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Effects of Prevention and Control Measures of Soil Erosion on Molecular
Ecological Network of Soil Microbial Community in Pinus massoniana
Plantation

LI Qian', LI Zhongwu' *', NIE Xiaodong?, LIU Yaojun®, TONG Di', XIAO Linhui?, SHEN Zhigao®, SHI Lin’
(1. College of Environment Science and Engineering, Hunan University, Changsha 410082, China; 2. College of Resources and

Environmental Science, Hunan Normal University, Changsha 410081, China; 3. Hunan Institute of Water Resources and Hydropower
Research, Changsha 410007, China)

Abstract: Objective Prevention and control measures of soil erosion can restore forest vegetation and improve soil quality,
and hence affect the soil microbial community structure. Soil microbes play an important role in soil substance recycling. Thus,
it is of great significance to explore changes in soil biochemical processes and to study the effects of typical prevention and
control measures of soil erosion on the interactions between soil microbial community. Ecological network analysis can be
used to reveal microbial interactions and microbial network structure. However, it is still unclear how prevention and control
measures of soil erosion affect the microbial interaction network in Pinus massoniana plantation. There are few researches
exploring soil microbial interactions and the changes in environmental factors caused by agricultural engineering measures and
vegetation planting. = Method  In this paper, a one-year field experiment was carried out in Pinus massoniana plantation of
the Institute of Soil and Water Conservation of Shaoyang City (111°22'E, 27°03'N), Hunan Province, China. The experiment
was designed to have three treatments, one for digging fish-scale pits and planting grass, one for digging fish-scale pits and
planting grass and shrubs and another for a control check without any measure; three replicates were conducted for each
treatment. One year later, soil samples were collected from the three treatments, separately, for analysis of soil
physicochemical properties and DNAs. The 16S rRNA and 18S rRNA Illumina MiSeq high-throughput sequencing technology
was used to determine the soil microbial community structure under different treatments, and the random matrix method was
used to construct the microbial network.  Result After implementation of prevention and control measures of soil erosion,
soil microbial community composition changed as the relative abundance of Chloroflexi significantly decreased and that of
Proteobacteria and Acidobacteria significantly increased. Ecological network analysis showed that the total nodes, total links,
average connective degree, and the modularity of the microbial network increased. This indicated an increase in the microbial
network scale and complicated microbial interactions. Three microbial networks were dominated by negative interactions
(60.59%—67.49%), and the competition between species was strengthened after the implementation of the two measures. Parts
of the microbial communities of Chloroflexi, Actinobacteria, and Proteobacteria played an important connecting role in the
microbial network of the study area. Also, some key microbial communities with low relative abundance (< 1%) played a key
role in the establishment of the microbial network. The average path distance of microbial networks became longer after the
implementation of the measures. This means that the response rate of microbial action slowed down and the stability of the
community structure was improved. Additionally, the measure of digging fish-scale pits and planting grass and shrubs was
more effective than digging fish-scale pits and planting grass. Soil bulk density (R* = 0.465, P < 0.05), pH (R*= 0.377, P <
0.05) , soil organic matter (R* = 0.383, P < 0.05), and total nitrogen (R*>= 0.545, P < 0.01) had significant influence on
bacterial community structure while soil water content (R*= 0.485, P < 0.05) had a significant influence on fungal community
structure. Conclusion After implementation of prevention and control measures of soil erosion (i) soil microbial community
structure changed, (ii) the microbial network scale, interaction and stability increased, and (iii) the competition within soil
microbial communities became more intensive.

Key words: Prevention and control measures; Pinus massoniana; Microbial community structure; Molecular ecological network;

Microbial interaction
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FEARAF IS 2 S, — 3 T-70 CHRMF PR IR
7, 1T DNA RS @l iy, 75— e

B HLKRT, e % pH, AL AEA
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Table 1 Physical and chemical properties of the soil in Pinus massoniana forests

- AR A HHLF S
R E S BRAL  BMRL OMRL Bk
Soil water Bulk density pH Soil organic Total nitrogen
Soil type C/N  Sand/% Silt/% Clay/%
content/ (g'kg ") /(gem?) matter/ (g-kg ') / (gkg™)
211 Red soil 16.16 1.19 4.09 13.21 0.59 1294 3141 3326 35.33

