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15 K b BRI 5 p 3 AL G R R R ER A Y R T
BEE M. Wb O KA B A R A
X S LKA I BHOCR AT B RS

VS 5 Y A 38 AN USRI P R, AR s o A IR
5 YL A T ¥, PR TS e A B
R R, W KRR S, ATk
PRE B IR . I B R A Sk . B
PR ER L . R IBERIR I . AR W ¥t 30k 0 7 25
v U BRI TR R 1 ELA A R A
A HIRARES . BRINRSRR R T B AR . AU AT
A0, (A2 XK IR AE 2 R G i IR . A3t 5
B WAE . EARI A, (H 552 SN IR
R, WURARAE . HABE AWK, BB SR
HAPRBOR T . AR S, CIRRIRIRTS
PYRAME T k2 —. HAET, ERESMEE
T e T AR Y, B A P
RAFRE S, AT 28R AR . Wik, A
WA BEIRE N PR AT AR B R AR 5 b

S0 B R U R L X 32 A0 B 1 SR TR
AT YA A . WALIE i 28 (0 5
610 AT K AR R O B, I, T
S B LK 5 e i 3 TR B S bR a2
T BRI TR 2 45 P e AL By Al 28 0 - 5t
T 0 BRBORLAS AL . T A 5 (0t 3240 B R
SEFFI ST R A B LK A TS
ey T BIWFFE R A UL . PRI, ARG e 5 T K T 3

i, WETE3BI A AR A A T R S AR X R A
MA (TN) FLERE (TP) B RBRECRE X R4
AR AR RS2, DU SO AR B4R
H A

1 MRS .

1.1 HmRERMAE

M 55t B2 bR R F EE D b X4 A T AR A
JURESREA (J,p) o RAlRd] (Tf) T4
(Jys ) 33X 3Ff EL AT AN [A] U1 B Y S 0 8 40 1 7
AN S A R B E R ILR XXG A, &
THMERBALZONAERATERTEM XA A
R XK AR R EARL X, Eabk
PIREAMEI0 cn A FHBIX . BURE G ZBR 28 5
WAL A 22 T, IR —F o BEA R S AR B K2 cm
Ze A 0 /N B A R B Y M T, R R R
R B — o B R BT B E XA T
Ja, OB, 60 H T, YEE mM R . SEERE
FMRH S AR AE MR R 2R . 28 ApH, &
FAL S 35 S10,. ALO,. CaO%, A f8hr
WZ W R BT SRR ) P AT I
GE L, AR, HEEUKEER B VE R KRS,

WithpH. BA (TN) | & (TP) 4351°88.2,
1.86 mg-L™", 0.16 mg-L™'. #tiEI K AMUIEE

JEWI D ERAL, KRG ~ 7 mib, HAIMRpH. TN,

AT AE B S . AN i T 3R R B TPAr5I 7.0, 2.53 g'kg™'. 1.29 g'kg™'.

®1 WA SENERERMEEZLERS

Table 1 Basic properties of the parent rocks

B TN/ TP/ Sio, / ALLO,/ Fe,0, / Ca0 / MgO /
Purple parent rock (g'kg™) (g'kg™) (g'kg™) (z'kg™) (g-kg™ (g'kg™ (gkg™
I,p 0.215 0.572 8.0 653.6 138.1 20.1 273 5.8
T,f 0.147 0.483 7.8 544.0 151.0 48.0 63.2 18.3
Iss 0.236 0.502 8.1 603.4 145.9 20.5 35.1 5.6

W Ip. Tof. JisKTNL, TPAMRIER /R E SR . ©AlE . BT AR AARBA . B8, TH Note: Jyp, T,f, J;s, TN and TP
stands for purple parent rock of Peng-lai-zhen Formation, purple parent rock of Fei-xian-guan Formation, purple parent rock of Sui-

ning Formation), total nitrogen and total phosphorus , respectively. The same below

1.2 ERAIERE
BE121°CE5E R 25 min J5 3R A [ £ 61
ARESY (Lp. T.f. Jys) 4008 T30 14) 20 L

BRI, BAIAL kgL @bk, A
15 LA RAER G /KFE, SERUIIASE M E
BRI A S E T2 000 cdYEiR . 12 h LR EHH .
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25°C FMF TSR, BAUA KBRS LA A
BEAENZHME (CK) , BMGHIRESR .
I W T KT TS omAb SR FH T W ik BORE I 1 A
KAERTN . TP, RIS A e, 38 g i = H 453
B KR, TR AE YW iR g i i2 ( PLFA )
53T
1.3 BELERE

