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PR X A 4 DX AN B RIS g . BTSSR B, S s b £ 8 XA BF R HEA RIS s 5 P & i pH i o0 K B
FHRBE I T] R AR BASC , i BERREG AN 40 d 5 B BGESIN 80 d I, Hl AT XA AR IH L HEZR VR Chao |, Ace 5803
BT, AR 2R R pH 25 0 20 TR AV 45 4 R T RE ) OGS R - BRAT 149 1] (Acidobacteria) 5 pH b 3 fAH G, JE
R ](Verrucomicrobia) 5 pH B 2 1FAHSE ; B #¢ G BERRES FP AY P AR AR I B[] (Proteobacteria) i A= K | TS 40 d, 38 & 80 d
I, B e Ab R i B R 5 AL PR AY 1 SRS T 7] (Proteobacteria) BT 5 LU (9] 35 K T X6 BRAL B, &5 ok G BEFRES h AU BEMRIR T+ 5 +
Herb BH e I N B RR R + DUE, W T W R RS e R YR, S BCR s i B R T A H ) A A PR R 22 R R
(Candidatus_koribacter) = BEAR T X JRAL B ; 4 3N P BV S5 44 32 B B) JRLRE SR IRV A s2 ), i ok 1l TR 85 4T IR A 34 40 ~ 80 d
A, B e 1) T ARk PEIORT T (Verrucomicrobia) 32 8 & A48 T 0 25481k, DFSE 3R, B o | b W R 05 W A 0 IX 45 B0
¥R — BRI,
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of Fallow Paddy Fields in Rare Earth Mining Area

Bai Yijun', Dong Chengxu', Pan Huahua', Hu Zhongjun', Jin Decai’, Jin Shulan"”
1. College of History, Geography and Tourism, Shangrao Normal University, Shangrao 334000, China
2. Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Received 22 March 2021 accepted 23 May 2021

Abstract: Phosphorus (P) is an essential element for growth and high yield of crops, while bacteria are important
indicators to reveal the evolution of soil ecological environment. The effects of bone char (BC) and superphosphate
(SSP) on soil bacterial community in rare earth mining area were studied by pot experiments. The research showed
that the effects of phosphorus materials on soil bacterial community were related to P content, pH, ion concentra-
tion of rare earth elements, time and temperature and other factors. After adding SSP for 40 d and BC for 80 d, the
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indexes of Chao and Ace of soil bacterial community both increased, and the diversity of soil bacterial community
also increased. pH was the key factor affecting the structure and function of bacterial community. Acidobacteria
was negatively correlated with pH while Verrucomicrobia was positively correlated with pH. Phosphorus in BC and
SSP promotes the growth of Proteobacteria and the proportion of Proteobacteria in the soil treated with BC and
SSP was higher than that of the control check (CK) samples whether after 40 d or 80 d. The proportion of Pro-
teobacteria in soil treated with BC and SSP was higher than that of CK, no matter 40 d or 80 d later. P ions in BC
and SSP react with rare earth elements in soil to form rare earth phosphate precipitation and reduce the concentra-
tion of rare earth elements in solution, which results in that the abundance of Candidatus koribacter in soil treated
with BC and SSP was lower than that of CK samples. Soil bacterial community structure was affected by time and
temperature. The abundance of Verrucomicrobia of soil changed significantly with the change of time and tempera-
ture when treated with BC, SSP and CK for 40 ~ 80 d. The results also showed that BC and SSP had a certain res-
toration effect on the fallow paddy fields in the rare earth mining area.

Keywords: rare earth elements; bacterial community; bone charcoal; superphosphate; soil; rare earth mining area

i e o S0 LS A WML R ES P 1 e A
K, U B R e 7 i A a2
TLPEAA M T 2 v ) 8 AR - B, i =
LR R A4, B 1969 E7EEE M
RIH I AT R DCE, BiHER L2930 J1
t, b7 A B IR AR TR B R 70% DL ER
W R AR B R TR JEE 2 8 ~ 10 m,
i £ IU R FE LUK G B FERHEK A BT 1E Rk
MIfER o, el 3 AT 2Z0E, W1
iz TF 52 RHEIR T AR 3 [Riz T
2 WSRO R - R K R AT
X JE K V5 YR o0 e e RS