B SR/ NX B RCRAE U R TR (I R SRR A
fid)
Fig. 1 Set up of experimental plots and soil sample points (the dots
represent soil sampling positions)
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2.5), HHEA PR & R A MR- Mg
A R R T E AR TR B T Tk
1.4 DNARHESEENF

ffi FH -3¢ DNA {7 & ( Omega Bio-tek,
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FL UK KN DNA B4 HUT &, {8 NanoDrop2000 il
JE DNA VEEFIZIEE . 4018 16S TRNA I8 34517
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YA SN 95°C AT 305, 55°CIEBk 30s, 72C
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HEATARAE . BB 18s rRNA W¥ 1519 )% %5
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Extraction Kit( Axygen Biosciences, Union City, CA,
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PE300 ¥ 5 #EATIF
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Molecular Ecological Network Analyses Pipeline
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BAgia , JE4T 1g bruEALAL PR, F94 Pearson AHICHESE
[ . T AL R4 PRIS( random matrix theory, RMT ),
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network, pMEN ), k15 ML FNSECHF . Deng
AR SE PEAA 1T MBI RS AL B8 . AP Gephi
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R 4 R IE S ECE G . S BRI T Y
PoRhE; 3% am B RIS Y 505 HA 3% 4505 R iy i 4
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HE (Pi) HEARME SEH .
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I FH SPSS25 #44:( SPSS Inc, Chicago, IL, USA )
HEAT M B R B Ry 2200, RAT ANOVA
M/ 25 5 (LSD ) BEIORKG 022 5 i 2 . Al
JH Origin 2019 %} ( OriginLab, Northampton, MA,
USA ) Z:ifil 3 Fab BN i S IR YRR 454 . ek
VI DA A0 03 AT K i oA 5 R

2 4 R

21 TEERIBEHE

IhRRAMAR 3 FRALER T ) L bR e 2 fr
N, Tl T2 A0EEF H 585 /KEHE T3 AbH R 24.95% .
21.58%, 2R EE (P<0.05); T1, T2 4bF T 3%
AL T3 LB, 22533 (P<0.05); 5 T1. T2
o, T3 AbHE Y14 pH 3K, (HAARERAY 3% pH
JTeRELES; T1. T2 AT RGP &5 T3 4k
PR 103.17%., 84.48%, 25 E3%E (P<0.05); T1.
T2 AP F A5 B4 T3 AP 49.28%,43.48%,
25 RFE (P<0.05), T1, T2 ZF T LA HE
B T3 AhPEE 36.24%, 29.92%, ZHFRE (P<0.05),
22 ETEEENFHNTEMEYETZHR

e 2a iR, ACIKRE Eordr, B RAAM 3 Ff
AHER ) R A R LS A TR (A R >
5% ) A BB WI] ( Chloroflexi ). ZE W 1]
( Proteobacteria ). JWZE ] ( Actinobacteria ) FEEFT
W1 ( Acidobacteria ). HH LI 14 T1 Ab#E
(29.19%). T2 Ab3H (27.21% ) H AR 2 3 55 3%

F T3 kbH (51.36% ) (P<0.05); AL I/E T1 &b
H(25.00% ), T2 ZbBH (25.59% ) HAGAHXS 35 2%
T T3 A0 (13.56% ) (P < 0.05); LT 174
AP AR R 2 N B BRAT R T1 Ab P
(12.56% ). T2 4bFH (11.82% ) HAyAHXTFBF i & 5
T T3 AbFE (6.92% ) (P<0.05), b4k, ITKFE LAY
Hofh = EMEREA . WPS-2 (4.42%~6.32%). 1F5
B ] ( Planctomycetes ) ( 2.04%~2.72% ). FF &[]
( Patescibacteria ) ( 0.73%~1.63% ), I E&E 117
T1 AbFE (1.63%) 5 T2 4b# (1.46% ) Hig R
FE T T3 43 (0.73% ) (P<0.05), fEHKF- I,

3 RPN A A 39 P A A O S R R AT AT AR AT
H ( Ktedonobacterales ) ( 16.34% ~ 28.75% ) .

norank ¢ AD3 ( 5.03% ~ 13.99% ) .
( 5.63% ~ 9.54% ). Solirubrobacterales ( 5.85% ~
7.46% ) (¥ 3a). HPFLFFEHAE T1 b
(16.34% ). T2 AP (16.78% ) H ARS8 i %
T T3 4bP (28.75% ) (P < 0.05); norank c¢__AD3
TE T1ANFE (7.14% ), T2 kb3 (5.04% ) Hi &%
T T3 Ab#EE (13.99% ) (P < 0.05); Frankiales Fll
Solirubrobacterales HYHFIXT = FETEALFE 1 3 rh o i
E2RS . HIRAKCE L, 3 FALETE 0 I I R
PMEHEA « norank f norank o _norank ¢ AD3
(15.04% ~13.99% ). RN JE ( Acidothermus )
(5.20%~8.42% ). HEJE 17 J& ( Conexibacter )( 5.39%~
6.72% ) (Kl 4a ). H:HA norank f norank o norank
¢ AD3 WX fE T1 4B (7.14% ). T2 4b3
(5.04% ) H R EMCT T3 &b (13.99% ) (P <0.05);
T A TR S AT T 11 T R X = B A 45 A B - 3P G
WERER

