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Abstract:  Objective To explore the succession of soil microbial community structure and its environmental driving
mechanism under different land use pattern, soil samples were collected from plots in a long-term(32 years)field experiment
station in the black soil region of Northeast China. Method The long-term field experiment was started on different land
usage in the National Field Research Station of Agro-Ecosystem of Chinese Academy of Sciences in 1985. The experiment
was designed with three treatments and three replicates, i.e. bareland(vegetation removed), cropland(crop rotation without
fertilizer), and grassland(natural meadow vegetation). Soil samples were collected for analysis from the 0~20 cm soil layer
in October 2017. Soil microbe was determined by the Illumina high-throughput sequencing technology on MiSeq platform.

Result The soil organic matter was 52.07 g'kg™', 54.83 g-kg™' and 61.54 g-kg™" in the treatments of bareland, cropland
and grassland, respectively. Compared to the bareland, the soil organic matter increased by 8.0% and 27.5% in the cropland
and grassland, respectively. The available nitrogen, phosphorus and potassium also increased significantly in cropland and
grassland. At the same time, the total abundance of microbe increased from 2.25>107 copies'g' dry soil to 8.08>10’
copies'g™' dry soil and 1.69><10% copies'g™' dry soil in the three treatments, respectively. The abundance of microbe
increased by 2.58 times and 6.51 times in cropland and grassland, respectively. At the phylum level, dominant microbe were
Proteobacteria, Actinobacteria, and Acidobacteria, whose relative abundances were more than 19% and with no significant
differences in the three treatments(P 0.05). The 54 of 228 microbial genera detected showed significant differences(P <
0.05)among the three treatments, and most of them showed relatively low abundance. The genera of Gemmatimonas,
Rhodoplanses, Arenimonas showed significant differences and higher abundance in the three treatments. The redundancy
analysis showed that soil properties were the main environmental driving force for the differentiation of microbial
community structure, including cation exchange capacity, total nitrogen, organic matter, available nitrogen, available
phosphorus and available potassium. Network analysis showed that Granulicella had the strongest association with soil
properties and other microbial genera, suggesting that this genus can be used as an indicator to assess changes in the black
soil.  Conclusion  The vegetation cover was an key factor for the succession of soil microbial communities. Research
should thoroughly explore the functions and agricultural environmental significance of microbe under in-situ conditions in
black soil in the future, to provide theoretical references for maintaining the virtuous cycle of nutrient and developing

sustainable agricultural ecological management models.

Key words: Long-term experiment; Black soil; Soil microbe; High-throughput sequencing; Cropland; Grassland
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1.1 HFHMZgESHEMRE

B A T R e R e VLA AR AR AR R
GE[E BB MBI T 3k 47°27' N, 126°55"E ),
SR B AN KO [ BUR PR A X LXK 240m, JE TR
AR B MEE KUSE, ARF R 1.5°C, K&
4 500~600 mm, 43 H I 4L 2 600~2 800 h, &
FEWIN 130 d Zid7 . HD5 L BeRb i, %R R X
B Sy B ) R 5, AR AR E D S S R B ( Seraria
viridis )o

KHAFE L B SC BRI T« 1985 4%, ff—Hif
R R R 53R 3 ANk, SRICA TR £ Hb
FIRMKE I, TE UL . A R = Fh A S R
i, HARREMT: (1) %H ( Grassland ), JCfE{
NEEHE A SHAE, ARIE DR AR i,
PFP KR ( Leymus chinensis ). B % ( Carex ). K
W( Equisetum arvense L. )FI FEFL( Setaria viridis ),
M HRERKEH, TARTH; (2) Kk
( Cropland ), RHALGMAET X, ANt FHAE 7 N
DAk /> 4 e gk g R A B2 B, A O X o AN &
( Triticum aestivum L.) -EXK ( Zea mays L.) -KH.
( Glycine max L. Merrill. ) ¥/E, —%—2, 1EWLE
KFFAT 3~4 WK, &HE 3 Mg/ hIX, HEE
YEVI 35 R /INAE . ERAIR G, BRRWGR G EY)
i EFBATE R (3) #iHl (Bareland ), & HPRAE
Yrdh EE R, ORRE TR