SR AT R4 (CK ) . K 4
(I,p)  BAleERA (T,f) . BTFEE
(J3s) o RHL1S LI HBEEH (4220 cm) 1EH
JiE e 2 S LA B R A, FF 1 LERIRA S
CRERAEFIMRTRE TS50 L D3k, I
AT AR S ) BB SRR B R a4 H &8 H
T S48 R AR, RV R R B R R R
4 cm. ZFPAMAJETR GG A1 LE
BTK, AT TEA RN 2R AL RN S500 gxd N
s ARE, PR T W A A I A0 LR
TR E R AR SR A D (202 1) CRREE
F5, B3R ES . JFENTKIE TS emikk
FH 0 W 3k BEORE I 2 B A KARTN . TP, LU E I
BEARRAFE IR RS CRAIASBSEH) o KR
TN. TPEJAIEI% (Q,) iHEAR:

A, ONIKETN. TPREMMIIGIR, %; C,
C. 7 AR CK M AL FRAE v B AEKARTN . TP [k
B, mg-L™',

20 dJ, e S A A 2 A KA
T BRI A YW RE Bg Wi f2 ( PLFA ) 4347,
WCERSE KRS, Zebi DI E R, WEIR R
TR U U E R IE W AR AR TR ( PLFA ) 43#7 .

1.4 FBWHMsZIE

e il e B RSB M0, 0.5, 1, 3. 5, 10, 30,
50 mg- L™ R — S0 VA TR KR PR VA . MR
FRECEE AR 0.5 g T50 mLEg LT, finA25 mL
ANTRL Ve BE ) W R — A RIS TR . SRR AR A U, fER
Ew [ 200 rmin™', 25+ 1)C] 24 h J5, 4500
rrmin ' B.08 min, B—& R H0.22 pm JE
JBE, 0 E PR TN . TPHREE
1.5 BERHRMNE

B200 gid i (0.25 mm ) fEAFRIREER A, N

AHA 1T LEEFRBER T, 100 r-min™ 310
min, M E TREAAREET d. E-EGTES D
FH0.22 wm JEMEEIR . A R I O6 g
(Agilent 5110, EFE) ENER BB, Ca.
Mg. Al, Zn, Fe, Cu, Mn, Mo, NiZ oM &
7
1.6 A%

JKPRpH . TN TP 4 I8 € Z AR 77 #EAT
5 o

BENE NG BR ( PLFA ) 2 HridE Wy BETE 4544
KL A PR 56 v A A Ah BE 2H 4 B2 LK RE R AT
A P RE VR S50 53 Bt o 7 a5 A BRI op R b B
H o A LKA ] 50 g e b AT i A W ik vk
SER T . KRR FHEEBR AT AEUERE (0.22 pwm) Hi
UE, KRS R B IS T R . Ak, HRfE . %
BB V% I 3R A% L ALEE & o K RS U B R AT 4R
B, Ak HERE . AR OB VR S AR AR L ALRE
oo A @IS (FID %%, Agilent 6850,
) BN IS UTER ( PLFA ) MRy, (i
k. HP-54F (25.0 mx200 pmx0.33 pm) ,
PERERL wL, ZWikb10 1, #AH,, BWAE
4N, BHRR =R, k0.8 mL-min™'; ALE IR
JE250°C , K5 iR )E300°C, H:HjE68.95 kPa,
JiE A TG EI30 ~ 600 JEff bb s R AR AR
170°C (5 min) —260°C —310°C, #E#51.5 min.
& L3 6 W7 2 38 3 MIDT Sherlock il 2 1 % 5 &
4t ( Version 6.1, MIDI, Inc, Newark, DE) ¥
1Fo FRUESE T 35 EMIDIZ | (4 C9-C2011 i 115 iz
G, PLEFAHIC19 : 0 fANAR#IPLFA R4 %] &
e
1.7 BRI

K HSPSS 17. OFRAF ) B K 5 22 43 A1 4% Ab 31
6] ff) 22 55 . M . R Excel 20031 Origin 8.6 #X
AR

