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Table 1 Basic physical and chemical properties of the red earths used
H Lok 28 oA L PHE & R4 B, Size composition (%)
A f - e
P Organic C Total N Avail. N & CEC 2.0 02 0.02 ~ 0.002 <0 002
Soil type (H,0) \ 1
(g kg™ ") (gkg™") (mg kg™ ") (emol kg™ ') mm mm mm
Z1 %% Red clayey
5.45 17.46 1.92 127.5 12.16 27 12 37 85 35 03
earth (RCE)
£TH U8 Red sandy ) )
6.68 7.81 0.65 78.27 6.43 68 54 18 78 12 68

earth (RSE)

K, ELRARBUBREESRME, EXRZH,
B EHE T 5SCRHTHRAEAEFRBPENL
3 d RIS 100 g TERFE LR, REHRIE
MBERBESRBRS L ER RS, AT LH
KB EEEBRIFKEH 60%, /55T 250 ml 1
RN  HEAESIEAMEES D, T 25C
BRMAER, BRIBTATRELREEA
T HREEREER 3 KA - RLEKkS. B
MRBEFR A REBES L EMEY ¥4
be B AL TE M
1.3 THRENEE . EREHEDRSEENE
1 3 % A= B B B¢ ( Soil Microbial Biomass Carbon,
SMBC) W € K I @7 A& —0.5 mol L™' K,50, {21
¥, TOC B 347 S0 2 1005+ 38 3 ot 0P 0 CR A &2
N P 3 SRR R O R, IR A B E R A A
AERAREREREFE" LRy s
DIRE 2 HE14 R A1 BIOLOG Mk 77 1612, 3ty
BV Biolog X181 3 f 49 3% 3% : Biolog GN 4R B
Bk %2 58 20 ik (ELISA) SR R A8 9L i F B o6 1

(Avrage Well Color Develupment,AWCD))’ET&]’:‘[&1 13) ,it
BFKA N AWCD £ = [Z(C-R) /951, Kt C by
B8 95 /> B L fL B WG (E, R R %t FR AL A IR 06
6. T8 YR I D a8 2 A 1R 1) R A Biolog
GN S FARFL P R E (R T3 L SR A BE 7R DI BE
Z R 45 % : Shannon S8 (H) , HHBEAX K :H=
- N pnp) b p, W LA B E (C-R)
5B A ARRE X R O (RS I H
1.4 tHRESEIBEEUERIH

13 Cu.Zn Pb .Cd FIA S FREKAHO.1 mol L7
HCl A ARG : £ = 5: 1)  fF M A R 7 Rl &
FEHCE ¥R I e 5 R AR P AL P R E B L SRk
[14].

1.5 ZitoH
Fr B 12 F Microsoft® Excel 2000 11 8.4 B, 2k

PS5 IELPE RN AR XM 2 DL KR E RS
S BB T RN FISWELEL oIt kA
SAS6.12,SPSS10.0 K B 7= ¥ 4E 4k ¥ DPS %4 it F

25 {15]
= o

F2 IRAPESCHREATREXAARBRAGRTAR

Table 2 Second-order regression orthogonal rotation design for heavy metal combined pollution of red earths

e HF e 4k 18] B 1%t 7K F Design level (mg kg )
Experiment factor Space between -2 -1 0 1 2

Cu 100 0 100 200 300 - 400

Zn 200 0 200 400 600 800

Pb 200 0 200 400 600 800

Cd 25 0 25 50 75 100
BENSEEN SR IR, B LIRS
2 BRGS0 RBRAE(ELRITE) 2B ER, F

21 EEREASREARMMENEHERARE
Thek & Bt 1E 4R ) B3R B a9 & 51
REAREER, UL RBEDEAERUR

LR SAT E 3R & 0UEE bR S B N T (Y T R
AR MNMBESEERBITEMNIRMEDESSE
BB EBON R R T A B R R
MAEDEEREREDESEESEaHERT
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hit Z (8] 347 2 5 B3 43 0, 15 T =2 18] #4 $ 2 A
Basim&3 ME 4R SBEAFRETREE
PEIWES fTH L4 FhE & IR B & 19 X 40 & IR f i
BRI A Py B B BN PR IR PG R DL R A R
MU A= 4 B 7% D RE 1R85 1 (AWCD) 1 2 BE M 48 FR
(H)R S ma k5] 1 & #E KT (p <0.05),iXx £ b
RSB S ERT IR RS el
AW A, 10 BB LAY a] 0T R R BE 4 i Rz i iR 2L
BESRE G50 S H M Y8 bR e A9 A

