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Effects of artificial flower and grass strips on carabid diversity and pest control in intensive maize fields

XIANG Ziyi"?, LIU Yuxin®, WANG Hui’*, YANG Dianlin’*, ZHANG Haifang’, ZHAO Jianning"*", ZHANG Yanjun®

(1.College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China; 2. Agro—Environmental Protection
Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: To investigate the ecological processes and effectiveness of artificial flower strips in enhancing surface—dwelling beetle
populations in highly intensified maize cropping systems. A typical maize production region in north China was selected for the study.
Pitfall traps were used to monitor beetle community diversity in artificial flower and grass strips, adjacent maize fields, and the junction
between the two. In addition, the predation efficiency and crawling ability of natural enemies were tested. The study compared the
differences in predation efficiency and crawling speed of beetles that had inhabited artificial flower and grass strips and control strips. The
effects of artificial flower and grass strip establishment on beetle diversity, migration, and predation effectiveness within intensive maize
cropping systems were assessed, along with the impact of these ecological measures on pest control and maize yield. Compared with the
control strips planted with maize, artificial flower and grass strips significantly increased beetle richness and abundance, with increases of
1.67 times and 1.59 times, respectively. The beetle abundance at the junction between the artificial flower and grass strip and maize field
was significantly higher than that in the maize field 10 meters from the artificial flower and grass strip, and beetle abundance decreased
with increasing distance from the artificial flower and grass strip, exhibiting an overflow effect. Compared to the control strip, artificial
flower and grass strips significantly enhanced the predation efficiency of P. occipitalis beetles, with a 39.92% increase on average.
Ultimately, artificial flower and grass strips significantly reduced total pest populations in adjacent maize fields by 48.31% and increased
maize yield per unit area by 13.32%. Overall, The establishment of artificial flower and grass strips at the edges of intensive maize fields
can conserve beetle biodiversity, enhance the predation capacity of certain beetle species, reduce pest occurrences, and improve maize

yield. This study highlights the potential of artificial flower and grass strips in protecting natural enemies for ecological pest control in

intensive cereal farming.

Keywords : non—crop habitat management; biodiversity; natural enemy insects; ecological regulation; intensive cereal farming
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Table 1 Plant composition of artificial flower and grass strips
i Cover/%
Fl Families Wil Species R | BB BB
Flower and grass strip I~ Flower and grass strip I~ Flower and grass strip lll
%P} Asteraceae BT Cichorium intybus L.V 7.50 13.25 11.75
HJLZE Cirsium arvense Wimm. & Grab.® 6.50 7.58 433
e A Inula britannica L.*) 0.92 3.83 1.33
K8 Artemisia dalai-lamae Krasch.® 0 1.00 0.25
T 2 Sonchus oleraceus L.V 6.67 7.00 4.75
FAEE Artemisia annua 1.” 1.00 1.33 2.67
%5 2F Helianthus tuberosus 1. 12.92 10.58 14.00
INE L Erigeron canadensis 1. 0.42 1.25 0.83
RAF} Poaceae 1 B ¥ Setaria viridis L.'* 7.50 3.92 6.92
M E Lolium perenne 1. 30.83 27.58 32.92
7135 Phragmites communis 1..”) 3.42 3.08 3.75
BB} Amaranthaceae # Chenopodium album 1.*) 1.92 5.50 2.75
Hifik Kochia scoparia(L.) Schrad.” 2.33 2.92 4.17
5 F} Fabaceae LAEEE Medicago sativa 1. 32.50 35.42 37.08
FKIHEL Cannabaceae HEH Humulus scandens Lour. Merr.? 3.75 2.25 1.50
25 Fl Malvaceae IR Abutilon theophrasti Medicus.” 0.58 1.08 0.25
JeABERE Apocynaceae G4 Cynanchum chinense R. Br.?) 2.50 2.08 1.67

FE: (D) DIREREY) s (2) A HuHiE W)
Note: (1)Functional plants;(2)Native plants.
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DI BIFFERS G LA K R Ay AR S R, e R 4
16L: 8D il ¥ (25:+1)°C AAXT RS 65%+5% I % N 5%
T AT . J7 2 B Mouratidis ZF™ I BF Y, 3K
B s v Al [ Sy a2 B AN AR IS 22 S R
TR AT R AL B 30k . H
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2.1 SHRIBTEAERY

AR HRAE S 595 HAH (R2) 408 T 154>
Fro PRI EBEE T (C. micans) J eAF (P. oc-
cipitalis) M1 B W (Harpalus griseus) , 535 5 i3k A
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AR XA B & B (F=16.925, df=3, P<0.01)
52 (F=10.358,df=3, P<0.01) S i b 3 35, %f 45 H
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Table 2 Community composition of carabids in different strips,

junctions and adjacent maize fields

2% Abundance
Fh Species
T C JT JC FT FC
W 15 S Amara plebeja 0o 0 0 0 0 1
WA Harpalus pallidipennis 2 0 0 0 0 0
KIGHAIH A, gigantus 1m0 3 1 5 0
PUBE/INAE T Tachys gradatus 4 0 4 0 1 0
Tl H P occipitalis 25 24 38 17 29 33
FIEF/NAE W Dyschirius glypturus 20 0 0 0 0
HBER A H C. micans 31 18 18 15 52 43
PR 2 Amara chalcites 2 0 0 0 1 0
TAEH H. griseus 57 13 36 17 32 11
145 H D. halensis 5 2 8 1 4 1
PG F Scarites terricola 30 4 0 1 0
GRS BB E ) Amara macronota 2 0 0 0 1 0
I A Harpalus roninus 20 2 0 10
B AW Lachnolebia cribricollis 0 1 0 o0 o0 2
W NEH Tachyta nanus 4 0 3 2 0 0

&1l Total 150 58 116 53 127 91

TE TN ARG s C Ot BRI O AT AR At 15 RO S
Flib s JC g RAZRAE 15 ROK B S Ak s BT 09 N T AR R LT R KR (1
m 510 m (BRI 5 FC g B A BEAR £ 2K HT (1 m 55 10 m #9601 o

Note: T, Treatment strips; C, Control strips; JT, The junction of

treatment strips and maize fields; JC, The junction of control strips and
maize fields; FT, Maize fields adjacent to treatment strips (the sum of 1 m
and 10 m); FC, Maize fields adjacent to control strips (the sum of 1 m and

10m).