2 45 R

21 FRLEBAAXTREATL

Pl Lahy 1) T 58 €0 B8V 25 B % /K AR TN A 1Y
SN, BERSHERS , AN TR Ab 3 AL K FETN 25 BR R 1
S Hrp, ESREARERE (Jp)
X AR TN 25 B 2% Wk 35 v T HA AR B, 1717 55 SR 27
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2 5% 0 B X TINRE T 400 1 S8R e e (il Rk
59.7% ) , %7 L EE A RE T TINRE T %) 100 i) 25 R
W (MR R42.8% ) o ASIRAL B 7 s KR A
MR FERCRANTR] o A BE AR 3 5 e 32 S 4 vl
FHEBRKIRTN, i s 2R bl A o EEH; FIH
REAVETE 36 AR SRR RS 25 0 S I JE TN Y
REHC .
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1

ORI (a) SR (b) XK MACR R ZBRECR

Fig. I TN removing efficiency of the rock relative to treatment as substrate (a) or cover material (b)

22 ARELEAXTERBETL

FIFH & b A R L O, A T 0 IR 4
HAMZETHE O S XTTPE’J%[K{F}:*&JA%J:
Tt KA L AR A X TPAY LB R B % BT,
15 dJi, R EOREXTPHRBRFREK (X
FREHR62.30% ) , CAlIDCHL 58 (8 b5 X TP W bR

R/ (EBRRK341% ) (K2a) . FIHEGOL
AR TS AR, 3 Rk X U T PRE B 41 i
RAAEBA KK YR EA . 20 dE, 3R

g e CK a

= 4

=

3

% -

g £ , . . .

™) 5 10 15 20

BfE] Time/d

HEky#Pt]=Z The inhibition rate of TP/%

7 B AR RS TR TP 1) 7 K A R T A I i R
EEMEARIK s Tf (94.4% ) >I,s (91.3% ) >Jp
(88.8% ) ([#l2b) . ULHI3M 5L (0 b5 VR 7 56 b4
B AT A B R TP I B AR, Ho,
AL DG ZH 5t B B I IR ] A o RT3 A 5
B BT R KR TP Y BRSO 22 Rk, 7%
SEFH AR R A R B AU 1 R BRACR s TR 3
Fofr 2% €0 B 25 A B 35 B4 R ISE XoF JEC 118 TP A I %) 390+ 35K
RYE, TREES.

——*
75+
50+
25+
0 L 1 1 L ]
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BfE] Time/d

K2 SEREAEIENEER (a) SR (b) XKR BB RACR

Fig. 2 TP removing efficiency of the rock relative to treatment as substrate (a) or cover material (b)
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23 ZHEHELETRER. SBNHMEFSLE
P13 Ry 3 BEA AL R KAARTN . TP AW B 4538 it
L, mEAL, FEMEREREB (0 ~ 20 mgL") ,
3FPER (o BE A X TN . TP AR W B e 459 Bl 5 0 oA B8 11
T MR, Yk B (20 ~ 50
mg-L™") , TN, TP7E3IF L HEE 1 W B 12 i
TP, Hor, 3 RE X TN B I B i /NI
J¥ R Jip >T\f >Jis (El3a) 5 XJTPRYE R K/

S M TP adsorption/ (mg-g!

T 0IST w g a

& ° Tf .
% 0.12F 4 Is

2

§ - [ ]
£ 0.09f

B . .
£ 006 «
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Z 003 o a
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& w
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SE#TYR A Equilibrium concentration/ (mg-L)

iR Tf >Js > Ip (KE3b) o R Langmuirfil
Freundlich W45 7 B X) 3FP 28 8 b 76298 K i
FEN RNV I R AT AR LG, R B3 R R
A XT TN B 475 Langmuir AlFreundlichM fif 45 7
BRY (5R2) , URBIA I3 AR5 W B AR TN [ s
TEAE R4 T I BRI T BR > o 3Bl BRI TPIY
W B HE 84 & Langmuir W B S5 RAR RS (R3) , UiAH
3FPBE U B A AR TP A LB 22 55— W B R 3 5o
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<
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S
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030 -
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K3 SOMAMIETFEA (a) o BB (b) MHEEE M
Fig. 3 Adsorption isotherm of TN (a) and TP (b) on the purple parent rocks

R2 ZMEERSERMBEEFELERSY

Table 2 Isotherm models and parameters for TN adsorption of the purple parent rock relative to kind of the rock

e Langmuir Freundlich

A

R 9. =bq,C. (1 +bC,) g.=kC."

