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Effects of spraying pesticide and grass management on arthropod com-

munity and relative stability in the apple orchard
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Abstract: [Objective]In China, diseases and pests always occur in the apple- growing regions causing
economic losses and restrict the development of apple industry. Conventional agriculture is based on a
high level of chemical inputs such as pesticides and fertilizers, leading to serious environmental impacts,
health concerns and loss of biodiversity in agrosystems. The reduction of pesticide use is a priority for in-
tensively sprayed agricultural systems such as orchards. The preservation and promotion of biodiversity
within orchards is therefore an issue to explore. The aim of this study was to determined arthropod com-
munity characteristics and relative stability of spraying pesticide and different grass managements in
young apple orchards, to provide a reference for improving the effectiveness of ecological control in new-
ly-built apple orchards. [Methods]We investigated the arthropod community in young apple orchards in
Changli County, Qinhuangdao City in 2017, including six treatments, spraying pesticide clean tillage,
ground cloth +inter-row natural grass, natural grass planting and no pesticide clean tillage, ground cloth +

inter-row natural grass and natural grass planting. Arthropods were sampled at 15 day intervals from May
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to November, for a total of 11 sampling dates. Tree canopy survey and sweeping method were used in this
study. Within each treatment, five similar heights apple trees were selected as sample to monitor the com-
munity of arthropods, sweeping surveys were used to catch ground-cover arthropod. Arthropod communi-
ty were divided into parasitic community, predacious community, herbivore community and neutral com-
munity. The community characteristic index, community similarity, community relative stability, princi-
pal component analysis and cluster analysis were used in this study. [Results] The results showed that
206 168 arthropod were collected in young apple orchards, belonging to 14 orders, 77 families, and 123
species. The main phytophagous pests included Aphididae, Thripidae, Hoppers, the main predatory ene-
mies were Argiopidae, and neutral species were Muscidae. Compared with no spraying management, the
number of herbivorous pests in natural grass communities were significantly reduced after spraying of
pesticides, but there was no significant difference on the number of herbivorous pests in clean tillage and
ground cloth + row natural grass The number of predacious and parasitic natural enemies in natural grass
and ground cloth + row natural grass were significantly decreased, and neutral community were dimin-
ished in clean tillage. Regardless of the spraying pesticide, the grass significantly increased the number
of parasitic and predacious natural enemies and neutral individuals in the young apple orchard, but had
no significant effect on the number of herbivorous pests. Compared with no spraying for the community
characteristic indexes, the arthropod community diversity index (H”) and evenness index and (J) and rich-
ness (S) of clean tillage, natural grass and ground cloth + row natural grass treatment were significantly
lower, whereas the community dominance index was higher. Under spraying, the index of S, H and J
were significant higher in natural grass and ground cloth + row natural grass compared with clean tillage,
whereas C was higher in clean tillage than the others. Under no spraying, the index of S and J were signifi-
cant higher in natural grass and ground cloth + row natural grass compared with clean tillage, whereas C
was higher in clean tillage than the others, and there was a significant difference in the index of H’. In all
plots, the index of richness/number of total arthropod community (S/N) were greatly reduced, but no sig-
nificant difference in the index of species number of predatory group/species number of herbivorous
group (S./S,). Under spraying, there was significant difference in the index of S/N, but no significant dif-
ference was observed in the index of S./S,. Under no spraying, the index of S/N was significantly higher
in natural grasses and ground cloth + natural grass than in clean tillage. No significant difference was ob-
served in the index of S,/S,. Principal component analysis showed that species diversity index, evenness,
species number, dominant concentration were the first principal component, species richness was the sec-
ond principal component, and the five components all influenced the community composition. The re-
sults of similarity index and cluster analysis showed that the arthropod community was divided into four
categories: natural grass spraying and ground cloth + inter-row natural grass spraying, natural grass spray-
ing and inter-row natural grass spraying, clean tillage spraying, clean tillage without spraying. [Conclu-
sion]Pesticide had an negative effect on arthropod community diversity index and stability after spraying
pesticide. Moreover, natural grass bring a considerable improvement in arthropod pest management by
enhancing the structure of community diversity, evenness, relative stability and quantity of natural ene-
mies within the apple orchard systems. Therefore, our results indicate that natural grass in young apple or-
chards can optimize the arthropod community structure, increase community diversity, evenness, relative
stability, and the number of natural enemies. It can gradually achieve the purpose of controlling harmful
organisms through ecological pathways and reducing the use of chemical pesticides.
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row natural grass; Community characteristics
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Table 1 Spraying and pesticides

