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Effects of grassy strip width on the dynamics of spider and carabid communities

and pest occurrence in adjacent maize fields
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Abstract: Grassy strip is the main area for species migration, community succession, matter and energy exchange among
patches of farmland system, which is of great importance for maintaining agricultural biodiversity and improving farmland
productivity. Based on the crop-pest-natural enemy interactions, grassy strips with different widths (2 m, 4 m, 6 m) and

their neighboring fields as well as the crop strips with the same widths were selected. The samples of spider and carabid were
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collected by the method of pitfall traps. Then we investigated the effects of grassy strip width on species population,
movement rules, and the potential of pest control in farmland. The results showed that the number of spider and carabid
individuals in grassy strip was significantly higher than that in crop strip, the abundance of spiders and carabids species in 4
m and 6 m grassy strip was significantly higher than that in 2 m grassy strip, and the species richness and abundance in
grassy strip were significantly higher than that in crop strip. In addition, there was high heterogeneity of spider and carabid
communities in different widths of the grassy strip. In 4 m and 6 m grassy strips and their adjacent maize fields, the
abundance of spiders and carabids was significantly higher in grassy strip and the junction between the grassy strip and their
adjacent maize field than that in the fields. With the increase of distance to grassy strip, the spider species abundance
showed a significant decrease trend. The width of the grassy strip and the distance jointly determined the spatial distribution
of spiders and carabids. The results of Monte Carlo test showed that both the width of grassy strips and the Margalef index of
vegetation had a significant impact on the community structure of spiders and carabids. Meanwhile, both the dominant
families of spiders and the dominant species of carabids were distributed in the corn field adjacent to 6 m grassy strip. The
ratios of spider and carabid to maize pests were significantly higher in 4 m and 6 m grassy strip than that in 2 m grassy strip.
The maize field with 4 m and 6 m grassy strip had significantly increased the hundred-grain weight of maize grains and the
total yield of maize compared with common maize field. The study indicates that the grassy strip is of great importance for
conserving predatory natural enemies to prevent pest occurrence in maize field. Taking into account the field occupation,
conservation of natural enemy and biological control of pests, we suggest that the grassy strip of 4 m width is the most

potential farmland boundary model for popularization.

Key Words: field margins; width of grassy strip; natural enemy; biological control of pests
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AGRIG 7 T 1 2548 18 17 55 AR DT 3 (116°58758"E,36°6434"N) | % 1l [X & T~ I8 1R AT 21 1 718 25 RS,
X, A ABRTIR R 5K 20 m, 457350 13.4 °C 4R K R 622 mm, RG] 217 d, 156 + 2%
KA+ 8 pH {E R 7.93, AL &N 9.47 o/ke B AS A& 1N 4.48 mg/ke, S A & M15.15 mg/kg,
RAEE N 1.44 g/kg, BRI &R 16.10 mg/kg, AMZRIPL/NE—H ERREMEEKR .

PR T 2019 4F 10 F A, FEAR B A L AE Y Rl b, 5T T —SE Dy REAG A, 2021 AF 94 2 A7 H A7 P A
Y Fh S 61 45 B 52 ¥ ( Lolium perenne) . ™ J¥ ( Digitaria sanguinalis) . %) J& 5 ( Setaria viridis) . E 18 ( Medicago
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8 A LR A G B A H ( Calosoma lugens) , 5 2 MR 33.33% (6 1) o AH &L N A5 W Fh ORI
N eSETE = DO it
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Table 1 Composition of spiders and carabids in grassy strips with different widths

Fep T V2 A% Abundance

Group Code Family or species TC FC SC TCK FCK SCK

Wk Spider Fal 3 RABE Agelenidae 3 0 3 0 0 0
Fa2 44 HEEFL Clubionidae 0 2 0 0 0 0
Fa3 KA Dictynidae 2 25 19 8 18 19
Fa4 SERE# A} Gnaphosidae 2 1 1 2 0 0
Fa5 MKAL Linyphiidae 14 15 28 16 12 16
Fa6 TREEF} Lycosidae 39 96 102 18 27 26
Fal FBRIKAL Nesticidae 5 47 27 5 18 21
Fa8 kA Salticidae 0 1 1 0 0 0
Fa9 BRIEA] Theridiidae 1 1 2 0 0 0
Fal0 B4R} Thomisidae 0 3 2 0 0 0

