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Effects of organic fertilizers from chicken manure on soil heavy metals and

microbial community structure in facility vegetable soil
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Abstract: A field experiment was conducted to investigate the effects of different doses organic fertilizers from chicken
manure on the heavy metals accumulation and availability in soil-plant system, as well as soil microbial community structure
in a facility vegetable soil. In addition, the correlation between soil microbial community structure and soil heavy metals was
further discussed. The results showed that addition of organic fertilizers from chicken manure increased the shoot fresh
weight of the Chinese cabbage. The treatment received 60 t/hm’ organic fertilizers was the most significant, where the shoot
fresh weight increased by 59.92% compared with control. The application of organic fertilizers increased the shoot Cd, Cr,
Cu, Zn and As concentrations of the tested cultivars except of Pb. The contents of soil heavy metals Cd, Cr, Cu, Zn, and

As increased with the increase of the amount of organic fertilizers, and all reached the maximum values with the highest
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increases of 21.30%, 21.58%, 17.40%, 19.40% and 17.43% , respectively. Apparent accumulation of these heavy metals
was found in the soil applied organic fertilizer. And the application of organic fertilizers increased the concentrations of soil
available Cd, Cr, Cu, Zn, and As. While the total and available Pb concentrations in soil had no significant changes in
different treatments. There were significant correlations between the total and available concentrations of soil heavy metals
except of Pb, in which the relativity of Zn was the strongest. The results of Phospholipid Fatty Acid ( PLFA) analysis
showed that the higher PLFA contents were 16:0, 18:1w7c, 10Mel6:0 and 18;1w9¢, and the order of total PLFA and soil
microorganism groups PLFA contents showed as MO.5>M1>M2>M4. The results of correlation analysis showed that the total
contents of Cu, As and the available contents of Cd, Cr, Cu, Zn, and As were negatively correlated with the total and
various groups PLFA contents, and among them, the effects of soil available Cr and Cu on microbial community structure

were very significant.
Key Words: soil; different fertilization levels; heavy metals; PLFA; microbial community structure

VAR, Btk e Vil &k R, C il 1 3% E RO i BB S 43, (1 i FRAEVED A AL IE B A& B
R, SECT IR IR AN A — RN [, LR S A O JRURH A MLIEE o X el st
F TR DA A, SE I & & 2805 B IR R SR AR T A S R G n AT sk & e HAA 2
L AE R FRpE R 2 LU & @ A 3 i), i 82 4 @ 75 3 8 AR N R R AIG, Y e 2 A1 B 35 88 2 i i A PR3
Y ER T R E AR A R, ARG EA O T R IX 120 FRXS AR A VLR E 4R A
RIS HUAEAT VbR #E (NY525—2011) 1L, Cd H1 Pb BEBARSRM 910 6.7%H1 14.3%, T RE&EP 34 1746
JLHLIX 46 MEEIFMEHTHESR, RMESL BB FZLL Cu.Zn Pb M Cr &, H RXEEE Cr Cu Ml Zn
HIEBARZE 535 R 50.0% ,66.7%F1 50.0% . [FIL  F DL & & 208 Ok A HLIE A AR B, mT g2 5 R + 1
4 R IR A A TR ZE AR A e K R 0 S0 K B, 5 A0 AR B A IR Y AR L i 2
HUIEF) - 3E Cu Zn A1 Cd 45 BN T 33.6% .320.8% A1 421.4% , T4 J@ A RS &ML 5 45
M—8, TESD RIEHAPUNCS 13 Cu Zn 1 Cd 1) EDTA ( Ethylene Diamine Tetraacetic Acid, Z. %P4
IR ) AT IGE & i 3 = TAUG AL AL B, + 58 & & 0y 4B WA e in . r 25 iR M s XS 35 h
HUIE(EAS 3 S 4 B BRI 4R e A SR &7 5 HABEY A L, 35385 & 4
JR A BGRA E R, B2 R H RS R E YRR AR S SR, S R B A N
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LM R, H, PR E SR SR Y A SR A W E . AR E L M VE Y il 33 Cu Zn |
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PEAS AR, B BERE I IR ( PLFA) BEA , 43 bits A HLIE I 36 Wik 454 1 A8 4L, - 0P oY 1 4
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FA ML SEEA MR AN ZR 1 R, H B AERE 5 ANALEE 43 5 AN AR (CK) L 7.5 ¢/hm*(MO.5) (15 v/
hm?(M1) .30 t/hm*( M2) F1 60 t/hm*( M4) A ZEAHLIE %R I A 1A HUIE , B0 2 3 ki 42, 3t 15 4~/h
X, BAS/NX TR 10 m? . ARG A A SRR/ 130, R 5 0 R 45 o R SS s R S” B R A
RN 3B, B /NXCRAE 5, A B KU G PR B ARIRE 3 R (90°C) Mt T 2 fHE
(70°C) K3t T /N S 4 3 1 i D 5 [R) B R AR AR PR I 0—20 em T SAE &, FE i 20 PR DR A, —
1y 8T =80 CHIPKAR , ISP E HIERENR AR IR & i, o0 — M TEANXT G NE -5 d 4 )8 & i,

