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Effects of Combined Application of Slag and Biochar on Soil Properties and
Microbial Characteristics in Paddy Fields
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Abstract: Paddy soil has many kinds and large quantities of microbes, which will drive soil organic carbon
mineralization and hold organic carbon pool. In this study, the paddy fields in Fuzhou Plain were used as test
plots, and three kinds of treatments, such as biochar, slag, and biochar+ slag, were applied to determine
the effects of applied treatments on soil physical and chemical properties, microbial quantity, and organic
carbon content in paddy fields, and the microbial role in the stabilization of soil carbon pools. The results
showed that: (1) The application of slag and biochar could increase the quantity of microbes in paddy soil and
the ratio of fungi/bacteria in soil, which was beneficial to the stability of soil carbon pool, and the effect of
mixed treatments was more significant. (2) The three application treatments significantly increased the
quantity of fungi and fungi/bacteria ratio in early rice jointing stage, and the fungi/bacteria ratio increased by
0.016, 0.015, and 0.018, respectively. The bacteria quantity was increased significantly. The single application and
mixed treatments of biochar increased the quantity of aerobic bacteria in late rice jointing stage. The mixed
application treatment significantly increased the quantity of aerobic bacteria in early maturity (p <T0.05).
(3) The slag application treatment significantly increased the soil DOC content in the early rice maturity

stage, and the biochar application treatment significantly increased the soil SOC content in the early rice
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maturity stage. The mixed application treatment significantly increased the soil SOC content in the early rice

jointing stage. Soil DOC significantly increased in the late rice jointing stage (p <C0.05).The content of

organic carbon in the early and late rice jointing stage was significantly higher than that in the maturitystage.

(4) The physical and chemical properties, microbial quantity, and organic carbon content of paddy soils were

positively affected. The soil of early paddy soil was significantly negatively correlated with soil MBC content,

and it was significantly positively correlated with the quantity of fungi (»<C0.01). The soil moisture content

of late rice was positively correlated with DOC, aerobic bacteria, facultative anaerobic bacteria, and fungi.

There was a significant negative correlation between MBC and anaerobic bacteria (p<Z0.05).

Keywords: biochar; slag; organic carbon pool; microbial quantity; physical and chemical properties; paddy

field
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TR b R RS I - MBC & 4> 3] R 401, 429,
351,321 mg/kg., FL A XT B b | AR W o L TR e Ak
P FE H A MBC &% & 43 %1 24 203,180, 150, 210
mg/kg. B 5 AW it N X AE B 1 58 MBC & &
TG W L B JE AT LUE RS 38 MBC f i ]
TR,

2.3.3 eI LA W LI IE B A AL (DOC) & &
B Wl S AR RN AL B AR R AR
DOC & WK 9, 78R AFA K 2, 35050 W3 i, e
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R R A s TR it AL BEARS I+ 8 DOC & 4y
Sk 221,324,193,285 mg/kg, FLAGH XTI 4P i A=
Y R AL FRAS I 3% DOC & &% 8 178,211,
159,140 mg/kg, 7EMARE A1 2, $005 X IR b i
AW A e TRt Ab B B 3 DOC 7 &= 43 il

[=2)
[=3
(=3

B &8
=R AL

w B h
(=2 (=3 (=
[= [= (=)

T

+IEMBCE B/ (mg « kg™

4 180,227,200,285 mg/kg, FLAIIX IR p il LB
s TR AL BEAS T 4 4 DOC & 84> 5 4 129,152,
151,152 mg/kg. BJ AU o i e 2 36 v R RS 3L A
W] 45 DOC By & 8 (p<T0.05) , J6 A5 il Jn -t 4 1 e
T 3 DOC B 2E T (p<<0.05) .,

=)
(=4
(=4

(b) B A

(=
(=

B
(=3
(=

N W
(=S
(=~

—
(=4
(=]

+EMBCH &/ (mg * kg™)

(=

B8 HEMAEXFBHILTE MBCEEHEN

500

T+ HEDOCE £/ (mg » mg™)
[\]
>
o

(=3

W
(=4
[=4

(b) B7B

T+ HEDOCE &/ (mg * mg™)
[\*]
S
(=)

