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1.1 #HREXER

SENC I i T | o o e N <3 W 5 7
P, Iz JE T B FE KR A, T, AR
FEMI N1 087 mm, AFR . M, k. &R
FRAE, A 44.3°C, RRRIR-3.1°C, £
SHE18.2°C, =10CHFLRE6 006°C, 4 H Hnf 4L
1277 h, K= E266.3 m.
1.2 #Hilamn

PO LIRS DV B HE AR IUAER T
e S a L, PR a s, KiEEle ),

P, WA XA ) —Fp R, H3
AP PE R R . AHLIK9.98 g-kg™', WRfHEA135.7
mg- kg™, AMWE17.38 meg-kg™', HEH206.3
mg-kg™, pH 6.7,

T 56 v T A 4 5 e b O T A8 R R A AT B
DR AR, DU SRS FF R JRORHFE 500 °C & i
PRAZEAE T ##%2 hihil, Hobk & 7 962.58%, C/
N #45.52, pH K 8.9, THEFE A Lok & itk
392.1 g-'kg™', C/NJK 41.56, EARFEFFAIA HLER S
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IR G i (R,,s) ik, HHEALF .

MWD =37, X

GMD =exp ( X, WLnX,)
b, XML A RIS AR (AT 4 9 A R
RS HARBUE S 5 KA RIK (6 mm) | K
AR (1.125 mm) | AL (0.1515 mm) |
FEIRIZH S (0.0265 mm) ) , W i AR

Jiiie

A, My, BRiFE<0.25 mmPA RIKR TR, M,
Sk B AA B o 2

FRE 9% A SR ARG LA G 1 338 B A AILAR B Dk R
7‘%%&[&%%*@&%@? x Z A RS (%) x 100
- AR AT L

3 A AT DATHAA M 4567 9 1A SR AR A WA XoF
+ 3B PR Y TTRR

FIFHSPASS version2 044 k47 J7 22 43 #r A0
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BC. CS+BC. 0.5CSAbF B HHE W & >2 mm
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CS+BC. 0.5CSAbF# CKIEA A A T2 A4 5
HrpCS+BCAMFE R 3%, # 1713.31%, TiCS.
0.5BCALFEHIFEAE 177 0.25 ~ 2 mmAi g A1 B4R 5
BALFERY0.053 ~ 0.25 mm A B & CK AL HE
BAR R, HERARE. £k 4<0.053 mm
T B, {X0.5BCAM A CK B3 m T
26.14%, A AL HIREAR T <0.053 mmbi gk A1 H
e, B, YRR FE . RS RS A 8 e it
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22 HYMRRSHEFERSEELEARKREMS
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AN i) Ak B - K AR 1T SR A AR s A 11 B i A
F2 LA N, SCKAHL, PRO.SBCAMEE, &AbFEM
IKFAHEA BIRFIMWD . GMD | R, 47 A [F) A 2 ()
e, HrPCSABIMWD ., GMD. R, ki, 4
W CK B F 47 1765.52% . 57.14% . 22.13%, H:
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Table 1 Effects of the treatments on content of soil aggregates relative to fraction
A3 AR ARAIXT % Relative content of soil aggregates by fraction /%

Treatment >2 mm 0.25 ~ 2 mm 0.053 ~ 0.25 mm <0.053 mm
CK 8.52 +3.46bc 26.59 +2.53bc 3444 £2.75a 30.45 +3.28b
CS 18.56 £2.02a 2432+ 1.61c 3429 +4.77a 22.83£3.19¢
BC 10.86 +2.80bc 27.52 + 3.16abc 34.19 £4.83a 27.43 + 3.64bc