T 2017 4 10 AW n REE RN, T
X — A S e B 4 S7 B SRR R4 0~20 cm
RZEL, I RFESERIR G R T REEE D, Hi
FHb AN AR HH A BEE = AN A A, R S5
3 Mg/ N EESAE N A EE L B KA E
MISLG e, KBRSk, IR A5
FHT05E + ERAb A 5T, — &8 73 R AFZE—80 C UK AE H]
TSR A Y E
1.2 HEBAEENE

- LA AR R I A2 T vk S R LA g )

AT . SRR TR, 58 pH A pH it
(KA 2.5: 1) W, A HURCRH & #% IR A
fb—AMmAEN E, S ECR MR YLK E A
PlE . R A A IR ¥ (pH 7.0)
W E . +IEm# RS 1 mol-L™' NaOH /Kfi#, FH
B e BB 52 - A %5 FH 0.5 mol' L™ NaHCO;
(pH 8.5) WAL, I FHAHRR AR Lh (il . 148
LA 1 mol-L™' CH;COONH, ( pH 7.0 ) $2Ht, i
b KA BRI AE

1.3 TEERIAEY S DNA B3R EX

FREL 0.5 g +3E, FIH PowerSoil kit ( QITAGEN
GmbH, Hilden, f#[E ) DNA £BURF &, W
W2 H 14 DNA, T 50 pL JTCEmREG K .
U1 uL ) DNA H%5%31 ( Qubit 3.0, Thermo Fisher
Scientific Inc., & ) 44T DNA A5 FIVk . K
DNA {17 F-20CokFE AT F — 250 .

14 BEENFSTTIEREDEE

il 1 Wafergen SmartChip SEHT %¢ /% 5 PCR &
e AT 16S IRNA LK 48 DUEL, i AR 5 19,
SR 1132R (5'-GGGTTGCGCTCGTTGCS-
3'), FU#E5149°M 1108F ( 5'-ATGGYTGTCGTCAGCT
CGTG-3'), PCR W 45 : 95°CHZEME 10 min,
95°CAEME 34 s, 60°CHEM: 64 s, HEAT 40 DGR,
P fik il 26 AP A M6 ( Ct) i Wafergen 3144 H sh 4
Mo TEERAEY TR R T LY 16S rRNA
5L DR D%

K % D1 %L ( gene copy number,
POWER (( 10, 30-Ct) /3.33)

FIF Tlumina Miseq - 5 & 38 50 7 A , PCR
Y1 16S rRNA ) V4~V5 F2A8X, ¥k 515F
( 5“GTGCCAGCMGCCGCGG-3') F1907R ( 5'-CCG
TCAATTCMTTTRAGTT-3"'), PCR R f&J¥: 95°C
WA 3 ming 95°CAE M 30 s, 55°CiBk 30s, 72°C
FEf 45 s, 27 DMEIFR; 72°CHEMH 10 min,

1.5 HEIE

ffiF SPSS 25.0 H{FXF - HERALME TN 16S
rRNA B8 DG AT 580 fn 22 S o0 Fr . R A
QIIME ( quantitative insight into microbial ecology )
A XT P A #EAT L DR G E , JF ) UCLUST #44 4R
e SUAHRLE #EAT SRS, MRLEE 97%MF 55
IR ) — Al #VE 4 28 858 (operational taxonomic

GCN ) =
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units, OTU ), 4R %M RDP classifier Dl IH-H%&
¥ OTUs 5 silva (silva 132) B8 72 gE 47 90 Fh L
XHATR A CEISE R 70% ), %5 OTUs Fg 432,
Toor B SR F 5 € LA “Unclassified”. #JH R
3.6.1 B A3 #7 I AT RRAL 4 R G AE W U 45 4 S L
A LIPS g

