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Correlation between microbial community structure and
soil ecosystem functional stability under heavy metal stress

CHEN Xinyao YANG Huizi CHEN Qiujian WANG Lina WANG Guixin ZHANG Yuan""

(School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou, 215009, China)

Abstract ; In this study, soil samples were selected from 3 regions in China with obvious variation of
physico-chemical properties. The soil incubation with a measurement of respiration was performed to
observe the soil microbial activities, and the method of phospholipid fatty acids (PLFA) was applied
for analyzing the microbial community structure. The results show that AM fungi could be used as
indicative bacteria of soil microbial activity; and the principal component analysis shows that heavy
metal stress would have certain influence on microbial PLFA's species, distribution and density. For
the soil with high stability, its microbial community structure remained the overall similarities and
invariance ; while for the soil with poor stability, the microbial diversity and evenness showed
obvious differences. Clustering analysis shows that the diversity of soil microbial communities over

time tends to be uniform, and heavy metals stress will hinder this trend. This study discussed the
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relationship between heavy metal pollution and soil microorganism, which can be contributed to the
early warning system of heavy metal pollution for soil ecosystem.

Keywords :soil, heavy metal, respiration, microbial community, eco-functional stability.
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BEE T A A B R R AL EOR A 20 | H G s Y U R S s 5 e B 18 BRI
JHE LA B N A R A R Y 2 B R — ARk F G e 19 e IR B R AT 5T © 2808 [ N AT FE 1Y
PR R RO ARE M S LA T RE AR R A DG OF AT A R A A S U
IO FH 56091 4 T i b —— KT AR S 2 Sfe LUAe i 6 ) PS5 A o o7 22 5

IR — DA SRR RS RG ARG QY B —E IR A H AR
SR Z AR R TS Jeh 7T e AU QR B R AT H A BT AR GE 6 B s 75 S RE A 2 2 i)
A R TR R ST A AR I e AR M A Wk T SR e Al U R R
Vi 22 R ) 22 A R LS IR ) S o e At RO T ol A O 7 22 5 T 14 T B B AR 2 TR Y O
FARH A RALZ LM AR b (5 BRI 5T ) 2 530 Yo no kbt s R &2 1A 56 I
I, BRI W RETE 2R A2 25 R G RGE PSRN N 2555 25 T a5 R AR, H T R ZH0OCT LIERUEY
FEvE Z RN B A RIS LA IRy 2 it RS, IR R 24 S T AE S R G BRI RE 2 1]
M HILIE AR, AR FE AR I O A 1 % AR S 2 B0 R SR O AE 4 3R IR R

ARSCORITE IR A T R Y A A S R GRS E MRS, X AR AR E M SE R T
bR W A 2 R BB AT T B TR A T S AN S 1 BURA ( Cu) A O B 4 Je k30 ) ot
IRy BRAG I 5 25 S R Y 3 A DXy SRR AT (ol A R 0 LA S A E P e AR O£ B
PLFA (WRARAR TR ) %858 WA= 0P AU S E WU R PR A s 4 M S Ak 38 ST T
a7 LT REASE M B S B RO A DR 2R B A FHAIL R, LAASE R B Jin R 221 3t B W) L SR AR 0 0] T 4 S
10 YRR SRR AR 3, Dy bk - Sl A A8 52 o 4 J T e SR IR RIS A Bl

1 #BS 7 ( Materials and methods)

11 3RS R Sl &

A ST B 5 KON ST TS bt DX IR F AT - SRR (3R 1)  IBORE RS, BEATL I8 438 J1 300 16 e A B
10 m /9 3 R (IR 0.5 mx0.5 m) RE T FRERE 1 em ZHHFE L RELKZE 1—20 em WM
TR ICRIR G R T IS I 2 mm G5 T 4 °C Y2 A FH. I AN ] X s - 38 H 2 Ak v i 1
H—E 25 eSS R W3R, Frik H 3 By ) MR R .

®1 LEHMCRENEAFERR

Table 1 The basic information of soil samples

434 i UREHD A5 Tocati
Tt ik Grouping HUREH 5, Location | ok CEC/ o
Soil types A B s gl 4 P Sand/ % (mmol -kg™")
Latitude Longitude
PBINEE NJ-1 NJ-2 32.0531° 118.7661° 5.47 0.27 23.12 21.48
TR FR M 77-1 77-2 34.7514° 113.6369° 7.54 0.47 22.29 12.38
fREE ] XM-1 XM-2 24.4856° 118.0922° 5.35 0.55 34.33 10.5

TE: AAEERAL, IMASRIE TS5 588 5 B XS HRAL A5 4 4.