CS+BC 10.05 + 0.54bc 30.13+£0.18a 32.67 £3.20a 27.15 £ 4.10bc
0.5BC 7.17£0.14c 24.97 + 0.06bc 29.45+0.53a 38.41+041a
0.5CS 12.16 £ 0.06b 27.86 +0.22ab 3144+ 041a 28.54 +0.49b

e ANFRVNG FH R R OR R A B B A2 A 25 5% (P<0.05) o F[E Note: Different lowercase letters indicate significant

differences between different treatments (£<0.05)
R2 TREILER KRR R KR E SR

Table 2 Effects of the treatments on stability of soil water-stable aggregates

Ab ¥ Treatment MWD/mm GMD/mm Ry 5/ %
CK 0.87 £ 0.20bc 0.21 £ 0.04bc 35.11 +4.26bc
CS 1.44 +0.13a 0.33 £0.04a 42.88 +3.62a
BC 1.02£0.19b 0.25+0.05b 38.37 £ 5.65ab
CS+BC 1.00 £ 0.03bc 0.25+0.02b 40.19 £ 0.40ab
0.5BC 0.77+0.01c 0.17 £0.00c 32.14 +£0.09¢
0.5CS 1.10 £ 0.00b 0.25+0.00b 40.01 £ 0.16ab

BAE, BRI RS Z, SCRBRE, mfsTrS
A0 T P P RO A T Bt A 4 o e
23 HYIRREFETRESEGLEREEIKREA

RiEBHRS BN

Tl A1 5 A 0 I e 0 B ) - 398 A ML 75 i A 52
e GnE 1R 7R, SCKARLE, 45 Ab 3 I AS [ A4 B b 4
R EACA LR S, H T BC AR R
A LA B i e, BCKU B HE & T45.55%, Hak
HCS+BC, RCKEFEHE S T44.45%, TMCSALIAL
CKAVHE S T15.30%, AR W EKF-, MBC.
CS+BCALFRALCS AL 73 ) b 42 5 1726.24% .
25.28%, [FIFBCALFEE:0.5BCALHL B 4 T
17.87% . X FRWI Rl E Y Bk . #5549 Bk
Pic it X v - AT ML P R A T A AT
HEEEEY o e 2, +AA VRS 2
Kk

B CK AL B AN, 45 4b B A AS W) k7 2 A AR A
LA & 5 AR BRI <0.053 mm., 0.25 ~2
mm, >2 mm., 0.053 ~0.25 mmMAIRIEK (£3) .
5 CKAHM, BCAbHE R 38N 1 #5402 A1 R AR A HL

W . CS+BCHI0.5CSAL B AR CK Ak P g 2 1 fin
70.25 ~ 2 mmAi g AR MLAK & 5, 43 i3S
T9.48%H9.67% . CSAICS+BCHLH i 2 14 Jin T
<0.053 mmAv g% A RIAEA HLAK & 2, B CKANH
BTN T 60.12% . 117.3%. BR0.5CSAbFRRS SR
T>2 mmbr 2 A RARAE MUK & A0, HoAth 45 A F Y
R 1 I 257 9 A 3R AR A MLA 7 &, b v R
K 4£<0.053 mm, iR ~N41.04% ~117.3%),
>2 mmA10.25 ~ 2 mmki g A B R4 B A0 I L
BN

i FF 5 A= W Jo o 8 B X 1 g A SR AR A MLAK 1Y
TUHR 5 AN R APTIR 45 Ak B A 1 AT R
WL STk R EZE D AAE0.25 ~2 mmAI<0.053
mmFL g A R AR, WiXE>2 mmA10.053 ~0.25
mmbL % A RARAG HLR ST RN . 5 CKAH
CSAb P &g 2 2 5 17 >2 mmokr 9¢ M R AK A HLAK 51
MR, KFT53.53%, HAbK A BX>2 mmibi
G TR AR AT PG o Bk 22 5 ) AN I L 45 A BN
<0.053 mmkL g4 A AR A BB 5T kR 3 A i 48
m, £M-H0.5BC>CS+BC>0.5CS>BC>CS,
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significant difference between treatments (£<0.05)
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Fig. 1 Effects of the treatments on soil total organic carbon