2 R

210 KEAEAMAAANARETX TIEEMHE

IR

32 AFAN [ b A O 2l 2 s T AR X
) EHEEAEME T (R 1), SRR, KEIE
PoRh R AN B AR A0 v 0 3 B TR R AL
H, M 52.07 gkg! HINE 54.83 gkg! Fl 61.54
gk, BAE SN 8.0%H1 27.5%, iX 5 Machmuller
SFUSETF B AR BT A B A R e e N
R—F, 14 pH . BFA . AR F S

A BT S PR LB AR M

B BRI A i, AT SRR
AT YR 5%~30%"Y, i H AR A I A A )
o PRI, AN TR, A AR N T A
EHENFRSY, R T LIRS R A R R
WA, Bl SRR M | A FH R b b 380 3 R AR A T
SRR, BRI R Bt bRk
BRI E R P A B P -, R pH A
Wil AR, T T A e s A 0 A ML R A L o)
fif 2 RE OH B, il M el wosh -y
JKCHR W R TR, R T R W e
M, XHTLHEE R X WIS, =%
M R A se i A, PHE T Sc i /e =1
KIWARE AR PR EER, X582
BT B BH B 1 204 i T 232 BT ML e B 45
RUSURTE, T ReJs R A ¢ - 37 SeAf e, HB
AT T AR 4, AR 2
T AL AR KR

R 1 ARELHF BRI LIRS REY 00

Table 1 Effect of different land use patterns on soil physicochemical properties

e AL 25 WA AR T Bk PR RS 24 it
B

Organic matter pH Total N Available N Available P Available K =~ Water content CEC/

Treatment
/ (gkg™) /(gkg') /(mgkg') /(mgkg!') / (mgkg") /gkg™! (cmolkg™)

#ith Bareland 52.1c 6.1c 2.1c 126¢ 10.6¢ 108c 240ab 35.3¢
A2 Hl Cropland 54.8b 6.3b 2.5b 198b 15.7b 120b 227b 37.2b
L Grassland 61.5a 6.7a 2.8a 264a 35.1a 166a 292a 37.4a

e RS AFR/NEG FRRRARA 25 83 (P <0.05), TF. Note: Different lowercase indicated significant

differences in soil physicochemical properties in soil among different treatments ( P < 0.05) . The following figures and tables indicated the

same.
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FIH L HEd 16S rRNA HE[H 42 D1 REAL S 9
FoEE, MURIE 4 X 225 32 AR TCA R A 5 . R AT
ARG E K, SRR T S Y T B
TR, A TR R A W E BN 2.25 x 107
PE LB AN ZE 8.08 x 107 F 1.69 x 10° ¥ 1%k, 434
HmT 2.58 f5H 6.51 £ (K 1), X—45R50H
A RIE MR, R A AR R A S, SRA
FIB T A K . SRS R R R 2R HAR Y

FRARFIA 75 W) A A E &, [RI o m] ™ A I 4%
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The abundance of 16s rRNA/(10 copies g™ dry soil)
S
T
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Bareland Cropland  Grassland
+ ) 1972, Land use pattern

1 AFEMAT T SERCE Y
Fig. 1 The abundance of microbe in the soils under different land
use pattern
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BR AR

i 3 3 T 168 rRNA JE (& 2) &8
2 KA [R] R BRIE B # b . A B RN b, A 1 v
R 26 MRHEEWTT (B 2a), HA 2B E]
( Proteobacteria ). BRFT T[] ( Acidobacteria ) FlJitZk
1] (Actinobacteria ) FYAHXTF IR T 19%, H
= e R EMER . BRI
ST AR A 0 5 LY B - g Tl R 5 R 0
AR B, 0 H 5 rPORE X o B R e R R T )
FASIETETT, A b R A T - 458 v D) A 8 TR 1T A
FRAFEE T (M FEEME, Zad KA £ 1A H
TE R R . A T ARE b e 2L 7 S AEXT
BERARMMAED T A BEEER, USRS E]
( Chloroflexi ). #{f#T% ] ( Gemmatimonadetes ).
M4 # 1] (Latescibacteria ). 2 H 5[]
( Armatimonadetes ). AT ] ( Entotheonellaeota ).
MW@ KREHE 1 '] (BRC1 ) Mg & ]