Note: A: The experimental group, added copper as contaminant; B; The control group.

1.2 JRYi5 I R S 5

AT LA 4 SR A Cu VEAIIME YT, 76 E SR B0 R AR & KRR # 2] 15% , 76 28 C1H
AR TG 7 d, Z 54 T e R G P i o AL FRAE FIXT BRAH A A iR 3 AN B H T,
ACFRZL AL (B Cu) T5 YL lhif | 1 498RE 5 rh 24 5T BEM IS 2 CuClL 3 W 2 3 Cu ¥R 100 mg - kg™ ; X i
2 B IC(H Cu) 5 YL it | 55 f - 3ERE i v X ST W 45 5 20 85 1 KK F R3S KR IR 2 18% , If
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TE 25 CAERFEMF FARRF 18% 1% /K H 5% 30 d.

5T E SCIMAJIRE B S RS 0 K, FF40 5 e i A M8 f5 8955 1.3.7 15,30 K (T1,T3,T7,T15,
T30) 5 JIE 475 T PR s % (STR) )k e Ak - Sl A Wy B 38 A9 4189 77 (Re, Resistance ) RV i
T AT R AEE £( 1) WK JI (R, Resilience) BI £(30) , P ITTHfE A8 0 REE 5 il AR56 1 R 25530 K
BIHRHT I TR T3 ASBIER 38 SO AR 1—30 Ry sifbk h 4 i AR R Ao M (Sb) BRI LA (1) —
(2) [9] .

_ COZ-stresscd( t)
K% 00, ) 0
sb = [f(1)dr .
R A0 SRR ¢ FAb AL XY AL MV 1 COL VK FE LR Sb 4R i 1

1.3 PLFA M4 EC S Sk 34
1.3.1  $RECS I 7k

FRECE T E L B TR0, B0 P 1:1.2:2.4 BYBERR 22 bk .CHCL, .CH,OH, R % 5
B, B IR T 500 A P AR SRR 7 10, RS T VR A T B S R PP AT PR % 3 R
CHCL, 5 #8550 , 3 OVER B 7 R B T 2 VR 30 °C /KA IR, WKV 4 115 AE BU/INRE , IS 1) A8 U/ INRE
O CH,OH JFIS AR IRV , 32 CoKIR, B Hk4s , in 1:1( v/ V) H s HRIE A MR KOH %9, #8547,
37 COKIEMB, H10.15:1:1 B 1 mol-L™" CH,COOH A . C e FIFBLL/K IR , B L2 T2 ke
I BE, 35 , B 2K U R R AR R TN O e T e b B8 3, R A A i (R
AETR=S

PLFA [ 45 BU5 FE i A 0 43 B 3o 72 2 % FH 52 [ MIDI 2 &) BT JF & B9 Sherlock T A4 ¥ %6 %€ &R 458
(Sherlock MIS 6.2) """ Sherlock T 2 « W8 48 B 1 - 1500 5 IR 4801 122 -800 ; 22 1 B 11 12 11 25 B 15 T i 2k
P LR -300, BEAN PLEA BES AT v ol MERR 456 1) PLFA 7 165 i S50 #4135 & 3 41717,
1.3.2  PLFA AWbric A SA 2801805 ik
ARWFFEHRIE PLFA 075 45 R R 1H 50 AR [ Ab BEAEAS b () PLFA A Wb e 1 JLFP 48 br A2 285 2%

7S

%
=

Hr——Simpson HEFE (D) Shannon-Wiener ZFEVE (H) | Pielou Y521 B (J) F85" " 5 7 0L
(3)—(5)"".
H=- Y PlInP, (3)
J==Y PlnP/InS (4)
D=1-Y P (5)

Ko, PARES @ FVRAIERERE B D72 7 123050 v S RRIE Bl i B I R A B L 85 S S i AR eI T PLFA
A Prbric BRI, B
1.4 BdEsrHr