(=

9 HEMAEXFEELTE DOCEEREMN

2.3.4 A4 B AT AG W L3R A AL (SOC) A 8
Hoe YOS AW O N AL B AR R A
HLIK (SOC) 7 = WL IE 10, 78 R A8 A4 K 2, 4501 Wt
R A AR e R AL 3RS I 438 SOC &
B 16.98,17.49,17.59,21.32 g/kg, L2 *t
BE i 2R W o TR i A B R T 4 SOC & 48 23 3l
9 16.89,18.04,25.31,17.00 g/kg. 7&HEAEA K2,

35

E3 BT H .
0 F =3 oAnm 2 @FF :
25 1 e

[
(=]
: T
=<}
o
=<}
o

T IESOCEHE/(g - kg
S o

w

(=3

PTG B i 2R Wk 2R W e TR i b BERE
5 SOC & #0510 18.47,17.76,20.21,24.56 g/kg,
FLAHI X B b i A e R it b BERS T 43 SOC
S 15.15,15.87,15.38,16.29 g/kg. 5%
FAEE R AR T R it K L A A W it o 4+
SOC i B % T4 (p<<0.05) ., R TR i Ak B 7 —
SEFLIE Ll 3 SOC & A BT 7t es .

35 r

E3 ®W
=2 LM

(b) HFE

w
(=]
T

[\
(]

N
(=4

+IESOCHE/(g * kg
> &

w

[=4

B 10 FEMAIEXTFEETE SOC S 2RI

2.3.5 A atAg @ 3 EOC/SOC WAL 4 % vh

T HE EOC/SOC 1y LU {8 5 8% > S B 4 8 ik 2 1
FaE e, M 11 AT LIAE I 26 FORE A R 4501 1%
HE i AR W R TR A BE 3 EOC/SOC i 4 51
0 20% 521 %, 18% 5 19 %0 FLAVHI X IR it L AR W)
e R A B 4 38 EOC/SOC B4 518 14%.7%,
11%.12% . AEMREA KT, 30 B I bk B

# IR AL B A 3 EOC/SOC {H 43 14 26%.25%,
21%,20 % » FLEAASUIGT HE it A= ) e | TR it Ak B A
EOC/SOC {43510 27%,20% ,26 % ,22% .,
24 MHMAEFEHLITERFEEIRSHEDHEE
Pearson #8 < £ 4 #7
SR RS B A B AR M S R A oy S
YIECE Z R B SE R X HAE Pearson A &M 4 B WL 36
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KRR R

% 34 &

VRER 2, fERMEAERKRFEGER D, MH L pH 5 8
MBC & & 2 B 7K (p<<0.05) , 5 HEHE K H

BRI/ A RS 28 TE ARG (p<<0.0D) . R IH - 3Ee &
R LIRS A T R R B A E (p<<0.0D), F
35
R (2 B8
€ )
8 20 a
wn a
% s :
S 10
=
H 5
0 1 - 1 F-——- 1 F-——- J
7 R vabics EWR TR
B 11

TEMEAERKRFEE D HHEESKES -5
DOC & it R E A 0 £ ik &2 2 1F A G (p <<0.05),
55 5 G S TR R R L TR B B 3 IR A G
(p=<<0.01)  FEH + 4% pH 54 & 40w 5 2 B 3% 1E
X (p<C0.05), FEH L3 TR 1 EOC/SOC

H 44 EOC 5+ 4 EOC/SOC H{H & % & % 1F M
K(p=<<0.01) . IS 40 e B0 5 Lo /40 vl LU 2
FRM K (p<0.05), FEH MR AR S B E /N
P A 2 0 B 3 IEAH 56 (p<<0.01)

35 (b) B8
30
25
20
15
10

1+ #EOC/SOCH. i/ %

7 fn 4k 32 33 #5 B £ 38 EOC/SOC Lt & B 2% 1

Fo A S A B 2 A OE (p<<0.01), AF H 138 MBC &
5 8 DOC & & PR A 40 1 5 2 3 M ¢
(p<C0.05) . 5 4 B8 47 St v 40 i 5 TR AR 4 o B3t
R IEA O (p<<0.05) . 5 HC B Al i 5 W 3 IE M
X (p<<0.01),

