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Effect of cultivation and natural restoration on soil bacterial community diversity

in marshland in the Sanjiang Plain
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Abstract ; Different perturbation regimes, including disturbance caused by cultivation or the process of natural restoration,
can have significant effects on the soil bacterial community in marshland. In this study, we investigated the relationship
between soil bacterial community composition and perturbation in marshland to quantify the extent of such disturbance -
related changes in northeast China. We assessed the diversity of bacterial communities in twelve samples of marsh soil
collected from pristine marsh, neighboring cropland, and a wetland restoration area. High —throughput sequencing of a
bacteria—specific genomic sequence, the internal transcribed spacer ( 16S rRNA) region, was used to identify bacterial
taxa. We obtained 358,737 sequences that represented 2,263 bacterial OTUs across the three types of sampling sites. Of

these, 1,411 OTUs occurred at all three site types, 99 were shared between cultivated land and pristine marshland, 322
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were shared between cultivated land and wetland converted from cropland, and 126 were shared between pristine marshland
and wetland converted from cropland. All sites also hosted unique fungal OTUs, with 218 OTUs exclusive to cultivated
land, 52 exclusive to pristine marshland, and 35 exclusive to wetland converted from cropland. Sequences were affiliated to
36 different phyla throughout the dataset. Sequence abundance showed that members of the Proteobacteria were more
frequently identified in all soil samples than Acidobacteria, and included members of Chloroflexi, Actinobacteria,
Bacteroidetes, Firmicutes, Gemmatimonadetes, Verrucomicrobia, Nitrospirae, Saccharibacteria, and Chlorobi, which
represented an overwhelming proportion of the soil bacterial communities with an average relative abundance of > 1%, and
another 25 phyla with an average relative abundance were < 1%. The dominant phyla that showed the greatest variation
among habitat types (> 1% of the average relative abundance) were Gemmatimonadetes (P < 0.01) , Bacteroidetes (P <
0.01), Firmicutes (P < 0.01), and Chlorobi ( P < 0.01). The soil bacterial community diversity decreased from a
maximum in cultivated land, through the wetland restoration area, to a minimum in pristine marshland. Redundancy and
correlation analyses demonstrated that chronic disturbance through cultivation, especially dry cultivation, significantly
altered the bacterial community composition of marsh soil. The a—diversity of the soil bacterial community was most affected
by soil moisture, soil pH, total carbon, soil organic carbon, soil dissolved organic carbon, available nitrogen, microbial
biomass of carbon, and microbial biomass of nitrogen. Meanwhile, the soil bacterial community composition was
significantly affected by soil moisture, soil pH, total carbon, soil organic carbon, and soil dissolved organic carbon.
Overall, the results from our study showed that the state of soil carbon and nitrogen is affected by the disturbance by
agricultural cultivation, causing long—term accumulated soil nutrients to become available as an energy source that can be
rapidly mineralized by soil bacteria. In addition, our results also indicate that cultivation and natural restoration influenced
the bacterial community structure and diversity. Natural restoration can significantly enhance the recovery of bacterial
diversity ; however, once the composition of the marshland bacterial community has been altered by cultivated disturbance,
it might be difficult to restore to its original state. These findings highlight the importance of effectively managing the soil

bacterial community to maintain a naturally functioning soil ecosystem.
Key Words: marsh; cultivation; soil bacteria; a-diversity; community structure; high-throughput sequencing
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X T — A E A R PR | sk oA b A D A RS L T =2 AT A AR = BE Rk Ak G 3R R 1T
TR AL AT N T 2 (W] A AR 2R 7 BRG] 2R L T 38 18 - SR 4 R Y S ), X T
WFFEEREE A BN ol A W S UROMI T A 3 B B i BRSSP R AL TR I i A DR 47 RR PR U R 22K