Type of purple parent rock

qn b R’ k n R’

Isp 0.259 0.022 1 0.996 0.009 1.433 0.992
T,f 0.188 0.023 4 0.989 0.007 1.456 0.986
Iss 0.108 0.047 4 0.990 0.008 1.715 0.979

TE: qe qu o700 T B WL K IR R R B, mg-g™'s COMNPAr B, mg L™y RENARMEMEREG bl k. n 4y

HHEEW, FA Note: ¢. and ¢,, stands for equilibrium adsorption capacity and asymptotic adsorbate concentration, mg-g™'; C, for

concentration of phosphorus at equilibrium, mg-L™"; R’ is Linear correlation coefficient; and b, k, n is constant. The same below

R ZHEESENMESMFRELARESY

Table 3 Isotherm models and parameters for TP adsorption on the purple parent rock relative to kind of the rock

Langmuir Freundlich
LKA
. 9. =bq,C. /(1 +bC)) g.=kC."
Type of purple parent rock
qn b R’ k n R’
Iip 0.619 0.046 0.996 0.038 1.558 0.985
T, f 0.767 0.057 0.978 0.056 1.61 0.933
Jss 0.663 0.058 0.992 0.05 1.639 0.961
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2.4 ARILEAAN ARG HEMEFEEBHFN

27 A [a] S5 LK A B 7 300 2 48 P AR W
A AN . AR LR, MR G
FARIETUN , R TR B AT . FOR S A g
Y3mhdede; MRS G R ER MR, RS
H SR I 21 200 TR S ECTR 2 RN A . R S R
B, AT, B S @R A VR T n] e K
RANEE . HE AR o, il %
[ERE =R ) |P/ U TR S P /R L 2P ()
AR R ICEHRAPCR . RS AE THEE
BRSO R 2 S0 5 8 K AR LR R AR B )
T 32 S BAL A 55 (B2 X R MR L S A s A K
fre st .

QIS URS SR (K ¥ p e PRI T N

HR T BOKARAN B AR K, TS [ B 2 35 R X
Je BOKAR B 2 R AN . Rl el bk
X AR AL A K AR VE B3, SRR B A K T
WEEIRIVER . SR RE T UL o R kT R
2H S 3 AR AVR R G B A o A0 S 2 B K A L
(4) o K IR PH 2R Gt K 7 55 kb B AR Goh g )
S0 2 7y 30 8 A B 0 IR AR e 5 BB KIATN . TP
Er TR S AT, R BRI T R S KR PLFA
18: 047 10 Y 4H TR % 5 5 /K R TN £ 52 i 35 TR AR OC
(P <0.05), BEBAMRGNR K EHEK AT
PLFA 16:0f5IC A A & 335 EAKIRTP S it &
WEMME (P <0.05) (F£5) , o] WAE L H
RGP AR R AR B 25 5OKIATN . TP AR
Kt

R4 FWMHLERGRMEMEE

Table 4 Microbial community in the system relative to treatment

A LT KA S
As cover material As substrate
JiEJESediment/(nmol-g™") /KA Water body/(nmol-L™") 7KKk Water body/(nmol-L™")
MTE HIH MTE EH g HIH I B

Bacteria Fungi Bacteria Fungi Bacteria Fungi Prokaryote
CK 43.06 +0.07b 5.56+0.10a 64.08 £ 0.10c 2.31+£0.03c CK  4.99+0.02a 0.00+0.01a 0.00 £ 0.03a
Iip 63.50+10.02a 2.76 £ 0.05b 73.68 £ 0.02b 3.86+0.07b Isp 5.01 +0.06a 0.00 £ 0.03a 0.00 £ 0.02a
T,f 60.90 +0.13a 5.46 +0.08a 86.93 £0.07a 1.97 £0.04d T,f 39.40+0.15b 1.33 £ 0.04c 3.13+£0.07¢
Iss 61.03 £ 0.24a 0.00 +0.00c 80.82 £ 0.02a 4.17 £0.05a Iss 5.00 +0.05a 0.53 +0.02b 1.44 £ 0.05b

