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Abstract; Using the Fuzhou Plain paddy as the research area, biochar, slag, and biochar + slag ( mixed application) were
applied to the paddy before the transplantation of early and late rice seedlings in 2015. A no amendment treatment was used
as a control. To understand the subsequent effects of the treatments, the soil organic carbon content and the number of fungi
and bacteria were tested for during the rice jointing and maturity stages of the early and late paddy fields in 2017. The
results showed: The soil organic carbon (SOC) content of the three applied treatments was significantly higher than that of
the control group (P < 0.05). However, there was no significant difference among the treatments in dissolved organic
carbon (DOC) , easily oxidized carbon (EOC) , and soil microbial biomass carbon (MBC) (P > 0.05). Compared with
the control group, each application treatment group showed an increase in the number of fungi and bacteria in the soil to
some extent; however, the difference was not significant (P > 0.05). There was a significant negative correlation between

the number of bacteria and DOC (P < 0.01), a significant negative correlation with EOC (P < 0.05), and a significant
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positive correlation with MBC (P < 0.05). The fungal/bacterial ratio was significantly positively correlated with the number
of fungi and DOC (P < 0.01). This showed that improvement in the stability of carbon storage in paddy soil and the

increase in the number of soil microorganisms still occurred 2 years after the application of slag and biochar.

Key Words: slag; biochar; organic carbon fractions; soil microoganisms; paddy fields

St R i R G P R KR, AR R )2 I R Af B K29 7E 7.00% 10" —29.46x 10" g Z [H], (4>
BREl A 25 R Gt it i 2/3—3/4" ) L IRh A X AR A R T S R T N B K, RIS
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I ) JRUJE ) 5 M R0 B i DL R 3

AR, E PR RUE YR AR AR IR E YR SR o R A LT B AR R R RIEA L
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| XS TRATH TR A RGEIIISE . BT 0, AR SC AR S SR 2T 8 A T R IR SE X 42, ed3 2k o Ly i o
Jita S 3, B A TR R A W e B — it I AT it i Ak B XS AR AR T S0 AT S B I 2 o S AR A i K
2 I WA W5 - R 2 R P 2 AT (A A DG | Ay BH A A s R A 40 s T R L = B i 2R T A 2
ML AR ISR , XA A9 T Rped p= B 2 (G B A S ds 30 5L,

1 ARREHARAGE

1.1 WF5E XA AL

FET [F1) 552 56 75 R 4 R B e 52 IR K R T 58 BIr N 0E 4T (26.1°N, 119.3°E) | 1% 52 36 ik st S A7 /K F 1 7
hn® 2SR DX A ) YTIT AMSF BR A R 43S, A 5 e T b R — Bk 3—S5 oK, BRI 3 A 2
PR , SO L, TR BRI | AR AR K R 1392 mm , AEIIRN 19.6°C S50 F — R F LRS- W R -3 52 11
A RARAE K 4—7 A R AE R 7—11 AT,
1.2 i fin)

PR TR e BB AR, FEAH Ca0(35.7%) .Si0,(27.7%) Fe,0,(6.2%) Mg0(4.3%) .K,0
(2.7%) .SO,(1.3%) \P,05(0.1%) , =95 Bl s A B A K REREFF, R IR T VLR 48 BE o i 8 E R AR A TR
O] SR RARH RO e W it A TR R AR T 2%, 145 I BE S 600°C ,90min, EEEH C(56.6%, ik /4L, T
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[Al) N(1.4%) .P(1.0%) K(1.8%) Mg(1.0%) .S(0.6%) .Ca(0.5% ) Fll Fe(0.2% ) , ¥ Fl A= 1) e #i e i P
W%, pH 2359 (11.97+0.01) A1 (10.34£0.02) ,
1.3 SLmikit

