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Heavy metal and bacterial community characteristics in poultry farm manure and surrounding soils in
Ningxia, China

ZHANG Jun—hua', JTA Ping—ping’, LIU Ji-1i"’, SUN Yuan®, SHANG Tian—hao’

(1. Institute of Environmental Engineering, Ningxia University, Yinchuan 750021, China; 2. The Resource and Environment College of
Ningxia University, Yinchuan 750021, China)

Abstract: In order to understand the status of heavy metals and bacterial communities in the manure and surrounding soils of poultry farms
in Ningxia, China, fresh poultry manure and soil samples were collected during different breeding periods from the largest laying hen
breeding area in the region. The heavy metal contents and the composition and diversity of the bacterial communities were analyzed and the
results showed that the mean contents of Cu, Cd, Cr, Pb, Hg, and As in the poultry manure were 26.83%~93.23% lower than their national
means, while the content of Zn was 28.74% higher than the national mean and approximately 6.94% higher than the maximum limit allowed
by German composting regulations. During the breeding periods, the contents of Cu, Cd, and As in poultry manure first decreased and then
increased. Manure collected in the brooding period had the highest Cu, Zn, Cd, and Hg contents across all periods, while the manure
collected during the growth period had the lowest Cu, Zn, Cr, Pb, and As contents. The comprehensive pollution index of heavy metals for

poultry manure was only at a safe level during the growth period; it was highest during the peak laying period and remained at dangerous
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levels across all other breeding periods. Meanwhile, the Cu and Zn contents in the soils around the poultry farms and with poultry manure

application were higher than those in the control treatment, yet their comprehensive pollution indices were at safe levels. The dominant

microbial communities at the phylum level in the poultry manure were Firmicutes, Proteobacteria, and Bacteroidetes. Proteobacteria,

Bacteroidetes, Actinobacteria, Acidobacteria, and Planctomycetes in soils occurred at higher relative abundances than other phyla. After

poultry manure was applied, the relative abundances of bacteria at the phylum level in soils did not vary significantly. In poultry manure,

pH and total potassium significantly promoted the diversity of the bacterial community and the dominant phyla; Zn had the greatest

influence on the bacterial community among the heavy metals. In soils, the organic matter content significantly influenced the diversity of

the bacterial community, and Cu and Zn significantly promoted the diversity of the bacterial community and dominant phyla.

Keywords: poultry manure; breeding period; soil; heavy metal; bacterial community; metal—bacteria relationship
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Table 1 The information of poultry manure and soil

75 ) FRAFALEL H sl XEZERE IR A KR X2t ]
Number Time/a Scale Breed Poultry manure sample Source of soil sample Rate of applied/(t-hm™)
1 8 65 000 244 P2 .P4.P5 TRk 37.5
2 10 40 000 PIRAE , FRXS P1.P4.P5 VUL A b, B 45
3 3 100 000 L P3.P4 eSS NG B 30
4 3 60 000 244 P1.P2 VG 21 Al b 30
5 5 14 000 oA P3.P4 A 30
6 4 84 000 T4, AL P2 .P4.P5 L3 DN EaR b 30
7 4 25 000 BT P1.P2 Bt 45
8 11 15 000 244 P1.P4 VULLA Y A 4 30
9 8 13 000 oA P3.P4.P5 M 225
10 13 5000 oA P1.P4 VYT Al 30
11 3 50 000 224 P3.P4.P5 A PYLLAT 45
12 7 30 000 244 P3.P5 oK S 225
2 IBEEM T ERE AR U R
Table 2 The physiochemical properties of poultry manure and soil
F Type pH{E EETE% ) ' AL ) 4N ] &P ] &K )
pH value EC/(mS-em™)  Organic matter/(g-kg')  Total N/(g-kg™) Total P/(g-kg™) Total K/(g-kg™)
PLES 7.26 25.27 397.56 19.59 6.58 24.93
+3% 8.22 3.90 11.70 0.71 1.63 18.59




2020 8 B

sRRAE A T E RS IS S 300 9 R A TR T R 5T 1695

8 mL F /K (HC1: HNOs=3: 1, /& b ) 354545 10 E1 6],
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FE i DNA 48 B AE S HL0.5 g $2 BUDNA, A
IR F ] FastDNA®SPIN Kit For Soil 127 £ 2 B 3%
F 4 EG AR W R 4 DNA, $5 08 B F B4 A0 B A T
FH 1% 1% By 5 0% 56 s A5 35 DNA 4 & . DNA ¥ & H
NanoDrop (ND—2000 ) ¥