A H Carabid Sp.1 KGRI Amara gigantus 0 2 0 0 0 0
Sp.2 ST A Amara plebeja 0 0 1 1 1 0
Sp.3 WA Calosoma lugens 2 0 6 4 2 6
Sp.4 T AL H Chlaenius junceus 0 4 0 0 0 0
Sp.5 BB AR Chlaenius micans 2 10 15 4 0 4
Sp.6 BN W Chlaenius praefactus 0 1 0 0 0 0
Sp.7 WA B Dolichus halensis 2 8 2 0 2 0
Sp.8 W ff /NS Dyschirius glypturus 0 1 0 0 0 0
Sp.9 IR Harpalus pallidipennis 0 0 0 0 1 0
Sp.10 WY B Harpalus simplicidens 1 16 8 0 1 0
Sp.11 DUBE i 2545 B Panagaeus davidi 1 0 0 0 0 0
Sp.12 TV Pheropsophus occiptalis 2 4 1 0 0 0
Sp.13 BT H Scarites terricola 0 12 1 0 0 0
Sp.14 PUEE/NAL R Tachys gradatus 0 0 7 0 2 1
Sp.15 H/NEH Tachys nanus 0 3 7 1 2 4

TC: 2 m FHHHF 2 m grassy strip; FC: 4 m fH5H7 4 m grassy strip; SC: 6 m fH5H7 6 m grassy strip; TCK: 2 m T KAEYIXF IS 2 m crop
strip; FCK: 4 m FRAEXT IRAEAT 4 m crop strip; SCK: 6 m FRAEHXT IEAEAT 6 m crop strip

AR 7 225 25 R R (B 2) ,4 m 6 m AEHBUH Y IR 2 5 (F =55.23,P<0.0001) 1% %= T 2 m 18
FAFH 4 m 6 m FEEAT A BIR R B B (F=4.40,P=0.0086) £ & ( F=57.01,P<0.0001 ) #% . & & T H
XFHRZRAT ;4 m 6 m AEHH AL RN 5 (F=5.33,P=0.0297) FIZFE (F=5.53,P=0.0271) & H T 2 m
FEAEAT H 4 m 6 m AL R 5 (F=6.63,P=0.0012) . ZJ¥ (F=7.21,P=0.0007) #l Shannon %
FEVEFR R (F=4.32,P=0.0093) 14 1 2 5 T HX R AR

NMDS F3 #4855 s (& 3) ,6 m AR BT W A 7% 1o B SR AR TE — 2,2 m 4 m AR H0A0Y 1) LR A 5 5l 2R
£ X RESRHT PN I WK B 7 S50 R 0 H, 4 m 6 m AR LY () WA U5 B8 2 A b AR —HE R A, 2 m AE
RIS T R HE 25T %) A 39 T8 ) 05 T S —HE P R A 00 020 VR R IR R 4 m 6 m A LT AT
BOMRAE |2 m AR RIS 58 BE R BRAHT 020 WO BEVR B 430, 25 BT IR A [ 0 J52 A ey ) e A 25 FH R
TEAETERS R 0 S o
2.2 WRAE H BRSO S (] 53 A R

AR 1) B B 19 A7 i) ) 0 = R 22 3 2 S ol S W i ik R A0 R SRR SE RS D B0 O ), TE IR SR A R A
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Fig.2 Community diversity of spider and carabid in grassy and crop strips
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Table 2 Effects of grassy strips on the migration and diffusion of spiders and carabids