R3 TREILEN LRARGEIRE N

Table 3 Effects of the treatments on soil aggregate organic carbon

AbFH [ B 444 HLAR & F Organic carbon content of aggregates/(g-kg™")

Treatment >2 mm 0.25 ~ 2mm 0.053 ~ 0.25 mm <0.053 mm
CK 13.16 £ 0.5b 15.83 +1.20c 7.52 +0.42b 12.16 + 1.54¢
CsS 15.70 + 2.70ab 16.30 + 0.90bc 8.58 £ 0.40b 19.47 +3.43b
BC 17.43 +3.78a 20.32+£0.99a 12.12 +2.60a 21.20 + 6.71ab

CS+BC 16.30 + 0.97ab 17.33 £0.36b 9.63 +0.03b 26.42 +2.34a
0.5BC 14.17 £ 0.11ab 16.40 + 0.09bc 9.23£0.03b 17.79 £ 0.01bc
0.5CS 12.65 +0.14b 17.36 = 0.06b 8.93 £ 0.04b 17.15+0.13bc

HPCS+BC., 0.5BCAFE A I CK B 24w T 0.053 ~ 0.25 mmki g% A R IRA HLEK TTRk R AN, HAb
26.20% . 48.63%. SCKAHL, BBCANFRIEE T b BRI REAR T 12001 9 A SR ARG HLRR STk %

R4 AECEX T IRER G AINRO T E

Table 4 Contribution rate of soil aggregates by fraction to soil organic carbon relative to treatment

b 3t A1 TR HLE A 4T BTk R Relative contribution rate of soil aggregates to soil organic carbon /%
Treatment >2 mm 0.25 ~2 mm 0.053 ~0.25 mm <0.053 mm
CK 11.60 + 5.90b 35.32+4.72a 21.74 £2.48a 31.34 £ 7.24c¢
CS 17.81 +2.68a 28.88 +3.50a 21.41+£3.27a 31.90 £ 3.72¢
BC 10.67 + 1.86b 32.81+7.56a 23.79 +4.61a 32.73 +4.79bc
CS+BC 9.25+1.37b 30.85+0.82a 20.35 +2.63a 39.55+0.40b
0.5BC 6.99 + 0.04b 28.02 £0.10a 18.41 £ 0.02a 46.58 £ 0.24a
0.5CS 11.04 £ 0.15b 34.10 £ 0.10a 19.94 £ 0.26a 34.92 + 0.20bc
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2.4 EYFRRSEFEESIEN =2
M5 T] LU A 5 A= W) BT i B AT LAWY
REEY 8. B0 SBCAFE, £ kb P REIE &
FORFIM A A 7= . SR ERE T =
KIMEIR HBC>CS>CS+BC>CK>0.5CS>0.5BC,
5CK (8.42 t-hm™) Mk, BC. CS. CS+BCkk

PRSI T2.38% ., 2.14% . 1.43%. SCKALH
A, CS. 0.5CSALFRMINE L = m it s T
5.59%, k¥ T8 FKYF-; CS+BC. BCALR 3
W T4.47%. 3.35%, (HARE. "JUEH, 5
WRMACAE L, FEFF S AW R A B RE SR S VR
FrE