F1 HIXBEFVEMAREX EERER

Table 1 Basic properties of soil and organic fertilizer from chicken manure used

AR £

P,0s/ K0/ Cd/ Pb/ Cr/ Cu/ Zn/ As/
pH SOM/ TN/ ’
/k; /k g/'kg o/kg o/k k k k
(/ke) (/ke) (g/kg) (g/ke) (g/ke) (g/ke) (¢/kg) (g/kg) (g/kg) (g/kg)
W% Chicken manure 771 381.45 20.54 15.78 24.36 1.06 10.14 69.86 132.37 348.54 20.31
14 Soil 7.85 19.40 0.78 1.36 17.85 1.56 73.08 83.05 45.70 156.85 8.57

SOM; 1 HLR Soil organic matter; TN 4% Total nitrogen

1.2 HEEREEEIN

MY 4R 5 MR A HNO,-HCI0, (FRFR L 3:1) A7 IH M, T3 4 )8 4 8ok HNO,-HF (R FL L
2:1) LR, B4R A RS RH TCLP ( Toxicity characteristic leaching procedure ) RO SR 5 4 4
BER I EL B 2001, % IR T PR (18+2) h((30+2) v/min) ,idUEWH 1 mol/L () HNO, JHTT , £4F pH by 2,4K
KBS G, TCLP $2BGRI Y BCH] . 4% pH>5 I R H 5.7 mL BIK AR T 1 L &b e 25, I Je k32
BRI pH Ay 2.88+0.05 ( ZZ #h& pH Fil 1 mol/L ) HNO,F1 1 mol/L i) NaOH V477 ) , MM E AR &, HiE4e
1 SRS 0 U BRRA A5 B AR BT (1ICP-MS) T &
1.3 PLFA ZM#7

SR RIS MR RS IS W BR v ( PLFA ) , 4R BUJT 2 RS 1E (9 Bligh-Dyer ¥ #4717 | 1 Jo HiUfif
+ 3.0 g, AMARRLL A 0.8:1:2 MYATAE RS2 1l - 05 - B A WA T 2 IR, SR 5 R BRI i iR 1 AR A
FERNHEAT 50 B, 555 AT IR AR AR 2 BRI R H G . R SUAH (3% 43 ( Agilent 7890B ) Il 2 Wi B A 1D 12 , I
i i MIDI Sherlock %5E R 48 % RE NGRSy . W7 IR 1) FEMEAR G Frostegard 251" (BT 7 45 5, 4 2% [C 1
B ( Gram-positive bacteria, G*) AR ICH) 4 :114:0.i15:0.,i16:0.i17:0.a15:0 F1 al7.0; & = [C B B ( Gram-
negative bacteria, G™) FIARICH N : 16: 1wS5c 16: 1wTc 16 109¢ 17 1w8c 18 1wSc 18 lwTc, cyl7: 0wTc Al
cyl19:007c; HifL 40 & (other Bacteria) FUARICH 4 :14:0,15:0.16:0 170 F1 18.0; EL B ( Fungi) BUFRICH N
18:206¢, 18 : 1o9c ; AL # ( Actinomycete ) FIFRICH) A : 10Mel6:0,10Mel7.0,10Mel8:0,
1.4 4o