%3

] AR ok U 4 IR 75 U AT RS PR AY A
FEE L R 3 2 T IR R R g R] T
R EERREREATILAH.CD. Cu & +IE M4
Py i M B VR T RE 22 0F 1 0 5 R 3 A e B K OF .
MM Zn W AT Hok B % K20, Ph T & B 4 it
FLIEA —SE R W 5 46 b IR A B B A0 7 AF
R Bstal DL, Cd F Cu S 52 e {8 8 20 358 ROE 408

YR VIR T BE B R R Rl TR

NESES

R T HESESHEVEYERREEFUN S TERARH

Table 3 Multsvanate regression coefficient hetween metat contents and soil microbral biomass, metabohe activities

2L Red clavey earth

Do Il 1 5% 8

2EFPIE Red sandy earth

Partial regression /]y i §HE LT T 18

LNl

CURAT E 1t

coellicient Microbial biomass carbon  Basal respiration Metabolic quetient Microbial bionass carbon Basal respiration Metaboliv quotien
X, 90.88 0 1200 0.0013 58 14 0 0848 - 0 00147
X -7.52 —0 0055 0 00006 -7 11 - 0.0064 U D000
X, -372 -0 0035 0 00002 —4.59° -0 0042 0.00002
X, -163 -0 0007 0 00002 -1 3 -0 0013 0 00000
\y -7 69 -0 0056 0 00005 -7 48 -0 0068 0 0VV6
Xy -0.75 -0 0011 0.00000 -1 86 -0 0018 0 00001
X3 -212 - 0.0006 0 00004 -1 28 -0 0013 ~0.00001
Xy 0977 0.0006 0.00000 1 67 0 0015 - 0.00001
X7 201 -0 0018 0 00003 -262 -0 0023 0 00003
X\, -2 34 -0 0022 0 00001 -2.92 -0 0028 0 00001
XX, -0 57 -0 0013 -0 00001 -1 79 -0 0016 0 ODUOT
XN, 0 24 -0 0001 ~0 00001 -1.63 -0 0015 0.00001
XaXy -4.10 -0.0016 0 00004 -250 -0 0023 0 00001
LY -0 88 -0.0011 -0 00001 -182 -0 0016 0 D000!
XsX, -1 74 -0 0022 0 00001 -29] —0 0025 1 00001
A 6 20 399 529 7 69 510 8 34
Test value
@ FA Ak p i 0 0005 0.0052 0.0012 0.0003 0 0015 0 0008

Markedly p level

Xy Y

respectively

XKoL NGLXG 5 & Cu.Zn . Ph.Cd 945D Noter X, is intercepts X

Xoo Ny, Xy os the coding value of Cu, Zn. Phoand Gd.
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Table 4 Muluvanate regression coeflicient between metal conteuts und merobial numbers and functional diversity tdex of muerolnal commumty i red vanhs
bl | % £L 1 Red clayey earth 2 fbiie Ki"l *“"dji‘mh -
Partial regression 2 1 R 1194 B i Shannon 45 o {8 ig #0 e Shannon 15 #
coeflicient Baeterial number AWCD Shannon index Barterial muimbet AWCD Shannon index
7 7”\7'1\77 - 553 8 0.4250 2 458 : 363 1 o ‘;)7 1508 - ! 1711777‘7 o
N - 54 88° -0 05007 -0 27507 -34 937 -0 017 - 0. 1067
X, -35 1y’ -0 0308 -0 1475 -2527° -0 0083 -0 0792
A\ -9 186 - 0.0042 —-0.0433 -7.170 0 0025 0 0075
\ - 58 047 -0.0508 -0.2875" -36 127 -0 0150 -01292
\y -13 96 -0 0092 -0 0781 -21.19 0.0029 -0 0131
\y -10 43 -0 0017 - 0.0606 - 14 50 0 0079 0 0344
Ny 8 415 0 0071 0 0144 7 568 0 0092 0 0231
\F -21 48 -0 0167 -0 0968 -25.51 -0 0021 -0 0406
AVAY ~-26 97 -0.0250 -0.1014 -1297 -0 0150 -0 0913
AAS - 17 69 -0.0113 -0.0175 -4.088 -1 0025 -0 0250
A -2 808 -0.0001 -0 0125 -4 727 0 0075 0 0538
ASA - 14 86 -0 0125 -0 1438 -3 449 -0 0025 -0 0188
ACAW - 18 71 -0 0138 -0 0363 -4 oyl -0 0075 -0 0425
ANV - 2454 -0 0225 -0 0850 - 10 33 -0 0100 - {) NR8Y
F
- 428 278 505 248 320 o 83
WEHK ¥ (i
}.0037 0 0068 0 0016 0.0427 U 0045 O 0011