s wn i IR o
Croun I D.ispefsal pecies richness undance
direction HI{H Mean F P FI{H Mean F P
L TC M—F 1.25 0.10 0.766 1.25 0.53 0.494
Carabid F—M 1.50 2.00
FC M—F 0.75 1.27 0.303 0.75 1.26 0.305
F—M 2.00 2.25
SC M—F 2.00 0.77 0.414 2.75 0.77 0.413
F—M 2.75 3.75
TCK M—F 0.75 0 1.000 0.75 0 1.000
F—M 0.75 0.75
FCK M—F 0.50 1.00 0.356 0.50 1.00 0.356
F—M 1.00 1.00
SCK M—F 1.00 0.16 0.705 1.25 0.07 0.801
F—M 0.75 1.00
Liib7S TC M—F 6.75 0.87 0.387 16.25 0 0.948
Spider F—M 7.50 16.50
FC M—F 5.75 0.26 0.304 11.50 0.59 0.470
F—M 6.75 16.00
SC M—F 7.00 1.42 0.278 14.25 2.19 0.190
F—M 5.50 9.50
TCK M—F 5.75 0 1.000 18.25 5.76 0.053
F—M 5.75 14.75
FCK M—F 4.25 4.14 0.088 7.50 3.50 0.110
F—M 7.75 15.25
SCK M—F 6.25 0.89 0.382 11.75 0.04 0.847
F—M 7.25 12.25

:

M—F. Mﬂﬁﬂﬁ(*ﬁﬁ%ﬁﬁwﬁ%u ) ) A N ERES 3 From margin to field; F—M: A PSR a1 4% [ i1 54530 From field to margin
AR b 2 85 i g e T s D A s o W e R 25 F 1% ¥ 25002 (181 4) o 7E 4 m F 6 m A BT B O L
SR IR) TE K P Wk 22 B AR T FIAR BT 55 LG AR oK HH A2 A i 2 1 1 OK H S, ELBE S R B 0 15,

Il TC [ FC []sc
40

g
120
35
53
E 100 30
=]
3
5 80 25
8
Q
2 20
@ 60
i
R 15
& 40
| 10
2
0 5
0 0
& Distance/m

B 4 HEETEE E B Bt gk, 25 B R A S0
Fig.4 Effects of width and distance of grassy strips on spider and carabid Spillover effects
Z. PR HULZE Grassy strip center line
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Wk 22 3 SRR, AR e P R S 5 AR K F A AL 1 m AR AN PN AR R 5 AT K
AL 1 m Ab A 2 RO O TR T NS, 4 m 6 m AR U FAT B T K P A R AN
iTE

DARE HEHE HLAR oK B 7 2R (A sy HR0 2R AN [ I s Ak e A Y B 40 o 22 22 5 00 Sz WA a5 S 7y
TN 2 % Wik 25 H 235 [R1 A0 AR S, — MR R AR TR A AT 235 SR s (38 3) AR HeCvfy 0t J3E XA e ) e A1 2
PR B A 2% TR A0 A G i 25 5200 (WHIR . F=1.58,P=0.2583; . F=2.23,P=0.1637) , Iiij A #0470 1E 25 A7
TR0 (k. F=103.71,P<0.0001; £ H ;. F=105.56,P<0.0001) , H &5 5 B FIE B A7 B 2532 HAE
(¥R, F=9.51,P=0.0011; . F=11.25P=0.0005) , & H0H7 5 5 F1H 25 3 6] ok 5 Wik A4 1) 23 1)
I3AT

x3 EEREEMEBRESKNT RS ENZN
Table 3 Effect of width and distance of grassy strips on spider and carabid abundance

W [ 28k Az

Response variables Independent variables K P
Wk 2 i T HATT FE 1.58 0.2583
Spider abundance A A Y B 103.71 <0.0001 *
A A AT Y B 9.51 0.0011*
S B G E 2.23 0.1637
Carabid abundance AR T B I B 105.56 <0.0001 *
B B B >< LA Y ) 11.25 0.0005 *