W FAIAFRVNG FR LR AL HL ] 22 57 B 3% ( P<<0.05) Note: Different lowercase letters in the same column represent significant

differences between treatments

®5 BHALBRZPHMEVSKERRE. RBSENHEXM

Table 5 Correlation analysis of microbes with TN and TP content in the water relative to treatment

B R G

As cover material

FLJF AL PR R 5 As substrate

JIEU8 PLFA F7ic
PLFA sign in sediment

JKIK PLFA Frid
PLFA sign in water body

JK 4k PLFA Frid
PLFA sign in water body

16: 00 18:00 18:3w6c (6,9,12) 16: 00 18:00 18:3w6c (6,9,12) 16: 00 18: 00 18:3w6c (6,9,12)
ki SENGS
TNAH  -0.731 -0.011 0.38 -0.648 0.034 -0.365 TNAH  0.729 0.892* 0.681
Kt Kt
kb G
TPH -0.912% -0.054 0.523 . 0.172 -0.281 TPHH  0.666 0.428 0.672
Kot " Yot

* P<0.05. (DRelativity with TN in the water, @Relativity with TP in the water
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25 FRIBERHABRTRESE

mEeins, 3MECARBETHKITEN
FRYIRR . Hp, ESRBA R O SR R
Ca, Cu., K. Mn., Mo% A k54 WLAR G 1)

T R T AN SCH AN R T A A R A R
& T 45 O A B I BRERAL B, Ca, Zn X4
FICERSN, HARIUR G BRI TEREA K
([BSAESuRN 3SR

*6 BERHRTITESE

Table 6 Element contents in the parent rock extracts/(mg-L™")

JUZ Element Iip T,f Iss
Al 0.121+0.01a 0.132 +0.02b 0.191 +£0.01c
B 0.001 £ 0.00a 0.005 + 0.00b 0.015+0.002¢
Ca 8.162 + 0.08¢c 6.458 + 0.08a 7.508 £ 0.006b
Cu 0.005 £ 0.00c¢ 0.011 £ 0.00b 0.001 £ 0.00a
K 2.771 £ 0.06¢ 1.532 +0.02b 1.023+£0.01a
Mg 0.901 £0.01b 1.807 + 0.03¢ 0.4827 + 0.04a
Fe — — —
Mn 0.044 £ 0.00c¢ 0.005 +0.00b 0.002 + 0.00a
Mo 0.019 £ 0.005¢ 0.004 + 0.00b 0.003 +0.00a
Na 1.011 £0.08b 1.478 + 0.09¢ 0.892 + 0.05a
Ni 0.065 £ 0.02a 0.065+0.01a 0.065 +0.03a
Zn 0.002 + 0.00a 0.004 + 0.00b 0.004 + 0.00b

e =7 FIRAKMEINote: “—” represents not detected

3 i ®

WL K AR S A AR BR8 B A WL IR 4
eI T AR AR B A P A R T B T B
H T IRAR IR BT B b S AR, SO A 5 i)
BUH 25, P, BFAAT 28 R0 SOK R 4b 2
B AEERE . AHIEGE HE PR 5 DT 43 A s BB 4T 1
3PP AR A VE AL BT R, o3 BRI 5T R 45 Bk
A T B T AR X S K AR TS Y i VA BRAICR .
S5, JCI RIS R A B T 7 55 AR
YT ROR PSR AR R BTG Y . R R VRS T
B, RSB 5 A B A XK IRTN . TP A BRAUR i
U, BB R4S 1% . 62.3%., Wix|LrFss )
ot kM, TN, TPHE S5 H1.9 mg-L",
0.16 mg-L"BF, F) FH KSR 3 A1 Rl K Ak Bk AR 5 by 3
JEXZKARTN . TPHY ZBRH551821.56% . 60%.
VLIHFE R AR TN . TP B — S0 S kb PR ) A ] 4% 1%
T, R SR 55 (BRSO B 6 KR U
6 HH KR 55 R R SR R K A T R A A R TR 1Y
RO . A BEA VR S A R, 3RS T w b

BT RTETN . TPREHC A 306 Z6323550% . 85% LA
I, UREHRI 58 €0 Bl VR 2 A RE AT A5 S
TN. TPRIK, HAFEEARCR —3, e R 52
B2, R 7 A R A VR R 7 55 R X
TETNBE L A A RAL A 12.86%1%38.30% 5 XTI
TPREH M 2% H71.08% K% 84.34% ) KL T3
T2 RE S XS REJE TN . TR A9l 28, ] 4
ORE 5 S 55 RE AT A 80 RS U8 T e M BRI