Markedly p level

X MG X GG X B8R £ CulZn Ph L Gd 4B Note: Xp 18 mtereept; XL X, o,

respeetively
22 EEREAP/RNOABMEYEERE#E
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Hhy 77 B b B b o DR [0 U0 R BB KN TT LB U L 4
Pl B R JC 2 1 VA I R L 40 08 SR 4 O M A
T8 N RE £ R Y B i KON SR R F R BN Cd >
Cu>Zn>Ph, "KLK Cd>Cu>Zn> Pb, i It 7]
R Cd,Cu SCRIG G, g AP 1F & — kIRt 41
WA FIR B R, R A ERITE SR
ERmRh BN SRMITRATF. Mit— £ W
BAE & 8 TR R M B 2
[ A KV (R B (= ) A8 B B 4t 15 4 — 41 iy
P i PR, B0 Y, = By + B X, + B, X,?. R AR
UL TEREARBEELRTE K P HBMEE -2
2 O T TR A 2 e A A B A
B 2 i), AE -2 TR S, Cd,Cu #HiE
LTS TAE W F B FE R A &, Zn

N s the coding value of Cuy Zu, Phoand G,

RZ . Ph B0 B 3 L 76 2D W b 3 M B R
L H A Ph TR AT EPEU 8, — A T REIX Cd
CuZn )R &R FERE 1 Ph B3 1 B AT 8k, 8 —
TEWATRES T8 Ph & Cd . Cu  Zn JCE BT (E I
SRR X—HRNREHRITA 5 Tl — B
B, e & G5 Y B i 4 8 5930k 9 BV A
KHEEFRH C.Cu BILRHGE KK Zn B E

MIET 3 FIE] 4 n[ 81,5 4 o — 400 it b 3
L S BE &35 40 I (L Fe B 7 # % f A
TER R B 328 £ 7 13 1) 1 ) RIS 7 PE L £ P =
400 mg kg™' Cd =50 my kg ', IF A Cu 17 {L 155
T8 Zn<400 myg kg I 20 R B AR B A B
BEE Zn KF MRS MO0, Zn 5 Cu 1AIRY 5 B30 15
XEO A W A ) B Bk L B 1] LA Zn > 400
my kg ™ R A A 0 B A TR 0 4 P B
TERCILIE 3A) 5 fE 7Zn =400 my kg ™' .Cd =50 mg kg ',
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) #1818 Red clayey earth ZLRbYE Red sandy earth
3— 120 - 80
put 100
=
2 4 0} a ——— 60
% g 60 1 —0—Cu —O—7n 40 ¢ ——Cu —O—7Zn
Ey 407 —A—Pb ——Cd 20 | =P —*—Cd
5 B 20
.:g 0 | IR N [SUU U TSN Y N ! SN WU (N SN RS SR NN T R 0 S IR (DN NV [ VS NN SN SN T S SN S SE S S S
5 =20 -15 ~10 -05 00 05 10 (5 20 -20 ~-15 -{0 -05 060 05 10 15 20
=
= 41 # % Red clayey earth 41H5E Red sandy earth
oh _ 012
@ 0.14 L
> 012} M 0.10 ]
5- g 010t 0.08
c g oos 006 |
=& D00 —— G —D—7Zn 004 | —o—Co O—in
$4 0
£ 0'02[ — Pb e Cd 0.02 —A—Pb  —»—Cd
o 0.00 —Lt—t—t e d 1y gy a5 000 R e = B
g -20 -15 -10 -05 00 05 1.0 1.5 20 -20 -15 -10 -05 0.0 05 10 15 20
K
B4 /8%t K F Design levels of heavy metals (mg kg™') H4 R %K F Design levels of heavy metals (mg kg™")
B 1 EERE AT RS 4055 A& Py & Ak B0k 5 7 0% 1) 8 IR 3 380
Fig.1 Effect of interaction of heavy metals on soil microbial biomass and basal respiration iu red earths
§ 800 4L %8 Red clayey earth 500 41HYE Red sandy earth
E) 600 400
=h 400 300 c 7
—— —{0—Zn
\ég 200 Cu n 200 ——A——Pu ——Cd
£ 8 —ee 100 b
E§ J;n;lngbl J ICLdJ I | I S E—') 1 1 [ R R Bt 1 ) 1 L 1 1 | S N N |
3 0 0
= -20 -1.5 -1.0 -05 00 0.5 1.0 15 20 2.0 -15 -1.0 -05 00 05 10 15 20
g
@ 0 41# 8 Red clayey earth 02 £17bYE Red sandy earth
0.5 ‘
04 02 gf:tzﬁaﬁh—i—qgsﬁfﬁiig
= 03 : 0.1
S = 02 Cu —D—Zn —o—Cu  —O—Zn
(=4 .
2 & ol ——Pb ——Cd 0. ——Pb  —x—Cd
Q}_O().l.JLl.AlLJ;.J+1.4|LI;- 0.0 T SR (S R (SN SN N TR NN SR (R WU N GRS SN S S |
-20 -15 -10 -05 00 05 10 15 20 -20 -15 -1.0 -05 00 05 1.0 1.5 2.0
4T3 IE Red clayey earth 4T Red sandy earth
35 1.5
T
< om & 1.0
E T 20
E 2 15 ——Cu  ~O—7n ——Cu  —O—7n
52 10 APy ey 05 —A—Pb  —%—Cd
5
e 8'0 B IR S WS RS N T NN N S TR N TS IS TS S R I O.OALALllllJLLI;l;Illllll
20 -15 -10 =05 00 05 1.0 15 20 -20 ~15 -10 -05 00 05 10 15 20