Frankiales

&2 ARELETH T IRERIELFE

Table 2 Variation of the physical and chemical properties of the soil with treatment

kit BE b S ,
b B A
Soil water content Bulk density pH Soil organic matter Total nitrogen
Treatment C/N
/% / (grem™) / (gkg!) / (gkg!)
Tl 13.72+1.32a 1.13£0.09b 4.29 +0.06a 31.41+0.92a 1.03 £0.05a 17.67+0.52a
T2 13.35£1.67a 1.09+0.09b 4.32 +£0.02a 28.52 + 1.74a 0.99 + 0.06a 16.85+0.99a
T3 10.98+0.87b 1.27+£0.08a 4.14 £ 0.02a 15.46 + 0.95b 0.69 = 0.06b 12.97+0.54b

TE: Tl FZB MBI+ RIAS 5 T2 2B A BRET+FE A+FRAHE A s T3 X o ISR R/ING FPhER IR 22 e B35 (P<0.05);
TIFl. Note: T1: digging fish-scale pits + planting grass, T2: digging fish-scale pits + planting grass + planting shrubs, T3: control check.

Different letters in the same column indicate a significant difference (P < 0.05) . The same below.
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mE 26 iR, SR 3 Fab R B3R (11.36%~15.42% ). Saitozyma (6.25%~11.27% ).
AMRBILERE (XS FEE > 5%) A FHRET] unclassified_c__Leotiomycetes ( 6.82%~9.17% ) (
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Fungi (1.07%~2.01% ). BE®RI] ( Mucoromycota)  HIFET RMT BYRILE 34T 5 i, RN BETE TR 0 s A= 4
(0.64%~1.65% ). TEH/KF- |, 3 FhAbB Ny H3E3L MEAMER. BUEar 25, 3R 894, 947, 868
BEHPBEFFEANER H ( Eurotiales ) ( 22.20%~ A OTU 545, MEMAEDREE TS MY, It
31.44% ). HE-H ( Tremellales ) ( 6.86%~12.30% ). A EZNRAE S EOR IR [ 25 1) SR S5 R (3R 3),
HJG 52 H ( Chaetothyriales ) ( 5.36% ~ 12.80% ) . 3 AN A R S 0.877 ., 0.837 Fll 0.868, 4F
unclassified c__Leotiomycetes ( 6.82%~9.17% ) ( |l BRER (Power law ), FIHK M TTRETT R,
3b), HMEHAEFEHEAAEEEARS T w200, H3E B EEE AR, 20
PR E 25 . fEIR/KF L, 3FABET M b 0.980. 0.980 F10.970,

HPMA AR A unclassified f Aspergillaceae W R E SRR T B, T1 Ab#E, T2 4bp
a) 4l R #2514 Bacterial community structure b) FLIAHE% 254 Fungal community structure
100 o 100} —

B N

g 80 _5 80+

El e oAl Otglers g

2 W Patescibacteria S 4

2 — g}% %I ") Planciomycetes ; o - %% E(')itl'lljefllsflucoromycota
g AN -] : ‘

= [RFFI ] Acidobacteria = mm unclassified k__Fungi

2 40 AL Actinobacteria 2 40T s {HT ] Basidiomycota
= mm I [ ] Proteobacteria o TR Ascomycota
H 20 o BT Chloroflexi 12 50|

=y oy

z z

0 2 T3 — T2 T3
AL¥R Treatment AL ¥R Treatment

s M E < 1% A WS A 9% HoAth, 7 [H] . Note: Microbial communities with relative abundance less than 1% were merged

into others, the same bellow.

B2 RSO . FRAED DKF B AR A AL

Fig. 2 Bacterial and fungal community structure of soil samples at the phylum level
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I HH Plec
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W unclassified k__Fungi
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2145 H Russulales
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I P H Hypocreales
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80

60

40
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othyriales
W < H Agaricales

W SHEH Tremellales

[0 O F Eurotiales

20 | 20+

FE%FEE Relative abundance/%
3

FHXF = Relative abundance/%

AP B Kredonobacterales
T1 T2 T3 T1 T2 T3
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B3 LMEAnes . FRTE HKF B S AL

Fig. 3 Bacterial and fungal community structure of soil samples at the order level
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a) 4 # #7445 Bacterial community structure
100 +