BEP) B RAEY K = AT TR
Jin S5 5 AR K RS , 0T B B R 4 MR £
TCFR A WA R e 4 TR Vi 4 A8 18 5 ), BiF 5 2R 1
ANTE] ) B B TP A [, X T A R
AYSZ AN ] 20 R SR A W ) 3 2 LR
HBEE AR AT it 7 13 AR S i AR H
HF ST NE ey 52 0w 4 S 40 iR R E SR 51 AR
ARTE AT A Sk it i R T 334 o 40 v A W) 1 Jo 2 4
PEP R A B 1 A R g S T2 R RV T
ZAEPED Y P B AR BR 4 B (rhizobacteria) BE 4 Y 3
B R SR IE A R RIS R it
B AT T - SFE B A W %) AL A RN 25 A0 A e 2 s
X 5 O I A H R U E Y ik A A
AR TR AR EZER, Jin FOFR LI, R
IS AR AR - SRR B (pH) | 3 A (AP) K+
TSR AR E e R L RB & IAMNE 4
BRI 5 RS 2540 B A OGPk

YR HE LB L 8 (La) - M0 B 7 AL I,
S R I P 0 LS B
BUE PRI R 45H0° 2, B4 0, 0
e i ST 070 5 AN B
R 2

Jin S5 TBESE T BRI TG TP X
SRR, I FL % 90 TSR 5 1
R B R TFR B R KA
B FEHE, RER . BB WBFIIRY], P
DA A B A5 R R BT 10 T
LR FUA 1L T OB bR 26 A AL HE
CERVE LN Y T
B A DR ACREREIT B
P B AT —E I B X

1 ##l57 % (Materials and methods)
1.1 MRhfER

R A T3 B30 S A HEN A 10 X4
B3 AR 138 I M2 2 B Ol 24°52/53"N,115°4276"
E, MIEHRE, B 100 m % — 4 RER AT, H2R 100 4>
FERL RFEVRE 20 om, B A5 A AT B S5
R AR AR, i 100 HifR &5 )5
L Al BERRES(SSPYW | BT kAR T
HRBOWE A INARE BT, HIESSws R
PRALE R KR+ SR ange 1 s, ¥ BC SSP 3N
F e L3 AL B RN B RN (CK)
T 2.5% B 5:(BC) RN 2.5% 1t Wi R 45 (SSP) ., F4
AhFE 3 REE , PR B AR 20 om | H AR
15 cm [WAEBT PVC i, BEARPRIN 4 kg 1Y+ 4% I
9 i, FREL3 145 0.1 kg 1Y BC.3 £ 0.1 kg iy SSP, 43
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SHAKT B0 A+ S RE b it TR ST, AN =K
B, ORRe R R TR KFAl . 3 Wl bRidE CK1,CK2 |
CK3,BC1 ,BC2 .BC3,SSP1 ,SSP2 . SSP3, Hf fi jift &
KA, KA ANR R eI AR — B, S50
HEAAH 201945 H 1 H,40 d f180 d J5,El 6 A
10 H .7 H 20 H4r3RE XA IR E, 5 R
AC TR IR I R B A BR 2w 2EA T v 3 i S
AT
1.2 fk2#srt

AR T I 225 (RO 2
IIMTITIEY . Hirh 1358 pH (R K L 2.5:1 1
Wi s FHAH B0 P vk A 8 A0 ml I 2 e e B T (R 5
UV755B, Lo a8 A R |, i DI 1 58 rh
)P ErePe HHERE ARG TR A R E K-
BRI fie ik I . T ICP-MS TR & C R,
ICP-OES A LIASHI M BE AN R T 1% BIAE S, BTk, £
B S LT & La, Ce Al Nd R H ICP-
OES %2, & 4k i Pr.Sm Eu,Gd,Tb Dy, Ho,
Er . Tm.Yb.Lu 'Y %§#; £ 0% H ICP-MS %, R
FHEE ZFRIERE (458 GBWO7043)E1 T 4 20
1.3 16S r RNA HE:[X 4 14 Fm
1.3.1 FEAHESS ORI & Sy