( Hydrogenedentes ), M 22 57 i i 3 1 B 2 40 25 1A
FIRZEARAT AT T . SR TR i P ml i s & E H
FEARRR AR, AR ML IR S PR A 5 R AR
SRR FE AR, R LU E S e T A EA AR A AR S
£, AIRESEHL A f B A AR B RN 2R AT
WA A B 2 REE R, B BRI E R
AR Fa R T, AR U EY B AR B AR 2R 53U
AR L [ AR ek R T,
A= PRACH Z A 00 2R AT R R S EA AR 8, R A
L A FH - 4 v T o e AR Y

SRR . F R A S v i O AR R G
EES, MHA LY RSP BT R R A T
WEEAEM . filan, ZIBEIT &6 KENEERME
PIoiReRE, MY —E KRR A E AR, R
P B 7= A S SR R A TR S 3 Y, 3E
N AREERE S5, X AT RE RN [ H Oy ST 4 4
HASIERT 0 2 R E LR . BRATHE TR K
RO A WD RE G R DI I, AR - SRR AT 1A ]
FERRE, R TXEMAY TR T —Fh %505
Z YRR RS Tk, DAmRPIE
WY, BRATE 1S A 7EAReR R A48T, JFOR 3
A TTER A Y IR =G . [, #iih + 58 pH
A% (pH 5.97), RIREAEHE T 1w AP 3G I3 09t iRk
R AP BR TR AR A 2 PO, SR, Ay — BB oE Pk
IRRAT AT 132 3 148 pH . LA HLE RAEW AR
BRI FIZR A R s, AR — pH BREH 2
Mol o R T RIS R R, R TS A
KA WS I A e, 7 A ) 5 R % i 2o e
R¥ETEZEN, 25 7 MY i SR 55
FROFEARITFRRT ) T AR A R M A AR A
FERS R o RIS, R A TR AR 2 — &R
WIRERS P A TR 2 AT, SIS R IR BE I a Y,
AT BB A OR R b IR A 4 b FL = B ey ) 2
JBEH . [EEf, RB41. Gaiella F1 Microlunatus J&J& 7K
SRR B R I UE R . BB T, (1
HARX FEAEARES RGN TR EEZRME, X5
WX 4= 48 J KPR 34 B A A ] 0

TEAE D 3 R Jm B K-, A [6] 4 A1 4 5
ATE LAY | A AT 8 SRR I 2] 228 A
MAYE , A 54 S UEY E AR £ BB
FESME (B 2b), XEEHCEY)E oA L U]
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), Hoerp Rhodoplanses . Pseudomonas | Solirubrobacter . B, JLJER AT AR B — R AR W AR TR
CL500-29 marine_group Fl Pedomicrobium /=¥ & JRR S5, R —ge gl i5 eyt vl fe ik A 458
TER b A AR X B dey, LR AT B Rk 2 K AL T X REM A A KB, (HaX et 9 2
Z PR PRE R TR, e ROR ] 2 R X By ik £k HEA R XS, HRRA . R
HWIFAR I R AR RO, TR K A AR M 38 Gemmatimonas F! Gemmatirosa J& 1
AR R AR S 2 B s R R m, ERE AR B fe iy, R ARHL . R H | AR R A,
WA KR, KRER R WY ] BRI 1R PRI F WX SEF AT TR [ AR W s S RSB SR A b rh
RE MO EARER, 2L [F W e A B E 98 AR AR ARRATY T 8 i A Y B R R sl A R R
TARPRA S Wy R IE 25 A B e K VE S Rl A A R HTAERR, WIS R AR A AR B A AR D RE AR
M+ 4 Arenimonas . Arthrobacter. Luteimonas e K B e T Ao A Rl e AR A B T U0 A
Massiliadeng A=) J& AR X =6 B I8 38 & T 5 Hb AN N AL

a) BRC1# b) Gemmatimonas*
FBP | Gemmatirosa*
. . | Rhodoplanes*
Omnitrophicacota ] | Solirubrobacter*
Cyanobacteria Luteimonas™
| Patescibacteria Arenimonas* .
Fibrobacteres . gft-; (r)(())l_jz g?e”:f’ ne_group
Hydrogenedentes* Nordella*
S Wws2 | Massilia*
# 4 Dependentiae Pedomicrobium*
=) GALI15 Bacillus*
— i, *
g 3 Entotheonellacota* Steroidobacter

