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Effects of intercropping green manure on the diversity of
pests and their natural enemies in apple orchards
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Abstract [Aim] To clarify the effects of intercropping green manure on the diversity of pests and their natural enemies in
apple orchards, and optimize the apple orchard ecosystem. [Methods] Two green manure crops, clover and ryegrass were
intercropped with apple trees in Jingning County, Gansu Province. Orchard pests and their natural enemies were captured in
Malaise nets from April to October 2023 to assess and compare community diversity of these orchards with that of a control,
clean tillage orchard. [Results] The period during which pest numbers increased occurred 15 days later in intercropped
orchards than the control orchard. Pest diversity was also lower in intercropped orchards, by 16 fewer families and 12 species,
and 6 fewer families 8 species, respectively. Overall aphid abundance was 7.69% lower, but could be as much as 29.98% lower
than the control. Although they remained common, Aphis citricola were no longer the dominant species in intercropped
orchards. Intercropping increased natural enemy diversity by 4 species, 4 families, 2 orders, and by 3 species 3 families 1
orders, respectively, and the overall abundance of natural enemies increased by 113.94% and 205.82%, compared to the control.
Peak benefit-harm ratio values were 1.63 and 1.08, respectively, significantly higher than those of the control orchard (P <
0.05). The Shannon-Wiener diversity index and Margalef richness index of intercropped orchards were significantly higher

than those of the control (P < 0.05), and the Simpson diversity index and Pielou uniformity index were also significantly
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higher than those of the control (P < 0.001). Cluster analysis indicates that intercropping changed the structure and

composition of the pest and natural enemy communities in apple orchards. [Conclusion] Intercropping clover and ryegrass

can effectively reduce the incidence of pests in apple orchards, significantly increase the number of natural enemy species and

the benefit-harm ratio, resulting in higher biodiversity and stronger species stability. Intercropping with ryegrass may, however,

cause other pest populations to increase.
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Fig. 1 Number of dominant species and common species in apple orchards of different planting patterns
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Table 1 Composition of natural enemy communities in apple orchards of different planting patterns
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££3k 1 (Table 1 continued)
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D: E#F; C. WWFRh; A BILFK,

D: Dominant species; C: Common species; A: Accidental species.
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Fig.2 Temporal changes in the population of pests in apple orchards of three planting patterns
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RHEMEE) o« TER.

Different lowercase letters above the broken line indicate significant difference (P < 0.05, Duncan’s multiple range test),
while different uppercase letters indicate extremely significant difference (P < 0.001, Duncan’s multiple range test). The

same below.
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Fig.3 Temporal changes in the population of natural enemies in
apple orchards of three planting patterns
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Fig. 4 Variation of ratio of beneficial to harmful insect in apple orchards of three planting patterns
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F2 3MAEEX TEREEY ZHEMEERELEHILER

Table 2 Comparison of species diversity and community stability indices in apple orchards under three planting patterns

vy o 2 RE 4L
Fivrfst PIIE  ppesen TEERC e pmree Rt
. Shannon-Wiener . . Margalef . . . .
Planting patterns . Simpson index . Pielou index  S,/S,index S/N index
index index
P = -3 2R 2.65+0.09a 0.89+0.02A 6.56+0.26a 0.34+0.01 A 0.42+0.0la 0.016+0.030a
Clover-apple orchard
R T 2.75+0.06a 090+0.01 A 6.51+0.19a 0.33+0.01 A 0.38+0.0la 0.014+0.030a
Ryegrass-apple orchard
TEHERFE Clean tillage 238+0.11b 0.81+0.03B 544+0.26b 0.29+0.01 B 0.30£0.03b 0.013+0.001 a

FPBAE bR, RSB EAR/NG TR 2255 B (P<0.05, ME FIEM2ERE) , ARG 50,
FoREFWEE (P<0.001, XHERFEMERE) o

Data in the table are mean+SE, and followed by the different lowercase letters in the same column indicate significant
difference (P < 0.05, Duncan’s multiple range test), while different uppercase letters indicate extremely significant difference

(P <0.001, Duncan’s multiple range test).
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Fig. 5 Species clustering analysis of natural enemies (A) and pests (B) of different planting patterns
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