X6 H 10 HF7 H 20 HEY 2 #HEES K it k17
DNA FE SR, 23 5% DNA FEA B V3V4 X 4T
PCR ¥4 (i Fi% € 1Y index J¥ 5 FEATREA X 43,
Pyl FH B 514053 51 °h 338F (ACTCCTACGGGAG-
GCAGCA ), 806R ( GGACTACHVGGGTWTCTA-
AT)*"' | PCR {# | Phusion £ & E i (high-fidelity
PCR master with GC buffer), i f2 4 .95 °C HAEME 5

min 94 °C725 30 .55 CiE k35 5,72 C ZE{H1 30 s,
PLE3E 30 NEER, 72 CHEMH 8 min, =il
1.5% iR WHEE S F Uk , #EC S H 9 B, i FHEE
JiE a1 i i 5 £5 (Life Technology, USA)#E 47 [m] Yt 4§
ARB® | 2R e FEL KRS D G A% i, T Tl il Ak 1 7
i Ff Qubit 3.0(Life Technology , USA)#EF 74 i X%
DNA W i, BB EAS XS DNA SR800%0E —
e =AW AR G 1 &, f#i1] NEB
AR & 1T )%, R ] DNA Library Prep Kit
for Illumina. NEBNext Ultra(NEB#e7370S/L) " B 45
WERE R AR . XA Y SO (] Aglent2100 F1
qPCR 35| A7 S PR A JBE 43 A A 00 R ve 2 4G
KA k% 114 SC 46 FH Tllumina Hiseq2500 (PE250 {3
FOHEATINFED , XFIN T 5 55 2] A Bs A T o
1.3.2 FHEIES T

F AL B0 45 BHs , 8 Ngs Tookit #fF
HEAT B, i 5 ) R ) Bokulich 26 447 19 2
B, ARy 3 B Q<15 HARJE>50% i%
79K BE Y Reads(RPBEE o7 i 22 19 3 41, I i AT
B & 33k P 91 Reads(RPHK B3 56 19 )7 91) , 15
23 Hr ] Y Clean Data(F15+4dE), 2 o PR IR A
TR EA Y Barcode 741, f# FH Qiime #X/H split
_libraries_fastq.py WA XS £cds 4795 o0 (S Hk &
Barcode FCVFH K %555 M 0 bp, Primer RV e K5
4 3 bp), B UILAR B R MEA I 3R F 5

fli 1] FLASH %R0, % 4% BEAS IE i) FI B 1] Fastq
SCAFEAT BHE (S BRI /) Overlap =30 bp, Over-
lap BRINEEECE N 0.3, Phred {HERIA N 33), SRA34&4E
APHESLTT Reads 2 H .

F1 1T SSEEERSS (SSP) Bk (BC) WIE{L KR L TH (REE) iRE

Table 1 Physicochemical properties and rare earth element (REE) concentrations of soil
and superphosphate (SSP) and bone charcoal (BC)
20 Items 3 Soil T BERRES SSP Bk BC
pH {H
535 3.16 923
pH value
J
USES - CaP,H, O, Cay(PO,), - Cay CO,
Chemical formula
P &ht
0.035% 6.1% 16%
P contents
VA HMER T K TR e Tk
Solubility Poorly soluble Soluble in water Poorly soluble

i £ eE & Emg-kg™)

Total REEs/(mg-kg™") 663 .68

63.19 8.66
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1.3.3  OTU A mU SR

HR 4 7 80 AR AL | 8 22 U5 S 221~ OTU (opera-
tional taxonomic unit), FEFEAHIAKFEHA 0.03(EN 97%
FEHARNE , K245 [F] TRk T e 22 o0 i, AR
WO HTR A Uclust B3k, AT VB MR R BEA —
ZEFFIN R, AR E Ry B4 OTU B
=2, w0 > A TR ALK OTU & 555,
PG TR S OTU FAR ML A 73 e fsi
L4 GEitortr

BB VMY FP 328, LIRS ] Alpha Z2 44
SMT, B T 34 Mothur v.1.35.0 (http://www.moth-
ur.org), JEINERIEMAE Y Z AL B B — A%
WZ, AT, EF6 OTU AR P HI I f T8, fiff
FHT KA Silva 048 19 2% 57 51 (db128 ), iR
fii FH Mothur X119 classify.seqs iy 4>, 7R B IL
H RDP %7 (https://www.mothur.org/wiki/Taxonomy
outline), #21i| Heatmap f#i F§ Origin9.0 , 54 ] 4 1k
FKHT Metasee X1 Qiime #1F,