i AR R A PR AL 2 mm GRFARERS) | FEKRERE AR Z AT — UM N 2] (0—15 em) BUBHE H 4P JF
HEATFATIRST . RN E 3 AN EE I 12 AKX BN IE R 10 m*BEHLIXAHES], &/NXZ I 0.5
em J& 30 em = PVC ARFETT, B 1E 4/ NX Z R HEF T K FUE SR TR 554 . ASBIFSE i B2t AR kL 52
A HE(N-P,0,-K,0,16:16:16) FISRE (46%) , INEAERS R AT — TN , BN 5214 42 kg/hm* (LA N i) 40
kg/hm*( LA P,0511) F1 40 kg/hm’( LA K,0 1) , 3 BEMRAERS R K ZY 1 it in , it in £ 53 3104 35 kg/hm?*( LA N
11) .20 kg/hm*( Lh P,0431) F120 kg/hm*( Lk K,0 1) ,FEAELER 2 8 JE St , w5 514 18 kg/hm*( LA N
1) .10 kg/hm®( LA P,0531) F1 10 kg/hm?( LA K,0 3) " o SEEG A% BBEE 19 £ HE A7 0 TAF DIRRR 4
35—, ARSCEG S5 2015 AFFL R R AS AR AR T EA T A 1 i % o A B JEG v A Ak B 4350 S %
FRZL(0 t/hm® HiE+0 vhm® B9 ) Wi (8 v/hm® B3 ) AWk (8 vhm® AEH ) TR (8 t/hm® § it +8
vhm? AW ) o A B (B 357t i AH [ i B2 A IEFIPR R . 2016 451 2017 AR AR T4 W ¢ B i (1) it
A 25 4 B2 ) St A [ 2 A IR RTR R
1.4 FEGCREE S E

G300 2017 A LRI I SRR Y] AR AR T DT AR BT R R b o3 S SR A AR AR AL
JZ(0—15 em) WY H3E, B B4 47 2 ISR = P B R R4, — o s % A R K
T, T BRAC AT, I3 — A3 A = 20°C B UKAR DR AE ] T J5 SLs A B . R Pl (SOC) Fl A
('TN) I 5 >R 1 - 3R BT 2 734X ( Elementar Vario MAX CN, Germany ) ; % fift A HLEK ( DOC ) R %851
JKIEHE, FH TOC-VCPH 43Hr {0z ™ s f A= 9 4= W BB ( MBC ) 75 B R AU FE 25 0.5 mol/L SR ERHIR $23%,

fi) AR, 5 BB (EOC) AR 333 mmol/L KMnO, B H @k | 15 R 3R 7 10
S, K ESR BT e e 4 R A S S 3 (2265FS, USA ) M52 . +HE pH ERHK £
T HER 51 FE AR 30min , B S S pH ¥+ PHS-3C, HRIE) WA , FUREECR T T b4 8 A A
BE(PDA) Hi 953 AMBHCRR LB BEIREE 738 AT AL A g L i i
1.5 HdsaHs5 a0

i ] Excel 2013 ,Origin 8.0 SPSS 20.0 #4748 b 15 43#1 , SR Excel 2013 T4 5 AR HH0 ) 35 (5 K
P22, FH Origin 8.0 #BAFHEATAE ], SR SPSS 20.0 Hid BRI 28 5 25 /0 oxt 38 e 21 43 | B A B0 | 4 P 5L
B AP T2 5 AT . FRBEIR T R HRRA S U AR HOAT DG 5B R SPSS 20.0 ()
Pearson A5 HT 41

2 ERE5S

2.1 WPl AR R N X e FH 3 MR RN A HLBR A5 1

A3 2017 AR BRAER T AR B ( RIp i 5 AR W et in b B 2 AR ) R HERE S I L1
AU BLER (SOC) K ftA Bk (DOC) 5 Akt (EOC) A=W A W) ik ( MBC ) S5 16 PE A HILAR 1Y 75 4, 25
KUK 1,

TG WK (SOC) Fian &l 1a Firor, X HRZH SOC & 5 Y- 341E 0 15.36£0.07 g/kg, § it jiti i b 2
15.96+0.30 g/kg, A=W hchita AL EE A 16.80+0.07 g/kg, IRMEALBE R 16.25+0.03 ¢/kg, MFHEFE SOC & =AY F
PIEARF |3 Rt insd BRASRERS e FH 138 SOC & o (H2 i Ak B AS [) /K et AR BT SOC 5 1Y 52 )
ANF, TR ], 50T REAR LG A s FR A L5 G TN T 4.28% F1 4.32% , ik B i 2 F (P<0.05) . 7E
RSN, 5% BEAH LL A AL B SOC SR8 hn T 13.43% (P<0.05) , TEMEASIRTT I, LE W AbFE SOC &
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Fig.1 Effects of slag and biochar treatments on soil organic carbon content in paddy soil
SOC ; 1A HLA% , soil organic carbon; DOC . i tE A HLEK , dissolved organic carbon; EOC ; 55 S ALHK , easily oxidized carbon; MBC . it 4= ¥4 )t
Tk , microbial biomass carbon ; [ HHAS [l K5 - BE R R ] — I JIAS [R]fta o b W) 22 57 .35 (P<0.05) , A [l /NG “FhE 3R 7R [] — b A [7] A9 )
25 3 (P<0.05)