K H Excel 2010 SEATECHE 923 R F SPSS 20.0 #FHE47 HLH K (one-wayANOVA) J7 22 53 BT FIAS [R] 4k
TR £ 22 5 b 2 PEAS 6 ( Dunckan ) o 2R JH origin 2018 FEATHIR B B2, SPSS 20.0 #4700 Hr (1043
Mt 5 R T 0.5% BIBEIRIE IR ) R 3.6.1 #A4F2E4T Pearson A M K AR 922

2 HR545%

2.1 [E]EAR AL I /)N S AR e R 4 e 5

TR A 2 A MLt P /0 P 3 35 A 9 o P T 4 S 7 S AR MR 2 SR A8 AN TR] (6 2) o X IRAA L,
Tt P HLIE XS 25 5 i 1 /NI Sie b 6 T (P <0.05) , I HES S 140 185 T 385 A, 184 0 K 33.47%—59.92% .,
Bt A AL 2 A3, /N e R 4 i RIS A (BR Pb Ah) , B S TR AL EE, 5 CK
L A AE 4 30 t/hm?(M2) F1 60 v/hm*( M4) B, /INFISEHE 355 Cd Al Cu & 3 5 B3 i ( P<0.05) , 3415 K
18.75%F1 25.00% ,9.97% 1 12.62% ., As (K Fr &t MO.5 AbFEAN | HA R FEY 5 35 5 T X B8 (P<0.05) |, f R4
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4 46.67% (M4) Tt FHA HLAC AL FR /N I3 B3 Cr 1 Zn A5 R 2 10 38 08 T X IR (P<0.05) , 23035
9.68%—35.48% 1 28.31%—35.06% , #5HEALHE T /NS b AR G Jm 5 77 5 1 Al 2 bR iE R

®2 FREELET/NEZ M EBRHENESESE

Table 2 Shoot fresh weight and shoot heavy metal concentrations ( fresh weight basis) of Chinese cabbage under different fertilization

treatments
Hy [ Mo B E AR
A Shoot fresh Shoot heavy metal concentrations/ ( mg/kg)
Treatment .
weight/g Cd Pb Cr Cu Zn As
CK 33.91+1.55¢ 0.16+0.01b 1.71+£0.03a 0.31+0.02¢ 3.01+0.15¢ 8.30+1.53¢ 0.15+0.03¢
MO.5 45.26+2.80b 0.16+0.02b 1.65+0.03a 0.34+0.03b 3.10+0.16¢ 10.65+1.53b 0.15+0.02¢
M1 46.65+1.54b 0.17+0.01b 1.83+0.20a 0.37+0.02b 3.16+0.14bc  10.77+1.15b 0.17+0.02b
M2 49.37+1.75ab  0.19+0.02a 1.76+0.02a 0.41+0.01a 3.31+0.08ab  11.64x1.53a 0.20+0.03a
M4 54.23+5.68a 0.20+0.01a 1.85+0.03a 0.42+0.01a 3.39+0.16a 11.21£0.74ab 0.22+0.02a
PR — 0.2 0.3 0.5 — — 0.5

Standard limit

CK FI/RAHENCALHE, MO.5 M1 M2 Fil M4 43 B FIRHEH 7.5 (15 30,60 t/hm* ASFEAHUILALIE ; 2 Bl 4 7 2 (B AR vk 22, 1R 51 i R 7]
TR IR AN R NE A B 8] 22 5 2.3 (P<0.05) s ARifEBRAF (B il 22 2 [ AR ME R i 5 Yy IR E) (GB 2762—2017)

2.2 A[FEGEACAEET 50 48 2 5HSCS & FHE
221 HHEESRESE

A FEACAE T, T E SR 2 R I —E A, R 3 Al s b B 4 )8 Cd Cr Cu, Zn I
As [1)4x 5t Y R XS A HLAL N & A 3G N3G K, il Ab 3 Cd  Cr Fll Zn 23 10 2 & T X IR (P<0.05) ,
As B EAYAE M2 FIl M4 ZbHEF 525 3 T3 IR (P<0.05) , 1 Cu A4 {UAE MO.5 AbBE N 5 CK A H C i & 22 57
(P>0.05), ARACFEA+IE Ph SEEAA WS, HYS CK MR KA B EAEL, Fra b+ 5 cd SR
i ] GRA FH b = 98 e RS A A A v 0 0 16 1, (F A B Ao A 45 {8, 88 CK 0 33 N T 9.47% 14.20% .16.57%
H121.30% ; AN R HE AL AL 3 A+ 1% Cr Cu Zn F1 As 25520 51 LU X RSN T 12.73%—21.58% ,2.99%—17.40% ,
7.31%—19.40%F1 1.18%—17.43% , 4 A jei b [ S A% FH b 1 75 G JXUSS: 454 s 1 1) i e (L RN 4284

