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F 1. wRupF0E A TR F R

A TR l £1 48 (Pinus koraiensis), Aki% 50 4
DL, ZEMH R BEHLIEEEL 3 4~ 15 mx15 m fg/N X .
HEH A A I AF L, SRR 4B (FEBE 50 m), #K
T 2017 AERAEM O LAY 26 4EEOK, 1EIK
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R, FORTEH5 AM#M, WEHS5 cm,
FORFER AR BIR I T2, Ok fE s £ oK
FE R ) b B3 53 A% e L At FH ) 78 3 e
i Y LR E AT

12 TEMECRES ST

2017 4 6 Al B4 3.5 cm iy L4 R&E+
HERE A (0-15 cm) . AN F/INXOR T W B £
FUORFECRAE 151 L IR A0 L BB AR A
W - HERE 5D 2 A KB A B4 IR RE B A

iz ik B E . AN TR G LT
(2 mm)FH-5 R 2 O kE o — 1 BE fl =70 °C LR A7
F+ DNA 21, 75— AEd AT 5+ 34k

J 53 AT o AR5 Fp T R I Ak 2 5 40 BT
LT A g, MRS T
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Table 1. Soil properties. soil bacterial phoD gene abundance and shannon index of forest and arable land
. phoD gene
Treatment TN/(g/kg) TP/(g/kg) OMI/(g/kg) AP/(mg/kg) Og}kN)/ (NmH“/k'\;/ pH abundance/ ?nr:ir;non
9 g/ (10° copies/g soil)
F 0.77+0.01a 0.28+0.02b 33.13%1.49a 2.49+0.32b 5.88+0.60b 1.16+0.17b 5.58+0.02a 5.44+0.53A 3.72+0.14A
A 0.74+0.02a 0.52+0.07a 26.39+5.47a 79.32+2.61a 126.46+11.63a 2.72+0.91a 4.72+0.06b 0.86+0.02B 1.92+0.34B

The data is mean+SD (n=3); different lowercase letters indicate that the difference reaches a significant level (P<0.05); different
uppercase letters indicate that the difference reaches a extremely significant level (P<0.01); F: forest land; A is arable land; TN: total
nitrogen; TP: total phosphorus; OM: organic matter; AP: available phosphorus; NO3™-N: nitrate nitrogen; NH,*-N: ammonium
nitrogen; pH: pH, the same below.
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43656 BE - (NanoDrop Technologies, USA)K il i
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i) qPCR 455 phoD JEIAYF . gPCR KK
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(Bio-Rad, USA), 5|41/ phoD-733 (5'-TGGGAYG
ATCAYGARGT-3")#l phoD-1083 (5'-CTGSGCSAK
SACRTTCCA-3), H B L) 350 bp 2470,
QPCR SN 2 R #8844 UL Chen 2094 i
HAFES Y DNA XS 3 K EE fi ] pGEM®-T
Easy vector (Promega, USA)EFRAEF AR, FEXt
“H BB phoD A R B Bk A il i DATE 52
J¥ 5 B HER 1 o 4 F NanoDrop ND-2000 73t )t
THIN R JBORL VR B2 I 4 hy BT AR 48 DUB,
BRLEA T 10 £ RSB T bnifEfh 42
AU RE AR R O bR v BRI I B 3 IREL AR
1.4 phoD EFEY ¥ FHEEENF SR

phoD Ji& R4 4 i =y s U 195 |9 . PCR
R ZFET 5 gPCR #HIF], AT XKAARE 1
SRR AT T, RS IR SR A AN [F] Y
FPOIbRZE . B 3 IRE SN Y PCR iR A, ff
A Agencourt AMPure XP(Beckman Coulter, Inc. S.
Kraemer Boulevard Brea, CA, USA) ¥, F-{#i H
Qubit™ ssDNA Assay Kit (Invitrogen, Thermo
Fisher Scientific, USA)JEITE &, Kraifbryd 1
FLLEEREBUR A, JEMEH llumina MiSeq
Reagent Kit v3 (600-cycle) (lllumina Inc., San
Diego, CA)#FT XA vl fy o M7 i A= 2B
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AR (R B A RS W) 58 Ao