2 Z55 (Results)
2.1 pH &SR

3R 2 FN3R 3 AT MR AL G5 40 d 5 80 d ]
IR K, BC 5 SSP A [A) &b B XT + 3 A [\ By
Bt pH 724 T REISE 0, 40 d IF, %3 m SSP#Yy + 1
pH A T TR, % in BC 19 14 pH & 344 K80 d
it , %S SSP 1 BC, pH ¥ & TH
2.2 ZREMESTHT

Alpha Z2HEVEFHE B0 Sfe Al it B FE A Y
B F & MR IR, TS REAR A S T

BT E 45 7 55 5698 80 (Good ” s Coverage) , F
JE 45 %0 (OTU % H . Chao I Ace) Fll & f 1 45 %1
(Shannon-Weiner #5454l Simpson ZFEM:FE40)

K1 FLF2 F3 FF4 3 4 AN H R, 40 1)
iK1 2 Ace ., Chaol . INV-Simpson I Shannon $§
¥, M F1.F2 W%, CK . BC F1 SSP 4b B 40 d 14
YA BEYE 1Y Ace . Chaol $82(¥ = T 80 d MR &
BC ,SSP 4b3 40 d J& , Hif# S Wy GBI, F
BT, S5 E AR S 2R e A T
. M F3 F4 AJ %1, BC Ab 3 1Y) 1 240 B AF V% INV-
Simpson , Shannon 8§ %34 % T CK F1 SSP 4b 3 (1) #
i s BC SSP AP 40 d J5, B & T AR ) 2 RE M FE 4L
INV-Simpson ,Shannon ] F+ & , i J5 & INV-Simp-
son F[%,Shannon {EARLAS B3, AR 1 A%, AbBE
80 d J5,BC AbFRL HIERUEY E R T ZAA T
15, SSP AbFRAH F 5 AN B, SRS A R
2.3 MikEPERhL

M B I Al R A I IORE R B S R it
gitam 5 X ATe, BERTEURE AR e e 2
() IBOREA AT g = A= D BT OTU 5 2 22 I 3R B 44
SLIUFEIA T RE - AR 280 OTU,, BEAILHHAE I3,
PR AEA B 50 A H—k, 15 41T OTU %%
HER()), 158 — R 50 R, ik 2 s,

i)

g =g |t n

L

XS, FoRTEf B n DA IR OTU F
PR, S, FR N RREA P OTU K

@)

*2 AE4ELEE pHE
Table 2 Soil pH value with different treatments

H 1 Date CK SSP BC
2019.06.10 545+0.02b 5.03+0.03a 6.89+001c
2019.07.20 5.82+0.05b 6.58+0.06a 6.73+0.05¢

TE 8 a b e FORANF & R RH L BE 2 [0 § S PE2E 5 < 7 R VPRI T R

Note: The letters a, b and ¢ indicate the significant differences among the treatments of different phosphorous materials; “+” indicates the allowable error

range.

*3 TEFREHNSKE
Table 3 Temperature of different periods

I 44 AR/ C e C SRR C

Period Lowest temperature/C Highest temperature/°C Average temperature/°C
05.01—06.10 220 350 30.0
06.11—0720 270 370 35.0
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900 Fl1 % % 800
800 - 200
700r l: 600
600 .
ey a2 A EE 400
S'g 400F e
< =
< 3001 SE 300
200+ 200
100 F 100
0=BC T CK sSP BC(2) CK(2) SSP(2) O —BC " CK “SsP BC(2) CK(2) SSP(2)
300 F3 S -
5 4
3 g %
R =
K2 o 3
502 X g
H RLE o
B> &
4
1
0=BC CK  ssP BC(2) CK(2) SSP(2) 07 BC CK SSP BC(2) CK(2) SSPQ2)

1 AEEBMRI LIEREN o SRS
T AR B SR FOR R R S BB AL B2 [0 1 3522 5 (NS TR FOR Rl — N B N A 8 3 2 e, RIS FRERORTE 2 B
Z )Y o 25 5+), P<0.05 ;BC,CK ,SSP 1575 40 d BYFES: ,BCQ) .CK(2).SSPQ) 55 80 d AYRE &, T,
Fig. 1 The effect of different phosphorous materials on the alpha diversity of soil community
Note: Different letters indicate the significant differences among treatments of different phosphorated materials (Lowercase letters indicate
significant differences in the same stage, and capital letters indicate significant differences in two stages), P<0.05; BC, CK and SSP were
samples cultured for 40 d, BC (2), CK (2) and SSP (2) were samples cultured for 80 d; the same below.

