5 EHISE (2021 ) BBFFTESRARRL, (Rt
5 P K R ST TR R X0 T K 0 £ & A G
MHIER, 52 AR, AR50 FRKE
VEBLOG F R E B 2 k22 R TRE S £
KPR DI AR5 PS5 AR ()G G, S A T
UM, (R VEAR 2 2 oo [ () NS BE , 3X
Fofr e 75 T B AN 3 ‘L S 5 e A A AR
KEAF (Raoetal., 2000; 25, 2010);
=M (2020 ) M EE - RECEA ], KEL
(LA B A ME R A5, B ) R B 24 S
TR S RIEREE AR AL . ARWFFE R, BRI E
TIPS SYSHIE .« No/Np KT [F4E Tk
B, A A (] 4 I SO 38 a8 A SR A 1k
BOHE RAFHI ZR0OR . X T RS ok 5 KEH
VEVREE T B R K IR 56, NI e 7%
M SRENE, AR TV E U R A e .

PRAE R K 2 IR 5 R oK A A
() 2 HUR R DT R . E ORI ANl
2019 4, 2 Fh A ARAS 2 T R0 b 53 780 0K 1) A= A5 A6 9
FEMEAEE AR, 3R 2019 4w 5 ik
FE 2 PR AR % A i ) B4R 4 Xof Risf ] ¢ U
AR TE AT 2020 4F, oK B4R [ s 3%
TR 14 A 257 e (B e R, T T KR =2 [RIA L op
A by B 7 M 1 A S AT T BE (A TN, /NG e
AN R R, LR AT RE2AE 2019
AR R SRR N AR BT A (XUARSE, 20215
Sun et al., 2021), FIHPGEZ AR KECF A
SRR, AT HEHMEN (a5,
2019 ), #| T 2020 4%, FHIGTARIEXSAEEA T —
FEFIE WM, K AR LR O 38 du/ gk
W CGREFKAF, 2017 ) AN E T, FOREFZ
FORMMLHAFE R (AR, 2014), 7EP0M
MK, —RERBEL 7d A R A E (fif
MEME, 2019), AT H FOKEF A9 A 2507 v BEE
— EAFREHRE , UL FORIFAE FoRBEANEE
WIERAT & AN, SR | KRS
FTRETEUE | ARA0TE 53 7 4E 2019 F1 2020 4F i 2
WA B R A

PR | B 5 R 2 R ORI F

TR, WA e R A A RS (2
K, 2003; FHEZS, 2011), ExmARILES
WA 5 2 B FE B 2 AR R ARSI, 7
8 d Harmonia axyridis 75 F K ATA 2 & HIH
Al ECA PSR (EEEE, 2018), EkSHEENR
YERERR , BAAF & i Episyrphus balteatus 5 5
0 A R Ry T R B A SRR (R LIRS,
2017 )o AMFEH, B 5 B IR 2 A A 3 Aol
535k S € B 5 0 R i | schiodon scutellaris
Fabricius, TESMEEAM, FEFHKEHR 16 °C
ity BIAORSEAEH, P4 16.6 °CHY,
R e e 9 tHEAR DT A3 45.3 d, 4l UE Y
il ik 278.5 Sk, SR @D i R 6
H K8 4l B 2 R (RBEAE,
1994 ), —MEBE SAHPAE 2%, BRI ER
PRS2 o A 5T & BE 2 FhAAAR T
WA 2AS 1) s ) £ A7 B BEAE LE O3 Ah 2 AR s
I HL T KR G AR H i 2 A 2540 5 B (S5
KA i T FAR KRR I, X Fe I Mk 28 K
FOE FORAR H P 5 G A R B U, TR) At 5
WG 21 R A T FE s 5 3R, 35 R o 25
(2012) WFFEas R —3 . FRIR K S TR0
A A EERR . FEERAX, X5
HRI0H 1 ARSI L VR R L A7 R S5
EYiiD

MKE G FERMEERRKE, 2 ks
55 b A I A A 2 T B A A v, U ek
FE R 5 SRR AT BR B P 5 - ik S K e
KHERGHH S AEREEMAA, FRE, e,
S H E R RE, A, TE 2020
A IR, B e 2 T S R e v A S A T S
JehgE s, FH B2 RS R S Rk B
B I ERBEIN G . S AR Ts th, Ry g
SR RIRAEER IR R, 2 i, 3 BB
MR M40 AT 1-2 L M S k4 L, B
TR 3 WA K DL IR A 4 R T DA R
R PR AS S I 4l L (Liand Wu, 2022 ). BTA
FFFT AR IE S T M R 40y OSSO AT DA g ol
WA & 2 A B AR 2 dL (FETAF, 2019;
HARFTH R, 2019), 2 FAERCT, S0
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