80

20 -

FEXFFE# Relative abundance/%

(=)
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T

T1 T2 T3
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b) FL #7525 Fungal community structure

FEXFFEEE Relative abundance/%

Kb ¥R Treatment

B4 LA . R ALEm KT LR 4

Fig. 4 Bacterial and fungal community structure of soil samples at the genus level
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34.25% Positive interaction:34.25% 32.51% Positive interaction:32.51%
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65.75% Negative interaction:65.75%

67.49% Negative interaction:67.49%

FCEARAE o ABFFE R Y 3 A 3 Y B AR
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Pl 8%, SR 2. A, R 2 el U
3 MY 4 TR AR R MBI RS 22 5, MHEE
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TR AT A, AGERF 2 A 45 R R g

IEHAREM

Positive interaction
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Fig. 5 Soil microbial interaction network
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Table 3 Characteristic parameters of the molecular ecological network of soil microbe

ARRLEE 1] (L -4 342 5l JEE FRER RS CFIBARIER B (B
B AR BIEER
Similarity R’ Average Average Average Modularity
Treatment Total nodes Total links
threshold connective degree clustering coefficient path distance  ( No. of modules )
T1 0.980 894 1971 0.877 4.510 0.173 9.098 0.854 (117)
T2 0.980 947 2158 0.837 4.558 0.175 9.705 0.896 (134)
T3 0.970 868 1723 0.868 4.433 0.206 7.535 0.837 (76)
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T b 3R B 0 I 208 4515 R AR TN A €800 A 22 57
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Pi < 0.62), #HIEFU/D, FEAE SEPGNERT S
VSR, QFHRA (Zi > 2.5, Pi <0.62), S
IR i B QiEHAR (Zi <25, Pi >
0.62 ), 5 H AP Y7 0 S B 14 DA A ( Zi
>2.5, Pi>0.62), BE5ILABIIR Y G m B,
NG R YR A R RN, Zi >
2.5 50H Pi > 0.62 MY m R OCHET T, TESEEN
BB ] B S T R E AR

FERTREE R 3 DAY Mg, 1 376 4
ANEEHTT T AR 97.99% ), T2 4bFH( 98.42% )
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Fig. 6 Role distribution of soil microbial network nodes
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Fig. 7 Venn diagram of node distribution

7R, SR PR J5X 20 T A v 4 R 2 A Y R R

N 41.41%, PSR figReEl 32.87%,
Mg RN 8.54%, T1 AMFES T2 bRy + 40
PRFTE B2 1K E . pHL, AV 2R S
SRR, T T3 AR A - YN B R R A2 R
A R A RS o, 2R E ( RP=0.465,
P<0.05,n=18),pH(R*=0.377, P<0.05,n=18 ),
HHLE (R*=0.383, P<0.05, n=18), &% (R*=
0.545, P <0.01, n=18), X 340 & L5 5
Wi, WEAE RN, AL RO R VR A5
AL ) SR N 46.29%, HhES — B RN
38.72%, AR 7.57%, T1 ALY 14
AR EE 2 EKES pH 2, T2 4h3
F) 1 398 LB RV B2 R HLT R R,

T3 Ah A 1 B B RV 22 IR A AR,
L, TSk E (R2P=0.4845, P<0.05, n=18)

Xof - TR AR R 4 A R

T4 EREMEVMERNSHER

Table 4 Distribution of key microbial flora

Qb3 KHEAE YT ST U Lt 2] (FY)
Treatment Key microbial flora Number of key nodes Ratio/% Category ( Kingdom )
T1 LR B Actinobacteria 5 27.78 40 Bacteria

I W] Proteobacteria 4 22.22
LW Chiloroflexi 4 22.22
P8 W] Planctomycetes 2 11.11
JEEEB] Firmicutes 1 5.56
FHEWI] Ascomycota 1 5.56 FL Fungi
£ZEW I Ciliophora 1 5.56
T2 ICHI] Proteobacteria 4 26.67 4% Bacteria
LI Chioroflexi 3 20.00
TR ] Actinobacteria 1 6.67
LW Armatimonadetes 1 6.67
WAFFEITT Bacteroidetes 1 6.67
GALIS5 1 6.67
ZFHMBET] Gemmatimonadetes 1 6.67
W] Planctomycetes 1 6.67
PR Verrucomicrobia 1 6.67
FH#EW] Ascomycota 1 6.67 HE Fungi
T3 FAHI] Chloroflexi 8 34.78 Y4 Bacteria
BRFFE ] Acidobacteria 3 13.04
WPS-2 3 13.04
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Fig. 8 Redundancy analysis of soil microbial community and soil physicochemical properties in different treatments
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