AHIFE 0 B e 45 SR W) 28 4y FE PRI L >R OriginPro 8.0 Fll SigmaPlot 12.5 #1743 B4
il , i SPSS 22.0 %F PLFA AR IEAT 3540 B FER 240 #t

2 5 591718 (Results and discussion)

2.1 HIRIRYIVE T IPGE R LI SRR K ML RERRE 1

TSR B @ A T, SRR A PRI 2 XM 52 58 i a4 (181 1), 3R £ IEAEZ 3] Cu
B )E 2 MBI RERRE M PIRERYBIGE. A NI (P i 26 SR AR ¢ b TR a 3, SR WA e J3E ) il 2 e itk -
SERAE PRI ND R A P BRI A TR T 27 S SRS T Y R e SR B B
T AeTs YR B Cu BHA N R IR G F A R IR ST RERSE MR IF AN RE Kl it H SRR Y
T PSR i | SRAEFE IR 2 R B 2 BB 50 B 5 Sl R W i v i e e 6 DRt AR BF 9 5 i
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Fig.1 The respiration curves of soil microbes

2.2 PLFA WRARARI IR I & 45 R

AW T IR 75 P % (SIR ) SE SN A 25 3, X - 3B AE 5 £ 4T PLFA 32 BUS R DU 43 1. A 45
S BN Wan 5 IR YRR SR I AR TE RS 2B A0 0, 1 Bl MIDI £ Bk R B 7 8 %) 5 12k, 356 B
A S TO T7 T15 T30 55 4 A SRAFET ] BAE iy, ARSI AN (7] DX 3k - S 00 S A e o 254, IF 1 i 4%
SN R B AR ) A ) KRR M (3R 2) |, DA REAS I B E 6 R B A R - A Mk T R
B A5 AR B S I AR AR TR IE R AR AL
22,1 HEEMHAS RS MAYE SRR

BRI AR 7R 1) & fi B R s b R 0 A W A, SE IR = A R B INS G 4 i b 3R 5 2R [
S5t HE PLFA W& i A T — @ R EE M52 ) 3 % SC M 75 PLEA 4% HE 55 2% [RPHME R (G+) |
MR (G-)  AM E 58 ( AM Fungi) . 5 & ( Fungi ) | i 26 B ( Actinomycete ) DA f2 H A% A ¥
(Eukaryote ) #4732, I3 H58 A [ R AR 30 ) s s b BT o Y L.

2R 2 A& 2 AT, N A B Sl T T /IS K SZ D8R 0 I 2 - B ot 1z %ok R 5 1 3 1) 4]

R N BE T IEANTER (TS G i 25 AN RE AR B . I AR i 2R Ak T — B b T SR I g rh BT s

YLy E b T 6T A SRR AR I R R AR RV T R A T i PLEA A6 43 & B N 3 AE
T7.T15 T30 55 3 NS, NJ-1 89 G+A1 G—3 f 70 il AR T FEASFF (5 T NJ-2 BPIRES, iX 3R 9]
NI 3y G+F1 G-TRFFTE 30 d NI RE S B A 5 4 [P0 17 R A 52 R 5 LAk NJ-1 H iy AM TR |
PR DA TE 30 d I S 30— A S Jal R 32 177 E0A% A 0 U B 38 o 1 INJ-2, 3k Ul W o 4 ik X6 NJ
Herh B A Yy P 3 AR R G U B - AM ECB | ECTR AR R E I A .

R2 AR A SRR WK T AR ARE

Table 2 Soil ecological functional resistance, resilience and stability in different areas

FAEZAL 7 Varieable NJ 77, XM

Ri-f(1) 0.72 1.01 1.50
RI1-f(30) 1.08 1.23 0.30
Sh 28.22 29.06 19.67

22, - REAERE SR SEOP IR 28 2 e WA T 1 TR 38 BT 47 T1S, BIAE T1S |- SEF 00 38 FE K 5
T EARME , WRHEVE] ZZ T4 T15 X AM B TR BRI S B A W A R T TR G+l G-
K BRI P B ST ML 2 o8 T B, A T2 JBAF 30 KR, 221 1 222 (K92 S PEJE A i,
I 72 145 30 d P12 RAH S HHEFTRAZ 1 T4 TR e, VKO ) e