2.3 MERUHT T8 S5 R R 2R I T Ak N2 FE R S5 4 S 0T 1

Monte Carlo #3645 J 7R | A B4 55 3 M 6% Margalef F5506F H AR T K FH A Wik 0 A5 FP R V6 465 g 1140 5% i
BIRE| T 52 KF  RDA HEFP TP R 1 Wik F 2D FRE V& 2540 48 5 1Y) 76.16% F1 58.57% (&1 5) . I
R RDA HEF 5P 5 AR AEAR (A 22 A1k 0.7917 , R 571 1Y) 58 B RV 8% Margalef 458 %503 i 6 15 4 i 8 3 119
62.3% . RDA HEF B4 — A 55 B TTHNR N 68.94% , Margalef +5 5076 45 — WA & 19 1IE 1943, Pielou

RECTESE — A B s A 43, 56 il A B STHRE R 7.23% , # R 19 98 B | Shannon 484§ | Simpson 4§

# Pielou FE5U7ESE MG B 0 114534 . A6 B RDA HEF R iR AE AR 22 F1 ok 0.5857 , 55 1 9 3 Akl
B Margalef 5 B3 i BT PO 4l i B 2119 50.0% . RDA HEJ¥ 55 — R FloA 35 SRR TTRR 3 37.16% , 45 — il
Yyl RRTTHR A 21.419% , F8 545 19 58 B A8 55 — il A 3055 1Y IE 153 43, A 9% Shannon 48 % | Simpson 45 %X |
Margalef 55U LA 19 T8 B 76 28 A 48 = 10 IE A543, FEE Pielou H8 07658 R A 38 m i 515 4, Wik
PRI R R ( FaT) AR T —Hlh A ] , 5w Margalef R IEA LR, H WA ERIER ( Fa8) U SR
(Fad) W EZLHIAE 6 m HEHUHT LLARI) FoRHrp 20 ORSAF BT 20 B (Sp.5) 40 A T35 — il A M, S5 v
WL R IEAHSCOE R, WLA/INE B (Sp.16) (S5 H (Sp.3) (WUBE/INE H (Sp. 15) W 547 0 1) 5 J3E 52 1E
M ZR, FEAMGTE 6 m FE AT HLARH E K H
2.4 FEHECHO HGAR EOK A EE HUR AR AR R

DA A5 B SRR R oK 3 U 25 55 B ke S WA S T R P DR EIONT Eb &8 R oK F 2 5 U R A 1
FEAER(E6) . 4 m 6 m AFHFHT LR Ay 1K W/ 35 U 2505 T 2 m AR (F=58.82, P<0.0001) , AN[A] 58
JEE R R 5 LX) B SRl 22 () ivk /35 R 45 5 b 25 S 3 (F=77.51, P<0.0001), 4 m.6 m AEHLA FLABAY £ oK
FH A H1 /2 o I 25 3 TR IR A L AR E K HH (F=41.22,P<0.0001) , H 6 m Hi B FLAR A F K A W /3
HEHEERT 2 m 4 m HEH (F=79.00,P<0.0001)

PR A R R (F 4), BRI, 4 m 6 m HIBHF HLABAR IH Y 32 FE kR (F=90.43, P<
0.0001) S FART 2 m AEFHT, i 6 m AR R HLARAR 9 32 R (F=9.66, P=0.0001) 5 1L T X Je A
FH |, B 5 VA At B 3, AN ) 50 P8 A ey b SR ) 32 T iR 34 0 S/ AR Bty LSRR L 1 m A 32 5
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Fig.5 Redundance analysis( RDA ) of spiders and carabids assemblages structure and grassy strips vegetation characteristics
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Fig.6 The benefit-harm ratio of spider and carabid of maize field adjacent to grassy strips
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2.5 BT KR R AR

1% 5 W AR B 6T H AR AR F KK Y BB EE 5 R 3 (F=28.90, P<0.0001) ,4 m .6 m AH AL
2 mABHEAR RE N T FORKPRLFORIE (F=34.51, P<0.0001) , HEFCAF AT HERBA T T K AR BORI )™ 1 520\
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Table 4 Pest occurrence of maize field adjacent to grassy and crop strips

ZERE/ % & R Bt g Sk
TR AT ] 2 it Hazard rate Quantity and type
Time Treatment Distance/m