% H  QIIME(Quantitative Insights Into
Microbial Ecology)Z:f&irfi K /T 300 bp. &
A TSR BRI LA -5 R (AT 20 (975180,
K] PEAR 4l PE F 8 Z A A H & G 2%, 45 mxt
(8 D A — 25 7 419, 22 J5 442 B barcode AR
FE AR BIIF X 43 FF S A5 B A AR S A G o 4 DF%
(1% R 9k — 25 25 B LR AT A 1A e 47 191
RDP FungGene (http://fungene.cme.msu.edu/) &%1
X A My S RE R IR e A B A, AR IR RE
RPTAERDUE . M EOR LA | AR IR A
W, RG i hRE . VIR . S RIGH K HAD
7 RIREEL, WU T I AR R R
J& B FXF Y R, AT A RDP function gene
pipeline 1) FrameBot ¥ Pf 427 5 45 W IR 7
G, FFZBRTA ANREE L . JoiEVLACE] phoD A
() 2 LR 7 51 DL R AE Ty 9 WA AT o 8 A AR 45 1k %
MR FEER T4, ] USEARCH version 7.1
Hf) USEARCH 7E 75%(1AHDLEE BI{E T i LA
432 %157 (operational taxonomic units, OTUs)™®,
Vg v A I AR AR 4 ) 91 R AR B 58 2 NCBI
(National Center for Biotechnology Information)f
GenBank ¥t /%, #2'5Jy SRR9878564.

1.5 Sitar

K SPSS 4t it-#k {4 (version 20.0, 1BM SPSS
Inc.)i#E4T Pearson AHC 3 A A1 T 224347 o SR LG
Xt 13 43 #r (canonical correspondence analysis, CCA)
FLECRE SR B-Z R T IPAN FREE IR 7 X i i P
Tl TR il i DK 1 2400 T 7 25 AB R 52 . CCA SR
CANOCO for Windows 5.0 k{4 (Microcomputer
Power, Inc., Ithaca. NY)i#47. {#iF Monte Carlo %
B9 7E CCA M IA T T Lk A8 it A8 e LA 2 PR EE A8
1Y P (P<0.05) . R Origin 2018 44 .
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2.1 4HE§ phoD EFEEFEMEFEMEHRUKRS L

A2 1 Al 0, Shfcth - 384 7 phoD JE[H &
(WL t3F, TFH)(5.44%10° copies/g soil)fH L, #fH
TN phoD JE A REFEK 1 84.1%, A
8.64x10° copies/g soil, 2254 B % (P<0.01). M1
IR S 2 AR T A phoD RV
i) Shannon 45 %k (P<0.01), #fHb ¥ Shannon $5%1Y
S pRH Y 0.52 £ .

H4l Pearson AH2&4r#T, phoD FE[A 3= A
Shannon FE04 5 B (TP”) . BEALHEAP ™) RIS S 4
(NOs-NT) B ETAHE, M5 pH™ & IEAIE(E 2,

F 2. MHbFHH IR FMER. phoD EEFEEMN
Shannon 5§ (8] 8948 % 14

Table 2.
phoD gene abundance and Shannon index of forest and
arable land

Item phoD gene abundance Shannon index
TN 0.661 0.588

TP -0.908" -0.856"

oM 0.674 0.784

AP -0.973" -0.973"
NO5™-N -0.968" -0.946™
NH,"-N -0.822" -0.692

pH 0.965™ 0.973"

phoD gene abundance 1 0.968™

Shannon index 0.968™ 1

*: P<0.05; **: P<0.01; F: forest land; A: arable land; TN: total
nitrogen; TP: total phosphorus; OM: organic matter; AP:
available phosphorus; NO3;-N: nitrate nitrogen; NH,"-N:
ammonium nitrogen; pH: pH, the same below.