A9 Shannon 8 8 (F=2.478 , df=3, P=0.136) 5 5] £ 1§
B (F=2.011,df=3,P=0.191) ¥ R g & . NTAEH
GHAE A E N P AT SO E R DO P i€ Sk
N7 1.67 50 1.59 %) 55 X BEACHF ML AR oK, FLA
TAEREAT WL AR EOK N 20 H o R 2 B R v T
Xof BE 5P HIEAR B oK I . NMDS 20 5 B e & o0 7 22
T EE RN (F 3) , N AR XA B VR 454
TG B (F=1.901,df=3,P=0.063) ; {H 5 %} B8 447
(F=3.770,df=1,P=0.300) FX} B S5 WL 2P £ K H (F=
3.839,df=1,P=0.300) A kb , \ TAEHCH7 5 HmE AR K
M (F=0.535, df=1, P=0.600) P} > FF R 7% 45 #4194 10
.
23 NIEEFS R SR m

i 2ok it AP A FH PN A0 Y SR R R 2 R B R AE A
R IR S A N W i K 90 P 2 R T S OIVA
MR, SRR (K3, SHEFEEZEHZA
TAE AR 5 BORRIE 2 ) B . ELAR IR (&
4) AN TAEEAT R N A N R e 2
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Figure 2 Differences in the carbid diversity of strips and adjacent maize fields
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Figure 3 Nonmetric multidimensional analysis(NMDS) and
Permutational multivariate analysis of variance(PERMANOVA)

of carabids in strips and adjacent maize fields
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Table 3 Effects of treatment strip presence and sampling distance

on carabid richness and abundance

R L ATt o Pl
Response variable Independent variable F-value P-value
TR AN TAE R 19.882 <0.001%#*
IR 5255 0.010%
AN TAERA RS 3.020  0.060
Z AN TAEHA 21.531 <0.001%#x
IR 5473 0.009%*

H N LT BRI 3.256  0.049%

TR RIRTE 0.00 1 7K b I 25 3+ FIRTE 0.01 AKF b4 355+ R
E0.05/KF ERE. TR, BREEEEEE N . —1 m(ZKFHNERL R 1 m
Ab) 0 m(BEFHAE) 1 m(FEKRHAEEREFE 1 mAk) (10 m(FKRH NEEAE R 10
mib),

Note: *#* mean the significant at the 0.001 level; ** mean the

significant at the 0.01 level; * mean the significant at the 0.05 level. The
same below. Sampling distance gradient: —1 m (1 m from the junction in
the strips); 0 m (junction); 1 m (1 m from the junction in the maize
fields); 10 m(10 m from the junction in the maize fields).
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Figure 4 Changes of carabid richness and abundance with increase of sampling distance
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Table 4 Effects of treatment strips on predation by dominant

species of carabids

R 1 e & /3% Predation/head
Ff Species  Instar of 0 Treatment BESPiE] 2= P{H

Sfurnacalis Mean t—value P-value
IR A H 5 2.80+0.21 2.379 0.021%*

T
P. occipitalis C 2.07+0.23
T 24.30+0.88  6.949 <0.001%%*
C 16.8320.62

T 5.83+0.17 1318  0.193
C 5.50+0.18

T 34.73+0.39 0921  0.361
C

34.13+0.53

HEEH L 5

C. micans
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o
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Figure 5 Effects of treatment strips on the crawling capacity of the
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Table 5 difference in composition and abundance of pests in maize fields adjacent to strips
% J§ {8 Mean abundance
H Order Al Family HH al
FT FC t—value P-value
23 H Hemiptera R} Aphididae 368.67+31.69 769.33+98.12 -3.886 0.018*
“KEF} Delphacidae 3.00+0.56 10.00+1.00 -5.422 0.006%*
+ 1% F} Cydnidae 2.33+1.20 3.33+1.45 -0.530 0.624
AR} Cicadellidae 4.33+0.88 12.67+3.28 -2.451 0.070
H## H Orthoptera WEIRA} Gryllidae 75.00+14.73 121.33+15.30 -2.181 0.095
PEIERL Gryllotalpidae 6.67+3.84 20.33+6.57 -1.796 0.147
5 H Coleoptera il 4> FL 7} Melolonthidae 3.00+1.73 8.67+2.85 -1.700 0.164
53 H Lepidoptera W} Pyralidae 153.33+9.84 240.67+15.76 -4.700 0.009%
20 H Thysanoptera i Z B} Thripidae 0 6.00+1.16 -5.196 0.007:*
&1t Total 616.33+43.59 1192.33+118.05 -4.577 0.010%
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Figure 6 Benefit—harm ratio, yield and yield components in maize fields adjacent to strips
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Figure 7 The Pearson correlation of carabids, pests,and yield in

maize fields adjacent to strips
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