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Influence of the Application of Non-Hazardous Sewage Sludge on the Evolution

of Soil Carbon Pool and Carbon Pool Management Index
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Jian-feng'”
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450000, China; 3. College of Environment, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: The products of non-hazardous commercial sewage sludge were utilized in the accordance of the national standard in the
experiment with sandy fluvo-aquic soil under wheat-maize rotation system during 2013 to 2015. The experiment focused on the effects of
the use of non-hazardous sewage sludge on soil carbon pool and carbon pool management index to provide theoretical and technical basis
for the resource utilization of non-hazardous sewage sludge. The results showed that compared with CK, soil amended sludge
significantly improved soil total organic carbon (TOC), soil microbial biomass carbon (SMBC), labile organic carbon (LOC) ,and
dissolved organic carbon (DOC) to 8.40-14.74 g-kg™', 164.45-257.45 mg-kg™"', 3.58-4. 88 g-kg 'and 81. 16-101. 58 mg-kg ™",
soil amended sludge significantly enhanced SMBC, LOC and DOC by 84.00% - 188.07% , 26.26%-58.03% , and 109. 58% -
185.39% (P <0.05) respectively, and 45 t-hm ~* sewage sludge (W3) had the most significant impact on soil carbon pool. The soil
microbial entropy (SMBC/TOC) , and utilization of labile organic carbon ( LOC/TOC) increased by 8.02%-2.77% and 13.75% -
46.48% respectively, and the utilization of dissolved organic carbon (DOC/TOC) significantly decreased by 153. 45% -195.40% ( P
<0.05). SMBC/TOC, LOC/TOC, and DOC/TOC declined in treatments of soil amended sludge due to increased application of
sewage sludge, which indicated that soil amended with 45 t-hm ~* of the sewage sludge improved the content of stable carbon resulting
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in the decease of the ratio. L and LI decreased with the increasing amount of sewage sludge indicating that soil amended with 45

2

t-hm ™ of the sewage sludge improved the content of stable carbon and was conducive to the accumulation of organic carbon. Soil
amended with sludge significantly increased carbon pool management index (CMPI) by 153.45% -195.40% (P <0.05), and W3 had
the most significant effect on CMPI. Compared with TOC, CMPI could be more sensitive and direct to reflect the dynamic changes of

soil nutrients and carbon pools through the correlation analysis and redundancy analysis. In summary, the application of 15-45 t-hm

sewage sludge could significantly enhance the soil carbon pool and carbon pool management index, especially 45 t - hm ~>sewage sludge

(W3).

Key words: non-hazardous sewage sludge; sandy fluvo-aquic soil; soil carbon pool; the utilization ratio of carbon; carbon pool

management index
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Table 1  Content of heavy metals and organic pollutants in the test non-hazardous sewage sludge/mg-kg~
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Fig. 1 Content of different forms of active carbon

in soil of different treatments
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Fig. 2 Correlation of the components of soil active carbon

pools and soil total organic carbon
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2.2 e HICE AT e Xt R PR A AR B

Hi 3 AT, Bk PE R A (CPL) W1, W2, W3 4b
PR S ETHE T 52.69% | 103.23% 1 167. 74%
(P<0.05). BRPEIGIE (LYWL, W2 23148 CK 435
WETE T 66.7% F167.8% (P <0.05) , W3 4b 3
5 CK LR EER. WEEEFEE(L) W1, W2 4b3E
B CK BT T 31. 1% F131.0% (P <0.05) ,
W3 4P Y] CK To i % 25 5. Bk J5E 45 B 45 5 (CMPI)
W1, W2, W3 2bFE CK 43 3 35 T Hm 1 153.45% |
164. 27% F1195. 40% (P <0.05) , Hir W3 &b B4R T}
BRI, BEE T W1 A W2 4B (P <0.05),
FWTEA AL & =R p v B 1 F i s A F T
PRHHEZ CMPL, Horb 45 t-hm =2 35 PR 8508 B o W
. FANEH CK #9 CMPL KT CK,.
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Table 3 CMPI of different treatments after continuous
application of sludge LOC/TOC -}\-‘]
oy 5T i T i ek 155 T HE K SMBC/TOC W 1..
e WREEREAL BRAEIRRE BRFEIRREERRAL R HE
© o (CPD) (L) (LD) (CPMI) ’
= W2 e
CK," 1 0.52 1 100 S . DOC/TOC
Z CMPI we )
CK  0.93d 0.45¢ 0.87¢ 81.11c s ' fa)
e DOC !
Wl L42c 0.75a 1. 46a 205.57 b S SMBC % 8(K
- - CK
W2 1.89b 0.59h 1. 14b 214.36 b TOC ) /
L]
w3 2.49a 0. 50bc 0. 97be 239.60 a , CK
w3
1) K, BE% LA o
. I -15
2.3 AR TR bR R FE R ST
o -15 20
FRr A R R (K 3), PCAL fig i B PCA1 (72.72%)

