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Characterization of nematode communities in the soil of long-standing versus

replanted apple orchards surrounding Bohai Gulf
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Abstract: Apple replant disease ( ARD) is a common problem affecting the reuse of lands just removed from apple
production. ARD problem is caused by soil-borne organisms, which stunts the growth of apple trees, suppresses the yield
and quality of apple fruits, and enhances susceptibility to diseases and pests. Apple replanting impacts the pH value,
nutrition level, enzymatic activity, concentration of toxic substances (e. g. phenolic compounds), and microorganism
community (e.g. pathogenic fungi) in the soil, deteriorating physical and chemical properties of soil. Healthy soil is
essential for producing healthy foods and protecting human health. Soil nematodes ( Phylum nematoda) are important
components in the soil ecosystem, play significant roles during the processes of soil formation and maturation, and are major
parts in the soil food chain. Soil nematodes are sensitive to physical and chemical changes in the soil, and are often used as
the biological indicator measuring soil quality. In this study, soil nematodes were analyzed on apple orchards surrounding
Bohai Gulf from May to October in 2009. The structure and dynamic change of nematode communities were assessed by
using generic diversity, generic richness, nematode density, and a functional group index. In comparison, the generic
diversity, generic richness and uniformity of soil nematodes in the replanted apple orchards were significantly lower than
those in the long-standing apple orchards. Data of generic diversity also suggested that apple replanting impacts the
biological properties of the soil, leading to a less favorable soil environment for apple growth. The maturity index (MI) of
free-living nematodes was similar between long-standing and replanted apple orchards, but the maturity index of plant
parasitic nematodes, or the plant parasite index ( PPI) , was significantly higher in the replanted apple orchards than those

in the long-standing apple orchards. According to the functional group index, apple replanting significantly changed the
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ratio of r- and k- selection of plant parasitic nematodes. When compared with free-living nematodes, plant parasitic
nematodes were more adaptable to replanted apple orchards, increasing the PPI/MI ratio. Analysis of nematodes with
different feeding habits revealed that the overall numbers (36.8 nematodes per 100g dry soil) of herbivorous nematodes in
replanted orchards around Bohai Gulf was greatly below the density threshold (114 nematodes per 100g dry soil) that can
damage apple trees. Therefore, it appears that nematodes are not the major causal agent for apple replant disease in the
Bohai Gulf area. However, it is still possible that soil nematodes might boost the ARD problem in some replanted apple

orchards.
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Table 1 Structure of soil nematode community in replant orchard and old orchard in different regions

BUREALE B3 A BE ZHME LR )} 3 FRBE
Sampling position Genus number Density Diversity H' Diversity D’ Evenness J Richness SR
SD 47 [a] 11.56 £1.06a 174.4 £11.5e 1.43 £0.02ab 0.67 £0.07ab 0.63 £0.05b 1.75 £0.15a
SD 174 8.67 £+0.44cd  243.2 £3.5d 1.1 +0.01cd 0.45 £0.03d 0.45b 1.34 £0.05b
SD #%4/E 6.22 £0.22¢f  284.7 x11.7¢ 1.01 £0.06d 0.45 +0.03d 0.49 £0.01b 1.25 +0.08b
LN 17 11.17 £0.17ab ~ 359.4 +9.6b 1.59 +0.1a 0.75 £0.05a 1.23 £0.46a 1.89 £0.03a
LN 174 9.56 £0.33bc  311.3 +1.6¢ 1.18 £0.02cd 0.46d 0.60 £0.01b 1.35 £0.06b
LN 3#%4E 9.94 £0.83abc  134.7 +0. 13f 1.43 +0.06ab 0.59bc 0.59 £0.01b 1.89 +0. 16a
HB 17[f] 7.08 +0.08de 89.7 +1.6g 1.26 +0.09bc 0.5cd 0.59 £0.17b 1.34 +0.16b
HB 174 9.33 £0.33¢ 389.0 £18.9a 1.32 £0.11be 0.56 +0.02ed 0.55 £0.01b 1.57 £0.07ab
HB #4E 5.25 £0.83f 351.117.6b 0.57e 0.26 £0.01e 0.35b 0.84 £0.01c
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Table 2 Structure of soil nematode community in replant orchard and old orchard in spring, summer, autumn

8 PS4 ARG BE E2dc3 E22c3 B FHEE

Season Genus number Density Diversity H' Diversity D’ Evenness J Richness SR
%7 Spring 8.79 £0.28b 325.92 +80.8b 1.57 £0.02a 0.54 £0.01a 0.59b 1.16 +0.06a
K 7% Summer 8.34 +£0.04b 288.22 +7.99b 1.33 £0.05b 0.54b 0.56 +0.02¢ 1.13 +0.06b
#Z= Autumn 16.06 +0. 85a 521.38 +31.06a 1.20c 0.77 +0.07b 1.02 +0.32a 1.12 +0.07b
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Table 3 Characteristic of functional group of soil nematode in replant orchard and old orchard in different regions

B HERRRE AR A .

Sampling position > MI( maturity index) PPI( plant-parasite index)
SD 47[8] 1.07 £0.02be 0.75 +0.04b 1.0 £0.06b
SD 17 1.24bc 0.33 +0.04cd 0.29 +0.01cde
SD %1k 1.13 £0.03be 0.47 £0.05¢cd 0.33 +0.03cd
LN 47/8] 1.48 +0.63b 1.02 +0.19a 2.07 +0.21a
LN 174 0.63 +0.01c 0.35 £0.04cd 0.19 +0.08de
LN 3#%1E 1.21 +£0.01be 0.57 £0.02bc 0.49 +0.04c
HB 17/ 1.4 £0.01b 0.31d 0.21 +0.08cde
HB 174 1.70 £0.02b 0.36 +0.06cd 0.15 +0.03de
HB #%1E 3.04 +0.06a 0 0
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Table 4 Characteristic of functional group of soil nematode in replant orchard and old orchard in spring, summer, autumn

i AR R 25 A 2 PR A 5K

PPI/MI
Season > MI( maturity index) PPI( plant-parasite index) /
# 2= Spring 0.07 £0.07b 0.37 +0.01b 0.37 £0.01b
HZ Summer 1.39 £0.03ab 0.61 +0.09ab 0.59 +0.1b
#Z Autumn 3.01 £0.17a 0.75 £0.04a 1.65 £0.25a
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Table 5 Number of different feeding habits of soil nematode in replant orchard and old orchard in different regions

TR B RN R RERMEL R TR AR RPEL
Sampling position Bacterivores Fungivores Plant-parasites Predators/Omnivores

SD 4717] 74 9.4 46 35.2

SD 7Py 58 11.8 58.1 19.7

SD #4E 42.4 7.8 14.2 13.9

LN 47[a] 20.6 5.5 15.9 14.2

LN 17 118.9 8.4 8.6 11.7

LN #4E 133.5 10.5 36.8 19.5

HB 77[H] 453.1 18.9 44.4 3.3

HB 1T 957 7.4 8.5 4.1

HB %4 219 0.9 0.4 1.9
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Table 6 Number of different feeding habits of soil nematode in replant orchard and old orchard in spring, summer, autumn
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Season Bacterivores Fungivores Plant-parasites Predators/Omnivores

# 2= Spring 151.9 7.9 26.3 13.8

B Z Summer 271.1 13.5 34.2 16

#Z Autumn 154.6 5.2 20.4 15.3
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