Hlumina HiSeq M 7 K £ i 70 A < B 0 2 70+ 1
FE S 6 AR T AW TR (R B A FR S /2R 1T 168
rDNA {5 38 5 07, A8 220 B 1 i 5 | ) )7 91 338F
(5 ~ACTCCTACGGGAGGCAGCAG-3") H1806r(5' -
GGACTAC HVGGGTWTCTAAT-3" ), | 3 21 14 1) i
H T 519 M 515((GTGCCAGCMGCCGCGGTAA ) #il
806r( GGACTA CHVGGGTWTCTAAT) .

A W0 T 48 $5E 14 43 A7 : lumina Miseq™ 1%
1) 11 I U A BB S 28 CASAVA i 56 7 51 (Base
calling) 73 M7 &% 4k 4y Ji 46 W /57 157 81) (Sequenced reads,
HEE M Sequence ) o K BT A HEAS T 51 i BE 5 471 ]
HYBE B R TR IS, Ja AR 41 2 [l AR R EE 7 91) 43
R ] A 43 2 B0 (OTU ) o 3l 3 1E 97% B9 AR
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BOLINE RGN g 4 R A TS .
1.4 ¥iRabE

{1 SAS AT Hcdha 1) J5 22 FUAE, R LSD #5347
5 BEMERLE . FH R XRG4 Rk
TTVERE FIH R 1 gplots package YEPI RN = 34K 38
FER I RUE MRS S TR T R AR
Z 0] (1) Pearson #H &P 43 B & H SPSS 13.0 315 . &
& PRI X5 R A [R) b B AT AR

2 #HR5iTR

2.1 BERFBFEALLIEFESEESE
2.1.1 WEPEHESESE

THEN SIS FEH Ca Cd. Cr.Pb Hg Ml As
TR (32 3) , HOF- 394 43 51 b 4 R 257 3
HMIK 67.06% . 86.00% . 90.13% . 93.23% . 88.24% Fil
26.83%; 11 Zn % 18 4> EG ZE V- (H = 28.74% . 5
2530 A HUIE AL B 4 B s oA [ A AL
b e 4 BR AR ERY, Zn 5 R a7 [ AT LA R
4 PR R IE 6.94% , FiAth 6 Fi e 4 J@ WA A8 7 -
Zn AT LA S AR B AR ) AR G T TR AR,
T Es & A K B DL B XS A kL R Zn 2 B H B TR
IR Z—o Zn ZAEYSTREFRICR, G TP E
Zn L AN JE I AR AW B E 77 b 7 e R B R 4y
2 F 50 1 A6 AR 3 Zn 5 AR AR, BT
DUt XS 28 ) Re A B &A™ i Zn & &, AT 7E
— R R Zn ()R HRK B R Zn
RIS TR Zn V5 Y T A B P BE R T
N f A T AR 2 W
2.1.2 REFREEG I E L a2 57

Bifi 75 7% 5 B (0] ) 3RS, 39 2 T Cu Cd Al As 5
5 /0 5 0 (& 1), {H As 38R 4% Cu A1 Cd 3K,
LGS As R R AR Z T o Zn A Cr ) 2
WD =g AR H Zn SRR T R RSN, HiAth
AAFRIE I S 2 A R R B KR Cr B A
AN 22 AR 5 E AR E B Y 2 R 2
o B4R Cu.Zn . Cd il Hg & B 7E 4 57 5a W AR A 6T
e R, U He 7 6 b LA 4 A4S B 19 7 39 (8 &
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Table 3 Heavy metal contents of poultry manure
55 Parameters Cu Zn Cd Cr Ph Hg As
KA Maximum/(mg - kg™) 73.18 572.77 0.29 87.22 8.06 0.09 7.45
Fe/IME Minimum/(mg-kg™) 22.87 254.60 0.15 11.64 2.83 0.02 2.83
SE-HIM Mean/(mg-kg™) 47.13 426.77 0.21 34.23 5.11 0.04 4.39
KRR 2% SD/(mg-kg™) 2.70 14.16 0.01 4.05 0.25 0.00 0.28
5 R ELCVI% 5.73 3.32 4.14 11.83 4.97 11.15 6.49
AR Exceeded ratio/%" 0 6.94 0 0 0 0 0
4 [ -+ {8 National average/(mg-kg™") 143.10 331.50 1.50 346.70 75.50 0.34 6.00