2Bt KFE Design levels of heavy metals (mg kg™)

& 2

BEEB Wit K F Design levels of heavy metals (mg kg™')

FR IR AT Yoo £ S8 4 BRBCRE B A R T T RE B R ) B R R

Fig.2 Effect of interaction of heavy metals on soil bacteria numbers and community diversity in red earths
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JFH Cu FRTERIEBL T Pb 00 A X 40 25 TR M 4 9 4
MEBRBETLEHBH M RERERA DS
Ph 18] 19 32 50 T BB FE7E (WL 3B) ; 7€ Zn = 400
mgkg™' \Pb=400 mg kg™ ', HH Cd FENERT,
AEBPHEDEYBKEEE Co WRIE 38 mw £ 3
THRAS,HH S CddRBSERNERRNELE
ik F (WL 3C); 7E Cu =200 mg kg™' . Cd = 50
mg kg "R T, %4 Ph < 100 mg kg™ "B, 41 # B ik 4
VLY BKBEE In KFHBEH AR, XKL A
fFH3, 4 Pb> 100 mg kg™ "Bt , L HRMEYWEY R
BRBEE Zn WM N2 T, 0 Zn 5 Pb (A
REHBG R K EBAER (WE 3D); % Cu =200
mg kg™ \Ph=400 mg kg™ ', HH Cd GFLEHERT,
LR WY BBEEE Zo YR 18 0 B,
HER CARBERATHEHMAYADEBRTRE R

s
- A

BIR, 58 Zn 5 Cd ] #9288 K B Rk i hi e A
(JL® 3E) ; %€ Cu =200 mg kg~ ' .Zn =400 mg kg~ ', I
H CdFIERELT , Pb TR BMA R B B & X
AHBHMEYEYEBREBE ™40 B K s8R
HAER B In 5 Cd MM LR BEABEUHE
HWHR(LE IR, NE4TTUEL ELBEA TR
TawRMAY YRR TR HRE AV
2L BR Zn-Pb TR A7 7E 2 5240 (LI 4D), Ho A
ALY E IR AL S R L VB AR L
23 ESREA/TRTARKERETFNAOME
MR ESHERRT
EREZITLEAS B - ERE FHRT H
—MAEYERSESERERGITRMRXR, HEFHE
BEYRIGETHEAE S, LAY ELE R R 2
LR ESRISEW, 50— 5 M R B M