1 SLH*

1.1 BRI A

TR (07 =TT S PR S 48 LT [ S % A AR PR 471 X (47°42738"—47°52'00"N, 133°34'38"—133°
46'29" E) , SHIFN 21836 hm®, J& TIRHIA A RGBT IX IR —BEAE 58—61 m Z[A], AR <
e, — A PR -23.4°C Zedy , E A O PRIRBELE 22.4°C /A7 AP RIREH 1.9C . ZARPHRE T
N 585 mm, ZAEV-HZE LR 1166 mm , ZAEF-HICR 131 d Z47, ARSI 10 A A B4R 5 A b,
THPEAE B R 2 TR 80—160 mm , P47 DX I 48 AR 73 A B ATS DR JEL AR IR S | DAREASTR BB B RUK A A O 2
(B4 SRR AR . FERBA BREE (Carex lasiocapa) EEfEE ¥ ( Carex pseudocuraica) i E K ( Carex
meyeriana ) XM ( Glyceria spiculosa) /NH 3 ( Deyeuxia angustifolia ) %"
1.2 FEHEY BT S R A R AR

2014 4E 9 F  FRATARHE T [ S 9 3 SR PR DX N Vi PR I 1 R 52 36 FH ) o A 1 00, R8T 6 SRS
Mo, HoA FEAR P X SR X 2 BEAGTH R ZE AR (Pristine marshland, PM) |, 23545 44 b /N 270
% (Site 1, S1) [ BHE B (Site 2, S2) ; FEMRY X LK X BEE 2 SpFHI2ERIFE M ( Cultivated land, CL) ,
Gl 4 K REHT (Site 3, S3) BRI (Site 4, S4) REAPERIN « TR R -K G AR IR X S X B
2 HLBHHEHL ( Converting croplands to wetland, CCTW) , 735ty 4% /K HIB#E (Site 5, S5) FHIE#E (Site 6,
S6) FEHBIEAN {5 SR 1,

R1 HEHBHEKER

Table 1 Location details of the sampling sites

b HhFE A AR R HRTAE B B2l
Sites Coordinates Altitude/m Current Vegetation Species Habitat Types
S1 133°40'28"E, 47°45'46"N 58.5 JNIFEE ( Deyeuxia angustifolia) PM

2 133°39'55"E,, 47°47'17"N 58.5 L} (Carex meyeriana) PM

S3 133°34/38"E, 47°42'39"N 60.5 IKFE ( Oryza sativa ) CL

S4 133°35'24"E, 47°44'12"N 60.5 F K (Zea mays ), K5 (Glycine max ) CL

Ss 133°36'20"E, 47°42'55"N 59.0 BHiH (Carex meyeriana) CCTW

S6 133°37'11"E, 47°44'31"N 59.5 JNEE ( Deyeuxia angustifolia) CCTW

PM, JEUGVARPEE pristine marshland ; CL, #kt cultivated land ; CCTW , B #HZH cropland converting to wetland

T 2015 4F 6 H , HHERUE YR BOR AT H RS, RERSCIRAE N IR E T 2 B 10 mx10 m AYPRiE
DT AEBAARERE DT TP BEHLAT B, 2 mx2 m B9/NRETS 3 A 2 ZERE 5 D £ 5 rhoC A i 5 AN IORE R R G
T BRI ER TR R R 5—20 em TR LY 1 3BAF i | S 45 b JORE Fi0S 1B 45 T R O VE AR B i,
ANHURE AP OR 20 0.2 kg (9 HIERE S SRS HE A B 2 0, — Iy TRER AR A B AS IR E T
4°C ML FIEIR AR, 6 JobE i rh R 180 £ AF, FH T2 T3 2P T, 5 [e] — AR AR 7 A R4 15 13 1=
FEFEOMR A 3t 2 mm G700, LERARE 5 A H5 R ATCH A B AR IF#F T -80°C BT ok ORI As T
PRI HEAN TR DNA |, FEFRI 12 A I ERE 2
13 IR bR I E

