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Abstract: To clarify the impact of different planting patterns on the diversity and stability of
insect communities in apple orchards, this study was conducted from June to December 2022 in
the main apple production area of Zhaotong. Three planting patterns were compared: apple
intercropping with soybean orchard (AS), apple intercropping with alfalfa orchard (AA), and
natural grass cover (NG). Six survey methods were employed, including plant surveys, net
captures, yellow plate trapping, yellow board trapping, and food attractant trapping. A total of
316850 insects belonging to 12 orders, 82 families, and 189 species were surveyed in the three
apple orchards. Diptera had the highest species richness and abundance, accounting for over 77%
of the total individuals surveyed in all three orchards. The dominant families were Drosophilidae,
Psychodidae, and Sciaridae within Diptera. In the clustering of neutral groups, phytophagous
groups, and parasitic groups, AA and AS orchards clustered together. The ecological niche width
indices for predatory and phytophagous groups in AA orchards were higher at 17.8401 and
12.7612, respectively, compared to 10.2868 for phytophagous groups. The niche overlap index for
predatory and parasitic groups in AS orchards was 0.7398, which was lower than the other
orchards. The Simpson index, Shannon-Wiener index, and evenness of neutral groups, as well as
the Simpson index and evenness of predatory groups, and Shannon-Wiener index of parasitic
groups were higher in AS and AA orchards compared to NG orchards. The fluctuation of Sy/S; in
AA orchards was smaller than in the other orchards, and Sa/S, values were higher in July and
October. This study clarified that Diptera were the dominant group in Zhaotong apple orchards.
Intercropping with soybeans and intercropping with alfalfa orchards resulted in more similar
species compositions compared to natural grass orchards, indicating better community diversity.
Among them, the insect community stability was highest in the intercropping with alfalfa orchards.
The results of this study can provide reference for the ecological control of pests in apple
orchards.

Key words: Apple orchards; planting patterns; insect community; functional group; community

diversity; community stability
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Table 1 Composition of insect communities in apple orchards in Zhaotong

H BRI Hefil (%) Rl Hefil (%) MRS Hefil (%)
Order Number of families Proportion Number of species Proportion Number of individuals Proportion
74 H - Ephemeroptera 1 1.22 1 0.53 16 0.01
#MH Dermaptera 1 1.22 1 0.53 15 <0.01
1% H Mantodea 1 1.22 1 0.53 3 <0.01
22 H Thysanoptera 1 1.22 1 0.53 2677 0.84
ik# H Neuroptera 2 2.44 4 2.12 541 0.17
Hi#H Orthoptera 2 2.44 2 1.06 3 <0.01
If#E H Odonata 3 3.66 3 1.59 62 0.02
F4M H Hemiptera 11 13.41 29 15.34 39 598 12.50
53 H Lepidoptera 12 14.63 21 11.11 1546 0.49
#5# H Coleoptera 12 14.63 23 12.17 1 605 0.51
JE# H Hymenoptera 13 15.85 50 26.46 14 778 4.66
XA H Diptera 23 28.05 53 28.04 256 006 80.80
4t Total 82 100.00 189 100.00 316 850 100.00

2 ARMERNERE PR R REHEAENK

Table 2 Composition of insect communities in different apple planting orchards

FiE#E0 Planting patterns

H order M fE K 3EHE Apple-soybean orchard [ fE 55465 18 3 R bd - Apple-alfalfa orchard H R R Natural grass orchard

Ns Ni Ryi (%) Ns Ni Ryi (%) Ns Ni Ri (%)
W0 H Ephemeroptera 1 2 <0.01 0 0 0.00 1 12 0.01
##H Dermaptera 0 0 0.00 1 2 <0.01 1 8 0.01
5% H Mantodea 1 2 <0.01 1 7 0.01 0 0 0.00