HHIINT 17.08% (P<0.05) . 7£MAE 2N, 5 BOH LG, 00 i 2B ok TR AL B SOC 5 & 23 I3 m T
7.10% .6.28% 14.15% ( P<0.05) ,

VA HLER (DOC) S BNl 1h 75 , % B2 DOC & 5 1 F- 24 K 37.16+3.40 me/kg, 4+ i it fin b 21
M 27.42+2.53 mg/kg, ALY HNNAEFE N 36.92+3.23 mg/kg, IRHIALH K 22.75+2.99 mg/kg, SXFHRAHLL, 47
& EY R TC 25 57 (P>0.05) |, 1 YR it b B i S RIS TR I 3 DOC 1Y, BRI LR AR 38.79% (P<
0.05) . {2, it fin &b BEXTAR KRG A K BHE DOC & 552 AR, AERREHRT 1, 500 B Hb s TRt b
FLAT AT 32.36% 41.33% 35 3 22 57 1.3 (P<0.05) o 7R R MUY, 55 X0 BEOAR LU i Ak 29 A L 451 35
28.44%( P<0.05) , TEBGAREH I, 50T HEAH LL TR b BRFRAIC L A9 R 46.39% (P<0.05) , 1E B FE M, 5 %F
HEAH LR Ak R AR A5 R 40.22% (P<0.05)

Gy B AR (EOC) Fri &l 1c Frn , X HRZH EOC & 1~ 34(E M 4.82+0.40 ¢/ke, Hift i inib A 4.86+
0.53 g/kg, EYIRNEINALFE A 4.76+0.32 ¢/kg  TRHIALFL R 4.40+0.24 ¢/kg, SXFRRALL, Wi A=Y he IRE
Jit N A IR B 25 55 8 3 (P>0.05) o HUE: AL BEXT /K AN [R] A= B A T 448 EOC & S sgma AR Ia], 78
FLREIR T, 50 BEAR Lo b SR BIFEMR T 19.77%,19.79% ( P<0.05) . {5 R R, 5% AR L, b
W AW TR MR T 28.19% ,32.27% ,55.00% ( P<0.05) , TEMRETR I, 5%k FRAR L IR St s 1
34.30% (P<0.05) , 7EBEAE LA, 5 X0 BEORE b it b BE N T 41.89% (P<0.05)

TAE S A R R (MBC) &A1 1d Fis , XHIRZ. MBC &5 8 A0 34{E R 297.81+29.21 me/kg, Hid it fil
REFEA 327.66+47.26 mg/ kg, “E W% it N AL Bk 289.04+46.89 mg/ kg, IR AL FE A 301.32+40.50 mg/kg, 5%}
WEAH LG ity AR JRSHEIN I Rk ) 25 5 B35 (P>0.05) o 76 MR R 0 | 5 ) BRAH Fb o i ab B 1
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32.52%(P<0.05) .

DA g5 R oR IRMEACEE 2 4E )5 A AT RS HH 32 SOC & 8800 IR W 288 i, 17 DOC 5 2 W) 458 % IR
A R EREAR(P<0.05) , aBATE A i Jin A B m] 45 & 3 m 2 pd R M, O B LA FREER0
2.2 WS A Y N KRS A R 1 R )

F 2017 4F5 W AE A= K A3 AN ) Rt in A B 2 4 S5 ) SRR - SERE S 43 550 0 A2 40 B AR A LT
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Fig.2 Effect of slag and biochar application on the amount and ratio of soil microorganisms

P RS TR] RS 5 B [ — I SO AS [t Ak 380 i) 25 S5 .25 ( P<0.05 ) , AN [l /NG 5 B3 7 ] — Ak JHUAR [ s 30 i) 22 5 . 25 ( P<0.05)

T A TR AR WA 2a PR % BRAE AR TR 2(E R 1.54%107+0.11x107 CFU/ g, b it fin Zb 344 2.09x
107+0.14x107 CFU/g, =¥y it AL 3k 2.06x 107 £0.10x 107 CFU/g, IR AL H K 2.12x107+0.18x10” CFU/ g,
IR 6 TR SR 0 s I A i K ) SRR s AR o R AL BRAR IS I T AN G AR (HR i Ak 3
XN R R A A I 0 - S A TR A A e AN ], ZE LRI I, s AR e TRt A BT - S A TR R
SFBEINT 33.31% .30.28% ,20.11% ,fH 5% B2 [0] 22 AN 3 (P>0.05) 76 ARG X I S0 Bk TR
B A 2 ) 22 5 W 2, 3 i Ak B AR 0 G 0 T A 3 A TRER B (P<0.05) , 3 L A5 43 R 53.44%
44.51% 47.34% ., TEMRAEHR T I0], 4 ide A 30+ R AN B A5 100 2 5 X IR (P<0.05) 38 LU 1511436.85% , FE A A
B SR RAR E, A=W RN A BRI AN T AN TR A (P<0.05) | HE A A5 53 1] 45.31% 71.89%