B3 EEREI AR E I M B W B T 5 R

Fig.3 Effect of interaction of heavy metals on soil microhial biomass carbon in red carths
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B4 BEEREAFREMERCDRMEY RN ETEEBN

Fig.4 Effect of interaction of heavy metals on soil microbial biomass carbon in red earths

iEm LU HFEE -EWER. FTHRITLE HWRAEFERFINTEH L ROEHEY ¥ E
EeREATERSITEMEYRENELRR., HBEHEAINPHILINIREBIMGEEHEMEYF
AMARZEERDEALREEBEEMRITN HHRDSEREYERT)  REFLAHELR
THEERRERBEASETTHMGBE RS, £  ZAEREE.

RS EEREAF/ATUARRMENERBEFIANBFUERTMAEETRKE

Table 5 Eigenvalues and percentages of factors in red earths polluted by heavy metals

THRAL WH E—E R B_EMS
Soil system Item Principal component | Principal component 2
$5fF 18 Eigenvalue 8.31 2.12
OTHRBIRASG
FEFRBE % of variance 75.57 19.24
RCE soil system
BAEFZH#E Cumulative % 75.57 94.91
4R LR Eigenvalue 8.97 1.00
AW+ EAL -
FZET#ER % of variance 81.52 9.11

RSE soil system
BB ZFEE Cumulative % 81.52 90.63
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PR AT I A Y E 1 AR 9 E RS AT R IR
SHim. NERSATEM, AHR AR T REEY
EHRHE - TR T ERREDHNN 75.57% .
81.52% % —EMA T ETMRELS AN 19.24% |
9.11%,MEE— F_ETRITHBERFTEZTMEE
5 94.91% 90.63% , MIFERF AW, 4 RR
HEFTEBE KT 85%K, Bl al AR B RAELN
TREL, TLA®E - £E_ERFIEAIMEEH
R ARBESBEEABRTAEEANBEYR
HEREN, B ERSARBEEITH,F—EBTE
BT i AR 4y B R R U A R [ (AWCD) R
FEERE - ERAMNEEE R LIERERIPR RAE
BEREAHWERGE BEMEYEHELERINA
HAMBETERTETSANAEMAEYEERENS
— B _FERIHE
Y, = 0.325 5X, + 0.326 6X, — 0.102 3X; + 0.252 4X,
+0.265 6X;5 + 0.334 7X, + 0.336 4X; + 0.311 7Xg +
0.325 4X, + 0.331 5X,, +0.323 1X,, (1)
Y, = - 0.199 1X, + 0.226 0X, + 0.617 5X; +
0.458 1X, + 0.429 8Xs + 0.141 8X4 - 0.063 1X, -

0.068 4Xg — 0.178 2X, - 0.154 5X,0 - 0.220 8X,, (2)
M, =0.317 4X, + 0.317 8X, - 0.294 3X; + 0.312 6X,
+0.247 5X; + 0.294 9X, + 0.328 7X, + 0.318 8%, +
0.293 2X, + 0.281 4X,, + 0.301 6X,, (3)
M, = — 2 805X, — 0.279 9X, + 0.422 4X; + 0.156 4X,
+0.502 8Xs + 0.161 8Xg + 0.029 3X; — 0.004 6X; —
0.390 2X, + 0.337 9X,, + 0.306 2X,, (4)

P L BB A BAE WA M OB R T RE B R MR 2
EHHMRA LR ERSFEA).(2),BRILHRL
MMAEYERGERREPERESN ERE, Hh
FEWAHE RN R &R A BERE #7132 (A 5 B
). HERK CKGB7T5)AN] %, BT AL
PIEHREXE;1.18.20.24 B L REHK N | 2,
BT B 0 MR R S K O A X oAt B
YA T2, B A G A 48 A 0 0 T AR %o 30 K A9 X 3o
)3, e T WA W is R E 2 3R A Lk
EEAFTEGB) .4, BAATRLBHENFEEER
P EHEANERIME, F EFRMERDREH
ARBEEFETHE HEREIISARNI L BT
BEMAESEEREAXE;1.18.20.24 5+ #13
EHNE,BTEEMEDER PSR XE;H
fih B IT A 12, B A 8 B A 0 P A X AR
R, HEXE T WAL ETRRABRFEE L