4 H Thysanoptera 1 872 0.91 1 1 0.00 1 369 0.40



Jiki# H Neuroptera 4 187 0.20 1 1436 112 4 142 0.15

HE#H Orthoptera 1 1 <0.01 4 212 0.17 1 2 0.00
IiE#E - Odonata 0 0 0.00 3 20 0.02 3 42 0.05
4 H Hemiptera 24 12 499 13.04 23 13 991 10.90 25 13 108 14.15
%M H Lepidoptera 13 570 0.59 16 666 0.52 15 310 0.33
4 H Coleoptera 18 382 0.40 19 621 0.48 19 602 0.65
H# H Hymenoptera 38 4162 434 43 4395 3.42 34 6221 6.72
XU#H Diptera 50 77 164 80.51 51 107 033 83.37 50 71 809 77.53
it Total 151 95 841 100.00 163 128 384 100.00 154 92 625 100.00

VE: Ns NWIRNEL, NONAMEEL, Ry i% B AR % B R S AMA B e, 2 3 [ Note: Ns was the number of species, N; was the number of individuals, and Ry was the rate of the number of individuals to the total

number in the orchard, the same as the following table 3.

*® 3 FREMERAEREFH R HIGEEAR

Table 3 Compostion of functional groups of insects in different apple planting orchards

E L IhEEH] Functional groups of insects

A 2R LEReE S LNEESi EEXSE
Planting patterns Neutal group Phytohagous group Predatory group Parasitic group
Ns Rus (%) Ni Rt (%) Ns Rus (%) Ni Rt (%) Ns Rus (%) Ni Ri (%) Ns Rus (%) Ni Rt (%)

I (EFNCE |

Apple-soybean orchard 28 18.54 44 066 45.98 61 40.40 46 901 48.94 29 19.21 1035 1.08 33 21.85 3839 4.01
IR AL E AR SR

Apple-alfalfa orchard 28 17.18 54 945 42.80 63 38.65 68 145 53.08 34 20.86 1619 1.26 38 23.31 3675 2.86
[ERAEE S

Natural grass orchard 28 18.18 54 938 59.31 65 4221 30934 33.40 33 21.43 1480 1.60 28 18.18 5273 5.69

T Rus NZIRE B WA 805 2 A B RS EL B . Note: Rys was the rate of insect species in this group to the total number of species in the orchard.
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Fig. 1 Cluster dendrogram insect functional group in different apple planting orchards
TF: Ne yrhVE2EHEE, PhoWMEZEHE, Provifi@BE, Pa N2r 4288 BN AS NIMERGERE, AA NIEELRIEEHEFER

i, NG NHERETIERE, % 4. B 3 [H. Note: In the figure, Ne was a neutral group, Ph was a phytophagous group, Pr was

a predatory group, and Pa was a parasitic group, the same as table 4 and fig. 3.

2.1.3 A [l Ff e 3 SR el o B e T e A A A A 98 S5 5 A A 1 EE B AR A

3 SR el A [ e A A 2 2 oxh B HRURE 9 v & D R AT 10 A 35 T L AN AE S b B B 1R U AR Y
M o 1] 11 S A T 0 3 SR el 4 B SRR A 2 25 SR I 2R A 00 98 L 4R 0 31 04 17.8401 A112.7612,

/,

AR R PR B e, R SR (R B AR T S R v 7 A TE R H0 10.2868,
SR 2% A ol SR e P AR o A [ oA 2392 2R el o 5 SIS 1) ) A2 2557 B B R ORI K/ IR A
[, f e IR A AR SREAN MR SAE A 5 A B B FR O H AR E R R i e, 09008
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Table 4 Niche width index and niche overlap index of insect functional groups in different apple planting orchards

B a4 2 A RAE AR R
Functional Neutal group Phytohagous group Predatory group Parasitic group
groups of
X AS AA NG AS AA NG AS AA NG AS AA NG
nsects
PR
5.3489 5.3803  7.3753
Neutal group
[ERS e
Phytohagous 0.8294  0.8698  0.834 14.0096  10.2868  17.5664
group
AR
Predatory 0.8285  0.8606  0.9354 0.866 0.8894 0.8221 13.4781  17.8401  17.6066

group



AR
Parasitic 0.6448  0.7123  0.7853 0.7604 0.8526 0.8758 0.7398 0.8628 0.8591 9.1264 12.7612  6.5591
group
T XA R AR N A AL FEFRE X A LR T N AE AT H & FE 2. Note: Values on main diagonal were niche width index, values under

the main diagonal were niche overlap index.
2.1.4 AS[RRRE AR 2GS A B SRR 1) 2 R0 a0 i