B E FRE Cu<100 mg- kg™ DM, Zn<400 mg- kg™ DM ; H E#R1fE Cd<3 mg-kg DM, Cr<150 mg- kg™ DM, Pb<50 mg- kg DM, Hg<2 mg-kg' DM,

As<15 mg-kg™' DM,

Note : Germany standard Cu<100 mg- kg™ DM, Zn<400 mg-kg' DM; Chinese standard Cd<3 mg-kg"' DM, Cr<150 mg-kg"' DM, Pb<50 mg-kg"' DM,

Heg<2 mg-kg' DM, As<I5 mg-kg' DM,

He R 2 A AR, (BXT sh ) i s AR K, R & X
FLAE HUR, P S A S RO R ERK
REZBAP A, 3G fE kY S R R OK £k
B CEDHT AEASKT AR FERT DDGS R oG R BUR R
Wi Hg A4S H R R 10092, IRt , 45 5] 1 72 )
BHERL R He 70 R 175 Yo ARG O, 0 HOZ 7 46 1 .
B IS FE Cu Zn .Cr .Pb Fll As T Y FcAK . & A
AR, A K R PLRE Wi fa 4, Rt 5 H
EIG BB H O o 8 1 BT A A A A AR —
P AT R i I AR 4 1) R K Ak B, 2 et 3 3 2
W E A E T R
2.1.3 AZErhE 4R i YN

FEXS 28 4 Ja B IUT5 YR 4P, Zn Y BRI G
FeBUR = (R 4) , bR E BUBANAE e KA oAt 4 A~
I Zn ¥)8 TR BET5 Y s Hg F Cd () BAIT 5 YL f5 £ 1y
KT 0.10; Pb Fl Cr Al . AN FR A A XS 2 T 4 )
AT Y5 Ye 8 BOE YT 4 Zn>Cu>As>Cr>Ph>Cd>
He, B Zn SN HA HE 42 @ 15 5 70 2 A S5 5 10 B0 7 e
FEEII/NTF 0.70, )8 FARIGYIKN . AR FRFEIH G2
W% 4 R 25 AT Y AR BT S P4>P1~P3>P5>P2,

BT B E T KA, oA 4 A4S IR 4k
BRI s fm ) WIS 2 T 4 SR 27 5 Ts Yot Bl . T LA
B RGP A R VA T ORIE T B R A XS
PR 2 S R S A R I E AR .
2.1.4 FEAGI R0 4 T 4 I O M5 YRR

A3 BIHEE B F2493% 20 .50 . 100,200 m F1300 m f
B R G5 DP1.DP2 .DP3 . DP4 1 DP5, CK i
BTA FRGE 2 5 km AbSic b 35 AP At ] T XG2S
) 18 Bz -39 . fl &l 2 W 0, %o B 38 CK A Cu
Zn Fl As B B AIG, 5 H - 3 2 B M R X IR 4
1 Ph Al Hg S A0 . BE IR 09378568 1 35 P Cu
Zn .Cr.Pb Hg F1 As 7% f8 H AR 3038 1) 341K, X 18
HH 3209 3 O A7 7 % 8 i X S Fh i 4 )8 S 89T 0
S, {H Cd 5 1 0 F B 2 57 A Bz 1 B I, 2
& 5 FRH A AEAEA B A i — 2 B0 0E . it NG
PP RS oM E SR TR S5
b8 3 6 i - (25 AR /N o RS (- IR BT
i A IS P XS AR E GRAT 7)) (GB 15618—
2018) i H A E AR T RS . dkAE
SRR it AL AR A B EL L SE 2 T a it XS 26 ) Ab

x4 RBBETESREFTREH

Table 4 Pollution index of heavy metals of poultry manure at different breeding periods

Fentii R 5 Y485 Single pollution index (P;) L4 T5 YL HE 5K Comprehensive pollution index (Ps)
Breeding periods Cu Zn cd Cr Ph Hg As {H Value V5 YR Pollution level

