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Abstract; The loss of soil organic matter is a major concern in many areas of the world, especially in China, in rice paddies
under warm-humid climatic conditions. Because carbon content is typically associated with soil quality, there is a need to
preserve soil carbon pools. Biochar is a material that has shown promise as a means of soil amendment and carbon
sequestration. However, it is unclear how the added biochar affects the distribution of organic carbon among different density
fractions. In the current study, a field experiment was conducted to study the effects of biochar application on the organic
carbon distribution among different density fractions and the soil microbial biomass of paddy soil. The five treatments were
soil only (CK), soil and corn straw (CS), soil and biochar produced at 300 °C (300BC), soil and biochar produced at
400 °C (400BC), and soil and biochar produced at 500 C (500BC). The different biochars were added to the field twice
at a concentration of 6 t/hm”. The results show that biochar application increased the size of the light fraction proportion

significantly, by 39.81%—41.20% compared to the CK treatment. This may be because of the low density of biochar. The
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added biochar increased the organic carbon content of the light fraction (LFOC) significantly, by 60.04%—69.66%
compared to the CK treatment. LFOC in the different treatments was ordered as follows: 500BC > 400BC > 300BC > CS >
CK. The organic carbon content was highest in the 500BC treatment, with a value of 185.1 g/kg. This may be due to the
higher carbon content of biochar produced at higher temperatures. With the increase in pyrolysis temperature, the volatile
matter content decreased, the organic carbon content increased, and the stability of the organic carbon increased.
Additionally, compared to the control, corn straw application also increased the organic carbon content. The organic carbon
content was significantly lower in the straw amendment treatment than in the biochar treatments. None of the treatments had
a significant effect on the heavy fraction organic carbon ( HFOC). Straw incorporation improved the soil microbial biomass
significantly, because straw contains a large quantity of soluble carbohydrates, which may stimulate the growth of soil
microorganisms. The incorporation of biochar improved the soil microbial biomass significantly; however, the soil microbial
biomasses measured in biochar treatments were lower than that of the CS treatment. The biochar treatments contained less
soil microbial biomass because of the extremely low microbial availability of biochar. The slight increase in soil microbial
biomass observed in the biochar treatments could be explained by a microbial response to the porosity of biochar and the
presence of biochar carbon, although the concentration of soluble carbohydrates was reduced by the pyrolysis treatment.
These results suggest that the application of biochar increased the organic carbon content of the soil, especially the LFOC.
Compared to the treatment involving the incorporation of straw, biochar incorporation decreased the soil microbial biomass
and microbial quotient, which improves soil carbon fixation. However, in the biochar treatments, the chemical and
biological stability of LFOC was high due to the aromatic structure of biochar, which is different from the traditional theory
that LFOC is labile and easily recycled. We concluded that the application of biochar was a more efficient method of carbon
sequestration in paddy soil than the incorporation of straw, because of the lower soil microbial biomass present in the

biochar treatments.
Key Words:; biochar; soil organic carbon; light fraction organic carbon; microbial biomass
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PRI, F VLA VLR T /N2 48 (119°427E,32°35'N) |, ARG R I S5y, 14K 5 m, 4F [ Y & 980 mm,
ZER A 1100 mm , AFE IR EE 14.9 °C 4F H BBAFA]>2100 h, 4ETCFEI 220 d; HIE2E A0 2 ab ok RS+ #F
VeI ROAKFE-2 /N2 G R R RE A2 SRk AR S RS,
1.2 AWt

AR BT 3E FH AR ) o S LB OKRAS 2 50k, #S DI U BN BE (<5 em) 5 568 B o Ak b (& FIHIEHES
20092023219 tf FERFF B R ot HIEDE S BT ] ZBXT L) s SRR, A 3 IR TERARE T B
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Table 1 Chemical properties of the soil, straw, and biochar used in the experiment

i H Item C/(g/kg) N/ (g/kg) P /(g/kg) K/ (g/kg) pH C/N
+-3% Inceptisol 20.5 1.9 0.635 15.24 7.6 10.6
FKFEFT Comn straw 412.0 8.5 0.995 13.5 - 48.5
300°C A=) J¢ Biochar produced at 300 °C 574.8 13.5 2.34 28.3 8.47 42.6
400°C *E¥15% Biochar produced at 400 °C 597.7 13.4 2.47 29.8 9.52 44.6
500°C ¥ Biochar produced at 500 °C 651.1 5.5 4.37 31.3 9.82 118.4