it 24 H 4 RLFp

Spray date Pesticides

2017-06-05 80%% T4 R 800 1%, 3% FH 4 #h 3 000 13 , 70%HHL HUIHk 3 000 5 , 40% 2 i 3 000 135, 12% i 51 » #EFEME 1 000 fi5
Carbendazim (WP )800 times, Emamectin benzoate (WG) 3 000 times , Imidacloprid (WG) 3 000 times , Spiroester (EC)
3 000 times, High chlorine - chlorpyrifos (EC) 1 000 times

2017-06-20 5%CUMEEE 1 500 1% , 70%NH UK 3 000 5, 25% — 1445 1 500 1, 12% 6 48« #4484 1 000 3%
Hexaconazole (SC) 1 500 times, Imidacloprid (WG)3 000 times, Triazole tin (WP) 1 500 times, High chlorine - chlorpyri-
fos(EC) 1 000 times

2017-07-05 10%ZKT5K R 2 000 1% , 5% i A A 1 500 1, 3% HH 445 3 000 £
Difenoconazole (WG)2 000 times , Beta-cyfluthrin (EC) 1 500 times, Emamectin benzoate (WG) 3 000 times

2017-07-20 12% 7 % FEAEIE 1 000 i, 5% CLMERE 1 500 i
High chlorine - chlorpyrifos (EC) 1 000 times, Hexaconazole(SC) 1 500 times

2017-08-04 70%ME LBk 3 000 1, 10% 2K 1K FER I 2 000 £ , 5% e AU 1 500 i
Imidacloprid (WG) 3 000 times, Difenoconazole (WG) 2 000 times, Beta-cyfluthrin (EC) 1 500 times

2017-08-19 5%CUMERE 1 500 1%, 10%2 Bk FF R 2 000 1%
Hexaconazole(SC) 1 500 times, Difenoconazole (WG)2 000 times

2017-09-03 5% 10 A 1 500 1%, 10% 2Kk FH R 2 000 7
Beta-cyfluthrin (EC) 1 500 times, Difenoconazole (WG) 2 000 times

2017-09-18 12% 5 5 BEFEIA 1 000 £ , 70% AL 2 1 000 1%

High chlorine - chlorpyrifos(EC) 1 000 times, Thiophanate-methyl (WP) 1 000 times
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Table 2 The order and family patterns of the arthropod community in apple orchard(from high to low)

Fl Family
H Order

K Natural enemy = i Pest 1% Neutral
JE£3# H Hymenoptera WM}, W N, WO, G /NERL, SR IR G R, W}, B R

Fe/ER), Bh/NE R, WE/NERL, W BUNERL, B

Formicidae, Apidae

H/NRERE, 2RISR, R, SRR, IR
Lchneumonidae, Aphelinidae, Braconidae, Ptero-
malida, Trichogrammatidae, Aganoidae, Encyrti-
dae, Eulophidae, Elasmidae, Perilampidae, My-

maridae, Bethylidae, Vespidae, Eumenidae

ArlplE A}, £ gy
Syrphidae, Asilidae

X# H Diptera

ik# H Neuroptera
248 H Thysanoptera
4% H Lepidoptera

B4 FL Chrysopidae

53 H Coleoptera DURFRL, 20 BB, B Huft

Coccinellidae, Carabidae, Staphylinidae

IERE, TEIRL, SR
Lygacidae, Anthocoridae, Reduviidae

- H Hemiptera

HE# H Orthoptera

L H Odonata 1%} Libellulidae
gL H Collembola

W%k H Araneida

SRR, SPREIRRL, BERAL, SRR BER

WA}, IR}, WAL
Muscidae, Formicidae,
Simuliidae

#] 55 R} Thripidae

LR, SR, SRR AR, RUREL
DEMERL, R, 22, ISR
Tortricidae, Gracilariidae, Gelechiidae,
Notodontidae, Arctiidae, Geometridae,
Zygaenidae, Lyonetiidae, Lymantridae,
Pyralidae

PUEERL - HRL, # HRL 0L 14
R, 64 Rl AR BRHEL B
SZF

Coccinellidae, Chrysomelidae, Lathridi-
idae, Elateridae, Cetoniidae, Melolonthi-
dae, Rutelidae, Hispidae, Bruchidae