P1 0.62 1.11 0.079 0.18 0.10 0.035 0.29 0.82 R Boundry
P2 0.40 0.91 0.070 0.14 0.09 0.019 0.20 0.67 ‘L4 Safety

P3 0.45 1.11 0.069 0.43 0.12 0.014 0.30 0.82 AR Boundry
P4 0.39 1.14 0.065 0.19 0.10 0.013 0.30 0.84 BHBR Boundry
pP5 0.46 1.04 0.070 0.30 0.11 0.012 0.39 0.77 AR Boundry
Py 0.47 1.06 0.070 0.25 0.10 0.018 0.29 0.78 % B Boundry
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Figure 1 Heavy metal content of poultry manure at different breeding periods

P2 P3
FR5H 4] Breeding periods

The different lowercase letters indicate significant differences among different breeding periods (P<0.05)

P4

P5



1698

Cu/(mg-kg™")

—~

'sp

k

Cd/(mg

Pb/(mg-kg™)

50
45
40
35
30
25
20
15
10

W

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02

30

25

20

URIEINCX ity 53955 8
1201
a a
% 100 a
a
a . ah
b L £ T 80f by, [ ‘} =
b -
¢ g 60 ¢
=
N 40f
201
CK DP1 DP2 DP3 DP4 DP5 AP 0 CK DP1  DP2 DP3 DP4 DP5 AP
AL PR Treatments Kb Treatments
601
a _j:a_ a a
ab ] = a
ab 50 a
e T %
b T 401 ‘I‘ b ,
‘j" be b E3
¥ 301 2
O 20+t
10
CK bp1  DP2 DP3 DP4 DP5 AP 0 CK bpP1  DP2 DP3 DP4 DP5 AP
b FPE Treatments AL PR Treatments
0.14r
. L a
., A 0.12 i
b ab T ~} = 0.10
b |
¢ %D 0.08 b
<, 0.06
jun)
0.04 ¢ ¢ c c
C
CK DP1 DP2 DP3 DP4 DP5 AP 0 CK DP1 bpP2 DP3 DP4 DP5 AP
AL P Treatments Kb 3 Treatments
20 a
18 _}
16
b b
o 14 b b /|
£ b
£ 10[ ¢
5 8
<
6
4
2
0
CK bp1  DP2 DP3 DP4 DP5 AP
Jb 3 Treatments

AR ING TR AL BB 22 57 8 3%
Different lowercase letters indicate significant differences among treatments
E2 #BFALTEESERE

Figure 2 Heavy metal contents of soil around poultry farms
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Table 5 Pollution index of heavy metals of soils around poultry farms

Lb FARF75 Y435 %L Single pollution index(P;) ZEAT5 YL 45 HL Comprehensive pollution index(P;)
Treatments Cu Zn Cd Cr Ph Hg As { Value V5 YL TR Pollution level
CK 0.20 0.13 0.043 0.28 0.34 0.011 0.59 0.19 L4 Safety
DP1 0.25 0.17 0.053 0.18 0.29 0.013 0.75 0.21 ‘U4 Safety
DP2 0.23 0.16 0.052 0.18 0.31 0.012 0.69 0.20 ‘U4 Safety
DP3 0.27 0.18 0.052 0.21 0.37 0.016 0.83 0.23 4> Safety
DP4 0.34 0.22 0.047 0.23 0.44 0.055 1.14 0.29 U4 Safety
DP5 0.37 0.22 0.037 0.31 0.41 0.032 0.88 0.28 U4 Safety
AP 0.33 0.19 0.046 0.25 0.48 0.008 0.87 0.26 U4 Safety
PLES
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= 50 M Tenericutes
< [ Synergistetes
f& 40| E gfjldidféllte division WPS-1
oroflexi
R (] Candida@us Saccharibacteria
= 30} [l Gemmatimonadetes
Jrees [ Planctomycetes
* [ Verrucomicrobia
20+ [ Uunclassified
M Acidobacteria
[ Actinobacteria
101 [ Bacteroidetes
[ Proteobacteria
0 [ Firmicutes
P1 P2 P3 P4 P5
FE5H ] Breeding periods
b il 4
100 [ Elusimicrobia
[ Spirochaetes
M Ignavibacteriae
90 [ Fusobacteria
@ Tenericutes
30 Latescibacteria
Fibrobacteres
x Hydrogenedentes
T 70 o Chlamydiae
z Armatimonadetes
= a Chlamydiae
S 60 O Armatimonaddetes
2 Parcubacteria
° Euryarchaeota
Z 50 BRé 1
= M Nitrospirae
= [ Deinococcus—Thermus
o 40 [ Candidatus Saccharibacteria
ﬁ ] gﬁ?didﬁte division WPS-1
oroflexi
Z 30 Verrucomicrobia
= glemmatimonadetes
anctomycetes
20 B Unclassified
M Acidobacteria
0 Firmicutes
1 Actinobacteria
Bacteroidetes
[ Proteobacteria