T3 pH (EH -7k = 1:2.5 3242 AL EE I AE 5 37K 43 55 i (Moisture content, Me ) {87 JH 5 5 3 A A
5 T3 46 ( Soil total carbon, TC) Fl4=%( Soil total nitrogen, TN) ¥ i fiff F ICE /W75 ; + 55 HLAR
(Soil organic carbon, DOC) i ] 5 TOC-V oy S RTASCIN 58 5 + 338 %5 fi A HLAK ( Soil dissolved organic carbon,
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DOC) F &l s S LK R4, B VW 0.45 pm SRS A &5 3 TOC=V (pyy 43 BTSN AE 5 B0 2L ( Available
nitrogen, AN) &5t K FH 08 2208200 5 5 385350 99 4 W) 505K ( Soil microbial biomass of carbon, MBC) 7 %
AT 75K, S0, =2 421 il AR MBC = E./0.45 115845 1, b E O 52 25 FIUR BB 7845 il 12 42 VD 2 1)
ALK 2 E ; 3R Y4 Wi A (Soil microbial biomass of nitrogen, MBN) ﬁ%;&ﬁﬁ%{ﬁﬁﬁ—lizsozdé%ﬁﬂj& ,
A MBN = E,/0.54 TR 2 E O AR R SR SRR RO E A ML 2R E
1.4 45 DNA #2105 PCR 944

] E.Z.N.A.© Soil DNA i3] & (Omega U.S.) If-#i UL H] A5l B HE D 2 DNA T 19% Z5UIE BEE IS L Ik
K4 AL N 41 DNA, SR J5 #E4T PCR 9719, 76 L A0 TR 16SRNA (1 vA—v5 DXHCE 0 A 270 15 1 4 57
GIE7/8

1. BS54 338F(5'- ACTCCTACGGGAGGCAGCA-3') ;

TG 14 806R(5'- GGACTACHVGGGTWTCTAAT-3")

PCR 5K FH TransGen AP221-02:TransStart Fastpfu DNA Polymerase ,20 pl SV {AK & : 5xFastPfu Buffer 4
ul, 2.5 mM dNTPs 2 ul, Forward Primer(5 uM) 0.8 ul, Reverse Primer(5 uM) 0.8 ul, FastPfu Polymerase 0.4 p
1, Template DNA 10ng, #b ddH20 % 20 ul; PCR ¥ : ABI GeneAmp © 9700 %4 ; PCR JZ W, B4 :a. 1X (3 minutes
at 95°C ). b. 27x (30 seconds at 95°C ;30 seconds at 55 °C ;45 seconds at 72 C ). c¢. 10 minutes at 72 °C, 10 C
until halted by user, A FFEA A% MIE X LI AT, BEREA 3 AEE KRl —HEA R PCR YR G
J& H 2% S5 HE BEEE S P VKA , i FH) AxyPrep DNA BERE IR £ (Axygen A7) BRI PCR =417
1.5 Illumina Miseq Il 7

Tris_HCI et , 2% BRARBE LR I , 2 IR AL k) 0 2 f 45 2R K PCR 7] QuantiFluor™-ST 1 (A5 5E
15 A58 (Promega A ] TSI E 7, L by B =G BE R A, M Miseq SCJ% , #% B8 Tllumina MiSeq -
5 RARE PRSI T B0 I R (2%300) o SR I 7 B0 A 0P 56 B B S AR R AR B D S 1 R B
J£ SRA " (http ://www.nchbi.nlm.nih.gov/Traces/sra) ,
L6 EWfEEg S0

Miseq 5 1 51 8008 1 SEHR 4 PE reads Z [BIfY overlap & &, i FHAKF Trimmomatic 5 BXT 1Y reads Pf4%
(merge) il— %73, [AIB X reads A4 i Fl merge FZCIR PEAT B #5038, I AR 4 7 51 15 2 W9 3 B9 barcode A
SIS X IR SR B A T, HFRE 9 J5 ), SR 5 #2 BR barcode #1287 51 R 0T X 70 FE AT B4 2
otk

BAE LA BN SH 308 read FEFFBTEAA 20 LAF ABRIE , 155 50bp AU E H, Q1R & H NP4 Bl
f8F 20, N O G 22 5 sl 3 |, i € 4% 5 50bp DL Y read ; AR 3l PE reads Z [A] %) overlap ¢ &R B B4
reads PF% (merge ) l— 25751, Fe/)N overlap K BE R 10bp ; BHEF I overlap X 4 B Fe KAES L LR R 0.2,
AN T4 91 5 iR 75 B R P Y barcode F15 4 IX 7304 i, FF R 3& 15 91 J5 1] , barcode F21F A4 FCE0CH
0, K5 A ECh 2077