RS ARILEIMEY~EHNF M

Table 5 Effects of the treatments on crop yield

=7 Ak Rl e T ZEt RS A R
Crop Treatment  Cob/ rape pod shell dry weight/(t-hm™) Stems and leaves dry weight/(t-hm™) Grain dry weight/(t-hm™)
EEP N CK 2.19+0.07a 10.18 +0.39¢ 8.42 +0.26ab
Maize Cs 2.24 £0.02a 11.35+0.25b 8.60 £ 0.08a
BC 2.24 +£0.09a 11.04 £ 0.08b 8.62 £ 0.36a
CS+BC 2.22+0.09a 11.28 £ 0.33b 8.54 £ 0.33ab
0.5CS 2.25+0.09a 10.40 +0.25¢ 8.34 £ 0.05ab
0.5BC 2.09+0.19a 12.14 + 0.03a 8.12 +0.08b
T CK 3.78 £0.19b 5.78 £0.26b 1.79 £ 0.02b
Rape CS 5.85+0.26a 6.50 £0.32a 1.89 +0.06a
BC 5.61+0.28a 6.29 +0.32ab 1.85+0.05ab
CS+BC 5.98+0.12a 6.92+0.15a 1.87 +0.07ab
0.5CS 5.80 £0.25a 6.62 £ 0.64a 1.89 +£0.05a
0.5BC 4.05 £ 0.44b 4.35+0.31c 1.60 £ 0.03¢
3 3 i A EEMWD . GMD. R ,sHIfH, AW 5 5 i oF

30 AYEREBFEREENEELTHARESHM

REMNEm

i E H1>0.25 mmoK RS e P AT SR AR 1Y) B ok )
Wi LS IR, SR, R LS
Bl L AR RWT, B IRCKE , AT 4
HIEH (CS) AbHEE W3 42 & 1 E P >2 mmbi g
W R R &, HIFK<0.053 mmbi g A Bk m &
o X E R MBS R R NS
FEAE Jy o fof A5 BLAR 20t A £ 8 2 B 35 43, 2
- 5 B AR A 3 P LR O A v R R 2 A
KRN W 20 000 2, A A i L A AL
M . JEGE ) BRRS AT o i 20 . R 3R A X S 4 4
o E B AT DL 5 ) 0T S T 24 kAR SR AE F R
/N UK R 45 Ui P R AR, — 25 i 2 K AT R
PR AARBEE P E Y s A B (BC) AR fE
R R >0.25 mmoki oK FEPE BRI &

ALFE(0.5BC)Ab 3 2 FEAR T R A R AR & 2 A+
HEMWD . GMD. R,,MMH . HIREY R A B AE
kRS 235 0 TR R K 58 /N G 1 AT R AR e 5 B 14T R
&, HH:ZFmEA R (CEC., B R
WA ) 6] L GERRL—FE M A Y, AR HE A
B RS FEFTARR, AR
T2 T il g (CARBFGE R 500°C) & 1 M
AR, HA B R IR IR Ak A Ae e 1 05 B AL 45 1,
BREATAE L e i T R T R R A
it F A B ae /N, TEiEA T ARE
PR RS 2 I P TR AR S R, R L R AT R AR 1Y
ZEABENIEARBE O L BT LA W x4 s
P 3 A 7 T A RS AT e, (AR Y
AN R, AR R AR B A3 (B1S,
B30) HyHIEHBIAMWD ., GMD . R, ,FHE H
FHUbE Ak B S R . X B T R AL A
W) B K 45 4 h i 22 5 100 LA R W
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A WL ot SRR M A R AR, R R
U E A R ER, SR A T 2 1 R
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14.47% o 3% J2 R R FF 5 A 00 o o 445 45 it A 1
RN R S AR e A DL BE A2 3 1 48 B
BRI 22 7 K A W2y I R S5 ) e, i A LR R
HAR B AT ARy - R 4, X e AT LK/
e R LN e NI -2 NN TR SR R RPNIZIE 2T
(T A, PRI 5 A 9 o e e i e A 400 Dk e B
Jiti FF B S B e R A R A i, s A
32 Y RERERBHEEMNERLIRENKEIUR