CK DP1 DP2 DP3 DP4 DP5 AP
Kb F Treatments

B3 AEFREHGIEME L L FER VK FRBEREXFE

Figure 3 Relative abundances of dominant bacteria at phylum level at different periods of menure and soil
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Figure 4 The relative percentages of the bacterial genus in manure and soil
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Table 6 Correlations between bacterial community and physichemical properties , heavy metal contents of poultry manure

FR

F 3955 S H

F6H5 Parameters pH EC oM TN TP TK Cu Zn Cd Cr Pb Hg As

Sequence -0.1379 -02719 -0.1214 0.0530 0.0993 02515 -0.1144 -0.3753* 0.0740 02771 02417 0.1311 0.363 5%
OTU 0.495 1#* -0.0886 0.1771 0.0281 0.1610 0.4606** -0.0238 0.2041 0.1088 -0.2386 -0.2055 -0.2599 -0.0554
Shannon 0.448 3#* -0.3304* -0.0593 -0.0669 0.3914*% 0.4349* -0.0305 0.1986 0.1188 -0.1110 -0.1858 -0.576 5** -0.033 1
Chaol 04747+ -0.0894 0.1759 0.0085 0.1622 0438 1** -0.0464 0.1730 0.1103 -0.2408 -0.1688 -0.2623 -0.0331
Simpson -0.322 7% 0.386 0** 03115 02507 -0.600 1** -0.2282 0.2434  0.0382 0.0462 -0.1385 0.0898 0.819 8** -0.039 6
Firmicutes 02116 0.0610 -0.1722 0.0856 0.2336 -0.2259 -0.447 7#%-0.464 9** -0.3111 0.3694* 0.1540 -0.2247 0.0803
Proteobacteria 0.0146 -0.0761 0.0059 0.0910 -0.2835 -0.3769* -0.0529 0.533 1** 0.1870 0.4558** -0.1537 0.2453 0.551 9**
Bacteroidetes -0.3029 -0.367 0* -0.581 3** -0.0504 0.1065 02020 0.4874** 02912 0.3862*%* -0.1873 -0.0363 -0.3610* 0.1745
Actinobacteria 0.505 0%* -0.0645 0.1588 0.0023 0.0289 0.3491* -0.0150 0.3337* 0.0570 -0.2054 -0.2496 -0.2165 -0.1175
Verrucomicrobia 0.3008 -0.0068 -02153 -0.0776 0.1393 0.381 8** 0.385 5%* 0.381 9** 0.3654* -0.2843 -0.2737 -0.3016 -0.0009
Acidobacteria 0.4303*% -0.0023 0.1782 0.0359 -0.0533 0.3528* 0.0306 0.3390* 0.1015 -0.2919 -0.2034 -0.1530 -0.1015
Planctomycetes 0.4360%* 0.0571 02666 0.0803 02746 0390 1** 0.1700 0.1125 0.0728 -0.2405 -0.2391 0.0052 -0.1573
Spirochaetes 02924 -0.0843 0.0287 0.1169 -03228* 02318 -0.1787 0.384 1** -0.0162 -0.1905 -0.1914 -0.1907 -0.0976
Gemmatimonadetes 0.383 1** -0.0189 0.1136 0.0715 -0.1766 03164 -0.0615 03767* 0.0619 -0.2618 -0.2000 -0.1569 -0.1081
Candidatus Saccharibacteria 0.4522%* 0.1026  0.1718 0.0931 0.3525*% 0.4348** -0.0827 0.0715 -02200 -0.0257 -0.1322 -0.1697 -0.2889

o0 P<0.01; 03 P<0.05, F Al

Note: ** indicates P<0.01;* indicates P<0.05,the same below.
PR B RS, A8 T Zn B2 AR,
4= NI Ph % 1 0 X FE A0 T V& TC 2 o IS XU 2
pH V-I9MEy 7.26 , S Gl |, & & R 2 80 AE My A=
KAEGE . KEMAEYERTIMTHNERR GES
K 5 5P 378 24.93 g- kg, 3 05 T A FE A 260,
X B et E K AR B 40 TR OTU il v B $i it #5 4
Fim TARKAEE , K BB 1 25 5 i 240 71 1 4 B N 22 4
PEo A FErD Zn & AR XS B BT RIS A TR A 9 2H AL
MEZ A B E W, 3 Proteobacteria |
Actinobacteria 1 Gemmatimonadetes 3 25 5 ] A & ]