I}, REEL, BiRL KR EEL b
BE, By BRL, MR JE R, iRl i
R}, BalE R, et

Aphididae, Delphacidae, Miridae, Lygae-
idae, Pentatomidae, Coccidae, Aleyrodi-
dae, Cicadellidae, Scutelleridae, Core-
idae, Ploiariidae, Berytidae, Cicadidae
RS}, HESKERL, B R, kiR
Acrididae, Pyrgomorphidae, Catantopi-
dae, Gryllidae

KB Bk &l Entomobryidae

Argiopidae, Gnaphosidae, Thomisidae, Lycosi-

dae, Salticidae
Y7 H Sarcoptiformes
2% H Tromibidiformes

H g H Mesostigmata 1 2209 B} Phytoseiidae

g &R} Oribatidae

R, B AR, EERL AR AR
Tetranychidae, Tydeidae, Trombidi-
idae, Tenuipalpidae

A +AT A AR RN X B TEA F A B E LR
R 5 24 2 D T AT HAT R B AR R R
SR AR BN X PN PR B 1 R BN Ay 2R A R A 1
R, (B XS AL BN X SR R T R 2 R
i 5 it 245 5k 25 b 1 s AN X AR AR R, E
Xt AT +47 8] B SRR FORT B SR AR A RCR T B
SN JCVR A 24, A T B N TSR A
{10 2 A A AT A R DA R A A A R K (Ex
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Table 3 The difference among the function groups of arthropod community in apple orchard

Thael AbF T2 ANt LS
Function groups Treatment Spraying No-spraying t test
i 1 0.2+0.20 ¢ 1.0£0.32 ¢ ns
Parasitic community
2 27.2+41.74 b 56.6+4.01 a *
3 35.4+4.02 a 100.8+7.64 b *
FEp 52.892,0 100.705,0
=Y 1 11.642.84 b 40.2+15.45¢ ns
Predacious community
2 42.6+2.79 a 100.0+13.29 b *
3 48.4+391 a 153.0+10.55 a *
Ep 37.788,0 18.146,0
iR =y 1 19 643.0+7 797.22 a 2 044.4+£654.27 a ns
Herbivore community
2 7 828.6+1243.64 a 2901.4+640.93 a ns
3 4327.8+507.77 a 2427.8+£147.08 a *
Ep 3.086,0.083 0.639,0.545
ik 1 0.0+0 ¢ 6.8+1.66 b *
Neutral community
2 306.0+25.54 b 341.0£10.94 a ns
3 432.2+33.04 a 347.8+2.6a ns
Ep 84.983,0 882.555,0

M1 ERE 2. AT Y E AR 3. B ARAE T FEUBU 2 AN 25 ) A R 3E 22 R (p < 0.05),ns fRERRAT R L R M2 AN 25 % A R
PR T 7 0. Nl
Note: 1. Clean tillage; 2. Ground cloth+ inter-row natural grass; 3. Natural grass. ¢ test was compared between spraying and no-spraying, One-way

ANOVA was used among different grass management. The same below.

%4 TEEREESEDHDIEESHI Y

Table 4 Characteristic indexes of arthropod community in apple orchard

$8%0 Index AP Treatment Jiti%j Spraying I\Toﬁfiying Z;Ei&
FEES 1 7.20+0.58 ¢ 17.80£1.39 b *
2 41.60+1.69 b 72.00£2.59 a *
3 50.80+0.80 a 74.20+1.46 a *
Fp 284.019,0 412.625,0
R LRI C 1 1.00+0.00 a 0.76+0.08 a *
2 0.82+0.03 b 0.30+0.05 b *
0.60+0.04 ¢ 0.19+0.01 b *
Ep 28.604,0 40.313,0
EZECRIT 0N 1 1.04£0.02 ¢ 2.09£0.29 ¢ *
2 2.29+0.27 b 11.41£1.29 b *
3 4.23+0.45 a 15.14£0.48 a *
Fp 68.497,0 28.252,0
BIS RS 1 0.02+0.01 ¢ 0.25£0.05 b *
2 0.22+0.03 b 0.56+0.03 a *
0.36+0.03 a 0.63£0.01 a *

Ep 60.436,0 33.252,0
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Table 5 The relative stability value of arthropod community in apple orchard

FE% Index Qb3 Treatment Jiti%j Spraying ANitiZ No spraying ! jiﬂ‘gf?