®3 AEEELETIEEGESLE

Table 3 The total content of heavy metals in soil under different fertilization treatments

Jb 3 Cd/ Pb/ Cr/ Cw/ Zn/ As/
Treatment (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
CK 1.69+0.03d 72.22+1.11a 85.12+2.03¢ 45.47+0.67c 154.06+2.81e 8.49+0.43b
MO.5 1.8520.04c 73.84%2.54a 95.96=1.45h 46.83%1.19¢ 165.32+1.41d 8.59£0.15h
Ml 1.93+0.02bc 74.42+1.36a 102.88+5.31a 49.57+2.67h 175.15+1.46¢ 8.91£0.13b
M2 1.9720.07ab 75.22+1.67a 103.01+2.01a 51.98+0.80ab 179.20+1.23b 9.52+0.40a
M4 2.05+0.03a 75.13%2.49a 103.49%2.21a 53.38+0.51a 183.94+2.69a 9.97+0.17a
FrERRAE i A 0.6 170 250 100 300 25
Standard limit pH>7.5 & (E 4 1000 1300 — — 100

BRI RRAA : ( T IEERSE B A FH b 39895 e KU A 42 hifk ) (GB 15618—2018)

222 FHEESEAUSEGE

TCLP $EHCS A 4 J8 &t vl T 3RAE R B G @Ay s ik, WK L aLUE Y, S XA LG, AN [R]
T AL A B e A RS Cd  Cu F Zn 195 1B 035 THE (P<0.05) |, HLXBEAT HLALHE B Y88 hnnim 15 0, 23 531 1
T 5.89%—35.42% 13.38%—75.33% Fl 25.02%—89.56% ; A 544 Cr Al As &[4 MO.5 #b, HiAxab Bty i
F T XTI (P<0.05) , B B R 4051 A 27.44% (M4) 1 22.84% (M2) ; AR BE H A RS Ph SR R &
Ak (P>0.05)
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Fig.1 The content of soil available heavy metals in each treatment

CK F/R AL AL EE , MO.5 M1 M2 Fl M4 4302 RTitH 7.5 (15 30,60 tv/hm? 38347 HLAC AL HE

223 THEESRSESARCES T EMHECHE

M 2 AT, EAJR Ph 4B 5A G AR ICI WA e, B 5 H AT H i e m A 2US & B A e
255, 13 Cd Cr.Cu.Zn F1 As B4 ()3 2 AR A IE A OGO R |, Hi Zn Fl Cd(R=0.96) 22 [8] B AH M i
5 HYRK Cu 1 Zn Zn F Cr, 2 JRFRAHIGHE R R 9 0.91, As Fl Cr AR AHE REHEXT /N, F 0.66, Cu,
Cd Cr.Zn ,As W97 B & S AR SCHE RS, P ARG Cu SARGE Cd &t (R=0.94) (AR, BRE
&J& Pb AN ARFECREL R SR SACSH R IEAH LK R, Cd Cr,Cu. Zn Ml As W4 5 HA S
A OC RS54 0.89.,0.71 ,0.86.,0.94 F1 0.85, HoH Iyt & Zn B2 S5AMES A R (R=0.94) , &6
Zn 5ARES Cd Cr,Cu Zn Fl As YR BUBGRATIEASCCR , AR R L0 0.93,0.89.,0.86,0.94 F10.89,,
2.3 AIRIFGAC AL BEXT SRR RE BRI R 3 i K AMAE IRV S5 A8 52 )
2.3.1  HHEBEIRAR IR & AR 1k

HH I3 A] AL FER I 24 R B AR IR T2 v, 16: 078 T A b 3 rp 9 3 5 29y ey, o PLFA BVEE 1913.81%—
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Phospholipid fatty acid content/(nmol/g)
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Fig.4 The contents of main microbial PLFAs in soil under different treatment