RIS Y IAEL I Al e RT Lad i 8 B AU AR 4

TR R,
242 FEXSYJEI - EANEREVS 5 I R T 4
I RIS

TEFR 3G 8 i1 1 e B AT AR M o1 o A AL BT X 4
PR T T T BE R i i R (R 7) , pH L EC A4 N X4
W REVE 52 AL/, 42 PAIA K LT JEs2m . LA T
BE 7% Sequence. Firmicutes 5 pH. Planctomycetes
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Chloroflexi 5 A ¥l Jii . Gemmatimonadetes 5 4 N,
Actinobacteria 5 4> K ¥4 i5 # b 3 8 W 3 1F AH ¢
Bacteroidetes 5 pH . Simpson, Firmicutes 5 43 #L JiT |
Simpson 54 & Z A 2 W E M AHC. PRt pH SN, L
ST LT i A R AR A A A R s ie
5 SFR ISR A

+ 9 E 4R Cu BN Zn XA ) 22 R P AT 34
P 1 3 B S, Ph R As SR EL/N T Cd
Cr Hg XF 20 & 7 7% 52 W Ho 4. BR Simpson , Firmicutes
1 Cu Zn L2 A SCC R AN, A RE TR Z AT E R
oy EEALIATETT S CuFl Zn 3 AR B2 5 5 1E
e HoAh 55 4 J8 P BR Verrucomicrobia 5 Cd.
Firmicutes 5 As. Deinococcus — Thermus 5 Cr.
Gemmatimonadetes 5 Pb | Proteobacteria 5 Hg [f] 5 i
F B IE A R B A OGN, a5 SRR SRR
BRI TOA KM . Jiang S0 AL WA T Cu AHPIAR
P - S A0 R 7 119 i 2 ) PR TR 202 4% pH A
S Cu ¥R B, A 5T o Cu XoF 398 240 B 6 75 40 5 i )
BT pH, 3 AT RE 55 A []) A 555 Bl A 0 %) 4 T 19 3
PEPERIEREMEA G o Du S8 B8 Zn ,Cd Al Cr
XU W) Z AR BA 520m  (H i T AR 15
Hh Zn TR, COW RUE VRIS Z AR A 7 AR
R EFE N (H Cd AN Cr 35 AR, BT LUK 21 o B i 22
FEE A S0

ZEGRAECTRIT TR Y, PR 5T 22 S SO0 7 B 2l
0 L SR 24 T A RN Al AT 35 R, AT ST S
AN E A — B XS FEE M B3 T B2
ZREPERN I3 A Y AT 2], (B A SRR AR B0 A B A
TR AN Ai BAT 550, B AORE, X826 HE
PET 5 AN B REVE Z PR e AL S E R TR AR,
1M %58 3 J8 343 L 4 vh Cu T Zn 5 5 X0 240 B RE V& 19 5%
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Table 7 Correlations between bacterial community and physichemical properties , heavy metal contents of soil around poultry farms

TK Cu Zn Cd Cr Pb Hg As

5175 Parameters pH EC oM TN TP
Sequence 03257 0.0376 -0.1357 -0.0353 0.0240
0TU 0.1093 00695 02017 00763 02161
Shannon 0.0916 02300 03212 0.1864 0.2035
Chaol 0.0587 0.0199 02045 00713 0.2098
Simpson 0.1113  -0.2873 -0.414 9%* -0.351 5* -0.2067

-0.0315 -0.0601 -0.1219 -0.1045 0.067 8
-0.457 3% -0.0239 0.0567 0.1216  0.1804
-0.126 7 02754 03621%* 0.1911 -0.0819