ARWFGE B, FIH G R A V5L o ol 3 55 4 )
BIRe A S0A BRSO K R AU VS Y )8, X T REAH 45
FHEA A SR B ERE o 3 o 2 I 3R AS TR B
KARTN . TPAYWL B 45 £k, IR FlLangmuir il
Freundlich M [} 25 9 75 R Xt 3Fh 48 (0, 1 45 76298 K i
BER RN T e B EAT AR MRS, R B3 AR
BT TN A W B Ay 022 3 - W R 0 2 1 2 e, %
TP B 28 Ry B2 0 F WL B . 3T RE A X TN 2
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Effect of Using Purple Parent Rock as Substrate or Cover Material on Removal
of Nitrogen and Phosphorus in Landscape Water

Abstract

HUANG Xuejiao

FENG Mi

( Key Laboratory of Soil Multiscale Interface Process and Control, College of Resources and Environment, Southwestern

LI Zhenlun XIE Deti’

University, Chongqing 400715, China )

[ Objective] The subject of how to construct landscape water bodies for reshaping

living environment is getting increasingly popular among scholars. However, most landscape water bodies

are closed or semi-closed catchments and easy to get polluted by external pollutants from agricultural

wastewater, ornamental fish excretion, and atmospheric sedimentation and eventually eutrophied. Often in

those eutrophied landscape water bodies harmful algal blooms, fish kills, and many other related problems

occur. The primary cause of landscape water eutrophication is the excess of N and P in the water body. Thus,

reduction of N and P in the water body is the key to control of landscape water eutrophication. [Method]
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Samples of three kinds of purple parent rocks (Peng-lai-zhen Formation (J;p), Fei-xian-guan Formation
(T,f), and Sui-ning Formation (J;s)), which are widely distributed in Chongqing, were collected and used
as substrate or super stratum in a simulation experiment to explore effects of the purple parent rocks on
landscape water purification. Isothermal adsorption tests were conducted to determine physical adsorption
abilities of the purple parent rocks, separately. Microbial community structure of each treatment system was
analyzed with phospholipid fatty acid (PLFA). [Result] The following findings were obtained. The three
kinds of purple parent rocks, when used as substrate, varied in total nitrogen (TN) and total phosphorus
(TP) removing efficiency, with J;p in the lead. However, when used as substratum, they effectively inhibited
sediments from releasing TN and TP but to a similar extent. The isothermal adsorption tests show that
TN adsorptions on the three kinds of purple parent rocks were all in the form of monolayer adsorption
and surface adsorption, and TP adsorptions mainly in the monolayer adsorption. Among them, J;p was the
highest in physical adsorption capacity and its maximum theoretical adsorption capacity of TN and TP
reached 0.259 mg-g"'and 0.619 mg-g™', respectively. The use of the purple parent rocks as either substrate or
cover material altered the microbial community structures of their respective treatment systems. Compared
with CK, T,f and J;s as substrate promoted significantly growth of the bacteria, fungi and protozoa in the
landscape water, while J;p did little the growth of water microorganisms. Used as cover material, all the
purple parent rocks promoted markedly growth of the bacteria in the water and sediment, but varied in the
effect on fungi in the water and sediment. At the same time, number of the bacteria (labeled as PLFA18:0)
in the matrix treatment system was significantly and positively related to the content of total nitrogen in
the overlying water, while numbers of the bacteria (labeled as PLFA16:0) in the overlay treatment system
was significantly and negatively related to the content of total phosphorus in the overlying water. Moreover,
the rocks also varied in release of trace elements. J;p released more Ca, K, Cu, Mn and Mo than T,f and J;s
did [Conclusion] All the findings demonstrate that application of Peng-lai-zhen Formation purple parent
rock as substrate or barrier material could effectively control both nitrogen and phosphorus pollutions in
landscape water, which is attributed to its high physical adsorption capacity. Furthermore, releasing of trace
element from purple parent rock during the treatment process could alter microbial community structure of
the system, and hence affect removal of TN and TP from the system.

Key words Purple parent rock; Substrate; Covering; Removal of nitrogen and phosphorus; Trace element;

Microbial community structure

(R1E®WIE: HRA)

http: //pedologica. issas. ac. cn