72.72% , FE5 TOC, + 315 Mk % 415 (SMBC |
DOC F1 LOC) . CMPI #il DOC/TOC #5454 X ; PCA2
fEf@ P 21. 85% , 3% 5 SMBC/TOC A1 LOC/TOC 1§
FRA . PCAT FEARRTG IR AN [R] Ay it HH o, i 3k
15 Vit FH 5 A AS ] 45 4 X 43 JF o, AR Ay i S e 1
Jite AN [R] 295 e Je - 3 e () AR 1k
2.4 TIETE R PEAS AL A B PR A FAR Rz 1a) I
i AT ROR Z )0 AE e

MF4 7] LLE H, LOC, SMBC 5 DOC Z 8] 7§
FE A S 2 AR DG DG R | U0 HH I M B P2 45 40 0 AL A7 AE

3 TEAE T EREEREER S
Fig. 3 Principal component analyses (PCA) of soil

carbon index from different treatments

M HFEALIEZ ; LOC, SMBC, DOC 5 A, |, A, Z A
WAHAERE LR, M5 A, R BEMECR, 3
B A, J2 32 345 Btk 12 25 2 40 720 A 5 i A SRR
#B4%; CMPI 5 LOC, SMBC ., DOC 77 7E 5 i
KR MHE A A, A, HAFTEE W FR Ui
B 2 A8 B 5T A Ay oz e ik P2 A A o fe R
GGREEg

R4 TEEFUEBESAS . RETEEERREEUEZANEXREY

Table 4  Correlation coefficients (r) between different components of soil active carbon, CMPI and the carbon utilization ratio

LOC SMBC DOC CMPI A, A, A
LOC 1 0.974 ™ 0.924 0.974 0.27 0.486 -0.881™
SMBC 1 0.927 ™ 0.903 ™ 0.079 0.391 -0.920 ™
DOC 1 0.876™ 0.138 0. 381 -0.729 "
CMPIL 1 0.607 * 0.633" -0.790 *

1) *JP<0.05,* %} P<0.01

2.5  HEARERT S R R AL B TR T

TR & X (K 4), RDAL BE fif B¢
70.69% , = E 5 AK, TN, AP, pH I NO; #5irA
X RDA2 REfiFE 19.24% , % 5 NH, FI C/N 4
Je. fE AK, TN, AP pH 1 NO; $8FrIFZIH T, JitE
FHTS IR AL PR CK AbBE AT LAAR S 4% X 43 TTF, 53
A it FH 5 e A 5] Ak B AH B 22 8] 4 BB Bl B 48 b X 43
FF. R H RDA 4387 v &4~ IR Bl i B 19 7 ik
I AK fE fife B T BEAK EFR AR 284K 1Y 69. 6% (P <
0.01),TN Reff R 5o E 48 bn 2 1b 1) 68. 4% (P
<0.01); AP BB B S0 F 5 b 1L 1Y 62. 8%
(P <0.01); pH fig fift B 1+ 58 o % 48 #r A2 1L 19
62.3% (P <0.01); NO, HeffRs - Hemk F 5 4n 281k

[ 60. 8% (P <0.01) , BB et H ek 28 1 + e 7
A 5, 1T RE S 25 5 ) - IR AR A 2 .

3 g

3.1 it JCE ARG Y XT3 1E PR 4 4H 43 (1) 5
TG A AL A HLER | AR ML AL A )
x5 A MLER AR e e B 2 b sz e £ 398 i I T
RO, RIS % M ML 20 73 A g A 21 58 v g Lok
TR A R A L AR LB, A
MLAE AN MLAE - AE %) e A Jite AE X 32 & 13 LoC
MIVE BB Al AR A S o 12 2 KA HLICHLIE
BHAC b6 7T 4% 7 + 8 SMBC. DOC 4 & DL K&
CMPI'> >0 AW & Bl O E A5 e 5 , -3
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1.5 AK: 69.6%, IF =229, P=0.002
TN: 68.4%, I'=21.6, P = 0.002
AP: 62.8%, I = 16.9, P = 0.002
pH: 62.3%, F = 16.5, P =0.002
NOs™ 60.8%, /= 15.5, P = 0.002

