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Abstract: [Objective] The grass planting technology in the orchard is usually to plant perennial herbs
as cover crops in the ground between the rows of fruit trees. Applying sod system can retain water, in-
crease soil fertility, make growth environment better, and improve fruit quality. Under different ground
conditions, there are various suitable types of grasses, and it is very important to choose the appropriate
grass species. Vicia villosa is an excellent type of forage belonging to the legume genus Vicia, annual or
over year, with strong adaptability to the environment. It is often used in agriculture to raise animals, ro-
tate crops, and turn over as green manure. Applying sod system in apple orchards can improve soil fertil-
ity and increase the number of natural enemies. Therefore, the objective of this study is to examine the
effects of different grass-growing patterns on the main pests and their natural enemies in pear orchards,
and to determine whether the villous vetch is suitable for planting in pear orchards, so as to improve the
ecological environment and control pests effectively. [Methods] The experimental orchards were situat-
ed at Qufu city, Shandong province. The pear orchard covered 60 667 m” and the pear trees were 5 to 9
years old. Three grass planting treatments were set up, with each of 10 to 15 667 m’. Machines were
used for weeding and cutting the natural weeds on the ground between the pear tree rows. Three treat-

ments were as follows: (1) Clean cultivation: there was no grass cover; (2) Natural grass cover: the
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grass was usually cut 2 to 3 times a year, keeping the height of the natural weeds around 20-30 cm. (3)
Artificial grass cover: that was to ditch the rows of pear trees and the V. villosa was sowed, 2 kg per
666.7 m’, which subsequently covered the ground mixed with a small amount of natural weeds. Using
visual, yellow board and net sweeping methods, the population dynamics of pests and natural enemies
were systematically investigated in three grass- growing treatments. Statistics and calculations were
made on the diversity index of natural enemies, the correlation between population dynamics of pests
and natural enemies, and the temporal niche of population dynamics of pests and natural enemies. [Re-
sults] The population of aphids and Psylla chinensis in the artificial grass area was significantly con-
trolled compared with the clean cultivation area. The first peak of aphids appeared on May 25, and the
number of aphids in the artificial grass-growing area was the lowest (51.7+11.7 per branch), which was
significantly lower than that in the clean cultivation area (116.7+£20.3 per branch) and the natural grass
area (86.2+10.3 per branch). In late October, the number of overwintering P. pylla populations was the
highest in the year, and the number of occurrences in the artificial grass area was also the lowest (4.8+
1.2 per branch), which was significantly lower than that in the clean cultivation area (11.3+2.1 per
branch). The average values of the diversity index (/) and dominance index (D) of the natural enemies
in the artificial grass area and the natural grass area were 1.15, 1.00, 0.60, and 0.55, respectively, which
was significantly higher than that of the clean cultivation area. The dynamic analysis of the population
of natural enemies showed that the populations of Propylaea japonica, Harmonia axyridis, lacewing,
syrphids and parasitic wasps on the trees in the artificial grass area increased significantly. The P. japon-
ica was one of the main predatory natural enemies in the orchard. After using pesticides, the number of
artificial grass areas was still 1.21 times more than the natural grass areas and 3.31 times more than the
clean cultivation area, indicating that planting grass significantly reduced the adverse effects of using a
certain amount of pesticides on natural enemies in the orchard. According to the population dynamics of
the natural enemies in the grass, the population of the P. japonica and the lacewing in the artificial grass
area increased significantly, compared with the natural grass area. And a better ecological microenviron-
ment was created, including more pollen nectar and alternative insects. Planting grass in the orchard
changed the correlation between the pests and natural enemies in pear orchards, but the correlation be-
tween natural grass and artificial grass was not significant. Analysis showed that the orchard grass could
reduce the dependence of predatory natural enemies on aphids and other short-term outbreaks of pest re-
sources, while raw grass in the orchard could provide more pollen and nectar, significantly enhancing
the relevance of parasitic bees on pests. The grasslands were the most relevant. Planting grass in the or-
chard changed the temporal niche of the pests and natural enemies in pear orchards. The temporal niche
of the insects in the artificial grass area was the lowest and the temporal niche overlap index and tempo-
ral niche similarity index between pests and natural enemies in the artificial grass area also increased
significantly, compared with the clean cultivation area and the natural grass area.[Conclusion] There-
fore, artificial planting of V. villosa can significantly affect the occurrence dynamics and timing charac-
teristics of natural enemies in pear orchards. Compared with the management modes of clean cultiva-
tion and natural grass, the plantation of V. villosa in the pear orchard could provide a better extra habitat
for natural enemies. The population of natural enemies can be more stable in the pear orchard, and the
effect of controlling pests in pear orchard was more significant.
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Table 1 Pesticides used in the test garden
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Date Pesticide concentration, type and multiple