{E Mean F P X, X, X3 Xy X
22 TC 1 71.50 81.52 0.0001 41 4 1 2 954
Silking stage 10 65.00 61 0 0 0 260
FC 1 58.75 96.43 <0.0001 36 0 9 1 95
10 47.50 33 0 0 0 10
SC 1 58.75 37.88 0.0008 39 7 2 1 25
10 46.25 33 0 0 1 0
TCK 1 55.00 0 1.0000 31 7 0 0 47
10 55.00 31 0 0 0 255
FCK 1 55.00 0.31 0.5976 54 2 2 1 30
10 53.50 25 0 1 0 3
SCK 1 58.75 1.82 0.2260 53 9 0 3 0
10 54.00 48 0 0 1 0
I TC 1 52.50 63.46 0.0002 0 0 12 0 0
Filling stage 10 38.75 2 0 0 0 0
FC 1 38.75 0.63 0.4575 0 1 13 0 0
10 37.50 1 0 0 6 0
SC 1 35.00 13.64 0.0102 0 0 2 0 0
10 30.00 1 0 0 4 0
TCK 1 55.00 0.79 0.4085 0 8 6 0 50
10 57.50 4 0 2 12 0
FCK 1 60.00 2.14 0.1936 0 2 12 0 220
10 62.50 2 0 0 0 0
SCK 1 57.50 5.17 0.0633 0 2 0 0 0
10 62.50 0 0 0 0 0

X, : W48 HL Helicoverpa armigera; X,: FOKUE Pyrausta nubilalis; Xy: BE8EIE Dichocrocis punctiferalis; X4: K0 Mythimna separata; Xs: $FHU Aphidoidea

K5 TREEEEHEFNERTERARERKNZM

Table 5 Effects of different widths of grassy strips on maize yield and constituent factors

b AR %*vz& TR e AR %*}‘/ﬁ%ﬂt 7ok
IOO-gram Splke Yield/ IOO—graln bplke Yield/
Treatment K Treatment .
weight/g number (kg/hm?) weight/g number (kg/hm?)
TC 24.91+0.25b 508.13£9.01bec  10802.72+37.26b || TCK 23.39+0.46¢ 486.50+10.68¢ 10724.61+12.40b
FC 26.81+0.11a 513.13+7.13b 11209.90+21.02b || FCK 24.76+0.30b 459.75+£9.65d 9845.42+26.98¢
SC 27.41£0.27a 596.88+4.94a 13317.63+29.91a || SCK 21.82+0.67d 439.00+7.72d 9402.62+38.78¢

() 5 B4 5 AN [ 5 B3 s AR PR IF) 2 5\ 25 (P<0.05)

3 it

3.1 A EHT X R AL RS 22 R Y R
R OE RGBSR TR 22 A T, Rl A= ) 2 R 1 A1 BoAA B B/E A, Horh B AR (AL 2/ AE R S A
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BT BB P B ISR US> R A SAy s R AL F A R A A AR B A 3 BT RRE AP 9T , SRR R ORI A 14
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P 22 B PRI R A B M . ASBI S R B B e e ety T LA 8 e B R RS R A R R M X —
ZERAF A R BE , Knapp Fl Rezac IUWFSTAT H W 14 2 1 SAEVEY B BRI IR/ D GE EE 2 8k ,6 m
LR AT LR A oK e R A2 T A Alpha ZAEPEART 4 m A FCAT 4 m AR BT X R ECHT SRV T 6 m
LR, ANTR] 58 BEAR oty P R MDAV AP AR B S v o o T IR IS WP A Y A IR R B 4 m A
R T 45 B R SRRk A R FTIILIR R E 6 m AH AL R A . X T8 HSHE i B e S W 278
6 m AR HA A AR AR /N I DUBE N B A28 BRI B0 8 U AE 4 m 6 m AR R4 1A 73
A3 o ANTR] B8 E LB el R A 2 P AR v 45 1 1) 2 5 P REE el 0 b M A B DR IE 45 22 S S S A M S il 2 P S g
REN TR SR RN E) 52 427 6 m AL 0 A0 FP S o 40 T AR O 1 2R A R AR A3 A RO 3, A4
1 [ Ay b Al A R TP AR A
3.2 FEEAR AL TR O