BEKNEPE XTHEERNEELRITRADY
RHMAEYEERBEEWZ AR R LA
W, REYU FMRARMEDFEEREN T LG R
AL, EXPDESREAERENBEEERT , LRE
SMEYERFTURELRESREATT RN
BAEREMESCRB R L EARREBRNEYF
iR, HEB—ROE AHRWELBRESTER
WHANRERN, EHFETHELESHAPILMER LR
(I H X+ 58) i — 5 B iF AT £ AE M A S
Bt

Wi s RAR L A, IR MY ERESE
SREASRZHXARY., 4BR ADRTE
—XfHL Ry AR B (CV1) A9 AH 36 R 84 5135 0.885 8,
0.932 8, Bk B EKF(p <0.001), FELLHEAE
YiE e R B ST R M AE Y BB AR
W AEESEERPEFEEAMERICR(CHM
WLE(C), EEERISR L EAEHEITFNH
RIfEP RITANEIREBREESZRBIBTER
BB OB 1 5 , M 75 Y TR I I 4R AR B, [RI B
R FE 5 A X SRR F IS R IR E & B bA
BEAITESIEM . NE 6 Pl LLE H LR
BAES—XTHREBTREME X RUER(CV2)H
ENALRTE LFEAENSHER, KB 7 H#HR
NTETESREATRMERE,

3 4 #©

EEAEREZG T NHA4EESKFRE
ZRHEHHAA R TR NESRESITROE
AEWEIEERBEE N EHEHT THR, K
BMToELER:

1) CuZn . Pb.Cd ESBE AR MO ML
MIEHERBE DRSO A B ERRE
FEHEKF;Cd.Cu MWL AT AT AW HEIBIRH
FEUHREWBARE,Zn KZ ,Pb WE B/, H H
AW RPRABLIES .

2) 54 B AHEL, ELBE
AERAHE RO R DEYEE R EEES
BEE B9 32 M8 3 A {30 & Bt TRT S 6 A AT TR) B
AR RE AR BIER .

3) HERS AN EELNAESEEEY
EHERmERTFH BRI RESRE SRR
M AENEERERARAERE TN REL S
FK BRI -
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Fig.6 Canonical variate analysis between heavy metals pollution and soil microbial activities and community diversity in red earths

4) EF BN, ARMEYERESES

BERZEXERY,F— R TEHHEXRLK
% 0.885 8.0.932 8,354k B E /K (p <0.001),
HESRBAABRSAEMEYHEERAREN
BERIFEILH

£ % X W
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CHANGES IN MICROBIAL ACTIVITIES AND ITS COMMUNITY STRUCTURE
OF RED EARTHS POLLUTED WITH MIXED HEAVY METALS

Teng Ying'?  Huang Changyong' Luo Yongming® i Zhengao®
(1 College of Natural Resources and Environmental Sciences, Zhejiang University . Hangzhou 310029, China)
(2 State Key Laboratory of Soil and Agricultural Sustuinable Development( Institute of Soil Science, Chinese Academy of Sciences) .

Soil and Entironment Bioremediation Research Centre, Nanjing 210008, China)

Abstract An incubation experiment designed by second-order regression orthogonal rotation was conducted to study soil
microbial activities and functional diversity of microbial community in red earths polluted by copper, zinc, lead and cadmium
compound state. The results showed that soil microbial activities and functional diversity of microbial community were inhibited
very significantly or significantly by heavy metals compound pollution. Moreover, soil microbial biomass carbon (SMBC), soil
basal respiration and functional diversity of microbial community are very sensitive Lo the level of heavy melals pollution. At the
same lime, the relative biological toxicity of heavy metals to soil microbial parameters were in the order: cadmium > copper >
zinc > lead. The results of canonical correlation analysis showed that the first ( r =0.885 8) and second ( r =0.932 8) canoni-
cal correlation coefficients were significant, which suggested that there exists a stable feed-back mechanism between soil microor-
ganism and heavy metals contents in red earths. The main factors analysis opened out that the lotal microbial ecological index
might be a useful parameter to assess changes in soil quality with management of these highly conlaminated soils. So it is feasible
to use soil total microbial parameters as primary biochemical index to evaluate the effect of heavy metals compound pollution on
red earth environmental quality.

Key words Mixed heavy metal pollution; Red earth; Microbial activity; Functional diversity of soil microbial communities