3A27H 10% K15 F R /K 23 HBORL A 1T 500 5 + 22.4% 85 L 2488 357 3 000 i iR

March 27 10% difenoconazole water dispersible granules 1 500 times solution and 22.4% spirotetramat suspension 3 000 times solution
4526H 5% T 6 A V7 1) 1 500 15 + 60% LA 7K 43 BORE 751 2 000 £

April 26 5% azoxystrobin suspension agent 1 500 times and 60% pymetrozine water dispersible granule 2 000 times solution
5H10H 40%FRAEMEFL I 3 000 fi5 7 + 5% 50 S K HI I =711 1000 £

May 10 40% flusilazole emulsifiable concentrate 3 000 times and 5% chlorantraniliprole suspension 1 000 times solution
6H4H 3% R LI 2 000 £ +20% KR ELIF 7 1 000 £

June 4 3% tebuconazole suspension 2 000 times solution and 20% diflubenzuron suspension 1 000 times solution
8HI13H 25% M AR T 6 5Lt 2 000 f

August 13 25% pyraclostrobin EC 2 000 times solution
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Fig.1 Dynamics effects of main pests in pear orchards with different grassing patterns
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Fig. 2 Dynamics effects of Propylaea japonica in pear orchards with different grassing patterns
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Table 2 Diversity index of the natural enemies in pear

orchards with different grassing patterns

ZRMERE BX HARAEEIX NTLAFEX
Diversity Clear cultivation ~ Natural grass Artificial grass
index area area area

H 0.68+0.11 b 1.00£0.09 a 1.15+0.07 a

J 0.76+0.02 a 0.78+0.02 a 0.72+0.03 a

D 0.39+0.06 a 0.55+0.04 b 0.60+0.03 b
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Note: The different small letters mean significant difference at p <
0.05.

SR g, N AR X 38 ey 7E6 H 4 A
F & BRI fE , N AR B X A ey » M (1.16+0.51)
Shed!, R ERAER X121 15, IEHHX 1 3.3114%,3
AMXZ A ERRE (p<0.05), 2 Jaa g s w
KB AN e, N LA O A R e, T X
WA R 1. 28 H RIS = mgin, AT
AR B X R AR AR B X AT SR A AE — o B = 1) F a0
Ho FEIEWA =NRE G, B =R AE RS
BEHE . R —NRASER, 3 Fi A R R
0 B0 R AR B 53 0 9B B X (0.85+0.02) 3k« £
H AR A B X N (0.77+0.03) 3k« 45, N LAER XN
(0.83+£0.02) Sk« #7 1, 3N X i 2 F YA B3 (p >
0.05). TE =/ NElg, NTARXRZ, N(1.11+
0.12)3k+8", AR AR IX 5TEHHX H & #n H 2R
AN E (p > 005, 557 8 (0.75£0.05) 3k « £ '
(0.81£0.06) % <% (] 2-A K] 3-A).

N SO R R AU AR A, N T AR

B —— AR BX BE P Natural grass area on the grass

---A-- - N AR XE P Artificial grass area on the grass

S0 L
Number of Propylaea japonica
(head per net)

04-29 06-17 07-30 09-09 10-24
05-25 07-10 08-20 09-30

2 H i Date



1550 3 i)

S 4

37 4%

- -0 - - JEHFX M L Clear cultivation area on the tree

—— HAAE XM I Natural grass area on the tree

<= A - - NTAERXH | Artificial grass area on the tree
15 ¢

=
= gl.o
H S5
x5 g 05

<

Number of Harmonia axyridis

0.0

04-29 06-17 07-30 09-09 10-24
05-25 07-10 08-20 09-30

7 H ] Date

—— B4 %X 54 Natural grass area on the grass

sosA- - NTAERXELN Artificial grass area on the grass
35 ¢

2.0

BIRER T
=
(6]

Number of Harmonia axyridis
(head per net)

1.0
0.5

0.0

04-29 06-17 07-30 09-09 10-24
05-25 07-10 08-20 09-30

7 H 4 Date

3 FREEHEAMHESS &R %L NSHENE

Fig. 3 Dynamics effects of Harmonia axyridis in pear orchards with different grassing patterns
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Fig.4 Dynamics effects of lacewing in pear orchards with different grassing patterns
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Fig. 5 Dynamics effects of syrphids in pear orchards with different grassing patterns
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Fig. 6 Dynamics effects of parasitic wasps in pear orchards with different grass patterns
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Table 3 Correlation analysis of natural enemies of main pests in pear orchards with different grassing patterns