Verrucomicrobia

i
Iz

Log-transformed 10 of abundance of the bacteria at phylum level

5.0
Candidatus Koribacter*
25 Pseudomonas*
' Pseudolabrys*
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Log-transformed 2-fold change of relative abundance of bacteria at genus level
(=]
S

3
&
[\
o
2
=
3 ) &
H Elusimicrobia ﬁ
N Firmicutes =
ﬁ_ 1 . i Jatrophihabitans*
k. Rokubacteria KT Chitinophaga*
o Armatimonadetes™ & Geobacter*
% Latescibacteria® —fe': 25 Labrys*
- unclassified i— | Aetherobacter*
- - *
Nitrospirae = 50 IGSO4ljZA6
Acidobacteria B ’ Rhodomicrobium*
Actinobacteria =< Granulicella* .
Proteobacteria E Lacunisphaera
. llumatobacter™
Gemmatimonadete* Serratia®
Planctomycetes FFCHS5858%
Bacteroidetes Alsobacter*
Chloroflexi* Microbacte:ium*
Agromyces

it AR Ll
BL CL GL

GLVSCL GLVSBL CLVSBL

T *FOR T IRBUE IR 2 B A =R b B P AT AE 5 9% 5+ (P<0.05). BL: #RM1; CL: fIH; GL: #iifi. Note: * indicated
significant differences in the relative abundance of the microbial community in soil among different treatmentts ( P <0.05) . BL: bareland;

CL: cropland; GL: grassland.

B2 ANFEFATD 2T SR E R TR L () BB B 27 MREYE (b)

Fig. 2 The distribution of microbial phyla (a) and microbial genera (b ) with a significant difference in soil under different land usage

24 KEAEMAAXNARELRHERHEY  @EITRSHT (RDA) MG HIERUZEYRE 5L
BEEENIMERSIVLE P (K3) FH, R+ X 3220 32 A J0H
MR XK R B = AORE - B SR AR . (R A e B AR A K

WA, LR R AR, I aTRERE N ARWIRERSS KA T RE S5, RDA BRI

THEM R A K R R R, M e e BRI A TR R R R )R Y 51.9% A

FE AL RE ME— B B+ PR AR E R, TR S 24.9%, F W - ERR AL M T RT A R IRV E W 0 S 1)
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1 ©® #Hb Bareland
-251 ! A [T Cropland
30} W L Grassland

=25 —I20 —|15 —l10 —IS (') 5‘ llO 15 20 25
RDA1 (51.89%)

. MC: Kip&iE; AP: ARHE; AK: B ; SOM:
HHEAHLR; AN: BUAFE; TN: MZ; CEC: PHE 70,
TIF ., Note: MC: moisture content; AP: available phosphorus;
AK: available potassium; SOM: soil organic matter; CEC: cation
exchange capacity; SOM: soil organic matter; AN: available

nitrogen; TN: total nitrogen; CEC: cation exchange capacity. The
same below.

B3 it A Py e v A A B A M R A TO A 4B
(RDA)

Fig. 3 Redundancy analysis of microbial | community composition
and soil physicochemical properties

76.8% o B H A HEGHAE W v 52 T EOK B
Wi, oA FH 438 32 A7 3 P 25 138 ¥ s (W 52, 17
M A e A YRR VR R D 2 e A
BB HRHE . 2R pH A PLE . AWFSE B ES
Ttk (R*=0.97), B#A (R*=0.96), £ 580
(R*=0.95). 2% (R*=0.94), HHEAPLF( R =0.94 )
AW (R = 0.94) XA YIBEE S =4 T 8
ERM (P <0.05), X500 MMRERN B, U
AH U B 45 9% 0 o i T W TR A Y
L% s A (E W NGB e co N il wbi LY 122 s W
Xt HEi A PR VA A A B R R . AR AR R 4
e pH &K S HIEMA YRR S 5o
MM (P > 0.05), 5CHKMHERE IR -5
AR TRIARF 2 13 pH AR IR/
HE bk, XTRUEYRER S5 BN s oK 5y
Yk amTE s, RESI R R+
B oK i ST R T R O A O, (HARCR
T T R IR AR SY, JC LA % Az BRAR I E 22 1

REREIT SRt — 2L 37 .