14.48% , J& T HABAN B 2 RE O R AEBERR AR AR , LK 182 107¢ . 10Mel6:0 £l 18 : 1w9c, LA b PUFH 44 rp 52
B PLFA Fh28  HOEH Y PLFA SR AY 43.529%—44.39%, 10Mel6:0.10Mel8:0.16; 1w5c . 16;1w7c¢ . 16: 10
9¢.17:1w8¢ 18:1w7¢ cyl7:0w7c.i15:0.i17:0.a15:0.,a17:0.,16:0.17:0 F1 18.0 H & &R B A MO.5>M1>
CK>M2>M4;18:1wS5c A1 18:109¢ KR A M0.5>CK>MI>M2>M4;cy19:0w7¢i14:0.i16:0 140 1150
MR M0.5>M1>M2>CK>M4, Hrfr 14,0 & 7E MO.5 AbFI 4 CK RGN, ¥ hn 1 42.85% ; 1M jfi
HAPUEALFER) 10Mel7 .0 i 3/ T X BUARFE , M4 Ab FRECE e/ )MEL, 38 CK TR T 35.93%

B PLFA B4 BT 85 SR nl M (& 4) G0 3 5 W] i T A B R LU HAW A G P& & i o 1%
T TRCER PR A EL DR ) /D, U B A R A R - A W ) R GG LA A A L TR R LA 1Y)
PLFA & BB A 38 I S B5G B TH I FRERIFa %, MO.5 Ab B B i, FLUOh M1, CK M2, M4 4b L {f f%
15, B 4R (MO.5) 23 501 4 23.09% 24.18% ,20.02% .22.28% Fll 24.56% , fi =5 K& (M4) 3 5 4 11.70% .
15.04% 13.77% ,17.63%F1 9.11% , #AbEE G~ A HABANEE 1 PLFA &322 5% 3% (P<0.05), 5 CK i,
ELH PLFA & 57E MO.5 ZbFRA i F34 N T 24.56% (P<0.05) , 75 M4 A3 /b 1 9.11% (P<0.05) , HAgx
Jite AL AL BB %o B EL TG I 3 25 5% (P>0.05)

FH % 4 AL R[] 38 - BRGSO ) 5 PLFA i 143.74—205.10 nmol/ g, 582544 PLFA & H0#E
HAH 3, HAS P25 55 1 3 (P<0.05) ,MO.5 % e ey, B CK 350 T 22.93% ,M1 Lt CK 5 T 8.77%, 1fii M2
M4 5 CK A HLAT AR T 4.97% F1 13.85% , #5ALHL G*/G™ Y HLETJE 3% 2% 5% (P>0.05) , HLfH Y [k
0.486—0.514, 75/ [R] 47t AR Ab 3 M4 b BB 5 40 B8 B RS IR T IR o & 00 L8 B v, o 0.147 A L CK i
FHOM T 5.59% (P<0.05) 1M M1 AbFR AR F AKX, 4 0.130, 35 88 IR T HAthab #H ( P<0.05)

2.3.2  TIEGUEYIREE S T

X 3gE v 24 g i R TR B 2 A X 04T R A (LS ) Db By 2 S Ry, 3 IR

PIRETE L8 91.1% , o 2 — FEs — B 5 L4 il o 84.3% F1 6.8% , 45— E L4 16 109ci14:0,
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18:206¢,i16:0,i17:0 [ TTHREL =, T2 0y 24 [CPHPE B 22 CRIME B AN B AR R IR i A e 5 5 — &=
BT FEAETBA 4 TR G D52 | J8 T HC At 40 T A4 i A AR 1C ), 4245 10Mel7:0,18:0,17:0,14:0,
ANTR] it AL AL 31 - SRR RR N TR 1) T o o I R AR (&1 6) 28— Ui RE 1 [ A SRR WU 95 454
ARSI 84.3% 55 A = E WAl ERE T 6.8% 1 4.8% , = A~ F 4> RiT TTRkFIL 95.9%, CK
7 W — A BT, BN AC 5 32 54— JC I AR DG | 45 3 a4 — 0 = R B IEAH ¢ ; MO.5 A M1
Y5 F R sy — IR R BE IR A O, 5 FE R — R =0 S A O U MO.5 R M1 AR D IR S M B R A
L M2 5 F R —F 3R EADC, 5§ FE U =R AARDE; M4 5 F U — =R IEAE G 5 &
AT RN ARG, L R ZS RGN R K e MRS i 2 T B

