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Abstract: [Objective]The black soil region of Northeast China is an important commodity grain production base
in China. However, intense soil erosion has led to a decline in soil health and ecological functions in the region.
[ Method ] The microbial diversity of soils at different slope positions and their relationship with the
co-occurrence network was analyzed using slope farmland soils from typical black soil areas, and the effects of
erosion-deposition on soil microbial communities were investigated in combination with soil physicochemical
properties. [Result] The results showed that: (i) Soil erosion significantly reduced microbial a-diversity while
deposition increased it. Soil organic carbon (SOC) and mean weight diameter (MWD) had a significant positive
correlation with microbial diversity. (ii) Erosion-deposition did not change the major dominant groups at the
phylum or family levels of bacterial and fungal. However, at the phylum and family level, changes in the relative
abundance of the main dominant groups at the fungal were more pronounced than in the case of bacteria. (ii) The
results of redundancy analyses indicated that erosion-deposition, by altering SOC, total phosphorus (TP), MWD,
etc., led to different trends in the relative abundance of species significantly affected by them. (iv) Soil erosion
significantly reduced the complexity of the bacterial co-occurrence network, whose node and edge respectively
decreased from 540 and 572 (top of slope) to 488 and 520 (lower slope) and increased to 546 and 602 (foot of
slope). Also, soil erosion significantly increased the number of clustering coefficients, the number of which
increased from 0.38 (top of the slope) to 0.41 (lower slope). Meanwhile, erosion-deposition significantly changed
the number of nodes of the fungal network, the number of which decreased from 223 (foot of slope) to 187 (lower
slope) and increased to 201 (foot of slope). In addition, the bacterial network stability showed a decreasing trend
with increasing erosion intensity while the fungal network stability showed a decreasing and then increasing trend.

[ Conclusion] This study revealed the changes and driving factors of soil microbial diversity and community
structure under erosion-depositions and provided a theoretical basis for further understanding of the interaction
between soil physicochemical properties and microbes in slope farmland of typical black soil area.

Key words: Black soil region; Slope farmland; Microbial community; Soil erosion; Co-occurrence network
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Fig. 1 Location of study area (a), distribution of sample sites (b), and slope details (c)
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Table 1 Physical and chemical properties of soils under different slope positions

e MBC
SOC/(g-kg™) TN/(g-kg™) TP/(g-kg™) AP/(mg-kg™) AK/(mg-kg™) BD/(g-cm?)
Slope position /(mg-kg™)
TS 35.65+1.67ab 2.38+0.19ab 0.96+0.02a 35.06+1.84ab 181.20+5.60a 301.62+22.83ab 1.21+0.10b
us 31.55+0.74bc 2.21+0.09ab 0.93+0.02a 36.83+2.81a 173.80+2.53a 269.59+18.63bc 1.23+0.06b
MS 29.73+0.56¢C 2.14+0.13ab 0.88+0.02a 38.32+2.95a 187.60+7.60a 251.50+17.93cd 1.25+0.03b
LS 22.52+1.99d 1.76+0.33b 0.62+0.09b 25.31+3.92b 123.40+5.10c 233.66+17.78d 1.39+0.05a
FS 37.38+1.75a 2.49+0.12a 0.95+0.07a 38.47+2.89% 153.60+3.41b 319.23+41.31a 1.25+0.09b
Hehis )
MWD/mm SSWC/% Sand/(g-kg™) Silt/(g-kg™) Clay/(g-kg™) pH
Slope position
TS 1.72+0.35a 42.10£3.90a 6.58+02.74b 75.04+8.96a 18.38+8.96b 5.39+0.11a
us 1.50+0.16a 36.84+3.63a 8.08+1.66b 72.62+3.18a 19.30+1.94ab 5.47+0.10a
MS 1.37+0.25a 37.37+2.69a 19.82+2.95a 66.76+4.86ab 13.42+2.32b 5.39+0.10a
LS 0.92+0.19b 37.47+4.23a 20.95+7.49a 60.01+6.61b 19.04+1.95ab 5.55+0.17a
FS 1.57+0.20a 41.88+3.88a 4.36+2.40b 70.01+4.05a 25.63+4.70a 5.58+0.12a

e SOC: HHLAK; TN: 4%, TP: &, AP. X AK: HZH, MBC: WA ERE, BD: 5H; MWD:
P EEES:, SSWC. +HEfif1&/KE; Sand: bk, Silt: ¥pki; Clay: Zhki; TS: 3, US: #iE, MS:
Yo LS. 3R FS: 3 RPEIRAMME L EE, RAEEREAR/NS FRERRAEREER (P<0.05).

[7] . Note: SOC: soil organic carbon, TN: total nitrogen, TP: total phosphorus, AP: available phosphorus, AK: available potassium,

MBC: microbial biomass carbon, BD: bulk diameter, MWD: mean weight diameter, SSWC: soil saturated water content, TS:
Top of slope, US: Upslope, MS: Middle of slope, LS: Lower slope, FS: Foot of slope. Values are mean + standard deviation,
different lowercase letters after the same data indicate significant differences (P<0.05). The same as below.
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i b S B A F BN B ok R R BEAT B B . B
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A BT . R QUME A4 (version1.9.0) %) A< A BE 11 #1145 BBk AT 1 e AN 5 B2 00 M o A
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1.4 BRI
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Fig. 2 Alpha diversity index of bacteria (a-d) and fungi (e-h) at different slope positions
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Fig. 5 Relative abundance of bacterial (a, b) and fungal (c, d) species with significant differences at the phylum and family levels

in different slope positions
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Fig. 7 Soil microbial (a. bacteria, b. fungi) co-occurrence network and stability (c-f are the number of nodes, edges, clustering
coefficients, and vulnerability of the sub-network topological features of the bacterial co-occurrence network, and g-j are the
number of nodes, edges, clustering coefficients, and vulnerability of the sub-network topological features of the fungal

co-occurrence network, respectively.)
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Fig. 8 Heat map of microbial (a. bacteria, b. fungi) co-occurrence network complexity, stability and diversity
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