Relationship among soil chemical properties,

"P<0.05; "P<0.01). It4h, phoD FE[H i S5EA
ZU(NH,™-N") 2.3 514 56 (3% 2, P<0.05). A, phoD
FEHFF RS Shannon F5 Kk B # IEM R (R 2,

P<0.01),

22 ot BB IR N R A R 45 1

EERR A BBRRIAR R LU 5 phoD
FEHORVC L P 8 5, BT A AR 3k 3R A5
191890 4w B P41 o B S AP SN B
30837 % 32629, A]RKIH 265 4~ OTU, ixX4L OTU
ARG 9 ANEFIT L 16 AN, 37 A~ EHTH |
65 EAIFA 103 MEHE . HPAIEE]
(Proteobacteria) . [ |(Cyanobacteria). V%% #
I"J(Planctomycetes) . JitZk %[ ] (Actinobacteria) . J5&
BE T ] (Firmicutes) 192 i 1% ] (Verrucomicrobia)
AEETT(>1%), b BT FSIY 98%L F (K 1-A).
28 MEHIE CL%) o, LLIE A AR T R
(Bradyrhizobium) 141 i 8] % J& (Rhodoplanes) iz A

& (K 1-B 1 1-C). B &M B, PLsii T+,
K Hb %) W5 3% ] (Cyanobacteria) (17.67%) ) A XF =F
J 0 25 R T F ML (3.72%) (P<0.05) 5 fEE s, #k
Hi 1 P8 A= B9 1A & (Mesorhizobium) (1.24%) 1) 4
it = 58 2 5 T HFB.(0.11%) (P<0.05) , BB i)
(Pseudomonas)(5.76%) 4 AH X} = it 2 & F Bk b
(0.28%)(P<0.05), Chlorogloea J& (0.71%) A%} 3=
Ji 52 T (0%) (P<0.05), Gemmata J& (0.68%)
A A X B B 2 = T #F M (0.02%)(P<0.05)
Phormidesmis J& (5.48%) [ FH X} 3= i I 2 /& T Hb
(0.02%)(P<0.05), Pseudolabrys J& (4.68%) 1) #H %} 7=
JF 3 1 T4 (0.25%) (P<0.05), i te Ak M sR i &
(Bradyrhizobium)(18.15%) f A X = B 5 I T #f
(50.09%)(P<0.05), AT 4 )& (Bacillus) (0.18%)H
AR = B B AR T F M (2.08%) (P<0.05) ,
unclassified Isosphaeraceae J& (0.20%) 144X} =
i A T #HHb.(0.93%) (P<0.05).,
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Figure 1. Composition of soil alkaline phosphatase gene encoding bacterial community of forest and arable land.

A: phylum; B: order; C: genus.
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Figure 2. Soil alkaline phosphatase gene encoding
bacterial community structure by CCA analysis. F:
forest land; A: arable land; TN: total nitrogen; TP: total
phosphorus; OM: organic matter; AP: available
phosphorus; NOs;-N: nitrate nitrogen; NH,"-N:
ammonium nitrogen; pH: pH.
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T . HKF T, 5 & H (Pseudomonadales)
H1 Synechococcales H 5 pH B A, Wi
SRR FIAS A R 2 ARG, 5 R i 3 A
35 HSNE S H (Sphingomonadales) [EFE 43 51 5
PH LUK GH OB RO 285 L2 12 3 TE AR DGR T AR DG
(P<0.05), A # H (Rhizobiales) 55 A5 H A 14
H (Sphingomonadales)#f . Nevskiales H #ll
Pseudonocardiales H{¥ 5% & &M 3% 1EAH ¢
(P<0.01), J&/KFET, & MY 5 E (Bradyrhizobium) |