1.3 B A A R AR

REAE 2011 F1 2012 45 P9 Ui Jin A 9 e sl RS A FA 1, A 6 vhm?®, i 5 S0 X B (CK) |, RS FF
W (CS) , #1300 °CAEHI#7% (300BC) , %Sl 400 °CAEH#% (400BC) , %3l 500 °CAEH# (5S00BC) , A4 HfE
MLk 3 AEE A 15 AS/NX /MK EFR 10 m?,

A ) 7% it P B RG AT3 F st ) Ay K RS R AR (2011 4 6 A 20 H,2012 4 6 A 17 H) , IAIIEE N 10 em,
JKFE (Oryza sativa L. | FH 40) 75 2011 4£ 6 J1 23 HFI2012 4E 6 F 20 AR, 1Tk 24 7, 178 25 em, 7WE
16 em, 555C 3 o FZALAENE 0 R 2 (200 kg/hm®N,50% R 50T, 10% JHEAE , 40% R A ) | 5oF 19 45
(70 kg/hm*P, 0, , FEAL) MG AL (70 kg/hm® K, 0, L) . /N (Triticum aestivum L., T7 14 5) T 2011 4F
11 A S HEEFD EF R 320 Ki/m 2012 4F 6 A 2 HIGER, 22 LAt 0 . JRE (180 kg/hm’,50%
FERE W 10% , AR 40% ) | i BERRES (50 kg/hm® P,O,, KB ) , & AL4 (50 kg/hm® K,0,FE0E) |

T HERE TSR AE TAET 2012 4F 10 A 20 HKFRGWGR)E 4T, AN /NXHE S T - BGBEHLIBRE | SRAE IR
0—10 cm , PUArE U H T2 = 404,

1.4 FERALES 0T

R S [0 P A3 By, — (0 B R 2 T DA AR AR K 3 s 0t 2 mm O TR AT, A 4
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fiie L BRI E o 53— AR B A 21 S I 3 PR
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2.1 HHEORIEE L5y o] K AN TR) 3% B 4l A AL 5 12 1 AR Ak

TR B TEE LR 2, 0T LA 6 AL PR - R 2 0 E 4 He ol 4.32% , R AT A0 3+ 4
BTN 5.06% 5 A=W m AL BR324 N 6.01%—6.10%, 7] WLANEA HLYRL B Insg hn 74240+ &
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FR AR ZHUE YR ERE P TR Wb . 2, Aok SRt AR AL 1 4 18 o 4 i 1 40 EL AR BT T R

F2 TEAREZEEASTELS (%)
Table 2 Dry weight percent of light fraction and heavy fraction of soil

Qb3 Treatment CK CS 300BC 400BC 500BC
%4 Light fraction 4.32+0.56 b 5.06+0.54 ab 6.10+0.66 a 6.01+1.90 a 6.04+0.73 a
4 Heavy fraction 95.68+1.25 a 94.94£0.25 ab 93.90+0.54 b 93.99+0.61 b 93.96+1.10 b

R AR FEZERBE (P <0.05)

M3 UL CK AR E, A e A B MR B2 30 T R A ek & i, LA HLAR & S T 60.04%—
69.66% , Fli FT-Ab PRI AT HG 0 32 PR R 2 804 W o URLAR A vh TR AR W e . 53 ANAS TR A W e A 1
R AP S AR BEE A P iR 2 & R A ALt 2 3 a3 Horp 500 °C A PRER A A HLAK
i o X TG PR, AR O R BRI A — i AR B4 e (ER 0 iR B A /N TR 4 A WLk, 45 Ak
PR B EE LS BB S 109.1—185.1 g kg™, AWK &M 19.8—20.9 g kg ™', Ff
A P AR 2H A WL B e e T E A A LR
22 HHEAWUREREL S

Y EERE S AN R (B 1), 5 CK M, 4= Py A B8 HLAR & 5 8, s T
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25.58%—30.32% ; FEFF AL PR A HLBK & A 8 m . X TRl &, 6 R SR A A MUk 5 S ALY 19.
92% | FHFFAL I 4338 55 2H A WL 5 A HLRR 19 23.67% , 111 A5 1 ¢ b B0 338 5% 28 A LA |5 A BILR 1Y 35.
86%—36.24% , W LI i, A=Wt IS B 4 AILRR BT o5 LA R MR b, B2 LU E G S R AR e, A= o
Ao PR A5 - P T 2 A WLBR BT 5 E R R, ER R N, F 4 A LB A AL R A STk L TR AL
Pl