Bl AR g Sl LR TR g
Category Grass pattern Propylaea japonica ~ Harmonia axyridis Lacewing  Syrphids Parasitic wasps
eF iE#F Clear cultivation 0.786* 0.358 0.491* 0.214 0.511%
Aphids 484 i Natural grass 0.509* 0.458 0.213 0.286 0.579*
NT/EF Artificial grass 0.563* 0.242 0.115 0.279 0.674*
gl N iE#F Clear cultivation -0.264 0.335 -0.306 -0.194 -0.373
Psylla chinensis I 484 i Natural grass -0.376 0.214 -0.397 -0.155 -0.526*
AT A% Artificial grass -0.326 0.491% -0.316 -0.253 -0.531%
ENAPN FE #RE % Natural grass 0.484%* 0.205 0.498* -0.195 0.628*
Natural enemies in the grass A\ T.ZE % Artificial grass 0.642% 0.493* 0.597* 0.413* 0.617*

TE R HCT R BRI Sh 3 5 UK N B RIS A A SR I (4 TR BB R AR SR R (p < 0.05)

Note: The numbers in the table are the determination coefficients of the correlation analysis between the population dynamics of natural enemies

on the tree and the population dynamics of pests and natural enemies in the grass, marked with * for significant correlation (p < 0.05).

28 AEEEFEAWMHEEWM EFEFTRARMEX
FET (8] 4 7SN B9 $2 M

3 AR AR A rh, AL [ T I I X [a) AR S A
AR, N TAERX EAREEXRNGED, AT

A BRI B TA) AR A B S K H AR AR X i
PEDX, Forb ardop i 22 PR A B 2, N AR BE X ) AR 25
Ry, 90.359, TE #FIX A H AR AR HLIX 43 51 24 0.106
F10.1300 3 Fofr AR B QA el ef He 55 R /A [|) AR 25 AL

x4 FREEEANREEEE BANRHE EE SRR

Table 4 Temporal niche of main pests and natural enemies in pear orchards with different grass-planting patterns

FLES AR LI L3 e g ef ot B N
Category Grass pattern Ladybug Lacewing Syrphids Parasitic wasps ~ Aphids Psylla chinensis
A 1 #F Clear cultivation 0.287 0.645 0.207 0.745 0.835 0.639
Ladybug I #R“E HE Natural grass 0.560 0.699 0.240 0.872 0.639 0.731
N LE# Artificial grass 0.596 0.763 0.639 0.874 0.805 0.751
LLIS 15 #F Clear cultivation 0.752 0.256 0.227 0.668 0.505 0.470
Lacewing H 2842 5 Natural grass 0.674 0.395 0.382 0.813 0.463 0.516
N TA K Artificial grass 0.677 0.505 0.757 0.714 0.617 0.796
1T F i 1 #F Clear cultivation 0.130 0.186 0.106 0.206 0.074 0.201
Syrphids H 2842 & Natural grass 0.434 0.330 0.130 0.601 0.601 0.178
N LAE# Artificial grass 0.691 0.779 0.359 0.677 0.611 0.496
i E g W& Clear cultivation 0.723 0.677 0.142 0.515 0.763 0.751
Parasitic wasps [ 8 % Natural grass 0.864 0.800 0.579 0.530 0.719 0.666
N LAEH Artificial grass 0.722 0.497 0.518 0.625 0.858 0.767
ef W& HF Clear cultivation 0.861 0.640 0.030 0.732 0.370 0.741
Aphids H 2842 5 Natural grass 0.738 0.486 0.663 0.713 0.313 0.630
N LAEH Artificial grass 0.739 0.484 0.559 0.734 0.305 0.672
Nl W& HF Clear cultivation 0.395 0.271 0.162 0.491 0.526 0.762
Psylla chinensis [ ${4: % Natural grass 0.552 0.317 0.090 0.379 0.374 0.655
N LAEH Artificial grass 0.611 0.429 0.342 0.557 0.366 0.635
VE A 2R IR N (8] AR 2507, X A 2k DA B R )R] A 5 25 8, 6 A 28 DL D9 i ) AR 25 AR AL

Note: The bold numbers on the diagonal are the temporal niche, the diagonals above are the temporal niche overlaps, and the diagonals below are

the temporal niche similarity.
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