RN IR 8 B 43S 87 ( Operational Taxonomic Units, OTU) FJAHIAKFEN 97% (0.97) 5544 F #E47,
i Usearch {4 (version 7.1) XFFiA #5041 OTU K43 K A= W01 B 4001 R DU k%) OTU 1R R P
SN T3 2822000, B4R BE (B M 0.7, HE X RDP ( Ribosomal Database Project) X4 ( Release 11.1) ;115
alpha ZFEVEFE BRI rarefaction 2387 K F mothur 3K {4 (version v.1.30.1) , B A Ace 1885 % (http.//
www.mothur. org/wiki/Ace ) ; Chao 8§ §X ( http://www. mothur. org/wiki/Chao ) ; Shannon #§ %{ ( http://www.
mothur. org/wiki/Shannon) ; Simpson 85 (http ;//www.mothur.org/wiki/ Simpson) , M R 1E= T HEBIEMZ
PR SC G 8 Qiime 1155 beta 22 A4 5 B 40 4, MR 4 beta 22 £ I B8 4H 14 717 )2 IR B 28 (Hierarchical
cluatering) AT, A AR AL S $47% Unweighted pair group method with arithmetic mean, UPGMA) =R, S VAKES
BEIRZEH s R 185 vegan £ H TUAY0 T ( Redundancy Analysis, RDA) FI{E & ; i i SPSS 4 (IBM SPSS
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Statistics 22 for WINDOWS) #EAT 88 Ge 1T 20 ¥ ; 25 5% 5 F A 56 % F] Duncan 35 FHEZ 45 5 ( Permutation
tests ) ; AHRAE A3 MK Pearson 15,

2 HR55%H

2.1 A[FEASEZEARE 1 SR A R 25 57

A K A SRV T 1398 pH B Bk Kt RS B A5 I 25 Sk B KO (£ 2) i R B, Bk
TR pH (H IR RHL 3 5 8.45% , LR BHE ML + 3 1Y pH A 55 2.48% ; Bk 458 5 /K & LR R
Hi I IAE 41.37% , B BREH 3 19 & K 2K 13.05% ; 7H 310 b +3% TC TN . C/N ,SOC . DOC AN ,MBC .
MBN (1) % 5t 3 il 2kt 189 2.36 18 . 1.19 45 . 1.97 15 .2.38 %5 .3.23 15 . 1.43 15 .4.42 {501 3.18 £, 43 A& iR
T+ E0Y 1.75 £% 111 % 1.58 1% 1.78 15 3.04 £iF . 1.39 £ .2.44 £5F0 1.57 fi%, Wi o] UL, R 97 1H %
R AT B A G IR O A W EA B R

®2 TEEMETEBLERMMENSE

Table 2 Soil physicochemical properties and microbial biomass at the different sample sites

f= Gy YA H 71 I E=3 f 4
B Sk EX 25 BAL i%/ﬁ BBk AL WA (U (LR
. pH TC/ ™/ SOC/ DOC/ AN/ MBC/ MBN/
Habitat Types Me /% /N
(g'ke) (g'ke) (g'ke) (mg/kg) (me/kg) (mg/kg) (me/kg)
PM 56.55+7.56a 5.400.04¢ 52.52+6.00a 3.3120.34a 15.9842.19a  51.37#5.78a  344.63+£19.44a 436.79+23.32a 1862.44+93.73a 157.28+6.45a
CL 33.16+6.37c 5.86+0.10a 22.29+1.92¢ 2.79+0.40b 8.12+1.01c 21.57£2.07c  106.54+38.29h 306.49+60.00b 421.43+116.91¢c 49.45+12.44¢
CCTW 38.13+5.09h 5.72+0.04b  29.96+2.89h 2.98+0.17b 10.11£1.45b  28.83+2.72b  113.35£12.15b 314.60+28.37e 764.75+56.56h 100.28+7.75h

ARVNG FEZFRARAE B 2R B E (P < 0.05) Rk TFHEERC N a, RPBIE N T H AR (n=180)