(AR K 3 SR el R 9 R A 3 R el B RV T 3 > 2 70 () R AR TR AE 80% AL,
FRE SR Bl 1 B BV AL 0 0 3 A Ry TSR AE A S R A AT 4 S R R R AR
TUHRFRAE 80% A F, WL B RUREVE AL Rl 70 0 4 A > (3R 6D TR R 36 2R el 1 5
—E R A R AR AR MARIN SR R T, AR RAE R
R R B HURE VS AR AL A T B R R R AR R SRR R R
PRE TRIESRAE T 7 S SR I 1) B RV 58 — R R R SR MR M R SRR M U 43
BT 5 H R U L TR SR A8 A S 2R 28— T2 B I SRR AR X0 32.98%.
B IR AR TS R ] 1Y) B RV 28— Tl el B SRR AN AR SRR A T SR Y
R E T, RIS RRE . AR, PSR AP SO R B AR A B R e R AR AL
FERT (K5

&5 FEMERNERE S EREENERS S

Table 5 Principal component analysis of insect communities in different apple planting orchards

Rt TR (%)

AR 3 T
Xi Xz X3 Xy Xs X X7 Xs Accumulative contribution
Planting patterns Component
rate

I 0.85 0.71 0.90 0.64 -0.72 0.32 -0.37 0.62 44.74
EIE (NSRS

I -0.22 -0.51 -0.32 0.50 0.32 0.53 -0.55 0.62 66.24
Apple-soybean orchard

11 -0.01 0.41 -0.08 0.16 0.40 0.61 0.69 0.05 81.34

1 0.08 -0.62 0.61 0.75 0.24 0.78 0.66 0.45 32.98
Bl a2 A I 0.24 -0.27 -0.77 -0.44 0.69 -0.03 0.33 0.56 55.68
Apple-alfalfa orchard 11 091 -0.14 0.05 0.18 -0.07 -0.49 0.42 -0.44 74.46

I\Y% -0.26 0.64 -0.01 0.41 0.57 -0.19 0.31 -0.17 88.64

I 0.61 0.85 0.80 0.77 0.75 0.61 0.74 0.84 56.68
H AR AR

I -0.07 0.40 -0.12 0.53 -0.62 0.48 -0.42 -0.14 72.48
Natural grass orchard

11 0.75 0.09 0.47 -0.20 -0.13 -0.20 -0.36 -0.32 86.31

T X Ol ERREA RS, X O RS, OV R R X OV BRI, X P SRR, X
PERBEDFIEL, X7 NP7 AR RN, X NP7 AR R BRI $L . Note: X; was the number of predatory individuals, X> was the number of
predatory species, X3 was the number of phytophagous individuals, X was the number of phytophagous species, X5 was the number of
neutral individuals, X5 was the number of neutral species, X7 was the number of parasitic individuals, Xs was the number of parasitic

species.
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2.2.1 ACE 1H 5%yt AR 2k

3 PR AR S SR ) ACE B B s BMRAK R : PR EAE 78 S R (165.86) >H A
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BITE 97.9%LA b 3 FiopiAe A 2038 SR Il (¥4 ok 22 01 il 28 359 B R A B iz B, 7E 10
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Fig. 2 Species accumulation curve and ACE index
HE: B AS-ACE 3R KM ACE {5, AA-ACE 3RS0 E 78 Rt ACE fi, NG-ACE HMARARIREE ACE {H. Note:
In the picture, AS-ACE was the ACE value of apple-soybean orchard, AA-ACE was the ACE value of apple-alfalfa orchard, and
NG-ACE was the ACE value of natural grass orchard.
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Fig. 3 Simpson index, Shannon-wiener index and Pielou evenness index of each insect functional groups in

different apple planting orchards

T B EAE/NG T RN %I B A 2 R RS R A R AR S Rl v 2 5 3 (Tukey #3375, P<<0.05) . Note:

Different lowercase letters on the column indicated that the diversity index of insects of this functional group was significantly different

in apple orchards with different planting patterns (Tukey test, P<<0.05).
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Fig. 4 Seasonal variation of S/S; and Su/S, of insect community in different apple planting orchards
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