T XM BT, 7 16 XM-1 H G+BEE/ N T XM-2, %+ REZE R0 7 d S5 TRk — 40
G+ G- AM ZLHT B MR BTG XM - S A AR 19 15 d I , T4 8 S S0E 0 60 34 S0
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FZAWIRIR , B AM EUR G- B il 4R B Y BRI X R e B0 30 1 O I R 28 Ak, AT 3 G+ BT ol 1L
B_EJF i AE T30 WIS 28 AM E R R M G- G+ AN EAZ AW AR AU, 5 NJ AE T30 I G-y
2t 3%t b E I DU I, B0 30 XM 7EAZ 5] 100 mg - kg™ A4 TS Y 15 S ki 52 30 1E IR0, 3 1E A
AN TR R - S A T 52 ] 26 e A s ol s L E eI i 2 e A S AR S D AR E M — SRy
AEAR X A W REVE SR AR AL BT R E MR TR T I A S SRR R A T AR I S A e — S

mm Gt == AM FL# AM Fungi m— 2 Actinomycete
G- H B Fungi = 2% 44 Eukaryote
M NJ-1 [ NJ2
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1 1
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Fig.2 The proportion of flora in the total microbial under different treatment

LRI AT {5 75 7 B e A | 2ot B e R ) 0 A B 7 e
R, TR B 4V RS 7 A B O P9 T 4 T WL S ) - 0 5 5 5 , B e
SR ] - SR BN T 4 R 02244 3 L AMIFTE A 2 B S 70 MR i | AML 0P 76 VR 7 4 35 34
115 d J A 2 H B LR T I T 02 e T R 6 AML 28 9 - MUK 80 FCH A2l ) et 7
LI AM S I F 2T P ) — G 0 G20 R, FL MR AML 08 9 0 806 15 A 0 P 038 5 it
Bt 60 025 R 5 — 0, B AM LR F A RO M0 PR 455 P A R | DTS R0 5 0 R
e AT HE TG ), AM S R S SR T 0 7 A T TR 35 O 0 T 32 0 19 2
BT T T e R A O B A T 4 V5 S TR, T o 4R
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T AM TR R AR XS ok R IR HE B AN RS I AR s e Be ), iR i AR R S
{1870 YRR L Ve o U= g ) ) STE M N S S 7 E PO Wael
2.2.2  HHERUEY PLFA F 55007

AR NG TR 2 LT I A T AR A B Y S 2 o0, R TR 254 S AP 28 2 M ) X A 55 AR A i ok SR
BEA AT e A W B PLIFAs 20 AR AT S e 1) 3 18 42 0o i v 45 s U3 A9 2 e 22 52 Yl i SPSS 22.0 Xt
75 PLEA BYFPSEHAT F L5030, 45 R R W] NJ-1 \NJ-2 \ ZZ-1  ZZ-2 XM-1 ,XM-2 Kb 3 rhgif 4~ 3 5 o3
AT LASR R A S 75.460% 86.770% .87.380% .79.747% .80.934% .83.932% . #1415 , NJ Fll XM
TENNUSINE S8 5, BT~ 325057 1Y A S A8 B B T B AT, Ui ) T 3 0 e W TR A 32 3 o 4 T e s
KA TR AR AL U AR SRR S AN a0 2 7 A e R I A 25 T S AR R, 27 H3ERE A
HE 5 AR AT X TR th THEE RS S - 50h A Y= A wb AL, DO 42 (5 L
TR A A A T R Ry S

AT HE R 18:2 w6 FE/R B, 18:1 w9 F87R 45 % [RBIPER 1M i 15:0/1 16:0/1 17:0 W AR FE 7 4 24
FCBH M B 22 AR 9 Ao 0 R AN TR 5 35 B[R] AR [R] PLEA R SS9 150 & B0, NJ - 498 4 AT X R4 o 5 il
T it 5 I ) 24 52 S T IS PR B R 3 T A5 7E T7.22-1 vh 5 Rh i & S 5 TH s B R EBE S T
BT I T7/T15 5 MiAE Z2-2 i g BE A K, (REFRCE R B RS XM-1 1 15:0/18:2 w6/
18 :1 w9 S Th i o AR P T i (a3 e 4 5 T7/T15, 100 1 16:0/1 17:0 W52 56 T )5 FEAR Ao #a 3
XM-2 H1i 15:0/i 16:0/i 17:0 A & s 8K, 11 18:1 w9/18:2 w6 e T Ji FE AR T 5.