R4 TERHMEMSEBRENRS ERER LA

Table 4 Soil PLFA amount and the microbial flora proportions of each treatment

Ab B P S BB T T R 2 [C BT 2 IR R (% 10) FURR/ TR (X10)
Treatment Total PLFA/ (nmol/g) G*'/G” Fungi/Bacteria
CK 166.84+4.40c 4.9120.32a 1.4020.04b
MO.5 205.10+0.61a 4.86=0.12a 1.42+0.05ab
Ml 181.47+3.18b 4.9920.24a 1.3020.03c
M2 158.54+2.78d 5.1420.05a 1.4420.01ab
M4 143.74+1.64¢ 5.10£0.12a 1.4720.03a

10 F Oaz
a22 a5 al8
a21 OO%DaM
a9 1 al0
a7 33%
a24 al3
all
05 o a4 al4
a8 als 23
Oal2
= a6
S @)
S 0
N
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=%}
-0.5 [
-1.0
|
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PC1 (84.3%)
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Fig.5 Principal component analysis (PCA) of loading values for individual PLFA
al—a24 73 5I1f% 3% :10Mel16.0,10Mel7.0,10Mel8:0,16: 1w5c,16: 1w7c,16: 1w9c,17: lw8c, 18: lo5c,18: 1o7c,cyl7:0 wTc,cyl9:0 wic,il4:
0,i15:0,i16:0,i17:0,al15:0,al17:0,14:0,15:0,16:0,17:0,18:0,18 :2w6¢, 18 : 1w9c

2.4 TIERCEVIBEIRIRIIR S AR S AR O
XA [t A Ak B - A A E ) PLRA 5 i G J 35 1 b A7 AT OO AR AR S P e, 5 2R A 7 i
NG ANFRE SRR SRS TIERUEY) PLEA Z ] BRI SCHEAFE T iy 22 5 Hih Cu 25 AR AL
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Fig.6 PCA of PLFAs from the microbial communities in the soil under different fertilized treatments

A Cd FRESEE G HALYIR G fUEY B PLFA FI4IR S PLFA & 35 B & MM 6 R (P<0.05) , 5
TR T A S AR G (P<0.01) 3 Zn 21 57T PLFA &8 B 2 U G (P<0.05) ; As 2 FIA RS Cu &%
Y5 E G PLFA & it i UAHOC(P<0.05) , 1M SRR G- AT 4174 & PLFA FGA: 9 & PLFA
SR B ENME(P<0.01) ; ARS Cr it 5 G'PLFA & B EMME(P<0.05),5 G /G BEIEH X
(P<0.05) , T 5EE G E G HABANE J05 M PLFA FIGUA: 95 PLFA &8k 53 771 A 56 (P<0.01) , H:
SR B A R B IA -0.75; AES Zn TR 5L R .G .G AL AN E 405 B PLFA FNfUE 9 0
PLFA & & A (P<0.05) s AR As Bt 5 EW G" HABAITE 4058 & PLFA FIGA: 9 & PLFA &&=
WFEFAIE(P<0.05) ,5 G /G BFIEFIE(P<0.05) , M5 H Al GPLFA & 84k 2 3% 1A 5¢ (P<0.01) ,
LA P &S E /A B E T (P<0.05), EiRgE BB B L .G .G HAL AN A0 &
PLFA MY B PLFA i 5 13 Cu As £ A A Cd Cr Cu As I E BB YIE, R AMHKER,