A8 5 A S A BT R AT DG X 45 43 B
(K 4) =W BAP 8 MUAEWITTH 35 MsEY)
J& 5 A PE B A B A (r > 08, P<
0.05), EEAIERMITE. MLr . FaTw. 8%
W SFAOATRR . ER A HY E e S s R A
AR IEARSC G ZR, AR 25 TR B9 AR W) e A5 B 25
TR EAFAEIEARDCE . b, 3t 11 MA Y s
5 e et AR AE O G, G Aquicella
Bryobacter . Candidatus Koribacter .
Ellin6055
Gemmatirosa , Granulicella, Noviherbaspirillum Fl
Pirellula WY&, KUK S E Y JmAE )AL+ %
o B SR E SRR KRR, BRAS T 4 b3 1V 57 4R 1
I, IR EABGRMFE SRR U (AR R
WS, Granulicella /EW) & 5 1338 80 Ak M: o7 K At
TR W e R PR ok, R YR AT A 46 s
WAL, AN R, i, CAapEDIR
B4R 58 + o Gemmatimonas F Flavobacterium
WA Ry AT B PR HE AR T R . AORAT T TT
JEIRAMBIEGE, AT ) A 2 2R - X A SR i A ik
T2 R Y SC RS 718 TR ATE S AR R 7

Bacillus

Chthonomonas Gemmatimonas

3 45 i

MR X 280t 32 AR QR TCAE B 5 R AEAS
Jiti AT A FHA AR A A K R R R Oy X, e
TorE A YRV A B2 5o SRR A
Pl A4 ORI RE b, - 398 v oA BB 25 55 40 1 W S R
Ry EE B RS, BR MY+ E B ERT
5 SO 5 A 5 AN £ S e S RS
TUAE WSS A — B, (B VR S5 B % 25 5%
FEMIRET RS ) T BE AL G BH B A . A
AHLT . SRR . AR . R A R
FE ARSI AR Bl 7 6 LR P X SRR R
BEEEMEE, REMIRAVR A T B
T E R T MO IR S, Yk R S
53 B G R & R ] RS ARl A A4S PRAS X AR 2
ws%,

http://pedologica.issas.ac.cn



53] W J7%E s AR IO 2T R PR X SR M T R ML 1245

ad NSRS

Zavarginella
Mycobacterium

Neo<q
Candidatus Koribacter

Blastoeatetta Niastetla

-
Candidatus~Udaeobacte Phenyld§acterium

avisolibacter

‘ Proteobacteria . Actinobacteria Bacteroidetes Acidobacteria . Firmicutes
‘ Planctomycetes Gemmatimonadetes Other microbe . Physicochemical properties

TF: MHICHREL Pearson's r > 0.8, P < 0.05, T mBANEARRITACEM LR, WA MEEHEREN Y AEHE., 4
EGERL R R EM L LR, BOEZRLERTAMIIEKL R “Other microbe” {135 Fibrobacteres, Chloroflexi, Armatimonadetes .
Verrucomicrobia [# £f. Note: Pearson's7 > 0.8, P<0.05, N=9, n>6) . The color of nodes represented the phylum of soil microbe and
the size of nodes related to the frequency of corresponding genes. The red line represented a positive correlation, and the blue line represented

a negative correlation. Other microbe included Fibrobacteres, Chloroflexi, Armatimonadetes, Verrucomicrobia.

Bl 4 SR KRR P e S5 A T AR DG I 45 20 B

Fig. 4 The correlation network analysis between microbial genera and physicochemical properties in black soil
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