AT PLEA R BORIR ST T3 AR RGN YRS 450, WE 9 R BLTC IR 2 & A8 9
T, L ST B GBI AR IR0 23X G+ A A 7 83 i — 7 ()52 W) 4 J JBlp i % PLFA s J
G+ T & (T8 R 2 A — 5 MR, T4 PLEA AR AR A1 85 R A0 8, ot TP AN A T 4 )R
e, SRR A W 2 R 3850 BE RN B B 4 & AR W B AR K. Hinojosa 45 W9 1 42 Ja V5 e kit + 34
BRG] , 7R ELR AR IR TR | AR L oA B D 2 =2 [ BH P A b 5 I 7 1 B 7 e e B T o
MRS, A V5 e 3 SR MR i = & B A B e Fis e 38 S04 17 Bl 4518 I AME NJ-2 Fil 2Z-2
HR A SR ISR A3 A 55 R B v A T R AR T Ak BB e 8 T ) 3 T AR TR) DX, T il v e 3R
W) ) B AL BG4, XA ) 4 i LA W R T T i W A TR TR 40 AT T 43 G B R 15
— 7 1 4 B TR B R R PR
223 HHEMUEMEEE PLEA EYIbRICAE BB

ARTFFERT NI/ZZ/XM 1) 1 54E TO [ T7 . T15 T30 Fr kA5 /45 PLFA T3 A T A 43 A SR (S) I
Simpson L (D) Shannon-Wiener Z4£4: ( H) | PieLou ¥J2] B () I8 EESH, AT LI 6 FhE
16:3 w6/18:2 w6/18:1 w9/i 15:0/i 16:0/i 17:0 FE R g/ PE A, Ho T4 45 58 L3¢ 3. 52 56 rp Mo i) 1) + 9%
WUEYIHES PLFAs ZEWAric 65 4, & E Wbmic e & b s sl Bk 1—12,3 MERSZ8 D H il J
Fe BB AT 43 9 0.6162—1.0000 ,0—2.6168 ,0.0666—1.0531.

5% & Z L A e 15 5% 30 d J5 , AN[A] PLFA (L35 BE T BB ARNE I3 K BT A /NI B 1 b T
TR U BRI X AR A A S B AN e 3 il Y 16:3 wo R DL E B B AR T Al A 2
) PLFA , UtH 16:3 wo ( FLAZAEW) ) 76 - SEi A Wy e i v R AR SR M T AR 58 1 ZE R v ) 850 o3 A
FEARI L] PieLou 5] FE R RN AP 4= 5 BEAT I 5] BEFRE, ZEWE 58 AR W 0% Z2 A6 % DI e g 1 HH B 3
W YR T B AL ARBESE A % 18:1 w9 18:2 w6 i 15:0/i 16:0 /i 17:0 5 DN HFAE 3 Fl 4%
(AbFRZH FORE FRA ) o B 4050 B HEAT LA, R NI/ 77 +3ERN BT v 5 NHE 7% T il 14 2410 5 404G %) AR
20, VAR B E XTI 2 Ff 3R B G- A G+ AR (FE ) WA MSIER , H AT 85 —
SEFERER TR X ST SR RN RS R WA DCA4E e — 2 XM EHERAY 1 16:0/1 17:0
TEALFRAL 35 B w0 IR X AT RS XM -8 AR S T RE AR e 1 (L3R 2) 3R 5K, iX PR FR 4 7R B
PR I8 5) 43 A 233 - B A2 4 38 1) 3 2.

MG K IR NI/ ZZ 1#) Shannon-Wiener F5E0ALBRATAH HEXT IRZ 18:1 w9, 18:2 w6 i 15:0/i 16:0/i 17:0
PR RE M XM A9 18:1 w9, 18:2 w6 i 15:0 2 N & 1M i 16:0/i 17:0 2 E i KI5 154y
HYRFIE I AT i, BA SCRAR A 2R 5 AR E A S RGN REZ MIAATE IEAHDC G &R, R A
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Wy 22 BRI A A T RE AR A 20 X U B RS PR 30 BT G- R G+ITE R Bt
SRR 56 2 DA B T i ) D ST 5 AR E MR 2 1 L e b R A B2 A0 E PLFA SRV AIR, 3L
SO A D80S 0 5 M o7 AT FE R S AR R T e X SO W R I, A R T L 1 AR
BT AR, ELA RO H R T Y A BB O T B AR B — B