3 it

AHYEREFTREFE , AR X LB TR kR 2 e E 2, i A IR R /N 3%
3R A Wy B S B et A AR I N R A ARG X T BB R TR A MR St o E AL BLS 0%
TXHEW R EER, Mo 45 R, KAV J5 KR 0\ R AEREA 25 0 (i 5 2 1 4 s
B IR  RIEFE A Sl S A B S R EER RS R AL LT B B R AR
BRI X I 4w AT TR TS Y, A AT B T R R B AR IR o B s R, N
SN 17% 17% M 16% . Luo 212 %k B4 W1 +3E o 69% 4 Cu M1 51% 1Y Zn K H T % & 28, Nicholson
P R P B 2 AT HLAEXT 38 Cd B BTRRR B0 1% F130%, DA L BFFE 4 R, & & 2R Hl
NEX R 38 4 1 FEZORIE , Bt AL FARSE 2T RS, SR ARG A AW, HiEE
G I8 Z Tl KA TR MR/ IN AR5 3 i 4 8 B B &R Blas B4 LIVT PG & 1 it 3
BRI 4, A PUIE AR S 30T 3 Zn Cu 1 Cd JCR B 2L, RIRIRZE b % Bkt A HLIE
J6 b X it S 3 Cr Ju 2 I R AR F B Bt XS 28 A HILAE i FH & 9 35 in, 145 Cd . Cr Cu  Zn F0I
As B & BBl 2 A 3k S (A R A5 U RS (4t S [ g 2 A HILAR IS 3R 2 B 4R S AR DA —
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Fig.7 The Heatmap of relative abundance about soil heavy metal contents and the PLFA contents of Various microbial groups in
different fertilization

o fURTE 0.01 KPR R, » ARIE 0.05 KF- EREFHK

2,10 245G HLAE A4 4 30 /hm? F1 60 t/hm*}, Cd . Cr Cu F1 As B4 BEAC = A8 N A Br b7+ H R 1k
G it K X AT AR H T R AL AL P (60 v/hm? ) /N A SRAE Wy o AR08 x84 J A ) 1 A R
FH o AS[RVAR BRSPSl 3T 4 B i i AR AR S AL, AL 520 30 v/hm® Fl 60 v/ hm* B /)N ISR T 42
5 S B i At AR A A Ak B BTG B 2 5 X S R AR A ST A A — 8 RN
RS APUAR T 4 8 A AR A vk = A A AN A R AR s £ HIEE SR AA S SR
Fm A 4 B A A WA R SRR - I A AR AR A R, LIRS R ANE SRS ES
J@ At R — 2k, BV A HUIC A R AR i s R, B R T, A B A A 5 T 48 5 I 4 s
TCR WA R, FLR R 2 A HUIEA B 8 48 o R A G B s AL B 5 8 8 R 1
BEAT A HLAE B A ML AE 33 b S il B 5 A S A R R BN ALY REE S L ofE -1
Wi Ph LR ML RS e A5 X T e S aH 3 Ph & ARCS S EAV/NASE P &R L A
AR R

FH 18t b - 8 EE 4 A 5 A G & B AR OGS T VT LB S 3 Zn A1 Cd, Cu Fl Zn \Zn FI Cr B9 42
AR A IE AR OEIE B | 5 45 0 B S AN [ it A Ak B+ 1 7 4 B AR e 2 B, S T B 4 R A R B AT O S5
VA — 7 WA, IX BB Zn  Cd, Cu —FP 8 42 J8 ST Z MR IEAR L, Kok A T ssa e, -1
Cd .Cr.Cu.Zn I As 4w 5T R TR A RS T EEMIEM R, b Cd, Cu fl Zn B2 565
AEEMCHEEM, TR Zn 2R SHARCE S RMMHCHERM(R=0.94) , 15 Pb WARCE SR &
HHAMITR MR MARGS & AT, UL T &R Pb 1Y 5 5t A2 0 ke W o B TR B BR R 1) 5 e A
/N, TR A 5 A RS R RO EMEIE A