v
LOC/TOC

5 CMPl =W pH

& — LOCyar OIS e AR
= DOC’, 4 e

< |SMBC 4

8 TOC

3 RDAI (70.96%) 0

P 215 Sk R R EHAL IR 7, Horh TOC f8 LB BLEK
SMBC #8 T B RUEE SRR, LOC {8 1358 5) S AL A LK ,
DOC 45+ HEnT @A Lk
B4 TEGERRS TEEBLERNTRS N
Fig. 4 Redundancy analyses (RDA) between soil phycisal and

chemical parameters and soil carbon index from different treatments

TOC. LOC ., SMBC ¥4 3 Tt , HBGH 5 e A1
K, BEHITCF 4615 e AU RE A5 48 i I A L
JoT g, 1 HAL RS B i HIRETG PERR 20 43 % 1, Bl
TR, XM Antolin %51 4L 3 a fEM
Hh 96 it FH PR 42005 T 86 &5 Pascual 4577 fE4E +
bt PR AS V8 1 28 P B 3R il e i A e 4 2R — 2
X JE R TEE A TS I8 b & KA SR TR Y o, 22
TN A AL B B B P A /N JBORE , BT LOC
B2 [mF, i1 oK 5y S A HLB Y 3 45 TR
WA TR SR BERE YR, (e dF 1 4 rh - YRy
A I Bvs e B B T HERE AR IS A R Y R
Y, FEAGIEEA TSR O 3E T s P Ry R
Y. JF B, LA HLRE A5 TT Al DIAR e 1 o
TR LRIE R RE . AR50 X 52 R vb i 4, FE A 4R
RV RE ) s, e T e 19 b B BILT &5 i
ERAIN AT LASR 25 R K IR B BE T BRAR T V0
{1 X%F SMBC 1 LOC 3k , AT $i 5 1 it H 75
ALERR) SMBC F LOC & i, BLAh AT 2 & E TS
Vet N1 i T e 4w 5 1 BN 23 IR SMBC
() F i 2 EEARTR S IR RIS, F %
SR NESE 3 a EALAEE , 20 5E 0 T
JE SRR, A FE T W3 b PR 4 1 4R S ik
F 4 KAH (Cu 28.97 mg-kg™',Zn 75.95 mg-kg ™',
Cd 0.25 mg-kg™', Cr 69.60 mg-kg™', Ni 19.67
mg-kg ™', Pb 19.73 mg-kg ", B AL T H K £ R
BE AR GB 15618-1995) , H AR (E 45 + HE R

HA AR EE 3 T, (E R 0 /N F HAAh 2 Ao
rhxt SMBC 1 B il /5 FH B9 5 42 J& 25 1=, 4 Charlton
VR AE KIS RO T 4 od S RA
it 3 mg-kg T A MY . IF H AR
R IA LB W3 Ab 3 SMBC o, 5 254 Jin 5] 5
KAEL, T AASHIGE it FH 15 ~45 t-hm V508 7E 704k
P ol O 2 e b A R g D O Ga ot /L | I IR (YA

AWFFEIER], DOC J& 3 A= ml B Y
AHUBRIE . A KB, 75 JE Bt A 25N T
T4 DOC MY i, ORISR H B0 R
T KA DOC I Hojiti V5 Je #2551 - HE A £ K 44 e
AE1 B T X DOC AR, I T A 25t 2 w5
T+ DOC &, HjtiH 45 t-hm > V5t DOC %5
30 t-hm V5 IRANFTC i 35 22 5 | SO R O3 KI5 e
Jit T - S rh AR R AR G WRCR ] TR A
DOC, 53 it F 5 U T LA S 35 1 va 400 o 1T s 1140 A
Yyt 25 i 4 21 DOC.

A2 FETERE A o
T HLBB BT 5338 LG P %) 246 T W R (A R 4
TR PR L. T 380 M o 5 1 38 A WA 7
SRR OGP | DR SR FH I e o B A WL By
SREFGHR T LT bR 38 G WL B i 22 5 6 TR 11
S R R (SMBC/TOC ) AR Ak s e 1
g A A BT 1) A ) A R ) B A K
R R AR RN S 6 A LR A [
ECY . RS A AR LR A AR (LOC/TOC ) 1 —
SERREE I AT DA e 4= 39845 MILAs 1) o o AR R
12 LA v 7 A AL R 5 9 U W oy i b L
A SRR s FBIN 2R 3R LR R
ERGBAEY TR ST IE A HUBA SOR
(DOC/TOC) S W T 38 Hp £5c 305 BRAR 43 A Bk i A
BUBR Y L8], A A /N 4 398 v A= 0 b2 s I 3 S
R, AHEWTE LI, S AR AT
BN 3E LOC A RCR UL KA. AFsR R,
it JH 75 Y85 4% Ab B+ 38 LOC/TOC L K SMBC/TOC
B CK WA A mlad, Hrh wi, w2 B, x5
Sciubba ' 5] FH PR 4075 PR R A7 18 06 A #0F 9 45 2R —
H. X N—F 5 A & B 5 AR PR
B BT RE e T A AL S R AR
T RIERE Y AR SRS T RUEE Y R T
VORI X SMBC A LOC B9k 5 —J5 i, i5 78
T AR WA 8GR A ) RS RS AL R 8 45 T A A R A
IR AL RE I, B A KL (BRI 5Tt % Bt
FHY5 IR 34 431 DOC/TOC %8 CK ¥ 18 FH AR, X
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F2 IR R it 75 T8 A Ak BEAR: K MR E T AR D
R A T R A AR A 4 o R ) A A K e
TR A ] T 4 £ 19 DOC, 5 8035 U it 1 5
DOC HYA BRI CK FEAIR.