F3  HIEEUEWERE PLEA A WIFRiC & 2R AL

Table 3 The diversity index of PLFA biomarkers in various soil microbial community

Sy T T & PLFA F#2§ Species of PLFA

Treatment Ecological parameters 16:3 w6 i15:0 i16:0 i17:0 18:2 w6 18:1 w9

S 12 12 6 6 9 9
NI H 2.6168 1.0223 0.2541 0.2319 1.0366 0.9037
J 1.0531 0.4114 0.1418 0.1294 0.4718 0.4113
D 0.7417 0.9926 0.9995 0.9995 0.9849 0.9911

S 12 12 8 7 12 12
N2 H 2.5426 1.3513 0.5289 0.3034 1.9163 1.4998
J 1.0232 0.5438 0.2543 0.1559 0.7712 0.6036
D 0.7428 0.9855 0.9973 0.9993 0.9571 0.9802

S 12 12 11 10 12 12
- H 22214 1.4759 0.6987 0.5589 1.4980 1.5895
J 0.894 0.5940 0.2914 0.2427 0.6028 0.6397
D 0.8976 0.9804 0.9968 0.9982 0.9770 0.9764

S 12 12 12 12 12 12
_ H 2.1339 1.6030 0.8721 0.6344 1.4990 1.7307
J 0.8587 0.6451 0.3510 0.2553 0.6032 0.6965
D 0.8725 0.9768 0.9959 0.9980 0.9816 0.9696

S 12 6 3 3 7 7
Lt H 1.8175 0.5400 0.3247 0.3625 0.9540 0.5443
J 0.7314 0.3014 0.2955 0.3300 0.4902 0.2797
D 0.8741 0.9954 0.9969 0.9947 0.9799 0.9956

S 12 6 3 0 10 10
o H 2.5325 0.5630 0.1941 0.0000 1.6490 1.0310
J 1.0192 0.3142 0.1767 0.0000 0.7162 0.4477
D 0.6162 0.9944 0.9993 1.0000 0.9560 0.9887

TE S /AR D $8 Simpson LA EFEEL; H #8 Shannon-Wiener ZHEPEFEE; J 18 Pielou $15) FEF5 %4
Note: S refers to distribution frequency; D refers to Simpson dominance index; H refers to Shannon-Wiener diversity index; J refers to Pielou

evenness index.

2.2.4  TIEMZEY PLEA A= WIbRric 24007

ARG LA AR PR EE | Shannon-Wiener $8 48 3 5] B & S BN 8 /n T8 b5k, UL PLFA AEWFRic N
FEAS Ao BT . PS4 B B VR R MR A T R R M, B AN [ FP S PLFA ()RR DLRR B2 i 4545
UL 3 (L NJ K .

WFFE KB, NI/ ZZ/ XM FIREBRLE AN IR L AE T30 f PLFA B8040 2845 SREA L., (H A — 2 v HLAA
FETER) PLEA FPSHE A 22 51 AECKS TO F1 T30 1Y RIS HT 45 A LB 25 Sk LA K, TO I RS 45 —AE
A — AU T 2B R AR A PLFA 430 228, Gl INTE /Ny 8590 1R NI HIRTESS 0 KAl 70k
8 5 M AEAL A Y275 30 RIFT 4324 5 28 X RRZA SR 30 K] 432k 4 25,10 27 F1 XM 1) SR 25 i . 22 31
AR AELL , B PLFA R85 TO = A BREH T30 =X BRZ T30, A ZE RS R i AR h | [Rl— 5 38 A58 T 4
HR) PLFA FpS S BfiAst ]38 it 40— , HLZ 3B H IR I bhai (%) £ 38R B2 R 510, o 1] 42 S e 1 4 Jolp
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Fig.3 Clustering analysis of PLFA for NJ soil (from left to right are NJ-TO, NJ1-T30, NJ2-T30)
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3 %5 ( Conclusion)

(1) FEaJm M aaxs AM B ZHE R S VA B WA &A1, 085 1+ HARPUAN i ia i aE . H.
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