T A HUEERAE T + 38 PLFA 98 & (B4 B A R Rl A 3 - S b 4 R R 302t IR kAR, it A
HUIE AT I+ SERUE Y PLEA 9 St LS B | BT RIS AT 1A i, D DR A BT it AR T A i
T EF A SEE IR, AR TRED R ER Y A HUEA B B — & s e, 8 7+
B R AR Y A, R M T TR 4 R A W AR L ARRR T R e X - T e g
AW R, AYUE A T80T H R E &R & AR b, i 4 4R T5 Yo R AR W R A
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0T O B W R VR SR RN TE PR Y ik T AU AR T & BT B 4 I S Y AR B 1 T
& I CE MR AR Y R B D ARBFSE T 7R MO.5S AMFE(MEE R 7.5 vhm?) 4, I 4 R A RN
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S B T5 YL I B 2 B S A HRTE VR T LR R A e — 2D b Y s Bl A S A3, HIEE SR SR 2
TR Ph A TR PLFA RS 25REMUEY) PLFA &5 A B R, M2 F1 M4 40 3R T4 B8 | SRR ] fig
e T A R A IS A R AR B I R v B 1) 4 R XS A RGO ) A R R B el e g
BT —E MEIE R EAR A Y EEREAR, 50— 5 T U Y A AR B 4w i D AR Z B e T A SRR
AR T RUE A AR, Hinojosa %5 FIMR IR BE 551 UM 9T & PR, bt + HE 5 4 Jg V5 YLK i 75
FLI RN RF 5 1) PLEA 35 it A TREAIR , 3% S A58 ) 245 A — 2,

G*/G™ A JH T R W - STE 20 TR FEE V& 445 4 1 728 A 15 O DA M2 P A= 25 R S i 5 e 111 . Marschner 251 Bff
SFERM, HANNCE N T 58 G* 5 G PLFA MLUME, 7EABFSE T AFEEICA T -8 G* 5 G PLFA )
AR MO.5 ZbBRAN A b P LA 359 8 0 B (R38R % AR B B 0 A8 Ak, LR R AT BB G I A BE 4 G
SR RAT) , Ko PR A A T O A B B AT A A, T A TRk B RE > T, G R B N 45 A ER
B, AR, b B S AN PLEA B FU (B T S bk 4 39 B0 T 5 40 B A I RE 1) 2 B 17 000 AN sl 2 0 e 5 245
FARAE AL 0T 224 it I o A B e o KO, R BB S A0 PLFA B4 HAE A S 380 0 0k 146 A e A o 2 8 I 2
PR 00 v W A, I R R T - A R VR S R I A, R A HILAE A i A B R T A
T, S AR AR HE , B AR B A5 SR AR O X Ze e A W A e R A ML R A m e, £
HESFR RS EEETE AR A EFENT Cd M As B2 RE R F40m | AE PR R A] B 1 ik
R R S LB T R IR P R T SR AR B, MO.S A M A B PRV 25 A R R AR AL, X T
CK M2 M4, 4408 32 15353 M 45 5 = 198t A Ak 3853 S ATt B i 1K A MLAE | b A MILAE A s A AILAE , LA
b JUohit A Ak FEE = M AR AE A0 () BV 5 AR A T X )

+ ISR SR A PLEA &8 A e g R0, 13 Cu As &8 A1 Cd. Cr.Cu, As BUA L
AEHEHE R YR PLEA &8 X8 PLFA F i B35 G5 i A0S Cr Al Cu S8 X A2k
FERSZ I 1K T P A4 G B i M A i ST W45 25 8F PLFA & i FILEL PLFA & S AH GRS , X g2
PR AN [ A HLAEE KT Ph & s T AR X U E RIS g e/, G* 5 GTPLFA M HUE S H 31T
RS Cr As S 3 IEHG, B 5405 PLFA M ELES HHEARUS Cu S22 B IEHE, 5 HHEE R0S
Pb &R BEAMELR, L) ELE RV G X 4% Cr F1 As IOTH 2 PR35 T G, XS Cu HTH 2B R
T, HA A Cd SANHEREE S A DGR R | Wi 204 Cu M1 Ph & i 5 SR E W e v 25 i 28 1k

4 #ig

(1) s FHASZEAAUILIG /N S A i 338 /N 38k B3 S 38 Cd \Cr .Cu Zn T As 251
ARES SIS P n , ELREAHLIE i & A 3G s K (Br HIEA G As 51 51 Pb 2w A RSGS & &
TEARIAEEEN Jo i #E481k;Cd .Cu Ml Zn W2 5AREE G /Y 2B IEAHCOCHR , P ItR Zn M2
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S 2R R LV N 3 RO R T R LT PLFA M G- .G HA AR B i i FEL T PLFA B9 5 i
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(3) 13 Cu As 251 Cd .Cr.Cu As FIARAS S EH HIEKHUAEYZEEE PLRA &8 8 PLFA & & 11
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