%3 FRESEEASNLIMENHEE (g/ke)

Table 3 Organic C concentration in different fractions of soil

Treatment CK CS 300BC 400BC 500BC
R P Light fraction organic carbon 109.08+7.13 ¢ 116.40+11.41 b 174.59+8.62 a 178.84+7.50 a 185.05+9.48 a
A YUK Heavy fraction organic carbon 19.79+£1.54 a 20.00+£2.97 a 20.28+1.18 a 20.29+2.03 a 20.91+2.15 a

[EIZ A ) PR R 22 57 B3 (P < 0. 05)

R A ) PR 3 AT BILBR AR RN A A LR
FAAHT (R 4) RV AA LR S SA DLRR I RN
BFEMARR, W LB A YIRS R4 A Pk
AR AT —EE
2.3 HIERCEYERAZ

TR A Wyt i e A LR Y 220 R, e
Je L IR PR A MLBR IR AR . (Rl e E Y R A
BLBR I 53 0 b RGP 3 o 2 A i A
2 2 A A R R B R, RO, B A

TS AR R
Soil carbon content/(g/kg)

R EARFEFA I A A Y A e e R ES K CS 300BC  400BC  SO0BC
T WA, oA R IRS AT 9 B Y e R sl
i, US A ok ) 30 W0 A= Wk R i ok I H1 tEEHBTEEERARSEAS TN

THREFFALTH . (HRE =AW A A 3 + BE i A A= 4 Fig.1 Distribution of soil C storage in different fractions
B A B R IOE EE R

F4 TERASFIBREESZANRSENHEXXR
Table 4 Correlation of LFOC, HFOC and SOC

Nl R A LR B LA PR TR S
Ttem Light fraction organic carbon Heavy fraction organic carbon Soil organic carbon
4] A~ L
AL 1.00 0.57 0.9
Light fraction organic carbon
4 Sl
E:/Eﬁw[‘ﬁ;}%l A ' — 1.00 0.65
Heavy fraction organic carbon
J9g T N=X
I B - B 1.00

Soil organic carbon

# o 78 0.01 K BFEVEZESE, » FR 0.05 KPR EMEER

A MR i S R A LR LA RR N S E R B PR X T A b A AR L A E B
T P 1 A A PT LA BBt -39 v (47 BB A S A B -3 v R BB R R 39 ) IR R B RE Y
A BEFEAR ALY i A I BE S $2 o B MR (ER R T A LR 23 A [ B2 0 2 il 4%
ST ARBIRFE RS FE A B SR T SR A R, LT R X IR S R MR WA, (R AR AL B
IR R 5 X BT SR R T AR W AR E A IURRIE 25 T 2, AR ECRS AT, I A= W0 R AR 1 5 o B 1)
REJI TR, n] DLAE o A ) T e T a . AN ) B2 A W A BR A E R 22 A
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IR CGX AR o 4 AR W R A R A i L B it i) ) R S A it AR ok 2 T i ARl
MR ARSI RN HE KRR FEA: Wk B AL RV B i b, R b T 3l b, iR
WP = T R T | o3 L, NI R MR = T R AL A LR L AR b b Y R A Ay, B AR B
TG A 8 9 R, H T A= M 5 AR By Ak 2 e e P A AE MRS e T, X BLAG R A A PR RS, SR 4 L Y
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VR A SRR AR,

ARG, £ 4b P A RN R A A LA 5 AT BILA 1 L A5 4300 R 63.76%—80.08% F11 19.92%—36.24% ,
Ui B A 3 AU I (%) B AR o3, (R 4 P (A LR S AR X S5EGMA VLR R E 41 Bt —
., BRI 2ZESF AMRRAIRA B E i E YRR AU & A —E e, EAA
BUE T g rh AL R R Ay, 5 R BB R 45 G 0 — A Lk . PRI, S A A HLEROS EAE | - R
AR R SN AN U 2 A, St P A 0 o RS A A T 450 8 B - S o U A9 AT ML 4 X B30 1 T
DS R A ML — @R LT, BARA WAy — i s BE RS I R 1 e O, M TR RRE B 1Y
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