AR WA 2b TR 6 R L LR T R 8.77%x10%£0.51x 10" CFU/ g, HrHifs it fin Ab 3447 9.83 %
10*£0.71x10* CFU/g, A=) 5t inAb B 8.29%10*+0.69x10* CFU/ g, IR M Ab TN 8.24x10%£0.71x10* CFU/g,
BT SR FA P it fin A BRES I T AR, ARk TR AL BB BB IS T R (Bt A X K
AN R B LR R S e R [R] . E AR T, 6 RS i AR e TR TN AL B 2 ) 2% R 1 2 (P>
0.05) 34 L5 5397 A 3.29% . 11.26% | 13.88% , 1E A5 BUH 4 i b 30 0 25 19 0 1 3% B AU (P<
0.05) ,YEINLELFIR 17.11% , FERRREHRT I, s 55 TR it A 3L d S5 R 1 1 498 U TR ( P<0.05) |, 982D LL A5
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SR 24.74% 32.89% . FEWRAE AU il Ak TR AR BEER S N T R A A AR YRR B 2 e
£ (P>0.05) , 40 LA 73 51l 15 21 28.09% .9.10% ,7.00%

IR AR LA AN 2¢ BN 6 AL 3 LR A B LU B AT 3 5.76X107° £0.53x 107 4 i b 3
H4.90x107°+0.57x 107 | AW HALEE A 4.12%107° £0.25x 107 IR AtAL FE A 4.10x107°+0.49x 107, 7E B ARG
WIS X RRAR LY, 3 FhAb P22 F R B 3 (P>0.05) o 7E R A, 550 BRAR LE, 3 A B 1Y) L TR/ 40 TR LU (B 3
B FFRAR (P<0.05) , /AR T 25.21% 33.90% (41.68% , TEMGEFEIR T, 5 %5 BAR LL, 3 Fofr ik 29 ) L 1%/ 4
P LA ) 35 BRI (P<0.05) , 43 BIREAR T 21.06% 31.47% 42.82% ., TE M iUH] , Xof RS 4% it fin b 2122 (7]
ERAREE(P>0.05),

2.3 RS E A UK S i A P A G

W5 A W) it I AL B AT I EEAL IR T 5 6 M LR B e S B ) = ] A A SR A BT s S an g 1
Fiin, 1A, SOC F i S/ A A 2 A B35 IEA 56 (P<0.01) , 5 B AR B3 IEASE(P<0.05) , 545 E
B RBEALE(P<0.05), DOC FiS iR FKE 2N B FIEME(P<0.01), 5% E pH 24K B F AAHK
(P<0.01) ., MBC &t 5 SR B ENAIC(P<0.05), EOC &5 pH £ W E A (P<0.05) . AL
5 pH B2 FHIEASE(P<0.01) , 5 RS B EH A (P<0.01) , HFEE S &K E 20D EAHR
(P<0.01) , 5+ 2 B AUASE(P<0.01) . B/ 40 HE S &K 2 S0 83 IE A2 (P<0.01) , 5+
e A UG (P<0.01) , 5 H RS B IEM 54 (P<0.05) .

*1 RERF5TEAVBR ABMERR Pearson 18X

Table 1 Pearson correlation between environmental factors and soil organic carbon, bacteria and fungi

o=
e A w1 CEES il fokt
- ; Carbon/nitrogen R o pH .
Total nitrogen ratio Bulk weight Conductivity Soil temperature ~ Water content
SOC 0.361 " 0.605 "~ -0.326" 0.025 0.004 0.143 0.193
DOC -0.182 0.194 -0.617 " -0.064 -0.504"" 0.563"" 0.511*"
EOC -0.145 0.137 0.170 -0.295" 0.242 -0.094 -0.043
MBC 0.243 -0.053 -0.088 0.120 -0.330" -0.004 0.080
44 Bacterial 0.137 -0.033 0.171 0.047 0.437** -0.477"" 0.244
FLH Fung 0.090 -0.041 -0.440"" 0.039 0.284 -0.166 0.445"*
EL/ AN Fungal/bacterial -0.016 -0.032 -0.556 " -0.012 -0.122 0.296 " 0.442*"