PR AR B SN 1 0.001 050.000 52 ¢ 0.67+0.094 34 b *
2 0.005 96+0.001 50 b 1.245 62+0.120 80 a *
3 0.011 08+0.001 44 a 1.062 9+0.082 59 a *
Ep 16.455,0 5.526,0.02

KRB H AR S8, 1 0.012 46+0.003 79 b 0.750 65+0.0806 20 a ns
2 0.023 5+0.003 00a 0.919 93+0.045 83 a ns
3 0.024 7+0.001 19 a 0.911 86+0.068 79 a ns
Ep 28.562,0 2.052,0.171

2.5 FERETRIEEMBUE S

HiAT +47 8] B AR A2 BEAN It 245 00 B SR AR B AN Tt 24
B FEARLVE 78 20 =08 079, R AN £ 7S R Gtk AH
Ao EARAR R 245 F0 H AR AR BN 24« H AR L
2RI AT +HAT (8] [ R AR Bt 24 | A e 24 R b AT AT
() [ 9K 28 BEAN I 245 i AT +4T 8] 5 4R A it 24 7 Hh
A +A7 18] H AR A BN 25 AT +HAT 18] [ SR AR R 2
A1 AR AR AN it 245 2 18] AH ALV 45 # 0.50~0.75,
F IR LG 2 G5 2 (8] v S AR RL s T B I 24 S M AT AT
) AR AE BN SR AE BN 2 H AT +4T (8]
SRAE BT 2 AR AR B 24 2 TA) R AR UL PE AR ECh
0.00~0.25 , & WIH M It 24 51X L8 R G A AL R
6)
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TEF R SRS RS AR i i &
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Table 6 The similarity of arthropod community

in apple orchard

Qb3 Treatment A B C D E F

A 1 017 0.15 0.41 0.13 0.12
B 1 0.69 0.32 0.56 0.53
C 1 0.28 0.66 0.71
D 1 0.26 0.25
E 1 0.79
F 1

T ACTEPIEZ B MATHAT ) AR AR B ZS  C. HAREEEZ
D. {EPIANIEZS . HAG+1T 18] B AR AR AN 2 F. F AR EREANEZ

Note: A. Spraying clean tillage; B. Spraying ground cloth+ inter-row
natural grass; C. Spraying natural grass; D. Clean tillage; E. Ground

cloth+ inter-row natural grass; F. Natural grass.

2AER R SRR L KHME S, 2Lk
RV P I R B T
2.7 BESH

HT &S LRI, AN AL PR 22 8] S R 4 K6, LA +4T
6] B SR A S 24 5 AR A it 24 2L A AT TR AR
AL S HRA A 25 TE R AL TSP
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Table 7 The principal component analysis of arthropod community in apple orchard

e R [K|F#af & Factor Loading f%lfﬁﬁ}i? o
Treatment Component s = J v c Curzlulatlve contribution
rate%
A 1 0.389 0.980 0.996 -0.984 0.969 80.23
2 0.920 -0.182 0.001 -0.039 -0.226 98.87
B 1 -0.077 0.999 0.990 -0.954 0.996 77.73
2 0.996 0.007 -0.130 -0.238 -0.028 99.05
C 1 0.222 0.995 0.980 -0.980 0.99 78.79
2 0.974 -0.083 -0.185 -0.123 -0.074 99.01
D 1 -0.610 0.937 0.950 -0.957 0.966 80.05
2 0.784 0.314 0.214 -0.049 -0.069 95.40
E 1 -0.818 0.942 0.978 -0.986 0.979 88.89
2 0.575 0.335 0.202 0.062 0.019 98.65
F 1 -0.166 0.921 0.998 -0.862 0.871 67.52
2 0.978 0.378 -0.004 -0.075 -0.282 91.23
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Note: A. Spraying clean tillage; B. Spraying ground cloth+ inter-row natural grass; C. Spraying natural grass; D. Clean tillage; E. Ground cloth+

inter-row natural grass: F. Natural grass.
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A TEBHIEZS B, AT +HAT 1) AR AR FEZS  C. HARAEEIEZ D,
TERFANHEZS s E. MuA-+17 () H MR B2 F. B AR E AL

A. Spraying clean tillage; B. Spraying ground cloth+ inter-row nat-
ural grass; C. Spraying natural grass; D. Clean tillage; E. Ground
cloth+ inter-row natural grass; F. Natural grass.
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Fig. 1 Cluster analysis of arthropod community in apple

orchard
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