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Effects of typical farmland cultivation measures on soil fauna distribution in Northeast
black soil region, China. WANG Zhiyun'?, NIU Zhixin'", BAI Yang? XU Zhenxin?, YU
Enping?, DU Xiaofang®* ('Key Laboratory of Ecological Restoration of Regional Polluted
Environment, Ministry of Education, School of Environment, Shenyang University, Shenyang
110044, China; *CAS Key Laboratory of Forest Ecology and Silviculture, Institute of Applied
Ecology, Chinese Academy of Sciences, Shenyang 110016, China).

Abstract: Soil fauna is the most important indicator of organisms in the soil and has an
importance in influencing the structure and function of the soil ecosystem. It is essential to
investigate how typical farmland cultivation practices affect the distribution and diversity of soil
fauna in the black soil area for the sustainable utilization of the black soil farmland ecosystem in
Northeast China. In this study, we collated the published literature in the black soil region of
Northeast China from 1992 to 2024. The effects of farmland cultivation practices (conservation
tillage and organic material addition) on the black soil region's fauna were compared with
conventional measures using the meta-analysis method. Finally, we used the inverse distance
interpolation method to create a map of the black soil region's soil fauna's spatial distribution. The
results showed that (1) black soil cultivation practices had a positive effect on the density and
variety index of macro- and microfauna as compared to conventional methods. Macrofauna
showed a substantial rise in density and diversity index of 54% and 21%, respectively, whereas
micro- and mesofauna showed increases in density and diversity index of 56% and 17%,
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respectively. (2) In the area with black soil, the distribution of earthworms was more common in
the east and less common in the west, mites and collembola were more common in the northwest
and less common in the southeast, and nematodes were progressively moving from the south to
the north. (3) The distribution of soil fauna was influenced by soil pH, soil moisture, and longitude
and latitude under the black soil cultivation method. The density of earthworms, mites and
collembola gradually decreased with the increase of longitude, and the density of mites and
collembola gradually increased with the increase of latitude. In conclusion, the distribution and
diversity of soil fauna in black soil areas are significantly impacted by farmland production
practices. Conservation tillage, organic material addition, and other black soil cultivation measures
can improve the community structure of soil fauna and provide a suitable living environment for
soil fauna to enhance soil health and biodiversity in farmlands.

Keywords: Northeast China; farmland cultivation measure; soil fauna; black soil; meta-analysis
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Fig. 1 Map of study sites for 28 articles (GS(2019)1822)
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Fig. 2 Response of soil fauna diversity, richness, evenness, group, density, and dominance to black soil
cultivation measures
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Note: Red color indicates a positive and significant effect.
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Table 1 Response of groups, density, diversity, richness, evenness and dominance of soil fauna to cultivation
measures in black soil

e st rrNEL R3S Ptz LY
Date type Meso/micro-fauna Macro-fauna
BRAE 95% E{FXIA] P RAE 959 & {5 X [i1] P
Effect size 95% CI Effect size 95% ClI
SRR
R 0.18 0.08~0.29 0.1 -0.06 -0.12~0.01 <0.01
Group
. 0.56 0.35~0.76 <0.001 0.54 0.43~0.65 <0.001
Density
s pok ol
%#_&T_ﬁzﬁ 0.17 0.07~0.26 <0.001 0.21 0.15~0.28 <0.001
Diversity index
= e
Wi 0.02 -0.37~0.4 0.59 -0.07 -0.34~0.1 0.92
Richness index
St ®i=r"
ii]’/j)yj{qﬁz -0.13 -0.31~0.04 <0.05 -0.15 -0.29~-0.00 0.14
Evenness index
P RE HE
%%&%ﬁ -0.02 -0.37~0.34 0.19 -0.18 -0.45~0.09 0.93
Dominant index
it
Total 0.23 0.15~0.30 <<0.001 0.09 0.04~0.14 <<0.001
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Fig. 3 Distribution of soil fauna in Northeast China black soil area
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Table 2 Effects of environmental factors on the number of soil fauna individuals

1z RES K7 R i AR EH
Soil fauna Environmental factors Regular measures Black soil cultivation measures
r P r P
; pH - N -0.09 0.66
. ﬂj‘i“ soc - - 0.01 0.95
arthworm SM - ; 0.17 0.41
s . . . <0.05
- pH 0.10 0.42 0.18
Mt soC -0.10 0.30 -0.04 051
e SM 0.12 0.29 0.08 0.23
ot pH 0.44 <0.05 051 <0.001
‘ ﬁ ool soC -0.06 0.70 -0.19 0.07
ofiembota SM 0.20 055 0.42 <0.05
pH 0.05 0.288 N -
%
it soC 0.01 0.93
Nematode SM -0.20 <0.001

SOC: HMLEk; SM: FIKE.
SOC: Soil organic carbon; SM: Soil moisture.
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Table 3 Effect of latitude and longitude on the number of soil fauna individuals

T T T BRI
Soil fauna Regular measures Black soil cultivation measures
r P r P
i 5] -0.24 0.41 -0.49 <0.05
Earthworm
-0.44 0.06 -0.59 <0.001
2R Mites
Longitude Bemt 041 0.09 -0.52 <0.001
Collembola
A
sl 0.03 0.80 0.08 0.55
Nematode
e 0.45 0.10 0.41 0.08
Earthworm
0.15 0.54 0.51 <0.01
B Mites
Latitude B i 011 0.65 0.42 <0.01
Collembola
48
&l 0.16 0.16 0.07 0.60
Nematode
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