2.2 EREE T EEE B

3T miseq ml EIF AL 6 ANFEHLE 12 4~ 3RS LR 358737 A& BY R 51 HLg il 434 36 4>
CHATRE ], SRR 1567500132, F- 108 34 FE R 436.95 bp, Horft 401—500 bp B 7 5% 51 20
99.89%

T T il S AR AR m BE AT LA B — 2 B 1 R, Gt S A AR AR R I R AR B I LA R B S ) b
BoRkg ™ RS IECS EA TR OTU 5t H Mt i Bt 2k (181 1), iT LA 12 A ke
ot AR TR pY 2 347 - 4 R I e 5 A L, O 22 (0 I s R 2 e b s OTU
2.3 R[FEIZEAVEE L N REVE 1Y OTU 2 A

Venn E T4t 2 A FEA R BT fsliA A9 OTU 20H |, 7T LA LA BEOULRY R BREREEAEAR A9 OTU %4 H 4 A%
ARRIPE R RO, A0 2,78 97% WARUK S L dEFT4e T, 4Rt 1) - 3401 OTU 4 Aii ¥ H ok 2263
A HP I B OTU 4050 H 0 1411 4, 2015 62.35% , R HHE 38 0M0A 9 H RN E OTU A H &b,
25 BRI 1.55% ; HF b+ HEMA 1) -S40 OTU Zr A H 5 2, 29 i 29 9.63% ; J5 A6 VR PRI L+ 1380 AT 1Y
HIEANET OTU /3B H N 52 4, 20 4 48811 2.30%  JRUUR TR RN HE 38 58k b - 3901 19 5840 5 OTU 43
MECH 2 5 = F 2 67.77% ; AR TR RN Y 8 5 IR b 1 3G i AN OTU gk H 29,5 =3
AR 75.21% ; #FHb 4 SR R M 33T OTU A8 B 20 5 2880 78.38%, FH UL AT LA IR TR R
H 58k AN 1 OTU 20 A 22 e
2.4 KN[FIZEAI AR o ZFEE

A AT 4% HERE S AN BEVR AT o ZREMEGIT (K 3)  IENT 3 Fh A B RURE - AN B RS o 2RSS
AT 25 5 Tl 2 PR I P R VR b - SR AN TR O 1) 2 RE AR T RCAIG, BV E S B R I AN R R VR 1 2
FEPE b e TR R AR S - AR TRV 10 2 FE PR B0 A AR, S50 b T S 4 TR A U 1 AR 22 ROKCE AR
ITE
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Fig.1 Rarefaction curves showing the extent of OTU detection at
the different quadrats
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Fig. 2 Venn diagram showing the numbers of shared and
exclusive OTUs of soil fungi identified at different types of sites
PM, JE AR H P pristine marshland ; CL, #f#b cultivated land ; CCTW ,
IBHFHEHE cropland converting to wetland ; FH{BI/KF :97%

R3 BEMMTEAE o SHEMEER

Table 3 Soil bacterial o-diversity indexes for each sampling site

A2 Kb BE kiR B8 TR A TARTREL Ve R AR AR
Habitat Types Sites Ace Chao Shannon Simpson
PM S1-1 1236 1282 5.84 0.0132
S1-2 1204 1217 6.02 0.0046
S2-1 1092 1180 5.74 0.0070
52-2 1177 1226 5.85 0.0082
CL S3-1 1445 1469 6.23 0.0045
53-2 1422 1517 6.11 0.0063
S4-1 1408 1455 6.18 0.0047
S54-2 1428 1480 6.17 0.0052
CCTW S5-1 1411 1444 6.00 0.0070
55-2 1375 1434 6.19 0.0043
S6-1 1267 1291 5.83 0.0080
56-2 1352 1389 6.01 0.0064