Proteobacteria
Bacteroidetes

Actinobacteria

Firmicutes 0.328 8* -0.2869 -0.460 5** -0.3120 -0.2376
Acidobacteria 0.0010 -0.1318 02404 0.1458 0.0937
Planctomycetes 0.1900 0.448 4% 0397 1**+ 0.2377 03201
Gemmatimonadetes -0.1973 -0.2675 0.4133*¢ 0.3649* 0.1977
Verrucomicrobia 0.0478 -0.0679 0.1599 0.0609 0.1544
Chloroflexi 0.1599 0.738 3** 0.381 1** 0.1987 -0.0198

-0.1291 -0.1347 -0.0828 -0.0531 0.1306 -0.0154 0.0568 -0.1659
-0.036 9 0.4500 ** 0.440 2%* -0.2826 -0.2962 -0.0042 0.0135 0.1625
0.0407 0.4750%* 0.460 4** -0.1371 -0.1869 0.0171 -0.0113 02445
-0.0279 0.385 1** 0.3803** -0.2695 -0.2851 -0.0094 -0.0050 0.1844
-0.133 8 -0.415 1#¥%-0.472 3** -0.026 5 0.0593 -0.0532 -0.0594 -0.2416
-0.2700 -0.2288 -0.0037 -0.3069 0.0112 -0.1411 0.3366% -0.1340
02629 -0.1213 -0.0065 -0.2642 -0.1118 -0.3798* 0.0088  0.064 1
0.339 0% 0.516 3** 0.3832*%* 0.0572 0.1576 02586 0.0168 0.2819
-0.2714 -0.370 0% -0.471 3** 02947 0.0225 0.0955 -0.1585 -0.3362*%
0.0587 03236% 02223 0.0718 -0.0426 03064 -0.1322 02273
0.0074 0.5102%* 0.554 7%* -0.1763 -0.1904 -0.1920 0.0745 02575
02399 03205 02018 02391 02626 0.5077% -0.1209 03169
-0.013 1 0.396 3** 0.386 2** -0.3594* -0.2139 0.0011 -0.0060 0.2012
02376 0.6304%* 0.558 5%* -0.1371 -0.2733 -0.2447 -0.0190 0.363 7*

Deinococcus=Thermus 0.0164 02615 0.0370 00956 -0.0203 0.1244 -0.1478 -0.1358 -0.1177 0.4839** 0.1071 0.0935 02100

Wi 245K F - 3 FR A v . BRI R P XS 2% pH . A K
N AN A RIS S5 M) A SRR R i i K 4 JE P+
HE Cu 1 Zn X FLAN R IR 4500 R 2R 0 5 i e o

3 #ie

(1) T ZENG IR A FE P Zn & 5w A P
{8 26.83% , FoA T 453 J 5 AT W E AR T A - 2
B BRI E &R & el , Hei G i g4E
BUE 2 AR HoAl 44> IHEI X A0 TR RK . b
e 4 J IR B RO B 5 bRy 5 SRS I R i 1
SR 1 XS L 4w S A A R,
(EC A3 Cu F Zn 5 1 2 8 T 0 IR 38, BT LAAT) 75 2
TR -

(2) R FEARFEE [ TR S48, Firmicutes AHXS 3 B2
% K, H. ¥k K Proteobacteria Fi Bacteroidetes, & Ji% #
Firmicutes F= & iz 5 o IR 5037 J] 100 538 v A0 el ()0 3 1t
[TAP 2R &, 2 % Proteobacteria , Bacteroidetes I
Actinobacteria, XJ #f (B 3258 375 A8 [ BR 2 b 109
Feny L AU F R A A (HARAR BT
TLREER

(3) X% 25 20 W AL 8 F 2 Lactobacillus . Ig-
natzschineria ., Escherichia | Shigella . Enterococcus , Psy-
chrobacter Fl Erysipelothrix . 373437 811 + 33 vh Salini-
microbium . Rhodoligotrophos . Nitriliruptor . Thioprofun-
dum Aliifodinibius .Sphingomonas 55 855 $ % .

(4) X8 ZEREA PRAY P 5T pH A4 KO 20 1 A 7

ZREPE LS 1T B2 WA fie K FE 6 J& PP Zn Y520
WK FRBH Y I i e A AR 5 P AT BLJSON 4
PR C 1] =F R Wi fie K5 B4 @ v Cu A1 Zn X £ 3
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