907 B —ck - ssp —BC(2) —CK(2) —SSP(2) ®BC(2) ©CK(2) ©SSP(2) eBC eCK eSSp
0.6
0.4
5 L .. [ ]
1 O . 0.2
:§ E 1 I bl ) 1 1 Oy I 1 J
=2 -08 -0.6 -04 -02 K 0.2 0.4 0.6
e g [ [ ]
Z —02}
o [ J
/ -0.41 °
Nz | | | | | N
0 2000 4000 6000 8000 10000 -0.6L
NG B3 NMDS 7R EIBHTRAE TR B BE
umber of sequences
R
2 HHE 16S EEF MBI ML Fig. 3 Similarity of bacterial community structure in soil treated

Fig. 2 Rarefaction curves of bacterial 16S gene sequences by different phosphorus materials under the analysis of NMDS

2.4 X T SRAN G R A 22 A RIFIAb R B2 500 T AN B SRR,
HIEE 3 AT, 58 1.2 BBt BC.CK SSP AN[IAL 25 wof 1 e g il BEVE 25 M (1 54 0
PR s o0 A0 22 R ABOR, [/ — B Be i BC L CK & 4 ~ & 6 A1, BC . CK HI SSP 4h3 40 d

SSP AN [F)Ab 3 Y 25 A5 404 25 e K, U IH AR B B, I17KSF-A BR AT 5 1] (Acidobacteria) , Verrucomicro-
Z YA B (non-metric multidimensional scaling)NMDS bia A5 1] (Proteobacteria)>15% , i1 SSP 4b 3
Bray-Curtis 225 .2 , W AR B Bl BC .CK M1 SSP Acidobacteria “F-44 1 65.8% CK AbFH -3 4 52.9% |
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BC Ab#SE-49,5 25.1% ,BC 4L Verrucomicrobia
15 45.8% (CK Ab P-4 15 30.2% (SSP Ak H
7% ; 2 7K ¥4 Acidobacteria . F 1 14 44 (Opitutae)
OPB35_soil_group>15% , H:H' Acidobacteria [ ] H [
Acidobacteria 24X, SSP 4b B35 5 65.5% CK 4b 3
2 52.5% (BC AbBESE Y 23.7% 5 H KA iR
¥ B H (Acidobacteriales). & 4 1 H (Opitutales)
OPB35_soil_group>15% , H:H' Acidobacteria 44 H 1)
Acidobacteriales , SSP b FH-14 15 65.5% CK AbHF-
15 52.5% (BC AL -2 b7 23.7% ; BLKSFA BT
W F} Acidobacteriaceae (Subgroup 1), ZFAf HFHOpi-
tutaceae), OPB35 _soil group fa>15% , HH Ac-
idobacteriales H H'fY Acidobacteriaceae (Subgroup 1)
Bl SSP AL - 44115 65.5% (CK AbHE-34,5 52.5%
BC AbHS-5 5 23.7% ; J& /K ¥ Candidatus _koribact-
er . “FAf 7 (Opitutus) . OPB35_soil group ge>15% , F:
H Acidobacteriaceae (Subgroup 1B Candidatus
koribacter & , SSP AL 7 61.1% (CK Ak B4
i 46.6% BC P34 15 21.8%