2.5 AN[E)RE A SRAN B 1) 2 S U 2 S

TEFUKFH 97% 1) 564 % OTU BIRERFFFIVE 382700 b (181 3) o SRR W] 12 > T3k i LG
M 2263 4~ OTUs 4345, 40 J& F 36 A~ 1], Hidr  AFJE R T] (Proteobacteria) \FRAFHTT (Acidobacteria) (Z%%5
F 1] (Chloroflexi) JRZEF ] ( Actinobacteria) JEBERF ] ( Firmicutes) 25 BT F ] ( Gemmatimonadetes ) fLUFT
W] (Bacteroidetes) JEFI ] ( Verrucomicrobia) AL 32 HE B ] ( Nitrospirae ) | ( Saccharibacteria ) F14% ]
(Chlorobi) A FEAHEREIE T 12K (FXTFBES1%) . MR beta ZAEVEFE 8556 FE AT 2 R 40, Al AE n
AL T S R PR S H LU A 4% M bt - S 2 B ARV (R AR (LR AN 22 S D6 R0 mT LU S5 A VH T

http ; //www.ecologica.cn



22 4 TR A TP IETR PR RS K 1 SRR X - S A BRI 7 22 REE RO IR 7

IR SRR RS | 5 B BB ) ) 22 S R, - B B e ) ) T R 45 R A LR
1R o E SRR TH RN SR =2 (], 5 T B A 4 A 15 YR 3 1) TR R 5 A 22 5 e e, TR T ) T R A5 4
NI B AU

ML Similarity 43241 % Taxonomic composition

A TEHT] Proteobacteria
FRAF 1] Acidobacteria
47251 1] Chloroflexi
T 1] Actinobacteria
AT Hi 1] Bacteroidetes
JEBER ] Firmicutes
MR ] Gemmatimonadetes
PEABAT] Verrucomicrobia
THALUZHER ] Nitrospirae
Saccharibacteria

%%7i1] Chlorobi

JHB Others

e Plots

OCEENEREREEOCEN

FXFFBE Relative abundance/%

B3 AREAEM B R 527k BB REE S5 AR B Fn SR S

Fig.3 Histogram and cluster tree of soil bacterial community in different plots

XA AE SR ARE L 11 A R EEANE RS T 12807 5 & 40 R A Duncan $EE1725 53 BEMER R . itk
ML (P=0.777) BRFFHIT] (P=0.601) &[] (P=0.830) JRZRE ] (P=0.153) JEili# ]
(P=0.950) FSALIEHER T (P=0.116) Fl Saccharibacteria (P=0.241) 7E & BIREH P R 8c 5], AN
T (P<0.01) ST (P<0.01) FIZERET] (P<0.01) 7E LT HuAEH S BTk B HHE
Hi ] 22 55 35 JERE R 1] (P<0.01) 15 3 Fh2EHUREHL ] 25 55 3%

2.6 HIEANTERETE ZAEME S BRI MUERIGER

K Pearson IR0V M+ M T S A0 o ZRETEFE BOM A OGHE (R 4) , Ace T84, Chao F5 %K
Shannon F5%(5 & 7K & TC TN .C/N ,SOC .DOC AN MBC MBN . 7M1, 5 pH {# i3 IEAH ; Simpson 15
5 TC .C/N .SOC .DOC . AN MBC MBN .3 FAHC, 5 pH (W A E,

R4 ITEAH  SHEMEHSIEBEAMR MEVENEXREY

Table 4 Correlation coefficients between soil bacterial a-diversity indices and soil physicochemical properties, microbial biomass

v 9 Al U 7 = 7 i=v
e “r (ke)  (g/ke) (k) (mgkg)  (mgkg)  (mgks)  (mg/ke)
WHHREL Ace -0.797**  0.906**  -0916"*  -0.642"*  -0.815**  -0.918"*  -0.896**  -0.691**  -0.899**  -0.877*
B IRAEAL Chao -0.760**  0916**  -0.899**  -0.658"*  -0.798**  -0.901**  -0.887**  -0.710**  -0.904 ** -0.900 **
FAFGEL Shannon ~ -0.589**  0.740**  -0.713* -0.538*"  -0.627**  -0.717*"  -0.686**  -0.476**  -0730"*  -0.771*"
FE AR Simpson 0.221 -0.460 ** 0.343 ** 0.213 0.347*" 0.352** 0.452** 0.366 " 0.544 ** 0.530 **

* P <0.05; " P<0.01
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