*1 BEREIEFEHENBRSHMEYWEE Pearson HX
Wi H FokiE pH ¥ o EOC MBC DOC EOC/SOC  #FRME  KAHR Hi
pH 0.027 1.000
GRS 0.383 0.432 1.000
EOC 0.152 —0.022 0.064 1.000
MBC 0.029 —0.616" —0.212 —0.085 1.000
DOC 0.178 —0.034 0.197 0.273 0.158 1.000
EOC/SOC — —0.190 —0.102 —0.281 0.863°  —0.078 0.170 1.000
WEME 0144 —0.518 —0.250 —0.023 0.017 —0.446 0.061 1.000
R 40 0.234 0.457 0.739" 0.152 —0.,319 —0.279 —0.18 —0.202 1.000
H 0.336 0.731" " 0.488 0.067 —0.517 —0.01 —0.19 —0.052 0.462 1.000
HIA/ 0.348 0.869" 0.504 0.134 —0.457 0.246 —0.126 —0.612" 0.493 0.815" "
e ox FoRBEMK(Pp<T0.05); * » FRMWEFHK(p<<0.0D, TR,
x2 BBLEFEEINBRAMEDYEE Pearson HHX
TiH FokiE pH BER EOC MBC DOC EOC/SOC  #F8ME  KAHH HE
pH 0.317 1,000
MR R —0.028 —0.482 1.000
EOC 0.137 0.05 0.284 1.000
MBC —0.358 —0.073 —0.428 0.075 1.000
DOC 0.630" 0.203 0.234 0.259 —0.589" 1.000
EOC/SOC  —0.235 0.573 —0.726" " —0,083 0.102 —0.201 1.000
=] 0.741%> 0.606" —0.037 —0.184 —0.359 0.488 —0.127 1.000
KAME 0.679" 0.332 0.203 0.012 —0.650" 0.367 —0.178 0.658 1.000
HR 0.839" " 0.286 —0.042 —0.163 —0.166 0.524 —0.399 0.842" " 0.519 1.000
HH /N 0.381 —0.443 0.001 —0.019 0.257 0.214 —0.575 0 —0.083 0.538
3 3 PEPT L PR TR R R Y. AR
3.1 WwESEYREMXERTEEAERMZ MW AORE VBS BR R AE LAy AR A i B B
AW e ) o A i AR E T G R T 2R A R (8 DRI s i B A SRR IR SR ISl . K F
B — 2 B 5 AL MERE T K i, B R R GEER R B W 5 A R N A R A — o R



%13

FGE AT i A ) T %o e P L S B R Al A R AT B 5 341

- BEAE 5 ) R AL T A E S R AR
ARt N BE % oA - HE Y B gk b L R R SR R
R pH D F K. [FEF, Wang 25
I, bt 5 4= W o R A it B A5 R e
TR pH BEHE. T ERZREAEKTAENEE
Ui, T EAYFE AV BT a0 B8 pH L 5K R 5 R A
RAB S H ) e A Wy B AR B AR AT R L
2 - R B 0% A M 1 TS IR = AR Y HE
Y FEAHE ST L b i S A W it n xR A g
B oK R AN B S L TR 3 pH R T R 5 I AR
KW 55 AR it n A 45 RS - 48 pH B2 T
Tt T MRS 4 g R, LR A it hn 80 B
A . (R, 38 O A O M A b & B, R 4 g R Ak
PR 5 A A W K oy T I ik A1 53 A AR AR
3 pH A BT KT FK 23 %5 R 2 45 4 4 55 4
AE R A I R L PR i S A R i .
AR - A T A () B A A AR 0 A A
B A B e AR A A7 A 1 ol AR AR T EUMU A W
RCAS T by b R PR ) [ A A ek L )
Sxift— 20 AR A R I AR 1 .
3.2 WPEESEYREMNEHTEMEDHZN
T A Y B A B s A R 2R BT e R
FROR G5 L 33X BE AR W 1 A im0 2l 2 6 8 i B AL 1
J5 3 R T L E I R RS A A 0 R, £
BRI W 2 4 A ML 3 25 SR oA Rt Y 3
W A LR O i A AN LR R,
T 0 35 % R R R B DA Rk A A A B Y R
ANTR] S HAS RV A 9 0 AR 7= 0 A A 25 5 DRI, Tt
YIRS s SR S MU AR W A TG B . A A gE R
A A=Wy it fin S 8 43 Al T T R BE S O — 4
ANTA ] B2 FRAR s Bamminger %5 W58 R 3 K A2 )
it fin B A H 4458 37 K5, B /40 e T
Muhammad &% B 58 & B, Bl 2 2 4 ok it Jn 2 1) 3
s FLUE /AR LR A s B T AR it n s, 1
T 1 A /N AL R T A A5 b BB AL, AE 3+ e
S [A] oh  3EGOUAE W ) A R T R Y AR
. WA AW il T A Z2 AL W B A R A R
FREEE Z 555 MUAE A KR T R ENE SR
YIS, b A ALk Rk VS VBEEE T R,
BE R A W i AR R B AL T 5 B ST 2R L TR B, b i e
RS AN TR AR AR MRS
Jite 10 7 8 A H R M R 1 R B OR B AR i A R
P R AR B W R A R OT R L Ik, B g A i
ST AU A . FEARME S BRI T W