H1l&l 4 ~ € 6 ] 1, BC,CK il SSP 4h# 80 d
B, '] 7K SF 5 Proteobacteria, Verrucomicrobia, Ac-
idobacteria . # #: | ] (Cyanobacteria) . {6 & AL | (Par-
cubacteria)>15% , H:*' Proteobacteria [ J7E SSP .CK .
BC Ab B4 1 40.0% .23.7% .36.6% ; Acidobac-
teria | J#£ SSP, CK ,BC &b B i} 43 573 15 3.7% |
17.6% .14.3% ; Verrucomicrobia [ J7E SSPCK ,BC 4t
HE 2y B SF 2 5 21.9% . 8.4% .32.8% ; HIK A
Acidobacteria , 8-4% JE 1 24 (Deltaproteobacteria) , y-%%
JE B 40 (Gammaproteobacteria) , Opitutae , Chloroplast .
Verrucomicrobiae , Parcubacteria ¢l >15% , H:H' Ac-
idobacteria 44 7E SSP, CK , BC b Hfl 43 1] i 5F- 3 &
2.6% 17.4% ,13.8% , Deltaproteobacteria 4% 7F SSP .
CK .BC b #4351 447 15 10.5% 13.4% 24.7% ,
Gammaproteobacteria Z47£ SSP . CK . BC Ab P i} -1
17 27.5% 8.5% ,10.1% ; H /KA 2Bk & H (Myxo-
coccales), Acidobacteriales , i 5. fifl H H ( Pseudo-
monadales) . Opitutales . £t 25 [ H (Chloroplast) , Verru-
comicrobiales , Parcubacteria > 15% , Myxococcales H
1E SSP .CK .BC AbF At 43 BE3 5 9.7% 13.1% .
23 8% , Acidobacteriales H7£ SSP.CK .BC 4b# A 43
S5 2.6% .17.4% .13.8% , Pseudomonadales H
TE SSP .CK . BC 4bFREF 43 5144 5 25.2% .5.4%
6.5% ; Bl 7K F-F [ % # FH(Archangiacea) . Acidobacte-

riaceae  (Subgroup 1), Opitutaceae , 5 $ii [C & F}
(Moraxellaceae) , Chloroplast _fa ., Verrucomicrobiaceae .
Pseudomonadaceae>15% , Jil % £l i B (Archangiaceae)
£ SSP.CK ,BC 4k B if 73551 3 2 i 7.4% (12.6% .
19.7% , Acidobacteriaceac _(Subgroup 1)F}7E SSP .
CK .BC 4b #4351 FE 3 5 2.6% . 17.4% . 13.8% ,
Moraxellaceae B-E SSP .CK .BC #b ¥R 43 1) F- 34 5
24.0% 14% 52% ; J&7K-F- DR K 241 16 (Anaeromyx-
obacter) . Candidatus _koribacter . -4 i ( Opitutus) . 175
BA®ER B ( Perlucidibaca) . Chloroplast _ ge . %% }R ¥T B
(Prosthecobacter) ., Parcubacteria _ ge > 15% , Anaero-
myxobacter J& ¥t SSP , CK  BC 4k ¥ i 43 5| *F #7 5
74% 12.6% .20.0% , Candidatus_koribacter J&7E SSP .
CK \BC AbBHEF 3 534 15 2.2% (152% (12.7% , Per-
lucidibaca J& #£ SSP, CK , BC Ab i i 43 51l 5 ¥ o
239% .1.4% .5.0% ., Verrucomicrobia | ], Opitutae
4 . Opitutales H . Opitutaceae £}, Opitutus J& 7E SSP
AbBRR 7 H35<15% ,BC . CK AbHRET (5 FLd5<15%

3 112 ( Discussion)

i 0 PR S B X LR S e 2
M A= AR, ARk, 4 ik > S LA BAF 5 T R
TRABHIIGE LT, 3 Wl A R R A 458 A= A 300 S 4t TR
RETE A IS, BESE R S BRI 1 4% pH
(B - VR 1T R MR L S e 1 45 B TR Y
1.4, B B & B Z RN AR £
W DX A PR A AR I S WA BB A (BC)
FIEWERR S (SSPYREAT L 5, 7S B AT 28 40 d A
80 d B4 54T T 16S r RNA FE A () 4™ 18 A 7
BC.SSP ZbFHIGIE /& 40 d 1 80 d ¥4 %F + 3 41
G E A NG R Ny
58 pH AR AN [R) B B ATl i AS ) DA B = 38 rprm]
WA o0 R &R ny 284k, BC A BE 40 d J5, il
Y ZAEVEFE B0 INV-Simpson , Shannon )45 T} ; SSP
PR 40 d 5, A BB SR T
BC 4b#E 80 d Ji&, TIEMUEM 5 2RV E A T
15, SSP AP 80 d J& , FEE BRI K,

KRR, IR AR % 45195 pH P &
LN I a7 (A T I 5 S e B2
M= g i o A Y R A, R RS
AR 1 (Proteobacteria) . 2% %5 [# (Chloroflexi) . U FT B
(Bacteroidetes) . it £ [ (Actinobacteria ) F1 2 #T [# (Ac-
idobacteria) " | pH B IA Ay J2: 52 Wi 41 P B 485+ A
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Fig. 6 Heat map of genera in soil
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