AT I# E (Bacillus) Fil unclassified Isosphaeraceae
5 pH. AR AR A GO R AL, 1 H 2R
fOFF I JE (Bacillus) 5 B A4 S A W IEAHE,
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(Nostoc) 5 i AN &L . Sl Al B S AR & T AH G .
Sinimarinibacterium J& 5 & B Fl 8% 25 AU A 56 5
F 522K E (Nostoc)tH1Ll . Prauserella J& 584
R FIEME, i Schlegelella J& 544 HL 2 3%
FHOG o 3X 28 B [A] A e Jon e B S B 2 AR DG G R
IV I R DO S s N 1 o | P
49.8%-87.3%F! 37.7%-66.0%, 1l + gtk i
1) 728 b T T 850 0 i 1 8 T A ) %) A4 TR
HETEHME N A L, RAUAS T B ik
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3.1 IEANEEE phoD L B FI LA

Brith - SEAN TR A phoD JE R F2 5 i KT Ak

X5 EH R T HRBESE P U AAHAE,
P - S8 24t R e Tl 1 A DR 1 A T ) A 1 52 AR
W e TR BB AR o LS S FOKFI A D 3 BB
il EE R AR Tt DXCAR B L, AR T it P AR AT e 4
FEEORI A 9y, TS K S T 3 i
AT, AR TR H 5 — B T TR,
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Figure 3. Pearson correlation analysis between the relative abundance of abundant phylum, order and genus and
soil chemical properties. A: phylum; B: order; C: genus; *: P<0.05; **: P<0.01. TP: total phosphorus; OM: organic
matter; AP: available phosphorus; NO5 -N: nitrate nitrogen; NH,"-N: ammonium nitrogen; pH: pH.
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Effect of conversion of forest to arable land in the hilly region,
Northeast China on soil alkaline phosphatase gene encoding
bacterial community

Rui Wang, Xian Wu, Gang Li*, Weiming Xiu®, Jinxin Wang, Xinyi Wang, Lili Wang,
Jie Li, Guilong Zhang, Jianning Zhao, Dianlin Yang

Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China

Abstract: [Objective] By studying the effect of conversion of forest to arable land on the abundance, diversity and
structure of soil alkaline phosphatase gene encoding bacterial community, to provide basic data of soil microbial
diversity, for sustainable land use. [Methods] The abundance, diversity and structure of soil alkaline phosphatase
gene encoding bacterial community were investigated using real-time fluorescence quantitative PCR (qPCR) and
high-throughput sequencing. Combining the determination and statistical analysis of soil chemical properties,
relationships among the soil alkaline phosphatase gene encoding bacterial community abundance, Shannon
diversity and soil chemical properties were also evaluated, as well as the key driving factors affecting community
structure. [Results] After the forest land was reclaimed as arable land, long-term fertilization led to acidification of
the soil, the pH dropped from 5.58 to 4.72, and the soil available phosphorus increased from 2.49 mg/kg to
49.3 mg/kg. Correspondingly, the soil alkaline phosphatase gene encoding bacterial community abundance and
diversity significantly decreased with the conversion of forest to arable land. Based on species classification of
alkaline phosphatase-encoding gene sequence, Proteobacteria, Cyanobacteria, Planctomycetes, Actinobacteria,
Firmicutes and Verrucomicrobia were the dominant phyla, and the relative abundance of Cyanobacteria in forest
significantly higher than that in arable land. The relative abundance of Bradyrhizobium and Bacillus in arable land
were significantly higher than that in forest, while significantly higher relative abundance of Mesorhizobium,
Pseudomonas, Chlorogloea, Gemmata, Phormidesmis and Pseudolabrys was found in forest. The structure of soil
alkaline phosphatase gene encoding bacterial community was significantly affected by the land-use change. The
abundance and Shannon diversity of soil alkaline phosphatase gene encoding bacterial community were
significantly positively correlated with pH, but significantly negatively correlated with the soil available
phosphorus, total phosphorus, nitrate nitrogen (NO;) and ammonium nitrogen (NH;"), the soil available
phosphorus is the most affected among these factors. The application of inorganic phosphate fertilizer caused the
degradation of organophosphorus decomposition ability of soil bacterial community containing alkaline
phosphatase. [Conclusion] The soil available phosphorus and pH changed by land-use change and long-term
fertilization cause the alteration of the abundance, diversity and structure of the soil alkaline phosphatase gene
encoding bacterial community under the coordinated driving of other physical and chemical factors.
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