EiE=3u e =R IR Y T ok

il FF I8 H e 2832 40 M mT L4 5+ B B AT BLAR
Fri, W A WU AL AR 2 T A
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DA 165 A R % B S S A R A B, T
HABT LRkt . Bk, 35R%EA
KOT I AL, T4 5+ A Bl & & 2 .
ARWFFEH, AL PRECK Y BEIE & B A MLk &
Wo — 7, A HLERAE A A SR ) R 4
A T A S eb Ty 0 R 46 TR R K R R P R
I, XA P AL (BR0.SBCAH )
AEPE R I >2 mmoRn 9 A1 3R A RN A T AR M
hro B —Jrim, LA HLER & A ) A
P E AP e TN T BEE RS . AR kb
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Effect of Combined Application of Biochar and Straw on Organic Carbon
Content in Purple Soil Aggregates

WANG Fuhua HUANG Rong GAO Ming" WANG Zifang TIAN Dong
( College of Resource and Environment, Southwest University, Chongging 400715, China )

Abstract [ Objective ] Purple soil is weak in erosion resistance, and its soil aggregates are also
vulnerable in structure. This study was oriented to explore how to reasonably utilize organic material
resources, like crop straw, and improve structure of the purple soil, and how organic carbon is distributed in
soil aggregates of the purple soil in the Sichuan Basin. [ Method ] A tract of farmland under the rape/maize
rotation ecosystem was selected for an in-situ filed experiment to explore effects of application of chemical
fertilizer coupled with biochar and/or crop straw on content and stability of soil aggregates and soil organic
carbon of the purple soil and distribution of organic carbon in aggregates by fraction. The experiment was
designed to have control (CK) and 5 treatments, that is, CK (application of chemical fertilizer only), BC
(application of chemical fertilizer + 8 000 kg-hm™ biochar), CS (application of chemical fertilizer + 8 000
kg-hm™ straw), 0.5BC (application of chemical fertilizer + 4 000 kg-hm™ biochar), 0.5CS (application of
chemical fertilizer + 4 000 kg-hm™ straw) and BC+CS (application of chemical fertilizer + 4 000 kg-hm™
biochar and 4 000 kg-hm™ straw). [ Result ] Results show: (1) compared with the control (CK), all the
treatments, except for Treatment 0.5BC, increased the content of >2 mm aggregates, while reducing the
content of <0.053 mm aggregates. They also increased mean weight diameter (MWD) and geometric mean

diameter (GMD) of the water-stable soil aggregates and content of the >0.25 mm aggregates (R,,;), with
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Treatment CS, in particular, where the effects became more significant with rising straw application rate.
Treatment CS+BC significantly increased the content of 0.25 ~2 mm water-stable aggregates. (2) Except for
Treatment CS, all the treatments significantly increased the content of total soil organic carbon as compared
with CK. Among them, Treatment BC and CS+BC treatment did by 45.55% and by 44.45%, respectively
(P<0.05), and the effect of Treatment CS was not so significant. With rising biochar application rate, the
content of total organic carbon in the soil increased correspondingly. The increase was especially significant
in <0.053 mm and >2 mm fractions of soil aggregates; Compared with other treatments, Treatment BC
increased the content of organic carbon in all soil aggregates in the soil, regardless of size fraction,
and followed by Treatment CS+BC in this effect. (3) By calculating contribution rate of each fraction of
aggregates to total organic carbon in the soil, it was found out that the effects of the treatments increasing
contribution of soil aggregates to total organic carbon in the soil were the most significantly reflected in
the 0.25 ~2 mm and <0.053 mm fractions of soil aggregates. However, Treatment CS was the only one that
significantly increased the organic carbon contribution rate of the >2 mm fraction of soil aggregates, or
by 53.53% as compared with CK, and Treatment CS+BC and 0.5BC increased the rate of the <0.053 mm
fraction of aggregates by 26.20% and 48.63%, respectively. (4) Application of straw and/or biochar increased
the biomass and economic yield of maize and rapeseed, especially Treatments CS, BC, and CS+BC in the
experiment. [ Conclusion ] Combined application of straw and/or biochar with chemical fertilizer is an
effective practice to improve structure of and increase carbon content in the purple soil.

Key words Biochar; Straw; Aggregate stability; Organic carbon; Contribution rate of organic carbon
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