* P<0.05, * = P<0.01 ;SOC;i%HULm}%,SOﬂ organic carbon; Doczfﬁﬁ‘ri’ﬁﬂmﬁ,dissolved organic carbon;EOC;El?L’fhﬁf}%,easily oxidized
carbon ; MBC : Tt 4= #) 4= W) 5% , microbial biomass carbon

2.4 FEH A MRS B S RCEY A

i - 56 MLm & 2 S RUE Y A DG E T 4 SR 2 2 iR, BER 2 AT, 4R A S DOC = 2 A
BERAK(P<0.01), 5 MBC &5 B EFIFME(P<0.05),5 EOC &2 B ENAHX(P<0.05) , EEEE
5 R/ AN HE M S 3 TG (P<0.01) . ELH/ AN H(ES DOC &8 S48 3 IE A5 (P<0.01)

*2 BAURETEMEYE Pearson XM

Table 2 Pearson correlation between organic carbon and soil bacteria and fungi

éﬂi@_ ﬁa EE‘/%E‘, SOC DOC MBC EOC
Bacterial Fungi Fungal/bacterial
2N E Bacterial 1
HA Fungi 0.248 1
HTH/YNF Fungal/bacterial -0.254 0.863 " 1
SOC 0.095 -0.042 -0.091 1
DOC -0.400** 0.160 0.393 " 0.043 1
MBC 0.361 " 0.097 -0.059 0.02 -0.146 1
EOC -0.322" -0.042 0.116 0.161 -0.013 0.135 1

* P<0.05, % * P<0.01; SOC: A HLHK , soil organic carbon; DOC : ¥ fif P75 HLEK , dissolved organic carbon; EOC : 5 ALK , easily oxidized
carbon ; MBC : T4 #9144 W 5% , microbial biomass carbon
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3.1 S AR X A - S ML B e S50 5 )

Wang 55 A FERG NS4R30 T R T 39 v & R 4 00 10 35 1, R B AR ok v B — it i R A i o
AR F AT R RS 135 SOC . DOC MBC 1% & HFFEIK T EOC W&/, ARFSRIEEIMALEE 2 45 )5 (2017
AR PRSI A 398 o 45 A8 MUK ) 7 i, 45 SR SRt AR BEZH ) SOC & A 8R & T X IR 4L, DOC & i xif B 2
%, 55 HRALAR EG it i A BEAR 5 T RS R HE EOC i, (H KRS 148 EOC &=, A0t in b #4H s MBC
Frm O IRA &, U S AR R B BORIIRE bR ak R e ST ER

e it s 55 AR ok 2 4T, T 2017 AEXT 4 SOC & EEpEAT R I, & 3045 Jiti fin b R 4R + 3 SOoC &
SRR R , ORI Y s e RARAE ™ S R E AR B4 SOC 19 F g i 4 v, LA AL
HRT A A A T RS T S B T S A B Y R 2 A AR RS 45 5 AR, 7E — o ARE I IN T Soc
Fee e, AT (i F = S 1) [R5 s LUk A KRG A A asd A v s R A= 3 e B4 it o e LA 388 n = 9 h R A £
HEREIAR R 0 A AR R I AR A I R S5 430 Hh KD E SR T, S W mT DA B R FH X — 3R B SR o, v b
Xif - e HR BRIV AR, AT E— 250 SOC |, ARHFFTdt—4 s 13 SOC 5 e A B koG X
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P HE T A HLAR S ARSI, EOC J2& 86 MLk T iR 25 5 9 A A R TE AT AL, FL % i 5 SOC it
HUIMSE, g SoC FrEE R, H FOC A& Rt AR B . B 1 WoRTE R R AR K I Ak TR
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BRI RIS dJE MBC (1) = oTmk e, R, A0 s A0 B =, MBC & it s, EOC A DOC 433 5 41 B 4L
A R 2 G O, LI R R BB DR R A B A 1 2 ), 48 9 EOC A1 DOC 5 40 18 A 2 F1 T, A
SHUE LIPS AT ED . SRS A R A S S IO, IR EE T R WA TSP i, A
F AP R ATIESINGR TS I A A R 2R AN AT G 2R B A A A0 G DR) Ik it Ak B A A
FIRZmAE /N, IR 2b BT LA H 395 00 R 000, L B2 %) B PR B0 R 22 | T IR ] R S A 101 I /K A
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