PR/ 0 B B S 3 T TR it sk SR e o L T
SRR T X — A, BRAh, b 5 AR W it N AE — 5 AR
JE S g R e e Y K s S A Yok
] BE A7 5 5 40 1 43 % BE e i A 4 LA d AR o
AR T - pH Bl A B AL R DT X A A
P 1 A A A A 8N
33 BEFYEMEATHEHIEREYERERTE

HHXR

A YR A HURR T Ak 1 3K Bl (R B
SR B PR I AR A T AR E T A
HRHEENEM, LS EMRERE P —2
B8] P4 2 A 2 Ak, B 9 R 4 R A AR 0 D 1 A LB
F I A YR (MBO) L 5 B AL S )k (EOC) FlE
il A B (DOC) B Sy - HE % 1 e 11 75 2248 4
REASAR A7 (1 B e+ 3o a1 Sy B b B T BRI
T4 W MR PR AE R B sh U R e 2 L S
WAL G B AE MR . B 3 M LR AR AE
Bk P O A AHAERR AR 26 T A A R A
FH . e 2 fee Pk S 48 Bk P T IR &
KFMRE ST B R AN AR ER R
e [ e 1 T) Bt BB - A e 2R 4 1) A o %
SIREERAH AR . BEgEN 8, b HE b i £ A
T8 2 B I 55 i Hb A= 2 7R 6 (8] A ik 58 6 5 A % )
M, e A Y R R R 7 A AL
[ R it AT HILA [ S AR h s EE A E,
AAFE S F B, R W VR 0 B A &5 R R
EACNNRIEIAN- R RTE 3 il 27 ORI E
Zhang E" ST B, - HERCE AT DL B 2 SR (R
B2 15 ) = HE A R L E T R T - 9 ML 1 R
2. Hn] L, R W E SR A Y AL AL
HMELBEPES T RXEELEMIEH. AR E
R g, s 55 A W TR 5 I, S A W 1 T
SEEAL T TR MR IR, s 5 A W e B it 2 1E
T W B A K A R LT R R 4 A BE T L e T
e P A AL BT 14 o A A R T 4R v T AP i
A BB L R T A AR R AR E
4 45

(1) Wit 55 25 W e it Jin 68 9% 338 Jin R H 38 4= 4
ok T R /A L AR T R P R e
P PR G e s SR O

(2) 3 it Jon Ak 25 R R AT 09 L TR R R L
PR/ 4B LA S 3 T R (p <<0.05)  Ho v EL TR /41 i L
4y 945 7 0.016,0.015,0.018, [7] B {5 1 A5 3L 24
IR S8 A0 T B N (p<<0.05) . AR W B — it
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% 34 &

o R v it Ak 3ol i R AR VT M A AR A T A B T
(p<<0.05) , ThJita Ak FH A 0 5 2L 28300 - A A i
FTHE (p<<0.05),

(3) i it o Ak L 00 R v TS FL AV 1 4
DOC )5 5 . A= o Jite Jin &b 3 3 $2 7 R FL A
4 SOC & 5 (p<<0.05) , TR it 4 B84 B R 4k 35 1
13 SOC & & W% b e fef 4k 79 1 +3% DOC
ETbE (p<<0.05) . I H H- B R B 50 A AT BL Ak 7 i
2w T LR,

(4) e HH - g 2 M L 2 A it B WL %
SHAME R RS E pH 5 5 MBC SRR R
TG (p <<0.05) , 5 LR B30 52 W)t 3 1 AH G (p <<
0.0, HifE + & /K E S DOC(p<T0.05) 1A 41 #
(p<<0.01) JRAANHE (p<<0.05) \HF (p<<0.0D) 2 B FIE
XK. MBC 5K A4 2 2 A E (p<<0.05)
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