TAh AT I8 K Bt 5 e kb B 43 1.0C
DOC A R0 N A W I 2 5 10 vt P o 1 1
KT /N, 3% S B Ry ¥ U it FH S B9 48 K B R
SMBC. LOC, DOC fy#ax} & w4t 17, (HH A &7
AT 2 R A 1A LT B S B, S SO A
XF LB R AR B AR VA D e 15 e TP A LB Y
TEAS SRSV 22 5 W58 3R W15 Ve 76 4 S HE AL 2ot
P A MU A0 R T 3R PR IR TR &R
YR AR %S P JF B K HEAR S U8 it
W, R4 R B A A ML R R, s
WA E SR (CK: 55.34 pS-em™'; Wi
71.42 pS-cm™'; W2: 80.73 pS-cm”'; W3: 86.78
pSeem '), BEAK 13 pH (CK. 8.90; W1 8.56;
W2 8.40; W3. 8.07), X ELIRBEN &R 45 ML
AR A AR T BTN T A A TS A T Y
g, S HE U E W g PERR AR, NS — B
AR BT 38 35 8 1 it FH 2 T DA fofE 9 o fin AR
BRI AP I AE.

3.2 JtiFHICE TS TR 4 R 2 A B B
SRt

- S A R R A AR B e T R R
()3 BRFE B, 136 BB, 38 HILAELS) 9t A
it - IPERR 2R AE B AN R SR S S ARl A
Jtix IR g | MR Sh A AL R R 0. AT
Y45 T, ¥5 Uit FH AE i 3 2 = -3 CMPL, Hop
PUJitE FH 45 t-hm {5 R R . BHEE G R
FHAR B 38 K it 195 R 2 B 48 L R0 LI SRR B
W3 B AT W, B K5 et FH = &l e
AR MR FH R T P A AL o B, (A5 g
o A & LI, A R T E e, X 5 Lk
R BRI - 35 AT BORAE e V5 Ve itk FH kB0 iy A
—3. XATRESE I R dr EE IR fE , A AL
JFi %2 I MERR SRR TR SR g R A e R4 K
REER I 0 S i we = A RD 31 5 N e N
S BCHR T B SR I TG R AR, AN, Ao
FHFIE K BRAUME Ak AR B A S L A PR AR B T
BT AR ST A B — SO 25 R, R B CK A B
BRPEAS PRAE B R 81. 11 R T2 % TR F CK,
(B PEAS HRFR EN 100) , 3 2 PR Ry K 30 it FH 4k 2 e
B SO S T AR T TR 1 PR 2 53 T L

ANT A FE R 2.
3.3 I VERRPER AR T A . AR SE MR A
IR I3

H 3 o A R A T et S RE % Wt 2l
TR PERR AR AR B9 B O ELAS R 9t R
ot e S AN TRl 9 AR A, X 20 th T e A &
AP BT DA K A SR i 3. ARG PR A3 A AT A
SIAT AT LAFE HY CMPT 5 S 4545 A HE AL
PR AR AR OCSC 28, U] CMPT AT RAAE A )
e 5 B PR A 2 A S ) AR A o R
(R AR, 3 1 24 S A58 7 K RS A 1 il F 90 2 2R

(1) Jiti F JC 5% 4k 75 V8 fig 0% 2 2 15 m TOC |
SMBC, LOC H1 DOC & &, H.KE % 15 Vet FH & 1 3
KGN IR A ROR 4 bl 5 ¢ FH 2 34 K i b
A, VAR e it A R T 48 - B S AL AN
AU TERR R A i, IF L KI5 R FH 8 & T
TR A AR B A AT YD B 4 A R Pk Y

I

(2) KEFALTGVEMEHIJG , CMPIL 7E W3 4b 3§ %
TN LB 45 t-hm {5 R XFHE T CMPI 2L
SR

(3) ML SRR 2R 25 473 | R 3 A S8R B Y A G
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