ASBIRFE P REL Bt Xof AR A A8 HEY R G G 8 3 R X AT RS TR A R A (Y SN AR S 0
SERLHAN HAOHE R S AU 3 2R 9™ B AR IR ARHE AT 3 SO 7 23 rh A T 0™ Rl
DAy R A R BRARL T SR AR g 560 2 D0 (R REXE BT , SCHFA B PE RO A A7 28, £ 5 SR A M), B Ry o 5
(10 R AR RS 2o Vi A [ A P B AREFSE R 4 m R 6 m B A AT PN R 22 3 T AR K
FT, AT 1] 3K i R A0 5 71 2 o AR F A (SCULIN B4R 7 15 L4 e oK T 58 S A AT 5 s Y ik 22 12, JC ]
R MO, 4 m AR ECHT B MIRIR TR ONOE T 6 m AH R, AT REBRINAE T 6 m AH G HLAB A TR H R BRAG
SERPAR R i T 2 R D RESS AR AT , S BRIRA} 6 i R A LS} S5 235 I U D B AL A RO U, e
A L o R AT ) R AN RE A 5 4 A USR5 I B IR | Ty EL 45 1 B e i AL R o 1) BA
WY AN T, B SR T 30 m o ZSBL T RIREAE 4 m Rl 6 m B BERR A VAP T 2 B I TR
FET PAY S, JRA 1) T K FET 8 £ 2000007, Ay 5 B A g 3 ) PR g 28 R 23 () A, X — 45 2R I AT BE RO R
WA SRS A A TH PR3l B8 A0 R R O R 5 B A ol AT TS A A 58 45 e 4 s i {2
et RiR A
3.3 AT X HOAR K FH F2 o HUR AR 0 FOK 7 B R

LR (RIS 0 R B AR AN 3 B AR Bt T USRS BT | DR A AR Al 19 T K 52 36 R 3 T B AR A Y
DR, {EL B 6 AR Al S8 BE RS N, oK 32 T bk A 35 i/, AR R 2D B I o 3 4 R ) s . 55— 7
T, i 3 PR KB I, 6 m AT HE AR89 FOK TR AL A G F L B E R T4 m F12 m
LT LR Y TR 45 3 L, Aty 5 X IR A [ 22 5 3% 0 AR, DAl s KR Ll i IR IR Uk 2R
#12 Lotka—Volterra i B8 — W L i | 35 HU M BCRH BRI KRB B L LA AN TR R
F IR VA A e 225 A MR B AR B AR B se 4 I, R 2R B I R
(9 AR £ T LU, A RV S AN [R]  BEAR 0y ) 3 SR PR N T R A ol A 288 o oK™
i, AR OR3P, 6 m AR FT 6 mo X RS (8] 0K ™ B A9 25 57 fe oy 3%
W L e B RSN, AR v A S I TR S, 4 m (6 m AR AT TR 1A E A R I A
U HLAT AR T T KA LR SOR 7 i 8 35 (0 T s S IR G SO 45 SRt — 2D RS2 1 AR Wl 3 0o 52 ) L
B TR B A= W45 5 DI RE , X 3 U A B 4 A T I e R =

4 HitERE

VRSN S LA O (LA TR GE PP A ARV AR 5, R0 X LA TR A5 P 2 AR R A 2 5 HA T 22
PR, AR I T AR L9 22 5200015 TR Sh W RETS (A Jy %0 ASHFSE b 4 m AR A ) T 43S R i e
R T (0 57 oo e o P RO M A0 PR 22 B2 ARV 0 A1 1) R R, VAR 4 m A RO 4RSS T ARXT T 6 m
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ARG AL Y 42 5 LU, (HLADfe ik 1 T A TR AR IS T (9 SRR, X Tk T AR W T BE D i I i LA B B )
P, 763 [ AF L K Sk A R, 2545 7% FE AR R BF M 7 ] RO IR A AE W P B0 1 S5 IR B 4 m S8/
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